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1. Uvod

V Ceské republice je 35 % orné pudy stiedné az extrémné ohroZeno vodni erozi. Tento
problém se nejvice projevuje Vv porostech Sirokofadkovych plodin. Na poc¢atku erozniho
procesu je kineticka energie destové kapky dopadajici na nechranény povrch pady. Tato
energie pusobi destruk¢né na piidni agregaty, coz se projevuje poklesem infiltrace vody do ptidy
a tvorbou pudniho Skraloupu. Mira rozpadu puidnich agregati zavisi na tfech vyznamnych
faktorech. Primarné€ na vlastnostech atmostérické srazky, tedy na velikosti, rychlosti, mnozstvi
a uhlu dopadajicich kapek na povrch piady. Sekundarné zavisi na padnich vlastnostech, jako
jsou pudni druh a typ, objemova hmotnost, struktura a stabilita piidnich agregati, obsah
organické hmoty, vlhkost a infiltraéni kapacita. Tretim faktorem ovliviiujicim rozpad ptadni

struktury je ochrana povrchu pady Zivym ¢i mrtvym mul¢em modifikujicim distribuci srazky.

Rostlinny pokryv piidy hraje nezastupitelnou roli v ochrané pidy pted erozi, nebot’ snizuje
kinetickou energii dopadajicich destovych kapek, pidu mechanicky zpeviiuje koieny a svadi
stékajici vodu po rostliné piimo do pudy. Vegetacni pokryv pudy na eliminaci erozniho procesu
pusobi i nepiimo omezenim zandSeni pidnich port ¢i zvySovanim obsahu organické hmoty
v pudé. Vlivem odlisného habitu péstovanych polnich plodin je jejich vliv na distribuci srazky
V porostu a nasledné na kapkovou erozi odlisny. Pomér stoku vody po rostliné, propadu srazky
a intercepcniho vyparu je zavisly na riastové fazi porostu, velikosti listové plochy, pfitomnosti
trichomii na listech, Gthlu postaveni listd. Vhodnym systémem zaloZenim porostu je mozné
aktivné ovlivnit jeho strukturu z hlediska hustoty, orientace a prekryvani se listi ¢i tvaru

kofenové soustavy a hloubky prokotfenéni pudy.

Kvantifikace propadu srazky porostem do jednotlivych zén mezifadku v riznych plodinach je
dilezita nejen z hlediska eliminace erozniho procesu, ale i vyvoje zptsobu zpracovani ptdy a
efektivnich systému hnojeni. Na zakladé znalosti vlivu plodiny na propad srazky porostem je
mozné cilené kypfit pidu za ucelem zvySeni infiltrace destové vody a specifikovat mista
ukladani hnojiv, aby nedochazelo k jejich pted¢asnému vyplaveni. Znalost distribu¢niho vlivu
porostd na atmosférickou srazku je dulezita pro omezeni kapkové eroze v porostech polnich
plodin prostfednictvim agrotechnickych opatieni a z divodu zvySeni vyuziti pfirozenych srazek
porosty v obdobich nedostatku vlahy. Proto je piedkladana prace nazvana ,,VIiv porostu a
mulce na distribuci srdzek a urovenl kapkové eroze® zaméfena na feSeni vySe uvedené

problematiky.



2. Literarni prehled

2.1. Vodni bilance agrofytocenoz

Voda, jako zékladni pfirodni zdroj, je pfedpokladem veskerého Zivota na zemi. Voda je
pro Zivot rostlin naprosto nezbytna. Rostliny ziskavaji vodu z pidy kofeny a jejim transportem
skrz rostlinu dochazi k ochlazovani rostliny transpiraci (vyparem), a tak i k udrZeni optimalni
teploty rostliny. Vy3e efektivity vyuZiti vody je ovlivnitelna strukturou porostu a délkou jeho
vegetace (San José et al., 2003). Voda je také esencialni prostfedi pro prubéh biochemickych

reakci a transport prvkii. Rozvadi ziviny po rostlin€ i odvadi z jejiho téla nezadouci latky.

Spotifeba vody rostlinami je vyznamnou slozkou vodni bilance krajiny (Merta et al., 2001).
Stanoveni vlahovych potieb plodin je spojeno s hodnocenim energetickych tokt a efektivitou
vyuZziti vody (Corbeels et al., 1998) a transformace energie v krajiné (Ripl, 1995). Rovnice

vodni bilance porostt dle Larchera (1988):
Pr—-Li=AW + Le + Lo
Pr = celkové srazky
Li = ztrata vody zachycenim porostem a naslednym vyparem (intercepce)
AW = zasoba vody v biomase
Le = ztrata vody evapotranspiraci
Lo = ztrata vody odtokem

Vodni bilance je vyznamnym krajinotvornym prvkem a vyjadiuje vztah mezi slozkami
piijmu, akumulace a vydeje vody pro urcity objekt ¢i misto v urcitém cCase. V literatuie 1ze najit
rizné verze rovnic vodni bilance. Nékdy je vedle povrchového odtoku v rovnici zafazen i
podpovrchovy odtok (Roznovsky a Havlic¢ek, 2002) a vypar z povrchu ptudy (Brisson et al.,
1980).

2.1.1. Evapotranspirace

Evapotranspirace je obvykle d€lena na dvé ¢asti — na vypar zptsobeny fyzikalng, tedy
evaporaci, ktera je zavisla na dostupnosti vody, energie a intenzit¢ turbulentnich procesii; a na
transpiraci, ktera je dana fyziologickymi procesy v rostlinach, saturaci vody a fotosynteticky

aktivni radiaci. Soucet téchto hodnot je nazyvan ,,evapotranspirace” (Foken, 2008).



Rosenberg (1974) uvéadi, Ze potencialni evapotranspirace je vypar ze zapojeného travniho
porostu, ktery je plné€ saturovan vodou. Potencidlni evapotranspirace nikdy nemiize byt vyssi

nez evaporace z vodni hladiny za stejnych klimatickych podminek.

Struktura porostu (napft. pocet a velikost jedincii) mize piispet k navysSeni ¢i sniZzeni indexu
listové plochy, a tim k ovlivnéni evaporace, transpirace i evapotranspirace. Omezeni evaporace
z pudy a transpirace plevell také ovliviiuje evaporaci a transpiraci porostu kulturni plodiny.

Jsme zde vSak limitovani efektivitou vyuZiti vody (Kirkham, 2005).

Hodnoceni evapotranspirace porostu kukufice provadéli Pivec a Brant (2010). Zjistili, Ze u
kukutice seté je podil transpirace na evapotranspiraci 32 — 35 %. Evapotranspiraci ovliviiuje i
systém zavlazovani, kdy u rajcat, ktera jsou zavlazovana radkove, Cinila evapotranspirace 648

mm za rok a u podpovrchové kapkové zavlahy byla o 117 mm niZsi. Hanson et al. (2006)

uvadéji, ze u podpovrchové kapkové zavlahy je niZsi evaporace z pudy.

2.1.2. Evaporace

Svétova meteorologicka organizace (2008) definuje (aktualni) evaporaci jako mnozstvi
odpaiené vody z vodni hladiny ¢i z povrchu ptidy. Déle definuje potencialni evaporaci jako
mnozstvi odpafené vody z vodni hladiny na jednotku plochy a jednotku ¢asu za definovanych

atmosferickych podminek.

Evaporace miize probihat ze zemského povrchu, z vodni hladiny a zavlazovanych porostt

(Foken, 2008).

2.1.3. Transpirace

Transpirace je dle World Meteorological Organization (2008) proces, kdy voda z rostlin
piechazi do atmosféry v podobé pary. Voda se z rostlin vypafuje praduchy. V piipadé, Ze je
atmosfericky tlak nizsi nez tlak vodni pary v rostling, voda se v rostliné pohybuje xylémem

vzestupné. Tlak potiebny pro kapilarni vzlinani je -3 MPa (Baranowski et al., 2005).

Intenzita transpirace je ovlivnéna diferenci vodniho potencialu v rostliné a v atmosfére.
Potencial vodni pary v atmosféte pii relativni vlhkosti 50 % a teploté 20 °C je -94,1 MPa.
V listech je pii stejnych podminkach vodni potencial o nékolik MPa mensi. Rozdil
Vv potencialech vytvaii podtlak, ktery zptsobuje pohyb vody z rostliny do atmosféry. Ztraty
vody z rostliny transpiraci jsou nahrazeny vodou odebranou z pidy, opét v zavislosti na

rozdilnych potencialech mezi rostlinou a pidou (Baranowski et al., 2005).



Faktory limitujici transpiraci jsou napf. nedostatek vody v pudé, ¢i jeji nadbytek spojeny
s nedostatkem vzduchu nebo také zdravotni stav porostii (Cermak a Nad&zdina, 2005). Dal3imi
faktory ovliviujicimi transpiraci jsou: hloubka orby, struktura porostu a mnozstvi plevelnych
rostlin (McAneney et al., 1993).

Pivec a Brant (2008) uvadg¢ji, ze denni hodnoty transpira¢niho toku V jedincich rtuznych
métenych druhii kulturnich ¢i plevelnych rostlin se na zékladé provedenych méfeni pohybovaly
v rozmezi od 0,016 do 0,193 kg*H,O?-den. Hodnoty maxim dennich hodnot poté v rozmezi
od 0,025 do 0,309 kg*-H,O*-den. Déle popisuji, ze praiméma denni spotieba vody porostem
fepky ozimé o 30 — 50 jedincich na metr ¢tverecni se mize pohybovat na zéklad¢ prepoctu

transpira¢nich narokd v rozmezi 1,650 az 2,750 kg*H,O-dent*m™2.

Dugas et al. (1997) hodnotili primérné denni hodnoty transpirace v zavislosti na koncentraci
CO:2 u rostlin ¢iroku obecného a vojtésky seté. U obou druhti nebyl prokazan rozdil v indexu
listové plochy pii zvySeni koncentrace COaz. Jejich vysledky dokladaji, Ze transpirace na

jednotku listové plochy klesa se vzriustajicim mnozstvim CO2 v atmosfére.

Se zvysujici se intenzitou slune¢niho zafeni linearné stoupa i pomér transpirace a fotosyntézy.
Proto je efektivita vyuziti vody k vyrobé susiny nizsi v oblastech s vysokou radiaci (Kirkham,
2005).

2.2. Distribuce srézek vegeta¢nimi pokryvy

Dosavadni znalosti distribuce srazek pochazeji predev§im ze studia lesnich spolecenstev ¢i ze
sadli ovocnych dievin (napi. Crockford et al., 1996; Davie a Durocher, 1997; Tobon Marin et
al., 2000; Nakanishi et al., 2001). Znalosti o distribuci srdzek v porostech polnich plodin se

tykaji zejména plodin Sirokotadkovych.

Vegetatni kryt ptdy vyrazné ovlivituje mnozstvi srazky, které dopadd na povrch pudy, a
zaroven modifikuje rovnomeérnost jejiho rozlozeni na jednotku plochy. Po dopadu dest'ovych
kapek na porost dochazi k jejich ¢asteénému zachyceni na rostlinach, pfevazné na listech, a ¢ast
srazky propada ptimo na ptdu, mezerami mezi vegetaci. Pti srazkach, jejichz velikost prevazuje
zadrZovaci schopnost povrchu rostlin, dochazi k odkapu vody z listt a k odtoku vody smérem
ke stonku a nasledné stoku vody na zem (Brant et al., 2014). U bylinnych spolecenstev je

pterozdélovani srazky ovlivilovano prekryvanim listti (Bui a Box, 1992).



Zakladem stanoveni jednoznacnych zakonitosti mezi intenzitou a thrnem srazky a hodnotami
stoku vody po lodyze s hodnotou porostni srazky v zavislosti na vyvoji porostt je kontinualni
zaznam vSech sledovanych parametrti. K méfeni stoku vody po stonku je mozné pouzit metody
vyuzivajici kontinudlni pfitomnosti sbérného zafizeni na rostliné (Bui a Box, 1992; Paltineanu
a Starr, 2000), nebo tzv. lahvové metody (Van Dijk a Bruijnzeel, 2001), u které v3ak dochazi
k destrukci rostliny.

Dle literarnich tidaji (Bui a Box, 1992) mlze az jedna tfetina stoku vody po stéble kukufice
seté prispét ke vzniku povrchového odtoku. Paltineanu a Starr (2000) poukazuji na skute¢nost,
ze pii nizsich srazkovych dhrnech vzrusta v porostu kukuiice pomér mezi stokem a porostni
srazkou. S narustem srazky hodnota tohoto podilu klesa. Hodnoty distribuce srazek byly
méfeny také v porostech pSenice obecné (Butler a Husband, 1985).

Dulezitou roli v pferozdélovani srazky hraje u stromt thel sklonu vétvi. Vétve priklonéné ke
kmeni soustfed’uji vodu k bazi vétvi. Se statim rostliny se zvétsuje i tthel odklonéni vétvi od
kmene. Z vétvi, které smétuji k zemi, odkapava voda piimo na povrch a jedna se o porostni
sraZku. V lesnich spolecenstvech je vice vody zadrzeno ve svrchnim patie (Ford a Deans,

1978).

Vegetace pusobi jako ochrannd vrstva mezi atmosférou a zemskym povrchem. Soucésti
nadzemniho rostlinného pokryvu pidy — listy a vétve — absorbuji Cast kinetické energie
destovych kapek, vody odtékajici po povrchu a vétru, coZ snizuje miru pusobeni na povrch

pudy a Kofeny rostlin zpeviuji pidu mechanicky (Morgan, 2005).

To potvrzuji 1 Noble a Morgan (1983), kteti ve svych vyzkumech zjistili, ze v porostu rizickové
kapusty dopada na zemsky povrch 0 10 — 25 % méné vody, nez na povrch nechranény vegetaci,

a Ze kinetickéa energie dopadajicich kapek byla sniZzena o 10 — 81 %.

2.2.1. Stok vody po rostliné (stem-flow)

Cast srazek zachycenych na rostling je svadéna dola po stonku &i kmeni. Tento proces je
nazyvan stok vody po rostling, ¢i anglicky ,,stem-flow* (Schroth et al., 1999). Rowland et al.
(2005) uvédi, Ze u polnich plodin je vétsi podil srazky sveden po rostlinach, neZ je tomu

Vv ptipad¢ lesniho spolecCenstva.



Stok vody po rostling je ovlivnén mnozstvim a intenzitou srazek, pokud tedy dojde k nizkému
Uhrnu srazek, proces stoku vody po rostliné nemusi nastat (Tang, 1996). Na mnozstvi vody
vedené po rostliné ma vliv sklon a plocha vétvi, v ptipadé bylin sklon a plocha listovi. Dalsi
studie zminuji, ze stok vody po rostlin€ je ovlivitovan i povrchem a délkou kmene (stonku).
Vys§§i a mohutnéjsi stromy svadéji po kmeni vice vody, nebot’ maji vétsi plochu pro zachytavani

kapek (Ford a Deans, 1978;Bui a Box, 1992; Crockford a Richardson, 2000).

Voda stékajici po stonku ¢i kmeni rostliny je soustfedéna k bazi rostliny a je povaZovéna za
bodovy vstupni zdroj vldhy pro vétsi hloubky, nez voda dopadajici na povrch pidy pfimo
(Tang, 1996). To potvrzuji i Taniguchi et al. (1996), kteti zjistili, ze 19 % z celkové zasoby

pudni vody v borovicovém lese pochazelo ze stoku vody po rostling.

Oyarzun et al. vroce 2011 porovnavali slozky po distribuci srdZzek v deStnych pralesech
v Andéch v Chile. Méfeni probihala v 714 m n. m. (roéni thrn srazek 3 453 — 4 660 mm) a
na lokalité s 815 m n. m. s ro¢nim thrnem srazek 4 061 — 5 308 mm. Tito autofi zjistili, zZe
mnozstvi vody svedené po rostlingé se v jejich podminkach pohybuje mezi 0,3 — 3,4 %
z nadporostni srazky a jeho mnoZzstvi je ovlivnéno rostlinnym druhem. Hutchinson a Roberts
jiz v roce 1981 zdokumetovali, Ze stok vody po kmenech v javorovém lese je okolo 2 %
z nadporostni srazky. U dievin byl stok vody po rostlin¢ hodnocen relativné ¢asto, jak dokladaji
I australska data (Staelens et al., 2008), kde stok vody po rostling ¢inil 8 % z celkové ro¢ni

srazky.

Van Elewijck (1989) uvadi, ze kukufice setd soustfedi velké mnozstvi srdZzkové vody vedené
po stéble, coz ovliviluje nejen zéasobeni pliidy vodou, ale i rist rostliny, vynos plodin a
povrchovy odtok. Rostliny kukutice seté maji Siroké listy, které poméahaji koncentrovat velke
mnozstvi vody. Podle vysledka Pivce et al. (2014) v porostech kukufice seté muze dochazet
k piekryvani listi. Brant et al. (2013) dokladaji, Ze pti péstovani kukufice seté v uzsich fadcich
(0,45 m) byl stok vody po rostliné vysSi 0 28 % neZ u standardni roztece fadku (0,75 m).
V pokuse Van Elewijcka (1989) bylo prokazano, ze az 49 % srazky je pti rozte¢i fadku 0,50 m

transformovano na stok vody po rostling.

Stok vody po rostliné je dllezitd soucast hydrologickych procest, kterd ovlivituje
biogeochemicky kolobéh zivin. Vzhledem k bodovému vstupu vody do pudy pies bazi rostliny
dochéazi k ovlivnéni chemického sloZeni pidniho roztoku, zivin v pidé, ptdni vlhkosti, obsahu
pudni vody a k ovlivnéni povrchu svazitych pozemki. Voda stékajici po stonku rostlin vyluhuje

hnojiva umisténa v blizkosti rostlin a ovliviiuje tak i vynos plodin. Mnozstvi vody svedené po
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stonku a jeji chemické slozeni je ddno komplexem faktord, jako jsou sezonni meteorologické
podminky, vlastnosti a struktura porostu (Levia, 2003), ¢i atmosférické polutanty (Levia a
Frost, 2003).

2.2.2. Porostni srazka (throughfall)

Srédzkova voda, ktera neni zachycena vegetaci a voln¢ propadd na povrch pidy, se nazyva
porostni srazka (Trinh a Chui, 2012). Patfi sem 1 voda odkapéavajici z listli na povrch pidy

(Staelens et al., 2008).

Tang (1996) uvadi, Ze k odkapu vody z listi dochazi az po smaceni listd a naplnéni jejich
zadrzovaci  kapacity. V borovicovem lese byl propad srdzZky zaznamenan az
po 20 — 40 minutach desté. V ptipadé vétrného pocasi mize propad srazky pokracovat i po
ukonceni srazkové udalosti. Propad srazky vtomto dokumentovaném experimentu cinil
45 - 75 % z celkové nadporostni srazky. Porostni srazka je tedy podstatnd ¢ést prerozdélené

srazky, a tak i po infiltraci dilezity zdroj zasobeni pudni vody.

Hlavnimi faktory ovliviiujicimi propad srazky porostem (a okap vody z listd) jsou dle
Crockforda a Richardsona (2000): velikost koruny; tvar, velikost, orientace a struktura listi;
uhel vétvi (listh na rostlin€) a mezerovitost mezi rostlinami. Na mnozstvi propadlé srazky ma

vliv intenzita srazky (Goméz et al., 2002) a smér vétru (David et al., 2006).

Dopadajici porostni srdzka (v€. odkapu vody z listl) ma velmi vyznamny vliv na padni
strukturu a stabilitu ptdnich agregati. Voda, ktera se docasné zachyti na listech, splyva a
odkapava v kapkach o pruméru i vice nez 4 mm. VEtsi kapky maji vétsi kinetickou energii a pii
dosazeni zemského povrchu pusobi na pidni agregaty vétsi silou, a dochazi tak k jejich
destrukci (Noble a Morgan, 1983).

Paltineanu a Starr (2000) hodnotili propad srazky porostem kukufice seté v prub&hu vegetace.
Zjistili, Ze procesem starnuti rostliny dochazi k postupnému ohybani listi smérem k povrchu
pudy, coz velmi ovliviiuje hodnoty porostni srazky. V prubéhu vegetace byly primérné
hodnoty propadu srazky 34 — 40 %, avSak pted sklizni se hodnoty zvysily na 68 — 74 %
z celkové nadporostni srdZky. Propad srazky je tedy zavisly nejen na vySe uvedenych faktorech,

ale i na vyvojové fazi rostliny.

Chemické sloZeni srazky propadlé porostem je modifikovano piedev§im vodou odkapanou
z povrchu listi. Moore (1983) dle analyz pH odhaduje, ze zmény pH v propadlé srdzce jsou

pravdépodobné zavislé na depozici atmosférickych polutanti na listech v obdobich mezi
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srazkovymi udalostmi, a/nebo na pohybu Zivin a chemickych latek v rostling, které jsou
schopny prodlouzit setrvani vody na rostliné k vyluhovani Zivin, jakoZ i na rychlosti, kterou

jsou Ziviny schopny se vyluhovat.

Charakteristiky propadu srazky v tropickém lese v Andach (1000 — 3000 m n. m.) v Kolumbii
zkoumal Vis (1986). V jeho praci se uvadi, Ze kapky dopadajici na zemsky povrch v otevieném
prostoru jsou podobné velikosti. Naproti tomu v lesnim spole¢enstvu jsou vodni kapky dvou
velikostnich typl, kdy ve vétSim procentu padaji kapky relativné vétsi. Kinetickd energie

propadajicich destovych kapek je vyssi o 20 — 70 % neZ v otevieném prostoru.

2.2.3. Intercepce

Intercepce je Cast srazky, ktera je zachycena na povrchu vegetace a nasledné dochazi k jejimu
vyparu (Crockford et al., 1996a). Miru intercepce ovliviiuji poty stromu (rostlin) jednotku
plochy; thel vétvi ¢i listd; homogenita tvaru rostlin a jejich vysky; struktura a tloustka kiry;
tvar, sklon a plocha listi (Crockford a Richardson, 2000). Srazka zachycenad porostem je

nem¢fitelna, je nutné ji dopocitat (Dunkerley, 2000):
I=P-T-8

| = intercepce

P = celkovéa nadporostni srazka (precipitation)

T = propad srazky porostem (throughfall)

S = stok vody po rostling (stem-flow)

Mnozstvi vody zadrZzene na povrchu listta rostlin je dano jejichzachytnou kapacitou, ktera uréuje
dobu, po kterou jsou schopny vodu zadrZzet a nasledné vypafovat. V piipadé naplnéni této
kapacity nedochazi k vyparu, ale dochazi k odkapu srazky ¢i stem-flow. Zachycenim vody na
povrchu rostlin a naslednym vyparem je ochuzovana o vodu ptida (Dunkerley, 2000). Srazka
dopadajici na povrch vegetace je ovlivnéna uhlem, pod kterym dopada. Hlavni roli pak hraje

vzrostny vrchol rostliny (Noble a Morgan, 1983).

Ford a Deans (1978) uvadgji, Ze v pribéhu sledovaného ro¢niku byl thrn srazek na smrkové
plantdZi 1 639 mm. Pterozd¢leni srazky prob&hlo v poméru 27 % stok vody po rostling, 43 %
propad srazky porostem a 30 % intercepce. Tyto poméry byly v pribéhu roku relativné

konzistentni, avSak pouze v zimnim obdobi (leden — biezen) vzrostl propad srazky na 57 % a

12



intercepce klesla na 15 %. V pokusech s rizickovou kapustou se intercepce pohybovala mezi
10 - 25 % (Noble a Morgan, 1983).

V brazilské Amazonii bylo pterozdéleni srazky v poméru 90,2 % propad srazky se stem-flow a
6,4 % intercepce. Ov§em na monokulturni palmové plantazi byly jiz poméry jiné. Stok vody po
rostlin¢ dosahoval cca 20 % z celkového propadu srazky, ktery ¢inil 86 — 88 %, zbyvajicich 12
— 14 % z celkové nadporostni srdZzky vychazi na intercepci (Schroth et al., 1999). Bellot a
Escare (1998) naméfili intercepci v porostu dubu letniho 12,9 % z nadporostni srazky a
v pralesnich nizinach na Borneu, kde byl ro¢ni thrn srazek 2 292 mm, byla intercepce 14,5 %

z nadporostni srazky (Manfroi et al., 2004).

Na zakladé vyzkumu distribuce srazek ve stiedozemnim dubovém lese uvadéji David et al.
(2006), Ze se zvysujici se intenzitou srazky se zvySuje i ztrata vody intercepci, avsak relativni
ztrata vody intercepci (pomér intercepéni ztraty k celkové srazce) klesa s vyssi intenzitou deste.
Intercepce ma vyznamnou roli v pierozdélovani srazek v porostu zejména pii hodnotach

nadporostni srazky nizsich nez 5 mm (Tang, 1996).

2.2.4. Vyznam hodnoceni distribuce srazek

Vegetace hraje dulezitou roli v regulaci povrchového hydrologického procesu. Rostlinny
pokryv piirozené tlumi energii srazek (Vasquez-Méndez et al., 2010). Zhodnoceni ztrat vody
intercepci je dilezité zejména v aridnich a semiaridnich oblastech, kde je obsah ptidni vlhkosti
faktor limitujici rostlinnou produkci a kde odtok a doplnéni podzemni vody je nezbytné ke
splnéni narok zemédé€lstvi, primyslu a spolecnosti (Carlyle-Moses, 2004). Levia a Forst
(2003) uvade;ji, ze lepsi porozuméni distribuci srazek povede k vylepSeni vypocetnich modelt
chovéani vody v porostu, k lepSimu porozuméni vlivu porostni srazky na chemické slozeni
pudniho roztoku, stavu podzemni vody, vyplavovani hnojiv aplikovanych v blizkosti rostliny a

biogeochemickém cyklu vody.

Dopad destovych kapek na povrch ptdy je spojen se zménou struktury povrchu ptidy, zejména
s rozpadem pudnich agregati a vznikem ptudniho $kraloupu (Le Bissonnais et al., 1996). Mira
rozpadu pudnich ¢astic pomoci deStovych kapek zavisi na vlastnostech srazky, tj. na velikosti
a mnozstvi kapek, jejich kinetické energii a uhlu, pod kterym dopadaji na zem (Cruse et al.,
2000). Rozpad pudnich agregati dale zavisi na pidnich vlastnostech, jako jsou plidni typ a
druh, objemova hmotnost, struktura, stabilita agregatii, obsah organické hmoty, vlhkost ptidy a

jeji infiltra¢ni kapacita (Nearing et al., 1988). Mnozstvi srazky a velikost kapek propadlych
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porostem na zem jsou ovlivnény velikosti a tvarem rostliny, orientaci a strukturou listi a

mezerovitosti mezi rostlinami (Crockforda a Richardson, 2000).

Kromé toho, ze rostlinny pokryv méni velikost vodnich kapek dopadajicich na zem, ovliviiuje
taky jejich prostorové rozmisténi v dopadu na zemsky povrch. Voda, ktera odkapava z listd, se
koncentruje v jednom dopadovém misté, toto mnozstvi muze vyrazné pievySovat infiltraéni

kapacitu a hraje tak daleZitou roli v povrchovém odtoku (Morgan, 2005).

Znalost distribuce srazek v daném prostoru ve vztahu Kk jeho parametrim lze vyuzit k cilené
eliminaci eroze, k podpofte infiltrace do ptidy v mistech soustfedéného transportu vody na pudu,
k podpofie vyuziti hnojiv pfi jejich cilené aplikaci, k omezeni vodniho stresu apod. (Brant et al.,
2014).

2.2.5. VIliv struktury porostu na distribuci srazek v porostech kukufice seté

Distribuce srdZzek v porostech kukufice seté zavisi na rozte¢i fadki. Sharrat a McWilliams
(2005) uvadg¢ji, ze vzdalenost fadka ovliviiuje vyvoj rostliny a nasledné prunik svétla, vody a
zivin do porostu. Vzdalenost rostlin mezi sebou pak ovliviiuje i misto, kde se voda dostane do
kontaktu s povrchem pudy. V uzsich fadcich je vétsi uniformita v distribuci kotfend a listdi, coz
napomaha vyuziti ptidni vody a svételného zafeni a redukuje teplotu pudy a vypar v porovnani

se standardni Sitkou fadka.

U kukutice seté dochazi k zachyceni podstatného mnozstvi srazky porostem. Zda bude voda
vedena po rostlin€ ¢i bude odkapavat z listli, zalezi na tthlu sklonu listu. Z listli sméfujicich ke
stonku stéka voda ptevazné po rostlin€. Starnutim rostliny mize dochazet k ohybani list
smérem k zemi, a zvysuje se tak hodnota porostni srazky. Uhel sklonu listdl kukufice seté neni
dan pouze starim, ale i typem odridy — rozeznavame planofilni a erektofilni typy listt (Ford a

Deans, 1978; Paltineanu a Starr, 2000; Brant et al., 2014).

Martello et al. (2015) hodnotili v porostech kukufice seté distribuci srazek a pudni vlhkost
v fadku a mezitadku. Autofi uvadéji, Zze v priméru bylo 78 % srazek zachyceno porostem a
svedeno po rostlin¢ a pouze 22 % vody propadlo porostem na povrch pudy. Pomér stem-flow
a propadu srazky se logaritmicky sniZuje se vzrastajicim tthrnem srazky, kdy kapacita rostlin
omezuje stok vody po rostliné ke kofentim. Pi atmosférické sraZzce nizs$i nez 10 mm naméfili
stok vody po rostlin€ ¢tyfnasobné prevysujici propad srazky porostem. Pii atmosférické srazce
35 mm pomér mezi stokem vody po rostliné a propadem srazky porostem na povrch pudy

poklesl na 2,6. Tento fakt vysvétluji omezenou kapacitou rostlin svadét po své lodyze (stonku)
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zachycenou vodu. Coz potvrzuji tim, Ze pfi nizkych srazkach je vyssi vlhkost pudy v fadku, nez
v mezifadku. Ze pii nizkych srazkach je téméf 100 % vody svedeno po rostling uvadeji i
Paltineanu a Starr (2000). Déale uvad¢ji, Ze propad srazky se v prubéhu vegetace méni
v souvislosti s vyvojem porostu. V nejvétsim zapojeni porostu je propad srazky 37 % a pred

sklizni, kdy jsou listy svésené k zemi, 70 procent.

Liu et al. (2015a) méfili stok vody po rostliné u kukutice seté. Méfeni probihala v ristovém
intervalu, kdy vyska rostlin vzristala z 0,1 az do 2,3 m a index listové plochy vzrustal z 1 az na
hodnotu 4,5. Métené srazkové udalosti se pohybovaly od 0,4 do 12,6 mm s intenzitou 0,4 — 35
mm-h™. Jejich zavéry jsou, Ze hodnoty stoku vody po rostling stoupaly spolu s thrnem srazek
a indexem listové plochy, avsak stoupajici intenzita srazek méla na mnozstvi svedené vody po
rostlin€ negativni vliv. Pfi thrnu srazek 30 — 135 mm bylo stem-flow 10 — 70 mm s primérnou

hodnotou 0,42 % srazky.

Vliv rozdilné $ifky fadka na distribuci srazek dokumentuji Pivec et al. (2014). Ti hodnotili
varianty se Sifkou fadka 0,75 m a 0,45 m. U porosta s fadky 0,75 m ¢inila hodnota stem-flow
11,1 mm a u porostt s fadky 0,45 m 7,8 mm z naméfené nadporostni srazky 13,9 mm. SpiSe se
ukazuje, Ze u porostt s Sitkou fadkt 0,45 m dochazi k rovnomérnéjsimu pokryti pudy diky vetsi
zachytné plose listd. Druhy dokumentovany ptipad je rozdéleni celkové nadporostni srazky
20,2 mm. Kde stok vody po rostlin¢ ¢inil 14,7 mm na plochéach stadky 0,75 m a 12,9 na
plochéch s fadky 0,45 m. Propad srazky porostem na povrch pudy byl na plochach o rozteci
radkt 0,75 m 19 % a na plochach s rozte¢i fadka 0,45 17,5 %. Na intercepcni vypar bylo
kalkulovano 8 % nadporostni srazky (fadky 0,75 m), resp. 18 % (fadky 0,45 m).

Paltineanu a Starr méfili rozdily ve vsakovani vody do pidy v porostu kukufice pfi rozdilném
zpracovani pudy. Pokusy byly zaloZeny konvenénim zpracovanim pidy a bez zpracovani pudy
(no-tillage) a fadky 0,76 m. Pifi nizSich srazkdch dochézelo k lepSimu zasakovani vody
v fadcich kukufice na nezpracované ptidé. U orebného zpracovani pudy byla vétsi retence vody
zaznamenana Vv kolejovém mezifadku, ziejmé z divodu sklonu pidy, ptidniho Skraloupu apod.
Obecné prii vyssich srazkach dochazelo k lepsi infiltraci vody do ptidy na nezpracované pudé.
V tadcich kukufice zaseté do nezpracované pudy byla retence vody 2x rychlejsi nez v fadcich
zaloZenych na oranych plochach. U no-tillage zpracovani pady také dochazelo k zasakovani

vody do vétsich hloubek.

