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ABSTRACI' 

Alfalfn (MPAtrnp s a t i ~ ~  L) is an important ciop wbich ir grawn primady h r  hay 

production. Weather dom not often allaw h r  pmper dying conditions, and hay is 

frequentiy s t o d  at moirtPn contents amducive br moM gowtb, which nduces hay 

quality. A kaf scrctning procedure wu dmloped h r  the detecticm of Plfalfa genotypu 

resistant ot susctpti'ble to fimgal grmu& &ter huvest. The objectives of these studies 

were to ver@ thc screening proadoie; to determine characteristics associated with 

fungal grawth; and to select a susceph'ble and a rrsttPnt population for future studiu. 

Verifkation studies condudcd b validate the screening procedure induded cornparisons 

of h g a l  gowtb when whole plants w e n  ait, chopped and stored under wann humid 

conditions in the laboratory, and simulated field trials that evahated mold accumulation 

during wiltuig and baie storage. Four genotyper that wem previously identified as having 

low, variable and high susceptiiility to funpl gParth after harvest w e n  used bDt the 

verifîcation studies. The extent of h g a l  g.cmth on plant materiai that was chopped and 

incubated under conditions conducive to molding was measund by gîuawamine analysis. 

The glucosiunhe d t s  supported plant nsistana ratings as determined by the 

screening procedure. Minimal fimgal gmwth acrœs aii genotypes in the simulated field 

wilting study made comparative evaluation hpo~siblc, however, lab-sde bales produocd 

from plant material classified &tant to h g a l  attack had lower (P~0.05) ~ucoamine 

levels after 9 days of storage than did lab-scaie bdes produced kom plant material 

identified to be susceptrile using the screening procedure. Cornparisons of fie Aspe@w 



genotypes fot rCSiStaDce to mokiing durhg huvcrt and rtomge. Pest-hwest studies werc 

conducted with a h h  genotypu that had di&rent mseept'bilitics to colonization by 

A ~ ~ @ L ( s  @es, to iwdgatt chemical, m i d i a l  ind phyncal E a c t o ~ ~  that may contniutt 

to mold inhibition after harvest. The d î s  of the chernid entraction studies were 

inconclusive, howevet, darhned zones obsemd in the duc B o n  sgoy studies indicated 

the presence of an inhr'bito~y compound. The susceptible a b b  genotypc had higher 

(P*O.û5) populations of lactic acid bacteria and total bacteria than the rrJistlnt genotypes. 

No Merence between genotypcs was obsenied in water W t y  of fkesh plant material, and 

in the watersduble earbohydrate concentration at cuttiog, hawtver, dyiiig rates were lower 

(P<O.W) for the more rrsstant genotypes. A screening of 1144 8enotypeo representing 22 

cultivars of rilfalfo for post-harvest msistana to h g a l  gciwth demonstrated that there is 

variation in their susaptibility to colonbation by fuag Three meenhg trials were 

conducted and a b a l  population of three nsistant and thne susotptible genotypes were 

selected for future study. 
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GENERAL INTPODUCTEON 

~(AdcdicogosmhrrL.)whichir~FimprilyfPrboypodUCfiOIl, W thcmost 

imporbntfiuragecropincusdp. W d ~ b a y i r p o d u c s d b y d r y ï n g  tbefbmgeto 85% 

dry matter, ho-, pocn wilting OOndjtioiw oftm do not aUow foe ppcr dryiag. High 

moisture conditions duiing wilthg and storage, support incratsed n u m b  of post-barvest 

decomposition orplDisms (Undi 1995) that redwe bay quaiity by lowering nutritive value, 

digestibility, and acceptaôïility ( K a s p s m  et pl. 1984, Undi 1995). 

Development of alfaln Mth b g a i  mistana is &&nt in the living plant? however, 

developing aUUà cultivars with d a a n a  to post-West fiingai invasion is a new area of 

investigation. An e f f ' v e  method for scrrniiag plfalfa for pst-harvest resistance wodd be 

essential in the developmerit of rrsUtant cultivars. Resistrnt cultivars wuid Pllow barvest of hay 

at a higher rnoisturr content. A smenhg pmcedm for seîecting IltaT;i plants tbiu show 

reduced fungai attack 4fta harvest was recently developed by Wittenberg a aî. (accepted). The 

procedure involvw plating fie& altilû leaves onto aga, inoculating with a spore suspension 

consisting of five ~ r g i I I u s  species, incubating at 25 O C ,  and aseshg the area of fungal 

biomass coverage on the leaves. 

Snidiu conducted by Wit&enbeq et aï. (accepted) demonstrate that llhlfa (Medicogo 

sdva L.) plants show variation in susaptibility to +-barvest h g a i  attack. Pomiiial 

mechanisms that duœ molding aRer harvest include; chernical inhibitors, epiphytic mimflora, 

substrate constituents, and physicaî characteristics. Pîants have kai Mhually selected with 

physicai characteristics that protect against attiicking miaoolganisms; for exunple, the plant 

surface is dif'kuit to penemte. Microorganisms sccrrtt enzymes that break down plant surfaces 



mi~~~~rganisrns that coexist in nature arc oRcn bencficïai to plants as they o h  p d u œ  

chitanase an enzyme that inhibits fiuigal gmwth (Cherin a ai. 1995). niese factors are praent 

in many living plants and may influena the amount of biodegrpdatoa tbot occun in the 

hsvvested plants* 

The objectives of this work werc to vesQ the sasening procedm developed by 

Wittenkrg et aL(accepted), (0 detennine fiutors that on sssociated with r e d m  mold growth 

in harvested altalfa piants, and to select riesistant and susceptible populations for fùrther shidics. 

The nrSt objective hvoAvd verifïcation trials to cornpan the results fnnn the ieaf screming 

procedure with amai fungal growth that occm on îeaf d stem material from the same plants 

when subjected to wilting and mnge conditions amducive to molding. Thrœ Jtudies were 

conducted 114th four gai-, ranging in serisitivity to pst-hanest moldiag: a modified 

screening procedure whïch tcstcd individuai ~~ @es as weiî as a combined inoculum; 

whole plant incubation which maisurrd the actuai mdd accumulah'on at d X f i i t  stages of 

incubation; and a fieId wiîting and balc rtonge trial which determineci mold accumulation over 

time. 



variation in wœpîâ'biliîy to fiingai lmcL in cut aiWh ( M i g o  soriw L) fotage* Two 



ALFALFA AN m l W A N T  CROe RU CANADA 

AMN& M d i w g o  san*w L, is  the mort @ortant m e  species ~ W I I  in Canada and 

USA et ai. 1988). French wlonists 6rst inûoduœd plfalip to ûntario in 1871, and its 

u~egradusllysprepd tbroughout~CIIIPdO. Awintcr-bardyrti;rin, m, wos f h t g r o ~ n  

in Alberti in 1918, and was ram cuitivated thrwghout western Clarda (Smoliak et ai. 1990). 

A M h  cultivaiion bas increased h m  less than 0.4 million ha in 1941 to 1.8 million ha 

in 1961 in Canacia (Bames et aï. 1988). Today PlnltP W grown fot d, pastue, the 

dehydntion industry, silage and green manure. Approximately 20,851 ha of llfalfp was grown 

for pedigreeci s e 4  in 19% (Cadian Sesd Gmwers' Association, 1996), and accordiog to the 

1991 caiau 5.8 W o n  ha of tame hay was gmwn in Canada, much of which consisted of 

alfalfa (Statistics Canada 1992). 

Exported hay, mody alfalfa, was a u e d  at $25,476,896 in 1994, representing a s d  

fraction (appfoximately 0.2%) of the total forage pduced (Statistics Canada, 1995). The 

majority of hay pduced ir still uscd by the p d u œ r  as üvestock ftrd or sold within Canada. 

Aifalfa f p m f d  for hay production as it dries quicker than most legumes (Macdonald and 

Clark 1987). 

Development bistory 

Ninc distinct saucc~ of Mcdicago gempiasm mn Uitroduccd into North America from 

different regions of the world. nit winter hardy muras descaded from Siberh, Russia, India, 

Pem, Tuby,  and Europe, and the non dormant muras origiiilted h m  Afnca, Chile, India 



5 

and Pau (.ridWtll et 91.1994). AU vsrictia grown in N d  Amaro a r ~  clnssified as s&w 

b u s e  tbey intarrws. Vvieties with winfa W y  cbsnrticartrs . .  thDt azc typical of 

the rpeciesdl. f- WOUld becbskîm M. ~ ~ f b b P I O .  

Eany plnlh impmvcmc~lt was p r h d y  Tor dcvelopment of winter M y  strains from 

one germpïasm. Betweea 1941 d 1955 empbasis was on devcloplll~~lt of bBctainl wiit 

resistana anâ winter bvdiaear with wo or thne of ibc original gamplorms. A1nIn brrediag 

has been an active ama of rrscerch muiting in improved süains for forage yield, rangeland and 

pasture use, forage quaJity, and multiple discase and pest &tana. Duriag the rnid4970s 

fesistaace to Phytophthora mot rot causeû by the fungus iYytopJltiu,m m e g q p m u  Drechs 

f.sp.medicagi&, and anthracnost caused by Co- rafolii Bain wac mutinely 

incorporaîed into aew cultivars (Banies et aï. 1988). Resistance to F d u m  wilt causeci by 

Fuarium a~yspon'um SchL f. sp. mediagi& Weiner, and Verticiiiium wilt caused by 

Venicillirm aLbamm Wke and Berth, w m  the main focur in aifidfâ development in the 

19809 (Barnes et al. 1988). Page a ai. (1992) reportai that 100 cultivars are avaiîable with 

varying kveh of resistana to Verticitlium wiït. Development of fiingai resistanœ is evident in 

the living plants, however, deveioping aüàifa cultivars with rome resistanœ to pst harvest fungi 

is a new area of investigation. 

The number of recognize!d cuitivus in Canada and USA i n d  h m  33 in 1955 to 

more than 2!50 in 1985 (Barna et ai. 1988). Devdopment of plhll? strains for reduced post 

hwest fimgai p w t h  har not b&n oonsidered in the pas& Brrsdiag varieties of plants that 

would nsist sapmphytic organisms d u ~ g  fieid wilting and during storage wodd be baieficial 

as this could potentially redua fimgal load in hay fed to iivestock and inaeasc harvest 



flexibility. 

Adaptation 

EstabIished aMfà plan& ate vay cornpetitive anci are wJ1 sdapcd to a wi& range of 

climate and mit conditions. 'Ihy are medium livd paeanial plants that do kst in dcep loem 

with high linte amtent, T&sc plants are dmught tolerant ciad can foleratt som saîine 

conditions, but not high Pllraline rails. Alfalfo ir vay sensitive <O roil acidity, and intolerant 

to floodjng (Smoiiak et al. 1990). 

FUNGAL GROWTH DURXNG HELû WILTING AND XN STORED FORAGE 

Dry matter (DM) losses and quaiity decluie during hay b e s t  anci staragc is primyily 

due to decomposition fiingi. As weU as reducing the quaiity of hay, molding ofken causes health 

problems in humans and pnimals h m  aiiexgies and mycotoxins (Nash and Easson 1977). 

Fungai p w t h  in storage o h  deîermines the quaiiîy. U g d  qualiîy harvested forage is stored 

under conditions that permit fiingai gmwth the poduct WU defenorate. 

Growth Requirements 

The rate of degradation U dependent on many factors. nie nquirrments for b g a l  

growth include availabk rubstratc, c, tempaabue, pH, oxygm Icvels, light conditions, and 

time (Moore-Landecicm 1991; Cahagnier et ai. 1993; G e  1994). 

Moisture 

Lilre dl organisms, fungi require high amcmtrations of wakr as a solvent. The water 

requirements of micnn,rganiPms shouid be defined in t a m ~  of the water activity (a,J in the 

environment. Wata activity is the ratio of the vapour pre~sure of the subsüate to the vapour 



prrssurrofpurrwotaattbespmetcmpauuie: 

whae p = vppair pnsaut of solution and p. = v p p ~ n  psswc of water @y 1992). W e  

activity is the nk water tbat W available for mictobial growth, aad at a low a., the number of 

organisms that can d .  is r e d d .  Moisturr pnescat in &rages and food ploducts coasists 

ofboth~wa~eranâôoundwo~ .  Boundwatcrischemicpllybaiadmotbamolaculcsand 

is not availablt fot miczobial gmwth. Mo& are by far th most nummus and diverse grwp 

of microorganisms found in Iow a., habitats @ocking 1991). Storage of drkd pfaiucts with 

an & of 0.70 or lowu genaally inhibits mold growth, howmr growth of some AspGrginw 

species bas ken reportcd at an & as low as 0.62 @itt 1981). Wgon and hcey (19û4) blated 

a number &id and storage fûngi fiom frrshly h a r v d  and mreü wheat. Ths oganisms 

included A. wm~color, A. lpllstctodomi and d m p u  which tbest authm classifieci as 

xerophiles having the ability to grow Pt an a,, of 0.85 or less. Fresh ait plant material has an 

a,, of 0.99 which is d u a d  by drying (Jay 1992). A srmll cbange in moistuse content (MC) 

may cause a krge change in 5; for example polished rice at 15% MC hs an & of 0.71, 

whereas at 16% MC, the a,, is 0.78 (Scott 1957). Observations by Albert et ai. (1989) indicated 

that alfdfh stem and leaf mattrial dina in a at simiiar moisturc contents. Tbar fmdings 

showed that the O, of stem material Pt 21.8% MC is higher, 0.85, than for leaf material at 

22.8 % MC which had an p, of 0.80. 

Nutrition 

Fungi absorô soluble simple sugars and mino aciâs thaî suround the hypbae. Fungi dso 

secrete enzymes that digest starch, ceilulosc and proteins into compowids that *ui be absorbed 



break down starch Pad ccilulosc into simple mgan fbr absorption. Fungai growth depends on 

the ability of tbc fiingi O digest its suôrtnb, a d  whetha the fi@ can &tain aii the essentiai 

growthracto~~suchssvitomiaspnd miaentcnomtbesubstfate, o f s y l l t h ~ g r o w t h  fiaors 

h m  the components within the substtafe. 

PH 

Most fwgi grow well when the initial pH U in the range of 4 - 7, however, most show 

optimal growth in Pcid &ditions rit about pH 5 (Pitt 1981). Studies coaducttd by Pitî uid 

Christian (1968) showed that low pH inhibits most mic~~fioa, for exampie most A s ~ Z Z a s  do 

not grow at pH 3.8 when the 5 is betweai 0.60 to 0.90. The pH of a medium is okn 

drastically chaiiged by fimgal growth, and me& that ltJiots pH change may be inhibitory to 

some h g i  (GOfFin 1994). Substratcs with a high buffering capacity iesipt pH cbange. Goering 

and Van Soest (19'72) examined forages duriag heatllig, and found that PüilEa with an initial pH 

of 5.4 did net change wer a period of 24 hwrs at ûû°C. Testtd Ptfilfa bales in storage had a 

pH of 6.5 wiih no change in pH owr a 60 &y period (ündi a ai. 1996). Griffin (1994) 

suggests that availability of nutrients in the subsertc, metabolic componeats of the œil w a ,  and 

the outer membme surface an proôabiy affected by the pK in conditions of high a, and high 

pH, bacterial ampetition reduces the amount of fiingai degdation @tt 1981). Most vegetables 

have a higher pH than nuit and, thesefore, am m o n  pnm to bactaial than fungai spoiiage (Jay 

1992). 



Temperature ir impoatint in enzyme rad cheoiicpl acfivities and, thcrefm, influences 

theorganh'spowthntt. ' I & ~ @ 0 ( ~ , w b i c b ~ t s n m s t o f C 1 M d o , s u p p o n  

the majority of mcsophiîic fùngi which thrive at tcmpeaaires ktwren 10 anci 40 OC with 

optimum p w t h  khmeii 15 a d  30 OC. Forage wiïting tempemm is dependant on the 

smunding temperrture but is usuaiiy at optimum fis mesophW 9id amsisLI &y of the 

genen Ak-, Clod<rrporim, O-, h a t h m ,  Pnomccproria, Pihari, and 

hcoahyta (Breton and Zwaenepoei 1990). Psychrophilts giow in coda mvimnments with 

optimum gmwth 10 ad lSO C but most having the ability to grow at lower 

temperatuns (Jay 1992). Thermophiles arc found in high tempÉrature aivironments such as in 

dung and compost, with optimum growth at ternperahites near 40 ' C  and above @lorr- 

Landecker 199 1). Stored baies have tempemumi mging ôetween 35 and 60 OC âepending on 

the moishue content, The fhgi thaî invade forage at these tempemues are Absidia. Rhiwpw. 

Aspergillus and HulluioIa (Breton and Zwaenepoel1990). 

oYrgen 

Most fiingï arc obligatc acmbcs, requiririg oxygen for growth. Some fiingi are fkdtative 

anaerobes which means t k y  can gnn with or without oxygen, nrh as the wrta molds that 

grow ui pllutecl stnams yid sewage sludge ~ ~ k e r  1991; Grinin 1994). Without 

exception, conidial fiuigi which incluûe ~ r g i l l r r r  qpecies require oxyga fot growth, and most 

are unaffimed by the concentration of oxygai until the oxygen ccmtent is below 4.2% (Pitt 

198 1). 
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Light 

Fungai growth a r ~ n  at wryiag light iatmuities, howcver, strong Oght inhi'bits mosi 

iùngai growtb. Light a f f i  RpIodUCficm, somc qodatc in dnrkaar whiie m m  qordatc in 

light only, and somc npoduœ in bah light and duL conditions (Moo2r-Landecker 1991).' 

Forage windrows when mditioned d d g  auuiy wcatha show rrduced mold accumulation 

because of fist moisturr dudion, and the inteme light may k mtha factor cmîributing to 

lower moldiag. 

Order of s u d o n  

Bidegradation oecurs by an oidedy quenccof hmgi gmwing in a ~agrophytic situation. 

Succession may k rrlated to nutritional fhctors; simple monomem (monosaccharides and amho 

aciâs) are utilized fin&, foiiowed by disaccharides and simple polymers, and fïnally wmplex 

polymers, for example, lignin, keratin, chitùi, etc. arc degradexi (Garraway and E m s  1984). 

Succession aay be relatai to temperaturr, for exampie qanic mataial in a compost pile or 

stored hay goes through a number of temperatun changes (Figure 1). The invading saprophytes 

change with each temperature variation (Garraway and Evans 1984). Succession may also be 

due îo a combination of &th nutritionai and ci1vironrnmtal factors. 

Fungal spores are common contaminants of both rrw and processed @cultural 

cornmodities. Spom arc ubiquitously found in the soil, watcr, air and vegetation (Cousin 1995). 

Most genera found on low moisturc substratts such u hay rrpoduct by asexuai spores or 

conidia which are produced on specializcd hyphae caiied amidiophons (Cahagnier et al. 1993). 

These molds arc clacsified as Deuteromycotina or Fungi I m ~ e c t i ,  and consist of mauily 

Aspergillus and Penicilliwn genera (Pitt 198 1). 
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niepisdomiaant~giot~g~ticldfiin~whicb~uaiPllyroilboraeiid~ 

mauily of tbc gentra &nimio. CWhqwiium, Wb&hma, Eirsm*mD ~ e p t o r i a ,  

Poaio ,  anci Asaxhya and Zmvnepod 1991). Lorp W i a l  popdahm exist in hay 

baled at 84% DM (Gregory et al. 1963). Baiing at las thPn 80% DM am duce laf loss and 

n d u a  fdâ d g  time (Retz et ai. 1988), bah of which decrrPse nutritionai losses in the 

forage. nie DM rnecrS the tempemure of the stod hpy ( F i i  1) which in turn affécts the 

type of organisar it supports. Field fiingi are elmumal . . w h  taapaahins apprœch SO°C, 

and themotolemnt storage dont inva& whkh incIu& genm AhMa, lW&optuD s,rginÙs and 

Hdcok (B- and Zwaenepocl1991). Thc huigal ofganisms found in baies stored cit 64.1- 

66.2% DM w a c  Absfda spp., Mucor spp., Eurorum nidubas and AsptvgilIusfionigutw in 

studies conducteci by Undi et ai. (1996). Chemey et al. (1987) also reported that thermophilic 

fùngi mostly, A p r g i I I u s  species, lue dominant in grass forage stod at 60% DM. As the dry 

matta incna~a  and the tempaatuns decreast in stoqe, xerophilic and thermodstant 

microorganhms becurne the decomposers. These conskit of Paedl0rilycacs motii, Emericella 

Mulm and Ewotitim 4mcstelodomi @teton and Zwaeriepoei 199 1; Undi 1995). 



