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Uvod

Plevelova spolecenstva jsou nedilnou, pro clovéka casto nezadouci soucasti
agrofytocen6z. PfestoZe negativné ovliviiuji plodiny, a to zejména sniZovanim vynosu a
pfenosem chorob ¢i Skidct, maji i pozitivni ekologicky vyznam. Jsou soucésti kolobéhu
organickych latek a zivin v pidé, vytvareji ptidni pokryv zabranujici vysychani ptdy, jsou
zdrojem potravy pro zivoCichy, mnohé druhy pleveli jsou vyuzivany jako 1éCivé rostliny. Je
proto zadouci, aby druhova diverzita plevelovych spolecenstev byla co nejvetsi. Druhova
pestrost s vyrovnanym zastoupenim jednotlivych druhli zaroven vytvati lepsi podminky pro
uplatnéni pfimych metod ochrany. Az do poloviny 20. stoleti byla plevelova spolecenstva
druhové velmi bohatd, jednotlivé druhy konkurovaly nejen kulturnim plodindm, ale i1 sobé
navzajem. Druhové spektrum plevelti v danych ptdné klimatickych podminkach bylo vice
mén¢ stabilni a vyznamné se nemeénilo. V souvislosti s nastupem intenzifikace zemédélstvi
doslo béhem relativné kratké doby Kk vyznamnym zméndm ve slozeni plevelovych
spolecenstev. Zjednodusovani osevnich postuptl, zejména posun od jarnich plodin k plodinam
ozimym, podporuje vyskyt jednoletych ozimych druhti, jako je napf. chundelka metlice,
hefmankovec nevonny a rozrazily. Intenzivni pouzivani herbicidi pfispélo ke sniZeni druhové
diverzity, coz napomohlo k $ifeni obtizné regulovatelnych, odolnych druhd, kterym zmizela
konkurence druhti citliv§jSich k herbicidim. Ke zménam ve spolecenstvech pleveli pfispiva i
herbicidni rezistence.

Mnoho studii se zabyva kratkodobym (2-10 letym) vlivem herbicidniho oSetifeni na
jednotlivé plevelné druhy v ur€ité plodin€. Vzhledem k velkému mnozstvi semen plevell
v pudni zasobé nelze vtak kratkodobém horizontu postihnout slozeni plevelového
spoleCenstva komplexné, nebot’ to se aktualné¢ meéni jednak vlivem pribéhu pocasi ve
sledovaném roce, jednak charakterem pravé péstované plodiny. Pro ucely sledovani
dlouhodobych zmén plevelovych spolecenstev se proto velmi dobie hodi dlouhodobé polni
pokusy, ve kterych je mozné porovnat varianty dlouhodobé neoSetfované herbicidy

s variantami s riznym herbicidnim oSetfenim.



1. Literarni prehled

1.1 Charakteristika pleveli a jejich klasifikace

Plevele jsou synantropni druhy, které se béhem evolu¢niho vyvoje ptizptsobily svym
zivotnim cyklem kulturnim plodinam. Jedna se zejména o druhy s kratkym Zivotnim cyklem
(jednoleté) a s ruderalni strategii, tzv. R - stratégové (Holzner, 1978; Lososova et Simonova,
2008). Uspé&snost plevelnych druhii spo¢iva predev§im v jejich plasticité, schopnosti adaptace
na zmény zivotniho prostfedi, at uz se jednd o pudné klimatické zmény nebo rtzné
technologie péstovani plodin. Tyto zmény ovliviiuji napt. fyziologii a rist plevelnych druht,
jejich Zivotni cyklus, schopnost reprodukce a $iteni (Murphy et Lemerle, 2006). Plevele se
adaptovaly k Zivotu v agroekosystémech nasledujicimi strategiemi: 1. Geneticka variabilita
vramci druh@; 2. Somaticky polymorfismus &asti rostlin; 3. Casovd adaptace v ramci
spoledenstva; 4. Uspé&$nost na rtiznorodych lokalitach; 5. Diverzita spoleGenstva na vyssi
urovni nez druh (Dekker, 1997).

Plevelné druhy lze fadit do rtiznych taxonomickych skupin, ale v rdmci téchto skupin
stoji vedle sebe druhy se zcela odliSnymi ekologickymi vlastnostmi. Proto klasifikace pleveld
vychazi z jejich biologickych vlastnosti, zejména z zivotniho cyklu. Podle toho se plevele déli
do Ctyi zakladnich kategorii (Hron et Vodak, 1959; Deyl, 1964; Kohout, 1997; Monaco et al.,
2002; Hakansson, 2003; Mikulka et Kneifelova, 2005; Jursik et al., 2011).

. Plevele jednoleté

Zivotni cyklus probiha béhem jednoho roku nebo za jedno vegetaéni obdobi,

rozmnozovani pouze generativni. Podle doby vzchazeni a pfezimovani tyto rostliny

dale délime:

e Efemérni plevele

Rostliny s velmi kratkym Zivotnim cyklem. Vzchazeji na podzim, v pribéhu
zimy nebo Casné na jatfe, svlj vyvoj ukoncuji na jate. Zapleveluji ozimy a
viceleté picniny, ale vzhledem k drobnému vzriistu nejsou vyznamnymi
plevely. Napt. Veronica hederifolia, Arabidopsis thaliana, Erophila verna.

e Casné jarni plevele

Kli¢i pii velmi nizkych teplotidch, ale jsou schopny vzchazet i pozdégji.
Zapleveluji jarni obilniny, luskoviny, okopaniny. Napt. Fallopia convolvulus,

Galeopsis tetrahit, Sinapis arvensis.



Pozdné€ jarni plevele

Vzchazeji pii vyssich teplotach nad 10 °C, zapleveluji Sirokoradkové plodiny
(okopaniny, zeleniny, kukufice). Napi. Chenopodium album, Amaranthus
powelii, Echinochloa crus-galli, Persicaria lapathifolia.

Ozimé plevele

Patii sem velka Cast jednoletych plevelti. Rostliny vzchazeji do zimy, kterou
preckaji ve fazi listové ruzice. Na jafe pokracuji ve vyvoji, jejich semena jsou
schopna klicit béhem celé vegetacni sezony, proto zapleveluji vSechny druhy
plodin. Mezi nejroz$ifenéjsi patii napt. Galium aparine, Apera spica-venti,

Tripleurospermum inodorum, Centaurea cyanus.

1. Plevele dvouleté aZ viceleté rozmnoZujici se prevazné generativné

V prvnim roce rostliny vytvaieji listovou rizici, kterou prezimuji. V nasledujicim roce

vykvetou a produkuji semena. Dvouleté druhy poté odumiraji (Daucus carota), ostatni

pokracuji ve vyvoji (Taraxacum sect. Ruderalia, Plantago lanceolata et media, Rumex

obtusifolius et crispus). Zapleveluji viceleté plodiny a trvalé kultury.

I11. Plevele vytrvalé rozmnoZujici se prevazné vegetativné

Podle stanovistnich podminek jsou schopny mnozit se vegetativné i generativné. Podle

hloubky, ve které zakotenuji, se rostliny dale déli:

Plevele mélceji kofenici

Organy vegetativniho rozmnozovani jsou uloZeny na povrchu pidy nebo
v ornici. Sifeni téchto pleveli 1ze proto potlatovat zpracovanim pidy. Z této
repens), které maji silnou konkurencni schopnost. Mén¢ vyznamna je skupina
s plazivymi kotfenicimi lodyhami (Potentilla anserina, Ranunculus repens),
plevele smékkymi a kiehkymi vybézky (Stachys palustris) a plevele
vytvarejici hlizy a cibule (Lathyrus tuberosus, Bulboschoenus planiculmis).

Plevele hloubéji kofenici

Kofenovy systém pronika do hlubokych vrstev pudy az do podornici, kde
vytvafi systém vertikdlnich a horizontdlnich vybézkl. Tyto plevele nelze
regulovat zpracovanim pidy. Patii sem plevele vytvafejici oddenky
(Aegopodium podagraria, Equisetum arvense) a plevele vytvarejici kofenové

vybézky (Cirsium arvense, Sonchus arvensis, Convolvulus arvensis)



IV. Plevele poloparazitické a parazitické

e Parazitické plevele

Nezelené rostliny, které jsou zcela zavislé na hostitelské rostliné (Cuscuta
trifolii, Orobanche spp.)

e Poloparazitické plevele

Zelené rostliny, které se vyzivuji autotrofné i heterotrofné, od hostitele

odebiraji vodu a mineralni latky (Melampyrum arvense, Euphrasia officinalis)

1.2 Metody regulace zapleveleni

Zpusoby potlacovani plevelll na orné pidé se ménily a vyvijely spolu s rozvojem
poznani a technologickym pokrokem. Az do poloviny 20. stoleti pfevazovaly metody nepiimé

a mechanické, které byly po objeveni herbicidnich latek zatlaceny do pozadi.

1.2.1 Neprimé a mechanické (nechemické) metody

Neptimé metody jsou pracovni postupy, které plsobi preventivné a mély by vést
k redukci zapleveleni. Patii sem ¢isténi osiva, pouzivani Cistych statkovych hnojiv a zejména
vhodné stfidani plodin (osevni postupy) a zpracovani piady (podmitka, orba).

Kultivacni zasahy provadéné v pribéhu vegetace plodiny oznacujeme za mechanické

metody. Patii sem rucni pleti a okopavka, vlaceni a pleckovani.

1.2.2 Herbicidni regulace plevela

Specifické pesticidy uzivané pro regulaci pleveli se nazyvaji herbicidy (MONACO et
al., 2002). Tyto chemické latky narusuji uréity fyziologicky proces v rostlin€ a tim zabranuji
jejimu dalSimu vyvoji. Pisobi vétSinou jako inhibitory enzymu ¢i skupin enzymd, které
katalyzuji nékterou z reakci pii biosyntéze organickych sloucenin. Herbicid se vaze na urcity
protein se specifickym mistem ucinku (,,target site*). Takovychto mist je vyuzivano relativné
malo, 15-20 (Cobb et Kirkwood, 2000). Zptisob, jakym herbicid inhibuje uréity biochemicky
proces V rostliné, nazyvame mechanismus u¢inku herbicidu. Pravé podle mista plsobeni
ucinné latky a mechanismu ucinku byla zavedena standardizovand klasifikace herbicidl
HRAC (Herbicide Resistance Action Committee), ktera déli herbicidy na 15 zakladnich
skupin (A-P) + nezataditelné¢ herbicidy (Z) (Cobb et Kirkwood, 2000; Monaco et al., 2002;
Jursik et al., 2011; Heap, 2015).



A. Inhibitory acetyl CoA karboxylazy

Acetyl CoA karboxylaza je jeden z enzymt, podilejicich se na biosyntéze mastnych
kyselin, katalyzuje transkarboxylaci acetyl-CoA na malonyl-CoA. Je pfitomna v
chloroplastech a cytoplazmé& bunék délivych pletiv. Pfi inhibici tohoto enzymu
dochdzi k poruseni tvorby bunéénych membran. Herbicidy z této skupiny ptisobi na
Siroké spektrum jednoletych travovitych plevell, ve vyssi davee i na vytrvalé druhy,
napi. Elytrigia repens. N¢které piipravky lze pouzit jen ve dvoudéloznych plodinach
(fluazifop — Fusilade, propaquizafop — Garland), jiné i v obilninach (fenoxaprop —
Puma, pinoxaden — Axial).
B. Inhibitory acetolaktat syntdzy (ALS inhibitory)

Acetolaktat syntaza katalyzuje biosyntézu esencidlnich aminokyselin s rozvétvenym
fetézcem (valin, leucin, izoleucin). Inhibici ALS dochazi k zastaveni tvorby téchto
aminokyselin, nasledn¢ proteinti a dale k inhibici syntézy DNA. To vSe v konecném
disledku vede k zastaveni bunéného déleni. Herbicidy z této skupiny patii do téchto
chemickych skupin:
e Sulfonylmocoviny
Plsobi na jednodélozné i dvoudélozné plevele a jsou vibec nejpouZzivangjsi
herbicidni skupinou, zejména V porostech obilnin a kukufice. To zplsobilo
vznik rezistentnich populaci nékterych pleveld (napt. Apera spica-venti).
¢ Imidazolinony
Pisobi na Siroké spektrum pleveld, pouzivaji se v hrachu a pelusce.
e Triazolopyrimidiny
Casné jarni aplikace v ozimych obilninich proti dvoudéloznym i
jednodéloznym pleveliim.
e Triazolonony
Napi. thiencarbazone, ktery zvysuje ucinnost Sirokospektralniho ptipravku
Adengo na travovité plevele v kukufici.
e Sulfonylamino carbonyl-triazolinony
Regulace travovitych plevelt (Elytrigia repens, Alopecurus myosuroides)
V ozimé pSenici.

C. Inhibitory fotosystému II (PS II inhibitory)

Tyto herbicidy se vazi na tzv. D1 (Qp) transportni protein, ¢imz zabranuji pfenosu

elektronii pfes tylakoidni membranu chloroplasti ve fotosystému II. Dochazi
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k zastaveni fotosyntézy a ristu rostliny. Do této skupiny patii herbicidy rtiznych

chemickych skupin. Problematické je uzivani triazind, uracili a substituovanych

mocovin, které se vyznacuji dlouhou perzistenci v ptde.

e C1 - triaziny, triazinony, uracily, pyridazony, fenylkarbamaty — ptevazuje
zajména kotfenovy ptijem, Siroké spektrum ucinku.

e (C2 - substituované mocoviny — regulace Apera spica-venti a nékterych
dvoudéloznych plevelt v obilninach (chlortoluron, isoproturon), oSetieni
kukufice proti dvoudéloznym plevelam (terbuthylazine). Jsou casto soucasti
Sirokospektralnich herbicidl (napt. Maraton).

e C3 — nitrily, fenylpyridaziny, benzothiadizoly — kontaktni herbicidy s u¢inkem

na dvoudélozné plevele.

D. Inhibitory fotosystému I (PS I inhibitory)

Zachycuji volné elektrony putujici fetézcem prenaseci ve fotosystému I., vznikaji

volné, nestabilni radikaly a sledem dalSich reakci nakonec dochazi k naruseni

bunécnych membran. Neselektivni herbicidy (diquat, paraquat).

E. Inhibitory syntézy porfyrint (PPO inhibitory)

Jedna se o herbicidy, které inhibuji posledni ¢ast syntézy chlorofylll, a to enzymaticky

systém protoporfyrinogen-oxidazu (PPO). Dochazi k peroxidaci lipidi v bunécnych

membrandch a poskozeni chloroplasti. Jsou to bud’ kontaktni herbicidy s u¢inkem na

jednoleté a dvoudé€lozné plevele, nebo herbicidy s kombinovanym ptidnim a listovym

ptijmem (bifenox), které se aplikuji preemergentné.

F. Inhibitory syntézy karotenoidu

F1 — Inhibitory fytoendesaturazy (PDS)

V disledku inhibice enzymu fytoendesaturdzy dochazi k naruSeni syntézy
karotenoidi (mevalonatovy cyklus), nasledné fotooxidaci a rozpadu chlorofylu.
Jedna se zejména o plidni herbicidy s preemergentni aplikaci.

F2 — Inhibitory syntézy p-hydroxyfenyl pyruvat dioxygenazy (HPPD inhibitory)

V disledku inhibice enzymu HPPD dochézi k naruseni biosyntézy karotenoidd,
porudeni chlorofylu a zastaveni tvorby asimilatil. Siroké spektrum wginku na
dvoudélozné jednoleté plevele a travovité plevele predevsim v kukufici a maku.

F3 — Inhibitory syntézy diterpenti

Piisobi na pocatku mevalonatového cyklu, pficemz dochéazi k naruSeni syntézy

karotenoidti i chlorofylu. Uginek na dvoudélozné plevele.
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. Inhibitory 5-enolpyruvyl§ikimat-3-fosfat syntazy (EPSP) inhibitory

Aromatické aminokyseliny (fenylalanin, tyrosin a tryptofan) vznikaji tzv. Sikimatovou
cestou Vv chloroplastech zelenych rostlin za pfitomnosti enzymu EPSP. Patfi sem
Sirokospektralni herbicidy s ucinnou latkou glyphosate a sulphosate. Existuji
vyznamné rozdily v citlivosti jednotlivych druhd pleveli k Géinné latce glyphosate.
Velmi citlivé jsou napt. Amaranthus spp. a Thlaspi arvense, vyssich davek je potieba
pro potlaceni Viola arvensis, Cirsium arvense a Geranium spp. Velmi odolny je
Convolvulus arvensis, Equisetum arvense je tolerantni.

. Inhibitory glutamin syntetazy (GS)

vvvvvv

aminokyselin pfi vzniku glutaminu. Narusenim reakce dochédzi v bunce k hromadéni
amoniaku, ktery poSkozuje tylakoidni membrany a tim dochazi k rozpadu
chloroplastti. U¢inna latka glufosinate je neselektivni herbicid piijimany jen listy.
Inhibitory dihydropterat syntazy (DHP)

Neexistuje

. K1 - Inhibitory stavby mikrotubult

Herbicidy, které inhibuji polymeraci jednotek tubulinu, vytvafeni mikrofilament a
mikrotubull nezbytnych pro stavbu mitotického vieténka pti konecné fazi mitozy.
Dochézi k naruseni zejména délivych pletiv, jejich Gc¢inek je proto nejefektivné;si
vranych fazich vyvoje. Diky plisobeni na vice mistech builkky se pfedpoklada
nizké riziko vzniku rezistence. Patfi sem jedny =z nejstarSich herbicidi -
dinitroaniliny (nitroderivaty anilinu).

K2 — inhibitory mitozy

Patii sem chemicka skupina karbamaty, které inhibuji bunééné délent.

K3 — Inhibitory syntézy mastnych kyselin s dlouhym fetézcem (VLCFA)

Naru$uji syntézu mastnych kyselin s dlouhym fetézcem a tim 1 syntézu lipidd,
voskl a kutinu. Plsobi zejména na kli¢ici jednodélozné i dvoudélozné plevele,

pouzivaji se tedy preemergentné. Jedna se o latky z chemické skupiny acetamidu.

. Inhibitory syntézy celuldzy

Chemické latky ze skupiny nitrild a benzamidd, které inhibuji biosyntézu bunécné

stény.
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M. ,, uncoupling “ NaruSeni membrany

Dinitrofenoly inhibuji proces oxidativni fosforylace, coz vede k naruseni membrany a
naslednému odumirani.

N. Inhibitory prodluzovani retézct mastnych kyselin

Herbicidy této skupiny inhibuji multienzymovy komplex acyl-CoA elongasu, ¢imz je
preruSena syntéza dlouhych fetézcli mastnych kyselin, nasledné vosku, kutinu a
suberinu. Regulace dvoud¢éloznych 1 travovitych plevelt.

O. Syntetické auxiny (regulatory rastu)

Mechanismus ucinku téchto herbicidi je podobny jako u rostlinnych ristovych
hormonti. V dusledku aplikace syntetickych auxinti dochazi k naruSeni fytohormonalni
hladiny rostliny, coZ zplsobuje poruchy metabolismu a rlstu rostliny. Jsou pfijimany
listy, rozvadény floémem a velmi Spatné rostlinou odbourdvany. Pouzivaji se zejména
k regulaci dvoudéloznych pleveltl v obilnindch a kukufici. Ug¢inné latky pochazeji ze
¢tyt chemickych skupin:

e Fenoxykyseliny — 2,4-D, MCPA, MCPB

e Benzoové kyseliny — dicamba

e Piridin-karboxylové kyseliny — picloram, clopyralid, fluroxypyr

e Quinolin-karboxylové kyseliny — quinmerac
1.3 Faktory ovliviiujici druhové spektrum pleveli na zemédélské piudé

Zmény ve slozeni spoleCenstev plevelil jsou vysledkem komplexu interakci faktora
zivotniho prostfedi (napt. padni a klimatické podminky, nadmotské vyska) a agrotechnickych
postuptl (vybér zemédélskych plodin, zpracovani piidy, hnojeni, metody regulace zapleveleni)
(LEGERE et al., 2005; PYSEK et al., 2005). Diky viceetnym interakcim mezi agrotechnikou,
biotickymi a abiotickymi faktory zahrnujicimi i zmény pocasi v daném obdobi, je v globalnim
meéfiku Casto tézké vybrat konkrétni faktor ¢i faktory, které ovlivnily zménu v zastoupeni
urcitého druhu ¢i druhti v ¢ase a prostoru. Naopak v méfitku mensim, jako je napt. pole nebo
louka, lze posuny ve slozeni populaci plevelii zplsobené zménami zeméd€lské praxe
vysledovat (Hakansson, 2003; Murphy et Lemerle, 2006). Piestoze nékteré fytocenologické
prizkumy naznacuji, Ze environmentalni faktory maji vétSi vliv na sloZeni plevelovych
spolecenstev nez agrotechnika (Pinke et al., 2012), jini autofi pfikladaji vétsi vyznam typu

plodiny, nebot’ slozeni plevelového spolecenstva je ovliviiovano agrotechnikou vcetné metod
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regulace pleveld, ktera je specificka pro rizné typy plodin (Fried et al., 2008; Lososova et
Cimalova, 2009; Nowak, et al. 2015).

Druhovymi zménami plevelovych spoleCenstev v méfitku jednotlivych stati se
zabyvalo mnoho autorti. Velmi dobfe jsou zmapovany zmény v severskych statech
(Hakansson, 2003; Salonen et al., 2012). Napi. na finskych polich sledovali Hyvonen et al.
(2003) zmeény v zastoupeni plevelu v jarnich obilninach v letech 1982-1999, kde vyznamné
stouplo zastoupeni druhtt Chenopodium album, Galium spurium a Cirsium arvense. V Dansku
probéhlo hodnoceni zmén plevelovych spolecenstev béhem poslednich 50 let (Andreasen et
Stryhn, 2008; Andreasen et Streibig, 2010), stejné tak ve Velké Britanii (Potts et al., 2010;
Marshall et al., 2003). Cirujeda et al. (2011) se zabyvali dlouhodobymi zménami ve
Spanélsku, kde doslo k vyznamnému posunu od dvoudéloznych druhii k travovitym pleveliim
a celkovému poklesu primérného poctu druhti na vSech polich. NarGst vyskytu travovitych
plevelt rezistentnich k herbicidiim zaznamenali také Silc et Carni (2005) na slovinskych
polich, kde zaroven doslo k ustupu efemernich a basofilnich druht. Keller et al. (2014)
sledovali zmény na némeckych polich s kukufici v letech 1981-2011. Vlivem pievazujiciho
péstovani kukufice a intenzivniho pouzivani herbicidii zde doSlo k posunu smérem
k termofilnim a jednoletym, pozdn¢ jarnim druhiim a zaroven k dominanci problematickych
druhti (Echinochloa crus-galli, Chenopodium album). Storkey et al. (2010) sledovali
dlouhodoby vliv intenzifikace zemédé€lstvi na posun v druhovém sloZeni plevelovych
spolecenstev na polich Velké Britanie. Hnojeni dusikem a herbicidni aplikace mély negativni
vliv na vzacné druhy s témito vlastnostmi: nizky vzrast, velkd semena, pozdni kveteni.
Naopak abundance obvyklych, béznych druhi zlstala na stejné nebo i vyssi trovni.

O situaci v Ceské republice vypovida napf. prace Lososové et Simonové (2008), ktera
hodnoti zmény druhového sloZeni synantropni vegetace. V plevelovych a ruderalnich
spoleCenstvech stoupla od pocatku 20. stoleti primérna pocetnost neofytl na ukor archeofytl
a pivodnich druhti. Na pocatku 20. stoleti pfevladaly CR - stratégové, v roce 2005 C -
stratégové. Cimalova et Lososova (2009) hodnoti vliv pfirodnich podminek (nadmotska
vyska, teplota, srazky a pH piidy) spolu s agrotechnikou na druhové slozeni polnich pleveli.
Potvrzuji hypotézu, Ze v rdmci regionalniho stupné je vyznam plodiny a zvolené agrotechniky
pohledu, pak klimatické a edafické faktory jsou vyznamnéjsi nez vliv plodiny (Lososova et
al., 2004). Naopak Silc (2008) ve své studii diverzity plevelovych populaci na Slovinsku

v letech 1937-2004 zduraziuje hlavni vyznam faktoru polni plodiny. To lze vysvétlit jizné&jsi
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polohou Slovinska, protoze vyznam faktoru plodiny stoupa s gradientem sever-jih (Holzner,
1978). Vyznamny vliv zpusobu hospodafeni a nadmoiské vysky na druhovou diverzitu
plevela potvrzuji také Kolafova et al. (2013). K zajimavému zjisténi dosli PySek et al. (2005),
kteti srovnali druhové slozeni pleveld v letech 1955-2000 na stanoviStich s rtiznou
nadmoftskou vyskou (mirny az chladny region versus teply region). Na pocatku studie byla
druhové bohatsi pole, kterd spadala do chladnéjsiho regionu, ale na konci studie zde druhova
diverzita vyznamné poklesla. Mohlo to byt zpiisobeno tim, ze ve vysSich nadmotskych
vyskach doslo k intenzifikaci zeméd€lstvi az béhem sledovaného obdobi, a proto zde doslo ke
snizeni poétu druht az pozdgji. Vybrané plochy v fepaiské vyrobni oblasti Ceské republiky
hodnotili Tyser et al. (2009). S odstupem 30 let byl zaznamenan vyznamny pokles
pokryvnosti pleveld o 85 % a vyznamné zmény ve sloZeni agrofytocendz. Zejména ustup
mnozstvi druhti (napf. Raphanus raphanistrum, Arabidopsis thaliana, Aphanes arvensis,
Neslia paniculata) a nastup druhd jako Apera spica-venti a Echinochloa crus-galli. Zmé&nami
Vv zastoupeni vytrvalych plevell se zabyvali také Mikulka et al. (2009). V poloving 90. let 20.
stoleti byl zjistén vysoky narust vyskytu druhd Cirsium arvense, Elytrigia repens, Artemisia
vulgaris. Autofi tento narist pfiitaji zménam v osevnich postupech, vysokému podilu obilnin
a fepky a zejména minimalizaénim technologiim zpracovani pudy. V souvislosti
s minimaliza¢nimi technologiemi v Ceské republice uvadgji také naraist druhtit Bolboschoenus
laticarpus a Bolboschoenus planiculmis, které se v minulosti na ¢eskych polich vyskytovaly

minimalné.
1.3.1 Vliv klimatické zmény

Béhem celé historie Zemé dochazi k méné ¢i vice zasadnim klimatickym zméndm,
Vv poslednim 50-100 letech 1 vyraznéjsim vlivem lidské ¢innosti. Tyto zmény se projevuji na
druhovém slozeni rostlinnych spoleCenstev, tedy 1 na zastoupeni plevelovych druhli na
riznych stanovistich. Vyznamu klimatické zmény se vénuje mnozstvi praci, napt. Andreasen
et al. (1996), Pysek et al. (2005), Silc et Carni (2005), Lososova et Simonova (2008). Vétsina
praci udava zvyseni zastoupeni termofilnich druht v chladnéjSich oblastech stfedni a severni
Evropy a zaroven Sifeni nékterych teplomilnych plevelll z nizin az do podhorskych oblasti,
napiiklad Echinochloa crus-galli, Amaranthus retroflexus et powelii, Setaria viridis a dalsi.
ZvySenim pramérné teploty vysvétluji Ziska et Runion (2007) posuv plevelového spektra
smérem k C4 rostlinam. To potvrzuje také prace Satrapové et al. (2013), kterd sleduje
schopnost $ifeni C4 rostlin (Echinochloa crus-galli a Amaranthus retroflexus) do vyssich

nadmoiskych vysek Ceské republiky v souvislosti se zvy3enim teploty v téchto oblastech. Lze
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tedy oCekavat zvyseni vyskytu téchto druhii v obilnafské a bramboraiské vyrobni oblasti
(Satrapova et Soukup, 2014). Vyse uvedené skutecnosti piispivaji k Sifeni invazivnich druhi

v Ceské republice (Jehlik, 1998; Holec et al., 2004).