Porostni srazka ma vliv na erozni procesy. Bui a Box (1992) zkoumali erozni procesy

v porostech kukufice seté s sitkou fadka 0,33 m a ¢iroku s Sitkou fadka 0,25 m. Vyznamnou
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roli v redistribuci srazek hral pocet, plocha a umisténi listd na rostling; vzdalenost rostlin
v fadku a i mezi fadky. Pies vétsi hustotu rostlin v porostu ¢iroku byla vyssi primérna hodnota
stoku vody po rostliné naméiena v porostu kukutice. Az 1/3 mnozstvi této vody odtekla po
povrchu a zbytek byl infiltrovan se zbytkem porostni srazky. U ¢iroku bylo infiltrovano celkové
mnozstvi vody ze stemflow a pouze ¢ast porostni srazky tvofila povrchovy odtok. Stok vody

po rostliné miize byt vyznamnym eroznim cinitelem v ptipadé, Ze je vyssi obsah pidni vody.

v v

2.2.6. Metody méfeni stoku vody po rostliné

V lesnich spoleCenstvech probiha méfeni stoku vody po rostliné pomoci nékolika zplsobu.
Néktefi autofi uvadéji, Ze kméfeni pouzili podélné roziiznutou hadici, kterou pomoci
silikonového tmelu spiralovité ptipevnili ke kmeni rostliny (Herwitz, 1987; Crockford a
Richardson, 1996b; Manfroi et al., 2004). Brinson et al. (1980) sbérny kanalek vytvorili
z uretanové pény. Takto zachycend voda pak byla vedena do sbéracich nadob, které mély jesté
rezervni zasobniky, aby nedoslo k jejich pieplnéni. Serrato a Diaz (1998) méfili stem-flow
relativné komplikované, kdy u baze rostliny umistili kovovy prstenec jako bariéru a povrch
pudy zaizolovali silikonem. Voda svedena po rostling byla odvadéna hadici z tohoto ,,bazénku*

do sbérné nadoby.

U polnich plodin se stok vody po rostliné méfi principielné stejné. U kukufice seté, jak uvadéji
Paltineanu a Starr (2000), bylo k méfeni stem-flow pouZito polyetylenovych pytla
piipevnénych ke stonku rostliny Zachycena voda byla z pytlu pfecerpavana do sbérnych nadob.
Bui a Box (1992) pouzili kelimky, kterymi obemkli stonek rostliny. Van Elewijck (1989) méftil
stok vody po rostling v laboratornich podminkach. Na stonek rostliny umistil nalevku a voda

z ni byla hadickou odvéadéna do odmérného valce.

Naprosto unikatni systém méteni stoku vody po rostliné pouzili Liu et al. (2015a). V jejich
piipad¢ byly pouzity pasky 0,1 x 0,2 m z vysokoabsorb¢niho materialu, které byly schopny
zasdknout az 1 kg vody. Pred srazkovou udalosti byly pasky zvazeny, pfipevnény na stonek
rostliny a dole utésnény, aby voda nemohla prosakovat. Po dokonceni srazky byly pasky
urychlené odstranény a zvazeny. Maximalni mnozstvi zachycené vody bylo 270 g pfi srazce
5,7 mm a vysce rostliny 2,27 m. Ze se jim podafilo zachytit veskerou vodu stékajici z rostliny,

potvrzuji tim, ze po srazce byl povrch ptidy u baze rostliny suchy.
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Martello et al. (2015) pouzili k zachytavani stem-flow kuZelovité nalevkovité PVC kolektory
0 vysce 0,18 m a hornim priméru 5 cm. Voda z této nalevky byla hadickou pfecerpana do
sbérné nadoby. Brant et al. (2017) vyuzivali pfi hodnoceni stoku vody po rostliné
patentovaného zatizeni pro méfeni stoku vody po rostlin¢ dle Brant et al. (patentovy spis ¢.
306 942). Toto zatizeni spociva v rozeviratelné nadobce instalované na lodyze rostliny, kterd
diky tésnéni z polyuretanové pény muze flexibilné reagovat na rist rostliny. Nadobka je

propojena s automatickym srazkomérem plastikovou hadickou.

2.2.7. Metody méfeni porostni srazky

Pro méfeni porostni srazky v lesnich spoleenstvech se obvykle pouZivaji improvizované
srazkoméry skladajici se ze zachytné nalevky a sbérné nadoby, potazmo je voda z nalevky
svadéna potrubim do jednoho sbérného mista. Zachytné trychtyfe jsou vétSsinou opatfeny
ochrannymi sitky — proti usazovani ne¢istot (Brinson et al., 1980; Vis, 1986; Chiwa et al., 2010;
Muoghalu a Johnson, 2010; Oyarzun et al., 2011). Brinson et al. (1980) méli na plose 0,5 ha
umisténo 15 nalevek. Gomez et al. (2002) pouzili pod kazdy olivovnik 36 plastovych lahvi o
objemu 1,5 | a z&chytné nalevky o praméru 0,12 m. Nalevky byly ve vysce 40 cm nad zemskym
povrchem. Staelens et al. (2008) méli ke sbérnym nalevkam misto nadob instalované

automatické preklopné srazkoméry.

Bui a Box (1992) porostni srdZku v porostu kukutice neméfili, pouze ji vypo¢itali jako mnozstvi
vody zbylé po ode¢teni mnozstvi vody svedené po rostlin¢ od celkoveé srazky. OvSem do sveho

vypoctu nezahrnuli intercepcni vypar.

Noble a Morgan (1983) pouZili v laboratornich métfenich desku, kterou umistili pod rostlinu
ruzi¢kové kapusty. Deska byla vyspadovana, a tak zachycena voda mohla stékat do zachytné

nadoby.

Dals8im zpuisobem méteni porostni srazky je umisténi sklenénych nadob na dievéné desce, kterée
byly instalovany kolmo k radktim kukufice seté. Pro zamezeni vyparu zachycené srazkové vody
bylo do kazdé sklenice pfidano malé mnozstvi oleje z divodu zamezeni vysychani (Paltineanu
a Starr, 2000). Porostni srazka miize byt i méifena pomoci PVC zlabtli instalovanych kolmo
napii¢ fadky. McJannet et al. (2007) uvadéji, Ze jejich délka byla 6 m a siika 0,1 m. Martello et
al. (2015) instalovali zachytné zlabky na rostliny kukufice seté o rozmérech 0, 75 x 0,2 m
s centralnim otvorem 0,05 m, aby nedo$lo ke smiseni s vodou stékajici po rostling€. Zachycena

voda byla hadickou vedena do kanystru a nasledné vazena.
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2.2.8. Metody méfeni intercepce

Mnozstvi vody, které se zachyti na listech rostlin, at’ stromti ¢i bylin, a ndsledné se vypafi, neni
méfitelné. V dostupné literatuie se uvadi, Ze intercepce se vypocitava jako jedna ze slozek
rovnice distribuce srazek, kdy je zbytek z nadporostni srazky po odeéteni propadu srazky a
stem-flow (Skau, 1964; Dunkerley, 2000; Carlyle-Moses, 2004; David et al., 2006; Morello et
al., 2015).

2.3. Eroze

Zaznamy o degradaci pudy erozi jsou staré¢ vice nez 7 000 let. Erozi Ize charakterizovat
jako pfirodni proces, pti kterém piisobenim vody, vétru, ledu, popt. jinych Ciniteld dochazi
k rozruSovani povrchu ptdy a k transportu pidnich ¢astic (Janecek et al., 2002). Podle intenzity
procest délime erozi na normalni a zrychlenou. Normalni eroze neustale pretvaii reliéf izemi.
Tyto procesy probihaji postupné a jsou z hlediska lidské generace prakticky nepozorovatelne.
Ke zrychlené erozi dochazi po zméné piirodnich podminek lidskou ¢innosti. Jeji intenzita je 10
— 1000x vyssi nez normalni eroze. Zrychlena eroze vede k degradaci pidy a nasledné

k devastaci krajiny (Sarapatka et al., 2002).

Geologicka (normalni) eroze je bézny proces zvétravani, ktery se v malé mite objevuje na vSech
pudach a je soucasti pudotvorného procesu. Probihd po dlouhd geologickd obdobi a
antropogenni ¢innosti neni ovlivnéna. Odnos a transformace hornin a tvorba ptidnich profila
jsou procesy ovlivnéné pomalou le¢ kontinudlni geologickou erozi. KdyZ oviem mira eroze
piekroci kritickou hodnotu, nastava proces zrychlené eroze. Tento typ eroze je vyvolan
antropogennim pusobenim, jako je odlestiovani, Zd’afeni, intenzivni orba, intenzivni a

nekontrolované vypasani ¢i spalovani biomasy (Blanco a Lal, 2008).

Morgan (2005) definuje erozi jako dvoufazovy proces skladajici se z oddéleni jednotlivych
pudnich ¢astic z povrchu piidy a nasledné jejich transportu erozivnimi €initeli, jako je voda ¢i
vitr. Ve chvili, kdy jiz neni dostate¢né mnozstvi energie k pfemistovani ¢astic, dochazi k treti

fazi — k jejich ulozeni.

Podle eroznich cinitelii je mozné erozi roztiidit na erozi vodni (akvatickou), vétrnou
(eolitickou), ledovcovou (glacialni), snéZnou a biologickou (Janeéek et al., 2002; Sarapatka et
al., 2002). Morgan (2005) dale d¢li erozni Cinitele na ty, které pisobi plosné a odstranuji
relativné stejnomérnou vrstvu pidy, a na pivodce, ktefi pisobi jen lokalné. Do prvni skupiny

patii kapkova eroze, povrchovy odtok a vitr. Do druhé skupiny patii ryhova a vymolova eroze.
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Vodni eroze spociva v rozruSovani zemského povrchu destovymi kapkami a povrchovym
odtokem a podle formy se d€li na erozi ploSnou, ryhovou, vymolovou a proudovou (Janecek et
al., 2002). Blanco a Lal (2008) tento proces popisuji $ifeji. Podle nich je vodni eroze proces,
pii kterém jsou pidni ¢astice pfemistovany destovou vodou, povrchovym odtokem, odtokem
pfi tani snéhu a zavlahou. Jako hlavniho erozniho Cinitele uvadéji destovou vodu ve formé
povrchového odtoku. Vodni erozi déli na kapkovou, ryZkovou, ryhovou, vymolovou, biehovou

a tunelovou.

Ptimé dopady zrychlené eroze jsou predev§im na zemédélské pudé, kde dochazi k premisténi
ptdnich ¢astic nejen na poli, ale 1 k odnosu piidy z pozemku (Morgan, 2005). Zemédélska puda
je kerozi nejvice nachylna, nebot’ je Casto bez vegetacniho pokryvu, potazmo s minimem
poskliziiovych zbytkli na povrchu pidy. Béhem vegetace jsou ohrozeny erozi predevsSim

Sirokotadkové plodiny (Blanco a Lal, 2008).

1. 2.3.1. Erozni procesy

Proces vodni eroze je iniciovan pohybem vody po vegetacnim pokryvu a povrchu pozemku.
Cast srazkové vody dopadé p¥imo na povrch pidy. Voda, ktera se ocitne na povrchu pudy, se
muze hromadit na povrchu pudy v malych otvorech a prohlubnich, nebo se miize zasdknout do

pudy (Morgan, 2005).

Mnozstvi vody, které je piida schopna pojmout, je dano tzv. infiltratni kapacitou pudy.
pudy, je zde zadrZena jako tenka vrstvicka okolo ptidni ¢astice (Morgan, 2005). VVoda se v pudé
muze pohybovat. Pohybuje-li se vertikalné, jednd se o hypodermicky neboli podpovrchovy
odtok (Morgan, 2005). Od zakladniho odtoku se lisi tim, Ze infiltovana voda stékd po malo

propustné vrstvé a vyveéra opét na povrch (Janecek et al., 2002).

Podle Chmelové a Sarapatky (2002) je popis vlastni eroze nasledujici: eroze svrchni vrstvy
pudy se objevuje ve chvili, kdy dojde k oddéleni jednotlivych piidnich agregatii od vétsich hrud.
Tento proces se déje diky energii dopadajicich destovych kapek. Pokud se na povrchu ptdy
nenachazi rostlinné zbytky ¢i ziva vegetace, tedy bariéra, ktera by pohltila energii dopadajicich
kapek, maji destové kapky kinetickou energii ptekvapivé velkou. Béhem intenzivni boufte

muze dojit k odnosu az 246 t zeminy z hektaru.

Kapka vody pfi dopadu na vrstvu vody oddéli padni ¢astice snadnéji, nez pti dopadu na suchou

pudu. Mira oddéleni pidnich Castic vzrista se vzriistajici vrstvou vody, coz plati do vysky
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pruméru destovych kapek, potom vrstva vody naopak plsobi jako bariéra pohlcujici energii pii

dopadu kapky (Chmelovéa a Sarapatka, 2002).

Mnozstvi srazky muze piekrocit horni mez absorb¢ni kapacity pudy. Prebyvajici voda se poté
hromadi na povrchu ptidy a maze dojit k jejimu povrchovému odtoku. Na povrchu piidy piisobi
zaroven energie dopadajicich kapek, coz miize ptispet k uzavieni povrchu pudy, které snizuje
moznost infiltrace, a vede tedy k daldimu povrchovému odtoku (Chmelova a Sarapatka, 2002).
Morgan (2005) vysvétluje snizeni schopnosti pudy pfijimat vodu zaplnénim prostoru mezi

pudnimi ¢asticemi vodou, coZ vede ke snizeni kapilarnich sil.

Pokud by doslo k zaséknuti veSkeré vody, kterd se dostane na zemsky povrch, doslo by pouze
k minimalnimu oddélovani a rozstiiku pudy. Mnozstvi splavené zeminy by bylo nizké
(Chmelova a Sarapatka, 2002). Ve chvili, kdy je vSak ptida jiz vodou nasycena, nedochézi
k zasakovani vody a nastava povrchovy odtok. Janecek et al. (2002) uvadgji, Ze ploSny odtok
zacina tenkou vrstvou. Morgan (2005) dodava, ze tento plosny odtok velmi rychle piechazi ve
formu ryzkovou ¢i vymolovou a v extrémnich pfipadech az odtok velkymi koryty, ktery mize

tvorit az strze.

Zatim nejdokonaleji vyjadiuje kvantitativni i€inek hlavnich faktort ovliviujicich vodni erozi
zpusobenou piivalovymi desti tzv. ,,univerzalni rovnice” pro vypocet primérné dlouhodobé

ztraty pudy erozi z pozemkl dle Wischmeiera a Smithe (1978):

G=R-K-L-S-C-P

G = primérné dlouhodoba ztrata piady

R = faktor erozni ucinnosti desté (v zavislosti na ¢etnosti vyskytu, thrnu, intenzité a kinetické

energii deste)

K = faktor erodovatelnosti ptidy — vlastnosti pidy ovliviuji infiltra¢ni schopnost ptidy, odolnost
povrchu pidy a stabilitu ptidnich agregatt proti rozrusujicimu uc¢inku dopadajicich destovych
kapek a transportu povrchovym odtokem. Faktor nachylnosti pady k erozi je v univerzalni
rovnici definovan jako odnos pidy v t.ha™ na jednotku deitového faktoru D ze standardniho
pozemku o délce 22,13 m a sklonu 9 %, ktery je udrZzovan jako nakypieny ¢erny tthor s kultivaci

po sméru sklonu svahu.

20



L = faktor délky svahu — vyjadiujici vliv nepterusené délky svahu na velikost ztraty pidy erozi
S = faktor sklonu svahu — vyjadfujici vliv sklonu svahu na velikost ztraty pady erozi

C = faktor ochranného vlivu vegeta¢niho pokryvu vyjadieny v zavislosti na vyvoji vegetace a

agrotechnice
P = faktor ucinnosti protieroznich opatfeni

Vypoctena hodnota uddva mnozstvi pady, které mize byt v dlouhodobém meétitku za danych

podminek uvolnéno z pozemku plosnou erozi (Vopravil et al., 2010).

v

Erozi je mozné tfidit podle jeji intenzity. Cim je puda skeletovit&jsi, tim diive od pocatku
eroznicho procesu dochdzi ke sniZeni intenzity plosné eroze. Intenzita plo$né, vodni a vétrné
eroze se zpravidla vyjadiuje ztratou, resp. odnosem piidy v mm, t-hal, popt. m3ha? za ur¢ité
Casové obdobi, zpravidla za 1 rok. Intenzitu ryhové eroze je mozné vyjadiovat délkou, resp.

hustotou ryh v km-km (Janegek et al., 2002).

Vétrna eroze nastava ve chvili, kdy je sila vétru dostatecna k posunu ¢i uzvednuti a pfemisténi
pudnich castic. Jejich mobilita je zapfi¢inéna pidnimi charakteristikami (ptdni druh a typ,
strukutura pudy, obsah organické hmoty ¢i pidni vlhkost) a nedostateCnou ochranou povrchu
pudy vegetaci, vétsi pudni strukturou ¢i snéhem (Barring et al., 2003; Borreli et al., 2014).
Drsnost piidniho povrchu ma vliv na rychlost pfizemniho vétru a tim na silu ovliviiujici odnos
pudnich ¢astic. Vegetacni kryt snizuje rychlost vétru pii povrchu ptdy, absorbuje znacnou ¢ast
této sily a chrani padni Castice pied pfimym narazem vétrného proudu (Vopravil et al., 2010).
Proces vétrné eroze poSkozuje predevsim kli¢ni rostliny a znecistuje ovzdusi (Vopravil et al.,

2010).

Poslednim procesem, ktery je mozno pro uplnost ptidat do vyctu typi eroze, je eroze skliziiova,
spocCivajici ve ztraté piidy z pozemku spolu se sklizenou plodinou. I tento proces dosud nebyl v
CR vyrazngji hodnocen i piesto, ze v Evropé bylo prokazano, Ze ztraty pudy napiiklad pii
sklizni cukrovky mohou dosahovat hodnot srovnatelnych s intenzivni vodni erozi. Hlavni vliv
na miru ztraty ptidy ma v tomto ptipadée zptisob sklizné, vlhkost ptidy a jeji vlastnosti. Padni
¢astice jsou pii zpracovani plodiny odstranény propirkou (naptiklad v cukrovaru), nicméné

material se jen ziidka vraci zpét na misto, odkud byl odvezen (Novotny et al., 2014).
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2.3.2. Formy vodni eroze

Klasifikace druhii eroze se v Ceské a zahrani¢ni literatufe ponékud 1isi. Dle metodiky
Ministerstva zemédélstvi se v Ceské republice rozeznavaji nasledujici formy eroze: plogna,
ryzkovd, brazdova, ryhova, vymolna a strzova (Novotny et al., 2014). V zahrani¢ni literatufe
jsou popisované typy podle Blanco a Lal (2008): eroze kapkova (splash erosion), ryzkova
(interrill), ryhova (rill), vymolova (gully), biehova a eroze tunelova. Néktefi autofi dale uvadéji

plosnou (sheet) erozi (Chmelova a Sarapatka, 2002; Novotny et al., 2014).

2.3.2.1. Kapkové eroze

Kapkova eroze je proces, kdy destové kapky dopadaji na nechranény padni povrch a svou
kinetickou energii ptsobi na ptidni agregaty, ¢imz je rozruSuji a uvolnuji Castice. Pokud je
intenzita a mnoZstvi srazkoveé vody VéEtsi nez retenéni schopnost pudy, dochazi k zaplnéni
mikroakumulacnich prostor na povrchu plidy a nasledné pak k povrchovému odtoku (Janec¢ek
et al., 2002). V pfipad¢, ze k povrchovému odtoku nedoch&zi nebo jen v malé mite, stéle se

jedna o proceskapkove eroze (Kinnell, 2005).

Vodni kapka dopadajici na povrch piidy se rozstiikne do podoby drobnych kapicek riznych
velikosti a s nimi se také rozstiiknou ¢astecky zeminy (Brodowski, 2013). Leguédois et al.
(2005) toto blize specifikuji — vétsi ¢astice (50 — 2000 um) jsou transportovany ve formé
samostatnych zrn, ov§em malé ¢asteCky (mensi nez 50 pm) jsou odstiikovany spolu s malymi

kapkami vzniklymi pfi rozbiti ptivodni kapky vody.

Pii dopadu vodnich kapek na povrch pidy dochazi k pfenosu kinetické energie, coz vede
k rozpadu pudnich agregati. S pusobenim energie vodnich kapek dochazi k utuzeni povrchu
pudy (Morgan, 2005) a transportovana zemina muze ucpavat pory az do hloubky 2 - 3 mm pod
povrch. Na povrchu pudy tak vznikd stale siln€j$i vrstva jemnych plidnich ¢astic, kterd se
pozdé&ji formuje v ptidni $kraloup, jehoZ hustota miize byt az 1,91 g'cm™ (Roth, 1997). Bylo
experimentalné zjisténo, ze vrstva tvofena jilovitymi ¢asticemi je 0,1 mm silna a pod ni se
nachazi vrstva silna 1 — 3 mm, ve které jsou pory zaplnéné splavenym jemn¢&jSim materialem
(Tackett a Pearson, 1965).

Blanco a Lal (2008) proces kapkové eroze popisuji tak, ze dest'ové kapky pfi narazu na povrch
pudy plsobi dynamicky na pudni Castice pied tim, nez se energie uvolni ve form¢ odrazu.
Kapky dopadaji na pudu a tvoti kratery a vyduté riznych tvari a velikosti. Na hodnoty kapkové

eroze ma vliv intenzita desté¢ (Angulo-Martinez et al., 2012; Ziadat a Taimeh, 2013) a ptudni
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charakteristiky. Ekwue a Seeparsad (2015) uvadi, Ze naméfené hodnoty kapkové eroze klesaji
se stoupajicim utuzenim pudy. Stejny efekt popisuji v ptipadé zvyseni obsahu raseliny v padé.
Nejnizsi hodnoty kapkové eroze ovSem naméfili na pude¢ s nizkym obsahem raSeliny, nizkym

utuzenim, ale s vysokym obsahem pisku.

2.3.2.2. RyZzkové eroze

RyZkova eroze stoji spolu s kapkovou erozi na pocatku erozniho procesu a spole¢né zptsobuji
az 70 % celkovych ztrat. Na pocatku erozniho procesu jsou povrchovym odtokem vytvoieny
drobné ryhy. Cast povrchového odtoku, ktera neni soustfedéna do ryh, je nazyvana ,interrill
erosion® ¢i ,,sheet erosion®. Srazkova voda s sebou unasi pudni Castice v tenké vrstve, ale

S ploSnym pisobenim (Blanco a Lal. 2008).

Interril eroze, na rozdil od rill eroze, vznika jako dusledek eroze kapkové, zatimco pficinou rill

eroze je povrchovy odtok (Bryan, 2000).

2.3.2.3. Ryhové eroze

Pti ryhové erozi dochazi ke splavovani zeminy malymi brazdami ¢i ryzkami. Ryhové eroze je
disledkem povrchového odtoku koncentrovaného do ryzek (Blanco a Lal, 2008). Janecek et al.
(2002) to vysvétluji tim, Ze ploSny povrchovy odtok ma z vétsi ¢asti transportni Géinek. Ten
predstavuje limitni faktor, nebot’ kviili malé hloubce se jeho kapacita rychle vycerpa a zacne se
soustifed’ovat do ryzek a ryh, jejichz velikost se postupné zvétsuje. Zaroven dochazi ke zvyseni

rychlosti a kinetické energie odtoku, coz zvySuje erozni a transportni ucinek.

Blanco a Lal (2008) uvadgji, Ze ucinek ryhové eroze je rychlejsi, nez u ryzkové. Pti intenzivnich
srazkach muze dojit k velkym ztratam puady. Zpracovanim pudy se erozni ryZKy snadno

odstrani. Ryhové eroze je druhy nejbéznéjsi typ eroze.

2.3.2.4. PloSna eroze

Chmelova a Sarapatka (2002) tento proces definuji jako ,,proces, pii kterém dochazi piisobenim
dopadajicich kapek a povrchového odtoku k odnosu tenké stejnorodé vrstvy pady*. Jedna se o
velmi efektivni proces, kdy na rozsahlych plochach muze nepozorované dochazet k erozi.
Viditelnym projevem je uklddani erodované zeminy u paty svahu. Pokud nejsou ucinéna
protierozni opatieni, muze dojit k odplaveni Zivin a organické hmoty a nasledné ke ztraté pudni

Urodnosti.

2.3.2.5. Vymolova eroze
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Vymolova eroze tvoii koryta ve tvaru pismene U ¢i V S minimalni hloubkou 0,3 m a Sitkou 0,3
m. Tato koryta jsou primarn¢ tvofena povrchovym odtokem soustied’ujicim se do nize
poloZenych ¢asti pozemku. Zvinéné pozemky zapiicinuji, Ze se povrchovy odtok pii pohybu po
pozemku soustfed’'uje do piirozenych snizenin. Pokud nedojde k protieroznim opatienim a
situace se opakuje, dochazi k odstranéni celych pudnich profild a ke vzniku strzi. Se vzrustajici

velikosti koryt narlista i mnozstvi, které jsou schopny transportovat (Blanco a Lal, 2008).

Pro strze vytvotené vymolovou erozi jsou charakteristické piikré biehy a nahlé vySkové
piechody a zmény sméru, nebot’ jsou tvoieny pouze jako pfechodné kanaly pro odtok. Trvala

feCist€ naproti tomu maji relativné hladké klenuté dno pro celé své délce (Morgan, 2005).

Blanco a Lal (2008) rozlisuji dva typy koryt — trvala a pfechodna. Pfechodna koryta jsou
relativné mél¢i a mohou byt odstranéna bézn¢ provadénym zpiisobem zpracovani ptidy. Trvala
koryta jsou pftili§ velka, nez aby mohla byt odstranéna pii zpracovani pudy. Obvykle ani
nemohou byt, kvtili své velikosti, zemé&délskou technikou piekonana. Jejich napraveni vétSinou
vyzaduje specialni, velmi draha opatfeni a trvalou kontrolu. I pfechodna koryta, pokud jsou
odstranéna, vyzaduji zvySenou kontrolu, nebot’ je zde stale riziko vzniku novych. Pfi snahach

0 zarovnani strzi dochazi k tibytku ornice, nebot’ odplavena puda je jiz mimo pozemek.

2.3.2.6. Tunelova eroze

Tunelova eroze je forma erozniho procesu, kterd je typicka pro aridni a seminaridni oblasti.
Objevuje se predevSim na puadach, kde je stabilni horizont A, ale horizont B je nestabilni.
Tunelova eroze je disledkem odtoku vody po srazkové udalosti, kdy se voda kanalky, trhlinami
V pudé a zvifecimi norami dostava pod povrch plidy. Zde dochézi k odnosu ptidnich castic.
Povrch pldy, pod kterym dochézi k tunelové erozi, byva obvykle zpevnén koteny. Pokud je

puda pod povrchem zem¢ erodovana, dochazi k propadim (Blanco a Lal, 2008).

2.3.3. Metody méieni kapkové eroze

Pii méfeni eroze je nezbytné nutné zvolit spravnou metodiku méteni. Stroodnijder (2005)
doporucuje nékolik metod meéfeni, pfiCemz pro kapkovou erozi je vhodné meéfit zmény
hmotnosti zeminy na pokusnych parcelach. Pro métfeni kapkové eroze je vhodné bodové méteni
bez narudeni 1 m? od tohoto bodu. Z ¢asového hlediska doporuduje kontrolu pokusu po kazdé

ukoncené srazkové udalosti, ¢i rocni sledovani pro tcely protieroznich opatieni.

Pii méfeni kapkové eroze v piirodnich podminkach jsou nevyhodou erozni Cinitelé, nebot’

jejich plisobeni neni piedem odhadnutelné, a to jak z hlediska mista, i ¢asu. Tato nevyhoda je
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odstranitelna pouzitim umélych zade$tovacl. Daji se pouzit v laboratornich i polnich
podminkéch (Ma, 2014). Podstatné na simulatoru desté je, Ze jsme schopni regulovat a dodrzet
intenzitu srazky, velikost kapek a energii kapek pii dopadu na zemsky povrch. Casova a
prostorova variabilita pfirozené srazky je pii méteni nezadouci (Lal, 1994). Existuji rizné typy
simulatort, napt. Ziadat a Taimeh (2013) mé&fili kapkovou erozi za pouziti simulatoru desté
s rotaénim diskem, Marzen et al. (2015) za pouZiti simulétoru s ventilatorem, aby zohlednili
vliv vétru, Liu et al. (2015b) pouzili simulator, ktery m¢l trysku umisténou ve vysce 6 m nad
povrchem a Ekwue a Seepersad (2015) pii pouziti simulatoru uréili pramérnou velikost

dopadajicich kapek 2,03 mm.

Morgan (1981) popisuje nekolik konkrétnich metod. Metoda zvana ,,splash boards* vyuziva
principu zachytné desky, na kterou ulpiva rozstiiknuta zemina a kterou popsal Ellison v roce
1944 ¢i Kwaad v roce 1977; metoda zachytnych nalevek umisténych v zemi dle Bolline (1975)
a rizné metody zalozené na sledovani identifikovatelnych ¢astic — magnetickych (Ventura et
al., 2001), obarvenych ¢astic pady (Turkelboom et al., 1997) ¢i vzacnych prvka (Zhang et al.,
2003).

Pfi eroznim procesu bohuzel pisobi vice druhli eroze zarovern, je tak velmi komplikované
zachytit pouze pudni cCastice, které jsou v pohybu diky erozi kapkové. PouZiti metody
zachytnych kelimku (,,splash cups®) toto umoznuje a jsou pouzitelné jak v laboratornich
podminkach, tak i v exteriéru (Morgan, 1981). V kukufici seté Ma et al. (2015) pouzili na jeden
metr fadku o $ifce 0,6 m 60 zachytnych kelimku a v soji lustinaté 28 zachytnych kelimki na
0,7 m tadku o Sifce 0,4 m. Z&chytné kelimky maji hranu 50 mm nad povrchem zemé (Ma et al.,
2014). Zachytné trychtyfe jsou v pudé umistény tak, Ze maji hranu 1 — 2 mm nad povrchem
pudy. Toto opatieni eliminuje vliv povrchového odtoku. Rozstiiknuty material je zachycen

nalevkou a muze byt nasledné zvazen (Morgan, 2005).
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Obrazek €. 1: Metody mérent kapkové eroze a) zachytna nalevka dle Bollinne (1975); b) ,,field
cup* dle Morgan (1981) s rozmery v cm, upraveno dle Morgan (2005); c) zachytny kelimek
(,,splash cup*“), upraveno dle Ma (2014)

2.3.4. Faktory ovliviiujici kapkovou erozi

Hlavni faktory, které ovlivituji vodni erozi, jsou srazky, vegetacni pokryv pudy, topografie
mista a ptidni charakteristiky. Interaktivni G¢inky téchto faktort urcuji velikost a rychlost eroze.
Napf. ¢im delsi a strmé&j$i svah s vice erodovatelnou pudou, tim vétsi je pfepravni kapacita
odtoku po intenzivnim desti. Ochranny faktor vegetace proti erozi je dobie znam. Vegetacni
pokryv pidy zvySuje ochranu proti erozi stabilizovanim pudni struktury, zvySenim ptidni
organick¢é hmoty a zvySenim aktivity plidnich mikro- a makroorganismi. Efektivita

vegetatniho pokryvu vSak zavisi na jeho druhu, hustoté, stafi a rozvrstveni listi a kofent

(Blanco a Lal, 2008).

2.3.4.1. Erozni uéinnost srazek

Erozivita srazky vychazi z kinetické energie srazky (Morgan, 2005) a je ovlivnéna mnozstvim
a intenzitou srazky, rychlosti dopadu kapek a jejich velikosti a rozloZzenim v prostoru a ¢ase
(Blanco a Lal, 2008).

Kineticka energie destové kapky je funkci velikosti dopadajici kapky a jeji rychlosti pii dopadu.
Lze ji vyjadiit rovnici dle Van Dijk et al. (2002):

E k0= % MpVv?p

E k b = Kineticka energie dest'ové kapky o velikosti D
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mp = hmotnost dopadajici kapky v kg
Vb = rychlost kapky pii dopadu (ms™)

Bézné velikost destovych kapek je obvykle 2 — 5 mm, ale mtze se pohybovat od 0,25 — 8 mm.
Pti vyssich intenzitach srazky jsou obvyklé vétsi priméry kapek. Rychlost padajici kapky se
stale zvySuje do chvile vyrovnani gravitacni sily pfitahujici kapku a ptisobeni odporu vzduchu.
Zde se rychlost ustali a odpovida rychlosti dopadu na pidu, coz miaze byt az 35 km-h™. Padni
¢astice mohou v takovém piipad¢ byt rozsttiknuty az 1 m vertikaln¢ a 2 m horizontalné. Jelikoz
je dopadova rychlost zavisla na gravitacni sile, vétsi kapky dosahuji vétsich rychlosti, a maji

tak 1 vetsi erozni Gcinnost (Blanco a Lal, 2008).

