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Streszczenie

Biowegiel (biochar) pozyskiwany jest jako produkt uboczny procesu konwersji termicznej biomasy roslinnej.
Ma postaé silnie rozdrobnionego porowatego materialu, ktory obecnie najczesciej wykorzystywany jest jako
srodek poprawiajacy wiasciwosci gleby. W ramach przeprowadzonych badan podjeto probe wykorzystania
biowegla jako komponentu podtoza do uprawy ogorka szklarniowego. Do uprawy wykorzystano mieszanke
biowegla z perlitem. Podtozem kontrolnym byla welna mineralna, standardowo wykorzystywana w uprawie
ogorka szklarniowego. Na podstawie przeprowadzonych badan wykazano, ze plonowanie ogérka na podtozu
bazujacym na mieszance biowegla i perlitu byto wigksze niz na wetnie mineralnej. Jako$¢ owocow uprawianych
na podiozu bioweglowym jest podobna do uzyskiwanych z welny mineralnej. Zawartos¢ sktadnikow
mineralnych i azotanéw w owocach z podtoza biowgglowego byta mniejsza w poréwnaniu do pochodzacych z
welny mineralnej. Podtoze bioweglowo-perlitowe mozna z powodzeniem wykorzysta¢ w uprawie ogorkow jako
zamiennik innych podtozy mineralnych.

Stowa kluczowe: biowegiel, podtoze, ogorek szklarniowy, plon i jako$é

The effect of biochar on yield and quality of greenhouse cucumber

Summary

Biocarbon (biochar) is obtained as a by-product of the thermal conversion of plant biomass. It is a highly porous
material that is currently used as a soil improvement agent. As part of the research, an attempt was made to use
biocarbon as a component of a greenhouse cucumber growing medium. For cucumber growin biochar blend with
perlite was used. The control medium was mineral wool, which is commonly used in greenhouse cucumber
cultivation. Based on the results of the research, the biocarbon-based substrate with perlite was used to grow
greenhouse cucumber. Cucumber yield was higher than on rockwool. The quality of fruit grown on a biocarbon
substrate is similar to that of mineral wool. The content of mineral components in fruit from biocarbon substrate
was lower compared to mineral wool. Growing greenhouse cucumber on biocarbon substrate contributed to a
significant reduction of nitrate accumulation in fruit. Biocarbon/perlite substrate can be successfully used in the
cultivation of cucumbers as a substitute for other mineral substrates.

Keywords: biochar, growing medium, greenhouse cucumber yielding and quality

1. Wstep

Biowegiel to silnie rozdrobniony porowaty material, powstajacy najczesciej jako
odpad z procesu konwersji termicznej biomasy roslinnej. Jego wiasciwosci zblizone sg do
wegla drzewnego, jednak termin ,,biowegiel” zostal wyodrgbniony dla podkres§lenia innego
jego zastosowania, gldwnie jako dodatku doglebowego (Lehman i in. 2006). Wykorzystanie
biowegla jako dodatku do gleby rozpoczelo si¢ w chwili odkrycia w Amazonii gleby
nazwanej terra preta do Indio — czarnej ziemi Indian, niezwykle Zyznej i zasobnej w wegiel.

Przeprowadzone analizy wykazaty, ze gleby te powstaty kilkaset lub kilka tysiecy lat temu,


http://www.bihz.up.wroc.pl/struktura/instytut-hodowli-zwierzat/

kiedy plemiona prekolumbijskie Indian stosowaly do nawozenia gleb wegiel drzewny i1 inne
przepalone materialy organiczne.

Wykazano, ze dodatek biowegla wplywa na poprawe niektorych wiasciwosci
fizycznych gleb (strukture, porowato$¢, zdolno$¢ do retencjonowania wody 1 temperaturg),
reguluje wtasciwosci chemiczne gleb tj. odczyn 1 zasobnos¢ w sktadniki pokarmowe oraz ma
korzystny wptyw na plonowanie roslin (Glaser i in. 2002, Lehmann i in. 2006, Laird 2008,
Krull i in. 2009). Biowggiel ma bardzo duze zdolnosci sorpcyjne, co zwigksza wlasciwosci
sorpcyjne gleb i moze by¢ wykorzystane do detoksykacji gleb zanieczyszczonych chemicznie.
Udowodniono takze pozytywny wplyw na rozwdj wybranych grup mikroorganizmow
glebowych i zwigkszenie liczby mikoryz z roslinami uprawnymi oraz korzystny wplyw
ograniczenia emisji niektorych gazow tj. N,O, CO,, CHy z gleby do atmosfery (Verheijen i in.
2010).

Wymienione powyzej wlasciwos$ci biowegla wskazuja na duzy potencjat zastosowania
tego materialu w produkcji ogrodniczej. Istnieje stosunkowo mato doniesien naukowych na
temat zastosowania biowegla jako podtoza. Dumroese i in. (2011) badali mozliwo$¢ uprawy
rozsady na podtozu torfowo-biowgglowym wymieszanym w stosunku 75:25. Tian 1 in. (2012)
badajac wzrost Kalatei (Calathea rotundifola cv.) w substracie torfowo-bioweglowym (50:50)
uzyskali lepsze plonowanie w poréwnaniu z uprawg na samym torfie i samym bioweglu. Elad
1 in. (2010) zaobserwowali wyzsza odpornos¢ roslin szklarniowych na niektoére choroby
grzybowe w przypadku gdy do podloza dodany byt biowegiel. W uprawie szklarniowej
papryki i pomidora wskazano, ze dodatek do podloza biowggla ograniczyt wystepowanie
szarej plesni (Botrytis cinerea), maczniaka prawdziwego (Leveillula Arica) oraz zmniejszyt
wystepowanie uszkodzen powodowanych przez roztocza. Altland 1 Locke (2012) okreslajac
przyswajanie sktadnikow pokarmowych przez rosliny uprawiane na podtozach inertnych z
10% dodatkiem biowegla wykazali zdecydowanie efektywniejsze wykorzystanie azotu,
potasu 1 fosforu, co pozwala ograniczy¢ czestotliwos¢ nawozenia tymi sktadnikami.
Natomiast Li 1 in. (2016) badajac zastosowanie biowggla w uprawie oberzyny odnotowali
lepszy wzrost roslin i mniejszg akumulacje Cd z gleby.

W przeprowadzonych badaniach zastosowano biowegiel z dodatkiem perlitu jako
sktadnik podtoza ogrodniczego stosowanego w produkcji szklarniowej. W Polsce perlit
wykorzystywany jest jako podioze jednorodne lub jako dodatek do torfu wysokiego, gleby,
ewentualnie biohumusu. Perlit ma bardzo mata pojemnos¢ wodna, nie dostarcza zadnych

sktadnikow odzywczych dla roslin i nie zmienia pH mieszanki, ktorej jest sktadnikiem.



Gltowng jego zaletg jest zwigkszanie porowatosci i rozluznianie podtoza, co poprawia warunki
wzrostu systemu korzeniowego.
Celem pracy bylo okreslenie mozliwosci wykorzystania podloza bioweglowo-

perlitowego w bezglebowej produkcji ogérkéw pod ostonami.

2. Material i metody

Badania przeprowadzono w warunkach szklarniowych w Dtuzynie Wielkie;.
Doswiadczenie zatozono w ukladzie jednoczynnikowym, w 4 powtdrzeniach sadzac po
10 roslin na poletku. Rozsad¢ wniesiono do szklarni w dniu 13 maja 2014r., a likwidacji
uprawy dokonano w drugiej polowie wrzesnia. Ogorka szklarniowego odmiany Eminentia Fy
uprawiano z rozsady w zaggszczeniu 2 szt-m™. Rosliny prowadzono na jeden ped, stosujac
standardowe zabiegi pielggnacyjne. Zawiazki do 5 wezta zostaly usunigte, a pedy po
osiggnigciu drutéw konstrukcji przewieszono. Zabiegi pielggnacyjne polegaly na
sukcesywnym usuwaniu starych li§ci 1 pedéw bocznych. Analizy laboratoryjne wykonano
w Instytucie Nauk o Glebie i Ochrony Srodowiska oraz w Katedrze Ogrodnictwa,
Uniwersytetu Przyrodniczego we Wroctawiu.

W owocach oznaczono zawarto$¢ suchej masy metoda suszarkowo-wagowa,
zawartos¢ witaminy C metodg miareczkowa (PN-90/A-75101/11), a zawarto$¢ chlorofilu,
karotenoidoéw oraz polifenoli metoda kolorymetryczng. W powietrznie suchej masie materiatu
roslinnego za pomocg metody uniwersalnej wg Nowosielskiego w 2% kwasie octowym
oznaczono rozpuszczalne formy makrosktadnikow, kolorymetrycznie zawartos¢ Mg 1 P,
metoda fotometrii plomieniowej zawarto§¢ K i1 Ca, a zawarto$¢ jonow NO3z metoda
potencjometryczng.

W czgséciach wskaznikowych ogdrka oznaczono catkowitg zawartos¢ Ca, Mg, K, Na,
P, metoda emisyjnej spektrometrii atomowej ze wzbudzeniem w plazmie indukcyjnie
sprzgzonej (ICP-AES), zgodnie z procedurg badawcza PBW-11 wydanie z dnia 23.06.2010,
po mineralizacji probki w wodzie krolewskie;.

Analiz¢ wariancji wykonano dla uktadu jednoczynnikowe przy poziomie istotnosci
&=0,05.

3. Wyniki i dyskusja

Na podstawie przeprowadzonych badan wykazano, ze podioze ma istotny wptyw na

plonowanie ogérka szklarniowego (Tabela 1). Sredni plon owocéw zebrany z roslin
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uprawianych na podtozu bioweglowym byt istotnie wigkszy (27,38 kg~m'2) w poréwnaniu do
plonu otrzymanego na welnie mineralnej (26,46 kg-m'z). Istotne réznice wystapity przede
wszystkim w przypadku owocow klasy I, natomiast dla owocow drugiej klasy ich nie
udowodniono, aczkolwiek wigkszy plon tej frakcji owocdéw wyksztalcity rosliny uprawiane na
welnie mineralnej. Bardzo wazna w przypadku warzyw szklarniowych jest wczesno$¢
plonowania, ktéra decyduje czasami o optacalnosci. W przeprowadzonych badaniach pod
wzgledem wczesnosci wyrdznity si¢ rosliny rosngce na podtozu biowegglowym. Plon wezesny
w tych obiektach, w poczatkowym okresie plonowania w czerwcu byt statystycznie wigkszy
w porownaniu do welny mineralnej. W pozostatych miesigcach dynamika plonowania roslin
byla podobna i nie stwierdzono istotnych réznic. Uzyskane plonowanie dla takiego okresu
uprawy jest satysfakcjonujace i poréwnywalne z plonami uzyskanymi przez innych autorow

Pirog (2004), Babik (2006, 2013).

Tabela 1. Wptyw rodzaju podioza na plonowanie ogdrka szklarniowego odmiany Eminentia F,

Okres Biowegiel Welna mineralna
zbioru plon ogélny [kg:m™] Plon og6lny [kg'm™]
[miesigc] klasa | klasa Il suma klasa | klasa Il suma
czerwiec 5,78 0,17 5,95a° 4,95 0,14 5,09b
lipiec 11,30 0,97 12,27a 11,23 1,14 12,37a
sierpien 5,96 1,12 7,08a 6,01 1,23 7,24a
wrzesieh 1,84 0,26 2,10a 1,51 0,25 1,76a
suma 24 87a 2,51a 27,38a 23,70b 2,76a 26,46b

wartos$ci oznaczone tymi samymi literami w kolumnach lub wierszach nie r6znig si¢ istotnie przy &=0,05

W czasie trwania doswiadczenia pobierane byly takze proby owocow do
przeprowadzenia analiz chemicznych dotyczacych zawarto$ci suchej masy, witaminy C,
polifenoli, karotenoidéw i chlorofilu oraz zawarto$ci makrosktadnikow tj. Mg, Ca, P 1 K oraz
azotanow. Proby byty pobierane w dwoéch terminach. Na poczatku zbiorow z plonu
wczesnego (w czasie pierwszych 3 tygodni plonowania) oraz w petni owocowania roslin w
lipcu. Wyniki analiz zestawiono w tabeli 2. Zawarto$¢ suchej masy w owocach ogorka wahata
si¢ w zakresie od 3,81 do 4,61%, i byla mocno zrdéznicowana w poszczegdlnych terminach
analiz. Srednie dla rodzaju podtozy natomiast byty zblizone i wynosily dla owocow z roélin

rosngcych na bioweglu - 4,16% i na welnie mineralne;j - 4,21%.
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Analiza zawarto$ci witaminy C wykazata, ze owoce ogorka uprawianego na podtozu
bioweglowym charakteryzowaly si¢ wigksza $rednig zawartoscig tego zwiazku w obydwu
terminach analiz.

Zawartos¢ chlorofilu nie wskazywata ukierunkowanych tendencji w poszczegdlnych
terminach analiz ani silnego wplywu podtoza. Srednio wigcej chlorofilu bytlo w owocach
ro$lin rosngcych na biowgglu. Nie potwierdza to obserwacji Babik (2013), ktéra wykazata na
podstawie pomiaru indeksu SPAD, ze ogorki uprawiane na podlozach mineralnych sa
bardziej wybarwione.

Rodzaj podloza miat duzy wplyw na zawarto$¢ karotenoidow, byla ona istotnie
wicksza w owocach zebranych z ro$lin rosngcych na biowgglu. Ulegala bardzo duzym
wahaniom podczas kolejnych termindéw analiz. W drugim terminie analiz wigkszg o 141%,
zawarto$cig karotenoidow charakteryzowaty si¢ owoce ogorka uprawianego na podlozu
bioweglowym w pordwnaniu do owocow z roslin uprawianych na podtozu kontrolnym. W
pierwszym terminie poboru prob zalezno$¢ ta byta odwrotna, a ré6znica wynosita okoto 50%.

