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Effectofartificialtreadingonmorphologyand  
ethyleneproductioninfourherbagegrasses  

AkioHoNGOandHideyukiOINt：MA  

（Rec由・ed：ⅣIay29，19師）  

ARSTliACT  

Thestudywascarriedoutintlnheatedg】asshousefromMavtoDecemberin1994  

incLrdertoclarjfytheeffectoftreadingonmorpho］ogicalresponses，injuredrateand  

e軸′1eneproduct聞1jnfouT訂aS蛍S（ム少ど柁椎才7g，ぶ．毎聯励吼且払狛ぬ劇痛吾郎ぬ一  

面．Germinatedseedswereplantedinpotsincludiftgriversand．Afterthe50thday，the  

treadingtreatmentsweresubjectedtothefollowingthreelevelsofverticalpressurec・n  

anaerialshoots7timesata5dayinterval：0，5（middle）andlO（heavy）kgf／cm2・  

Plantheightwaslowerintreadil唱treatmentSthaninthecontrolinfourgrasses・  

ThepusitionDfshcrotapexinasoi］wasIowerin［read廃treatmentsthaninthe  

eontroLinLj）ept7WneandB＿inemis．butthereverseresultwasobtainedinP  

andS．毎噸切削．TotalnumberoftillersandtotalDMweightwerelowerilltreadihg  

treatmentsthanjllthecontrolinfourgrasses．Injt】redratewassignlficant】yhigherin  

sheaththaninleafinfourgrasses．lnjuredratewasthelowestiIIS．bungeal昭，arldthe  

h一宮hes亡in PPytltenSe．1rnmediately afterthefirst treadingtreatment．fourgrasses  

evoIvedhighcontentofethylene，IrlheavYtreadingtreatment，ethyleneproduction  

wasll．7nlin上i．inermisand3，54An（／plant／hourin〔〉tllergraSSeS．EthyIeneproducL  

tiolltendedtodecreasegradual】yonsuct：eSSivesamplingdays．1tissllggeStedthat  

morpho】ogicalchangesofgrassspeciesmaybeplasticadaptationagainsttreading  

StreSS．  

Keywords：Artifieialtreading．Ethylene，Grasses．Injuredrate，  

tionofpasturesiscorlSideredtobecontro11edby  

therateofapplieationofphysicalstresses．Few  

stlユdieshavebeenrnadeontheeffectoftreading  

On herbage plant growth（Snaydon，1981），  

although there are many studies on defoliatiorl  

and excreta deposition（Watkins and Clements．  

1978） 

h4echanica】stresses without a叩「iI－jlユry  

lれtrOdⅦ亡tion  

Pasturevegetationismaintainedundervarト  

ous phy＄icalstresses suc】1aS tYeading，eXCreta  

deposition and aerialdefoliationbygrazlng anト  

mals（Edmond，1974），SpecificplantspeeiestoIp  

erant to these stresse＄are able to suIVive and  

contjnuetogr（）Winpasture．80tanicalco¶1POSi－  

DepartmentofAgTOt・nVironmental＄cience，Obihiro UlliversitypfÅgri亡ultureandVeterinaryMedieine，Inada，  