Mnozstvi srazky je funkci délky a intenzity srazky. Intenzita je definovana jako mnoZstvi srazky
v milimetrech za uréity ¢asovy usek. V n¢€kterych eroznich modelech je k vypoétu kinetické
energie srazky pouzita intenzita (Salles et al., 2002). Obecné je platné, ze se stoupajici
intenzitou srazky stoupa i hodnota kapkové eroze (Blanco a Lal, 2008). Morgan (2005) vSak
upozorfiuje na to, ze eroze je vazana na dva typy srazek. Pii kratkodobém intenzivnim desti
dojde k ptekroceni infiltra¢ni kapacity a v dusledku toho nastava povrchovy odtok a eroze. Pti

déletrvajici srazkove udalosti dochazi k postupné saturaci pudy vodou.

2.3.4.2. Struktura pudy

Struktura pady je jednim z hlavnich faktort ovliviujicich nachylnost pidy k erozi. Ptudni
agregaty jsou shluky ¢astic, které jsou k sobé vazany silnéji nez s ostatnimi ptidnimi ¢asticemi
(Kemper a Rosenau, 1986). Pii srazkové udalosti dochézi k rozbiti ptidnich agregétii, coz vede
K ucpani ptidnich poéru a tedy ke sniZeni infiltrace. Hromadénim vody na povrchu pidy vznika
povrchovy odtok a vznika erozni proces (Le Bissonnais et al., 1995). Odolnost pudy proti
pusobeni srazky zavisi na schopnosti agregati na povrchu puidy odolat jejich ptisobeni. Pokud
je energie dopadajicich kapek vysSi nez kohezni energie spojujici agregaty, rozpadaji se
(Blanco a Lal, 2008).

Pidni agregaty se tvofi diky obsahu ptidniho organického uhliku, piidni bioty a diky vazbam
mezi ionty, jilovymi mineraly a uhli¢itany. Organicka hmota funguje jako pojivy element a
tvoii jadra, na kterd se Castice vazou. Pudni organismy a jejich produkty maji ptimy vliv na
obsah organické hmoty v padé. Krystalické a amorfni oxidy a hydroxidy maji také vyznamny
vliv na tvorbu agregatti, nebot’ tvoii spojeni mezi mineralnimi a organomineralnimi ¢asticemi.

Obdobné i jilové Castice udrzuji vazby mezi agregaty a maji vliv 1 na transformaci organické
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hmoty v pud¢. Jilové mineraly vSak piasobi i opaéné. Pisobi rozklad pidnich agregati, nebot’
pii bobtnani se zvétSuje jejich objem a dochédzi k oddéleni agregovanych castic (Bronick a Lal,
2005).

Jako hlavni pti¢inu rozpadu ptidnich agregati uvadéji Plante a McGill (2002) zpracovani pudy,
jelikoz pti ném dochazi k utuzeni pidy a naruSeni rostlinnych i Zivo¢i$nych spolecenstev, ktera
se na tmeleni pudnich ¢astic podileji. U bezorebnych systémtl, kdy nedochazi k naruSovani
pudy a snizovani obsahu organické hmoty, se stabilita agregati zvySuje (Castro Filho et al.,
2002).

2.3.4.3. Vliv mulce na kapkovou erozi

Pivod mul¢e mize byt ze dvou zékladnich zdroji:
a) mul¢ z posklizinovych zbytkl predplodiny a
b) mulé z nadzemni biomasy meziplodin (Simon, 2001).

Pokryv pidy mul¢em hraje vyznamnou roli v protierozni ochrané. V obou pfipadech se jedna
o vytvoreni tzv. stinového garé, které ptiznivé ovlivituje ptidni vlastnosti. Mul¢ chrani padu

pied destrukei pidnich agregatt vlivem desté (Hula et al., 2008).

ZvySovanim obsahu organické hmoty v ptid¢ se zvysuje stabilita pidnich agregati, coz sniZuje
nachylnost k erozi. Diky rostlinnému pokryvu dochazi ke snizeni utuzeni ptady, vyparu ptadni
vody a knizsi tvorbé plidniho Skraloupu a kudrzeni makropori (Blanco a Lal, 2008).
Z hlediska stavu organické hmoty na povrchu plidy se muze jednat o tzv. zivy mul¢, ktery
piedstavuje biomasa rostoucich plodin, v¢etn¢ jejich kofenového systému (Brandeseter et al.,
1999; Scott et al., 1987), nebo odumielymi rostlinnymi zbytky, které se nachazeji v rozdilném
stupmi rozkladu, miry zapracovani do povrchové vrstvy ptdy apod. (Brant et al., 2016).

2.3.4.3.1. Mrtvy mul¢
Pii vyuziti slamy je zapotiebi zohlednit druh plodiny, nebot kvalita a rychlost rozkladu

poskliziiovych zbytkli zavisi na poméru uhliku a dusiku, ktery obsahuji. Optimalni rozklad
probiha v piipadé, kdy je pomér C : N =20 - 30 : 1. Cim hmota poskliziiovych zbytkt obsahuje
méné dusiku, tim pomaleji probiha rozklad. U luskovin, kde je pomér C : N = 15 - 20 : 1,
probiha rozklad dobie (Hala et al., 2008). Rostlinné zbytky legumin6z zvysuji mineralizaci
dusiku v pidé (Kumar a Goh, 2002). Nejmén¢ kvalitni, a tak nejpomaleji se rozkladajici, je
slama obilnin, kde je C: N =50-80: 1 (Hula et al., 2008). OvSem z pudoochranného hlediska
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je slama obilnin nejefektivnéjsi, nebot’ dochazi k jejimu relativné homogennimu rozlozeni pfi

vvvvv

na povrchu ptidy (Brant et al., 2013).

2.3.4.3.2. Zivy mul¢
V eliminaci kapkové eroze hraje vegetacni pokryv pidy vyznamnou roli. Rostliny pohlcuji

kinetickou energii srazky. Hlavni vyznam porostu je v zachyceni objemu vody dopadajici ve
srazce (Morgan, 1985). Morgan et al. (1998) upozoriiuji pravé na odkap vody z listu.
Odkapavajici srazkova voda z listi tvoti na povrchu ptdy drobné kraterky, které mohou mit

v pruméru az 20 mm v zavislosti na rostlinném druhu a vysce rostliny.

Janecek et al., (2012) uvadéji, ze vegetace muze mit na pudni vlastnosti i nepiimy vliv,
obzvlaste na porovitost, propustnost, omezuje zanaSeni poOrti jemnymi Casticemi a také

mechanicky zpeviiuje ptidu koteny.

2.3.5. Erozni procesy probihajici v porostech polnich plodin a jejich eliminace
2.3.5.1. Vliv porostu na kapkovou erozi

Vzhledem k velké vyméie orné pudy kazdoro¢né osévané kukufici setou je vyuziti ucinnych
agrotechnickych protieroznich opatieni pfi péstovani této plodiny zvlast’ aktualni (Janecek et
al., 2012). Sirokofadké plodiny, kam patii i kukufice setd, patfi k plodindm s nejmensi
schopnosti ochrany pudy a nejvétsi nachylnosti k erozi. Kvuli velké vzdalenosti mezi fadky,

obzvlasté v ranych fazich vyvoje, je velké procento povrchu ptidy nechranéno (Morgan, 2005).

Ma et al. (2014) hodnotili vliv porosti na hodnoty kapkové eroze a zjistili, Ze mnozstvi
rozstiiknuté zeminy je na holé ptidé o 67,81 % vyssi. Inhibujici vliv plodin na kapkovou erozi
stoupa se stafim porostu, az do faze zrani a senescence listd (Paltineanu a Starr, 2000), a
schopnost plodin eliminovat kapkovou erozi je v potfadi ozima pSenice > kukufice setd> soja
luStinata> proso seté. Ma et al. (2015) doplnuji, Ze porosty efektivné redukuji kapkovou erozi.
Naméfené hodnoty v porostu kukuiice seté byly 380,43 g'm?h, coZ je 0 62,33 % méné nez
na piidé bez vegetaéniho pokryvu. U porostll s6ji naméfili 486,56 g-m2-h, coZ byla redukce
kapkove eroze 0 61,79 % oproti Uhoru. Dale uvadéji, ze mnozstvi zachycené zeminy klesa se
zvysujicim se indexem listové plochy. Mista s nejvyssi kapkovou erozi jsou v polnich
podminkach uprostied mezitadkd, coz souvisi s ptimym propadem srazky. Brant et al. (2017)
dokladaji zvySeni hodnot kapkové eroze na konci vegetace v disledku zmény habitu rostlin

vlivem jejich starnuti.
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Kapkovou erozi v riiznych typech porostti hodnotili Parlak a Ozaslan Parlak (2010). Z jejich
vysledkd (tabulka 1) vyplyva, ze pti prvnim méfeni nebyly prukazné rozdily v hodnotéch
kapkove eroze mezi porosty prokazany. V tomto obdobi rostliny za¢aly intenzivné rist a jejich
pokryvnost povrchu ptady byla podobna, tomu odpovida i naméfené mnozstvi rozstriknuté
zeminy. Pfi druhém a tfetim méfeni stdle probihal rist rostlin a zvétSovala se 1 jejich
pokryvnost. V tomto obdobi hodnoty kapkové eroze poklesly. Ve tietim obdobi se kapkova
eroze rapidné zvysila i ptes vysokou pokryvnost povrchu piidy vegetaci. Vysvétluji to vysokym

Uhrnem srazek v tomto obdobi.

Tab. 1. MnozZstvi kapkoveé eroze v zavislosti na pokryvnosti povrchu porostem (upraveno dle
Parlak a Ozaslan Parlak, 2010).

1. Mgéfeni 2. mgéfeni 3. mgéfeni

pokryvnost | kapkova | pokryvnost | kapkova | pokryvnost | kapkova
porostu eroze porostu eroze porostu eroze

(%) (gm?) (%) (gm?) (%) (gm?)

Kontrola - 1757,7 - 1155,2 - 3173,7
Vikev 25 1102,0 45 447,3 75 410,5
Je¢men 33 848,1 60 225,0 80 262,4
Ryze 20 1316,5 40 518,5 70 827,2

2.3.5.2. Vliv mulce na kapkovou erozi

Edwards et al. (2000) hodnotili vliv mrtvého mulée (slamy jeCmene) v bramborach pii rizném
procentu pokryti pudy. Hodnoty kapkové eroze v jejich experimentu dosahovaly 0 36 % niZzSich
hodnot pti 20% pokryti pudy poskliziiovymi zbytky ve srovnani s pokryvem 5 %. Choudhary

et al. (1997) potvrzuji, ze zplisob zpracovani pudy vyznamné ovliviiuje kapkovou erozi.

K obdobnym zavérum dosli také Van Dijk et al. (1996), kdy hodnotili kapkovou erozi v porostu
kukufice s riznym zplsobem zaloZeni. Nejvyraznéjsi redukce kapkové eroze (pfiblizné o 70
%) byla v porostu zaloZeném piimym setim do desikovaného porostu ozimého Zita, v porovnani
s konven¢ni piipravou pudy. Na plochach s aplikovanou slamou byla redukce cca 60 % a na
pokusné parcele, kde byl porost Zita zapraven podmitkou, 50 %. K velmi nizké redukci kapkové
eroze (cca 10 %) doslo na ploSe s podzimni orbou a setim bez dalsi Gpravy pidy. Déle uvadéji,

ze slama pokryla povrch pidy ze 44,17 %; umrtvené zito 0zimé z 39,94 %; mul¢ Zita zapraveny
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podmitkou 22,22 % a pii pfimém seti byl povrch pudy pokryt pouze z 0,56 %. V piipadé
konven¢niho zpracovani piidy jsou plevele v mezitadku jedinym pokryvem pudy a i kdyz je

jejich pokryvnost v nejvyse v jednotkach procent, nelze je zanedbavat.

2.3.5.3. Vliv ptdni struktury na kapkovou erozi

S intenzitou kapkové eroze souvisi stabilita pidnich agregati. Le Guillou et al. (2012) uvadé;i,
ze na parcelach, kde byl zapraven mul¢, byl statisticky prikazné vy$si vyskyt stabilnich
agregatti nez na kontrolni parcele. Vyssi stabilita ptidnich agregat byla Andersem et al. (1993)
potvrzena na plochach s piidoochrannym zpracovanim piady v porovnani s orebnym zptisobem.
Vasquéz-Mendéz et al. (2010) zjistili vysokou zavislost (R? = 0,934) mezi stabilitou ptidnich

agregatli a obsahem organické hmoty v pudé€, coz je spojeno s rostlinnym pokryvem pudy.

Angulo-Martinez et al. (2012) hodnotili kapkovou erozi pii pfirozené vznikajicich srazkach na
ttech ptidnich typech ve Spanélsku. Zjistili, Ze na kapkovou erozi nemél piidni typ prikazny

viiv.

2.3.5.4. Vliv sraZzky na kapkovou erozi

Bylo prokazano, Ze vyssi intenzitou desté vzrusta mnozstvi vody, které je po dopadu na zem
rozsttiknuto na mensi kapky. Je-1i pida pokrytd mul¢em, dopad kapek je tlumen a klesd mira
nezadouciho rozsttiku vody (Yang a Madden, 1993). Dle Choudhary et al. (1997) nedochazi
k rozdiltim mezi hodnotami kapkové eroze v zavislosti na délce srazky. Parlak a Ozaslan Parlak
(2010) uvade;ji narust kapkové eroze s rostouci energii srazky. Z jejich vysledku (tabulka ¢. 1)
vyplyva, Ze pti prvnim méteni byl tthrn srazek 42,2 mm, pii druhém 22,9 mm a pfi tietim 182,6
mm. Na pudé bez pokryvu bylo kolisani v mnozstvi kapkové eroze stejné s kolisanim dhrnu
srazek — 1 757,7 g'm™ pii prvnim méfeni, 1 155,2 g'm™ pfi druhém a nejvice mobilnich ptidnich

&astic bylo pfi nejvyssim uhrnu srazek (3 173,7 grm™).

Vegetacni pokryv pudy je schopen pterozdélenim srazky a zménou jeji energie tlumit
kinetickou energii nadoporostni srazky dosahujici povrchu pudy skrz porost. Pfi intenzité
srazky 80 mm-h™ Ma et al. (2014) uvadgji o 13 % vyssi kapkovou erozi nez pfi intenzité 40

mm-h?,
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2.3.5.5. Vliv sklonu pozemku na kapkovou erozi

Liu et al. (2015b) uvadg¢;ji jako dalsi dalezity faktor, mimo intenzitu srazek, také sklon pozemku,
na ktery dopadaji. Pomoci simulatoru desté testovali intenzity 85, 95, 110 a 125 mm-h™ na
pokusné pozemky se sklonem 6, 11, 22 a 35 stupii. Pfi intenzité desté 85 mm-h™ probihala
infiltrace nejlépe na vsech sklonech pozemku, ovSsem mezi 6 a 35 © doslo k poklesu 0 39,3 %.
Intenzita uvoltiovéani piidnich &astic nejdfive vzrostla na 4,8 — 7,2 g-m™-h’%, ale se vzristajicim
sklonem pozemku poklesla na 3 g-m™-h™t. Nejvyssi naméfena hodnota byla pii sklonu pozemku
22 °.

Ziadat a Taimeh (2013) uvadi, ze eroze pudy na obdé¢lavané pidé je primarné ovlivnéna
vlhkosti ptidy pti srazkové udélosti, kdy se eroze objevuje na vlhké pudé i pfi relativné malé
srazce. OvSem na nezpracované pudeé je eroze ovlivnéna sklonem pozemku. Intenzita desté,
sklon pozemku a vlhkost pudy pied srazkou vysvétluje 84 — 89 a 59 — 66 % kolisani mnozstvi

odtoku a ztraty pudy.

Vliv sklonu pozemku na kapkovou erozi zkoumali i Parlak a Ozaslan Parlak (2010). Z jejich
vysledkl vyplyva, Ze na pozemku o sklonu 4 % byla kapkovéa eroze pfi 1. meteni 979,50 g-m"
2, pti druhém 388,48 g'm2a pii tietim 611,10 g'm™. Na pozemku o sklonu 9 % bylo naméieno
1532,7; 784,55 a 1 725,70 g'm™. Jako statisticky prikazné byly rozdily vyhodnoceny ve 2. a

3. méreni.
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3. Védecké hypotézy a cile prace
Hypotézy

H1 - Distribuce srazek v porostu a jejich vliv na fyzikalni vlastnosti pidy zavisi na pokryvu

pudniho povrchu, struktufe porostu, riistové fazi plodiny a v priab&hu vegetace se meni.

H2 — Volbou plodiny, technologie zpracovani pudy a seti 1ze dosdhnout struktury porostu a
pokryvnosti pudy posklizinovymi zbytky, které vyznamné omezi troven kapkové eroze a

neproduktivniho vyparu.

Cile prace
Na zakladé stanovenych hypotéz budou sledovany nasledujici cile:

o Stanovit vliv rozdilnych polnich plodin na distribuci dopadajicich srazek v porostu a

kvantifikovat jednotlivé slozky srdZek po redistribuci.

o Specifikovat porosty a prochazejici srazky z pohledu rizika vzniku kapkové eroze,

zadrZeni vlahy v pud¢ a neproduktivniho vyparu.

. Kvantifikovat vliv padnich vlastnosti vetné téch, které jsou ovlivnény rostlinnym

pokryvem, na hodnoty kapkové eroze, infiltrace srazek a neproduktivniho vyparu.
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ABSTRACT

Sketikova M., Brant V., Kroulik M., Pivec J., Zébransky P, Hakl J., Hofbauer M. (2018): Water demands and biomass
production of sorghum and maize plants in areas with insufficient precipitation in Central Europe. Plant Soil Environ., 64.

Evapotranspiration and transpiration measurements represent a tool for the assessment of crop water demand. The
aim of this study was to compare sorghum and maize with respect to its potential for forage production in areas
with insufficient precipitation in Central Europe. The values of the actual evapotranspiration (ET,, Bowen ratio
balance method), transpiration (sap flow method), leaf area index (LAI) and biomass production of sorghum and
maize were measured continuously in years 2010-2012. Sorghum stand provided higher ET, in comparison with
maize in dry year 2012. Maize produced consistently more above-ground biomass yield and lower LAI over all eval-
uated years than sorghum. The sorghum provided similar or higher water use efficiency (WUE) than maize during
the period of intensive prolongation growth, however, the higher WUE did not result in higher biomass production.

Keywords: Sorghum bicolor L. Moench; Zea mays L.; water stress; arid area; rainfall

Sorghum (Sorghum bicolor L. Moench) might
be an alternative for maize (Zea mays L.) in the
arid areas. Water stress strongly reduced the yield
of maize (Ort and Long 2014, Lobell et al. 2014)
whereas higher resistance of sorghum to water
stress has been documented by Rosenow et al.
(1983) and Schittenhelm and Schroetter (2014).
Sorghum produces comparable biomass to maize
when water is the limiting factor (Rooney et al.
2007, Zegada-Lizarazu et al. 2012).

In Central Europe, the sowing date of sorghum is
postponed from the maize by 14 to 25 days because
of higher requirement on soil temperature (Brant
etal. 2011). This delay leads to shorter vegetation
and it can affect the overall water consumption
of sorghum in contrast to maize. Later sorghum
sowing date is associated with a delay in crop ma-

turing, which can be a reason for higher sorghum
water consumption before harvest. Moroke et al.
(2005) described that the sorghum delay in matur-
ing, compared to sunflower, contributed to higher
sorghum water uptake at the end of its vegetation.

Tolk and Howell (2003) reported lower water
consumption of sorghum in mild climatic condi-
tions in comparison with arid areas. In humid
years, evapotranspiration of sorghum canopy was
higher than in maize, however, an opposite effect
was observed in normal and dry years (Pan et al.
2011). Howell et al. (1994) published higher values
of seasonal evapotranspiration of irrigated maize
in contrast to sorghum canopies.

Bowen ratio balance method (BREB) represents
one of the methods for the assessment of actual
evapotranspiration. The use of the sap flow method
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for measuring of water flow was reported for maize
(Cohen et al. 1990, Gavloski et al. 1992, Bethenod
et al. 2000) and for sorghum (Zhang and Kirkham
1995). A positive correlation between evapotran-
spiration values of maize determined by BREB
and sap flow was documented (Bethenod et al.
2000). This study also showed that the difference
between sap flow and evapotranspiration might
be less than 10% on dry soils, probably due to low
evaporation. Evaporation depends on crop leaf area
index (LAI). A negative correlation between actual
evaporation and LAI of sorghum was reported by
Kato and Kamichika (2006).

Values of the actual evapotranspiration and the
amount of plant biomass are the input variables for
water use efficiency (WUE) determination. In the
previous studies, WUE values for sorghum ranged
from 1.0-7.4 g/L in field conditions (Garofalo and
Rinaldi 2013, Hao et al. 2014, Yimam et al. 2015).
It can be summarized that growing of sorghum
can provide lower water consumption and more
favourable WUE in comparison with maize where
values ranging from 1.12-1.66 g/L were reported
by Sun et al. (2010). However, these benefits must
be verified in the particular environment.

The aim of this paper was to compare the water
consumption of sorghum and maize in association
with above-ground biomass production in areas
with low annual precipitation.

MATERIAL AND METHODS

Field experiments were conducted in years
2010-2012 in Central Bohemia in Budihostice
(50°18'23.499"N, 14°15'28.893"E, 210 m a.s.l.)
where soil type is Haplic Chernozem. The ratio
between the total amount of precipitation and
potential evapotranspiration is 0.7-0.8 in this
locality (Pivec et al. 2006). Measurements of actual
evapotranspiration, transpiration, above-ground
biomass production, leaf area index and water
utilization rates for maize and sorghum crops
were carried out in field conditions. The size of
the experimental plots was 1.5 ha (square 122.5 x
122.5 m, the measuring equipment was placed in
the middle of the plot). Cereals were a previous
crop. After the autumn ploughing, 46 kg N per
hectare was applied under seedbed layer before
seeding. The following seeding dates of the maize
were used: April 21 in 2010 (represents 111 day

of the year — DOY) with cv. Kuxxar (Syngenta
International AG), April 7 in 2011 (97 DOY, cv.
PR38N86 — Pioneer Hi-Bred Northern Europe Sales
Division GmbH) and April 21 in 2012 (112 DOY,
cv. PR38N86). The sorghum seeding dates corre-
spond with May 17 (137 DOY), May 9 (129 DOY)
and May 11 (132 DOY). The cv. Sucrosorgo 506
(Syngenta International AG) was sown in all years.
Row spacing was 0.75 m for both crops. The num-
bers of plants per unit area 30 days after sowing
were determined (Table 1).

Canopy parameters. Dry above-ground bio-
mass production and LAI values were measured
regularly. Using the number of plants per unit
area (Table 1), the measured biomass production
(B, t/ha) and measured leaf area index (LAI )
values per unit area were determined. The values
B  were used to calculate the daily values of dry
above-ground biomass production (B_, , t/ha). The
average plant weight was always determined from
20 plants at dry biomass basis. The biomass was
dried at 105°C to the constant weight. Leaf area
per plant determination was based on infrared
image analysis (Brant et al. 2017). Computational
algorithms for B_, and LAI | calculation follow
Brant et al. (2017), where parameters of equations
are documented in Tables 2 and 3.

Evapotranspiration measurement. The Bowen’s
ratio energy balance was used to determine the
actual evapotranspiration values. Calculation of
Bowen’s ratio is based on the assumption that equal
values of the apparent and latent heat coefficients
are the same, and then it is possible to determine
the ratio of apparent and latent heat by measuring
the temperature and humidity gradients above the
transpiring surface (Woodward and Sheehy 1983).
In this experiment, the radiation balance was meas-
ured by the Schenk balance meter (Wien, Austria).

Table 1. Average plant density of maize and sorghum
in 2010-2012

Number of plants per ha

Species

2010 2011 2012
Zea mays 95 5862 86 8972 89 333
Sorghum bicolor 160 000°¢ 128 276 108 6672

Number of plants was determined 30 days after sowing.
Different letters document significant differences between
years within each row (Tukey’s HSD (honestly significant
difference), o = 0.05)
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Table 2. Equation parameters for calculation of maize and sorghum biomass production (B_,,, t/ha) according

toB_ . = parl/(1 + exp(~(DOY - par2) x par3)) — par4

Plant Parl Par2 Par3 Par4 Correlation index Number of variable
2010 Zea mays 21.69 200.93 0.07 0.27 0.998 15
Sorghum bicolor  22.55 211.87 0.08 0.43 0.998 12
2011 Z. mays 25.71 202.96 0.06 0.49 0.994 19
S. bicolor 16.34 204.08 0.09 0.17 0.997 16
2012 Z. mays 24.31 205.97 0.06 0.49 0.996 18
S. bicolor 25.23 220.33 0.06 0.62 0.998 15

DQY - day of the year

The radiation balance values were adjusted by the
energy amount flowing from the active plant cover
(Allen et al. 1998) into the soil. The heat flow to the
soil was measured by the Huxeflux sensor (Delft, the
Netherlands). The values of the actual evapotranspi-
ration (ET, ) (mm/h in 10 min measured interval)
were obtained within the measurement. Missing
values of the ET,  values were supplemented with
potential evapotranspiration values (ET,, mm/h,
mean calculated over 10 min interval), according
to the methodology by Zabransky et al. (2015). ET
values were calculated according to Allen et al. (1998).

The BREB systems (EMS, Brno, Czech Republic),
which was placed in the centre of the experimental
area, were used. The Decagon 10HS (Decagon
Devices, Inc., Pullman, USA) sensors were used
for volumetric water content (VWC, %) deter-
mination at a depth of 30 cm (recording interval
10 min). Evapotranspiration measurement was
realized at the DOY interval of 160-257 for maize
and 160-253 for sorghum in 2010, 167-249 DOY
for maize and sorghum in 2011 and 155-237 DOY
for maize and 180-240 DOY for sorghum in 2012.

Table 3. Equation parameters for calculation of maize

Transpiration measurement. The so-called sap
flow measurement is based on the temperature
balance between the heat input and the tempera-
ture increase in the defined space (Kucera et al.
1977, Tatarinov et al. 2005). The sap flow values
(Q,, kg/h) were measured with a 12 channel T4.2
sap flow meter (EMS, Brno, Czech Republic) and
were recorded at 10 min intervals throughout the
measurement period. Missing values of Q  were
replaced by calculated values (Q_,,, algorithm 1).
Sap flow data were processed by Mini32, ver.
4.2.31.0 software (EMS, Brno, Czech Republic)
based on the equation described by Pivec et al.
(2011):

Rg VPD
(Rg + par2) (VPD + par3)

Qcalc = parl (1)
Where: Rg — global solar radiation (W/m2); VPD — vapour
pressure deficit (hPa). The parameters (par) 1-3 were de-
termined for the whole measurement period. Calculation of
the vapour pressure saturation follows Tetens (1930). Q.

values were calculated from the measured data (collected

at 10 min interval) for the whole measurement period.

and sorghum leaf area index (LAI ) according to

calc

LAI_, = parl/(1 + exp(-(DOY - par2) x par3)) — par4
Plant Parl Par2 Par3 Par4 Correlation index Number of variable
2010 Zea mays 4.46 172.86 0.15 0.02 0.998 6
Sorghum bicolor 9.33 194.60 0.13 0.05 1.000 6
2011 Z. mays 4.75 172.96 0.27 -0.24 0.993
S. bicolor 6.34 179.70 0.15 0.05 0.990
2012 Z. mays 3.59 168.89 0.20 -0.14 0.966 10
S. bicolor 7.73 183.64 0.27 -0.06 0.999 8

DOY - day of the year
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Table 4. Linear estimation of maize and sorghum transpiration (Q, mm/day) based on the actual evapotranspira-

tion (ET,, mm/day) in evaluated years

Period Plant Model
2010 Zea mays Q =-1.1644 + 1.0066 x ETa, r =0.893, n = 50, confidence level = 99%
Sorghum bicolor Q=-1.6701 +2.2610 x ET, r = 0.939, n = 26, confidence level = 99%
2011 Z. mays Q=-1.2287 + 1.6448 x ETa, r=0.921, n = 53, confidence level = 99%
S. bicolor Q = -1.8506 + 2.4507 x ETa, r =0.896, n = 23, confidence level = 99%
2012 Z. mays Q =-1.3388 + 1.6032 x ETa, r=0.778, n = 25, confidence level = 99%

r — correlation coefficient; 7 — number of variable

The Q (kg/h) values were determined after replac-
ing the missing Q_ (kg/h) values by Q_,,. (kg/h),
in line with Brant et al. (2012) (Table 4).

Sap flow values were measured in 204-252 DOY
interval in 2010 (maize and sorghum) and in 195—
249 DOY (maize) and 224-249 DOY (sorghum) in
2011.1In 2012, only data from maize measurement
(204-252 DQOY) are available because sorghum
sap flow sensors were damaged by rodents. Q
values were always measured on at least 9 plants
of the evaluated crop. Transpiration (T , mm/day)
was determined as average of multiples Q (kg/day)
of plant and plant number per unit area (Table 1).
The T, values were visualised as the range of the
measured Tr; values for evaluated stands + stand-

40

ard deviation (SD). The relevance of the T values
(mm/day) of the individual plants was verified based
on the determination of the amount of energy for
the perfused amount of water in relation to the daily
amount of radiation (Rn, MJ/m?2). Specific evapora-
tion heat values (), ]/g) were determined according
to the Hooghart (1971) algorithm.

Water use efficiency determination. WUE values
were determined as a proportion of dry above-ground
biomass and actual evapotranspiration of the stand.
Average daily WUE values were calculated from daily
ET, values (kg/m?) and daily biomass increments
gains B_, (g/m?). WUE (g/kg) values were set for
days when the daily sum of Rg was > 18 MJ/m?2. The
reason for that was to determine the WUE values
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Figure 1. Daily sums of precipitation (Pday) and cumulative precipitation over the growing period (P, ) in years

2010-2012. DOY - day of the year
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Figure 2. Daily means of temperatures (t ; ) over the period of intensive biomass accumulation (200-230 DOY)

in years 2010-2012. DOY - day of the year

only under suitable evapotranspiration conditions
that were determined based on Rg inputs.
Precipitation (P, mm) and air temperature (T, , °C)
were taken from the weather station located at the
Budihostice experimental field (http://www.emsbrno.
cz/p.axd/cs/Lokality. CZUFAPPZ.html). Daily sums
of precipitation and means of temperature are shown
in Figures 1 and 2. Calculations of ET, (mm/h),
ET, (mm/h) and ET, (mm/day) were performed
using the software Mini 32, ver. 402.75 (EMS, Brno,

30 - e Balc Zea mays
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Bcalc" Bm (t/ha)
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D~ >~ D~ D~ D D D~ D~
=) S — N 22 < 0 ©
i — — — i i —

Czech republic) and regression analysis and ANOVA
(Tukey’s HSD (honestly significant difference) test,
a = 0.05) were performed using the programme
Statgraphics ® Plus, ver. 4.0 (The Plains, USA).

RESULTS AND DISCUSSION

Canopy parameters. Figure 3 documents the daily
dynamics of dry above-ground biomass produc-

2010

-

T T T T T T T
o~ [N o~ o~ D~ [ IS [
D~ (e o] [e)) (=] — N o <
— — — [a\| [a\] N N N
DOY

Figure 3. The dynamics of maize and sorghum above-ground biomass production (t/ha) in years 2010—-2012. The

points represent the measured values (B ) and curves were fitted by the calculated value (B

, t/ha). Asterisks in-

calc

dicate values with non-significant differences in B between species (Tukey’s HSD, a = 0.05). DOY — day of the year
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tion (B, and B_, ) of maize and sorghum in years
2010-2012. Higher production was established
for maize in all evaluated years. The harvested
maize dry matter forage yields were 23.4 t/ha
(2010), 24.3 t/ha (2011) and 20.6 t/ha (2012).
Sorghum provided forage yield of 21.7 t/ha (2010),
15.7 t/ha (2011) and 17.8 t/ha (2012). The most
intensive biomass accumulation occurred between
200-230 DOY. The weight of the cobs represents
over 50% of maize above-ground biomass (Fuksa et
al. 2004). Limited formation of generative organs
in sorghum were observed where their proportion
reached an average 40% of the plant biomass, which
resulted in lower dry matter content (17.9%, mean
2010-2012) in contrast to maize (29.6%). Hermuth
and Kosovd (2017) highlighted the importance of
utilization of sorghum cultivars adapted to local
environment, e.g., the first Czech sorghum cv.
Ruzrok, enabling mature seed production in the
temperate climate of Central Europe.