Zawarto$¢ polifenoli ulegata réwniez bardzo duzym wahaniom, a réznica pomiedzy
najmniejsza a najwicksza ich iloscig byta ponad 4-krotna. Najwigksze ilosci odnotowano w
owocach ogorka uprawianego na welnie mineralnej w czerwcu (4788 pg-100g” $w.m.)
najnizsza za$ dla tego samego podtoza w lipcu — 1165 pg: IOOg'l sw.m. Jak podaja Puchalski 1
in. (2011) w przypadku zwigzkéw oksydacyjnych moga wystepowaé bardzo duze
zrdznicowania spowodowane czynnikami odmianowymi lub stopniem dojrzato$ci owocow.

Akumulacja sktadnikéw mineralnych w jagodach ogorka przewaznie byta mniejsza w
owocach z roslin uprawianych na podtozu bioweglowym.

Podtoze byto istotnym czynnikiem, ktory wptynat na §rednig zawarto$¢ azotanow w
owocach ogorka. Owoce zebrane z roslin uprawianych na bioweglu zawieraty ich znacznie
mniej (199,8 mg NOs™ kg™ éw.m.) w poréwnaniu do owocodw zebranych z obiektow z welna
mineralng gdzie ta zawarto$¢ byla prawie dwukrotnie wicksza i wynosita — 377,1 mg NO3
-kg'1 sw.m. W przypadku podtoza biowegglowego zaobserwowano bardzo duze zréznicowanie
w zawartosci azotandw w poszczegoélnych terminach analiz, aczkolwiek zawarto$ci te byty
znacznie mniejsze niz w kontroli z welny mineralnej. Najwigksze roéznice w zawarto$ci
azotanow zanotowano w pierwszym terminie analiz. Niezaleznie od terminu analiz i podtoza
nagromadzenie azotandw w owocach nie przekraczato dopuszczalnych norm.

Srednia zawarto$é¢ fosforu w owocach ogorka byta istotnie wicksza gdy rosliny
uprawiano na wetnie mineralnej. Podczas obydwu termindéw analiz zaobserwowano taka

tendencje. Potwierdzaja to doniesienia Babik (2013), ktéra réwniez stwierdzila, ze owoce
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Z ro$lin uprawianych na podilozach mineralnych zawieraty wigcej fosforu. Koncentracje
fosforu w badaniach wiasnych i Babik (2013) byly na podobnym poziomie.

Ogorek jest bogatym zrodiem potasu. Stwierdzono, ze nagromadzenie tego sktadnika
w owocach uleglo zwigkszeniu w lipcu w pordwnaniu do pierwszego terminu analizy,
niezaleznie od zastosowanego podtoza. Podobnie jak w przypadku fosforu owoce uprawiane
na welnie mineralnej zawieraly istotnie wigcej potasu w porownaniu do podloza
bioweglowego. Odnotowane w badaniach wlasnych zawarto$ci potasu w owocach sg znacznie
wieksze od informacji podawanych przez Babik (2013).

Wapn byt kolejnym sktadnikiem gromadzonym w wigkszych ilo$ciach przez owoce
ogorka uprawianego na welnie mineralnej, aczkolwiek w jego przypadku roznice w
zawarto$ciach nie byly tak duze jak mialo to miejsce z potasem i fosforem. Owoce z roslin
uprawianych na welnie mineralnej srednio zawieraty istotnie wigcej wapnia w poréwnaniu do
uprawy na bioweglu. Jedynie w lipcowym terminie analiz ogérki uprawiane na bioweglu
zawieraly wigcej wapnia. Zawarto$ci wapnia odnotowane w badaniach wiasnych byty troche

mniejsze od podawanych przez Babik (2013).

Tabela 2. Wptyw rodzaju podloza na wybrane cechy jako$ciowe owocow ogorka szklarniowego odmiany
Eminentia F;

Zawartos¢ Biowegiel Welna mineralna
termin analizy termin analizy
czerwiec lipiec $rednia | czerwiec lipiec $rednia
sucha masa [%] 3,87 4,45 4,16 4,61 3,81 4,21
witamina C 10,39 13,28 11,84 9,67 12,21 10.94

[mg-100g™ $w.m.]
chlorofil [mg- IOOg'l 10,67 15,15 12,91 13,40 10,41 11.91
$w.m.] ’
karotenoidy [mg-100g" 26,21 42,93 34,57 39,44 17,80 28 62
Léw.m.] '
polifenole [ug-100g™ 3807 2686 3246 4788 1165 2976
sw.m.]
azotany [mg NO3™ kg’ 105,9 293,7 199,8 373,2 381,0 3771
Léwm.] '
fosfor [mg-100g™ 605,4 559,4 582,4 632,7 784,4 708,55
s.m.]
potas [mg-100g™ s.m.] 3537 4335 3936 3883 5239 4561

waph [mg-100g7s.m.] | 3625 | 4625 | 4125 | 4625 | 4125 | 4375

magnez [mg-lOOg'l 151,7 172,5 162,1 174,2 167,5 170.85
s.m.] '
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Wptyw podtozy na gromadzenie magnezu i tendencje zmian jego zawartosci miaty
podobny przebieg jak w przypadku wapnia. Wprawdzie ogorki uprawiane na wetnie
mineralnej zawieraly wigcej magnezu, ale rdznice nie zostaly potwierdzone statystycznie.

Podsumowujgc mozna stwierdzi¢, ze zawartosci sktadnikow mineralnych w owocach
ogorka byly typowe dla tego gatunku.

W ramach badan oceniono roéwniez stan odzywienia. W czg$ciach wskaznikowych
oznaczono ogdlne zawartosci sktadnikow mineralnych. Rodzaj podioza istotnie roznicowat
stan odzywienia roslin (tab. 3), aczkolwiek w trakcie upraw nie stwierdzono wystgpowania
niedoboru sktadnikow jak réwniez ich nadmiaru. Zawarto$¢ azotu azotanowego w lisciach
ros$lin uprawianych na podlozu biowgglowym byta znacznie wicksza niz w cze$ciach
wskaznikowych ro$lin rosngcych na wetnie mineralnej. W przypadku fosforu sytuacja byta
odwrotna, istotnie wigcej tego sktadnika byto w lisciach ro$lin rosngcych na wenie
mineralnej. Podobne do badan witasnych zawartosci azotu i fosforu odnotowali Tyson 1 in.
(2008). Liscie ogorkéw rosnace na podtozu bioweglowym zawieraly istotnie wigcej potasu w
poréwnaniu do ros$lin rosngcych na wetnie mineralnej. Bardzo duze zrdéznicowanie stanu
odzywienia wystapito w przypadku wapnia. Li§cie ogorka uprawianego na welnie mineralne;j
zawieraly go prawie dwa razy wigcej w porownaniu do roslin uprawianych na podtozu
biowegglowym. W przypadku magnezu stan odzywienia ogdrkéw tym sktadnikiem nie byt
istotnie uzalezniony od podloza, §rednie nie r6znily si¢ istotnie a zawartosci tego sktadnika w
czgsciach wskaznikowych byly typowe dla ogérka. Zblizone zawarto$ci magnezu w lisciach
ogoérka odnotowali Dysko i in. (2011). Prawdopodobng przyczyna mniejszej zawarto$ci
niektorych makrosktadnikéw (kationéw) w lisciach roslin uprawianych na podlozu
bioweglowym mogta by¢ sorpcja tych sktadnikow przez podtoze.

Tabela 3. Wptyw rodzaju podioza na zawarto$¢ makrosktadnikéw w czgsciach wskaznikowych ogorka
szklarniowego odmiany Eminentia F; [w % s.m.]

Sktadnik Biowegiel Wetna mineralna
N- NO3 2,56a 1,43b
P 0,28b 0,42a
K 2,34a 1,93b
Ca 3,32b 6,37a
Mg 0,49a 0,54a

warto$ci oznaczone tymi samymi literami w wierszach nie rdznig si¢ istotnie przy &=0,05
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4. \Wnioski

Wykazano przydatno$s¢ podtoza bedacego na mieszankg bioweggla z perlitem do
uprawy ogorka szklarniowego.

Jako$¢ owocow uprawianych na podlozu biowgglowym byla podobna do
uzyskiwanych z wetny mineralne;j.

Zawartos¢ sktadnikéw mineralnych w owocach z podloza bioweglowego byta
mniejsza w poroOwnaniu do oznaczonej w owocach z roslin uprawianych na welnie
mineralnej.

Uprawa ogoérka szklarniowego na podtozu z biowggla przyczynita si¢ do znacznego
ograniczenia akumulacji azotanow w owocach.

Podloze na bazie bioweggla po zakonczeniu uprawy w odrdéznieniu do welny
mineralnej moze by¢ zagospodarowane przez wymieszanie z gleba na polu.

Rodzaj podtoza istotnie réznicowat stan odzywienie roslin makrosktadnikami.
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The impact of fertilization on potato yield
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Summary

Potato fertilization is an essential factor in the modern production technology as it determines the crop size, crop
quality, tuber chemical composition, starch content and the shelf life, as well as shaping the production viability
for that species. The compact two-level factorial field experiment involved analysing the impact of manure, litter
and mineral on the yield of two varieties: Tajfun, Kuras. The yield differed significantly depending on the
variety. The general crop obtained for Tajfun was by 6.9 t-ha™ larger than for Kuras. Crop size was also the
outcome of the fertilization applied. Litter and manure gave better results when combined with mineral
fertilization. The largest crop was obtained for Tajfun following the application of litter in combination with
mineral fertilization, while for Kuras — following the application of manure in combination with mineral
fertilization. The fertilization methods influenced certain aspects of crop quality — tuber size, as well as starch
content.

Keywords: potato, manure, litter, crop, starch

Wplyw nawozenia na plonowanie ziemniaka

Streszczenie

Nawozenie ziemniaka stanowi jeden z najwazniejszych czynnikow nowoczesnej technologii produkcji, gdyz
determinuje wysokos¢ plonu, jego jakos$¢, sktad chemiczny bulw, zawarto$¢ skrobi oraz trwatosc
przechowalniczg, a ponadto ksztaltuje optacalno$¢ produkcji tego gatunku. W $cistym doswiadczeniu polowym
dwuczynnikowym analizowano wptyw nawozenia obornikiem i pomiotem oraz mineralnego na plonowanie
dwoch odmian— Tajfun, Kuras. Poziom plonowania byt istotnie zréznicowany w zalezno$ci od odmiany. U
odmiany Tajfun uzyskano wyzszy plon ogdlny o 6,9 t-ha™ niz u odmiany Kuras. Na wysoko$¢ plonu wptywato
takze zastosowane nawozenie. Nawozenie pomiotem oraz obornikiem w polaczeniu z nawozeniem mineralnym
byto korzystniejsze niz tylko nawozenie pomiotem lub obornikiem. U odmiany Tajfun najwyzszy plon uzyskano
przy zastosowaniu pomiotu w polaczeniu z nawozeniem mineralnym, natomiast u odmiany Kuras najwyzszy
plon uzyskano przy zastosowaniu obornika w potaczeniu z nawozeniem mineralnym. Sposoby nawozenia
ksztaltowaty niektdre cechy jakosci plonu - wielko$é bulw, a takze zawarto$¢ skrobi.

Stowa kluczowe: ziemniak, obornik, pomiot, plon, skrobia

1. Introduction

Balanced supply of the required nutrients throughout the whole vegetation period is
a prerequisite for obtaining considerable crops of satisfactory quality. Potato fertilization is
an essential factor in the modern production technology as it determines the crop size, crop
quality, tuber chemical composition, starch content and the shelf life. Furthermore,
fertilization determines the viability of all directions in potato production. According to
literature, to achieve a crop level of 40 t-ha™ potatoes take from the soil 300 kg of potassium,
200 kg of nitrogen, 60 kg of phosphorus, 45 kg of calcium, 25 kg of magnesium, as well as
small quantities of zinc, manganese, sulphur, boron, copper and iron. The mineral and organic
substance of the soil is a natural source of nutrients. Another source that supplies macro- and

microelements to soil comprises natural, organic and mineral fertilizers, without which potato
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crops would be very poor (Jabtonski 2006). Mineral and organic fertilization does not
guarantee the accessibility of the components required to obtain considerable yield of
satisfactory quality. The degree to which the potatoes utilise the mineral components and
microelements from fertilizers depends on soil structure and pH, the fertilizer dose and type,
the humidity conditions and the application time (Jabtonski 2004 and 2006, Knittel 2002).
The dose of nitrogen, phosphorus and potassium should be established primarily based on
the preceding crop, the crop productivity, the direction of use and the fertilization demand of
particular varieties (Gasiorowska et al. 2010, Jabtonski 2003 and 2009). The development of
potato, just like any other plant, involves periods characterised by high demand for nutrients —
critical periods. All the researchers (Trawczynski 2007, Jabtonski 2006 and 2007) studying
this issue agree that the crucial critical period is the phase of intensive tuber growth and crop
growth. In that period it is essential to satisfy the demand of the plants for nutrients since any
deficiencies may reduce the size of crop and compromise the quality of tubers. Periodic
deficits in supply of nutrients may manifest themselves in particular in varieties of a high
yield potential as well as in highly productive plantations. High nutritional requirements of
potato result in the need for both mineral and organic fertilization, and the fact that the plant
takes up the nutrients intensively justifies the provision of nutrients both through soil
treatment and through foliar feeding (Grzeskiewicz and Trawczynski 1998 and 1999,
Trawczynski and Kopenec 2007). Out of all these nutrients, nitrogen has the strongest
yielding properties (Goliszewski 2011) and it improves the quality and shelf life (Kostiw and
Jabtonski 2013). Phosphorus accelerates the ripening of plants and it prevents diseases as well
as mechanical damage to tubers, concurrently improving the shelf life. Potassium stimulates
growth and helps increase the number of large tubers. An optimum potassium level results in
the reduction of waste losses during storage (Jabtonski 2007). Potassium also limits
the darkening of the insides after cooking, increases the vitamin C content and improves
the inside texture. The most efficient and economical solution is to use multi-component
fertilizers since they permit introducing NPK, and even Mg, to the soil simultaneously, thus
ensuring good nutritional conditions for plants. Some multi-component fertilizers can be sown
fully in autumn, while the rest must be supplemented with nitrogen. The dose should depend
on the current phosphorus, potassium and magnesium content in soil. If we know the level of
these nutrients in soil, we can choose a multi-component fertilizer the composition of which
allows us to economise on some of them (Trawczynski 2007). The objective of

the experiment was to determine the effects of natural fertilization with manure and litter in
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combination with mineral fertilizers on yield and on certain qualitative characteristics of

the Tajfun edible variety and the Kuras starch variety.