Figun 1. Tempartun changes durhg the stofage of nlfalh forage Wed at Low (64.166.2 %), 

Medium ('71.&73.2%), and High (75.477.496) DM contents (Undi et aî. 1996). 



----*--*--- High DM 
---- Med DM 

Low DM 

10 15 20 

Time (days) 



developed by et ai. rccprcd). 'Ibc proesdm involvu plotiag neab slCslEi laws 

onto agar, irmiilating with a spac suspaision, UrubPting at 2S0 C, and diiating the percent 

leaf ara a w d  by fiirigal biornass. The evalUatiOIIS are rpnhd; the geaotyper with high 

evduations are d d e r e d  more susceph'bk, and low duations are considnrd kss suscepb%le 

to molding. 

The initial work in developing the SCrrcning procedure wed a spore suspension of 

Aspergilk and PeniciJliaun @es. Work conducted by Undi et al  (1996) hdicated that 

Aspergiilus @es w a t  mon pmalent than Puudlüron Speaes in alfalh baies at baling and 

in sbrage, thenfore, oniy Aqxrgiiaur qxcies w a e  used in the c m t  studies. 

N e -  

Aspergillus spores are ubiquitous in nature, and exist w h a w a  decomposing organic 

matter is present. The health aspects, morphology and giowth characteristics of these organisms 

are described in this section. 

nien are hundreds of recognized hpergiUw species of which 20 @es bave ken 

identifïed to causc human infection (Rogers and Kennedy 1991). Any dis*ise causal by any 

member of the AspcrgilI~~~ genw Y ciassifieci as asp@osis. A ~ ~ ~ ~ Z I I L T J E P ~ ~ ~ ( U C L T  accounts 

for 95% of fiangai inf ions in humans (Davies and Sarosi, 1996). Rogers and Kennedy (199 1) 

documented tbat ospagillosis could be due to: ingestion of food contaminated with mycotoxins, 

allergy to conidin, or growth of îhe organism in the body orifices, colonhiion on debilitated 

tissues within the respiratory tract, superfîciai infdons of the skin, invasive, inflamrnatory 
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infection of the lungs, Pnd systemic fOtnl dhasc. Aspcrgil2Ùs iue opportuntstic 
. filngi, and 

disease duc to this organism ir i n d g  because of Uw maasC jn-bmunosuppressed 

individuais (WalRmf 1989). 

The fiingus Aspgillirr was nnt ACiPlltl'bed by Michli in 1729 as having Jtnicturrs 

similar to Pspaginums ( D a .  lad SoroP, 19%). An rcprgülum is a OaforPtsd globe like 

&viseattheeidofartemuJcdtospriaLLbolyw~oaitnl i@m~- lbeApqilUus 

species M c h i i f h i  into goups with simüar growth c-- niac ue a number of 

keys avaifabk in the Uaature that desaibe the morphology and growih cbaracteristics of a 

number of AspetgiIllirr spies ,  fot aumpk Pitt (1981); Hocking (1991); Roger and Kennedy 

(1991). The five ~ ~ I I L L s  species used in the sci&oùig pfocedure are piped and descnbed 

in Table 1. 

The gaius ICtgcrgiZlus is one of the most important fiingi in biodegiadation as they are 

adapted to a wide range of 1, and tempemtuns flablt 2). Mort AJpcrgiUlrs organisms are 

thermotolezant, meanhg the spores wül suMve higb ternpnûms, and still have the ability to 

germiMtc when the temprahuc is suifable. The species belmghg to A. ghuau graip. which 

includes A- mpw and A. gtaucus, arc the maja decomposers duing storage of forage 

(Kaspasçai et al. 1984). This gioup is waeeded by A. vnsicotot, A. j bu~ ,  A. nidJMs and 

A. fimu'gufus (KaspaYon et ai. 1984) 



Table 1.  Characteristics of four As~giUus gmups uscd in the pst-harvest hingal resistpna scrosning procedure when 
grown on Czapek-Dox agar (Roger and Kennedy 1991). 

Group and Colony colour Conidiophom Conidial h d  Conidia 

Fumigatus g m p  white to green to grey 
A fimgahis g m n  

s k  gmy with age 

Flavus group 
A flaws 

Yellow to yeiiowish 
green to green with age 

Versicolor group Variable, white to 
A WCSI*COIO~ yellow orange-ydlow 

tan to yellowish gran 

Glaucus group Green to yeliow-green to 
A repm grey-green orange- 
A glaucus yellow anss of 

organism 

1 

cleistothecia with age 

length300um 
width 5-8 um smooth 
wal1d gmnish 

length 400-850 um 
(rarely to 2.5 um) 
uncoloured thick 
walled cafmly 
roughend 

length 500-700 um 
width Surn, merging 
into funne1 shape at 
vesicle; smooth wallcd 
uncoloured or 
yellowish 

length 0.5-1 .O um 
smooîh walled 
uncoloumû broadens 
toward the vesicle 

atrongly 
columnat 
compact 

Radiate, 
splittin8 into 
columns with 
a8e 

Radiate to Ovate to globosc spinulose 
looaely diameter 54.5 um 
wlumnar 



Gmup and Tempefame OC? O 
Orgpnism 

w m  me optimum Minimum 

Pitt 1981 
y Pitt and Hocking 1985 

Christensen 1987 



Molding is a pmbîem in f w e  prmmmthn as enviroamntai conditions and harvesting 

proceduresiwculatethepLntaiatmplwirhawider~ngedflinpiPadbsctcrin. NPhirrlbomas 

such as physial makc-up, cbemicai ùihiiton, and antagoni& mkmfiorauc known pmtect 

iiving plants. A combination of defenas may play a rolt in protcciiry cut plant moacrial h m  

miCrobial aUack. For exampie a chemic?l bat inbibi& mold, mry initially k prisent but as MC 

is reduced the activity of titis chernical Plso moyk reduced. Inhiiitioa charaicteristics are 

reviewed hae as well as th& relationship to sap~ophytic Clprnmposition of harvested plants. 

Microbial 

Living pIants cœxist apturolly with a variety of microbes most of which h v e  no harmful 

or beneficial effect to cach O&, and in some symbiotic nlationship one or both organisms 

benefit. A third type of pknt microbe rrlationship is parasitic and ultimately bvmful to the 

plant. Parasitic organisms can be fiirther bmkm dom into hm> clasYncations, biotrophs which 

depend on the plant host king aiive, and neaotmphs which live only on dead tissue (Garraway 

and Evans 1984). The decornposem of cut plant mitcrial, neaonophs, ais0 hown as 

saprophytes, ppimarily consist of fimgai Orgvwms. 

Naturaily occUmng rni~~~~rganisms often have a protective effêct on the plant by 

competing against hannful microflora for avaiîable substrate; direct antagonism by antibiosis; 

or by triggering systemic hoat plant defaioe responses ~ o r m s b o w  and Weller 1995). 

Biological models of systemic aquired d s t a n a  documented by Neuenschwander et al. (19%) 

include; arposuie to fimgai mycelia, baEtaia or viral pathogau which induœs mistance to 

mlated pathogens in tobacco; cucumber diseases caused by eitha C o I l e t o ~ ~  logeruriMi, 



inmrporated systemic -a 0 a numkr of b g a i  nLttd disarsa as was pzwiousiy 

Rcsuuchers, Janisiewia and Bon (1995) demoaso;icied that two antagonists burerium, 

Pseu&monw syn'ngac, and yeast, S ' m b o ~  mew, t o g e  were & i e  in conîmiiing 

PenWlizm ciqrmuipn growth in pst harvest woundrd apples. These studies demoastatcd that 

P. syn'ngae depieted most of tbc nitrogen wbüe S. nuw utiüPd geaaws amcmts of carbon, 

therefore depIeting the nuûients eipipentjaî for germination of P. apmisra M a  grriUiimmndii, 

a pst--est biocontml yeast, inhi'bits Botrytis cinema on ci- and temperate bits  by a 

combination of nuhieat cornpetition and antagoniSm (Wimcwslci a ai. 1991). Tnitiaily the yeast 

and the fungus compete fot nutrients in the wounded nuit, but once established P. 

guitliermondii attaches to the hyphae of B. dnerea and produces citinases and B-glucanases 

which brealrdown the fungus celi walls ( W i i s k i  et aï. 1991). Wisimski et al. (1991) also 

suggest that because yarsts produce chitiriases and @-giumucs, which ore cssential in the 

budding pmcess, they may contribua to contmUing growth of fiingai decomposers. 

Aeromow and & m * a  badaial grnarand bgd gencra GIioc~iun,  and rzichodéma 

pmduce chitinolytic enzymes (Chernin a al. 1995), and if present on the harvestrd plant matcrial 

could control the iunount of fiingai growth in storage* Chitinolytic enzymes degrade the fwgal 

ceU waüs, therefore inhibithg h g a l  growth. 
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C h e m k a i ~ ~  

PhytoPlexinrurbwmoIwrilarwcightrnh'miMnhiai~~mpouadrchntuesyntbesized 

through saPadPiy mdabolisrir by plants in mponse ta diciton (Cm and glaPg 1989). 

Examples of eiiciton include fiuigal degradation auyines such as dubs or giucamses, or 

breaMown paoducts such as ccllui06t, glucans or fotS> ad&. N?hilsl &tors such as heavy 

metals, wounding, a adiation Md UV light Plso can frigger the production of phytmlexins 

(Carr anci M g .  1989). Wytœiexins may be spsinc to a Pprticukr orgnni9m; f a  example, 

nshitin inhiiits Phytophhom iafcsttuw in p o m  flomiyama et ai. 1968). b h y  phytoplenns 

like chitinolytic enzymes that degnde the fwgd ceii w?Us are non-Jptcinc. 

Inducd IcSiStanœ may k due to pahirpl occu~eilces such as wounding which could 

resuit during strong wuids or by insect damage, etc. Damaged areas on wounded plants 

stimulate a rrpait mechaniSm in osda to survive. Lignification in wowided wheat leaves h a  

been examinecl by Pearœ and Ride (1981) and Barber et ai. (1988). Their studies indiclted that 

chitin, chitosans and ethylene glycol chitin stimulpte lignification. Womding exposes the inner 

p h t  tissues to the avironmental conCaminants that ciicit the tepBir -se. 

There are many examples of chernical compounds praduced by pknto that protect the 

p h t  against fiingai nttaek. PhytoaitXitlS are produccd in rioe (Oryaz saiw L.) when cxposed 

to chitin (Ren and West lm), and a phospholipid hydropaoxide phytmiexin is pmduceâ in 

soybean seedhgs in rrsponse to a fimgal clicitot (Kendo et al. 1992). Chiîanase and 8-1,3- 

glucanase have defeaoe potential against huigi, and many plants produce UKse two enzymes in 

fesponse to fimgal Harvesteû immature pea pods aposcd to fwigal elicitors such as 

chitosans and glucosamines produce thest cllzymes (Mauch 1984). Heitz et al. (1994) 
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documented that tobacco plant biicDaiP Pcsociotsd with DblWO mOSaic v h s  stimuiate th 

pzoduction of aatifiirigai enymes which bave ji$ucanase, chithmie and lysozyme Pctivïty. 

Phytoaiexin induction by Mnlotcd organîm interaction a b  occm in many plants. Smith et 

al. (1995) docwnented that a spoie suspension of HeW-n'*on sadvia, a aoapothogenic 

fiingus, w h a  applkd to tbc leafarrncC of luceme, 3 major ph-; ptemaqn, &van, 

and vestitol, are dinuad ont0 thc lcPf nirnce (Smith et al. 1995). 'Ibcrc sm phytoalcnns 

might be pmduced in nsistant aUWa grnotypes at ûigher Icvcls which reduœs mdding in the 

harvested plants. Yoshida a ai. (1993) that gMUnc, an indole pmtodkaloicf found in 

barley leaws inhibits spore germination. Ursolic acid from epicuticular waxes of Bfa~)lian 

Cerrados (JocOIYmdll decumns) is knom to d c t  fungi (Vazanda et ai. 1992). 

Physicai Inhibitom 

The nnt barrier for miCrobial aüack W the physica and chemicai makeup of the outer 

piant surf' (Carr and Kksgg 1989). The cuticle, an insduble polyester of Cl6 and Cl8 faay 

acid derivatives, and the plant aii waii, which caisists of celluiox, polysaccharides and 

proteins, ye passive clefenas in living plant tissue (Cm and Klessig 1989). These defemrs 

protect the plant fkom desiccation as weii as act as a waterproof layer. Amking mimflora 

secrete degradation enzymes that bmk dom the d waîls and outer plant s u r f r r J  ~omashow 

and Weiîer 1995). Enhancd iignitication in wounded wheat leaves occurs upon cxposure to 

chitin (Barber et al. 1989), and the subsequent lignin h mors difficult to degrade. The plant 

stnicnual xnake up W the fïxst barrier to micrporganisms, but G, drying rates and fàctors that 

enhance or impde dqing are aLso important in susceptibility to molding. 

Wam activity does not relate directly to MC, as indicated in the section on 2. Stem and 



Tbeforag~~gn(ermayvay,MdMucacttk~mamtofmicrobialgowth. Most 

matmaiJdydowniatwoarthrrtphucr;a~~~~s~antntcpaodwithrapidmoishinlo~s, 

foliowed by one or two variable rate pri& when mhbne loar is slow @otter 1986; 

Macdonald and Clark 1983. Forage tb?t &es siowly p1ongs a damp environment which is 

suitable for m i d i  growth, therefon, apid dryllig is @erreci. 

Drying rate of fprage depnds on CWC conditions; which include temperature, 

humidity, air velocity, plant fhcfors; such as leaf to stem do, stomatai and cuticuhr resjstance, 

and water retenti011 forces, and management fhctors l h  Mndmw type, forage cuaing treatment, 

and cutting the in relation to weather (Macdonald and C k k e  1987). 

High leaf to stem ratios reduce the drying time because leaves have more stomata than 

stems (Roa 1995) which PUows for quicker moisturt los. The fbst drying phase is 

appmximately five hours. and in thU timc fiame 2&3û S moisme is lost through the stomata 

operiings @%anis and Tullkrg 1980). nie stomatal dcnsity varies between cultivars, growing 

conditions and plant age which arc &tors that H i  mo9shuc los during the f h t  phase of 

drying (Himis and Tuiiberg 1980). The time the domata remain open af&r cuaing may llso 

v a q  behueen genotypes. During the second phase of &ying, plant metaboikm continues witil 

the moisture contait falls klow 45% (Nash 1978). Water U held more tightîy in the plant 
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mataiaiin thctbi tdphaseddying~acr  1995). PndmaUhatlossUvery Stow. 

n i e ~ t i c i e ~ o v a t b e o o t t r p l o n t m i r h c e , & ~ u a ~ t o w u a l ~ .  wvghna 

et al. (1983) iadicoctd that dda plant m t d a i  bas a las protrctive cuticle than yaiagcr plants, 

therefore more manire piants dry quick. Cutick thickncss and mny vary ôetwee~~ 

genotyper allowing q i d  mtba loss in some gaiotypa rnd aot in otbas. 

MoUturr absorption ain ocnir in farrga whcn eavironmental oonditions such as high 

humidity, dcw formation, and iainaill ocav (Rotz 1995). Drying time is hmasd by 

windrowing as the airface amis rreduced, however, sbpttaing lossa during baüag are reduced 

when the forage is in windrows @&donaid and CIark 198'7). Weather coaditioas are important 

in forage dying, for example amny conditions can reduœ the dryiag tim by a few days @O& 

1995). 

Laboratory testing of forage samples in a m o n  amtrdld d g  than M d  wiiting and 

storage has a long history wbich includes studics on the impact of moisaut, effectiveries of 

presemtives, relevance of water activity with huigal growtb, and generation of storage 

temperature ames. Assessments of fiingai biomvs has shifkd from visual estimates to more 

quantitative mcthodr which m * w n  fimgai constituents that can be tnnshtcd iato values of mold 

accumulation. Various selective media and M o n  of inoculum are d i s c d .  Techniques 

for chernical extractions and phyéal analysis arc Otro revïewed. 

Loaomtory forage storyc test units 

A number of cvaluaîion systems have ben wed îo simpiify the complexities of field 
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experiments, or to deai with limitai amounts of fixage matedal when ductiog bay batvest 

and storage aiab. 

MY ~COfOrYapahcotr 

Fesfeastcin et ai. (1965) Qcumaitcd tbnt as d y  as 19û7 lobantay expaimcnts were 

cocidmbyMie&p9nga*confainctfintdwithhpy, sndsPnamdsdbycatoninsuiatîon 

tominimize moishrrrpndheatloss. L a t c r , D e w a r ~ w a e U O C d t o ~ t h e m O i s b r z T  

and aetation dWg &kahg pmœss in storrd hay Qama et al. 1927). Use of Dewar f h b  

aiîowed for easy and even mUing of the choppeû hay with water which is âiffkult to achieve 

in bled hay (Festenstein et ai. 1965). These authon found that riüie heaîing ocarrnd below 

29% wata content, u d  that amples with a moishue content ktwœn 29034% seif beated to 

tempefatUres between 33 and 55 OC, and sampies of gnabt than 40% moiphire heatd to 65 OC. 

Roa et ai. (1988) used plastic bags contpining tfeated hay sampies to analyse miCrobial 

inocuiants as presemtives. This study was parpuciid with a tield expriment which bad 

comparable mults. A disadvantagt to this method is tbot the piastic ôag cnatw an anaerobic 

enWonmmt which may inhibit some m i d i a l  growth nonnaîiy oôswed in stored hay. 

Two lem giass containers weze used in a study conducted by M a m  et al. (1985) in 

which the e f f i  of ammonia on quality changes in orchard gras was analyd.  A deflated 

plastic bag phœd ovet îhe container allowed for incnassd volume caused by the addition of 

MI,. A closed system was neassary to prevent 10s of NH,. 

Humidity chambers consisting of d e d  glass jars were used in a study conducted by 

Albert et al. (1989) to examine Werent spoilage prapaties of alfalfi stems and leaves. These 

experiments used saturateci sait solutions to -te chambers of dinerat equxlibnum relative 



hurnidities. 

BPnia et al. (1991) c o m p w d  forage mamiai, using a mcchanrPl pic~s ta acbieve 

suitable AaiJity, into polyvinyl chi* tubes (10.2 cm in diPrneta by 35.6 cm in hcight) in a 

study testing piopionatc pmamtivt. 'Ibe tube tops ricmained open ta easure &on. The 

tubes were insulatedand spaced o~plrvait heattraasfaôctwm samph and b m k i m k  

envifonmental hcat IOSS. This IPbOm!oty system rrsuUtd in tcmpaPtiues cornppnble to small 

square field boles, but Iowa t e m w  than round bales at similat moipane leveis. Simüu 

tempefatufes shouid genefdtt SimilPt fiin@ pqdatiolls. 

Laboratocy Mini bales 

A Ming system designeci by Cob1eritz et 11. (1992) allows for Iaboratozy atpaimeritation 

with mini baies quiring small quantities of forage. These bales sre made by packing the forage 

materiai into a 10 cm x 10 cm x 36 cm fonn, and cornpressing to the required density with a 

hydrauiic pnss. This system olso aliows the production of replicate baies of equal âensity which 

i s  a diff?cuit parameter rù produce in the field (Coblenb et a1.1993). Aiso this system aliows 

for interaction between hay packages which occm in amventional stored bales. 

Aamdug to Coblentz et al. (1994) laboratoly mini baies are sensitive to ambient storage 

conditions, thaefore, controlied -rage mvironments may be needed to optimïze tempefatwe 

responses. Baron et al. (1991) indicated tbat insulatim of laboratory hay packages, allowing for 

aeration and moistuse release, arc important in errpclimentai design for simulating field 

conditions. Coblentz et al. (1994) found that mini baies did not maintain the elevated intemal 

temperatures to the atent of conventid bales of the samc MC and density. These authors 

found that by increasing the density of the lab bales by 1.5 to 2 fold, the tempefanires were 



content 

Mold detemination methnrk 

Mold m o n  is important for cvaiiiating the amount of contamination in a pduct  

and the d t a n t  product quaiity. nia are süïct ngulatiww as to tbt amout of mold that 

may k pesait in export commoditics, thrrfore, it is criticai to han teliabie methods for 

quantification. 

on calour, amount of mycelipl mat and dust prrsat in a d o n e d  WC 1991). 

