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Vpliv pretoka zraka na susenje krme na susilnih napravah

Janez BENEDICIC 2, Rajko BERNIK®

Vpliv pretoka zraka na susenje krme na susilnih napravah

Izvlecek: V alpskih drzavah Evrope susenje krme s travi-
nja postaja vedno bolj pomembno zaradi ugotovljenih pozitiv-
nih u¢inkov na masc¢obno kislinsko sestavo mleka. S pravilnim
postopkom in tehnologijo dosusevanja krme se lahko kvalite-
ta dvigne na primerljiv nivo travnih silaz. SuSenje temelji na
odvzemu vlage iz krme s pomocjo prevetrovanja — zraka, ki je
kljucen za hitrost suSenja. Poleg majhne relativne vlaznosti zra-
ka je pomemben tudi njegov pretok skozi krmo. V literaturi se
navaja spodnja mejna vrednost pretoka zraka in zgornja mej-
na vrednost, pri ¢emer je razlika 85 %. Clanek opisuje izvedeni
eksperiment merjenja porabe energije in u¢inkovitosti suSenja
pri obic¢ajno v praksi uporabljenem manj$em in veéjem pretoku
zraka. Izkazalo se je, da pri ve¢jem pretoku zrak porabimo za
38 % vec energije na izlo¢en kilogram vode, kot pa pri manjSem
pretoku. Izvedeni preizkus dokazuje, da susenje z velikim pre-
tokom zraka ne prinese enako vedji u¢inek.

Klju¢ne besede: pretok zraka; susenje krme; susilna na-
prava; izlo¢ena voda; energija
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The effect of air flow on drying fodder on drying systems

Abstract: Drying grass fodder in Europe’s Alpine coun-
tries is becoming increasingly important due to positive effects
on the fatty acid composition of milk. A proper approach and
technology of fodder drying can raise its quality to the level of
grass silage. In principle, drying fodder means extracting wa-
ter from fodder by means of ventilation - the air, the key to
the speed of drying. Besides low relative air humidity, its flow
rate through the fodder is also important. In the literature, the
lower- and upper-bound limits of air flow rates can be found,
with a difference of 85 % between the two. The article describes
a test, measuring energy consumption and the efficiency of dry-
ing at a low air flow, often used in practice, and a high air flow.
It was found that a high air flow results in 38 % higher energy
consumption per kilogramme of extracted water, compared to
a low air flow. The executed test has proved that drying at a
higher air flow will not have a proportionally greater effect.

Key words: air flow; drying fodder; drying system; en-
ergy; water extracted
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1 UVOD

Kmetje, sirarne in mlekarne i$¢ejo nove priloznosti
in trzne nide za prodajo pridelkov in izdelkov. Ena izmed
trznih ni$, ki je bila prepoznana tudi v Sloveniji, je seneno
mleko in seneno meso. Za ekonomic¢no prirejo senenega
mleka in mesa je klju¢no seno. To predstavlja pomem-
ben del krmnega obroka, zato je Se toliko pomembnejsa
njegova kakovost. V Sloveniji je suSenje krme s travinja
precej razsirjeno. Rezultati popisa na kmetijah v kontroli
prireje mleka (5.198 kmetij) kazejo, da na priblizno 1/3
kmetij prevladuje siliranje, na 1/3 kmetij krmo samo su-
§ijo ali pretezno susijo, na 1/3 pa sta susenje in siliranje
zastopana enakovredno (Verbi¢ in sod., 2006). Priprava
sena poteka pretezno na prostem. Na susilnih napravah
posusi vedji del sena le slaba tretjina kmetov (Verbi¢ in
sod., 2006). Temu primerna je tudi kakovost mrve. Re-
zultati analiz sena s kmetij, ki so jih v obdobju 2000-2010
opravili v slovenskih laboratorijih kazejo, da vsebuje seno
v povpredju le 5,05 MJ NEL (neto energije za laktacijo)
na kg susine, kar je za 15 % manj kot pri travnih silazah
(Verbi¢ in sod, 2011). Kakovost sena je odvisna od ka-
kovosti pokosene krme, ter od izgub in sprememb krme
med su$enjem in skladi$¢enjem. Susenje ali dosusevanje
sena na tradicionalnih susilih (kozolci, ostrvi), preve-
trovalnih napravah s hladnim ali toplim zrakom ali na
kondenzacijskih susilnicah brez dvoma prispeva k bolj-
§i kakovosti sena. Avstrijska $tudija je na vzorcu, ki je
vkljuceval prek 500 kmetij, pokazala, da susi seno na tleh
manj kot ena tretjina kmetov (27,8 %), da 39,0 % kmetov
seno prevetruje s hladnim zrakom, 33,2 % pa s toplim
zrakom (Resch in sod., 2011). Na 6,3 % od vseh kmetij,
ki seno dosusujejo na susilnih napravah, izvajajo susenje
v valjastih balah. Rezultati analiz so pokazali, da je v Av-
striji dosusevano seno precej boljse od sena, ki je suseno
na tleh. Pridelava kakovostnega sena je mogoca samo z
dodatnim susenjem na susilnih napravah, saj pride pri
suSenju na tleh do prevelikih izgub zaradi drobljenja
krhkih delov travniskih rastlin (lahko tudi do 30 %) in s
tem do zmanjs$anja hranilne vrednosti pridelanega sena.
Poleg tega s susenjem na susilnih napravah zmanj$amo
tveganja povezana z neugodnimi vremenskimi razmera-
mi in se izognemo zmanj$anju hranilne vrednosti krme
zaradi morebitnega dezja med spravilom. Susenje s hla-
dnim zrakom se ve¢inoma prakticira od 30 % vlaznosti
krme navzdol. Pri tem pa prihaja tudi Ze do povecanega
drobljenja najobcutljivejsih delov rastlin. Razlika med iz-
gubami zaradi drobljenja med 50 % vlaznostjo krme in
30 % vlaznostjo krme je v povprecju 4 % do 5 %, lahko
tudi 8 % (Frick in sod., 1999). Osnovni princip susenja
krme je tako pogojen z zagotavljanjem pretoka zraka
skozi krmo. Tehnologki princip su$enja sena v boksu je
sestavljen iz ventilatorja, ki zagotavlja pretok zraka in
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boksa z resetko ez celotno povrsino, ki omogoca, da
zrak enakomerno prehaja skozi krmo in jo susi. Pri su-
$enju bal ventilator zrak vpihava v kanal na katerem so
polozene bale. Zrak prehaja skoznje in jih susi. Osnovni
princip velja za katerokoli poznano tehnologijo susenja
krme. Pretok zraka lahko re¢emo, da je kljuéen za od-
vzem vlage krmi. Pri prehodu zraka ustrezne vlaznosti
skozi krmo se nanj veze voda iz krme. Logi¢no razmi-
§ljane bi bilo, da ¢im vecja koli¢ina zraka gre skozi krmo
pomeni hitrejSe in s tem ucinkovitejSe susenje, vendar
temu ni tako, kar bo potrjeno tudi v preizkusu. Na susil-
nih napravah imamo obi¢ajno na voljo omejeno koli¢i-
no toplote za dogrevanje, koli¢ino vpihanega zraka pa se
lahko spreminja. Literatura navaja razli¢ne hitrosti/koli-
¢ine zraka skozi krmo. Vrednosti so razli¢ne za bale in za
susenje sena v razsutem stanju. Pri suenju bal se navaja
vrednost v koli¢ini zraka na balo. Ta je opredeljena med
1100 m?® h™'in 1500 m?3 h™' (Wirleitner, 2013). Pri suse-
nju sena v razsutem stanju je ve¢ji razpon med spodnjo
in zgornjo priporo¢eno mejo in sicer med 0,07 m* s m™
in 0,13 m* s m™ povrsine susilnega prostora (Wirle-
itner, 2011).

2 MATERIAL IN METODE

2.1 OSNOVNI PRINCIP SUSENJA KRME

Bistvo procesa suSenja je, da v krmi zmanj$amo
vsebnost vlage na skladi$¢no vrednost. Seno je dovolj
suho za skladi$¢enje, e vsebuje najmanj 86 % SS (suhe
snovi). Voda je v rastlinah prisotna v celicah in med-
celi¢nem prostoru, ki nato prehaja na povrsino rastline
(Daszkowska-Golec in Szarejko, 2013). Pri gibanju zraka
ob povrsini rastline se voda uparja — izhlapeva do nasice-
nosti plasti zraka, ki potuje ob rastlini. Zrak je nasi¢en z
vodno paro - vlago, ko doseze relativno vlaznost 100 %.
Relativna vlaznost se meri v procentih, absolutna pa se
obicajno podaja v g vode na kilogram zraka. Mejne vre-
dnosti absolutne vlaznosti zraka so odvisne od tempera-
ture zraka (Tabela 1). Pri temperaturi 20 °C 1 kg zraka

Tabela 1: Absolutna in relativna vlaznost zraka
Table 1: Absolute and relative air humidity.

T zraka Relativna vlaznost ~ Absolutna vlaznost
[°C] [%] [gkg-1]

20 65 11

20 100 14,7

25 65 15

25 100 20,1
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Slika 1: Prikaz adiabatnega vlaZenja v h-x diagram (Benedi¢i¢ in Verbi¢, 2013)
Figure 1: Adiabatic moisturising, shown on an h-x diagram (Benedi¢i¢ and Verbi¢, 2013)

lahko sprejme 14,7 g vode, pri 25 °C pa 20,14 g vode, kar
pomeni 37 % vec (Sargent, 1980). Susenje pri visjih tem-
peraturah je zato hitrejse.

Uporaba sistemov su$enja v praksi je pokazala, da
pri hladnem prevetrovanju lahko upostevamo povprecen
odvzem najve¢ 1 g vode na m3 vpihanega zraka, pri upo-
rabi son¢ne strehe 2 g vode na m3 vpihanega zraka in pri
susenju s toplotno ¢rpalko tudi 5 g vode na m3 zraka.
Pri odvzemu 0,47 g vode na m3 se zrak ohladi za 1°C
(Wirleitner, 2011). To velja za idealni adiabatni proces.
Sistem vlazenja zraka poteka adiabatno (Rant, 2011). Na
sliki 1 je prikazan idealen adiabatni proces (polna ¢rta),

ODPRTIKROG - toplozraéna susilnica

yeuz |adoy Ui yng

301|030 Z1I YeJZ UDPE|Y Ul UBZB|A

Slika 2: Odprt zra¢ni tok
Figure 2: Open air flow.

VlaZen in ohlajen zrak zapusti senik

medtem ko je s prekinjeno ¢rto prikazan dejanski proces.
Razlika nastane zaradi izgube toplote.

2.2 TOPLOTA ZA SUSENJE

Z razvojem tehnologij segrevanja zraka in poznava-
njem mehanizma adiabatnega suSenja so se poleg hladne-
ga prevetrovanja in prevetrovanja z zrakom izpod kritine
razvili tudi sistemi prevetrovanja s toplim zrakom, ki jih
delimo glede na vir energije: biomasa (kot vir toplote se
uporabljajo drva, peleti, sekanci, Zagovina); kurilno olje;
plin; elektri¢na energija (toplotna ¢rpalka).

Acta agriculturae Slovenica, 114/1 - 2019
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Slika 3: Zaprt zrac¢ni tok
Figure 3: Closed air flow

Biomasa, kurilno olje in plin z gorenjem proizvajajo
toploto. V primeru toplozra¢nih pei toplota prehaja di-
rektno na zrak, v primeru peci v katerih se segreva voda,
se toplota s pomocjo toplovoda transportira do susilne
naprave kjer preko toplotnega izmenjevalca segreva zrak.

2.3 POTEK ZRACNEGA TOKA PRI SUSENJU

V osnovi lo¢imo sudenje v odprtem zracnem krogu
in su$enje v zaprtem zra¢nem krogu. Susenje v zaprtem
zra¢nem krogu je susenje s toplotno ¢rpalko, medtem

PTV- 225

Pstat[Pa]

ko so vsa ostala susenja (biomasa, plin, toplota iz biopli-
narn...) v odprtem zra¢nem toku.

Pri odprtem zra¢nem toku (Slika 2) zrak sesamo iz
okolice in ga preko enega izmed prej omenjenih nacinov
segrevamo, pri ¢emer se mu zmanjsa relativna vlaga.
Nato ga vpihavamo v sus$ilni boks ali bale. Zrak se pri
potovanju skozi krmo navlazi in ohladi, nato ga odva-
jamo iz susilne komore v okolico. Slaba stran susenja v
odprtem krogu je v tem, da vedno sesamo zrak in okolice
in ga dogrevamo. To lahko predstavlja problem v mrzlih
spomladanskih in jesenskih noceh. Ce je zunanja no¢na
temperatura 5 °C in segrevate zrak za 15 °C, temperatura
vstopa zraka v boks ne bo visja kot 20 °C. Glede na zgor-

[ 1/min }
14000
12000

10000

1 2000 3000

vz [m3/h]

Slika 4: Karakteristika ventilatorja Oravent PTV 225 s primerom povecanja pretoka
Figure 4: Oravent PTV 225 fan characteristics with an example of increased flow.
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nje ugotovitve je sposobnost zraka za odvzem vlage na 1 m? pri
nizji temperaturi nizja kot pri visjih temperaturah. (Tabela 1).

Zaprt zracni tok (Slika 3) je znacilen za kondenzacijske
susilnice. Zrak krozi od ventilatorjev preko sena kjer se navlazi
do toplotne ¢rpalke, ki ga razvlazi in segreje, ter nato ponovno
do ventilatorjev. Krog potovanja zraka je tako zaprt in sklenjen.
Taksen sistem ni odvisen od zunanjega vremena in zunanje
temperature. Ucinek susenja je vedji, saj praviloma tudi pri
nizkih zunanjih temperaturah in pravilno dimenzioniranem
sistemu temperatura vpihanega zraka v seno ni nizja kot 25 °C
do 30 °C, kar pomeni ve¢jo moznost odvezam vode iz krme
(Tabela 1).

Osrednji element vsake susilne naprave je ventilator. Ta
zagotavlja potreben pretok zraka, ki mora premagovati odpor
pri prehodu zraka skozi krmo. Temu pravimo, da ventilator za-
gotavlja potreben stati¢ni tlak za premagovanje odpora pri pre-
toku zraka. Medsebojni vpliv je obratno sorazmeren. Na sliki
4 je prikazan vpliv povecanja pretoka na povecanje potrebne
moci za pogon ventilatorja. V prvem primeru (puséica s polno
¢rto) se pretok pri konstantnem tlaku poveca iz 1000 m* h™ na
1500 m’ h™, posledi¢no se poveca potrebna moc iz 0,19 kW
na 0,30 kW. Realno se pri povecanju pretoka zraka skozi krmo
poveca tudi upor in s tem potreben stati¢ni tlak. Na sliki 4 je
prikazan primer (puscica s ¢rtkano Crto) istocasnega povecanj
pretoka zraka in upora. Potrebna mo¢ ventilatorja se dvigne iz
0,19 kW na 0,43 kW, kot prikazuje slika 4. Vecji pretok zraka
pomeni vecjo potrebno moc¢ in s tem vecjo porabo energije
(Wirleitner, 2013).

2.4 PARAMETRI PREIZKUSA

Kmet kot odlolevalec in investitor se odloca za

uvedbo dolocene tehnologije tudi na podlagi predvide-
nega povecanja produktivnosti, uvedbe novih izdelkov
ali zmanjsanja stroskov. Poleg dodane vrednosti pri tr-
zenju novih izdelkov je stroskovni vidik eden izmed po-
membnejsih pri uvedbi tehnologije susenja na kmetiji ali
kmetijskem podjetju. Stroski susenja so eden izmed spre-
mljanih parametrov preizkusa. Izrazen bo v obliki pora-
bljene energije glede na izlo¢eno vodo. Manjsa je poraba
energije na enoto izlocene vode ucinkovitejSe in cenejse
je sudenje. Naslednji parameter, ki smo ga spremljali je
masa izlo¢ene vode. Osnovni cilj susenja je izlociti ¢im
vel vode iz rastlin in s tem rastlino posusiti. Intenzivnost
susenja je mogoce definirati v masi izlo¢ene vode na ¢a-
sovno enoto. Cim ve¢ja je ta, tem hitrejse in u¢inkovitejse
je suSenje. Pretok zraka ne bo opazovan ampak predho-
dno nastavljen na dve vrednosti in sicer spodnjo vre-
dnost 0,85 m’ s™! m?in zgornjo vrednost 0,13 m* s m™2.

2.5 PREIZKUS

V okviru preizkusa smo susili lucerno. Ta je vse po-
membnej$a krmna rastlina. Po podatkih Statisticnega
urada smo jo v Sloveniji v devetdesetih letih prejsnjega
stoletja pridelovali na priblizno 10.000 ha. Nato se je
njena uporaba moc¢no zmanjsala. Predvsem zaradi fi-
nan¢nih podpor za beljakovinske rastline v okviru shem
neposrednih placil se zanimanje za pridelovanje lucerne
spet povecuje, tako da smo jo v letu 2016 pridelovali Ze
na priblizno 5600 ha. Susenje lucerne v razsutem stanju
je bilo izvedeno v posebej pripravljenem testnem zaboj-
niku (Slika 5).

Zabojnik je bil kvadratne oblike z dimenzijo stra-

Slika 5: Testni zabojnik za izvedbo preizkusa
Figure 5: Test box for test execution.
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nice 1,25 m in vi$ino 2 m. Izdelan je bil kot susilni boks
za razsuto stanje krme. V spodnjem delu v oddaljenosti
0,3 m od dna zabojnika je bila names$cena resetka. Pod
to redetko je bil na bo¢ni strani zalogovnika namescen
frekvenéno krmiljeni ventilator in elektri¢ni grelec stal-
ne toplotne moc¢i 9 kW. Visina nalaganja krme v zalo-
govnik je bila 1,7 m. Na zgornji strani je bil zalogovnik
nihajno vpet na tehtnico, ki je belezila spremembo teze
zaradi izhlapele vode iz susece se krme. Ventilator je zrak
preko elektri¢nega grelca sesal iz okolice in ga vpiho-
val pod resetko na dnu zabojnika. Sistem je deloval na
principu odprto kroznega nacina susenja. Zrak za su-
$enje smo zajemali iz okolice, izhodni zrak iz zabojnika
pa se je odvajal v okolico Med su$enjem smo spremljali
maso zabojnika s krmo in tako dolo¢ili maso izhlapele
vode. Susenje je potekalo intervalno med manjsim pre-
tokom zraka (0,85 m’ s m™) in ve¢jim pretokom zraka
(0,13 m’ s7' m2). Ne glede na pretok zraka, smo dove-
denemu zraku dovajali 9 kW toplotne energije na uro.
Susenje je potekalo 12 ur s Sestimi izmeni¢nimi intervali
(prvi interval suSenje z manj$in pretokom, drugi z ve¢jim
pretokom, naslednji ponovno z manj$im, ...).

3 REZULTATI IN RAZPRAVA

Preizkus je potekal 12 ur. V tem casu smo izlo-
¢ili 38,5 kg vode. Ventilator je pri manjSem pretoku
(0,85 m’ s™! m™) imel porabo elektri¢ne energije 27 W h,
pri ve¢jem pretoku (0,13 m® s m™) pa 43 W h. V pov-
pre¢ju smo pri manj$em pretoku na izlo¢ili 3,01 kg vode
na uro susenja, pri ve¢jem pretoku pa 3,48 kg vode na
uro su$enja. Koli¢ina izlo¢ene vode pri manj$em pretoku
se med posameznimi intervali ni bistveno razlikovala (v
povprecju za 1 %), med tem ko se je pri visjih interva-
lih v povprecju za 6 %. V Kolikor prera¢unamo kolici-
no izlo¢ene vode na pretok zraka ugotovimo, da se je pri
manjSem pretoku izloc¢alo 6,02 g vode na m’ zraka, pri
vedjem pretoku pa 4,97 g vode na m’ zraka. Iz dobljenih
rezultatov ugotovimo, da vrednost pretoka zraka ni me-
rilo za merjenje uc¢inkovitosti susenja ampak to mora bit
povezano z koli¢ino izlocene vode. Rezultati kazejo, da
40 % vedji pretok zraka omogoci le 21 % vedje izloc¢anje
vode. Glede na ¢asovno enoto pa to pomeni le 15 % vec
izlo¢ene vode na uro. Zanimiva je tudi ugotovitev, da pri
vedjem pretoku zraka izlocanje vode na enoto pretoka
zraka hitreje pada kot pri manjSem pretoku zraka. Re-
zultati preizkusa potrjujejo, da voda v rastlinah potrebuje
dolocen cas, za prehod iz rastlin v vodno paro zraka. Pre-
velika hitrost zraka skozi krmo pomeni manjse nasic¢enje
zraka z vlago in s tem manjs$o ucinkovitost sistema.

Drug spremljan parameter je bila poraba energije za
pogon ventilatorja. Stati¢ni tlak v zabojniku se skozi su-
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$enje ni spreminjal, tako da je bila poraba energije v po-
sameznih intervalih enaka (27 W h pri manj$em pretoku
in 43 W h pri ve¢jem pretoku). Glede na izloceno vodo je
na kg izlo¢ene vode porabil 8,99 W h pri ve¢jem pretoku
pa 12,4 W h. Povecanje porabe energije glede na izlo¢en
kilogram vode je bil tako 38 %.

4 ZAKLJUCEK

V literaturi navedeni razpon med manjsim in ve¢jim
pretokom zraka je absolutno prevelik. Z ve¢jim preto-
kom zraka ne dvigujemo ucinkovitosti sistema, ampak le
stroske su$enja. Pri 40 % ve¢jem pretoku zraka je poraba
energije za pogon ventilatorja za 38 % vedja, kljub temu,
da je sudenje le za 15 % ucinkovitejSe. V preizkusu smo
primerjali dve vrednosti pretoka zraka, vecjo in manjso.
Postavi se vprasanje ali je manjsa vrednost pretoka zraka
ze optimalna vrednost? Ali bi z dodatnim manj$anjem
pretoka zraka dosegli $e boljse rezultate? Na to bi lahko
odgovorili z novimi preizkusi, predvsem pa z raziskavo
mehanizma prestopa vode iz rastline na zrak, ki rastlino
obteka. S poznavanjem teh parametrov bi lahko nadalje-

vali optimiranje susenja krme.
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Population fluctuations of the pistachio twig borer, Kerma-
nia pistaciella Amsel, 1964 (Lep.: Oinophylidae) using delta
pheromone trap

Abstract: Population fluctuations of adult insects of pis-
tachio twig borer, Kermania pistaciella Amsel were studied
using delta pheromone traps and sampling from 2016-2017
in Kashan pistachio orchards. Delta type traps baited with sex
pheromones were hung in pistachio orchards (‘Akbari’) at 20
lures per one hectare and the numbers of captured male insects
were counted every three days. Kermania pistaciella males have
begun to attract the traps from 18" March and 8" April in the
first and second year, respectively and this trend continued to
31% April and 4™ May and flight period of about 42 days in the
first year and the second year that lasted 27 days. First, peak and
end of each catch insects occurred on 18 March, 8-21 April and
31 April in the first year and on 8 March, 23-26 April and 4 May
in the second year, respectively. There was no association in the
first year and a weak positive association in the second year of
study between the average daily temperature and the number of
K. pistaciella moths captured in pheromone traps. It seems that
moths capture was different because of the weather conditions
of these orchards was different in two consecutive years.

Key words: pistachio; Kermania pistaciella; population
fluctuations; pheromone trap; parasitoid
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Sledenje fluktuacij populacije molja, zavrtaca pistacijevih ve-
jic, Kermania pistaciella Amsel, 1964 (Lep.: Oinophylidae), s
fermonskimi pastmi

Izvlecek: V raziskavi je bilo preucevano nihanje popula-
cije odraslih zavrtacev pistacijevih vejic, Kermania pistaciella
Amsel, s fermonskimi pastmi v rastnih sezonah 2016 in 2017
v nasadih pistacije v Kashanu, Iran. Pasti s spolnimi fermoni
so bile obesene na pistacije (Akbari’), po 20 na hektar, $tevilo
ujetih samcev je bilo presteto vsake tri dni. Samci vrste Kerma-
nia pistaciella so se zaleli pojavljati v pasteh od 18. marca in 8.
aprila v prvem in drugem letu in so se pojavljali do 31. aprila,
oziroma 4. maja. Obdobje njihovega izleta je trajalo v prvem
letu 42 dni, v drugem letu pa 27 dni. Prvo pojavljanje, vi$ek in
konec izleta je bilo v prvem letu 18. marca, od 8 do 21 aprila, in
31. aprila in 8. marca, od 23 do 26 aprila in 4. maja v drugem
letu. Med $tevilom ujetih moljev v fermonskih pasteh in pov-
pre¢no dnevno temperaturo v prvem letu opazovanja ni bilo
povezave, v drugem letu opazovanja pa je bila ta povezava rahlo
pozitivna. Izgleda, da je bil ulov moljev v obeh letih razlicen
zaradi razli¢nih vremenskih razmer v sadovnjaku.

Klju¢ne besede: pistacija; Kermania pistaciella; nihanja
populacij; fermonske pasti; parazitoidi
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1 INTRODUCTION

Pistachio trees (Pistacia vera L.) have a lot of eco-
nomic value in Iran. Pistachios are mainly planted in the
eastern and central parts of Iran. In 2009, about 225,000
million tons of pistachios, about 50 % of world pistachio
production, were produced in Iran (FAO, 2013). As a
strategic product, pistachio has a special place in agri-
cultural production. This product forms a major part of
non-oil exports (about 40 %) (Panahi et al., 2003), which
accounts for more than $ 500 million annually (Hokma-
badi, 2011). Pistachio is a rich source of some important
and vital nutrients, including linoleic fatty acids (Garcia
etal., 1992).

The pistachio twig borer, Kermania pistaciella Am-
sel, 1964 (Lepidoptera: Oinophylidae), is an important
pest of pistachio trees throughout the main pistachio-
producing areas of Iran and Southeast Anatolia regions
of Turkey (Mart et al., 1995; Mehrnejad, 2001; Yanik &
Yiicel, 2001; Abbaszadeh et al., 2006; Avand-Faghih et
al,, 2016). The insect has one generation per year and
females lay eggs on pistachio flowers and fruit clusters
in early spring. The larvae penetrate the plant tissue and
bore tunnels in the twigs, feeding on xylem and pith tis-
sues. The canals in the young wood destroy the core of
branches and prevent the growth of young branches, de-
hydrating them (Samih et al., 2005). Larval development
takes almost 10 months and the last (4") instar overwin-
ters inside twig. Larvae leave their tunnels the follow-
ing year during early March and find suitable places on
twigs to form cocoons in which they pupate and, after
approximately 3 weeks, emerge as adults (Kiigiikaslan,
1966; Mehrnejad, 2001; Achterberg & Mehrnejad, 2002;
Abbaszadeh et al., 2006).

Larval feeding inside the twig causes severe eco-
nomic damage by fruit drop, twig weakening, and death.
Most pistachio plantations in Iran and Turkey are treated
every year with insecticides to suppress K. pistaciella
populations. Insecticides, however, pose a serious threat
to the environment and are harmful to natural enemies.
Therefore, insecticide applications should be used dur-
ing the main periods of parasitoids” activity (Mehrnejad,
2002; Ozgen et al., 2012). Toward this aim, the sex phero-
mone of the pistachio twig borer was identified, and it
is now used in the field for monitoring activity of males
and timing of the insecticidal sprays (Gries et al., 2006).
The situation calls for the development of new pest con-
trol methods that would be based on more environment-
friendly practices, which in turn, require better knowl-
edge of K. pistaciealla biology and ecology.

Awareness of the distribution of insects and their
range in a region in biological control, assessment of the
potential distribution of species in the field of ecology,
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the development and preservation of biological resourc-
es, paleontology, invasive species of pests and diseases,
assessment of the impact of environmental changes in
spatial distribution has been used (Tognelli et al., 2009;
Barber-mussin et al., 2012). Determining the distribu-
tion of species helps us to understand the geographi-
cal distribution and the appropriate habitat selection in
the form of animal geography in order to better manage
pests (Pearson et al., 2007; Tognelli et al., 2009).

Today, the study of pest population changes is one
of the most important parameters that have a significant
role in controlling it in each specific region with its study
of the biology of pests. This plays an important role in
determining the time of non-chemical control, the natu-
ral enemies releasing time, the appropriate time for using
mineral compounds, the time of installation of phero-
mone traps etc., as well as determining the exact time of
using chemical pesticides (Bassirat, 2008). Awareness of
insect dispersion and its range in a region is important
in biological control, evaluation of the distribution po-
tential of species and selection of crops for cultivation
(Gressitt, 1958).

Detection of pest populations, pest biology and the
development of mass-trapping method for direct control
of pests was used by pheromones and other attractants,
practically all over the world against a wide range of pest
infestations, and these methods are an essential part of
pest control programs (Carde, 1990; Cronin et al., 2000;
Devetak et al., 2014; Trdan et al., 2019). They can use
many of the chemicals used by pest insects to communi-
cate with each other as a tool. It was valuable to manage
them (Crade, 1990). In order to increase the efficiency
of pheromone traps and turn them into more accessible
tools in pest control programs, factors such as shape, size,
the location of the correct installation of traps and other
things have been considered (Zamani et al., 2012).

Because the population of hibernating larvae of the
pistachio twig borer depends on the continuity of ex-
treme cold during the cold season (Mollaei et al., 2016),
the appearance and the flight peak of the pest in different
years depends on the different conditions of the region
weather. Many experiments have been carried out in re-
cent years to use the natural pheromone of K. pistaciella
in pistachio orchards. Use of pheromone traps to esti-
mate the population of the pest, studying the biology and
behavior, the time of emergence and the flight peak, and
the end of the period of insect flight in nature, investigate
on the effective rate of insecticides, pest dispersion, mat-
ing disruption method and, most importantly, the mass
trapping to reduce population and prevent damage in
pistachio orchards (Fakhri et al., 2016). Different types of
traps such as delta, funnel, colorful sticky cards, indoor
tubs, cylinders, and trays of water are used. The experi-
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ments show that the pistachio twig borer is not sensitive
to specific colors, but delta traps, cylinders, and trays
have the highest rate of capturing.

Considering the importance of this pest in pistachio
orchards in Kashan region of Iran and the necessity of
adopting the best method of control, it is necessary to
study the population fluctuations and factors that cause
these changes. Despite the importance of K. pistaciella
as an important pest of pistachio, any information has
been published on its population fluctuation using delta
traps. The aim of this study was to investigate the popu-
lation fluctuations of adult moths of the pistachio twig
borer, K. pistaciella using delta traps in Kashan pistachio
orchards, in order to determine the time of occurrence of
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flight peak and to know about the most optimal time for
chemical control.

2  MATERIALS AND METHODS

2.1 STUDY SITE

This research was carried out in Isfahan province,
Aran and Bidgol city, and in the Kavirat region in the
pistachio orchards of Hossein Abad and Abouzid Abad
towns. The city of Aran and Bidgol with an area of 6051
square kilometers has a warm and dry climate, the aver-
age rainfall of the city is 120 ml, and the depth of evapo-
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Figure 1: Population fluctuations of the pistachio twig borer, K. pistaciella in the pheromone traps in studied orchards in 2015-
2016. The sampling dates represent the end dates of each trapping period. The solid line represents the average temperatures (°C),
the relative humidity (%) and the wind speed (km h™') in each trapping interval.
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Figure 2: Population fluctuations of the pistachio twig borer, K. pistaciella in the pheromone traps in studied orchards in 2016-
2017. The sampling dates represent the end dates of each trapping period. The solid line represents the average temperatures (°C),
the relative humidity (%) and the wind speed (km h™") in each trapping interval..

ration is 2626 ml, which has also been faced with drought
crisis in recent years. The geographical characteristics of
pistachio orchards were with latitude 51° 38’ N and lon-
gitude 33° 55’ E. The age of pistachio trees was almost the
same and the average age was 17 years.

For this purpose, five pistachio gardens were select-
ed with Akbari cultivar and their geographical character-
istics are as follows:

site 1: N (33° 50’ 02”) and E (51° 577 09”)

site 2: N (33° 53’ 50”) and E (51° 44’ 23”)

site 3: N (33° 50’ 55”) and E (51° 47’ 04”)

site 4: N (33° 55" 32”) and E (51° 41 417)

site 5: N (33° 53’ 47”) and E (51° 46’ 48”)

Weather data including average, the highest, and the
lowest daily temperatures, relative humidity and wind
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speed were obtained from a nearby meteorological sta-
tion.

2.2 PHEROMONE TRAP CATCHES

First, according to the reports of previous years,
for the purpose of studying the population fluctuations,
delta pheromone traps were installed on March 5, 2016,
and the sampling was repeated the following year. Sex
pheromone used in the experiment was provided by the
Pherobank Company, Netherlands, with a concentration
of one milligram of pheromone per capsule. According
to previous researches, the pistachio twig borer, K. pista-
ciella is not susceptible to certain colours. Therefore, del-
ta traps were selected from two yellow and white colours.
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Twenty delta-type traps per hectare (approximately 20
meters apart) were installed in five pistachio gardens be-
fore leaf and fruit buds were opened and every three days,
number of captured male insects were counted. Traps
were re-baited at one-month intervals. Traps were located
on the highest part of the plant at a height of one meter,
approximately, and at a detected distance in the field. The
captured male moths were collected and counted every
three days. Traps were re-baited at one-month intervals.
Pheromone traps were installed at an altitude of one meter,
approximately, and on the northern side of the trees, in the
exterior of the twigs to be less exposed to the wind and
direct sunlight. The captured male moths were collected
and counted every three days in the early hours of the day.

3  RESULTS

3.1 POPULATION FLUCTUATIONS OF ADULTS

The results of the sampling of adult insects using the
pheromone trap and by counting the captured adult in-
sects in the traps in the two years are presented in Figs 1
and 2. On the basis of population fluctuations, in the first
year, the emergence period of adult insects of K. pistaciella,
was observed for 42 days from March 29 to May 4, a false
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peak was occurred on the 8" of April and the true peak was
observed on April 20™. In the second year, a 27 days period
was observed from April 8 to May 4, and a true peak was
observed on April 23" and there was no false peak.

3.2 THE RELATIONSHIP BETWEEN TEMPERA-
TURES, HUMIDITY AND WIND SPEED WITH
POPULATION FLUCTUATIONS OF ADULTS

The difference in population changes over two con-
secutive years is due to instability and the difference in
climate conditions and environmental factors, especially
the temperature, relative humidity and wind speed of the
studied gardens, as shown in Figs 1 and 2.

The correlation coefficient between number of moth’s
catches of K. pistaciella and weather parameters revealed
that mean temperature (R* = 0.031 for 2015-16) and (R* =
0.143 for 2016-17) exhibited no association in the first year
and a weak positive association in the second year of study.

4 DISCUSSION

Pistachio twig borer, K. pistaciella, male insects
started to be attracted by pheromone traps in on March
22 in the first year and in the second year from April 8*.
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Figure 3: Scatter plot showing a positive correlation between average daily temperature (°C) and mean number of the pistachio
twig borer, K. pistaciella adults captured in pheromone traps in in studied orchards in A) 2015-2016 and B) 2016-2017
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This trend was continued in the first and second year
to the fourth of May. The flight period lasted for 42
days in the first year and 24 days in the second year. It
seems that these differences in population fluctuations
over the two years are due to different temperature and
humidity conditions. In the first year, relative humidity
varied from 31-75 % and in the second year from 20-
89 % and the mean temperature in the first year varied
from 11-22 °C, and in the second year it varied from
11-26 °C.

Based on the results of the first capture of adult in-
sects, the flight peaks and the end of the capturing in
the first year were recorded on March 22, 8-20 April,
and May 4, and in the second year of experiment they
were recorded on April 8, April 23, and May 4, respec-
tively. The results showed that the incidence of the peak
of flight period of male insects in the trap varied in five
different orchards. It seems that the different weather
conditions of these gardens have caused this in one year
and different weather conditions differently for two
consecutive years.

Based on the results of Zamani et al. (2012), the
first capture of adult insects, the peaks of the flight pe-
riod and the end of the capturing in 2012 were recorded
on April 20, May 9, and May 30, respectively. Funnel
traps in comparison with Delta trap had a greater num-
ber of insects, and there was no significant difference in
trapping and geographic location in attracting insects.
According to Yaniki & Yildirim (2016), K. pistaciella
males first emerged in early to mid- April, and they had
a four - five week flight period in orchards of Bozova
and Hilvan Counties of the Province of Sanliurfa, Tur-
key.

The number of insects captured in the flight peak
varied in different orchards, with an average of between
4 and 153 in the first year and 27 to 330 individuals in
the second year. Studies in Rafsanjan pistachio orchards
(Bassirat, 2006) showed that adult emergence occurred
from early April to early May and flight peak from 25 to
30 April. There is a difference in the biology of the pest
in the two regions of Kashan and Rafsanjan due to dif-
ferences in weather conditions of the two regions. The
presence of atmospheric unstable conditions, especially
in the spring, such as the sudden fall of temperature,
thunder shower and sporadic rainfall, monsoon rains
and even hail and no precipitation, in some years, cause
the fluctuations in the population curve of adult insects
and false pixels.

In another study in order to control the population
of pests, the effect of shape and direction of the instal-
lation of pheromone trap in the crown of the tree and
the geographical location in attracting the adult pest in-
sects were studied. The experiment was conducted as a

18 | Acta agriculturae Slovenica, 114/2 - 2019

factorial experiment in a completely randomized design
with two funnel and delta traps, two direction of north
and south axis of the tree crown and three geographi-
cal regions of the pistachio orchards of Shahin-e-Shahr
and Meymeh of Isfahan province. Traps were installed
at 50 meters intervals with two replications. The num-
ber of captured insects per traps were counted from late
March to early June on a weekly basis. Based on the re-
sults of the first adult insect capturing, the flight peaks
and the end of flight period in 2012 were recorded on
April 20, May 9, and May 30, respectively. In addition,
funnel trap in compare to the delta trap captured more
insects, and there was no significant difference in the at-
traction of insects to trap installation direction and trap
and geographic position (Zamani et al., 2012).

Based on the previous studies conducted by Bassir-
at during the years of 2002-2008, the peaks numbers
were observed in some years during the flight period of
adults of K. pistaciella, so the results of the research also
confirmed previous findings in this context (Bassir-
at, 2016). Also, based on previous research (Bassirat,
2008), if the percentage of emergence was considered as
the basis for the time of the control, the peak of the ap-
pearance of insects in four years and in two regions, on
average, approximately was coincided with 65 % of the
emergence of adult insects. Research has shown that the
use of 500 units of pheromones per hectare to disturb
mating of K. pistaciella adult moths is more effective
than chemical control. The research showed that the de-
velopment of the mating disruption method to control
the pistachio twig borer is more preferable in the pro-
duction of healthy food and environmental protection
(Avand-Faghih et al,, 2016).

The current studies revealed that the weather pa-
rameters such as temperature and relative humidity has
great influence on the mean numbers of Pistachio twig
borer adults. The peaks of adult moths was occurred
with the mean air temperature of 20 to 25°C. Accord-
ing to previous studies (Bassirat, 2008), the total daily
effective temperature for the peak of the appearance of
insects with respect to the minimum thermal threshold
is 12 °C. Therefore, due to the effective daily tempera-
ture in the area, the time of emergence of insects can be
determined and planted to control the pest. The influ-
ence of the mean daily temperature on the capture of
K. pistaciella moths, as revealed by correlation analysis,
can be explained by the fact that the temperature was
close to 25 °C, which is the ideal temperature for the
moths to mate (Fakhri, 2018; Abbaszadeh et al., 2006).
As can be seen in Figs. 1 and 2, the mean number of K.
pistaciella moths captured in the present study was the
highest when the temperature was near 25 °C, as it was
between April 17 and 23.
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5 CONCLUSION

In the present study, we found positive correlations
among the number of K. pistaciella males captured, tem-
perature, and relative humidity. The Delta pheromone
trap was efficient in capturing a large numbers of K.
pistaciella male adults. The flight peaks and the end of
the capturing in the first year were recorded on March 22,
8-20 April, and May 4, and the second year was recorded
on April 8, April 23, and May 4, respectively. Also for ef-
fective management of the pest, local hanging of phero-
mone traps is suggested.
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Feasibility of different crop rotations for cultivation in salt af-
fected soils

Abstract: Crop rotation can be used as an effective tech-
nique for managing salt-affected soils, however selection of
suitable crop rotation at farmer field is very intricate decision
which depends on expected net revenue, available resourc-
es and preserving the soil quality. In this perspective a study
was conducted to evaluate a suitable crop rotation scheme for
salt affected soils in term of economic value and improving
the soil health. Seven crop rotation used were; T, = Wheat-
Rice, T, = Wheat-Sesamum, T, = Ispagol-Rice, T .= Ispagol-
Qulfa, T5 = Tukhum-e-blangoo-Qulfa, T6 = Ajwain-Niazboo,
T, = Saunf-Podina. A moderately salt affected field {pH_ = 8.65,
EC,5.20dSm™, SAR = 27.73 (mmol I")"*} was selected. The
experimental design was randomized complete block design
(RCBD) with three replications having plot size of 4 m x 6 m.
Results of two years study showed that maximum grain yield
was recorded by rice wheat rotation and maximum net income
(208352 Rs. ha') and BCR (4.72) was also observed in rice-
wheat crop rotation over all other crop rotations. With respect
to ameliorative affect, rice- wheat rotation also showed a sig-
nificant positive impact on chemical properties of salt affected
soil. Therefore, it is suggested that rice wheat crop rotation is
the most suitable and economically attractive cropping scheme
in salt affected soil which has potential to provide better long-
term income to farmers, improve soil health and combat soil
deterioration caused by salinity.
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Primernost razli¢nih kolobarjev za pridelavo na slanih tleh

Izvlecek: Kolobarjenje lahko uporabimo kot uc¢inkovito
tehniko za obvladovanje ucinka slanosti tal, vendar je izbira
ustreznega kolobarjenja za kmeta zelo zapletena odlo¢itev, ki
zavisi od pri¢akovanega neto dohodka, razpolozljivih sredstev
in ohranjanja kakovosti tal. V povezavi s to tematiko je bila
izvedena S$tudija, katere namen je bil ovrednotiti primernost
razli¢nih nacinov kolobarjenja na slanih tleh z ekonomskega
vidika in vidika izbolj$anja uporabnosti tal. Uporabljenih je
bilo naslednjih sedem nacinov kolobarjenja: T1 = pSenica (Tri-
ticum aestivum L.) - riz (Oryza sativa L.), T2 = pSenica - sezam
(Sesamum indicum L.), T3 = indijski trpotec (Plantago ovata
Forssk.) - riz, T4 = indijski trpotec - navadni tol$¢ak (Portulaca
oleracea L.), T5 = lalemancija (Lallemantia royleana Benth. in
Wall.) - navadni tol$¢ak, T6 = iranska kumina (Carum copticum
L.) - navadna bazilika (Ocimum basilicum L.), T7 = navadni
komarcek (Foeniculum vulgare Mill.) - poprova meta (Mentha
piperita L.). Izbrana so bila zmerno slana tla (pHs = 8.65, ECe =
5.20 dS m™, SAR = 27.73 (mmol 17)""?). Poskus je bil zasnovan
v naklju¢nem blo¢nem razporedu (RCBD) s tremi ponovitvami
in velikostjo parcelic 4 m x 6 m. Rezultati dvoletnega poskusa
so pokazali, da je bil v kolobarju riza s pSenico doseZen najvedji
pridelek zrnja in najvecji neto dohodek (208352 Rs. ha™) kot
tudi najve¢ji koli¢nik med stroski in prihodkom (BCR; 4.72).
Kolobar riza s pSenico je pokazal tudi znacilne pozitivne uc¢inke
na kemijske lastnosti slanih tal. Zaradi nastetega se za nacrto-
vanje rotacije polj$¢in na slanih tleh priporo¢a kolobar riza s
psenico kot najbolj primeren in ekonomnsko najbolj obetaven,
saj ima vedji potencial dolgoro¢nega zagotavljanja prihodkov
kmetov, izbolj$uje lastnosti slanih tal in zmanj$uje verjetnost
njihovega slabsanja.