2. Materials and Methods

The compact field experiment regarding the effects of fertilization on potato

productivity was carried out in class Illa soil representing the good wheat soil complex, in the
Silesian Lowlands. The soil was characterised by average content of such nutrients as P,0s
14.1 mg-100g™, K,0 16.8 mg-100g™, MgO 6.1 mg-100g™ and its pH was 6.8.
The two-level factorial field experiment was conducted according to the randomized block
design in three repetitions. It involved analysing the effects of natural fertilization with
manure and chicken litter as well as the effects of the combination of manure and chicken
litter with mineral NPK fertilization on the yield of two varieties: Tajfun (edible), Kuras
(starch variety). In the year preceding vegetation, in the 3" decade of October, manure and
litter was applied, at a dose of 30 t-ha™ and 20 t-ha™ respectively. The manure introduced
160 N kgha™, 95P kg-ha™ and 180 K kg-ha™kg to the soil, while the litter contributed
300 N kg-ha™, 280 P kg-ha™ and 150 K kg-ha™. Before the planting process, mineral multi-
component fertilizers were applied to introduce 63 N kg-ha™, 60 P kg-ha™ and 210 K kg-ha™.
After the planting, another 45 N kg-ha™ was added. Seed potatoes of 35-55 mm in diameter
were planted in the 2" decade of March, 25 cm apart, in rows 75 cm apart. The crops were
harvested in the 1% decade of October.

The weather in the year of the studies is presented in Fig. 1. To compare the level and
distribution of precipitation and temperatures, the data from the study year were juxtaposed
with those from the 1981-2012 time frame and with the values recommended by Dziezyc
etal. 1987. The distribution and quantity of precipitation was clearly diversified over the
subsequent months of potato vegetation. In April, May and September, the precipitation was
higher when compared to those in the specified time frame and to the quantities defined as
required by Dziezyc 1987, while in June and July, precipitation was deficient — much lower
when compared to the prescribed values and to the values for the aforesaid time frame.
In August, it was higher than the precipitation during the said time frame but it did not cover
the demand specified in literature (Dziezyc et al. 1987). May was characterised by the greatest
precipitation of the whole vegetation season — 70 mm more than required, while the figures
from the said time frame are similar to the requirements. The demands of potato when it

comes to hydration are considerable, while the precipitation was 66.5 mm lower than defined
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in the requirements and 20.4 mm lower when compared to the specified time frame. The
thermal conditions did not cause any clear disruptions and they were beneficial for potato
vegetation.The average temperature for April, May, June and July was below the
requirements (according to Dziezyc et al. 1987) and it was 1.4°C, 1.5°C, 3°C, 4°C
respectively, while the temperatures recorded in August and in September were higher when

compared to the requirements, by 1.5°C and 0.5°C respectively.
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Fig. 1. Temperature and precipitation in vegetative season

The crops were harvested from all the experimental fields and samples were taken to
define the crop structure and starch content.The following fractions were isolated in the crop
structure depending on tuber diameter: below 30 mm, 30-40 mm, 40-50 mm, 50-60 mm,
above 60 mm.

The results were developed statistically using the analysis of variance and Tukey's
multiple comparison test. The significance level adopted for the comparison of the mean

values was 0=0.05. Calculations were carried out in the SAS 9.1 programme.

3. Results and Discussion

The studies have proven that the requirements of the varieties as well as natural
fertilization and natural fertilization in combination with mineral fertilization significantly
modified potato yield (Fig. 2). The crop size of Tajfun was 6.9 t-ha™greater than that of Kuras
(Fig. 2 a). Natural fertilization in combination with mineral fertilization clearly increased the
crop size. Both manure and litter application resulted in crops about 8 t-ha™* smaller than those
arising from the combination of natural and mineral fertilization (Fig. 2 b). The studies have
demonstrated an interaction between the properties of the varieties and the fertilization
applied. For Tajfun, the combination of natural and mineral fertilization increased the crops

by approximately 12 t-ha™, while for Kuras the value was around 5 t-ha™ (Fig. 2 c). Other
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researchers also confirm the beneficial effects of combining natural and mineral fertilizers on
tuber yield. Chmura et al. (2004) proved that increasing the mineral fertilization level by 240-
400 kg of NPK-ha™ led to systematic yield growth for medium-early and late varieties (by 4-5
t-ha™®). Blecharzyk et al. (2008) achieved the largest crops for organic fertilization when
combined with NPK fertilization. In their studies they showed that separate application of
either manure or mineral fertilization reduced the tuber crop size by 14.6% and 22.8%

respectively when compared to the joint application.
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Fig. 2. The impact of foliar fertilization on total yield of tubers (a - variety Tajfun, b - variety Kuras, 1- manure,
2 - manure + mineral fertilization, 3 - litter, 4 - litter + mineral fertilization, al - variety Tajfun manure, a2 -
variety Tajfun manure + mineral fertilization, a3 - variety Tajfun litter, a4 - variety Tajfun litter + mineral
fertilization, b1 - variety Kuras manure, b2 - variety Kuras - manure + mineral fertilization, b3 - variety Kuras
litter, b4 - variety Kuras litter + mineral fertilization)

The variety genotype and the applied fertilization modified the level of starch content
(Fig. 3). Higher starch content characterised Kuras —3.9% over Tajfun, which confirmed that
Kuras is astarch variety (Fig. 3 a). Starch content was also modified depending on the
fertilization form. The highest starch content was obtained for fertilization with manure and
litter only: 16.4% and 16% respectively. On the other hand, application of natural fertilizers in
combination with mineral fertilizers reduced the starch content. The combination of natural
and mineral fertilization caused the starch content to drop by 0.7% for manure and 0.6% for
litter. In neither variety the applied natural fertilization forms led to any proven difference in
starch content (Fig. 3 b). A significant interaction was observed in the studies between

the varieties and the fertilization applied. For Tajfun, mineral fertilization reduced the starch
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content by 0.5% on manure and 0.3% on litter, while for Kuras starch content was lower on
manure by 0.7% and on litter by 1% (Fig. 3 c). The effects of mineral fertilization on starch
content was already observed by other researchers. In their studies, Chmura et al. (2004)
proved that exceeding the dose of 350 kg of NPK -ha™ reduced the starch content in the tubers
of medium-early, medium-late and late varieties. Jabtonski (2002) and Trawczynski (2006)
proved that both in high and in low nitrogen fertilization conditions, varieties representing
various harvesting groups were characterised by a stabilised starch level in tubers. In its
experiments conducted on new varieties from various harvesting groups, Jabtonski (2004)
observed a diverse reaction to nitrogen fertilization. In some varieties, such as Danusia,
Wiking, Wigry, high nitrogen doses considerably reduced starch content. They did not cause
any changes in the Wawrzyn and Wolfram varieties. The impact of natural and mineral
fertilization was also analysed by Wszelaczynska et al. (2007), who observed that the starch

content was considerably correlated with both of these fertilization forms.
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Fig. 3. The impact of foliar fertilization on starch content in potato tubers (explanations as on Figure 2)

The study also involved analysing the effects of fertilization on the size of tubers,
including their percentage share in the crop, as well as the crop of the tubers representing
particular fractions. The size of tubers was modified depending on the variety genotype
(Fig. 4). The biggest crop of tubers larger than 60 mm in diameter was obtained for Tajfun,
and it was greater by 7 t-ha™ than for Kuras.The size of tubers also depended on fertilization.
Greater tuber crops were obtained for litter than for manure, by 4.9 t-ha™. Natural fertilization

in combination with mineral fertilization resulted in the biggest share of the largest tubers.
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Crop on manure combined with mineral fertilizer was greater by 9.1 t-ha™ than crop grown on
manure only, while crop on litter with mineral fertilizer was greater by 5.1 t-ha™ than crop
grown on litter only (Fig. 4 and Fig. 5). In his experiment Trawczynski (2014) also observed
that the nitrogen fertilization level had a considerable impact on the tuber crop structure as
increased nitrogen doses significantly reduced the share of small tubers (diameter up to
35 mm) in the main yield, at the same time increasing the share of large tubers (diameter
above 60 mm).

a) Varieties

———

0% 20% 40% 60%

E>60 mm
50-60 mm
m40-50 mm
m 30-40 mm
H <30 mm

b) Foliar fertilization

E>60 mm
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= 40-50 mm

® 30-40 mm

B <30 mm

= N W b

0% 20% 40% 60% 80%

Fig. 4. Influence of tested factors on the percentage share of different tubers fractions in the yield (a - variety
Tajfun, b - variety Kuras, 1 — manure, 2 - manure + mineral fertilization, 3 - litter, 4 — litter + mineral
fertilization)
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Fig. 5. The impact of foliar fertilization on yield of particular fractions of potato tubers ( 1 — manure, 2 - manure
+ mineral fertilization, 3 - litter, 4 —litter + mineral fertilization)
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4. Conclusions

1. Natural fertilization — with manure and chicken litter — and mineral NPK fertilization
as well as the variety genotype considerably modified the size of general crop, the
crop of the commercial tuber fraction, and the starch content. Both fertilization forms
were beneficial for the general crop size and the productivity of the commercial tuber
fraction.

2. Starch content was considerably diversified depending on the variety genotype, while
natural fertilization with manure and chicken litter did not significantly change the
starch level. The combining of natural and mineral fertilization reduced the starch

content in the tubers of both varieties.
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Summary

Foliar fertilization may help obtain large high-quality yield, especially if it involves microelements which have
anumber of important physiological functions in plants. A two-level factorial field experiment consisted in
analysing the impact of foliar fertilization with magnesium sulphate and Agravita Ziemniak, a multi-component
fertilizer, on the yield of three edible varieties — Gala, Satina, Vineta. The genotype of the varieties considerably
modified the final crop size, and foliar fertilization with magnesium sulphate and with Agravita Ziemniak was
beneficial for general crop and for the crop of the commercial tuber fraction. The effect of foliar fertilization was
connected with the variety genotype. Foliar feeding with magnesium sulphate had a considerable impact on the
crop size in the Satina and Vineta varieties, and application of Agravita Ziemniak in all the studied varieties
resulted in proven growth of crops.

Keywords: potato, foliar fertilization, crop, starch

Wplyw dolistnego nawozenia na plonowanie ziemniaka

Streszczenie

Dolistne nawozenie zwlaszcza mikroelementami, ktore petnig wiele waznych funkcji fizjologicznych w roslinie,
moze sprzyja¢ uzyskaniu wysokiego plonu dobrej jako$ci. W $cistym doswiadczeniu polowym
dwuczynnikowym analizowano wplyw nawozenia nalistnego siarczanem magnezu oraz nawozem
wielosktadnikowym Agravita ziemniak na plonowanie trzech odmian jadalnych — Gala, Satina, Vineta. Genotyp
odmian istotnie modyfikowatl wysokos$¢ plonu koncowego, a nawozenie dolistne siarczanem magnezu oraz
wielosktadnikowym nawozem Agravita ziemniak korzystnie wptywato na plon ogdlny oraz plon frakcji bulw
handlowych. Nawozenie dolistne wspotdziatalo z genotypem odmiany. Dolistne dokarmianie siarczanem
magnezu wplywato istotnie na wysokos¢ plonu u odmiany Satina i odmiany Vineta, a stosowanie nawozu
Agravita ziemniak u wszystkich badanych odmian powodowat udowodniony wzrost plonu.

Stowa kluczowe: ziemniak, nawozenie dolistne, plon, skrobia

1. Introduction

High nutritional requirements of potato results in the need for both mineral and
organic fertilization, and the fact that the plant takes up the nutrients intensively justifies
varied provision of nutrients: both through soil treatment and through foliar feeding
(Grzeskiewicz and Trawczynski 1998 and 1999, Trawczynski and Kopenec 2007). Potato
fertilization is one of the most important factors of modern production technology as it
contributes to the size and the quality of crops, and it influences the chemical composition of
tubers and the starch content. Furthermore, fertilization determines the viability of every
direction in potato production (Jabtonski 2006). The dose of nitrogen, phosphorus and
potassium should be established primarily based on the preceding crop, nutrient contents in
soil, crop productivity, the direction of use and the fertilization demand of particular varieties
(Gasiorowska et al. 2010, Jabtonski 2003 and 2008). Mineral fertilization of soil is
supplemented with foliar fertilizers. They are completely water-soluble, while the chelate
mineral salts that they contain are easily absorbed by the plants, which results from the
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manufacturers’ use of additives improving the adhesion to the leaves and the stem,
accelerating the absorption of nutrients and facilitating the mixing with pesticides. The main
argument in favour of using foliar nutrients is that they work fast and are utilised to a
considerable degree (Szewczuk 2007). The macro- and microelements contained in foliar
fertilizers penetrate the plant tissue through the cuticle and the stomata present on leaves and
shoots (Jabtonski 2006). The benefits from foliar fertilization are as follows: quick
assimilation of nutrients, a possibility to replenish nutrient deficiencies during plant
vegetation, substantial effects even with small fertilizer quantities, a possibility of combining
it with plant protection treatments, even spreading of the nutrients over the plantation,
limitation of environmental pollution, avoidance of chemical and biological sorption
(Jabtonski 2006 and 2008, Trawczynski and Kopenec 2007). Foliar feeding is an intervention
applied to replenish the required nutrients and it cannot be used as an alternative to soil
fertilization (Czuba 1992, Celgarek and Zarzeska 2003). There is a major ecological issue that
involves the problem of assimilation and maximum utilisation of nutrients by the plants,
including microelements, which are represented mostly by heavy metals, and at the same time
their presence is necessary for the regulation of biochemical processes during plant growth
(Ruszkowska and Wojcieska-Wykupajtys 1996, Czuba 2000, Grzys 2004). As a result, these
elements must be supplied in particularly balanced doses, in the quantities required by the
plants but at the same time preventing environmental pollution (Sztuder 2009). The
experiments conducted in the Institute of Soil Science and Plant Cultivation (IUNG) suggest
that the microelements taken up by the plants from soil in small quantities may be effectively
supplemented though double or triple foliar application of aliquid multi-component
microelement fertilizer, if used at the right time (Czuba 1993, Czuba et al. 1999). Application
of multi-component microelement fertilizers makes particular sense for soils with
microelement deficiency and in phases of intensive plant growth, that is in periods when
the plants need nutrients the most (Sztuder 2009). Microelements play very important
functions in the metabolism of plants as the components and activators of a number of
enzymes. Supplying microelements to plants is beneficial for the uptake of nutrients from soil,
for proper photosynthesis and for the processes connected with nitrogen metabolism and
amino acid synthesis (Ruszkowska and Wojcieska-Wykupajtys 1996, Spiak 2000). Wrobel
(2006) argues that potatoes represent plants for which foliar fertilization is the easiest on
account of the considerable number of protective treatments during vegetation. In foliar
fertilization permits the uptake of nutrients is quicker than through the root system since about