1.3.2 Vliv stFidani plodin

Stidani plodin bylo po dlouhou dobu jednou z hlavnich metod regulace plevelt na
orné pud¢ (Freyer et Makepeace, 1977; Fisjunov, 1984; Mikulka et Kneifelova, 2005).
Diky vzajemné kompetici plodin a plevelnych druhtt bylo vhodnym stfiddnim plodin
Sruznym charakterem (ozimy, jafiny, okopaniny, vicelet¢ plodiny) docileno viceméné
vyrovnaného zastoupeni plevelnych druhti (Lemerle et al., 2001; Hékansson, 2003). Osevni
postupy, které zahrnuji rostliny s odliSnym zivotnim cyklem, pfinaseji vétsi diverzitu
plevelovych spolecenstev s mensim mnozstvim dominantnich a obtiznych druhti (Cardina et
al., 1998) a snizuji mnozstvi semen plevelll v pidni bance semen (Koocheki et al., 2009).
Jakékoliv naruSeni této rovnovahy vede k dominanci urcitych druhli plevelt. Napt. v
obilninach péstovanych nékolik let po sobé dominuji travovité plevele (Blackshaw, 1994;
Blackshaw et al., 2001; Koocheki et al., 2009), sirokolisté plevele maji naopak tendenci §itit
se v hrachu (Lemerle et Murphy, 2000). Lejins et Lejina (2007) zjistili 7,4 krat vétsi
zastoupeni vytrvalych pleveld (zejm. Elytrigia repens) v osevnich systémech s vysokym
podilem obilnin v porovnani se stfidavymi systémy. Trendem poslednich let v zeméd¢€lstvi
mirné¢ho pasma je zjednoduSovani osevnich postupti, zejména posun od jarnich ¢i viceletych
plodin k ozimym jednoletym plodindm, coz ma za nasledek Ustup jarnich plevelnych druht a
rozvoj druhti jednoletych ozimych, jako napf. Apera spica-venti, Tripleurospermum
inodorum, Veronica persica a Viola arvensis. Pokles péstovani zita a Inu vyznamné snizil
vyskyt druhit vazanych na tyto plodiny, napt. Cuscuta epilinum, Silene linicola, Lolium
remotum nebo Bromus secalinus (Barrett et al., 1983). Dodrzovani spravného stfidani plodin
je jednim z hlavnich nastroji potlacovéani plevell i v ekologickém zemédélstvi, kde neni
povoleno pouzivat herbicidy. Zatazeni viceletych picnin do osevniho postupu s jednoletymi
plodinami tak vede k naruSeni vyvoje plevelovych spolecenstev a redukci zapleveleni 1 v
systému ekologického hospodafeni (Anderson, 2010). Vyznam osevnich postupd pfi
potlacovani plevelti doklada také prace Bellindera et al. (2004), ktera se zabyva vlivem
osevnich postupti na pidni zasobu semen plevell. Na konci dvouletého experimentu se
ukazalo, ze u vSech osevnich postupil sice doSlo ke zvySeni mnoZstvi semen v pudé i1 ke
zvySeni diverzity, ale toto navySeni bylo nejniz$i jednak u osevniho postupu s kukufici a

jednak u osevniho postupu s vojtéskou a jetelem. Prestoze u kukufice byly pouZity
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preemergentni i postemergentni herbicidy, mnozstvi semen pleveli bylo srovnatelné s
luskovinami, kde nebyly pouzity ani herbicidy, ani orba. Luskoviny maji ziejmé& schopnost
potlacit plevele pomoci kompetice a alelopatie.

Casto dochazi k vlivu interakci osevnich postupt s dal§imi faktory, zejména se
zpusobem zpracovani pidy a herbicidnim oSetfenim. Napf. hustota zapleveleni monokultury
pSenice se zvySuje pouzitim mélkého zpracovani pudy (10-12cm) v porovnani s konvencéni
orbou az 0 76 % a u dvouletého osevniho postupu fepka ozima-pSenice ozima dokonce o
187 % (Seibutis et Feiza, 2008). Studie dlouhodobého vlivu riznych faktord na dynamiku
pleveld ukazuje na vyssi vliv stfidani plodin nez technologie zpracovani pudy (Derksen et al.,
1996). Kombinaci efektu osevnich postupii, riznych technologii zpracovani pudy a herbicidni
aplikace na vyvoj plevelovych spoleCenstev se zabyva prace Streita et al. (2003), ktery zjistil
vyznamné vétsi vliv plodiny a doby aplikace herbicidu (preemergentni a postemergentni) nez
technologie zpracovani pudy. Naopak Demjanova et al. (2008) uvadéji v kukufici vétsi vliv
zpracovani pudy na druhové slozeni pleveli nez vliv ptedplodiny. Poznani vySe uvedenych
interakci je dilezité pii hledani reakce plevelovych spoleenstev na rizné agrotechnické
zasahy a zlepSeni metod regulace zapleveleni pifi souasném sniZeni mnozstvi pouZivanych

herbicidi.
1.3.3 Vliv zpracovani pidy

Stejn¢ jako stfidani plodin, tak i zpracovani pidy bylo v dobé pied objevenim
herbicidii hlavni metodou regulace zapleveleni (Hékansson, 2003; Mikulka et Kneifelova,
2005). Pro regulaci pleveli je velmi vyznamna podmitka, kterda umozZiuje zaklopeni
vypadlych semen a poSkozeni vytrvalych plevelt. Soucasné zabrainuje ztratdm na vlhkosti a
umozni kliceni plevell z povrchovych vrstev. Hlubokd orba pak spolehlivé zaklopi
poskliziiové zbytky rostlin, kofeny ¢i kofenové vybézky vytrvalych pleveld, které
V podminkach hlubokého zaklopeni nejsou schopny reprodukce (Hance et Holly, 1990; Jursik
etal., 2011).
praxe, které ssebou piineslo na jedné strané¢ pozitiva — snizeni ekonomickych nakladi,
zabranéni erozi a utuZeni pludy, na stran€ druhé pfispélo k negativnim zménam ve sloZeni
plevelového spektra. VétSina praci uvadi posun spektra smérem k vytrvalym druhim a
jednoletym travovitym druhiim nebo anemochornim druhtim (Sprenger et al., 2002; Thomas
et al., 2004; Murphy et Lemerle, 2006; Mikulka et al., 2009). Légére et al. (2005) a Légére et

Samson (1993) zkoumali druhové slozeni plevelnych druhti v pidni zasobé semen, nezjistili
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vSak rozdily v druhovém bohatstvi a vyrovnanosti druhti mezi riznou intenzitou zpracovani
pudy. Vliv absence zpracovani pudy (no tillage) byl zifejmé¢ zredukovan dalSimi
agroekologickymi faktory (Derksen et al., 1995). K podobnym zavérim dochazi i Légere et
Derksen (2000). Také studie Winklera a Zelené (2005), ktera se zabyva vlivem rozdilného
zpracovani pudy na druhové spektrum plevelii v ozimé fepce, potvrzuje, ze zplisob zpracovani
pudy ovliviiuje plevelné druhy jen jako jeden z faktord (vysvétluje 4,9 % celkové variability

dat), ktery ptisobi soucasné s mnoha jinymi faktory.

1.3.4 VIiv chemické ochrany

V poslednich 60 letech se staly herbicidy hlavnim nastrojem regulace plevell a
zasadné zmeénily selekéni tlak do t€¢ doby vyvijeny na plevelova spolecenstva (Haas et
Streibig, 1982). Nabidka herbicidi se postupné rozSifovala a ménila. Ve 40. letech byly
zavedeny syntetické auxiny urcené k potlaceni Sirokolistych pleveld v obilninach. Jejich
opakované pouzivani vSak piispélo k rozsifeni travovitych pleveld (Apera spica-venti, Avena
fatua), ale i odolnych dvoud€loznych druhd, jako napi. Tripleurospermum inodorum,
\eronica spp., Viola arvensis, Galium aparine a Lamium amplexicaule (Hance et Holly, 1990;
Murphy et Lemerle, 2006). Piestoze pocetnost nékterych citlivych pleveld, napt. Sinapis
arvensis, Raphanus raphanistrum, Capsella bursa pastoris a Thlaspi arvense docasné
poklesla, z dlouhodobého pohledu se jejich pocetnost v Evropé zasadné nezmenila, a to diky
sementum produkovanym pteziv§imi jedinci (Hume, 1987). V 50. letech byly objeveny
triaziny a substituované mocoviny, jejichZz opakované pouzivani spolu se zvySenym podilem
obilnin a kukufice v osevnich postupech pfisp€lo k naristu Cetnosti vytrvalych pleveli
(Cirsium arvense, Elytrigia repens) a Sifeni rezistentnich populaci druhtt Chenopodium album
nebo Amaranthus retroflexus (Andreasen et Streibig, 2010). Vyznamnym pokrokem
v regulaci pleveli v obilninach bylo v 80. letech zavedeni sulfonylmocovin s Sirokym
spektrem uc¢inku (jednodélozné i dvoudélozné plevele) v nizkych davkach. Jejich mnohaleté,
velkoplosné pouzivani také prispélo k urCitym zménam plevelovych spoleCenstev a vzniku
rezistentnich populaci Apera spica-venti a Alopecurus myosuroides (Murphy et Lemerle,
2006). I kdyz vliv sulfonylmocovin nemusi byt jednoznacny, jak doklada studie Hyvonena et
al. (2003), ktera ukazuje, ze ptes dlouhodobé pouzivani sulfonylmocovin ve Finsku nebyl
v letech 1980-90 zaznamanan zvySeny vyskyt druhti odolnych k sulfonylmocovinam (Galium
spurium a Viola arvensis).

Grundy et al. (2010) sledovali rozdily v davce anacasovani aplikace herbicidi

V podminkdch minimaliza¢ni technologie zpracovani pudy. Nejvyssi diverzity dosahlo
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spolecCenstvo plevelll na neoSetiené kontrole a variantach oSetfovanych preemergentné. U
vSech pouzitych herbiciddi se druhova diverzita zvySovala spolu se snizenim doporucené
davky herbicidu. Na variantach oSetfovanych postemergentné byla druhova diverzita nejnizsi
a zaroven nejvyssi index dominance (Berger-Parker). Dlouhodoba aplikace polovi¢ni davky
Casto vede k postupnému zvySeni zapleveleni a zvySenému vyskytu nékterych druhd, jako
napi. Apera spica-venti, Viola arvensis, Centaurea cyanus (Pallut et Moll, 2008). Mnoho
praci se zabyva interakcemi aplikovanych herbicidi s agrotechnikou a jejich vlivem na
zaplevelenost a druhovou diverzitu. Efekt ukon¢eni herbicidniho oSetieni v riznych osevnich
postupech zkoumali Gulden et al. (2011). U vsech osevnich postupti doslo ke zvyseni pocti
semen na m?, pfi¢emz niz§i hustota byla zaznamenina u osevniho postupu se zafazenou
viceletou plodinou. Co se druhového sloZeni semenné banky tyka, byla diverzita vyznamné
ovlivnéna péstovanou plodinou Vramci obou osevnich postupl. V porovnani se stile
osetfovanou kontrolou nelze konstatovat, ze by se diverzita vyznamné zvysila, zménilo se ale
zastoupeni jednotlivych druhti v zavislosti na plodiné a osevnim postupu.

Vliv herbicidniho oSetfeni na plevelova spolecenstva dokumentuji také prace, které se
zabyvaji rozdily mezi konven¢nim a ekologickym hospodafenim. TySer et al. (2008) uvadégji
vice nez dvojnasobné zvySeni poctu druhi u obilnin v ekologickém hospodatent,
v okopaninach byly zaznamenany rozdily jeSté¢ vétsi. To doklad4d 1 diverzita vyjadiend
Shannon-Wienerovymi indexy, které jsou ve v§ech piipadech vyznamné vyssi u ekologického
hospodateni. K podobnym zavéram dosli napt. José-Maria et Sans (2011) nebo Albrecht
(2005), ktery uvadi vice nez Ctyifnasobné zvyseni hustoty piidni zdsoby semen po tfech letech
prechodu z konven¢niho na organické zemédélstvi. Tato zmena zaroven vedla ke zvySeni
zastoupeni pozdné jarnich pleveli, vytrvalych a dvoudéloznych druhti, coz bylo zplsobeno
nastupem mechanické regulace a zménou osevnich postupii. V porovnani s konvenénim
hospodatenim je v systémech hospodaieni s nizkymi vstupy (bez herbicidniho oSetfeni a
hnojeni pouze hnojem) druhovéd diverzita vyznamné vys$i. V konvencnich systémech
ptevazuji travovité druhy odolné K herbicidim, zatimco v systémech s nizkymi vstupy
Sirokolisté druhy citlivé k herbicidim (Rassam et al., 2011).

Obecné lze konstatovat, Ze opakované pouzivani herbicidl s podobnym mechanismem
ucinku vedlo k ustupu druhti citlivych k témto herbicidiim a Sifeni odolnych druhti, pficemz
celkové zapleveleni nekleslo (Mahn, 1984; Mikulka et Chodova, 2000; Mikulka et
Kneifelova, 2005; Murphy et Lemerle, 2006). Kazda skupina herbicidi ovliviuje plevelova

spolecenstva jinak, pfi¢emz opét dochazi k interakcim se zvolenou agrotechnikou (Murphy et
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Lemerle, 2006). V praxi ovSem malokdy dochazi k aplikaci herbicidu se stejnou ucinnou
latkou na stejné lokalité po dlouhou dobu, plevelové spoleCenstvo je zaroven ovliviiovano
dalSimi faktory. Je proto obtizné urcit konkrétni skupinu herbicidi jako hlavni mechanismus
dlouhodobych zmén plevelového spoleenstva a predikovat budouci trendy (Fried et al.,
2008). Nicméné z kratkodobého pohledu aplikace a nacasovani konkrétniho herbicidu
podporuje odolné druhy potlaéenim konkurence citlivych druhtt (Grundy et al., 2010;
Rotchés-Ribalta et al., 2017). Barberi et al. (1997) a Hawes et al. (2010) uvadéji, ze chemicka
kontrola pleveld vede ke snizeni druhové diverzity plevelového spolecenstva. V protikladu s
vyse uvedenymi zavéry jsou studie, které naznacuji nejednoznacny vliv herbicidniho oSetfeni
na druhovou diverzitu. Derksen et al. (1995) hodnotili vliv aplikace herbicidi v interakci
s technologii zpracovéani pudy. Herbicidni oSetfeni druhovou diverzitu nesnizilo, a na rozdil
od Grundyho (2010) nebyly zaznamenany rozdily mezi preemergentnim a postemergentnim
osetfenim. Naopak jako vyznamny se ukazal vliv zpracovani pidy. Rozdily ve slozeni
plevelového spolecenstva mezi jednotlivymi technologiemi zpracovani pudy byly vyznamné
pfed aplikaci herbicidl, ale po aplikaci rozdily zmizely. Herbicidni aplikace tak ziejmé
inhibuje zmény, které by nastaly vlivem rtiznych zpisobt zpracovani pudy. Ulber et al. (2010)
nezjistili  signifikantni vliv herbicidniho oSetfeni na druhové bohatstvi plevelového
spoleCestva v kratkodobém polnim pokusu. Hume (1987) uvadé&ji, ze 35leta kontinualni
aplikace 2,4-D nezpusobila signifikantni zmény ve slozZeni plevelového spolecenstva, zménilo
se ale pocetni zastoupeni jednotlivych druhi. Mayor et Dessaint (1998) neuvadéji vyznamné
rozdily v druhovém slozeni semenné banky mezi mechanickou, integrovanou a pouze
chemickou ochranou proti plevelim. Ackoliv pocet semen signifikantné rostl na parcelach
s mechanickou kontrolou a klesal na parcelach oSetfovanych pouze chemicky, nebyl
pozorovan signifikantni rozdil v Shannonové indexu diverzity mezi jednotlivymi strategiemi
oSetieni, ani mezi jednotlivymi roky. De Mol et al. (2012) nezjistili korelaci mezi druhovym
slozenim plevelového spoleCenstva a aplikovanymi herbicidy v kukufici. Vzhledem k
uvedenym pracem je ziejmé, ze vliv herbicidniho oSetfeni na plevelova spoleenstva neni
zcela jednoznacny a zasluhuje si podrobnéjsi vyzkum. Kratkodobé pokusy a sledovani nejsou
Kk tomuto ucelu prilis vhodné a Casto piinaseji zkreslené zaveéry, protoze nelze v kratkodobém
horizontu odfiltrovat vliv dalSich faktori, zejména vyznamny vliv pocasi v daném roce

(Stoate et al., 2001).
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1.4 Vyznam dlouhodobych polnich pokusi

Dlouhodobé polni pokusy predstavuji zdroj informaci o dlouhodobych ucincich
jednotlivych agrotechnickych opatieni (napf. mineralni a organické hnojeni, zpracovani pudy,
ochrana rostlin, osevni postupy a odridy) na pudni prostfedi, vynosové trendy jednotlivych
plodin a v neposledni fadé reakci celého agroekosystému vcetné plevelového spolecenstva na
konkrétni opatfeni (Korschens, 2006; Richter et al., 2007). Také umoziuji zhodnotit vliv
faktort, které se meéni velmi pomalu a siln€ zaviseji na zménach pocasi v jednotlivych letech
(Moss, 2004), a srovnat mezi sebou oblasti s riznymi padné klimatickymi podminkami. Mezi
nejstar$i pokusy v Evropé patii pokusy zalozené v 19. stoleti v britském Rothamstedu a
v némeckém Halle. Od 50. let 20. stoleti byly dlouhodobé polni pokusy zakladany i v Ceské
republice a jejich velka ast je provozovana Vyzkumnym tstavem rostlinné vyroby (VURV),
V.Vv.i. (Madaras et Lipavsky, 2009). Jedna se o pokusy, které jsou celosvétové uznavané: Polni
vyzivarsky pokus v Praze-Ruzyni (zalozen 1955), Vyzivarsky osevni postup VOP (zalozen
1955 na lokalitich Ivanovice, Céslav, Lukavec), Polyfaktoridlni polni pokus s riiznymi
urovnémi hnojeni zalozeny v roce 1979 na 10 lokalitach (pfehled pokusi viz Lipavsky et al.,
2005). Masivni rozsifeni pouzivani herbicidii v zemédélstvi od 50. let minulého stoleti vedlo
v roce 1972 k zalozeni dlouhodobého polniho pokusu na dvou pokusnych stanicich VURV,
V.V.i. - Pernolec a Hnév¢eves. Tento pokus umoznil sledovat vliv dlouhodobé herbicidni
aplikace na plevelové spoleCenstvo a vynosové trendy jednotlivych plodin s ohledem na
zmény pocasi a zmény v odriidové skladbé plodin. Ackoliv existuje mnoho observacnich
studii plevelové vegetace v ramci Evropy i Ceské republiky (Lososova et al., 2004; Fried et
al., 2008; Pinke et al., 2012; Kolafova et al., 2013), polni pokusy zaméfené na sledovani
dlouhodobého vlivu chemické ochrany na agrofytocendzu ¢i tvorbu vynosu jsou ojedinglé.
Pokus vedeny ve VURYV, v.v.i. je proto svym zpiisobem unikatni a jeho vyhodnoceni ptinasi

piesvédcive zaveéry.
1.5 Vliv chemické ochrany na tvorbu vynosu

Zapleveleni zplisobuje V konvenénim zemédélstvi vynosové ztraty primérné 34 %, coz

je vice nez zpisobuji choroby a sktdci (Zwerger et al., 2004; Oerke, 2006). Pokles vynosu i

L 1

druht (Hance et Holly, 1990) a vyznamné se 1i§i mezi jenotlivymi regiony v zavislosti na

klimatickych podminkach, ale i na dostupnosti chemické ochrany rostlin ¢i uplatilovani zasad
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dobré zemédélské praxe. Nejveétsi potencidlni vynosové ztraty jsou zejména ve vysoce
produkénich systémech a tropickych a subtropickych oblastech, kde klimatické podminky
usnadnuji Sifeni skodlivych organisma (Oerke, 2006).

Pro jednotlivé plodiny jsou vynosové ztraty vlivem zapleveleni rizné, protoze kazda
plodina ma jiné konkuren¢ni schopnosti (van Heemst, 1985). JeCmen a zito jsou vice
konkurenceschopné nez psenice (Mason et al., 2007), luskoviny, jako napt. hrach, se
vyznacuji nizkou konkurenceschopnosti v poéate¢nich rastovych fazich (Corre-Hellou et al.,
2011). Harker et al. (2001) uvadgji pokles vynosu diky zapleveleni v jednotlivych plodinach v
tomto pofadi: jeémen jarni < fepka ozimé < hrach. Konkurenceschopnost plodin a vynosové
ztraty jsou zavislé také na odriidé a na pribehu pocasi v jednotlivych letech, protoze plodiny i
plevelné druhy reaguji na klimatické podminky (Andrew et al., 2015). Je proto vhodné
vyhodnotit vliv vybranych faktorti na vynosy v dlouhodobém horizontu.

Vyznam chemické ochrany rostlin pii tvorbé vynosu vzrostl se zjednodusovanim
osevnich postuptl a nastupem minimalizaénich technologii zpracovani pady. Stasinskis (2009)
uvadi vyznamny vliv herbicidniho oSetfeni (61,4 %) na vynos pSenice v porovnani se
zpracovanim pudy (9,5 %) a piedplodinou (2 %). Gianessi (2013) oznacil herbicidy jako
hlavni faktor zvysujici vynosy u kukufice a soji v USA, stejné tak Keller et al. (2014, 2015)
potvrdili dlouhodoby nartst vynosu pSenice ozimé a kukufice vlivem chemické ochrany.
Existuji ale i studie, které zpochybniuji vliv herbicidni aplikace na zvySeni vynosu, napf. Gaba
et al. (2016). Ackoliv aplikace herbicidi v redukovanych davkach nemusi v kratkodobém
horizontu piedstavovat zvySeni zapleveleni a sniZzeni vynosu (Salonen, 1993; Bostrom et
Fogelfors, 2002; Kudsk et Streibig, 2003; Kudsk 2008), v dlouhodobém horizontu vede ke
zvySeni hustoty zapleveleni méné citlivymi druhy a v kone¢ném disledku ke sniZzeni vynosi

(Pallut et Moll, 2008; Hossard et al., 2014).

1.6 Uloha plevelnych druhi pro biodiverzitu agroekosystémii

Plevelova spolecenstva tvori nedilnou soucast agrofytocendz a kromé negativniho vlivu
na tvorbu a kvalitu vynosu plodin pfispivaji k udrzeni celkové biodiverzity na zeméd¢lské
padé (Marshall et al., 2003). Aktualni studie ukazuji, Zze zvySena diverzita pleveld ma
pozitivni vliv na trvale udrzitelné fungovani agroekosystému (Albrecht, 2003). Mnoho
plevelovych druht je dulezitymi medonosnymi rostlinami, napi. rody Taraxacum nebo
Lamium (Gabriel et Tscharntke, 2007), nékteré jsou zdrojem potravy pro fytofagni hmyz,

¢imz nepfimo ovliviuji diverzitu ptacich populaci (Franke et al., 2009). Jiné druhy jsou
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hostiteli specializovanych polyfagnich druht, jejichz vyskyt podporuje preziti predatord
Skiidett hmyzu, zejména stievlikovitych (Storkey et Westbury, 2007). V neposledni fadé
mohou porosty nizkych pleveli pusobit jako prevence proti erozi, zejména v Sirokoiadkovych
plodinach (Weil, 1982). Nové piistupy v ochrané rostlin tak spocivaji v hledani rovnovahy
mezi dostatecnou rostlinnou produkci a zachovanim uspokojivé druhové rozmanitosti
(Marshall et al., 2003). Cilem je efektivni kontrola vysoce kompetitivnich, problematickych
druhti jako napt. Galium aparine, které se vyznamné podileji na ekonomickych ztratach, a
zachovani co nejvySSiho podilu plevelovych druhi s pfinosem pro biodiverzitu
agroekosystému. Prace Ulber et al. (2010) a Jonese et Smithe (2007) naznacuji, Ze cilené
oSetfeni selektivnimi herbicidy by se mohlo stat nastrojem pro G¢inné potlaceni nezadoucich
druhd, které nasledné¢ povede Kuvolnéni niky pro malo kompetitivni, ale biodiverzitu

zvysujici druhy.
1.7 Hodnoceni diverzity rostlinného spolecenstva

Rostlinné spolecenstvo je definované jako soubor jedinci a populaci rostoucich
spolecné na urcitém stanovisti, ovliviiovanych svym prostfedim a zpétné jej modifikujicich a
ovliviiyjicich se navzijem (PySek, 1996). Druhové slozeni spoleCenstva lze vyjadiit jednak
kvalitativné - seznam druhli pfitomnych ve spolecenstvu na dané studijni ploSe, jednak
kvantitativné - kvantitativni zastoupeni jednotlivych druhti. Toto zastoupeni vyplyva z hustoty
populaci jednotlivych druhil a z velikosti jejich nadzemnich organti, které urcuji pokryvnost a
mnozstvi biomasy populaci danych druhi (Moravec et al., 1994). Druh, jehoz populace
prevlada, je oznacovan jako dominanta (dominant species) ¢i edifikator dle Braun-Blanqueta
et Pavillarda (Moravec et al., 1994). V agrofytocenozach je timto dominantnim druhem
péstovana plodina. Druh, ktery v kvantitativnim zastoupeni nasleduje za dominantou, je
oznacovan jako subdominanta nebo kodominanta. V agrofytocenézach se jedna o jeden nebo

vetsinou vice plevelnych druhii s vysokym zastoupenim.