Kljucne besede: kolobar; riz; pSenica; slanost; stroski/pri-
hodki
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1 INTRODUCTION

A key challenge of 21st century agriculture is to pro-
vide the food, fiber and fuel for an expanding population
while preserving the soil fertility and providing adequate
farm profitability to farmers (Robertson and Swinton,
2005). Furthermore, agricultural land loss due to salin-
ity is one of the main problems to sustainable agricul-
ture as approximately 20 % of the world’s cultivated land
are salt affected (Sumner, 2000). In general, continued
irrigation with poor quality ground water, poor infield
management and a deficient drainage system are main
causes of expansion of land salinization (Gehad, 2003).
So in current scenario salt-affected soils are of growing
importance to meet food demand of growing population
and this situation necessitates some forward planning
and need to find out several management and agronomic
practices that work satisfactory for utilizing and preserv-
ing this natural resource (Gehad, 2003).

Rice (Oryza sativa L.), cultivation started nearly
11,500 years ago (Gnanamanickam, 2009) and approxi-
mately half of the world’s population consumed the rice
as staple food (Ma et al., 2007). To ensure food security
for the expanding population, rice production should
be increased by 50 % in rice consuming countries (Jin-
ni and Joseph, 2017). Wheat (Triticum aestivum L.), is
also a main vegetable protein source and is cultivated all
around the world due to its adaptation to a various range
of climates. Globally it is a major food crop, which is cul-
tivated on approximately 200 million hectares with an
average production of 600 million tons (Rajarm & Braun,
2006). Medicinal plants are also becoming increasingly
popular in modern society and are used all over the
world as natural alternatives to synthetic chemicals (Wyk
& Wink, 2004). It may be worthwhile to explore poten-
tial of medicinal plants for salt affected soil, which may
be beneficial for mankind. Previously many researchers
have described the economical and medicinal impor-
tance of several halophytes (Dagar, 1995). Consequently,
concerted research efforts are required for their immense
potential to be planted on salt affected soils as valuable
resource and cash crop on an urgent basis.

Crop rotation is an agricultural practice, which im-
plicates cultivation of different crops on same field. Selec-
tion of suitable crop rotation at farmer field is very in-
tricate decision. Economists assume that farmers tend to
pursue activities that improve their utility, or well-being,
generate revenue, lessen the monetary and physical risk,
decrease labor demands, and are comfortable or pleasur-
able (Bowman and Zilberman, 2013). One of the main
issues influencing crop production choices by farmers is
the expected market price of selected commodity and the
resulting estimated net revenue, in addition to the rela-
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tive economic risk associated with production of poten-
tial commodities (Huirne et al., 2000). A farmer’s earn-
ings and capacity to achieve credit, farming systems, skill
and technologies and willingness to invest in new crops
will also influence the choice of crops (Knowler and
Bradshaw, 2007; Salassi et al., 2013). In a study consist-
ing of different crop rotation Dogan et al. (2008) reported
that wheat and sunflower using as main crop were more
profitable rotation system under rain fed conditions hav-
ing net profit of $474 and $482 ha™' year™!, respectively.
Likewise, Nel and Loubser (2004) stated that crop rota-
tion consisting of sunflower, soyabean were most effec-
tive rotations with maximum net while mitigating finan-
cial risk. Similarly, a field trail showed that inclusion of
oilseeds crop in cereals generate the maximum net re-
turn, reducing the financial risk through improved pro-
duction stability (Dhuyvetter et al., 1996). To evaluate the
economic assessment of different crop rotation consist-
ing of: corn-soybean-corn (CSC), alfalfa-alfalfa-corn
(AAC), continuous corn (CCC), soybean-wheat—corn
(SWC), soybean—-corn- corn (SCC) and soybean-alfal-
fa—corn (SAC). Goplen et al. (2018) reported that alfal-
fa-alfalfa—corn (AAC) was most dominant crop rotation
with the highest net return of $919 ha™ yr™!, mostly due
to more stable prices of alfalfa. Jat et al. (2012) studied
the economic performance of ten rice-based cropping
sequences. Results revealed that rice - fenugreek - okra
was most productive (25.73 t ha™) cropping system with
maximum return of (96,286 Rs ha™).

However, in salt affected soils there is need to com-
bine profitability in combination with other production
factors like soil remediation, soil fertility and soil physi-
cal and chemical properties (Popp et al., 2005; Yao et al.
2013). Furthermore, crop rotation could be used as an
alternative approach to improve soil health and com-
bat soil deterioration. It improves soil structure (Yazar,
2008), increases soil organic matter (Bremer et al., 2008;
Bhatti and Khan, 2012) and water use efficiency (Tanaka
et al., 2005), improves crop nutrient use efficiency (Kar-
len et al., 1994), reduces grain yield variability (Varvel,
2000) and improves grain quality (Kaye et al., 2007).

Furthermore, when good quality water supplies
are limited a suitable crop rotation is the only means for
managing salt-affected soils and maintaining crop yields
(Kaur et al., 2007). Crop rotation resulted in several im-
provements, in soil physical and chemical properties and
is also suggested for salt affected soil, especially when
crops with varying degrees of salinity tolerance are used
(Lacerda et al., 2011). For suitable crop rotation in salt
affected soils, selected crop should be either salt tolerant
or tolerant cultivars must be selected from sensitive or
medium tolerant crops with high economic value (Ouda
et al,, 2016; Kishk, 2000). Likewise, appropriate crop ro-
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tation in salt-affected soils can accelerate the reclamation
process by reducing evaporation and upward transport of
salt in the soil (Brady and Well, 2008).

Abro and Mahar (2007) reported that in rice-wheat
cropping system, salinity indicators like soil EC , pH and
SAR were significantly lowered after the rice harvest,
however, a minor increase in EC, and pH were recorded
whereas, the SAR levels dwindled further after wheat
harvest. Similarly in a study Liu et al. (2013) reported
that the rice-barley crop rotation lowered soil EC_ after
a reclamation time of more than 10 years. Zhang and
He (2004) found that rice plantation resulted the addi-
tion of soil organic matter. The paddy soil management
for 50 years favored the enhancement of soil organic
carbon and decreased the concentrations of Ca, Mg,
and Na (Chen et al,, 2011). Fu et al. (2014) found that
rice-barley crop rotation had more ameliorative effect on
soil properties and significantly decreased the pH value
than cotton-barley crop rotation system at the same year.
Similarly, in a study Zou et al. (2011) concluded that the
management of rice crop increased the accumulation of
organic matter, which tends to converge soil pH to neu-
tral. In addition, leaching effects of irrigation reduces the
soil salinity (Iost et al., 2007; Fu et al., 2012).

So, keeping the all above facts in consideration the
work presented in this paper was designed to evaluate a
suitable crop rotation scheme for salt affected soils which
will not only benefit the overall productivity and profit-
ably of the farm but also improve the soil health.

2 MATERIAL AND METHODS

This field trial was conducted for two successive sea-
sons from 2011-12 to 2012-13 at Soil Salinity Research
Institute Pindi Bhattian. A moderately salt affected field
{pH of soil saturated past (pH,) = 8.65, electrical conduc-
tivity of soil extract (EC)) = 5.20 dS m™', sodium absorp-
tion ratio (SAR) = 27.73 (mmol 17!)¥?} was selected. The
experimental design was randomized complete block de-
sign (RCBD) with three replications having plot size of
4 m x 6 m. The cropping seasons were Kharif (June- Sep-

tember) and Rabi (October-March). Cropping scheme
used was as under:

Rabi crops were sown during the last week of No-
vember during 2010-11 and 2011-12 and Kharif crops
were sown in last week of June during 2011 and 2012
in the same field. All cultural and management prac-
tices were carried out uniformly as and when required.
Grain yield of each crop was recorded at maturity,
whereas, for qulfa and podina biomass yield of eco-
nomic value was noted. After harvesting of each crop,
composite soil samples were collected for analysis of
pH, EC_and SAR. All the soil analysis was carried out
following the method of U.S. Salinity Laboratory Staff
(1954). In order to appraise the economic feasibility
of different crop rotation total income was estimated
by using existing price of each crop in local markets.
Net income was derived subtracting the total expenses
from total income and benefit: cost ratio (BCR) was
computed by dividing gross income with total expens-
es (Shah et al., 2013). Collected data was subjected to
analysis of variance following the method of Steel et al.
(1997) to sort out significant differences among treat-
ments at 5 % probability level.

3 RESULTS

3.1 RABI2011-12

Data in Table 1 revealed that during first Rabi
season (2011-12) maximum yield was produced by
wheat crop (2.04 and 1.93 t ha™) in T and T, respec-
tively followed by ispagol with grain yield of 0.39 and
0.38 t ha'in T, and T, respectively. While minimum
yield of 0.31 t ha™' was recorded in ajwain. With re-
spect to economic value maximum return of Rs. 55716
and 51618 ha™' was earned by wheat crop in T, and
T, respectively which was statistically non-significant
(p < 0.05) with economic value of ajwain (Rs. 49600).
Minimum economic value was observed in ispagol
with Rs. 36486 ha".

Treatments  Crop rotation Rabi crops Kharif crops

T, Wheat-Rice Wheat (Triticum aestivum L.) Rice (Oryza sativa L.)

T, Wheat-Sesamum Wheat (Triticum aestivum L.) Sesamum (Sesamum indicum L.)
T, Ispagol-Rice Ispagol (Plantago ovata Forssk.) Rice (Oryza sativa L.)

T, Ispagol-Qulfa Ispagol (Plantago ovata Forssk.) Qulfa (Portulaca oleracea L.)

T, Tukhum-e-blangoo-Qulfa Tukhum-e-blangoo (Lallemantia royleana Benth. in Wall.)  Qulfa (Portulaca oleracea L.)

T, Ajwain-Niazboo Ajwain (Carum copticum (L.) Link.) Niazboo (Ocimum basilicum L.)
T Saunf-Podina Saunf (Foeniculum vulgare Mill.) Podina (Mentha piperita L.)

N
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Table 1: Yield and economic analysis of rabi crops 2011-12

Treatments (Crop Rotation) Crop Yield (t. ha™) Economic Value (Rs.)
T, Wheat-rice Wheat 1.93 A 51618 AB

T, Wheat-sesamum Wheat 2.04 A 55716 A

T, Ispagol-rice Ispagol 0.39B 39778 CD

T, Ispagol-qulfa Ispagol 0.38B 36486 D

T, Tukhum-e-blangoo-qulfa Tukhum-e-blangoo 0.36 B 41233 CD

T, Ajwain-niazboo Ajwain 0.31B 49600 AB

T, Saunf-podina Saunf 0.33B 45433 BC

Means sharing the same letters are statistically similar at p < 0.05

3.2 KHARIF 2012

During Kharif season (2012) the highest yield of
2.32 and 2.24 t ha™' was ensued by rice in T, and T, re-
spectively followed by grain yield of 0.42 t ha™ produced
by niazbo which was statistically (p < 0.05) alike with
yield of podina, qulfa and sesamum. As far as economic
value of kharif crops was concerned maximum economic
value (Rs. 71852 ha™') was observed in rice crop however
it was statistically insignificant (p < 0.05) with qulfa and
niazbo. Minimum economic value was recorded in sesa-

mum (Rs. 37742 ha™).

Table 2: Yield and economic analysis of Kharif crops 2012

3.3 RABI2012-13

Data (Table 3) depicted that during 2™ Rabi season
maximum yield was produced by wheat crop. Wheat
produces the yield of 2.21 and 1.99 t ha™ in T, and T,
respectively. Minimum yield was produced by ajwain
(0.32 t ha™') which was statistically (p < 0.05) non-signif-
icant with yield of ispagol and saunf. Data regarding the
economic value showed that maximum economic value
(Rs. 58049 ha™') was obtained by wheat crop followed by
ajwain and both crops remain statistically (p < 0.05) non-

Treatments (Crop Rotation) Crop Yield (t ha™') Economic Value (Rs. ha™')
T, Wheat-rice Rice 2.32A 71852 A
T, Wheat-sesamum Sesamum 0.38 B 37742 B
T, Ispagol-rice Rice 224 A 69481 A
T, Ispagol-qulfa Qulfa 0.31B 69404 A
T, Tukhum-e-blangoo-qulfa Qulfa 0.34B 68455 A
T, Ajwain-niazboo Niazboo 0.42B 66868 A
T, Saunf-podina Podina 0.35B 49519 B

Means sharing the same letters are statistically similar at p < 0.05

Table 3: Yield and economic analysis of Rabi crops 2012-13

Treatments (Crop Rotation) Crop Yield (t ha™) Economic Value (Rs. ha™)
T, Wheat-rice Wheat 1.99 B 52285B

T, Wheat-sesamum Wheat 221 A 58049 A

T, Ispagol-rice Ispagol 0.42C 42445 C

T, Ispagol-qulfa Ispagol 0.40C 40153 C

T, Tukhum-e-blangoo-qulfa Tukhum-e-blangoo 037C 45900 C

T, Ajwain-niazboo Ajwain 032C 52267 B

T, Saunf-podina Saunf 0.34C 54767 AB

Means sharing the same letters are statistically similar at p < 0.05
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Table 4: Yield and economic analysis of Kharif crops 2013

Treatments (Crop Rotation) Crop Yield (t ha™!) Economic Value (Rs. ha™')
T, Wheat-rice Rice 2.08 A 88542 A

T, Wheat-sesamum Sesamum 0.25C 37500 C

T, Ispagol-rice Rice 1.98 A 84292 A

T, Ispagol-qulfa Qulfa 0.61 B 73833 AB

T, Tukhum-e-blangoo-qulfa Qulfa 0.66 B 79833 A

T, Ajwain-niazboo Niazboo 0.53B 61333 B

T, Saunf-podina Podina 0.30C 36120 C

Means sharing the same letters are statistically similar at p < 0.05

significant from each other. While minimum economic
value (Rs. 40153 ha™') was showed by ispagol.

3.4 KHARIF 2013

Data in table 4 displayed that during 2™ Kharif sea-
son maximum yield of 2.08 and 1.98 t ha™' was produced
by rice crop in T, and T, respectively followed by qulfa
crop, while minimum yield (0.25 t ha™) was recorded in
sesamum. Economic value data showed that maximum
economic return of Rs. 88542 ha' was achieved by rice
crop followed by qulfa crop, however, difference between
to crop was not large enough to reach a level of significance
(p < 0.05). Minimum economic value (Rs.36120 ha™)
was observed in podina crop.

3.5. SOIL PROPERTIES

Soil analysis data (Table 5) at the end of study showed
that soil properties were also considerably affected by type
of crop used in crop rotation. Among all the rotation rice-
wheat crop rotation showed a minimum value (8.36) for
soil pH followed by ispagol-rice rotation with pH value of

8.39. Maximum pH value (8.44) was noted in tukhum-e-
blangoo-qulfa rotation. Similarly, rice crop also improved
the salinity indicators i.e EC_ and SAR of soil. Minimum
value of EC_ (3.87 dS m™) and SAR (20.96 mmol 1) >
were noted in rice wheat crop rotation. Whereas, maxi-
mum value (4.50 dS m™) of EC_ was observed in saunf-
podina rotation and for SAR maximum value (24.80) was
observed where ajwain-niazboo rotation was used.

3.6  ECONOMIC ANALYSIS

Economic analysis data (Table 6) at the end of 2
years study showed that different crop rotation in salt
affected soils had significant effect on gross income, net
income and benefit: cost ratio (BCR). Maximum net in-
come (208352 Rs. ha!) and BCR (4.72) was recorded
by rice-wheat crop rotation and minimum net income
(128207 Rs. ha!) and BCR (3.10) was observed in wheat
sesamum rotation.

4 DISCUSSION

Decision of suitable crop rotation scheme in salt af-

Table 5: Effect of different crop rotation on soil chemical properties at the end of experiment

% decrese

Treatments % decrese over EC, % decrese over SAR over initial
(Crop Rotation) pH, initial value (dSm™) initial value (mmol )2 value
T, Wheat-rice 8.36 3.35 3.87 25.57 20.96 24.41
T, Wheat-sesamum 8.40 2.89 4.32 16.92 22.4 19.22
T, Ispagol-rice 8.39 3.00 3.92 24.61 21.76 21.52
T, Ispagol-qulfa 8.43 2.54 4.46 14.23 23.8 14.17
T, Tukhum-e-blangoo-qulfa 8.44 2.42 4.44 14.61 24.12 13.01
T, Ajwain-niazboo 8.41 2.77 4.38 15.76 24.80 10.56
T, Saunf-podina 8.42 2.65 4.50 13.46 23.36 15.75
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Table 6: Effect of different crop rotation on net income and benefit: cost ratio (BCR) at the end of study

Treatments Cost of production Gross income Net income Benefit: costra-
(Crop Rotation) (Rs. ha™) (Rs. ha™) (Rs. ha™) tio (BCR)

T, Wheat-rice 55945 264297 208352 4.72

T, Wheat-sesamum 60800 189007 128207 3.10

T, Ispagol-rice 61356 235995 174639 3.84

T, Ispagol-qulfa 55987 219876 163889 3.92

T, Tukhum-e-blangoo-qulfa 65344 235421 170077 3.60

T, Ajwain-niazboo 58650 230068 171418 3.92

T, Saunf-podina 55182 185839 130657 3.36

fected soil is very complex intrinsically region dependent
task and should be based on salinity tolerance, economic
value of the crop, impact on environment, generated rev-
enue, available resources, food security and market con-
ditions (Dogliotti et al., 2014 ; Smajgl et al., 2016). Crop
rotation scheme on a farm is justified by preserving soil
quality (Brankatschk and Finkbeiner, 2015; Nemecek et
al., 2015), increased economic benefits (Dhuyvetter et al.,
1996) improved soil properties (Peterson and Westfall,
2004), environmental perspective (Reckling et al., 2015),
ensuring long term yield and soil fertility (Hennessy,
2006; Dury et al., 2011). Different crop rotation models
have been evaluated in terms of agronomic as well as
farm profitability in combination with their impact on
soil health (Hulugalle et al., 2002; Popp et al., 2005).

Crop diversification in a cropping sequence gener-
ally reduces risk of failure through more stable yield and
market price diversification as low income by one crop
can be offset by high income of another crop in a given
year (Meyer-Aurich et al., 2006; Nemecek et al., 2008).
Zentner et al. (2002a) also reported that farmers who
adopted diversified crop rotation earned more income.

Therefore, in this study we proposed the seven crop
rotations for salt affected soil which should be acceptable
to local farmers, can generate the income and contribute
to food security and rural development. In developing
countries one of most common factor for fast adoptabil-
ity of a cropping sequence by farming community is ex-
pected market price and resulting net economic return
of selected crop (Hurine et al., 2000; Salassi et al., 2013).

Nevertheless, viability and adoptability of cropping
system does not depend on crop yield but also on effi-
ciency in use of available resources (Moreno et al., 2011).
Net return generated by a rotation is very critical because
selection of a suitable crop affects the affects economic
benefits (Jatoe et al., 2008; Martin and Hanks, 2009). In
general, farmers tend to pursue activities which maxi-
mizes their farm profitability, reduced physical labor and
financial risk, and are convenient and enjoyable (Bow-
man and Zilberman, 2013).
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Salt stress rapidly reduces the plant growth due to
osmotic stress and ion toxicity (accumulation of toxic Cl
and Na* in cells of shoot) and ultimately the final yield
of crops (Munns and Tester, 2008; Tamimi et al., 2016).
The ability of a plant to tolerate salinity is a vital factor in
plant productivity (Momayezi et al, 2009). Considering
individual year yields, wheat was the most high yielding
crop in Rabi season, while rice perform better among
Kharif crops. These crops tolerate the salinity mainly
two mechanisms, osmotic tolerance and ion exclusion
(Munns and Tester, 2008; Roy et al, 2014) while, yield
of other crops was low due to higher salinity sodicity
problem and inefficient tolerant mechanisms. Also, rice-
wheat rotation showed a preventive impact on soil salin-
ity/sodicity build up and consequently crop yield was in-
creased. Rice and wheat crop are previously reported as
salt tolerant and can utilize to maximize the productivity
and profitability of salt affected soils.

Economic circumstances of developing countries
are compelling farmers to cultivate crops that generate
high income, leading to cereal-dominated crop rotations
(Sieling & Christen, 2015).

Economic performance of a crop rotation contrib-
utes to its adaptation and continuity but in general eco-
nomic analysis studies of rotations are scarce (Gonzalez
et al., 2002). Many researchers study the economic per-
formance of different crop rotations (Chen, 2009; Chen
and Chen, 2011; Zhu et al., 2011).

Rice-wheat rotation is a popular crop rotation in
southern and eastern Asia with an area of 24 to 27 mil-
lion hectares (Wassmann et al., 2004). According to
economic analysis of present study, rice wheat cropping
scheme exhibited more benefit per hectare of crop and
this rotation may provide maximum economic benefit
to farmers in comparison to other. One of the plausible
explanation for yield and revenue advantage of rice and
wheat crops under salt affected soil might be their more
salinity tolerance in comparison with other crops used in
rotation (Yeo et al, 1990; Purushottam et al., 2012; Sar-
ingi et al., 2015; Hasan et al., 2015) coupled with market
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value and commercialization of these crops (Singh et
al., 2014). More revenue generated by rice wheat crop
rotation may be due to prevailing socio-economic con-
ditions of the region (Livingston et al., 2012; Pare et al,,
2015; Liu et al., 2016) as both crops are used as staple
commodities and their market prices were less variable
as compared to other crops in rotation. So adequate and
high quality yield of rice and wheat with substantial
net return contributes the rice- wheat rotation domi-
nating all other rotations. According to Gonzalez et al.
(2013) wheat earned the income of US$1051 ha™ and
barley US$711 ha™', which are economically attractive
and more than bean and sugar beet. Comparable results
have been reported by Mellado et al. (2000), Stanger et
al. (2008), and Hirzel (2011). Dominant and profitable
crop rotations with reduced risk depend on prevailing
conditions of specific regions (DeVuyst and Halvor-
son, 2004; Saharawat et al., 2010). Sdnchez-Girdén et
al. (2004) also evaluated the economic performance of
different crop rotations wheat-barley, wheat-vetch and
barley-vetch for sixteen years and concluded that eco-
nomic return of crop rotation depend upon the factors
beyond control like market price and climate of the re-
gion that influence the variable like cost of production,
quality and quantity of yield, and net income which are
the main sources of variability or economic uncertain-
ty. In a long term study of fifteen years Stanger et al.
(2006) evaluated the effect of different nitrogen levels
on seven crop rotation i.e. continuous alfalfa (Medica-
go sativa L.) (AA), corn-soybean-corn-oat with alfalfa
seeding-alfalfa (CSCOaA), continuous corn (Zea mays
L.) (CC), corn-alfalfa (CA), corn-corn-oat (Avena sa-
tiva L.) with alfalfa seeding-alfalfa-alfalfa (CCOaAA),
corn-corn-corn-alfalfa-alfalfa (CCCAA) and corn-soy-
bean (Glycine max (L.) Merr.) (CS). They reported that
maximum return was earned by corn-soybean rotation
at all nitrogen levels. Similarly Singh et al. (2011) study
the productivity and economic performance of differ-
ent crop rotation like rice-potato-green gram, rice-pea,
rice-wheat, rice-wheat-sesbania, rice-lentil + mustard
-cowpea, rice-chickpea, rice-lentil-cowpea, rice-maize
+ pea - cowpea, rice-mustard-green gram and rice-
wheat-green gram. They concluded that rice-potato-
green gram cropping system gave the highest produc-
tivity net return and benefit: cost ratio.

Similar findings were reported by Kaur et al
(2007) that paddy-based crop rotations were beneficial
for salt affected soil and they also recommended the
fallow-wheat cropping sequence as an alternative crop-
ping scheme. In similar studies, the highest net income
was obtained from wheat-rice rotations (Guan et al.,
2011; Zentner et al., 2002), the rice-potato-sunflower
sequence (Jaiswal et al., 1993) and rapeseed-common

vetch + sunflower-wheat (Dogan et al., 2008). Our re-
sults are reinforced by earlier findings that not only the
sequence, but also the choice of crops in the rotation
influences the economic margin (Wilson et al., 2003;
Jatoe et al., 2008). Economic benefits of different crop
rotation have been reported by several researchers (Tz-
ilivakis et al. 2005; Chen et al., 2015; Babulicova, 2016;
Aminifar et al., 2017) which are in agreement with our
findings.

4.1. SOIL PROPERTIES

Hence along with direct income generated, long
term environmental impacts and sustainability of a
cropping sequence must be also taken into account
when determining its suitability for salt affected soil.
Rotation type had substantial effects on soil health and
qualities, results showed that all cropping sequences
lowered the soil pH, EC_ and SAR at the end of study.
Rice-wheat rotation showed maximum reduction of
3.35 % in soil pH, which may be ascribed to leaching
of soluble salts and CaCO, resulting a rapid fall in pH
value (Cui et al.,, 2012; Fu et al., 2014; Neugschwandt-
ner et al., 2014; Mahmood et al., 2016). Results of this
study are in agreement with finding of Abro and Ma-
har (2007) who found a significant decrease in salinity
indicators i.e. pH, EC_and SAR after the rice harvest,
however, a slight increase in pH and EC_ were record-
ed while, the SAR levels decreased further after wheat
harvest. Similarly, Gehad (2003) also reported rice
wheat rotation as most suitable cropping pattern dur-
ing reclamation of salt affected soil. Data also showed
that rice wheat cropping pattern reduces EC, and SAR
upto 25.57 and 24.41 % respectively, which could be ex-
plained due to leaching effect of irrigation as rice crop
required the frequent irrigation (Iost et al., 2007; Fu et
al., 2012). Our results are supported by series of find-
ings that cropping pattern revealed an absolute tempo-
ral trend on soil properties (Fu et al., 2014; Lazicki et
al., 2016; King and Hofmockel, 2017). Similar findings
were reported by Fu et al. (2012) and Liu et al. (2013)
that the rice-barley cropping sequence decreased soil
salinity after a reclamation time of more than 10 years.
Furthermore, cultivation of rice favored the addition of
soil organic matter and decreases the Na, Ca and Mg
contents (Chen et al.,, 2011; Zhang and He, 2004) which
tends to converge soil pH to neutral and improved the
soil properties (Zou et al., 2011). In study conducted by
Fu et al. (2014) they found that rice-barley crop rota-
tion had more ameliorative effect on soil properties and
significantly decreased the pH value than cotton-barley
crop rotation system at the same year.
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5 CONCLUSION

Utilization and remediation of marginally salt af-
fected soil is a global challenge for sustainable agricul-
ture. Optimizing the agricultural production from salt
affected soil requires appropriate farmer’s decision based
on economic and environmental constraints. Finally
results generated by current study suggested that rice-
wheat crop rotation is the most suitable and economically
attractive cropping scheme in salt affected soil which has
potential to provide better long-term income to farmers,
improve soil health and combat soil deterioration caused
by salinity.
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Effects of cassava flour on the stickiness properties of wheat bread dough:
unleavened, leavened and frozen dough
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Effects of cassava flour on the stickiness properties of wheat
bread dough: unleavened, leavened and frozen dough

Abstract: Cassava utilization in the form of cassava-wheat
bread is increasing in Africa. However, information on sticki-
ness properties of dough handling under normal and frozen
conditions is limited. In view of this the gluten contents and
water absorption of doughs, and stickiness of unleavened, leav-
ened and leavened-frozen doughs processed from 0 to 30 %
cassava flour substitution level (CFSL) as compared to wheat
flour were determined. The gluten contents of flour blends
(6.88-13.00 %) decreased significantly (p < 0.05) with increas-
ing CFSL. Water absorption capacity (WAC) was ranged from
59.57-61.70 % and showed positive correlation with gluten
contents (r = 0.595, p < 0.05). Cassava variety (CV) and CFSL
had significant p < 0.05) influence on stickiness of unleavened
(34.14-122.17 g), leavened (13.53-83.94 g) and leavened frozen
(126.88-146.82 g) dough. Irrespective of CV and CFSL, frozen
dough had the highest stickiness. Gluten content and WAC had
significant (p < 0.01) negative influence on stickiness in un-
leavened (r = -0.445 and -0.437, respectively) and leavened (r =
-0.457 and -0.434, respectively) doughs. The variation in sticki-
ness was influenced by gluten contents and CFSL. The unfrozen
dough and frozen dough exhibited higher stickiness in lower
and higher gluten content flour blends, respectively.

Key words: cassava; composite flours; gluten; stickiness;
wheat
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Ucinki tapioke na lepljivost pSeni¢nega krusnega testa: ne-
vzhajano, vzhajano in zmrznjeno vzhajano testo

Izvlecek: Uporaba tapioke, skroba pridobljenega iz ma-
nioke (kasave) (Manihot esculenta Crantz) nara$¢a v obliki
priprave me$anega kruha s pSenico na afriski celini, a je kljub
temu zelo malo podatkov o lepljivosti navadnega in zmrznjene-
ga testa. V povezavi s tem je bila glede na vsebnost glutena in
absorpcijo vode v testu dolocena leplivost nevzhajanega, vzha-
janega in zmrznjenega vzhajanega testa, narejenega iz mesane
moke, v keteri so p$eni¢no moko nadomestili z od 0 do 30 %
tapioke (CFSL)v primerjavi s testom iz Ciste pSenicne moke.
Vsebnost glutena je v mesanicah moke znacilno upadala z nara-
$¢anjem dodatka tapioke (6,88-13,00 %; p < 0,05). Sposobnost
absorbcije vode (WAC) je bila v obmoc¢ju od 59,57 do 61,70 %
in je pokazala pozitivno korelacijo z vsebnostjo glutena (r =
0,595, p < 0,05). Sorta manioke (CV) in delez tapioke v mesani
moki (CFSL) sta imela znacilen ucinek (p < 0,05) na lepljivost
nevzhajanega (34,14-122,17 g), vzhajanega (13,53-83,94 g) in
vzhajanega zmrznjenega testa (126,88-146,82 g). Ne glede na
CV in CFSL je imelo vzhajano zmrznjeno testo najvecjo leplji-
vost. Vsebnost glutena in WAC sta imeli znacilni negativni udi-
nek (p < 0,01) na lepljivost nevzhajanega (r = -0,445 in -0,437)
in vzhajanega testa (r = -0,457 in -0,434). Na spremenljivost le-
pljivosti testa sta vplivali vsebnost glutena in CFSL. Nezmrznje-
na in zmrznjena testa so pokazala vecjo lepljivost pri manjsih in
vecjih vsebnostih glutena v mesanicah moke.

Klju¢ne besede: manioka; sestavljene moke; gluten; leplji-
vost; pSenica
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1 INTRODUCTION

Stickiness, a surface related property, is a tenden-
cy of dough to adhere to contact surface of equipment
and hands during mixing and kneading. This tendency
affect dough handling (Villanueva et al., 2018). Moreo-
ver, sticky dough is considered a problem to high speed
mixing, and can cause disruption to production sched-
ule, and subsequent loss of quality. Stickiness is associ-
ated with physical factors such adhesive force, combined
effects of adhesive and cohesive forces (Hoseney and
Smewing, 1999; Kral et al., 2018) and viscoelasticity.

Stickiness properties of dough are influenced by
several factors. The most important are extent of mixing
and water quantity (Ahmed and Thomas, 2018). How-
ever, studies have shown that excessive water plays the
most significant role in dough stickiness. Water acts as
plasticizer in dough system due to its influence on mo-
lecular mobility (Liu et al., 2018a). Some properties of
dough such as surface tension and solvation are depend-
ent on the plasticizing effect of water (Fonseca-Florido
et al., 2018). Constituents of food systems such as pro-
teins, in particular, glutenin and gliadins (Stone et al.,
2018), alpha-amylase activity (Zadeike et al., 2018), and
proteolytic enzyme activity (Zadeike et al., 2018) are also
reported to affect stickiness of dough. Therefore, infor-
mation on the water absorption capability and intrinsic
composition of base material is necessary to estimate the
stickiness of resulting dough.

Compressive force is applied during mixing of
ingredients to form dough and kneading of resulting
dough. Force of adhesion between the contact surface
and dough may result in stickiness depending on the
strength and cohesion forces of the dough. Stickiness has
been reported to be dependent on the rheological prop-
erties of the dough. Grausgruber et al. (2003) proposed
that if the dough is strong and elastic, the adhesive force
is overcome, and the dough will separate from the sur-
face (i.e., the dough is not sticky). On the other hand, if
the dough is viscous, it will flow and not overcome the
adhesive force (i.e. the dough is sticky). Therefore, under-
standing the stickiness properties of dough from a for-
mulation is important for its handling and machination.
In this regard scientific report on the stickiness proper-
ties of composite wheat-cassava flour dough is virtually
absent.

Rheological tests on doughs are used as quality
indicators of the gluten and starch polymers molecular
structure in ascertaining the dough’s functional behavior.
The viscoelastic network of the dough is dependent on
gluten development properties during mixing of wheat
flour, and can influence the handling characteristics of
dough during processing. The inclusion of cassava flour
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into wheat flour in bread making is an important issue in
the sustainable utilization of cassava. Increasing accept-
ance of bread from composite cassava-wheat flour would
stir interest in the storage of the composite flour dough
through freezing. However, frozen storage of the dough
could have additional effect on its subsequent handling
and machination during bakery process. Cassava flour
consists mainly of starches and some minor amounts
of fibres. In dough system, starches impart high water
binding capacity (Kaushik et al., 2015) but favours more
starch-starch interaction than wheat gluten protein-
protein. Thus, incorporation of cassava flours in frozen
wheat dough system may lead to reduced gluten network
deteriorations and ameliorate the rate of ice crystal for-
mation during freezing which are detrimental and con-
tribute to gluten network disruptions. However, there is
limited information on dough stickiness characteristics
in the cassava-wheat frozen dough system. Also, baking
ingredients such as yeast, sugar, salt, and fat can influ-
ence stickiness of dough. Differences in chemical con-
stituents and flour particle size (Sakhare et al., 2014) can
affect the stickiness of the dough. Ascertainable sticki-
ness based purely on raw material and water, and subse-
quently on developed dough is a reflection of industrial
quality acceptance criteria based on raw material. In the
present article, stickiness measurements were conducted
on three doughs: (1) dough made from mixture of flour
and water, (2) developed dough with ingredients, and (3)
frozen developed dough. The hypothesis: (1) stickiness of
the wheat dough decreases with increasing percentage of
cassava flour concentration and (2) there is a variation in
stickiness of the three different doughs.

2 MATERIALS AND METHODS

2.1 SOURCE OF MATERIALS

The wheat flour (white flour, Golden Cloud, Piet-
ermartzburg, South Africa) was obtained from the South
African market. Six cassava varieties (Bangweulu, Kato-
bamputa, Mweru, Kariba, Kampolombo and Chila) were
planted at Mansa Root and Tuber Research Station, a
branch of Zambian Agriculture Research Station (ZARI),
Mansa District, Luapula Province, Zambia. They were
harvested from each block after 18 months of planting.

2.2 CASSAVA FLOUR

The cassava roots were processed into flour using
the method of Eriksson et al. (2014). The particle size dis-
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tribution at 90 % (D90) finer particles of cassava flours
was determined as described in Patwa et al. (2014).

2.3 BLENDING OF WHEAT-CASSAVA FLOUR

Three levels of wheat: cassava (90:10, 80:20,
70:30) composite flours were prepared as described in
Aboaba and Obakpolor (2010). Wheat flour (100 %)
was used as a control in the analysis.

2.4 CHEMICAL ANALYSIS

Protein content was determined as described in
Nuwamanya et al. (2010) using the Dumas combus-
tion method of nitrogen content analysis (Leco Trus-
pec Model FP-528, St Joseph Mi, USA). Percentage
protein was calculated as % N x 6.25. The moisture,
lipid and fibre contents were determined as described
in (AOAC, 2012) methods 925.10, 920.39 and 962.09,
respectively. The amylose content was determined
using a Megazyme amylose/amylopectin assay kit
(K-AMYL 12/16 Megazyme International, Ireland).
The gluten content was determined by hand washing
method using 2 % sodium chloride solution by taking
about 10 g flour sample as described in (AACC, 2011)
Method 38-10. Water absorption capacity was deter-
mined with Brabender Farinograph (Model 820603,
Brabender OHG, Duisberg, Germany) at 30 + 0.2 °C
using a 300 g mixing bowel operated at 63 rev min™
according to AACC (2011) Method 54-21 of constant
dough mass method.

2.5 DOUGH PREPARATION

The unleavened dough (flour and water only)
was prepared as described in Grausgruber et al. (2003)
with modification. A 20 g flour was mixed with wa-
ter at absorption rates from Farinogram. The mixture
was kneaded until the dough was formed. The leav-
ened dough (250 g wheat flour, 25 g sugar, 3 g salt,
5 g baking fat and 2.5 g baker’s yeast) was produced
from white bread wheat flour dough baking method as
described in AACCI (2000) Method 10 to 10.03. The
formed dough was divided into portions of 20 g. Then
the portions were subjected to freezing with air tem-
perature in convection at —40 °C for 35 min until the
geometric dough centre reached —18 °C. After freez-
ing, the doughs were wrapped in polyethylene plastic
bags and stored at frozen temperature of -18 °C for
three weeks.

2.6 STICKINESS OF DOUGHS

Dough stickiness was determined according to
the procedure of Sangnark and Noomhorm (2004)
using a Texture Analyzer (TA-XT2, Stable Micro Sys-
tems Ltd., England) using 5 g dough for each test. The
adhesive test was evaluated at speed 0.5 mm s, and
post-test speed 10 min s™' with a 25 mm perspex cylin-
der probe at applied force of 80 g (0.785 N) with trig-
ger type: Button. The recorded parameters were peak
positive force, stickiness, work of adhesion, and peak
positive area.

2.7 DATA ANALYSIS

A completely randomized design comprising of
two factors cassava variety and blend ratio (cassava
concentration) was used. Triplicate data were analyzed
by two-way ANOVA, and Pearson’s correlations were
performed using GenStat 18" Edition software and
mean differences were determined using Fisher’s Least
Significance Difference (LSD) test at 5 % significant
level.

3 RESULTS AND DISCUSSION

3.1 PROXIMATE COMPOSITION OF CASSAVA
AND WHEAT FLOURS

The moisture content of the cassava flours ranged
from 10.43 to 11.76 % compared to 13.37 + 0.15 % for
wheat flour (Table 1). The moisture content of the com-
posite flour blends ranged from 13.13 to 13.83 % (Ta-
ble 2), and increased with increase in CFSL (r = 0.37,
p < 0.001). The protein content of the cassava flours
was in the range 1.21 — 1.87 % (Table 1). The protein
content of the cassava flours was very low compared
to that of wheat flour (11.03 + 0.27 %). Wheat flour
proteins contain about 85 % gluten proteins (gluten-
ins and gliadins) (Avramenko et al., 2018; Ribeiro et
al., 2018), while cassava flour protein is gluten-free
(Chakrabarti et al., 2017). The lipid content of cas-
sava flour ranged between 0.15 and 0.63 %. The lipid
contents in all cassava flour varieties were significantly
(p 0.05) lower than in wheat flour (1.72 £ 0.16 %). The
lipids reinforce gluten structure through lipid-protein
interactions (Avramenko et al., 2018). The fibre con-
tent (0.03 - 0.60 %) of the cassava flour was signifi-
cantly (p < 0.05) lower than that of the wheat flour
(2.90 + 0.10 %). Leavened aerated bread can only be
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baked from wheat flour because of viscoelastic dough
making properties of wheat gluten proteins (Ceresino
etal., 2018). Blending of cassava flour with wheat flour
influences the blended dough rheological properties.

3.2. PARTICLE SIZE OF CASSAVA VARIETIES AND
WHEAT FLOURS

Cassava varieties flour average particles size ranged
from 250.43 - 333.43 um (Table 1) and varied among va-
rieties. The highest and the lowest particle size of cassava
flour were recorded in ‘Bangweulu’ and ‘Mweru, respec-
tively. The average particle size of the wheat flour was low
(206.67 £ 6.81 um) compared to the particle size of cas-
sava flours. Particle size is influenced by the milling tech-
nique applied and inherent hardness differences of wheat
grain and cassava flour varieties (Liu et al., 2015). Flour
particle size influences water absorption capacity of the
flour which can affect dough quality (Wang et al., 2017).

3.3. AMYLOSE CONTENT

The amylose contents in cassava varieties were
in the range 16.04 - 26.95 % and for wheat flour was
20.83 £ 0.45 % (Table 1). Similar cassava amylose con-
tents have been reported, 19.50 - 20.30 % (Morante
et al., 2016), 22.60 + 1.30 (dos Santos et al., 2018), and
17.06 - 25.72 % (Liu et al., 2019). The amylose content
is the basis of classifying starches into waxy, semi-waxy,
normal/regular and high-amylose types when amylose
content is 0 — 2 %, 3 — 15 % 20 - 35 %, and higher than
40 % of the total starch, respectively (Tester et al., 2004;
Morante et al., 2016; Botticella et al., 2018). The result
shows all the cassava flour varieties including control
sample (wheat flour) were generally classified as normal
regular starches.