80% of a fertilizer is taken up by a plant within the initial 4-5 hours following the treatment,
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and the beneficial utilisation of nutrients reaches 90%. When compared to soil treatment,
foliar fertilization is much more beneficial because the former involves nutrient utilisation
only in 45-60%. Foliar fertilizers used for potatoes often contain macroelements as well, such
as nitrogen and magnesium, more rarely phosphorus, potassium and sulphur. Fertilization is
often supplemented with magnesium sulphate, as it supplies magnesium and sulphur to the
plants. Magnesium has a tremendous physiological significance for the development and yield
of potato. As an activator of enzymatic reactions, it regulates photosynthesis and phosphorus
management, and it participates in the synthesis of proteins, lipids and nucleic acids
(Rykaczewska 1999). Supplying magnesium to plants is particularly recommended on soils
with inadequate content of this elements and at stages of increased uptake of nutrients by
these plants. 15-20% of the total magnesium contents in a plant is present in chlorophyll. In
optimum conditions, a plant has approximately 17.2 mg chlorophyll per 1 g of dry matter,
while deficiencies lead to a drop of this value to 7.5 mg (Schulz 1988). The objective of the
experiment was to determine the impact of foliar fertilization with magnesium sulphate and

with Agravita Ziemniak on the yield of several edible potato varieties.

2. Materials and methods

The field experiment regarding the impact of foliar fertilization on the yield of edible
potato varieties was conducted in Illa class soil representing good wheat soil complex.
The soil was characterised by average contents of such nutrients, i.e. P,Os 14.9 mg-100g™,
K,O 12.7 mg-100g™ and MgO 6.7 mg-100g™, and its pH was 5.8. The two-level factorial
experiment involving fertilization of Gala, Satina, Vineta varieties with magnesium sulphate
and with the Agravita Ziemniak foliar fertilizer when compared to no fertilization was
conducted according to the split-plot method in three repetitions. Directly before the planting
with mineral fertilizers, the soil was treated with 200 K kg-ha™, 95 N kg-ha™ and 120 P kg-ha’
! Seed potatoes of 30-40 mm in diameter were planted 25 cm apart in the 2" decade of April,
in rows 75 cm apart. Foliar fertilization with magnesium sulphate and with Agravita Ziemniak
was applied in the 3" decade of May, the 1% decade of June and the 3™ decade of June,
supplying a total of 7.2 kg MgO-ha™, 13.5 kg SOz-ha™, 2.43 kg N-ha, 0.61 kg P-ha™* and
1.26 kg K-ha™. Crops from all the 27 fields were harvested in the 1% decade of September.
The weather in the year of the studies is presented in figure 1. To compare the level and
distribution of precipitation and temperatures, the data from the study year were juxtaposed

with those from the 1981-2010 time frame and with the values recommended by Dziezyca
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etal 1987. Throughout the whole vegetation period, lower total precipitation was recorded
when compared to the above time frame and to the said requirements. The largest
precipitation was observed in June, July and August, and the difference when compared to
the above time frame was 28.9 mm, 24.4 mm, 13.5 mm respectively, and when compared to
the requirements — 20.8 mm, 66.1 mm, 44.2 mm respectively. Only in June the average
temperature was similar to the above period and to the requirements recommended in the
literature, while in July and in August the temperature was higher by 0.8°C and 4.3°C and by

2.5°C and 6.4°C respectively when compared to the requirements.
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Fig. 1. Temperature and precipitation in vegetative season

During the harvest, samples were taken to determine the structure of the crops and
the contents of starch. The following fractions were isolated in the crop structure: >60mm, 50-
60mm, 40-50mm, 30-40mm, <30mm.

The results were developed statistically using the analysis of variance and Tukey's
multiple comparison test. The significance level adopted for the comparison of the mean

values was a=0.05. Calculations were carried out in the SAS 9.1 programme.

3. Results and discussion

The experiment revealed that the variety genotype considerably influenced the general
yield of the tubers. The largest crop was obtained for Gala, i.e. 31.9 t-ha™, Vineta developed
a crop by 4.4 t-ha™ smaller, while the crop of Satina was the smallest, with a difference when
compared to Gala reaching 6.9 t-ha™ (Fig. 2 a). The studies also point to a significant impact
of foliar fertilization on potato yield. The experiment showed that foliar fertilization
considerably influenced the general tuber yield. The most beneficial effects on crop size were
observed for Agravita Ziemniak. For the potatoes on which foliar fertilization was applied
using this fertilizer, the crop was larger by 7 t-ha™ when compared to the plants fertilized with

magnesium sulphate and by 10.9 t-ha™ when compared to those that were not fertilized at all
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(Fig. 2 b). Significant interaction was also noted between the variety genotype and the foliar
fertilization applied. Foliar fertilization with magnesium sulphate did not substantially
contribute to the yield of the Gala variety, while the Agravita Ziemniak fertilizer had
significant effects. Foliar fertilization with magnesium sulphate and Agravita Ziemniak had
a significant impact on the general yield when compared to non-fertilized plants, while no
significance was noted between the applied foliar fertilizers. For Vineta, magnesium sulphate
fertilization lead to considerable growth when compared to non-fertilized plants, while
the Agravita Ziemniak foliar fertilizer was beneficial when compared for the magnesium

sulphate (Fig. 2 c).
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Fig. 2. The impact of foliar fertilization on total yield of tubers (a - variety Gala, b - variety Satina, ¢ - variety
Vineta, 1- control, 2 - magnesium sulphate, 3 - Agravita ziemniak, al- variety Gala control, a2 - variety Gala
magnesium sulphate, a3 - variety Gala Agravita ziemniak, bl- variety Satina control, b2 - variety Satina
magnesium sulphate, b3- variety Satina Agravita ziemniak, cl- variety Vineta control, c2 - variety Vineta
magnesium sulphate, c3 - variety Vineta Agravita ziemniak)

The general growth of potatoes as a result of foliar fertilization when compared to the control
plants was also observed by other researchers — Trawczynski (2014), Szewczuk (2009),
Jabtonski (2009). The positive effects of magnesium foliar fertilization on potato yield were

noted by Wrobel (2006) and Rykaczwska (1999) as well. In more modern studies, Czuba et
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al. (1999) noticed significant growth of potato tubers following three applications of a 5%
magnesium sulphate solution, at a total dose of 7.2 kg MgO-ha™. The tuber crop increase in

their experiment was 2.6 t-ha™,

On the other hand, Bogucka et al. (2010) and Wrobel (2012) determined that
additional plant fertilization did not always increase the crop but that this depended on the soil
conditions of the test site. In our studies, the Gala, Satina and Vineta genotypes did not
significantly differentiate the starch level (Fig. 3), which ranged from 13.8 to 14.3% (Fig. 3a).
The starch level did not change as aresult of foliar fertilization either, and the varieties

displayed a one-way response.

The study also involved analysing the effects of fertilization on the size of tubers,
including their percentage share in the crop, as well as the crop of the tubers of particular
fractions. The size of tubers was considerably modified depending on the variety genotype
(Fig. 4). The largest crop of tubers having more than 60 mm in diameter was obtained for
Gala, and it was greater by 5.3 t-ha™ than for Satina and by 3.5 t-ha™ than for Vineta. The size
of the tubers was also determined by foliar fertilization. The greatest crop of large tubers was
obtained after foliar feeding with Agravita Ziemniak, and the difference was 5.7 t-ha™ when
compared to magnesium sulphate fertilization, and 11.9 t-ha when compared to non-
fertilized plants (Fig. 4 and Fig. 5). In their experiments covering a number of years,
Trawczynski and Prokop (2016) observed that application of the EUROFERTIL 33N-
PROCESS fertilizer, when supplemented with foliar feeding, made the tubers considerably

larger, over 60 mm in diameter.
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Fig. 3. The impact of foliar fertilization on starch content in potato tubers (explanations as on Figure 2)
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Fig. 4. Influence of tested factors on the percentage share of different tubers fractions in the yield (a- variety
Gala, b- variety Satina, ¢ — variety Vineta, 1- control, 2 - magnesium sulphate, 3 - Agravita ziemniak)
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Fig. 5. The impact of foliar fertilization on yield of particular fractions of potato tubers (a- variety Gala, b-
variety Satina, ¢ — variety Vineta, 1- control, 2 - magnesium sulphate, 3 - Agravita ziemniak)

4. Conclusions

1. The variety genotype considerably modified the general crop size and the crop of
commercial tubers. The largest crop was developed by Gala — 31,9 t-ha™, smaller by
Vineta— 27,5 t-ha™!, and the smallest by Satina — 25 t-ha™.

2. Foliar fertilization with magnesium sulphate and with Agravita Ziemniak was
beneficial for general crop and for the crop of the commercial tuber fraction.

3. The effect of foliar fertilization was significantly connected with the variety genotype.
Foliar feeding with magnesium sulphate had a considerable impact on the crop size in
the Satina and Vineta varieties, and application of Agravita Ziemniak in all the studied
varieties resulted in proven growth of crops.

4. Neither the genotype of the edible Gala, Satina and Vineta varieties nor the foliar

fertilization applied differentiated the starch contents.
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Streszczenie

Celem przeprowadzonych badan laboratoryjnych byta analiza wybranych wlasciwosci mechanicznych §wiezych
owocoéw wybranych odmian zurawiny wielkoowocowej oraz w czasie ich przechowywania w kontrolowanych
warunkach.W pracy okre§lono zmiany wartosci parametru sity przebicia skorki i migzszu oraz sity niszczacej
podczas jednoosiowego $ciskania w zaleznosci od czasu i temperatury przechowywania. Srednie wartosci sily
przebicia $wiezych owocoéw zurawiny byly w zakresie od 6,7 N do 7,8 N, natomiast $rednie wartosci sity
niszczgcej wahaty si¢ od 57,0 N do 66,9 N. Niezaleznie od odmiany, odnotowano spadek $rednich wartosci sity
przebicia oraz sily niszczacej w czasie przechowywania owocoéw. Dokonano rowniez pomiaru energii potrzebnej
do przebicia skorki i migzszu. Obliczono warto$¢ naprezenia niszczacego. Stwierdzono spadek wartoSci
analizowanych parametrow w czasie przechowywania owocOw zurawiny.

Stowa kluczowe: sita przebicia skorki i migzszu, sita niszczaca, zurawina wielkoowocowa

Evaluation of selected mechanical properties of cranberry fruit

Summary

The aim of the study was a laboratory analysis of selected mechanical properties of selected varieties of fresh
fruits and cranberry during storage under controlled conditions. In this study changes the parameter value clout
peel and pulp and destructive force during uniaxial compression depending on the time and temperature of
storage. Average values of puncture force fresh cranberries are in the range of 6.7 N to 7.8 N, while the average
value of breaking force ranged from 57.0 N to 66.9 N. Regardless of the variety, a decrease of the average
puncture force and destructive force at the time of storage of fruit. Also made the measurement of the energy
needed to pierce the peel and pulp. Calculated value of the breaking strength. We found a decrease in the value
of the parameters analyzed during storage cranberries.

Keywords: peel and flesh puncture force, destructive force, cranberry

1. Wstep

Zurawina wielkoowocowa (Vacciniumma crocarponaiton) jest wieloletnim krzewem z
rodziny wrzosowatych. Wystgpuje w Ameryce Potnocnej oraz Europie. Pierwszy raz owoce
zurawiny zostalty odkryte przez Indian, ktérzy wszechstronne wykorzystywali je w
lecznictwie, jako naturalny barwnik i konserwant oraz jako zywno$¢ (Conejero, 2014).
Pierwsze wzmianki na temat uprawy zurawiny pochodza z roku 1816 kiedy to w USA w
stanie Massachusetts wybrano najcenniejszy obszar wystgpowania krzewdw 1 zaczgto je
pielegnowac. W Polsce pierwsze proby uprawy zurawiny wielkoowocowej datujg si¢ na lata
piecdziesigte XX wieku (Smolarz, 2003).

Reczny zbidr owocow jagodowych nalezy do bardzo pracochlonnych, powodem sa

drobne i delikatne owoce. Wydajno$¢ godzinnego zbioru wykonywanego przez jedng osobg
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wynosi od 4-8 kilogramow. Jest to nieoplacalne, dlatego wiclu plantatorow poszukuje
wydajniejszych i tanszych metod. Coraz czg$ciej zastosowanie maja maszyny przeznaczone
do zbioru owocow. Niestety krotki okres dojrzatosci zbiorczej, duzy plon oraz podatnosé
owocOw na uszkodzenia mechaniczne utrudnia znaczaco wprowadzenie w petni
zmechanizowanego zbioru (Rabcewicz, 2013).