Baies are scod for colow, dust and mold indepalderitly, and a c h  paawta is smred h m  

O to 5. A score of O fepltesents no mold gmwth and a score of 5 qresents 10096 molding. 

The critaia uced by Nash and Easni (1977) for eVauation of several baie sections ans ~cored 

O for no mold, 1 w d a  25%, 2 for 25 - SOS, 3 fm 50 - 75%, 4 for 75 -LOO%, and 5 for 100% 

mold growth with b m  âkco10ration. Similpny, Roberts et al. (1987) usxi ntings from O to 

5 on cored saniples with O representing no mold growth, and 5 haWig myœlial mat thrwghout 

the baie. Reiative mold index has wmmody ken useû DO cvaluatt forage in the pst ,  but it is 

a subjective method, and only represmts what is visible to the bcded  eye, therefore, other 

methoâs that are mon lccuratc are prefezred. 

Plate a>unts are o h  ustd to dctamiac viabîe micioaagYiiuas within a spmple. Con 

samples are stomached or blended, seriai diluted, plaîed onto selectivt media, and incubaW. 

After a predetennined incubation period the colony fonning uniu (CFU) are counted (Gregory 
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et al. 1963; Lpcey and Dutkiewicz. 1976; Chancy et ai. 1987). Oac disadvantagc to this 

technique is that it is an cvaluation of viabie qmducfivt uni& ad not the fiingai biomass 

pxesentintbesample. AaothadrawbaickUthstitmnywtkatnwrrpriwaiGitionofdd 

growtbprromesporrrmayreq~along~gammpbon . paiod tbpn zillowai in the inabation 

time. An admtagc is that ihe types of invading mou cian k idcntinrd. 

Nar mfnial rrflectana spsctroscopy (NiRS) wcs absoiptim piopmtits of chernial 

wmponmts to analyse a smple. Studies amducted by RobaLI et ai. (1987) ihdicated that 

giucosomine anaIysis and NIRS for hingal biornass &temidon have compenbk results. This 

method provides quick resuIts, involvcs simple sample prrpprpaion, and is cavironmentally 

fiienâiy becauSc no câemicaî pntrratmait is required. Th disadvantages inc1ude high 

instrumentation mat, and low sensitivity to xninor components (Shenk et al. 1979, Shenk et al. 

1981). Osborne et al. (1993) indicated that the major limitation of NIRS in agricultural testing 

is the dependerice on l e s  prrcise oider chernial methods of analysis. 

Ergoster01 and chitin are two chernical compounds prrsait in h g i  and not in plant 

material. Analysis fw these compounds have ken used to meastue the mold contamination of 

@cultual commodities and foodP (Ca& 1995). Ergoster01 is a component Pssoaated with 

the ceii plasma membrane, and is P pedominant stem1 found in nearly all fiiagi (Seitz et al. 

1977). Chitin U a rmjor constiîuent of fimgai c d  waUs (Wu and Stahrnann 1972). 

Ergoster01 uttraction involves; blaiding a ground samplt with methanol, decanting the 

supernatant af&r centrifugation, rrwa9hllig with methano1 and centrifiiging. The two 

supematants an combined and nfimed with KOEI and cthan01. 'This mixture is diluted with 

water and extncted with peîroleum e t k  (Sas et ai. 1977). The extracted compounds an 



were obtained wing this methd and chitin analysb (hktin et al. 1990). nit tirne rcquired for 

Uùs YiatysU is one hour which is much less than for chith defermination whicb re~uires 

appmximateiy eight houn. ErgOSteZOl is &y oxidized, thetetom, the bels  darrzPt over long 

sîorage periods (Roberts 1995). He olso indicated that myalia and ergosteml accumulate 

simultaneously for the nrst period of stofagt, and that fuMt sbdies may show that ergosteml 

accwatey tepresents mold in hay. 

Chitin is a polysaccharide of 8-(1-4) N--1-D-glucosamine which is a structurai 

componmt p-t in fungai cell waiis. aiitin is fkequently measursd to estimate mold 

contamination of faodp, grains and forages* Plant mated does na contain chitin, but owie 

chitin is pment on bactahi spores, insects rad gam plwo, howewi, the amount is minimal, 

and actual interferencc is negligible @hrts  a ai. 1987). The ghcosamine amtent wies 

between species. Schmit et ai. (1975) rrported that the conidial waih contain about 12% 

glucosamine, and the myceiiaî ceil wails caisist of &out 9% in the fiingus Neumpom C~~LSSZ. 

Chith must be hydrolyseci inb d t s  with acid, ollrnli or enzymes that yield products that 

can be rnuisured. Acid hydrolysis cleavts the &(1-4) glywsidic bonds, rrmoves the ocetyl 
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gfoup, and pmduar gi-• A u d i  hydm1ysis d e P c c r y w  cbitm ro ploduoechifosan, snd 

enzyme hydrolysis wih  chitanase yieids chitosan (Coiirin 1995). Of tbt tbrae mefhods, acid 

hydrolysis ù the p e f d  mc!ltai b u s e  yEdds am kaa, and icss pn*rssing tim is 

requhd. PlasJPid et al. (1982) compercâ giuammine reavuy wing acid and Plksline 

hyhlysis  snd fouml yiclds to be 90% and 50% mpctivcly. 'Ibt ümc q u m d  for good 

recovery using acid hydrolysis varies for M i t  fiurgaî otg4nimis. Wïtfeaberg a aî. (1989) 

found that for good glucosamine cecovery of fixage h g i  a hydrolysis time of seva houn at 

121 OC in 6 N HCi was needed. Glucosamine concentration can k determhed colorimetricaiiy, 

ushg gas chromafography, high pafomana iiquid ciuomabgtaphy, or an amino acid anaiyser 

(Cousin 1995). 

S e l d o n  of  M&dia 

The essential substances required for m i d i a l  growth include corbohydrates, proteins, 

fats, amino acids, vitamins, minerais and water. nie i n m e n t  mpirements vary ôetwccn 

organisms, and by d t e ~ g  those ingredients, the growth for a pariicular organism can k 

seIected. Environmental change such as pH, G, available oxygen, and incubation tempeiahirr 

a n  act as a seledive pressure in cuiturïng miaoorgonWns. A h ,  inhibitory compouads an be 

used b select or d c t  p w t h  of interferhg orpuiisms; for example, antibiotics d c t  

bacteria, and rose ben@ and dichloran both suppress sprcoding of hiagi. 

Dichloran 18% glyceml (DG18) U used for enurneration of nerophilic fungi (Piü and 

H d c h g  1985). Dichloran 18% giycerol agar contains 2 ug dichloran (2,6dichloCO-4- 

nittoaniline) to inhibit the spteading growth of Eur0tlCrrm colonies @euchat and âe Daza 1992). 

-and 18% g.Ly~e~01 (vlv) to d u c e  the 5 to O.% (Hocking 1991). 



to bacte& kauise thc pH is nau 5 (Pitt and Hochgs 1985). 'Ihir media contains 1.25% rmlt 

extract which is a rich corbaa soutct, and yeast utract which conîains nitmgen and essentiai 

growth factors. Rose bengal chloramphenicol and dichloran mse kagai chlorampheniicol 

medium are used for enumentiag both yeast and h g i  (Pitt and Hocking 1985). Rose bengai 

and dichloian rrstrict the diameter p w t h  which pments overgmwth of mol& Vawis 1973), 

and chloramphenicd inhitbits ôacterh p w t h  (Pitt and Hocking 19û5). 

hoculum &parrition 

Microcycle culture technique developd by Smith et ai. (1981) is a fast mebiod of 

culturing spores. This methoci involves subcuituring the fûngi, and incubating spores on potato 

dexüose agar Pt temperatures 5-10 degrces greater than optimum growth mpaaturr for the 

initial 24 hours and then ducing 00 the optimum tempaauc fot the remainder of the 

incubation pCnod. The initiai wium tempentms are wed to break dorniaacy which causes the 

spore to sweU, and germinate into i sporulating structure without the need for vegetative growth. 

This culturing method aiiows production of sufficient qmes in a shortened tirne period. 

Chernical Extractions 

Chernids wmmonly usEd for extracthg compounds h m  plant material include 
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rnethanol, etban04 chlorofotm, cthyl aœîate, cyclobexant, and scebat. Eirperimcntaüon with 

a number of utractîng soluti01w is usually rib~uirsd îa dctanine the bmt sduticm fa ottracting 

the compound of intaest. 

YoBbidP et PL. (1993) conducmi studies on gradne, a compwnd that inhibita spore 

g ennination, found on barley leaves. Extraction ~luticms in thst studies f a  nmoving gnmine 

inc1uded; acidic 30% ethano1 (O. 1 M HU-EtOH, 23). llicfhand- ammonium hydmxide (100: l), 

chloroform, anâ arPta lcidified with 0.1M HCi to pH 4 rnd pH 6. 'Ibtac riwearchers rrportcd 

that gramine extraction widi acidified water at both pH ievels was less tbaa 0.04% of total 

gramine. Gromuie extraction with water in these apriments was ineffective because a dipping 

procedure was employed, and the nanual wax laya on the leavcs prevented gamine dissolution. 

More compliMteA methods fot extracting rishitin and phytuberh, two phytoaiexins 

produced in potzûoes, are d d b e d  by Tomiyama et aï. (1968); Lyon (1972) and Hildenbrand 

and Niïemann (1994). The Lyon (1972) methd involves homogenuing with methauol, 

centrifiiging, retaining the residue, extracthg the residue with q u a w  metbanoL (60% vlv), 

extracthg thme times with chlomfonn, drying the chlomfonn nzction, redissolving in acetone, 

and fiirther purifyllig with thin laya ctuomatography. The mediad dtscribed by Tomiyarm et 

ai. (1968) h o m o g ~  fie& potato siica with mctbanol chlaofonn (4:2 vlv), and dried 

materiai with a chloroform, methanol, water soIution (5:3:2, vlv). The Zesidues of the 

chlorofom fiaction w a c  extrWcd with acetont, drieû, and nconstituted with 80% ethanol. 

This solution was again concentrateci and the &due dissolved in hexane. Hildenbxand and 

Ninnemann (1994) modified the Lyon method for aüactbg phytdexins h m  potames. They 

stirred the tissue with ethan01 for one hour, centrifiiged, and rc~cxtracted the &due. AAer the 



was dismolvd in a Mta ethano1 solution (23, vlv), emactcâ t h m  timt with d i ch lo row ,  

a0ddricd~eranhydrnu90diumsulpboie. T h d & c l a e o c t w a s ~ t u & d w i t h l . S m i o f  

dichlommethant and analyseü by gas chrommgqhy -rand ~DCI Nmmann 1994). 

Schmit a al. (1975) dtSQibCd th. attacticm pmœss fa t b  mjor phybakim; 

p t e I O c a z p a n , s a t i ~ , P n d v e s t i t o l t h a t ~ n ~ o a ~ ~ 1 & 1 u c a n e l e 4 f ~ .  lbirprocedwe 

invoives washing thc kaf ma(edPI with 40% Curanol-water solution, subjcctiag th wPsh solution 

to vacuum infiltration, rrpcSang the cthanol-waîer wash sicp, shalring oa a dark orbital shaker 

for two hom, rrwashing with distilled watef, combining ali wash sdutioas; aûac?ing with 

ethyl acetaot (0.5 ml solvmt to 1 ml extnict solution), dryiag the solvmt portion, a d  

ieconstituting with pcaonitrile for compound detection using high-paformance liquid 

chromatography . 
Di di£f"on asay 

The mi~f~~rganisrns are used as an indiator in &SC diffiision assays by producing a clear 

zone of no growth arwnd the disc in the presena of an inhibition compound. Simple assay 

designs for unknown compomds, such as peniciîlin, streptomycin, vitamin Ba, etc. are 

described by Heweitt (1977). Mon rrcentïy Madhyastha a al (1994) developcd a disc âifhsion 

type asay b detect the myootoxins tood and f& W s .  

SUMhlATXON 

Seiection for &stance b mold has ken  achicved in living Plfa l fo  plants. The 

screening pmadure developd by W~ttenberg et ai. (acceptai) may have potential as a selection 

tool for developing cultivars that rcsUt molding Pfta harvest. An effeCtve method for screming 



the extent of bidegriuM011, diemical inhibitors eaild coatrol invading orgPiismJ tberefore 

reduculg decomposition, and the phpsical mabc-up m y  d c t  m i d i a l  mtry and may Lunit 

the amount of spoilage. 



MANUSCRIPT 1: Scrrening procedure verification for poat-harvest fuigai rrsistlace in aifàifa 

(Medimggo solhvr Lm) 



ABSTRbCT 

Impmved aifhIfk (dbrdrirdgo L.) dti. hove been rbcisd fos forage yidd and 

quatity, rangclnnd anci pPQur use, multiple dWarrs ond pest seskanœ, bwever, devdoping 

alFalfa d t i .  tbat hwe mistance to *barvest fiingai invasion U a new area of 

investigation. Forage quality d d n e  due to ~ r n p O p t i o 1 1  a p w i r m s  is a probîem in fieid 

wilting and storagt of hay. Cultims that mist fimgal p w t h  af&f harva wodd reûuœ 

losses. A ieaf saening proceûurc was dclvelagcd f a  the detemidon of aifiIf& genotypes 

resistant or susceptible to b g a î  p w t h  after bawet. The objective of this work was to 

detemûne if the leaf jcreeriuig pmadm is an & d v e  method for m g  alfaln 

genotypes rrJistaat to k g a i  aüack ofta harvest. Th foliowing vecation stuclies were 

conducted: cornparisons of fiingai growth when whok plane were cut, chopped and stored 

unda warm humid conditions in the labo-; and simulatPA field triais that evaluated mold 

accumulatioa during wilting and baie storage. Four grnotypes previously identified as hahg 

low, vaLiabIe and high swceptibility io fiingai gmwth a f k  West w a p  uscd. Extent of 

fungai gmwth, as measureâ by giucosamine analysis, for plant rmterial chopped and 

incubaml uncier anditions conducive to molding, supported plant &tance ratuigs as 

detennined by the acrraiing pLOcedure. Mininaai fungai gmwth pcrosp aU genotypes in the 

simulateû field wilting mdy made comparative evaluation impossible, however, iaboratory- 

d e  b a h  produced h m  genotypes baving riwistana to huigal attack bad lower 

glucosamine conoerittation, 2.47 mg gœl DM, af?sr 9 &YS of storage thaa those pduced  

from genotypes idemtified as susceptible, 3.82 mg g4DM. These shdies suggest that 

monitoring the ~010nization of AspctgiUtu species on f k h  leaf materiai is a valid procedure 

to scfeen alhlfn genotypes for aisccptibiity to molding during West and storage. 

Keywords: a l f ' ,  mofd, glucosamine, fiingai resistanœ, West, storage 

Abbreviations: d, &y; DM, dry matter; ha, hectare; WSC, wata soluble carbohydrates 



by the fungus Pnym*hom lllGgtupnnicr Drachs tsp. mCdjCIlginu, and an- causal by 

CoIletdchuln Ryblii Bah, wae fint incorpoiottd into ncar cultivars @ames et aï. 1988). 

Resismce to Fusarium wilt caued by ~d~ axysponm Schl. f. sp. mcdic4ginis W b ,  

and Vertiaum wilt caused by Vem*idlm olbwrnon Rek and Berth, were th m;M focus 

of alfalfa belopment in the 1980s (Barnes et al. 1988). Page et pl. (1992) reportcd tbat 100 

cultivars wae avaiiable with variable bels of reSiStance to Verticillium wilt in thc early 1990s. 

Development of IlÉalfa with huigal &stance Y &derit in the living plant, however, dmloping 

alfalai cultivars that have reSiStanœ to poat-harvest fiingai invasion is a new sna of 

investigation. 

Alfalfa is gmwn fot seed, pasûue, thc dehydration industry, hay, m e  and green 

manure. Twenty-one thousand ha of aWfk wae p w n  for peûigred sœd in 1996 (CYiadiaa 

Seed Gmwers' Association 1996), and accotding to the 1991 censw 5,753,511 ha of tame hay, 

most of which caisisted of olfaln, mu prom in Canada (Statistics Canada 1992). 

Poor field wilting conditions or high motcturr storage  support^ inaeased numbers of pst- 

W e s t  decompoBition Organwms (vndi 1995) that ducc hay quality by l o w e ~ g  nutritive 

vaiue, digestiiility, and acaptability (Nash and Eason lm, KoJpasson a a&. 19W). nie 

wilting organisms are primady field huigi which a wually soii bine and consist mainly of 



Rhitopus, A q w g i h  and Hlcrm*mh (8rcton pnd Zwamcpcd 1991). Microbii shdies 

conducted by Undi et ai. (1996) ai smaî balai PlfPlfo indicltsd thot by day 10 the totpl fungi 

countswere5.O~ lû'oolonyrosmiigunioglinlavDM~bplestoragtm Tbesepost- 

harvest dsomposition organbm not d y  duce forPoe quality, but d t  in health pmblerns 

for both the livestock and individu& who bande hay (Gmgcny et pl. 1963; Iocey 1975; Nlsh 

and Easson 1977'). 

An effective method fot screenllig lltalfD fa post harvest fûngi wuid ûe kaeficial in 

developing cultivvs wîth impmved @tance to sapfophytic fimgal organisms during field 

wiiting, and potentially could ailow West of hay at a higher moisûue content. Baling hay at 

a higher moistue content d u c e s  quality decline due to inclement weather and leaf los. 

A leaf scleening pmccdwt to detennint pst-harvest fiingai &stance in alfalfk was 

recently developed (W~ttenkrg et alm rccpted). Tbe procedure involves ploting nesh aUàh 

leaves onto agar, inoculating with a qmc suspension eonsisting of 5 Aspcrgilius species, 

incubating at 25 O C ,  and evaluafing the pacait fiingai biomass coveragc on the 1eaves. 

The objective of this iescarçh mu to compare the fimgai &tance ratings observecl with 

the screenirig procedure with the mull fùngal p w t h  that occm on the same grnotypes when 

subjected to wilting and storage conditions conducive to molding. Tbrre stuâies were conducted 

with 4 genotypes, which ranged in oaisitivity to post-West molding: a modined leaf d g  

procedure which tested individual Aspgiillur species as weli as a combined inoculum; whole 
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plant incubation which mcuursd the actuai mdd ~ u i a t i o n  at di&imt stages of inaibptioa; 

and field wilting and bak storage which demnhd mold ~ccumuiation over time. Rcsuits fmm 

METHOIS AND MATERIAlS 

Plnnt popuhüom 

Four 1IEilfP (Adcdiazgo soLhirr L.) gaia)ips sclectcû h m  a populntion of 40 gmotyps 

from the cultivars axmw, algonquin, cimmarcm and rambla mn ustd fot thcse upaiments. 

The four gen- ntcd as most rdtiwt (R-1), most susœptiik (S4), a intermediate in 

suscepti'bility (V-2 and V-3) hmgal c o l ~ o n  wbcn exposcd to pn inoculum oonsisting of 

AspcrgiRus spore suspension in a scrrallng procedm outlined by Mttenbag et ai. (accepted). 

Two sets of planb wem used: !kt 1 consisteci of c l d  grnotypes which w m  established in 

1993 in the greenhouse and pianted in the ficld in five blocks with five plants pet gmotype in 

each block, ia a randomized block design. Set 2 coagrtal of cloned plant mataial established 

in the grraihous and transplanted into four field blocb in the sping of 1995. Each field block 

consisted of 24 clones per genotyp phted in thme rows with a 75 cm row spring and a 37.5 

cm spacing between plants withh the mw. Clones werc mainfainad in the field for the duration 

of the experiments. 