Obihiro，Hoklくajdo．0806555Japan．  

1   



Akio HoNGOand上IideyukiOrNUMA  

induce morphologicalchangesin plants．The  

typicalphenomenonisthedepressionoflongitudiL  

n／alelorlgaticm and the promotion oflateral  

許OWth（Ho】昭O and Ohe．1985；Jaffe，1973）．  

Thesemorphologica】changesmaybecontroユIed  

byoneorrnoreplanthormones（JaffeandBiro，  

1979）．Of many hormones，ethy）eneis said to  

pl且yanimportantroleinmorphologlCalchanges  

（Goeschletal，1966；JaffeandBiro，1979）．The  

effectofanimaltreadhgonplaIltgrOWthissaid  

to be very complex，beeause treading stresses  

affe亡tplantgrowthbothdirectlybybruisingor  

CruShjng andindlrectly by compaction br pud－  

dlingofsoil（E血10nd．1974：HDngOandOinuma，  

1998），ln sorghum，generalability ofplantsto  

toleratestressesisreportedtorelatewithelectro一  

Iyteleakage，Whichisagoodindicatorforinjured  

rateoftissues（SultanandOrs，1979）．  

Thepresentstudywasdesignedt（】a5SeSSthe  

effects oftreading on morphoIogicalresponses，  

ethy】eneproductionandinitIredrateoftissuesin  

fo11rherbagegras覚S．  

Materi孔1s8ndmethods  

TheexperimeTltWaSCOnductedinanunheat・  

edgree血ou5eduriIlg24thMaytoIstDecember  

in1994．Thefollowingfourgrasseswereusedニ  

エ¢肋槻 声β柁〝柁¢ L，（cv．Ljbel上 5極秘 ∠w轡腑侮  

TRIN，Bn）muSineml由LEYSS，（cv．Saratoga）aTld  

mhnim PTVtenSe L（CV．Hokuo）．The sand－Cul・  

turemethodwasusedinthisstudytoavoidsoil  

COmpaCtionbytreading．Usedsoilhadprevious・  

1ybeemautocl且Vedfor60minat120qCtosterilize  
SOilfungi（Smith，1973）．SeedswereplacedonO．  
5％agarmediurnjnapetridishfor7daysinan  
incubatorat22ロC．Threegerminatedseedswere  

plantedinastainlessstee］potwith7Cmdiameter  

and4、5Cm height containlng180¶g rlVer Sand，  

Thesandwasleachedalternativelywithdisti】1ed  

water and standard HoAGLAND’s solution．The  

plantsweregrownfor43daysandthreeseedlings  
Werethirmedintooneseedlingwithasimilarsize．  

The treading treatments were subjected to 

thefollowingthreelevelsofverticaIpressureon  

anaerialshoots，Viz．0（control），5（middle）andlO  

（heavy）kg／cmぞwithahydraulicjackfor2りsecL  

OTld．Apressurewasappユiedonaconcretedisk  

witJ16rcmdiameter，Whichwaspreviousユyplaced  

Onaplant＿ PIantsweretrodden7timesat a5－  

dayintervalduring30days，Threepotsselected  

atrandomwerearrangedforeachofthreetreat－  

meTlb．  

PIants were sampled．washed and divided  

intoleafblade，Sheathandrootomthe80thday  

aftersowlng．EachorganwasdriedarlditsDM  

Weightwasmeasured．Tomeasurethepositiて）n  

Ofshootapex，themarkwasputonthesheathat  

asoi）surfacewithanoilink．P7antswerehar－  

VeStedandthesheathwaslongitudinallys】icedoff  

Witharazorblade（EdmondandIioveland，1972）．  

Then，thelengthbetweenthetopofshootapex  

andthemarkwasmeasuredtlnderastereomicro－  

SeOpe・Aninclhledangleofthesecondarytil］er  

WaSmeaSuredalonga】illefomedbybothapoint  

Of5LCm height above soilsurface and a hasal  

pointoftilIerDnaSClils11dace．   

Produced ethylerie andinJured rate were  

measuredimmediatelyaftereachtreadingtreat－  

ment．Then．plantswereharvested4tLmeSata  

10LdayintervaIduring30daystomeasurein］ured  

rate．Theanalyticalmethodswerethesame且S  

thepreviousreport（HongoandOinuma，1998）．  

Re51dts  

Allplantsofタカ相加搾ざβandtllebalfplantof  
5．ぬ聯β〝αWere deadin the heavy tTeadi喝  
treatment．The］b1lowlngreSultsshowthemea  

valuesoflivingplantsinthesetreatments．  
J．凡打抄ei灯んf  

TotalDMweightwassignificantlylowerin  

trodden plots thaninthe control（Fig．1）．The  

decreasedrateofDMweightintroddenplDtSWaS  

血e highestin P．♪昭お花∫g and the】owestin鼠  
毎都閲め．Root／shoot ratio ofざ．ぬ喝鱒舶 WaS   
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Fig．1DMweightsofleaf，SheathandrootinplotsofthecDntrOl（C）．middletreading  
（M）andheavytreading（H〉infourg（aSSeS・VerticalbarsshowSIE・  
超；rOOt，⊂；5heath，and悶；leaf．  