Waznym aspektem dla wielu plantatoréw, jest aby zbior zostal przeprowadzony
mozliwie szybko, przy zachowaniu bezpieczenstwa struktury owocow. Dlatego, zaczeto
prowadzi¢ coraz czgstsze badania odnoszace si¢ do mechanicznych wlasciwosci owocow
jagodowych, majace na celu poszerzenie wiedzy z zakresu wprowadzania nowych technologii
zbioru pod katem ograniczenia uszkodzen oraz strat. Pomiar mechanicznych wlasciwosci
zurawiny odbywa si¢ w testach §ciskania i badaniu sity przebicia stemplem skorki i migzszu
owocow (Gorzelany 1 in., 2016, Migut i in., 2016). Okreslane s3 na podstawie pomiarow
zaleznosci sity niszczacej i odksztatcenia do momentu zniszczenia oraz zapotrzebowania
energii do zniszczenia lub przebicia. Uzyskane warto$ci pomagaja réwniez szybko i tatwo na
drodze teoretycznej i praktycznej okreslic optymalne parametry pracy zespotdéw maszyn.
Wilasciwosci mechaniczne moga stanowi¢ cenne uzupelienie badan na temat dojrzatosci
zbiorczej 1 moga by¢ wykorzystane do globalnej oceny owocow (Rio Segade i in., 2013).

W przypadku badania wtasciwosci mechanicznych materiatu roslinnego nie jest
mozliwe uzyskanie powtarzalnych i1 jednoznacznych danychliczbowych, ze wzgledu na
przemiany zachodzace w tkankach. Brak powtarzalno$ci wynikow moze by¢ skutkiem
zrdéznicowania wlasciwosci fizycznych i1 biochemicznych nawet w obrgbie jednego gatunku
ro$liny. Duzy wplyw na opisywang zmienno$¢ maja takze uwarunkowania glebowe
i klimatyczne, stopien naslonecznienia, rodzaje stosowanych zabiegdéw agrotechnicznych,
termin zbioru wynikajacy ze stopnia dojrzatosci rosliny, czy tez czas sktadowania badanego
surowca (Bohdziewicz i in., 2013, Kolowca i in,. 2012, Kolowca i in., 2006).

Do badan owocow zurawiny wykorzystuje si¢ najczgsciej testy przebicia, i Sciskania.
Test przebicia wigze si¢ z pomiarem sity przebicia skorki 1 migzszu. Parametrem, ktory jest
mierzony jest sita, ktora przeciwdziata wciskaniu stempla do wnetrza owocu, jego struktury.
Nazwa metody wywodzi si¢ od mierzonych cech takich jak wytrzymato$¢ na przebicie,
twardo$¢ oraz jedrnos¢. Stempel uzywany do badan ma zazwyczaj ksztalt walca o $rednicy
2 mm. Sita przebicia wedlug autoréw jest proporcjonalna do powierzchni przebijajacej oraz
sity cigcia, dla ktorej wartos¢ jest proporcjonalna do obwodu tej powierzchni.

(Gorzelany i in., 2016, Grzemski i Bohdziewicz, 2012; Bohdziewicz i Czachor, 2010;
Bohdziewicz, 2006a; Bohdziewicz, 2006b).
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Celem prowadzonych badan byta analiza zmian wartosci sily przebicia skorki
I migzszu $wiezych oraz przechowywanych owocow zurawiny wielkoowocowej oraz ocena
odpornosci owocOw na uszkodzenia mechaniczne powstale w procesie jednoosiowego

Sciskania pomiedzy dwoma plytami.

2. Material i metody

Badania zostaly przeprowadzone w 2016 roku. Material badawczy stanowily trzy
odmiany zurawiny wielkoowocowej: Ben Lear, Pilgrim, Stevens, pochodzace z plantacji
znajdujacej si¢ w Radomys$lu nad Sanem (powiat stalowowolski, wojewodztwo
podkarpackie), ktorej wlascicielem jest firma ,,Sante”. Zebrane owoce w fazie dojrzatosci
zbiorczej przewieziono do Laboratorium Analiz Mechanicznych mieszczacego si¢ w katedrze
Inzynierii Produkcji Rolno-Spozywczej Uniwersytetu Rzeszowskiego. Przeprowadzono
badania majace na celu ocen¢ odpornosci skorki i migzszu owocOw zurawiny na przebicie
oraz badania wybranych parametréw mechanicznych podczas testu jednoosiowego $ciskania
Swiezych oraz przechowywanych owocow zurawiny. Material do badan sktadowany bytw
temperaturach 20°C, 10°C i 4°C. Pomiary wykonano na $§wiezych probkach oraz po 10, 20
i 30 dniach od zbioru.

Pomiar sity przebicia skorki 1 migzszu, przeprowadzony zostal przy pomocy maszyny
Texture Analyzer CT3. Pomiar wykonywany byt w jednym miejscu, w Srodkowej czeSci
owocu utozonego poziomo. Badany material zostal poddany dziataniu kontrolowanej sile
przebicia, przy pomocy stempla o $rednicy 2 mm.Test przebicia przeprowadzono zaréwno dla
Swiezych, jak 1 przechowywanych owocow zurawiny w dziewigciu powtorzeniach dla kazdej
z odmian. Po zakonczeniu serii pomiardw sporzadzono wydruk pokazujacy §rednie wartosci
sity przebicia skorki 1 migzszu F [N] oraz srednig energi¢ przebicia W [J]. Obliczono rowniez
warto$¢ naprezenia niszczacego o [MPa].

Pomiary jednoosiowego $ciskania owocoéw przeprowadzono z uzyciem maszyny
wytrzymatosciowej Zwick/Roell. Do pomiardw uzyto dwdch sztywnych ptyt migdzy ktorymi
umieszczono cale owoce w kierunku prostopadtym do wierzchotka jagody. Ustalono
parametry sity naprezenia probki- F-0,1 N przy predkosci sity wstepnej 0,5 mm/s. Badanie
przeprowadzono w 9 powtoérzeniach dla trzech odmian Zurawiny dla owocoéw §wiezych oraz
w czterech terminach pomiaru w czasie ich przechowywania. Po kazdej serii pomiarow

rejestrowano warto$ci maksymalnej sity niszczacej F [N] 1 odksztatcenia L [mm)].
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3. Wyniki
e Ocena $rednich wartosci sity przebicia skorki 1 migzszu owocOéw zurawiny

wielkoowocowej

Wiasciwosci mechaniczne ptodoéw rolnych charakteryzuja si¢ duza zmienno$cig.
Wiasciwosci sity przebicia uzaleznione sg od wielu czynnikow m. in. warunkow srodowiska,
wielko$ci owocu, odmiany czy tez miejsca przytozenia stempla.

Rysunek 1 przedstawia $rednie warto$ci sity przebicia skorki i migzszu owocow

zurawiny wielkoowocowej w zaleznosci od temperatury i czasu przechowywania.
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Rys.1. Srednie wartosci sily przebicia skorki i migzszu badanych odmian zurawiny wielkoowocowej
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Srednie wartosci sity przebicia skorki i miazszu $wiezych owocow zurawiny w
pierwszym terminie pomiaru byly zréznicowane i wynosity odpowiednio: 6,7 N dla odmiany
Stevens, 7,3 N, dla odmiany Pilgrim oraz 7,8 N dla odmiany Ben Lear.

Podczas przechowywania owocoéw zurawiny wielkoowocowej w temperaturze 20°C,
odnotowano spadek sity przebicia skoérki 1 migzszu w czasie przechowywania. Owoce
przechowywane w temperaturze pokojowej charakteryzowaty si¢ najnizszymi warto§ciami
sity przebicia skorki 1 migzszu w ostatnim terminie pomiaru w stosunku do owocow
przechowywanych w temperaturach chlodniczych. Najwyzszag wartos¢ odnotowano dla
odmiany Ben Lear- 5,5 N.

W czasie przechowywania owocow zurawiny wielkoowocowej w temperaturze 10°C,
srednie warto$ci sily przebicia skorki i migzszu réwniez malaly wraz z czasem
przechowywania. Dla odmiany Ben Learspadek $redniej wartosci sity przebicia skorki
i migzszu wyniost 1,5 N, a odmian Stevens i Pilgrim- 0,7 N.

W temperaturze 4°C, podobnie jak we wcze$niej omawianych temperaturach
przechowywania, najwigkszy spadek S$redniej wartosci sity przebicia skorki i migzszu
owocow zurawiny wielkoowocowej odnotowano w pigtym terminie pomiaru u odmiany Ben
Lear- 1,9 N. Dla odmian Pilgrim 1 Stevens spadki wartosci analizowanego parametru
wynosily odpowiednio 0,4 N oraz 1,2 N.

Rysunek 2 przedstawia $rednie wartosci sity przebicia skorki 1 migzszu badanych

odmian zurawiny niezaleznie od temperatury przechowywania i terminu pomiaru.
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Rys.2. Srednia sita przebicia skorki i miazszu badanych odmian zurawiny niezaleznie od temperatury

przechowywania

Wraz z czasem przechowywania wartos¢ przebicia spadata. Spadki te nie byly
znaczace, dlatego mozna stwierdzi¢, ze zurawina jest owocem dedykowanym do dlugiego

przechowywania. Niezaleznie od temperatury przechowywania najwyzszy spadek Sredniej
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sity przebicia badanego materialu zanotowano dla odmiany Ben Lear, warto$¢ ta wyniosta
1,5N. Zurawina wielkoowocowa odmiany Pilgrim w kolejnych terminach przyjmowata
najwyzsze wartosci sredniej sity przebicia odpowiednio: drugim (7,3 N), trzecim (7,1 N),
czwartym (6,9 N) 1 pigtym (6,8 N) terminie. Najnizsze wartosci analizowanego parametru w
czasie przechowywania odnotowano dla odmiany Stevens.

Tabela 1 przedstawia $rednie wartosci energii niszczacej W [J] oraz naprg¢zenia
niszczacego o [MPa] badanych odmian zurawiny wielkoowocowej w zaleznos$ci od
temperatury i czasu przechowywania. Owoce odmiany Ben Lear charakteryzujg sie
wartosciami energii niszczacej mieszczacymi si¢ w przedziale od 8,6 do 10,2 J. Dla odmiany
Pilgrim wartosci te byty mato zréznicowane i miescity si¢ w zakresie od 10,9 do 11,3J, zas u
odmiany Stevens od 9,5 do 12,3 J. Wraz z czasem przechowywania warto$¢ analizowanego
parametru ulega obnizeniu niezaleznie od temperatury przechowywania. Wartosci napr¢zenia
niszczacego byly mato zréznicowane 1 miescity si¢ w przedziale od 1,7 MPa do 2,5 MPa,
niezaleznie od odmiany, terminu pomiaru oraz temperatury.

e Ocena $rednich wartoSci sity niszczacej

Na rysunku 3 przedstawiono $rednie wartosci sity niszczace] $wiezych
I przechowywanych owocOw analizowanych odmian zurawiny. W pierwszym terminie
pomiaru uzyskane wartosci sity niszczacej byly zrdznicowane, dla analizowanych odmian
i miescity sie¢ w zakresie od 57,0 N - odmiana Pilgrim do 66,9 N -odmiana Stevens.
Odnotowano spadek S$redniej warto$ci sity niszczacej w czasie przechowywania owocoOw
zurawiny. Dla owocow odmiany Ben Lear przechowywanych w temperaturze 20°C w pigtym
terminie pomiaru spadek ten wyniost 22,6 N, za$ dla odmian Pilgrim 1 Stevens odpowiednio
13,7Ni22,1N.

Najwigkszy spadek wartoS$ci sily niszczacej w czasie przechowywania w temperaturze
10°C odnotowano dla odmiany Stevens. W ostatnim terminie pomiaru wartos¢ sity niszczacej
byta nizsza w stosunku do terminu pierwszego o 28,3 N. Wartosci analizowanego parametru
dla odmiany Ben Lear systematycznie spadaly wraz z czasem przechowywania owocoéw
zurawiny. Najwiekszy spadek S$redniej wartosci sily niszczacej odnotowano pomiedzy
drugim, a trzecim terminem pomiaru — 10,7 N. Pomimo to, owoce tej odmiany
przechowywane w temperaturze 10°C cechowaly si¢ najwigksza odpornoscig na uszkodzenia
w ostatnim terminie pomiaru.Odmiana Stevens charakteryzowata si¢ zblizonymi warto$ciami
analizowanego parametru w czasie przechowywania. Gwaltowny spadek $redniej sily

niszczacej nastgpit pomiedzy czwartym, a pigtym pomiarem i wyniost 11,9 N.
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Tabela 1. Srednie wartosci energii niszczacej W [J] oraz naprezenia niszczacego ¢ [MPa], dla analizowanych
odmian owocow zurawiny wielkoowocowej w zaleznosci od temperatury i czasu przechowywania

. Energia Lo
Termin Temperatura . Naprezenie niszczace
pomiaru przechowywania niszezaca ¢ [MPa]

W [J]
Ben Lear
1 20 10,2 +1,3 2,1+0,3
4 10,2+1,3 2,1+0,2
2 10 9,7+14 2,0+0,3
20 94+1,3 2,0+0,3
4 10,0£1,1 2,1+0,2
3 10 93+1,1 1,9+0,2
20 9,612 1,9+0,2
4 9,6+ 1,1 2,0+0,3
4 10 9,5+1,0 1,9+0,1
20 9,1+12 1,9+0,2
4 94+1,8 1,9+0,3
5 10 9,612 1,9+0,3
20 8,624 1,7+0,5
Pilgrim
1 20 11,3+ 0,9 2,3+0,2
4 11,3+£0,9 22+0,2
2 10 11,5+1,0 2,3+0,2
20 11,8 +1,3 2,3+0,3
4 10,9+ 1,6 22+0,3
3 10 10,9 +1,3 2,2+0,2
20 11,0+£1,7 2,3+0,3
4 10,9+ 1,4 2,2+0,2
4 10 10,9+ 1,6 2,2+0,3
20 10,9 +1,2 22+0,2
4 10,6 £1,0 2,2+0,2
5 10 10,6 £1,1 2,1+0,2
20 10,9 +1,2 2,2+0,2
Stevens
1 20 12,3+1,7 2,5+0,3
4 11,2+0,9 2,3+0,2
2 10 11,8+1,4 2,3+0,3
20 11,5+1,0 2,3+0,2
4 10,6 £ 1,8 2,1+0,3
3 10 10,8 £1,1 2,1+0,2
20 11,1 +£1,7 22+0,3
4 10,4 +1,1 2,1£0,2
4 10 10,6 £ 1,2 2,0+0,3
20 11,0+ 1,6 22+0,3
4 9,9+2,1 2,0+0,5
5 10 10,0+ 1,4 2,0+0,3
20 9,5+2,5 1,9+0,5
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Srednie wartosci  sity niszczacej dla trzech badanych odmian Zurawiny
wielkoowocowej przechowywanej w temperaturze 4°C byly malo zréznicowane.
Zaobserwowano spadek wartosci sily niszczacej w kolejnych terminach pomiaru.
W przypadku przechowywania owocoOw odmiany Ben Lear koncowa warto$¢ analizowanego
parametru wynosita 47,9 N. W kolejnych dwoéch odmianach réwniez zanotowano spadek
warto$ci sity niszczacej. Dla odmian Pilgrim i Stevens spadek pomig¢dzy analizowanymi

terminami pomiaru byl nieznaczny.
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Rys.3. Srednie wartoéci sity niszczacej F [N] w roznych terminach pomiaru wybranychodmian zurawiny

wielkoowocowej
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Rysunek 4 przedstawia $rednie warto$ci sity niszczgcej owocOw niezaleznie od
temperatury przechowywania. W czasie przechowywania analizowanych odmian owocow
zurawiny wartosci analizowanego parametru zmniejszaly sie. W pigtym terminie pomiaru
najwyzszg wartos¢ sity niszczacej odnotowano dla odmiany Ben Lear, wynosita ona 44,6 N.
Najnizszg warto$cig analizowanego parametru charakteryzowata si¢ za$§ odmiana Stevens.