Iiioculum 

Work conduckd by Undi et ai. (1996) hdicatcd that AspctgiZJIIs species were more 

pmalait than Penidllium species in s ~ m d  aifaif& thaefore, for these shdig ody AspeqiUw 

species w e n  used. Freeze dMd cultures of Aspqillw pmV DAOM 214728, Eumtiùan 



subcultured am le20 ml of Pasto Dexüose Agar (PDA) in 5û a LOO ml scrrw cap fiasks, and 

incubated at vpnn Ocmpcahmr for 24 bain to break dommcy (Smith et ai. 1981) and an 

additional 2 - 4 dayo at a huer temperature. AJ;pcqillirr gI(arccrrr, A. mpcnr anâ A. wmàcoAbr 

were initially inaitilted at 36°C for 24 houn, then the temperatme was duced to 2S°C; a d  

A. and A. jhigonrs w a e  incubated at 41 OC to break dormancy, af&r which tempntuns 

were reduced to 25°C. 

The wnidia of a r h  @es mu hamested by Pddiag 10 mi of 0.1% Tween 80 

(Mallinckrodt SpeQaity Chemicals Paris, W.) solution, and 1G3û s tedhd ghss beadP to each 

fiask which was then agitated fot 30 min. at 300 rpm in a amtroiied environment incubator 

shaker (New Brunswick Scientific Co Inc.). The suspension was strained through Qght hyas 

of sterilized w, centrifuged, and the rieSulhg N e t  re-swpended in O. 1% Tween 80 

solution to a conctlltration of appfoxirnately 1 x 10' spom dl, determined using a 

haemocytometer. The pktes w a c  inoculated with a spore suspension (IV spores mi-3 of the 

five individual species of Asprgiüw; A. jbw, A. glnrurtLc, A. npuu. A. wrsicolor, and A. 

funu'gams, as well as a combined inoculum at a fate of 1 - 3 x 10' spores per plate. The 

combineci inoailum amskd of quai aiiquot, of each of five &prgiZIas species and 

represented the inocuium used as per the d g  proœûm protocol. 
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~R#cQrrusiqLindiPMurilradcomblncdtnaciibnii 

Dichloran 18% glyccfolagar(DG18)platerannpoarrdinsdvoPoeusing 18-20ml 

media plat&. This media con* 2 ug 10' dichioran @,-nitnranilint) to inhibit the 

spreadiag growth of EWthm or Acprgilio co10ah (BaicbPt Pnd de Dam 1992). ad 18% 

giycaol (vlv) to duce tac îo O.% which inhibits bactda growth @Socking 1991). This 

media U commOILfy used fbr mumeration of x e q h i k  h g i  mtt and Hocking 1985) which 

have the abiity to gow in low moirtun pmducts such as bay. 

Threc leaf sacaiing trialJ w a e  canductcd using leaves colktd from Set 1 plants. Trial 

1 was conduaed on Juïy 13, 1995 using pîant matarm UrU was at 50% blwm cxcept for S-4 

which was in thcbud stage. Trial2 siaNdon Juïy 11, 1996 Md ustd plant mztaiolin t h e d y  

bud stage fol aU genotypes acept for S-4 which was in the vegetative phase. Triai 3 began cm 

August 30, 1996 with plant matarm in the bud stage. T b  plants w a e  individualîy barvested 

foraüthreetrtlr9to lOcmPbovetheJoÿs~usingscisson, piaceûinsterilebags, and 

tranoportcd to the labontoy. A sanitation step, whicb involved wprhllig the schors, and the 

operator's glwe  with 95% tthano1, was pafonned a f k  each plant was cut to avoid cross- 

contamination. Fdiy developed l m ,  without inscd bites, tears or bîemishes, w a e  removed 

b m  the harvested plant and placed ont0 a stcrik pnpt towd. Four to 6 kova fiorn each piant 

were placed oam preppcd agar plates such that the entire ieaf surface ma& contact wïth the 

aga. Piates w a t  prepiued in duplicate, and sprayed with 1 - 3 x 10' spores per piatc ushg a 

nalgene aerod bot& The plates were ncappsd, and hcubated at 25 OC. The cvaluation mis 

conducted when 70% of ail the platts showd colonization on 20% of the l d  arca. The rating 

system for alfalfa Iea€ spot diseasc (James 1971) wu u d  as a puide to detennine the percent 



leaf area with b g a i  coverage. 

Whok phnt incubation 

Thret wholepiant incubation tMlsmncinitiatnf~atbesamedayas t û c l c a f ~ g  

irialswiththerimeplantmatcripl. FourgofkafandstcmmPtairlwas~~llectedfnnneach 

clone, choppd and plaad hm eight empty petri piates, ami k h t d  Pt 25 OC to allow p w t h  

of epiphytic microflota. Two plates fa each dau w a e  rrmwsd hm hchtkm and Irozeri 

'20 O C )  on &YS 0,5 ,8 .  uid 11. PlatCs onb ~ 0 n - t ~  mrr ncaC dried f b  DM, WSC pnd 

. g l u c ~ h  -O~S. The pniccdm S&PS W ~ C  tbe s ~ m  k dl tbrrt whok plat  

incubation trials except a sampling change in trial 2; duplicatc plates for cach clone were 

re,moved b m  incubation and fiozen (-20 O C )  ai days O, 6, 8, and 11. 

Feld wiltiag and baie storage 

First cut plants h m  sct 2 werc used for triai 4. AU genotypes were in late bud stage 

except S 4  which was in early bud stage. Nimety-six phats hwn 4 dinisent bloch representing 

each genotype were cut on rune 17, with a cordless grass shar -ta, Elecüic Works M. 

Japan). The combined plant mataial h m  the four bloch was placed in& one w i n b w  for each 

genotype- The w i n b w s  werc arranged so that the height, width and deasity were the same for 

all genotypes. Gemtypes with grater volume of matmpl had longer wbdrows. Four forage 

samples (100 - 200 g) pcr w i n b w  wac  taka onc hau post cuatig, and daily at 9:W and 

16:ûû houn until the moisnue wntent was appfoximately 45%. Sampks w a e  coilezted in 

steriie sampte ôags, and fiozen c20°C) for dry matter and glucosamine analysis. Dried forage 

was u d  to produce 12 iaboratory-sade Mai peur genotype that werc at 55 % DM. A 

laboratory-de baihg system designed by Coblentz et ai. (1993) was uscd with some bale 
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pfoducticm rnodbatbm. Th forage was packad iato the bak chamber by folding t&e mDterLL 

into 10cmlen~,compersrdaiithahy~pnssOa~tyof437~mJ, andthentyhg 

the comprrsslly materhi wibi W. Oeaotypes V-3 tnd S 4  wue bslsd 4 &YS oRa cutting 

and storecl Pt 4OC until ali the bales wac d y  fot incubaîion. BatCs h m  V-2 a d  R-1 were 

made6dpostcuttingduetoasl0wetwiithgn0c. BPlcsmniandOmiypSpcsdandthntid 

together into 2 stach; w k  one bad 4 bales each of R-1, V-2 and S a ,  V-3 boles w c n  missing 

due to shortage of plant mPteM1; and stack two had four bales of e4ch gcwtype. Three sides 

of each stack were insuiated with additional laboratory-scaie baies, ad the remaining thrtc sides 

with styrofmm to minimise heat and moUtun los. The insulator bales and styrofnsm w u e  

secured around the stack with twine. A Trendicator (Mode1 400A; Doric Scientific Div. 

Emerson Eie!ctcic Co. San Diego, CA) was wed to mdtor  baie temperahires duüng bale 

storage using thermocouple w h  which had beea in- into one baie genotyp& stackl. This 

was to easun that incubation tempaaaues conespondeci to n o r d  hay stack temperatue 

changes (Undi 1995). The stacks w e  placcd in an incubator so that the temprature could be 

controlied if needed. Four bales qresenting each genotype w a e  ane sampled usiag a Penn 

State wre sampler, and the samples werc noEen (-20°C) on day O, 9, and 24 of huôation for 

dry matter and glumamine anaiysis. 

Trial 5 began on July 22 ushg second cut pian&, at 10% blann except for genotype R 4  

which was in the bud stage. nie sarm conditions and pro06dwcs w a e  used cu in ûial4 with 

bales for grnotypes V-3 and S-4 constnicted on &y 4, and V-2 and R-1 prepared on day 5. Due 

to the shortagc of mataial, stack one consistui of 2 R-1 bales, 3 S 4  bales, 4 V-2 bales and O 

bales for V-3. Bal= w a e  removed from the stacks for samphg on d 0 , 9  and 24. 



ChemicalAsrl* 

F ~ s a m p h m r r ~ b t f ~ r n d P f t a f n a c d r y i n g t o d c m m i a c t b C D M *  The 

whokplyUincubatims~mpler~~aiitbaMailiaaoofideruidrpiairrmModd980 

( M o u i i n e x ~ L t d , T ~ l ~ n t o O N ) .  n i e ~ n c l d w i l î e d a n d ~ û a l e s a m p i e s w e r e  

ground with aT- Cyciotec Modellû93 (Fisher Scient& LM. Toronto, ON) wllig a 1 mm 

screen. The glucoJPminc analysis were amducfed rccoiding to tbt pmtoool rrportcd by 

Wittenberg, et al  (1989). A methd, uring 3,s-dinitmsalacyk acid (Alddch Chernical Co 

Milwaukee WS) developd by Solominski et al (1993), was d io determh mta soluble 

carbohydntc content on the dsed samptt. 

statistlcal Anal* 

Data was anaiysed using G m d  Linair M '  (GLM) ( S M  Institute hc. 1985). n ie  

leaf scrsening procedure data hm each of the thre!e triab (1.2 and 3) was analysed as a 4 by 

6 factorial with 4 genotypes and 6 inocuiums as the fâctors of interest. The effet of grnotype, 

inoculum and th& interaction were tested with inoculwn by cloue within genotype as the e m r  

tetm. The combiaed data h m  ûids 1.2. and 3 wu anaiysed as a completely randomiscd block 

design with each tripl zepresenting a block. The bua way interaction of inoculum, genotype 

and trial was u d  as the crror ttrm to test al1 othcr factors. 

The glucosamine values for whok plant incubation trials 2 and 3 were each anafysed 

for time O, 5, 8 and I l  days independently. Dry rmact at each sampk time was used as a 

covariate, and genotype was tested uhg 0.7967 clone @no) and 0.2033 a o r  as the arot 

terms. Initial dry matter and wua soluble carbohydrates were anaiysed as a completely 

randomised design with genotyp. and observations Eplmi at tirne zero of incubation. Dry 



studier by the fobwing qUatian: 

RESULTS AND DISCUSSION 

Screcniog Fmcedlm Wing individual and e o m b w  i n d u m  

Thc h g a i  coverage mged fnwn 10.05 - 42.89% in trial 1 with inoculums A. epcns 

and A. wnkotOr colonizing more leaf mrtaial than A. fhYlg and A. /imigat&s Vblt 3). The 

range fot cotonization of leaves in trial 2 was hom 10.05 - 71.73% for ali inoculaats, and A. 

~~(IYILT and A. rrpcns had values of 71.73% and 71.23%, feqedvely. The highest fungai 

coverage wu obsewed with A. mpcnr m.S2%) and A. glouM (79.47%) in üiai 3, and the 

lowest coverage wu with A. /tnJganr~ (10.21 2). Aspcqiüku rrpmr CObSiStClltly bd high 

fungai werage whik A. pOnigutw had low coIOHiZafion for aîi triais. Interaction cornparisons 

indicate that A. npur~ bad the highest fimgal covczagt for the 3 trials combincd. 

niae was no inocuium by genotype interaction whm the combineci data for triais 1,2, 

and 3 was anaiysd indicating that the generai iuiLing of gaotypes amss inoculant types was 

similar. Howevet, data h m  individuai triais indicates that the ab- to see significant 
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dinaenccsbeWcnplpnt~vPricdwhaidinaciitinoculairttypcswariusdF'igwe2. 

TheresbtantgCLLOtyPO, R-1, hadbwatnfareacoloaiPsd byfiingiinalithrœtrialr for 

uiOCUlZUltsAmpcn~,andA.w~r. L Q w e r f i m ~ ~ o n r b e ~ w a s o b s c r v d o n  

theresktant gmotypetwallinoculumst~œptforA.ftnigo~r~in~ 2sad 3. 

Th. rrsistpnt genotype haî loanr h g a I  ÇOVerage tbui 1n lemailhg gaiotypes 

comparing the indcufum by grnotype Uitcaction with the uccptbn of iaoculPnt A. ficmigrrtrrs 

(Table 3). Thes d t s  show that a sprcpd of î5 - 26 % uni& between &stant and 

susceph'b1e gcnotypcs was obmed for these inocuIants. A large ~ g e  in covciage is prefinod 

as it increases the separrtion betwcen rrsistant and suœptibie. 

Tb- fbdiags indicated that modifyiog the d g  pmcaluzc to use Qthr dfepem 

or A. wmiwlor inoculwns ntba than using a combuiuion of the original five Aspe@llrcs 

species may i m p v c  the abüity to identify PlfalEi grnotypes with pot&-harvest -ce to 

fimgai attack. Incubation was at 2S°C which U most suitable fm A. mpdm and A. wMc0lor 

which grow optunally W e e n  25-27'C and at 27'C, respectvely (Pitt md Hocking, 1985). 

If the incubation tempcrahire had ôem 3S°C the ratings for A. jkvw and A. gkucau may have 

shown greater d i B i c e  behueen resiscant and susceptible grnotypes because these oqpisms 

grow best between 35-37'C and 33-3SeC, rrspsctivtly (Pitt and Hocking 19S). The p, in 

these triais wu not a factor which influenced h g a l  p w t h  because the Aspgiilùrr Jpcde~ used 

in thisprocedurcgmw ôestatan~greaterthan0.80, and thehof themediaad the plant 

materiai was O.% and 0.99, rapectively. nie results in the 3 trials dewwistntcd that A. 

fwnigclnrî was not cffdve at s e l d g  susceptibility differtricts. This organhm gmws k t  at 

temperatutes betwcen 40 and 55T, thmefore, growth U poor at W C ,  the procedure incubation 



The conanttaticm of glueosPmine on &y O loa triai 1 rangai fiom 1.26 to 1.44 mg g-' 

viable 4), which wefe bwcr than septa i  values of l.M 1.60 mg g1 in sampbd dhlfà at 

30% blmm Pt the ead of wilting (Undi 1995). The glucospmine cmœntratim in this trial was 

lower because it relateû to the initiaî stages of wilting wbcrrv the reportcd valut was for the 

end of wilting 3 to 4 days a f k  cuaing. Tb. plants in trial 1 wae ot SO % bloom ucept for S-4 

which was in culy bud stage. The glucosamine accumuiation ai &y five mged fiom 2.17 for 

the resistant genotyp to 3.M mg go1 in the suscepti i  grnotype, and oa day 11 the 

concentration had inacpsd to 9.79 and 12.95 mg g4 f a  rrsistant and susocptible, rrJpfftively. 

Undi (1995) reposted aucosamine accumulation ranging h m  2.20 to 3-00 mg gw1 on &y 14 of 

bale storage. The high values obtairied in thh aial indicatcd tbat this was a good test to 

determine if one grnotype was mozc susceptible to molding. No differences were obsemd for 

initial DM in this trial uable 5). 

The initial glucosvnine ranged from 1.46 to 1.64 mg go' in triai 2 uabk 4) which were 

similar to wnœncrations rrportcd in the pmiow pamgnqh Pt the end of wiïting (Undi 1995). 

Glucosamine pccumulation mu 10- (P <0.05) foi the &s!ant gcnotype than the susceptible 

genotype on day 5, 8 and 11 of incubation. The suœptiblc gtnotype, S I ,  in this trial was in 

the vegetative gtowth stage which may be a ktar subsüate for fiingai gmwth, tberefore, it was 

not surprishg that more fiingai accumulation was measuted for this genotype. Dry matter 



GluCoSvnine concentration incrcaSed more rapidly for the wsœpti'ble genayPe than the 

mistant genotype in al i  pkte incubation trials flab1c 4). The susceptible genotype bad 

significantly more (P <0.05) glucosamint accumulntion on &y 5 than the nsistant genotype for 

aiî trials with the gnate~t âiiference betwem susceptrblc and rrsistuit ob-ed in trial 3. AU 

plant material was at the bud stage for this trial which indicateâ that physiological stage 

differences behmen guiotypcs was not P fictor that contributcd to glucosPrnine differences 

obsemed h the fbt tW0 tthb. 

Day 5 in the whole plant incubation trip1 would most c l d y  conespond to field wilting 

conditions that arc conducive for molding. Thenfort, during field wilting the susaptible 

genotype should support more molding than the rrsUtant genotype unda the same conditions. 

The conmtration of water-soluble carbohydrate was signüïcantly dinerent (P<O.OS) 

between genotype V-3 (87.91 mg gœl DM) and S-4 (106.8'7 mg goï DM), but tha was no 

differenœ betwan the susceptible and resistant genotypes (data not shown). No ciifferences 
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between ngstlnt anâ swœptiôle gewrypes tix WSC amcmtntiou at aitting, iadicstai tbat thir 

wasnotandortlilteantrlbutedtomoIdingintbebPmstodJorlfip~bhthir~. b D M  

and medium D M r l h l h i b a l u ~ c m c d a y d ~ b r r e k e n  rrportcdaî65 mg g ~ ' M d 5 6  

mg g-', rrspctiveiy (Undi 1995) which are lawa than the WSC m t r a t i 0 1 u  obsemad in this 

trial. The 1- amcentration of WSC qmtd by Undi (1995) was obsmd b u s e  WSC 

am readily metabolitrvf in hanrcard plants mtii re3pirrtion stops (Mosa 1995). Losaa had 

occurecl during wilting and am day of baie storage, whereas, in thh üiai the samples weze 

h z e n  at time zero to minimize WSC losses. 

neld wilthg and bab stomge 

Fiid wilting was more fapici (P<O.05) fix genotypes V-3 and S-4 than fbr the a(ba 2 

genotypes in nial 4 Fable 6). s Y s s  and Tullkg (19ûû) documeated tbot leaves dry quick 

than stems. This could be one of the rieasons for diffefent drying rites as it was obsemed that 

genotypes V-3 and S-4 had siender stems and more leaves than V-2 and R-1. Mer factors that 

affect water l o s  include plant stmctwe, p w t h  state, stomatai conœnhcati~~~ and cuticle makeup 

which are a h  reviewed by Hanis and 'Nîkrg (1980). nK initiaL DM was lowest for 

genotype V-2 for unknown misons. 

During wilting in rrial4 the mean daily temperatures mged from 13 to 23'C and the 

mean relative humidity wu 56 to 87% with 4.57 mm prrcipitatiotl on &y 2. These conditions 

were suitable for mold growth, howeva, the mold accumulation fkom cutting to the time of 

baling did not ina*ue uabk 7). The mperrturrs within the windrows w a e  not determined, 

however, the windmw tempcntuns would k expacd to k higher than the s~rzoundulg 

temperatures due to n i a d  plant respiration. Pîant respiration coatinues in the cut plant until 
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the moisturc content noc&s 3MO% @ces l982), thrcforr kat waJd have becn gcacaicd 

throughout the wiîting phase fm this trial. Ttic q0ority of wiltiag funei ut m a q h k s  (Sbanna 

1989) arbichthnveattempaitunrbctwœa 1 0 r a d 4 û ° C w i t h ~ m ~ k ç i v s m  15and 

30°C (Jay 1991). 

equipment. H m  csuipmerrt disturbs the soiï ad rtin up dwt umtaining fiin@ oqanhm. 

For these üiaIs band cutting with sban I i b d d  the ~ount  of rirbome ~p0ce-s during harvest 

which may have conmibutai to the low gïucosamine accmulab'oli laws PU geaoiypeJ during 

wilting. An#ha nvon for low molding may be the gmtlc meîhod of handlhg corn- to 

conventionai forage cutîing. Traditional cutting methods &mage the stems and surfkes of the 

plants which exposes inner tissues and aliows reIease of plant fiuids. The damagai areas and 

the plant tnidates may impiwe the conditions for fimgal growth. 