1.7.1 Metody hodnoceni kvantitativniho druhového sloZeni

Kvantitativni zastoupeni jednotlivych druhii v rostlinném spolecenstvu zavisi na
pocetnosti jejich populaci a na velikosti jejich jedinc. Tim je urCena biomasa populace a
prostor, ktery ve spolecenstvu zaujimd. Tento prostor pak lze vyjadrit pokryvnosti populace

(Moravec et al., 1994).
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Pocetnost populaci

Pocetnost (abundance) populace urcitého druhu je vyjadfena poctem jedincii na
analyzované plose. Pro odhad pocetnosti bylo zavedeno né¢kolik stupnic, napi. Braun —
Blanquetova (stupné 5 — 1, od druhii velmi hojnych po ojedinélé).
Pokryvnost populaci

Pokryvnost populace ur¢itého druhu ve spolecenstvu je definovana jako vertikélni
projekce jejich nadzemnich organii na analyzovanou plochu vyjadiena v procentech celkové
analyzované plochy (Moravec et al., 1994). Pro stanoveni pokryvnosti se pouZzivaji rizné
metody pfimé (bodova, liniova, grafickd) a nepfimé. Pfimou metodou je odhad pokryvnosti,
pii kterém se pouzivaji rizné stupnice pokryvnosti. Nejpiesnéjs$i jsou stupnice, které
kombinuji pokryvnost a pocetnost, pficemz vyssi stupné vyjadiuji pokryvnost, nizsi stupné
pocetnost druhovych populaci s nizkou pokryvnosti. Casto uZivana je stupnice Braun —

Blanquetova a Dominova (pro stfedni Evropu modifikovana Domin — Hadacova).

Pokryvnost / vyskyt Braun — Blanquetova st. | Dominova st.

ojedinéle r +

mMinimalni pokryvnost/vzacné | +

velmi roztrousené

do 5% / roztrousené
5-15%

15-25%
25-33%

33-50 %
50-75%

75-90 %

90 - 100 %

O O N| o o | WO N B

gl o1 b W W N N -

[EEY
o

1.7.2 Druhova diverzita a indexy diverzity

Druhové rozmanitost spolecenstva obecné zavisi na jeho druhovém bohatstvi. Podle
Oduma (MoRAVEC et al., 1994) vyjadiuje diverzitu spoleCenstva pomér poctu druhii k poctu
jedincti:

I giv. = S/I

kde S = pocet druhti, I = pocet jedinct. V piipadé monocenodzy by se index blizil nule.
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Podle Whittakera (1972) se diverzita rozliSuje na alfa, beta a gama diverzitu. Alfa
v ramci jednoho spoleCenstva Ci stanovisté. Beta diverzita popisuje rozdilnost v druhovém
slozeni mezi vzorky, a to podél urcité¢ho gradientu (ekologického, prostorového, ¢asového)
nebo variabilitu mezi vzorky bez ohledu na smér n¢jakého gradientu v souvislosti se zménami
nékterého z faktord prostfedi. Cim méné spoleénych druhdi srovnavané vzorky obsahuji, tim
je beta diverzita vys$i. Gama diverzita vyjadiuje celkovou druhovou bohatost regionu
(Huston, 1994).

Druhova diverzita spolecenstev se sklada ze dvou slozek: druhova bohatost (species
richness) — pocet druht ve vzorku a druhova vyrovnanost (species evenness) — relativni
zastoupeni jednotlivych druhli ve vzorku. Druhové diverzita se vyjadfuje prostfednictvim
riznych indext, které se na Urovni alfa diverzity 1i8i pravé tim, zda kladou vétsi diraz na
bohatost nebo vyrovnanost. Ve fytocenologii se pouziva zejména Simpsoniv index a Shannon
- Wienerav index.

Simpsonitv index (D) vyjadfuje pravdépodobnost, Ze dva ndhodné vybrani jedinci
budou patfit ke stejnému druhu. Zdiraziiuje dominanci druhu, dava vétsi véhu druhim

béznym na ukor vzacnych. Méfi v podstaté opacnou vlastnost, nez je diverzita (Pielou, 1975).

D=)> p

gk

kde S = celkovy pocet druht, pi = ni/ N, ni=pocet jedincti druhu i, N = celkovy pocet jedinct
ve spolecenstvu.

Se zvySujici se diverzitou hodnota indexu klesa, proto se ¢asto pouziva jeho komplementarni
nebo reciproka forma (Sp).

Sp=1-DneboSp=1/D

Shannon — Wieneruv informacni index (H’) vyjadiuje nejistotu, se kterou lze predpoveédeét,
jakého druhu bude ndhodné vybrany jedinec ze vzorku. Nejistota kleséd s klesajicim poctem
druhti a s klesajici vyrovnanosti. V idealnim spoleCenstvu se stejnou abundanci pro vSechny

druhy by index dosahoval maximalni hodnoty (H ‘max).

H = _i P;-In p;
i1

25



kde S = celkovy pocet druhd, pi = ni/ N, ni= pocet jedinct druhu i, N = celkovy pocet jedinci
ve spolecenstvu.

Ze Shannonova — Wienerova indexu byl odvozen index vyrovnanosti (E), ktery vyjadiuje
procentualni podil hodnoty H” pro urcité spolecenstvo z maximalné¢ mozné hodnoty tohoto

indexu (H 'max) pro dany pocet druht (S) (Pielou, 1966):

E:H,/H’max*loo H,malens

Vyrovnanost mize dosahovat hodnot v rozmezi od 0 do 1, pficemz hodnoty 0 indikuji
spoleCenstvo extrémné nevyrovnané (dominovano jednim druhem) a hodnoty blizici se 1
spoleCenstvo extrémné vyrovnané (maximalni druhova diverzita, Zddny druh nedominuje)
(Booth et al., 2003).

Beta diverzita se vyjadiuje pomoci mnohorozmérnych indexti podobnosti. Nejstar§im
indexem je Jaccarditv index (IS;), ktery porovnava pocet druhtt v jednotlivych
spole€enstvech (A, B) s poctem druhti spolecnym obéma c:

ISy;= (c/A+B—c)*100

Podobny je Sorenseniiv index (1Ss):
ISs=(2c/A+B) *100
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2. Vyzkumné hypotézy a cil prace

Védecké hypotézy:

1. Chemicka ochrana proti plevelim je vyznamnym agrotechnickym opatfenim
prispivajicim k zajisténi vynost a jejich dlouhodobému riustu. Dosazeny prirtistek
vynosu se lisi v zavislosti na stanovistnich podminkach a péstované ploding.

2. Druhové slozeni plevelovych spolecenstev je charakteristické pro urcité pudné
klimatické podminky, ale je vyrazné¢ ovlivilovano péstovanymi plodinami a
pouzivanym zpusobem regulace pleveli. Dlouhodobé pouzivani herbicidii s urcitym

spektrem Uc¢inku pasobi na druhovou diverzitu plevelovych spolecenstev, nebot” vede

Kk ustupu citlivéjsich druht a k nartstu vyskytu odolnégjsich druh.
Cile prace:

1. Na zékladé¢ analyzy vynosovych dat z dlouhodobych polnich pokusii
kvantifikovat dlouhodoby vliv agronomickych opatieni véetné chemické ochrany proti
plevelim na tvorbu vynosu. Stanovit vynosové ztraty vlivem zapleveleni pro rtuzné

plodiny v rozdilnych osevnich postupech Vv riiznych ptidné klimatickych podminkach.

2. Na zakladé analyzy dat z dlouhodobych polnich pokust stanovit vliv pouZivani
riznych typt herbicidd a absence ochrany na druhové slozeni plevelovych
spolecenstev v rozdilnych pidné klimatickych podminkach a osevnich postupech.
Porovnat kratkodoby vliv riznych strategii oSetieni selektivnimi herbicidy na ucinnost

ochrany a druhovou diverzitu plevelovych spolecenstev.
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3. Publikované prace

Seznam publikovanych praci:

Madaras, M., Mayerova, M., Kumhalova, J., Lipavsky, J. 2018. The influence of mineral
fertilisers, farmyard manure, liming and sowing rate on winter wheat grain yileds. Plant, Soil
and Environment. 64 (1). 38-46.

Mayerova, M., Madaras, M., Soukup, J. 2018. Effect of chemical weed control on crop yields
in different crop rotations in a long-term field trial. Crop Protection. (in press).

Mayerova, M., Mikulka, J., Madaras, M., Soukup, J. 2017. Dlouhodoby efekt herbicidniho

osetieni na vynos v osevnich sledech. Uroda. 65 (10). 18-20.

Mayerova, M., Mikulka, J., Kolatova, M., Soukup, J. 2017. Changes in weed community
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Kiihn-Archiv. 458. 58-66.

Mayerova, M., Mikulka, J., Soukup, J. 2018. Effects of selective herbicide treatment on weed

community in cereal crop rotation. Plant, Soil and Environment. 64 (10). (in press).

Tato kapitola je tématicky rozdé€lena do tii ¢asti. Prvni ¢ast se zabyva vlivem rtznych
faktorti na tvorbu vynosu plodin v dlouhodobych polnich pokusech. Podkapitola 3.1.1 je
vénovana vlivu mineralniho a organického hnojeni, vapnéni a hustototy vysevku na vynos
zrna pSenice ozimé v polyfaktoridlnim, témét 30 letém, polnim pokusu na ¢tyfech pokusnych
stanicich VURV, v.v.i. (Kostelec, Hnév&eves, Pernolec, Humpolec). Navazuji podkapitoly
3.1.2 a 3.1.3, ve kterych je zkoumén dlouhodoby efekt herbicidniho oSetieni a osevnich
postupti na vynos péti plodin (brambory, hrach, pSenice ozim4, jeCmen jarni, fepka ozima) ve
vice nez 40 letém polnim pokusu na dvou lokalitach (Pernolec, Hnév¢eves). Tento pokus je
rozdélen na dvé Casti podle uplatiiovanych osevnich postupti: zjednoduSeny osevni postup se
75 % obilnin a pestry s 50 % obilnin vcetné okopanin. V pokusu jsou pouzity 3 varianty
osetfeni proti plevelim: (1) neoSetiend kontrola, (2) ristové herbicidy (pouze u
zjednoduseného osevniho postupu), (3) cilené oSetieni kombinaci herbicid.

Druhé ¢ast popisuje dlouhodobé zmény plevelového spolecenstva na orné pidé v zavislosti na
chemickém oSetfeni, osevnich postupech a péstovanych plodinach. Zdrojem dat pro tento
vyzkum byl vyse popsany dlouhodoby herbicidni pokus VURV, v.v.i. v Pernolci a Hnévéevsi.
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Posledni ¢ast prace se zabyva moznosti vyuziti selektivnich herbicidii jako nastroje pro
ucinnou regulaci plevelt pfi soucasném zachovani uspokojivé druhové rozmanitosti
plevelového spoleCenstva. Data byla ¢erpana z kratkodobého polniho pokusu v Praze-Ruzyni
S riznymi Strategiemi chemického oSetfeni: (1) nizkonakladové, po dlouhou dobu pouZzivané
herbicidy s uzsim spektrem uc¢inku, (2) moderni herbicidy se tfemi G¢innymi latkami a SirSim

spektrem ucinku.
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3.1 Vliv agrotechnickych opatifeni na vynosy plodin v dlouhodobych
polnich pokusech

3.1.1 The influence of mineral fertilisers, farmyard manure, liming and sowing rate on

winter wheat grain yileds.
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ABSTRACT

Madaras M., Mayerovd M., Kumhélov4 J., Lipavsky J. (2018): The influence of mineral fertilisers, farmyard manure,
liming and sowing rate on winter wheat grain yields. Plant Soil Environ., 64: 38—46.

The influence of mineral fertilisers, liming, farmyard manure and sowing rate on the winter wheat grain yields was
studied in a long-term field experiment at 4 sites under different soil and climatic conditions in the Czech Republic.
A total of 135 partial fraction-factorial experiments were performed between 1980 and 2013 and evaluated using a
statistical model with linear and quadratic terms for each factor. Yield trends demonstrated remarkable influence of
fertilisation at two sites of lower starting productivity. Here, grain yields increased by 50% and 25% since the trial
commencement, while the rate of yield increase was low at more productive sites. Yields were the most frequently
influenced by nitrogen (N) fertilisation, uniformly at all sites. N response curves were strongly curvilinear, but these
differed between sites and were affected by preceding crops. The relative frequency of statistically significant influ-
ences decreased in the following order: N (significant at « < 0.05 in 89% of all partial trials) > sowing rate (29%) >
phosphorus (22%) > farmyard manure (15%) > potassium (12%) > liming (8%). This order and the frequencies of

these influences are discussed with regard to relevant site and soil conditions.

Keywords: Triticum aestivum; long-term field trials; seeding density; soil productivity; nutrients

Gradual changes in soil productivity can only
be measured by long-term monitoring or field
experiments. Long-term agro-ecosystem experi-
ments help evaluation of the cropping system
effects on soil quality, sustainability of these
systems and provide early warning indication of
threats to future crop production (Richter et al.
2007). Fertilisation is one of the most important
intensification factors significantly effecting crop
yield and quality (Cerny et al. 2010). Edmeades
(2003) contended that nutrient inputs can increase
crop production by 300-400% and are essential in
maintaining long-term sustainability. A long-term
Broadbalk wheat experiment confirmed a strong
yield response to nitrogen fertilisation with the

curvilinear character of nitrogen (N) response
curve (Brentrup et al. 2004). Jaakkola and Yli-
Halla (2008) reported a significant decrease in
cereal yields after 30 years with N fertilisation
not balanced with phosphorus (P) and potassium
(K) fertilisers. Moreover, yield and its response
to fertilisers depend on preceding crops, and the
results from a Hungarian long-term experiment
(Berzsenyi et al. 2000) showed that yields of wheat
cropped in monoculture were always lower than
in crop rotation. Simultaneously, significantly
higher yields were obtained at high NPK fertili-
sation rates, especially in rotations with a high
proportion of cereals. The combined application
of organic manure and inorganic fertiliser was an

Supported by the Ministry of Agriculture of the Czech Republic, Projects No. RO0417 and QJ1610547.
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efficient way of fertilising (Berzsenyi et al. 2000).
Fertiliser effectiveness may differ due to locally —
specific conditions of field trials (Cerny et al.
2010). Therefore, it is difficult to draw general
conclusions and recommendations concerning ef-
fective fertilisation. Long-term yield records from
the experiments performed at diverse sites can
improve the fertilisation recommendations. The
objective of this study is to use robust long-term
field data to evaluate the effect of basic agronomic
measures on the winter wheat grain yields in dif-
ferent soil and climatic conditions.

MATERIAL AND METHODS

Field trials. Fraction-factorial field fertilisation
experiments (FFFE) were established in 1979 at
10 sites. Winter wheat grain yield data used for
this study were recorded from trials active until
2013 at the Czech Republic Hnévceves, Kostelec
nad Orlici, Humpolec and Pernolec sites (Table 1).

FFFE’s were designed to specify the influences of
six independent agronomy measures — nitrogen,
phosphorus and potassium mineral fertilisation,
farmyard manure (FYM), liming and sowing rate on
the growth of common field crops. FFFEs are based
on the fraction-factorial experimental design of a
central scheme of the second order in incomplete
blocks (Cochran and Cox 1957). Medium levels of
all factors reflected standard (optimal) crop-specific
cropping practice and excess levels were expected

doi: 10.17221/703/2017-PSE

to limit crop growth by excess nutrient or very high
stand density. Fertilising and liming had five levels:
zero (0%) — lower (58%) — medium (100%) — higher
(142%) and excess (200%). Sowing rate was utilised
as a factor until 1990 in a modified range from basal
40-75% of the medium level depending on crop
type to the 140-200% excess range. Medium levels
of fertiliser and sowing rates are shown in Table 2.
Ammonium nitrate and sulphate, superphosphate
and potassium chloride were used as N, P and K
mineral fertilisers. Wheat was usually sown between
September 24" and October 10t and the sowing rate
ranged from 200 to 700 germinated seeds per m?.
Lime was applied each 4 to 8 years in the medium
rate calculated to reach the optimal soil reaction,
which was 7.0 for Hnévceves and Kostelec, 6.5 for
Pernolec and 6.0 for Humpolec.

At each site, the trial comprised 4 fields with
56 plots (5 x 12 m) per field and 47 treatments
were employed. Details of the FFFE design are
described in Madaras and Lipavsky (2009). Crops
were grown in an 8-year crop rotation (Table 2).
The crop rotation was phased in four fields at
individual sites so that the same crop appeared
in the same crop sequence on each site in the
two-year period. Conventional tillage up to 25 cm
depth was used for soil cultivation and 12 winter
wheat cultivars were grown during the evaluated
period; each for approximately 5-7 years. After
two complete rotations, alternative crops such as
oilseed rape and pea were also included and crop
rotation was changed in some fields. The sowing

Table 1. Characteristics of the experimental sites and soil properties at the experiment commencement

Location Available nutrient
. Altitude Temperature Precipitation . ox P K
Site latitude longitude (masl)  (C) (mm) Soil (g PH egner Dschachschabel
(mg/kg)
Orthic Luvisol
Hnévcéeves 50.31 15.72 265 8.2 573 on loess, 1.0 6.4 73 120
clay-loam
Orthic Luvisol
Kostelec 50.12 16.19 290 7.6 681 on loess, 1.1 63 62 119
sandy-loam
Stagno-gleyic
Humpolec 49.55  15.35 525 6.5 667 Cambisol o 0y oy 212
on paragneiss,
sandy-loam
Stagno-gleyic
Pernolec  49.77 1268 530 7.1 559 Cambisol )\ gy o 185
on orthogneiss,
sandy-loam
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Table 2. Crop rotation in experiments and application rates (medium factor levels) for crop-plants

Crop - plant e e Sy
1 Clover + oat/alfalfa + oat” 40 60 100 - 16 kg + 2.0 x 10°
2 Clover/alfalfa* - - - - -

3 Winter wheat 100 40 70 - 4.5 x 108

4 Silage maize 175 50 150 40 8.0 x 10*

5 Winter wheat 125 40 70 - 4.5 x 10°

6 Spring barley 90 40 50 - 4.5 x 10°

7 Potato/sugar beet” 150 50 150 40 8.5 x 10%

8 Spring barley 60 40 50 - 4.5 x 10°

*the total amount of nitrogen (N). N application was divided into 3 doses for winter wheat (50% before sowing, 17% in

early spring, 33% in spring). — factor not used. *Potato and clover were planted in Humpolec and Pernolec

rate factor was not used after 1995 and a uniform
sowing rate of 4.5 x 10° germinated seeds/ha was
applied to follow the previous medium level. The
factorial fertilisation scheme for the remaining five
factors continued until 2013. Therefore, the yield
records were not excluded from our evaluation.
Data processing and statistics. The winter wheat
grain yields at standard 86% dry matter moisture
recorded from 1980 to 2013 were used, and the
database for analysis comprised 135 partial tri-
als, which provided 7560 individual plot records.
Yield time trends were evaluated by simple linear
regression. Each field trial was evaluated separately
to determine the experimental factor effects. The
method proposed by Cochran and Cox (1957) was
employed; briefly, the statistical evaluation of the data
was based on the model, which enables estimation
of linear and quadratic effects and the interactions
between factor pairs. The statistical significance of
each factor or each factor pair interaction was tested
at a < 0.05 and only statistically significant equation
members were used in the final model equation.
When a particular model did not prove the factor’s
statistical significance, either alone or in an interac-
tion, the factor’s influence on yields in that model
was regarded as zero. Models lacking significance
were discarded and yield prediction curves were
generated from each of the remaining models. The
obtained values were then averaged according to the
preceding crop and the experimental site, and final
results were graphed for visual assessment. Results
on factor pair interactions are not shown here; they
will be reported and discussed in the separate paper.
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RESULTS AND DISCUSSION

Yield trends. A remarkable increase in winter
wheat grain yields was recorded in Kostelec and
Humpolec, i.e. at lower productivity sites (Figure 1).
Mean yields increased by 50% in Kostelec and by
25% in Humpolec between the first and the last
crop rotation. Fertilisation clearly gradually en-
hanced soil fertility by increasing soil quality, and
this was supported by the research results from
Christensen (1997), Johnston (1997) and Edmeades
(2003). During the experimental period, the ferti-
liser effect was combined with the introduction of
new more productive wheat cultivars with better
nutrient use efficiency and/or better structure and
higher component yield capacity (Mladenov et al.
2011, Sanchez-Garcia et al. 2012, Cormier et al.
2016). This resulted in an increasing difference
between non-fertilised controls and the most pro-
ductive treatments. The rate of yield increase was
only 13% in Hnévceves. Even excess N did not bring
substantial additional yield increase. Hejcman and
Kunzové (2010) and Cerny et al. (2010) recorded that
the N yield effect is often lower at sites with higher
natural soil fertility. Specific decreasing trends were
recorded in Pernolec, where mean yields dropped by
9% after the first rotation. Only the most intensive
fertilisation maintained yields at the starting level
and the yields at unfertilised treatments decreased
immediately after the experiment set-up. These
experimental fields were most likely intensively
fertilised before 1979, as the starting yields were
quite high for these climatic and soil conditions.
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Figure 1. Winter wheat grain yields over the experimental period, with trends for average annual yields (solid),
non-fertilised control (dotted) and the most productive treatment (dashed)

The average influence of experimental factors for the partial trials where factors were signifi-
on wheat grain yields is quantitatively expressed cant. These graph curves are therefore steeper
in Figure 2; Figure 3 highlights the influence only  because they not flattened by a large number of
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Figure 2. Average influence of N, P, K and lime (kg/ha), farmyard manure (t/ha) and sowing rate (10° germina-
ted seeds) on winter wheat grain yields in the whole dataset. Numbers next to curves show number of partial
trials participating at the average model curve calculation. For each factor graph, other factors were set to their
medium values in the model
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Figure 3. Influence of N, P, K and lime (kg/ha), farmyard manure (t/ha) and sowing rate (10° germinated seeds)
on winter wheat grain yields in cases when factor effects were statistically significant at P > 0.05. Numbers next

to curves show number of partial trials participating at the average model curve calculation. For each factor

graph, other factors were set to their medium values

non-significant cases. Within the partial trials
performed, each factor was used from 16 to 40
times at each site, while the statistical significance
was confirmed from 1 to 32 times at each factor
and site combination (Table 3). These numbers
are important for the relevance of the quantitative
results presented in Figures 2 and 3. The higher
is the percentage of significant cases, the higher
is the result relevance.

Nitrogen. N was statistically significant in 89.4%
of all partial trials and in 100% of trials performed
in last 8 years (Table 3). A quadratic member was
significant for 66% of all calculated yield models,
resulting in a strongly curvilinear N response
curves. N fertilisation can increase yields by an
average of 2 t/ha; however N effect was strong-
ly site-dependent with the curve rather flat for
Hnévceves and steeper for other sites. Site yield
potential was in the order: Hnévceves > Kostelec >
Pernolec ~ Humpolec, but the maximum yields
obtained were in the reverse order — at 110 kg N/ha
for Hnévceves, 130 kg N/ha for Kostelec, 145 kg
N/ha for Pernolec and 170 kg N/ha for Humpolec.
High N application rates caused occasional wheat
lodging, resulting in lower grain yields. The shift in
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curve peaks can be explained by increased nitrate
leaching in the climatic gradient from warmer to
colder sites. Results obtained from international
long-term experiments showed different optimum
N application rates, highlighting the strong effect
of local soil and climate conditions (Brentrup et al.
2004). N leaching strongly depends on N supply, crop
type and soil and climatic conditions (Heumann et
al. 2013). N losses are also connected with autumn
and winter precipitation, and are higher on light-
textured soils (Cameron et al. 2013). Results from
other Czech long-term experiments by Kunzova and
Hejcman (2009) and Hejcman and Kunzova (2010)
confirmed that grain yields on less productive soils
were strongly dependent on N application rates.
In addition, Sieling et al. (2005) and Hejcman and
Kunzovd (2010) recorded a statistically significant
influence of the preceding crop on grain yield, and
Rahimizadeh etal. (2010) reported that the preceding
crop affects wheat N uptake and use efficiency. This
research supports our finding that the preceding
crops have a substantial effect on the N response
curve (Figure 4).

Sowing rate. The next most important factor
was sowing rate, and its statistical significance
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Table 3. Overview of the influence of six experimental factors on winter wheat grain yields at experimental sites

Nitrogen Phosphorus Potassium Liming FYM Sowing rate
Site Period " "a <005 " "a <005 " M <0.05 " "a <005 " "a<0.05 " "a <0.05

toral o (y2) Ttotal ooy Trorl ooy Hrotal oy Trerl 2y Trotal gy
Kostelec ~ 1980-2013 34 32(21) 40 10(0) 40 6(1) 34 3(1) 39 9(0) 20 3(0)
Hnévceves 1980-2013 32 30(18) 38  8(4) 38  6(5) 30 2(1) 37 4(0) 19  6(2)
Humpolec 1980-2013 28 22(14) 28 2(2) 28 3(3) 24 3(0) 28 3(1) 20 7(2
Pernolec  1980-2013 29 26(20) 29 9(1) 29 1(0) 29 1(0) 29 4(2) 16 6(1)
All sites 1980-2013 123 110(73) 135 29(7) 135 16(9) 117 9(2) 133 20(3) 75  22(5)
Kostelec  2007-2013 9 9(6) 9 20 9 1(0) 9 10 9 2(0) - -
Hnévéeves 2007-2013 9  9() 9 2(1) 9 10 8 00 9 2(0) - -
Humpolec 2007-2013 4  4(2) 4 2(2) 4 22 4 20 4 1(0 - -
Pernolec  2007-2013 6 6(3) 6 1(0) 6 00 6 10 6 00 - -
All sites  2007-2013 28 28(17) 28 7(3) 28 4(2) 27 4(0) 28 5(0) - -
n, . —number of partial trials including the factor; n — number of partial trials in which the factor significantly

total

a<0.