Sorghum lower dry matter is in line with the
results of Schittenhelm and Schroetter (2014).
Larger harvest values of LAl and LAI  were
found in sorghum stands (Figure 4). The values
of LAL_ for maize 4.1 (2010), 4.7 (2011) and 2.6
(2012) whereas sorghum LAI 9.3, 5.6 and 7.7
(2010, 2011 and 2012, respectively) were ob-
served. For maize, the usual values of LAI are
within 2.6—4.8 m (Timlin et al. 2014, Saseendran
et al. 2015).

Meteorological characteristic. The highest sum
of precipitation (400 mm) within 91-243 DOY was
observed in year 2010. The lowest sum of precipi-
tation over the vegetation period was observed in
2012 (248 mm) and 306 mm was detected in 2011.
Year 2012 was characterized by low values of daily
sum of precipitation, mostly under 10 mm per day
(Figure 1). A lower effect on the increase of soil
water supply can be expected under this sum of
precipitations due to evaporation.

10 4 ———LAlcalc Zea mays 2010 b _(b)
8 & LAlm Z mays ~-07
s
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Figure 4. Dynamics of maize and sorghum leaf area index (LAI) development in years 2010-2012. The points
represent the measured values (LAI ) and curves were fitted by the calculated value (LAI ). Different letters
document significant differences of LAl between species within the date of sampling (Tukey’s HSD, « = 0.05).

DOY - day of the year
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Figure 5. Relationship between daily sum of precipitations (P, mm/day), daily values of actual evapotranspiration
(ET,, mm/day) and daily soil moisture (VWC, %) for maize and sorghum in years 2010-2012. DOY - day of the year

The differences between daily sum of precipita-
tion (P, mm/day), actual evapotranspiration val-
ues (ET,, mm/day) and volumetric water content
(VWC, %) at 30 cm depth during the evaluated
years are shown in Figure 5. The VWC values

were lower for maize plots in all years of evalua-

tion. Greater decreases in VWC values in maize
stands could also be caused by earlier sowing and
associated with subsequent earlier water consump-
tion for crop transpiration. Kato and Kamichika
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(2006) proposed a decrease in evaporation due to a
higher LAI values as explanation for higher VWC
values in plot with sorghum. Sorghum intensive
leaf formation was initiated around 180 DOY
(Figure 4). Another explanation could be lower
sorghum water consumption in contrast to maize
(Tolk and Howell 2003).

The average daily air temperature for the period
91-243 DOY was 16.5°Cin 2012, 15.6°C in 2010 and
16.1°Cin 2011. As shown in Figure 2, in the period
of intensive biomass accumulation (200-230 DOY),
the highest average air temperature was detected
in 2012 (19.2°C), in 2010 (18.7°C) and in 2011
(17.2°C).

Stand water demand. Maize stands provided
higher ET_ in comparison with sorghum (Figure 6)
in 2010 and 2011. The daily average differences of
maize ET_ were higher by 0.59 and 0.29 mm/day
within the period of 180-235 DOY in 2010 and
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Figure 6. Differences in daily val-
ues of actual evapotranspiration
(ET,) for maize and sorghum in
years 2010-2012. DOY — day of
the year

255

2011, respectively. Measured ET, values were 3.23
and 2.48 mm in 2010, 2.41 and 2.12 mm in 2011
for maize and sorghum, respectively. In dry year
2012, the maize daily ET, was by about 0.46 mm/day
lower in comparison with sorghum between 180-
235 DOY (Figure 6). The average daily ET in the
period was 2.72 mm for maize and 3.18 mm for
sorghum.

In dry year 2012, higher sorghum ET, could be
associated with its higher water stress resistance
(Sanchez-Diaz and Kramer 1971). This year also
showed higher values of air temperature over crop
growth compared to 2010 and 2011. According to
Downes (1970), the sorghum transpiration rate
accelerates with increasing air temperature. This
relationship is also consistent with Tolk and Howell
(2003), who reported higher sorghum water con-
sumption in the areas with high evapotranspira-
tion demand.
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Figure 7. Average daily sap flow values (Q) per plant of maize and sorghum in years 2010-2011. DOY -

day of the year
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Figure 8. Daily maize values of potential evapotranspiration (ET ) or actual evapotranspiration (ET,) and daily

transpiration (Tr) in years 2010-2012. Tr, values (gray field) represent the range for evaluated stands using the

mean of T+ standard deviation. DOY — day of the year

Average sap flow values were not significantly
different between maize and sorghum in 2010 and
2011 (Figure 7). The number of plants per unit area
had a major impact on the Q value of the stands.
The high variability of sap flow values among the
individual plants makes complicated the estima-
tion of values per area unit. In our experiment, sap
flow values ranged from 24 to 213 g/h per plant
for maize whereas the values from 34 to 160 g/h
were measured for sorghum. Gavloski et al. (1992)
reported maize sap flow values from 32 to 122 g/h
depending on the water regime. Maximal maize
sap flow values could reach 150-175 g/h (Gavloski
et al. 1992, Kjelgaard et al. 1997).

Figures 8 and 9 present daily values of actual
evapotranspiration (ET, mm/day) and transpi-
ration (Tri, mm/day) in 2010-2012. The maize

transpiration more closely corresponds with the
values of the actual evapotranspiration (Figure 8).
Daily ET, of sorghum was related to the lower limit
of Tr, interval. It suggests that lower evaporation
of sorghum can be expected due to higher leaf
coverage of soil expressed as LAI (Figure 4). This
assumption is supported by the results of Kato
and Kamichika (2006).

Water use efficiency. The values of WUE over
2010-2012 are presented in Figure 10. There was a
clear trend for a value increase between 170—-220 DQOY,
followed by a decline in the subsequent period. During
the first period, biomass production strongly in-
creased (Figure 3). In 2010, the highest WUE of maize
reached 9.49 g/kg whilst 17.86 g/kg was observed for
sorghum (180-240 DQY). Similarly, in 2011, the maize
WUE was 14.45 g/kg and sorghum reached 15.41 g/
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transpiration (Tr,) in years 2010-2012. Tr, values (gray field) represent the range for evaluated stands using the
mean of T+ standard deviation. DOY - day of the year
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Figure 10. Average daily values of water use efficiency (WUE) of maize and sorghum stands in years 2010-2012.

WUE values were calculated from the daily values of actual evapotranspiration (ET, kg/m?) and daily biomass
growth (B , g/m?) for days when the daily sum of R, was > 18 MJ/m2. DOY - day of the year
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kg. In 2012, the highest daily WUE was 11.81 g/kg
for maize and 11.51 g/kg for sorghum.

Panetal. (2011) reported higher sorghum evapo-
transpiration in humid years than in maize crop,
while lower in normal or dry years. However, the
evaluation of water use efficiency between these
crops is complicated because of the late sorghum
sowing date, which leads to the shift of develop-
mental stages. In the experimental environment,
the generative sorghum stages are usually not
reached because the subsequent development of
the stands is limited by low temperatures at the
end of the growth period.

In conclusion, the three-year experiment in
this study demonstrated higher maize actual
evapotranspiration in the years with higher sum
of precipitation (2010 and 2011) whereas higher
sorghum evapotranspiration was observed in the
dry year 2012. It suggests the improved sorghum
resistance to water stress. However, this sorghum
ability did not result in higher production of the
above-ground biomass.

Higher production of maize above-ground bio-
mass was measured consistently over a three-
year period, together with reduced soil VWC in
comparison with sorghum. Maize and sorghum
provided similar sap flow values with high vari-
ability among individual plants.

Transpiration values suggest lower levels of evap-
oration per unit area in sorghum stands, probably
due to higher LAI values. The sorghum provided
similar or higher WUE values than maize during the
period of intensive prolongation growth. However,
this higher water use efficiency did not contribute
to higher biomass production in these experimental
conditions. At the end of this period, WUE values
were comparable or lower contrast to maize. The
WUE decrease might be associated with reduced
formation of generative organs of sorghum. This
formation should increase the total aboveground
biomass production and probably should lead to
WUE enhancement in comparison with maize.
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Abstract

Brant V., Zabransky P,, Skefikova M., Pivec J., Kroulik M., Prochazka L. (2017): Effect of row width on splash erosion
and throughfall in silage maize crops. Soil & Water Res., 12: 39-50.

Line width is one of the major factors affecting arable soil erosion. The aim of the study was to assess the effects
of different row spacing on splash erosion and throughfall in maize crops. Field measurements of the throughfall
(P, mm) and splash erosion (MSR, g/m?) were carried out in silage maize crops (row spacing 0.45 and 0.75 m) in
2012-2014. The BBCH growth stages for the crops, plant length (L, m), and leaf area index (LAI) were evaluated.
Positive correlation was observed between the aerial precipitation (P, mm) and the P, values. With increasing
P-values, higher levels of P, were identified in the 0.75 m compared to the 0.45 m row spacing. The value of this
proportion was decreasing from the centre of the inter-row (0.75 m) to the row of the plants direction. Statisti-
cally significant lower values of splash erosion were observed in the 0.45 m compared with the 0.75 m wide rows,
especially within the years 2012 and 2014. The experiments proved the positive influence of the length of plants
and LAI on P/P values. A decrease of P, in relation to precipitation values with height of plants and LA values
was observed. This dependency was then confirmed from the beginning of the stem elongation (BBCH 30) to the
end of flowering (BBCH 70). Tighter dependency between the plant length (L) and the values of P/P, ratio in the
0.75 m wide crop rows was determined. Conversely, a more important influence of LAI on the values of P/P, ratio
was estimated in the 0.45 m wide crop rows. The experiments proved the positive influence of the 0.45 m wide

rows on the decrease of splash erosion as well as throughfall compared with the 0.75 m row spacing.

Keywords: erosion; growth stage; leaf area index; plant length; precipitation

Line width is one of the major factors affecting
the production of corn grain (JOHNSON et al. 1998;
BARBIERI et al. 2000; FARNHAM 2001) and corn silage
biomass (UpPENKAMP 2007; NUBEL 2008). Narrow
rows are primarily associated with higher radiation
interception by corn crops (OTTMAN & WELCH 1989;
ANDRADE et al. 2002). Narrow rows (0.35 m) can
cause higher values of evapotranspiration compared
with wider crop rows (0.75 m), depending on the
moisture conditions (BARBIERI et al. 2008).

Maize is generally considered the most vulnerable
crop to soil erosion. Soil erosion is one of the most
serious environmental and public health problems
facing human society (PIMENTEL 2006). Soil ero-
sion is generally dependent on the soil type and

texture, rainfall characteristics, topography, soil and
crop management, and soil conservation practices
(Hupson 1995).

Due to the fact that splash is the most important
detaching agent (MORGAN 2005), splash erosion
can be considered as the primary factor of water
erosion. It is crucial for interrill erosion, because
it separates the soil particles from the soil surface,
thus facilitating their transport (VAN D1JK et al. 2002;
LEGUEDOIS et al. 2005). Splash erosion depends on
the kinetic energy of rainfall, rainfall intensity, ag-
gregate stability, and plant cover (QUANSAH 1981;
SHARMA et al. 1991; VAN DIJK et al. 1996). It is also
dependent on the layer of water on the surface of soil
(KINNELL 1991; RICHTER 1998), and on the presence
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of stones, clods, and crop residues at the soil surface
(WAINWRIGHT 1996; MORGAN 2005).

Generally, it is believed that reducing the maize
lines width contributes to water erosion risk reduc-
tion (UPPENKAMP 2007; NUBEL 2008; MOHAMMADI
et al. 2012). In Germany, crops grown in row spac-
ings < 0.45 m, including maize, are not considered as
wide-row crops. Then, they apply the less stringent
criteria for growing on land at risk of erosion (LfL
2010). A narrower line contributes to the increase
of soil protection, diminishing water runoff and soil
erosion (MANNERING & JOHNSON 1969; SANGOI &
SALVADOR 1998). Corn row spacing (0.51, 0.76, and
1.02 m) had little effect on ground cover or erosion
during the first 5 weeks after planting. At 7 to 8 weeks,
ground cover was increased slightly and the narrow
(0.51 m) line spacing reduced erosion (MANNERING
& JOHNSON 1969). ZABRANSKY et al. (2013) proved
that lines width reduction in maize from 0.75 to
0.45 m resulted in a decrease in throughfall values,
and can contribute to the elimination of splash ero-
sion. BRUCKLER et al. (2004) determined the highest
values of throughfall (under natural and artificial
conditions — precipitation/irrigation) in the half
distance only between the lines of corn cultivated
in 0.75 m rows. The authors further state that the
highest values of infiltration were measured directly
in the rows of plants, the lowest at the distance of
70-136 mm from the lines of plants. DEKKER and
RiTSEMA (1997) point out the significant variabil-
ity of soil volumetric water content in maize crops
cultivated in 0.75 m rows. Due to interception and
stem flow, water is funnelled towards the roots, and
thus concentrates in the maize rows. However, dis-
tinctive wetting patterns were also formed between
the maize rows, caused by rainwater dripping to the
ground from overhanging leaves. The influence of
distribution of rainfall on the soil volumetric water
content in maize crops was also confirmed By Hu-
PET and VANCLOOSTER (2005) and MARTELLO et
al. (2015). Micro-topographical depressions further
concentrate dripping water. The difference in the
elevation between the top of the row and the bot-
tom of the inter-row was about 70 mm (DEKKER &
RITSEMA 1997). MIOLE et al. (2011) reported that
depths of stemflow and throughfall were slightly
higher in the narrow spacing treatment. Mean ratios
of throughfall to incident precipitation or irrigation
are highly variable depending on the crop variability
(QUINN & LAFLEN 1983; PARKIN & CODLING 1990;
Bur & Box 1992; PALTINEANU & STARR 2000). DE
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MORAES FRASSON and KRAJEWSKI (2011, 2013)
state that knowledge of the concentration of drops
and their size distribution on the throughfall is also
important in the future development of microwave-
based sensors to measure the evolution of plant water
storage and soil moisture during storms.

In addition to throughfall, the erosion processes
are influenced by the stem flow (NEAVE & ABRA-
HAMS 2002). According to Bul and Box (1992), up
to one-third of the stem flow may contribute to the
formation of surface runoff. A positive correlation
was confirmed between the amount of rainfall (inde-
pendent variable) and throughfall and the stem flow
values of corn plants (PALTINEANU & STARR 2000).
These authors also point out the fact that at lower
precipitation, the ratio of stem flow to throughfall
increases. Hence, with an increase in precipitation
the value of this ratio decreases. The stemflow of
maize increases linearly with the total rainfall amount
(L1u et al. 2015).

The aim of the study was to assess the effects of
different row-spacing on the splash erosion and
throughfall in maize crops. Data on the determination
of the dependence between the values of throughfall
and splash erosion are very limited in the scientific
literature. The following objectives were set: (a) to
determine the effect of different maize row width
on the value of splash erosion during the vegetation
period, (b) to determine the variability of throughfall
within the rows, (c) to determine the relationship
between the splash erosion and throughfall, (d) to
determine the effect of the crop height and leaf area
index on throughfall.

MATERIAL AND METHODS

Field experiments were carried out in 2012-2014 at
Budihostice locality, Central Bohemia (50°04'34.45"N,
14°09'22.351"E; 220 m a.s.l; soil type Haplic Cher-
nozem). In the normal period (1961-1990) potential
evapotranspiration slightly exceeded the precipitation
totals (P/E_ was around 0.7-0.8) for the Budihostice
locality (P1vEC et al. 2006). Average soil texture of the
experimental plots measured in spring 2012 was as fol-
lows: soil particles < 0.01 mm 24.74%, 0.01-0.05 mm
13.05%, 0.05—0.1 mm 9.48%, and 0.1-2 mm 52.73%.
Silage maize crops (hybrid PR38N86) with row width
of 0.45 and 0.75 m were evaluated. The size of the
experimental plot was 0.5 ha. The basic technology of
soil cultivation in the experimental plots comprised
of autumnal plowing. Seedbed preparation was carried
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Table 1. Terms of maize seeding, average number of plants
per ha, and average distance between plants three weeks
after seeding in 2012-2014

Average
Year Terms  Row width No. of plants  distance
of seeding (m) per ha between
plants (m)
0.45 88 889 0.271
2012 19.4.
0.75 89 333 0.151
0.45 87778 0.259
2013 19.4.
0.75 89 333 0.156
0.45 85 556 0.266
2014 15.4.
0.75 86 667 0.154

out using a shallow cultivator in one day of sowing.
The sowing dates, number of plants per ha, and aver-
age distance between plants are documented in Table
1. A six-line seed driller (Kverneland Accord Optima
HD; Kverneland Group, Klepp Stasjon, Norway) was
used for sowing (row width 0.45 and 0.75 m). Plant
protection and fertilization were identical on both
surfaces. The plots were not irrigated.

Values of splash erosion were monitored using
a method according to BOLLINNE (1975). Funnels
with collection bottles (volume 0.5 1) were installed
in the centre of maize inter-rows. Plastic funnels
(body diameter 125 mm, outlet diameter 25 mm)
were placed 4 mm above the soil surface (flooding
prevention) as shown in Figure 1. A sieve (mesh
size of 2 x 2 mm) eliminating the trapping of small
mammals and insects into the container was placed
between the bottle and the funnel. After every rain-
fall event with precipitation totals exceeding 2 mm
soil sampling followed. Captured suspension was
filtered and dried to constant weight. The soil in
the funnel was then expressed as a real number of

(a) 5 ®

2

el

Figure 1. Measuring scheme of the splash erosion (a) and
throughfall (b); 1 — funnel; 2 — bottle; 3 — tube; 4 — soil;
5 — sieve

spray per unit area of soil (MSR g/m?), using the
algorithm according to POESEN and ToRrR1 (1988).
Five collection funnels for the evaluation of splash
erosion were located on each plot. At the end of the
vegetation period, the stability of soil aggregates in
trial plots (SAS) was also assessed using a wet siev-
ing apparatus (Ejkelkamp, Giesbeek, NL) according
to the manufacturer’s methodology. An average soil
sample was made from each replication of the vari-
ants (soil layer 0-0.1 m) in four samples of soil from
the centre of the inter-rows.

Throughfall (P, mm) was measured with collecting
funnels identical to those for the splash measuring
(without a sieve between funnel and bottle) — Figure 1.
The amount of captured water was determined by
weight, and subsequently expressed in mm of water
column. Plastic tubes that hold the bottles with the
funnel were placed 200 mm above the soil surface.
Three drop zones (depending on the location within
the line) were evaluated within each line (Figure 2).
Seven collection funnels (a total of 21 funnels per
each variant) were installed for each assessed drop
zone; their distribution in measuring plots with
corn line spacings of 0.45 and 0.75 m is displayed
in Figure 2. Two collection funnels were placed at
a height of 3.5 m (upper edge of the funnel) above
ground. These funnels were used to determine the
aerial precipitation above the crop canopy (P, mm).
The reason was for the comparison of P, and P using
the same collecting devices. Values of Pand P,,, and

row 750 mm row 450 mm
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Figure 2. Scheme of the funnel location for the throughfall
measurements in maize crop with the 0.75 m and 0.45 m
wide rows
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similarly M SR, were determined for the measured pe-
riod, depending on the duration of the precipitation.

Verification of the accuracy of P measurement us-
ing the collection device above the crop canopy was
made by comparing the average values of P precipi-
tation with standard precipitation values (Prg, mm)
measured by the standard tipping bucket rain gauge
SR 03 (Meteoservis, Vodnany, CZ). The dependency
between P and P, in 2012 can be described by the
following model: P = 0.849 x P_,, correlation coef-
ficient (r) = 0.996, in 2013 the same dependency by
the model: P = 0.939 x P, r = 0.993, and finally in
2014 by the model: P = 0.947 x P, r = 0.997.

As an observed subject within the development of
vegetation, the BBCH growth stages for the crops
(according to MEIER (2001)) and the plant length
(L, m) were monitored weekly. Twenty plants from
each variant were evaluated. Plant length was meas-
ured from the base of the plant up to the end of the
most developed stretched leaf (since the stage of
BBCH 61), then from the base to the top of inflo-
rescence after stage BBCH 61.

Values of photosynthetically active leaf area (ex-
pressed by LAI) in the ten plants for each variant
were measured in fortnight intervals. Plants for the
determination of L and LAl were taken diagonally on
the plot. LAl was determined destructively, followed
by the infrared image analysis. Plant leaves were
separated and placed on a 0.6 x 0.6 m black plate.

Table 2. Values of parameters for the plant lengths calculation (L

doi: 10.17221/121/2015-SWR

The leaves were laid on the plate whole or dissected
according to their size. Infra-red photographs (8 Mpx
resolution) of the leaves were taken from the height
of 1.2 m and converted into a black (for background)
and white (for leaves) format. Following the circum-
ference of the plates, all images were cropped in the
Photoshop program. Subsequently, the percentage
of the white and black pixels from the cropped pho-
tographs was determined. The percentage of white
colour was used to calculate the leaf surface in the
image area of the plate. Using the number of plants
per unit area, LAl was determined. A Nikon Coolpix
995 digital camera (Nikon Corporation, Tokyo, Japan)
was modified by changing the NIR-blocking filter for
an Infrared R72 filter (Hoya, Tokyo, Japan) mounted
in front of the lens. The images were processed with
the analytical tool in Adobe Photoshop CS5 (Adobe
Systems Software, Dublin, Ireland).

To determine the dependency of P, on the values
of L and LAI, daily values of plant length (L _,, m) and
leaf area index (LAI_,) were calculated. Finally, the
dependency between the values of P (mm)/P,, (mm)
ratio (dependent variable) for the actual precipitation
event and L, (m) and LAI_, values (independent
variable) for the same event were estimated. The
computational algorithms and parameter values
of equations for L _, and LAI_, are documented in
Table 2. The values of L_, were calculated for the
whole vegetation period within the years evaluated,

v M) and for leaf area index calculation (LAI_,) (years

2012-2014)
Year Row width (m) parl par2 par3 r n
cal
2012 0.45 0.0024 0.0009 -65.30 0.998* 18
0.75 0.0013 0.0005 -62.03 0.999% 18
2013 0.45 0.0009 0.0003 -64.20 0.998* 20
0.75 0.0010 0.0003 -64.77 0.998* 20
2014 0.45 0.0021 0.0008 —-66.67 0.995* 15
0.75 0.0023 0.0009 -66.99 0.997% 15
LAI_,
caj
2012 0.45 1.9929E-4 4.1752E-5 53.4183 0.999* 9
0.75 2.6034E-5 5.9823E-6 48.9556 0.995* 9
2013 0.45 5.0684E-8 1.1738E-8 40.6758 0.999* 9
0.75 7.3460E-7 1.5360E-7 44.0716 0.999* 9
2014 0.45 7.6714E-5 2.2084E-5 52.3402 0.998* 9
0.75 3.8263E-5 1.0029E-5 51.8555 0.993* 9

Models: L_, = parl/(par2 + exp (— (DOY/par3)?)); LAI

G

cal

coefficient L vs L or LAIvs LAlcal; *confidence level 95.0%; n — sample size
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the values of LAI_, were calculated for the individual
years within the periods 19/4-30/7 2012, 19/4—-20/8
2013, and 15/4—17/8 2014.

Statistical analyses were carried out in Stat-
graphics®Plus 4.0 (Statgraphics, Warrenton, USA).
The analysis of variance (ANOVA, Tukey’s test,
a =0.05) and simple regression were used. The pro-
gram Mini32 Version 403.18 (EMS, Brno, Czech
Republic) was used for the determination of the
calculated values of plant length L , and LAI_,,.

RESULTS

Precipitation and throughfall. The size and num-
ber of the evaluated rainfall events from 2012 to 2014
and the average P/P, ratios (mm; the average value
from assessed area), depending on the precipitation
totals are documented in Table 3. Values fluctuated
within the range of 1.44—6.75 (Table 1). The meas-
urements (2012-2014) in both stands showed a close
correlation between the values of aerial precipitation
(P, mm) and the mean throughfall (P, mm) (Fig-
ure 3). With increasing P-value, higher levels of P,
were proved in the 0.75 m compared with the 0.45 m
row spacing (Figure 3). For the observed period, the
highest average proportion of P, (%) (P = 100%) was
established in the 0.75 m rows. This proportion is the
highest in the centre of the inter-row, and decreases
toward the plant row (Figure 4). In the case of the
0.45 m row spacing, the proportions of P, (%) on P

were lower than in the 0.75 m rows in all of the as-
sessed areas (Figure 4). In the case of the 0.75 m wide
rows, the average value of the proportion of P/P,
(2012-2014) was 35.9% in the 0-125 mm zone,
47.6% in the 125-250 mm zone, and 53.8% in the
312.5-437.5 mm zone. In the case of the 0.45 m row
spacing, average P/P, was 33.1% in the 0—125 mm
zone, 33.5% in the 50-175 mm zone, and 32.3% in
the 162.5-278.5 mm zone.

Splash erosion, precipitation, and throughfall.
The values of splash erosion (MSR, g/m?) in crops
with the 0.75 and 0.45 m row spacing within the ob-
servation periods from 2012-2014 are documented
in Table 4. Statistically significant lower values of
splash erosion were observed in the 0.45 m wide
rows compared with the 0.75 m wide rows, especially
within the years 2012 and 2014 (Table 4). The positive
influence of narrower rows on the MSR elimination
was not clear in 2013 (Table 4).

The absolute values of MSR fluctuated between
11.8-557.8 g/m?*(2012), 8.1-2630.8 g/m? (2013), and
44.0-839.9 g/m? (2014). Figure 5 illustrates a positive
correlation of splash erosion (MSR, g/m?) and aerial
precipitation (P, mm) during the years 2012-2014.
Positive correlation was also determined between
splash erosion (MSR, g/m?) and the throughfall values
(P, mm) — Table 5. The closest dependency between
P, and MSR was observed within the 0.45 m wide rows
in 2012-2013 in the 0—125 mm zone, rather than in
2014 in the 50-175 mm zone, as it is evident from

Table 3. Number of events selected by totals and the average P/P,, proportion (precipitation/throughfall) in maize crops

with 0.45 m and 0.75 m row spacing in 2012-2014

No. of events selected P/P,

Precipitation 2012 2013 2014
totals (mm) 2012 2013 2014 row width (m)

0.75 0.45 0.75 0.45 0.75 0.45
0<2 2 0 1 1.44 3.48 4.07 6.75
2<5 5 1 5 1.48 2.52 4.14 1.99 2.85 3.21
5<10 5 4 3 2.32 4.13 1.99 3.06 2.55 2.71
10<15 2 3 0 2.58 4.88 3.36 4.91
15<20 0 1 1 3.73 4.52 1.54 2.18
20 <25 0 0 0
25<30 0 1 0 3.58 5.19
30<35 1 1 1 2.31 3.38 4.16 4.63 2.61 3.42
> 35 0 1 2 1.33 1.65 2.93 2.86
Sum 15 12 13
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Table 6. Stability of soil aggregates (SAS, stable share) at the
end of the vegetation period during 2012—-2014

in 2012. No statistically significant differences were
observed between SAS values in 2013 and 2014.
Plant cover and throughfall. Table 4 illustrates the

Row width SAS dynamics of the lengths of plants and BBCH phases
(mm) 2/9/2012 13/9/2013 9/9/2014 during the years 2012—2014. The statistically significant
450 0.29" 0.242 0.38° differences in the plants length between the 0.45 and
250 0.95° 0.26% 0.36% the 0.75 m wide rows are noticeable from Figure 6 in

Different letters document statistically different averages
(o =0.05)

Table 5. In the case of the 0.75 m wide rows, the clos-
est dependency between P, and MSR was observed
always in the 125-250 mm zone, in contrast to the
soft dependency in the 0—125 mm zone (Table 5).
The mass proportion of the stable aggregates on
the total mass of aggregates (SAS) during 2012-2014
years is documented in Table 6. When compared with
the 0.75 m wide rows, statistically significant higher
values of SAS were observed in the 0.45 m wide rows

Table 7. Values of LAI during 2012-2014

2012 only. Significantly longer plants in the 0.45 m
wide rows from the beginning of the growth elongation
phase (BBCH 30) up to the phase of complete flower-
ing (BBCH 67) were observed. The positive correlation
between plant length (L ,, m) and P/P, proportion is
documented in Figure 7. Values of L _, and P/P, for
the season when the plants were in the BBCH phase
30-70 (2012-2014 average) were used in the model.
During this period of vegetation, the highest level of
dependency between variables was determined. A closer
dependency between L_, and P/P, was according to
the correlation coefficients estimated in the 0.75 m
wide rows. The measured values of LA for the crops

Row width (mm) Row width (mm) Row width (mm)

Year 2012 Year 2013 Year 2014

450 750 450 750 450 750
19/4 0 0 19/4 0 0 15/4 0 0
715 0.020 0.018 715 0.015 0.013 1/5 0.016 0.011
21/5 0.145 0.108 21/5 0.091 0.106 28/5 0.197 0.203
4/6 0.902 0.778 6/6 0.168 0.255 10/6 0.763 0.738
18/6 2.289 1.932 12/6 0.336 0.462 25/6 2.150 1.597
2/7 4.118 4.117 25/6 2.568 2.621 9/7 3.193 3.604
16/7 4.608 4.118 9/7 4.093 4.432 23/7 3.599 3.642
30/7 4.054 3.828 23/7 4.415 5.043 5/8 3.306 3.724
13/8 3.469 3.904 6/8 4.502 4.635 19/8 3.486 3.764
28/8 2.509 2.619 20/8 4.109 4.714 2/9 3.590 3.198
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evaluated within the years 2012-2014 are included in
Table 7. The positive correlation between daily values
of LAI_; and P/P, proportion is documented in Fig-
ure 8. In this case, the tightest dependency between the
variables was according to the correlation coefficients
estimated within the BBCH phase 30-70 (2012-2014
average). A closer dependency between LAI_ and P/P,,

was estimated in the 0.45 m wide crop rows (Figure 8).

DISCUSSION

Precipitation and throughfall. A positive correla-
tion between P/P, (row width 0.45 as well as 0.75 m)
was determined in accordance with the results of
PALTINEANU and STARR 2000 (Figure 3). P, values
in the 0.45 m wide rows were reduced in compari-
son with the 0.75 m wide rows (Figure 3), especially
under the higher precipitation totals. Measurements
did not prove the dependency between the P/P
proportion and the precipitation totals (Table 3).
However, it is necessary to take into account if this
is possible under the conditions of the natural pre-
cipitation, incontinuous precipitation data recording,
and continuously changing parameters of growth.
The highest P/P, proportions were estimated in the
centre of inter-rows in the 0.75 m wide row crops,
in accordance with BRUCKLER et al. 2004. The P/
P, proportion decreased toward the row (Figure 4).
This fact was probably due to the occurrence of the
free inter-row space as a result of the free growing
crop, and due to the water drip from leaves in the
centre of the inter-row. The effect of the water drip
from leaves on the water concentration in the centre
of inter-rows and on the increasing splash erosion
is pointed out by BRANDT (1989), BRUCKLER et al.
(2004), and MORGAN (2005).
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In the case of the 0.45 m wide rows, these phe-
nomena were not so clearly noticeable (Figure 4).
Stands are substantially closed; stem flow plays a
crucial role in the rainwater distribution.

ZABRANSKY et al. (2013) proves this fact, intro-
ducing higher values of the stem flow in the 0.45 m
wide rows compared with the 0.75 m row spacing in
maize crops. Under the lower precipitation totals,
the proportion of stem flow on the total precipitation
is increasing; greater precipitation, vice versa, tends
to lower the proportion of the stem flow.

Based on the P/P, proportion, a great variability
of the actual throughfall as well as of the average
values within the inter-rows is noticeable during the
evaluated years (Figure 4).

The estimated proportion of P, and P corresponds
with the results reported in the literature, whereby this
ratio lays within the interval of 34—84%, depending on
different sources (QUINN & LAFLEN 1983; PARKIN &
CODLING 1990; But & BOx 1992; PALTINEANU & STARR
2000). According to these authors, the variability of
crops is the main factor influencing the variability of
the throughfall. The variability of P, and P propor-
tion (%) may also be explained by the different totals
of precipitation and numbers of precipitation in the
individual size category (Table 3). The other factors
will certainly include the rain intensity, drops dimen-
sion, angle of rain incidence, etc. PALTINEANU and
STARR (2000) point out the fact that in maize crop
under less intense rain, the proportion of stem flow
on the throughfall is increasing. Under more intense
rain this proportion is decreasing.