Statistical diffetetices in DM ktwan the redstant and susceptible garotypes were not 

obsened in Triai 5 on &y 4 during wïiting Pabk 6). Two days were needed to consmct the 

iaboratozy-scaie bales, therefore V-3 and S 4  were bnlsd un day 4 kause these grnotypes had 

a higher DM % of 52-03 and 50.85, rrspectivdy. Baies for gaiotyps R-1 and V-2 were 

constructcd on day 5. The mean tempmûures in this triai ranged from 17 to 21'C and the daüy 

means for relative humidiîy werc between 62 and 87% with 2.13 mm of pnxipitation on &y 2 

of Wting. nie amditions were p r  for good drying, but conducive for mold growth, howeva, 

glucosamiae accumularion duting M d  wilting was low and differences could not be deteminal 

(Table 7). 

The conditions for both trials w a c  si& acept the precipitation was 4.57 mm in trial 



4siartcdwithCod~gtcmpa~turrsinwhichliaLgowthownad, whichwasttm~llowed 

by very warm w b  the plants gow rapiâly developing vcry taU (6W7û cm) and 

thick stems. Thaî 4 usai fintait plant maiaPI which ncmnally in alfdfa has b e r  kpf to siem 

ratio than htCf cuttings @otz, 1995). Trial 5 useû i#Mnd=cut plant inahiinl that bPd sbortcr 

and thinner stems. Plants in ûiai 4 mn in iate bud sîage accp f a  S 4  which was in a d y  bud 

stage, and for triai 5 genotype S 4  wu at lptt bud stage while tbt remaining plants wac at 10% 

b1oom. Th physîcai condition of the p h &  in ûiaî 4 may s a a m t  f a  thc ~~ observeai 

in DM% which wete not obsuved in U S .  

Baies stored in trial 4 showed dinerienas in DM 00 day 9 with S 4  and V-2 kiag lowa 

(P < 0.05) than R-1, but by day 24 th- mu no d B i œ  in DM amongst the gatotypes fiable 

6). Dinerierices in DM% were not observed in trial 5 during bale stomge. Shidies conduded 

by Undi (1995) indicate that in low DM (65.3%) and medium DM (72.4%) moishue 10s in 

storedalfalfabalesindietim14&yswum~than80%. niemoisbuelosofiomdayOto 

day 24 in bale storagt was 67.8% fa0 the swccpti%k grnotype ad 77.8% for the reoistMt 

genotype in trial 4, and in üia i  5 losses wme 76.0 R for the susc~ptibie and 79.6% for the 

resistant genotype. The ôaie staclo w a c  stored in an incubaîor, but the temperature was aot 

wntroiied. The incubator humidity was not m o n i t o ~ ,  but condensaîc observed on the &g 

of the incubator, indicatd that the humidity was high, whkh accounted for the reduced moisture 

los in storage. Since the trial was designeci to have conditions suiable for molding, the high 

humidity was desirable. 



mon (P=O.OZn) glwmmïnc W the variable gamtype V-2 m day 9. GluCosimine 

These concenÉati01w wae hi* than the concentration (3.0 mg go') &îectcd by Undi (1995) 

in stoted low DM (65.3 %) Plfjilh bala on &y 21. The hi* gluCosamint C O I L C C I I ~ ~ ~ ~ O I I S  in 

this trial at day 24 indicated that the conditions wac suitable for moldiog. 

The gluCosamint diffetc~~ces wat not dctectd in stmcd b a h  represeating the fout 

genotypes in triPl S Pabk 7). however. combincd mults of trial 4 and 5 indicami tbat the 

glucosamine raunuiaîicm on &y 9 was gnztcr Q<O.QS) for the susceptible gmotype than for 

the regStult gaotype Pabk 8). 

The temperahue in hay storage normaiiy in- in the nnt few &YS due to pknt 

respiration, which ic followed by a tempaaturr dmp, and thn a second temperahire increase 

which comsponds to the p w t h  phase of the sapmphytic fiingi (Gzegory et al. 1963; Breton 

and Zwaenepoei 1991). The tempemm m e  in trial 4 showed the h e e  wmespndiag peab 

which are nomaily obsaveû in siortd ôales (Fi- 3). A thid peak ocwrcd near day 20 in 

triai 4. Breton and Zwaenegoei (1991) documaitui that the number of temperriain peaks that 

occur in stonxi hay a>mspond to the numôer of sucœssïve micmfiora grwps tht decompose 

the stored bales. The number of SllCaSSive pups  &pends ai the amount of av?üable moishm 

in the stored bales. Sûuiies with rnini bales mducted by Coblentz et ai. (1996). obmed that 

the second incmise in temperatme namally kginr near day 5 and the tempaaturrs remain high 

for appmximately 15 days. The tempeZanire drop in triai 4 may have been due to changes in 
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tkrni~r~flota;arecoad~mupPvrwdingtbedcothofihennt~gaipof~hytes. Tbe 

t em~intMI5f iuch iPtcdat tkôtghiag ,d inaaucdbydpy  1Otofcmpa;rturesthat 

conespond to nomai a k  feinpaitureJ (Figure 3). 

Mold dcvclops kst w h  the is bctwœa 0.W and 0.85 (Jay L992), wbich rrlatcs to 

moisme coatmt h m  18 to 25% (Albat et J. 1989), and above a d  bclow W a, range 

conditions ase lcss amducive ü, mldingœ T b  susœpti'ble gaiotypt wilted rspidly in tbe h t  

phase of drying, theref- had the optimum 0 for m01ding kfm the nsistant geDotype which 

dned slower in this f h t  phase. This may be the reason the moId accumiilation on day 9 was 

greater for the swœpti'ble genotype, but by &y 24 the giuammhe ciiffietences wat not &dent 

between genotypes* 

CONCLUSTONS 

Aqqgiïlur npmc and A. w&co&w arch prwided diBennt dstana and susœpti'bility 

ratings (P<O.l) ,  tûaefon w e n  effective for sepPrating reshnt and susceptible alMà 

genotypes. Aspc~iUùufimUgancs should be mnoved frwi the saccning procedure for safety 

reasons, and becausc it was not an effdve sciectim fiuigi. 

Albilh genotypes S-4 and V-3, which arc susceptible to pst-baivest h g a l  had 

a more rapid rate of mois- loss than the rrJirtnnt genotypc R-1, during the field wilting trial. 

This suggests that rapid d@ng may k lssociated with Uicreased susceptibility tu molding aRet 

harvest. Low glltcosaminc accumuiation during fieM wilting may have becn rrlatcd tu the 

harvest procedure usecl in these shdies. Whm the bak storagc triais were analysed sepatately 

the g1uwsaminc umcenüations w a t  not dinaait between gaiotype~, howevs, when the results 



Funding for thic workwas pvïded by the CanaQ /Manitoba A-t oa Aficulhue 

Sustainabiliity. Appreciafion i s  exfen&d ta Angelaoswlld, EPathergienzle, M;arh'iui and Chris 

Babij for their as&ance in harvesting, baling and sampling, and to Jaaice Hàines and Peta 

MiUs for conducting the chernical anaiy&. 



Figure 2. Leaf area C O ~ O ~ ,  % , when dfàEa genotypes ranghg in post-barvest suscepti'bility 

were incubated with fiveArpc@hs @es, atha individuaiiy or in a combineci inocuium. The 

snidy was replicated thme tiin with n = 8 for cach triai. Standard mrm w a  6.92,9.71 and 

7.18 for teals 1, 2, and 3, nspsctivcly and are rqmescnted with SE bus. 



60 - 
40 - 

20 - 

O 

I 
I 
r r 

Trial 1 Z 
I 1 I I r I i 

100 - 

80 - x 
60 - z 
40 - J i 
20 - r 

Trial 3 
O I I I I 



Figue 3. M y  tempaahires of res&ant (R-1). variable (V-2 and V-3), and swceptible (S-4) 

alfalfa genotypes in simulatEd bale storsge shdy with a ref-cc cuve representing 

conventional baie storage for aükB baieci at 64.1-66.2% DM (Undi, 1993. 
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0 0 9 R-1 - v-2 
-II.., v-3 - S-4 

Trial 5 

Time (days) 



bynial, gaiotypebytIial ,radinoculumby~* 
Inoculum by tripl Ttialt 1 Trial 2 T U 3  Combincds 

42-89 

32.9P 

27.5V' 

21.51' 

40.12. 

10.09 

3.23 

Trial 1 

71.23. 

44.M' 

52.79 

71.73' 

32SP 

1o.w 

3.23 

Trial 2 

-- - - 

72.52- 

79.47. 

62.36' 

4 3 . w  

40.12 

10.21' 

3.23 

Trial 3 

SE 3.73 3.73 3.73 3.73 
Combuied means tor 3 triais 
" different lettas in the same cdumn indicates dinerena fw inocdm by trial and for genotype 
by trial interactions using least signincant âiffama (ZSD) wïth erpaiment wisc a o r  rate of 
0.05; different letkm in the same mw indigter diffkena for inoculum by genotype 
interactions. 



Trial 2 

Trial 3 

day 11 10.84' 11.82' 12.29' 1S.W 0.9 
' Glucosamint valw in this set w a t  calcuiated usïng an averaged lab dry wt. 
a b  diffèrent 1- in die svne mw indi& a difficrcllce using îeast signifiant diffierence 
(LSD) with ucperiment w k  cmn nte of 0.05. 



Trial 1 

Initial DM 25.09 24.21 24.26 23.67 1.3 

Trial 2 

Initial DM 22.78 23.12 23.46 26.47 0.9 

DM los by d 6 12.48) 16.75" 15.13* 20.88. 1.6 

Trial 3 

Initial DM 

DM lost by d 5 11.14* 10.82" 8.91' 21.25. 2.5 

DM lost by d 8 20.70 25.42 22.47 28.80 2.0 

DM lost by d 11 29.34 23.18 27.15 35-33 2.0 
4 P  ciiffernt 1- in the same mw inciicate a dinerena m g  kast signifiant- 
(LSD) with expriment Wise aror nte of 0.06. 



Table6. n&#ofpliplfgpnocyperonloIsgtDM, 5, otthefimeofaiah,g,r&andd 
wilting, and during --of îabsaiebsla inüials 4and5, n - 4. 

--m 
R-1 V-2 V-3 S-4 SE 

Trial 4 

at cuaiag 

witting d 4. 

stackstonged0 

aack storagt d 9 

stack stomge d 24 

Trial 5 

at cutiing 

wiltuig d 4. 

styk ~t~rage d O 

stack storage d 9 

stack storoge d 24 

V-2 a d  S 4  were baled on d 4, and stored at 4 'C unzii V-3 and R-1 w e n  baled. 
y SE averaged fiom set of mems when obsemation count wied. 
ND, not determined. 

a b  difTerent lettcn in thc svne rrnv indiCate a signif~cant d H m a  using lepst signincant 
difference with eqehent--Wise anir rate of 0.05. 



Table 7. EfE'cct of plfPtfn gemtype an giiroaPminc amca~bRtion, mg g1 DM, at tbe tirne of 
cutthg, PftaZitldwiiting, anddurings!ack~oflnbaotory-IimltbPlaintMlr4ond 
5. II = 40 

Trial 4 

stack storage d 9 2.89- 2.W I!W 4-54. 0.4 

stack storage d 24 4.28 4-11 5.16 4.21 0.3 

Trial 5 

stack storage d O 1.53 1.38 1.29 1.70 O. 1 

stack storage d 9 2.06 3.20 2.91 3-11 0.4 

stack mrage d 24 3-58 4.27 4.21 4.58 0.3z 
SE oveiaged from set of means when observation count vuied. 
ND, not cietetmine& 

'b differemt krtm in the same lav indicaîe a signifiant differenœ d g  leYt signifiant 



Table 8. E n i  of aMfk gcllotypcI oa forsot DM, S, rnd gluobsaminc amœnaatioiu, mg 
g1 DM, Pt the (ime of d g ,  .fta W wstting, and dutiag s&ck of lsborPtory- 
sale bales. a = 4. Combinui rcsults of trial 4 ancl 5. 

Trial 4 and 5 R-1 V-2 V-3 S 4  SE 

Forage DM 'IL 

at cuttuig 

wilting d 4= 

JtrLsbzagt, d o  

stack staragc, d 9 

stack stomge, d 24 

Forage g î u c a m b  mg g1 

Pt cutting 

wiltiug d 4 

stack -rage, d O 

stack starage, d 9 

stack storage, d 24 
V-2 and S 4  were baled on &y 4, and s t o d  aî 4 'C untii w3 and R-1 wete bded. 

y SE averaged fmm set of means were observation count varied. 
ND, not &teminedm 

'' differerit Leticn in the same rmv indicate a significpnt Werena using least significant 
differena with experhent-Wise airw rate of 0.0 .  



MANUSCRIPT II: Physicai, chesnical and microôias foctors in PlEdUi (Mcdiazgo s~fw L.) 
relatcd to psbbarvcst spoÜagt 



growtb DRcr hm9. The d t s  of t û e c ~ m i c a l ~ ~ ~  studia rmt iaconclusivt, however, 

darkened mes observeû in the disc dinurian assay mzy indicate the -ce of an inhibitory 

compound Coi Pli gmotypes. The susce@1e plhlfr gaiotype suppated the mwîh of higher 

( P < O . O  populaa'onsoflactic acidbectaathan-thcvatiabkaml rtsist?ot gemtypes intwo 

WS, and in one triol difkmces were obsand betwem the susceptible and rrsistruit gembtypes 

for total bacmia, yead, or mold counts. No dif.Te~ic11a betwem genotypes was obsemed for 

water activity and watcr soluble carbohydrate amœntratiion of ncsh plant material, however, 

drying rates w a e  Iowa @<O.OS) for the mon rcsistiat grnotypeo. Phnt charaicteristic 

resdting in rapid d t i n g  and high epiphytic lactic Peid badaip populations may be associated 

with susceptibiiity to pst-harvest mold gmwth. 

Key worck ab& (Mcdcago soiiw L), mold inhibition, extraction, drying rates, AspGrgiZZus, 

epiphytic brrctam 

Abbreviations: A.,. wakr activity; CFU, oolony fonning units; DM, dry maüef; LAB, iactic 

acid bacterip; TB, total bactaa; WSC. wata solub1t cvbohydrate 



. These organhms are elunioated in storage when temperatures approach 50°C, and thermofolerant 

sbrage fiora invades. The storage decomposition g m a  include Absidia, Rhizopus. Aspcrgilllv~ 

and Himr'colir (Breton and Zwaetlepoci 1990). and these organisms can gusc health problems 

for both the livestock and individuais who handle bay (Gngory et ai. 1963; Lacey 1975; Nash 

and Easson 19'77). 

Studies conducted by et ai (acceptecl) &maosûa&d that Pltalfo (Medifago 

sdva L) ga~typcs showed variation in susœptibility to posî-hamest fiingai attack Potential 

mechanisms that d u c e  molâing Ifta harvest include; chemicai inhibitors; epiphytic microflora; 

substrate constitumu; and physiail chamckristics such as dying rate and k. 

The first Mer for m i d i a l  attack is the physical and chernical &up of the outer 

plant surface (Cam and Klessig 1989). The plant œli wall, which consisu of ceiiulose, 



ceïî waU COllStititznts such as glufosPmins and chitrosaiw, produce two anmgal aizyme~, 

glucanase and chitanase (Miuch 1984). thought (O protect the sœû pod h m  fimgai attack. 

MïCfObial o r g a n h s  can protect plants against barmfut micn,flora by mmpetition, 

antagoniun or by triggering a systemic h a  plant defmcc fcqonse (ïhmashow and Wells 

1995). Cornpetitive organhs couid depletc the subsûate of p w t h  &ors requited by 

patbogenic or damaging microfion. Yaniskwiu Md Bom (1995) demmsûaîed that two 

appla. The P. syn'ngae dep1etes most of the nitrogcn while S. meus utilitrJ gaierous amounts 

of carbon, which exhausts the nutrients essentiai for germination of P. apmsm (Janisiewicz 

and Bon 1992). Also, Aerwnor?as and birtaipl genexa and the b g a l  genera 

GIiaiWm and ZHchknrrcl  mua chitinoIytic enzymes (Cherin et pl. 1995) and, if presmt 

on the harvested plant mataial, rnay controI the amount of fiingai growth on plant material 

duriog wilting and stonge. Inducui rtsistana may be due to Mtunl o c c ~ c t s  such as 

wounding; pathogen aüack causing a piant rrspopsc such as the producfion of chitanase; or an 

unrelateû organism intarctioa. For example, Heitz et al. (1994) documentcd tbot tobaca, plant 

bacteria assoCiated with t o k c o  moec vinu stimulate the production of antifungai enzymes 
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which have gbmasc, chithme ad Iy3ozym~ rctivity. 

Tempaohuc, humidity, akvelocity, typrndthickncssofthtmPooioln&ct tbenitca 

mataizldth. M a s t r n n c a i a i r ~ d O w n i n m a t h r c e ~ ; a e o a d ~ n t ~ ~ t p u i a i w i t h  

rapid moiaure laas, fouowad by ont a two variable rate pno6 w h  dsûxfe 1- b slow 

(Potter 1986; hdrcdauld and Ciark 1987). Forage that dria siowly pr01011gs a dnmp 

enviro~~ment which Y suitabîc fa microbid gmwth, thaeforr, sa@ Ropd is p r e f d .  'Ibe 

avaiiaôle wata fot ddai p w t h  (G) at less thaa 0.m ~ c t s  moîd growth (Pitt 1981; Jay 

1991;). Wata-soluble cahhydram (WSC) at high conctnaiations di Iowa the z, of a 

substrate because water molecuits bind to mgan thw mafPng the water unavailable to microbes 

(Rockland and N i  1980). W ~ - s o I u b l c  carbohy& Plro cm influeace the qiphytic 

mimfiora by acting as an available aiergy sousce, thus iaflueacing saprophytic fiurgal aictiuities. 

The abjective of this work was to investigate possibk mechanisms that could aocount for 

variation in suscqtibility to fimgal aüack in pst-West aWfh (MPlil'rringo s r i w  L) forage. 

Two populations of Plfalfa, each havhg genotypes tbat range in susœptibility to pst-West 

Aspergillus p w t h ,  wat used to compare the pztsence of chernical inhibitan, epiphytic 

microflora populations, and wholc plant a, WSC, snd wiiting rates. 

MATERIALS AND MEXEODS 

Plant populstioIM 

Two sets of Plfafi plant materhi were used for the foliowing saies of trials. Set A 

consisted of four genotypes, R-lA, a feSiStant genotype on whkh leaf colonization ammd 

more slowly than on the susceptible genotype, S4A, and two variable genotypes, V-2A and V- 



werr selected durhg tbe dcvci~pnicllt of the rrsenùiJ pnacdue fa 3clsding rloilEi gciiorypcs 

that showed ribdtu.IyI fimgal growth a f k  hrmst ( w i  et aï. rapad). Six plants of set 

A (thme clones of R-1A Md thne clones of S4A) wue gfown in the gmnbauc, Md a sccoad 

set of c l d  materinl mu transplantecl in the field ia 1993. Tbe lmnbouJt tcmperPhuc mged 

fÎom 18 - 28.C. and natumi lighting was supplcmcntad with six Phylips Agm 430 watt lamps. 

Lnseds w a t  contnilicd by alttniatt use of thrœ cbemicols; Thiodan, an indosulfon (Chipllsan 

hc. ON.) Trumpet, a bmdioearb, (Plant M U C Q  Co ON). and Decis, a de<nmthrin, (Hoechst, 

PQ). Set B wdsted of six gamtypes, tbrœ nsttPnt idaitifkd as R4B, R4B and R-3B, ancl 

thne susceptiôle identified as S-lB, S-2B and S-3B, dccted fiom an initial popWm of 1144 

genotypeJ repmenting 22 P l f p l f i  cultivars. Uoaed witcrial h m  thest six gemtypes were 

transplanted into the fidd in the spring of 1996, and useü for micmôïial, WSC, and dying rate 

trials. 