05

influenced yields; x> — number of partial trials in which a quadratic member was statistically significant; FYM — farm-

yard manure

addition, while the effect of increasing sowing rate
was positive in colder sites providing + 0.5 t/ha
in significant cases, and slightly negative in
Hnévcéeves, the most consistent results were es-

was observed in 29.3% of cases. Sowing rate influ-
ence was less frequently noted in Kostelec than
at other sites and it increased yields on average
by 0.2 t/ha in the experimental range applied. In
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~3
E // \7
S 845 —  ———— 8 7
= \\ /
E 5 /
& —_— T T T —-3 /
=6 - 6 Vi
/ 5
4 ! T T 4 ’ T T
0 100 200 0 100 200
(c) (d)

10 J 8 10
2 /’_\ g PE——- S
< . 4
E 10 / 3
T 64777 TS 6 1
= - ~.

%
4 T T 4 T T
0 100 200 0 100 200

N application rate (kg/ha)

Figure 4. Average influence of nitrogen (N) fertilisation on winter wheat grain yields for different preceding
crops ((a) silage maize; (b) oilseed rape; (c) alfalfa/clover; (d) pea). Numbers next to curves show number of
partial trials participating at the average model curve calculation. For each factor graph, factors other than N
were set to their medium values
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tablished in Humpolec where 6 of 7 significant
cases achieved a positive effect. At other sites,
positive and negative cases were equally recorded,
thus confirming that the effect of sowing rate
differs in different environments and conditions
(Geleta et al. 2002). Compensatory mechanisms
for yield components usually lead to yields being
unaffected in the range of 300 to 500 germinated
seeds/m? (Gaile et al. 2017). The mutual compensa-
tion of yield-forming components produces equal
final stand density (Stephen et al. 2005) and the
lower plant number per m? is compensated by a
higher number of offshoots. Goodling et al. (2002)
reported a low-sowing-rate effect in N-deficient
wheat cropping, and this may also be relevant for
other nutrients. The Kostelec soil nutrient limita-
tion recorded in our research is confirmed by a
steep yield increase when fertilisation began and
this could have initiated conditions where the sow-
ing rate did not affect yields in the tested range.
Phosphorus. P influence was significant in
21.5% of all partial trials; however only in 7% in
Humpolec. P effect was positive for all sites except
Humpolec over the rate of 50 kg P/ha, where it was
curvilinear and negative. On average, P fertilisa-
tion increased yields by approximately 0.5 t/ha.
Humpolec soil had the lowest starting available
P content of all sites. The only two significant
results recorded for this site are therefore rather
surprising although available P level of 27 mg/kg
may still be sufficient to supply wheat plants.
These two cases were recorded in last 8 years of
the evaluated period (Table 3), indicating that soil
available P at underbalanced treatments might
have fallen enough to increase P effect on yields.
Guggenberger et al. (2000) reported that clay frac-
tion is important in short-term P turnover, and
while the low clay content in Humpolec soil may
be positive for P release, P may also be adsorbed
more readily in soils with higher clay content. Thus,
differences in soil type significantly influence P
dynamics (Blake et al. 2000). The meta-analysis
reported by Valkama et al. (2009) highlighted that
P fertilisation significantly increased crop yields
by 11%, but this depended strongly on soil texture
and organic matter content and its beneficial effect
decreased in the following order: organic soils >
coarse-textured mineral soils > clay soils.
Farmyard manure. FYM influence was signifi-
cant in 15.0% of cases, and its fertilisation effect
was linear. FYM increased yields by approximately
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0.75 t/ha in the range of applied rates; with the most
frequent influence of 23.1% of trials observed in
Kostelec. The effect there was the most intensive,
with expected yield increase by 1.5 t/ha. Nutrients
released from manure had a beneficial effect for
Kostelec plant growth because of its low initial
soil fertility, and the nutrient effect was therefore
much higher than in soils with higher available
nutrients. Cerny et al. (2010) and Berzsenyi et al.
(2000) reported that FYM application had a lower
effect on yield increase than NPK fertilisation. On
the contrary, Johnston’s (1997) Rothamsted results
recorded the greatest crop yields on plots treated
with manure, but FYM was applied here annu-
ally and at a higher rate than in our experiment.
Results from 14 international field trials indicated
no significant differences between manures and
mineral fertilisers in their long-term effects on
crop productivity; even the lower bulk density
and higher porosity, hydraulic conductivity and
aggregate stability relative to fertilised soils were
reported in manured soils (Edmeades 2003).

Potassium. In most cases, potassium (K) fer-
tilisation had no significant effect on yield, and
this finding is supported by Khan et al. (2014).
The significant effect of K fertilisation was more
frequent at Kostelec and Hnévceves, with their
loess-derived soils and 15.4% of statistically sig-
nificant cases, than at the remaining two sites
with gneiss-derived soils. The gneiss at our sites
contains a high percentage of K-bearing micas,
resulting in higher soil K content, while the to-
tal K in the loess-derived soils is much lower
(Madaras et al. 2010). The quantitative effects of
K fertilisation are inconsistent in some significant
cases (Figure 3); K fertilization increased yields
in Kostelec by approximately 0.5 t/ha also in the
excess rates while in Hnévceves rates over 70 kg
N/ha exerted a strong negative effect. The yield
reduction due to KCI application is explained by
both KCI’s high salt index (Khan et al. 2014) and
Mg deficiency induced by high K supply (Rémheld
and Kirkby 2010). In contrast to these two sites,
Humpolec high K rates had occasional clearly
positive effect on yields (N = 3), more frequently
in last 8 years of the experiment.

Liming. Haynes and Naidu (1998) and Kisi¢ et al.
(2004) reported that liming of acid soils improves
crop growth and yields. However, soil pH at our
experimental sites is within the 5.5-6.5 optimum
wheat range, which ensures both crop growth and
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optimum nutrient availability (Islam et al. 1980).
The pH very rarely fell under 6.0 at untreated
control plots, and therefore slightly acidic pH
range is most likely the reason that the effect of
soil reaction control by lime was rarely observed;
only in 7.7% of trials. Although soil acidification
with pH levels less than 5.0 can occur due to the
long-term use of N fertilisers, there was no reduc-
tion in winter wheat yield (Schroder et al. 2011).

Yields were most frequently influenced by N and
much less responsive to other factors. The effect of
N was much stronger than for other factors and it
had a parabolic shape in contrast to the linear and
very flat effects of the other factors, which signals
weak or negligible influence. Fertiliser doses at or
above the tested excess levels therefore did not af-
fect higher yields but they might have contributed
to water and soil pollution due to leaching. Finally,
our results confirmed the profound role of climatic
and edaphic site characteristics and the effects of
preceding crops on the shape of response curves.
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Abstract

The study is based on data from a long-term field experiment of extent and duration seldom
found in weed science. Yield losses from weed infestation of individual crops and crop
rotations were studied in a field trial conducted since 1972 at two sites in the Czech Republic.
The ongoing trial comprises multi-crop and simple crop rotations with 50 and 75% cereals,
respectively. Three herbicide treatments were used: (1) untreated; (2) synthetic auxins
(MCPA; 2,4-D; only in simple crop rotation) and (3) targeted herbicide combinations,
including sulfonylureas, triazines, ureas, and synthetic auxins. Crop yields and weather data
were recorded during the trial period and the effects of herbicide application on yield were
determined for crop rotation. Yield losses in untreated controls increased in the following
order: spring barley < winter wheat < pea < oilseed rape < potato. Because of the limited
weed control spectrum, the use of synthetic auxins had lower yield effect than targeted
herbicide combinations. Yields tended to increase over time in treated plots for almost all
crops at the more productive Hnévceves site, while stagnation or even decrease were observed

in untreated plots. The mean treatment effect steadily increased as the experiment progressed,
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raising from 4.9% in 1972-1985 to 76.9% in 2006-2016. Dependent on individual crops and
crop rotation, herbicide treatment ensured 13 to 50% higher crop yields than untreated plots.
Treatment with targeted herbicide combinations reduced the negative impact of simple crop
rotation on weed infestation and ensured sufficient crop yields.

Keywords: crop rotation; crop yield; herbicides; long-term field trial; weather; weed

population
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1. Introduction

Weed infestation in crop production systems reduces both yield and quality (Hance and
Holly, 1990) by competition between the crop and weeds for water, nutrients, light and carbon
dioxide, and also by allelopathy (Monaco et al., 2002). Overall, weeds reduce major crop
potential yields up to 34%; a greater reduction than from diseases and pests (Oerke, 2006).
German studies also indicated that weeds cause the highest yield losses of all noxious
organisms in conventional farming (Zwerger et al., 2004). However, crop yield loss varies
greatly in different situations. Bridges (1992) compared crop losses caused by weeds in
United States production systems with and without herbicides. Yield reductions were similar
across different grain crops and the geographic locations in herbicide treated systems, while
they varied substantially in the absence of herbicides. In temperate climates such as
Northwest Europe and parts of North America, the loss is markedly lower because losses are
minimised due to the common use of pesticides and good agricultural practice of the farmers.
The overall loss potential is especially great in high productivity regions and in tropical and
subtropical areas where weather conditions favour pest development (Oerke, 2006).
Yield losses also vary because crops have different competitive ability against weeds (van
Heemst, 1985). Crop competitiveness is a genetic trait influenced by genotype, crop
management, and environment (Asif et al., 2014). Barley (Hordeum vulgare L.) and rye
(Secale cereale L.) are generally more competitive than wheat (Triticum aestivum L.) (Mason
et al. 2007) while grain legumes such as pea (Pisum sativum L.) compete poorly with weeds
in early growth stages (Corre-Hellou et al., 2011). Harker (2001) reported crop yield losses in
the order of spring barley < canola (Brassica L. spp.) < pea in central Alberta in weedy plots
compared with weed-free plots. Moreover, competitive ability and yield losses vary among

cultivars and years due to both crop and weed species response to environmental conditions
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(Andrew et al., 2015), and it is therefore appropriate to evaluate the long-term impact of the
main influencing factors.

Asif et al. (2014) reported that species composition and weed density were the major

determining factors in crop competitiveness. Some authors found a linear negative correlation
between crop yield and densities of weed species or the total weed infestations (Stasinskis,
2009; Vanaga and Lapins, 2000), but non-linear models are also appropriate to predict yield
losses (Ali et al., 2013).
Stasinskis (2009) presented the highest impact of herbicide use (64.1%) on winter wheat yield
compared to soil tillage (9.5%) and the preceding crop (2.0%). The importance of chemical
weed control increases with simplification of crop rotations and reduced soil tillage.
Herbicides were identified as the main factor on increasing wheat yield in Canada and corn
and soybean yields in United States (Gianessi, 2013). Similarly according to Keller et al.
(2014, 2015) long-term yield increase in winter wheat and maize was possibly due to
chemical weed control. Neither the progress in agrotechnology nor the introduction of high-
yielding cultivars would have had significant impact on yield without effective weed control.
Although reduced herbicide application may not cause short-term increase in weed infestation
and yield loss (Bostrom and Fogelfors, 2002; Kudsk and Streibig, 2003; Kudsk, 2008;
Salonen, 1993), it leads to long-term higher densities in less sensitive species and significant
consequent yield losses (Hossard et al., 2014; Pallut and Moll, 2008).

Crop vyield is influenced not only by agrotechnology and the use of fertilizers and
pesticides, but also by site and climate conditions (Chloupek at al., 2003). Long-term field
trials have enabled monitoring of temporal yield trends and assessment of factors that change
slowly and depend strongly on the weather in particular years (Moss, 2004). Most Czech
Republic long-term field trials have been conducted by the Crop Research Institute in Prague

and have provided important information for agriculture and environmental science (Madaras
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and Lipavsky, 2009). Widespread use of herbicides in agriculture in the second half of the last
century initiated foundation of the Herbicide Field Experiment at two sites in 1972. This trial
enabled evaluation of the effect of long-term herbicides use on changes in weed populations
and provided unique data on crop yields and other valuable information. Although trial data
was continuously evaluated, current statistical methods and modern software now enable
more complete assessment. The aim of this study was to determine yield losses caused by
weeds for various crops and rotations under more than 40-year influence of different herbicide
treatments. We focussed on two hypotheses while analysing the dataset from the field
experiment: (1) yield is positively affected by herbicide treatment and (2) the effect of

herbicides on yield is uneven across different crops.

2. Materials and Methods

2.1. Experimental site
The long-term field trial has been conducted since 1972 at two experimental stations of the
Crop Research Institute in the Czech Republic; Hnévéeves (50.31487 N, 15.71612 E, sugar
beet growing region) and Pernolec (49.77053 N, 12.68099 E, potato growing region). The
long-term climatic and soil characteristics are listed in Table 1. The determined available
nutrients of 20cm soil samples taken after crop harvest with approximately five-year intervals
from each site are listed in Table S.2. Based on soil analyses, mineral fertilisers were applied to
ensure adequate plant-available nutrient contents.

The trial was established in two different crop rotation systems (CR) with specific cereal
percentages: (1) multi-crop CR (MCR) with 50% cereals and 50% broadleaf crops (winter
wheat - oilseed rape - winter wheat - root or tuberous crops - spring barley - pea) and (2)
simple CR (SCR) with 75% cereals and 25% legumes (winter wheat - spring barley- spring
barley - pea). Three herbicide treatments were used: (1) untreated control; (2) synthetic auxins

in simple crop rotation (MCPA; 2,4-D in cereals and bentazone in pea) and (3) targeted
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herbicide combinations according to observed weed infestation. At the start of the field
experiment and during the 1980s photosystem |1 inhibitors (especially triazines) were mostly
used. Afterwards ALS inhibitors (especially sulfonylureas) prevailed in cereals and
microtubule inhibitors or ACCase inhibitors in pea. Photosystem Il inhibitors were mostly
used for potato and synthetic auxins together with mitosis inhibitors (metazachlor) for oilseed
rape. Herbicides were always applied at the 2 to 6-leaf crop stage. No other weed
management was applied. The experiment was carried out as a split-plot design with five
combinations of crop rotation (main plots) and herbicide treatments (sub-plots):
MCR*untreated, MCR*targeted, SCR*untreated, SCR*auxins and SCR*targeted; with four
replications of each combination. The 100m? (10m by 10m) plots were established 10m from
field boundaries and separated from each other by 1 to 2m stripes in order to avoid
interactions between treatments. Field trial complied with good experimental practice (GEP)
standards. Standard (optimal) crop-specific cropping practice recommended for experimental
sites was conducted in all plots throughout the trial: conventional tillage up to 20-25 cm
depth; N, P, K, Mg, Ca crop fertilisation according to soil analyses; fungicide and insecticide
treatment when needed.

The crop cultivars were chosen for suitability to local temporal climate and soil conditions.
This was based on the recommendations of the Central Institute for Supervising and Testing
in Agriculture (http://eagri.cz/public/web/en/ukzuz/portal/) and their wide use in practice at
certain period of time. Improved high-yielding cultivars were introduced throughout the
experiment. Long-straw wheat varieties (Mironovska, Jubilar) were wused at trial
commencement, high-yielding short-straw varieties (Regina, Hana) were introduced after the
1980’s. Varieties with powdery mildew resistance and higher grain weight per spike
(Bohemia, Sakura, Sulamit) were planted from 2000. The parameters of Czech wheat varieties

are described in Dvoracek et al. (2014). The original Czech Diamant spring barley variety was
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used at trial commencement. Following planted varieties have had better malting quality
(Jersey, Sebastian, Bojos). Semi-leafless pea varieties (Eso, Zekon, Gotik) were introduced
after the 1990’s. These had reduced lodging and lower yield losses from diseases. Potato
varieties were not changed as often. Radka, the most widely cultivated local variety was used
until the 1990’s. Subsequent Ditta and Adéla varieties had higher yields and higher resistance
to blight and viral diseases. Hybrid varieties of oilseed rape (Artus, NK Octans) were used

after 1995.

2.2. Data collection

Weed species composition and weed density were assessed at the beginning of the trial and
annually. Weed data was recorded at the 2 to 6-leaf crop stage before post-emergence
herbicide application. Plant species and the numbers in four randomly placed sampling
quadrates (0.25m? 0.5m by 0.5m) in each plot were identified and counted. Densities in the
four squares were aggregated to provide 1m? samples. To eliminate the edge effect, only the
central 22 m? area of each experimental plot was harvested. The harvested product of grains
was cleaned, dried when necessary, weighed and converted to standard moisture (14% for
cereals and pea and 12% for oilseed rape). Dry matter was determined by drying until
constant weight was achieved at 105°C. Potato tuber fresh matter yield was established by
direct field weighing. Daily meteorological data was recorded during the trial period, with the
following six descriptive meteorological characteristics selected for weather impact
evaluation: total rainfall during March-June, May-June, and July, and average temperatures in

May, January-February, and March-July (Figure S.1).

2.3. Statistical analysis
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Yield data were not available for all years, so analysis was conducted on data for the five

most frequently cultivated crops: winter wheat, spring barley, pea, potato, and oilseed rape.
Temporal yield trends were determined by standard linear regression (Meloun and Militky,
(2004); with year the independent variable and yield per plot the dependent variable.
The effects of chemical weed control were evaluated using a mixed-effect linear model,
which was fitted for each crop rotation and crop species. Yield was transformed to a ratio
scale, i.e. it had a continuous characteristics and the ratio of two yield values had meaningful
interpretation. Since yield cannot be negative, it can only approximately be modelled using
the normal distribution. We used the logarithmic transformation to remove the non-negativity
constraint. By comparing the vyields on the logarithmic scale, the model described
multiplicative (yield ratios) rather than additive (yield differences) effects of the experimental
treatment.

The only independent variable of interest (fixed variable) was the treatment. Additional
(random) variables were introduced to reflect the structure of the experiment and the fact that
observations were not independent (Boisgontier and Cheval, 2016). Yields from plots
established at the same locality were expected to be more similar than yields from plots at
different localities (spatial correlation). Similarly, yields obtained from the same plot in
subsequent years showed more agreement than when different plots were compared (temporal
correlation). Finally, yields obtained from plots exposed to the same weather conditions
(i.e. representing the same ombination of year and locality) were expected to be more similar
than yields obtained from plots affected by different weather patterns (spatio-temporal
correlation). For this reason, the models included effects of plots, of plot:locality, and
plot:locality:year combinations:

|Og yield“'p’y =qa + ﬂt + al + b|’p + Cl,p + 8t1|,p‘y,
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where yieldy,py — yield under the treatment t, at the locality |, at the plot p, in the year y; a —
baseline yield; p; — fixed effect of the treatment t on the yield; aj — random effect of the
locality | on the yield; b, — random effect of the plot p at the locality | on the yield; ¢, —
random effect of the year y at the locality | on the yield; &,y — residual associated with the
combination of the treatment t, the locality I, the plot p, and the year y.

In addition to the individual model per-crop, a model covering all crops was fitted for each
crop rotation by converting the yields of all crops into Cereal Units (CU). This enabled
assessment of weed management influence on crop yields across all crop species. The CU is
based on the animal feeding value, a relevant function of agricultural products. CU conversion
factor is determined by the metabolizable energy content of different agricultural products and
compared to the barley benchmark (1tonne of barley grains equals to 1tonne CU).
Methodology and CU conversion factors following Brankatschk and Finkbeiner (2014) were
used to calculate the CU.

Model assumptions were then checked by visual analysis of the distribution of residuals. To
assess the homoscedasticity assumption the values of the residuals with respect to the model-
predicted values were plotted. Lack of evident relationship between the two measures
indicates that the assumption is sound. For the model errors normality assumption, the
quantiles of the residuals were graphically compared with the normal distribution quantiles.
The degree of normality violation is indicated by the deviation of the obtained pattern from a
straight line. Traditionally, statistical tests were used for model diagnostics. However, the
visual approach is preferred by the modern statistics (Kozak and Piepho, 2018). Each model
goodness-of-fit was assessed using the marginal (only fixed effects considered) and

conditional (all effects considered) R? according to Nakagawa and Schielzeth (2013).
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The fitted models enabled estimation of mean multiplicative treatment effects with their 95%
confidence intervals. This dimensionless value represents a percentage difference between the
yield obtained from a treated experimental plot and the yield from the untreated control.

We then assessed weather influence on observed yield patterns by Principal Component
Analysis using the example of spring barley in the simple crop rotation data because this
provided the greatest number of data points. To mitigate the confounding effect of weather
factors and experimental treatments, a linear model describing the relationship between a
random multiplicative plot effect and yield was fitted and values of residuals extracted by
calculating the differences between predicted and observed yields. All analyses were

conducted by STATISTICA 12 (StatSoft, Tulsa, OK, USA) and R (R, 2016).

3. Results and Discussion
3.1. Weed species composition.

The long duration of the trial enabled the observation of changes in species occurrences
and densities. In 1972, the average weed density and number of different weed species before
herbicide treatment were 198 plants m™ of 21 species at Pernolec and 86 plants m™ of 11
species at Hnévcéeves. At the beginning of the trial, the following species dominated at
Pernolec: Viola arvensis Murray, Erophila verna L., Arabidopsis thaliana (L.) Heynh,
Myosotis arvensis L., Veronica spp. L., Polygonum aviculare L. and Apera spica-venti (L.)
P.Beauv. (Table 2); and the Hnévceves site was dominated by Thlaspi arvense L., Papaver
rhoeas L., Lamium spp. L., Stellaria media (L.) Vill., Veronica spp. L. and Fallopia
convolvulus (L.) A. Léve (Table 3). A total 53 different species at Pernolec and 29 at
Hnévceves were identified over the experimental period.

In the last monitored years, the average weed density in winter wheat was significantly

higher in untreated plots than in treated plots at both sites and crop rotations. Simple crop
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rotation showed higher weediness than multi-crop rotation in both untreated and herbicide-
treated plots. It is in agreement with Koocheki et al. (2009) who found that rotation of sugar
beet-winter wheat caused 28% reduction in the weed seed bank compared to wheat
monoculture. Treatment with synthetic auxins affected only a limited weed spectrum and the
weed densities were only slightly lower than in untreated plots, while the lowest weed
numbers were recorded after the targeted herbicide combinations (Tables 2, 3). The role of
experimental site in interaction between multi-crop rotation and targeted herbicide application
remained unclear. Although we found a synergism of these factors at both localities, the
decrease of weed density was much stronger at Pernolec site with lower productivity (90%)
than in Hnévceves (only 26%) compared to untreated plots. This difference between the two
localities can in part be explained by intensive crop management in Hnévceves. The fields of
this site received high fertiliser inputs and there was excessive herbicide use during the 10
years that preceded the trial, therefore initial weed density was low. Changes in weed flora
composition were determined and described in detail in Mayerova et al. (2018). Tables 2 and
3 demonstrate differences in winter wheat weed community composition at the beginning of
the trial and the present. Major changes observed in Pernolec were: (1) poor, less competitive
species receded or disappeared in all treatments - Myosotis arvensis L., Raphanus
raphanistrum L., Scleranthus annuus L. and Erophila verna L.; (2) the density of competitive,
winter annual species increased in untreated plots - Tripleurospermum inodorum (L.)
Sch.Bip., Centaurea cyanus L., Veronica spp. L., Spergula arvensis L.; (3) the recorded
population densities in some species, such as Apera spica-venti (L.) P.Beauv., Arabidopsis
thaliana (L.) Heynh and Stellaria media (L.) Vill., resulted in no change in any treatment
during the experimental period. Major changes in Hnévceves were: (1) increased density of
winter annual species in untreated controls - Lamium purpureum L., Veronica spp. L.,

Stellaria media (L.) Vill., Papaver spp. L., Galium aparine L. and (2) density increase
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recorded in treated plots for the following winter and summer annual species: Apera spica-
venti (L) P.Beauv., Fallopia convolvulus (L) A. Lo6ve, Fumaria officinalis L.,

Tripleurospermum inodorum (L.) Sch.Bip. and Cirsium arvense (L.) Scop.

3.2. Herbicide effects on yields

Herbicide use resulted in significantly higher yields than in untreated plots in both crop
rotations and an increment of the yield on treated plot increased with time (Figure 1). This is
confirmed by conditional R? from 0.73 to 0.94 for each crop:crop rotation model (Table 4).
The yield increase varied with crop type. As Oerke (2006) and Asif et al. (2014), we found
relative yield increase averaged over herbicide treatments in the following order: spring
barley < winter wheat < pea < oilseed rape < potato. The average yield increases of spring
barley in treated plots were: 13% (targeted, MCR), 15% (auxins) and 23% (targeted, SCR).
Depending on spring barley variety, Didon and Bostrom (2003) reported 19 to 37% vyield
increase following herbicide application, but they did not confirm relationship between grain
yields and barley varieties’ ability to suppress weeds. In addition, Harker (2001) reported the
lowest yield increase in spring barley (41%), compared to canola (67%) and pea (85%).
Although some studies indicate that herbicide application rates can be reduced without
negative effect on yields in more competitive crops such as spring barley (Bostrom and
Fogelfors, 2002; Salonen, 1993), Hossard et al. (2014) estimated 5 t013% crop yield losses in
winter wheat following 50% pesticide reduction (herbicides, insecticides, and fungicides).
Moreover, the negative effect of long-term lack of herbicide treatment in our experiment
resulted in greatly reduced barley yield.

Our experiment consistently minimised possible inappropriate impacts connected with
herbicide use, including incorrect selection of herbicide and application timing. We found

significant herbicide effects on winter wheat yield (Figure 1). This contrasts with Gaba et al.
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(2016) who recorded no relationship between crop yields and herbicide use after one-year
survey of 150 winter wheat fields on 30 French farms. Lotz et al. 1990 showed the negligible
effect of herbicide application on yields of wheat grown after root crops, which is attributed to
intensive weed suppression in the preceding growing season.