3.4. GLUTEN CONTENT AND WATER ABSORP-
TION CAPACITY

The dry gluten content of the wheat sample was
13.00 + 0.87 % (Table 2), and decreased with increased
CFSL (r = -0.839, p < 0.05). The gluten content followed
a decreasing trend as cassava flour addition increased.
Thus gluten at 30 % CFSL < 20 % CFSL < 10 % CFSL <
Control. However, higher cassava flour inclusion (30 %
CFSL) favored more starch-starch interaction than pro-
tein-protein which possibly limits gluten development
resulting in weak structures and thus varied recovery of
gluten among the varieties. Gluten positively correlated
with protein content (r = 0.703, p < 0.05). The mixing of
wheat flour with water transforms gluten proteins (glia-
dins and glutenin) into viscoelastic gluten structures,
that ultimately determines the quality of the dough and
final bread product (Sissons and Smit, 2018). Cassava
flour has no gluten type proteins as found in wheat and
hence has a diluent effect against a wheat gluten devel-
opment. Similar was observed in Collar and Armero
(2018). Inclusion of cassava flour favours more starch-
starch interaction which decreases migration of water to
proteins resulting in weak gluten structure. Flour parti-
cle size had a significant negative correlation (r = -0.53,
p < 0.05) with gluten development implying that smaller
particles hydrate faster and thereby promote migration
of excess water to the gluten network. Water absorp-
tion capacity (WAC) results for the flour blends at 10 %,
20 %, and 30 % were in the range 60.43 — 62.10 %, 61.03
- 61.50 %, and 59.57 - 60.33 %, respectively, and nega-
tively correlated with CFSL (r = -0.652, p < 0.05) sug-
gesting that higher CFSL resulted in decreasing WAC, in
part, due to large particle size of cassava flour with low
water absorption capacity. There was a weak positive cor-
relation between WAC and protein (r = 0.337, p < 0.01),
lipid (r = 0.359, p < 0.01) and fibre (r = 0.356, p < 0.01)
contents. The high protein and fibre levels in wheat flours

Table 1: Moisture, protein, lipid, and amylose contents, and particle size of cassava flours from six cassava varieties grown in

Zambia

Variety Moisture (%) Protein (%) Lipid (%) Fibre (%) Amylose (%) Size (um)
Bangweulu 11.02(1.00)* 1.87(0.78) 0.40(0.04)" 0.60(0.49)° 22.22(2.78)® 312.01(0.00)?
Katobamputa 11.05(1.46)® 1.45(0.03)® 0.41(0.05)" 0.15(0.15)® 26.95(2.30)° 282.53(0.02)°
Mweru 11.76 + (1.61)°  1.78(0.28)® 0.59(0.18) 0.05(0.06)* 17.95(8.02)° 250.43(0.03)°
Kariba 11.18 + (0.72)® 1.43(0.41)® 0.63(0.06)4 0.04(0.02)* 16.04(1.16)* 332.52(0.02)°
Kampolombo 10.69  (0.62)*  1.58(0.15)® 0.32(0.20)* 0.03(0.02)* 18.47(7.30)* 334.43(0.01)°
Chila 1043 + (0.37)*  1.21(0.09)* 0.15(0.04)? 0.15(0.05)* 16.15(3.88)° 278.49(0.00)¢
Wheat (control) 13.37 + (0.15)¢ 11.03(0.27)° 1.72(0.16)° 2.90(0.10)¢ 20.83(0.45)® 206.67(6.81)*

All values are means of three replications. Data in the parenthesis are the standard deviations. Within the same column, the values with different

letters are significantly different at p < 0.05 by LSD test.
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Table 2: Moisture, water absorption capacity, and crude gluten contents of cassava-wheat flour blends

Variety CFSL (%) Moisture (%) Water absorption capacity (%) Gluten (%)
Bangweulu 10 13.23(0.31)® 60.43(1.62)<¢ 10.41(0.04)%
Katobamputa 10 13.47(0.06)>¢ 62.10(0.10)¢ 11.25(0.01)¢
Mweru 10 13.27(0.15)® 61.53(0.20)° 10.41(0.02)%
Kariba 10 13.37(0.06)* 61.37(1.19)%% 11.26(0.01)
Kampolombo 10 13.27(0.05)® 61.63(0.46)° 11.28(0.01)
Chila 10 13.27(0.06)® 61.57(0.30)° 11.28(0.01)¢f
Bangweulu 20 13.13(0.15)* 61.10(0.87)b<de 9.56(0.02)
Katobamputa 20 13.83(0.06) 61.40(0.20)% 8.62(0.87)"
Mweru 20 13.27(0.21)® 61.03(1.00)b<d 8.67(0.85)"
Kariba 20 13.67(0.06)< 61.53(0.50)° 7.77(0.87)*
Kampolombo 20 13.23(0.15)* 61.50(0.20)¢ 12.15(0.03)
Chila 20 13.37(0.15)*¢ 61.37(0.55) 10.40(0.02)%
Bangweulu 30 13.40(0.20)<¢ 59.90(0.53)" 8.66(0.02)"
Katobamputa 30 13.67(0.59)<e 59.57(0.06)* 8.06(1.01)
Mweru 30 13.47(0.15)® 59.67(0.35)* 6.92(0.87)*
Kariba 30 14.00(0.10)f 60.17(0.15)® 6.88(0.86)*
Kampolombo 30 13.43(0.16)< 60.33(0.58)% 9.23(0.51)¢
Chila 30 13.70(0.10)%f 60.07(0.90)® 10.36(0.01)%
Wheat 100 13.37(0.15)% 61.70(0.61)¢ 13.00(0.87)¢

All values are means of three replications. Data in the parenthesis are the standard deviations.
Within the same column, the values with different letters are significantly different at p < 0.05 by LSD test. CFSL = Cassava flour substitution level

are significant contributors toward water absorption.
The protein contents were generally very low in cas-
sava with insignificant difference among the cassava
varieties (p > 0.05). The fibre contents of the cassava
varieties (< 0.6 %) were low compared to wheat flours
(2.9 %) (p < 0.05) and hence the contribution of cas-
sava fibre to WAC was likely low. Nevertheless, the
difference in fibre content can bring a difference in
water absorption of wheat flours. A study by Struck
et al. (2018) found that addition of almond fibre sig-
nificantly reduced WAC of wheat flour. In a similar
study on potato-wheat flour, higher protein contents
increased WAC of wheat flour (Sarker et al., 2008).
The WAC of the flour blends showed significant cor-
relations with gluten content (r = 0.595, p > 0.05), an
indication that high gluten content resulted in a high
WAC. There was a negative correlation of WAC with
flour particle size (r = -0.264, p < 0.001), which indi-
cates that smaller particle size had higher water hy-
dration capacity.

3.5. STICKINESS CHARACTERISTIC

Table 3 shows results for stickiness and peak posi-
tive force of unleavened, leavened and frozen leavened
doughs. Table 4 show results for work of adhesion and
peak positive area of unleavened, leavened and frozen
leavened doughs.

The stickiness parameters include work of adhe-
sion, peak positive force and positive area. The work of
adhesion is generated during compression. The bonding
between adhesive (dough) and adhered (probe surface)
is essential for stickiness, however, the mechanism of fail-
ure of this bond is equally important (Fig. 1). The clear
fajlure of adhesive and the adhered surface is termed ad-
hesive failure while the failure within the adhesive with
residue on the adhered surface is known as cohesive fail-
ure (Kilcast and Roberts, 1998;Adhikari et al., 2001). The
strength of the dough is influenced by covalent or ionic
bonding developing (Dobraszczyk, 1997) upon hydra-
tion and kneading.
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Adhesive failure

Dough stuck (stickiness) to the surface

as probe detaches upwards

Cohesive failure

Figure 1: Schematic presentation of stickiness and observed mechanism of failure between the dough (adhesive) and probe sur-

face (adhered)

3.6. STICKINESS OF UNLEAVENED DOUGH

The peak positive force of unleavened dough were in
the range 0.44 - 0.77 N, 0.61 - 1.26 N, and 0.57 - 1.20 N,
at 10, 20 and 30 % cassava flour level, respectively (Table
3), and increased significantly (p < 0.05) with increase in
CFSL (r = 0.678, p < 0.05). The peak positive force is the
maximum force required to pull a compression surface
(probe) from a sample after the compression. Doughs
with stickiness above the 1N value were characteristic
of dough handling difficulties. The work of adhesion
of the unleavened dough were ranged from -35.40 to
-90.70 g. s, -68.40 to -90.50 g.s, and -33.10 to -90.30 g.5,
at 10, 20 and 30 % CFSL, respectively. The control sample
(-72.50 £ 10.31 g.s) significantly (p < 0.05) increased at
higher cassava flour levels. The work of adhesion corre-
lated positively with force (r = 0.515, p < 0.05) and weak
positive with gluten (r = 0.137, p < 0.0001). The adhe-
sion is influenced by cohesion forces which are governed
by chemical bonds due to crosslinking of the polymers,
glutenin and gliadins within the dough resulting in co-
hesive and viscoelastic gluten (Guo et al, 2018). The
positive area for wheat sample in unleavened dough was
0.03 + 0.01 N.s, and increased with increase in CFSL (r
=0.321, p < 0.05). Positive area exhibited strong positive
correlation with both stickiness and peak positive force
(r = 0.779, p < 0.05) and work of adhesion (r = 0.710,
p < 0.05). This means that area of displacement is larger
in sticky doughs, and may result into adhesive and co-
hesive failure. The peak positive area is the maximum
area of displacement in the dough as the probe (contact
surface) detaches upwards from the surface of the dough
(Fig 1).

The unleavened dough of flour blends had stickiness
in the range 34.14 - 74.10 g, 49.58 - 77.20 g, and 57.91
- 122.17 g, at 10, 20 and 30 % CFSL, respectively, and
increased significantly with CFSL (r = 0.678, p < 0.05).
The wheat sample exhibited stickiness of 42.63 g and was
observed to increase with increase in CFSL. Stickiness
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correlated positively with work of adhesion (r = 0.515,
p < 0.05), peak force (r = 1.000, p < 0.05) and positive
area (r = 0.779, p < 0.05) (Table 5). This implies that un-
leavened sticky doughs were associated with higher work
of adhesion. Higher stickiness values were characterized
with high positive forces. The stickiness of unleavened
dough correlated negatively with gluten (r = -0.445,
p < 0.01), protein (r = -0.592, p < 0.05), WAC (r =-0.437,
p <0.01), and positively with flour particle size (r = 0.412,
p < 0.05) suggesting that unleavened doughs with higher
gluten and protein content, and high hydration capac-
ity gave lower stickiness values. The larger flour particle
sizes hydrate slowly, thus limiting development of gluten
structure resulting in high stickiness. High positive area
values were characteristic of sticky doughs. Similar was
observed in a related study by Amonsou et al. (2013) on
adhesiveness of marama bean protein. The reduction in
work of adhesion and peak area resulted in decreased
stickiness. The differences in varieties could be attributed
to variations in amylose contents. The unleavened dough
stickiness exhibited negative correlation with amylose
contents (r = -0.340, p < 0.01). This suggests that higher
amylose varieties were less sticky.

3.7. STICKINESS OF LEAVENED DOUGH

The peak positive force (PPF) of leavened dough
ranged 0.25 - 0.34 N, 0.21 - 0.50 N, and 0.25 - 0.82 N,
at 10, 20 and 30 % CFSL, respectively. The positive force
for the control sample was 0.19 N, and was observed
to increase with CFSL, and was lower than the positive
force of the unleavened dough. The work of adhesion
(WA) increased in the leavened dough ranging from
-130.20 to -194.40 g.s, -123.90 to -210.40 g.s, and -72.80
to -234.80 g.s, at 10, 20, and 30 % CFSL, respectively.
The WA for the wheat was -167.2 g.s, and increased with
increasing CFSL. WA for leavened dough had positive
correlation (r = 0.287, p < 0.001) with gluten (Table 5).
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‘ Effects of cassava flour on the stickiness properties of wheat bread dough: unleavened, leavened and frozen dough ‘

The peak positive area (PPA) of wheat sample had lower
value (0.01 = 0.01 N.s) than that of wheat sample from
unleavened dough. The stickiness of the leavened dough
were in the range 13.53 - 35.15 g, 21.69 - 50.68 g, and
25.07 - 83.94 g, at 10, 20 and 30 % CFSL, respectively,
and varied significantly (p < 0.05) according to CFSL
(r=0.578, p < 0.05). The wheat sample had stickiness
of 19.26 + 6.68 g which increased with increasing CFSL.
The stickiness of leavened dough negatively correlated
with protein (r = -0.465, p < 0.05). In a related study,
Gujral et al. (2018) reported that blending gluten-free
flours with wheat resulted in protein weakening due to
increased starch-starch, and starch-protein interaction
resulting in low level of gluten formation. The gluten
content showed negative correlation with stickiness in
leavened dough (r = -0.457, p < 0.01) similar to that ob-
served in unleavened dough (r = -0.445, p < 0.01). The
stickiness increased with reduced gluten contents in flour
blends in both unleavened and leavened doughs. High
CFSL were associated with low gluten contents and yield-
ed high stickiness. The negative correlation of stickiness
with WAC in leavened (r = -0.434, p < 0.01) was similar
with WAC in unleavened (r = -0.437, p < 0.01) doughs.
This implies that higher WAC produced less sticky
doughs. Similar was observed in the work of Amonsou
et al. (2013) in which pure gluten isolates were charac-
terized with lower forces of adhesion (low stickiness) as
moisture content increased. The amylose contents in the
leavened dough did not influence stickiness (r = 0.078,
p > 0.01). This may suggest that addition of leavening in-
gredients reduced the influence of amylose contents on
stickiness. In the current study, the amylose contents of
the flours were classified as normal or regular starches,
and have been reported to be highly susceptible to en-
zymatic hydrolysis (Adefegha et al., 2018). The positive
correlation of stickiness with flour particle size in leav-
ened (r = 0.423, p < 0.01) was similar with flour particle
size in unleavened (r = 0.412, p < 0.01) doughs. There
was reduction in stickiness upon inclusion of ingredients
(yeast, salt, fat and sugar). The stickiness trend was un-
leavened > leavened dough. The development of dough
is important in baking since it combines the ingredients
and develops a unique viscoelastic gluten network. Chen
et al. (2018) reported that salt increases dough mixing
resistance, and decreases dough stickiness during pro-
cessing as higher levels of salt induced stronger gluten
interactions via sulthydryl-disulfide cross-linking. Salt
has been identified as an ingredient in the dough that
influences the level of protein-protein interactions and
strength of the gluten network by changing the level of
gluten hydration. Salt shields around the protein surface
and thus induce charge on amino acids on the protein’s
surface, thus reducing the thickness of the electric dou-

ble layer, and strengthening gluten interactions, which
would subsequently yield a stronger network (Avra-
menko et al., 2018). Fat enhances dough plasticity (Mert
and Demirkesen, 2016), softens and improve smooth-
ness of the dough (Oztiirk and Ova, 2018) which would
probably contribute to reduced surface tension between
probe surface and dough. Adhesion is negligibly small in
smooth surfaces (McFarlane and Tabor, 1950; Liu et al.,
2018). Dough stickiness may result in chewy bread that
adheres to the mouth. Often the dough would seem un-
baked, and would thus contribute to decreased consumer
acceptance (Caramanico et al., 2018). Grausgruber et al.
(2003) classified sticky and non-sticky dough as: sticki-
ness greater than 90 g results in sticky dough, and less
than 80 g produces non-sticky dough.

3.7. STICKINESS OF FROZEN LEAVENED DOUGH

The peak positive force (PPF) for frozen dough
showed higher levels of peak force in the range 1.24 -
2.02 N, 1.26 - 1.65 N, 0.92 - 1.44 N at 10, 20 and 30 %
CFSL, respectively, and significantly decreased with in-
crease in CFSL (r = -0.409, p < 0.01). The PPF for the
wheat sample was 1.48 + 0.02 N. The forces were gener-
ally higher at 10 and 20 %, and lower at 30 % CFSL. These
variations were due to differences in gluten content.
The PPF showed weak positive correlation with gluten
(r=0.325, p < 0.01), implying that strong gluten content
doughs would require higher forces to detach from the
adhering surfaces. The WA for frozen dough ranged from
-36.30 to -70.70, -30.30 to -90.80 and -26.40 to -63.90 g.s,
at 10, 20 and 30 % CFSL, respectively, and decreased
significantly (p < 0.001) with increase in CFSL. The WA
value (31.7 + 16.75 g.s) for wheat sample was lower than
those of unleavened and leavened doughs. This implies
that probe surface would require small amount of work
to adhere to sticky doughs (sticky doughs easily adheres
to surfaces). There was significant (p < 0.05) increase of
PPA in frozen dough compared to unfrozen leavened
dough. This implies adhesive material (dough) displaced
from the dough increased. The wheat sample for frozen
dough exhibited higher PPA value (0.21 + 00) and exhib-
ited insignificant changes (p > 0.05) in flour blends.

There was significant increase in the stickiness of
the frozen dough compared to unfrozen doughs. The
stickiness was in the range 126.88 - 205.66 g, 128.98 -
179.52 g and 93.67 - 146.82 g, at 10, 20 and 30 % CFSL,
respectively. The stickiness of wheat sample (150 + 60 g)
decreased significantly (r = -0.409, p < 0.05) with increase
in CFSL. Stickiness of frozen doughs was higher at 10 %
cassava flour level, and generally lower at subsequent
blend ratios. This trend is opposite to that of unfrozen
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Figure 2: Typical curves for frozen dough of wheat-cassava blend flour at 10, 20 and 30 % cassava flour concentration levels. Cas-

sava variety: Chila

doughs, in which higher CFSL doughs gave lower sticki-
ness. This variation could suggest that depolymerization
of gluten during frozen storage generates low molecular
mass compounds which are hydrophobic nature. Dur-
ing frozen storage, the water solidifies into ice through
crystallization, and subsequent expansion of solid water
can cause physical rupture of protein (disulfide) films,
thus limiting protein-protein interactions leading to
weakening of gluten. During thawing the ice melts and
separates irreversibly away from the starch-gluten ma-
trix which reduces interaction of water with hydration
sites of gluten-starch system. Hence, the resulting water
phase is in weak interaction with the gluten structure
(Zhao et al., 2013;Ma et al., 2016). The unbound water
probably might have contributed to increased adhesion.
Similar was observed by Amonsou et al. (2013) as high
moisture content doughs exhibited higher force of ad-
hesion. Moreover, development of gluten structure is
the function of disulphide bonds in glutenin and glia-
dins, and thus depleting disulphide bonds weakens the
gluten matrix. The developed gluten matrix undergo
deterioration exhibited through molecular changes
during frozen storage (Wang et al., 2018). Zhao et al.
(2013) reported free sulthydryl groups increased in the
wheat dough during frozen storage time, which indi-
cated decrease of number of disulphide bonds. The
higher peak stickiness (Fig 2) in low levels of cassava
flour could be as the result of increased number of low
molecular mass oligomers due to depolymerisation of
glutenin which occurs via the breakage of interchain
disulphide bonds, and thus weakening the viscoelas-
ticity resulting in higher stickiness. Also, the decrease
in stickiness at higher CFSL could be ascribed to high
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contents of starches in cassava flour with higher water
binding capacity than wheat gluten.

4. CONCLUSION

The stickiness of wheat related blends are depend-
ent on water absorption and gluten development. The
stickiness in the unleavened and leavened doughs in-
creased with increasing CFSL. The opposite was ob-
served in the frozen dough in which the stickiness
decreased with increasing cassava flour level. Cassava
flour acted as diluent against gluten content in wheat,
and caused excess water in the aqueous phase at higher
CFSL. In the frozen dough, the deterioration of gluten
might have led to increased unbound water leading to
higher stickiness values at lower CFSL. The stickiness
of unleavened dough decreased upon inclusion of in-
gredients. Therefore, leavened exhibited lower sticki-
ness values than unleavened dough. The frozen dough
would be recommended for re-kneading to re-develop
the desired consistency with reduced stickiness. Future
investigation should focus on the effect of dough im-
provers (ingredients) on the stickiness of frozen dough.
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Field evaluation of the relative susceptibility of six pear vari-
eties to the pear psylla (Cacopsylla pyricola (Foerster, 1848))

Abstract: The pear psylla, Cacopsylla pyricola (Foerster,
1848) (Hemiptera: Psyllidae), is one of the most detrimental
pests in commercial pear orchards. Varieties with low infesta-
tion level to pear psylla would offer to integrated psyllid man-
agement. The natural infestation level of six pear varieties to
pear psylla was studied under field conditions during three suc-
cessive years. The pear varieties consisted of ‘Comice, ‘Buerre
Giffard, ‘Bonne Louise), ‘Felestini, ‘Shahmiveh, and ‘Sebri’ Psyl-
lid population was sampled weekly by limb jarring method and
selecting 10 leaves randomly per tree. The results indicated that
the size of the psyllid population on the tested pear varieties
was significantly different (F, , = 816.18, p < 0.0001). ‘Shah-
mivel’ and ‘Sebri’ showed high and low susceptible, respective-
ly, to pear psylla infestation. The natural infestation level of C.
pyricola was 37.01 % and 35.8 % lower on ‘Bonne Louise’ and
‘Sebri, respectively, than on ‘Shahmivel’ These varieties may be
used for crossing in breeding programs to develop plant resist-
ance to C. pyricola and may be exploited in integrated psyllid
management.

Key words: pear psylla; population; relative susceptibility,
variety
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Ovrednotenje relativne obcutljivosti $estih sort hrusk na
malo hru$evo bolSico (Cacopsylla pyricola (Foerster, 1848))

Izvlecek: Mala hruseva bolsica, Cacopsylla pyricola (For-
ster, 1848) (Hemiptera: Psyllidae), je eden izmed najbolj uni¢u-
jocih $kodljivcev v komercialnih nasadih hrusk. Sorte z majnim
delezem okuzbe z bolsico bi lahko uporabili pri integriranem
upravljanju s hrusevo bolsico. Naravna okuzba s hrusevo bolsi-
co je bila preucevana na $estih sortah hrusk na prostem v treh
zaporednih letih. Sorte hrusk so bile:‘Comice] ‘Buerre Giffard,
‘Bonne Louise, Felestini, ‘Shahmiveh, in ‘Sebri’ Populacija
bolsic je bila vzorc¢ena tedensko s stresanjem vej in naklju¢no
izbiro 10 listov na drevo. Rezultati so pokazali, da so bile veli-
kosti populacij bolsice na preucevanih sortah hrusk znacilno
razli¢ne (F 530 816,18, p < 0,0001). Sorti ‘Shahmiveh’ in ‘Sebri’
sta pokazali veliko in manj$o ob¢utljivost na okuzbo s hruse-
vo bolSico. Naravni okuzbi s hrusevo bolsico sta bili na sortah
‘Bonne Louise’ in ‘Sebri’ za 37,01 % in 35,8 % manjsi kot na sorti
‘Shahmiveh’ Ti sorti bi lahko uporabili za krizanja v Zlahtni-
teljskih programih za razvoj odpornosti hrusk na bolsico in jih
uporabili pri integriranem upravljanju z bolsico.

Klju¢ne besede: hruseva bolSica; populacija; relativna ob-
Cutljivost; sorta
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1 INTRODUCTION

The pear psylla, Cacopsylla pyricola (Forster, 1848)
(Hemiptera: Psyllidae), is a main insect pest of the plant-
ed pear (Pyrus communis L.) in the production areas of
Iran (Emami, 2016), North America and Europe (Bell,
2013) with the greatest economic importance (Emami
et al., 2014b). The immature psyllids and adults feed by
sucking out the plant sap. Psyllids feeding cause to ex-
crete large amounts of honeydew on leaves and fruits,
pear tree growth inhibition, leaf necrosis, diminished
fruit size, young fruit russetting and premature fruit fall,
resulting in considerable losses in crop yield (Emami et
al., 2014b). Pear psylla also carries the disease pear de-
cline, which can affect tree health and lead to death of the
tree (Sule et al., 2007). Heavy and prolonged feeding and
the injection of toxic saliva by enormous populations can
cause partial to whole defoliation of pear trees, reduc-
ing vitality and inhibiting the formation of fruit buds in
the following season. Psyllid invasion is the greatest pest
management problem of pear orchards in Iran (Emami
et al., 2014a). Since the pear psyllid are able to develop
resistance to chemical insecticides (Pree et al., 1990) the
domain of effective insecticides for its suppression is lim-
it and the used concentrations are continuously increas-
ing, on the contrary consumers request lower insecticide
utilization on the pear crop. Hence investigate on varie-
ties with durable and natural resistance to pear psyllid
is an efficient and sustainable strategy for inclusion in
pear psylla integrated pest management program. Chang
and Philogene (1976) showed that pear psyllid laid more
eggs on ‘Bosc’ cultivar than Anjou, ‘Bartlett, Kieffer’
and Pyrus ussuriensis Maxim. Cultivar ‘Kieffer’ was sig-

Mean of psyllid population

nificantly less desirable as hosts for pear psyllid. Quarta and
Puggioni (1985) surveyed on 93 cultivars and 43 selections
grown in the variety testing trial. They showed that the most
common varieties are all very susceptible to pear psylla and
only 12 % showed a low susceptibility. Shaltiel-Harpaz et al.
(2013) evaluated two pear accessions to pear psylla and in-
dicated that evaluated accessions are more resistant than the
commercial cultivar ‘Spadona’ The present study was done to
evaluate the relative susceptibility of six pear varieties to the
pear psylla under natural infestation conditions with the pur-
pose to employ in the psyllid management.

2  MATERIALS AND METHODS
2.1 SITE AND PLANTS

Field assays were carried out in a 1-ha commercial pear
orchard placed at Mobarakeh research station (Isfahan, Iran),
during the three successive growing seasons (2010-2012) on
25 year-old pear trees. The pear varieties consisted of ‘Comice;
‘Buerre Giffard, ‘Bonne Louise, ‘Felestini, ‘Shahmiveh, and
‘Sebri. They were nearly an average of 4 m in height, with
5 m spacing between plants. Management activities including
suppression of other pests, fertilization, pruning and irriga-
tion were performed alike on all pear trees. No insecticides
were utilized during the years of study on the pear trees.

2.2 EXPERIMENTAL DESIGN

The experiment was organized in a completely ran-
domized block design with three replicates.

Shahmiveh Felestini

Comice

Sebri Bonne

Louise

Beurre
Giffard

Pear varieties

Figure 1: Mean (+ SE) of psyllid population (eggs + nymphs + adults) on the pear varieties under natural infestation conditions in
2010. Columns with different letters differ significantly at p < 0.05 (Duncan’s multiple range test).
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Figure 2: Mean of psyllid population (eggs + nymphs + adults) on the pear varieties under natural infestation conditions in 2011.
Columns with different letters differ significantly at p < 0.05 (Duncan’s multiple range test).

2.3 SAMPLING

Adults of pear psylla were randomly collected from
four branches using the limb beating technique (Burts and
Retan, 1973). Sampling was done in the morning when adult
flight was limited. Each branch was tapped three times with
a piece of hard rubber hose and all psyllid falling on the beat
tray were counted. Populations of eggs and nymphs in pre
bloom stage were counted by getting shoot samples. Four
young branches per tree, approximately 25 cm in length,
were randomly sampled from different geographical direc-
tions. Following foliar expansion of the buds, 10 leaves were
randomly selected per tree. Samplings were done weekly.
The samples were separately put into nylon bag, moved to
the laboratory in an ice box, carefully inspected under a bin-
ocular and pear psyllid eggs and nymphs were enumerated
and registered.

2.4 DATA ANALYSES

The data were square root (x + 0.5) transformed before
analysis to standardize the variance, and then subjected to
one-way ANOVA. The comparison of psyllid population
was performed using Duncan’s multiple range test (DMRT)
(p <0.05). All analyses were performed using SAS statistical
software version 9.1. (SAS Institute Inc. 2004).

3 RESULTS

3.1 THE PEAR PSYLLID POPULATION ON THE
VARIETIES IN THE FIRST YEAR

There was a significant difference among varieties in
term of pear psyllid population (F, = 128.15, p < 0.0001).
The comparison of population means showed that the pear
varieties were categorized into five groups (Fig. 1). The natural
infestation levels of C. pyricola on ‘Bonne Louise’ and ‘Shah-

miveh’ was the lowest and the highest, respectively (Fig. 1).

3.2 THE PEAR PSYLLID POPULATION ON VARIE-
TIES IN THE SECOND YEAR

The pear psyllid population showed a significant differ-
ence among tested pear varieties (F, | =725.34, p < 0.0001).
According to the comparison of means of pest population,
the pear varieties were placed into five groups (Fig. 2). The
natural infestation level of C. pyricola on ‘Bonne Louise’ was
nearly two times lower than on ‘Shahmiveh’ (Fig. 2).

3.3 THE PEAR PSYLLID POPULATION ON VARIE-
TIES IN THE THIRD YEAR

A significant difference was found among tested varie-
ties in relation to pear psyllid population (F, || =217.17, p <
0.0001). Means comparison of pest population revealed that
the pear varieties were listed into five groups (Fig. 3). The
natural infestation level of C. pyricola on ‘Sebri’ and ‘Beurre
Giffard’ was the same and both varieties had the lowest popu-
lation than others (Fig. 3).

3.4 COMBINED ANALYSIS OF VARIANCE FOR
THREE YEARS
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Figure 3: Mean of psyllid population (eggs + nymphs + adults) on the pear varieties under natural infestation conditions in 2012.
Columns with different letters differ significantly at p < 0.05 (Duncan’s multiple range test).

Pest population had a significant difference among
experimental varieties (F, , = 816.18, p < 0.0001). The
comparison of population means demonstrated that the
pear varieties categorized into five groups (Fig. 4). The
natural infestation level of C. pyricola was 37.01 % and
35.8 % lower on ‘Bonne Louise’ and ‘Sebri, respectively,
than on ‘Shahmivel’ (Fig. 4).

4 DISCUSSION

C. pyricola is presently a very tiresome problem in
pear-growing regions. It appears with two to five popu-

Mean of psyllid population

lation peaks from spring to autumn depending upon
latitude (Horton, 2008; Hodkinson, 2009; Emami, 2016).
The cost of chemical control per hectare is annually high
(Bell, 2013). Pear trees with persistent resistance would
improve the economic and environmental durability of
pear production by decreasing producer costs and insec-
ticides use. Host resistance in pear tree to the pear psyllid
(Cacopsylla sp.) can be described under natural infesta-
tion conditions on the basis of the pest population size
at specific periods (Bell and Puterka, 2004). We noticed,
three years study revealed that the size of the psyllid pop-
ulation on the tested pear varieties was significantly dif-
ferent (Fig. 1-4). No immunity to pear psyllid was found.

0 A — T
Shahmiveh Comice

Felestini

e e
T T T
Beurre Sebri Bonne
Giffard Louise

Pear varieties

Figure 4: Mean of psyllid population (eggs +nymphs + adults) on the pear varieties under natural infestation conditions in three
years study. Columns with different letters differ significantly at p < 0.05 (Duncan’s multiple range test).
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Although none were immune but there was a variation in
varieties in their susceptibility to the psyllid. Plants are of-
ten varying in their susceptibility to the associated psylla
species, arranging across a spectrum from highly suscep-
tible to close resistant (Hodkinson, 2009). In our trial,
‘Shahmiveh’ variety was very susceptible and vulnerable
to psyllid attack (Fig. 1-4). Radjabi (1989) described that
the intensity of the pear psyllid population and injuries
of pear psylla was high on ‘Shahmivel’ variety. Variation
in susceptibility can happen across varieties within sin-
gle species of host plant (Hodkinson, 2009). ‘Felestini’
and ‘Comice’ varieties, which were observed in our re-
search, were susceptible varieties. ‘Comice’ is one of the
main pear varieties in many countries and was reported
as a susceptible host plant to pear psyllid (Bellini and
Nin, 2002; Fischer, 2009). Nin et al. (2015) reported that
‘Comice’ suffered medium injuries to psylla attack and
classified into medium susceptible class. Cross breeding
between ‘NY10353’ as male parent and ‘Comice’ as fe-
male parent has shown a great degree of psylla resistance
in controlled conditions (Musacchi et al., 2005; Pasqua-
lini et al., 2006). Behavioral investigations mention that
pear psyllid adults use tactile cues to discover chemicals
within the tree or on its surface proper for host choice,
feeding, and oviposition (Ullman and McLean 1988;
Horton, 1990; Horton and Krysan, 1991). Berrada et al.
(1995) reported that under field conditions ‘Comice’ va-
riety was classified as susceptible variety to pear psylla.
Westigard et al. (1981) reported that russeted varieties
are less susceptible to damage due to honeydew than are
smooth-skinned varieties such as ‘Comice’. On the con-
trary, Gerard et al. (1993) showed that resistance is not
directly proportional to leaf cuticle thickness, the resist-
ant ‘NY’ for example has a lower constituent of cutin than
the susceptible ‘Bartlett’ variety. The psyllid population
size on ‘Sebri, ‘Bonne Louise” and ‘Buerré Giffard’ varie-
ties were lower than ‘Shahmiveh’ and ‘Comice’ (Fig. 1-4).
Difference in psyllid development prosperity among
host species and varieties can generally be explained by
variations in the primary attractiveness of the foliage,
differential oviposition ratios, larval survival ratios and
larval development time (Hodkinson, 2009). Braniste et
al. (1994) described ‘Buerré Giftfard’ was slightly attacked
by psylla. Horton and Krysian (1991) demonstrated that
psyllid is more selective in its oviposition behaviors than
in its settling and probing behaviors; i.e., probing is not
probably to be a symptom of a variety’s acceptability. They
also reported that the cues excite feeding activity vary
from those for egg laying. Here, the pear psyllid adults
had settling and probing activities on later pear varie-
ties but psyllid population did not increase on these than
‘Shahmivel’ and ‘Comice’ The pear psyllid can colonize
and feed on non- desired host plants, but they do not lay

eggs (Pasqualini et al., 2006). ‘Sebri’ variety showed me-
dium susceptible to pear psylla infestation and damage.
This finding is in accordance with Radjabi (1989) who
described ‘Sebri’ is a partially resistant host plant to pear
psylla damage. Braniste et al. (1994) described ‘Buerré
Giffard’ was slightly attacked by psylla. Aksic et al. (2015)
reported that the levels of polyphenolics are most likely
responsible for pear resistance to psylla. Resistance of
deciduous plants to phloem feeding insects is supposed
to result from a combination of structural and excited
physical and chemical guards (Eyles et al., 2007). Host
resistance has long been regarded as the best alternative
and ecologically secure outlook to chemical control of
pear psyllid (Civolani et al., 2013). Some of these varie-
ties may be exploited in organic farming combined with
biological control. It is suggested that additional studies
should be carried out to analyze the morphological and
chemical structure of pear cultivars to further character-
ize the resistance of these cultivars.
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Performance of popcorn introductions for agronomic characters, grain
yield and popping qualities in the forest and derived savannah

agro-ecologies of Nigeria

Oloruntoba OLAKOJO 2, Gbadebo OLAOYE!, Adewole AKINTUNDE?

Performance of popcorn introductions for agronomic char-
acters, grain yield and popping qualities in the forest and de-
rived savannah agro-ecologies of Nigeria

Abstract: The study focus on the evaluation of popcorn
lines for their yield and agronomic potentials. Genetic materi-
als were evaluated under irrigation in a three-replicate in a Ran-
domized Complete Block Design (RCBD) with a commercial
variety as check. Two seeds were planted per hole using two-
row plots of 5 m long with inter and intra-row spacing of 0.75 m
x 0.5 m, respectively in two locations viz: Ibadan and Ikenne
representing the forest and savannah agro-ecologies of Nige-
ria respectively. Genotypes (G) differed significantly (p < 0.01)
for almost all the characters measured except for ear aspect.
Location (L) as well as G x L interaction effects were also well
pronounced on all agronomic characters measured except for
days to silking and ears per plant. Popcorn 33-1-Y, large pearl
shaped, Popcorn 40-Y and Popcorn 34-Y were high yielding
with a potential of above 2.0 t ha™'. These materials were found
to be fairly resistant to major foliar diseases of the tropical hu-
mid ecologies. They are recommended for further evaluation
across different agro-environments for possible propagation by
popcorn farmers in Nigeria to boost production.

Keywords: grain yield; introductions; popcorn; popping;
forest; derived; savannah; Nigeria
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Predstavitev uspes$nosti uvajanja pokovke na osnovi njenih
agronomskih lastnosti, pridelka zrnja in kakovosti nabreka-
nja v gozdnih in prehodno-savanskih agroekosistemih Nige-
rije

Izvlecek: Raziskava je bile osredotocena na ovredno-
tenje linij pokovke glede na njen pridelek in agronomske
lastnosti. Genetski material je bil ovrednoten ob namakanju
v naklju¢nem blo¢nem poskusu s tremi ponovitvami v prim-
erjavi s komercialno sorto. Po dve semeni sta bili posejani v
vrstah na ploskvah dolzine 5 m, z medvrstno razdaljo 0,75 m
in znotrajvrstno razdaljo 0,5 m, na lokacijah Ibadan in Ikenne,
ki predstavljata gozdne in prehodno savanske agroekosisteme
Nigerije. Genotipi (G) so se znacilno razlikovali (p < 0.01) v
skoraj vseh merjenih lastnosti z izjemo storza. Vplivi lokacije
(L) kot tudi medsebojni vpliv lokacije in genotipa so se dobro
izrazili v vseh merjenih agronomskih lastnostih z izjemo dni
do lasenja in $tevila storzev na rastlino. Linije pokovke Pop-
corn 33-1-Y, Large Pearl Shaped, Popcorn 40-Y in Popcorn
34-Y so imele velik pridelek, s potencialom ¢ez 2.0 t ha™. Te
linije so bile tudi sorazmerno dobro odporne na ve¢ino listnih
bolezni, znacilnih za vlazne tropske razmere. Priporo¢amo jih
za nadaljne ovrednotenje v razli¢nih pridelovalnih okoljih za
nadaljne razmnozevanje pri pridelovalcih pokovke v Nigeriji za
povecanje njene pridelave.

Klju¢ne besede: pridelek zrnja; introdukcija; pokovka;
nabrekalne lastnosti; gozd; prehodna savana; Nigerija
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1 INTRODUCTION

Popcorn (Zea mays L. everta) is a special type of flint
maize that has the ability to pop into consumable flakes
when heated due to the thickness of the endosperm. The
kernel pops upon heating as a result of the unique quality
of the endosperm that makes it resist the steam pressure
generated until it reaches explosive proportion (Acquaah,
2007). It is one of the most widely used groups of maize
all over the world including in Nigeria (Mani and Dadari,
2003). Its demand has increased sharply from mid-sev-
enties, stimulating production of the crop in some areas
of the Nigeria’s savannas and few other metropolitan cit-
ies (Iken, 1993). Popcorn varieties exist in various sizes
and colour, it yields are lower, usually about half that of
maize hybrids (Ziegler et al., 1984) which may be as a
result of the small kernel size or its mass.

Popcorn growth requirements are similar to those
for dent corn and the cultural practices for both breed of
corn are the same except for some minor modifications
in respect of popcorn. Ziegler (2001) noted that such
modifications may have to do with timely planting due
to the slow germination of popcorn and harvest maturity
to enable optimum popping ability. Broccoli and Burak
(2004) reported high significant differences (p < 0.01)
for all characters evaluated except kernel density before
expansion among fourteen (14) popcorn hybrids evalu-
ated in two years across three environments. Genotype x
Environment (G x E) interaction was also observed to be
significant for the two main traits (yield and expansion
volume) while the relationship between grain yield and
expansion volume was negative. However, a strong and
positive association was observed between expansion
volume and kernel thickness, suggesting that this trait
can be taken as a morphological variable which influence
the expansion volume.

Oz and Kapar (2011) also evaluated 18 single cross
popcorn hybrids and four commercial popcorn cultivars
for yield and quality traits over three cropping seasons
(2006, 2007 & 2008). They reported that the genotypes
differed significantly (p < 0.01) for grain yield, plant
height, tasseling time, grain moisture, % of unpopped
kernel and popping volume. The study identified 10 sin-
gle cross hybrids (‘“TCM-05-01}, “TCM-05-02, TCM-05-
03, TCM-05-04, TCM-05-05, TCM-05-06, TCM-05-09,
TCM-05-10, and TCM-05-12) with high grain yield and
quality traits superior to those of their commercial culti-
vars. In their own study, Derera et al., (2014) investigated
the popping ability of 119 F, hybrids and one standard
check using two popping methods viz: microwave and
hot air methods. Although the study revealed that pop-
ping quality does not depend on the method adopted
for popping, the authors reported significant (p < 0.01)
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variability among the hybrids for popping quality traits
(flake volume, popping fold, unpopped kernels and grain
moisture) which indicated prospect for selection of hy-
brids with good popping ability. They further reported
preponderance of additive gene action for all popping
quality traits, thereby creating an opportunity to effec-
tively improve these traits through selection.

The initial step in achieving improvement in pop-
corn yield and quality attributes is to evaluate the existing
germplasm for their agronomic performances and yield
potentials as well as popping attributes. The objectives of
this study therefore, were to: (i) assess 19 popcorn lines
for yield, phenotypic attributes, reaction to prevailing
pests and diseases and (ii) identify superior lines that
could be used for the development of commercial hy-
brids for the popcorn industry, thus enhancing popcorn
productivity.

2  MATERIALS AND METHODS

The experimental materials which comprised nine-
teen (19) popcorn lines and a commercial variety as
check (Table 1) were evaluated under irrigation using a
Randomized Complete Block Design (RCBD). The plot
size was two (2) rows, 5 m long with inter and intra-row
spacing of 0.75 x 0.5 m, respectively, replicated three (3)
times. The trials were established using two (2) seeds per
hole at two (2) locations viz: Ibadan (Longitude 7°22’N
Latitude 3°50’E) and Ikenne (Longitude 6°53’N Latitude
3°42’E). Fertilizer application was carried out 3 weeks
after planting (WAP) at the dosage rate of 180 kg ha™!
of NPK 20-10-10 and was top-dressed with 100 kg ha™
of urea 2 weeks before anthesis. Weed control was done
chemically with the application of 51 ha™ pre-emergence
herbicides (5 grams per litre Metolachlor and 170 grams
per litre Atrazine a.i). Two supplementary hoe-weedings
at 6 and 10 WARP, respectively were carried out to keep
the field clean of weeds. Agronomic data and disease rat-
ing (under natural infestation) were recorded on each
line from each replication. Data on days to tasseling and
silking; plant and ear aspects as well as husk cover using
1-5 rating where 1 = excellent, 2 = very good, 3 = good,
4 = fair and 5 = poor, were collected on whole plot ba-
sis. Plant and ear heights (cm) were based on the mean
of measurements collected from five random plants in a
plot while grain yield was estimated from cob mass/plot
(kg) and later converted to t ha™ after adjusting to 12 %
moisture content. Diseases scored included streak, rust,
blight, curvularia and infestation of armyworm insects,
using a rating of 1-5, where 1 = 1-10 % infection, 2 = 11-
29 % infection, 3 = 30-45 % infection, 4 = 46-60 % infec-
tion and 5 = 61 % and above infection respectively. Data
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Table 1: List of popcorn lines and their source

S/N Materials Grain colour Source
1. Small Pearl Shaped  Yellow IAR&T
2. Popcorn 2-S0 Yellow IAR&T
3. Popcorn 34-Y Yellow IAR&T
4. Popcorn 37-Y Yellow IAR&T
5. Popcorn 20-Y Yellow IAR&T
6. Popcorn 44-Y Yellow IAR&T
7. Popcorn 32-Y Yellow IAR&T
8. Large Pearl Shaped ~ Yellow IAR&T
9. Popcorn 9-Y Yellow IAR&T
10. Popcorn 66-Y Yellow IAR&T
11. Popcorn 33-1-Y Yellow IAR&T
12. Popcorn 40-Y Yellow IAR&T
13. Popcorn 52-Y Yellow IAR&T
14. Popcorn 36-Y Yellow IAR&T
15. Popcorn 4-Y Yellow TAR&T
16. Popcorn 3-Y Yellow IAR&T
17. Popcorn-18-Y Yellow TAR&T
18. Popcorn-6-Y Yellow IAR&T
19. Eruwa Local (Check) Yellow TAR&T

were also collected on descriptive attributes including the
colour of various plant parts such as stem, leaf, mid-rib, leaf
blade, anther and silk. Others were broadness of leaves, leaf
orientation and nature of anthesis. Palatability and general
acceptability ratings were carried out on a scale of 1-5 where
1 = excellent, 2 = very good, 3 = good, 4 = fair and 5 = poor.

Data collected on quantitative characters were sub-
jected to analyses of variance (ANOVA) using SAS version
9.0. Means of attributes for which popcorn lines differ sig-
nificantly were separated using least significant difference
(LSD) as outlined by Steel and Torrie (1980).

The format of Analysis of variance model used can be
expressed as follows:

Yij = u + Ej +Gi + GEij + Eijk

Where:

= population mean

Ej = effect of the ith environment

Gi = effect of the jth genotype

GEij = interaction effect of ith environment and jth
treatment

Eijk = error term

3 RESULTS AND DISCUSSION

The results of the mean squares from the combined

analyses of variance (ANOVA) for agronomic characters in
the 19 popcorn lines showed that expression of almost all
the characters differed significantly (p < 0.01) from one lo-
cation (L) to the other except days to silking and ears/plant
while the genotype (G) differed significantly (p < 0.01) for
all the characters except ear aspect and cob length (Table
2). Genotype x Location (GL) interaction on the other hand
had a pronounced effect (p < 0.01) on all the morphologi-
cal characters measured except cob length, with location
showing a greater magnitude of variability in terms of larger
mean squares for most of the characters. These results re-
vealed a wide range of variability among the popcorn lines
with respect to most of the agronomic traits measured, in-
dicating the possibility of exploiting the existing variation
among the lines for improving popcorn population for
enhanced yield and other agronomic attributes through
selection. The significant G x L interaction for grain yield
and some other agronomic traits indicates differences in
genotypic performance for these traits from one location to
another which may be attributed to differences in environ-
mental conditions of the testing sites. This underscores the
necessity for evaluating new genetic materials across a num-
ber of environments where they are intended for cultivation
to determine more accurately, the genetic potentials under
varying environmental conditions and to detect stability
and adaptation for proposed ecologies of cultivation.

The significant differences observed among the lines
for popping volume indicate the existence of adequate ge-
netic variability for this trait which could be exploited in
the development of hybrid varieties for the popcorn indus-
try. In an earlier study, Oz and Kapar (2011) also reported
significant difference in popping volume among popcorn
genotypes evaluated for three years which is similar to re-
sults obtained in this study. In other words, the presence of
genetic variability among these lines will give way for effec-
tive selection programme to enhance improvement for high
popping quality.

Although the results of the mean squares from com-
bined ANOVA for insect and diseases rating showed that
the popcorn lines did not differ significantly for diseases and
insect rating, however, the effect of prevailing environmen-
tal conditions in the two locations was significant (p < 0.01)
for all the parameters except leaf blight and Curvularia leat
spot. G x L effect was also significant for streak (p < 0.05).
The mean values across the locations revealed that the pop-
corn lines were generally resistant to leaf blight and Curvu-
laria. (Table 3).