B．【－ositio110rShuoしap（】Xinsoil（mm）  

Fig．2 Plantheight，POSitionshootapexandangJeoftillersinplotsofthecontrol（Ea）・  

middle treading（」）and heavytreading（ESl）in four gra5SeS・Vertiealbars  

show S．E  

Lol；Lperenne，Sti：S．bunge∂na，Bro；B．inem／s and Phl；P・Prate／1Se・  
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Slgれific8ntly different fronlthe other［hree  

Speei弘   

In 上汐β柁タ7乃g，mOjsLure contept of aeria】  

Sh80tSWaS3．4％1州7erinheavytread壇gtre重t 

m餌t，00mpared＼yiththatintbec8htroI．There  

l柑Sn8differe11Ceinotherspecies 

g．脚叩血曲が坤い喝卿問  

Lowerplantbeightswere8わservedin打Odden  

plゎ臨il－allfourgrasses（Fig．2）．Thepositi8nDf  

洩別tapだⅩⅥraSlミQWeriれtrOddenp如stha乱inthe  

COrltrOliIlム如咋叩¢ 即せ」乳如椚頑．Tもe  

reverse tendencン・waS Obsen7edin5．極噛鹿如  

and㌣錘海蛸・1n thelatter species，yOung  

tillersemergedabovede8daerialsh｛〉OtS．SOthat  

ShoDt apexlocated near the soilsurface，The  

a噌蛤ofthesecondary′tillerswasdifferent首mOng  

ねur spe仁ies．The紀COndary tille代in trodden  

plotsemergedatanacuteangleinL．j＞erenneand  

忍血玖r椚ゐ，butatanQbtuseangleinβ．毎晦鱒和  

a11dたみⅦ如緋．  

Tota】Ilumberoftillerswa＄1．叩7erint叩ddeq  

plotsthaninthecontro】inallf仙rgraSSeち（Fi鼠＿凱  

Mostoftheprimarytillersweredeadintrけdden  

pl（よtSinぶ．励嘲卿吼見ね叩痴鋸d㌣如由郷．  

1、he secnndary and tertiary仁椚ers vig群0Ⅶ如  

emergedinム♪eγe瑠循eand戊あ膵癌ぬ．   

‘rbere was the s短nificant correlation  

betweenplanthe圭ghtandtotalnumberoftilleFS．  

Theeorrelationcoefficicntwast＝0．92irlSbzin＿  

geana and r＝0・90in P・PratCrESe．Plant height  

Wa草pOSitively correユated wjth theI）QSitiorlOf  

Shootape又（ー＝0．93）inSrぬ確囲閥．Tota】num－  

beroftillerswaspo注itivelyc（）rrelatedwithpo岳i－  

tio11qfsh（｝OtaPeXiTl書♪和廟ぶg．  

鼠軸〃reJrllね  

With respect toinjured rate．S，  

SbolVed q山b different respのⅠ】醍 t｛〉 tr組dif噌．  

ThisspeciesshuwedaImostSameValues（4，2～§溜  

A．Pt・imarytilIモrS  

B．SecりIldarytillefS  

Fig・3 NurTlb8rOftheprimary，SeCOLldaryandte（tiarytf”ersinplotsofthecontrol（窃），middFe  
treading（□）andheavytreadi′ng（固）intourgrasses．Vertjc8」barsshowS．E 
し0＝L．卵佗〃〃e．Sti；S．加悔恨舶，8柑；β．血唱rm7ざand Phl；P．p招f即紀．  
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compared with that at the first sampling・  