Our study shows that herbicide treatment affects dicotyledonous crop yields more than
cereals. For example, the average potato tuber yield significantly increased by 50% in treated
plots compared to untreated controls (Figure 1). Beltrano and Caldiz (1993) and Colquhoun et
al. (2009) also reported tuber yield’s strong dependence on weed infestation. Significant
increase in tuber yield following weed suppression was also reported at 75% by Banaras
(1993) and from 33 to 213% by Love et al. (1995). The average increases in pea and oilseed
rape yields in treated plots in our experiment were 36 and 40%, respectively, and similar
results were presented in a 2003 German survey, where estimations of average yield
reductions without weed control were the highest in pea (75%) and winter wheat (50%), and
the lowest were in spring cereals (20%) and potato (25%) (Zwerger et al., 2004).

Although synthetic auxin treatment alone had less effect than targeted herbicide
combinations, this result was expected because synthetic auxins have a limited weed control
spectrum and weed infestation was higher than in the plots with targeted herbicide
combinations. High weed density of tolerant weeds, such as Apera spica-venti, Veronica spp.,
Viola arvensis, Lamium spp., and Tripleurospermum inodorum was recorded in plots treated
with synthetic auxins (Tables 2, 3). In addition, targeted herbicide combination effects on
yield did not differ between multi-crop and simple crop rotation, except for spring barley
(Figure 1). In summary, the average yield increases expressed by the Cereal Unit in treated
plots were 27% (targeted, MCR), 19% (auxins) and 30% (targeted, SCR) (Figure 1). Many
authors reported a negative impact of simple crop rotation on weed infestation and

troublesome weed species occurrence (Blackshaw, 1994; Cardina et al., 1998; Lejins and
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Lejina, 2007). We confirmed this pattern in our trial; with higher weed infestation and higher
occurrence of species such as, Veronica spp, Viola arvensis, Lamium spp., Tripleurospermum
inodorum and Apera spica-venti, detected in simple crop rotations compared to multi-crop
rotations (Tables 2, 3). Nevertheless, the herbicide treatments suppressed weeds sufficiently

and ensured comparable yields.

3.3. Trends over time

Yield varied widely throughout our research. This was most likely due to fluctuating
annual weather (Figure S.1) because similar variability was documented in the Czech long-
term Crop Rotation Experiment (ICRE, Kunzova and Hejcman, 2009; Hejcman and Kunzov,
2010). Despite the high year-on-year variability and total increase in weed density,
remarkable temporal trends were observed in Hnévceves, where treated plot vyields
significantly increased. This increase was especially noted in spring barley (Figure 2), winter
wheat (Figure 3) and pea (Figure 4). In contrast, no annual yield increase was recorded for
herbicide treatments in Pernolec, even though the yield decrease was more marked in
untreated plots than treated ones (Figure 5). This temporal difference between sites can be
ascribed to soil fertility because Pernolec soil is more acidic and has less essential nutrients
than Hnévéeves (Table 1). The Pernolec soil also limits crop growth because its coarser
texture has less ability to maintain nutrients and water. Consequently, no increase in yield
was recorded there although weeds were controlled and more productive crop varieties were
introduced during the trial period. The ICRE results confirmed the great effect of site
conditions on crop yields. Here, the mean grain winter wheat yields of unfertilized treatment
decreased over 50 years on sandy-loamy Cambisol but increased on loamy Chernozem in the
Czech lowlands. This indicates the low natural fertility of sandy-loamy Cambisol (Hejcman

and Kunzovd, 2010; Kunzova and Hejcman, 2009). In addition, Lithourgidis et al. (2006)
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recorded high temporal variability of winter wheat yields in 25 years study in northern
Greece. They also recorded the great effect of soil type, where lower temporal variability of
yields occurred in clay loam soils than in loam soils. These effects could contribute to both
the greater annual variability and yield decrease over time in sandy loam soil at the Czech
Pernolec locality. Here, Pernolec is located in the rain shadow of Cesky Les mountains; with
resultant lower total rainfall than other national areas at similar altitude (Hrnciarova et al.,
2009). This adds to reduced crop yields.

Keller et al. (2014, 2015) reported gradual long-term yield increases in winter cereals and
maize when weeds are controlled by herbicides, but no significant yield trends were detected
in the untreated control. Our crop rotations at both Hnév¢eves and Pernolec proved that the
yield of investigated untreated crop had either stable or declining trend with no significant
yield changes recorded during the course of the experiment. Even after adopting the latest
agrotechnology including high-yielding cultivars of winter wheat (Elly,Sakura, Bohemia),
spring barley (Bojos, Sebastian) and pea (Eso, Zekon), no significant yield increase occurred
without effective weed control and ensuring sufficient soil nutrient reserves. Chloupek et al.
(2004) documented that mean yields in common crops increased from 0.76% to 1.53%
annually over 75 years in the Czech Republic. They also reported increased yield stability
over time, with lower dependence on individual site annual weather because of improved
high-yielding varieties, more suitable pesticides and mechanisation.

The gradual linear increase in multiplicative treatment effect recorded at the Hnévcéeves
site (R? = 0.45), especially over the last 15 years, was an interesting phenomenon in our
research. The mean treatment effect steadily increased as the experiment progressed, raising
from 4.9% in 1972-1985 to 76.9% in 2006-2016 (Figure 6). This increase was due to
maximising yield potentials of the treated plots (Figures 2, 3 and 4), while yields in control

plots stagnated due to density of high competitive weed species, such as Apera spica-venti,
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Tripleurospermum inodorum, Veronica spp., and Centaurea cyanus in Pernolec; and Sinapis
alba, Stellaria media, and Galium aparine in Hnévceves. We suspect that the improvements
are also due the genetic progress taking place in these years. The newly introduced varieties
exhibited increasing yield potential, which could be expressed under the herbicide protection.
We further predict that the gradual increase in average temperatures is going to result in better
crop performance in properly treated plots. Chloupek et al. (2004) reported significant
increase of average temperature from 1920 to 2000 in the Czech Republic; with 0.087°C
annual increase over the last monitored decade. Moreover, mild winters can also exert higher
weed pressure of winter annual species, such as Apera spica-venti, Tripleurospermum

inodorum, Veronica spp., Lamium spp., in untreated plots (Figure S.1).

3.4. Influence of climatic conditions
Principal Component Analysis of climate effects on spring barley yield variability failed to
provide convincing patterns and showed low signal-to-noise ratio (Figures S.3, S.4). Our
findings are in contrast with Lundkvist and Fagerberg (1996) who found that model-estimated
spring barley vyield variation was strongly influenced by weather conditions. On the other
hand, Tamm (2003) reported very low influence of weather conditions on spring barley yield
in European spring barley varieties. While weather influenced crops in occasional events,
these effects often could not be captured by mean temperature or total rainfall parameters; and
the significance of weather impact on crop yield was most likely reduced by effects from
other explanatory variables such as herbicide treatment, soil conditions or crop species and
varieties. Kieloch and Weber (2015) reported that soil properties affected yield variability of
barley varieties more than weather conditions, and that the sensitivity of individual varieties
differed. Kien et al. (2015) reported differences in annual yield stability in several spring

barley varieties. Weather and variety effects cannot be separated in our trial because we used
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different barley varieties and each variety responds differently to soil and climate conditions.
For example, the Bojos variety has higher plasticity to environmental conditions than the
Sebastian variety (Kien et al. 2015). We consider that insignificant weather influence on
barley yields is caused by the different abilities of spring barley cultivars to compensate for
negative climate impacts. Higher spring barley multiplicative treatment effect (> 20%),
however, was observed more often in years with higher January and February temperatures,
and mild winters very likely promoted earlier germination from soil seed bank and higher
initial weed growth. Untreated controls were consequently subjected to greater competition
from weeds such as Stellaria media and Veronica spp. Many previously emerged weed plants

become more competitive than plants emerging after spring cultivation (Hakansson, 2003).

4. Conclusions

The study provides a comprehensive analysis of yield trends for major crops grown in diverse
crop rotations under long-term influence of various herbicide strategies. The main value of the
study lies in its extraordinarily long duration, which enabled a precise quantification of
chemical weed control effect over the decades of development in the fields of breeding and
technology. Although the effect of chemical weed control has been being recently questioned,
our analysis of the long yield time series clearly shows that herbicide treatments ensure the
increasing yield potential of all investigated crops. While in plots treated with herbicides
yields increased over time for almost all crops both in simple and multi-crop rotation, yield
stagnation or even decrease were observed in untreated plots. The largest yield difference
between treated and untreated plots was found in broadleaf crops, which are less competitive
at early growth stages. A lower, yet still very significant, effect was obtained for cereals.
Herbicide treatment had a stronger effect on yield in the simple crop rotation, where weeds

occurred at higher densities. This difference should be accounted for while combining simpler
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herbicide strategies with simplified crop rotations because of the long-term risk of weed

density increase and shifting of tolerant weed species.
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Table 1. Experimental climatic and soil characteristics, with available nutrients measured by

Mehlich 111 extraction followed Carter (1993) (average values over the experimental period).

Experimental Altitude Average Average Soil pH pH Cagvail.  Pavaii.  Kavai.  MGavail.
site annual annual Classification (KCI) (H,0)
temperature rainfall
m °C mm mg mg mg mg
kg™ kg! kg? kg™
Hnévieves 265 8.2 573 Haplic 6.06 6.81 2339 99.9 2723 241.3
Luvisol on
loess, clay-
loam
Pernolec 530 7.1 559 Cambisol on 5.09 6.14 1300 60.0 916 795
orthogneiss,
sandy loam
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Table 2. Weed species composition at Pernolec in winter wheat at the beginning of the field

trial in 1972 compared to 2014 and 2015. Average No. of plants m™ (Avg.) and standard

deviation (SD) for the most frequent species; “-” species not recorded. The total includes the

average No. of all plants m™ for all weed species, including those not listed in the table.

1972 2015 2014
. trial simple crop rotation multi — crop rotation
Weed species beginnin -
g 9| untreated auxins targeted | untreated | targeted
Avg.: SD | Avg. | SD |Avg.: SD |Avg.i SD [Avg.| SD | Avg. i SD
Viola arvensis 101 {174 18 (64| 33 72| 27 (73| 3 |42| 2 30
Erophila verna 20 | 3.6 - - - - - - - - - -
Arabidopsis thaliana 16 (27| 10 {99 | 5 |59 - - 37 |37.7] - -
Apera spica-venti 13 134 | 25 i10.1| 28 :105| 10 {48 | 37 |24.7| 4 4.1
Veronica spp. 10 6.0 50 (20.2| 47 ;16.1| 34 85| 17 |184| 2 (14
Myosotis arvensis 10 | 3.1 - - - - - - - - - -
Polygonum aviculare 9 |35 - - - - - - - - - -
Galeopsis tetrahit 2 113 <1 103 - - | <1i07( 7 |75] - -
Spergula arvensis 2 |21 6 94| 3 | 37| 1 |14 17 [314| - -
Scleranthus annuus 2 114 - - - - - - - - - -
Fallopia convolvulus 1 05| <1 03 - - | <1707 1 |10|<1]10
ian(;E'oefurn‘ffperm“m 1 107]| 65 {2902| 35 {206| 6 |60| 53 428 1 {26
Stellaria media 1 109 4 28| 3 (35| 1 {14 2 |19 - -
Centaurea cyanus 1 107 22 {123| 10 | 2.7 1 141 22 |50 3 {24
Raphanus raphanistrum 1 109 - - - - - - - - - -
Lamium spp. - - 11 {38 | 11 {40 3 (36| 5 |59 - -
Fumaria officinalis - - 8 1{10.8| 11 {118| 3 {30 3 |39 - -
Papaver spp. - - 11 {100 7 (65| 1 (07| 8 |112| <1 {10
Thlaspi arvense - - 5 49| 2 17| 1 {13 29 |109| 1 (10
Total 198 {12.4| 186 (37.5| 152 {21.6| 104 {10.4] 152 |39.1| 16 |7.8
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552  Table 3. Weed species composition at Hnévéeves in winter wheat at the beginning of the field
553 trial in 1972 compared to 2016. Average No. of plants m?(Avg.) and standard deviation
554  (SD) for the most frequent species; “-” species not recorded. The total includes the average

555  No. of all plants m™for all weed species, including those not listed in the table.

1972 2016 2016

trial simple crop rotation multi — crop rotation

Weed species beginning | untreated | auxins | targeted | untreated | targeted
Avg. | SD [Avg.| SD |Avg.{SD |Avg.| SD |Avg.{ SD |Avg.|{ SD

Thlaspi arvense 37 [ 22] 8 2.9 4 126| 4 2.1 8 2.7 8 |22
Papaver spp. 9 341 23 | 6.6 9 (51| 13 { 86| 23 { 42 | 20 | 6.2
Lamium spp. 7 07 57 {182 | 48 |52| 25 | 3.7 | 38 | 103 | 13 | 2.3
Stellaria media 6 49| 26 : 39 | 20 47| 7 19| 30 { 56 | 10 {52
Veronica spp. 5 09| 57 {136| 58 6.4 | 72 147 26 | 9.2 | 42 | 94
Fallopia convolvulus 4 108| - - - - - - 1 1.7 9 162

Matricaria chamomilla 4 15 - - - - - - - - - -
Galium aparine 2 08] 14 | 51 4 18| 2 16 ] 26 { 59 4 28
Viola arvensis - - 1 0.4 1 10| 1 0.4 1 1.0 4 123
Cirsium arvense - - 3 25 5 129]| 4 1.9 7 3.3 1 0.9

Vicia spp. - - 1 0.8 - - | <1} 04 5 3.2 - -
Sinapis alba - - 25 { 77| 31 (55| 23 { 51| 37 {27 | 32 68
Fumaria officinalis - - 3 11| 16 |34| 6 1.7 4 1.1 6 |35
H{;E'gfurn‘ffperm“m bl - b o 1 dos| - -2 t11] 5 {40
Apera spica-venti - - 3 3.3 4 35| 8 3.9 1 1.7 4 {45
Total 86 110.1]221 {349 | 201 {9.3| 163 {179 209 | 16,5 | 155 {22.4

556

557
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558  Table 4. R? values expressing goodness-of-fit for each model (MCR: multi-crop rotation;

559  SCR: simple crop rotation).

crop crop rotation  marginal R>  conditional R
spring barley SCR 0.0687 0.8173
MCR 0.0304 0.8844
winter wheat SCR 0.044 0.9183
MCR 0.0554 0.9337
oilseed rape SCR 0.0586 0.983
MCR 0.0455 0.99
pea SCR 0.051 0.7295
MCR 0.0795 0.8765
potato SCR 0.2324 0.8212
Cereal Unit SCR 0.0456 0.8617
MCR 0.0428 0.9068

560
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Multiplicative treatment effect [%]
Figure 1. Relative yield increases in plots treated by auxins and targeted herbicide
combinations compared to untreated controls expressed by multiplicative treatment effect +
95% confidence intervals for the entire 1972-2015 investigation period (MCR: multi-crop

rotation; SCR: simple crop rotation; CU: Cereal Units).
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Figure 2. Trends over time for Hnévceves spring barley yields in multi-crop (left) and simple
(right) crop rotation; average annual yields + 95% confidence interval. Level of statistical

significance: *** P<0.001; n.s. - no significant.
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Figure 3. Trends over time for Hnév¢eves winter wheat yields in multi-crop (left) and simple
(right) crop rotation; average annual yields + 95% confidence interval. Levels of statistical

significance: * P<0.05; ** P<0.01; *** P<0.001; n.s. - no significant.
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Figure 4. Trends over time for Hnév¢eves pea yields in simple crop rotation; average annual

yields = 95% confidence interval. Levels of statistical significance: ** P<0.01; *** P<0.001,

n.s. - no significant.
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Figure 5. Trends over time for Pernolec spring barley yields in multi-crop rotation; average

annual yields + 95% confidence interval. Level of statistical significance: * P<0.05; n.s. - no

significant.
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Figure 6. Time trend of the relative increase of yields at treated plot s compared to untreated
controls (multiplicative treatment effect) for all investigated crops in Hnévceves (both crop

rotations). Level of statistical significance: *** P<0.001.
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ﬁ- Obilniny

Diouhodoby efekt herbicidniho
osetreni na vynos v osevnich sledech

Souhrn: Vliv herbicidniho oSetfeni na vynos plodin byl sledovan v dlouhodobém polnim pokusu zalozeném od roku 1972 na dvou
pokusnych stanicich Vyzkumného ustavu rostlinné vyroby, v. v. i. Pokus je rozdélen na dvé ¢asti podle uplathovanych osevnich postupt:
zjednoduseny osevni postup se 75 % obilnin a stfidavy s 50 % obilnin véetné okopanin. V pokusu jsou uplatriovany tfi varianty osetfeni
proti pleveliim: (1) neosetrena kontrola, (2) rlstové herbicidy (pouze u zjednoduseného osevniho sledu), (3) cilené osetreni kombinaci
herbicidl. Byl zjistén pozitivni vliv dlouhodobého odetfeni na vynos, pficemz vynosové ztraty v plodinach stoupaly v tomto poradi: jarni
je¢men < 0zima p3enice < hrach < ozimd fepka < brambory. Byl prokazan stoupajici trend vynosu v ¢ase na oSetfenych variantach na
stanici Hnévceves, na neosetrfenych kontroldch vynosy stagnovaly nebo klesaly.
Klicova slova: herbicidni osetfeni, dlouhodoby pokus, plevele, vynos plodin

Long-term effect of herbicide use on crop yields in crop rotations
Summary: The impact of herbicide application on crop yield losses was studied in a long-term field experiment conducted since 1972 at
experimental sites of the Crop Research Institute in the Czech Republic. The ongoing trial comprises multi-crop and simple crop rotations
with 50 and 75 % cereals, respectively. Three herbicide treatments were used: (1) untreated; (2) synthetic auxins (only in simple crop
rotation) and (3) targeted herbicide combinations. Yield losses in untreated controls increased in the following order: spring barley

< winter wheat < pea < oilseed rape < potato. Increasing yield trends were observed in treated variants only at the more productive
Hnévceves site, and no significant yield changes were recorded in untreated controls.
Keywords: herbicide treatment, long-term trial, crop yield, weeds

Viynos plodin a jeho kvalita jsou ne-
gativné ovliviovdny mnoha abio-
tickymi a biotickymi faktory. Mezi
plevele, které se podileji na snizovani
vynostl az o 34 % (Oerke 2006). Vy-
nosové ztraty Ize snizovat Ucinnou
regulaci zapleveleni, kterd zahrnuje
jednak preventivni opatieni (stfidani
plodin, zpracovéani pldy), jednak pfi-
mé metody regulace, a to mechanic-
ké a chemické (Mikulka et Kneifelova
2005). Nékteré prace napf. potvrzuji,
Ze v porovnani se zpracovanim puldy
a predplodinou je vynos psenice nejvi-
ce ovlivnén pouzitim herbicidd (Stasin-
skis 2009). Vyznam herbicidni ochrany
plodin vyrazné posililo zjednodusova-
ni osevnich sledd a zavadéni minimali-
zacnich technologii.

Jednotlivé  plodiny maji  rozdilné
schopnosti konkurovat plevelnym dru-
him, proto i vynosové ztraty v dUsled-
ku zapleveleni mohou byt pro rizné
plodiny odlisné (van Heemst 1985).
Obecné plati, Zze nejlépe plevelim
konkuruji obilniny, zejména jemen
a Zito, nejmensi konkurencni schop-
nost maji luskoviny a okopaniny. Kon-
kurenceschopnost plodin je ovlivnéna
hustotou zapleveleni a slozenim pleve-
lového spolecenstva (Asief et al. 2014).
Existuje mnoho praci, které se zaby-
vaji vlivem rdznych faktor(i na vynos
plodin, ale jejich vysledky vychazeji

Obr. 1 - Hnévceves, porost jarniho jecmene v roce 2014. Na leteckém snimku je dobre patrné zapleveleni horcici na

neosetrenych kontroldach

vétsinou z pokusd kratkodobého cha-
rakteru. Dlouhodoby herbicidni pokus
zalozeny na dvou pokusnych stanicich
Vyzkumného Ustavu rostlinné vyroby,
V. V. i, umoznil sledovat efekt herbi-
cidniho o3etfeni v dlouhodobém hori-
zontu vice nez 40 let.

Material a metodika

Dlouhodoby herbicidni pokus byl za-
loZen v roce 1972 na dvou pokusnych
stanicich VURV, v. v. i. - Pernolec (bram-
borafska vyrobni oblast) a Hnévceves
(fepar'ska vyrobni oblast) obr. 1, 2.

Pokus je rozdélen na dvé Casti podle
uplatriovanych osevnich postupt (OP):
stfidavy osevni postup s 50% podilem
obilnin a 50% podilem dvoudéloznych
plodin; zjednoduseny osevni postup
se 75% podilem obilnin a 25% podi-
lem luskovin. Byly zvoleny tfi varianty
osetfenti: (1) kontrola bez osetreni; (2)
oSetfeni rGstovymi herbicidy - MCPA,
2,4-D (pouze u zjednoduseného osev-
niho postupu); (3) cilené osetfeni kom-
binaci herbicidd (nejcastéji sulfonyl-
mocoviny, triaziny, mocoviny a rdstové
herbicidy) podle aktualniho zapleve-

leni v péstované plodiné. Kazd4 vari-
anta ma Ctyfi opakovani, velikost par-
celky je 100 m? (10 x 10 m), pficemz
sklizrové parcela je 22 m2 Jednotlivé
parcelky jsou od sebe oddéleny 2-3m
izolacnimi pasy. Na vSech variantach
je provadéna stejnd agrotechnika
(zpracovani pldy, hnojeni, fungicidy)
doporucena pro dané lokality. BEhem
sledovaného obdobi (1972-2016) bylo
provddéno hodnoceni plevelového
spektra v jarnim obdobi pred aplikaci
herbicidd (pocet jednotlivych plevel-
nych druhG/m?).
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Obr. 3 - Pernolec, porost ozimé pSenice v roce 2014, parcela s cilenym

herbicidnim oSetrenim

Vysledky a diskuse

Na pocatku pokusu byla prdmérnd
hustota zapleveleni v p3enici ozimé
198 rostlin/m? (21 druhd) v Pernolci
a 86 rostlin/m? (11 druh() v Hnévcevsi.
V prubéhu pokusu bylo pozorovano
celkem 53 plevelnych druh( v Pernolci
a 29 v Hnévcevsi. Posledni hodnoceni
v psenici ozimé, které probihalo v le-
tech 2014-2016, prokazalo vyznamné
nizsi zapleveleni na parcelach cilené
osetfovanych kombinaci herbicidu
nez na kontrole u obou osevnich po-
stupl na obou lokalitach (tabulka).

Na neosetfené kontrole bylo vétsi za-
pleveleni u zjednoduseného osevniho
postupu. Mnoho autor( (Cardina et
al. 1998; Lejins et Lejina 2007) uvadi
negativni vliv zjednoduseného osev-
niho postupu na zapleveleni a zvyse-
ny vyskyt obtiznych pleveld.

Hodnoceni vynost napfic roky a sta-
nicemi potvrdilo, Ze prlmérny vynos
viech plodin byl vyznamné vyssi na
parceldch s herbicidnim osetfenim
v porovnani s neoSetfovanymi parce-
lami, a to u obou osevnich postupd.
Pozitivni vliv oSetfeni na vynos byl

Hustota zapleveleni v pSenici ozimé v letech 2014-2016

Graf 1 - Procentudlni nardst primérného vynosu osetienych variant

oproti kontrole
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Graf 2 - Vynosové trendy u jarniho je¢mene, stfidavy osevni postup,

Hnévceves
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vy$si u dvoudéloznych plodin nez
u obilnin, relativni nardst prdmérné-
ho vynosu oproti kontrole stoupal
v tomto poradi: jarni je¢men < ozi-
ma psenice < hrach < ozimd fepka <
brambory. Nejmensi vliv mélo osetre-
ni u jarniho je¢mene, kde primérny
narast vynosu byl u zjednoduseného
osevniho sledu 13 % (cilené osetreni)

Hnévéeves Pernolec
Varianta/lokalita pramér smérodatna primér smérodatna
(pocet rostlin/m?) odchylka (pocet rostlin/m?) odchylka
Kontrola (zjednodudeny OP) 221 34,9 186 375
Riistové herbicidy (zjednoduseny OP) 201 9.3 152 21,6
Cilené o3etfent (ziednoduseny OP) 163 17,9 104 10,4
Kontrola (stfidavy OP) 209 16,5 152 39,1
Cflené oSetfenf (stfidavy OP) 155 22,4 16 78

a 15 % (oSetreni rdstovymi herbicidy),
u stfidavého osevniho sledu 23 %. Na-
opak u brambor byly vynosy na oset-
fené varianté primeérné o 50 % vyssi
nez na kontrole (graf 1). Tato zjisténi
koresponduji s pracemi dalSich auto-
ri. Napfiklad Harker (2001) uvadi nej-
nizsi nardst vynosu u jarniho je¢mene
(41 %) v porovnani s fepkou (67 %)
a hrachem (85 %), Banaras (1993) az
75% narGst vynosu brambor na plo-
chach osetfovanych herbicidy oproti
neosetfovanym. Vyznamny pokles
vynosu plodin pfi absenci herbicid-
niho osetfeni uvadi také némeckd
studie z roku 2003: 75 % u hrachu,
50 % u ozimé psenice, 20 % u jarnich
obilnin a 25 % u brambor (Zwerger et
al. 2004.)
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Graf 3 — Vynosové trendy u jarniho jecmene, zjednoduseny osevni

postup, Hnévceves
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Graf 4 — Vynosové trendy u jarniho je¢mene, stfidavy osevni postup,
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Graf 5 — Vynosové trendy u jarniho jeémene, zjednoduseny osevni

postup, Pernolec
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V pfipadé cileného osetfeni nebyly
zjistény vyznamné rozdily mezi osevni-
mi sledy. Negativni vliv zjednodusené-
ho osevniho postupu, ktery se projevil
vy$sim zaplevelenim na kontrole, byl
ziejmé potlacen herbicidnim osetre-
nim. OSetfeni pouze rlstovymi herbi-
cidy mélo podle ocekévani na zvyseni
vynost mensi efekt nez cilené osetre-
ni kombinaci herbicid(. To odpovida
i vy$simu zapleveleni, nebot rdstové
herbicidy pasobi jen na urcitou Cast
plevelového spektra (tabulka).