Chernid extmdfon tiials 

Plant material in late bud io early bloom was cut, piaced in s t a i l e  bags, and taken to the 

laboratory f a  immedbe proassing. Appmximaîely 10 g of fnsh phnt material wu cnubd 

with an eq, amount wlv of extraction s01uticm for 30 min using a stomacher (Seward Médical 

Laboratozy Blmder Stomacher 400, CanLab Sciartific, Mississauga, ON). 'Lbc resulting 

solution was applied dropwisc using a micropipette onto bluilr filter papa discs (6.35 mm in 

diameter, BBL MicrObiology Systwis, Becton Dickinson Co, CockitynUt, MD) to 

concentrations of ather 50 and 100 ul pcr disc by applying 10 ul doses, and allowing the disc 

to dry thoroughly between applications. A total of four discs, two at each concentration, were 
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madc for CpCh plant bwesw. The dicer wa evaily pJaœd mm dichlotlllLS% glycaol 

@~is)~(pitt rnd ~odting 1985; ~eiicht ud DC D P ~  1992) plrtcs. E P C ~  ptte 

contained lan disu repmmting one nshmt p h t ,  a d  tour dircr rqmcntiag oiie swœptible 

piant. freinocula&d and plain agar platts wae usai. The prrinoculatdd agar plPtes were 

sprayed with an ~ ~ I I l l s  rpae suspenskm (1@ iporrr dl) COJISiSCIIIg d A. povuSD A. 

glaucUrpA. nqmsB A. wrsicr,lorIrndA.~gorusat~of 1 - 3 x  1 0 ' ~ p a p U e t w o  

daysbefontheexpaimait, TheplainagarplptcsmninocuLOcdiatkrpmtm~nacrafkthc 

discs were plateû. The agar plates were incubated at 2S°C, and visuai evaluafions were 

conducted daily to deterniinc if an inhibition zone smmmded the plated dises. 

-011 &hl6 uscd two clones of both rrsisLwt Md susoCph'bk gaiotypcs R-1A aad 

S4A. T b  extraCtiai solutions; methano1 and wafer (80:20 vlv); cthanol and water (80:ZO 

vlv); and chlmfonn w a t  usui. Preinoculateû and plpin agar piates w a e  useû fot triai 6. 

Extraction trial 7 used fair clones from aii genotypes in se% B; due to shortage of 

materid, two clones per genotyp were extracted with the 6rst aaction sdution and another 

two clones per genotype with chlomform. Disff conhiacd 100 ul extract. Two extraction 

solutions were employcd; the fint king metbanol ad w ~ t a  acidificd with phosphoric acid to 

pH 2.2 (ûû:20 vlv), and the seumd being chiomf~. TRol 7 testcd individual AqmgîI111~ 

@es A. frovuop A. gllcurcwD A. mpcwB A. wrsicolor, and A. fMu'gar~r as inaduns as weii 

as a cornbinexi inocuium cansisting of the above five AqprgiUu species, wiîh aii plates king 

inocuîated afkr the disa with 100 uî extract were piatai. 

Genotypes h m  set B plus R-1A and S-4A wcre ustd in extraction triai 8. Fourtmi 

hom pnor to West the a l f a  plants w a c  bniised by brushing the plants in two directions 90' 
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toeachahawithafloabnuh, andspayedwithan~~lkrtsporeaispcasi011(1~spore 

mi-9 conskthg o f l f h w .  A. ghams, A. A. iirrstador, udA./bnigcl~.  Planis w a e  

thmbvvestedsndpÿoaYrdwingdthcrmethano1ind~~ooatopH4(80:~vlv), or 

chI020form ati the cxaiaictim s o l u t i ~ ~ ~ .  

Plants fîom R-1A and S4A, tbrec dona pcr genotype wen combinai and samples 

extradcdwithlridifiadrmt~(wlv)fbrtrinl9. I b t w ~ t a w a s ~ w i t û p b o a p h a i i c P d d  

to pH 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, and 6.5. 

Epiphytfe mfcn,fiora ohid&s 

Alfah plants weae cut individually wiag scisson and piaced in staile bags for 

transporthg to th hhmbry. A sanitatioil step wbrh involved wasûîng sisson, and the 

operator's @oves with 95% ahenol was @O& after eDch plant cutting ta avoid cross- 

contamination. Tcn g of nesh pîant mPtaial was washcd in 90 mi of O. 1 % Twem80 (CAS NO 

9005-656 IWiinckrodt, Msskauga, ON) in rtcrite distiîicd watcr, at medium seüing f a  two 

minutes using a stomacber. The wash solutions w a e  saiany diluted and plvcd using the spnod 

piate technique on fout media types: nutriait agar, media fotmulatpA by de Man, Rogosa, and 

Sharpe (1960) laiowa as MRS media (BBL MRS 95617 Becton Dickinsm Systems, 

Cockeymille, MD); mit exûact agar (Pitt and Hockings 1985); and Rose Bmgal with 

chloramphe&ol media (Jarvis 1973; Pitt and Hocking, 1985) to ossar for total bectaia. CIg), 

lactic acid bacteria (LAB), y- anci mold counta respectively. AU plates wae  incuôated at 

25°C. Total bacreriP, LAB, and ycast w a c  munucd ai day two, and mold counts waie 

completed on day men of incubation. 

Two trials werc wnducted with plant materid maintained unda field conditions. Set A 
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wentintcutplnaU~rtdybud~a>toiri10,udtnpl11ussdp~tsEromyl 

B piants plus R-1A and S4A h m  set A. Triai 11 anrr mcod cut phntr at eady bud stage 

with the exception of S4A which was in vcsegtive pbuc. 

Wdt* stucma! 

TwoQyiiig R t c ~ w e r e a m d W e d ;  trLL 12iusdplantsinsetAandaiPl13 waswith 

set B piants. 'CbiFd ait piants wae hpivesîed at cady bbom fa both triab. Four clones 

repsenting adi genotype wen  cut and taro jamples 1PIPn. ûne 50 g sunpk of ndi ly  cut 

plant matenal was weighed ancl piaced in a pweighed  brwvn papr bag (13 x 21 x 16 cm) 

with the top apened. The bags wae placed on a -oust bach in a dominx i  block such 

that i h a  were 4 b1ocks each amtaining aac cione per grnotype. Bags within each block were 

warranged at each weigbg to avoid potatial a-aiwntai biu. Phnt mptmial md bags 

were weighed at 200 and 17:00 Apüy. A second sample of firsh mptnal was stored '20'C) 

until fkee dned for dry matter (DM) and water soluble arbohydrate (WSC) determination of 

forage. A method, using 3,5ldinitrodacyiic lcid (Adrich Chernial Co Milwaukee WS) 

developed by Solominski et ai  (1993), was used to determiire wata soluble carbohydrate contait 

on the dried sampk. 

& studia 

Two c1ones per gmotypc for plants in set B w a e  harvts&d and tbe leaves wac 

separated hwn the stem for initial O, d e t e ~ o n .  Stem material was cut with a knife into 

1 - 3 mm pieces and thm fiutha d e d  using a mortat and pestle. Laf mataial was cut into 

smail pieces and crushed with O mortar and pstit. Once a Worm consiriciry mu achieved, 

the samples were bagged to avoid m o b  los, cooled to 4*C, and analysed using a water 



N u m e r i c a l d i n a c n a r w e r r a a o b a c m d h O r r r a i l t r m t h e c h e m i c P l ~ ,  

thereforc, statisüstatisacpl analyres w e n  not pdÔrmed. Data wae analysai using acnerpl Liileot 

Models (GLM) (SAS Instituite Inc. 1985). 

Epiphytic rnimabiai a ~ t s  wat convertrd to aahPll lobprithms, anci anaiysed as a 

completely raadomized design with cach gcnotypc as the hctor of intemt. Blocking e f k t s  

were i g a d  b u s e  the plants wexe in dose pJtiniity ta a c h  other in the field. Contrasts 

were @meci to help de& ciiffices. 

Wpra solubk carbohyclrates at time om> of ianibrton wen ana iyd  as a oompleteiy 

randomized design with geaotype as the miah e f f i  and clane within genotype as the enor tem. 

Lgst squares means for fktors of intacsr using pfeplanned cornparisons and holding 

experiment-wisc Type 1 m r  rate to 0.05. 

Wdting rates, was mawrrd as the ngiession of the water remahhg (g 100 go' fie& 

plant material) on drying time (L vaiue) for each genotype wing the foiiowing quation: 

Y = A &  

where Y = wltcl remahhg g % of fkh ample, t = time of obsemtion, e is the base 

na- logarithm, and A and k arc pazamdcn to bc estimami. For anaiysis the above 

equation mu converted by taking the naûuai log of both sides gîving a new quatioli: 

l o g Y = a + k t  

where a = intercept and k = siope The k-values f a  the four genotypes were compared 

using a t-test, 



RESUtTS AND DISCUSSlON 

Ch& Extndon studics 

~ d i t f u s i o n p r s p y s ~ ~ ~ ~ t s m i n d i a t a o f p e s c i i a a p b o e n c e o f a  

compound by cvaliiating the miie Pramd c4di d h  fot aitend miCrobial giDwth or inhibition. 

Simpleassay dmgns fw UILfQIowncompou~lds suchas pnicillin, sîrcptomycin, vitamin Bu, etc., 

are described by Eewitt (lm. M m  rccmtly Madhyastlaa et al. (1994) develcipai a dise 

difhisoa type p y ~ y  deta% t h  mycdoxins in f d  and f-S. 

A c k y  zone indicates fimgid inhîiition in these *, and darltened zones reprisait an 

altered fiingai p w t h .  Vtgetative growth appavs white due to clc4t mycdie, and reproductive 

growth produces coloured amidia. An aiviroamentai stress, such as the presena of O chemicai 

caa cause this change in p w t h  (Smith et ai. 1981; Dahlkrg and Etten 1982; Garraway and 

Evans 1984). 

Distinct dear macs indicating fiingai inhibition, sur~~unded four discs, two with 50 ui 

and two with 100 ul cxtzact on one agar plate for the nsutint gemtype (R-LA) when extraction 

was with chiomfonn, and the plate inocuiated a€ter disc placement pabk 9). These deet pmes 

were pnscnt until day five. Platcd discs containhg extract fmm Maha clone of the same 

genotype did not respond in the same m a ~ e r .  nie remaining ducs in W 6  for bth  grnotypes 

consistently were smunded by dark zones for aLî thnt aûaction methodologies when discs 

were placed on agar p W  which were subsequently inoculatcd and incubated. To avoid e f f i  

of extraction solutions on the assay the disa w a r  thoroughly dried. Preliminary trials were 

conductecl ta detennine the time sequimi for disc m g ,  and the effeds of the extraction 

chernids on the assay when piaced on the plates with and without drying. No dinierence was 



75 

obswMdinfiinflgrowthbctwtcn~ploadkf~MdPRadryingwhichindicPtcr1& 

c h e m i c a l s m p o n t r d ~ g ~ O C C I P L b d .  Thcricfiîbedsrkploerofhgalgmwth 

a r o ~ 1 1 d d u c s r p p c r r t o b e d i i t m a o o m ~ t b p t ~ r r t r P c l c d f n w i t b e p l P n t ~ .  

~diaffiatripl7wen,nmaudcdbydPrkencdnncrby&y3of~bati011arithuU 

exception of aie dS rcpmmting r R-îB p h t  which was artactsd arith mdhaM)l and wata 

(80:20 V~V) Pad inoculatad wîth A. iirrsiar,&tm lbis dis had O Y&W (0.5 tu 1.0 cm) tbat 

was present until &y S. Coriidio ofA. wnicr,dor typhly mies  in eo10~1 anci am oRm gnai, 

yellow. orange or bmwn. Why aîi the dis# wa aumuded by green p w t h  txcept for one 

is UnkILown. The development of clear oww for diw containing the chiorof- extract from 

R-1A was not obseived. Disa with R-1A extract prepml with a meaiaaol:H20 501ution in triai 

8 had darkeaed zones swrounditig them on day 3, and the remaining cxtracts h m  both resistant 

and susœptibie grnotypes had dark zona on day 4. Rcsistant and susceptible plant atncts 

prepared with the chlorofm had Qrht mes on day 3. Chr naes mund discs coataining 

R-LA extract pnpvad with chloroform as o b s e ~ d  in üiai 6 wsl Mt npatcd in this trial. 

In triai 9, diPcs prrparrd with acidXed wata at pH 3.0,3.5,4.0,4.5. 5.0.5.5, 6.0 and 

6.5 were surrounded by 0.5 cm ydow zones on day three. PlarcJ were completely overgrown 

by &y four, and the wlour was uniform ova ail plucs. Yoshida a al (1993) extramd 

gramine, a phytdexin found in Rordcum and PIiolorlj, with acidic 30% ethan01 (0. 1M HCL- 

UOH, 7:3), methanol-ammonium hyhxide (100: 1). chiorofonn and wata adjusted to pH 4 and 

pH 6 with O. 1 M Ha. These tesearchers rrported thaî gramint extraction with acidified wata 

was less than 0.04% of taal gradne for both pH levtls. Gramine extraction with wata in these 

expenments was ineffective kause a dipping pruœclm was employed, and the naturai wax 
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layer on the k v u  prcvcntai grmint dissolut9oa. Aadincstton . intrial9wastohdlita!c 

dissoMng the possibk phytalexins tbat may k pfesmt in tht plant matcrhl- The cariy 

sponilatim on ail plPter in this tcial suggat tbaî mter moy bave u û w W  a compamd tbat 

stimulatcd aphasccbongeas mostfiingalspsier rienotptrsdsd bypHavaa brmd rangeof 

3 to 8, and optimumôeingPiwndpH5 (?i#MdHixkïng 1985). 

Extraction solutions uscd fOt these triPlr wae i n e M v e  foi atRcting nifiicient 

wmpounds inbibiting fimgal giavth to form clepr ame~ uaiad the discs. Extractions with 

chlomform resuited in darhed zona fa bah nsstpnt and mœptible grnotypes on day 2 

which may indicate the presence of a phytodcxin at a low concc~ltration. Clev mes for one 

clone of the rrsistant gaiotype txtracted with chlomfimn in trial 8 a h  suggest the presenœ 

of a phytoaierùn, howtva, in subquent trials thU response was not rrpated. Differences were! 

not observed when dinérait Aspcrgiilùrr @es wae tested as inoculums. 

Epiphytic Mkroflora studies 

Epiphytic micfofiora, the microorganisms naûuaIly prrsent on the forage cmps, is 

influenced by location, climate, piant maturity end the type of crop. Lui et al. (1992b) q r t e d  

standing corn supported mon LAB than aWf& Lsctic acid bacte& numbers tenci to increase 

with maturity, and can range from 10' to 1V colony forming unita (ch) g-1 (Lin et al. 1992a). 

Lin et al. (1992b) qorted a combinaîion of yesst and mold wuno of 1@ cfb g-' on standing 

alfalfa plants. Undi et al. (1996) indicated miCrobial populations of 2.2 x IO' cfu TB g-' DM 

for Low DM Plfaln, and 9.4 x l(rcfb TB go< DM fot Medium DM dfklfh with total fimgal 

counts for these samples Pt 1 x 1Q c h  gol DM at the end of field wilting. Mimbial trials 10 

and 11 indicate that metiences in epiphytic mictofiora olso occm between Plfalfa genotypes. 



A corn- of epiphytic micrafbra ai fom mislant and four suroeptible genotypes 

in trial 11 s h o d  tbat gaiotypc, S4A, Supporting hi* (Pc0.05) populations of TB, LAB, 

yeast, and mold than R-1A, a rrsùtant gamtype Pabk 11). Tii grnetal the lesist?nt grnotypes 

had lower (P ~ 0 . 0 5 )  TB, and yeast populations than the sucepbile gcaotypeJ nabk Il), and 

with no difkmnces (P > O.Q5) for LAB and mold. Plants fiom Set A w a e  moxe physiologidy 

mature than thosc of Set B and this rnay occount f a  rame of Ur Merences obsaved between 

genotypes categorized as either rrsistant or susceptible. 

Cornpuisais fa aJi mistant genotypes Igaiiut aU susceptible geaotypes indicated that 

TB, yeast and mold populations were greater @>O.OS) fm the susceptible genotype. A 3 fold 

Merence for TB and 2 fold d i f f k c n a  for ycpst Md mold populations were obsaved for 

susceptible gaiotypes. The TB population on the susceptible genotypes war 2 fold greatet than 

the mistant gaiotypa for set B gmotypes. 

Lactic aciâ bacteria arc generaiiy rssocuted with m o n ,  and they are important 

organisms in silage famaitation. The antirniCrobiai effects of Jactic acid bacteria haw been 

reported in wine fernientation (de Saad and & Nadm 1992; Pordo et al. 1989), and sauerbaut 

and pickle production (Jay 1991). Canversely, preservative hay inoculums containhg lactic acid 



ba*aio have mt bœn rrpoacd as efficctivt antifiiagal agents (Roa et aï 1988; =ttenbezg and 

Mosbtlghi-Ni 1990). 

Geaotyper R-1A ad S-4A mre diintrd ia bah mkobiial üiaJs, and th rcdts 

indicatt thot mimfïora was amsismtly bigber @<0.06) fot the susœptibk gcaotypt than the 

&tant gemtype for LAB. The tnad for hi* mdd and TB wu olso eviderit for the 

susceptible geaotype. The geaorype S-4A belongs to a accping typ. cultivar, wûereas, R - U  

grows more upright. Plants that gnnv cl- b the soi1 would m m  &y becorne inoculated 

with rnicrofiora tban iipright piants. Anotha suggestion is that the susceptiile genotype may 

be a more EavOlIlZabk substnte for epiphytic miamqanhs as w d l  as fot post-harvest fiingi. 

The high epiphytic popuIation on the susceptiile genotypes may alro pnpve the harvested plant 

materhl for the succssdùig saprophytic huigi. The more ninin plants, R-1A and S 4 A  in triai 

11, supported more LAB than the l e s  mature genotypes h m  set B whicb corresponds with 

experiments canducted by Lin et pl. (1992a). The results in trial 11 for TB anged between 10" 

to IO7 cfu gL which cocresponded to mults oôfained by Undi a al. (19%) for TB ranghg h m  

10 ' to 10" cfu gœl. Lactic acid bectrrip was ôetween l@ to 1V in trUl 11 which w a r  higher 

than for aial 10, but m r d i n g  to Lin et 1 (199%) UB can range between le to 10' cfu g". 

Mold on alfilfp at the end of wilting bac kai reported ot 1(Y (Undi et ai. 1996). Values for 

mold in triais 10 and 11 werc between 10' and ldcfk goa. Ycast aiun& wae between 1@ and 

lV cfu go' for trial 10 and for trial 11 h m  10' and l@ c h  goL. 

Wiltiiy studies 

Thac ans no M'erence in the initial MC % for genotyps in trial 12, however, V-2A 

had a higha (P <O.OS) initiai MC % than the remaining genotypets in trial 13. AU three 



saprophytic organisms on M y  cut plant niaterial. 

A,, and WSC deteimiaatioa 

Determiaation of WSC Fable 12) indicaîed thae mu no dinkrena (P>0.05) between 

genotypes. Mosa (1995) doCumateci that WSC concentrations vary thmughout the day having 

the lowest concentrations et 600 h and the highcst amount at 1800 h, and can incnase 4% 

throughout the day. Wata soluble Cazbohydrates arc M y  metaboiized in bvvested plants 

untii respiration stops (Moser, 1995). The WSC amcentrations racorded by (Unâi 1995) for 

aUWà bales followhg one d of storage for Low DM and Medium DM olnlfo w a e  65 mg g-' 

and 56 mg g'' rrJpectively. Thc Plfalfa cut at mid &y for WSC dacrmin?tioa, and storeci at 

-20' C to minimize the WSC loss due to rropintion had higha values than those mrded by 

Undi (1995),(Tables 12 and 13). 

Water activity is a bdta indicator for pomtial spoiiagc than forage moistue content 

because it q c e ~ e n t s  the neC water in the substmte whems maraUe content accounts for both 
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fkee and bound Mold ûwelopts b a t  whca the a,, is ôetwœa 0.80 and 0.85 (Jay 1992), 

which reîates to a moirtuie content b m  18 to 25% in a M h  (Albat et ai. 1989). Waoct 

activity gieata tban 0.85 d leo tban 0 . 0  is îess ooadudve to molding. Albat a al. (1989) 

also demonrtrptal tbnt Pt any mOiSbllC amtmt, slailt9 laver hove a Iowa & tban stems. The 

ratio of stem to marhl in misd dMfk could have an e f f i  on the ntc of s@hgta NO 

dine~enœ in stanâing plvrt 5 levdr wme obsavcû fcn rrsUIMt versus susceptible genotypes 

or between leaf anâ stem mntai?l mable 12). Analysis at di&rrnt stagca during wiiting may 

have resulted ia c l i fkaces.  The mataiPl must be u n i f i  tbroughout when samples are teste!d 

for a, ushg the wata activity meter Decagon Model CX-1. Sampîing at M i t  stages in 

wilthg would be diniarlt because as the matàal dry it is more dülicuit to compact the materiPl 

into a ample cup without air pockets. An unmen sampk and air pockets w d d  reduœ the 

accuracy of testing. 