Splash erosion, precipitation, and throughfall. A
positive correlation between the precipitation totals
(Figure 5), throughfall (Table 5), and MSR values was
proved. The positive influence of the narrower line
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on the elimination of erosion processes was also deter-
mined, due to the estimation of lower MSR values on
the 0.45 m wide compared with the 0.75 m wide rows
(UpPENKAMP 2007; NUBEL 2008; MOHAMMADI et al.
2012). It is explainable by probably higher soil cover-
age by the leaves and by a greater proportion of stem
flow (Bul & Box 1992; ZABRANSKY et al. 2013). Lower
SAS values on the 0.45 m compared with 0.75 m rows
are highly possible because of high precipitation in the
beginning of the vegetation period (5-7 leaf phases),
resulting in areal soil loss and its subsequent deposition
in the inter-rows. This effect was greater in the 0.45 m
than in the 0.75 m rows, and subsequently influenced
the evaluation of SAS. For this reason, this fact cannot
be associated with the influence of vegetation.

Plant cover and throughfall. The experiments proved
the positive influence of the length of plants as well as
of LAl on P/P, values. Throughfall P in relation to
the precipitation P values decreased with increasing
plant height and LAI (Figure 7). This dependency was
then proved from the beginning of the stem elongation
(BBCH 30) to the end of flowering (BBCH 70). This fact
is explainable by the increase of the crop cover from
phase BBCH 30, because of intensive leaf growth and
greater soil coverage. From the end of flowering, the
leaves arrangement changed (the angle of leaf blade
increased) and the upper half of leaves bent toward
the soil surface. Simultaneously, necrosis may result
in the death of lower leaves of plants from this stage.
These facts are likely to have a subsequent influence
on the overall soil coverage and the proportion of the
water drip from leaves and the stem flow. Finally, all
of this modifies the influence of the crop on the rain
water distribution.

According to the estimation of the influence of the
crop, closer dependency between L_,, and P/P, was
proved in the 0.75 m wide crop rows (Figure 7). In the
0.45 m wide rows, a greater influence of LAI to P/P,,
ratio was observed (Figure 8). This fact could be ex-
plained by a probably higher soil coverage by leaves in
the 0.45 m wide rows. The length of plant may be the
factor strongly influencing the angle of the precipita-
tion incidence in the case of the 0.75 m row spacing.

CONCLUSIONS

The presented results may be summarized as fol-
lows:

— For the 0.45 m wide compared to the 0.75 m wide
crop rows, a decrease of throughfall in the BBCH
phase 30-70 was observed.

— Reduction of lines width from 0.75 m to 0.45 m
in maize resulted in decreasing splash erosion.

— Narrower lines (0.45 m) did not provably impact
the splash erosion in the beginning of the vegeta-
tion period if compared with wider lines (0.75 m).

— In general, in both evaluated crops the protective
influence of vegetation was decreased with the
beginning of the senescence phase.

Acknowledgements. Supported by the Ministry of Agri-
culture of the Czech Republic, Project No. QJ1530181. The
authors thank the companies Farmet, Inc. and Kverneland
Group Czech, Ltd., for technical support.

References

Andrade F.H., Calvifio P, Cirilo A., Barbieri P. (2002): Yield
responses to narrow rows depend on increased radiation
interception. Agronomy Journal, 94: 975-980.

Barbieri P.A., Sainz Rozas H., Andrade F.H., Echeverria H.E.
(2000): Row spacing effects at different levels of nitrogen
availability in maize. Agronomy Journal, 92: 283-288.

Barbieri P.A., Echeverria H.E., Sainz Rozas H.R., Andrade
E.H. (2008): Nitrogen use efficiency in maize as affected by
nitrogen availability and row spacing. Agronomy Journal,
100: 1094-1100.

Bollinne A. (1975): The measurement of the intensity of
splash on loamy soils. Soil application technique and first
results. Pédologie, 25: 199-210. (in French)

Brandt C.J. (1989): The size distribution of throughfall
drops under vegetation canopies. Catena, 16: 507-524.

Bruckler L., Lafolie F., Doussan C., Bussiéres F. (2004):
Modeling soil-root water transport with non-uniform
water supply and heterogeneous root distribution. Plant
and Soil, 260: 205-224.

Bui E.N., Box J.E. Jr. (1992): Stemflow, rain throughfall, and
erosion under canopies of corn and sorghum. Soil Science
Society of America Journal, 56: 242-247.

de Moraes Frasson R.P., Krajewski W.F. (2011): Characteri-
zation of the drop-size distribution and velocity—diam-
eter relation of the throughfall under the maize canopy.
Agricultural and Forest Meteorology, 151: 1244-1251.

de Moraes Frasson R.P., Krajewski W.F. (2013): Rainfall
interception by maize canopy: Development and applica-
tion of a process-based model Renato Prata. Journal of
Hydrology, 489: 246-255.

Dekker L.W., Ritsema C.]J. (1997): Effect of maize canopy
and water repellency on moisture patterns in a Dutch
black plaggen soil. Plant and Soil, 195: 339-350.

Farnham D.E. (2001): Row spacing, plant density, and hy-
brid effects on corn grain yield and moisture. Agronomy
Journal, 93: 1049-1053.

Hudson N. (1995): Soil Conservation. Ames, lowa State
University Press.

Hupet E., Vanclooster M. (2005): Micro-variability of hydro-
logical processes at the maize row scale: implications for

49

57


http://search.proquest.com/docview/194488211/13AB6FBD4A0393298EF/4?accountid=26997
http://search.proquest.com/docview/194488211/13AB6FBD4A0393298EF/4?accountid=26997
http://search.proquest.com/docview/194488211/13AB6FBD4A0393298EF/4?accountid=26997

Original Paper

Soil & Water Res., 12, 2017 (1): 39-50

soil water content measurements and evapotranspiration
estimates. Journal of Hydrology, 303: 247-270.

Johnson G.A., Hoverstad T.R., Greenwald R.E. (1998): Inte-
grated weed management using narrow corn row spacing,
herbicides, and cultivation. Agronomy Journal, 90: 40—46.

Kinnell P.I.A. (1991): The effect of flow depth on sediment
transport induced by raindrops impacting shallow flows.
Transactions of the American Society of Agricultural
Engineers, 34: 161-168.

Leguédois S., Planchon O., Legout C., Le Bissonnais Y.
(2005): Splash projection distance for aggregated soils:
Theory and experiment. Soil Science Society of America
Journal, 69: 30-37.

LfL (2010): Hinweise zur bayerischen Erosionsschutzver-
ordnung (ESchV). Freising, Bayerische Landesanstalt fiir
Landwirtschaft (LfL).

LiuH., Zhang R., Zhang L., Wang X., Li Y., Huang G. (2015):
Stemflow of water on maize and its influencing factors.
Agricultural Water Management, 158: 35—41.

ManneringJ.V., Johnson C.B. (1969): Effect of crop row spacing
on erosion and infiltration. Agronomy Journal, 61: 902—905.

Martello M., Dal Ferro N., Bortolini L., Morari F. (2015): Ef-
fect of incident rainfall redistribution by maize canopy on
soil moisture at the crop row scale. Water, 7: 2254-2271.

Meier U. (ed.) (2001): Growth Stages of Mono- and Di-
cotyledonous Plants. BBCH Monograph, 2" Ed., Berlin,
Braunschweig, Federal Biological Research Centre for
Agriculture and Forestry.

Miole R.N., Visco R.G., Magcale-Macandog D.B., Abucay E.R.,
Gascon A.F, Castillo A.S.A. (2011): Growth performance,
crop productivity, and water and nutrient flows in Gmelina
arborea Roxb. — Zea mays hedgerow systems in Southern
Philippines. Philippine Journal of Crop Science, 36: 34—44.

Mohammadi G.R., Ghobadi M.E., Sheikheh-Poor S. (2012):
Phosphate biofertilizer, row spacing and plant density
effects on corn (Zea mays L.) yield and weed growth.
Journal of Plant Sciences, 3: 425-429.

Morgan R.P.C. (2005): Soil Erosion and Conservation.
3™ Ed. Oxford, Blackwell Publishing.

Neave M., Abrahams A.D. (2002): Vegetation influences on
water yields from grassland and shrubland ecosystems
in the Chihuahuan Desert. Earth Surface Processes and
Landforms, 27: 1011-1020.

Niibel V. (2008): 75c¢cm Reihenabstand im Maisanbau Zeit-
gemif3? Saarbriicken, VDM Verlag Dr. Miiller.

Ottman M.J., Welch L.F. (1989): Planting pattern and radia-
tion interception, plant nutrient concentration, and yield
in corn. Agronomy Journal, 81: 167-174.

Paltineanu 1.C., Starr J.L. (2000): Preferential water flow
through corn canopy and soil water dynamics across
rows. Soil Science Society of America Journal, 64: 44—54.

50

doi: 10.17221/121/2015-SWR

Parkin T.B., Codling E.E. (1990): Rainfall distribution under
a corn canopy: Implications for managing agrochemicals.
Agronomy Journal, 82: 1166—1169.

Pimentel D. (2006): Soil erosion: A food and environmental
threat. International Journal of Environment and Sustain-
able Development, 8: 119-137.

Pivec]., Brant V., Moravec D. (2006): Analysis of the poten-
tial evapotranspiration demands in the Czech Republic
between 1961-1990. Biologia, 61: 294-299.

Poesen J., Torri D. (1988): The effect of cup size on splash
detachment and transport measurements: Part I. Field
measurements. Catena, 12: 113-126.

Quansah C. (1981): The effect of soil type, slope, rain in-
tensity and their interactions on splash detachment and
transport. Journal of Soil Science, 32: 215-224.

Quinn N.W., Laflen ]J.M. (1983): Characteristics of raindrop
throughfall under corn canopy. Transactions of the Amer-
ican Society of Agricultural Engineers, 26: 1445-1450.

Richter G. (1998): Bodenerosion. Analyse und Bilanz eines
Umweltproblems. Darmstadt, Wissenschaftliche Buch-
gesellschaft.

Sangoi L., Salvador R.J. (1998): Influence of plant height and
leaf number on maize production at high plant densities.
Pesquisa Agropecudria Brasileira, 33: 297-306.

Sharma P.P.,, Gupta S.C., Rawls W.J. (1991): Soil detachment
by single raindrops of varying kinetic energy. Soil Science
Society of America Journal, 55: 301-307.

Uppenkamp N. (2007): Praxiserfahrungen mit der Maisen-
gsaat. Mais, 34: 26-28.

van Dijk P.M., van der Zijp M., Kwaad. F.J.P.M. (1996): Soil
erodibility parameters under various cropping systems of
maize. Hydrological Processes, 10: 1061-1067.

van Dijk A.I].M., Meesters A.G.C.A., Bruijnzeel L.A. (2002):
Exponential distribution theory and the interpretation of
splash detachment and transport experiments. Soil Sci-
ence Society of America Journal, 66: 1466—1474.

Wainwright J. (1996): Infiltration, runoff and erosion char-
acteristics of agricultural land in extreme storm events,
SE France. Catena, 26: 27-47.

Zabransky P., Brant V., Pivec J., Gemerlova M., Kroulik M.
(2013): The influence of the structure stands maize sown in
the distribution of rainfall. In: Vliv abiotickych a biotickych
stresorti na vlastnosti rostlin 2013. Prague, CRI: 310-313.

Received for publication June 29, 2015
Accepted after corrections May 18, 2016
Published online October 31, 2016

58


http://www.scopus.com/source/sourceInfo.url?sourceId=15776&origin=recordpage
http://www.scopus.com/source/sourceInfo.url?sourceId=15776&origin=recordpage

IRRIGATION AND DRAINAGE
Irrig. and Drain. (2015)
Published online in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ird. 1903

THE VALUES OF CROP COEFFICIENTS AND BOWEN RATIO OF FIELD CROPS
IN AREAS WITH INSUFFICIENT PRECIPITATION IN CENTRAL EUROPE'

PETR ZABRANSKY, JAN PIVEC*, VACLAV BRANT, MILAN KROULIK AND MICHAELA SKERIKOVA

Czech University of Life Sciences Prague, Department of Agroecology and Biometeorology, Prague, Czech Republic

ABSTRACT

The aim of this study, based on measurements of actual evapotranspiration of vegetation, was to determine the values of the crop
coefficient (K,) for selected crops and the effect of growth on the dissipation of radiation energy. The actual evapotranspiration
(ET,, mm day’l) of Beta vulgaris, Hordeum vulgare, Medicago sativa, Sorghum bicolor, Triticum aestivum and Zea mays were
measured under field conditions during 2007-2012 by the Bowen ratio energy balance (BREB) method. The values of potential
evapotranspiration (ET,, mm day ') and the dynamics of the above-ground dry biomass production and values of the water pro-
ductivity (WP, g H,O kg~ ') were estimated. In the cereals, up to the onset of the ripening stage, the typical values of 5 (Bowen
ratio) had exceeded 1.0. Crops such as M. sativa, B. vulgaris, S. bicolor and Z. mays had contributed significantly more to the
elimination of heating of the atmosphere than cereals. In the cereals (H. vulgare and T. aestivum) the K values varied around 1.0
up to the onset of the ripening phase. Thereafter the K. values decreased to 0.5. Higher values of WP compared with H. vulgare
and T. aestivum were indicated by Z. mays and S. bicolor stands. Copyright © 2015 John Wiley & Sons, Ltd.

KEY WORDS: evapotranspiration; energy dissipation; alfalfa; maize; sorghum; spring barley; winter wheat
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RESUME

Le but de cette étude est la mesure de 1’évapotranspiration réelle de la végétation afin de déterminer les valeurs du coefficient
cultural (K.) pour certaines cultures, et l’effet de la croissance sur la dissipation d’énergie par rayonnement.
L’évapotranspiration réelle (ET,, mm jour~ ') de Beta vulgaris, Hordeum vulgare, Medicago sativa, Sorghum bicolor, Triticum
aestivum et Zea mays a été déterminée dans des conditions de terrain de 2007 a 2012 par la méthode du bilan d’énergie mesuré
par le rapport de Bowen (BREB). Les valeurs de I’évapotranspiration potentielle (ET,, mm jour '), la dynamique de la pro-
duction de biomasse aérienne séche et des valeurs de 1’efficacité de Iutilisation de I’eau (WP, g H,O kg~ ') ont été estimées.
Pour les céréales, jusqu’a la phase de maturation, les valeurs typiques de f (rapport de Bowen) ont dépassé 1.0. Des cultures
telles que M. sativa, B. vulgaris, S. bicolor et Z. mays ont contribué de maniere plus significative a I’élimination du réchauffement
de I’atmosphere que les céréales. Pour les céréales (H. vulgare et T. aestivum), les valeurs de K, variaient autour de 1.0 jusqu’a
I’apparition de la phase d’affinage. Ensuite, les valeurs de K. ont diminué a 0.5. H. vulgare et T. aestivum ont fourni des valeurs
plus élevées de WP que des peuplements de Z. mays et de S. bicolor. Copyright © 2015 John Wiley & Sons, Ltd.

MOTS CLES: évapotranspiration; dissipation de 1’énergie; luzerne; mais; sorgho; orge de printemps; blé d’hiver

INTRODUCTION agriculture on the environment, and it is also the basis for the

o . elimination of the negative effects of agricultural activities on
Knowledge of actual evapotranspiration values of cultivated

plants is a prerequisite for understanding the impact of

*Correspondence to: Jan Pivec, Czech University of Life Sciences Prague,
Department of Agroecology and Biometeorology, Kamyckd 957, 165 21
Prague 6-Suchdol, Czech Republic. Tel.: + 420 224382775, Fax: + 420
234381840. E-mail: pivec@af.czu.cz

Les valeurs de coefficients culturaux et Bowen ratio de cultures dans les
zones a précipitations insuffisantes d’Europe Centrale.

Copyright © 2015 John Wiley & Sons, Ltd.

the water balance in the countryside. From the practical point
of view, knowledge of crop evapotranspiration can be applied
to the stabilization of the water balance in terms of influencing
the final stand structure plus the duration and time of the onset
of developmental stages of the crop (San José et al., 2003).
The values of crop transpiration depend on management,
such as nutrient supply (Shepherd et al., 1987), date of
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sowing (Connor et al., 1992) and the species or variety of
crops (Eastham and Gregory, 2000). The energy fluxes
should be taken into account. The water use efficiency
(Corbeels et al., 1998; Asseng and Hsiao, 2000), as well
as the assessment of energy flow and transformation of en-
ergy in the landscape, should also be specified (Ripl,
1995). The energy balance components, especially the sen-
sible heat flux, are strongly affected by the leaf area index
and plant height during all developmental stages of the can-
opy. The results showed that dry matter weight is totally in-
dependent of energy dissipation (Souza et al., 2008).
Determination of the actual values of evapotranspiration
(ET,) for the calculation of the crop coefficient is also im-
portant (e.g. Hanson and May, 2006; Kato and Kamichika,
2006). Knowledge of crop coefficient values allows the sub-
sequent determination of ET, (Allen ef al., 1998). Values of
K. typically vary in relation to the changes in vegetative
growth until effective full cover is attained (Hunsaker
et al., 2003). After full cover, the K, will tend to decline, de-
pending on the particular growth characteristics of the crop
(Jensen et al., 1990).

Problems with the determination of ET, and K_ are inten-
sively studied mainly in arid and semi-arid areas, particu-
larly in relation to irrigation questions (e.g. Asseng and
Hsiao, 2000; Hanson and May, 2006). The values of K, in
crops stands for the initial stage, the mid-season stage and
at the end of the late-season stage are presented by Allen
et al. (1998). Knowledge of ET, and production of biomass
crops also allow the determination of water productivity.
WP greatly depends on the climate, good moisture condi-
tions in the environment in relation to the demands of tran-
spiration and photosynthesis intensity of individual plants
and crops (Abbate et al., 2004). The values of WP are also
influenced by agronomic practices, particularly by irrigation
and fertilization (Zhang et al., 1998; Asseng et al., 2001;
Gaiser et al., 2004).

Generally, information about the values of K. in central
Europe is limited. The aim of this work was based on mea-
surements of the actual evapotranspiration of vegetation to
determine the values of K. for selected crops (Beta vulgaris,
Hordeum vulgare, Medicago sativa, Sorghum bicolor,

Triticum aestivum and Zea mays) during the growing sea-
son. At the same time, the effect of vegetation growth on
the dissipation of the radiation balance into sensible and la-
tent heat energy was also evaluated with regard to the poten-
tial degradability of agroecosystems.

MATERIALS AND METHODS

The measurements of actual evapotranspiration were carried
out during the period of 2007-2012 in the Budihostice local-
ity—Central Bohemia (50°04°34.45” N, 14°09°22.351" E),
220 m + MSL (mean sea level) and Haplic Chernozem soil
type. Potential evapotranspiration slightly exceeded the pre-
cipitation totals (P/E, was around 0.7-0.8) in the normal pe-
riod (1961-1990) for the Budihostice locality (Pivec et al.,
2006). The precipitation totals for the normal period (Pivec
et al., 2005) was 500-600 mm yr_l.

The size of experimental area was at least 1ha on reg-
ular agricultural land. Ploughing was carried out on all
evaluated areas. The observed plots were under rainfed
conditions. The dose of fertilizers was the same through
the whole period of observation. Measurements were
carried out in the stands of Befa vulgaris (sugar beet),
Hordeum vulgare (spring barley) Medicago sativa (alfalfa),
Sorghum bicolor (silage sorghum), Triticum aestivum
(winter wheat) and Zea mays (silage maize). Table I pro-
vides a review of the periods of observations in the evalu-
ated crops. The precipitation (P, mm day !, rain gauge
SR 03, 0.05 m?, Fiedler, CZ) was also measured in the same
period.

The Bowen ratio energy balance (BREB) method is based
on the air temperature and humidity gradients, which are
measured above the evaporating surface (Woodward and
Sheehy, 1983):

H dT

ﬂ:/IE—T:yE (1

in which H is a flow of sensible heat, AET a flow of latent
heat, 4 specific heat of vaporization, ET evapotranspiration,
y a psychrometric constant 0.66hPa°C~', and dT/de a

Table I. The periods of measurements of actual evapotranspiration for individual crops

Agricultural crop Year Period Agricultural crop Year Period
B. vulgaris 2008 13.6.-3.10. T. aestivum 2009 12.4.-23.7.
2012 6.6.-22.9. 2010 10.2.-14.8
H. vulgare 2007 22.4.-17.7. Z. mays 2009 23.4.-31.8.
2011 4.5.-24.7. 2010 9.6.-14.9.
M. sativa 2009 20.3.-30.11. 2011 16.6.-6.9.
S. bicolor 2010 8.6.-10.9. 2012 3.6.-24.8.
2011 15.6.-6.9.
2012 6.6.-27.8.

Copyright © 2015 John Wiley & Sons, Ltd.
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Table II. The dependency of the actual evapotranspiration of stands (ET,,,, mm h!, average values for the 10 min interval) on the values of
potential evapotranspiration (ET,, mm h™', the average value calculated for the 10 min interval) in the years 20072012

Year Plant Model
2007 H. vulgare ET,m = 0.0441 + 0.4760*ET,, r = 0.659, n = 5778, confidence level = 99%
2008 B. vulgaris ET,m = 0.0024 + 0.9902*ET,), r = 0.964, n = 1689, confidence level = 99%
2009 M. sativa ET.m = 0.0172 + 0.7440*ET,, r = 0.867, n = 20832, confidence level = 99%
T. aestivum ET,n = 0.0375 + 0.5688*ET,, r = 0.756, n = 7142, confidence level = 99%
Z. mays ET,n = 0.0163 + 0.6237*ET,, r = 0.710, n = 10762, confidence level = 99%
2010 S. bicolor ET,m = 0.0122 + 0.6263*ET,, r = 0.813, n = 5264, confidence level = 99%
T. aestivum ET.m = 0.0373 + 0.7912*ET,, r = 0.849, n = 11508, confidence level = 99%
Z. mays ET,m = 0.0066 + 0.7344*ET,, r = 0.906, n = 6654, confidence level = 99%
2011 H. vulgare ET,m = 0.0109 + 0.8226*ET,, r = 0.844, n = 5751, confidence level = 99%
S. bicolor ET.m = 0.0052 + 0.6262*ET,, r = 0.894, n = 5907, confidence level = 99%
Z. mays ET,m = 0.0020 + 0.6594*ET,), r = 0.909, n = 6562, confidence level = 99%
2012 B. vulgaris ET.m = 0.0199 + 0.6461*ET,, r = 0.845, n = 5950, confidence level = 99%
S. bicolor ET.m = 0.0078 + 0.8403*ET,, r = 0.946, n = 3926, confidence level = 99%
Z. mays ET,n, = —0.0112 + 0.6506*ET, r = 0911, n = 6455, confidence level = 99%

r = correlation coefficient, n = number of variables.
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Figure 1. Production of the dry above-ground biomass (t hafl) and BBCH growth stage of H. vulgare (2007 and 2011) and T. aestivum stands (2009 and 2010)
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temperature/humidity gradient of air at two levels above the
evaporating surface.
If the radiation balance is Rn = H + AET, then

The values of net radiation, measured directly by the bal-
ance meter (Schenk, AU) were corrected with a soil heat
flux, located 0.1m below the soil surface by the self-
calibrated heat flux plate (Huxeflux, NL) sensors. BREB
systems (EMS Brno, CZ) were used for measuring ET,,
(mmh™"'); the distance between the lower and upper levels

M. sativa 2009
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Figure 2. Production of the dry above-ground biomass (t hafl) of M. sativa stands (2009)
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Figure 3. Production of the dry above-ground biomass (t ha™') and BBCH growth stage of Z. mays stand (from 2009 to 2012)
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of measurements was always 1.5m. The systems were al-
ways situated in the central area (square-shaped, 1ha at
least) of the experimental plots. Within the measurements
the values of actual evapotranspiration, ET,, (mmh™'
within the 10min interval) were obtained. The missing
values of ET,,,, were filled in by values of reference evapo-
transpiration (ETo,, mm h™'), calculated by Allen et al.
(1998). The dependency between ET,,, (mmh~') and ET,
(mmh™") is documented in Table II. When the missing
values of ET,,, were filled in, the daily values of ET, were
calculated (mmday~'). The daily values of K. were deter-
mined by the relationship ET, = ETy x K. (ET,, ET;, mm
day'). The values of the specific heat of vaporization (4,
J g7') were estimated according to Hooghart (1971):

MT) = 2501 — 2.38T

A3)

For the evaluated vegetation stands the production of dry
above-ground biomass (except B. vulgaris) and growth
stage were also continuously assessed. Above-ground bio-
mass of H. vulgare, M. sativa and T. aestivum was assessed
by biomass production per m? (10 plots per experimental
area). For S. bicolor and Z. mays the above-ground biomass
was assessed using the average plant weight and number of
plants per unit area (collection of 20 plants on each date of
biomass production evaluation). BBCH growth stages for

the monitored crops (except S. bicolor) were evaluated ac-
cording to Meier (2001) and the growth stage (GS) for S. bi-
color according to Vanderlip (1993). The BBCH-scale
(Biologische = Bundesanstalt, = Bundessortenamt  und
CHemische Industrie) is a scale used to identify the pheno-
logical development stages of a plant. Values of WP (g of
dry matter kg~' H,0) were determined as a ratio of the in-
crement of total dry above-ground biomass (gm~2) and
the sum of the ET, (kg m~2) for the period.

Calculations of ET,,, (mmh™!), ET, (mmh™') and ET,
(mmday ") were performed using the software Mini 32,
version 402.75 and the Statgraphics®Plus, version 4.0 re-
gression analysis program.

RESULTS AND DISCUSSION

Figure 1 documents the above-ground biomass production
and basic BBCH stages at evaluated stands of H. vulgare
and T. aestivum. Total production of the dry above-ground
biomass at harvest time was 12.4tha~' (2007) and
10.5tha~' (2011) for H. vulgare, and 13.1tha™' (2009)
and 18.0tha~' (2010) for T. aestivum. Figure 2 demon-
strates the dynamics of the production of the dry above-
ground biomass in M. sativa and times of individual cuttings
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Figure 4. Production of the dry above-ground biomass (tha
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(cuttings I-III). Production of dry above-ground biomass of
Z. mays at harvest time ranged from 20.6 to 24.3 tha™' (Fig-
ure 3), in S. bicolor the corresponding values were within
the range of 17.8-20.2tha™' (Figure 4) in the evaluated
years. Points on the graph represent the date of sampling
of total above-ground biomass.

Values of f around 1 indicate that the available energy is
evenly dissipated as H and E. Values lower than 1 show the
most evapotranspiration, while f greater than 1 indicates a
greater proportion of the available energy which is dissi-
pated as sensible heat into the atmosphere (Beringer et al.,
2003). Figure 5 shows an unequal effect of vegetation on
the values of f during the growing season. For the cereals
a typical f value is above 1 with the onset of BBCH stage
80 (ripening stage)—Figures 1 and 5. During this period,
crops begin to get older, dry up and reduce their transpira-
tion. The crops of B. vulgaris showed significantly low
values of f during the whole measurement (second half of
the vegetation period), i.e. most of the energy was used for
evaporation. Low values of § were also determined at stands
of M. sativa throughout the whole vegetation period. The in-
crease in S values for M. sativa was always recorded after
cuttings (day of the year: 134, 171 and 208)—Figures 1
and 5. The increase in values of f in the crops of M. sativa
after cuttings is also described by Asseng and Hsiao
(2000). Crops of S. bicolor and Z. mays also document the
p value as being rather lower than 1 by the second half of
the vegetation period (Figure 5). Based on a comparison of
p values, crops such as M. sativa, B. vulgaris, S. bicolor,
and Z. mays can contribute notably more to the elimination
of heating of the atmosphere (particularly in the period from
June to August) than cereals (Figure 5). Cereal maturation
and subsequent harvesting of these crops conversely con-
tribute to the increase of £ values and then heat up the atmo-
sphere. From the viewpoint of elimination of the heating of
the atmosphere, not only are the landscape structure (Ripl,
1995) and the actual proportion of agricultural land in the
landscape (Pokorny, 2001) important. The structure of crops
in the arable land itself also has a crucial role. The generally
described decrease of f values in the middle of the season is
not obvious from Figure 5. The course of § values was fully
dependent on the soil moisture conditions of the site (the
crops were not irrigated), and the effect of the given year
conditions was the cause of the differences between the
values of f when comparing crops such as H. vulgare, T.
aestivum and Z. mays (years 2009 and 2010).

Table III documents the average values of ET, and K, for
the selected vegetation period in the evaluated crops. The
average value of ET, in 7. aestivum ranged from 1.9 to
4.1 mmday ' (values from the years of 2009 and 2010).
The average daily ET, of T. aestivum varied from less than
Immday ™' in the early growing period to more than

4mmday " at the milking stage under Indian conditions

Copyright © 2015 John Wiley & Sons, Ltd.
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(Tyagi et al., 2000). For H. vulgare the corresponding
values were in the range from 1.5 to 4.4mmday ' (2007
and 2011 values). Stands of Z. mays were characterized by
ET, values ranging from 1.8 to 4.9 mmday ' (2009-2012
values). For S. bicolor the corresponding values were in
the range 0.39-3.29mmday ' (20102012 values). Ac-
cording to Tyagi et al. (2000), in the case of S. bicolor,
ET, was 3mmday ' at the initial stage, achieved a peak

Irrig. and Drain. (2015)

64



VALUES OF CROP COEFFICIENTS AND BOWEN RATIO OF FIELD CROPS

Gso S0 90 99°0 L9°0 890 90 ¥9°0 ¥9°0 Y
¥'C €T 8'C 6C S 0¢ ['e ¥'C 6’1 “149 T10¢T
650 L9°0 LLO 690 $9°0 Lo 9L0 8L°0 R
€7C [ 81 0c Ie 9¢ e £'e “19 1102
L8°0 L8°0 88°0 L8°0 18°0 IL°0 860 ¥9°0 S0 Y
0¢ 9C 9C I'e 6°¢ 9°¢ 8'C €T ST “19 0102
1570 860 9¢°0 860 90 €80 160 6L0 €80 96°0 060 080 €0'1 Y
I'C ¥ e £7C 07c £e £€7C 6C 4 I'e (43 8¢ 6t “1d 600 sdowt -z
90 Lo LLO 99°0 S0 690 080 60 860 or'1 90°L <l L60 91l 80  ¥O'1T 7Y
61 1'c 07c I'c 9C e 9°¢ I'e 0¢ 9C 0c 07c Le L'c 6’1 ¢z "1d 010t
0s0 €50 19°0 960 690 9¢°0 860 16°0 €80 LO'T €0'1 601 10°T SO'1 60 09T ¥
6l 1'c §C v [ £€7C £€7C e L'C e [R3 9¢ I'v €e 6C v'T 13 600T wnaysav |
80 €60 080 L8°0 60 ¢80 80°0 Y
10°¢ elre 96'C 8I'¢ L6'C 6C'¢ 6¢0 “149 T10T
650 L9°0 Lo 89°0 L9°0 €90 690 0L0 Y
[ 6’1 Sl 91 I'e [ 0¢ L'C “14 1102
99°0 S9°0 Lo 8L°0 8L°0 €90 050 SLO 860 Y
[ L1 I'c L'e Le 0¢ [ LT L'C “19 010T 4070219 °§
1670 99°0 ¥9°0 860 80°1 96°0 00T LT'1 crl (4N 68°0 660 SO'1 6l'1 L60  1€T 7Y
07c L'c 8'C 0y 9°¢ 8¢ S 1% 9¢ ge 6C [ (4% 6'¢ ['e 81 "LA 600C paups ‘W
YL'0 00 €L’0 L60 S6°0 660 $6°0 €01 960 Y
Sl £€C v 'y Le 'y 144 ye 8¢ “19 110
el Se'l €Ll 0Tl 60°1 el LT'T 6C'1 4% Y
v'e LT v ¢C 6C 8¢ 8¢ 6C 6'¢ “1d L00T wSna [
LLO Lo 8L°0 €60 L8°0 8L°0 090 160 6L0 Y
(9% Ve 8¢ vy £y (% Ve [R3 6C “14d T10¢T
860 (40! L0 or'r LT'T 0L €0'1 a0l Y
ge 0¢ Ve (9% Ve 8 8'Y £'e "LA 800C SHvSMA g
01T 0€¢-1TC 0CC-IIT 01T=10T 00161 061181 O8I=ILI OLI=I9L O9I-IST OSI=I¥I OvI=Icl O€I=ICl OCI=IIT OII=I0T 00I-I6 06-I8 Tea X ueld

(XOQ) poted

sporrad uone1agoa pajoafes ay) 10] spuels Jo (°y) 1uaronjeoo domo pue (, Aep wuw ® sdoxo jo uonendsuenodead emoer Jo sanfea Aprep 98eI0OAY “[[ Q¥
%! I Po3o9[es 3y} 10} Sp Jo ¥ Yy p —ABp Ld J nelr I J [ [rep Vv I °19eL

Irrig. and Drain. (2015)

Copyright © 2015 John Wiley & Sons, Ltd.