Means for agronomic characters of the popcorn lines
showed that small pearl shaped was the earliest to mature,
recording about 54 days to attain silking while Popcorn
52-Y was the latest to attain maturity, recording 66 days
to silking (Table 4). Two other lines (Popcorn 66-Y, Pop-
corn 4-Y) were also early maturing while large pearl
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Table 2: Mean squares from combined ANOVA for agronomic characters, grain yield and yield components in 19 popcorn lines

Source of varia- Days to No. of row/ Grain
tion df silking Ear height Husk cover Ear aspect Ears/Plant Cob length Cob width cob yield
Location (L) 1 50.67 110548.25**54.75** 39.38%* 0.00079  251.43*¢ 11.12** 120.08*¢  3.60**
Rep (Env) 4 66.51 161.86 1.11 0.02 6.85 0.30 0.12 0.04
Genotype (G) 18 68.49** 460.88F  1.47** 0.05** 7.63 0.76** 4.73%* 1.52*%*
GxL 18 37.76%* 285.14**  1.62** 1.60** 0.05** 6.76 0.78** 5.54** 0.26**
Pooled Error 72 13.68 62.38 0.49 0.01 5.50 0.34 2.69 0.08

*, ** Significantly different at 0.05 and 0.01 levels of probability respectively

shaped, Popcorn 6-Y and Popcorn 52-Y were the latest
to attaining maturity. Popcorn 36-Y was the tallest while

Popcorn 6-Y was the shortest. Popcorn 33-1-Y was the

Table 3: Mean performance (across location) for insect and disease rating of 19 popcorn lines and check

highest yielding among the lines across the two locations
followed by ‘Large Pearl Shaped, Popcorn 40-Y and Pop-

corn 34-Y, while the poorest for grain yield was ‘Eruwa’

Popcorn lines Streak (1-5) Rust (1-5) Blight (1-5) Curvularia (1-5) Armyworm (1-5)
Popcorn 44-Y 2.33 1.67 1.00 1.00 1.33
Popcorn 18-Y 3.17 2.00 1.00 1.00 1.00
Popcorn 9-Y 2.50 2.00 1.00 1.00 1.00
Popcorn 34-Y 1.83 1.83 1.00 1.00 1.17
Popcorn 4-Y 2.83 1.83 1.00 1.00 1.00
Popcorn 66-Y 2.17 1.50 1.00 1.00 1.33
Small Pearl Shaped 2.67 1.83 1.00 1.00 1.17
Popcorn 40-Y 2.83 1.67 1.00 1.00 1.17
Popcorn 20-Y 1.83 1.83 1.33 1.17 1.17
Large Pearl Shaped 2.83 2.17 1.00 1.00 1.00
Popcorn 2-So 2.33 1.83 1.00 1.00 1.33
Popcorn 3-Y 2.83 1.83 1.00 1.00 1.00
Popcorn 32-Y 2.67 1.67 1.00 1.00 1.00
Popcorn 37-Y 2.33 1.83 1.00 1.00 1.17
Popcorn 33-1-Y 2.67 1.50 1.00 1.00 1.17
Popcorn 6-Y 2.00 1.50 1.00 1.00 1.00
Popcorn 52-Y 2.83 2.00 1.00 1.00 1.17
Popcorn 36-Y 2.17 2.00 1.00 1.00 1.17
Eruwa local (check) 3.00 1.83 1.00 1.00 1.00
Mean 2.57 1.81 1.02 1.03 1.12
F-Test

Location (L) 112.01* 48.04** 0.04 0.08 1.72%*
Genotype (G) 1.12 0.21 0.04 0.04 0.09
GxL 1.29% 0.33 0.04 0.04 0.09
Pooled Error 0.67 0.26 0.04 0.04 0.12
CV% 31.77 28.44 18.41 19.95 31.09
LSDa0.05 0.96 0.59 0.22 0.24 0.40

*, ** Significantly different at 0.05 and 0.01 levels of probability respectively
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Table 4: Mean Performance for agronomic characters, grain yield and yield components in 19 Popcorn lines and check

Days to 50 Ear height Husk cover Ear aspect Ears/plant Cob Length Cob Width No. of rows/ Grain yield

Popcorn Lines % silking (cm) (1-5) (1-5) (no) (cm) (cm) cob (no) (tha™)
Popcorn 44-Y 62 86 3 3 1 14 7 13 1.50
Popcorn 18-Y 60 76 3 4 1 16 7 12 1.27
Popcorn 9-Y 62 90 3 3 1 14 8 14 1.57
Popcorn 34-Y 57 101 3 3 1 16 7 13 2.15
Popcorn 4-Y 55 87 3 3 1 15 7 13 1.55
Popcorn 66-Y 54 78 2 3 1 18 8 13 1.85
Small Pearl Shaped 54 73 4 3 1 14 7 13 1.05
Popcorn 40-Y 58 95 2 2 1 14 7 12 2.36
Popcorn 20-Y 61 80 3 3 1 14 7 15 1.53
Large Pearl Shaped 63 84 2 3 1 17 7 13 2.48
Popcorn 2-So 55 90 2 3 1 15 8 14 1.18
Popcorn 3-Y 58 80 2 4 1 14 8 13 1.77
Popcorn 32-Y 58 83 3 4 1 15 8 15 1.16
Popcorn 37-Y 56 82 3 4 1 15 7 13 1.05
Popcorn 33-1-Y 58 101 3 3 1 17 8 14 2.61
Popcorn 6-Y 63 75 3 3 1 15 8 13 1.13
Popcorn 52-Y 66 85 4 3 1 15 7 15 1.46
Popcorn 36-Y 59 102 3 3 1 14 7 13 1.91
Eruwa local (check) 60 89 3 4 1 14 7 14 1.01
Mean 58.70 86.16 2.69 3.20 3.20 15.07 7.42 13.33 1.61
CV % 6.30 9.17 26.09 22.88 22.58 15.56 7.80 12.30 17.04
LSD a 0.05 4.48 9.14 0.82 0.83 0.12 2.71 0.66 1.86 0.31

local (check). The relatively low grain yield recorded for
small pearl shaped, Popcorn lines 66-Y, 4-Y, 2-S and ‘37-
Y’ may not be unconnected with earliness in maturity.
However, line ‘66-Y’ combined earliness with average
grain yield indicating that this line is a promising can-
didate for further testing or as parent in a hybridization
programme.

Popcorn 33-1-Y gave the highest yield with a yield
advantage of 38.7 % over the reference check (‘Eruwa’
local) with mean yield of 1.01 t ha™', but with the low-
est popping volume of 866.7 cm* On the other hand, the
lowest yielding line (‘Eruwa’ local) had a popping volume
of 2590 cm’, ranking 4" among the 19 popcorn lines
evaluated for popping potential. This suggests that pop-
ping expansion is inversely proportional to grain yield,
which corroborates the findings of several authors who
reported a negative association between grain yield of
popcorn and popping volume (Dofing et al., 1991; Burak
and Broccoli, 2001; Vijayabharathi et al., 2009). The im-
plication of this is that the two important traits will be
difficult to improve simultaneously. The use of molecu-

lar breeding approach might therefore be the best option
in this situation, where the QTLs for popping expansion
and grain yield can be mapped, followed by selection for
yield while DNA markers can be used to retain favour-
able alleles for popping expansion.

Hussain et al., (2010) described grain yield as a
combined outcome of the inherent genetic potential and
the interaction of genotype with the environment, there-
fore interactive means of G x L effect for grain yield and
ears per plant are presented in Table 5. The lines changed
rank for grain yield from one location to the other with
Popcorn 36-Y, Popcorn 18-Y, Popcorn 34-Y and ‘Large
Pearl Shaped’ being largely responsible for the significant
G x L effect for this trait. This shows that grain yield was
found to be genetically diverse as a result of its significant
differences when character means were combined across
the two environments. Most of the lines performed bet-
ter in Ibadan compared to Ikenne with respect to grain
yield except for three lines (Popcorn 9-Y, Popcorn 4-Y
and Popcorn 6-Y). However, Popcorn lines 9-Y, 6-Y,
40-Y and 37-Y exhibiting similar performance in terms
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Table 5: Interactive effect of Location by Genotype for grain yield and ears/plant

Grain Yield Ears/plant

Popcorn lines Ibadan Ikenne YRSI Rank Ibadan Tkenne YRSI Rank
Popcorn 44-Y 1.70(9) 1.31(11) 20 9th 1.11(6) 1.06(2) 8 1
Popcorn 18-Y 1.60(11) 0.94(17) 28 12t 1.11(7) 1.00(4) 11 o
Popcorn 9-Y 1.57(12) 1.57(8) 20 9t 0.75(18) 1.00(6) 24 12
Popcorn 34-Y 2.60(3) 1.70(4) 7 4 1.08(9) 1.00(7) 16 gt
Popcorn 4-Y 1.47(13) 1.63(7) 20 gt 1.12(5) 1.00(8) 13 5th
Popcorn 66-Y 1.95(6) 1.74(3) 9 5th 1.23(2) 1.00(9) 11 2nd
Small Pearl Shaped 1.19(16) 0.91(18) 34 16" 0.91(14) 1.07(1) 15 7t
Popcorn 40-Y 2.42(4) 2.31(2) 6 2nd 1.14(4) 1.00(10) 14 6
Popcorn 20-Y 1.71(8) 1.34(10) 18 gt 0.96(13) 0.93(19) 32

Large Pearl Shaped 3.31(1) 1.64(5) 6 2nd 0.90(15) 1.00(11) 26 13t
Popcorn 2-So 1.25(14) 1.11(14) 28 12t 0.68(19) 1.00(12) 31 17"
Popcorn 3-Y 1.89(7) 1.64(6) 13 6t 0.82(16) 1.00(13) 29 15t
Popcorn 32-Y 1.23(15) 1.09(15) 30 14 1.15(3) 1.00(14) 17 9t
Popcorn 37-Y 1.10(19) 1.00(16) 35 171 0.78(17) 1.00(15) 32 18
Popcorn 33-1-Y 2.76(2) 2.46(1) 3 1 1.37(1) 1.00(16) 17 gt
Popcorn 6-Y 1.12(18) 1.13(13) 31 15 1.09(8) 1.06(3) 11 2
Popcorn 52-Y 1.64(10) 1.28(12) 22 11 0.99(11) 0.97(18) 29 15®h
Popcorn 36-Y 2.27(5) 1.55(9) 14 7th 1.04(10) 1.00(17) 27 14
Eruwa local (check) 1.17(17) 0.84(19) 36 18 0.96(12) 1.00(5) 17 9t
LSD a 0.05 0.10 0.04

*, ** Significantly different at 0.05 and 0.01 levels of probability, respectively

of grain yield at the two locations can be considered to be
relatively stable across these locations compared to other
popcorn lines. This superiority of performance may be
attributed to efficient irrigation system enjoyed by the
plants in Ibadan compared to Ikenne during the evalu-
ation exercise. Similarly, occurrence of streak was very
predominant in Ikenne compared to Ibadan, which also
might have contributed to the low grain yield recorded
in Ikenne. Moreover, Ikenne is a hot spot for maize foliar
diseases because of its hot humid nature which favours
sporulation and accumulation of different kinds of dis-
ease inoculums. Similarly, streak transmitting vectors
(Cicadulina spp.) is prevalent in Ikenne thereby lending
itself as screening site by many maize scientists. Lukuyu
et al,, (2002) in their study, reported the negative impact
of maize streak virus on grain yield and seed quality of
maize. In an earlier report, Bosque-Perez et al., (1998)
studying the effect of maize streak virus disease on the
growth and yield of maize reported that varieties differed
significantly in the amount of loss, disease severity and
incidence, which can also be related to this study. G x
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L effect for ears per plant showed that Popcorn 33-1-Y,
Popcorn 32-Y, ‘Small Pearl, Popcorn 9-Y, Popcorn 66-Y
and Popcorn 40-Y were responsible for the significant
interaction between genotype and location, due to the
wide range observed in their ranking between the two
locations.

The popcorn lines differed significantly (p < 0.01)
with respect to general acceptability, popping volume and
expansion ratio but not for 100-grain mass, taste and fla-
vor (Table 6). Mean performance for popping characters
and acceptability ratings revealed that small pearl shaped
had the largest popping expansion followed by Popcorn
20-Y while the lowest popping volume of 73.3 cm® was
recorded for Popcorn 3-Y. Similarly, the largest expan-
sion ratio was recorded for small pearl shaped followed
by Popcorn 20-Y while Popcorn 3-Y gave the smallest
expansion ratio. Popcorn 18-Y was rated best for taste
among the 19 popcorn lines while Popcorn 3-Y was the
least. Popcorn 4-Y and Popcorn 36-Y were the best for
flavor while Popcorn 32-Y was the poorest. Similarly,
Popcorn 9-Y and Popcorn 3-Y. Popcorn 44-Y, Popcorn



Performance of popcorn introductions for agronomic characters, grain yield ... forest and derived savannah agro-ecologies of Nigeria

Table 6: Mean performance for popping ability and consumer acceptability ratings of 19 popcorn lines

Popcorn lines 100-grain mass ~ Popping Volume Expansion Ratio Taste Flavour General ac-
(kg) (cm?) (cm*kg™) (1-5) (1-5) ceptability
Popcorn 44-Y 0.01 1340.0 10308 2 2 2
Popcorn 18-Y 0.02 1190.0 9154 1 2 2
Popcorn 9-Y 0.02 930.0 7154 2 3 3
Popcorn 34-Y 0.01 1516.7 11667 2 2 2
Popcorn 4-Y 0.01 2766.7 21282 2 2 2
Popcorn 66-Y 0.02 2040.0 15692 2 3 3
Small Pearl Shaped 0.01 3080.0 23692 3 2 3
Popcorn 40-Y 0.02 836.7 6436 2 3 3
Popcorn 20-Y 0.01 2830.0 21769 2 2 2
Large Pearl Shaped 0.02 14.96.7 11513 2 2 2
Popcorn 2-So 0.01 2370.0 18231 2 3 3
Popcorn 3-Y 0.02 73.3 564 3 3 3
Popcorn 32-Y 0.01 1670.0 12846 3 3 3
Popcorn 37-Y 0.01 1836.7 14128 2 3 2
Popcorn 33-1-Y 0.02 866.7 6667 3 3 3
Popcorn 6-Y 0.01 1776.7 13667 2 3 3
Popcorn 52-Y 0.01 2546.7 19590 2 2 2
Popcorn 36-Y 0.01 1526.7 11744 2 2 2
Eruwa local (check) 0.02 2590.0 19923 3 3 3
Mean 0.02 1751.75 13475.03 2.32 2.54 2.56
F-Test
Genotype (G) 0.13x10* 1923419.88** 113811827** 0.39 0.34 0.45*
Error 0.81x10° 31813.74 1882470 0.22 0.24 0.24
CV% 19.60 10.18 10.18 20.31 19.33 18.96
LSDa0.05 0.005 295.36 2272 0.78 0.81 0.80

*, ** Significantly different at 0.05 and 0.01 levels of probability, respectively

34-Y and Popcorn 4-Y were rated to be the best for gen-
eral acceptability while Popcorn 32-Y was rated to be the
least acceptable popcorn lines.

4 CONCLUSION

Five of the popcorn lines (small pearl shaped, Pop-
corn 66-Y, Popcorn 4-Y, Popcorn 2-S  and Popcorn 37-
Y) were early maturing and so could be utilized to de-
velop source population for inbred line extraction for the
formation of early maturing popcorn hybrid. Four other
lines (Popcorn 33-1-Y, large pearl shaped, Popcorn 40-Y
and Popcorn 34-Y) expressed high yield potential (2.0
t ha™!) while another seven (‘Small Pearl, ‘Eruwa’ local,
Popcorn 4-Y, Popcorn 66-Y, Popcorn 20-Y, Popcorn 2-S
and Popcorn 52-Y) expressed large popping volume of

over 2000 cm’. These materials therefore look promising
as parents for the development of future commercial hy-
brid popcorn for tropical and sub-tropical agro-ecology.
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(Raphanus sativus L. var. oleiferus Metzg.)

Irina S. NESTERKINA "%, Maksim V. MUSALOV ?, Veronika V. GURINA', Natalya V. OZOLINA ', Eka-
terina V. SPIRIDONOVA'!, Anastasya V. TRETYAKOVA*, Vladimir A. POTAPOV’, Svetlana V. AMOS-

OVA*Vladimir A. YAKIMOV*

The effect of a new non-toxic water-soluble selenorganic
substance on antioxidant protection and development of
seedlings of oilseed radish (Raphanus sativus L. var. oleiferus
Metzg.)

Abstract: The effect of 2,6-dipyridinium selenabicy-
clo[3.3.1]nonandibromide (996 zh) on the level of lipid peroxi-
dation (LPO), on the activity of glutathione reductase (GR) and
on the morphometric parameters of oilseed radish seedlings
under normal conditions and under stress (200 mmol NaCl)
has been studied. It has been established that the substance 996
zh ata concentration of 100 um exerted an antioxidant effect re-
ducing the level of lipid peroxidation and increasing the activity
of GR. In connection with that the germinating ability of seeds
and the biomass of the roots and stems of seedlings increased,
both under normal conditions and under stress conditions.

The concentration of the substance 996 zh of 1000 pmol
had a toxic effect, increasing the LPO level in normal condi-
tions, but neutralized the effect of stress due to the addition of
NaCl. This concentration had a slight inhibitory effect on ger-
minability and on root development in seedlings. However, the
same concentration of the substance 996 zh (1000 pmol) had a
positive effect on the development of shoots under both normal
and stressed conditions.

Key words: selenium compounds; oilseed radish; glu-
tathione reductase; lipid peroxidation
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Ucinek nove nestrupene vodotopne organske spojine sele-
na na antioksidacijsko zas¢ito in razvoj sejank oljne redkve
(Raphanus sativus L. var. oleiferus Metzg.)

Izvlecek: V raziskavi je bil preucevan ucinek 2,6-dipiri-
dinium selenabiciklo[3.3.1]nonandibromida (996 zh) na pe-
roksidacijo lipidov (LPO), aktivnost glutation reduktaze (GR)
in morfometri¢ne parametre sejank oljne redkve v normalnih
razmerah in pod slanostnim stresom (200 mmol NaCl). Ugo-
tovljeno je bilo, da je spojina 996 zh pri koncentraciji 100 umol
pokazala antioksidacijski ucinek, kar je zmanj$alo peroksidaci-
jo lipidov in in povecalo GR. V povezavi s sposobnostjo kalitve
semen sta se biomasi korenin in stebel povecali, tako v normal-
nih kot v stresnih razmerah. Koncentracija 996 zh 1000 umol je
imela toksicen ucinek, povecala je LPO v normalnih razmerah,
a nevtralizirala ucinek stresa po dodatku NaCl. Ta koncentraci-
ja je imela rahel zavirani u¢inek na kalitev in razvoj korenin se-
jank. Kakorkoli, ista koncentracija spojine 996 zh (1000 umol)
je imela pozitivni u¢inek na razvoj poganjkov v normalnih in
stresnih razmerah.

Kljuc¢ne besede: spojine selena; oljna redkev; glutation re-
duktaza; peroksidacija lipidov
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1 INTRODUCTION

Eastern Siberia covers the territory of the Central
and Northern Taiga of Russia. Features of crop produc-
tion in this region are dependent on harsh climatic con-
ditions. Severe winter is a problem because freezing the
soil and covering it with ice cause low oxygen conditions.
Despite this, crop production in this region is developing
and playing a big role in the life of the region and the
country as a whole (Surinet al., 2018).

Due to the fact that the climate in this region is
continental and sharply continental, the main focus of
agronomy production is on spring crops such as wheat,
rye, barley and oats. In addition to these main crops, cru-
ciferous field crops are now widespread. Oilseed radish
(Raphanus sativus L. var. oleiferus Metzg.) is promising
for outspread due to its cold resistance, short growing
season and accumulation of large yields of high-protein
green mass.It is grown as a fodder, green manure, oil-
bearing and strip culture. To more fully use the potential
of the culture, the efficiency of cultivation and the ex-
pansion of its distribution areas, it becomes necessary to
develop its cultivation technology and identify the most
important biological features (Dorofeevet al., 2013).

In the course of growth and development, oilseed
radish, like many Siberian plants, is exposed to various
stressors, the most common of which are agro-climatic
conditions like drought, cold, salinisation and contami-
nation with heavy metals. As a result of exposure to these
unfavorable environmental factors in plant cells, the
production of reactive oxygen species (ROS) increases,
which at high concentrations have a negative impact
on all vital processes in the cell (Gill &Tuteja, 2010; Gill
et al,, 2013). To prevent negative effects on the cells of
crops, science has developed and recommended use of a
large number of complex and highly targeted substances,
including ones containing selenium (Alfthanet al., 2014).

Most of the currently used selenium substances are
based on inorganic selenium compounds, their complex-
es, selenium-containing amino acids and their deriva-
tives due to the availability of these compounds. How-
ever, these substances have high toxicity and can have a
long-term negative impact on the environment when re-
leased into soils and water bodies (Skrabanja, 2017).This
fact does not allow them to be used effectively enough
both as adaptogens in animal breeding and agriculture,
and as preventive substances in regions characterized by
lack of selenium (for example, as food additives to prod-
ucts of mass consumption, in the composition of mul-
tivitamin and mineral complexes).The development of
available methods for the synthesis of organoselenium
compounds led to a shift from the use of non-effective
selenium compounds to the use of low-toxic organose-
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lenium substances (Nogueiraet al., 2004). Earlier, we
first proposed and successfully implemented the use of
selenium dihalides compounds in the synthesis of se-
lenorganic compounds (Potapov & Amosova, 2003).
Introduction of new selenium-containing electrophilic
reagents — selenium dichloride and selenium dibromide
- to the organic synthesis has significantly expanded the
possibilities of obtaining new organic selenium com-
pounds (Potapovet al., 2016). Based on this approach,
we obtained previously unknown 2,6-dipyridinium se-
lenabicyclo[3.3.1]nonandibromide (996 zh). The com-
position and structure of the new compound are un-
ambiguously proved by NMR methods on 1H and 13C
nuclei and are confirmed by the elemental analysis data.
At the next stage of work, it was necessary to check the
biological activity of the obtained substance 996 zh.
Currently, it is shown that selenium plays a big role
in protecting cells from ROS because it is a part of the
enzymes of the glutathione antioxidant system. Thus,
the purpose of our research was to study the effect of
different concentrations of 2,6-dipyridinium selenabi-
cyclo[3.3.1]nonan 2,6-dipyridyl selelenabicyclo[3.3.1]
nonandibromide (996zh) on the antioxidant protection
(GR, LPO) and morphometric indicators of oilseed rad-
ish sprouts both under normal and stressed conditions.

2  MATERIALS AND METHODS
2.1 SYNTHESIS

'H (400.1 MHz), “C (100.6 MHz) NMR spectra
were recorded on a Bruker DPX-400 spectrometer in
1-10% solution in D,0O, referenced to HMDS ('H and
BC NMR, internal).

A solution of pyridine (2 g, 25 mmol) in 5 ml of
acetonitrile was added dropwise to a solution of 2,6-di-
brom-9-selenabicyclo[3.3.1]nonan (3.48 g, 10 mmol)
(Accurso et al,, 2011) in 25 ml of acetonitrile. The reac-
tion mixture was stirred for 6 hours at room tempera-
ture. The solvent was removed on a rotary evaporator,
the residue was washed with CCI, (3 x 5 ml), dried in
vacuum to constant mass. Product Compound 996
zh (4.97 g, 98 % yield), colorless crystals, purity >
98 %. 'H NMR (400 MHz, D,0) § 2.34 - 2.41 (m, 2H,
SeCHCH2), 2.54 - 2.59 (m, 4H, BrCHCH), 3.07 - 3.17
(m, 2H, BrCHCH), 3.41 - 3.44 (m, 2H, SeCH), 5.83 —
5.89 (m, 2H, BrCH), 8.09 (t, 4H, m—prr), 8.54 (t, 2H,
p-H, ),9.02(d, 4H, 0-H_). 13C NMR (100 MHz, D,0)
§ 25.57, 28.19, 29.37, 74.60, 128.68, 143.15, 146.46.
Found: C, 42.84; H, 4.41; Br, 31.72; N, 5.54; Se, 15.49.
Calc. for C,;H,,Br N Se: C, 42.80; H, 4.39; Br, 31.64; N,
5.55; Se 15.63.
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2.2 PLANT MATERIAL

Studies were carried out in laboratory conditions
on oilseed radish seeds (Raphanus sativus L. var. oleiferus
Metzg.) of lines of Irkutsk State Agricultural Academy,
with laboratory germinability of 80-98 %, weighing 1,000
seeds 9.5 g. Seeds were germinated on wet filter paper
in Petri dishes at a constant temperature of 23 °C, in the
dark, for 4 days, wetting them with the test solutions. The
number of seeds in one cup was 30 pcs. The experiment
was repeated 3 times.

2.3 EVALUATION OF GERMINABILITY AND
MASS OF SEEDLINGS

Germinability was analyzed according to the All-
Union State Standard 10-14-86 “Oilseed Radish Seeds.
Varietal and sowing qualities” These indicators were
determined in accordance with All-Union State Stand-
ard 12038-84 “Seeds of agricultural crops. Methods for
determining germinability” (Dorofeev et al., 2013). The
mass of shoots and roots was determined using the gravi-
metric analysis.

2.4 DETERMINATION OF PROTEIN CONTENT

Protein contentwas determined by the degree of
binding to the Coomassie blue dye (CBB G250 “Sigma”)
according to the Bradford method (Bradford, 1976).

2.5 DETERMINATIONS OF GLUTATHIONE RE-
DUCTASE ACTIVITY

Glutathione reductase activity (EC 1.6.4.2) was
measured according to the method described by Nigma-
tullina et al. (2014). The activity of glutathione reductase
was determined by the change in absorption at 340 nm,
caused by the oxidation of NADPH in 3.5 min with an
interval of 1 s on the spectrophotometer. The enzyme ac-
tivity was calculated using the extinction coeflicient for
NADP+ at a wavelength of 340 nm, equal to 6.22 mmol™!
cm 7.

2.6 EVALUTION OF DIENE CONJUGATES

Analysis of the content of the primary products of
lipid peroxidation — diene conjugates (DC) -was carried
out according to the method (Placer, 1968) in our modi-
fication. The measurement was performed on a spectro-

photometer at a wavelength of 203 nm. The obtained op-
tical density (D) was used to calculate the concentration
of diene conjugates (recalculated per 1 g wet mass) using
an extinction coeflicient equal to 2.2x10° mol™ cm™.

Salinisation was chosen as a stress, which was cre-
ated with NaCl, a concentration of 200 mmol was taken
from literature data (Ahmad et al., 2015). This concentra-
tion causes stress, since it significantly increases the level
of lipid peroxidation by almost two times compared with
the control (Table 1).

2.7 STATISTICS

The data are presented as arithmetic mean values
of quantities and their standard deviations, which were
obtained in three independent experiments, calculated
using Microsoft Excel. The statistical significance of the
differences of the compared average values was evaluated
using the Mann-Whitney U-test.

3 RESULTS AND DISCUSSION

The effect of the new selenium-containing sub-
stance 996 zh on the morphometric and biochemical pa-
rameters of oil radish under normal conditions and in
salt conditions was studied. The objective of the work was
to identify which concentrations of the substance exhibit
antioxidant activity. This was done using various concen-
trations (1000, 500, 200, 100, 50, 10 umol). Antioxidants
are mainly used for organisms under stress (Alfthan et
al., 2014). Therefore, the work of substance 996 zh was
tested both under normal and stressful conditions, which
allowed us to more fully trace the antioxidant effect
of substance 996 zh. Based on the results of the work,
1000 pmol and 100 pmol concentrations were chosen. A
concentration of 100 umol showed a good antioxidant
effect under both normal and stressful conditions. A
concentration of 1000 pmol showed an antioxidant ef-
fect under stress. Selenium is known to play a large role
in antioxidant plant protection (Mugesh et al., 2001).In
connection with this, at the first stage of our work, we de-
termined the content of diene conjugates and the activity
of glutathione reductase. According to the data obtained,
it can be seen that the substance 996 zh at a concentra-
tion of 100 umol reduces the level of lipid peroxidation,
under both normal and stressed conditions (Table 1).
The concentration of the substance 996 zh 1000 pmol
under normal conditions had a toxic effect; it increased
the level of LPO by two times compared with the control.
A similar manifestation regarding the effect of selenium
was observed on broccoli plants with low sulfur content
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Table 1: The effect of substance 996 zh on the content of diene conjugates (LPO) and the activity of glutathione reductase under

normal conditions and under stress conditions

Diene conjugates,

Glutathione reductase activity,

Ne Variant nmol on 1 gram wet mass mmol min™' mg™'
1 H,0 (control) 0.72 £0.07 7.81+2.4

2 1000 pmol 996 zh 1.14 +£0.03* 839+14

3 100 pmol 996 zh 0.50 £ 0.02* 38.53 + 3.51*

4 200 mmol NaCl (control for stress) 1.30 £ 0.02% 4.8 £0.05

5 200 mmol NaCl +1000 pm 996 zh 0.83 £ 0.05** 419+ 0.62

6 200 mmol NaCl +100 pm 996 zh 0.68 £ 0.03** 7.36 £5.39

* Differences from control p < 0.01; ** Difference from control for stress p < 0.0. Value represents mean + standard error of three replicates.

in the nutrition environment (Tianet al., 2017). The same
concentration (1000 pmol) neutralized the effect of stress
almost to the control level (Table 1). A similar positive
effect of selenium on oxidative stress created by heavy
metals, salinisation, cooling on various crops (cucumber,
sunflower) was shown by Saidi (Saidi et al., 2014) and
Hawrylak-Nowak (Hawrylak-Nowak et al., 2010).

The key parameters for the antioxidant protective
potential are the redox status of glutathione, which un-
der normal conditions is significantly shifted towards the
reduced form. Support of the redox status of glutathione
is provided by a number of enzymes, the main of which
is glutathione reductase (GR) (Gill et al., 2013). Glu-
tathione reductase catalyzes the conversion of oxidized
glutathione (GSSG) to reduced glutathione (GRH) and is
an important component of the ROS detoxification sys-
tem in plants (Gill et al., 2013). Selenium is known to af-
fect the activity of enzymes of the glutathione plant pro-
tection system (Mugeshet al., 2001).In this regard, in our
work, we investigated the effect of 996 zh on the activ-
ity of glutathione reductase (GR) in plants grown under
normal conditions and under stress (200 mmol NaCl).

According to Table 1, it can be seen that in some
variants (3; 4; 6) there is a relationship between the con-
tent of diene conjugates and the activity of glutathione
reductase, namely, with an increase in the activity of
GR, the level of LPO decreases and, conversely, with a
decrease in the activity of GR, the level of LPO increases
(Table 1). Earlier it was shown that salt stress (150 mmol
NaCl) leads to a strong increase in the GR activity in
salt-tolerant plants (Ahmad et al., 2015).0il radish does
not belong to salt tolerant plants, therefore, we presume
that the activity of GR during salinity of chlorides did
not increase, but decreased.It is interesting, that the con-
centration of the substance 996 zh 100 umol restored the
activity of GR to the level of control even under stress
condition. Under normal conditions, the effect of this
concentration increased the activity of GR by several
times as compared with the control; that was reflected
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in a decrease in the level of LPO. The concentration of
1000 umol of substance 996 zh under normal and stress-
ful conditions did not show significant differences.
Evaluation of the level of LPO and the activity of
GR showed that the substance 996 zh exhibits an antioxi-
dant effect under both normal and stressed conditions.
Morphometric parameters of the organism as a whole
are known to depend on the biochemical processes oc-
curring in the cells. Seed germinability is an important
indicator for crops, as it affects density of sowing and
evenness of plant stand. Germinability is determined
by soil and climatic conditions, growing technology and
fertilizer systems. It is known that the germinability of
oilseed radish in Eastern Siberia can vary from 40-90%
depending on agro-climatic conditions (Dorofeevet al.,
2013).That is why increasing oilseed radish seeds ger-
minability is a pressing issue in regions with a sharply
continental climate (Kashevarovet al., 2016). Therefore,
we determined the effect of the substance 996 zh on the
germinability of the given culture under both normal
and stressed conditions. Concentrations of the substance
996 zh, used in the work, showed the same results both
under normal conditions and under salinisation condi-
tions (Fig. 1). The concentration of 1000 pm inhibits ger-
minability and the concentration of 100 umol activates it.
The data obtained may reflect the effect of 996 zh on the
activity of GR and the level of LPO. Under normal con-
ditions, the concentration of the substance 996 zh 1000
pmol increased the level of LPO and had almost no effect
on the activity of GR; that caused the inhibition of ger-
minability. A similar effect was observed at salinisation;
the concentration of the substance 996 zh 1000 pmol in-
creased the level of LPO in comparison with the control,
but reduced it compared to the control for stress. The
concentration of the substance 996 zh 1000 umol did
not affect the activity of GR (Table 1). As a result, ger-
minability decreased (Fig. 1). It is noted that selenium
concentration from 150-300 pumol has a negative effect
on germinability and germinative energy for such crops
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Figure 1: The effect of 996 zh on the oilseed radish seeds germinability under normal conditions and under stress conditions.

Value represents mean + standard error of three replicates.

as wheat, oats, and rye. For barley, these concentrations
were destructive (Sindirevaet al., 2013).

The opposite phenomenon was observed when
exposed to a concentration of the substance 996 zh
100 pmol (Fig. 1). The level of LPO in seedlings de-
creased both under normal and stressed conditions,
while the GR activity increased (Table 1).It is known
that GR reduces the oxidized form of glutathione to the
reduced form. In this regard, an increase in GR activity
indicates that more reduced glutathione is formed in the
cells, which is involved in protecting cells from oxidative
damage (Sao et al., 2017).Therefore, the germinability
of seeds increased (Fig. 1). It has been shown that when

Grammes

H20

100 pm 996 zh
200 mM NacCl
1000 um 996 zh
+200 mM NacCl
mM NacCl

1000 pm 996 zh
100 pm 996 zh+200

exposed to low concentrations with preparations con-
taining selenium (50 pmol) on seeds of cultivated plants,
seed germinability also increases (Nikonov et al., 2009).
For pulses (beans, chickpea, soybean), selenium concen-
tration from 10-60 pmol had a positive effect on germi-
nability and germinative energy (Kokorina et al., 2015;
Chernenko et al., 2017).

In addition to germinability, there are a number of
indicators that are not rated by standards, but are of great
importance for assessing the quality of seeds. The bio-
mass of the roots and stems of seedlings is an important
indicator, as it reflects the further development of plants
(Hajibolandet al., 2015; Sao et al., 2017).
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Figure 2: The effect of 996 zh on the mass of the roots (A) and shoots (B) of seedlings of oilseed radish under normal conditions
and under stress conditions. Value represents mean + standard error of three replicates.

Acta agriculturae Slovenica, 114/1 - 2019

65



I. S. NESTERKINA et al.

The effect of substance 996 zh on seedling biomass
showed that both for roots and for stems under stress,
both concentrations 1000-100 umol have a positive ef-
fect increasing the mass of roots and stems compared
to the control for stress (Fig. 2). The concentration of
1000 pmol, under normal conditions, inhibited the de-
velopment of the roots of seedlings that affected their
mass. However, the same concentration of the substance
996 zh had a positive effect on the development of the
stems and, accordingly, on their mass (Fig. 2). This sug-
gests that as the seedlings develop, the growth of the
root system slows down when the concentration of the
substance 996 zh is 1000 umol. The concentration of the
substance 100 umol had a positive effect on the biomass
of the seedlings; especially, the effect was on the mass of
the roots (Fig. 2).

An increase in the biomass of the aboveground and
underground parts of wheat is observed when processing
with selenium nanoparticles (Yurkova & Omelchenko,
2015). The effect of selenium in concentrations of 107°
and 107 also had a stimulating effect on the roots and
stems of soybean seedlings; the concentration of 10~* was
excessive and had an inhibitory effect (Kokorinaet al.,
2015).

Thus, the studied new non-toxic water-soluble se-
leniumorganic substance 996 zh at a concentration of
1000-100 pmol stimulates the antioxidant protection of
seedlings, while improving their morphometric param-
eters, both under normal and stressed conditions. There-
fore, on the basis of this substance, it is possible to create
preparations for the treatment of seeds of agricultural
crops.
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Deteriorative changes in maize kernels due to Aspergillus flavus Link. and
Fusarium verticillioides (Sacc.) Nirenberg
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Deteriorative changes in maize kernels due to Aspergillus fla-
vus Link. and Fusarium verticillioides (Sacc.) Nirenberg

Abstract: The study aimed at measuring changes in chem-
ical composition of maize kernels due to Aspergillus flavus Link.
and Fusarium verticillioides (Sacc.) Nirenberg infection. The
samples of maize kernels were incubated at 28 °C for 7, 14, 21,
and 28 days. The samples were analysed for mycotoxin, mois-
ture, crude fat, crude protein, crude ash, and crude fibre. Maize
kernels inoculated with A. flavus and E verticillioides exhibited
a significant decrease in crude fat. Aflatoxin B, (AFB,) contami-
nation increased in maize kernels inoculated with A. flavus, and
fumonisin B, (FB,) in kernels inoculated with E verticillioides.
Crude ash and crude fibre content showed no changes. Incu-
bation time significantly affected AFB, and FB, contamination
levels, moisture, crude fat, and crude protein contents. AFB,
and FB, contamination were significantly correlated with crude
fat degradation. The tested strains had similar deteriorative ef-
fects on maize kernels. The significant changes in the proximate
composition were only observed in maize kernels with myco-
toxin contamination above the regulatory limit of 10 pg kg™,
thus not fit for human consumption.

Keywords: aflatoxin; fumonisin; maize kernel; mycotox-
in; proximate components; fungal species
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Kvarjenje koruznih zrn zaradi okuzb z glivama Aspergillus
flavus Link. in Fusarium verticillioides (Sacc.) Nirenberg

Izvlecek: V raziskavi so bile merjenje spremembe v ke-
micni sestavi koruznih zrn zaradi okuzbe z glivama Aspergillus
flavus in Fusarium verticillioides. Vzorci koruznih zrn so bili
inkubirani pri temperature 28 °C za 7, 14, 21, in 28 dni. V vzor-
cih je bila analizirana vsebnost mikotoksinov, vode, celukopnih
beljakovin, magcob, vlaknin in pepela. Koruzna zrna, okuzena
z glivama A. flavus in F verticillioides, so imela znacilen upad
celokupnih mascob. Kontaminacija z aflatoksinom B, (AFB) se
je v koruznih zrnih povecala po inokulaciji z glivo A. flavus, s
fumonizinom B, (FB,) pa po inokulaciji z glivo E verticillioides.
Pri vsebnostih celokupnega pepela in vlaknin ni bilo nobenih
sprememb. Cas inkubacije je zna¢ilno vplival na vsebnost AFB,
inFB,, vsebnost vode, celokupnih masc¢ob in beljakovin. Konta-
minacija z AFB, in FB, je bila znacilno povezana z degradacijo
celokupnih mascob. Testirani sevi so imeli podoben kvaren u¢i-
nek na koruzna zrna. Znacilne spremembe v zgradbi koruznih
zrn so bile ugotovljene pri njihovi kontaminaciji z mikotoksini
nad predpisano vrednostjo 10 pg kg™, kar ni primerno za pre-
hrano Jjudi.

Klju¢ne besede: aflatoksin; fumonizin; koruzna zrna; ke-
mijska sestava; mikotoksin; vrste gliv
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1 INTRODUCTION

Maize is highly susceptible to fungal infection. Con-
sequently, the quality of the maize kernels deteriorates
(Begum et al., 2013). Fungal development can cause a
considerable modification in the chemical composition
of stored grains (Kakde and Chavan, 2011). Fungal infec-
tion in grains is associated with losses in carbohydrates,
proteins and lipids while moisture content and free fatty
acid increase. Fungi produce hydrolytic enzymes includ-
ing peroxidase, amylase, pectinases, proteases and li-
pases. These enzymes degrade biochemical components
such as fats, protein, and carbohydrates leading to the
loss of dry matter (Begum et al., 2013). Bhattacharya and
Raha (2002) reported a decrease in carbohydrates and
fat content in maize kernels and soya beans due to post-
harvest fungal infection. Jain (2008) reported a rapid in-
crease in free fatty acids in damaged grains due to fungal
infestation. Embaby and Abdel-Galil (2006) observed a
reduction in carbohydrates, sugars and crude fat due to
Fusarium in legume grains. Kakde and Chavan (2011)
concluded that Aspergillus flavus was responsible for the
maximum depletion of fat content and reducing sugars
in safflower, soya bean and sesame.

Aspergillus flavus and Fusarium verticillioides are
commonly occurring maize pathogens that can easily
survive on dead plant materials as saprotrophs. They also
cause aflatoxin and fumonisin contamination (Probst
et al., 2014), especially in maize kernels that provide a
good natural substrate for the fungi (Perrone et al., 2014).
Nutrient composition is a key factor affecting mycotoxin
production in maize kernels (Ma et al., 2015). Inherent
materials in maize kernels such as starch, proteins and
lipids represent significant carbon and nitrogen sources
potentially available during seed infection by fungi (Mel-
lon et al.,, 2002). Saccharides provide the primary carbon
source for mycelial growth and mycotoxin production
(Mellon et al., 2005). Fanelli and Fabbri (1989), Wilson
etal. (2004), and Mellon et al. (2005) reported a relation-
ship between lipid degradation and AFB, production.
Glucose, ribose, xylose, and glycerol are also good sub-
strates for growth and aflatoxin production by A. flavus
(Liu et al., 2016).

Maize serves as an important dietary staple in Sub
Saharan Africa. Consequently, the nutritive value of
maize is of importance. Maize is vulnerable to infection
by toxigenic fungi (Abbas et al.,, 2006). The high tem-
perature and high relative humidity experienced in most
parts of Sub Saharan Africa, coupled with poor grain
storage conditions predispose maize to toxigenic fungal
attack (Ovyekale et al., 2012). Consequently, it is neces-
sary to investigate its nutritive integrity and the subse-
quent mycotoxin contamination during fungal infection.
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The objective of this study was to evaluate the effect of
A. flavus and E verticillioides infection on the proximate
composition of maize kernels.

2 MATERIALS AND METHODS
2.1 INOCULUM PREPARATION

Aspergillus flavus Link. (strain PPRI1314-UKZN)
and E verticillioides (Sacc.) Nirenberg (strain MRC826)
were obtained from the Department of Plant Pathology,
School of Agriculture, Earth and Environmental Scienc-
es, University of KwaZulu-Natal, South Africa. The fungi
were plated on potato dextrose agar (Merck, Darmstadt,
Germany) at 25 °C for five days, after which conidia were
harvested by flooding a single culture with either Triton
X-100 solution (A. flavus) or distilled water (F verticil-
lioides) and scraping the surface mycelia with a sterile
scraper. The resulting suspensions were filtered through
cheesecloth. The spore concentration was counted using
a Neubauer hemocytometer, and diluted using distilled
water to obtain a spore concentration of 4 x 10°cells ml™
(Hruska et al., 2014).

2.2 PREPARATION OF MAIZE SAMPLES

The maize kernels were surface sterilised by im-
mersing the kernels in a 5 % (v/v) sodium hypochlorite
(NaClO) solution and stirring for one minute. The maize
kernels were thereafter rinsed twice with distilled water.
The moisture content (MC) of the maize kernels was
then adjusted to 205 g kg™! dry matter (DM) by soaking
samples in distilled water for 2 hours. The samples were
thereafter put in sealed plastic bags and refrigerated at a
temperature of 4 °C for 72 hours to ensure uniform mois-
ture distribution.

2.3 INOCULATION AND INCUBATION OF
MAIZE

Maize was retrieved from cold storage and allowed
to equilibrate to room temperature. A total of 45 samples
of maize kernels each of mass 3 kg was weighed into ster-
ilised plastic bags. Five ml of spore suspension from A.
flavus or E verticillioides were sprinkled on the samples
and mixed manually before being transferred to the incu-
bator. Five ml of distilled water was sprinkled on control
samples. All samples were incubated at a temperature of
28 °C and sampling was done after 0, 7, 14, 21, and 28
days, respectively. The incubated samples were analysed
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for aflatoxin and fumonisin content, and proximate com-
position.