Warto$¢ ta wynosita 42,0 N.
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Rys.4. Srednia warto$¢ sity niszczacej owocéw wybranych odmian[N] w pigciu terminach pomiaru, niezaleznie

od temperatury przechowywania

Rysunek 5 przedstawia linie trendu $rednich wartosci sity niszczacej oraz linie trendu $rednich
wartosci energii niszczacej w zaleznosci od terminu pomiaru. Zalezno$¢ ta opisuje funkcja
kwadratowa drugiego stopnia. Dla analizowanych odmian obliczono rowniez wspotczynniki
determinacji R%. Warto$ci wspotczynnikéw dla analizowanych odmian byty bardzo wysokie i miescily
si¢ w przedziale od 0,81 dla odmiany Ben Lear do 0,97 dla odmiany Stevens.

Linie trendu $rednich wartosci energii niszczacej w zaleznoéci od terminu pomiaru oraz
niezaleznie od temperatury przechowywania przedstawia ryc.6. Wartosci wspotczynnikow
determinacji R? dla zaleznosci pracy od terminu pomiaru wynosity od 0,93 dla odmiany Ben Lear do

0,99 dla odmiany Stevens.
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4. Dyskusja

Badanie wlasciwosci mechanicznych owocow zurawiny stosuje si¢ w celu
doskonalenia nowych technologii zbioru. Pomiary mechaniczne majg za zadanie stwierdzenie
zalezno$ci miedzy silg przebicia skorki 1 migzszu zurawiny, a odksztalceniem do momentu jej
przebicia. Okresleniem potrzebnej energii do przebicia jak rowniez sprezystosci skorkii
migzszu w testach $ciskania owocow. Podczas przeprowadzania badan nalezy wybrac
surowce podobne do siebie pod katem gatunku wielko$ci oraz barwy. Wyniki takich badan
owocOw oraz ich analiza stuzg czesto do opracowania wzorcéw 1 modeli matematycznych,

ktore pozwalajg porownywac¢ wyniki (Jaroszynska i in., 1978). W badaniach mechanicznych
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owocOw zurawiny stosuje si¢ najczesciej testy jakimi s3: Sciskanie jednoosiowe catych
owocow migdzy ptytami oraz przebicie stemplem.

Test przebicia wykorzystywany przez Monma jest testem dla malych owocow o
delikatnej i drobnej budowie (Monma i in., 1977). Test polega na odczytaniu sity przebicia
migzszu 1 skorki w momencie niszczenia tkanki. Przebicie zurawiny odbywa si¢ za pomoca
malego okragtego stempla o $rednicy 2 mm. Omowienie tego testu ze szczegdtowym opisem
opublikowal Bourne (Bourne, 1966). Test na zgniatanie powoduje bezpowrotne odksztalcenie
owocOw tworzone przy pomocy nacisku z gory ptyty na podparty owoc. Wazng cechg testu
jest opcja ustalenia $redniej wartosci sity ktora powoduje uszkodzenie (zgniecenie) owocu.
Metody badan oraz wyniki pomiardw mozemy wykorzysta¢, nalezy jednak pamigta¢ aby byty
one polaczone $cisle z celem badania oraz przeznaczeniem surowca do dalszych etapow jego
utrwalania (Goodall i Scholey, 1975; Gooding, 1976).

Gorzelany 1 wspolautorzy prowadzili badania sity przebicia skorki 1 miazszu $wiezych
oraz przechowywanych owocow. Srednia warto$¢ energii potrzebna do przebicia migzszu i
skorki zurawiny stemplem o $rednicy 2 mm przyjmowata wartosci od 3,1 do 9,9 J, a spadek
energii byt spowodowany czasem przechowywania zurawiny, natomiast rdznica $redniej silty
przebicia wyniosta 2,3 N. Na spadek warto$ci napr¢zenia niszczacego najwiekszy wptyw miat
czas (Gorzelany i in., 2016).

Badania sity niszczacej w procesie Sciskania na sze$ciu odmianach owocow zurawiny
prowadzita réwniez Migut i wspétautorzy. Srednia warto$é sity niszczacej w procesie
Sciskania calych owocoéw byta w zakresie od 52,2 N do 60,3 N. Owoce odmiany Red Star
byly najbardziej odporne na $ciskanie. Srednia warto$¢ sily niszczacej niezaleznie od
warunkow wahata si¢ na poziomie 39,13 N — 61,77 N. Energia potrzebna do zniszczenia

(pekniecia) owocow miescita sie¢ w zakresie od 173,4 J do 288,1 J (Migut i in., 2016).

5. Whnioski

1. Srednia sila przebicia $wiezych owocow analizowanych odmian Zzurawiny
wielkoowocowej byta zroznicowana i mieScita si¢ w przedziale od 6,7 N dla odmiany
Stevens do 7,8 N dla odmiany Ben Lear.

2. Odnotowano spadek S$redniej warto$ci sily przebicia skorki i migzszu owocow
zurawiny niezaleznie od temperatury przechowywania. Najwiekszy spadek wartosci

parametru odnotowano dla odmiany Ben Lear przechowywanej w 20°C - 1,9 N.
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3. Srednia energia niszczaca W [J] potrzebna do przebicia skorki i miazszu owocow
zurawiny wielkoowocowej byla w przedziale od 8,6 J do 12,3 J. Na spadek energii W,
wplyw miat czas przechowywania owocow zurawiny.

4. Napregzenie niszczace ¢ [MPa] wahato si¢ od 1,9 MPa do 2,5 MPa, temperatura
przechowywania nie miata wplywu na spadek warto$¢ naprezenia niszczgcego.

5. Uzyskane $rednie wartosci sily niszczacej w procesie jednoosiowego S$ciskania
$wiezych owocow byly w zakresie od 57,0 N dla odmiany Pilgrim do 66,9 N dla
odmiany Stevens.

6. Zaobserwowano wptyw czasu przechowywania na warto$¢ sily niszczacej, ktora wraz
z uptlywem czasu malata. Najwickszy spadek odnotowano dla odmiany Stevens
1 wynosit on 28,3 N.

7. Odnotowano S$cisla zalezno$¢ S$redniej wartoSci sity niszczacej, zapotrzebowania
energii do zniszczenia owocow analizowanych odmian zurawiny od czasu
przechowywania. Warto$ci wspotczynnikéw determinacji R? byly wysokie i wynosity
odpowiednio:

e dla sily niszczacej- R? od 0,9856 dla odmiany Ben Lear do 0,9945 dla odmiany
Pilgrim.

e dla energii niszczacej- R? od 0,9255 dla odmiany Ben Lear do 0,9999 dla odmiany
Stevens.
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Summary

An analysis of the capabilities of the 365FarmNet computer program was conducted in 2017. The main purpose
of the study was to characterize the 365Farmnet modules as well as to evaluate the functionalities of the program
in practice. The study concentrated on a way of connections between multidimensional data generated during the
operation of an innovative farm. The insight of the affordability of the program for a potential 21st-century
farmer was equally important. The article uses primary and secondary sources of information. The primary data
came from unstructured interviews with the creators of the described program and also from the authors’ own
experience in practical use of the program on an actually functioning farm. The secondary data came mainly
from literature of the subject and from internal documents of the company offering 365FarmNet program. In
order to examine the farmers' attitude to computer programs and the actual functionality of 365FarmNet, a
survey was conducted among farmers. Based on the research, it can be stated that farmers are positively
considering the solution of computer software. 365FarmNet has enough modules built in. Its functionality
confirms the positive results of the survey.

Keywords: agriculture, databases, farm management, computer program for agriculture.

Mozliwosci programu komputerowego 365FarmNet w kontekscie baz
danych jako fundamentu zarzadzania gospodarstwem rolnym XXI wieku

Streszczenie

Analiza mozliwo$ci programu komputerowego 365FarmNet zostala przeprowadzona w biezacym roku.
Gléwnym celem badania bylo scharakteryzowanie moduldéw programu 365Farmnet, a takze ocena
funkcjonalnos$ci programu w praktyce. Badanie skupiono na sposobie powigzania wieloptaszczyznowych danych
generowanych podczas funkcjonowania innowacyjnego gospodarstwa rolnego. Rownie wazne bylo rozeznanie
przystepnosci programu dla potencjalnego rolnika XXI wieku. W artykule wykorzystano pierwotne i wtorne
zrodta informacji. Dane pierwotne pochodzily z wywiaddéw nieustrukturyzowanych z tworcami opisywanego
programu oraz z wilasnych do$wiadczen wynikajacych z praktycznego uzycia programu w rzeczywiscie
funkcjonujagcym gospodarstwie rolnym. Dane wtorne pochodzity glownie z literatury przedmiotu oraz
z dokumentéw wewnetrznych firmy oferujacej program 365FarmNet. W celu zbadania stosunku rolnikéw do
programow komputerowych oraz rzeczywistej funkcjonalnosci programu 365FarmNet, przeprowadzono ankiete
wsrod rolnikow. Na podstawie przeprowadzonych badan mozna stwierdzi¢, ze rolnicy pozytywnie rozpatrujg
rozwigzanie jakim jest oprogramowanie komputerowe. Program 365FarmNet ma wystarczajaco rozbudowane
moduty. Jego funkcjonalnos¢ potwierdzaja pozytywne wyniki ankiety.

Stowa kluczowe: rolnictwo, bazy danych, zarzadzanie gospodarstwem rolnym, program komputerowy
dla rolnictwa.

1. Introduction

With the introduction of a free market in Poland in the 1990s, Polish economy was
reorganized. In 2004 Poland entered the European Union. Agriculture, as the main sector
of this country's economy had to be modernized and become more efficient to face
the competition of Western countries in the new, wider market. In the past dozen or so years,

many innovations have emerged. The greatest progress can be seen in precision agriculture.
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Onboard computers position the machine by satellite navigation and are able to carry out
variable dosing of fertilizers. Harvesters record the yield. The fields are mapped both in terms
of abundance and the degree of soil consistency (Doruchowski 2008). The size of hunting
damage can be determined from a bird's eye view. The above - mentioned innovations
are only part of what the 21% century agriculture may offer. In the era of digitalization, data
is generated at every step and one recorded information is the characteristic feature of the

farm. The way to succeed is to organize, control and analyse these collected data.

2. Material and methods

The aim of the work is to characterize and analyze the possibilities of computer
program applications on the example of 365FarmNet. The subject of the research was Polish
version of 365FarmNet - owned by the German company 365FarmNet, seat in Berlin. The

analysis was conducted in respect of the following issues:

. Practicality of use

I1. Creating a database

[11. Documentation methods

IV. Analytical possibilities

V. Information provided from the outside
VI. Data safety

VII. Cost

VI111. Support

The article uses primary and secondary sources of information. The primary data came
from unstructured interviews with the creators, traders of the described program and also from
the authors’ own experience in practical use of the program on an actually functioning farm.
In addition, questionnaire inquiry was carried out. It had nature of survey (Stachak 1997) and
it was using computer support among farmers. Respondents were asked about the overall
interest in computer programs for agriculture, and also about the evaluation of 365FarmNet
(this part was only filled in by people who already knew this program). For the questionnaire
was used a specially designed questionnaire with closed and semi-open questionnaire. The
secondary data came mainly from literature of the subject, the internet website
https://www.365farmnet.pl/ and from internal documents of the company offering

365FarmNet program.
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3. Results

The survey was carried out in April 2017 through an Internet channel. Respondents
were chosen in a targeted manner, because only farmers could be chosen. In total, 91 people
responded, of which 16 people used 365FarmNet and only those respondents rated the app.
Based on the answers obtained, the results shown below were developed. The first part of the
questionnaire was used to characterize the study group. The majority of respondents are men
(70%) and women (30%). Looking at the age structure, the number of people was 26 years
old (64.4%), between 26-35 years old was 15.6%, 36-39 years old group was 13.3%, and
people over 45 years was 6, 7%. The selected farmers in 44.4% represented only farms with
plant production, and 13.3% with farms with a high prevalence of livestock production, while
the remaining 42.2% were farmers from mixed farming. The next part of the questionnaire
was related to the general questions related to computer programs to support farm

management (Fig. 1 —2).

40
30
20
10
0 - —
Very good Good Medium Bad Wery Bad
solution solution solution solution solution

Fig. 1. The answer to the question: do you think the use of computer programs supporting farm management is a
good solution?
Source: own elaboration

The vast majority of respondents described computer programs as a good and very
good solution for facilitating farm management (Fig. 1). Even so, half of the respondents
admitted that there was no experience with a program of such use. 31.1% of respondents are

active users of any computer programs. 17.8% are active account holders in 365Farmnet
(Fig. 2).
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@ Yes, currently | use
a different program
than 365Farmiet

@ Yes, but currently |
don't use any
program
Yes, | currently use
program
Je5FarmMet

@ Mo, | have no
experience with any
program

Fig. 2. The answer to the question: do you have any experience in handling such programs?
Source: own elaboration.