CONCLUSIONS 

The rate nt which the plant manrial dria may k an imporiant factor in swceptibility to 

pst-harvest fimgai growth. The physical p h t  structure that aliows fm quick moisture los may 

also be conducTvc for mold growth. 

MiCrobial studies showed higher lactic acid bactaia populations on the susceptible S-4A 

genotype in both U s .  Bigher TB populations may pepvc the plant mPtai?l for invading 

fungi. Epiphytic rnicmflora differences ktween the susceptible and tesistant grnotypes suggest 

that the susceptible grnotypes may be mon favombk for ôoth cpiphytic and saprophytic 

organisms. 

Fresh cut piant materiai did not vary in a, W e e n  resistant and susceptible genotypes, 



zones. 

Fmding for this work was pvîded by the Canada /Manitoba Agreement on Ag&hrc 

Sustaiaability. AppPeQation is extended to Jan ia  Wes anci Paa Miils for chemicai analysis, 
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Two clones of each resistant and susceptible were used in this trial. 



SE 0.28 O. 19 0.40 0.30 
' Total bactai? 
y Lactic acid bactcria 
' F test shows sigaiticana for this parameter, however, Ismauis could na sepvPte the maas. 

Mauu in the same column with d B i t  küem are cüffierent, using Lasr Square Werence 
(LSD) with an experiment-wise aror rate of 0.05. 



Set B genotypes 0.01 O. 10 0.89 0.15 

Total bactéria 
Y Lactic acid bac&& 
- Means in the same d u m n  with d i n i t  letta are different, using Least Square 
Dinerenœ (LSD) with an expaiment-wise acn rate of 0.05. 



C diffa- lettar üuiicate dieregce in siope ushg a t-test a* O.M. 
2 xsIope = -log (& HJl in sample at time t Ig iniiiol &O in sample) Id 
f 
E 

y MC = dry wt I initial wt x 100 

1 
I 



Table 13. C o m ~  of initial moistme amtent MC S. dryiog.slopes', and wlta s01ubIt 
carbohydrate (WSC) cotlcentratim ua set A gcnotypu, n - 4. 

Genotyp~ Initial MC SI& WSC mr jrl 
R-lA 72.86 4-72) 12%- 16 

SE 0.3 1 0.03 7-3 1 

4b initial MC % with difbmt kacm am Mit, wing Lmst Squw Di&rrna with in 
experiment-Wise arm rate of ).OS, and di&reat 1a0a indicate diffemœ in dopt usiiig a t- 
test a= 0.05. 
'siope = -log (g H20 in sampk at time t Ig initial H20 in sample) ld 
y MC = dry wt 1 initial wt x 100 





ABSTRAcr 

Resstanœtoanumbaoffiurgidi&sJersitroutindy~intoaewly&eloped 

cultivars. Alfnlai dGvclopntent fot *wnst rrsirtsna is a aew a m  of rescarch. A 

d g p m c d u n w a s  &el@ fo~saccning llialhgemtypes tbatnsistfungaigrowthpost- 

&est. The pnwdure inv01vu pkting fiet& hpMsrCd Icavcs, incmhting the platcd leaves 

with an lcrprrgiIllro spore suspnsion, inabathg and evaluating the fimgal average on the 

leaves. This pmcdurc was usai to alst two popilntions; a resistuit popuiatiun that exhibited 

d u c e d  fungal growîh, and a susceptible populao'on that supponed fiingal gmwth on fie& l o f  

mataial a f k  harvest. The initiai popuiation conartsd of 1144 genotypes repmsenting 22 

cultivais. The two populations 0bt;liaed £hm the initiai d g  coasisted of 87 grnotypes 

categorized as &tant and 88 grnotypes as suscephile. The nrst s d g  showed that 

cultivar, RanibIer, was more swaptiuble @ < 0 . 0  to fiingai p w t h  a f k  barvest than aii 0th- 

cultivars testai wîth the exception of Clpst and Rushmore. The cultivar Amw was rated m m  

resistant (P<0.05) to fungai growth and was signincantiy wnr resistant than Rambler, ClasP, 

Rushmore, Algonquia, GH 787, Apollo Supreme and Pickseed 8920 MF. The 175 selected 

genotypes were screened a second time, and the 12 seiected as reskîant and 10 as susceptible 

were cloned. Seiected cloned genotypes wen subjected to the leaf scrrening procedure a third 

time to obtah a final worlong popuiation of thrœ resistant and thnc susceptibk genotypa. The 

mean leaf ana colonipd in the third scrraiing mged fîom 18.6 to 27.8% for the Cesistant 

genotypes, and b m  46.4 to 66.3% for the susceptible genotypes. 

Keywotds: aifhh, plant bmding, seiectîon, pmadm, p ~ ~ h a r v e s t  fiingi 

Abbreviatious: cm, caitirnaer, 1, liter, ml, rnilliliter 



199'7) which is a d  by the fiingus Vc-ûiiun ahwmm. Cultivar developmeat -y 

mutuiely incoqma&s nsibriact to a numkr of miClDbial diuaur @ames et ai. 1988). Most 

new cultivars have mhbmce to at ieast fout h g a l  diaauCs; Verticillium wilt, Fusadm *, 

Anthracnosc a d  Phytophthon mot mt (hbk 14). Olda dtivpn nich as AIgmquh, 

Auouette, Bava and Rambla hue ttSiStance to badaial dt, but am aisccptible to most 

fungal diS*LPCS (Piclciid 1997). Disase rrsistaaee O perasitic orgPnisms in the lmag pknt 

may also d u c e  the sapzophytic mimflora in hannstcd plants. If the rrJistMce in the M g  

plant is due to an inhi'bitory compamd the pzesence of this chemical may dccnese molduig ?Aer 

harvest. 

A technique developed by Wittenberg et al. (acceptod), f a  decting alfàlh pIants that 

resist pst-harvest huigi, has ken mœntly vcrified in thir laboratory (hhnuscript l). T b  

procedure should be benefid in developing cdtivars ofplants that resist sapfophytic organisms 

during field wilting. and potentially wuld aUow hamst of hny at a higha moisture content 

ducing detrimerital exposwe to eavironmental ekmcnu A h ,  baiing hay at a higher moisture 

content reduces leaf los in âarvesting. and mults in higher quality. 

The objective of this work was to select two poptûaîions of alfalfa: a d t a n t  population 

that shows reduced pst -hes t  h g a l  invasion, and a susceptible population that supports pst- 

harvest huigal gmwth. niese populations were sel- for hiture study to determine trait 

heritability and potential plant characteristics or mechanisms associated with incrrsscd resistanœ 



MATERlAIS AND MCraODS 

ScrecningRocedure 

The sucming proad~lrt m t l y  dmlopeû by Wittenberg a al. (occepgd) for selstiag 

PLfalfapIantsthPrrsiSt*harvesthin~gnowthmrriucdh~sdsdhvopopulati~fafiirtber 

study. The sueenhg praedwt was amducteû by the fioiiowing steps: plants w a e  individually 

barvested9to lOcmsboveth?sdusiagsciss lof~ ,plpcediasarüe~s ,mdaan~~the 

laboratory. Four to six fully developed Ieaves, witbout in- bites, tgn or biemishes, were 

removeû aOm the freJhly barvested pîant anci plaœû onto prrparrd agar phtes such that the 

enth leaf surface make contact with the agar. Pfates wen prrpaRd in duplicate, and spcayed 

with 1 - 3 x 10' of spores ga pkte using a nalgene ~ ~ K O S O ~  bottle. Due to availability of 

AspergiIZw spp. the inmulm Wied slightly ôetween selection cycles. The plates were 

recapped, and incubated at 2S°C. The evafuation wu conducted when 70% of di the plates 

showed cdouization on 20% of the le& area. The d g  qstem developed fot al- le& spot 

disease (James 1971) was used as a gui& to &termine the lea€area with fimgal average. The 

ratings were rankd; the gai- with high pefcentage ratings wae d d a e d  more 

susceptible, and low zatings were considemi less susceptible O molding. 

Plant material 

Seed fepricstnting 22 rcgistaed cultivars was obtained fîom various companies (Brett 

Young Seds, Wdpeg, MB; Picksœâ, Udsey, ON; W.L. Reseorch, Evatlsville, WI; ABI, 

Ames, U; Forage Genetics, West Salem, WI and Great P l a h  Research, Apex, NC). The seed 



screenllig. 'Ibe g r œ h u e  tmrpastun mged fiom 18 - 2%T, anâ nnturPl lighting was 

supplemented wïth six (Phylips Agro) 430 watt lamps. lnssctr wac controîied by alQÉrnating 

the use of üuœ chemicais; Thiodan or incbdhn, (Chipman W. ON*), Tmpet or 

bendioarb, @lant Roducts Co. ON.) and DeQI or degmethrin, (H06chst, PCL). Six control 

genotypes which had been ideniined during the smenhg proadurc development were 

transplanted into mille cartons and maintainal undCr the spme conditions. The amtrol genotypes 

wnsisted of two genotypes ranked as rcsistant, two as suœpti%le and two that ranked 

intermecihem Four clones of cach colltm1 genotype rveie iaduded with each scrieening. 

The 175 genotypes seiedal PAa the fhst sffaniDg were maintaïnecl in the grraihouse 

and ipscrrened on lune 2, 1995. Twenty-two selected genotypes h m  the second screening 

were cfoned on June 27, 1995. Twdve estabîished clones of each sel- geaotype were 

transplanted into clay pots. These plants w e n  dtained in the greenhouse for the third 

screening whicb ieduced the finai population to thnt nsistant and thrse susceptible genotypes. 

Twelve clones for eadi of the six genotypes in the dnal population w a e  maintained under the 

prewiousiy described greenhouse conditions. S d g  occucred when die nqjority of the plants 

were in a lue bud stage of growth. 

Fm screenhlg 

The tint saeahg began on Mvch 1, 1995 which d g  the original plant material 

W l e  15). The plants wac scrcciled in 4 blacb (one block pr week) with each block 

consisting of 286 @mental genotypes repte~enting 22 cultivars for a total of 1144 genotypes. 
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The inoculum for the fint rcrraiiag mnsisted of a &turit of 3 ApqgiUur wp.  at a 

concentration of 1 - l@ spores ml?. Ffeeze dried cultutes of llrgc@llirrpCmU DAOM 214728, 

Ewolfion ~ C o & c P n i i  DAOM 21593% aho rrftmd CO =A. gfmvruc, o l d A . ~ g ~ n c ~  DAOM 

196947 w a e  h m  AgaCuitue Canada, rnd the mcZhod fa i d u m  Prrparpticm 

d e m i k d  in Manusaipt II was usd. 

The p W  wntrol p h &  wuc  cvaluatai M y  fa mold gmwth, and when 70% of these 

plates had 20% fiingai biomass coverage on the leows îhe enth block was cvaluaîed. The 

plates w m  evaliiatPA on &y 5 for the 4 blockr. Two indiyidualc evaiuaîed the piaies; one 

evaîuator ratal the first pîaîe per genotype and a recoad evaiuator rated tûe duplicate pUe. 

?hegenotypswae~~mtheoncMthtbelcpstpeircatfiinppi~~vezageonthe 

leaf surfaoe to the one with the highest percent les€ a m  covenge, bascd on mean values of the 

duplicate plates. The genotypes were sdected as Rsisruit if the duplicafe mean for Ieaf a m  

cuvered was l e s  than the lowest mean value in the contml plants in a c h  block. If this did not 

yield 20 plants, thm the 20 lowest rated plants w a t  se1dCted fkum cach bloclc Plants selected 

for the susceptible population werr chosen nimüuly as the 20 plan& in a c h  block M g  the 

high dupüaitc means for hm@ le& area average, and gmkr than the means for the conml 

plants. ûtha limitations for the re&ant genotypes wac; no mon than 10% of the plants h m  

cultivars OAC Minto, Beaver, and Algonquin w a e  to be SeIected, and bah rrsistuit and 

susceptible garotypa should not include more thaa 20% of grnotypes h m  one cultivar. No 

other limitations were imposed for the susceptible genotypcs. 

nie first &g ratings were analysai as a cornpletely randomized block design ushg 

Gened Linear Modeis (SAS Institute hc. 1985) to cietennine if the= were signifiant ciifferences 
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in susceptibiüty between cultivars. Cul t i .  was testai agahst gcnotrpe nthin cultivar. The 

block consistai of 286 gmotype scpmsmting 22 cultivars which mze saccaed in are w a k  

TheblockbyCU1ti.iatarctioawprolroteJad LQstsq~maiuwaewmptmdusingan 

expetiment-Wise amr Rte of O. W. 

Second &menhg 

Select& gaiotypa h m  the nnt scscming, which cooskd of 87 lcSiStant ami 88 

susceptible genotypes, wac mrrsmcd oa lune 2 in are ampiete block. Six control 

genotypes, daaikd in the f h t  smahg, wae tcsted with the i75 reledtd gmotyps. The 

second scrreDing inoculum consistai of quai aiiqwîs of A. jbatgatw, A. pavr<r, A. wrstcoCor, 

and A. ghicau at 1 x 10' spom ml%mdA. ~CIPC~IS at 1 x 1û" spam ml". AspergWs wfsicolor 

DAOM 213352 was obtained from Agricuîaut and A@-Food Chnada, Ottawa, Canada and 

Eumtium npuu var columnvis 36%3 d o  n f d  to as A. npurr, h m  Amaian Type 

Culture CoUection, Maryland. 

Plates were scored by two evaluatozs, but duc to the inansistent ratings by one 

evaluator cmiy evaluations by the oîlaer evaluator w a c  moidacd for the selection. The 

evaluations w a c  m h d  and divided into hvo grotps; a &stance gmup of grnotyper with 

scores kss dian 101, and a susceptible gmup with acoiies grnita than 90%. A m g  system 

which includcd the mean scores of the first samenhg as weU as the second screenhg were used 

for this selection. Diffeslences waecaicuhted khmai the first and second means for 

each genotype. The mistant genotypes with diffemiccs kss than 10 percentage units were 

selected for the rrsistyit population. The susceptible population e o n M  of grnotypes selesteci 

h m  the high mked genotypes with diff'ces less than 10 percentage units between the first 
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a n d s e c o n d ~ g .  T m h n ~ c n a y p r w ~ ~ u r e J i s t l n t a n d t m a s ~ l e f i o m  

this saaaiag. 

-=-w 
ThethirdScramiagooilductedcmNav. 2,1995tes&dthesclccttd22gaiot>lpesnOmthc 

second d g .  Four clones for each gmotyp WQC tesud usïng an inocuîwn thpt coiisisted 

of equal aüquots of dl fivc kpeqgillrrr sptcies at 1 r 1V spores d4. 

One individuai cvaiuated all the p W ,  to reduct bias the dupliate plates wen divided 

htohvo~;theeatirrnntactwuntcd,tbaithescçadsctwlsn~. 'Ibemeansfkomeach 

gewtype w a c  calculatad using the ratings for the four clones k s t d  in dupiicate. The thme 

grnotypes sclechai sr mistant were s e k W  on the ûasb of lowcst l d  iuea merage in the 

third manuig and ntcd as resistant in the d scrcming. Similarly, the susceptible 

genotypes were seiecfed on the basis of the highest Ieafarea average ia the thiid Sgeening, and 

that were classitied as suœptiik in the second sacCaingo 

RESUtTS AND DISCUSSION 

The range for ratings in the nrst saeahg w a r  fiom O % - 100 96 fungai coverage on 

the leaf materiai for block. Variation for Jlocwness was obsei~ved acnws the 4 blocks and 

caiculated values for slrewness w a c  0.24, 1.05 anâ 0.55 fa blocb 1,2 and 4 rrspEaively and 

-0.18 for block 3. Blocks 1 and 3 were closest to normal distribution and block 2 deviated the 

most sincc the &gs fm fiingal Ica€ covc~agt in thir block wcrc low. The overail means for 

ratings in blocks 1, 2, 3 and 4 wen 47, 29, 55 and 34 (f 4.55), mqectively. Thc f h t  

scmning was v a y  iarge and rqwred the asktanœ of a n u m k  of individuais which in turn 

increased the chance of aw. incorrect leaf placement and laigth of thne to platt lezws, and 
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length of time mquùed 0 cvafuac the phtes may a b  have caiûiôuted to a h .  degrce of 

variation ktw&n diiplicates in thir audy. 

Tbewcnllmpnforfiinpoi~emthtbpwsintbefintrrrcniag~41~ 16 

% of leaf area. Cultivars did vsry (.l?<OeO5) in Susccptib'ity 00 poa-West fimgal amck 

uable 15). RMnblawprman~It@<.05)0flln~gnrwthrfterharv~ttimpIIothr 

cultivars te$ted with the exception of ClPsr and Rwhmoe. Rambk does not bave regstance 

to fimgal disases but o&ct the pwing pïants, thesefort, if may have bwer rrsirtaace to pst- 

harvest fimgai growîh; convenely both Class and Rushmore, which aiso bad low &tance ü, 

pst-hanrest hingal growth, have resisfance to Vertcilliuin d t ,  Fusarium wilt, Anthracriose and 

Phytophthora mot rot flabk 14). The dtivar A m w  was rated mwt rrsiStant (P<0.05) 

fungal growth and was sipnincantly morc &tant than Rambla, Class, Rushmore, Algonquin, 

GH 787, Apdlo Sup. and Pickseed 892û MF. 

Th= was a cultivar by block inferaction (P < O . o .  Smnl cultivars ctranged ranlaag 

h m  one block to the next, pmbably due to Merr incts  in genotypes usai from block to block. 

Both misistant and susceptible genotypes bad been seiected from most cdtivars after the fint 

scfeenhg indicating great variabiîity within cultivars (Table 15). 

Eighty-sevm plants categotived as rrsirtant and 88 categaizd as susceptible weie chosen 

in the fint screening fiom the initia( population. No grnotypes from cultivars Rambler and 

Pickseed 8920MF w a  seîected for riesistance, and cultivars DK133 and G d e l d  had no 

genotypes that rated susceptible. 

nie o v d  mean for the uoaid sxedng was 59 f 18% leaf a m  covered by fimgal 

growth and differc~lces (P <0.05) w a c  o b m d  for gmotypes. Some genotypes that were 



-ter than 40% indicating susceptibüity, and thnc of the ten genotypes previody identifieci 

as susceptible had Lesr than 25% merage. Ibe rrsirtant grnotypes reLcted wrre Dominator 

27 (R-lB), AKOW 43 (R-2B), and Pmof 40 (R-3B), the susceptible plaints wae Ramblea 9 (S- 

lB), CimmarOa VR 10 (S-ZB), rnd GH 78'7 1 (S-3B). 

VaEable ratings were oôserved between clones whkh accounts foa M o n  between the 

third snaiing mean for each s e I d  genotypc and the means h m  the first and wmnd 

scfeenings pble 16). Four clones were W in dupiicaie in the third Jcreeaing m g  a 

bigher mean for the mistant genotypea and a lowa mean fa the susceptible gmotypes. The 

variation among ciones couici b due to environmmtaî ~~ within ibe prrmibousc. Otha 

hctors that may have contributed to variation arc i n d u m  change, and leaf p b m e n t  enw. 

There on some conœrns using this saraiing proœdure for seîecting genotypes that are 

classified as rrsistant or susccptibk. Thrtt ScrecnYIgs w a e  caiducted, and nsuits indicate the 

relative rating for a genotype can be n v d .  If the selsction procedure is based on one 

screening then the cvafuation my not sccurately reflect the type of pst-harvest susceptibility 



h v e s  that arc not in contact with the agar M wuaUy Iess supportive of mou gmwth. 

Leaf placement on media chat supports mold growth mus k qucstioncd. 1s tbc fiingal 

mwth on the edge of the leaf infiuenced by the growth on the agar or is the Lcaf more 

supportive of hgat  growtb? 