2.4 ANALYSIS OF THE CHEMICAL COMPOSI-
TION OF MAIZE KERNELS

Aflatoxin and fumonisin analysis were done using a
liquid chromatography-tandem mass spectroscopy (LC-
MS/MS) as outlined by de Kok et al. (2007). Two hun-
dred and fifty grams of each sample was ground using a
Retsch Rotor Mill (SK 1, Germany). Twenty five grams of
the ground maize sample was mixed with 80 ml of ace-
tonitrile and 20 ml of water and left to stand for 2 hours.
The extract was filtered and diluted four-times with dis-
tilled water. Twenty pl of the diluted extract was injected
into the LC-MS/MS for analysis.

The liquid chromatography (LC) had an ultra-per-
formance liquid chromatography, ethyle bridge hybrid
column (Aquity, UPLC BEH C18 1.7 um; 2.1x100 mm
column). The mobile phase A and mobile phase B were
0.1 % formic acid in water and 0.1 % formic acid in ace-
tonitrile, respectively. The LC flow rate was 0.4 ml min™".
The eluent from the LC column was directed to the mass
spectrometer. The electrospray source was operated in a
positive ionisation multiple reaction monitoring (MRM)
mode. The MRM transitions monitored for AFB, were
313 m.z”}, 241 m.z™, 50 V, and 47 V for parent ion, prod-
uct ion, cone voltage, and collision voltage, respectively.
The MRM transitions monitored for FB, were 722 m z™/,
334 m z', 50 V, and 40 V for parent ion, product ion,
cone voltage, and collision voltage, respectively. The
data acquired were analysed using Waters Masslynx™
software. The limit of detection for the LC-MS/MS was
0.5 pg kg™, whereas the quantification limit was 2 ug kg™

The proximate components including MC, crude
ash, crude fibre, crude fat, and crude protein, were
anaysed using AOAC methods (AOAC, 2012).

2.5 DATA PREPARATION AND STATISTICAL
ANALYSIS

A two-factor full-factorial design was used in this
experiment, with the first factor at two levels and the sec-
ond factor at five levels. The factors studied were fungal
species (A. flavus, F. verticillioides) and incubation period
(0,7, 14, 21, and 28 days).

The data was subjected to analysis of variance
(ANOVA) at 5 % significance level to determine the effect
of A. flavus and E verticillioides on mycotoxin contami-
nation (aflatoxin and fumonisin), crude fat, crude fibre,
crude protein and MC of grains. Where a significant re-

sult was obtained, the mean comparison was done using
Duncan’s Multiple Range Test. The correlation between
mycotoxin contamination and proximate components
was established using regression analysis. The analysis
was done using GenStat® 17" Edition (VSN International
Ltd, Hemel Hempstead, United Kingdom).

3 RESULTS

The proximate composition and mycotoxin concen-
tration at the start and during the experiment are pre-
sented in Table 1. No AFB and Fumonisin B, (FB,) was
detected in the maize kernels prior to fungal infection. In
this study, crude fat and crude protein content decrease
with time while AFB,, FB, and MC increased. The crude
ash and crude fibre was unchanged with time.

The MC was significantly (p < 0.05) affected by in-
cubation period and fungal species (Table 1). The MC in-
creased with increasing time of incubation. The highest
increase in MC was observed in samples inoculated with
A. flavus (205 to 289 g kg™, Table 1). The MC of samples
inoculated with E verticillioides ranged from 205 to 261
g kg™'. The lowest increase in MC was observed in the
control samples, ranging from 205 to 228 g kg™'.

There were no mycotoxins detected in the samples
before incubation. Mycotoxin contamination was sig-
nificantly (p < 0.05) affected by fungal species and the
incubation duration. The levels of both AFB, and FB,
increased with the incubation duration. The control sam-
ples showed no aflatoxin contamination at the end of day
seven. However, 1 ug kg™ of AFB, was detected in the
control samples on day 14, increasing to 21 pg kg™ and
141 pg kg™ on day 21 and day 28 respectively. FB, con-
tamination was not detected in any of the control sam-
ples. The maize kernels inoculated with A. flavus resulted
in AFB, contamination ranging from 409 ug kg™' on day
7 t0 10,508 ug kg' on day 28, while those inoculated with
E verticillioides resulted in FB, contamination ranging
from 212 pg kg™ on day 7 to 2,447 ug kg™' on day 28 (Ta-
ble 1).

The crude fat content of maize kernels was 39 *
0.5 g kg™! before incubation. The crude fat content de-
creased with increased fungal incubation time, while the
fat content for the control samples was unchanged. Both
the fungal species and the length of time of incubation
significantly affected the crude fat content (p < 0.05). The
greatest reduction in crude fat content was observed in
the samples inoculated with A. flavus. The crude fat con-
tent ranged from 39 g kg™' on day zero to 19 gkg™' on day
28. The crude fat content for samples inoculated with F
verticillioides ranged from 39 to 31 g kg™!, whereas that
of the control samples ranged from 39 to 37 g kg™ (Table
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Table 1: Variation of chemical composition of maize with A. flavus and E verticillioides and incubated for 7, 14, 21, and 28 days

(dry matter basis)

MC Mycotoxin ~ Crude ash Crude fat Crude fibre ~ Crude protein
Taxon Time (day) (gkg™ (g kg™ (gkg™ (gkg™ (gkg™) (gkg™)
Control 0 2058 0* 11.8® 39.78 452 79.4¢
Control 7 209% 0* 11* 398 44* 79¢
Control 14 213f% 1° 11° 398 442 79f
Control 21 218¢ 21° 112 38f 45* 78¢
Control 28 228 141° 11° 37¢ 45 76%
A. flavus 0 205¢ 0® 11° 398 45° 79¢
A. flavus 7 227¢ 409° 122 36¢ 45* 75
A. flavus 14 2434 1,259° 120 33 45 74b¢
A. flavus 21 274° 3,032° 122 31° 44* 73P
A. flavus 28 289° 10,508 11° 192 45° 712
E verticillioides 0 205¢ 0?2 112 398 45* 79°
E verticillioides 7 217¢ 212° 11* 36¢ 45* 77¢
E verticillioides 14 225¢ 604° 128 354 45 75¢
E verticillioides 21 253« 1,240° 11* 33¢ 45* 74b
E verticillioides 28 261¢ 2,447° 11° 31° 45 73°
Significance Level
Fungal taxon <.001 <.001 0.082 <.001 0.677 <.001
Time <.001 <.001 0.349 <.001 0.991 <.001
Fungal taxon x Time <.001 <.001 0.061 <.001 0.241 <.001
()% 0.013 0.433 0.001 0.017 0.002 0.004
SE 0.041 994.27 0.009 0.048 0.014 0.036
LSD 0.123 2,880.3 0.026 0.139 0.04 0.104

(p<0.05)

Means within a column followed by the same letter(s) are not significantly different according to Duncan’s multiple range test (p < 0.05). nd = not

detected

1). The mean crude fat content of maize kernels inocu-
lated with A. flavus and F verticillioides were significantly
(p < 0.05) different across all treatments.

The crude protein content decreased with incuba-
tion time. Both fungal species and the length of time of
incubation significantly affected (p < 0.05) crude protein
content of samples across treatments. The crude protein
content of the maize kernels inoculated with A. flavus de-
creased from 79 to 71 g kg™ over the 28 days of incuba-
tion. A reduction in the crude protein content from 79 to
73 g kg™ was observed in the samples inoculated with E
verticillioides. The crude protein content of the control
samples was fairly stable, ranging from 79 to 76 g kg™".

The crude fibre content of the samples was relatively
stable across all treatments. The fungal species and the
incubation time had no significant effect (p > 0.05) on the
crude fibre content of the maize kernels. The crude fibre
content of the samples ranged from 45 to 44 g kg™ (Ta-
ble 1). Similarly, there was no significant difference in the
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crude ash content of the maize kernel samples across all
treatments. Both the fungal species and the incubation
time had no significant effect (p > 0.05) on the crude ash
content of maize kernels. The crude ash content of the
maize kernels ranged between 11 and 12 g kg™ (Table 1).

The relationship between mycotoxin contamination
and both crude fat and crude protein was best described
by second order polynomial equations shown in Table 2.
A high coefficient of determination (R?) was observed

Table 2: Regression equations for crude fat and crude protein
of maize kernels contaminated with AFB, and FB,

Mycotoxin Equation R?

AFB, vs Crude fat 1 x 107x* - 0.003x + 38.57 0.986
FB, vs Crude fat 1 x 10 - 0.0061x + 38.74 0.963
AFB, vs Crude protein 1 x 107x* - 0.002x + 77.45 0.821
EB, vs Crude protein 1 x 10°x* - 0.0065x + 78.84 0.944
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between mycotoxin contamination and crude fat content
(R*=0.986 for AFB, and R* = 0.963 for FB)). The coef-
ficient of determination between crude protein content
and both AFB, and FB, was 0.821 and 0.944 respectively.
No correlation was observed between mycotoxin con-
tamination and either crude ash or crude fibre content.

4 DISCUSSION

The MC of the maize kernels increased with incu-
bation time. A similar observation was made by Islam
(2016) on stored black gram (Vigna mungo (L.) Hepper).
The increase in moisture content with incubation time
is attributed to respiration by maize kernels and fungi
(Magan et al., 2004). The mycelial growth increased with
time as evidenced by the progressive increase in AFB,
and FB . The increased mycelial biomass escalated the
respiration of fungi, hence, high MC on day 28 compared
to the minimal change in MC at the start of the experi-
ment. The increase in MC was higher for maize kernels
inoculated with A. flavus compared to E verticillioides.
The incubation temperature of 28 ‘C was optimal for the
growth of A. flavus (Pratiwi et al., 2015) but unfavour-
able for E verticillioides whose optimum temperature is
around 25 °C (Garcia et al., 2012).

The AFB, and FB, contamination of maize kernels
increased over time because of the increasing mycelial
biomass. There was a high AFB, contamination as com-
pared to FB, contamination. Aspergillus flavus grows
faster than E verticillioides at the incubation temperature
of 28 °C (Garcia et al., 2012; Pratiwi et al., 2015). Afla-
toxin B, contamination observed in the control samples
could have been caused by internal infection (Mellon et
al., 2007).

The greatest depletion of crude fats occurred in
maize kernels inoculated with A. flavus. This observa-
tion is consistent with the findings by Kakde and Chavan
(2011) who reported that A. flavus was responsible for
the maximum depletion of fat content in cereals and
oilseeds. Embaby and Abdel-Galil (2006) also observed
a reduction in crude fat content in legume seeds due to
Fusarium sp. Aspergillus flavus and E verticillioides pro-
duce lipases that hydrolyse fats into fatty acids, which are
subsequently degraded to provide a carbon and energy
source (Kinderlerer, 1993).

The decrease in crude protein content observed in
this study agrees with the findings of Reed et al. (2007)
who associated changes in the protein content of maize
with fungal degradation. The depletion of protein is at-
tributed to its utilisation during the growth and metabo-
lism of fungi (Bhattacharya and Raha, 2002). Liu et al.
(2016) reported that amino acids such as glutamate, as-

partate and arginine significantly promote AFB, produc-
tion by A. flavus indicating protein utilisation. Results
from this study are in tandem with previous research
findings (Bhattacharya and Raha, 2002; Rheeder et al,,
2009; Liu et al., 2016) that associated protein depletion
with fungal deterioration.

Hydrolytic enzymes produced by A. flavus and E
verticillioides break down fats and proteins for use in fun-
gal growth and development, which in turn creates con-
ducive conditions for the production of mycotoxins (Liu
et al., 2016). Fats are preferred over proteins as carbon
substrates, hence, the high correlation between fats and
mycotoxin contamination (Mellon et al., 2007).

5 CONCLUSION

Aspergillus flavus and E verticillioides caused sig-
nificant (p < 0.05) changes in the levels of crude fat and
crude protein content of maize kernels. Although afla-
toxin contamination was highly correlated with the de-
pletion of crude fats, such changes can also be caused
by E verticillioides, which produces FB,. The proximate
composition of maize samples with allowable mycotoxin
contamination (< 10 ug kg™) was similar to uncontami-
nated maize kernels. Significant changes in proximate
components were observed at mycotoxin contamination
levels higher than the regulatory limit of 10 ug kg™, thus
not fit for human consumption.
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Association studies between grain yield and agronomic traits
of a MARS maize (Zea mays L.) population under drought
and non-stress condition

Abstract: The study aimed at examining the associa-
tions between yield and other traits under drought stress and
non-stress conditions. A total of 150 MARS testcrosses were
evaluated under both conditions at the International Institute
of Tropical Agriculture substation for two years under during
the dry season. Genotypic and phenotypic correlation, mul-
tiple stepwise regression and path co-efficient analyses were
carried out to examine the relationship among the traits under
both environments. Results showed anthesis-silking interval,
days to silking, husk cover and plant aspect were significantly
associated with yield under drought condition at both geno-
typic and phenotypic levels. Yield was positively correlated
with plant and ear height but had a negative correlation with
plant and ear aspect at both levels under well-watered con-
dition. Regression analysis showed that ears per plant, plant
aspect, ear aspect, days to silking, leaf death and plant height
had a direct effect on yield, contributing a total of 71.1 % of
observed variation under drought, while ears per plant, ear
aspect, plant aspect, days to pollen shed, days to silking and
plant height contributed about 31.42 % to yield under well-
watered conditions. The study concluded that these traits be
used as selection criteria as it will aid improvement of maize
yield.
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Raziskava povezav med pridelkom zrnja in agronomskimi la-
stnostmi populacij koruze (Zea mays L.) v razmerah suse in v
nestresnih razmerah

Izvlecek: Namen raziskave je bil preuciti povezave med
pridelkom zrnja in drugimi lastnostmi koruze v razmerah suse
in v nestresnih razmerah. Na International Institute of Tropical
Agriculture je bilo ovrednotenih 150 kriZanj v obeh razmerah
v dveh letih, v su$ni sezoni. Genotipska in fenotipska korela-
cija, postopna multipla regresija in koeficient korelacije med
neposredno odvisnimi spremenljivkami so bili opravljeni za
preucitev razmerja med lastnostmi v obeh rastnih razmerah.
Rezultati so pokazali, da so bili znaki kot so obdobje anteza-
-sviljenje, dnevi do sviljenja in pokritost storza znacilno pove-
zani s pridelkom v su$nih razmerah na genotipski in fenotipski
ravni. Pridelek je bil v pozitivni korelaciji z vi$ino rastlin in
vi$ino storzev na rastlini, a je bil v negativni korelaciji z dru-
gimi aspekti rastline in storza v razmerah dobre oskrbe z vodo.
Analiza regresije je pokazala, da so imeli znaki kot so §tevilo
storzev na rastlino, aspekt rastline in storza, dnevi do sviljenja,
smrtnost listov in visina rastlin neposreden ucinek na pridelek
in so prispevali skupaj 71,1 % opaZene spremenljivosti v su-
$nih razmerah, medtem ko so ti isti znaki prispevali le 31,42 %
vpliva na pridelek v razmerah dobre oskrbe z vodo. Na osnovi
te raziskave je bilo zaklju¢eno, da bi lahko te lastnosti (znake)
uporabili kot selekcijske kriterije, ki bi pomagali izboljsati pri-
delek koruze.

Klju¢ne besede: koruza; povezava; pridelek zrnja; susa;
dobra oskrba z vodo; MARS; testna kriZanja
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1 INTRODUCTION

Maize (Zea mays L.) is presently the second most
abundant crop in the world (Ort and Long, 2014) and it
has a higher yield potential compared with rice and wheat
theoretically, being a C, plant (Gong et al., 2015). Despite
its potential, the average grain yield of maize in the West
and Central Africa (WCA) sub region is estimated to be
1.8 t ha™! (www.fao.org), this is quite low compared with
the yield recorded by many other regions where maize
is grown, both in the developing and developed regions
of the world (Semagn et al., 2015). Maize yields in Af-
rica are considerably lower than the world average be-
cause the cultivation of maize is often prone to abiotic
stresses such as drought and low soil fertility in addition
to biotic stresses principal among which are Striga spe-
cies and stem borers (FAO, 2010). Drought stress is the
most restrictive agronomic problem confronting maize
production, reducing crop yields particularly in regions
of the world faced with water limitation, a region with
an appreciable number of resource poor farmers (Mhike
et al., 2013). In comparison to other abiotic stress fac-
tors, drought is the causative factor for the major losses
recorded in crop production (Ober, 2008). Although
maize has it origin in the tropics, it is extremely prone to
drought and heat, particularly at silk emergence and/or
when flowers are ready for pollination (Boyer and West-
gate, 2004; Lobell et al,, 2011, 2014; Frey et al,, 2015). A
number of studies have reported a significant decrease in
the ear traits and also in the commercial value of maize
under drought (Edmeades et al., 1995; Ti-da et al., 2006;
Mohammadai et al., 2012). The change in the climate is
expected to increase the occasions of drought in Africa
(Williams and Funk, 2011), together with the fact that
maize production is extending into regions that are pre-
disposed to drought stress (Bankole et al., 2017). The
world’s grain supply is inadequate compared with the de-
mand for food and feed. Furthermore, a gross limitation
in crop production worldwide has been predicted as a re-
sult of changes in climate, particularly extreme tempera-
tures and drought (Cooper et al., 2014; Frey et al., 2015;
Horton et al., 2015). Consequently, it becomes more dif-
ficult for a small-scale producer of maize with little or
no access to irrigation facilities, who plants varieties that
are susceptible to drought stress in sub-Saharan Africa to
survive these myriads of challenges (Derera et al., 2008).

Some maize producers have adjusted their planting
dates to fit the rainy season which enables the planting
periods to correspond with the outset of the rains. Others
producers have substituted maize with tree crops because
they are more tolerant of changes in temperature and
rainfall regimes (Barimah et al., 2014). Subsequently, im-
provement of crops for tolerance to drought has become
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imperative of crops under the changing environmental
conditions.

The conventional breeding method which exploits
inherent genetic variation and uses selection as a tool to
integrate desirable traits into adapted genotypes seems
to be the most common method in breeding for drought
tolerance (Xoconostle-Cazares et al., 2011). The compar-
ative performance of genotypes under drought stress and
non-stressed conditions seem to be a common criterion
for identifying desirable genotypes for erratic rain-fed
conditions (Nouri et al., 2011). Selection for traits such
as yield under drought condition proves more challeng-
ing as a result of low heritability for the trait under stress
conditions (Edmeades et al., 1999; Venuprasad et al.,
2007; Ziyomo and Bernado, 2013) rendering the selec-
tion process quite ineffective. However, some secondary
traits such as anthesis silking interval and ears per plant
show high estimates of heritability and genetic correla-
tions with grain yield under drought stress (Bolafios
and Edmeades, 1996; Banziger and Lafitte, 1997; Badu-
Apraku et al., 2004). Therefore, an estimate of correlation
and path coefficient between the primary trait and other
component traits influencing yield is requisite for selec-
tion of superior maize genotypes for a successful breed-
ing programme

Correlation coeflicient analyses are useful for select-
ing the traits that influence grain yield simultaneously
(Menkir, 2008). It usually exploits the degree of associa-
tion among continuous traits (Malik et al., 2005). Despite
the usefulness of these estimates in the understanding of
complex traits such as grain yield, direct and indirect in-
fluences of these traits on productivity are not defined
(Baretta et al., 2016). In this context, a method was pro-
posed by Wright (1921) which partitions correlation co-
efficients into the components of direct and indirect ef-
fects known as path coefficient analysis. The analysis not
only partitions the correlation coeflicient into direct and
indirect effects, it also provides the information on the
actual contribution of a trait on the yield (Dewey and Lu,
1959).

Several maize breeders have used this method for
identifying secondary traits as opposed to the use of ge-
netic correlation (Barros et al., 2010; Chinnadurai and
Pothraj, 2011; Begum et al.,, 2016; Baretta et al., 2016,
Talabi et al., 2017; Matin et al., 2017). However, the use of
path coeflicient analysis to identify and validate second-
ary traits for selection of improved grain yield under wa-
ter stress and non-stress condition remains a relevant re-
search focus in maize breeding (Bolafios and Edmeades,
1993, 1996; Banziger and Lafitte, 1997; Badu-Apraku et
al,, 2004). The study reported herein examined the nature
of inter-trait associations between grain yield and other
traits under managed drought stress and non-stress con-
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ditions, using genotypic and phenotypic correlations,
step-wise multiple linear regression and path co-efficient
analyses.

2 MATERIALS AND METHOD

2.1 DEVELOPMENT OF THE MARS POPULATION

The details of the development of the marker assist-
ed recurrent selection (MARS) population and data col-
lected have been provided in an earlier report (Bankole
et al., 2017). Briefly, a MARS population was developed
by crossing two elite drought tolerant maize inbreds
(DTPL-W-C7-S2-7-1-1-1-1-B-5-B*4 and Babangoyo/
MO17LPA/Babangoyo-23-4-3-3-B*6) selected for desir-
able agronomic traits, resistance to foliar diseases. The
resulting F, was selfed to generate F, bulk seeds, which
was grown in 50 rows of 5 m length with a spacing of
0.75m and self-pollinated to generate 300 F,, lines. A
total of 250 F,, lines from this population were planted
each in a row and crossed to an inbred tester of the oppo-
site heterotic group. The testcrosses were evaluated un-
der drought stress (DS) and well watered (WW) condi-
tions at the International Institute of Tropical Agriculture
(IITA) Ikenne substation during the dry season in 2014
and 2015.

2.2 EXPERIMENTAL LAYOUT AND CULTURAL
PRACTICES FOR DROUGHT AND WELL-WA-
TERED EXPERIMENTS

A trial which consist of 150 testcrosses of randomly
selected S, lines from a MARS population were evaluated
under drought and well-watered conditions at Ikenne
during the 2014 and 2015 dry seasons. The testcrosses
were arranged in a lattice design with two replications.
Each of testcross was planted in a single row of 5 m and
0.75 m spacing between the rows and the plants were
spaced 0.25 m apart in the rows. In the DS trial, irriga-
tion was withdrawn from six weeks after planting up to
the harvest to elicit drought stress at flowering and grain
filling stages, whereas the well-watered trial received ir-
rigation until physiological maturity. Compound ferti-
lizer was application at the rates of 60 kg N, 60 kg P, and
60 kg K ha™! was done at the time of sowing and an addi-
tional 60 kg N ha™' was added four weeks later. Gramax-
one and atrazine were applied for each of the trial as
pre-emergence herbicides at 5.0 1 ha™! and supplemented
with manual weeding to keep the experiments free from
weed.

2.3 DATA COLLECTION

Days to anthesis (DP) and silking (DS) were re-
corded in each of the plot as the number of days from
sowing to when half of the plants were shedding pollen
grains and showed emerged silks, respectively. Anthe-
sis-silking interval (ASI) was computed as the interval
in days between silking and anthesis. Plant height (PH)
and ear height (EH) were measured in centimetres as
the distance from the base of the plant to the height
of the first tassel branch and the node bearing the up-
per ear, respectively. Plant aspect (PA) was rated on a
scale of 1 to 5, where 1 = excellent overall phenotypic
appeal and 5 = poor overall phenotypic appeal. Ear as-
pect (EA) was scored on a scale of 1 to 5, where 1 =
clean, uniform, large, and well-filled ears and 5 = rot-
ten, variable, small, and partially filled ears. Visual leaf
death (LD) was scored only under drought at 12 weeks
after planting (WAP) on a scale of 1 to 9, where 1 =
less than 10 % senesced leaf and 9 = more than 80 %
senesced leaf area below the ear. The number of ears
per plant (EPP) was the proportion of total number of
ears divided by the number of harvested plants. All ears
harvested from each plot were shelled to determine
percentage moisture and grain yield (GY) adjusted to
15 % moisture.

2.4 STATISTICAL ANALYSES

SAS version 9.3 (SAS institute 2011) was used
for the regression analyses. The multiple stepwise re-
gression was then used to describe the contributory
relationship among the traits under both the drought
stress and well-watered environments using the pro-
tocol proposed by Mohammadi et al., 2003. The first
and second order traits were organized into the path
coefficient analysis based on their contribution to the
total variation in grain yield with the use of the multi-
ple stepwise regression analysis. Initially all measured
traits were regressed on GY and the first order traits
were identified by their significant percentage contri-
bution to GY at 5 % probability level. The other traits
that made contributions to GY through the first order
traits were classified as second order traits. Estimates
of genotypic and phenotypic correlation coeflicient be-
tween GY and other agronomic and yield related traits
were carried out using SAS version 9.3 version (SAS In-
stitute, 2011). The Delta method was used to compute
the standard errors as proposed by Holland (2006). The
genotypic correlation greater than twice the value of its
standard error was considered to be significant statisti-
cally (Kolawole et al., 2018)
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3 RESULTS AND DISCUSSION

The genotypic and phenotypic correlations between
grain yield, the primary trait of selection, and other ag-
ronomic traits for the MARS testcrosses under drought
stress and well-watered conditions are presented in Ta-
bles 1 and 2 respectively. For some of the traits such as ear
aspect it was not possible to estimate genotypic correla-
tion because of the null values of genetic variance which
was identified as 0.00. The results revealed that though
the direction and magnitude of the estimates of both cor-
relations were alike for almost all measured traits, the es-
timates of genotypic correlation were a little higher than
those of the phenotypic correlation. This suggests the
presence of environmental influence which is responsi-
ble for a reduction in estimates of phenotypic correlation
despite the strong association between the traits consid-
ered. Similar results were reported by Gazal et al., (2018),
who observed higher values for genotypic correlation
compared with those of the phenotypic correlation.

Significant (p < 0.01) but negative genotypic and
phenotypic correlations were observed between grain
yield (GY) and flowering traits viz: anthesis silking inter-
val (ASI), days to anthesis (DP) and silking (DS) under
drought stress condition. This observation suggests that
improvement in GY is associated with a reduction in ASI,
DS, PA and EA under drought stress condition (Table 1).

Significant (p < 0.01) but positive genotypic and
phenotypic correlations were observed between grain
yield (GY) and plant height (PH), and also with ear
height (EH). The association between GY and plant as-
pect (PA) well as between GY and ear aspect (EA) was
significant and negative at both genotypic and pheno-
typic correlations under well-watered condition (Table
2). The improvement in the yield of grains can therefore
be associated with an increase in the PH and EH under
well-watered conditions which suggests that both traits
are good predictors of GY. Lodging is however increased
when selection is done for increased PH under non-
stressed conditions and this will have a negative impact
on GY (Talabi et al., 2017).

Association between ASI, DP, DS, PH, EA and GY
under drought stressed and non-stressed conditions have
been earlier reported (Bolanos and Edmeades, 1996; Rib-
aut et al.,, 1997; Messmer et al., 2009; Zheng et al., 2009
and Liu et al,, 2011). Of all the secondary traits meas-
ured under drought stress condition only ASI showed
significant association with GY at the genotypic level
whereas these traits were weakly or not correlated under
well-watered condition. This indicates that ASI is a sec-
ondary trait that provides the most important adaptive
mechanism for drought tolerance in maize. The strong
observed correlations of GY with ASI under drought
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conditions, was in line with the findings of Betran et al.
(2003), Cattivelli et al. (2008). Bolanos and Edmeades
(1996) reported strong genetic correlations between GY
and ASI (r = -0.60) under drought stress and suggested
that selection done for GY under drought stress was less
efficient than selection for ASI.

The results of the stepwise multiple regression anal-
ysis under drought stress conditions showed that EPP,
PA, EA, DS, LD and PH had a direct effect which was
significant on grain yield with a contribution of about
71.1 % to the total observed variation (Table 3). EPP ac-
counted for the largest proportion of the contribution to
grain yield under drought stress (52 %) which is an indi-
cation that it is the most important trait in determination
of grain yield under drought conditions. With a cumula-
tive contribution of 71.1 % to the observed variation in
grain yield, this suggests that these traits can be used in
selection programmes as secondary traits for yield im-
provement under drought stress. Grain yield is therefore
expected to increase in response to an increase in any of
the traits. Badu-Apraku et al. (2012a) had earlier identi-
fied EA, PA, ASI, PH, EH, DS and EPP among some extra
early maturing inbred lines as secondary traits to be con-
sidered during selection under drought conditions.

Under well-watered condition, EPP also had the
highest contribution of 31.42 % to grain yield followed
by EA, PA, DP, DS and PH which contributed 15.94, 5.37,
3.13,10.7 and 0.037 % respectively with a cumulative to-
tal of 56.97 %. Similar to drought stress condition, a con-
tribution of these traits was highly significant (p < 0.01)
except DS which was significant at 5 % probability level.
This is an indication of the level to which these traits are
able to influence yield under well-watered condition.
EPP has proven to be a trait to be considered when im-
provement is being carried out for grain yield under both
drought stress and well-watered conditions (Bazinger et
al., 2000).

Grain yield is complex being an effect of the inter-
relatedness of several other plant components that influ-
ences growth and development, thus deducing with ref-
erence to the method of accumulation, combination of
its processes through its life cycle proves difficult (Anjum
etal.,, 2011). Tadesse et al. (2018) hypothesized that selec-
tion based on simple correlation without taking into cog-
nisance the direct effect of the one variable (independent)
on the other (dependent) is ineffective in determining
the actual interrelatedness among traits. The use of path
coeflicient analysis will therefore aid the breeder in deci-
phering the cause, consequences and importance of the
variables therefore providing a more effective means of
interpreting the association.

The partitioning of genotypic correlation coeflicient
with path coeflicient analysis showed that DS, PH, PA,
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EA, LD and EPP as having a direct effect on GY. These
six first order traits were recognized as being important
in contributing to the observed variation in GY as shown
from the path coefficient analysis (Fig 1) thus signifying
them as potential secondary traits used as a selection cri-
terion under drought stress. These findings corroborate
those of Talabi et al. (2016) who identified EA, EPP, PA,
STGR, DS, EHT and SL as traits with direct significant
traits affecting GY under drought stress conditions.

EPP had the highest direct effect (0.37) on GY
followed by DS (0.22) under drought stress condition.
However, only the effects of EPP and PH were positive
while the other direct effects were negative. Four traits
(DP, ASI, EH and HC) also made contributions to GY
but the contributions were indirect through DS (DP and
ASI), PH (EH and HC), PASP (DP and EH) and EPP (DP,
ASI, EH). EH and HC also contributed indirectly to grain
yield through LD. ASI a known secondary trait contri-
buted to GY indirectly through the six first order traits
indicating that it should be considered as trait of impor-
tance during selection under drought stress. DP had the
highest indirect positive effect on GY through DS (0.74)
followed by EH through PH (0.73). The high coeflicient
reported for EPP corroborates the findings of Badu Apra-
ku et al. (2018) who reported the highest path coefficient
for EPP among extra early maize cultivars under drought

stress conditions.

Under well-watered condition, the first order traits
include EPP, EA, PA, DP and PH (Fig 2) with EPP (0.56)
having the highest direct effect among the traits followed
by EA (-0.40). Similar to the result under drought stress,
only EPP and PH had positive direct effect on GY while
other first order traits were also negative. None of the
second order traits which include DP, ASI, EH and HC
made contributions through all the first order traits si-
multaneously. DS had the highest contribution to GY
through DP (0.91) followed by the contributions of EH
through PH (0.87).

Increased EPP together with some other traits had
been identified as a secondary trait used as a selection cri-
terion (Bazinger et al., 1997) under drought stress condi-
tions, including PH which also had a direct positive effect
on GY. Selection for increased EPP may be accomplished
without an adverse effect under well-watered condition,
but selection for increased plant height though may aid
the plant to synthesize more assimilates resulting in pro-
duction of more grains but usually at a price. Increased
plant height usually predisposes the plant to lodging
which adversely affects grain production. The proportion
of the variation in the dependent variable that is influ-
enced by the other variables (independent) is less than
half under drought as reflected by the coefficient of de-
termination. The high positive and direct effect of plant
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Figure 1: Path analysis diagram showing contributing associations of measured traits of testcrosses of S1 lines of marker assisted
recurrent selection evaluated under drought conditions at Ikenne in 2014 and 2015. YLD, yield; ASI, anthesis-silking interval; DP,
days to anthesis; DS, days to silking; EASP, ear aspect; EPP, ears per plant; PASP, plant aspect; PH, plant height; EH, ear height; LD,

leaf death; HC, husk cover.

height on the yield corroborates the findings of Adesoji
et al. (2015) who reported the highest positive and direct
effect of plant height to grain yield in a maize population
grown under legume incorporation and nitrogen. There-
fore, the use of PH as a selection criterion may not be
practical due to its non-beneficial effect on production
of grains.

Under well-watered condition, the first order traits
include EPP, EA, PA, DP and PH (Fig 2) with EPP (0.56)

OPTIMUM

/T\0.14

Y

R? = 42.4%

having the highest direct effect among the traits followed
by EA (-0.40). Similar to the result under drought stress,
only EPP and PH had positive direct effect on GY while
other first order traits were also negative. None of the
second order traits which include DP, ASI, EH and HC
made contributions through all the first order traits si-
multaneously. DS had the highest contribution to GY
through DP (0.91) followed by the contributions of EH
through PH (0.87).

Figure 2: Path analysis diagram showing contributing associations of measured traits of testcrosses of S1 lines of marker assisted
recurrent selection evaluated under well-watered conditions at Ikenne in 2014 and 2015. YLD, yield; ASI, anthesis-silking inter-
val; DP, days to anthesis; DS, days to silking; EASP, ear aspect; EPP, ears per plant; PASP, plant aspect; PH, plant height; EH, ear

height; HC, husk cover.
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Increased EPP together with some other traits had
been identified as a secondary trait used as a selection cri-
terion (Bazinger et al., 1997) under drought stress condi-
tions, including PH which also had a direct positive effect
on GY. Selection for increased EPP may be accomplished
without an adverse effect under well-watered condition,
but selection for increased plant height though may aid
the plant to synthesize more assimilates resulting in pro-
duction of more grains but usually at a price. Increased
plant height usually predisposes the plant to lodging
which adversely affects grain production. The proportion
of the variation in the dependent variable that is influ-
enced by the other variables (independent) is less than
half under well-watered condition as reflected by the co-
efficient of determination.

The high positive and direct effect of plant height on
the yield corroborates the findings of Adesoji et al. (2015)
who reported the highest positive and direct effect of
plant height to grain yield in a maize population grown
under legume incorporation and nitrogen. Therefore, the
use of PH as a selection criterion may not be practical
due to its non-beneficial effect on production of grains.

4 CONCLUSION

It can be concluded that though varying results were
obtained with the use of correlation with respect to the
measured traits associated with grain yield under both
conditions, similar results were however obtained for the
MARS testcrosses under both conditions with the use of
multiple stepwise regression and path coeflicient analy-
sis. The coefficient of determination however showed
variation: with the use of regression the dependent trait
influenced the first order traits more under drought
condition but reverse was the case with the use of path
analysis. Ear aspect, plant aspect and ears per plant were
identified as secondary traits that will aid selection for
improved yield of maize. Leaf death; which is not one
of the observed traits under well-watered condition was
also identified as a secondary trait under drought stress.
These traits are rated based on phenotypic appeal there-
fore their determination is highly subjective. Extra cau-
tion should therefore be taken when scoring to increase
precision.
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Abstract: Scientists reported that biochar can improve
soil properties in acidic soils, while in alkaline soils were shown
negative results. A field study was done to evaluate the effect of
biochar application solely in alkaline soil compared with bio-
char composts with farm yard manure (BC-FYM) and sulfur
(BC-S). The results revealed that using solely biochar decreased
yield of potatoes tubers to more than 6 % and 10 % using min-
eral and organic fertilization, respectively. This was attributed
to the alkalinity effect of biochar and raises the soil pH, which
might precipitate macro and micro elements in soil and become
unavailable for plant absorption. While using mixtures of BC-
FYM and BC-S were shown to enhance yield productivity of
potatoes tubers 11.7 % and equal to control under mineral fer-
tilization; and 25.13 % and 10.53 % using organic fertilization,
respectively. Mixture of BC-FYM and BC-S proved to have the
ability for recovering the alkalinity effect of biochar, improve
nutrients availability in soil and increase crop yield of potatoes.
In general, mixing biochar with FYM was efficient, economical
and environmentally sound solution in alkaline soils.

Keywords: biochar; alkaline soil; potatoes; nutrient avail-
ability; crop yield
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Uporaba oglja na alkalnih tleh in ucinek na tla in rastlino

Izvlec¢ek: Znanstveniki porocajo, da uporaba oglja iz-
boljsa lastnosti kislih tal, medtem ko so u¢inki na alkalnih tleh
negativni. V poljskem poskusu so bili ovrednoteni uéinki upo-
rabe samo oglja v primerjavi z njegovo kombinacijo s hlevskim
gnojem (BC-FYM) in Zveplovimi spojinami (BC-S). Rezulati so
pokazali, da je uporaba samo oglja zmanjsala pridelek krom-
pirja za ve¢ kot 6 %, oziroma 10 %, ko je bilo gnojeno z mi-
neralnimi in organskimi gnojili. To je bila posledica alkalnega
ucinka oglja preko dviga pH tal, kar je lahko oborilo mikro in
makro elemente in jih naredilo nedostopne za prevzem v ra-
stline. Uporaba mesanic BC-FYM in BC-S je povecala pridelek
gomoljev krompirja za 11,7 %, kar je bilo enako kontrolnemu
obravnavanju pri gnojenju z mineralnimi (25,13 %) in organ-
skimi (10,53 %) gnojili. Mesanica BC-FYM in BC-S je imela
dokazano sposobnost blazenja alkalnega ucinka oglja, kar je iz-
boljsalo dostopnost hranil v tleh in povecalo pridelek gomoljev
krompirja. Nasplo$no je bilo me$anje oglja s FYM ucinkovita,
ekonomsko in okoljsko dobra resitev na alkalnih tleh.

Klju¢ne besede: oglje; alkalna tla; krompir; dostopnost
hranil; pridelek
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1 INTRODUCTION

Biochar is a carbon(C) -rich product obtained by
thermal decomposition of biomass at relatively high
temperatures (<700 °C) and absence of oxygen, in a pro-
cess known as pyrolysis (Verheijen et al. 2010). Biochar
claimed to have potential benefits for soil including wa-
ter holding capacity (Busch et al., 2012; Busscher et al.,
2010; Kammann et al., 2012; Karhu et al., 2011), water
infiltration (Asai et al., 2009; Ippolito et al., 2012), soil
water availability (Baronti et al., 2014), nutrient reten-
tion (Clough et al., 2013; Ventura et al., 2013), hydraulic
conductivity (Buss et al., 2012), and soil aeration (Case
et al,, 2012; Cayuela et al,, 2013), increased microbial
activity (Lehmann et al., 2011; Warnock et al., 2007),
shifts in microbial diversity (Jin, 2010), increase in elec-
trical conductivity (Husson, 2012) and immobilization
of contaminants such as trace elements (especially Cu)
(Borchard et al., 2012; Buss et al., 2012; Ippolito et al.,
2012) or pesticides (Gomez-Eyles et al., 2013; Graber
et al., 2012). However, significant increase in soil fertil-
ity, plant growth and yield was reported due to biochar
application in tropical and subtropical soils (Asai et al.,
2009; Atkinson et al., 2010; Glaser et al., 2002; Lehmann
and Rondon, 2006; Lehmann and Steiner, 2009a; Major
etal. 2010). This was attributed to the liming effect of bio-
char which decrease significantly soil acidity, resulting in
better conditions for growing crops (Steiner et al. 2007;
Yuan and Xu2011). The application of biochar in alka-
line soils showed different effects: the application of bio-
char solely lead to reduction in crop yield in alkaline soil.
This was reported by many scientists (Ding et al., 2010;
Graber and Elad, 2013; Jin, 2010; Taghizadeh-Toosi et
al., 2011) who referred this effect to nutrients adsorption

onto biochar surface (e.g. the adsorption of ammonium,
phosphate and other cations). Consequently, to avoid the
alkalinity effects of biochar, different suggestions were
proposed, such as enhancement of biochar with organic
or mineral nutrients (Alburquerque et al., 2012; Bruun
et al., 2011; Gathorne-Hardy et al., 2009; Joseph et al.,
2013a, b), composting BC with compost (Fischer and
Glaser, 2012; Steiner et al., 2010), charge the porous bio-
char matrix with nutrients, stimulate microbial coloniza-
tion (Pietikdinen et al., 2003), reduce noxious pyrogenic
materials during production of BC (Tuomela et 1., 2000),
or increase the biochar surface reactivity using enhanced
oxidative ageing (Cheng and Lehmann, 2009b; Zim-
merman, 2010) as well as DOC adsorption (Prost et al.,
2012). Thus, in the present study, we aimed to reduce al-
kalinity effect of BC through composting BC with farm-
yard manure (BC-FYM) and sulfur (BC-S) for enhancing
the elements availability, crop yield and crop quality in
alkaline soil as compared with freshly produced biochar
(BC) under recommended mineral and organic fertilizer
conditions.

2 MATERIALS AND METHODS
2.1 PRODUCTION OF BIOCHAR

Eggplant shoots were used to synthesize BC under
low oxygen conditions using small-scale unit. The unit
was designed as described by Abd el-hafez et al (2014).
Briefly, barrel with a diameter of 55 x 85 cm was served
as a burning barrel. For the lid, a well tight lid of the
burning barrel with another half barrel inverted and sup-
ported with 20 cm diameter chimney tube was used to

Figure 1: Scheme of designed unit for biochar production.
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Table 1: Physical and chemical characteristics of the experimental soil

Particle size distribution %

Soil depth Coarse sand ~ Fine sand Silt Clay Texture class ~ OM % CaCO, %
0-20 6.18 19.4 37.3 36.6 Clay loam 2.80 1.85
20-50 13.2 26.0 33.3 29.5 Clay loam 2.70 2.20
50-70 10.5 20.5 35.2 33.8 Clay loam 2.38 2.25
EC Soluble anions (mmol 1) Soluble cations (mmol 1)

Soil depth  pH (dSm™) CO, HCO, Cl SO,” Ca** Mg Na* K*
0-20 7.93 3.41 0.00 1.80 26.70 4.50 9.20 6.40 19.90 0.50
20-50 8.01 3.52 0.00 2.20 25.30 6.50 10.00 5.50 18.00 0.50
50-70 8.02 2.32 0.00 1.70 14.60 3.70 9.00 3.20 10.50 0.30

cover the burning barrel (Fig. 1). The unit was stroked
from the bottom in addition to three metal sheets were
placed at the bottom of the unit to guarantee that the
air derives up regularly. The produced biochar was de-
noted as BC. Then, BC was mixed and composted with
farmyard manure (BC-FYM) and/or sulfur (BC-S) with
a ratio of 1:1 (mass/mass) for 3 months. The stack was
covered, stirred and moisturized every week. The final
products were added to soil during soil preparation two
week before sowing day. Different physical and chemi-
cal analyses were done on initial unfertilized soil as de-
scribed below (Table 1).

2.2 EXPERIMENT SETUP

The investigation was carried out in Dokki site El-
Giza governorate, Egypt which is situated at 30° 03 N
latitude, 31° 20" E longitude during winter time of 2015
and 2016 to explain the effect of modified BC on growth
and yield of potatoes (Solanum tuberosum L.) grown in
alkaline soil. A field experiment was done at a clay loam
soil, around 250 m*were roared and cleaned from weeds.
This land was divided into plots (3 x 3.5 m), These treat-
ments were evaluated at two kinds of fertigation (mineral
and organic). Split plot design was used in this experi-
ment as follows: main plots were divided into 1) mineral
fertigation and 2) organic fertigation, while sub-main
plots were used the different BC treatments including
(3) control, (3d) BC, (O) BC-FYM, and (O) BC-S. BC
dose was fixed at 12 Mg ha™ for each kind of BC. Each
treatment was replicated three times. Required quanti-
ties of BC were added to the selected treatment plots and
were mixed thoroughly with the soil using spade at Janu-
ary two weeks before sowing date. The recommended

dose of NPK nutrients were added to all mineral fertiliza-
tion treatments (including control) through ammonium
sulphate, mono superphosphate and potassium sulphate,
respectively. While full doses of P were applied as basal
with BC, 50 % of the N and K doses were applied as basal
and the remaining 50 % were top-dressed after 1 month
from planting. Organic fertilization (30 t h™") was ap-
plied according to N % before sowing with two weeks.
Each plot was divided into three rows (width 90 cm and
highest 30 cm). A tunnel was made in each row and tu-
bers (‘Spunta’) were planted by hand at 10 cm depth and
25 cm spacing between tubers, then tunnels were covered
with soil and the field was irrigated using drip irrigation.
The soil was irrigated when required, and was kept weed-
free by hand weeding.