The last part was devoted to opinions about 365FarmNet experience (Fig. 3, 6, 7, 9).
They will be presented and discussed during the characterization of each of the eight
components listed in the Materials and Methods chapter.

. Practicality of use

365FarmNet is an online platform, where a user creates a personal account, protected
by login (email address) and password. A farmer hiring an employee can create additional
access to the account selecting the scope of disclosed data. The use of the program is closely
related to the Internet access as the entered data is stored in the Cloud. This is a positive
aspect as the user can use the program remotely from a personal computer. An alternative in
case of no internet access is a mobile version on a smartphone or tablet. This is a simplified
form of the platform, with the ability to work both online and offline. An account on the
365FarmNet platform can be used by the owner but also by third parties with additional
access to the account. For the use, the practical organizing of the program is quite important.
The comfort of work is influenced by: the colouring of the program elements (Fig. 4.) and the
presentation of some of the selection options in the form of icons. The program is intuitive,
which consists in, among other things, the arrangement of content in bookmarks and the
ability to filter columns. Data is summarized using charts and various calculations.
Multichannel access to the same sample data enables cross-validation of the correctness
of records. The overall rating of 365FarmNet is very positive, as more than 90% indicates that

it is easy to use (Fig. 3).

52



® ves
® Mo

Fig. 3. The answer to the question: is the program 365FarmNet easy to use?
Source: own elaboration.
I Creating a database

The basis of using this computer program is the introduction of detailed information
on the most important areas of the means of production. This is the foundation of later created
documentation. There are three ways to enter data into 365FarmNet:

a) Manual input - consists of entering manually each data relevant to the user. This method

applies to most department (Fig.4.).
I Farm wWCrop wr Cattle

Fields Fertilisers plant

protectant

.
External Weather 130 import Crops Master Milking
connecti_.. locations data sessions

Milk tank Functional
parameters

Farm sites

Fig. 4. A screen shot of the modules of databases entered manually

b) File loading — this method is combined with module “Fields” , and it allows to enter field
boundaries by importing three files with extensions: .shp (contains the geometry of the
object), .shx (allows for quick search of data), and .dbf (contains attribute data). You can also
add a .prj file. (it provides information about the coordinate system and mapping), whereas
the lack of the file does not interfere with operation. The user is instructed by the program

during the entire operation of importing field borders. (Fig. 5.).
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Importing tasks and additional master data

(1) 2 3 4 5

\J
Upload file Match master data Select Tasks Match Tasks Summary

Upload file @

+ Add

Fig. 5. A screen shot of the instruction appeared during importing tasks and additional master data

c) Automatic update - this data entry method applies to the following modules: Fertilizers,
Plant Protectant, Crops. Data is entered and updated automatically by 365FarmNet company.
This directly affects the user's time savings. What is more, it makes the user work on up —to —

date data. More than 90% of respondents said that the automatic update was helpful (Fig. 6).

® Yes
® Mo

Fig. 6. The answer to the question: Is updating the database for fertilizers, plant protection products and varieties
helpful?
Source: own elaboration.

111 Documentation methods.

Documentation is a basic activity performed by a user on a given day of work. For this
reason, the ease and intuition of record creation is a significant factor influencing farmers’
willingness to use farm management programs. According to the poll, 81.3% of users

surveyed said that creating documentation in 365FarmNet is not complicated (Fig. 6).
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@® No
® Yes

Fig. 7. The answer to the question: is documentation of 365FarmNet complicated?
Source: own elaboration.

365FarmNet offers several ways of registration field activities. Above all, both the
account owner and an employee can note down those activities. Records are created according
to database created at the beginning of the program use, as described in point Il. Every
recorded action is placed in "Document" section. They are segregated according to their status
into four separate tabs. The basic way of documenting is entering a task manually on the main
portal having access to the Internet. In order to create a task, the user selects the "Operations”
tab from the main menu, and then decides whether the task concerns crop cultivation or cattle.
Then, the user goes to the documentation shown in Figure 3 and clicks on "+ more
operations”. Then, the program displays several icons representing the nature of the task
performed on the field, for example, "Soil Cultivation”, "Harvest", "Sowing", "Fertilization".

By selecting one, the person goes to the final booking shown in Figure 3.

™ Manage Plan Document Analyze W Shop Maps Calendar
EBooking Operations Cancel  Plan  Book
PH Tilliage

Timerange | 17/04i2017 | [¥] All day

Field

=+ Advanced

Product

=+ Advanced

Person

=+ Advanced

Machine

=+ Advanced

Notes

Fig. 8. A screen shot of sample documentation
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For each line data should be selected from the created database, corresponding to the
recorded task. The "select" icon is used to speed up selection by filtering, allowing the
selection of several options at once. For personal remarks there are notes, but when booking
the use of plant protection products, the Cross Compliance in the "Analyze" section
is an "indication" of the procedure. After completing the selected gaps, the documentation can
be recorded or scheduled. Depending on the chosen status of the activity and the way of
writing, the documents are separated by four tabs. For the “scheduled” items, the already
made task goes to the first tab "Planned” as the task is recorded but not completed. Each of
the lines here can be exported as ISO-XML files via the USB port to an onboard computer of
a tractor (a record is moved to the "Sent" tab). The exported file may contain master data,
field boundaries, and AB lines to the ISO terminal. -XML (v2.1) (or any other, specific to
machine manufacturer). After completing the task, the files from both the first and second
tabs must be moved to the "Booked"”. Documentation can also be created using the mobile
version, which is limited to "Documentation”, "Field File" and "Weather". However, when it
comes to booking, this mobile version gives more opportunities than the basic version. The
most important advantage is the availability both online and offline (after connecting to the
internet, documentation is automatically put into the program). Moreover, when selecting the
fields, you can give to calculation either the whole area or a part of it (25%, 50%, 75%,
100%). The third additional convenience is the ability to enter the sprayer data needed for the
production of utility liquid. As for the duration of this operation, it can be introduced on a
regular basis using the built-in stopwatch. The rest of the booking process is similar to the
main portal on deduction. The prepared documentation goes to the tab "Received". The third
method of booking in 365FarmNet is to import ISO-XML files via USB. This documentation
method is dedicated to users having tractors with on-board computers. The files generated by
these devices are called TASKDATA.xIm. This file can be imported to 365FatmNet. Then it
goes to the "Received” tab. The fourth method is booking with 365ActiveBox application.
This module is currently under development by 365FarmNet. At the 22™ International Fair of
Agricultural Techniques in Kielce, a prototype of a device cooperating with 365ActiveBox
application was presented. This is a small box attached to a machine and to older tractors
without an on-board computer. It is designed to automatically select a machine and a person
to documentation when performing a task by an employee. The second option provided is

time measurement.
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All documentation, booked in any way, after completion eventually go to the most
comprehensive tab called "Booked". At this point they are independent of the database, which
means that any changes in basic information do not modify the booked documentation. Based

on them, the files of the last part, "Analyze", are generated.

IV. Analytical possibilities.

Each chart and table helps to analyze a farm. However, a separate main menu tab
called "Analyze" is devoted to a detailed description of a farm. The program offers two types
of documents. The first one is Field Map. This is a correlation of a description of a plot
of land with a balance of macro elements and with a comprehensive calculation of all costs
incurred. In the print version, the document also includes field boundaries on the map. Field
Map is the most important tool for farm management analysis. It shows the amount of earned
profit or loss, and also fixes the past by creating the history of each plot of land. The second
type of document is Cross-Compliance. It contains data on plant protection treatments carried
out on a specific field during the harvest year. It also specifies the detailed name and type
of chemical used, date of operation, person, dose and indication. Compared with Field Map,
the document does not disclose the costs incurred. It is a documentation of the plant
protection products used - the requirement for each professional user under the plant
protection products law of 8th March 2013. The list and evaluation of the crop
or the individual means of production are provided by two other icons in the "Analyze" tab,

namely "Crop overview" and "Consumption™.

V. Information provided from the outside.

On its home page, 365FarmNet presents information about market prices for
agricultural products from SAATBAU company. Below the map, there is frequently updated
weather forecast from meteorological station METEOBLUE. In the upper right corner you
can find agricultural news. The information provided from the outside helps with the

decision-making process in farm management.

VI. Data safety.

All user’s data is stored in Germany, on ISO certified servers. The company attaches
special importance to protection from unauthorized access, damage, loss, corruption
or destruction of data. Each information sent is protected by encryption. That is in accordance
with the basic safety standards. 365FarmNet does not share data without the user’s explicit
consent to third parties outside of 365FarmNet Group GmbH & Co. KG GmbH
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and 365FarmNet GmbH. Actions in this respect are in accordance with the provisions
of the German data protection act and the European data protection guidelines. Additionally,
the company cooperates with Diisseldorf-based federal and national authorities overseeing

data protection.

VII. Cost.

365FarmNet was founded in 2013. However, initially it only worked on the German
market. Currently, 365FarmNet is also available in Poland. According to an interview
conducted, due to ongoing work fixing the method of payment, a user has no practical ability
to make payments. These works are most likely to finish by the end of 2017. The method
of calculating costs and the frequency of payments is already known. The basic version will
be free. It includes: database module, manual booking and previous options of the "Analyze"
section. All additional modules (such as Warehouse, Export and Import of 1ISO-XML files,
weather extension) will be priced in a Shop module. Payment for 365FarmNet will be in the
form of a monthly subscription. Its height will be the sum of the costs of selected modules.
Each month, the user re-chooses the departments he wants to use. Therefore, the price for
365FarmNet may vary from month to month. As of today, the whole program can be used
free of charge. In the future, the introduction of the Shop module and the possibility

of payment, will not violate the data entered.

VIII. Support.

365FarmNet offers assistance in implementing the program for everyday life and

in solving problems at work using several tools:

- tutorial videos - these are short clips in multimedia form. They are supposed to show you
step by step how to use individual modules. A voice commentary explaining the details

is included in the recording.

- Polish customer service centre - operates from Monday to Friday at 08.00 - 17.00. The

counselling team can be contacted in two ways: by sending an e-mail or by calling.

- Sending a ticket - this is a specific question to the support team directly from the main
365FarmNet platform. Used to solve technical problems.

- Remote Assistance - If you have problems that are difficult to solve, you can ask for
practical help. 365FarmNet employee is able to remotely conduct training or make changes
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to a user's computer using TeamViewer. The employee loses access to the device at the end

of the session.

- Personal consultation - is possible at some agricultural fairs both in Poland and abroad.
In addition to solving the doubts, this is a way to get acquainted with the novelties of the

program.

93.8% of respondents said that they had access to support from software delivery staff (Fig.
9). Most likely, this is due to the variety of forms of help, whereby each user can select the

corresponding option.

® Yes
® Mo

Fig. 9. The answer to the question: If you have problems using 365FarmNet, do you have access to support from
your software vendor?
Source: own elaboration.

4. Discussion

Nowadays, a large percentage of farmers believe that computer programs are needed
on farms, however, unfortunately, only few people actually use them (Francik 2010). With
a change of generations in family farms, a share of Internet use and computer programs in the
decision-making process is increasing. This is related to the Internet as the main source
of information for young people. Despite the fact that farm management software generates
a number of benefits, there are several issues that are obstacles to the implementation of these
systems. Farmers fear that the cost of buying the program will not reimburse. Secondly, the
use is apparently complicated. In addition, users doubt that the information presented in the
programs is updated often enough to allow them make decisions in critical times. (Grudzinski
2006; Kerr 2004).

However, Johann Wolfgang von Goethe said, "Who does not go forward, goes
backwards.” This quotation is particularly relevant in today's digital era. Sustainable

agriculture is closely related to precision agriculture (Doruchowski 2008). Precision farming,
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on the other hand, is based on digital data that needs to be sorted, juxtaposed and analysed
to produce an effect. Hence, a computer program is essential for the functioning
of a 21% century agricultural farm, run in a sustainable way and aimed at work optimization.
However, the fundamental requirement for software is accessibility so that farmers have
no doubts or fears. 365FarmNet does not cost a lot. Moreover, it is designed in an intuitive
way, which improves practicality and reduces the time spent on program maintenance.
Extensive support prevents the farmer from getting discouraged while encountering
a problem. The analysis also shows that much of the data is updated on a regular basis,

allowing the user to conduct decision-making processes based on 365FarmNet.

5. Conclusions

« A computer program is essential for the functioning of a 21* century agricultural farm,
run in a sustainable way and aimed at work optimization.

» 365FarmNet fulfils the obligations of precision agriculture and is affordable to

a farmer.
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Summary

Plants’ ability to use simple forms of mineral nitrogen and to turn it into complex proteins plays a vital role in
the context of life. The insertion of nitrogen into the soil is performed through mineral and organic fertilization,
and through leaving plant remains. Thanks to symbiotic bacteria (Rhizobium) and free-living bacteria
(Azotobacter), nitrogen can be linked from elementary nitrogen present in the atmosphere. Mineral nitrogen in
the soil is present mainly in the form of nitrate (NO3), and, to a lesser extent, in the form of ammonium (NH,").
In the form of nitrate, nitrogen is adsorbed on the surface of the soil’s particles to the minimal extent; it is very
mobile, therefore prone to leaching. The direct emission of NH3 occurs only after fertilisers containing nitrogen
in the form of ammonium (NH,") and containing nitrogen in the form of amide (NH,"), which quickly undergoes
the change into the form of ammonium, are used. Nitrogenous compounds negatively affect the environment,
impacting the quality of surface and underground waters, the change of the biological relations in the soil, and
the pollution of the environment. Slow-release nitrogen fertilisers, specially processed mineral fertilisers, may
constitute an alternative for the conventional nitrogenous fertiliser. In order to achieve the slow-release feature of
nitrogen, coating of granules is applied and, at the same time, synthetic nitrification inhibitors or urease
inhibitors are added.