65



P. ZABRANSKY ET AL.

value of 6mmday ' between 8 and 9 weeks after sowing
and declined to 4mmday ' during the maturity stage. The
values of K, for B. vulgaris ranged from 0.60 to 1.10 during
the observed years. Allen et al. (1998) reported that the av-
erage value of K, for B. vulgaris is equal to 1.2 (calculated
value) for the mid-season stage.

For cereals (H. vulgare and T. aestivum) K. values vary
around 1 until the onset of the ripening phase (Table III).
With the onset of the ripening phase K. values decreased
to 0.5. Tyagi et al. (2000) state that the estimated values
of K. for T. aestivum by the Penman—Monteith method at
the four crop growth stages were 0.5 (initial), 1.36 (crop de-
velopment), 1.24 (reproductive) and 0.42 (maturity), respec-
tively. Allen et al. (1998) reported that the average value of
K. for B. vulgaris for the mid-season stage is 1.15 (calcu-
lated value). For S. bicolor and Z. mays the average value
of K, less than 1 was estimated during the observed years
(Table III). The estimated values of K. for S. bicolor by

the Penman—Monteith method were 0.53 (initial), 0.82 (crop
development), 1.24 (reproductive) and 0.85 (maturity) for
the four crop growth stages (Tyagi et al., 2000).

WP values for M. sativa ranged from 0.9 to 2.6 gkg ™"
(average value for the vegetation period was 1.5gkg™") in
2009. Moghaddam et al. (2013) reported that the average
WP for the total above-ground dry biomass production for
the whole period of vegetation in different varieties of M.
sativa ranged from 3.0 to 4.1gkg™'. WP values for H.
vulgare species in the observed years lie within the interval
from 0.9 to 13.7gkg™' (Table IV). The highest values of
WP were determined for H. vulgare between BBCH stages
at 60-75. For T. aestivum WP values lie between 1.4 and
13.7gkg ™" (Table IV). Higher values of WP for T. aestivum
were observed at the beginning of stem elongation (BBCH
stage 30), WP = 8.6 gkg™' (2009) and 12.1gkg™" (2010),
subsequently during the BBCH stage 60-75 (Table IV).
Generally, higher values of WP compared with H. vulgare

Table IV. Water productivity (WP, g kg~") values for individual periods of biomass growing in T. aestivum (2009 and 2010) and H. vulgare

(2007 and 2011)

T. aestivum

H. vulgare

2009 2010
Period DOY WP (gkg™")  Period DOY WP (gkg™h

2007 2011

Period DOY WP (gkg™") Period DOY ~ WP (gkg™")

96-113 23 99-113 2.0
114-133 14 114-127 32
134-148 8.6 128-140 12.1
149-156 6.1 141-155 5.0
157-161 13.7 156-175 7.2
162-176 4.8 176-182 9.9
177-189 0.9 183-189 2.5

190-200 7.4

124-129 2.5 126-132 2.4
130-137 7.3 133-139 4.0
138-144 55 140-146 3.6
145-152 6.3 147-153 5.9
153-158 4.0 154-160 34
159-165 10.8 161-167 6.2
166-172 3.1 168-174 11.0
173-194 33 175-181 5.8

Table V. Water productivity (WP, g kg~ ") for individual periods of biomass growing in Z. mays (2009-2012) and S. bicolor (2010-2012)

Z. mays

S. bicolor

2009 2010 2011 2012

Period WP Period WP Period WP Period
DOY (gkg™ DOY (gkg™') DOY (gkg') DOY

2010 2011 2012
WP Period WP Period WP Period WP

(ekg™) DOY (gkg')) DOY (gkg'') DOY (gkg ")

126-133 0.1 163-175 6.5 168-174 6.3 164-170
134-148 0.6 176-182 10.7 175-181 9.0 171-177
149-161 0.1 183-189 39 182-188 133 178-184
162-167 45  190-197 5.8 189-195 2.7 185-191
168-176 6.5 198-203 18.1 196-202 6.4 192-198
177-189 52 204-214 105 210-223 6.3 199-205
190-196  15.6 215-225 11.2 224-230 144 206-212
197-211 154 226-235 5.6 231-237 43 213218
212-236 9.0 236-246 15.8 238-244 184 219-225

226-232

4.0 163-175 09 168-174 1.3 178-184 6.2
10.7  176-182 3.7 175-181 7.2 185-191 7.8
8.4 183-189 8.1 182-188 6.2 192-198 8.4
5.8  190-197 6.6 189-195 9.6 199-205 6.9
6.5 198-203 15.8 196-202 9.9 206-212 8.7
20.5 204-214 11.8 203-209 285 213-218 135
7.1 215-225 248 210223 9.8 219-225 105
15.6 226-235 159 224-230 20.7 226-232 127
18.6  236-246 16.1 233-240 5.9

Copyright © 2015 John Wiley & Sons, Ltd.
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and T. aestivum were indicated by Z. mays and S. bicolor
stands. Furthermore, the water productivity of C4 crops is
often higher than for C3 crops (Long, 1983). WP values in
Z. mays in observed periods and years ranged from 0.1 to
18.6gkg ™" (Table V). The highest WP values were deter-
mined for each year in the BBCH stage as between 61 and
79. In comparison with the other evaluated crops, S. bicolor
indicated the highest values of WP. WP values varied within
the interval of 0.9-28.5gkg ' (Table V). Narayanan et al.
(2013) indicate that the values of WP for S. bicolor depend
on the genotype. According to their measurements, the
values of WP varied from 3.4 to 5.4 gkg ™" in 2009 and from
4.0 to 7.6gkg™" in 2010. S. bicolor, one of the most
drought-tolerant cereal crops currently under cultivation
(Blum, 2004), is reported to have a high WP (Hammer
et al., 1997; Rooney, 2004).

CONCLUSION

On the basis of the measurements it is apparent that during
the growing season, the differences between evapotranspira-
tion demands for each crop and their effect on the energy
dissipation are evident. From the viewpoint of stabilization
of the flow of water and energy within agricultural systems
it is therefore necessary to consider not only the structure
of field crops, but also their share of arable land.
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Determination of the influence of herbicides on dicotyledons
plant transpiration using the sap flow method
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Department of Agroecology and Biometeorology, Faculty of Agrobiology, Food
and Natural Resources, Czech University of Life Sciences Prague, Prague, Czech Republic

ABSTRACT

Physiological parameters are sensitive and provide information on the toxicity of herbicides in plants. The impact
of herbicide application on plant transpiration was evaluated by the sap flow method during 2009-2011. The aim of
this work was to verify the sap flow method for determining the effect of herbicides on the basis of continuous mea-
surements of the transpiration flow. Helianthus annuus was used as a model plant species. The two different herbi-
cides tested in this study differed by the effect of active ingredients bromoxynil and clopyralid. The water flow was
measured using sap flow meter T4.2. The impact of herbicides was assessed by comparing measured transpiration
rate (Q) after herbicide application with an extrapolation of transpiration rate of plants before herbicide treatment
(Q,)- After treatment with bromoxynil the Q values decreased significantly compared to Q_,, . For plants treated
by clopyralid, the decline of actual transpiration (Q) compared with the modelled one (Q_,,.) was less substantial
and the plants continued to transpire after the treatment. The effect of herbicides was also verified using infrared

gas analyser and chlorophyll fluorescence meter.

Keywords: stomatal conductance; photosynthesis; weed

Competition for water is one of the most crucial
processes that cause water stress, resulting in reduc-
tions in both weed growth and crop yield (Acciaresi
and Guiamet 2010). The presence of weeds in crops
is associated with a decrease in water content in
the soil and leads to the reduction of its availability
(Dalley et al. 2006, Sadeghi et al. 2007). The effect
of herbicidal treatments on transpiration processes
is important in terms of reducing the weed’s com-
petition for water. Van Oorschot (1970) states that
specific inhibitors of the photosynthetic process had
a more pronounced effect on the photosynthetic
activity than on the transpiration rate. Ferrell et
al. (2004) comment, that halosulfuron, imazapic,
and glyphosate treatments decrease the leaf net
carbon assimilation and stomatal conductance (gs)
in Cyperus esculentus. This simultaneous decline
of carbon assimilation and g  with time was also
observed for Sorghum halepense treated with vari-
ous herbicides (Ferrell et al. 2003). Application of
MSMA (monosodium acid methanearsonate) and

halosulfuron strongly suppressed water use by C. es-
culentus, but the mesotrione treatment had no effect
on water use at all (Earl et al. 2004). Determination
of the transpiration of plants is possible with the
gasometric method (Flexas et al. 1999, Lopes et
al. 2004) or by direct determination of water flow
in plants (Gordon et al. 1999, Angadi et al. 2003,
Pivec et al. 2011). Kjelgaard et al. (1997) and Jara
et al. (1998) reported that sap flow measurements
in the same plant were practicable up to one week
in duration, depending on weather conditions and
stem thickening. Cohen and Li (1996) reported a
positive correlation between the flow of water in
the plant and leaf area. Application of measure-
ments of gas exchange to determine the effect of
herbicides on plant physiological manifestations
can be considered as a standard method (Ferrell
et al. 2003, Kana et al. 2004). Literature data about
the sap flow method usage for the determination
of the effect of herbicides on plant transpiration
demands are not available.
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The aim of this work was to verify the sap flow
method for determining the effect of herbicides
on the basis of continuous measurements of the
transpiration flow, and demonstrate different ef-
fects of active substances on the plant transpiration
with respect to the weed competition for water
after application of herbicide.

MATERIAL AND METHODS

The impact of herbicide application on plant
transpiration was evaluated by the sap flow method
in the field and under laboratory conditions in
2009-2011. The evaluation of the effect of herbicide
on the plant was also verified by using gas exchange
and chlorophyll fluorescence measurements.

Helianthus annuus L. (cv. Pikasol) was used as a
model plant species because of their high sensitivity
to wide spectrum of herbicides (Jursik et al. 2011).
In terms of morphology, they are appropriate for
installation of a sap flow meter. Herbicides with
a different mode of action were used — inhibitor
of photosystem II (bromoxynil) and a synthetic
growth-blocking auxin (clopyralid), respectively.
Herbicides Pardner 22,5EC (225 g/L bromoxy-
nil, Bayer CropScience, Leverkusen, Germany)
at the dose of the active ingredient 337.5 g/ha
and Lontrel 300 (300 g/L clopyralid, Dow
AgroSciences, Indianapolis, USA) at 120 g/ha,
were evaluated within the framework of the experi-
ment. The dose of water was 30 mL/m?. Table 1
documents the number of evaluated plants, the
measurement period, the application term of her-
bicides and BBCH stages (Meier 2001) of plants
at the beginning of measurements in 2009-2011.
The later growth phases of plants were chosen
because of the possibility of installing sap flow
meter in the plant’s stem.

The sap flow meter T4.2 (EMS Brno, Czech
Republic) is designed for stems with a diameter

of 6-20 mm. The measuring principle is based on
the stem heat balance method (SHB) with external
heating and internal temperature sensing (Lindroth
et al. 1995, Cermdk et al. 2004). The sensor con-
sists of the two similar cylindrical parts. One part
contains linear heating elements which are gently
pressed to the stem by soft foam. A needle ther-
mocouple is inserted to the stem in radial direction
at the level of upper edge of heating elements (in
direction of water movement). Second cylinder has
no heaters and it just covers the reference needle
thermocouple located with respect to the thermal
symmetry. The water passing along the sensor is
warmed and the increase of temperature is measured
with thermocouples as the water leaves the heated
space. The input power is directly proportional to
the amount of water passing the sensor in terms
of kg/hr. Plants grown under field conditions were
evaluated in 2009 (location Prague-Suchdol, GPS
50°7'40.583"N, 14°22'22.755"E). The main soil unit
is Haplic Luvisols. The plants were not artificially
irrigated. The average daily value of volumetric water
content in the soil (VWC, %) was 30.1% in 2009 (the
average value for the level 0-200 mm of the depth),
and was measured by ML2 sensor in combination
with the datalogger HH2 Moisture Meter (Delta-T
Devices, Cambridge, UK). The average daily val-
ues of temperature/relative humidity/global solar
radiation (t,/RH, /Rg) 18.2°C/70.5%/17 084.7 k]/
m?/day were observed in the mentioned period
(Table 1) of 2009. Laboratory experiments were
carried out in 2010-2011 (Prague-Suchdol). Plants
were grown in plastic containers (size 0.15 x
0.15 x 0.15 m). The bulk density of the soil in pots
was 1.2 t/m3 (Haplic Luvisols). The average daily
value of volumetric water content in the soil in
containers was 34.3% in 2010, and 35.5% in 2011
at the time of measurement. The humidity in the
containers was measured by ML2 with the datalog-
ger HH2. The average daily values of temperature/
relative humidity/global solar radiation (t,/RH,/ Rg)

Table 1. Number of evaluated plants (rzp), the measuring period, the date of application of herbicides and plant

BBCH stage at the beginning of the measurements period 2009-2011

Active ingredient ici
Year ‘ g : Control Measured Her.blcl.de BBCH
bromoxynil clopyralid interval application

2009¢ n,=3 n,=3 n,=3 8.7.-21.7. 13.7. 56
20108 n, = 4 n, = 4 n, = 4 13.4.-3.5. 20.4. 35
20118 n, = 3 n, = 3 n, = 3 8.5.-31.5. 16.5. 36

f — field conditions; g — greenhouse conditions
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21.1°C/54.6%/17 312.6 kJ/m?/day were observed
in the mentioned period of 2010. The same vari-
ables t /RH_/R  equal to 26.9°C/46.0%/22 150.0 k]/

5 g ) . .
m*/day were observed in the mentioned period
of 2011. The effect of herbicides on water regime
of plants was measured by the sap flow method,
gasometrical system and the method of chlorophyll
fluorescence. The measuring terms of water flow
in plants and the number of measured plants are
listed in Table 1.

The so-called heat balance method is based on
the relationship between the input amount of heat
and the increase in temperature within a defined
space (Tatarinov et al. 2005). The measured values
were recorded at 10 min intervals during the entire
period of individual measurements. To assess the
impact of herbicide effect on the transpiration, the
daily amounts of the measured sap flow (transpira-
tion) Q (kg/day) and daily values of calculated sap
flow Q_,,. (kg/day) were used. An approximation
of the measured sap flow by the calculated one
was made using the special Mini32 software, ver.
4.2.31.0 (EMS Brno, Czech Republic), based upon
the following algorithm (Kuc¢era, EMS Brno, pers.
comm.; Pivec et al. 2011):

. . VPD
(Rg+ par2) (VPD+ par3) (1)

Qcalc = par

Where: Rg — global solar radiation (W/m?); VPD — vapour
pressure deficit (hPa). The parameters (par) 1-3 for the Q_,.
(kg/h) calculation were estimated for measurement period
before the herbicide application. Tetens’s (1930) algorithm
for the saturation vapour pressure calculation was used.
Q_,1c values were calculated from the set of data measured at
10 min intervals for the entire measured period, R, by pyra-
nometer CM11 (K&Z, Delft, Netherlands), air temperature

and humidity by Minikin TH (EMS Brno, Czech Republic).

A portable infra-red gas analyser CIRAS 2 (PP
Systems, Amesbury, USA) was used to estimate
the transpiration rate (T , H,0 mmol/m?/s), pho-
tosynthesis rate (P_, CO, pmol/m?/s) and stomatal
conductance (g, H,0O mmol/m?/s) assessed by the
leaf chamber model PLC6 (U) Rice (PP Systems,
Amesbury, USA) head plates 25 mm x 7 mm. Based
on the measured variables and pre-set values, all
parameters mentioned above were calculated ac-
cording to the manufacturers’ settings (equations).

Measurement of parameters was carried out on
one of the treated plants within the individual vari-
ations on the same leaf. The order of the measured
leaf from the base of plant is always shown in the ta-
bles’ results. In 2009 (field condition), the values of
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T, P_and g were measured under natural light. A
LED light unit was used in 2010 and 2011 (photosyn-
thetically active radiation (PAR) = 750 umol/m?/s,
greenhouse conditions).

Chlorophyll fluorescence measurements were
performed using an IMAGING-PAM chlorophyll
fluorometer and Imaging Win software applica-
tion (Walz, Germany). The plants were adapted
to dark for 1 h before the measurement. Dark-
adapted plants were subjected to an initial saturat-
ing pulse (1800 pmol photons/m?/s), followed by
a 40 s delay in darkness and subsequently 10 s of
actinic illumination with saturating flashes at 20 s
intervals. Induction and recovery kinetics were
measured. Maximum quantum yield of PSII (F /F )
was calculated according to Genty et al. (1989):

F/E_ = (F, —F)/E,_
Where: F, — minimal fluorescence yield of dark-adapted
sample with all PS II centres open; F — maximal fluores-
cence yield of dark-adapted sample with all PS II centres

closed; Fv — variable fluorescence, calculated as Fm - FO.

In 2010, dry weight of aboveground biomass
(g), dry weight of roots (g) and the size of the ac-
tive leaf area (m?) of plants were estimated in the
monitored plants. The root system of plants was
rinsed in a sieve with the mesh size of 0.25 mm.
The biomass was oven-dried at 105°C for 48 h.

Photosynthetically active leaf area of plants was
determined. The Nikon Coolpix 995 digital camera
(Tokyo, Japan) was modified by removing the NIR-
blocking filter and assessing with Infrared R72 (Hoya,
Japan) filter mounted in front of the lens. The im-
ages were processed with the analytical tool in the
Adobe Photoshop CS5 (Adobe Systems Software,
Dublin, Ireland). Data were processed using the
Mini32 (v. 4.2.31.0) program and Statgraphics®Plus,
v. 4.0 (Warrenton, USA). Simple analysis of variance
(ANOVA) and simple linear regression were used.

RESULTS AND DISCUSSION

Based on the experiments, the influence of herbi-
cide application on the transpiration of H. annuus
plants has been established. Figure 1 illustrate the
dependency between the average values of Q_ .
(kg/day) and Q (kg/day) for the control plants and
plants treated with herbicides. Table 2 illustrate
the relation between measured and calculated
transpiration. The Q values in the control plants
were higher or equal to Q_,,_ in the second half
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Figure 1. Average daily values of transpiration (Q, kg/day) and calculated sap flow (Q

kg/day) in the control

calc’

plants and plants of the Helianthus annuus after clopyralid and bromoxynil treatment (2009, 2010 and 2011).
The couple of black filled circles indicates statistically significant differences (ANOVA, a = 0.05) between daily

average values of Q and Q_,.

of the measurement. A significant decrease in the
Q values compared with Q_,_after the treatment
with the herbicide bromoxynil was observed. When
bromoxynil was applied, the Q decreased by the

Table 2. The relationship between calculated sap flow (Q

2009, 2010 and 2011

second day after its application (Figure 1). The
decrease of the actual transpiration (Q) in plants
treated with clopyralid was less pronounced in

comparison with the modelled transpiration (Q_,,.)

kg/day) and transpiration (Q, kg/day) in the year

calc’

Treatment Period before application r cl Period after application r cl
2009 8.7.-13.7. 14.7.-21.7.

Control plants ~ Q_, = 0.05064 + 0.86762 x Q 0.994  *  Q_, =0.03433 +0.79244 xQ  0.980  *
Clopyralid Qale = —0.02932 + 1.10393 x Q  0.974 * Qa1e = 0-0374 + 1.10409 x Q 0.939 *
Moxynil Q. = —0.03169 + 1.10163x Q 0934 * Q. =027617+0.88264xQ 0359  *
2010 13.4.-20.4. 21.4.-4.5.

Control plants Q= 0.02185 + 0.73669 x Q 0.964  *  Q, =0.01375+0.48752x Q  0.931
Clopyralid Q. = 003282 +0.62601 x Q 0974  *  Q_, =0.03206+0.84879 x Q  0.939
Bromoxynil Q.. = 0.03793 + 0.55004 x Q 0.934  *  Q_, =0.08735+290541 xQ 0359  **
2011 12.5.-16.5. 17.5.-31.5.

Control plants Qgq = —0.01315 + 1.12162 x Q  0.995 * Qa1 = 0.00760 + 0.94999 x Q 0.945 *
Clopyralid Qa1 = —0.00091 + 0.91737 x Q  0.969 i Qo = 0.01858 +1.21365 x Q 0.865 *
Bromoxynil Q. = 0.00443 + 0.88225 x Q  0.957 e Qq = 0.14727 - 1.60577 x Q  -0.302 .

Regression analysis — linear model. r — correlation coefficient; cl — confidence level; *99%; **95%; ***90%
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Table 3. The average (4 plants) total dry weight of above-
ground biomass (g), of roots (g) and size of the active
leaf area (m?) of plants Helianthus annuus, depending
on treatment (5.5. 2010). Different indices between aver-
age values in columns illustrate statistically significant
differences (a = 0.05)

Dry weight of . Size of the
Treatment aboveground Dry weight active
. of roots
biomass leaf area
Control plants 38.3P 9.5P 0.271¢
Clopyralid 19.52 4.42 0.193P
Bromoxynil 9.0% 3.0% 0.0172

and the plants continue to transpire after the treat-
ment. The Table 2 illustrate the tightness of depend-
ency between the average values of Q_,,  (kg/day)
and Q (kg/day) after the treatment of plants by
herbicides. Slightly higher values of Q (kg/day)
than Q_,, . (kg/day) were noticed in the control
plants without herbicide treatment (Figure 1
upper part). This is because the period selected
for computation of regression analysis for Q_,,.
estimation preceded the herbicides application
period and the plants were growing continuously
without any disruption. The biomass increased in
control plants (Table 3), where a difference in the
assessed physiological parameters is noticeable.
Comparison of the results obtained with similar
work cannot be carried out, as the literature data
concerning the use of sap flow methods to deter-
mine the effect of herbicides on transpiration of
plants are not available.

The effectiveness of herbicides, expressed in
terms of net photosynthesis rate, transpiration rate
and stomatal conductance, is presented in Table 4.
In each case, the parameters were significantly
reduced after the bromoxynil treatment shortly
after the application. Changes in photosynthetic
and transpiration rates showed a similar pattern
as stomatal conductance. Moreover, the results
show that the decrease in net photosynthesis is
accompanied by a decrease in internal CO, con-
centration (data not shown) indicating that the
lower photosynthetic capacity was due to stomatal
limitation.

Results of fluorescence measurements in sun-
flower treated with herbicides with a different
mode of action are summarized in Figures 2 and 3.
No statistical differences were observed in F /F
shortly after the herbicide application, even though
the decrease could be observed after bromoxynil
treatment (Figure 2). Bromoxynil significantly
reduced the photosystem Il efficacy (F /F_ <0.1)
of sunflower, whereas it was unaffected by clopy-
ralid (F /F = 0.83) two days after the treatment.
Comparison of the induction and recovery curve of
untreated plants with that of the bromoxynil treated
plants revealed that the F levels were increased
(Figure 3). At the same time, a decrease of about
25% of F_ value was observed and the fluores-
cence kinetics was largely modified compared to
untreated plants. The maximum quantum efficacy
of photosystem II seems to be a less appropriate
indicator for herbicides with different mode of
action than that of inhibiting photosystem II.

Table 4. Photosynthesis rate (P_, CO, pmol/m?/s), photosynthetically active radiation (PAR, pmol/m?/s), tran-

spiration rate (T, H,O mmol/m?2/s) and stomatal conductance (g, H,O mmol/m?/s) of plant after application

of herbicides in 2009 and 2011. Different indices between averages within a column document statistically

significant difference (a = 0.05)

Day Treatment P PAR T, g, Measurement
control plants 16.2¢ 1077.32 9.0¢ 929.7¢
14.7. 2009 clopyralid 14.1b 1076.72 5.1P 261.3P
bromoxynil  —2.02 1067.42 2.02 69.7¢  natural light, on the 14 fully
developed leaf from the base
control plants 29.4P 3131.82 11.7¢ 12760°¢
of the measured plant
16.7. 2009 clopyralid 30.4P 2989.0? 10.1° 782.5P
bromoxynil ~1.52 3186.82 1.7 45.52
control plants 17.5¢ 737.82 6.2P 643.4P
16.5. 2011 clopyralid 17.0¢ 745.0° 5.3ab 540.6"  on the 11t fully developed leaf
bromoxynil 2.6* 746.8% 4.6* 367.92 from the base
905901  Control plants  11.3° 595.92 10.4b 758.3P of the measured plant
- clopyralid 10.9° 596.0° 6.12 552.42
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Figure 2. Mean values (4 plants) of maximal quantum yield of photosystem II photochemistry (F /F ) 4 h (left)

and 2 days (right) after the treatment of herbicides under laboratory conditions as measured in 2010. The boxes

show mean + standard errors. Vertical bars represent confidence intervals (95%)

The application of clopyralid caused restriction
of the transpiration in comparison with the con-
trol. However, the plants continued to transpire
after the application of the herbicide. The tran-
spiration rate fits well with the values obtained
before the application. Based on this fact, it can
be assumed that even after clopyralid application
on the weed plants they can significantly compete
with the crop plants. The applied herbicides af-
fected photosynthesis via different ways by in-
hibiting electron transport from PS II, blocking
auxin and protein biosynthesis, thus we suspect
a different response in chlorophyll fluorescence
curves and photosynthetic parameters. Bromoxynil
affects photosynthesis by binding to the second
electron acceptor and strongly inhibiting the elec-
tron transport shortly after PS II, therefore it
is appropriate to use photosynthetically-based
method to measure the influence of the herbicide.
Similarly, the effect of clopyralid is detectable as
it disrupts the photosynthesis and influences the
nucleic acid metabolism. After the exposure to
bromoxynil and clopyralid the decrease of F /F
was detected. The reduction of F /F _ was mainly
due to the increased F, value. In plants F reflects
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—
5!
L

—
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—
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o
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Clopyralid

the state of antenna chlorophyll and it is a meas-
ure for the initial distribution of energy to PS II
and the efficacy of excitation capture in P680
(Rintamaki et al. 1994). It is clear that induction
and recovery curves and parameters derived from
these curves could provide more information on
the photochemical state of plants, but this was
not a subject of this study.

On the basis of the evaluation of the herbi-
cides impact on the physiological characteristics
of plants, a statistically significant effect of the
herbicides bromoxynil and clopyralid to reduce
aboveground and root dry matter in comparison
with control plants was demonstrated (Table 3).

Results of this work demonstrated the applicabil-
ity of the sap flow method for continuous evaluation
of the impact of herbicides on plant transpiration.
The advantage of the method, based on a com-
parison of modelled transpiration of plant after
herbicide application and actual transpiration, is
the ability to verify the effect of used herbicides on
an individual plant of H. annuus. This prevents the
variability of plants from influencing the results.
The advantage may be even longer measurement
on the plant, which is particularly important for

. Bromoxynil

Fluorescence (a.u.)

=}

0
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Figure 3. Courses of chlorophyll fluorescence induction and recovery kinetics for control and herbicide-treated

sunflower 4 h after the herbicide treatment under laboratory conditions in 2011
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herbicides with indirect effect on photosynthesis
and transpiration. The limiting factor is that the
sensors for measuring the flow of sap cannot be
applied to plants in the early growth phases, or in a
small diameter stem. The bromoxynil and clopyralid
treated sunflower provided information concerning
phytochemical responses, detectable before the visual
symptoms appeared and thus these changes could
provide the basis for early detection of lethal effects.
In comparing the methods, the fluorescence bioassay
was more/less sensitive than the sap flow method
for all three herbicide tested (or for some of them).
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Tab. 2 - Priimérné denni hodnoty evaporace (mm.den™') v porostech kukufice s rozdilnou Sitkou fadk (0,45 a 0,75 m) v mezifadku a v fadku rostlin na oranych
plochach stanovené gazometricky (pfFistroj CIRAS Il s komorou SRC-1, PP Systems, USA)

Rozteé fadkil/ pozice Evaporace (mm.den™) Rozte¢ fadku/ pozice Evaporace (mm.den™)

15.6.2013 450 mm, fadek 0,37
10.45-11.45 450 mm, mezifadek 0,47
15.6.2013 450 mm, fadek 0,32
12.15-13.15 450 mm, mezifadek 0,38
23.6.2013 450 mm, fadek 0,40
10.45-11.45 450 mm, mezifadek 0,45

3.4 Eliminace eroznich procesu

Véclav Brant, Michaela Sketikov4, Jan Pivec

3.4.1 Vodni eroze

Zé&kladem eroznich procest je kapkova eroze (Morgan 2005)
vyvoland pfimym dopadem kapek desté nebo odkapavajici
vodou z rostlin. Kapky rozbijeji navlhajici ptidni agregéaty
a jemné castice ptidy vzniklé rozpadem plidni struktury se
spolecné s bobtndnim ptidnich agregatt podileji na omeze-
ni infiltrace. Zaroven jsou tyto ¢4stice uvolnény do vody na-
chéazejici se na povrchu ptidy a mohou byt vodou nésledné
transportovany (Leguedois a kol. 2005; van Dijk a kol. 2002).
Voda pfitomna na povrchu ptidy se vsakuje nebo se zacina
kumulovat v prohlubnich na povrchu pozemku. Dopadé-li
na ptadu vétsi mnozstvi vody, neZ je schopna pfijmout, zaci-
nd se voda hromadit na jejim povrchu a dochézi k povrcho-
vému odtoku (obr. 27). Povrchovy odtok se néasledné méni
na soustiedny, jehoz diisledkem je ryhové a vymolova eroze
pudy. Kapkova eroze je zéavisla na kinetické energii desté,
jeho intenzité, stabilité ptidnich agregédtt a na rostlinném
pokryvu (Quansah 1981; Sharma a kol. 1991; van Dijk a kol.
1996). Déle zavisi na vrstvé vody nachézejici se na povrchu
(Richter 1998) a na pritomnosti kamenti, hrud a rostlinnych
zbytkd na povrchu ptdy (Wainwright 1996; Morgan 2005).

V rdmci pasového zpracovani ptidy ma na eliminaci eroz-
nich procest vliv zejména pritomnost poskliziiovych zbyt-
k& v mezifradku a kontinudlni systém poéri v nezpraco-
vané vrstvé ptdy. U klasického strip tillage je dominantni
vyznam zbytk(i pfedplodiny a strnisté, predevsim u obil-
nin. Plochy zpracované touto technologii vykazuji velice
dobrou odolnost vii¢i eroznim procestim i pfi pfivalovych
srazkédch. Obréazek 28 dokumentuje stav povrchu plidy na
pozemku po podzimnim provedeni pasového kypreni do
strni§té jarnitho je¢mene po srdZkdch na zacatku vegeta-
ce s intenzitou 60 mm za 30 minut. Pfi opakovaném nebo
monokulturnim péstovani sildzni kukufice je nutné po-
Citat s nizkou pokryvnosti povrchu ptdy (obr. 29). Na po-

750 mm, fadek 0,41
750 mm, mezifadek 0,54
750 mm, radek 0,40
750 mm, mezifadek 0,41
750 mm, fadek 0,27
750 mm, mezifadek 0,59

zemku se strnistém kukufice je nutné kypreni provadét
v mezifadku mezi fadky predplodiny. Zbytky rostlin s ko-
fenovym balem vyrazné komplikuji kypfeni, nebot docha-
zi k ucpavani kypficich sekci a tvorbé nerovného povrchu
pozemku v dusledku hrnuti zeminy. U Sirokorddkovych
plodin je pfi opakovaném uplatnéni pasového kypreni na
pozemku vhodné pravidelné stifiddni kypfeného radku
a nezpracovaného meziradku. Z protierozniho hlediska je
obecné opakované péstovani silazni kukutice nevhodné.
Lze samozrfejmé pocitat se skutecnosti, Ze vznik vétsich
pudnich ¢astic (hrud) uloZenych na povrchu ptdy pfispé-
je k ochrané ptidy pied erozi. Casova stabilita téchto ¢astic
je v8ak zavisld na stavu ptdy pfi zpracovani, druhu ptdy,
pribéhu povétrnostnich podminek apod. Rozpad hrud je
v zimé ovlivnén ptisobenim mrazu a celoro¢né vlivem desté.

U technologii intenzivniho strip tillage je vétsinou, v z&vis-
losti na predplodiné a zptlisobu provedeni celoplosného
meélkého kypreni, nutno pocitat s nizsi pokryvnosti ptidy
rostlinnymi zbytky. Zde se poté na protieroznim efektu po-
dileji nejen zbytky predplodiny, ale také prave vétsi a sta-
bilnéjsi ptidni ¢4stice.

Z hlediska dokonalého pokryvu plidy v mezitadku Zivym
nebo mrtvym mulcem hraji v systémech intenzivniho strip
tillage vyznamnou roli meziplodiny. V souladu s distribu-
ci srdzek v porostu je proto zejména ve stiedu meziradku
nutné zajistit co nejvyssi pokryvnost plidy mulcem a eli-
minovat poskozeni a rozdrceni vét§ich hrud pfi provedeni
pésového kypteni.