2.3 EXPERIMENTAL ANALYSIS

Total N of biochar was determined in the superna-
tant of digested biochar by mixture of sulfuric and sali-
cylic acid using Kjeldahl method according to Jones J.
Benton. (1991), while total C of biochar was measured
following ASTM1762-84 (American Standard of Testing
Material, 2001). EC and pH of biochar was determined as
described by Masulili et al (2010). Briefly, 1 g of material
was dissolved in 100 ml de-ionized water under heating
to 90 °C and stirred for 20 minutes. Then the suspensions
were cooled to room temperature which after EC and pH
was measured using EC and pH-meter (Masulili et al.,
2010). To determine P and K soil samples were digested
using hydrochloric and nitric acid (Cottenie et al., 1982),
while for N determination another mixture of acids were
used for digestion as described by Jones J. Benton. (1991).
Nutrients accumulated in tubers were determined af-
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Table 2: Chemical characteristics of materials used in the experiment

Parameter FYM Compost BC BC-FYM BC-S
ECpuScm™ 456 2080 1085 846 818
pH 7.00 7.6 7.6 7.4 6.9
OC % 34.80 12.5 38.20 37.78 36.63
C:N ratio 24.26 12.5 509.3 47.52 466.6
N % 1.40 1.00 0.075 0.795 0.0785
P % 0.071 0.41 0.074 0.136 0.044
K % 0.085 0.32 0.003 0.042 0.002
Fe % 1.90 0.35 1.21 0.906 0.61
Mn mg kg™ 423.60 61.9 257.75 269.70 121.65
Zn mg kg™ 77.25 79.2 81.25 107.15 0.60
Cumg kg™ 39.40 24.1 45.35 43.30 30.55
B mg kg™! 19.15 32.6 14.40 14.00 8.30

ter digestion using mixture of sulfuric and perchloric
acid (5:1). P was determined in the solution digested
using inductively coupled plasma (ICP- JY ULTIMA).
Chemical analysis results for materials used are in Ta-
ble 2.

2.3.1 Quantitative determination of surface acidic

groups

Biochar surface acid functional groups were de-
termined according to the description of Boehm ti-
tration method (Boehm et al., 1964 and Mukherjee et
al., 2011). Briefly, about 0.5 g of coarse biochar sample
was added to 50 ml of each of three 0.05 M bases of

1.0 4

cancentration of functioral groups (mmol g'l)

NaHCO,, Na,CO, and NaOH. Then, the mixtures be-
side control solution without any material were shaken
for 24 h. Thereafter, the mixtures were filtered through
a 42 Whatman filter paper to remove solids. Then, a 1
ml of suspension from each filtrate was added to 10 ml
of HCI (0.05 M) to guarantee complete neutralization
of bases and then back-titrated with NaOH (0.05 M).
Phenolphthalein color indicator was used to identify
the endpoint. The total surface acidity was calculated
as the moles neutralized by NaOH, and the carboxylic
acid groups as the moles neutralized by NaHCO,, and
the lactonic groups as those neutralized by Na,CO,.
The difference between moles neutralized by NaOH
and Na,CO, was considered as phenolic groups con-
tent (Rutherford et al., 2007).

functional groups type

Figure 2: Functional groups concentration on the surface of used materials
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Figure 3: Influence of biochar on soil temperature during three months of potato cultivation in alkaline soil

2.3.2 Determination of total carbohydrates

Acid hydrolysis of tubers (0.2 g) was done in sealed
tube using 10.0 ml H,SO, solution (1.0 M). The sealed
tubes were boiled in water bath for 10 h. After com-
plete hydrolysis, suspension was neutralized by a known
amount of barium carbonate and the precipitate was fil-
tered through whatman No.1 filter paper. The filtrate was
made up to a known volume. Total carbohydrates were
determined in acid using phenol-sulfuric acid method as
described by Dobois et al. (1965) as follows: A known
volume of filtrate (1.0 ml) was transferred into a clean
dry test tube. 1.0 ml of phenol solution (5 %) and 5.0 ml
of H,SO, were added. The yellow orange color was meas-
ured at 490 nm using spectrophotometer against blank.

3 RESULTS AND DISCUSSION
3.1 BIOCHAR CHARACTERIZATION

Yield of BC (as the mass ratio of biochar recovered
after pyrolysis and the initial feedstock) was approxi-
mately 35 %, while BC carbon content was recorded
38.2 %. Biochar pH (extracted according to Masulili et
al., 2010) was slightly decreased using FYM and S from
7.6 for BC to 7.4 and 6.9 for BC-FYM and BC-S, respec-
tively. These finding were already proven by Boehm ti-
tration method which is commonly used technique to
determine the acidic oxygen surface functional groups
on carbon samples. The total acidic groups were slightly
higher in BC-S and BC-FYM than BC (Fig. 2). This was
attributed to the acidic products resulted from decompo-
sition of FYM or formation of SO,~ anions during hydra-

tion of sulfur in BC-FYM and BC-S, respectively. This
might explain how pH values of BC-FYM and BC-S were
decreased compared to BC alone.

3.2. INFLUENCE OF BIOCHAR APPLICATION ON

SOIL PROPERTIES.
3.2.1. Soil temperature

McCormack et al. (2013) reported that biochar en-
hances soil microbial activity by enhancing soil aggrega-
tion and porosity, pH, moisture retention and soil tem-
perature, as well as nutrient retention. This work studies
the effect of BC and modified-BC application on soil
properties such as nutrient availability, soil temperature
and chemical characteristics. The influence of different
treatments of biochar on soil temperature during field
study is shown in Fig. 3. Soil temperature was measured
monthly during potato growing season (Quartz digi-ther-
mo thermometer). The results revealed that soil tempera-
ture was higher using BC-FYM and BC-S by 0.9 to 2.1 °C
as compared with control or biochar only. This might be
attributed to the high energy release during decomposi-
tion of FYM or sulfuric acid that resulted from hydration
of sulfur. It was also mentioned that biochar has positive
effect on soil biota (Lehmann et al., 2011; Warnock et al.,
2007) which might increase soil temperature. In general,
soil temperature has an important role creating a health-
ier and more active soil environment. Soil biota plays an
important role in soil nutrient cycling (McLaughlin et
al., 1988; Frossard et al., 2000). Phosphate-solubilizing
bacteria enhance P transfer from soil to plants: soil biota
may contain a significant amount of P, typically 10-50 kg
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Figure 4: The influence of biochar and modified biochar on nutrient availability of macronutrients in alkaline soil cultivated with

potatoes

P ha™, or 1-10 % of the total P, and around 10-15 % of
soil organic P (Brookes et al., 1984; Richardson, 2001), so
soil biota considered a major factor controlling organic
and inorganic P concentrations in temperate soils (Seel-
ing and Zasoski, 1993). All these findings showed that
BC plays an important role in nutrient availability and
yield due to its effect on soil temperature and soil biota.
Soil temperature increased from February to April due to
climatic conditions (Fig. 3).

3.2.2. Soil nutrient availability

Glaser et al. (2002) and Lehmann et al. (2011) re-

8.0 ~
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ported that biochar used as a soil amendment to enhance
soil fertility and plant growth, since it has shown potential
as a sustainable amendment to improve chemical proper-
ties of soil. BC also was found to have a positive effect on
soil nutrient availability (Mengel and Kirkby, 2001). In
this study we investigate effect of biochar treatments on
soil nutrients availability during field study on potatoes.
Available NPK were measured in soil 70 days after plant-
ing (Fig. 4). The results revealed in general, that using
solely biochar lowered the nutrient availability in soil,
since biochar application generally raises soil pH (Hass et
al., 2012) which reduces the availability of nutrients in al-
kaline soil. Modified biochar (BC-FYM or BC-S) showed
higher nutrient availability than control despite the sig-
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Figure 5: Influence of BC addition onto soil characteristics (EC and pH)
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nificance was low in some cases. This might be attributed
to excess of the amount of nutrients that exist in FYM
composted with biochar or/and decomposition of organ-
ic matter or sulfur had led to decrease of soil pH which
release more nutrients adsorbed or precipitated into soil
solution. Biochar was also found to have an important
role in fertilizer use efficiency due to adsorption of nutri-
ents on its surface and keep it from leaching (Blackwell et
al., 2010; Laird et al., 2010). In addition, BC was found to
improve soil biota, such as arbuscular mycorrhizal fungi
(AMEF), which enhance nutrient availability in soil (War-
nock et al., 2007).

3.2.3. Chemical characteristics

Figure 5 shows the influence of materials studied
application onto soil chemical characteristics (EC and
pH). The pH level of alkaline soils would be affected
by biochar application and the possible increase of soil
pH in alkaline soil is harmful for plant growth (Liu and
Zhang, 2012). While the results revealed that EC and pH
of soil weren't affected significantly by the addition of BC
or modified BC (BC-FYM or BC-S). This was attributed
to the amount of added BC amendment (12 Mg ha™),
which was not enough to change the pH number. These
results were agreed with those obtained by Somchai-But-
nan et al. (2015) who found that soil pH was not affected
by biochar amendment except in the soil amended with
the highest rate of flash carbonization (FC) biochar ex-
cess than 12 Mg ha™'. Biochar relatively reduced soil EC,
this might be attributed to the high adsorption capacity
of biochar which enhance the mutual form and reduce
the soluble form of salts.

70

3.3. INFLUENCE OF BIOCHAR APPLICATION ON

PLANT CHARACTERISTICS.
3.3.1. Crop yield

Influence of studied materials on the productivity
of potatoes tubers is shown in Fig. 6. The results revealed
that solely addition of biochar decreased the yield of po-
tatoes more than 6 % and 10 % as compared with control
using mineral and organic fertilization, respectively. This
was attributed to the alkalinity effect of biochar which
reduce the availability of some nutrients; consequently
the total yield was reduced. These results are similar as
those obtained by Van Zwieten et al. (2010), who re-
ported that the application of biochar 1 with pH value
of 9.4 and biochar 2 with pH value of 8.2 both increased
the pH of ferrosol (initial pH at 4.2), but only biochar 2
increased the pH value of calcareous soil (initial pH at
7.67). Also Fellet et al. (2011) reported that application of
BC in mine tailing soil had led to excess in soil pH from
8.13 to 10.2 at 10 % biochar application rate. Treatment
BC-FYM resulted in yield increase for 11 and 25 % in
both mineral and organic fertilization. This was similar
to the results reported by Glaser et al. (2002) who con-
cluded the fact that crop yield is increased using biochar
combined with mineral or organic fertilizers. BC-FYM
application with organic fertilization produced higher
yield than mineral fertilization due to the acidity effect
of compost which decreases alkalinity of BC. It benefits
in releasing nutrients slowly in available form for plant
absorption during growth period. This led to minimizing
nutrient leaching from soil rather than mineral fertiliza-
tion. Also, we found that the yield was much higher using
BC-FYM than BC-S with both types of fertigation. This
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Figure 6: Biochar addition efficacy on yield of potato tubers cultivated in alkaline soil

Acta agriculturae Slovenica, 114/1 - 2019

91



T. M. SALEM et al.

40

30 A

20

10

Carbohydrate concentration (g/kg tubers)
[=]
&, . —

> <
§§XQ’ (o x%c C/o‘\&o cs® = (] 24
x@ §§ o C/QS
S
Treatments

Figure 7: Biochar addition efficacy on carbohydrate concentration of potatoes tubers cultivated in alkaline soil
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Figure 8: Biochar addition efficacy on content of macronutrients in tubers

might be attributed to the additional amounts of N ex-
ist in BC-FYM and/or higher nutrient availability due to
higher microbial activity, such as arbuscular mycorrhizal
fungi (AMF) (Warnock et al., 2007). So we recommend
using BC in alkaline soils after composting with FYM to
enhance crop productivity and soil chemical characteris-
tics. More work is needed to state the adequate amount
of BC added.

3.3.2. Yield component

Total carbohydrates in potatoes tubers were meas-
ured to study the efficiency of biochar addition on yield
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component grown in alkaline soil compared with modi-
fied biochar (BC-FYM or BC-S) (Figure 7). Total car-
bohydrate was significantly increased using BC-FYM
or BC-S as compared with using BC solely, while there
wasn’t any significance with control. This was attributed
to the excess amount of potassium in FYM found in BC-
FYM, which are responsible for carbohydrate transfer-
ring from leaves to tubers. Since BC has a high adsorption
capacity for K ions (Lehmann et al., 2003) because of its
high porosity and surface/volume ratio and can improve
plant nutrients uptake and P, Ca, K availability (Chan et
al., 2007; Yamato et al., 2006). Elemental concentration of
N P K in potatoes tubers weren't significantly affected by
biochar treatments (Fig. 8). Consequently, protein con-
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tent wasn't also affected by biochar addition, with the ex-
ception of BC-FYM and BC-S using organic fertilization
where a significant increase in tubers protein content was
measured than in control and BC solely.

4 CONCLUSION

Biochar proved to enhance soil chemical and physi-
cal properties, while this effect was negative in alkaline
soils since literature reported that BC raise soil pH. Com-
posting biochar with other materials (FYM and Sulfur)
was suggested to modify biochar action in alkaline soil.
A field experiment was conducted using modified BC
(BC-FYM or BC-S) compared with BC solely addition
to alkaline soils under mineral and organic fertilization.
BC-FYM proved to be the best treatment, since BC-FYM
increased crop yield of potatoes 11 and 25 % compared
to control under mineral and organic fertilizers, respec-
tively. BC-FYM was recorded higher amount of carbohy-
drate and protein as compared with BC solely especially
under organic fertilization. Yield content of elements (N
P K) in potatoes tubers weren't affected significantly with
biochar application as found in carbohydrate concentra-
tion. So we recommend composting biochar with FYM
before using it in the alkaline soil to enhance crop pro-
ductivity and soil chemical characteristics. More work is
needed to state the adequate amount of BC added.
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Entomopathogenic fungus, Lecanicillium lecanii R. Z are & W. Gams an-
chored into MCM-41: A new and effective bio-insecticide against Brevi-
coryne brassicae (Linnaeus, 1758) (Hom: Aphididae) to protect cabbages
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Entomopathogenic fungus, Lecanicillium lecanii R. Z are & W.
Gams anchored into MCM-41: A new and effective bio-insec-
ticide against Brevicoryne brassicae (Linnaeus, 1758) (Hom:
Aphididae) to protect cabbages

Abstract: Brevicoryne brassicae is a significant pest of cul-
tivated cabbages and vegetable crops in the world. The present
study was carried out to examine a potential strategy to enhance
the insecticidal activity of Lecanicillium lecanii for cost-effective
management of B. brassicae. The insecticidal efficacy of pure
entomopathogenic fungus (PEF) and MCM-41 (Mobil Com-
position of Matter) L. lecanii were assessed against the cabbage
aphid under laboratory and greenhouse conditions. The fungus
was supported on MCM-41 and was completely characterized
by Scanning Electron Microscope (SEM), thermogravimetric
analysis (TGA) and Fourier transform infrared (FT-IR) tech-
niques. LC, values of PEF and MCM-41@fungus were 1.9x10°
and 2.5x10* and 2.0x107 and 2.0x10° conidia/ml on adults of B.
brassicae under laboratory and greenhouse conditions, respec-
tively. Bioassays demonstrated that MCM-41@fungus signifi-
cantly decreased LC, values of entomopathogenic fungus and
it was more toxic than L. lecanii at adult stage of the pest. The
results showed that pure L. lecanii and its nano-formulation
could play key roles as bio-pesticides in B. brassicae manage-
ment programs.
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Entomopatogena gliva, Lecanicillium lecanii R. Zare & W.
Gams, vklju¢ena v MCM-41: Novi ucinkoviti bio-insekticid
za zatiranje mokaste kapusove usi (Brevicoryne brassicae
(Linnaeus, 1758) (Hom: Aphididae)) pri za$citi zelja

Izvlecek: Mokasta kapusova u$ (Brevicoryne brassicae)
je pomemben $kodljivec zelja in drugih zelenjadnic $irom po
svetu. Raziskava je bila izvedena za preucitev potencialne stra-
tegije povecanja insekticidne aktivnosti glive Lecanicillium le-
canii za u¢inkovito in poceni zatiranje mokaste kapusove usi.
Insekticidna ucinkovitost istega pripravka entomopatogene
glive (PEF) in njene vkljuditve v MCM-41 (Mobil Compositi-
on of Matter)@L. lecanii) je bila ocenjena na kapusovi mokasti
usi v laboratoriju in v rastlinjaku. Gliva, ki je bila vklju¢ena v
MCM-41, je bila podrobno opisana z vrsti¢nim elektronskim
mikroskopom (SEM), termogravimetri¢no analizo (TGA) in
Fourierjevo transformacijsko unfrardeco tehniko (FT-IR). LC,
vrednosti za odrasle osebke mokaste kapusove usi so bile za
PEF in MCM-41@gliva 1,9 x 106 in 2,5 x 104 ter 2,0 x 107
in 2,0 x 105 konidijev/ml v laboratoriju, oziroma rastlinjaku.
Biotest je pokazal, da je kombinacija MCM-41@gliva znacilno
zmanjSala LC, vrednosti entomopatogene glive in, da je bila
bolj toksi¢na za odrasle usi kot gliva sama. Rezultati so poka-
zali, da lahko imajo ¢iste kulture glive L. lecanii in njeni nano
pripravki klju¢no vlogo kot biopesticidi v programih biologke-
ga uravnavanja mokaste kapusove usi.

Klju¢ne besede: Brevicoryne brassicae; Lecanicillium leca-
nii; MCM-41@gliva; virulenca
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1 INTRODUCTION

Cabbage (Brassica oleracea L. var. capitata) is one
of the significant vegetables throughout the world such
as Iran. Brassica crops are attacked by many species of
insect pests that reduce the quantity and quality of them
(Neupane, 1999). Brevicoryne brassicae (Lineus, 1758),
(Hom: Aphididae) is one of the serious pests of crucifer
crops throughout the world such as Iran (Mousavi An-
zabi et al.,, 2013). The pest causes severe damage by direct
feeding or indirect via transfer of viral diseases that could
be seriously led to plant destruction (Abdu-Allah, 2012).
Heavily infested plants become covered with a mass of
aphids that can finally lead to leaf decay and plant death
(Griffin & Williamson, 2012). Today, applying chemi-
cal insecticides are still considered the foremost and the
most important action to manage insect pests. Neverthe-
less, relying on chemical insecticides has been resulted
in adverse effects on environmental and human health.
Abuse of non-selective chemical insecticides can de-
stroy the natural enemies and beneficial organisms and
induce problems such as development of pest resistance
(Sharma & Gupta, 2009). Therefore, these adverse effects
supported the development of alternative pest manage-
ment tactics in which microbial controls may play prin-
ciple roles (Collantes et al.,, 1986; Llanderal-Cézares et
al., 1996). Entomopathogenic fungi are efficient micro-
bial control agents of Homopteran pests (Goettel et al.,
2008). Lecanicillium lecanii R. Zare & W. Gams is an
entomopathogenic fungus that its mycelium produces a
cyclodepsipeptide toxin called bassianolide (Suzuki et al.,
1977; Kanaoka et al., 1978). Insect mortality is caused by
secrete of mycotoxins and extreme fungal growth (Burg-
es, 1981). In spite of the potential of entomopathogenic
fungi in the pest control, these bio-control agents have
some defects (including sensitivity to environmental fac-
tors such as moisture, light, and temperature) that have
limited their applications in storage, greenhouse and field
conditions. So, these problems will be overcome through
recent technological advances such as nanotechnology
that will permit future use of entomopathogenic fungi in
crop production systems and the nano-formulation ap-
proaches can improve their efficacy and pathogenicity.
The hexagonal array of uniform mesoporous of MCM-41
with particular properties such as exceptionally high sur-
face areas and high pore volume (Rath & Parida, 2011)
attracted our interest in applying it in plant protection
and B. brassicae management. Since it has 1D uniform
mesopores, the entomopathogenic fungi can be grafted
into the MCM-41. Consequently, we selected MCM-
41 as a support which belongs to the M41S family that
mainly made up of silica, SiO, (Rath & Parida, 2011; Shy-
lesh & Singh, 2005). Silica has unique benefits as a sup-
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port like extraordinary thermal and chemical stability,
ease of handling, and abundance of exposed silanol (Si-
OH) groups (Abdollahi-Alibeik & Pouriayevali, 2012).

2 MATERIALS AND METHODS

2.1 INSECT REARING

Adults of B. brassicae were collected from the cab-
bage fields in West Azarbaijan Province, Urmia, Iran and
then transferred to cabbage plants var. capitata growing
on a mixture of soil, sand and manure in plastic plant
pots in the greenhouse at 22 + 2 °C, 70 + 5 % RH and
a photoperiod of 12 L: 12 D. These colonies were rear-
ing on cabbages for 3-4 generations. Cabbages were re-
placed with new 4-7 leaf stage cabbage plants at every
eight days. Trials were carried out with cohorts of apter-
ous adults. Seedlings used for producing leaf disks for
entomopathogenic fungus bioassays in Petri dishes.

2.2 MICROORGANISM AND CULTURE MEDIA

The entomopathogenic fungus, Lecanicillium le-
canii (IRAN229) was provided from Mycology collec-
tions of Urmia University, Urmia, Iran. Fungal species
was cultured in potato dextrose agar (PDA) at 25 + 1
°C. After 2 weeks (enough growth and sporulation of
fungus), conidia were scrapped to make an aqueous sus-
pension with 0.02 % Tween-80. The conidia suspension
was filtered through three layers of sterile cheesecloth
to remove mycelium and was enumerated with an im-
proved Neubauer haemacytometer (Weber Scientific
International Ltd., United Kingdom). Before the bioas-
say tests, spore viability percentage was determined by
inoculating plates of PDA with the suspension. After
24 h, the germination rate was observed under a light
microscope. Germination was considered positive when
the length of germ tube was as long as the width of the
conidia (Hall, 1981). The germination rate of L. lecanii
conidia was 97 %.

2.3 NANO STRUCTURE ANALYSIS

The particle morphology was surveyed by a scan-
ning electron microscope (SEM) (Day Petronic Com-
pany, Tehran, Iran), using FESEM-TESCAN MIRA3.
The thermo gravimetric analysis (TGA) curves were re-
corded on a Shimadzu DTG-60 instrument (University
of Kurdistan, Sanandaj, Iran). Fourier transform infra-



‘ Entomopathogenic fungus, Lecanicillium lecanii R. Z are & W. Gams anchored into MCM-41: A new and effective ... to protect cabbages

red (FT-IR) spectra were recorded with KBr pellets on
a Nexus 670 FT-IR spectrometer (Medical Sciences of
Urmia University, Urmia, Iran).

2.4 PREPARATION OF SILICEOUS MCM-41

Mesoporous Si-MCM-41 was synthesized through
Sol-gel tactic according to Cai et al., (2001). The synthe-
sis procedure of Si-MCM-41 was as follow: In a typical
procedure, to a solution containing 480 ml deionized
water and 3.5 ml NaOH (2M) which was stirred at 80 °C,
1.0 g (2.74 mmol) of surfactant cetyltrimethylammo-
nium bromide (CTAB) was added, when the solution
became homogeneous, 5 ml of TEOS was slowly added
dropwise into the solution, giving rise to a white slurry.
The resulting mixture was refluxed for 2h at the same
temperature under continuous stirring. The collected
product was filtered, washed with deionized water and
dried in an oven at 70°C followed by calcination at 550°C
for 5 h with a ramp 2°C min™ to remove the residual
surfactants. Finally, we obtained the mesoporous Si-
MCM-41.

2.5 PREPARATION OF MCM-41-ENTOMOPATH-
OGENIC FUNGUS

In a 100 ml round bottom flask, a mixture of MCM-
41-Cl (1 g), entomopathogenic fungus (10 ml of deter-
mined concentrations) and Et,N (1.5 ml) in H,O (50 ml)
were stirred under room temperature for 24 h. Then, the
final product was dried at room temperature (Abdolla-
hi-Alibeik & Pouriayevali, 2012).

D2 =60.52 nm

SEM MAG: 200 kx Det: InBeamm
WD S.21 mm BIi: 7.00
View field: 1.04 pm | Date(mJidiy): 111317

Figure 1: SEM image of MCM-41@fungus

2.6 BIOASSAYS
2.6.1 Aphid-dipping in the laboratory and green-
house conditions

The fresh leaves used in aphid-dipping under lab-
oratory conditions came from cabbages grown in the
research field of Urmia University, Urmia, Iran. For
greenhouse trials, cabbages were grown in pots under
greenhouse conditions.

To investigate adult sensitivity, each one-day-old
aphid was dipped in spore suspensions of pure L. leca-
nii and MCM-41@fungus treatments separately under
laboratory and greenhouse conditions that determined
by preliminary dose setting experiments. The concentra-
tion ranges for PEF and MCM-41@fungus in laboratory
and greenhouse conditions were 10*-10°* and 10°-10° and
10°-10° and 10°-107conidia/ml, respectively. For each
trial, adults were dipped in the spore suspensions and
MCM-41@fungus treatments separately. For controls,
the aphids were immersed in 0.02 % Tween-80 aqueous
solution. In the laboratory, when the water had evapo-
rated and the aphids were dry, they were transferred
into Petri dishes with fresh cabbage leaves kept at 22 +
2°C, 70 £ 5 % RH and a photoperiod of 12 L: 12 D. In
the greenhouse, aphids that were immersed in the spore
suspensions of PEF and MCM-41@fungus treatments
separately were placed on fresh cabbage leaves. Mortal-
ity was recorded after 7 days. There were three replicates
of 20 adults per fungal isolate, MCM-41@fungus and
control. In MCM-41@fungus experiments, 0.1 g of each
nanocomposite was dispersed in 100 ml distilled water
containing 0.02 % Tween-80 until water absorbance was
stabilized. After shaking and product dispersion, adult
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aphids were dipped in the corresponding solutions for
10s.
2.7 DATA ANALYSIS

In order to determine LC, values, the data were
analyzed utilizing the probit procedures with SPSS for
Windows® release 24.

3 RESULTS

The Scanning Electron Microscope analysis is an
important device for the analysis of the surface morphol-

ogy of a mesoporous structure. The SEM micrograph of
MCM-41@fungus mesoporous is shown in Fig.1. No-
tably, the particles observe to be in nano range (50-60
nm). The morphology of the mesoporous demonstrates
homogeneous, regular, and spherical morphology.
Thermogravimetric analysis (TGA) was employed
to select the mass changes of functionalized mesoporous
MCM-41.TGA curves for MCM-41 (a) and MCM-41@
fungus (b) are depicted in Fig.2. According to the TGA
curve b, an initial mass loss was seen at temperatures
below 200 °C because of the removal of physically and
chemically adsorbed water molecules inside the pores
channels and surface hydroxyl groups. Additionally, at
temperatures above 200 °C, large mass losses were oc-
curred which were mainly due to the decomposition of

105
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Figure 2: TGA thermograms of MCM-41(a) and MCM-41@fungus (b)
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Figure 3: FT-IR spectra of MCM-41@fungus (a) and MCM-41 (b)
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Table 1: Toxicity of Lecanicillium lecanii and MCM-41@fungus to one-day-old adults of Brevicoryne brassicae under laboratory

and greenhouse conditions

Experimental condi-

tions Treatments Slope + S. E. 2 (df) LC.  (conidia/ml) LC,, (conidia/ml)
P X 50 9
Laboratory PEF 3.84 £ 0.04 1.58 (3) 1.9 x 10° 2.0 x 10%°
(6.5 % 10°-6.5 x 10°) (1.4 x 10°-3.3 x 10'2)
MCM-41@fungus  4.80 + 0.05 1.53 (3) 2.5x 10* 1.4 x 108
(9.3 x 10°-8.3 x 10) (1.2 x 107- 1.4 x 10'°)
Greenhouse PEF 3.60 +0.03 1.26 (3) 2.0 x 107 1.5 x 101
(7.1 x 10°- 6.6 x 107) (1.2 x 10%- 1.9 x 10"%)
MCM-41@fungus  4.52 +0.05 1.22 (3) 2.0 x 10° 8.4 x 10¢

(7.8 x 10*-6.1 x 10°) (8.8 x 107-5.1 x 10%)

PEF: Pure Entomopathogenic Fungus (= non-formulated fungus), 95 % fiducial limit (FL) is shown in parenthesis

covalently bonded organics (200-500 °C) and silanol
groups (> 500 °C). This showed that the grafting of fungus
had occurred on the inner pore channels of Si-MCM-41.

As shown in Figure 3, curve a, demonstrates stretch-
ing vibrations at 1447 cm™ (C-N), 1729 cm™(C=0) and
a broad band at around 3422 cm™! (O-H and N-H) which
is related to the fungus wall. Curve b, displays the ab-
sorption band at 3428 cm™ is attributed to the stretching
vibration of the O-H groups. The bands at 1079, 808 and
456 cm™ are attributed to the symmetric and asymmet-
ric stretching vibrations of the mesoporous framework
(Si-O-Si). By comparing the FT-IR spectrums of MCM-
41@fungus (a) and MCM-41 (b) in figure 3, the presence
of fungus surrounding the MCM-41 can be clearly ac-
claimed.

LC,, values of PEF and MCM-41@fungus were
1.9x10° and 2.5x10* conidia/ml on adults under labora-
tory conditions and 2.0x10” and 2.0x10° conidia/ml in
greenhouse conditions, respectively (Table 1). It is obvi-
ous that there is a difference between PEF and MCM-
41@fungus, as inferred by the confidence limits of LC,
values (Table 1).

4 DISCUSSION

MCM-41 has attracted great attention because of its
large pore size, high thermal stability and extremely high
surface area especially above 1000 m* g™ (Nikoorazm et
al., 2014). The exceptionally high internal surface area,
porous structure and uniformity of MCM-41 make it as
a cost-efficient host material for a variety of supported
catalysts (Nikoorazm et al., 2014). In this study, fungus
was grafted into MCM-41 which led to the synthesis of
MCM-41@fungus. During the synthesis, MCM-41 was
functionalized with the fungus. Functionalization of
MCM-41 was performed by the hydroxyl group of en-
tomopathogenic fungus. Some studies have revealed

the efficacy of L. lecanii in pest control (Ghaffari et al.,
2017; Alavo, 2015; Schreiter et al., 1994; Ramanujam et
al,, 2017). Our findings confirm L. lecanii pathogenicity
against adults of B. brassicae so it will be an efficient can-
didate for integrated B. brassicae management strategies.
According to LC, values, a significant reduction was seen
in the amount of entomopathogenic fungus found in the
formulated ones. LC_ values of PEF and MCM-41@fun-
gus were 1.9x10° and 2.5x10* conidia/ml on adults of B.
brassicae under laboratory and 2.0x10” and 2.0x10° co-
nidia/ml in greenhouse conditions, respectively. Bioas-
says demonstrated that nano-formulated L. lecanii signif-
icantly decreased LC, values of fungus and it was more
efficient than non-formulated one at adult stage of the
pest under laboratory and greenhouse conditions. These
results were consistent with the results of Sabbour (2014
b) that studied the efficacy of nano-destruxin of M. an-
isopliae (Metchnikoft) Sorokin (against adult females of
Hetiracris littoralis Rambur under laboratory conditions.
She demonstrated that in nano-formulated samples, LC_|
values were significantly decreased. The toxicity bioassays
of PEF and MCM-41@fungus indicated that adult stage
was more sensitive to nano-formulated L. lecanii than
pure entomopathogenic fungus (i.e. MCM-41@fungus
exhibited lower LC, value compared with PEF). Based
on our findings, B. brassicae adults were more susceptible
to infection by MCM-41@fungus than PEE Based on our
knowledge, this is the first research revealing the suscep-
tibility of B. brassicae adults to MCM-41@entomopatho-
genic fungus. The experimental protocol followed in the
present study allowed us to provide evidence for MCM-
41@entomopathogenic fungus infection.

5 CONCLUSION

Finally, laboratory and greenhouse bioassays have
clearly exhibited the pathogenicity of MCM-41@L. leca-
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nii for adults of B. brassicae. These bio-control agents
should be considered for the development of a new and
environmentally compatible approach for cabbage aphid
management in terms of preventing B. brassicae infes-
tations. Further research is required to determine the
biological activities of MCM-41@L. lecanii and its per-
sistence after greenhouse and field applications and other
factors that may improve its performance against B. bras-
sicae throughout its adult stage.
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Diversity of endophytic fungal community associated to the
roots of Argania spinosa (L.) Skeels growing in the arid and
semi-arid regions of Algeria

Abstract: Current study identified endophytic fungi as-
sociated to Argania spinosa (argan) roots and revealed diverse
haplotype diversity by the sequencing of internal transcribed
spacer (ITS). 586 operational taxonomic units were identified
and these operational taxonomic units (OTUs) could be as-
signed to fungal functional diversity such as endophytes, ecto-
mycorrhiza and putative pathogens. Ascomycota phylum was
abundant. Beside Ascomycota phylum, Basidiomycota mem-
bers were also found in argan roots. Geopora, Sebacina, Knufia,
Tomentella, Penicillim had high relative abundance. Our results
highlighted a non-nested assemblage of fungi. Current non-
nested findings also confirm that fungi have similar pattern
found in other habitats. Pairwise analysis mirrored segregation
pattern between same and different functional fungal group.
Fungi in semi-arid conditions are non-randomly structured.
Members of Ascomycota phylum had high Z-scores. This is the
first molecular study conducted in arid and semi-arid habitats
of Algeria aiming to identify fungi associated with roots in ar-
gan tree. Given the fact that deserts are among harsh environ-
ments and fungi associated to desert plants may have implica-
tions for biodiversity and ecosystem functioning.

Key words: Argania spinose; fungi, diversity; internal
transcribed spacer; endophytes; ectomycorrhiza
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Raznolikost endofitskih glivnih zdruzb povezanih s koreni-
nami argana (Argania spinosa (L.) Skeels), v susnih in polsu-
$nih obmog¢jih Alzirije

Izvlecek: Namen raziskave je bil dolociti endofitske gli-
ve, ki so povezane s koreninami argana (Argania spinosa) in
odkriti raznolikost razli¢nih haplotipov s sekvenciranjem ITS
DNK. Dolocenih je bilo 586 operacijskih taksonomskih enot
in te enote (Operational Taxonomic Unit, OTUs) lahko pripi-
$emo funkcionalni raznolikosti gliv kot so endofiti, ektomiko-
rizne glive in potencialni patogeni. V koreninah argana so bili
najbolj pogosti predstavniki zaprtotrosnic (Ascomycota), poleg
njih so bili najdeni tudi predstavniki prostotrosnic (Basidio-
mycota). Rodovi Geopora, Sebacina, Knufia, Tomentella, Peni-
cillim so imeli veliko relativno pogostnost. Rezultati raziskave
so osvetlili nepovezanost skupin gliv. Podobni vzorci nepoveza-
nih skupin gliv so bili najdeni tudi v drugih habitatih. Analiza
parov je pokaza vzorce segregacije med enakimi in razli¢nimi
funkcionalnimi skupinami gliv. Glive polsu$nih obmocij niso
naklju¢no organizirane. Predstavniki zaprtotrosnic imajo veli-
kokrat normalno porazdelitev. To je prva molekularna raziska-
va v su$nih in polsu$nih habitatih AlZirije, katere namen je bil
dolotiti glive, ki so povezane s koreninami argana. Pu§¢ave so
med najbol ekstremnimi okolji in glive, ki so povezane s pusca-
vskimi rastlinami so pomemben del raznolikosti in delovanja
teh ekosistemoyv.

Kljucne besede: Argania spinose; glive; raznolikost; ITS;
endofiti; ektomikoriza
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1 INTRODUCTION

Fungi are important component of ecosystem and
play pivotal role in ecosystem functioning such as car-
bon and nutrient cycling (Courty et al., 2010; Treseder,
2004). Among fungi there are diverse functional groups
such as mycorrhizal, endophytic and pathogenic fungi.
These fungi interact with diverse plant species (Smith &
Read, 2008), and such interactions are vital for survival
and growth of plant species (Finlay, 2008).

Among harsh ecosystem, desert ecosystems repre-
sent one of the challenging habitats for microorganism,
as water affects microbial activity, which in turn could
play crucial role in ecosystem functioning (Austin et al.,
2004; Collins et al., 2008). Argan tree (Argania spinosa
(L.) Skeels) is a slow growing endemic plant species in
distributed in north-west Africa (Diaz-Barradas et al.,
2010). This tree species is known for its ecological im-
portance because it creates a favourable microclimate for
the development of other plant species and protects soils
against erosion. In addition, it plays a socio-economic
role in the regions where it grows. Each part of the plant
including leaves and fruits are used as source of forage for
cattle, whereas timber is widely used for fuel purpose, fur-
thermore argan oils have therapeutic properties to cure
scars and serve as an anti-ageing agent (Charrouf & Guil-
laume, 2009). In Algeria, there is decline in population of
argan plant due to ecological and anthropogenic factors
including climate change and grazing pressure (Charrouf
& Guillaume, 2009; Diaz-Barradas et al., 2010).

Given the drastic effect of climate change and an-
thropogenic factors, it is important to explore the fungal
community of desert plant species, such as argan tree.
This plant has strong and deep root system (Kenny &
De Zborowski, 2007), which harbours high fungal di-
versity (Sellal, 2016). Previous focus had been paid to
study fungal endophytes in arid and semi-arid habitats.
For instance, revealed high colonization of fungal endo-
phytes in semi-arid. Martinez-Garcia et al. (2011) also
highlighted impact of shrubs on root associated fungi
and highlighted importance of selective pressure in de-
termining root associated fungi.

To our knowledge fungal diversity in arid and semi-
arid is rarely explored and understood owing to correct
identification and most of the fungal strains are non-
cultivable in laboratory conditions and laboratory based
culturing method may not capture the real fungal diver-
sity (Zhang et al., 2016). Nonetheless, a development in
a high throughput sequencing technology provides an
excellent platform to explore below ground functional
fungal diversity (Buee et al., 2009; Fortuna Miguel et al.,
2010).

Nestedness or species-species interaction networks
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describing the interactions between species is important
structural ecological property, and nestedness has re-
vealed positive influence on diversity against catastroph-
ic effect. Nestedness has been proposed to assess commu-
nity assembly which can further push our understanding
about community structure and interactions therein (Ul-
rich et al., 2009).

We hypothesize fungal community may lack nest-
edness pattern but could show other non-random pat-
tern such as segregation and aggregation. We propose
that limited resources, such as water paucity and nutri-
ents availability generate the segregation pattern.

Key objectives of current study were to: I) identify
root associated functional endophytic fungal diversity;
IT) assess how different fungal taxonomic genera are or-
ganize in roots? III) find potential fungal OTUs segrega-
tion and aggregation pattern.

2  MATERIAL AND METHODS

2.1 STUDY AREAS AND SAMPLING

The study was carried out in three different climatic
regions of Algeria: Tindouf, Mostaganem and Chlef. The
area of Tindouf is a desert region in the south-west of
Algeria (28°29'56.47"N 8°07'09.72"W). Mostaganem
(35°48°09.81"N 0°03°59.30"E) and Chlef (36°09'46.95"N
1°20'12.22"E) are situated in the north-west of Algeria
(Tablel)

At each region, five healthy specimens (20-30 m
apart) of Argania spinosa were randomly selected. Four
replications in cardinal directions of each tree were col-
lected and homogenised to form a single sample in cardi-
nal directions. In each direction the top litter (20-40 cm)
was removed to eliminate part of the dry/not decom-
posed leaf litter, and samples (soils and argan roots) were
collected at 0-30 cm depth and pooled. Fine roots were
excavated and traced from the originating tree to ensure
identity. Samples were kept in plastic bags and stored at
4 °C until processing.

2.2 DNA EXTRACTION FROM ROOTS AND PCR

After roots surface sterilization by soaking in 70 %
ethanol (7:3, v/v, 1 min), 3 % sodium hypochlorite
(3 min) and 70 % ethanol (7:3, v/v, 1 min) and were then
rinsed twice for 1 min in sterile water , genomic DNA
was extracted from field roots, using the genomic DNA
Kit (Nucleo Spin Soil). The manufacturer’s protocol was
modified in that 250 mg of roots was ground by hand
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Table 1: Sites characteristics

Location Chlef Mostaganem Tindouf
Coordinates 36°09'46.95"N 1°20'12.22"E  35°48°09.81'N 0°03°59.30"E  28°29'56.47"N 8°07'09.72"W
Mean annual temperature 18.6°C 18.3°C 23.4°C
Mean annual precipitation 394 mm 436 mm 30 mm
Altitude 119m 35m 537 m
Acacia tortilis Forssk. Acacia
raddiana Forssk.
Anabasis articulata  Forssk,,
Asphodelus sp.
Aristida  pungens  Desf,,
Calotropis procera Aiton
Sonchus arvensis L. Chrysocomoides cassini Desf.
Malva sylvestris L. Euphorbia guyoniana Boiss.
Avena sativa L & Reut. Faidherbia albida De-
: lile, Genista saharae Coss. &
Echium vulgare L. Durieu
Associated plants Hordeum vulgare L. Helianthemum lippii L.
Bromus sp. Moricandia arvensis L.,
Plantago laceolata L. Marrubium deserti Noé
Antenis coatula L. Nolletia. Retama monosperma
L.
Oxalis sp. Chrysanthemum sp.

Olea europea L.

Rhus tripartitus L., Zizyphus

Cenaurea napifolia L. lotus Lam., Zilla spinosa L.

with pestle in a mortar containing 700 ul of lysis solu-
tion before transfer to Eppendorf tube and incubated at
70 °C for 10 min. To study the effect of DNA dilution
on PCR inhibitors, after extraction, DNA was diluted
1:1, 1:10, 1:20 and 1:100 with ultra-pure water, in order
to obtain DNA containing less PCR inhibitors. Fungal
sequences were amplified using the primers ITS1F-ITS4
(White et al., 1990) to target a complete rDNA ITS re-
gion. The PCRs were carried out in a final volume of 25
pl, containing 12.5 pl PPP Master Mix (Top-Bio, Prague,
Czech Republic) 1 ul of each primer solution (10 uM), 1
ul of DNA template and 9.5 pl ultra-pure water. The PCR
conditions were as follow: initial denaturation at 94 °C
for 4 min, followed by 35 cycles of denaturation at 94 °C
for 45 s, annealing at 52 °C for 45 s and extension at 72 °C
for Imin 30 s, with a final extension at 72 °C for 10 min.
All PCR reactions were run in Eppendorf PCR cycler.
PCR products were examined on a 1 % (w:v) agarose gel
with an ethidium bromide staining in and compared to
a 100 bp DNA ladder. PCR products (only DNA diluted
1:20 and 1:100 were used in this step) were purified using
QIAquick® PCR purification Kit (Qiagen).

2.3 NESTED PCR

The products of the first PCR were diluted 1:1000
with ultra-pure water and used as template DNA for the
second PCR amplification using various combinations
between gITS7 (Ihrmark et al., 2012) and ITS4 (White
et al., 1990) including Illumina adapters. Each PCR reac-
tions (25 pl) contained 12,5 pl PPP Master Mix (Top-Bio,
Prague, Czech Republic) 0.5 pl of each primer solution
(10 uM), 1pl of DNA template and 10.5 pl ultra-pure wa-
ter with the following cyclin conditions: initial denatura-
tion at 94 °C for 4 min, followed by 25 cycles of dena-
turation at 94 °C for 30 s, annealing at 56 °C for 30 s and
extension at 72 °C for 30 s, with a final extension at 72 °C
for 10 min. PCR products were examined on a 1 % (w:v)
agarose gel with ethidium bromide staining in the pres-
ence of 100 bp DNA ladder. PCR products were pooled
and purified using QIA quick PCR purification Kit (Qia-
gen). DNA was quantified with Nano Drop (Thermo Sci-
entific) and pooled before sequencing. Amplicons were
sequenced on sequenced on Illumina MiSeq 2x250 bp
platform in the laboratory of fungal biology, Institute of
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microbiology, The Czech Academy of Sciences, Prague,
Czech Republic. Species area curve was generated in PC-
ORD version 5 (McCune and Mefford, 2006). Curves
were generated based on samples.