Diky dlouhodobé casové fadé moh-
ly byt pozorovany i vynosové trendy
v rGznych rezimech oSetfeni. Presto-
Ze byly vynosy béhem trvéni pokusu
velmi variabilni, a to zfejmé v du-
sledku vlivu pocasi, v Hnévcevsi se
ukézaly statisticky vyznamné rozdily
v trendech mezi kontrolou a o3etre-
nymi parcelami. Zejména u jarniho
je¢mene, ozimé psenice a hrachu do-
$lo k postupnému zvySovani vynosu
na osetfenych variantach, naopak na
kontrolach vynosy postupné klesaly
(grafy 2, 3). Z tohoto ddvodu Ize v po-
slednich 15 letech sledovat i nardst
rozdilu ve vynosech mezi osetfovany-
mi variantami a kontrolou. Na lokalité
Pernolec tyto trendy pozorovany ne-
byly. Vynosy u vech variant v ¢ase kle-
saly, i kdyZ na oetfenych variantach
byl pokles mirnéjsi nez na kontrolach
(grafy 4, 5). Moznym vysvétlenim cel-
kového poklesu vynosd v Pernolci je
velmi nizka drodnost pldy na této
lokalité a také ubytek srazek v posled-
nich letech, které negativné ovlivnily
vynosy bez ohledu na vyznamné sni-
Zeni zapleveleni.

Pokus prokazal pozitivni vliv dlouho-
dobého herbicidniho o3etfeni na vy-
nosy pro viechny sledované plodiny,
pricemz nejvétsi efekt mélo cilené
herbicidni oSetfeni kombinaci herbi-
cid. Osetreni pouze rlstovymi her-
bicidy nevedlo k ucinnému potlaceni
celého plevelového spektra a nemélo
tudiz na zvyseni vynosl tak vysoky
efekt. To potvrzuje opodstatnéni ap-
likace systémd integrované regulace
plevelt a potfebu vyuziti integrace
viech dostupnych opatreni vedoucich
ke snizeni zaplevelenosti. Upfednost-
néni pouze jednostranného pouziti
herbicid( se stejnym mechanismem

Ucinku vede k naruseni diverzity a pre-
mnoZeni obtizné regulovatelnych ple-
velnych rostlin a projevi se to vyrazné
na vynosech plodin, jak ukazuji data
z dlouhodobych pokusl. Negativni
dopad zjednodusenych osevnich po-
stupld na zapleveleni Ize eliminovat
cilenym herbicidnim oSetfenim, které
zajisti vyrovnané vynosy. #
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Changes in weed community composition in a long-term trial with different crop
rotations and herbicide treatments
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Herbizidbehandlungen
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Abstract

The impact of herbicide application on weed community changes was studied in a long-term field experiment
conducted since 1972 at two sites in the Czech Republic; Pernolec and Hnévceves. The ongoing trial comprises
multi-crop and simple crop rotations with 50 and 75% cereals, respectively. Three herbicide treatments were
used: (1) untreated; (2) synthetic auxins (MCPA; 2,4-D; only in simple crop rotation) and (3) targeted herbicide
combinations, including especially sulfonylureas, triazines, ureas and synthetic auxins. Weed species
composition and weed density were assessed at the trial beginning, during the trial and in the present (2013-
2016). Changes in weed flora composition were found out. In Hnévceves, abundance of some species such as
Galium aparine, Stellaria media, and Vicia spp. increased on untreated plots; the abundance of Apera spica-venti,
Fumaria officinalis, and Tripleurospermum inodorum increased on treated plots. In Pernolec, some species
receded in all variants, e.g. Myosotis arvensis, Raphanus raphanistrum, and Scleranthus annuus; the abundance
of Centaurea cyanus, Tripleurospermum inodorum, Veronica spp., and Spergula arvensis increased in untreated
plots. No significant differences affected by time and treatment were detected in population densities of Apera
spica-venti, Arabidopsis thaliana, and Stellaria media. The species composition of the weed community was
affected by explanatory variables in the following order: treatment < time < type of cultivated crop. The long-
term study confirmed weed population shifts over time were caused by interaction between the management
factors and environmental conditions.

Keywords: Crops, field trial, herbicides, long-term, weed changes

Zusammenfassung

Der Einfluss von Herbizidapplikationen auf die Unkrautartenverteilung wurde seit 1972 in einer
Langzeitfeldstudie auf zwei Standorten in Pernolec und Hnévceves, Tschechische Republik, untersucht. Der
Versuch beinhaltet eine blattfruchtbetonte und eine getreidebetonte Fruchtfolge mit unterschiedlich hohen
Getreideanteilen von 50 % beziehungsweise 75 %. Drei Herbizidbehandlungen wurden untersucht: (1)
unbehandelt, (2) synthetische Auxine (MCPA, 2,4-D, nur in der getreidebetonten Fruchtfolge), (3) gezielte
Herbizidapplikationen insbesondere Sulfonylharnstoffe, Triazine, Harnstoffe und synthetische Auxine. Sowohl
die Zusammensetzung der Unkrautspezies als auch die Unkrautdichte wurden zu Beginn, wdhrend des
Versuchs und detaillierter in den Jahren 2013-2016 ermittelt. Es wurden Verdnderungen in der
Zusammensetzung der Unkrautflora festgestellt. In Hnévceves erhohte sich die Haufigkeit einiger Arten wie
Galium aparine, Stellaria media und Vicia spp. in den unbehandelten Parzellen. Wohingegen sich hier die
Haufigkeit von Apera spica-venti, Fumaria officinalis und Tripleurospermum inodorum in den behandelten
Parzellen erhéhte. In Pernolec nahm die Pflanzendichte einiger Arten (z.B. Myosotis arvensis, Raphanus
raphanistrum, Scleranthus annuus) Uber alle Varianten hinweg ab. Die Haufigkeit der Arten Centaurea cyanus,
Tripleurospermum inodorum, Veronica spp. und Spergula arvensis erhohte sich in den unbehandelten Parzellen
in Pernolec. Es wurden keine signifikanten Effekte durch Zeit und Behandlung auf die Populationsdichte von
Apera spica-venti, Arabidopsis thaliana und Stellaria media festgestellt. Die Zusammensetzung der
Unkrautspezies wurde zunehmend durch die Variablen Behandlung, Zeit und Typ der Kulturpflanze
beeinflusst. Diese Langzeitstudie bestatigt Veranderungen in der Unkrautpopulation tUber die Zeit durch
Interaktion zwischen Managementfaktoren und den Umweltbedingungen.

Stichworter: Feldfriichte, Feldversuch, Herbizide, Langzeitstudie, Verdnderung der Unkrautflora

Introduction

Weed communities on arable land have been influenced by environmental factors (soil and
climatic conditions) and farming practices (crop type, soil cultivation, weed control methods)

58 Julius-Kiihn-Archiv, 458, 2018



28. Deutsche Arbeitsbesprechung Uber Fragen der Unkrautbiologie und -bekdmpfung, 27.02. - 01.03.2018 in Braunschweig

(LEGERE et al., 2005; PotTs et al., 2010). The weed flora has changed in response to agricultural
intensification accompanied with simplification of crop rotations (STOATE et al., 2001; MEeYeR, 2013)
and excessive herbicide and fertilizer uses (STORKEY et al., 2010; SALONEN et al., 2012). Many surveys
in various countries analyzed the relative importance of particular management factors on weed
species composition (HYVONEN et al., 2003; STREIT et al., 2003; KELLER et al., 2004; ANDREASEN and
STREIBIG, 2010). Some works suggested crop type as the major factor determining species
composition, which is related to different farming practices in various types of crop (FRriED et al.,
2008; LososovA and CIMALOVA, 2009; PINKE et al., 2012; Nowak et al., 2015). Widespread use of
herbicides has had the significant impact on weeds in the last 50 years. In general, repeated use of
a single mode of action has resulted in weed communities shifting to an occurrence of herbicide-
tolerant species (MARSHALL et al, 2003; MurpHY and LEMERLE, 2006). Available herbicides
considerably changed over time and these changes had become a key factor in altering the
abundance of weed population. Changes in chemical weed control contributed to less diversity of
weed community and proliferation of tolerant species (MikuLka et al., 2009; GRUNDY et al., 2010;
MEYER, 2013). However some studies reported inconclusive effect of herbicide treatment on weed
species diversity (DERKSEN et al., 1995; MAYOR and DESSAINT, 1998).

Although many works assessed the effects of herbicides on weed communities (DERKSEN et al.,
1995; GRUNDY et al., 2009), weed shifts are rarely studied in the long-term. That is because of
problems with determining history of changes in management practices and wide spectrum of
active ingredients of herbicides (FRIED et al., 2008; PINKE et al., 2012; be Mol et al.,, 2015). The
objective of this study was to assess the long-term changes of weed community in the long-term
experiment as a response to herbicide treatment and cultivated crops. We compared integrated
approach of weed management (multi-crop rotation, targeted herbicide use) with less diversified
approach: a) low input system with simple crop rotation and use of low-cost, mostly auxinic
herbicides and b) simple crop rotation but with targeted herbicide use. The aim of this study was
to determine long-term shifts of weed populations caused by herbicide application and cultivated
crops.

Materials and Methods

Experimental sites

The long-term field trial has been conducted since 1972 at two experimental stations of the Crop
Research Institute in the Czech Republic: Hnévceves (50.31487 N, 15.71612 E) and Pernolec
(49.77053 N, 12.68099 E). The site characteristics are listed in Table 1.

Tab. 1 Experimental site characteristics.

Tab. 1 Beschreibung der Forschungsstandorte.

Experimental Growing FAO Altitude Average annual  Average annual
site region Classification temperature rainfall
(m) (°9 (mm)
Hnévceves sugar beet Haplic Luvisol 265 8.2 573
on loess
Pernolec potato Cambisol on 530 7.1 559

orthogneiss

The trial was established in two different crop rotation systems (CR) with specific cereal
percentages: (1) multi-crop CR (MCR) with 50% cereals and 50% broadleaved crops and (2) simple
CR (SCR) with 75% cereals and 25% legumes. Three herbicide treatments were used: (1) untreated
control; (2) treatment by synthetic auxins in simple crop rotation (MCPA; 2,4-D in cereals and
bentazone in peas) and (3) treatment by targeted herbicide combinations according to observed
weed infestation. These combinations included different sulfonylureas, triazines, ureas and
synthetic auxins during the trial period. The experiment was carried out as a split-plot design with
5 combinations of crop rotations (main plots) and treatments (sub-plots): MCR*untreated,
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MCR*targeted, SCR*untreated, SCR*auxins and SCR*targeted; with 4 replications of each
combination. The 100m? (10m by 10m) plots were established 10m from field boundaries and
separated from each other by 1 to 2m on all sides to eliminate interaction between treatments.
Uniform practices of soil tillage, fertilization and fungicide treatment accompanied weed
management on each plot.

Assessments and statistical analysis

Weed species composition and weed density were assessed at the beginning of the trial, during
the trial and in the present (2013-2016). Weed data were recorded at 2 to 6-leaf stage of the crop
before herbicide application. Individual plants in each plot were counted in four 0.25 m? random
sampling squares (0.5m by 0.5m). Densities in the four squares were aggregated to provide Tm?
samples. Headlands and plot edges were excluded from sampling. Weed species were identified at
the species level when possible; some species were identified at the level of the genus (e.g.
Veronica spp.). Botanical nomenclature was adapted according to KugaAT et al. (2002).

Multivariate analyses in the CANOCO 5 software (TER BRAAK and SMILAUER, 2012) were performed for
data exploration. Prior to the analysis logarithmic transformation of data was made. Due to
gradient length on the first canonical axis in the compositional turnover in Detrended
Correspondence Analysis (DCA), optimal ordination method was selected. If values were more
than 4.0 SD units, unimodal Canonical Correspondence Analysis (CCA) was used. In case of values
below 3.0 SD units, linear Redundancy Analysis (RDA) was used. Both methods could be used for
values 3-4.0 SD units. Three explanatory variables were compiled: time (year), crop type (winter
cereals, spring cereals, legumes, and root crops), treatment (untreated, treatment by auxins,
targeted treatment by combination of herbicides). Gross and net effects of explanatory variables
on weed species composition were tested using Monte-Carlo permutation tests for 999
permutations at P=0.05 significance level, following the methodology of LososovA et al. (2004).
The gross effect was tested using separate CCAs or RDAs with single explanatory variables. The net
effect was tested using partial CCAs or RDAs with a single explanatory variable and other variables
as covariates. The ratio of particular canonical eigenvalues to the sum of all eigenvalues was used
to measure the proportion of explained variation. Rare species were downweighted in case of
CCA. Complete analysis was carried out only for Pernolec. At Hnévceves, the comparison of initial
and present situation was performed due to lack of some continuous data from the trial.

Results and discussion

Weed density

At trial commencement in 1972, the average weed density and number of different weed species
before herbicide treatment in winter wheat were 198 plants m? of 21 species at Pernolec and 86
plants m?2 of 11 species at Hnévceves. In total, 53 different species at Pernolec and 29 at
Hnévceves were identified over the experimental period.

The application of herbicides decreased the weed density (Tab. 2). The average weed density was
significant higher in untreated plots than in treated plots at both localities and crop rotations.
Simultaneously simple crop rotation evinced higher weediness than multi-crop rotation in both,
untreated plots and targeted treatment plots. It is in agreement with KoocHeki et al. (2009) who
found out that rotation of sugar beet-winter wheat caused 28% reduction in the weed seed bank
compared to continuous wheat. Treatment by synthetic auxins affected a limited weed spectrum;
therefore infestation was higher than at targeted treated plots.
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Tab. 2 Current weed density before herbicide treatment in winter wheat; the last assessment in 2016
(Hnévceves), in 2014 (Pernolec, MCR) and 2015 (Pernolec, SCR). Average number of plants m-2 (Avg.) +
standard deviation (SD). SCR - simple crop system, MCR - multi-crop system.

Tab. 2 Unkrautdichte vor Herbizidbehandlungen in Winterweizen; letzte Bonitur 2016 (Hnévceves),2014 (Pernolec,
MCR) und 2015 (Pernolec, SCR). Pflanzen je m? (Avg.) + Standardabweichung (SD). MCR - blattfruchtbetonte
Fruchtfolge, SCR - getreidebetonte Fruchtfolge.

Hnévéeves Pernolec

Variant/locality Avg. SD Avg. SD

untreated SCR 221 349 186 375
auxins SCR 201 9.3 152 21.6
targeted SCR 163 179 104 104
untreated MCR 209 16.5 152 39.1
targeted MCR 155 224 16 7.8

Explanatory variables

All variables (crop type, time, treatment) together explained 24.9% and 32.2% of the total variation
in weed species data at simple and multi-crop system, respectively. Unexplained variation was
associated with other factors, probably the environmental conditions.

Tab. 3 Gross and net effects of explanatory variables and their interactions (*) on the weed species
composition in locality Pernolec. (Partial) CCAs were used for SCR; (partial) RDAs were used for MCR.
Eigenvalue = sum of all canonical eigenvalues (total inertia for SCR = 2.53; for MCR=1.0); % = percentage of
explained variance; F = ratio for the test of significance of all canonical axes; P-value = corresponding
probability value obtained using the Monte-Carlo permutation test. SCR = simple crop rotation, MCR = multi
crop rotation.

Tab. 3 Brutto- und Nettoeffekte erkldrender Variablen und deren Interaktionen (*) auf die Unkrautarten-
zusammensetzung am Standort Pernolec. (Partielle) kanonische Korrespondenzanalyse wurde fiir SCR, (partielle)
lineare Redundanzanalyse wurde fiir MCR benutzt. Eigenvalue= Summe aller kanonischen Eigenwerte
(Gesamtvariabilitdt fiir SCR = 2.53; fiir MCR = 1.0); % = prozentualer Anteil an der Gesamt-variabilitdt; F = Verhdltnis
des Signifikanztests der kanonischen Achsen; P = durch Monte-Carlo-Permutations-test ermittelter zugehériger
Wabhrscheinlichkeitswert; MCR = blattfruchtbetonte Fruchtfolge, SCR = getreide-betonte Fruchtfolge.

Explanat iabl SCR MCR
Xplanatory variables Eigenvalue % F P Eigenvalue % F P
All factors 0.63 249 10.71 0.001 0.32 322 9.3 0.001

Gross effects

crop type 0.34 134 12.8 0.001 0.18 17.7 7.2 0.001
time 0.26 104 19.24 0.001 0.15 14.9 16.5 0.001
treatment 0.03 1.1 0.91 n.s. 0.03 3.0 3.2 0.004
Net effects

crop type 0.34 13.3 1437 0.02 0.14 14.25 7.2 0.001
time 0.26 103 2231 0.001 0.11 1.4 16.5 0.001
treatment 0.03 1.1 119  ns. 0.03 3.0 5.1 0.001
treatment*time 0.02 1.0 0.79 ns. 0.01 1.8 1.8 0.034
treatment*crop type 0.03 1.2 0.58 ns. 0.02 24 1.2  ns.
time*crop type 0.19 7.5 8.9 ns. 0.11 11.7 10.1 0.001

Study of PINKE et al. (2012) suggested the environmental variables accounted for two times more
variance than management variables. DE MoL et al. (2015) showed variation in species composition
was more related to environmental factors (9.1% explained variance) than management factors
(4.7% explained variance). On the contrary CIMALOVA and LOSOSOVA (2009) revealed that on regional
scale, the relative importance of different crop types and their associated management was higher
than climatic variables. The amount of variation in weed species data explained by net effects of
particular variables, as detected by partial CCAs (for SCR) and RDAs (for MCR), was the highest for
crop type (Tab. 3). Many studies confirmed a strong impact of crop type on species composition
(FRIED et al., 2008; PINKE et al., 2012; NowaK et al., 2015). Unlike our findings, MoL et al. (2015) found
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out the small contribution of the factor year to the variance of species composition. Treatment
evinced the smallest or insignificant effect. It is agreement with be Mol et al. (2012) who did not
find a correlation between weed species composition and the applied herbicides. Unlike that,
STREIT et al. (2003) confirmed the significant effect of herbicide application on weed population.
Effect of herbicide treatment on weed species in long-term experiments may be buffered thanks
to persistent soil seedbank (HYVONEN and SALONEN, 2001).

Species composition

At the beginning of the trial, the following species dominated at Hnévceves: Thlaspi arvense,
Papaver rhoeas, Lamium spp., Stellaria media, Veronica spp., and Fallopia convolvulus. Abundance of
some species such as Lamium spp., Veronica spp., Stellaria media, Papaver spp., Galium aparine
increased on untreated plots. Abundance of other species such as Apera spica-venti, Fumaria
officinalis, Tripleurospermum inodorum, and Cirsium arvense increased on treated plots (Tab. 4).

Tab. 4 Weed species composition at Hnévceves in winter wheat at trial commencement and the last
assessment in 2016 (both crop rotations). Average no. of plants m2 (Avg.) and standard deviation (SD) for most
frequent species; “-" = species not recorded.

Tab. 4 Zusammensetzung der Unkrautarten in Hnévceves in Winterweizen zu Versuchsbeginn und der letzten
Erhebung 2016 (beide Fruchtfolgen). Pflanzen je m? (Avg.) und Standardabweichung (SD) fiir die am hdéiufigsten
auftretenden Unkrautarten; “-” = Art nicht vorhanden.

Trial Simple crop rotation Multi-crop rotation
beginning Untreated Auxins Targeted Untreated Targeted

Weed species

Avg sD Avg sD Avg sD Avg sD Avg sD Avg sD
Thlaspi arvense 37 22 8 29 4 2.6 4 2.1 8 2.7 8 2.2
Papaver spp. 9 34 23 6.6 9 5.1 13 8.6 23 4.2 20 6.2
Lamium spp. 7 0.7 57 182 48 5.2 25 37 38 103 13 23
Stellaria media 6 49 26 3.9 20 4.7 7 1.9 30 5.6 10 5.2
Veronica spp. 5 0.9 57 13.6 58 6.4 72 147 26 9.2 42 9.4
Fallopia convolvulus 4 0.8 - - - - - - 1 1.7 9 6.2
Matricaria chamomilla 4 1.5 - - - - - - - - - -
Galium aparine 2 0.8 14 5.1 4 1.8 2 16 26 59 4 2.8
Viola arvensis - - 1 0.4 1 1.0 1 0.4 1 1.0 4 23
Cirsium arvense - - 3 25 5 29 4 1.9 7 33 1 0.9
Vicia spp. - - 1 0.8 - - <1 0.4 5 3.2 - -
Sinapis alba - - 25 7.7 31 55 23 5.1 37 27 32 68
Fumaria officinalis - - 3 1.1 16 34 6 1.7 4 1.1 6 35
Tripleurospermum - - - - 1 05 - - 2 11 5 40
inodorum
Apera spica-venti - - 3 3.3 4 3.5 8 3.9 1 1.7 4 4.5

The ordination diagrams in Figures 1 and 2 show changes of weed composition over years in
Pernolec influenced by crop type and treatment. Some species receded in both crop rotations,
regardless of treatment and crop type: Myosotis arvensis, Raphanus raphanistrum, Scleranthus
annuus, and Erophila verna. No significant differences affected by time were detected in
population densities of Apera spica-venti, Arabidopsis thaliana, Stellaria media, and Fallopia
convolvulus.
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Fig. 1 Ordination diagram of Redundancy Analysis (RDA) - multi-crop rotation in Pernolec. Species with low
weight are not shown. W = winter cereals, S = spring cereals, R = root crops, L = legumes; OH = untreated, H =
targeted treatment by combination of herbicides.

Abb. 1 Ordinationsdiagramm der Redundanzanalyse (RDA) der blattfruchtbetonten Fruchtfolge in Pernolec. Spezies
mit geringer Gewichtung werden nicht dargestellt. W = Wintergetreide; S = Sommergetreide; R = Hackfrucht; L =
Leguminosen; OH = unbehandelt; H = Kombination verschiedener Herbizide.

Many weed species responded to crop type. Those with the best fit were Fallopia convolvulus,
Chenopodium album, Anagallis arvensis, Galeopsis tetrahit or Lycopsis arvensis (SCR) for spring
cereals; Avena fatua, Equisetum arvense, Sonchus arvensis, Taraxacum officinale, and Neslia
paniculata for root crops; Apera spica-venti, Arabidopsis thaliana, Tripleurospermum inodorum, Poa
annua L. (SCR), and Centaurea cyanus for winter cereals; Convolvulus arvensis, Polygonum aviculare,
and Atriplex patula for legumes. Most of species did not respond to treatment, but certain
differences could be observed. The abundance of Centaurea cyanus, Tripleurospermum inodorum,
Veronica spp., Spergula arvensis, and Lycopsis arvensis increased more on untreated plots.
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Fig. 2 Ordination diagram of Canonical Correspondence Analysis (CCA) — simple crop rotation in Pernolec.
Species with low weight are not shown. W = winter cereals, S = spring cereals, L = legumes; OH = untreated, H1
= treatment by synthetic auxins, H2 = targeted treatment by combination of herbicides.

Abb. 2 Ordinationsdiagramm der kanonischen Korrespondenzanalyse (CCA) der getreidebetonten Fruchtfolge in
Pernolec. Spezies mit geringer Gewichtung werden nicht dargestellt. W = Wintergetreide; S = Sommer-getreide; R =
Hackfrucht; L = Leguminosen; OH = unbehandelt; H1 = synthetische Auxine; H = Kombination verschiedener
Herbizide.

Abbreviations: AnthArvn (Anthemis arvensis), AnagArvn (Anagallis arvensis), AperSpic (Apera spica-venti),
AphnArvn (Aphanes arvensis), ArabThal (Arabidopsis thaliana), AtrpPatl (Atriplex patula), AvenFatu (Avena fatua),
CapsBurs (Capsella bursa-pastoris), CentCyan (Centaurea cyanus), ChenAlbm (Chenopodium album), CisrArvn
(Cirsium arvense), ConvArvn (Convolvulus arvensis), ElytRepn (Elytrigia repens), EpilHirs (Epilobium hirsutum),
EquiArvn (Equisetum arvense), EropVern (Erophila verna), FallConv (Fallopia convolvulus), FumOffc (Fumaria
officinalis), GaleTetr (Galeopsis tetrahit), GaliApar (Galium aparine), GernPusl (Geranium pusillum), GernRobr
(Geranium robertianum), LamiuSpp. (Lamium spp.), LapsComm (Lapsana communis), LithArvn (Lithospermum
arvense), LycpArvn (Lycopsis arvensis), MatrDisc (Matricaria discoidea), MatrCham (Matricaria chamomilla),
MyosArvn (Myosotis arvensis), NesIPan (Neslia paniculata), PapaSpp (Papaver spp.), PlanMajr (Plantago major),
PlanMedi (Plantago media), PoaAnnua (Poa annua), PolgAvic (Polygonum aviculare), PolgLapt (Polygonum
lapathifolium), RaphRaph (Raphanus raphanistrum), SclrAnnu (Scleranthus annuus), SilnNoct (Silene noctiflorum),
SoncArvn (Sonchus arvensis), SperArvn (Spergula arvensis), StelMedi (Stellaria media), Tarxoffc (Taraxacum
officinale), ThisArvn (Thlaspi arvense), Triplnod (Tripleurospermum inodorum), VeronSpp (Veronica spp.), ViciaSpp
(Vicia spp.), ViolArvn (Viola arvensis)
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Conclusions

This long-term study confirmed changes in weed communities over years. We did not prove the
relationship of these changes and specific herbicide treatment, however density of some weed
species (e.g. Raphanus raphanistrum and Erophila verna) decreased faster on plots treated by
herbicides compared to untreated plots and density of other weed species (e.g. Centaurea cyanus,
Tripleurospermum inodorum) increased more on untreated plots. Crop was the major factor
determining species composition and its effect was greater at multi-crop rotation, therefore it can
be recommended to grow various crops in crop rotation to conserve weed species diversity.
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Effects of selective herbicide treatment on weed community in cereal crop rotation
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ABSTRACT

The efficacy of different frequently used selective herbicides and their impact on weed
community were assessed in the field experiment with cereal crop rotation in 2013-2016. All
herbicide treatments provided effective weed control, but community composition changed
after 4 years. The density of many weed species increased on the untreated plots. Annual
grasses Apera spica-venti and Alopecurus myosuroides had temporal increase at plots treated
with 2,4-D, florasulam and aminopyralid, but decline at plots treated with pyroxsulam and/or
chlorsulfuron. Significant treatment effect was confirmed only for Shannon’s index (H’),
where the highest A" was found in untreated controls (1.83) and the smallest in plots treated
with 2,4-D + florasulam + aminopyralid (1.61). The pyroxsulam + florasulam + aminopyralid
showed the greatest efficacy on a broad spectrum of weeds while maintaining reasonable

species diversity.