Vliv rozdilnych technologii na hodnoty kapkové eroze do-

kumentuje graf 10. Sledovany byly plochy s intenzivnim
strip tillage provedenym na jafe do vymrzlého porostu

PASOVE ZPRACOYANI PUDY



Pocatek desté - nariistd intenzita srazek - kapky dopadaji na ptidu
(kapkova eroze) a na rostliny - voda stéka a odkapava z rostlin -
¢ast vody je zachycena porostem

Voda se vsakuje do pudy - ptidni agregaty bobtnaji a rozpadaji se
v dlsledku plisobeni desté

Voda se kumuluje na povrchu pldy - zachycuje se v prohlubnich
na povrchu pozemku - mnozstvi vody narGsta - nasledné docha-
zi k povrchovému odtoku

Bobtnani a rozpad pUdnich agregati vedou k eliminaci infiltrace -

soucasti vody na povrchu ptdy jsou ptidni ¢astice

Obr. 27 - Zakladem eroznich procest je kapkova eroze. Nasledna kumulace vody na povrchu pidy vytvaii podminky pro povrchovy odtok vody (Brant a kol. 2011a)

svazenky. Pokryvnost plidy rostlinnymi zbytky Ccinila
v dobé kypfeni max. 10 %. Na povrchu vsak byly pfitomny
vétsi ptidni castice vzniklé ptfi podmitce spojené s vysevem
svazenky. Hodnoty kapkové eroze jsou v grafu vyjadifeny
jako hmotnost rozstiiknuté ptidy destém v pribéhu sraz-
kové udélosti na jednotku plochy. Z tohoto grafu je patrny
pozitivni vliv technologie strip tillage na eliminaci hodnot
kapkové eroze v pribéhu celé vegetace. Jednozna¢nym
faktorem eliminujicim rozpad ptdni struktury byla pii-
tomnost vétsich pudnich struktur na povrchu ptidy v me-
zitadku. Dal§sim faktorem byla, i kdyZ velice nizk4, pfitom-
nost poskliziiovych zbytkd.

Graf 11 dokumentuje hodnoty kapkové eroze na plochich
s klasickym strip tillage, mélkym kypfenim a orbou. Od za-
¢atku vegetace do poloviny ¢ervna byly hodnoty kapkové
eroze statisticky prikazné niz$i na plose s technologii strip
tillage ve srovnani s ostatnimi zptsoby zpracovani ptdy
(graf 11). Na plochach s pasovym kyprenim se pozitivné
projevila pritomnost poskliziiovych zbytki na povrchu ptidy
a drsnost povrchu pozemku na nezpracovaném pdasu. Na
konci vegetace jiZ nebyly rozdily mezi hodnotami kapkové
eroze na hodnocenych variantach vyrazné.

Dal$im faktorem ovliviiujicim hodnoty kapkové eroze
a obecné i erozni rizika mtzZe byt zména roztece radku ku-
kurice (Uppenkamp 2007; Niibel 2009; Mohammadi a kol.
2012). S poklesem roztece radkt sice dochézi k nartstu po-
dilu zpracované plochy na celkové vymeére pozemku, ale na
vys$8im protieroznim pasobeni se podili struktura porostu
zaloZeného do uzsich radki (obr. 30).

Kromé kukufice Ize za problematickou plodinu povazovat
i slunecnici. Graf 12 doklad4 srovnani vlivu porostt slu-

13. 6. 2013, na povrchu plidy je patrné poskozeni ptdy pfivalovymi srazkami ze
dne 9. 5. 2013 (foto Brant)

Obr. 29 - Stav povrchu pidy po provedeni pasového kypreni do strnisté silazni ku-
kufice na podzim. Kypfeni bylo provedeno mezi fadky kukufice (foto Brant)
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Graf 10 - Hodnoty kapkové eroze na orané plose a na varianté intenzivniho strip tillage jsou
vyjadieny jako mnozstvi rozstfiknuté zeminy na jednotku plochy (g.m?) za hodnocené sraz-
kové udalosti v roce 2012. Odlisné indexy nad sloupci oznacuji statisticky priikaznou diferen-
ci na hladiné vyznamnosti a = 0,05 mezi priméry. Mezi sloupci bez indexti nebyl prokazan
statisticky prikazny rozdil (Brant a kol. 2013a)

M orba

[ strip tillage

mnoistvi rozstfiknuté zeminy (g.m?)

Graf 11 - Primérné hodnoty kapkové eroze na plochach s provedenim technologie klasické-
ho strip tillage do strnisté jecmene, na plochach s mélkym kypienim ptdy a s orbou vyjadie-
né jako mnozstvi rozstfiknuté zeminy destém na jednotku plochy (g.m?) za obdobi méfena

v roce 2013 (Brant a kol. 2014b)
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necnice a kukufice na hodnoty kapkové ero-
ze béhem vegetace za ptsobeni atmosféric-
kych srazek. V pokusech byly opét sledovany
hodnoty kapkové eroze na zdkladé stanoveni
mnozstvi rozstitknuté zeminy na jednotku
plochy ve vztahu ke srazkové udélosti béhem
sledovaného obdobi. Rozstitknutd zemina
byla zachytdvéna jak v mezifadku (roztec¢ po-
rostt ¢inila 0,75 m), tak tésné u fadku vysetych
plodin. Zejména pii vyssich srazkach (posled-
ni dvé hodnocend obdobi) vykazovaly porosty
slunecnice vyssi riziko vzniku kapkové eroze
ve srovndni s kukufici.

Z hlediska vyuziti systémiti pasového zpracova-
ni pidy u porostd ozimé fepky je nutné se za-
myslet nad otdzkou, zda nartist roztece fadkd
zvy$i rizika eroznich procesti v porostech.

V ramci polnich experimentti (Brant a kol
2014b) byl hodnocen vliv rozdilné roztece fad-
ki porost 0zimé fepky (rozte¢ radkd 125, 250,
350 a 450 mm) na hodnoty kapkové eroze vyja-
dfené pomoci hodnoty MSR. Na zdkladé prove-
denych méfeni hodnot kapkové eroze (tab. 3)
nebyly prokazany rozdily v hodnotach kapko-
vé eroze mezi porosty. To znamen4, Ze zvySeni
sitky radku nevedlo k nartistu hodnot kapkové
eroze. Ve srovnani s hodnotami MSR na holé
pudé (tab. 3) je vSak patrné, Ze vSechny hod-
nocené porosty ozimé fepky vyrazné sniZovaly
hodnoty kapkové eroze.

V hodnocenych porostech ozimé fepky byly
hodnoty MSR v primeéru o 97 % niz$i nez na
plose bez vegetace. U radki SirSich nez 450 mm
vyuzivanych v rdmci systémi pasového zpra-
covani pudy se samoziejmé predpoklada pii-
tomnost rostlinnych zbytkt v mezitddku, kterd
zajisti dostatecnou ochranu pudy pred erozi.

Tab. 3 - Primérné hodnoty kapkové eroze vyjadiené jako mnozstvi pudy rozstiiknuté destém (MSR, g.m) na plochach s rozdilnou Sitkou Fadku
(125 mm, 250 mm, 350 mm a 450 mm) a na holé pidé v terminu od 2. 5. do 10. 6. 2013. Rozdilné indexy mezi priméry dokumentuji statisticky

prukazny rozdil mezi hodnotami v ramci sloupcii, ANOVA, a = 0,05 (Brant a kol. 2014b)

s gy
obdobi (2013)

2.5.-19.5C 9.5.-15.5. 15.5.-20.5.
125 mm 8,1° 2,8° 4,6°
250 mm 5,7° 2,1° 8852
350 mm 7,22 8,0° 2,8°
450 mm 0,4° 7,3 0,8
Hola pada 199,4° 67,6° 291,3°
41

20.5.-27.5. 27.5.-31.5. 31.5.-10.6.
3,3° 10,3° 19,9°
1,8 17,3 21,5°
2,6° 13,9° 21,7¢
4,0° 21,7¢ 31,22
92,1° 876,4° 518,8°

PASOVE ZPRACOYNI PUDY



Pozitivni vliv Sitky Fadki (0,45 m) na eliminaci kapkové eroze

99,3%
Podil hodnoty MSR,s na hodnoté

MSR;s (%). MSR,5 = 100 %

00

Obr. 30 - Vliv riistové faze porosti kukufice vysetych do fadki 0,45 m na eliminaci
kapkové eroze ve srovnani s porosty s rozteéi fadki 0,75 m. Kapkova eroze je
vyjadiena jako mnozstvi rozstfiknuté zeminy na jednotku plochy (MSR, g.m?) za
hodnocené obdobi. LAl je index listové plochy, D je vyska rostlin (Brant a kol. 2014d)

3.4.1.1 Povrchovy odtok

Ivan Novotny, Dominika Kobzova

Velikost povrchového odtoku a ztrata ptidy plosnou a ryz-
kovou erozi u pasového zpracovéni ptidy byly sledovany
v ramci testovani protierozni Gc¢innosti jednotlivych tech-
nologii zpracovani ptady pro kukufici vroce 2013 a 2014.
V ramci polnich zade$tovacich experimentt bylo ovérova-
no pét variant:

a) pasové zpracovani pidy — seti kukufice s rozteci radka
750 mm;
b) péasové zpracovani plidy — seti kukufice s roztec¢i radka
375 mm;

¢) konvencni zpracovani pudy - seti kukufice s rozteci rad-
k1 750 mm;

d) konvenc¢ni zpracovani plidy — seti kukufice s roztec¢i rad-
k(1375 mm;

e) kypreny Cerny thor.

Ovérovani probihalo pomoci pfenosného polniho simulé-
toru desté (sestrojeného VUMOP, v. v. i.), ktery umozZiiuje
simulovat privalové srazky s vysokou intenzitou. Zades-
tovani bylo uskutecnéno vzdy dvakrat po sobé, nejdrive
na suché ptidé s prirozenou vlhkosti a nasledné na mokré
ptadé nasycené vodou po prvnim zadestovani. Hlavnim
dtivodem opakovéni je minimalizovat chybu rozdilné po-
catecni vlhkosti ptidy — pfi druhém zadesténi se plné pro-
jevi vliv dané technologie na ztratu pudy a velikost povr-
chového odtoku.

Graf 12 - Hodnoty kapkové eroze v porostech slunecnice a kukufice béhem
vegetace za plisobeni atmosférickych srazek v roce 2015, lokalita Velvary.
Hodnoty kapkové eroze jsou vyjadieny jako mnozstvi rozstiiknuté zeminy
destém na jednotku plochy ve vztahu ke srazkové udalosti v prabéhu sle-
dovaného obdobi. Rozstfiknuta zemina byla zachytavana jak v mezifadku
(roztec fadka cinila 0,75 m), tak tésné u fadku vysetych plodin

300

slunecnice - stred mezifadku

M slunecnice - fadek rostlin
250 i
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Pokusy zadesténi probihaly ve tfech z péti fazi pésteb-
niho obdobi (podle Janecka a kol. 2012), kdy jednotliva
obdobi zohlediiuji nastup a pribéh agrotechnickych
operaci:

1. obdobi — obdobi podmitky a hrubé brazdy

1. obdobi - obdobi od pfipravy pozemku k seti

do jednoho mésice po zaseti

I11. obdobi — obdobi po dobu druhého mésice

od jarniho seti

IV. obdobi - obdobi od konce III. obdobi do sklizné

V. obdobi - obdobi strnisté

Vysledné hodnoty ztraty ptidy a velikosti povrchového
odtoku jsou ovlivnény kombinaci dvou faktorti. Prvnim je
vliv technologie zdkladniho zpracovani pudy, predevsim
zpusobu a hloubky zpracovani ptidy a mnozstvi poskliz-
novych zbytkt na povrchu ptidy. Druhym faktorem je vliv
porostu péstované plodiny, kdy v dtsledku rtstu plodi-
ny je sniZovéna plocha, na kterou mohou volné dopadat
kapky desteé.

Vliv samotné technologie se nejlépe projevi v prvnim
terminu méreni (II. obdobi podle Janecka a kol. 2012),
kdy je ochranny vliv porostu nepatrny (vyska plodiny asi
50 mm) a prozatim nedoslo k tzv. slehnuti zpracované
pudy. Pii prvnim terminu zadesténi se u technologie strip
tillage vyrazné projevil pozitivni vliv na oddéleni poc¢atku
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Dovede V&S R‘TDozZZEen
NEAR U IRACALIII ... ccm by v viech btastec pestonin

* mimofadna odolnost poléhani
*vyborny zdravotni stav

Jedné se o vyjimecné plasticky MSL hybrid ze spole¢ného slechténi firem RAGT a NPZ. *" DOZZEN patfi k
nizkym kompaktnim hybridtim s velmi vysokou odolnosti poléhéni. V internich firemnich pokusech spole¢nosti
RAGT je hodnocen nejlépe ze vsech zkousenych odriid. Mrazuvzdornost je vysoka, stejné tak odolnost choro-
bam, obzvlast hlizence a fdmové hnilobé. R DOZZEN dosahuje vynikajicich vysledkd v pfisuskovych oblastech.
Odradu muzete vidét v pokusech SPZO 2017.

Vynos semen (%), poloprovozni pokusy SPZO 2016, Agronomické vlastnosti odridy **"DOZZEN a Sherpa
sortiment A Zdroj: RAGT, vysledky pokusd CR, SR, PL, SRN a AUT (2014-15)
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Souhrn: Prace se zabyva problematikou distribuce nadporostni srdzky porosty slunecnice. Stanoveni porostni srazky
a stoku po stonku probihala na lokalité Budihostice v roce 2016. Pro méreni porostni srazky bylo vyuzito automatickych

srazkomérd umisténych v rozdilnych ¢astech mezirddku rostlin. Stanoveni stoku vody po stonku bylo provedeno pomoci

zadrznych nadob umisténych na stonku slunecnice. Nejvétsi propad srazky byl zaznamenan do stfedu mezifradku, smérem od stfedu
mezirddku k rostlindm klesal. Za hodnocené obdobi dopadlo 78 % nadporostni srazky na povrch pldy v podobé porostni srazky a 20 %
bylo svedeno po lodyze.

Klicova slova: porostni srazka, stok po stonku, slunecnice ro¢ni

Distribution of rainfall in the sunflower field

Summary: This article is focused on rainfall spatial distribution under sunflower canopy. The field experiment to evaluation of rainfall
distribution and stem flow was situated at Budihostice in 2016. For rainfall measuring were used an automaticaly rain gauges placed in
interrow different zones. Stem flow wasmeasured by retaining containers placed on sunflower stems. The highest values of throughfall
were observed in the middle of interrow and declined towards plant rows. For the reviewed period 78 % of rainfall reach the soil
surface as througfall and 20 % as stem flow.

Keywords: throughfall, stem flow, sunflower

Rostlinny pokryv vyrazné ovliviiuje  ovliviiuje kolobéh vody a Zivin ve fy-
distribuci srdzek dopadajicich na po-  tocendzdch, erozni procesy (napf. Bui-
vrch pldy. V pfipadé distribuce srdz- et Box, 1992), zony infiltrace vody do
ky se jednd o porostni srazku, kterd  pldy a hospodareni s vodou. Stok po
zahrnuje odkap vody z listd, pfimy  stonku modifikuje prostorovou varia-
propad srazky na pidu a stok vody po  bilitu vihkosti pady (Changet, Matzner
rostliné. Stok vody po rostliné vyrazné  2000), a tim dochdzi nejen ke zménam

- Ing. Michaela Skefikova pusobi na katedfe agroeko-
" logie a biometeorologie Ceské zemédélské univerzity
v Praze jako studentka doktorandského studia. Vy-
zkumné se zabyva problematikou distribuce srazek
v porostech polnich plodin a kvantifikace kapkové
| eroze.
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z6n Cerpani vody, ale i Zivin. Stékajici
voda muize zajistovat pfisun vody ke
kofentim rostlin, zejména v suchych
oblastech (Liu et al. 2015). Propad sraz-
ky je spojen se zménou velikostniho
spektra kapek (Morgan 2005), ¢imz se
méni erozni Ucinek desté. Problema-
tika distribuce vody porostem u pol-

nich plodin je intenzivné zkouména
zejména u kukurice, a to jak z hlediska
vldhové bilance, tak eroznich procest
(napf. Paltineanu et Starr 2000 a Brant
et al. 2017). Pro porosty slunecnice jsou
literdrni Udaje velmi omezené/chybi.
Cilem prace bylo stanovit vliv porostu
slune¢nice rocni na distribuci nadpo-

Graf 1 - Procentudlni podil porostni srazky (P, mm) na hodnoté
nadporostni srazky (P, mm) v jednotlivych zonach mezifadku
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Graf 2 — Zavislost hodnot porostni srazky (P,,, mm) a stoku (SF, mm) na

hodnoté nadporostni srazky (P, mm)
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rostni srazky a specifikovat zény dopa-
du srazkové vody do porostu a podil
stoku po lodyze na celkové hodnoté
dopadajici vody na povrch pldy.

Polni experimenty probihaly v roce
2016 na lokalité Budihostice (50.296-
-7908N, 14.2436175E), 191 m n. m.
Pudnim typem je haplickd ¢ernozem,
podil mezi primérnou sumou srazek
a primérnou rocni referenéni evapo-
transpiraci ¢ini za normalové obdo-
bi (1961-1990) 0,7 az 0,8 (Pivec et al.
2006). Hodnoceny byly porosty slunec-
nice ro¢ni o $ifi fadkd 0,75 m (hybrid
NKBrio). Velikost pokusné plochy Cinila
0,2 ha. Vysev byl proveden 21. 4. 2016,
pocet rostlin na jednotku plochy cinil
v dobé vegetace 56 000 jedinci/ha.
Porosty nebyly zavlazovany. V ramci
porostll byla pomoci modifikovanych
mikrosrazkomérd  (srazkoméry Pro-
namic ApS, DK) se zachytnymi trych-
tyfi o prdméru 125 mm. Srazkoméry
zachycovaly porostni srdzku v zéné
0-125 mm ve vzdalenosti od stfedu
fadku rostliny, poté v zéné 125-250
mm a v zoné 312,5-437,5 mm (stred
mezifadku).

Stok vody po lodyze byl kontinualné
zaznamenavan pomoci zachytnych
porostnich  mikrosrdzkomért  umis-
ténych na stonku (0,2 m nad zemi)
v kombinaci se srazkomérem Pronamic
ApS vyvinutym autorskym kolektivem.
Pro shér dat byly vyuzity ustfedny ER3
(EMS Brno, CZ). Nadporostni srazka
byla méfena ve vysce 3 m nad poros-
tem srdzkomérem Met One Instru-
ments (USA). Méfeni porostni srazky
probihalo od 29. 6. do 28. 8. 2016.

Déle byly u porostti stanovovény hod-
noty indexu listové plochy (metodika
podle Branta et al. 2014), produkce
nadzemni biomasy a vysky porostu
(metodika podle Branta et al. 2017).
Hodnoty stoku vody po lodyze (SF,
mm) a porostni srazky (Pth, mm) byly
vyjadieny v milimetrech vodniho
sloupce. Celkem bylo hodnoceno 31
srazkovych udélosti v terminu od 30. 6.
do 12. 8. 2016. Suma hodnocenych sra-
Zek se nachazela v intervalu 0,2 az 24,4
mm. Data byla zpracovana v progra-
mu Mini32 ver. 403.18 (EMS Brno). Sta-
tistické vyhodnoceni bylo provedeno
v programu Statgraphics®Plus4.0,
metoda ANOVA (Tukey, a=0,05).

Na zakladé provedenych méfeni byl
prokazan vliv porostt na distribuci sra-
7ek porostem. Nejvétsi propad srazky
byl zaznamenan ve stfedu mezifadku.
Zde primérné hodnoty porostni sraz-
ky prevysovaly hodnoty nadporostni
srazky (graf 1). Smérem od stfedu me-
zitdadku procentuéini podil porostni
srazky (vici nadporostni srézce) klesal.
novena v z6né mezifadku 0-125 mm
(graf 1).

S nardstem nadporostni srazky docha-
zi i ke zvySovani mnozstvi propad|é
vody do porostu (graf 2). K vyrazné
koncentraci vody do stfedu mezifad-
ku prispivaji predevsim vy3si srazky
vykazujici vyssi intenzitu. Pri srazkach
s intenzitou nad 0,2 mm za minutu je
znana Cast srazky odvadéna listovou
plochou do stfedu mezifadku. Potvr-
zena byla rovnéz pozitivni korelace
mezi nadporostni srdzkou a stokem

Graf 3 — Dynamika priimérné vysky porostu (m) a priimérné suché produkce nadzemni biomasy (t/ha) porosti slunecnice ro¢ni v roce 2016
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vody po lodyze (graf 2). Podil srazkové
vody stékajici po stonku slunecnice je
ve srovnani s hodnotou porostni sréz-
ky nizsi. Za hodnocené obdobi dopad-
lo 78 % nadporostni srazky na povrch
pudy v podobé porostni srazky a 20 %
bylo svedeno po lodyze. Hodnoty in-
tercepce dosahovaly pfi nizkych sraz-
kéch az 72 %. Pri vyssi intenzité a sumé
srazek dosahovaly jednotek procent.
Graf 3 dokumentuje dynamiku vy-
voje vysky porostu a narlstu suché
nadzemni biomasy porostu. Je z né
patrné, Ze méreni probihala jiz v dobé
ukonceni prodluzovaciho rustu rostlin
a v Case se tedy ménila hodnota LAl
a samoziejmé velikost Uboru. Tvorba
Uborl se projevila na dynamice pro-
dukce nadzemni biomasy.

Porosty slunecnice ro¢ni vykazuji na
zékladé srovnani s nasimi méfenimi
(napf. Brant et al. 2017) a s vysledky
zahranicnich autor( vyssi (napf. Bui-
et Box 1992) hodnoty porostni srazky
propadajici do stfedu mezifddku ve
srovnani s porosty kukufice seté za-
kladanych do radkud s rozteci 0,75 m.
U kukufice seté je mnozstvi propad|é
vody do mezifddku vyrazné ovlivnéno
rozlozenim listové plochy do mezifad-
ku, které zavisi na uloZeni semene ku-
kurice seté v ptdé. U slunecnice rocni
k tomuto efektu nedochdzi z dlivodu
rozmisténi listd na lodyze ve spirdle.
Cepele mladych listd slunecnice rocni
vétsinou sviraji s lodyhou ostry Uhel,
ale s procesem starnuti se od lody-
hy odklanéni a v pozdéjsi fazi vyvoje
sviraji s lodyhou Uhel tupy. Postaveni
rapikl se méni v zavislosti na zatizeni
Cepeli. Tvar a postaveni fapiku vytvari
dobré podminky pro stok vody k lody-
ze. Proto Ize predpokladat, Ze na stoku
vody po lodyze se budou podilet pre-
devsim mladsi listy, které se nachéazeji
v horni ¢asti rostliny.

Postaveni listd slunecnice ro¢ni vytva-
fi vhodné podminky pro soustfedny
odtok vody do stfedu mezifadku. Pri
vyssich srazkach dochazi rovnéz k za-
tizeni cepeli vodou a nésledné k je-
jich dalSimu ohybani se smérem od
rostliny k zemi, coZ podminky odtoku
z listd smérem od lodyhy jesté zvysu-
je (Brant et al. 2016). Tato skutecnost
vysvétluje hodnoty porostni srazky
stanovené ve stfedu meziradku, které

prevysovaly sumu srazek dopadajicich
na povrch porostu (graf 1). U kukufice
seté k tomuto efektu dochédzi méné,
protoze i u planofilnich typa sviraji lis-
ty se stéblem ostry Uhel (nebo alespor
polovina listu), coz podporuje prede-
v8im stok vody z ¢asti listu ke stéblu
a poté odtok po stéble. U slunecnice
ro¢ni je z divodu habitu rostlin ome-
zen stok vody po lodyze, ¢imz je men-
$i Cast srazek svadéna k bazi lodyhy.
Z hlediska vlivu morfologie rostliny
a nésledné porostu je velmi zajima-
vou otazkou i vliv Uboru na distribuci
vody. Do doby otevreni kvétl se jednd
o heliotropismus, pozdéji o svésovani
dozravajiciho uboru, které jiz pulvi-
nusem ovlivnéno neni.

Dand skutecnost muaze byt spojena
i s rozvojem korenového systému slu-
necnice ro¢ni ve srovnani s kukufici
setou. Kutschera et al. (2009) uvadeji
intenzivnéjsi bocni prokofenéni horni
vrstvy pldy, vcetné prordstani boc-
nich kofent do vétsi vzdélenosti od
rostliny ve srovnani s kukufici setou.

Pri zakladani porostd slunecnice je
potfebné u konvencnich technologii
koncentrovat hrubsi pldni ¢astice
(hrudky a mensi hroudy) do mezi-
radku. Zakladem je tvorba hrubsi
pudni struktury na povrchu pady pfi
predsetové pripravé a jeji odstranéni
z povrchu setového loze pouZitim tzv.
nosovych radlicek umisténych na se-
cim stroji. Hrubsi struktura pady zpo-
maluje rozplaveni povrchové vrstvy
pldy, a tim prodluzuje dobu infiltrace

kukurice

a zéroven snizuje rizika povrchového
odtoku.

U pudoochrannych technologii je z&-
kladem kvalitni rozlozZeni rostlinnych
zbytkG v mezifadku a minimalizace
jejich zakryti pidou v disledku ne-
spravného  nastaveni  odhrnovact
rostlinnych zbytkl. Zakryti rostlinnych
zbytkl pudou a jejich nerovnomérné
rozlozeni v mezifadku zvysuje riziko
omezené infiltrace a povrchového
odtoku.

Opatrenim podporujicim zvyseni infil-
trace v mezifddku je rovnéz provedeni
kultivace béhem vegetace. Z divodu
eliminace vzniku podpovrchového
utuZeni pudy, které je typické pro Si-
povité radlice, je vhodné pouziti dlé-
tovych radlic. Hloubka kypfeni by se
pfi provedeni posledni kultivace méla
pohybovat, podle pidnich podminek,
v rozmezi 0,14-0,18 m. Z hlediska vyu-
Ziti tohoto zpusobu kultivace je nutné
podotknout, ze v podminkach Ceské
republiky jsou zkusenosti s jeho vyuzi-
tim zatim omezené.

Obecné, tak jako u jinych plodin, je
v ramci péstebnich systéml potfebné
eliminovat zhutnéni pady pfi provede-
ni predsetové pripravy a pfi seti, které
vznika ve vrstvé 0,08 az 0,20 m v dd-
sledku zatizeni povrchu pldy pneuma-
tikami. Omezeni infiltracni schopnosti
spodni ¢asti orni¢niho profilu omezuje
tvorbu zésob vody v ornici a rovnéz
zvysuje rizika vodni eroze.

Na zakladé vysledkd byl prokazén po-
zitivni vliv porostd slune¢nice na kon-

Foto Vaclav Brant

centraci vody do stfedu mezifadku.
Diky této skutecnosti lze predpoklé-
dat, ze ve stredu mezifadku dochazi
k vyraznéjsimu ovlhceni této ¢asti pud-
niho profilu. Zaroven lze v této Casti
mezifddku ocekévat vhodnéjsi pod-
minky pro ovlivnéni pudni struktury
srazkovou vodou a zvyseni eroznich
rizik. Dosavadni méreni poukdzala na
skutecnost, Ze vétsina vody dopadajici
narostliny je transportovana listy smé-
rem od lodyhy a stok po lodyze odvadi
mensi ¢ast vody z dopadajici srazky na
povrch pady. 3#
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Editorial @

Neznaji jinou alternativu

Minuly mésic se moji dva kamaradi vratili z Nepélu. Jsou to cestovatelé,
kazdy rok si vyberou jednu destinaci, béhem tydne sbali batohy a vyrazi.
UZ navstivili Ural, Patagonii, Mongolsko, Arménii a letos padl los na
Nepal. Jejich cilem bylo obejit jednu z mistnich osmitisicovek. Pfi promi-
tani fotografii z vypravy byl na jednom snimku obal od tatranky s expiraci
v loriském roce. ,To je ur¢ité od téch dvou Slovak(, ktefi zahynuli na treku
kolem Dhauldgiri pred tfemi lety,” vykfikl jeden z cestovatelt. Dalsi foto-
grafie zachycovala asi dvouleté dité sedici uprostfed malého pole. Sedélo

tam jen tak, bez hracek, v hliné a ¢ekalo na rodice, az dokondi ¢innost,

ktera jim prinasi jedinou obZivu. Policko obdélévali dfevénym pluhem, ktery sami vyrobili. Zeptala jsem se, jak
je mozné, ze Nepalci nemaji lepsi naradi, kdyz kazdy kolemjdouci ¢len himélajské expedice méa nejmodernéjsi
GPS navigaci a nejkvalitnéjsi vybaveni na zdolani osmitisicovky a zasobovani mu do zakladniho tédbora pfiveze
helikoptéra. Kamaradd mi odpovédél: ,Neznaji jinou alternativu.”

Do podobné situace, tedy, Ze neznaji jinou alternativu, se dostali i evropsti péstitelé v souvislosti se zékazem
pouZivani neonikotinoidl. Zfejmé budou stazeny i dalsi ucinné latky, coz muze mit fatalni nasledky. Otézkou
zlstava, do jaké miry se prokaze podezfeni z negativniho vlivu aktivnich ltek clothianidin, imidacloprid a thi-
amethoxam na opylovace. V kvétnovém vydani Urody naleznete v pfispévku Ing. Andrey Blazkové i opa¢ny
pohled na tento problém - legislativni pozadavky na ochranu vcel, a v ¢lanku Ing. Dalibora Titéry, CSc., se
dozvite o prevenci a praktickém feseni otrav vcel pesticidy.

Také v okolnich zemich je cilem minimélni spotfeba pesticidl. Ale bez efektivnich Ucinnych latek nelze chranit
rostliny proti $kddcam. Vystizné shrnul otazky reagujici na situaci péstitelt na seminafi v Dolnich Dunajovicich
Ing. Marek Seidenglanz: ,Lobbovat proti zakazovani ucinnych latek, lobbovat za zruseni zékazu jiz zakazanych
latek, nebo se pokusit pfijit na to, co je vlastné mozné integrovat a jak zacit délat integrovanou ochranou rost-
lin disledné?” Tedy tak, aby se vyuzily vSechny mozné zpusoby ochrany a péstebni systémy nebyly zavislé pouze
na pesticidech. Moznd se osvédci nové hybridy z postneonikotinoidniho $lechténi, které predstavila spole¢nost
Rapool. Nebo pljde letecky aplikovat armadu slunécka sedmitecného, aby si poradila s msici broskvoriovou
a biologicky se tak predeslo napadeni virem Zloutenky vodnice (TuYV), se kterym se potykala fada péstitelt
na podzim. Mozn4 je to utopie jako z pera Orwellova. Uvidime. Kazda péstitelska sezdna je jina a pfinsi nové
nastrahy, skddce, ale i zkuSenosti. Hledejme vhodné alternativy, protoZze bez Ucinnych néstroji na ochranu

rostlin mize byt ohrozena zemédélskd vyroba a v konecném disledku i dodavky potravin.

Jana Pancikova

Ing. Jan Kazda, CSc.
Ceskd zemédélskd univerzita v Praze

Ing. Barbora Venclova
redaktorka ¢asopisu U

www.profipress.cz
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5. Celkova diskuse dosaZenych vysledku

Predkladané prace jsou fazeny dle pfislusnosti k jednotlivym ciliim prace. Do vysledkové a
diskusni ¢asti prace byly zahrnuty ¢tyfi pavodni védecké prace s IF, jeden recenzovany odborny

¢lanek a jedna kapitola z odborné monografie.

1) Stanoveni vlivu rozdilnych polnich plodin na distribuci dopadajicich srazek

v porostu a kvantifikace jednotlivych slozek po redistribuci.