2.4 BIOINFORMATICS

Sequencing data was analysed in Seed software
(Vétrovsky & Baldrian, 2013), version 2.0.4. Following
parameters were carried out: after rarefying the reads and
demultiplexing of the samples based on their unique bar-
codes, removing low-quality sequences and sequences
shorter than 40 bp, ITS sequences were extracted from
the sequences, the contigs were chimaera-cleaned/clus-
tered by the Usearch tool, version 8.1.1861, (Edgar & Fly-
vbjerg, 2015) at the similarity level 97 % and the most
abundant sequences were compared while following blast
tool version 2.2.26 + (Altschul et al., 2008). Sequencing
similarity was matched against the sequences in Gen-
Bank database (environmental sequences, metagenomes
and unidentified organisms excluded).

2.5 STATISTICAL ANALYSIS

To assess fungal community assemblage in argan
plant species we carried out a nestedness analysis based
on Nestedness Metric Based On Overlap And Decreasing
Fill (NODF metric) (Almeida-Neto et al., 2008) imple-
mented in Aninhado software (Guimaraesjr & Guima-
raes, 2006). We used present and absent data to compute
NODF metric in Aninhado. Fungal OTUs present and
absent data was permuted 1000 times and significance
was assessed while following null models in Aninhado

software. NODF values were inferred according to p-val-
ues of null models.

To discern pair wise fungal OTUs association in
argan plant roots collected from sampling regions, non-
random association between fungal OTUs was assessed.
In order to remove a rare species bias, relationship be-
tween fungi having relative frequency of 7 was calculat-
ed. Unclassified/unidentified fungal species were also not
kept in pairwise analysis as this can lead to false conclu-
sion on OTU community. Presence/absence matrix was
randomized and computed to get C-scores and p-values
respectively. Values were inferred while following fixed-
fixed null model. All the calculations were carried out in
the Pairs software (Ulrich, 2008).

3 RESULTS

3.1 FUNGAL COMMUNITY COMPOSITION

Fungal community was diverse, as 1220 fungal
OTUs including singletons were recorded. We removed
singletons from our analysis, none the less it resulted in
586 OTUs belonging to 65 different genera. Ten most rel-
atively frequent genera belonged to all three functional
groups - endophytic, pathogenic and ectomycorrhizal
fungi (Fig.1).

Some genera, such as Geopora, Sebacina, Knufia, To-
mentella and Penicillim had high relative abundance in
terms of sequence abundance reads (Fig.2).

Ascomycota was the most abundant phylum in all
regions (461 reads) comparing to Basidiomycota (125
reads) (p = 0.0001).

The number of reads of OTUs varies between the

Occurrence of Fungal OTUs in frequency
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Figure 1: Relative frequency of different functional fungal genus
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Figure 2: Relative abundance of fungal genus

three regions and from one tree to another in the same
region. In fact, Mostaganem was the richest region with
fungal community. The genus Neonectria was absent in
all samples of Mostaganem region. (Figure 2). Sebacina
was the most abundant genus in Tindouf and absent in
all samples of Mostagenem, Geopora came in the second
position in the same region. However the undefined fungi
were the most important fungi in Chlef and Mostaganem
(p = 0.001).

Sample based curve captured maximum diversity for
common fungal OTUs (Fig. 3a), and rarefaction revealed
increase in OTU richness, whereas we did not obtain a pla-
teau curve for rare fungal taxa (Figure 3a, Figure 3b).

3.2. FUNGAL COMMUNITY ASSEMBLAGE/NEST-
EDNESS ANALYSIS

According to our expectations, we detected low lev-

Species area curve
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Figure 3a, b: Rarefaction curve for all fungal OTUs. a) Species area curve without singletons. b) Species area curve with single-
tons. X-axis = number of subplots and Y-axis = OTUs and Sorenson distance of OTUs
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Table 2: Species pair results based on Z and P values

Species 1 Species 2 Z -score P-value
Phomopsis sp. Tricholoma sp. 4.9 6x1077
Tricholoma sp. Pseudogymmnoascus sp. 4.9 6x1077
Knufia sp.4 Phomopsis sp. 4.6 3.5x10°
Tomentella sp. Phomopsis sp. 4.5 4.2x107°
Pseudogymmnoascus sp Bahusakala sp.2 4.4 8.7x10°°
Knufia sp.4 Pseudogymnoascus sp. 3.7 1.4x10™
Knufia sp.4 Diaporthe sp. 3.7 2.0x10™
Knufia sp.3 Phomopsis sp. 33 8.8x10™*
Tomentella sp. Pseudogymmnoascus sp. 3.1 1.6x1073
Tricholoma sp. Embellisia sp. 3.1 1.7x107
Pyrenochaeta sp. Penicillium sp.6 2.9 3.2x10°°
Tricholoma sp. Diaporthe sp. 2.8 3.8x107°
Knufia sp.3 Diaporthe sp. 2.8 4.8x107
Knufia sp.3 Embellisia sp. 2.7 5.9x107
Phomopsis sp. Pseudogymmnoascus sp. -1.9 4.7x107

el of nestedness as revealed by analysis. NODF values for
whole fungal community were significantly not higher
than expected by chance (NODF = 16, p = 0.7).

3.3 GENUS PAIR ANALYSIS

19 species depicted significant non-random associa-
tion and majority of species showed segregation pattern,
while 5 species revealed positive co-occurrence (Table 2).
Competitive interactions were predominant at phylum
and subphylum level. Positive interactions between the
fungi at same and different genera were observed (Table
2).

4 DISCUSSION

Using high throughput sequencing, we explored
fungal communities in semi-arid region. Majority of
fungal OTUs belonged to Ascomycota phylum. Cultur-
ing based study also revealed dominancy of Ascomycota
fungi in desert covered by Artemisia herba-alba Asso and
Zygophyllum dumosum Boiss. (Grishkan & Nevo, 2010).
Current results are also in line with study conducted in
semi-arid areas. Based on high throughput sequencing
technology (Wehner et al., 2014), highlighted abundance
of Ascomycota phylum in semi-arid. Our results sup-
port notions that desert plant Argania spinosa harbour
diverse fungal communities. We reported fungal OTUs
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representing different functional diversity such as my-
corrhizal, endophytic and pathogens. It is not uncom-
mon to report and document such functional diversity
in semi-arid habitat. It has been well documented occur-
rence of mycorrhizal, endophytic and pathogens diver-
sity in semi-arid (Porras-Alfaro et al., 2008). We high-
lighted dominancy of Ascomycota phylum and fungal
OTUs such as Penicillium and Fusarium. Indeed, semi-
arid supports high endophytic fungal diversity, as strong
evidences suggest prevalence and dominancy of Asco-
mycota, Penicillium and Fusarium (Gonzalez-Teuber et
al., 2017) Fungal OTUs i.e. Geopora which are identified
and characterized in present research could be compared
with other habitats, as Geopora formed mycorrhizal asso-
ciation with Pinus species (Flores-Renteria et al., 2014),
and samples collected in dry season revealed dominancy
of Geopora genus fungi (Gordon & Gehring, 2011). This
shows adaptability and occurrence of Geopora in vari-
ous environmental conditions argan plant supports high
fungal diversity, as Basidiomycota members were also re-
corded. Usually Basidiomycetes fungi are found in rela-
tive moist habitat (Buee et al., 2009), therefore fungal di-
versity explored could be linked other habitats. Research
carried out in secondary temperate forest documented
occurrence of endophytic and ectomycorrhizal fungi in
single host plant species (Frossard et al., 2015). Sebacina
genus was among abundant fungal genus detected in ar-
gan root samples from Tindouf. There is strong evidence
which supports ubiquitous nature of Sebacinales and
such emerging evidences indicate ubiquitous occurrence
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of fungi in various habitats. Our results did not capture
rare fungal diversity (Figure 3b). The plausible explana-
tion for such absence of rare fungal diversity is overex-
ploitation of argan plant species and overexploitation
may stem local extinction of rare fungal taxa.

Fungal community depicted non-nested assemblage
and on the contrary fungi revealed competitive interac-
tions (Table 2). Current non nested findings also confirm
that fungi have similar pattern as compare to fungi in for-
ests. We found support for our hypothesis that fungi may
lack nested pattern and it could also lead to conclusion
that argan root do not support facilitative interactions.
Similar results were documented by some other authors
(Bahram et al., 2014; Roy-Bolduc et al., 2016). Since, ar-
gan plants are cultivated and thus under human manage-
ment and grazing pressure (Charrouf & Guillaume, 2009;
Diaz-Barradas et al., 2010), we cannot exclude anthropo-
genic factors causing a non-nested assemblage of fungi.
Another explanation is that host plants were under abi-
otic stress, which in turn may had generated non nested
pattern.

Pair wise analysis mirrored segregation pattern be-
tween same and different functional fungal group. Sever-
al mechanisms are proposed to reveal such non-random
occurrence pattern and competitive interactions between
fungal OTUs could generate segregation pattern (Chen et
al., 2000; Chilvers et al., 1987).

Competitive interactions between fungal OTUs in
semi-arid have revealed that fungal communities were
non-randomly structured in semi-arid. Our results are
in line with (Wehner et al., 2014) who highlighted the
abundance of Ascomycota phylum in semi-arid. We
also showed that majority of fungal OTUs belonging to
Ascomycota phylum had Z- scores -2 above 2 (Table2),
showing statistical significance (Ulrich, 2008). Fungal
pairs having endophytic and mycorrhizal mode of life
style had high Z-scores, which indicated strong signal of
competition between them. It is important to mention
that previous studies focused on fungal groups and high-
lighted the prevalence of segregation patterns between
ectomycorrhizal and endophytic fungi (Pickles et al.,
2012; Saunders et al., 2010).

Positive interactions between same and different
fungal OTUs suggested facilitative interactions between
fungi. Facilitative interactions between fungi could be
due to fact that fungi having similar functional require-
ments may occupy the same habitat which in turn could
result in facilitative interactions. Species may sort ac-
cording to shared requirements (Leibold et al., 2004), this
may generate positive interactions between species. Giv-
en the fact, different functional genus in root occur due
to different ecological and physiological requirements;
henceforth there is high probability of positive interac-

tions between fungi and facilitative interactions are well
documented between different functional fungal groups
(Wagg et al., 2008).

5 CONCLUSIONS

The present study is the first study to assess fungi
associated with Argania spinosa roots growing in the arid
and semi-arid climate. We revealed non nested assem-
blage pattern at community level, whereas pair wise as-
sociation showed non-random pattern. Quite significant
numbers of fungal OTUs were explored.

Future studies may carry out abundance-based data
to assess pair wise association between fungi. We provide
framework and initial study while using present-absent
data to reveal non-random association of fungi in ar-
gan roots. Furthermore, inoculation experiments may
be conducted to confirm facilitative and competitive in-
teractions. Perhaps most striking feature of our research
was high fungal diversity associated to single desert plant
species.
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Abstract: The objectives of our experiments are the de-
scription of the phenotypic and genotypic variability by the main
agriculture-value traits of the new winter wheat lines according
to their interactions with different environmental conditions.
Five new winter wheat lines were investigated at field experi-
ment during three years by parameters of grain productivity and
quality, uptaking of macro- and microelements and heavy metals
from soil under different relief conditions.

Our investigations confirmed statement about more per-
spective direction for exploiting local sources for winter wheat
improvement and closely relation between concentration of nu-
trient substances in plants, their loss from soil and peculiarities
of relief, genotype and limits of adaptation. We developed high-
adaptive line 213 (‘Leana’), which provides us higher than stand-
ard grain yield under all conditions. All lines showed higher grain
productivity under favorable conditions than control. Variability
of traits was higher under south slope conditions (unfavorable
conditions) rather than on other (proper conditions). Only line
156 was identified by good protein content and composition un-
der every condition for gliadin and glutenin components. Influ-
ence of relief on microelements and heavy metals uptake to the
winter wheat plants is not so important as for macroelements
and, in consequence, for grain productivity and quality.

Key words: agrolandscape; growing conditions; winter
wheat.
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Spremenljivost ozimne p$enice glede na lokalne razmere
Izvle¢ek: Namen poskusov je bil opisati fenotipsko in
genotipsko spremenljivost glavnih agronomskih lastnosti li-
nij ozimne psenice glede na njihove interakcije z razli¢nimi
okoljskimi razmerami. Pet novih linij ozimne p$enice je bilo
preucevano v poljskem poskusu v treh zaporednih letih glede
na parametre pridelka in kakovosti zrnja, privzem makro in
mikrohranil ter tezkih kovin iz tal v razli¢nih reliefnih raz-
merah.
Raziskava je potrdila spoznanja o bolj perspektivnih smer-
nicah za izkori$¢anje lokalnih danosti za izboljsanje ozimne
pSenice in tesno povezanost med koncentracijo hranil v rastli-
ni in njihovo izgubo iz tal, kot tudi posebnosti reliefa in geno-
tipa in omejenosti prilagajanja. Vzgojili so zelo prilagodljivo
linijo 213 (‘Leana’), ki daje vecji pridelek zrnja od standarda v
vseh razmerah. Vse linije so imele v ugodnih razmerah vedji
pridelek zrnja kot kontrola. Spremenljivost lastnosti je bila na
neugodnih juznih legah vecja kot na drugih, ustreznih raz-
merah. Samo linija 156 je bila prepoznana po dobri vsebnosti
in sestavi proteinov v vseh razmerah glede na vsebnost glia-
dina in glutenina. Vpliv reliefa na prevzem mikroelementov
in tezkih kovin pri ozimni p$enici ni tako pomemben kot za
makroelemente in posledi¢no za pridelek ter kakovost zrnja.
Klju¢ne besede: kmetijska pokrajina; rastne razmere;
ozimna pdenica
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1 INTRODUCTION

One of the main problem of bread wheat improve-
ment at new century is using of local sources for im-
provement in breeding programs. Regarding the annual
production of about 757 million tons (in 2017) (USDA,
2018), bread wheat (Triticum aestivum L.) occupied the
first place as a major cereal crop in the worlds trade. Win-
ter wheat is not only a world’s leading cereal crop but also
the most important food crop in Ukraine, which has oc-
cupied leading position in the national agriculture, tak-
ing about 48 % area under cereals and contributing 38 %
of the total food grain production (Nazarenko, 2016). As
for the quality traits winter wheat is the main stable crop
for our country and provides more than 20 % of calo-
ries and proteins. Focused on only yield traits we have
to understand that any high yield has no sense without
proper quality for food and fodder demands (Shewry et
al,, 2012). During the 19th century, traditional varieties
were mainly landraces that were well suitable to their lo-
cal conditions. But from the beginning of the 20th centu-
ry, general situation was rapidly changing, the majority of
genotypes were out of this process, first of all for regions
with specific conditions (Bordes et al., 2008). In the last
60 years plant breeding programs in terms of intensive
agriculture led to the total replacement of landraces by
modern semi-dwarf and high-yielding varieties, correlat-
ing with a decrease in wheat genetic diversity and needs
in special requirements for realization their potential, but
local sources were not taken into account at this process
(Kharytonov et al., 2017; Nazarenko, 2017). Wheat im-
provement, which bases on the principal of ecological
adaptability and taking into account special interactions
between environment and genotypes, special abilities for
changeability under unfavorable conditions provides us
new approaches for formation stable agroecological sys-
tems without great losses at productivity (as an example
local programs of INRA (France) (Bordes et al., 2011).

All efforts in past research on wheat improvement
both at the genotype level and by technology, have been
focused on obtaining more highly adaptive forms, not
taking into account specific local conditions. Moreover,
only a limited set of initial material was actively used.
Higher priority was given to geographical areas and only
at the end of the 20th century the efforts were focused on
agro-ecological districts (Dawson et al., 2011).

Key attention we pay to major groups of agronom-
ic-value traits, grain productivity (and formation of this
trait) and grain quality. These traits in interaction with
environment actually determine the overall wheat geno-
types suitability for farming (Gepts & Hancock, 2006).
Winter wheat yield has the most important and complex
character affected directly or indirectly by genome sys-
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tems present in plant (Rangare et al., 2010) as well as in-
teraction with environment (Tester & Langridge, 2010;
Serpolay et al., 2011). Thus, ecological assessment (part
of evaluation process in breeding program for measure-
ments of adaptation for new lines and varieties under
difference regional conditions) of new wheat lines with
high yield and quality genetic potential under difference
condition (local and landscape), it's components (Slafer
& Andrade, 1993) and interaction (Sperling et all, 2001)
have become a permanent task in the plant farming and
breeding programs (Reif et al., 2005; Tuberosa & Salvi,
2006).

Regarding the fact of instability in agroecosystems
related to types of agroecodistricts and relief type at in-
teraction we investigated lines requirements under dif-
ferent types of slopes. One of the main nature factors for
evaluation is a land relief, which is determined by bal-
ance of moisture, character of winter wheat growth and
development, differences in seasons conditions (Andru-
sevich et al., 2018).

Grain storage proteins include about 60-80 % of
the total protein in wheat grains and metabolic proteins,
remaining part consists of the albumins and globulins
(15-20 %) (Dai et al., 2015). Grain storage proteins are
produced by plants during the effective filling phase of
plant development (Shewry et al., 2012; Bonnot et al.,
2017; Khalili et al., 2018). Gluten proteins represent ma-
jor protein fraction of the grain and are responsible for
unique properties of the dough. Major determinants of
wheat quality are storage proteins. Proteins from wheat
flour combined with water formed gluten, which holds
gas produced by yeast during baking. Gluten proteins are
gliadins and glutenins (Anjum et al., 2007; Katyal et al.,
2017). For proper protein composition we need available
N and S in the soil, which highly influence quality char-
acteristics (Tribo et al., 2003; Chope et al., 2014). There
is a strongly negative correlation between grain yield and
grain protein (Slafer & Andrade, 1993; Oury & Godin,
2007).

The objectives of our experiments are the descrip-
tion of the phenotypic and genotypic (part of dispersion,
which determined only by genotype, not by climate or
other factors) variability of the main agriculture-value
traits of the new winter wheat lines according to their in-
teractions with different environmental conditions. One
of the main tasks is how reactions on specific conditions
of our region of local breeding lines are different from
national officially released varieties. Second purpose is
evaluation of agronomic-value traits variability of local
sources and local possibilities for successful creation new
material for winter wheat improvement under special
conditions of region, possibilities of new genotypes in
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formation of ecological adaptation (Nazarenko & Bezus,
2018).

2  MATERIALS AND METHODS

Experiments were conducted at the experimental
fields of Dnipropetrovsk State Agrarian and Econom-
ic University. The field's geographic coordinates are:
48°30°N lat. and 35°15” E long. The experimental fields
are lied down on 245 meters above the sea level. Weather
conditions for hydrothermal indicators in the years of
research (2015 - 2017) varied, which made possible to
obtain objective results, but in general, they were typi-
cal. Air temperature during winter wheat growing sea-
son (September - July) is 8.5 °C, the average rainfall is
511 mm for the location of the research fields (air tem-
perature during winter wheat growing season 2015 (Sep-
tember - July) was 9.8 °C, the average rainfall is about
622.8 mm; air temperature in season 2016 was 10.4 °C,
the average rainfall is about 512.0 mm; air temperature
in season 2017 was 9.2 °C, the average rainfall is about
533.8 mm.

The field station of Dnipro State Agrarian and Eco-
nomic University has been used for many years (start
from 60™ years of XX century) as a field for intensive
agricultural farming and researches (Kharytonov et.al,,
2017). It is located far away from the city Dnipro (about
28 km) which is enough to avoid industrial or town air
pollution effects. The research fields occupy an area of 60
hectares and are situated acrossed three types of land-
scapes. One of them is of 30 m deep valley with a slope
of > 7°, the other two have the slopes up to 3°. Compari-
son of the received information in aspects of the crop
yield and quality due to the landscape peculiarities gives
us the arguments to classify the agricultural resource
potential for different type of agrolandscapes. Investi-
gation was performed on flat (full-height normal soil),
on the northern exposition slope (low eroded soil), on
the southern exposure slope (middle level of erosion).
Special attention was paid to the differences on several
agronomical-value traits (grain yield, protein and main
protein components content in grains, assimilation of
main macro- and microelements).

Winter wheat seeds were obtained from department
of breeding and seedfarming of Dnipro State Agrarian
and Economic University (line number 130 (‘Giant], seeds
of variety ‘Kalinova’ were subjected by gamma-rays, 100
Gy), 156 (‘Leroy, seeds of ‘Kolos Mironovschiny’ was
treated by nitrosomethilurea 0.0125% at water solution
during 18 hours), 157 (‘Sonechko, 100 Gy), 211 (‘Deada,
‘Kolos Mironovschiny, nitrosomethilurea 0.0125%) 213
(‘Leana, ‘Favoritka, nitrosomethilurea 0.0125%) (Naza-

renko et al.,, 2018). The recommended intensive agro-
nomic practice was followed (N 180 kg ha™!, P 60 kg ha™',
K 40 kg ha™). Evaluation of total grain yield of five lines
per plot was calculated from 2015 to 2017 years. The con-
trol was national standard variety Podolyanka. The trial
was set up at a randomized block design method with
three replications and with a plot size of 10 m? in 3 repli-
cations (Bhutta et al., 2005). Coefficients of nutrient ele-
ments utilization were calculated as the ratio of element
content in yield to the content of element in the soil and
from fertilizers (in percent). Agrochemical analysis of
soils for content of nutrient elements was provided too
(N-NO,, mg kg 18.7 - 32.8, P,O_ 14.8 - 27.1, K,0 134
-235).

The nitrogen and phosphorus concentration in
plant samples was estimated using Kjeldahl method. To-
tal P concentrations of the applied residues were deter-
mined by sulfuric acid digestion (Thomas et al., 1967).
Potassium was determined with flame photometry. Trace
elements were determined with method of atomic ab-
sorption spectrophotometry. The protein content and
contents of gliadin and glutenin were identified on device
CNS Model Flash EA 1112 (for protein content) and RP-
HPLS (for gliadins and glutenins).

Mathematical processing of the results was per-
formed by the method of analysis of variance, the vari-
ability of the mean difference was evaluated by Student’s
t-test, factor analyses were conducted by module ANO-
VA. In all cases standard tools of the program Statistica
8.0 were used.

3 RESULTS AND DISCUSSION

Winter wheat lines (Tables 1 and 2) are sensitive to
cultivation under different conditions with statistical cer-
tainty, but not within as wide a range of varieties and with
some differences for one line. These differences in terms
of growing conditions are expressed in grain productivity
and the ability to use basic nutrients from the soil. Re-
garding the grain productivity, Table 1 shows that higher
yields are typical for the lines on the slope of the north-
ern exposure, especially for lines 157, 213, however, the
remaining lines also exceeded the standard in terms of
yielding capacity. In all cases, the new lines needed larger
doses of fertilizer to form the yield bigger than the stand-
ard. All of the new lines belong to intensive winter wheat
type (Nazarenko et al., 2018). Efficiency in utilization of
main nutrient elements are depended on following fac-
tors, such as genotype (F = 14.75; F__ . = 3.16; p-level
0.01), type of landscape (F = 8.70; F . = 3.34; p-level
0.01) and quantity of mineral nutrients (F = 4.16; F
4.01; p-level 0.02) available for plants.

critical
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Table 1: Yield and utilization of main nutrient macroelements by winter wheat plants

Uptake from soil kg ha™! For 1 ton of grain, kg
Variety, line Yield, tha?! N P K N P K
Flat
Podolyanka 8.8 273.7 83.6 213.0 31.1 9.5 24.2
130 10.5* 342.2 111.6 247.5 32.5 10.6 235
156 9.1* 299.5 98.6 220.9 32.8 10.8 24.2
157 11.2% 380.4 103.2 272.6 33.9 9.2 24.3
211 10.2* 352.2 98.5 246.6 34.7 9.7 24.3
213 11.5%* 402.6 110.1 281.0 35.1 9.6 24.5
Average 10.2 341.8 100.9 246.9 334 9.9 24.2
Slope of noth exposition
Podolyanka 8.4 261.2 79.8 200.8 31.1 9.5 23.9
130 10.4* 317.2 103.0 249.6 30.5 9.9 24.0
156 9.8*A 301.8 97.0 235.2 30.8 9.9 24.0
157 11.9%A 389.1 103.5 285.6 32.7 8.7 24.0
211 11.5%A 389.9 108.1 273.7 33.9 9.4 23.8
213 11.7* 402.5 107.6 279.6 344 9.2 23.9
Average 10.6 343.6 99.8 254.1 32.2 9.4 23.9
Slope of south exposition
Podolyanka 721 201.6 64.8 146.2 28.0 9.0 20.3
130 8.1 251.1 76.1 190.4 31.0 9.4 23.5
156 8.3/ 257.3 80.5 200.9 31.0 9.7 24.2
157 721 234.0 64.1 175.0 32.5 8.9 24.3
211 6.9/ 224.3 60.7 167.7 32.5 8.8 24.3
213 8.5%A 255.9 72.3 173.4 30.1 8.5 20.4
Average 7.7 237.4 69.8 175.6 30.9 9.1 22.8

*- is significantly from control on 5 % level, A- is significantly from flat on 5 % level

After analyzing the special needs of the lines (Table
1) in nutrients used by winter wheat plants for growth
and development and the number of elements required
to obtain 1 ton of grain, it was found that the need for
basic nutrients primarily depends on the genetically de-
termined characteristics of these lines in the formation of
the grain crop yield (Lazrak et al., 2010).

Nitrogen utilization by winter wheat plants on flat
sites were from 273.7 (national standard ‘Podolyanka’) to
402.6 kg ha™! (line 213), phosphorus 83.6 (national stand-
ard ‘Podolyanka’) — 111.6 (line 130) kg ha™!, potassium
213.0 (national standard ‘Podolyanka’) - 281.0 kg ha™!
(line 130) during three years. We can see that difference
in demands for different elements depend on winter
wheat lines peculiarities and more adaptable genotypes
have fewer demands for mineral sources (Ladoni et al.,
2017). Some of the lines needed more nitrogen (line 213),
but others (line 130) needed more phosphorus to form
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the grain. From 31.1 (variety Podolyanka) to 35.1 kilo-
grams of nitrogen is required to obtain 1 ton of winter
wheat, 9.5 (variety Podolyanka) — 10.8 (line 156) kg of
phosphorus and from 23.5 (line 130) for 24.5 kg (line
213) of potassium.

From the above data, we could find out that the most
productive line 213, in general, needs more nitrogen and
phosphorus than other genotypes. The same line needs
only more nitrogen than other lines for the formation of
1 ton of grain, phosphorus is more significant in the con-
text of the same indicator for the line 156. Potassium is
not so important and is required at about the same level
for all lines and variety Podolyanka. From the results of
the protein components study, winter wheat lines with
large requirements for phosphorus provide good grain
quality (Bonnot et al., 2017).

In more favorable conditions of a northern expo-
sure, differences in yielding capacity are not so signifi-
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Table 2: Coeflicient of nutrient elements utilization from soil on different types of relief, %

Flat Slope of north exposition Slope of south exposition

Variety, line N P K N P K N P K

Podolyanka 62.9 57.0 17.0 69.1 89.5 20.3 74.7 87.9 23.0
130 53.3 61.6 15.7 59.1 86.8 17.5 60.9 85.4 18.0
156 59.0 60.7 15.7 60.0 89.0 17.5 60.5 85.1 18.6
157 60.6 45.1 13.9 65.2 76.6 17.0 74.1 80.4 20.0
211 63.0 50.3 16.5 64.3 69.0 17.5 71.1 72.3 19.8
213 64.8 57.1 15.8 69.7 83.9 17.3 78.4 88.4 23.9
Average 59.8 54.9 15.8 63.5 82.2 18.0 68.3 82.2 19,9

cant between the lines comparing to the upland soils. For
the two lines — 130 and 213, yielding capacity remained
at about the same level as for the upland soils, for the
other three lines yielding capacity is higher than on the
upland soils, but in any case, all of the lines exceed the
control for yielding capacity. It is required within 216.2
- 402.5 kg ha™! of nitrogen, phosphorus 79.8 - 108.1 kg
ha™!, potassium 200.8 - 285.6 kg ha™! from the soil for
crop formation.

The reaction of individual genotypes to the growing
conditions shows the same situation as for the previous
conditions, only line 213 differs by specific high phos-
phorus needs. The similar situation was observed on fea-
tures of the use of mineral substances on the formation of
1 ton of grain. Line 213 has shown the ability to use less
nutrients for crop formation in contrast to other lines,
which allows it to provide higher yields in adverse condi-
tions.

According to the results of the grain yield and the
use of macronutrients from the soil, all lines can be divid-
ed into two groups. The first group (line 213) provides a
higher yield than the standard in all cases, which sharply
distinguishes it from the rest of the lines (and varieties
in previous studies). The yields in the second group (all
other lines) are inferior to standard in adverse condi-

tions, because the standard belongs to the semi-intensive
varieties and has an advantage due to low demands for
mineral nutrition in adverse conditions compared to
intensive ones. Cases like the line 213 (when intensive
variety exceeds the variety of standard in adverse condi-
tions) have not been observed and this indicates the pos-
sibilities of obtaining a highly adaptive intensive geno-
type in the framework of the intensive varieties that had
previously relied possible only theoretically (Nazarenko
& Lykholat, 2018).

In accordance with the data on the use of macro-
nutrients from the soil, it can be concluded that there is
mutual influence of the type of agricultural landscape
(in the sense of terrain features) and genotype on this
parameter. It can be concluded that plants use nutrients
more rationally in the harsher conditions of the south-
ern exposure than in other variants. It shows wide adapt-
ability of winter wheat plants in different agro-ecological
conditions. In the case of the phosphorus use by plants,
the differences in the results on the slopes of the northern
and southern exposure are not so significant and reliable
on average. The consumption of this macronutrient is
more dependent on the special needs of individual lines.

The total intake of 6 elements is summarized in ta-
bles 3 and 4. Thus, according to the previous studies, the

Table 3: Intake of microelements and heavy metals with winter wheat grains and straw under different agrolandscape conditions

mgkg™!

Relief element Zn Mn Cu Pb Ni Fe
Grain

Flat 20.1 19.2 2.8 1.9 2.9 38.9
Slope of north exposition 18.9 26.9 5.0 2.0 1.7 394
Slope of south exposition 22.7 24.1 43 2.0 1.9 30.1
Straw

Flat interfluve 4.7 16.9 3.1 3.1 2.9 75.9
Slope of north exposition 2.9 14.5 25 2.5 1.9 26.7
Slope of south exposition 2.1 9.2 2.1 2.7 1.2 24.7

Acta agriculturae Slovenica, 114/1 - 2019

117



M. NAZARENKO et al.

Table 4: General uptake of microelements and heavy metals with yield under different relief conditions, g ha™

Relief element Fe Zn Mn Cu Ni Pb

Flat interfluve 5723.0 1219.2 1437.6 354.2 312.6 212.3
Slope of north exposition ~ 3211.1 1213.4 2348.1 445.2 211.3 279.2
Slope of south exposition ~ 1824.2 1111.1 1116.5 2439 163.2 211.6
Average 2517.7 1181.2 1647.7 347.8 229.0 234.4
Cv, % 980.7 60.8 622.5 100.8 76.3 38.8

wheat grain contains more essential microelements than
straw, while the situation with undesirable elements is
the opposite. Thus, lead and nickel could be found more
in the straw. This is not unusual because it is determined
by the biological laws of plant development. This is one
of the natural mechanisms for avoiding the high concen-
tration of adverse elements in the reproductive organs
of the plant and ensure the provision of the necessary
substances. No statistically significant relations between
concentrations of trace elements, heavy metals and relief
conditions were detected. Data on the concentration of
these elements depending on the growing conditions are
inconsistent and there is no statistically significant dif-
ference (Table 3, 4) (type of landscape (F = 1.17; F =
2.91; p-level 0.04)) as in previous studies (Nazarenko &
Lykholat, 2018).

On the other hand, a decrease in the content of some
microelements (Zn, Mn, Fe) in straw under any terrain
conditions should be noted (which is fully consistent
with previous studies in this area). The intake of micro-
elements from soil to wheat grain varied for iron from
1.824.2 to 5.723.0 g ha', zinc 1.111.1 - 1.219.2 gha},
manganese 1.116.5 - 2.348.1 g ha™!, copper 243.9 -
4452 gha'!, lead 211.6 - 279.2 g ha™', nickel 163.2 -
312.6 g ha™'. The content of microelements in grain from
the southern exposure slope was significantly lower than

that obtained from the upland soils and northern expo-
sure slope.

It is impossible to determine any differences in this
situation from the data of cultivation in different condi-
tions, unlike previous studies (Kharitonov et al., 2017),
where such a relation was observed. That is why, it can be
concluded that the dependence of this feature primarily
bases on the genotype of this line, and not on the growing
conditions (Han et al., 2017).

Higher protein content (statistically) has been rec-
ognized in winter wheat grains of two lines 157 and 213
(‘Leana’) (Table 5). We cannot identify any differences
between growing conditions and we have to conclude
that it’s depended only on genotype of winter wheat line,
not from the growth conditions in our experiment like as
in previous investigations (Snapp & Kravchenko, 2015).
Both lines (157 and 213) have a good composition of pro-
tein under any conditions (and good quality of protein),
but not superior.

Lines 130 and 156 were determined as superior in
gliadin and glutenin content in all terrain conditions.
Similar varieties in this quality have been identified as
holders of high baking characteristics in previous stud-
ies (Bordes et al., 2008; Bonnot et al., 2017), which gives
grounds for the highlighting of these genotypes.

Thus, in general, lines 157 and 213 (the latter also
holds for the high level of grain productivity and stability

Table 5: Protein content in winter wheat grains depending on line and agrolanscape, %

Flat Slope of north exposition Slope of south exposition
Variety, line gliadin  glutenin protein gliadin  glutenin protein gliadin  glutenin protein
Podolyanka 13.5 0.024 0.61 13.6 0.020 0.62 13.5 0.021 0.63
130 133 0.031 0.72 13.5 0.033 0.73 13.3 0.033 0.75
156 13.6 0.033 0.74 13.7 0.034 0.76 13.5 0.032 0.75
157 14.3* 0.025 0.65 14.5% 0.023 0.64 14.1%* 0.024 0.62
211 13.5 0.024 0.66 13.7 0.024 0.65 13.4 0.023 0.66
213 13.9* 0.023 0.67 14.1% 0.024 0.63 14.0% 0.024 0.65
Average 13.7 0.027 0.68 13.9 0.026 0.67 13.6 0.026 0.68
Cv, % 2.6 15.9 7.1 2.6 21.8 8.7 1.9 19.2 8.7

*- is significantly on 5 % level.
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of this feature under all conditions; a high level of adapt-
ability) can be highlighted in the complex on the content
and quality of protein. Only line 156 showed the quality
of protein under all conditions.

Thus, like as in previous studies (Bordes et al., 2011)
grain quality is depended on genotype only, not from
agrolandscape types. This statement is appropriate for
new lines and intensive varieties (Nazarenko & Lykholat,
2018), but not for older varieties (Kharitonov etal., 2017).
Besides the quality, grain productivity is depended on
both genotype and growth conditions, like as at previous
investigations (Serpolay et al., 2011; Milev et al., 2014).
Differences in relief type (not only climate conditions for
region (Bhutta et al., 2005; Tsenov et al., 2015; Hatfield &
Dold, 2018) are new local factor for varieties phenotypic
variability, which has a great influence on general grain
productivity (Gepts & Hancock, 2006; Kharitonov et al.,
2017). Unlike varieties in previous studies (Kharitonov et
al., 2017; Nazarenko & Lykholat, 2018), one of the new
lines (213) has shown a consistently high (higher than
control) yield in any relief conditions.

4 CONCLUSIONS

Field experiments on yield and grain quality of
main cereal crops are usually limited to a one type (flat)
of agrolandscape, one or two points in geographical
zone and are measured on number of officially released
varieties (well-known, not new lines). These ecological
surveys are conducted without any record on genotype
special demands in nutrition sources and ecological re-
quirements to realize potential yield and grain quality
traits. The wide phenotypic variability for the most of the
agricultural-value traits investigated is indicative of the
large diversity of the genotypes and genotype-environ-
ment interactions, mutual influences of landscape, local
climate conditions in terms of agroecological district and
genotype peculiarities.

Finally, our investigations confirmed statement
about more perspective directions for exploiting lo-
cal sources for winter wheat improvement and closely
relation between concentration of nutrient substances
in plants, their loss from soil and peculiarities of relief,
genotype and limits of adaptation. Generally, north ex-
position gives winter wheat more preferable conditions
for growth and development, but one high-adaptive line
213 (‘Leana’) was determined, which provided higher
than standard grain yield under all conditions, include
unfavorable. Protein content and quality depends on
genotype, not on relief conditions. Yields of new lines ob-
tained base on local sources as a result of selection under

local conditions, and are less depends on growth condi-
tions (type of relief) than officially released varieties.
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Unravelling efficient applications of agriculturally important microor-
ganisms for alleviation of induced inter-cellular oxidative stress in crops
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Unravelling efficient applications of agriculturally important
microorganisms for alleviation of induced inter-cellular oxi-
dative stress in crops

Abstract: Abiotic stresses like high temperature, cold,
freezing, drought, salinity, flooding or oxidizing agents cause
significant loss in the crop yield and quality. Abiotic stresses
cause reactive oxygen species (ROS) production such as singlet
oxygen ('O,), hydrogen peroxide (H,0O,), superoxide radical
(O,), hydroxyl radical (OH), etc., that leads to a significant
reduction of crop yield. A major source of ROS production in
plants through aerobic metabolism is chloroplast, mitochon-
dria, and peroxisome. The tripartite interactions involving
Trichoderma- Phytopathogen-Host have received less attention
in contrast to the plant-antagonist, plant-pathogen or patho-
gen-antagonist interactions. This article explores the possibili-
ties of employing thermotolerant strains of agriculturally im-
portant microorganisms (AIMs) for alleviating the oxidative
stress induced due heat stress in crops by modulating oxidative
and defense network of the host.

Key words: heat stress; ROS; AIMs; abiotic stress; crop
protection
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Pojasnitev uc¢inkovite uporabe kmetijsko pomembnih mikro-
organizmov pri blaZenju oksidacijskega stresa v celicah kme-
tijskih rastlin

Izvlecek: Abiotski stresorji kot so visoke temperature,
mraz, zmrzovanje, su$a, slanost, poplave ali oksidacijska sred-
stva povzrocajo znantne izgube pridelka in kakovosti kmetij-
skih rastlin. Abiotski stresorji povzro¢ajo nastanek reaktivnih
zvrsti kisika (ROS) kot so singletni kisik (*O,), vodikov pero-
ksid (H,0,), superoksidni radikal (O,™), hidroksilni radikal
(OH), itd., kar vodi k znantnemu zmanj$anju pridelka kme-
tijskih rastlin. Glavni vir nastanka ROS v rastlinah je aerobna
presnova v kloroplastih, mitohondrijih in peroksisomih. Tri-
partitne interakcije, ki vkljucujejo glivo iz rodu Trichoderma-
fitopatogena in gostitelja so bile delezne manj pozornosti v na-
sprotju s sistemi kot so rastlina- antagonist, rastlina—patogen
ali interakcije pathogen - antagonist. V ¢lanku so prikazane
moznosti uporabe termotolerantnih sevov kmetijsko pomemb-
nih mikroorganismov (AIMs) za blazenje oksidacijskega stresa,
ki ga v kmetijskih rastlinah sprozi vro¢inski stres z modulacijo
oksidativnega in obrambnega odziva gostitelja.

Klju¢ne besede: vrocinski stres; ROS; AIMs; abiotski
stres; za$¢ita kmetijskih rastlin
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1 ABIOTIC STRESSES IN PLANTS

Plants are frequently exposed to a plethora of un-
favorable environmental conditions, thereby posing a
serious threat to sustainable crop production (Bhat-
nagar-Mathur et al, 2008). In continuously changing
environment, plants are constantly challenged by various
abiotic stresses (drought, salinity, temperature extremes,
heavy metal toxicity, high-light intensity, nutrient defi-
ciency, UV-B radiation, ozone, etc.) which cause consid-
erable losses in the yield and quality of a crop (NAAS,
2017; Hasanuzzaman et al., 2012). Abiotic stress is best
defined as any aspect exerted by the environment on the
optimal functioning of an organism. Abiotic stresses like
heat, cold, freezing, drought salinity, flooding or oxidiz-
ing agents usually cause protein dysfunction (NAAS,
2013; Wang et al., 2004).

A number of abnormal environmental factors are
collectively termed as abiotic stresses. Abiotic stresses
alter plant metabolism leading to harmful effects on
growth, development, and productivity. If the stress be-
comes very high and continues for an extended period, it
may lead to an unbearable metabolic load on cells, reduc-
ing growth, and in severe cases, resulting in plant death
(Keswani, 2015). However, plant stress may vary depend-
ing on the types of stress factors and on the prevailing
period. In nature, plants may not be completely free from
abiotic stresses. They are expected to experience some
degree of stress by different factors (Keswani, 2019).
Some environmental factors, such as air temperature, can
become stressful in just a few minutes; others, such as
soil water content, may take few days to weeks, and fac-
tors such as soil mineral deficiencies/overload may take
months to become stressful (Taiz & Zeiger, 2006). These
stresses are associated with the production of ROS, capa-
ble of inducing cellular damage by proteins degradation,
enzymes inactivation and alterations in the gene expres-
sion (Kumar et al., 2017; Choudhury et al., 2013). Abiotic
stresses remain the greatest constraint to worldwide crop
production. It has been estimated that more than 50 % of
yield reduction is the direct result of abiotic stresses (Kes-
wani, 2015; Acquaah, 2007; Camejo et al., 2005). Abiotic
stress leads to a series of morphological, physiological,
biochemical and molecular changes that adversely affect
plant growth and productivity (Mishra et al., 2015; Wang
etal., 2001).

2  GLOBAL WARMING

Global warming is a gradual increase in the global
atmospheric temperature of the Earth, usually caused
by the greenhouse effect due to higher levels of CO,,
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CFCs and other pollutants (Chitara et al., 2017; Broeck-
er, 1975). Warmer temperatures may make many crops
grow more quickly, but warmer temperatures could also
reduce yields. Crops tend to grow faster in warmer con-
ditions. However, for some crops (such as grains), faster
growth reduces the amount of time that seeds have to
grow and mature. Extreme temperature and rainfall can
inhibit crops growth (Karl et al., 2009). It was reported
that for every 1 °C rise in temperature the decline in rice
yield would be about 6 % (Saseendran et al., 2000).

3 CLIMATE CHANGE AND ITS IMPACT
ON AGRICULTURE

Agriculture depends on the favorable climate, hence
is among the sectors of the global economy where most
concern currently lies in the context of climate change
in order to maintain global food security (Mertz et al.,
2009). The Inter-Governmental Panel on Climate Change
(IPCC), fourth assessment report (Field et al., 2014) stat-
ed that human-induced climate change is real, and iden-
tified agriculture as a critical sector. Climate change is
likely to affect crop productivity directly through chang-
es in crop environment and indirectly through the preva-
lence of agriculture insect and pest, associated impact
on soil fertility and biological function and agriculture
biodiversity can also be observed (Lobell & Burke, 2010).

4 HIGH TEMPERATURE STRESS

Heat stress is often defined as a rise in temperature
beyond a threshold level for a period of time sufficient
to cause irreversible damage to plant growth and devel-
opment. A transient temperature elevation, typically 10-
15°C above ambient, is generally considered to be a heat
shock or heat stress (Willits & Peet, 1998). In many areas
of the world, heat stress due to higher temperatures is a
serious threat to crop production worldwide (Lorenzoni
et al., 2001). Transient or constantly high temperatures
cause a range of morpho-anatomical, physiological and
biochemical changes in plants that affect plant growth
and development and can result in a drastic reduction
in economic output (Keswani, 2015; Wahid et al., 2007)
(Figure 1). As plants lack the capability of locomotion
as a means of responding to changes in their environ-
ment, they are exposed to various environmental stresses
and must adapt to them in other ways. The most typical
kind of stress plants receives from their surroundings is
temperature stress. Each plant species has its own opti-
mum temperature for growth, and its distribution is de-
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Figure 1: Correlation of heat stress with biochemical and physiological parameters of host

termined to a major extent by the temperature zone in
which it can survive (Ram et al., 2018; Sasaki, 1997).