Keywords: chemical weed management; herbicide efficacy; field trial; weed diversity
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Weed communities are an integral part of agroecosystems. Individual weed species differ
in their ecological function and competitive ability towards the crop (Marshall et al. 2003).
Besides their negative effect on crop yield and quality (Hance and Holly 1990), many weed
species have an important ecological function in maintaining farmland biodiversity (Storkey
and Westbury 2007). Weed species diversity has declined in agricultural landscape during
recent decades mainly due to agricultural intensification (Murphy and Lemerle 2006, Storkey
2011) accompanied by simplification of crop rotations (Meyer 2013, Stoate et al. 2001) and
excessive herbicide and fertiliser use (Salonen et al. 2012, Storkey et al. 2010). A new
approach to biodiversity-friendly weed management requires finding a balance between
sufficient crop production and maintaining satisfactory species diversity (Marshall et al.
2003). This goal is an effective control of highly competitive problem species while
sustaining beneficial species at economically acceptable levels (Storkey and Westbury 2007).
Studies by Ulber et al. (2010) and Jones and Smith (2007) indicate that treatment by selective
herbicides can provide considerable weed control with retention of beneficial species and
species diversity.
The aim of this experiment is to evaluate the efficacy of different frequently used selective
herbicides and their impact on weed species diversity. Herein, we focused on weed
management in winter cereal rotation because the majority of current temperate conventional
cropping systems are characterised by monocultures or simple rotations with a limited number
of crops. Our goal is to determine the effect of a low cost strategy using cheaper herbicides
which have been in use for a long time and have a narrower efficacy spectrum than the
modern products that contain 3 active ingredients and hence a broader efficacy spectrum.
High weed control efficiency in cereal crops has been attributed to acetolactate synthase
(ALS) inhibitors which target a broad spectrum of broadleaf and grass weeds (Hyvonen et al.

2003). We therefore tested selective herbicides with active ingredients in this group. Our
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hypothesis is that the use of herbicides with sub-optimal effect leads to a shift in hard-to-

control weed species and negatively affects some parameters of species diversity.

MATERIAL AND METHODS

Experimental site. The field experiment was established in 2009 in the experimental area
of the Crop Research Institute in Praha —Ruzyné. The site characteristics are listed in Table 1.
The trial area was split into 20 randomised plots with 5 different herbicide treatments in 4
replications. Herbicide treatments differed in the herbicide target - only dicots and dicots +
annual grasses; and in intensity of weed control - narrower spectrum and broader spectrum
(Table 2). The area of each plot was 100m? and the 10 by 10m plots were separated from field
boundaries and from each other by 2m on all sides in order to eliminate interaction between
plots. Herbicides were applied post emergency in spring from the tillering crop stage to the
beginning of stem elongation (BBCH 21-31) by the Agrio-Napa 12 sprayer. A sequence of
winter wheat (2014-2016) and winter barley (2013) was grown in the experimental field.
Barley was sown on 11 September 2012, wheat on 9 October 2013, 3 October 2014 and 12
October 2015. Uniform cropping practice was carried out in the entire study area: mouldboard
ploughing, 0.20-0.25m deep, seedbed preparation with power harrow and mineral fertilisation
before sowing with 45 kg N/ha, 20 kg P/ha, 37 kg K/ha; and sowing at 350 seeds/m?.
Fungicides were used before heading in case of infection pressure.

Assessment. Weed species composition and weed density were assessed from 2013 to
2016. Weed data was recorded in spring at the 4 to 6-leaf crop stage before herbicide
application and 4 weeks after herbicide application. Individual plants in each plot were
counted in five 0.25 m? random sampling squares (0.5m by 0.5m) and densities of these five

squares were averaged and converted to 1m? samples. The weed species composition at trial
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commencement is listed in Table 3. The following species prevailed in April 2013: Papaver
spp. L., Veronica spp. L., Galium aparine L., Apera spica-venti (L.) P.Beauv., Stellaria media
(L.) Vill. and Fumaria officinalis L. A total of 35 different species were identified over the
experimental period. Weed cover (%) and herbicide efficacy (%) were estimated 4 weeks
after herbicide application. Headlands and plot edges were excluded from sampling. Weed
species were identified at the species level whenever possible and some species, such as Vicia
spp. L., were identified at genus level. Botanical nomenclature followed Kubat et al. (2002).

Efficacy evaluation of herbicides was performed in EPPO (European and Mediterranean
Plant Protection Organisation) standard PP1/152(4) and PP1/93(3) (Bulletin OEPP/EPPO
2012). We used the subjective estimation method which compares % weed cover at treated
plots with untreated control and evaluates weed damage due to herbicide application. Efficacy
of the studied herbicides was recorded in range 0-100 % (0% = no weed control; 100% = full
weed control with no weed survival). For weed species on which a lower efficacy than 90%
was observed, the population density was also recorded.

Special attention was paid to weed species considered beneficial for biodiversity and those
providing resources for invertebrates and seed-eating birds (Marshall et al. 2003, Storkey
2006). These are marked * in the text.

Statistical analysis. Weed community species diversity was calculated for each plot
repetition by Simpson’s dominance (D = Y pi?), Shannon’s diversity (H'= - i pi In (pi)) and
evenness (E= H/In S) indices; where p; is the proportion of individuals of ith species in the
total number of individuals (S) in the sample quadrate (Pielou 1966). The effects of treatment
and year on diversity indices, weed density and herbicide treatment efficacy were tested by
ANOVA, and Tukey’s HSD multiple comparison test at a = 0.05 determined homogenous
groups. Analysis was conducted in STATISTICA 13.3 software (TIBCO Software Inc.,

USA).
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Multivariate data analysis in CANOCO 5 software (ter Braak and Smilauer, 2012) provided
data exploration. Data logarithmic transformation preceded analyses and the optimal
Redundancy Analysis (RDA) ordination method was used because of the gradient length on
the first canonical axis in compositional turnover in Detrended Correspondence Analysis
(DCA). Year and treatment explanatory variables were compiled, and the gross effects were
tested using separate RDAs with single explanatory variables. Net effects were then tested
using partial RDAs with a single explanatory variable and the other variable as covariate.
Both effects of explanatory variables on weed species composition were tested by Monte-
Carlo permutation tests for 999 permutations at P=0.05 significance level; as in Lososova et
al. (2004). Finally, the ratio of particular canonical eigenvalues to the sum of all eigenvalues

measured the proportion of explained variation.

RESULTS AND DISCUSSION

Species diversity and weed community composition. Three diversity indices were used
to describe different diversity aspects. All indices were influenced by year, and diversity was
significantly higher in 2015 and 2016 than at trial commencement (Table 3). Significant
herbicide treatment effect was confirmed only by Shannon’s index (H") where the highest H~
was found in untreated control and the smallest at plots treated with 2,4-D + florasulam +
aminopyralid. Other herbicide treatments showed the same effect (Table 3) and did not
significantly differ compared to untreated control. Although the treatment effect was
insignificant for Simpson’s dominance (D) and evenness (E) indices, treatment with 2,4-D +
florasulam + aminopyralid had the highest D and the smallest E.

Decrease in species diversity due to herbicide treatment is supported by other studies.

Edesi et al. (2012) showed decreasing Shannon’s index tendency from herbicide use in a five-
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year trial comparing conventional and organic farming. Jones and Smith (2007) also
confirmed the highest species richness at untreated plots and the smallest at herbicide treated
plots in a short-term trial, and also higher species richness in single-component herbicide
application than in sequential application of multiple herbicides. In contrast, we found no
species diversity difference between the application of products with one active ingredient
and those with three active ingredients. Pawlonka and Rymuza (2014) confirmed significant
species richness decrease after 6-years chlorsulfuron application; and Zengin (2000) reported
that the abundance of many weed species in spring wheat decreased after 3 or 4 years
repeated 2,4-D applications. On the contrary, Derksen et al. (1995) and Ulber et al. (2010)
recorded no significant effect of herbicide treatment on species richness.

Both explanatory variables (time and treatment) together explained 27.3% of total variation
in weed species data. Partial RDA detected that species data variation explained by net effect
of time was 20.4 % and by herbicide treatment it was 6.9%. This is partly supported by Streit
et al. (2003) who confirmed the significant effect of herbicide application on weed
communities. In contrast to our findings, de Mol et al. (2015) recorded that year-factor made
only a small contribution to weed species composition variation and de Mol et al. (2012) did
not find a correlation between weed species composition and herbicide treatments. While
long-term herbicide application affects both the composition of above ground weed
communities and the soil seed bank (Barberi et al. 1997), a dominant short-term effect of
herbicide application on above-ground weed species richness and abundance is confirmed in
study of Hald (1999).

Ordination diagrams of partial RDA (Figure 1) show shifts in weed species composition
under different herbicide treatment regimes. As expected, the abundance of many weed
species increased in untreated control. These comprised common species such as Veronica

hederifolia L., Veronica persica Poir., Sinapis arvensis L., Viola arvensis Murray and
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Centaurea cyanus L. and less common species including Lathyrus tuberosus L., Lycopsis
arvensis (L.) M.Bieb., Consolida regalis Gray and Consolida orientalis (Gr. et Godr.)
Schrodinger. Plots treated with 2,4-D + chlorsulfuron caused the biggest time shifts in weed
species (Figure 1B) and the pyroxsulam + florasulam + aminopyralid showed smaller time
shifts than other treatments (Figure 1C). In addition, the Apera spica-venti and Alopecurus
myosuroides Huds. annual grasses showed time increase at plots treated with 2,4-D and
florasulam and decrease at plots treated with the pyroxsulam and chlorsulfuron. V. persica
and V. hederifolia abundance increased at all plots, while Galium aparine and Papaver spp.
abundance decreased. Some species with high biodiversity value, such as Sinapis arvensis
L.*, Lamium amplexicaule L.*, and Fallopia convolvulus (L.) A.Léve* increased at plots
treated with the pyroxsulam + florasulam + aminopyralid and 2,4-D, but the density of other
beneficial species, including Centaurea cyanus*, Polygonum aviculare L.*, and Stellaria
media* decreased at all herbicide treated plots.

Weed density and treatment efficacy. We established significant impact of herbicide
treatment on weed density before herbicide application (Figure 2), where the highest average
weed density was at untreated control plots (168 plants/m?) and the smallest at plots treated
with the pyroxsulam + florasulam + aminopyralid and 2,4-D (124 and 127/m?, respectively);
and treatment with 2,4-D + florasulam and the 2,4-D + chlorsulfuron provided the same
effect.

The Tukey HSD test proved significant differences in herbicide efficacy (Table 5). The
pyroxsulam + florasulam + aminopyralid showed the highest efficacy on dicot and grass
weeds (96% and 98%, respectively) and the 2,4-D + chlorsulfuron showed the least efficacy
(95.4% and 89%). Lower efficacy of all herbicide treatments (90-95%) were recorded for the
following species: Consolida regalis, C. orientalis, Galium aparine, Papaver spp*., Fumaria

officinalis L.* and Fallopia convolvulus*. The Alopecurus myosuroides density on herbicide
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treated plots did not differ significantly from untreated control plots; with the average number
of plants ranging from 0.7 to 1.6/m?. Keller et al. (2015) also found an increase in this weed’s
frequency after three decades of field experiment and ascribed this to a high proportion of
winter cereals in the crop rotation.

The Veronica spp. density on untreated plots was comparable with herbicide treated plots,
except in plots treated with the pyroxsulam + florasulam + aminopyralid and 2,4-D where
Veronica spp. density was significantly lower. Apera spica-venti was best controlled by the
pyroxsulam + florasulam + aminopyralid and we recorded the highest abundance of this weed
after other tested herbicide treatments (Table 6). Pawlonka and Rymuza (2014) recorded an
increasing density of this species after chlorsulfuron applications.

Conclusion: The treatment with all tested herbicides provided effective weed control.
Modern products containing 3 active ingredients had slightly better efficacy than older
products containing 1-2 active ingredients which also caused bigger weed species time shifts.
Huricane (pyroxsulam + florasulam + aminopyralid) proved the best tested product in winter
cereal rotation for efficacy on a broad spectrum of weeds while maintaining reasonable
species diversity. Huricane treatment enabled survival of some species with high biodiversity
value, such as Sinapis arvensis*, Lamium amplexicaule* and Fallopia convolvulus*; other
beneficial species, including Centaurea cyanus®, Polygonum aviculare* and Stellaria media*,
were suppressed at all herbicide treated plots. Mustang Forte (2,4-D + florasulam +
aminopyralid) is another modern herbicide with a broader spectrum (only dicot) and high
efficacy, but it left poorest weed community with low species diversity. Treatment only 2,4-D
effectively suppressed some dicotyledonous weeds without significant decrease in diversity;

thus this product can be recommended for fields with a low density of grass weeds.
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268  Table 1. Experimental site characteristics

Longitude Latitude Altitude Average Average FAO pH Organic
annual annual Classification  (KCI)  carbon/

temperature precipitation clay
total content

m °C mm %
14730'E 50°08'N 345 7.9 472 Haplic 6.3 24
Luvisols, on 313
loess
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Table 2. Summary of herbicides and active ingredients used in the trial. Classification Group

by Herbicide Resistance Action Committee (HRAC).

herbicide | dose | formulation active contentofa.i. | HRAC | target
ingredient group weeds
Esteron 0.8 L/ha EC 2,4-D 600 g/l @) dicot,
narrower
spectrum
Esteron 0.8 L/ha EC 24-D 600 g/l @) annual
Glean 75 | 15¢g/ha WG chlorsulfuron 7500/1 B grasses +
PX dicot,
narrower
spectrum
Mustang 1L/ha SE aminopyralid 10g/1 @) dicot
Forte 24-D 180g/I (0] broader
florasulam 5¢/1 B spectrum
Huricane | 200 g/ha WG aminopyralid 509/ @) annual
florasulam 25¢/1 B grasses +
pyroxsulam 509/1 B dicot,
broader
spectrum
Untreated
control




275  Table 3. Weed species composition assessed in April 2013. Average number of plants/ m? +

276  standard errors (SE); proportion of individual species in the dataset (%).

277
number

Weed species of plants v

Avg. SE Avg. SE
Papaver spp. L. 52.6 22.9 30.9 17
Veronica spp. L. 20.1 15.5 151 9.7
Galium aparine L. 16.1 11.8 11.9 9.1
Apera spica-venti (L.) P.Beauv. | 15.3 10.3 10.5
Stellaria media (L.) Vill. 5.7 5.1 6.1 5.8
Fumaria officinalis L. 4.5 4.1 4.1 3.3
Viola arvensis Murray 35 2.1 2.9 2.5
Thlaspi arvense L. 3.3 2.5 2.7 1.9
Consolida spp. (DC) Gray 3.2 3 4 3.8
Lamium spp. L. 24 2.1 1.9 1.5
Euphorbia helioscopia L. 1.8 1.1 1.3 0.8
Centaurea cyanus L. 1 0.9 1.2 1
Tripleurospermum inodorum
(L.) Schultz-Bip. ' 08 L2 09
Silene noctiflora L. 1 0.9 1 1
Polygonum aviculare L. <1 <1
Erodium cicutarium (L.) L'Hér. | <1 <1
Sonchus arvensis L. <1 <1
Agrostemma githago L. <1 <1l
Alopecurus myosuroides Huds. | <1 <1
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280 Table 4. The average values of indices (Avg.) = standard errors (SE) in monitored years and
281  treatments. The averages marked by the same letter in individual columns did not

282  significantly differ at o = 0.05 (Tukey HSD test).

year Shannon’s index SC:::;Z Simpson index
Avg. SE Avg. SE Avg. SE

2013 1.62° 006 | 067* 003 | 031° 0.3
2014 1.55% 0.04 0,62% 0.02 0.34° 0.02
2015 1.90° 005 | 0,75° 0.02 | 021* 0.1
2016 1.88° 003 | 0,73 001 | 0222 0.1
treatment
2,4-D 1.75% 0.04 0.7¢ 0.02 0.26% 0.02
2,4-D + chlorsulfuron 1.71% 0.05 0.7¢ 0.02 0.272 0.02
aminopyralid +2,4- D + 1.61% 0.07 0.65? 0.02 0.3% 0.03
florasulam
aminopyralid + florasulam + | 1.79% 0.07 0.712 0.03 0.262 0.03
pyroxsulam
untreated control 1.83° 0.08 0.78 0.02 0.252 0.03

283
284



285  Figure 1. Ordination diagrams of partial Redundancy Analysis (RDA) of weed species
286  composition in different treatments: A) 2,4-D, B) 2,4-D + chlorsulfuron, C) aminopyralid +
287  2,4-D + florasulam, D) aminopyralid + florasulam + pyroxsulam, E) untreated control; year as

288  explanatory variable and repetition as covariate.
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Abbreviations for Figure 1: AgrsGith (Agrostemma githago), AlopMyos (Alopecurus
myosuroides), AperSpic (Apera spica-venti), BarbVulg (Barbarea vulgaris), CardDrab
(Cardaria draba), CentCyan (Centaurea cyanus), ConRegOr (Consolida regia and C.
orientalis), ErodCict (Erodium cicutarium), EuphHeli (Euphorbia helioscopia), FallConv
(Fallopia convolvulus), FumOffc (Fumaria officinalis), GaleTetr (Galeopsis tetrahit),
GaliApar (Galium aparine), LamiAmpl (Lamium amplexicaule), LamiPurp (Lamium
purpureum), LathTuber (Lathyrus tuberosus), LithArvn (Lithospermum arvense), LycpArvn
(Lycopsis arvensis), PapavSpp (Papaver spp.), PolgAvic (Polygonum aviculare), SilnNoct
(Silene noctiflorum), SinpArvn (Sinapis arvensis), SoncArvn (Sonchus arvensis), StelMedi
(Stellaria media), ThisArvn (Thlaspi arvense), Triplnod (Tripleurospermum inodorum),
VernHedr (Veronica hederifolia), VernPers (Veronica persica), ViciaSpp (Vicia spp.),

ViolArvn (Viola arvensis)



309  Figure 2. Effect of treatment on average weed density for 2013-2016. Different letters indicate
310 significant differences at o = 0.05 by Tukey HSD test, vertical columns show 0.95 confidence

311  interval.
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Table 5. Average (Avg.) herbicide efficacy on weeds in % = standard error (SE) for 2013-

2016. The averages marked by the same letter in individual columns did not significantly

differ at o = 0.05 (Tukey HSD test).

herbicide dicot grasses
Avg. SE |Avg. SE
2,4-D 95.8% 0.26 | 0° -
2,4-D + chlorsulfuron 95.4° 0.19 | 89" 26
aminopyralid + 2,4-D 95.6* 0.23 | 95° 0.33
+ florasulam
aminopyralid + florasulam |96.5° 0.16 |97.8° 0.17

+ pyroxsulam
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Table 6. Average weed number/m? £ standard error after treatment of selected weed species

“weed species with high biodiversity value (Marshall et al. 2003, Storkey 2006)

aminopyralid

aminopyralid

Weed species/ 2,4-D + untreated
2,4-D +2,4-D + florasulam
treatment chlorsulfuron control
+ florasulam | + pyroxsulam

Veronicaspp. |45°+£0.3 |4.3°+0.3 47°+0.4 2.32+0.2 3.9°+0.4
Viola arvensis* | 1.3°+£0.2 | 1.7°+£0.3 0.33+0.7 0.5%+0.1 1.1+ 0.2
Stellaria

_ 0.3%£0.09 | 0.12+0.05 0.12+£0.04 | 05°+0.1 1.2+ 0.1
media*
Apera spica

_ 8.8%9+£0.7 |7°+05 6.4+ 0.5 2.72+£0.3 9.69+0.7
venti
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4. Sumarni diskuse

Pfi hodnoceni vlivu experimentalnich faktori (rizné trovné hnojeni dusikem, fosforem,
draslikem, chlévskym hnojem, vapnéni a hustota vysevku) na dlouhodobé vynosové trendy
pudy (Humpolec, Kostelec) doslo k vyznamnému nartistu primérného rocniho vynosu na
hnojenych parcelach mezi prvni a posledni rotaci (25 %, resp. 50 %), na lokalité s vyssi
urodnosti (Hnévceves) se primérny ro¢ni vynos zvysil primérné jen 0 13 %. Ani zvySené
davky dusiku (N) nepiinesly adekvatni nartist vynosu. To potvrzuje i Cerny et al. (2010) a
Hejcman et Kunzova (2010), ktefi zjistili snizeny efekt hnojeni N na lokalitdch s vyssi plidni
urodnosti. Efekt hnojeni byl béhem pokusu jesté¢ zvysSen zavadénim novych, vice vynosnych
odrid psenice s lepsi schopnosti vyuziti zivin (Mladenov et al., 2011; Cormier et al., 2016).
Specificky pokles vynosu oproti prvni rotaci (- 9 %) byl zaznamenan v Pernolci, kde doslo
k okamzitému poklesu vynosu na nehnojenych parcelach a pouze nejvyssi davky hnojeni
udrZely vynos na stejné urovni jako na zaatku pokusu. Tento atypicky trend byl ziejmé
zpiisoben velmi vysokymi ddvkami hnojeni parcel pied pocatkem pokusu, protoze hodnoty
vynost byly pomérné vysoké na zdejs$i ptidné klimatické podminky.

Pokud porovname statisticky vyznamny vliv vSech experimentalnich faktori na
primémny vynos zrna pSenice na vSech lokalitach, pak jako nejvice urcujici pro vynos se
ukdzalo hnojeni N, a to v pfipadé¢ 89,4 % vSech dil¢ich pokusi a v 100 % pokust
provadénych v letech 2007-2013. Hnojeni N muiZze pramérné zvysit vynosy o 2 t/ha, ale tento
efekt je silné zavisly na lokalité. Zatimco na lokalité¢ s dobrou trodnosti bylo dosazeno
maximalnich vynost uz pti davce 110 kg N/ha, na lokalit€ s niz8i urodnosti az pii davce 170
kg N/ha. Velmi vysoké davky N jsou pfi¢inou €astého poléhdni rostlin, coz ma za nasledek
snizeni vynost. Zavéry z dalSich mezinarodnich dlouhodobych pokusti zddraziuji silnou
zavislost optimalnich davek hnojeni N na lokdlnich pidné klimatickych podminkach
(Brentrup et al., 2004). Také hodnoceni dlouhodobych pokusti v Ceské republice potvrzuji, Ze
vynos zrna na mén¢ urodnych ptidach siln¢€ zavisi na davkach N (Kunzova et Hejcman, 2009;
Hejecman et Kunzova, 2010). Ptijem dusiku rostlinami pSenice byl podstatné ovlivnén i
ptedplodinou (Rahimizadeh et al., 2010).

Druhym vyznamnym faktorem byla hustota vysevku, ktery mize potencialné zvysit

vynos o 0,2 t/ha. Zatimco v chladngjSich lokalitdich mél vyssi vysevek pozitivni vliv na vynos
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(+ 0,5 t/ha), v teplejsi lokalité¢ Hnévéeves byl zaznamenan mirné negativni vliv. Potencialni
navySeni vynosu diky vysevku neni pfili§ vysoké z divodu kompenzacnich mechanizmi
rostlin, kdy pfi niz§im vysevku 300-500 kli¢ivych semen/m? dochazi k navyseni poétu odnoZi,
které ¢asteéné porost zahusti (Stephen et al., 2005).

Vliv ostatnich faktort byl signifikantni v méné nez 20 % ptipadt. Zvysujici davky fosforu (P)
mély na vSech lokalitich mirné pozitivni vliv na vynosy (nartst primérn¢ o 0,5 t/ha)
s vyjimkou lokality Humpolec, kde davky nad 50 kg/ha zpusobily pokles vynosu. Pudni typ je
tak zfejmé urcujici pro uvoliovani P a jeho vyuziti rostlinami. Hnojeni chlévskym hnojem
mélo nejveétsi efekt na lokalité s nizkou pocatecni trodnosti (Kostelec), kde prispélo ke
zvySeni vynosu o 1,5 t/ha. Na ostatnich lokalitach byl efekt hnojeni hnojem zanedbatelny. Ve
vetSing piipadit nemélo statisticky vyznamny vliv na vynosy ani hnojeni draslikem (K). Jeho
vyznam byl vyss§i na lokalitdch se spraSovymi pidami oproti pidam na rule, které obsahuji
vysoké mnozstvi K (Madaras et al., 2010). Padni pH na sledovanych lokalitach se pohybovalo
vV rozmezi 5,5-6,5, coz je optimum pro pesovani pSenice. Proto se vliv vapnéni na vynosy
ukézal jako zanedbatelny.

Vysledky  dlouhodobého  polyfaktoridlniho  pokusu  potvrdily silnou  zévislost
experimentalnich faktori na pidné klimatickych podminkach, ptfi¢emz vynos byl nejvice
ovlivnén hnojenim N. Vliv ostatnich faktora byl slaby nebo zanedbatelny.