Stanoveni poméru stoku vody po rostling, propadu srazky a intercepéniho vyparu vici
nadporostni srdzce v odlisSnych plodinach je dilezité z hlediska hodnoceni vlivu porostii na
erozni procesy a na nasledné zony infiltrace vody do pidy. Vyznam vlivu distribuce srazek
porosty na nasledné rozloZeni dopadu srazkové vody na povrch piidy hodnotili napf. Chang a
Matzner (2000), Levia a Frost (2003) ¢i Martello et al. (2015), nasledny vznik vodni eroze
popisuji napt. Sharma et al. (1991), van Dijk et al. (1996). Pruachodem srazkové vody porostem
dochazi nejen ke zméné velikosti deStovych kapek, ale 1 ke zméné velikostniho spektra kapek
(Morgan, 2005; Frasson et al., 2011). Zaroven porostni srazka ovliviiuje transport zivin a ptisobi
na chemismus pudniho prostiedi (napf. Levia a Herwitz, 2002). Publikace: Distribuce srazek
v porostech sluneé¢nice ro¢ni — Sketikova, M., Brant, V., Pivec, J., Zabransky, P., Kroulik, M.
2017. Uroda 65 (5). 47 — 50, hodnoti vliv porosti sluneénice roéni na distribuci atmosférické
srazky pii jejim propadu porostem. Nejvyssi hodnoty propadu atmosférickych srazek byly
zaznamenany ve sttedu mezifadku a pfesahovaly hodnotu nadporostni srazky primérné o 7 %.
Dtivodem vedoucim ke zvySeni hodnoty propadu srazek do stitedu meziradki slunecnice rocni
je stékani vody po listech smérem od rostliny, coz vede ke kumulaci odkapavajici vody z listti
v z6n¢ mezifadku. Kromé odkapavajici vody z listi se na hodnoté porostni srazky ve stiedu
mezifadku podili i pfimy propad destovych kapek porostem. Priimérné na povrch pidy dopadlo
za hodnocené obdobi 78 % atmosférické srazky a 20 % bylo svedeno po lodyze. Hodnoty
porostni srazky byly na zéakladé literarnich udaji u polnich plodin sledovany piedev§im
Vv porostech kukufice seté (napt. Bui a Box, 1992; Liu et al., 2015; Frasson et al., 2016). Ve
starSi literatufe jsou omezené dostupné udaje naptiklad pro porosty zelenin (Morgan, 2005).
Zvyseny propad porostni srazky do stfedu mezifadku potvrzuji u porosti kukufice seté i
jednoleté vysledky Branta et al. (2016). Tito autofi uvadé¢ji, ze propad srazky do stfedu
mezifadku u kukufice seté péstované v fadcich o $ifce 0,75 m v letech 2012 — 2014 byl 54 %
z atmosferické srdZzky. V porostech kukufice seté i slune¢nice ro¢ni dochazi tedy k nejvysSimu

propadu ve stfedu mezifadku a smérem k fadku rostlin tyto hodnoty klesaji. Diky stfidavému
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postaveni listd kukufice seté, thlu, ktery sviraji se stéblem (Paltineanu a Starr, 2000), a jejich
mensimu piekryvani je vSak tento efekt méné vyrazny nez u slunecnice ro¢ni. Brant et al.
(2016) toto potvrzuji na zaklad¢ simulované srazky, kdy pifi vyssi intenzité srazky naméiili
vysSi propad a nizsi stok vody po stonku sluneénice ro¢ni. Pfi nizké intenzité srazky zmétili
niz$i hodnoty propadu i stoku u kukufice seté v porovnani se sluneénici ro¢ni. Liu et al. (2015a)
stanovili pramérny stok vody po kukufici seté jako 42 % z celkové srazky a zdiraziuji 1 vliv
indexu listove plochy (LAI) na tuto hodnotu. Fan et al. (2008) uvadéji, Ze stok se na hodnoté
porostni srazky mize podilet 5 az 70 % a to v zavislosti na vyvojové fazi rostliny a
exponencialné vzrista se vzristajicim indexem listové plochy. Velikost listové plochy priméarné
ovliviiuje nejen fyziologické procesy v rostling, ale zasadnim zptisobem se podili na distribuci
porostni sraZzky, omezeni kapkové eroze v disledku sniZeni kinetické energie destovych kapek
a ovliviiuje i vlhkostni charakteristiky pudy. V1iv rozmisténi rostlin na pozemku a hodnoty LAI
na kumulativni hodnotu porostni sraZky popisuji Davie a Durocher (1997). Na distribuci sraZzek
ma také vliv struktura porostu a zména habitu rostlin (Crockford a Richardson, 2000). U
bylinnych spolecenstev je pierozdélovani srazky ovlivitovano poctem listl, prekryvanim lista
rostlin a vyskou rostlin (Bui a Box, 1992). Paltineanu a Starr (2000) uvadé;ji, Ze s postupnym
starnutim kukufice dochézi k ohybani listi vrcholem k povrchu pidy, coz ma vyrazny vliv na
mnoZzstvi vody v porostni srazce, vliv ma i ristova faze. Na zakladé vyse uvedenych skutecnosti
Ize hodnoty LAI povaZzovat za jeden z vyznamnych faktort ovliviiujici hodnoty porostni srazky.
Z hlediska vlivu parametri porostu je vSak potfebné uvazovat i o jeho vlivu na vodni bilanci,

ktera ma vliv na vlhkostni charakteristiky ptidy a nasledné¢ na erozni rizika.

V publikaci Water demands and biomass production of sorghum and maize plants
in areas with insufficient precipitation in Central Europe — Sketikova, M., Brant, V.,
Kroulik, M., Pivec, J., Zabransky, P., Hofbauer M., Hakl, J. 2018. Plant, Soil and Environment
64 (8). 367 — 378, je podrobn¢ zpracovana analyza dynamiky tvorby pfirastku listové plochy
vyjadiené hodnotou LAI u kukufice seté a Ciroku obecného ve vztahu k vlivu ro¢niku. Prace se
rovnéz vénuje evapotranspiraénim a transpiracnim naroktim hodnocenych porostt z hlediska
vlahové bilance. Zajimavou skute¢nosti popsanou v praci je i vliv porosti na hodnoty objemové
vlhkosti pudy v prubéhu vegetace. Vldhové naroky polnich plodin byly stanoveny na zaklad¢
méfeni aktualni evapotranspirace metodou Bowen ratio energy balance (BREB), dale byla
meéfena transpirace porostil (metoda sap flow), index listové plochy a produkce biomasy.

V hodnocenych letech 2010 — 2012 byla vy3si produkce nadzemni biomasy stanovena u
kukufice seté (20,6 — 24,3 t-hal) oproti &iroku obecnému (15,7 — 21,7 t-hat). Hodnoty LAI se
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u kukufice seté v dobé sklizn¢ pohybovaly od 2,6 — 4,7 a u ¢iroku 5,6 — 9,3. Pouze v suchém
roce 2012 byla evapotranspirace vysSi v porostu ¢iroku obecného. Rozdily mezi hodnotami sap
flow v porostech kukufice seté a ¢iroku obecného nebyly prikazné. Nizkou evaporaci v porostu
¢iroku obecného naznacuji naméfené hodnoty transpirace, ziejmé z ditvodu vysokého LAIL
V porostu ¢iroku obecného je vyssi pokryvnost listovi na jednotku plochy v dasledku toho by
mélo dochazet k nizSimu propadu srdZzky na povrch pudy. Vysledky prace poukazuji na
skutecnost, ze pozd¢jsi termin seti Ciroku obecného vic¢i kukufici seté a nizsi evaporace jeho
porostu pozitivné ovliviiuji mnozstvi dostupné vody v pudé (na zakladé hodnoceni VWC), do
jisté miry tak zvysuji infiltra¢ni kapacitu ptdy. Vyssi obsah pidni vody a vétsi listova plocha
Vv porostu Ciroku obecného pak mlze mit za nasledek snizeni erozni ohrozenosti porostu
V porovnani s porostem kukufice seté. Vyssi infiltraéni schopnost pady diky vyssi vlhkosti
pudy v porostech ¢iroku obecného potvrzuji i Bui a Box (1992). Kato a Kamichika (2006)
dokumentuji pokles evaporace u porostt ¢iroku obecného na zéklad€ vyssich hodnot LAI, coz
muze vést ke zvySeni hodnot objemové vlhkosti pidy. Stanoveni vyssich hodnot objemové
vlhkosti ptady v porostech ¢iroku obecného muze vysvétlovat i vyssi efektivita vyuziti vody
touto plodinou (Tolk a Howell, 2003). Pan et al. (2011) poukazuji naopak na vysSi
evapotranspiraci kukutice seté v suchych letech ve srovnani s ¢irokem obecnym, ve srazkove

ptiznivém roce pozorovali opacny efekt.

2) Specifikace porostii a prochazejici srazky z pohledu rizika vzniku kapkové

eroze, zadrzeni vlahy v pidé a neproduktivniho vyparu.

Zakladem eroznich procesti je kapkova eroze (Morgan, 2005) vyvoland pifimym
dopadem kapek desté nebo odkapavajici vodou z rostlin. Kapky rozbijeji navlhajici ptdni
agregaty a jemné cCastice pudy vzniklé rozpadem pudni struktury se spole¢né s bobtnanim
pudnich agregatl podileji na omezeni infiltrace. Zaroven jsou tyto ¢astice uvolnény do vody
nachazejici se na povrchu pidy a mohou byt vodou nasledné transportovany (van Dijk et al.,
2002; Leguédois et al., 2005). Voda pifitomna na povrchu pudy se vsakuje nebo se zacina
kumulovat v prohlubnich na povrchu pozemku. Dopada-li na padu vétsi mnozstvi vody, nez je
schopna pfijmout, za¢ina se voda hromadit na jejim povrchu a dochdzi k povrchovému odtoku.
Kapkova eroze je zavisla na kinetické energii deste, jeho intenzité, stabilité plidnich agregati a
na rostlinném pokryvu (Quansah, 1981; Sharmaet al., 1991; van Dijk et al., 1996). Déle zavisi
na vrstvé vody nachazejici se na povrchu (Richter, 1998) a na pfitomnosti kameni, hrud a

rostlinnych zbytkl na povrchu ptidy (Wainwright, 1996; Morgan, 2005).
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Prace Eliminace eroznich procesii — Brant, V., Skeiikova, M., Pivec, J. 2016, 39 — 42.
In. Brant, V. (ed.) — Pasové zpracovani pudy (Strip tillage), Profi Press, Praha, 135 s. fesi
problematiku vlivu rozdilnych systémii zpracovani piidy na hodnoty kapkové eroze. Vyrazné
nizsi hodnoty kapkové eroze vykazovaly systémy pasového zpracovani pudy ve srovnani
S oranou variantou, ¢i s plochami s mélkym kyptenim. Autofi uvadéji, ze faktorem eliminujicim
rozpad pldni struktury je ptfitomnost vétSich ptidnich struktur na povrchu pidy v meziradku u
technologie pasového zpracovani pudy, je-1i kypieni provadéno do mélce zpracované pady. V
piipad¢ provedeni pasového kypieni do nezpracovaného strnisté predplodiny se jedna o
piitomnost rostlinnych zbytki pfedplodiny v prostoru meziradku.
Pozitivni vliv pokryti pidy rostlinnymi zbytky na eliminaci eroze popisuji napt. Dickey et al.
(1985) a Shelton et al. (1995). Choudhary et al. (1997) uvadéji, ze hodnoty kapkové eroze jsou
na oranych plochach ve srovnani stechnologiemi kypieni ptdy bez obraceni ¢i seti do
nezpracované pudy prukazné vysSi. Edwards et al. (2000) uvadéji, ze 20% pokryti povrchu
pudy slamou sniZilo hodnoty rozstiiku pady pti kapkové erozi ve srovnani s 5% pokryvnosti
pudy slamou o 36 %. Dickey et al. (1984) uvadéji, Ze systémy zpracovani pudy zajist'ujici vice
nez 20% pokryti pudy rostlinnymi zbytky sniZuji ve srovnani s orbou hodnoty kapkové eroze
minimalné o 50 %. Brant et al. (2015) uvad¢ji, Ze pritomnost odumfielych poskliziiovych zbytka
v mezifadcich kukufice seté, ¢i zivy mul¢ tvofeny jilkem vytrvalym, prikazné snizovaly

hodnoty kapkove eroze ve srovnani s oranou variantou bez piitomnosti mulce na povrchu pady.

Zajimavou otdzkou je nejen piimy vliv porostli polnich plodin na rizika vzniku vodni
eroze, ale 1 jejich nepiimé plisobeni. Mezi pfimé pusobeni Ize jednozna¢né zahrnout strukturu
porostu, habitus rostliny, vyvojovou fazi a nasledné i technologii zpracovani ptidy a seti (napf.
Bui a Box, 1992; Paltineanu a Starr, 2000; Fan et al., 2008; Liu et al., 2015; Frasson et al.,
2016). Mezi neptimé Vlivy lze zaradit naptiklad pisobeni porostii vodni bilanci stanovisté.
Vlahova bilance nésledné rozhoduje o pudnich vlastnostech, které piimo ovliviiuji erozni
procesy. Zejména se jedna o interakci mezi pudni vlhkosti a eroznimi procesy (van Dijk et al.,
2002; Leguedois et al., 2005). Z praktického hlediska 1ze znalost evapotranspira¢nich naroku
plodin vyuzit pro stabilizaci vodni bilance stanovisté na zéklad¢ cileného ovlivnéni struktury
porostu a délky trvani a dobou nastupu vyvojovych fazi porostu (San Jose et al., 2003). Hodnoty
transpirace porosti zavisi na péstebnim systému, vcetné systéemu hnojeni (Shepherd et al.,
1987), terminu vysevu (Connor et al., 1992) a druhu ¢i odrudé plodiny (Eastham a Gregory,
2000). Dale se jedna o hodnoceni energetickych toku a specifikaci efektivity vyuziti vody (napft.

Corbeels et al., 1998; Asseng a Hsiao, 2000) a posouzeni transformace energie v krajiné (Ripl,
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1995). Vyznamné je stanoveni hodnot skute¢né evapotranspirace pro vypocet crop koeficientii
(Inman-Bamber a McGlinchey, 2003; Hanson a May, 2006; Kato a Kamichika, 2006). Crop
koeficient 1ze obecné specifikovat jako jednoduchy a dualni (Allen et al., 1998). Jednoduchy
koeficient vychazi z celkové evapotranspirace porostd. Dualni slucuje primarni transpiraci
porost a koeficient zahrnujici evaporaci pudy (Hanson a May, 2006). Znalost hodnot crop
koeficienti umoziuje nasledné stanoveni vypoctené hodnoty aktudlni evapotranspirace na
zéklad¢ znalosti referencni evapotranspirace. Crop koeficient je pfi tomto zptsobu stanoveni
roven podilu aktualni evapotranspirace daného porostu a referen¢ni evapotranspirace (Allen et
al., 1998). Problematika stanoveni aktualni evapotranspirace porostu a crop koeficientu je
intenzivné zkoumana piedev$im v aridnich a semiaridnich oblastech, zejména v souvislosti
s otazkou zavlahy (Allen et al., 1998). Obecné jsou informace o hodnotach K¢ v podminkach
stieni Evropy omezené. PfedloZena publikace: The values of crop coefficients and bowen
ratio of field crops in areas with insufficient precipitation in central Europe — Zabransky,
P., Pivec, J., Brant, V., Kroulik, M., Skefikova, M. 2015. Irrigation and Drainage. 64 (2). 493
— 498, stanovuje plodinové koeficienty na zakladé méfeni aktualni evapotranspirace a
referen¢ni evapotranspirace v polnich podminkach. V letech 2007 az 2012 byly metodou
Bowenova poméru hodnoceny porosty cukrové fepy, jeCmene jarniho, vojtésky seté, ¢iroku
obecného, pSenice ozimé a kukufice seté. Bylo zjisténo, ze hodnoty crop koeficientll se pro
vétsinu zemedé€lskych plodin méni v zavislosti na vyvojové fazi porostu. V intervalu od zaseti
do pocatku vyvoje porostu jsou hodnoty crop koeficientu nizké, nebot’ vypar probiha predevsim
Z povrchu pudy. Se zapojovanim porosti hodnoty crop koeficientu vzristaji a se zranim klesaji.
Hodnoty Bowenova poméru () vy$si nez 1 znaci, Ze v disledku nedostatku vody v prostiedi
dochazi k ohfevu pfizemnich vrstev atmosféry. U obilnin je tento pomér od faze mlééné-
voskové zralosti az do uplné zralosti, kdy porosty jiz netranspiruji. Porosty cukrové fepy maji
nizky Bowentv pomér po celou dobu vegetace. Hodnoty Bowenova poméru u vojtésky jsou
Vv pritbéhu roku nevyrované, resp. jsou nizké a po se€i vzristaji. Nartst § po seci u vojtésky
potvrzuji i Asseng a Hsiao (2000). U kukufice seté a ¢iroku obecneho byly také prokdzany
Vv druh¢ poloviné vegetace hodnoty nizsi nez 1, tyto porosty tedy v dobé zrani obilnin jsou
schopny diky transpiraci ochlazovat ptizemni vrstvy atmosféry. Hodnoty crop koeficientti byly
stanoveny v porostech pSenice ozimé a jecmene jarniho od zacatku vyvoje porostu az do faze
zrani v intervalu 0,83 — 1,73. S nastupem zrani hodnoty poklesly az na 0,5. V porostech cukrové
fepy se crop koeficienty pohybovaly v intervalu 0,6 — 1,17. Interval hodnot pro kukufici setou
a Cirok obecny byl 0,51 — 1,03. Hodnoty crop koeficient jsou zavislé na rastové fazi plodiny a

v pribéhu vegetace dochazi k jejich zméné€. U vojtésky seté se crop koeficienty pohybuji od
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1,31-0,51, kdy k vyznamnéjsimu poklesu hodnot dochazi po seci. Tyagi et al. (2000) stanovili
hodnoty crop koeficientli pro pribéh vyvoje pSenice ozimé od 0,5 — 1,24, pro fazi zrani stanovili
0,42. Kalkulovana hodnota crop koeficientu pro stied vegetace cukrové fepy je dle Allen et al.
(1998) 1,15. Na pocatku vyvoje porostu ¢iroku obecného stanovili Tyagi et al. (2000) crop
koeficient 0,53. Pro dalsi vyvojové faze rostlin ¢iroku obecného — prodluzovaci rust, kveteni a

zrani — stanovili koeficienty 0,53; 1,24 a 0,85.

3) Kovantifikace vlivu ptdnich vlastnosti v€etné téch, které jsou ovlivnény rostlinnym

pokryvem, na hodnoty kapkové eroze, infiltrace srazek a neproduktivniho vyparu.

Kapkova eroze je zavisla na mnozstvi faktort jako je kinetickd energie desté a jeho intenzita,
plodina a struktufe jejiho porostu, pfitomnost objektt tltumicich kinetickou energii dopadajicich
kapek na povrchu pudy (hroudy, kameny, zZivy ¢i mrtvy mulc), zpracovani pady, stabilita
agregati a vlhkost piady (Morgan, 2005). Jednou z moznosti jak zajistit piitomnost
poskliziiovych zbytkt predplodiny v mezitadku, je pasové zpracovani pudy. Nakypieni pidy
v mist¢ budouciho fadku plodiny umoznuje rychlejsi zasakovani vody svedené po rostling a
eliminuje tak povrchovy odtok. Bui a Box (1992) uvadéji, Ze az jedna téetina mnozstvi vody
svedené po rostliné mize byt soucast povrchového odtoku. Vyznamnou roli z hlediska vlivu
porost na hodnoty kapkové eroze ma samotna struktura porostu. Kapkovou erozi v porostech
kukufice seté ovliviiuje i Sitka Fadkd (Nibel, 2009; Mohammadi et al., 2012) Pé&stovani
kukufice seté za pouZiti technologie pasového zpracovani plidy je mozné i pii niz$i rozteci
radkd, nez je standartnich 0,75 m. Poté sice dochéazi k vy$§imu procentu zpracované ptady vici
celkové vyméie pozemku, ale na protieroznim pusobeni se podili jind struktura porostu. Touto
problematikou se detailn¢ zabyva publikace: Effect of row width on splash erosion and
througfall in silage maize crops — Brant, V., Zabransky, P., Skefikova, M., Pivec, J., Kroulik,
M., Prochazka, L. 2015. Soil and Water Research. 12 (1). 39 — 50. Cilem prace bylo v porostech
kukufice seté o rozteci fadka 0,45 m a 0,75 m stanovit vliv rozdilné Sifky fadka na kapkovou
erozi v pribéhu vegetace, stanovit variabilitu propadu srazky v zavislosti na Sifce tadku,
stanovit zavislost mezi propadem srazky a kapkovou erozi a kvantifikovat vztah mezi vySkou
porostu, indexem listové plochy a propadem srazky. Publikovana prace se v souladu s dil¢im
cilem doktorského studia zabyva i otazkou hodnoceni vlivu piidnich vlastnosti na hodnoty
kapkové eroze, zejména ve vztahu ke stabilité plidnich agregatii. V porovnani s fadky 0,75 m
byla zjiSténa statisticky prukazné¢ vySSi stabilita plOdnich agregati v mezifadku na
experimentalni plose s rozteci fadka 0,45 m pouze v roce 2012, v dalsich hodnocenych letech

(2013 a 2014) jiz vysledky nebyly prukazné. VEtsi vliv na stabilitu ptidnich agregatt nez roztec¢
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radki péstované plodiny mé zpracovani pudy a pokryvnost piidy poskliziiovymi zbytky (Brant
et al., 2011; Brant et al., 2012). Zaroven tento autorsky kolektiv poukazuje na vztah mezi
hodnotami kapkové eroze a podilem stabilnich ptidnich agregath ve svrchni vrstvé pudy.
V ramci nepublikovanych vysledkt disertacni prace byla stanovena zavislost kapkové eroze na
stabilité¢ padnich agregatd jako: MSR = 0,523099 - 0,000333734*SAS (koeficient korelace = -
0,999, hladina vyznamnosti 95%). Z dalSich vysledki vyplyva, Ze byla potvrzena korelace mezi
celkovou srazkou, propadem srazky a kapkovou erozi. V porostech s uz§imi fadky (0,45 m)
byly v letech 2012 a 2014 naméfeny statisticky prikazn¢ nizs$i hodnoty mnozstvi rozstiiknuté
zeminy, nez v porostech s fadky 0,75 m. V roce 2013 byly také nizsi, ale nikoli statisticky
prikazné. Bylo prokazano, ze se vzristajici intenzitou srazky byly hodnoty propadu srazky
vyssi v porostech s fadkovanim 0,75 m, kde byl propad nejvyssi ve stfedu mezifadku a smérem
k rostliné dochazelo k poklesu méfenych hodnot. Do stfedu mezitadku dopadalo 53,8 %
z nadporostni srazky u Sitky radka 0,75 a 32,3% u Sitky fadka 0,45 m. Pfi porovnani zavislosti
kapkové eroze na propadu srazky dochazime k zavéru, Ze u porostu se Sitkou fadki 0,75 m je
nejtésnéjsi zavislost v zon€ 125 — 250 mm od fadku rostlin. U porosti o Sifce fadki 0,45 m tato
zavislost neni jednoznacnd. Zéaroven byla prokazana zavislost mezi vySkou rostliny a Grovni
kapkové eroze, u tadki 0,75 m je té€sn&jsi. U porostit o Sifce fadkd 0,45 m byla prokazana
tésnéjsi korelace mezi indexem listové plochy a propadem srazky do mezitadku. Vyssi propad
srazky ve stiedu mezifadka v porostech o Sifce fadkt 0,75 m potvrzuji i Bruckler et al. (2004),
nebot’ je zde vE&tsi mezifadkovy prostor a nedochazi k prekryvani listd v mezifadku. Dle udaji
Quinn a Laflen (1983), Parkin a Codling (1990), Bui a Box (1992) a Paltineanu a Starr (2000)
je pomé&r mezi nadporostni srazkou a naméfenym propadem srazky 34 — 84 % v zavislosti na
ploding. V souvislosti s vyvojem technologii pro zpracovani pudy (napf. strip tillage) dochazi
ke zméné Sitky fadkl nejen u kukufice, kde je diskutovano zizeni fadkd, ale naopak roz§ifeni
radka u fepky olejky. Brant a kol. (2016) hodnotili vliv §itky tadkt fepky olejky na propad
srazky porostem. Na zdklad¢ jejich métfeni nebyly mezi hodnocenymi variantami o roztecich
radka 125, 250, 350 a 450 mm stanoveny zasadni rozdily. VySka rostlin byla v pribéhu
vegetace srovnatelnd, tudiz lze predpokladat, ze propad srazky porostem nebyl ovlivnén jeho

vyskou.

Erozni procesy jsou ovlivnény rostlinnym pokryvem piidy, a proto nelze opomenout ani
vliv plevelnych spolecenstev. Hodnoceni ptipadného pozitivniho efektu plevelnych rostlin
Z hlediska omezeni eroznich procesti na pud¢ je spiSe minoritni zalezitost, nebot’ primarn¢ je

sledovana jejich rizikovost z pohledu omezeni produkce porostu. Cerda et al. (2018) popisuji
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pozitivni vliv pleveld a meziplodin nachdzejicich se v mezitfadi v plantazich citrust na zvyseni
hodnot infiltrace, omezeni zhutnéni pidy a na zvySenou tvorbu mulce. Na protierozni vliv
plevelnych rostlin z hlediska omezeni kapkové eroze od podzimu do jarni aplikace totalniho
herbicidu pfed vysevem kukufice seté poukazuji Brant et al. (2017). Vyuziti fizeného ristu
pleveltl v mezitaddcich kukufice seté jako ekonomicky vyhodného protierozniho opatieni pfi
jejim terasovitém péstovani popisuji Lenka et al. (2017). Z hlediska negativniho vlivu plevell
na erozni procesy je poukazovano na omezeni ristu hlavni plodiny ¢i meziplodiny v disledku
jejich rozvoje a tim na snizeni protierozni ochrany kulturnich porosti (napi. O'Rourke, 2017).
Ptitomnost plevelll na stanovisti je rovnéz spojena s odCerpanim vody z pudy, coz vede
k poklesu obsahu vody v ptdé (Dalley et al., 2006; Sadeghi et al., 2007) a ke zhorSeni infiltrace
vody do suché pudy (Leguédois et al., 2005). Cilem prace: Determination of the influence of
herbicides on dicotyledons plant transpiration using the sap flow method — Brant, V.,
Pivec, J., Hamouzova, K., Zabransky, P., Satrapova, J., Skeiikova, M. 2014. Plant, Soil and
Environment 60 (12) 562 — 568, bylo ovétit vliv G¢inku rozdilnych ucinnych latek herbicidd na
transpiracni tok rostliny na zakladé kontinudlnich méfeni transpirace pomoci sap flow. Jako
modelové plodiny bylo vyuZzito slunecnice ro¢ni, jejiz rostliny jsou vysoce citlivé na herbicidy.
Na vysokou citlivost slune¢nice vii¢i herbicidnimu oSetfeni upozornuji napt. Jursik et al. (2011)
¢i Malek et al. (2010). V ramci hodnoceni byly sledovany nasledujici herbicidy s ¢innou
latkou bromoxynil (ptipravek Pardner 22,5 EC; inhibitor PS 1) a clopyralid (pfipravek Lontrel
300; blokator auxint). Uinek herbicidniho o$eteni byl stanoven na zakladé vypoétu modelové
transpirace rostliny bez oSetfeni a srovnani tohoto pribchu s aktualnimi hodnotami transpirace
po aplikaci herbicidu. Pti osetteni bromoxynilem doslo k vyznamnému poklesu transpirace a to
jiz n€kolik hodin po aplikaci. Po oSetieni piipravkem s ucinnou latkou clopyralid transpirace
poklesla méné vyznamné. Na zakladé této skute¢nosti 1ze usuzovat, ze po aplikaci clopyralidu
budou plevele po urcitou dobu konkurenceschopné vici kulturni ploding. Konkurence mezi
plodinou a pleveli o vodu je zakladnim faktorem ovliviiujicim vodni stres na stanovisti a
zaroven tak zakladnim faktorem ovliviiujicim tvorbu biomasy kulturnich i plevelnych rostlin
(Acciaresi a Guamet, 2010). Fyziologicka odpovéd’ na osetfeni herbicidem je métenim sap flow
patrnd diive, nez se objevi vizudlné detekovatelné symptomy. OvSem Van Oorschot (1970)
uvadi, Ze oSetfeni pfipravkem s ti€¢innou latkou piisobici jako inhibitor fotosyntézy se rychleji
projevi poklesem fotosyntetické aktivity, nez poklesem transpirace. Na zdkladé¢ meéteni
fluorescence chlorofylu bylo zjisténo, ze oSetfeni bromoxynilem prikazné rychleji snizuje
ucinnost PS II u slune¢nice ro¢ni, ve srovnani s oSetfenim clopyralidem. Pomalejs$i odumirani

rostlin po aplikaci rastového herbicidu (clopyralid) prodluzovalo obdobi spotieby vody
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rostlinami. Vodni stres rostliny projevujici se poklesem transpirace je detekovatelny i pomoci
termometrickych mefteni, jelikoz dochazi k uzavieni praduchti a tedy zvyseni povrchové teploty
listi. Brant et al. (2017) pomoci termometrie detekovali nardst povrchové teploty listd
slune¢nice ro¢ni oSetienych vySe uvedenymi herbicidy jiz 2 hodiny po aplikaci. Z hlediska
vlivu plevelll na omezeni kapkové eroze muize rychlé ztrata listové plochy v dusledku aplikace
herbicidi vést ke snizeni ochranného vlivu vegetace.. Paradoxné tak miize dochazet ke snizeni
propadu srazky do mezitadku pii¢emz povrch piidy je chranén mrtvym muléem plevelnych
rostlin. Brant et al. (2017) vSak upozorfiuji na nedostate¢nou ochranu povrchu pudy mrtvym

mulcem plevele a doporucuji pasové seti do umrtveného porostu jilku vytrvalého.
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6. Zavér

V souladu se stanovenymi cili a hypotézami lze na zaklad¢ vysledkl z terénnich a

laboratornich experimentli prezentovanych v této praci vyvodit nasledujici zavery:

Hodnoceni distribuce srazek v porostech kukufice seté, slunecnice ro¢ni a fepky olejky
prokdzala, ze mezi jednotlivymi plodinami existuji rozdily v redistribuci prochézejici srazky.
U slunecnice ro¢ni v praméru 78 % atmosférické srazky propadlo porostem na povrch pidy,
v porostu kukufice byl naméfen propad srazky 54 %. Tato skutecnost je odvisla od habitu
rostlin, kdy hlavnim biotickym faktorem ovliviiujicim jednotlivé slozky po distribuci je
postaveni, velikost a povrch listd. Dale byl prokazan vliv ristové faze plodiny na pomér mezi
propadem srazky do mezifddku, stokem vody po rostliné a intercepénim vyparem, tato
skute¢nost byla tésnéji zavisla u porostii kukuftice o Sitce fadki 0,75 m nez u porostu o rozteci
radkl 0,45 m. Pti porovnani vldhovych nérokl kukufice seté a ¢iroku obecného bylo zjisténo,
Ze ackoli ob¢ plodiny patii do skupiny plodin C4, efektivita vyuziti vody je u nich rozdilna a
porost ¢iroku pozitivné ovliviiuje mnozstvi dostupné vody v pudé. Vysledky téchto
experimentti umoznuji piijeti prvni hypotézy o piedpokladu vlivu plodiny a ristové faze na

distribuci srazek.

Bylo prokazano, ze volba technologie zpracovani plidy mé vliv na hodnoty kapkové
eroze. U pasového zpracovani pudy byla zjisténa redukce erozniho ohrozeni povrchu pidy do
zapojeni porostu. V ramci nepublikovanych vysledku byla zjisténa negativni korelace mezi
stabilitou piidnich agregati a hodnotami kapkové eroze. Pasové zpracovani pudy zanechava ve
sttedu mezifadku rostlinné zbytky, které chrani povrch pidy, a zaroven je ve stfedu mezifadku
zachovana kontinuita pudnich pora, ktera mize piispét k delsi dob¢ infiltrace srazkové vody.
Vlahova bilance stanovisté¢ ma piimy vliv na mnozstvi dostupné vody v ptid¢, tedy 1 na erozni

procesy a infiltraci srazek

Kapkovou erozi v porostech kukufice seté ovliviiuje Sitka fadkd. Polni experimenty
probihajici v letech 2012 — 2014 prokazaly sniZzeni mnozstvi rozstiiknuté zeminy v porostech o
Sitce fadkt 0,45 m oproti porostu o rozteci fadki 0,75 m. Pozitivni vliv Sitky fadki 0,45 m
nebyl prokazan na stabilitu pudnich agregatd, resp. byl prokazan pouze v roce 2012. Bylo
zjisténo, ze §Sitka radkl v porostu kukufice nema vliv na ptidni vlastnosti a Ize predpokladat, ze
hodnoty kapkové eroze jsou vyrazné ovliviiovany vlastnostmi vegeta¢niho pokryvu. U fepky

olejky nebyl prokazan vliv rizné Sifky fadki na prichod srazky porostem a nasledné¢ tedy na
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kapkovou erozi. Jako ochranu povrchu ptidy lze vyuzit umrtvené porosty meziplodin, ¢i méné
vhodné umrtvené plevelné rostliny v mezitadku. U sledovanych plodin byl patrny protierozni
efekt od faze zapojeni porostu do faze zrani, kdy za¢ind dochazet k senescenci listt. Hypotéza

o vlivu plodiny a struktury porostu na kapkovou erozi byla piijata.
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