Producedethylenewasnotsigrlificantlyd…iferent  

between treatlnentSinIJ．Pwenne，S．bl［ngea  

andJ｝♪m∫2ガSβ，becauseofⅥridevariations・  

pi料ごuS8ioll  

Morpholo宮yOfft）urgraSSeSWaSaffectedby  

repeatedtreading，reSulしinglnadecreaseinplant  

he届It and anincreasein t川er number．The  

posj血nofshootapexinfourgrasseswasalso  

affected by repeated treadillg（Edmond，1974）・  

Through thesemorphoIogicalresponses，it may  

bepossibletopreservesensitiveorganssuchas  

shootapex，namelyleafprimordium，fmmln）ury  

by treading stresses（Edmond and Hoveland．  

1972）．These responses seenlt（）be a plastic  

adaptationinordertoimprovemechanica】stabi】－  

i〔y and physkalstrength（HorlgO and Oimlma．  

199軋  

Tnthis study．the degr紆OfinJury WaS eSti－  

％）inbothlea＼reSandsheathsofaLlthreetreat  

meiltS（Fig．4）．In other species，iniured rates  

weresignificantlyhigherinsheathsthanin】eaves  

atfouJSamp】i†lgdates．1niured raしes ofleaves  

and sheaths were abot】tしⅥric（≧inheavytreadiTlg  

treatment than th〔矧巳汗＝血e即ntrOl．  

J．どIJ岬J川l・pr＝山‘・仙川   

lmTrLediately after the first treading treat  

ment，fourgrassesevoIvedhighc〔）ntentSOfethyl－  

ene．Intheheavyしreadjngtreatmellt．prOduced  

ethyIenell・aSll．7nl／plant／hrinβ．吉相ピ珊ゐ，4．4nl  

inとβ用／ピ，Zゴビ，4．2nliIlエ．クg御調ピand3．5nlin5．  

ぬ噸撤那（Fig．5）．ThesevalueswereじOrreSpOn－  

deTlt tO2，7，1．4，2．1andl．5times，reSpeCtive】y，  

higher than the controL Ethvlene productio－1  

teIldedtndecreasegradua町・OnS11CCeSSivesam  

plillgdays．Asanaveragcoftwotreadingtreat  

ments．prodtlCed ethylene at the finalmeasure  

1nenしCOrreSpOndedto24，23alld75％inβ．ぎ乃g′’一  

粧ねPタ相加俗ピ 計1d 上．βe7℃乃卯g，reSpeCtilrely．  

ヽ ‥■■い．■∴  
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薩』箆巨  
Da）rSafじeTthefirst LreるdingtreatmeTlt  

Fig．4lnjuredratesofIeaf（upperfigure5）and sheath（10Werfigures）in plotsofthe  
COntrOl（◆〉，middletread汗1g（■）andheavytreading（▲）infourgrassesafter  

thefirsttreadingtreatment．Verticalbars show S．E．  
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Days afterthefirs［treadj帽treatmellt  