ZvySovani vynost v poslednich desetiletich by nebylo mozné bez G¢inné regulace
plevel. To potvrzuji napi. studie Keller et al. (2014, 2015), které ukazuji postupny
dlouhodoby nartist vynosu v ozimych obilninach a kukufici v pfipadé parcel oSetfovanych
herbicidy. Naopak na neoSetfenych parcelach nebyl signifikantni narist vynosu pozorovan, i
pfes péstovani vynosnych odriid, adekvatni hnojeni a zavadéni modernich agrotechnologii.
PrestoZe vynosy sledovanych plodin béhem trvani naseho dlouhodobého herbicidniho pokusu
kolisaly, pravdépodobné vlivem pribéhu pocasi v jednotlivych letech, byl zaznamenan
signifikantni rostouci trend vynosti na lokalit¢ HnévCeves. Tento trend byl vyrazny zejména
Vv ptipadé je¢mene jarniho, ozimé pSenice a hrachu. Naopak na lokalité¢ Pernolec nebyl tento
rostouci trend zaznamenan, i kdyZ na neoSetfenych parcelach doslo k mnohem vyrazngj$imu
poklesu vynosti nez na parcelach oSetfenych. Toto zjiSténi lze vysvétlit jednak nizkou
urodnosti pad v Pernolci, jednak pomérné nizkym ro¢nim thrnem srazek zpusobenym
srazkovym stinem Ceského lesa. Zajimavy jev byl zjistén v poslednich 15 letech na lokalité
Hnévceves, kdy primérny nardst vynosu na oSetfenych parcelach oproti kontrole ¢inil 76,9

%, kdezto v letech 1972-1985 byl jen 4,9 %. Tento narGst souvisi s maximalizaci vynost na
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osetfenych variantach, kterou umoznilo zavadéni modernich, vynosnych odrid, zatimco
vynosy na kontrole stagnovaly diky zapleveleni kompetitivnimi druhy, jako naptf. Apera
spica-venti, Tripleurospermum inodorum a Centaurea cyanus v Pernolci a Sinapis alba,
Galium aparine a Stellaria media v Hnévc¢evsi. Zaroven je mozné pozorovat uréity posun ve
vyvoji pocasi smérem k vyS$$im primérnym teplotam a mirnym zimam (Chloupek et al.,
2004), které umoznily jednak lepsi rast plodin, jednak zpGsobily vyssi selekéni tlak ozimych
pleveli Apera spica-venti, Tripleurospermum inodorum, Veronica spp. a Lamium spp. na
neosetienych parcelach, coz napomohlo ke zvysSeni rozdilu vynosii mezi oSetienymi a
neoSetfenymi parcelami.

Analyza dlouhodobych vynosovych dat napfic roky a lokalitami potvrdila
signifikantné¢ vys§i primémé vynosy na parcelach oSetienych herbicidy v porovnéani
s neoSetienymi parcelami v obou osevnich postupech. Pozitivni efekt herbicidniho oSetieni se
lisil mezi plodinami, pfi¢emz relativni nardst pramérného vynosu oproti kontrole stoupal
V tomto pofadi: je¢men jarni < pSenice ozimd < hrach < fepka ozimé < brambory. Nejmensi
vliv mélo oSetfeni na ndrlst vynosu u obilnin, které maji vys§i kompetitivni schopnost.
Primérny ndrlGst vynosu jeCmene jarniho byl 15 % a 23 % (cilené oSetfeni a oSetfeni
syntetickymi auxiny u zjednoduSeného osevniho postupu) a 13 % u pestrého osevniho
postupu. Na druhou stranu u brambor byly vynosy na oSetfené varianté pramérné o 50 %
vyssi nez na kontrole. To koresponduje s pracemi dal§ich autord: Banaras (1993), Harker
(2001), Didon et Bostrom (2003), Zwerger et al. (2004), Mason et al. (2007). Naopak Gaba et
al. (2016) zpochybnuji vztah mezi vynosem pSenice ozimé a herbicidnim oSetfenim. Zavéry
této studie se ale opiraji pouze o jednoletda data bez dostatecné informace o dalSich
agrotechnickych zasazich a tlaku plevelll v kritickém obdobi. Nelze je tak povaZovat za
prikazné.

Osetteni pouze syntetickymi auxiny mélo podle ocekévani na zvySeni vynosti mensi efekt nez
cilené oSetfeni kombinaci herbicidid. To odpovida 1 vy$Simu zapleveleni tolerantnimi druhy
(Apera spica-venti, Veronica spp., Viola arvensis, Lamium spp. a Tripleurospermum
inodorum), nebot’ syntetické auxiny pusobi jen na urcitou ¢ast plevelového spektra. Mnoho
autorl prezentuje negativni vliv zjednoduSenych osevnich postupli na nartst zapleveleni a
vyskyt obtizné regulovatelnych plevelu (Blackshaw, 1994; Lejins et Lejina, 2007; Koocheki
et al., 2009). Piestoze byl tento trend zaznamenan i v nasem pokusu, negativni vliv
zjednoduseného osevniho postupu byl potlacen uc¢innym herbicidnim osetfenim. Nebyly proto

zjiStény vyznamné rozdily ve vynosech mezi osevnimi postupy Vv piipadé cilen¢ho oSetieni
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kombinaci herbicidii. To dokladd srovnani osevnich postupti napfi¢ plodinami pomoci
ptevodu vynosi jednotlivych plodin na ,,Cereal Units* (Brankatschk et Finkbeiner, 2014).
Narast vynosu u cileného oSetieni byl 27 % a 30 % (pestiejsi, resp. zjednoduseny osevni
postup) a 19 % u oSetieni syntetickymi auxiny.

Vice nez 40 lety dlouhodoby herbicidni pokus poskytl dostatecné mnozstvi dat pro
sledovani vlivu herbicidniho oSetfeni a osevnich postupli na zmény plevelového spektra
V dlouhodobém horizontu. U obou lokalit bylo dle ocekavani na konci pokusu nejveétsi
zapleveleni na neoSetiovanych parcelach a nejnizssi zapleveleni na parcelach oSetfovanych
kombinaci herbicidli. Vyssi zapleveleni bylo zaroven zaznamendno na parcelach se
zjednoduSenym osevnim postupem, a to jak oSetienych, tak i neoSetienych.

Zmény v druhové diverzité plevelového spolecenstva byly popsany pomoci indext diverzity.
Shannoniiv index diverzity (H") se po 40 letech zvysil na vSech parcelach, kromé parcel
s cilenym oSetfenim. Také Edesi et al. (2012) zjistili klesajici tendenci H” vlivem herbicidniho
oSetfeni v 5 letém pokusu. Naopak Derksen et al. (1995) a Ulber et al. (2010) nezaznamenali
signifikantni vliv herbicidniho oSetfeni na druhové bohatstvi plevell, coz mize byt v prvnim
pfipad¢ zplsobeno interakci oSetfeni se zpracovanim pudy, v druhém piipadé pouze
jednoletym pozorovanim. Derksen et al. (1995) zaroven uvadéji nartst nebo stagnaci indexu
vyrovnanosti (E) po herbicidni aplikaci. V pfipadé naseho pokusu vzrostl (E) na vSech
parcelach bez ohledu na oSetfeni. Tento jev je mozné vysvétlit uvolnénim niky pro méné
konkurenceschopné druhy po potlaéeni dominantnich druhti herbicidy (Topham et Lawson,
1982). Ani dlouhodoba aplikace syntetickych auxinti nezpusobila pokles druhové diverzity.
To je ¢asteéné v souladu s praci Humeho (1987), ktery uvadi, ze 35 leta kontinualni aplikace
2,4-D nezpisobila signifikantni zmény ve slozeni plevelového spolecenstva, zménila se pouze
hustota zapleveleni jednotlivymi druhy. Naopak Zengin (2001) uvadi po 3-4 leté opakované
aplikaci 2,4-D pokles pocetnosti mnoha druhd.

Prace potvrdila vliv péstované plodiny na druhovou diverzitu plevelového apoleCenstva
(Gulden et al., 2011; Bellinder et al., 2004). Diverzita pleveli ve dvoudéloznych plodinach
zaznamenali vys§i druhovou diverzitu v okopaninach, ale vyss§i v jarnich obilninach nez
v ozimych obilninach. Naopak Lososova et al. (2004) uvadéji vyssi diverzitu v obilninach nez
v okopaninach. K tomuto zavéru dosli i diky tomu, ze pfi svém prizkumu zaradili do stejné
kategorie jednoleté¢ i vytrvalé plodiny s riznym datem vysevu. Kategorie ,,0bilniny* tak

zahrnovala i fepku olejku nebo picniny, coz vedlo ke koneénému zvyseni diverzity obilnin.
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Zjisténé relativné malé rozdily v druhové diverzité mezi riznymi oSetfenimi a plodinami
uvadi i Barroso et al. (2015). Ptestoze plevelné druhy pomérné rychle reaguji na zvolenou
agrotechniku a zpusoby regulace plevelt, nemusi to z dlouhodobého pohledu znamenat
vyznamny pokles ¢i narust diverzity.

Pro hodnoceni plevelového spektra byly vybrany tfi vysvétlujici proménné, které
ovlivnily jeho slozeni: oSetfeni, typ plodiny a ¢as. Dohromady se tyto faktory na variabilité
podilely primérné 24,9% (zjednoduSeny osevni postup) a 32,2% (pestry osevni postup).
Nevysvétleny podil variability pravdépodobné souvisi s jinymi faktory, zejména pudné
klimatickymi podminkami. Pinke et al. (2012) ve své studii pfisuzuji faktorim prostiedi
dvakrat vyssi podil na variabilité nez agrotechnickym faktorim. K podobnému zavéru dosli i
de Mol et al. (2015). Naopak Vv regionalnim métitku Cimalova et Lososova (2009) vyzdvihuji
vliv typu plodiny a s nim spojené agrotechniky. Typ plodiny m¢l i v nasem ptipadé nejvetsi
podil (primérn¢ 15 %) na variabilité¢ plevelového spoleCenstva, a to V obou osevnich
postupech na oSetfenych i neosettenych parcelach. To je v souladu s mnoha dal$imi pracemi
(Fried et al., 2008; Lososova et Cimalova, 2009; Pinke et al., 2012; Nowak et al., 2015).
Dal$im vyznamnym faktorem byl cas, ktery se na variabilité podilel primérné vice nez 10%.
Silny vliv roéniku uvadi také Grundy et al. (2010), kdezto de Mol et al. (2012) povazuji vliv
ro¢niku za zanedbatelny. Oproti pivodni hypotéze nebyl potvrzen vyznamny vliv oSetfent,
jeho podil byl pouze maly (3 %) nebo nesignifikantni. Ani de Mol et al. (2012) nezjistili
korelaci mezi sloZzenim plevelového spolecenstva a herbicidnim oSetfenim. V dlouhodobém
horizontu je efekt herbicidniho oSetfeni ¢astecné vyrovnavan semeny pieziv§ich rostlin
z pudni banky (Hyvonen et Salonen, 2002). Streit et al. (2003) potvrdili signifikantni vliv
herbicidniho oSetfeni, ale v jejich 3 letém pozorovani byl zkombinovan vliv preemergentni a
postemergentni aplikace spolu s riznym zpracovanim pudy, coz mohlo vést k odliSnym
zaverim.

Ptestoze vliv oSetfeni se ukazal jako maly, podil dalSich dvou faktorii na variabilité¢ v ramci
jednotlivych oSetfeni se liSil. Plevelové spole€enstvo bylo vice ovlivnéno typem plodiny a
c¢asem na neoSetfenych parcelach (36,6 % a 31,8 % u pestrého, resp. zjednoduseného
osevniho postupu) V porovnani s oSetfenymi parcelami, kde se oSetfeni podilelo na
nevysvétlené variabilité a ptisp€lo ke snizeni vlivu sledovanych fakrort. Také Barberi et al.
(1997) pozorovali vliv predplodiny a osevniho sledu na plevelové spolecenstvo v ozimé

pSenici pouze V ptipad€ redukovaného herbicidniho oSetfeni.
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Co se tyka ¢asového trendu ve slozeni plevelového spoleCenstva, na obou lokalitach
doslo v porovnani s pozorovanim na pocatku pokusu k nékolika zménam. Na lokalité
Hnévéeves to byl vyznamny nartst pocetnosti nékterych druht, jako napf. Lamium spp.,
Veronica spp., Tripleurospermum inodorum a Sinapis alba, ktery se rozsifil z vydrolu po
meziploding. Na této lokalit¢ s vyssi urodnosti pidy a vyssi intenzitou obhospodafovani poli
Vv tésné blizkosti pokusu byla oproti druhé lokalité pozorovana nizsi druhova diverzita a vyssi
zastoupeni dominantnich druhi, a to na vSech parcelach. Na neosetfenych parcelach byl navic
patrny narust Galium aparine, Papaver spp. a Stellaria media, na oSetfenych Apera spica-
venti, Cirsium arvense a Fumaria officinalis. Vyrazné klesla pocetnost druhu Matricaria
chamomilla, coz lze pficist jednak jeho citlivosti k herbicidim, ale i ke zpracovani pidy a
nizké konkerenceschopnosti v ozimych obilninach na kontrole. Na lokalit¢ Pernolec byla od
pocatku pokusu druhova diverzita vyssi, béhem doby trvani pokusu zde bylo zaznamenano 53
plevelnych druhti, v Hnévéevsi pouze 29. Stejné jako v Hnévcevsi zde doSlo k potlacni
nékterych druhd nezavisle na oSetieni ¢i osevnim postupu. Jedna se napi. o druhy Raphanus
raphanistrum, Myosotis arvensis, Scleranthus annuus nebo Erophila verna. Tento ubytek
zpiisobeny Uc¢innou regulaci herbicidy byl rychlejsi na oSetfenych parcelach neZ na kontrole,
kde ziejmé& doslo k postupnému potlacovani téchto druhti i diky agrotechnickym zasahim.
Jiné druhy, jako napi. Apera spica-venti, Arabidopsis thaliana, Stellaria media a Fallopia
convolvulus, nevykazovaly vyznamny ¢asovy trend a vyskytovaly se viceméné rovnomeérné
od pocatku pokusu do soucasnosti. Pozitivnim jevem na neoSetfenych parcelach bylo zvySeni
pocetnosti druhti Centaurea cyanus a Lycopsis arvensis, u nichz je zaznamenan pokles
vyskytu v ramci Evropy. Naopak na tizemi Ceské republiky se tyto druhy v soudasnosti opdt
roz§ifuji, zfejmé& v disledku zjednoduSovani osevnich postupli, minimaliza¢nich technologii
zpracovani pidy bez podmitky nebo absence podzimni chemické ochrany. V ptipadé teplych
zim tak dochazi k rychlému vyvoji rostlin téchto druhti a zvyseni jejich konkurenceschopnosti
na jafe. Negativni bylo zvySené zapleveleni kontrolnich parcel konkuren¢né vyznamnymi
druhy Tripleurospermum inodorum a Thlaspi arvense. PiestoZze pocetnost mnoha citlivych
druhti, napt. Arabidopsis thaliana, Fallopia convolvulus, Galeopsis tetrahit, Anagallis
arvensis nebo Polygonum aviculare vlivem osetfeni poklesla, ani po 40 letech nedoslo
Kk jejich uplnému potlaceni. Diky cilenému oSetfeni podle péstované plodiny a intenzity
zapleveleni nedochdzelo béhem pokusu k pouzivani jednoho piipravku se stejnou ucinnou
latkou po tak dlouhou dobu, aby zptisobila nezvratné posuny Vv plevelovém spektru. Hyvonen

et al. (2003) nezaznamenali v obdobi 1980-90 zmény plevelového spektra jarnich obilnin
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navzdory dlouhodobé aplikaci sulfonylmocovin. Rotchés-Ribalta et al. (2017) uvadgji vliv
dlouhodobé aplikace herbicidii na potlaceni citlivych plevelt a vyvoj rezistentnich populaci
druht Alopecurus myosuroides, Chenopodium polyspermum a Capsella bursa-pastoris. Tato
studie porovnava farmy s organickym hospodaienim a farmy s konvenénim piistupem, ktery
zahrnuje krom¢ herbicidtl i mineralni hnojeni. To pravdépodobné vedlo k pon¢kud odlisnym
zaveram.

Ani dlouhodoba aplikace syntetickych auxinii nezplsobila ofekavané vyznamné zmény
plevelového spektra. Moznym vysvétlenim je postupny pokles ucinnosti téchto herbicida
na n¢které¢ dvoudelozné plevele (Centaurea cyanus, Veronica spp., Lamium spp. a Fumaria
officinalis) a op&tovny narist jejich pocetnosti (Zengin, 2001). Nékteti autofi uvadeéji zvyseny
vyskyt vytrvalych plevelu (Elytrigia repens, Cirsium arvense) na orné pudé v dusledku
dlouhodobé herbicidni ochrany proti dvoudéloznym plevelim v obilninach (Hyvonen et
Salonen, 2002), vnaSem pokusu tento trend zaznamenan nebyl. Duvodem je jednak
kazdoro¢ni hluboké orba, jednak dodrzovani osevnich postupi.

ZjednoduSeny osevni postup vykazoval podobné trendy na vSech parcelach, kdezto v ptipadé
pestrého osevniho postupu byla pocetnost mnoha druht ovlivnéna sledovanymi faktory vice
na neoSetiené kontrole nez na oSetfenych parceldch. V porovnani s kontrolnimi parcelami
dochazi na oSetfovanych parcelach k postupné redukci rozdilli v pocetnosti jednotlivych
druhti. Zda se, ze potlaceni citlivych, dominantnich pleveld mize vést K mirnému zvySeni
populaci neékterych tolerantnich, méné kompetitivnich plevela.

Prace potvrdila obecné znamou odezvu plevelnych druhd na péstovanou plodinu
(Koocheki et al., 2009; de Mol et al., 2015; Nowak et al., 2015), pticemz typ plodiny mél o
néco vEétsi vyznam na parcelach s pestrym osevnim postupem. Zatimco ozimé druhy, jako
napf. Apera spica-venti, Arabidopsis thaliana, Tripleurospermum inodorum, Centaurea
cyanus a Papaver spp. byly spojeny s péstovanim ozimych obilnin; Fallopia convolvulus,
Galeopsis tetrahit, Chenopodium album a Anagallis arvensis zaplevelovaly jarni obilniny.
V okopaninach se vice vyskytovaly Taraxacum sect. Ruderalia, Equisetum arvense, Plantago
major a Avena fatua.

Nové pristupy regulace plevelt hledaji rovnovahu mezi dostatecnou rostlinnou
produkci a zachovanim uspokojivé druhové rozmanitosti (Marshall et al., 2003). Kapitola 3.3
porovnava dvé¢ strategie herbicidniho oSetfeni v ozimych plodinach a hodnoti moznosti téchto
strategii s ohledem na jejich dostatecnou Gc¢innost pifi zachovani druhového spektra pleveld.

Signifikantni vliv oSetfeni byl prokazan jen v pfipadé Shannonova indexu (H’), kdy jeho
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nejvyssi primeérnd hodnota byla na neoSetfené kontrole, nejnizs§i pii osetfeni kombinaci
ucinnych latek 2,4-D+florasulam+aminopyralid. Simpsoniv index dominance (D) a index
vyrovnanosti (E) nebyly oSetfenim signifikantné ovlivnény, ale vy$e jmenovana kombinace
vlivu na druhovou diverzitu.

Slozeni plevelového spolecenstva se ménilo v zavislosti na ro¢niku a osetfeni, pfi¢emz
rocnik se podilel na variabilit¢ 20,4 % a oSetfeni 6,9 %. Zatimco dlouhodoba herbicidni
aplikace ovlivituje krom¢ vzeslych plevelovych druhi i semennou banku (Barberi et al, 1997),
kratkodoby vliv se odrazi predevsim ve slozeni a pocetnosti vzeslych druht (Hald, 1999). Po
¢tyfech letech sledovani vzrostla na kontrole pocetnost mnoha druhd, a to jak bézné
roz§ifenych (Veronica persica, V.hederifolia, Viola arvensis, Centaurea cyanus), tak méné
obvyklych (Lathyrus tuberosus, Lycopsis arvensis, Consolida regalis, C. orientalis).
Travovité plevele Apera spica-venti a Alopecurus myosuroides vykazovaly nartust po¢etnosti
na parcelach oSetfenych 2,4-D a florasulamem a pokles na parcelach oSetfenych
pyroxsulamem a chlorsulfuronem. Za pozitivni 1ze povazovat zvySeni pocetnosti nékterych
druht s vyssi hodnotou pro biodiverzitu (Sinapis arvensis, Lamium amplexicaule a Fallopia
convolvulus) na parcelach oSetfenych kombinaci ucinnych latek
pyroxsulam+florasulam+aminopyralid a oSetienych 2,4-D. Naopak dalsi prospé&sné druhy
(Centaurea cyanus, Polygonum aviculare, Stellaria media) byly potlateny na vSech
oSetfenych parcelach.

Nejvyssi ucinnost na dvoudélozné 1 travovité plevele byla prokazana pro kombinaci
ucinnych latek pyroxsulam+florasulam+aminopyralid, nejniz§i pro 2,4-D+chlorsulfuron.
Niz§i ucinnost (90-95 %) vSech oSetfeni byla pozorovana u druhid Consolida regalis,
C.orientalis, Papaver spp., Fumaria officinalis a Fallopia convolvulus. Apera spica-venti a
Veronica spp. byly nejlépe regulovany kombinaci pyroxsulam+florasulam+aminopyralid,
ostatni oSetfeni méla niz§i ucinnost. Jako problematicky se ukazal druh Alopecurus
myosuroides, u kterého byla hustota zapleveleni srovnatelna s kontrolou. Problémy s timto
druhem jsou pficitany vysokému zastoupeni obilnin v osevnich postupech (Keller et al.,
2015).

Osetfeni vSemi testovanymi herbicidy poskytlo efektivni regulaci pleveli, pficemz
moderni ptipravky obsahujici tf1 u¢inné latky mély o néco vyssi ucinnost nez starsi ptipravky
Sjednou a dvéma U¢innymi latkami, u kterych byl zaznamenan vétsi posun v plevelovém

spektru. Pripravek Huricane s kombinaci pyroxsulam+florasulam+aminopyralid navic
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umoznil preziti nékterych druhti s vyss$i hodnotou pro diverzitu. Naopak oSetfeni dalSim
modernim pfipravkem Mustang forte (2,4-D+florasulam+aminopyralid) mélo za nasledek
druhové chudsi plevelové spoleCenstvo s nizsi diverzitou. Pro ptipady s nizkym zaplevelenim
travovitymi druhy lze doporucit i nizkondkladové oSetfeni 2,4-D, které zaru¢i uc¢innou

kontrolu dvoudéloznych pleveli bez vyznamného poklesu diverzity.
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5. Zavér

Dlouhodobé polni pokusy provadéné v ramci VURV, v.v.i. poskytly obsahly zdroj

dlouhodobych dat, jejichz hodnoceni modernimi statistickymi metodami umoznilo ziskat
vysledky s vysokou vypovidaci hodnotou.
Prabéh pocasi v jednotlivych letech a padné klimatické podminky hraji dalezitou roli pfi
tvorbé vynosu plodin a slozeni plevelového spolecenstva. Presto existuji u¢inné agrotechnické
zasahy, kterymi lze agroekosystém ovliviiovat. V ptipadé¢ vynost je to predev§im hnojeni
dusikem, jehoz davky musi byt prizpisobeny pravé ptdné klimatickym podminkam, aby
mohl byt rostlinami efektivné vyuzit a nedochdzelo kjeho vyplavovani do pady a
podzemnich vod. To plati i pro hnojeni dal§imi minerdlnimi a organickymi hnojivy, jejichz
vliv na vynos ovSem neni tak vyznamny. Nepiiméfené vysoké davky hnojiv tak nejenze
nepiinaseji zvysené vynosy, ale prispivaji ke znecistovani zivotniho prostredi a v neposledni
fad¢ predstavuji i zbyteéné ekonomické naklady. Zarukou pro dosazeni optimalnich vynosu je
ucinné pouzivani herbicidnich latek, nejlépe cilené oSetfeni modernimi, viceslozkovymi
ptipravky s ohledem na stav zapleveleni a slozeni plevelového spektra. Piestoze je tento fakt
v posledni dob& zpochybnovan, prace piinesla jednoznacné dukazy o pozitivnim vlivu
herbicidniho osetfeni na dlouhodobé zvySovani vynost, jehoz vyznam roste pii pestovani
dvoudéloZnych plodin s nizkou konkuren¢ni schopnosti v pocatecnich riistovych fazich. Takeé
ve zjednoduSenych osevnich postupech s vysokym podilem obilnin je role herbicidii pro
tvorbu vynosu zasadni. Prace tak potvrdila hypotézu, ze chemicka ochrana pleveltl vyznamné
piispiva k zajisténi vynosit a jejich dlouhodobému ristu Vv zavislosti na stanoviStnich
podminkach a péstované plodiné.

Béhem trvani dlouhodobého pokusu dochazelo ke zménam ve slozeni plevelového
spoleCenstva, tyto zmény vSak nelze jednoznacné piisuzovat pouzivani herbicidi. Druha
hypotéza tak byla potvrzena ¢astecné. Dlouhodobé pouzivani herbicidu sice vedlo ke snizeni
nékterych charakteristik diverzity a rychlejSimu ustupu citlivych druhti, ale nejvyznamnéjSim
faktorem, ktery urcuje slozeni plevelového spoleCenstva, se ukazal typ plodiny a osevni
postup. Uplatiiovani osevnich postupl S riznorodym zastoupenim plodin proto podporuje
nejen druhovou diverzitu plevelového spektra, ale podili se i na niz$i trovni zapleveleni.
Vybér tcinnych herbicidl podle vyskytu a tirovné zapleveleni obtiznymi plevelnymi druhy a
stiidani pfipravkil s riznymi G€innymi latkami piispiva k poklesu pocetnosti potencialné
dominantnich druhti a podporuje pieziti druhli s nizsi mirou konkurenceschopnosti. Stfidani

plodin, pfesné hnojeni a cileny vybér herbicidnich pfipravkt tak v koneéném dusledku
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ptinaseji nejen vyssi vynosy a usporu chemickych latek, ale i vyssi biodiverzitu, ktera je
z dlouhodobého pohledu dulezitd pro udrZzeni urodnosti naSich poli a stabilitu

agroekosystému.
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7. Obrazova priloha

Obr. 1 Letecky pohled na dlouhodobé pokusy v Pernolci 13.6.2017 (foto Ing. Michaela
Friedlova)

Obr. 2 Letecky pohled na dlouhodoby herbicidni pokus v Pernolci 13.6.2017 (foto Ing.
Michaela Friedlova)
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Obr. 3 Letecky pohled na dlouhodoby herbicidni pokus v Hnévcevsi 3.6.2014 (foto doc. Ing.
Milan Kroulik, Ph.D.)

Obr. 4 Schéma pokusu (21,22,23 — zjednoduSeny osevni postup; 11, 12 — stridavy osevni
postup)
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