The saeniing procedure has potential as a deciion mol, howeva, mme prw!dure 

modifications may be required. For example, the use of ieaf plugs (quai size pi- of leaf 

material cut with a n w d  form) could d u c e  the probLem of leaf contact a the agar surficc. 

Also the plugs could d o w  diffwion of any inhibitor wrnpowids that may be prrsait in the leaf 

tissue which may aihance s1BCtion. 

Three susceptible genotypes and thne rrsistant gerrotypes w a e  selected using the 

m g  pmcedun devebped by W~üenberg et al. (acœpted) h m  an initial popiilation of 1144 

p b U .  T h e  sacaiings werc conduacd: the fmî scrraiing reduced the population ta 175 

genotypes, the second scrrallng selected 12 mistant and 10 susceptible gmotypes, and the thircl 

=nhg reduced the number to the nn?l population with Uvte resistant and thne susceptible 



many fdow students who helped plate I*Ms duMg eaeh scfeming. 



Green Field HR R ER HR HR 



Table 15. A l f P l h i c u l t i v M r e s t s d f a p o s t - b w n s t f i i n ~ ~ ,  Mdtbesdstrdgenotypes 
repmenting dsîant anâ susœpti'bb ~caazypa Ba lirst (SB=3.10), second and third 



Resis&nt 

Domiriiirm 27 R-lB 2 7 1 9 8 24 

Anow 43 R-2B 2 6 1 8 8 28 

Proof40 R-3B 2 8 1 10 8 19 

Susceptible 

Rambler 9 S-1B 2 91 1 90 8 46 

C i m m  VR 10 S-2B 2 98 1 98 8 66 

G E  787 1 S-3C 2 99 1 100 8 58 



GENERALDlSCIJSSION . 

ThesrecPiagpload~tanrtcsrsdthrrttimesinthev~~~~trials~~SCLi~I), 

anditanriucdthrsetimsbrlccra-t&(IgECptibkpopilntiaaforfiiturerrridies 

(IklimUSCnpt III). 'Lhe m g  pmœdtue bar potiêntial as a &dion tml, but mme 

m~cati0ll~rne~~.Rcsul~aOmbialc1,2rPd3sbowtbotthcrrsisimtgmdypt 

corrsisteritly hd lower firagal covemgc f a  inoculants A. npau Md A. wrsiaodor. Tberefm, 

it b recommended that the i n d u m  shouid include thcs spccies MviduaiIy or combii .  

The whok plant incubation studies indicaat that the susceptible g-type had more 

glucosamine accumulation than the &tant gaotYPeJ on days 5, 8 anci 11. The incubation 

period was 11 days ia duraton which may na have ken long enough. Dinerences may have 

been observeci had the incubation period been ateiided to 24 or 30 &YS. The optimum growth 

conditions may have been reached iat an earlier stage during incubation for the susceptible 

genotyp aliowing the fungai biomasr to accumulate. 

Increases in giucosamine w a e  not obsawd in field wiiting triais 4 and 5. Poor rnoIding 

may k due to low contamination duMg h d  harvesting. The moisme content at bahg 

contmls the rpçies and numbo of organjsms tbat invade the forage during storage. The bales 

for these studies were stomd Pt a high MC, therefoac, dm moisam level at the time of the third 

peak may ban been dquate for a succeeding p u p  of Organisms. 'ïhe storage conditions were 

suitable fw molding with the a#wnuiation of glucosamines by day 24 being 4.21 - 5.16 mg g-'. 

This is more than the nqmtd rcsults of 3.1 mg glu00Samint g' on day 21 of conventional 

square baies in stotage at 65.3% DM (Undi et al. 1996). Differenocs were not Mdent between 

the resistant and susceptible genotypes in wilting and storagc trials until the data from trials 4 



wncentratiioa by &y 9, but shows no d i f f ie~~~~as  on day 24. 

Thse findings inditate tbt thc swœptibk gtnotype bad mon mold on day 9 in stored 

bales, and on &YS 5, 8 and II f a  whole piant bmhthn, but tbae ir w indication that t k e  

dineriences would k obsuwed after long tem sûxage under mnditiaar conducive to moldhg. 

On the other hand, ûrying b most rapid in the nnt 14 days of storage (Unci a ai. 1993, 

therefore, an PlfPlh cultivar that shows teduced molding in the first phase of storage wouid be 

b e n e f i d  for preservation of boy. 

Chernical MalysU d t s  conducted were iwniclusivt. nie tesiiag method may have 

ken inadquate fot daeding inhibition compounds. The data coliected showed oome changes 

in fimgal gmwth on the diPc di&ision assays, but conclusions could not be made. Chemîcai 

extractions with a concentrathg step may have produad different resuits. 

MiCIObial stuclies showed that the susceptible genotype supported higher counts for lactic 

acid bac- in both triais. This may Uidicate that the msceptible geaotype wac a better substrate 

for both epiphytic and sap~ophytic organisms, a thir gewtype was more susceptible to 

contamination Once it bas a more prostrate growth habit than the mistant genotypt. 

The susceptible gaiotype dried m o n  rapidly than the &tant genotyp which suggests 

that optimum a,,, for fiingal gmwth was reached fot the susceptible gaiotype before the resistant 

genotype. A combination of npid drying, and potarthl high contamination un the susceptible 

genotype are nasons for arguing that thU genotype may not be M e n n t  in susceptibility. 





minute spores (2-3 um) whkh are d y  inhaieci. ~ ~ I f u s / b n i g ~ ~ e s  is the causatve agent 

for appoximabely 95% of fiingai infections in hwnans (Davies ami SP1iDI 19%). Furthemore, 

this organism grows besr af 4OoC, thrrdi, it gmws vay dowly Pt the incubation tcmpaahm 

of the scrcening produre, which was vaihd by the d t s  in the saeuhg pLOCBduzt with 

dinerent inoculums. Tb we of one Aspc~Ulcs spp* wouid simpiiry pnpPnticm and d u c e  the 

chance of contamination= ~ ~ I I r c s  npm~ and A. w~color gave a lvge spted between the 

geootypes and tbaefore wouid both be good orgaDisms to use. nicy alPo grow kst at 26'C 

which is similar to the scredng p d u r e  incubation tempemure of 2S'C. 

Large scremings arc not ncommmâed as it is M c d t  to h e p  the ratings consistent, for 

ewnple, in the fkst d g ,  620 plates were evaluated in one day. Another problem with 

the evaiuaticm is that ciifferences often occur fiom one evaluator to anotbei. It is difacult to 

train people ta evaiuate objectively Uiroughout the &y as fàtigue and other influences are ktors 

that afkct the rating results. Th= shouid be a time limit for this evaluation. 

Placemat of leaws mm sgar Y a tediou task, and laves sn fkquerrtiy plrcd with 

linle agar contact. The laf shape rnay slso a f f '  the contact of the leaf on the agar surhce. 

Observations indicate that leaf surfaces that do not directly contact the aga do not suppoa mold 

growth and therefo~c may k classifiai as rrsisauit in the evaîuation. The use of le& plugs 

couid reduœ the problem of leaf contact on the agar surfhcc. Also, the plugs couid aiiow 

diffusion of any inhibitor compounds that may be prisait in the leaf tissue which rnay enhance 



plant material may be at a dimâvantage due tn iarger popilstiaw of rlrynmpoaith organhrns. 

Asteriü8tiaisrcpitim~tkainrtheobjdCtiinIr0testPIlplan&in~nc~ualmuina.  

StailiIed plants have tcn, viable sporrs on the airface, and whm they sic inoculsited with 1 

x l@ spores, they are testal cquaîly. 

Tberr9remm0011~uoiagthis~gpnredmfosselectinggaiotypstbatarr 

classified as tesistant a susceptt'ble. Three ScteeNngs wese cmducted, and some genotypes 

selected as rrsistant in aie smming wcrr rated as susceptibk in the next smenhg, or seLected 

genotypes as susceptib1c w a e  rated nsisgnt in the subsequent saecning. if the selection 

procedure L bascd on one sacaiing, then the cvaiuation may not 4CCU1PtC1y refkct the type of 

pst-harvest susceptibility of that plant, and thexefore, more than one Jcreeaing may be rquired. 

This proadurc bas poferitial as a seldon tool f a  devdoping cultivars that are &tant 

to pst-harvest h g a l  gmwth. However, some moditicatims to the scrrcning procedm are 

required. 
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APFENDIX 
Appendir IA: of i n d a n t  and plant genotype on hwested aifiab plants 
(Manuscngpt 1). 

Trial 1 
Dependent Vaziable: % average 

Source df MS 

Error 96 157.0 
Trial 2 
Dependent Variable: % coverage 
Source df MS 

plant genotype 3 6417.2 

Error 96 38140.8 
Trial 3 
Dependent Variable: % cawrage 

Source df MS Pr> F 

Inoculant 5 20297.1 0.0001 

plant genotype 3 84.82.8 0.0001 

hoculant8Cloae(Geno) error term used to test inoculant, genotype, and inoculant by 
genotype. 



Appendix 18: Et6cd of % f h g d  oovcrage on hrrvertcd .Ifalh plants (trllb combine). 
Source df MS Pt>F 

h d a n t  5 31153.1 0.0001 

Plant genotype 3 131885 0.0001 

hocuiant*Genotype l!5 5924 O.Il39 

Trial 2 26165.1 0.0001 

InOCUlantTrial 10 6555.4 0.0001 

OenotyptTriaI 6 623265 0.0001 

~nOCUiant*GenotypeYI:nal JO 333.7 0.7339 

Enor 503 203509.3 
Inoculant*Gcnotypc~nal enor ttrm used to test ibovc hctors. 



12 1 

Appenatr IC: EE&t of plant genotype on giucaamhe concentration BM whole plant 
incubation of hshIy hamesteci rll.lh plants (Bhnu~cn*pt 1). 
Trial 1 
Dependent Variable :GLU 
Soura 

T h e  d o  

Geno 

Clone (Geno) 

DM 

Error 

Time d 5 

Geno 

Clone (Geno) 

DM 

Emr 

Time d 8 

Geno 

Cione (Geno) 

DM 

Error 

Time d 11 

Geno 

Cione (Geno) 

DM 

Error 



Appendix IC Cootinued. 
Trial 2 
Dependent VariabIe: GLU 
Soutot 

Timt d o  

Geno 

Cione (Geno) 

DM 

Error 

Time d 6 

Geno 

Cione (Geno) 

DM 

i Error 

! Geno 

Cione (Geno) 

DM 

Error 

Time d 11 

Geno 

Cione (Geno) 

DM 

Error 



Appendot IC: Contiinued. 
Trial 3 
Dependent Variable: GLU 
Source 

Time d O 

Geno 

Clone (Geno) 

DM 

Error 

Tirne d 5 

Geno 

Cione (Geno) 

DM 

Enor 

Time d 8 

Geno 

Cione (Geno) 

DM 

Error 

The d l 1  

Geno 

Clone (Geno) 

Error 



Appendix m: Efnect of plant genotypu on dy matter content-of fmdy hmsted  ah& 
plants (ManrrscnDpt 1). 
Trial 1 
Dependent Vinrbe: DM 

Geno 3 13695 0.8906 

Error 12 5.1076 

Trial 2 
Dependent Variable: DM 
Source d f 

Time d o  

Geno 3 34.4873 

Error 12 35133 

Trial 3 
Dependent Variable: DM 
source df 

Geno 3 5.3047 

Error 12 1.4850 



Appendix 1E: Efnect of plant genotype on DM bo d u d g  h c u b a h  of whole plat  
materiai in pctri plates (hhusaipt 1). 
Trial 2 
Dependent Variable: DM % lort 

Geno 3 

Enor 12 

Time d 8 

Geno 3 

Error 12 

Tirne d 11 

Geno 3 

Emr 12 



Appendix LE: Cootinutd 
Trial 3 
Dependent Vuiible: DM % lott 

Geno 3 î24.0019 

Tirnt d 8  

Geno 3 

Error 12 

Time d 11 

Geno 3 

Enor 12 



Appendix IE Efkct of genow on bmge gluIrilPamint amantration at sampling times 
during field wüting and baie stomge ( h b r n d p t  L). 
Trial 4 
Dependent Vadabila: GLU 
Source 

At cutting 

Geno 

Error 

Field wiiting d 4 

Geno 

Error 

Stack storage d O 

Geno 

Enor 

Stack storage d 9 

Geno 

Error 

Stack storage d 24 

Geno 

Error 



Appendix IE: Continueci. 
Trial 5 
Dependent Vuiable: OLU 
Source 

At cutting 

Geno 

Enor 

Field wilting d 4 

Geno 

Error 

Stack storage d O 

Geno 

Error 

Stack storage d 9 

Geno 

Error 

Stack storage d 24 

Geno 

Enor 



Appendt IF: Encct of &y matter at aamphg timer d u h g  field wilting and bak storage 
(Mandpt 1). 

Trial 4 
Dependent Variable: DM 
Source 

At cutting 

Geno 

Error 

Field wüting d 2 

Geno 

Error 

Field wiithg d 3 

Geno 

Error 

Field wiîting d 4 

Geno 

Error 

Stack storage d O 

Geno 

Error 

Stack storage d 9 

Geno 

Error 

Stack storage d 24 

Geno 

Enor 



Appenaix IF: Continud. 

Triai 5 
Dependent Vatiable: DM 
Source 

At cutting 

Geno 

b o t  

Field wiItiog d 2 

Geno 

E m  

Field wiiting d 3 

Geno 

Error 

Field wilting d 4 

Geno 

Error 

Stack storage d O 

Geno 

Error 

Stack storage d 9 

Geno 

Error 

Stack stonge d 24 

Geno 

Enor 



Appendn IG: Etocd of genotype on forage Ju-e co~lantration at sampihg times 
duhg field dtiq and baie storage combined data &cm tn'ak 4 and 5 (Mandpt L). 
Trial 4 and 5 
Dependent Vaziabft: GLU 
Source 

At cutting 

Geno 

Trial 

GenoTrid 

E K O ~  

Field wiiting d 4 

Geno 

Triai 

GenoTrial 

Error 

Stack storage d O 

Geno 

Trial 

GenoTriai 

Error 

Stack storage d 9 

Geno 

Trial 

GenoTrial 

Error 



Geno 

Trial 



133 

Appendix IEI: EBbcct of genotype on DM at rrmpbg tiwr d-g 6eId wiftiag rnd baie 
storage combined data h m  tiUb 4 and 5 (Mmuscrjpt 1). 
Trial 4 and 5 
Dependent Vaaiable: DM 
Sowct 

At cutting 

Geno 

Trial 

Genomai  

Enot 

Field wilting d 2 

Geno 

Trial 

Geno'Tnal 

Enor 

Field wilting d 3 

Geno 

Trial 

Geno+Triai 

Enor 

Field Mithg d 4 

Geno 

Trial 

Geno Trial 

Enor 



Appenair IHi Continud 
Stack storagc d O 

Geno 

Triai 

GenoT'riai 

Enot 

Stack storage d 9 

Geno 

Trial 

GeooTrial 

Enor 

Stack stomge d 24 

Geno 

Trial 

Geno+Tn'ai 

Error 



Appendiir ILA: Etact ofgenotypt on epipay<ic populations o f m  hmested (i1nù6i plants 
(Manuscript 
Genotyp h m  trial 10 

Dependmt Variable: TB 

Source 

Geno 

Enor 

Dependent Variable: 
LAB 

Geno 

Errot 

Dependent Variable: 
Yeast 

Geno 

Error 

Dependent Variable: 
Mold 

Geno 

Error 



AppendÈr IIA: Continued. 
Genotyper h m  triai 11 

Dependant Variable: TB 

Source df 

Geno 7 

Dependent Variable: 
IAB 

Dependent Variable: 
Yeast 

Geno 7 

Dependent Variable: 
MoId 

Geno 

Error 



Appendix I I .  : Cootinued 
Contrasts 

Dependent Vanoable TB 

An genotypes n s v s  sus 1 

Set B genotypu rw vs 1 
SUS 

Error 51 

Dependent Vaziable 
LAB 

All genotypes rrr n sus 1 

Set B genotypes nt vs 1 
SUS 

Error 54 

Dependent Variable 
Yeast 

AU genotypes mvs sus 1 

Set B genotypcs no vs 1 
SUS 

Error 56 

Dependent Variable 
Mold 

AU genoîypa rcs vs sus 1 

Set B genotypes mi vs 1 
SUS 

Error 56 



Appendix IIB: of dzying rate on 6nshty harvested .Ihilfp plants (Mandpt  II). 
Genotypes h m  set A 

Dependent Vuiible: Lug of watet mnaining 

Source df MS 

Geno 3 0.01 

D ~ Y  1 97252 
Day8Geno 3 0.34 

Enor 72 0.03 

Genotypes b m  set B 

Source df MS 

Geno 5 0.04 

D ~ Y  1 UOSO 
Day*Geno 5 0.46 

Errot 108 0.08 

Appendix IIC Efbct of water soiuble Cgzbohydrates (WSC) on fresaiy harvested al- 
plants ( M a n d p t  II). 
Dependent Variable: 
WSC 

Source Pr>F 



Appendin ID. Results of triai 7 duc dinusion assay U-Qillg 4 k per genotype txtracted 
with methanol:&O~ 

RFNUr 
d 3  DDDD 

A. glo- 

d 3 DDDD 

A* F 

d 3 DDDD 

A. versicolor 

d 3 DDDD 

d 4 DDDD 

d 5  DDDD 

A.fwn@ncs 

d 3 DDDD 

combined 

d 3  DDDD 

DDDD 

DDDD 

DDDD 

DDDY 

DDDY 

DDDY 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

D dark une ninounding the duc 
i no diuk or inhibition zones surrounding the disc 
1 inhibition zone surro1~1dmg the disc 
Y yeiiow zone sumounding the dise 

Four disa with 100 ul extract [or clones 1 aad 2 per genotype w e a  trstcd in this 
triai- 



Appendix ILE Resuits of trial 7 dhe diaision assay ushg 4 dga pet genotype erdracttd 
with Chiomfiorm. 

Allmu 
d 3 DDDD DDDD 

A-srcuccw 

d 3 DDDD DDDD 

A. 

d 3 DDDD DDDD 

A* wrsGcdor 

d 3 DDDD DDDD 

A. fwn@m 
d 3 DDDD DDDD 

combiued 

d 3 DDDD DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 

DDDD 
D dark zone su 
i no dark or inbiiition zones sumuoding the diso 
I inhibition wne sumunding the dioc 
Four discs with 100 ul extract for clones 3 and 4 br each genotype were tested. 



Appendn IP= R d t s  of TriPl 9 di# diffusion rsuy using 4 disa per genotype extracted 
with methanol:ddXed watet vh) or CblomBDlm. 

d 3 iiii iin iiü DDD iiii iiii iiii iiii 
D 

d 4 DDD DDDD DDD DDD DDD DDD DDD DDD 
D D D D D D D 

DDD 
D 

DDD 
D 

DDii 

DDD 
D 

D dark zone susroundhg the disc 
i no dark or inhibition zones su~otlllding the âisc 
I inhiiition zone sunoundhg the disc 
Two discs per clone with 100 ui txtract and 2 clonu pet geaotype were testeci in tbis 
trial. 
Set B plants were not emacted with chiomform due to shortage of matenai 



Appcndix IIG. Rcdts  of T a 9  disc diffwion ci9y gcnotyper tmicted with lacidifid 
watet. 

d 4 DD DD 
b dark zone surrow1~g the ~ISC 

i no dark or inhi'bition zones sumnuiding the disc 
I inhiiition zone mmunding the disc 
Two dises with 100 ui extract per lenotype at each pH were tested. 



Appenda IIIA: Cuïtïvar oomporison for kaf uu adonized in Sctctning 1 (Manuscdpt m). 
Dependent V'able: Rathg 
Source df MS PRsF 

CV 21 3937.8 0.0001 

R ~ P  3 37522.7 0.0001 

R~P(CV) 63 143225 0.0001 
Enor 787 37'78 

Tests of Hypotheses Usmg the Anova MS Cw geno(CV) as the crror tem. 

Appendix IIIB: Genotrpe comporison h r  leaf m a  colonized in Screenbg III (Manuscript 
m) 
Dependent Variable: Rathg 
Source d f MS PR>F 

Enor 92 221.7 
Tests of Hypotbeses using the Anova MS fix clone(&eno) as the enor term. 