Keywords: nitrogen, fertilizers, inhibitors, crop

Nawozy azotowe zawierajgce inhibitory w produkcji roslinnej

Streszczenie

Zdolno$¢ roslin do wykorzystania prostych form azotu mineralnego i przeksztalcania ich w biatka ztozone ma
fundamentalne znaczenie dla zycia. Wprowadzanie azotu do gleby odbywa si¢ poprzez nawozenie mineralne
oraz organiczne, a takze poprzez pozostawianie resztek roslinnych. Dzieki bakteriom symbiotycznym
(Rhizobium) oraz wolno zyjacym (Azotobacter) azot moze by¢ wiazany z azotu elementarnego wystepujacego w
atmosferze. Azot mineralny w glebie wystepuje glownie w postaci azotanowej (NO3’) 0raz w mniejszym stopniu
amonowej (NH,"). W postaci amonowej azot jest w minimalnym stopniu adsorbowany na powierzchni czastek
gleby, jest bardzo mobilny i dlatego podatny na wymywanie. Bezposrednia emisja NH3 wystepuje tylko po
zastosowaniu nawozow zawierajacych azot w formie amonowej (NH,") oraz zawierajacych azot w formie
amidowej (NH,"), ktory szybko ulega przemianie do formy amonowej. Zwigzki azotowe niekorzystnie wptywaja
na Srodowisko dziatajac na jako$¢ wod powierzchniowych i podziemnych, zmiang stosunkéw biologicznych w
glebie, skazenie Srodowiska. Alternatywa dla konwencjonalnych nawozéw azotowych moga byé nawozy o
spowolnionym uwalnianiu azotu, sg to nawozy mineralne specjalnie przetwarzane. W celu uzyskania powolnego
uwalniania azotu stosuje si¢ otoczkowanie granul jednoczes$nie dodajac syntetyczne inhibitory nitryfikacji lub
inhibitory ureazy.

Stowa kluczowe: azot, nawozy, inhibitory, uprawa

1. Introduction

Molecular nitrogen (N,) is the most common form of nitrogen in the atmosphere,
while the other gaseous forms of this element appear temporarily in the environment in trace
quantities (Arp et al. 2003, Pace 1997). lonic and organic forms of nitrogen are chemical
compounds necessary for maintaining life on Earth, and they constitute the main building
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component of, e.g., proteins and nucleic acids (Galloway et al. 2008, Arp et al. 2007). The
nitrogen originating from mineral fertilisers is included into the cycle of the transformation of
soil nitrogen, whose basic element is constituted by nitrification, therefore by the oxidation of
the reduced ammonium forms into nitrites (NO;) and nitrates (NO3z") (Kenner et al. 1993,
Prosser 1986). Nitrates being the final product of oxidation are the main nitrogen form
assimilable by living organisms and an important factor limiting the primary production. In
agriculture, nitrification may lead to losses regarding fertilisers and to the pollution of the
(ground) waters with nitrogen. Due to this, fertilisers containing inhibitors among their
compounds have a greater and greater practical meaning in the fertilisation of plants. Their
main advantage is constituted by the increase in the efficiency of the nitrogen fertilisation of
plants, the application to the soil contributing to the decrease in the nitrogenous losses, as well
as by the development of the environmental conditions thanks to the decrease in the threat of
releasing excessive quantities of nitrogen to underground waters and to the air (Simka et al.
2010). Nitrification inhibitors lower the intensity of microbiological transformations of
ammonium ions (NH4") into nitrate ions (NO3™ ) and free nitrogen (gaseous N and nitrous
oxide N,O — greenhouse gasses) in the soil. A urease inhibitor is a compound which
temporarily slows down the enzymatic transformation of urea into CO, and NHj thanks to the

hindering activity on the urease enzyme.
2. Nitrogen transformations in the soil

The largest quantity of nitrogen in mineral soils is present in the topsoil. The total
quantity of nitrogen equals to from 0.02% to 0.035% in the plough layer of agricultural soils
(Staszewski 2011). Nitrogen in the soil is a very mobile element; it undergoes many chemical
transformations, including: microbial nitrogen immaobilization, ammonification (this process
occurs in aerobic conditions as well as in anaerobic conditions), nitrification (occurring in
conditions with adequate oxygenation, adequate humidity, temperature and soil pH),
denitrification (occurring in deeper or top layers of the soil), sorption (Amberger 1996). The
term ‘microbial nitrogen immobilization’ is used when nitrogen is intaken by plants and
micro-organisms, and then used for the synthesis of organic nitrogenous compounds. The
more carbohydrates are present in the soil, the more intensive the process is. The degradation
of protein and non-protein nitrogenous compounds in the soil into mineral forms, therefore:
mineralisation, contributes to the formation of ammonium (NHj3) from organic compounds
(ammonification). At a further stage, ammonium is transformed by nitrifying bacteria into

nitrate ions. This process is based on the oxidation of ammonium into nitrite ions, and then
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into nitrates which are directly intaken by plants. Instead, denitrification is a process based on
the transformation of the excess of nitrates from the process of nitrification into gaseous
nitrogen. We distinct true denitrification, occurring in strictly anaerobic conditions, in which
nitrates are reduced to N2 and N20O compounds entirely escaping from the soil. Partial
denitrification is a process being reverse to nitrification, in which nitrites or ammonium are
formed. Partial denitrification is more common and occurs in relatively anaerobic conditions;
it does not lead to losses of nitrogen. The processes of ammonification and nitrification are
beneficial because there are compounds easily accessible to plants (NH,", NOs) formed as
their result. If ammonium is not adsorbed by the sorption complex, and the nitrate anion is not
intaken by plants, they are leached from the soil profile, polluting ground waters. The process
of denitrification is undesirable because nitrogen escapes to the atmosphere as its

consequence (Staszewski 2011).
3. Role of nitrogen in plants

Nitrogen intaken through the plant’s roots is metabolised and transported to the upper
part of the plant, usually in the form of the amino group (-NH,) (Pace 1997). In the upper part
of the plant, the major part of amino groups undergoes the transformation into amino acids
and then into proteins. Additionally, nitrogen is introduced into nucleotides, nucleic acids,
vitamins, chlorophyll, etc. The role of nitrogen is also based on the stimulation of the
synthesis and circulation of growth and development regulators in plants: auxins, gibberellins,
and abscisic acid (Arp 2007). Certain non-protein alkaloids or amino acids are synthesised for
the purpose of the protection of plants against vermin, as toxic and harmful substances. The
intensity of the metabolism of nitrogen and the rate of the synthesis of proteins regulate the
import of nitrogen performed by various parts of the plant. Taking into account that this
compound is mobile in the plant, its greatest quantities concentrate in young parts with the
highest growth rate. When the supply of nitrogen is not sufficient, nitrogen from older leaves
is used for nourishing younger organs of the plant. The process of the hydrolysis of proteins in
the youngest leaves of the plant back to amino acids is called proteolysis. Then, amino acids
are transported to growing points and new growing leaves. Proteolysis in older leaves results
in the decrease in the content of chlorophyll, so yellowing being a symptom of the deficiency
of nitrogen. A further deficiency of nitrogen makes the oldest leaves turn light-green; then,
from the tips, they start to become yellow. Simultaneously, the growth of the plant is curbed,
and newly formed leaves are visibly smaller. The increasing deficiency of N accelerates the

development and maturation of plants. The decrease in the assimilation area results in the
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insufficient development of generative organs, and in the insufficient filling of caryopses and
seeds, so, as follows, a decrease in plant yielding.

The excess of nitrogen in plants is caused chiefly by excessive nitrogenous fertilisation. Too
great content of organic and mineral nitrogenous compounds results in the decrease in the
quality of the obtained yields due to, among others, the following reasons:

- decrease in the nourishing value of green fodders due to the increase in the content of N-
NOs- decrease in the content of valuable exogenous amino acids in the protein,

- decrease in the content of gluten in caryopses of varieties of wheat intended for consumption
(decreasing flour baking value),

- decrease in the technological quality of malting barley,

- hampered crystallisation of sucrose due to the increase in the content of amino acids in sugar
beet roots.

The basic symptoms of the excess of nitrogen are as follows: dark-green colour of
plants, longer vegetation, excessive growth of vegetative parts contributing to the infestation
by pathogens, growing number of fusel alcohols, lodging of crops. The total quantity of N in
the plant ranges from 0.5% to 3% and depends chiefly on the plant species, the part of the
plant (vegetative, generative), the plant growing phase, the level of nitrogenous fertilisation,
soil fertility (content of the organic substance, microbiological activity, pH, etc.) (Keener
1993).

4. Fertilisers with inhibitors

In the world’s agriculture, urea is the most commonly used fertiliser, so it should be
used in the most effective way possible; especially given that it is not an ideal fertiliser
regarding the nitrogenous nourishment for plants in comparison with calcium ammonium
nitrate (CAN), ammonium nitrate (AN), and others, such as Ammonium sulphate nitrate
(ASN). However, it has many advantages, including the lowest cost of 1kg of N; it is also
easy to transport, to store, and to apply. The leading position of urea on the world’s market of
nitrogenous fertilisers is a result of low costs of its production and of the high content of
nitrogen (46% N). Great losses of nitrogen in the form of ammonium (NH3;) constitute the
main disadvantage of urea as a nitrogenous fertiliser (Basten et al. 2005). Expressed as a
percentage regarding the applied N, these losses may reach from 20% (Bund 2001) even up to
47% (Watson 2005). On grasslands, these losses may reach 50% and more of the quantity of
the applied ammonium (Amberger 1996). The greatest losses of ammonium occur in arable
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soils with the pH above 7.0 (Basten et al. 2005). An alkaline environment, when the fertiliser
contacts the soil, is formed during the application of urea due to hydrolysis. (Bundy 2001).
The main inhibitors of nitrification are as follows: Nitrapyrin and Dicyandiamid
(DCD). Results of the majority of the studies having been carried out so far and which have
regarded the application of nitrogenous fertilisers containing nitrification inhibitors point out
that their application to the soil, in comparison with the traditional mineral or organic
nitrogenous fertilisers, has a beneficial impact on the decrease in the losses of nitrogen. The
increase in the growth of plants is their directly visible effect (through the increase in the
availability of N) (Merino et al. 2002). The effects of the application of fertilisers of this type
are greater on soils which are microbiologically active (high enzymatic activity) and where
the risk of the losses of nitrogen through leaching and denitrification is high. N-(n-
butyl)thiophosphoric triamide is the most known urease inhibitor; its abbreviation is as
follows: NBPT (Simka 2012). NBPT is a component of fertilizer urea which temporarily
slows down its enzymatic transformation due to the inhibition of the activity of urease. The
urease inhibitor blocks the transformation of urea into ammonium during the period of
between one and two weeks (Trenkel 1997). The decrease in the risk associated with the
losses resulting due to its evaporation constitutes the main advantage of the blockade of this
process. The introduction of the urease inhibitor into urea or a fertiliser containing urea will
prevent or delay the transformation of amide nitrogen into ammonium nitrogen. It is
especially beneficial on soils in which the losses of ammonium from the applied urea are
significant, where the incorporation of the fertiliser into the soil is hampered or impossible
due to drought (Watson 2005). Bovine and dairy farms, where bovine excretions constitute
the main source of the emission of ammonium, are becoming an important and relevantly new
field of the use of urease inhibitors. (Leinker et al. 2005). Usually, between 60% and 80% of
nitrogen from excretions is subject to losses; due to the leaching of nitrogen, or due to the
escape of ammonium (Varel et al. 1999). The escape of ammonium originating from bovine
or porcine excretions contributes to the formation of odours; it has a negative effect on the
environment and constitutes a loss of valuable nourishing substances (Amberger 1996,
Watson 2005). The application of urease inhibitors, added to urea or RMS, increases the
effectiveness of those fertilisers, decreases the escape of ammonium in the cases of the
surface application on arable lands and grasslands, and lowers the toxicity of urea towards
seeds (Kincheloe et al. 1996). Urease inhibitors give farmers a greater flexibility in the

application of urea or RMS leading to the minimisation of the losses due to escaping. They
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also give more possibilities associated with the selection of the period of the nitrogen
application (Weber et al. 2004b).

The increase in the size of the yield is insignificant if urea is used with an inhibitor on
soils being very rich in nitrogen (Edmeades 2004). In accordance with the studies which have
been carried out, it is believed that the application of urea with an inhibitor may have a
phytotoxic effect, e.g. tip burns (Watson 2005). In the studies of Simka et al. (2012), it has
been proven that the autumn application of stabilised nitrogenous fertilisers turned out to be
very beneficial. The plants of rape on which the fertilisation with nitrogen was performed in
autumn were yielding more (approx. by 0.3 t-ha, ie. approx. by 8.1% more). The
effectiveness of the autumn application of nitrogenous fertilisers is directly proportional to the
length of the autumn vegetation of rape. In the case of a later occurrence of the winter
dormancy period of the plants of rape, the application of stabilised nitrogenous fertilisers
takes on a greater significance for gaining high yields of seeds. The gradual release of
nitrogen available for plants and, simultaneously, the decrease in the losses resulting from
leaching it from the soil or from its escape to the atmosphere, constitute an advantage of
fertilisers of this type.

5. Summary

In modern times, we strive to achieve the most efficient use of nutrients introduced
into the soil through mineral or organic fertilisers. Excessive amounts of nitrogen lead to
losses in the element in the gaseous form (to the atmosphere) and in the form of nitrates (to
ground and surface waters), which constitutes a financial loss and poses an ecological threat.
Due to this fact, the limitation of the movement of nitrogenous fertilisers to deeper layers of
the soil profile as far as ground waters and the prevention of the escape of ammonium to the
atmosphere has ecological advantages as well as agronomic advantages. Along with lead
compounds, cadmium compounds, and sulphur compounds, nitrogen compounds, including
nitrates and nitrites, are included in the group of the most dangerous factors which, through
the environment, may negatively influence human and animal health (Manahan 2016). The
doses of nitrogenous fertilisers should correspond with the nourishing needs of plants,
considering the quantity of nitrogen being released, originating from natural fertilisers,
atmospheric precipitation, and biologically bounded. Slow-release nitrogen fertilisers,
specially processed mineral fertilisers, may constitute an alternative for the conventional

nitrogenous fertiliser. In order to achieve the slow-release feature of nitrogen in the process of
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production, coating of granules is applied and, at the same time, synthetic nitrification

inhibitors or urease inhibitors are added.
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