F痩．5 EthyleneproductioninpIotsofthecontrol（◆），rnidd，8treading（■）andbeavy  

treading（▲）infourgrassesafterthefirsttreadingtreatment VerticaIbars  

Sh（〕W S上  

rourgrasses．FurtberTllOre，血ere was a sjgnifト  

CantCOrrelationbetweenethyleneproductionand  

in5ured rate of sheathintreading treatments 

Thus，increasedethylenemayrelatewithanarea  

りf hjured nrgans．Sensitive oTganS，eSpeCially  

youngsheath．mayinducehighercontentofethyl 

ene．  

Underrepeatedtreadi咽，ethyleneproduetion  

tendedt（〕decrease graduallyonsucc弓弘ive与am－  

pling days，a】thoughih5ured rates w七re  

mai】ュはir王ed at the．盟melevelsin eacb s匹Cies．  

ThisresultsuggeststhatrecQVeryrate8fiIかred  

OrganSnlaybeimprむVedgraduallybyiIlこrたaSl喝  

hardness of corticalcellwall（GりeSChkゼ′ αJ．，  

1弼6）．Itis said that anincreasein osmotic  

pressure alsDimproves tolerance tn mechar）ical  

stress（Abelesetal．，199Z）．DroughtresistaIICeis  

alsoimprnvedbymechanicalst∫e褒虐S（Jaffeand  

Biro，1979）．Iml止is study，a decre禍e h t毎  

moisture conterlt Of aeTialshoots was ob写erV由王   

mated by the rate of electrolyteleakage．The  

Lreadingtreatmentsincreasedhjuredrateofleaf  

b】adeand sheath．In addition，injured rate was  

higher【nsheaththanin】eaf．Thehigherrateof  

injtlryinsheathmaybecausedbyitsthickness，  

Usually，anCXterna】sheathincludes23jnternal  

sheaths．Ea亡hsheathhasalmostthesamethiekr  

nessasthatofoneleaf．Whentreadingstressis  

appliedtograsses，piLedupSheathsmayreceive  

moredamagethanleafinalayer．  

MechaniealstresseswithoutinJuryforplants  

have been reported toinduce morphologlCal  

changes（Jaffe．1973）．Ethy】eTleissaidtoplayan  

important rolein this morphologlCalchange，  

although other p】ant hormones also activate  

under various stresses（Jaffe and Biro，1979）．  

Ethylene productionis proportionalto】ogarith－  

micvalue ofin］ured area（Imasekj e［al．，1968）．  

Inthisstudy，ethyleneproductionwassignificant－  

1yhigherintroddenplotsthanthecontrolinall  
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イネ科牧草4種の形態とエチレン生成に  
およぼす人為的踏圧の影響  

本江昭夫・生沼英之  

帯広寄席大学畜産環境科学科  
（〒080－＄555北海道帯広市稲田町）  

要  約   

イネ科牧草の形態，組織の被藩度，エチレン生成  

に滞よぽす人為的跨止の影響を1994年5月～12月に  

ガラス室において調査した。実験にはイネ科牧草4  

種しゎぬ塊≠彫翻如1＿，S痺ぷ 地相挺加TRIN．  

β和㈲閑㌃カは和扇 LEYSS．and朗如叩かぬ卿打．）  

を用いた¢実験には予め滅菌しておいた川砂を用い  

て，幼植物を砂耕栽培した。幼植物には蒸留水とホ  

」ダラン下標準液を隔日こ給与した。、播種後50日目  

より．3段階恥5，10kgf／c叩2）の踏圧処理を5  

日間隔で7回幼植物に加えた。   

革高は対照区にくらぺて踏圧処理区で低かった臼  

エ．カg叩和紀eとβ．吉相g7珊ゐでは土壌中の生長点の位置が  

跨圧処理区で低くなる傾向を認めたが㍉り吻励康と  

宜ぬ庵画伽では蓮の傾向を認めた。4革種とも，分  

け？の総数と終乾物重は対照区にくらぺて踏圧区で  

低かった。．電解質の溶出豊から求めた組織の被害度  

は，4草極ヒも莱身よりも葉婦で明らか∨に高かった。  

また，被害度は£占‡‡音節8ガαで最も低く，P．勿嘘如閤  

で最も高かった。帯1匝旧の踏圧処盈直後において，  

β．ぎ循g円盤怨は1l．7111／個体／時間のエチレンを生成した  

が，他の3草種では3＿5－4．4nl／個体／時間であった。  

これちのエチレン生成量は時間と共に減少していっ  
た。以上の結果から，踏圧ストレスに対するイネ科  

稽物の形態の変化は可塑的な適応であることが示唆  

された。   

キーワード：人為的蹄鱒，エチレン，イネ科植物，  

被害度  
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