Severe cell injury and even cell death can occur in
minutes at very high temperatures, which can be attrib-
uted to a catastrophic collapse of cellular organization
(Schofll et al., 1997). High temperature direct injuries
include protein denaturation, aggregation, and increased
membrane lipid fluidity. Indirect or slower heat injuries
include chloroplast and mitochondrial inactivation of
enzymes, protein synthesis inhibition, protein degrada-
tion, and membrane integrity loss (Singh et al., 2016;
Singh et al., 2017).

At very high temperatures, severe cellular injury
and even cell death may occur within minutes, which
could be attributed to a catastrophic collapse of cellu-
lar organization (Schofl et al., 1997). High temperature
causes both direct and indirect or slower heat injuries.
Direct injuries include protein aggregation, denatura-
tion, and increased membrane fluidity whereas, indirect
or slower heat injuries include enzymes inactivation in
both chloroplast and mitochondria, protein degrada-
tion, inhibition of protein synthesis and loss of mem-
brane integrity (Howarth, 2005). High temperatures can
also cause considerable pre- and post-harvest damages,
including scorching of leaves and twigs, sunburns on
leaves, branches and stems, leaf senescence and abscis-
sion, shoot and root growth inhibition, fruit discolora-
tion and damage, and reduced yield (Guilioni et al., 1997;
Vollenweider & Giinthardt-Goerg, 2005).

5 PRODUCTION OF ROS AND THEIR
HEALTH IMPACT ON PLANT

Oxygen supports the aerobic life of plants, provid-

ing them with enormous energy benefits, but challenges
them through endless ROS formation (Figure 2). Howev-
er, certain environmental stresses or genetic defects cause
ROS production to exceed the management capacity. In
plants, ROS play two divergent roles: at lower concen-
trations, it acts as signaling molecules to activate defense
responses under stress, while exacerbating damage to the
cellular component at higher concentrations. If abiotic
stress is imposed on the plant for a longer duration than,
through enhanced ROS production, can pose a severe
threat to cells by causing the lipids peroxidation, proteins
oxidation, damage to nucleic acids, enzyme inhibition,
programmed cell death (PCD) pathway activation and
ultimately cell death (Mittler, 2002; Sharma & Dubey,
2005). Oxidative stress is essentially a regulated process,
and the equilibrium between ROS and anti-oxidative
capacity determines the fate of the plant. The enhanced
ROS production is, however, kept under tight control by
versatile and cooperative ROS-scavenging antioxidant
mechanisms that modulate intracellular ROS concentra-
tion (Apel & Hirt, 2004). Oxygen activation or reduction
results in reactive ROS including singlet oxygen ('O,),
superoxide (O*"), hydrogen peroxide (H,0,) and radical
hydroxyl (HO"). The imbalance between the production
of ROS and its detoxification through enzymatic and non-
enzymatic reactions causes oxidative stress. Photo-oxida-
tive damage to DNA, proteins and lipids, and ultimately
cell death occurs as a result of higher net ROS formation.
ROS act as signaling molecules for development and
growth, defense responses of pathogens such as systemic
acquired resistance and hypersensitive reaction, produc-
tion of the stress hormone, acclimation and programmed
cell death (Singh et al., 2019b; Apel & Hirt, 2004). The
first step in the O, reduction results in the formation of
superoxide (O,) or hydroperoxide (HO",) radicals. O,
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Figure 2: Production of ROS by a multistep reduction of molecular oxygen

is very unstable and has a short half-life of 2 to 4 min. The
second step leads to the formation of a relatively stable
molecule hydrogen peroxide (H,0,) with a half-life of
10 min. H O, can migrate from the sites of synthesis to
adjacent compartments and even neighboring cells due
to longer half-life (Bienert et al., 2006). The oxidizing ca-
pacity of O,"~ and H,0, makes them potentially harmful
to the cell environment surrounding them. O,"~ may in-
activate significant metabolic enzymes that contain Fe-S
clusters and alter catalytic activity (Halliwell, 2006; Van
Breusegem et al.,, 2001). HO", (a protonated form of O,")
is mostly found in cellular acidic environments. HO",
may cross biological membranes and initiate oxidation of
lipid by extraction of protons from polyunsaturated fatty
acids. In most biological systems, the enzyme superox-
ide dismutase (SOD) rapidly converts O, to H,O,. By
oxidizing the thiol group of enzymes, H,O, can inactivate
them (Halliwell, 2006). O,"~ and H,O, can cause more
prominent destruction when interacting with metal ions
during the so-called Haber-Weiss reaction to form the
highly reactive hydroxyl radical (Kehrer, 2000).

HO* can react virtually anything that comes into
contact with and damages it (Halliwell, 2006). HO" is
highly reactive; cells do not have HO" detoxification en-
zyme and are dependent on mechanisms that reduce HO*
production. These mechanisms include the elimination
of O, and H,0, and/or metal ions sequestration that
catalyze the Haber-Weiss reaction with metal-binding
proteins, such as ferritins or metallothioneins (Hintze &
Theil, 2006).

6 PLANT ORGANELLES INVOLVED IN ROS
PRODUCTION

Chloroplast, mitochondria, and peroxisome are or-
ganelles with a high oxidizing metabolic activity or an
intense rate of electron flow and are the major source
plant ROS production (Figure 3). Together with these
organelles, peroxidases and amine oxidases present in
cell walls and NADPH oxidase in the plasma membrane,
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often producing ROS in response to stress. Due to pho-
tosynthetic electron transport, oxygen is continuously
produced inside the chloroplast and at the same time
removed by reduction and assimilation (Keswani, 2015;
Chawla et al., 2013; Shoeb et al., 2013; Tripathy & Oe-
Imiiller, 2012).

An unavoidable leakage of electrons onto O, from
the electron transport activities of mitochondria, chloro-
plasts and plasma membranes or from a diversity of met-
abolic by-products in different cellular compartments
can lead to the formation of ROS in plants (Keswani et
al., 2016b; Sharma et al., 2012).

6.1 CHLOROPLAST

Different forms of ROS are generated from several
locations in chloroplast. In chloroplasts, the main sourc-
es of ROS are electron transportation chains in Photosys-
tem I (PSI) and Photosystem II (PSII). ROS production
by these sources is enhanced in plants by limiting CO,
fixation conditions, such as drought, salt, and tempera-
ture stresses, as well as by combining these conditions
with high-light stress. In case of ETC overload, because
NADP supply decreases due to stress conditions, the
electrons leak from ferredoxin to O,, reducing it to O,
occurs in the case of overloading of the ETC (Elstner,
1991). This process is called the Mehler reaction.

6.2 MITOCHONDRIA

Mitochondria can produce ROS at multiple ETC
sites. In mitochondria, the flavoprotein region of NADH
dehydrogenase segment (complex I) of the respira-
tory chain directly reduces oxygen to O, (Arora et al,,
2002). In ETC, the primary ROS formed by a mono-
valent reduction is O,. It is quickly converted into the
relatively stable and membrane-permeable H,O, either
by the MnSOD (a mitochondrial form of SOD) or APX.
In Fenton reaction, H,O, can be further converted to
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Figure 3: Plant organelles involved in ROS production

extremely active hydroxyl radical (OH*) (Sharma et al.,
2012).

6.3 PEROXISOMES

Peroxisomes are probably the major sites of intra-
cellular H,O, production, as a result of their essential-
ly oxidative type of metabolism (Luis et al., 2006). The
main metabolic processes responsible for the generation
of H,0, in different types of peroxisomes are the gly-
colate oxidase reaction, the fatty acid B-oxidation, the
enzymatic reaction of flavin oxidases, and the dispro-
portionation of O, radicals (Baker & Graham, 2013).
During photorespiration, the oxidation of glycolate by
glycolate oxidase in peroxisomes accounts for the major-
ity of H,O, production (Noctor et al., 2002).

6.4 PLASMA MEMBRANES

The electron transporting oxido-reductases are
ubiquitous at plasma membranes and lead to the gen-
eration of ROS at the plasma membrane (Kovaci¢, 2003).
NADPH oxidase catalyzes the transfer of electrons from
cytoplasmic NADPH to O, to form O,~. O, is dismutat-
ed to H,O, either spontaneously or through SOD activity.
It was proposed that NADPH oxidase play a key role in
plant production and accumulation of ROS under stress
conditions (Apel & Hirt, 2004).

7  ROS SIGNALLING IN PLANTS

In plant cells, ROS are continuously produced as

= Cell wall i 1 oxid
= Amine oxidases

a consequence of aerobic metabolism in all the intra-
cellular organelles, in particular in the chloroplast, mi-
tochondria and peroxisomes (Bisen et al., 2015; Apel &
Hirt, 2004). The chloroplast is the main source of ROS in
plants. Insufficient energy dissipation during photosyn-
thesis can lead to the formation of a chlorophyll triplet
state that can transfer its excitation energy onto O, to
make 'O, (Logan, 2008). O, is produced by the photo-
synthetic electron transport chain (ETC) via the reduc-
tion of O, (Mehler reaction) (Apel & Hirt, 2004), which is
subsequently converted to H,O, by superoxide dismutase
(Foyer & Noctor, 2000). The photo-production of ROS
is largely affected by physiological and environmental
factors, including high light intensity and drought stress
(Asada, 2006). Proline accumulation is a widespread
phenomenon in higher plants in response to various en-
vironmental stresses and is demonstrated to be protec-
tive for plants under adverse conditions (Keswani et al.,
2016a). Proline so accumulated is proposed to act as a
compatible osmolyte, free radical scavenger, cell redox
balancer, a potential inhibitor of programmed cell death
(PCD), cytosolic pH buffer and stabilizer for subcellular
structures during various stresses (Gill & Tuteja, 2010;
Kishor et al., 2005; Trovato et al., 2008). Under supra op-
timal temperature, free proline is known to accumulate
in different crops (Rasheed et al., 2011). It is, therefore,
considered to be a useful component for evaluating the
degree of heat stress (Kuo et al., 1986).

8 EXPLORING THE ROLE OF TRICHODER-
MA SPP. IN BIOTIC STRESS MANAGE-
MENT

The three-partite interactions involving plants,
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Trichoderma, phytopathogen and host has received less
interest in contrast to the plant-antagonist, plant-path-
ogen or pathogen-antagonist interactions (Keswani et
al., 2013; Singh et al,, 2016; Singh et al., 2017). There are
certain intricacies in studying a complex system even in
vitro. Studies have shown some of the molecular or mor-
phological features involved in plant-antagonist—patho-
gen interactions by application of gene reporter systems
(Lu et al., 2004) and proteomics (Marra et al., 2006). The
crosstalk during the three-partite interactions requires
research that investigates the alteration in gene expres-
sion in each partner singly and afterward in all combi-
nations. The main focus of the studies published so far
in three way interaction has been related to molecular
changes pathogen attack and/or plant response (Ham-
mond-Kosack & Parker, 2003; Jones & Dangl, 2006).
Various defense factors, signal molecules, virulence and
avirulence factors have been identified in plant (Canovas
et al., 2004; Ramonell & Somerville, 2002), and in mi-
crobes (Kazemi-Pour et al., 2004; Smolka et al., 2003).
However, the molecular bases of interaction systems that
may generate beneficial effects on plant are mostly un-
known. Furthermore, the influence of biocontrol agent
in the plant and pathogen has not yet been studied by us-
ing proteomics, though this technique offers an effective
tool to examine such biological processes (Keswani et al.,
2013; Woo et al., 2006).

In order to analyze the differential protein produced
during the three partite interactions between Plant-
Trichoderma-pathogen, (Singh et al., 2019a; Marra et al,,
2006) investigated the interactions of Trichoderma, plant
and different fungal pathogens by using proteomic tech-
niques. During the three-way crosstalk, the alterations in
each partner’s proteomes were studied and the most at-
tractive differential spots were analyzed via peptide mass
finger-printing (PMF) (Bisen et al., 2016). Several pro-
teins expressed differently have been found in the Tricho-
derma atroviride Karsten proteome during the three
partite interactions with foliar pathogen Botrytis cinerea
Pers.: Fr and bean leaves or with roots and the soil borne
pathogen Rhizoctonia solani Kithn. Results demonstrat-
ed that in the three-partite interaction may be regulated
by disease related factors and plant proteome-specific
pathogenesis related proteins (PR proteins). In addi-
tion to that, the plant responses to a pathogen attack are
qualitatively and quantitatively affected by the presence
of antagonist (Bisen et al., 2016). LC MS/MS previously
identified a protein with PPIase activity in the Trichoder-
ma harzianum Rifai proteome (Sudrez et al., 2005). The
in silico study of the data from plant-Trichoderma and
plant-Botrytis interactions exposed many homologues
to PR-proteins. Conserved domains such as Nucleotide
Binding Sites (NBS), Leucine Rich Repeats (LRR) and
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SGT1-specific domain (SGS) were found along with pre-
served Bet v I PR sequences and Barwin-protein fami-
lies. For instance, thaumatin-like protein and tobacco
PR-4 family with a Barwin domain involved in the Mag-
naporthe grisea (Hebert) Barr. plant defense response
(Kim et al., 2004) were accumulated. Various proteins
from the Trichoderma atroviride interaction proteome
showed exciting similarities to those of ABC transport-
ers and fungal hydrophobin. In the pathogen proteome,
virulence factors such as cyclophilins were also regulated
in the interaction with the antagonist and as well as with
the plant. In Trichoderma-plant-pathogen in situ inter-
action, Gfp-tagged mutant strain Trichoderma atroviride
was used to study the expression of the living producer
(Lu et al., 2004). Specifically, incitement of Trichoderma
genes encoding for diverse cell wall degrading enzymes
in the vicinity of the pathogens Pithyum ultimum Trow
and Rhizoctonia solani was observed by fluorescence
microscopy. During the three partite interactions, puri-
fied colloidal chitin and the fungal pathogen activated
the transformants and appeared to fluoresce during the
early phases of contact. A direct visualization of the gene
encoding the mycoparasitic expression in vivo is possible
for the first time with this approach. The authors suggest-
ed that the induction of mycoparasitism involved com-
pounds released by the host cell walls. In addition, T’s
endo-and exochitinase (nagl and chit42) contribution of
Trichoderma atroviride was also present in mycoparasit-
ism other than basic host hyphae degradation.

9 BIOPROSPECTING THE ROLE OF
TRICHODERMA SPP, IN ALLEVIATION
OF INDUCED OXIDATIVE STRESS

Genus Trichoderma, competent of rhizosphere
fungi are widely used in commercial formulations as bi-
ofertilizers and biopesticides due to multiple beneficial
effects on plant growth and resistance to disease (Tucci et
al., 2011). Various mechanisms of action, such as antibi-
otic production (Keswani et al., 2014; Vinale et al., 2008)
or hydrolytic enzymes (Benitez et al., 2004) and nutri-
ents competition (Elad, 2000) were associated with the
antifungal properties of Trichoderma spp. Abiotic stress
often limits the growth and productivity of major crop
species, reducing yields under ideal growing conditions
to less than half of that possible (Boyer, 1982) (Figure
4). Trichoderma spp. is also known to be able to induce
biotic and abiotic stress resistance in plant and thereby
encouraging plant growth (Harman et al., 2004). The
ability of Trichoderma to alleviate abiotic stress is well
known, although there is still a lack of specific knowledge
of mechanisms that control multiple plant (Bisen et al.,
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2016; Chitara et al., 2017; Ram et al., 2018). Regardless of
the stress condition, either osmotic, salinity, or subopti-
mal temperature the Trichoderma harzianum T22 treated
seeds germinated rapidly and more uniformly than the
untreated seeds (Mastouri et al., 2012). Some Trichoder-
ma spp. are able to cope with extreme environments, fa-
cilitating their presence in diverse geographical regions,
from Caribbean countries to Antarctica (Hermosa et al.,
2012). T22 enhances the water tolerance of tomato seed-
lings by enhancing the antioxidant defense mechanism
and enhancing ascorbate and glutathione-recycling en-
zyme activity (Mastouri et al., 2012).

Hence, these studies point to a possibility of em-
ploying thermotolerant strains of agriculturally impor-
tant microorganisms in alleviation of heat stress in crops
by relocating them in the rhizosphere for modulation of
oxidative and defense network of the host, rendering it
additional endurance to heat stress.
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Ugotavljanje sposobnosti prilagoditve listerij na benzalkonijev klorid z
dolo¢anjem njegove minimalne inhibitorne koncentracije
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Ugotavljanje sposobnosti prilagoditve listerij na benzalkoni-
jev klorid z dolocanjem njegove minimalne inhibitorne kon-
centracije

Izvlecek: Bakterije rodu Listeria v zivilski industriji pred-
stavljajo tezavo zaradi njihove razirjenosti in dobre sposob-
nosti preZivetja v neugodnih razmerah. L. monocytogenes (E.
Murray et al. 1926) Pirie 1940 je za ¢loveka patogena bakterija,
medtem ko je v Zivilsko-predelovalnem okolju od listerij naj-
pogosteje prisotne nepatogene bakterije vrste L. innocua Seeliger
(ATCC 33090) Namen dela je bil dolo¢iti, ali se listerije lahko
prilagodijo na razkuzilo benzalkonijev klorid (BAC). Za pri-
lagoditev smo potrebovali natan¢no dolocitev protimikrobne
aktivnosti BAC. Z metodo razred¢evanja v mikrotitrski plosci-
ci (MTP) smo ugotovili minimalno inhibitorno koncentracijo
(MIK,,,,) BAC za preiskovane seve. Nato smo z rastnimi kri-
vuljami preverili, ali so tako dolo¢ene koncentracije zares naj-
manjse koncentracije BAC, ki vplivajo na rast sevov. Ugotovili
smo, da imajo inhibitorni u¢inek Ze precej manjse koncentra-
cije BAC kot je MIK,, ., saj so bile minimalne inhibitorne kon-
centracije dolocene z rastnimi krivuljami (MIKRK) le 0,1-0,5x
MIK,,,. Prilagoditev listerij na BAC smo zato izvedli tako, da
smo kot zaCetno koncentracijo BAC uporabili 0,25x MIK . Re-
zultati so pokazali, da se je kar 50 % sevov uspelo prilagoditi na
BAC, in pri sevu L. monocytogenes ZM500 je bila ta prilagodi-
tev celo trajna. Metoda razred¢evanja v mikrotitrski plos¢ici je
uporabna za priblizno dolocitev protimikrobne aktivnosti raz-
kuzila, medtem ko je za natancnej$o dolocitev aktivnosti raz-
kuzila potrebno le-to dolo¢iti z drugo metodo, kot je npr. $tetje
kolonij na trdem gojis¢u.

Kljucne besede: razkuzila; benzalkonijev klorid; Listeria;
metoda razred¢evanja v mikrotitrski plos¢ici; rastna krivulja
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Assessing of adaptation ability of Listeria to benzalkonium
chloride (BAC) by determination of its minimal inhibitory
concentration

Abstract: Bacteria of the genus Listeria pose a problem in
the food industry due to their wide distribution and their good
survival in adverse conditions. L. monocytogenes (E. Murray et
al. 1926) Pirie 1940 is human pathogen, while L. innocua Seel-
iger (ATCC 33090°) as not pathogenic bacteria is the most often
found listeria in food production environment. Disinfectants
represents an important part of Listeria management in food
processing environments and benzalkonium chloride (BAC)
is used frequently. The purpose of the work was to determine
whether strains of listeria can adapt to BAC. To carry out the
adaptation, a precise determination of antibacterial activity of
BAC was needed. Firstly minimum inhibitory concentration
(MIC,,,,) of BAC was determined with broth microdilution
method for each Listeria strain. Then, we checked whether
MIC, ,, was indeed the lowest concentration of BAC, which
had an influence on growth of strains with growth curves. We
found out that growth inhibitory effect (MIC__) was achieved
at concentrations of BAC that were lower than MIC_, (0.1-
0.5x of MIC,,, values). Adaptation of listeria to BAC was there-
fore performed by using 0.25x MIC_. as the initial BAC con-
centration. Results showed that 50 % of the strains were able to
adapt to BAC, and in L. monocytogenes ZM500 this adaptation
was even stable. The broth microdilution method was useful
for approximate assessment of antimicrobial activity of BAC,
while for the more precise determination of disinfectant activ-
ity it is necessary to determine it by using another method such
as plate count method.

Key words: disinfectants; benzalkonium chloride; Lis-
teria; broth microdilution method; growth curve
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1 UVOD

Kvarterne amonijeve spojine (KAC) so pogosto
uporabljena razkuzila, ki se uporabljajo pri mikrobio-
loskem obvladovanju znotraj zdravstvenih ustanov, ve-
terinarskih ambulant in Zivilsko predelovalnih obratov.
Posebej primerna so predvsem zaradi majhne koroziv-
nosti in toksi¢nosti, a so kljub temu zelo protimikrobno
ucinkovita (Wu in sod., 2015). Med KAC uvrs¢amo tudi
razkuzilo benzalkonijev klorid (BAC), ki se kot kationsko
povrsinsko aktivno sredstvo pogosto uporablja za medi-
cinsko dezinfekcijo in sanitacijo v Zivilsko predelovalnih
okoljih zaradi svoje dvojne, tako hidrofobne kot tudi hi-
drofilne, narave. Pogosto se dodaja kot biocid v izdelke
za osebno nego, kozmetiko in produkte za dezinfekcijo
koze (Liu in sod., 2017). Protimikrobno delovanje BAC
temelji na spremembi permeabilnosti celicne membrane
in motenj v naboju celi¢cne membrane, kar povzrodi izlo-
¢anje citoplazemske vsebine v zunanjost celice ter s tem
celi¢no smrt (Arias-Moliz in sod., 2015).

Stevilne $tudije kaZejo na to, da se bakterije vrste L.
monocytogenes pri izpostavitvi subinhibitornim koncen-
tracijam BAC lahko prilagodijo na vecje koncentracije
BAC, vendar mehanizem odpornosti $e ni popolnoma
raziskan. Predvideva se, da so pri razvoju bakterijske
odpornosti proti razkuzilom pomembni dejavniki mem-
branske izlivne ¢rpalke, za katere se v literaturi uporablja-
jo tudi izrazi »sistem transportnih proteinov« in »eflu-
ksne ¢rpalke« (Gadea in sod., 2017). Dolocene $tudije
nakazujejo tudi, da je eden izmed moznih mehanizmov
za razvoj odpornosti bakterij vrste L. monocytogenes pro-
ti KAS, sprememba sestave mascobnih kislin v bakterij-
ski membrani (Bisbiroulas in sod., 2011), kar bakterijam
omogoda rast v stresnih razmerah. Se ve¢, nekateri stro-
kovnjaki predvidevajo, da bi v teoriji pri prilagoditvi li-
sterij na KAS lahko v bakterijski celici prislo do aktivacije
dveh ali ve¢ mehanizmov hkrati, kot so npr. modifikacija
strukture in sestave bakterijske membrane, optimizacija
tvorbe biofilma, prekomerno izrazanje genov, ki kodirajo
membranske izlivne ¢rpalke in biorazgradnja razkuzila
(Gadea in sod., 2017).

Ob pravilni uporabi in primerni koncentraciji so
razkuzila precej u¢inkovita pri preprecevanju rasti bak-
terij. Zaradi razli¢nih razlogov, kot so nepopolno ¢isce-
nje delovnih povrsin, premajhen odmerek uporabljenega
razkuzila ali zaradi tvorbe biofilma na delovnih povrsin,
pa lahko v stik z bakterijami prihajajo tudi v manjsih
koncentracijah. V takih razmerah so bakterije izposta-
vljene sub-letalnim koncentracijam razkuzil, kar lahko
vodi do prilagoditve bakterij na razkuzila (Soumet in
sod., 2016). Zaradi prekomerne uporabe KAC se lahko
v dolocenih okoljih tako nevede vrsijo selektivni pritiski
(v smislu delovanja majhnih koncentracij KAC, ki niso
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dovolj za baktericidno aktivnost) , ki lahko prispevajo k
razvoju proti KAC odpornih bakterij. Zaradi vse vecjega
$tevila proti protimikrobnim spojinam odpornih bakte-
rij in Siroke uporabe KAG, je klju¢nega pomena oceniti,
katera metoda je najbolj primerna za dolocitev protimi-
krobne aktivnosti KAC. Trenutno ni posebej predpisane
metode za dolocitev protimikrobne aktivnosti KAC. V
ta namen se pogosto uporablja metoda razred¢evanja v
mikrotitrski plos¢ici ali metoda razred¢evanja v trdnem
gojiscu, ki sta standardizirani s strani CLSI (Clinical and
Laboratory Standards Institute) (Wu in sod., 2015). Pri
metodi razred¢evanja v mikrotitrski ploéci se po inkuba-
cijskem obdobju bakterijska rast preverja bodisi z vizu-
alnim pregledom bodisi s polavtomatskimi ali popolno-
ma avtomatiziranimi sistemi. Najmanj$a koncentracija
protimikrobnega sredstva, ki zavre rast bakterij je defi-
nirana kot minimalna inhibitorna koncentracija (MIK)
(Klan¢nik in sod., 2010). Prednosti omenjene metode so
predvsem v tem, da je metoda enostavna za izvedbo in jo
je mogoce enostavno standardizirati pri preiskavah med
dvema ali ve¢imi laboratoriji. Kljub temu se v literatu-
ri pojavljajo Studije, ki ugotavljajo relevantnost rezulta-
tov, pridobljenih z metodo razred¢evanja v mikrotitrski
plos¢ici in katero drugo metodo, ki se danes prav tako
pogosto uporablja za dolocitev protimikrobne aktivnosti
preiskovanih spojin. Standardna metoda razredcevanja
v mikrotitrski plo§¢ici ima priznano natan¢nost za en
razredcitveni interval, saj metoda za vrednost MIK npr.
1 mg I"' sprejema vrednosti med 0,5 in 2 mg I". Lepe
in sod. (2013) so v $tudiji ugotovili $ibko korelacijo med
rezultati pridobljeni z E-testi in metodo razred¢evanja v
mikrotirski ploséici, zaradi ¢esar bi bilo zazeleno razviti
metodo za Se natan¢nej$o dolo¢anje vrednosti MIK. Tudi
Klodzinska in sod. (2018) so predpostavili, da bi Ze samo
ob kombiniranju dolo¢itve MIK in MBK (mikrobicidne
koncentracije) pridobili podrobnejsi vpogled v ob¢utlji-
vost bakterij za protimikrobna sredstva in bolj klini¢no
relevantne podatke.

Namen raziskave je bil dolo¢iti, kaks$na je zmoznost
razli¢nih sevov bakterij rodu Listeria, da se prilagodijo
na BAC in hkrati preveriti ali za doloc¢itev protimikrobne
aktivnosti BAC ustreza uporaba metode razred¢evanja v
mikrotitrski plos¢ici.

2  MATERIAL IN METODE

2.1 SEVIBAKTERIJ RODU LISTERIA IN GOJISCA

V raziskavo smo vkljuc¢ili 10 sevov bakterij rodu Li-
steria iz mikrobioloske zbirke Laboratorija za zivilsko mi-
krobiologijo na Oddelku za zivilstvo Biotehniske fakul-
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tete (oznaka sevov ZM). Uporabili smo 5 sevov bakterij
vrste Listeria monocytogenes (E. Murray et al. 1926) Pirie
1940) in 5 sevov bakterij vrste L. innocua Seeliger (ATCC
33090) (Preglednica 1). Bakterije so bile shranjene pri -20
°C v suspenziji glicerola (0,15 ml) in kulture (0,85 ml v
tekocem gojis¢u TSB (angl. Tryptic Soy Broth, Biolife,
4021552, Milano, Italija). Po revitalizaciji smo sev iz goji-
$§¢a TSB nacepili na selektivno gojisce ALOA (angl. Agar
Listeria acc. to Ottaviani & Agosti, Biolife, 4016052), kjer
s0 po 24 h pri 37 °C zrasle modrozelene kolonije, ki so
znacilne za bakterije vrste L. innocua, in modrozelene
kolonije s prosojno cono, ki so znacilne za bakterije vr-
ste L. monocytogenes. Po eno kolonijo smo nacepili na
gojis¢e TSA (angl. Tryptic Soy Agar, Biolife, 4021502) in
ponovno 24 h inkubirali pri 37 °C. Pred vsakim eksperi-
mentom smo za pripravo inokuluma z gojis¢a TSA vzeli
eno kolonijo izbranega seva ter jo prenesli v 4 ml gojisc¢a
TSB, vsebino premesali na vrtinénem mesalniku in 4 ure
inkubirali pri 37 °C na stresalniku (75 obratov/ minuto).
Predvidevali smo, da se je v tem ¢asu kultura namnozila
do koncentracije 10° KE (kolonijskih enot) ml™. Za na-
daljnje delo smo 150 ul tako pripravljene kulture prenesli
v 10 ml gojisc¢a TSB ter tocno koncentracijo celic dolo¢ili
z metodo $tetja kolonij na gojis¢u TSA.

2.2 BENZALKONIJEV KLORID

Pri raziskovalnem delu smo uporabili benzalko-
nijev klorid (BAC, ang. Benzalkonium chloride, Sigma
Aldrich, B6295, Saint Louis, ZDA). Pri pripravi delovne
raztopine za dolocitev protimikrobne aktivnosti BAC za
seve L. monocytogenes smo 10 mg BAC raztopili v 1 ml
gojis¢a TSB ter red¢enje z gojis¢em TSB nadaljevali do
koncentracije 100 ug ml™'. Za dolo¢itev protimikrobne
aktivnosti BAC za seve L. innocua smo na enak nacin pri-
pravili delovno raztopino BAC (5 mg ml™) ter red¢enje
z gojis¢em TSB nadaljevali do koncentracije 500 ug ml™
saj so podatki iz literature nakazovali, da je minimalna
inhibitorna koncentracija (MIK) BAC za seve L. innocua
nekoliko ve¢ja (Korsak in Szuplewska, 2016).

2.3 METODA RAZREDCEVANJA V MIKROTI-
TRSKI PLOSCICI

Za dolo¢itev minimalne inhibitorne koncentracije
(MIK) razkuzila BAC smo uporabili metodo razredce-
vanja v mikrotitrski ploscici (Klan¢nik in sod., 2010) in
to koncentracijo oznacili kot MIK, .. Po 24 h inkubaciji
pri 37 °C smo v vse luknjice mikrotitrske plos¢ice, ki so
vsebovale preiskovan sev listerij in razlicne koncentra-
cije BAC, dodali 10 pl reagenta INT (2-p-iodofenil-3-p-

-nitrofenil-5-fentil tetrazolijev klorid, 2 mg ml™ Sigma
Aldrich, 18377-56, Saint Luis, ZDA) ter mikrotitrsko
plos¢ico 1 minuto stresali na stresalniku (100 obratov/
minuto) in jo ponovno 20 minut inkubirali pri 37 °C.
Vrednost MIK, . smo dolocili vizualno glede na obar-
vanost suspenzije v posamezni luknjici, pri c¢emer je bila
prva neobarvana luknjica dolocena kot MIK , BAC, saj
je to pomenilo, da ni ve¢ metabolno aktivnih bakterijskih
celic, ki bi INT lahko reducirale v rde¢ formazan (Klan¢-
nik in sod., 2010). MIK,,, smo definirali kot najmanj$o
koncentracijo, ki zavira vidno rast testnega seva bakterij
(Burt, 2004). Po dolocitvi vrednosti MIK,, ., smo pri tej
koncentraciji BAC doloc¢ili stevilo prezivelih bakterij z
metodo $tetja kolonij na trdem gojis¢u TSA. Vse prei-
skave z metodo razred¢evanja v mikrotitrski plos¢ici smo
izvedli v 2 ali 3 paralelkah.

2.4 RASTNA KRIVULJA

Z rastno krivuljo smo preverjali, ali je koncentra-
cija BAC dolo¢ena z metodo razred¢evanja v mikrotitr-
ski ploscici (MIK,,,,) dejansko najmanjsa koncentracija
BAC, ki zmanjsa rast posameznega seva listerij. Rastno
krivuljo smo dolo¢ili tako, da smo v epruveto z 8,5 ml
gojis¢a TSB dodali 1 ml delovne raztopine razkuzila s
tako koncentracijo, da je bila kon¢na koncentracija raz-
kuzila v 10 ml raztopine enaka doloceni MIK |, BAC, in
0,5 ml inokuluma testnega seva listerij. Vzporedno smo
v drugo epruveto z 9,5 ml TSB dodali 0,5 ml inokuluma
testnega seva listerij (kontrolni vzorec). Vzorce smo nato
24 h inkubirali pri 37 °C. Vzor¢ili smo v ¢asu 0, 4 in 24
h ter dolodili $tevilo listerij, ki so rasle v gojis¢u TSB z
dodanim BAC, in $tevilo listerij, ki so rasle v gojis¢u TSB
brez dodanega BAC z metodo $tetja kolonij na trdem
gojis¢u TSA. S pridobljeni podatki smo izrisali grafe, ki
so ponazarjali rast posameznih sevov listerij pri MIK,
BAC. Rastne krivulje smo doloc¢ili tudi pri manjsih kon-
centracijah BAG, kot je bila dolocena MIK . Minimal-
no inhibitorno koncentracijo BAC smo nato dolo¢ili iz
rastnih krivulj in jo oznacili kot MIK , pri tisti najman;jsi
koncentraciji BAC, kjer je bila statisti¢no znacilna razlika
(Sekcija 2.5) med rastjo posameznega seva v gojis¢u TSB
z dodanim BAC v gojis¢u TSB brez dodanega BAC. Vse
rastne krivulje smo dolo¢ili v najmanj dveh paralelkah.

2.5 STATISTICNA OBDELAVA

Rezultate, pridobljene z rastnimi krivuljami, smo
primerjali s testom ANOVA (Microsoft Excel). Pred-
postavili smo, da velja nicelna hipoteza (H,) in izbrali
0,05 za stopnjo znacilnosti a. Iz vzorca smo izracunali
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testno statistiko in glede na to, v katero obmoc¢je je
vrednost padla, ovrednotili rezultate. V kolikor je bila
verjetnost p > 0,05, smo ni¢elno domnevo obdrzali,
kar pomeni, da rezultati niso bili statisticno znacilno
razli¢ni. V nasprotnem primeru, ko je bila p < 0,05,
smo nic¢elno domnevo zavrnili v korist alternativne
domneve (H)), kar je pomenilo, da so rezultati stati-
sti¢no znacilno razli¢ni (Ko$melj, 2007).

2.6 PRILAGODITEV LISTERI] NA BENZALKO-
NIJEV KLORID

Prilagoditev posameznega seva listerij na BAC
smo izvajali v 2 paralelkah in vzporedno v 2 para-
lelkah preverjali rast istega seva bakterij v samem
gojisc¢u TSB (kontrolna vzorca). 150 pl pripravljene
prekono¢ne kulture posameznega seva listerij smo
prenesli v 10 ml tekocega gojis¢a TSB. 150 ul tako
pripravljenega inokuluma smo asepti¢no prenesli
v epruveto, kjer je bilo 9 ml gojis¢a TSB in dodali 1
ml ustrezno razredéene delovne raztopine razkuzila
BAC. Razred¢itve delovne raztopine BAC smo izvedli
glede na predhodno dolocene vrednosti MIK, tako,
da smo prilagoditev posameznega seva listerij zaceli
pri 0,25 x MIK_,. Seve smo postopoma izpostavljali
nara$c¢ajoc¢im se koncentracijam BAC vse do 16x MI-
K. 0z. do koncentracije, pri kateri se je rast bakterij
ustavila. Rast bakterij smo pri manjsih koncentracijah
BAC (0,25 x -2x MIK,,) dolo¢ili s pojavom motnosti
gojisc¢a TSB v epruveti, ki je vsebovala dodatek BAC v
primerjavi s kontrolno epruveto, ki je vsebovala goji-
§¢e TSB brez dodanega BAC. Pri ve¢jih koncentraci-
jah BAC (> MIK ) smo rast listerij doloc¢ili z metodo
Stetja kolonij na trdnem gojis¢u, saj motnost ni bila
ve¢ oditna. V primerih, ko ni bilo zaznane bakterijske
rasti, smo vzorce inkubirali do sedem dni ter vsak dan
preverjali, ¢e je prislo do kaks$ne spremembe v kon-
centraciji listerij. V kolikor po sedmih dneh ni bilo
zaznane rasti, smo prilagoditev zakljucili. Pri kontrol-
nem vzorcu smo v 10 ml TSB dodali 150 pl razred¢ene
prekonoc¢ne kulture izbranega seva in sev inkubirali
v enakih razmerah kot sev, ki smo ga prilagajali na
BAC.

3 REZULTATI IN RAZPRAVA

Glavni namen raziskave je bil dolo¢iti sposobnost
prilagoditve razli¢nih sevov listerij za benzalkonijev
klorid. Prvi korak za nadaljnji poskus prilagoditve je
bil ugotoviti, katera je najmanjsa koncentracija BAC,
ki ima inhibitorni u¢inek za rast posameznega seva.
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3.1 DOLOCITEV KONCENTRACIJE BENZALKO-
NIJEVEGA KLORIDA ZA RAZLICNE SEVE
LISTERI]

Za izvedbo prilagoditve smo za posamezen sev naj-
prej dolocili protibakterijsko uc¢inkovitost BAC tako, da
smo dolo¢ili minimalne inhibitorne koncentracije z me-
todo razredcevanja v mikrotitrski ploscici (MIK,). Ker
smo ugotovili, da so te koncentracije BAC zelo velike in
da lahko delujejo Ze baktericidno (Preglednica 1), smo
natan¢neje dolo¢ili minimalne inhibitorne koncentracije
iz rastnih krivulj (MIK_,), pri katerih smo rast posame-
znega seva listerij spremljali pri razli¢nih manjsih kon-
centracijah BAC, kot je bila dolocena MIK,, . Rezultati
so pokazali, da se MIK,,, in MIK_ med seboj zelo raz-
likujejo (Preglednica 1). To lahko pojasnimo s tem, da
gre pri metodi razred¢evanja v mikrotitrski ploscici za
»ohlapno«, manj to¢no metodo, s katero testiramo zelo
$iroko koncentracijsko obmocje razkuzila, kjer je rezultat
le priblizna minimalna inhibitorna koncentracija. Poleg
tega z reagentom INT ne moremo dolo¢iti Stevila prezive-
lih bakterij, ampak le ugotovimo pri kateri koncentraciji
je bakterij dovolj, da zaznamo spremembo v barvi goji-
$¢a zaradi redukcije barvila INT (Berridge in sod., 2005).
Na primer pri sevu L. innocua ZM39 je bila MIK,,,, BAC
7,81 pg ml™, medtem ko smo z rastno krivuljo dolo¢ili,
da pride do statisticno znacilnega zmanjsanja rasti ze pri
1,95 ug ml* BAC (MIK_,) in zato smo to koncentraci-
jo upostevali kot tisto, kjer se rast tega seva bakterij ze
zmanj$a. Analogno smo za vse druge seve listerij dolo¢ili,
daso MIK,, od 2 x do 8 x manjse od MIK,, (Preglednica
1).

Rezultati MIK, .. iz preglednice 1 so primerljivi z
rezultati, ki so jih pokazali Soumet in sodelavci (2005).
Pri rezultatih dobljenih z metodo razredc¢evanja v mikro-
titrski ploscici so ugotovili, da je vrednost MIK za BAC
pri bakterijah vrste L. monocytogenes v obmoéju med
1,87 in 15 pg ml™, pri ¢emer so jo pri 88 sevih od 254
preiskovanih dolo¢ili pri koncentraciji 3,75 pg ml™. Tudi
vrednosti MIK |, izbranih sevov bakterij vrste L. innocua
se v naSem primeru skladajo s podatki iz literature. Kor-
sak in Szuplewska (2016) sta pri 90 % preiskovanih sevov
bakterij vrste L. innocua z uporabo metode razred¢eva-
nja v mikrotitrski ploscici doloc¢ili vrednost MIK za BAC
5 pg ml™, pri ¢emer se je obmoéje MIK za preiskovane
seve bakterij vrste L. innocua gibalo med 2,5 in 40 pg ml™',
kar je v skladu z nasimi rezultati MIK_ __ (Preglednica 1).

MTP

MPT

3.2 PRILAGODITEV LISTERI] NA BENZALKONI-
JEV KLORID

S prilagoditvijo listerij na BAC smo zaceli pri zelo
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Tabela 1: Dolo¢itev minimalne inhibitorne koncentracije benzalkonijevega klorida z metodo razred¢evanja v mikrotitrski plo§¢ici

in rastno krivuljo za seve bakterij rodu Listeria

Table 1: Determination of minimum inhibitory concentration of benzalkonium chloride by microdilution method and growth

curve for Listeria strains

Metoda razred¢evanja
v mikrotitrski plo$¢ici

Rastna krivulja

MIK,;, Ny MIK
(ugml') (KE ml™? 0,5x MIK, 0,25 x MIK, 0,125x MIK (ug ml™)
C N C N C N

Sev (ugml™") (KEml") (ugml™") (KEml") (ugml™) (KEml™")

L. innocua ZM39 7,81 3,5x 10° 3,91 <10 1,95 2,3x10% / / 1,95

L. innocua ZM40 7,81 1,7 x 10? 3,91 <10 1,95 <10 0,98 1,0x10° 0,98

L. innocua ZM41 7,81 52x10° 3,91 <10 1,95 <10 0,98 4,2x 10 0,98

L. innocua ZM43 7,81 1,6 x 10° 3,91 <10 1,95 2,6x10% / / 1,95

L. innocua ZM68 7,81 6,0x 10! 3,91 <10 1,95 2,6 x10> 0,98 4,0x10” 0,98

L. monocytogenes ZM51 6,25 <10 3,13 1,0x10° 1,56 / / / 3,13

L. monocytogenes 7ZM58 6,25 <10 3,13 6,6 x10" 1,56 / / / 3,13

L. monocytogenes ZM69 12,5 <10 6,25 <10 3,13 1,7x107 / / 3,13

L. monocytogenes 7ZM500 6,25 <10 3,13 7,0x 10" 1,56 2,6x10° / / 1,56

L. monocytogenes 7ZM520 12,5 <10 6,25 <10 3,13 9,3x10° / / 3,13

Legenda: MIK MTP: MIK, dobljena z metodo razred¢evanja v mikrotitrski plos¢ici; NMTP: $tevilo bakterij, dolo¢eno pri metodi razred¢evanja v
mikrotitrski plos¢ici; N: $tevilo bakterij, dolo¢eno pri rastni krivulji; KE: kolonijska enota; C: koncentracija benzalkonijevega klorida, uporabljena
pri rastni krivulji; poudarjena pisava: C in N, dolocena kot tista koncentracija (C), pri kateri je Stevilo bakterij (N) manjse kot pri kontrolnem vzorcu,
Kjer so bakterije rasle v gojis¢u brez benzalkonijevega klorida (p < 0,05), pri tej koncentraciji smo C definirali kot minimalno inhibitorno koncen-

tracijo, pridobljeno iz rastne krivulje: MIK RK: dosezena MIK

majhni koncentraciji razkuzila, to je pri 0,25 x MIK,, ki
smo jo dolocili glede na podatke iz rastnih krivulj (Pre-
glednica 1). S to izbiro majhne zacetne koncentracije
BAC smo listerijam omogoc¢ili postopno in tudi ¢asovno
dovolj dolgo prilagoditev.

Trije preiskovani sevi L. innocua so se uspeli prila-
goditi na 8 x MIK, (7,84 pg ml™), saj pri 16 x MIK_
(15,6 pg ml™") ni bilo mogoce zaznati prezivelih listerij
z metodo $tetja kolonij na trdnem gojis¢u (N < 10 KE
ml™), zato smo adaptacijo zakljuc¢ili (Preglednica 2). Do
prilagoditve na 8 x MIK_, (7,84 ug ml™') BAC je prislo
tudi pri treh sevih L. innocua ZM40, L. innocua ZMA41
in L. innocua ZM68. V primeru sevov bakterij vrste L.
monocytogenes sta se dva seva, L. monocytogenes ZM500
in L. monocytogenes ZM520, uspela prilagoditi na veje
koncentracije BAC. Rast seva L. monocytogenes ZM500
je bila pri naras¢ajo¢ih koncentracijah BAC $e vedno
zaznana pri 8 x MIK,, (12,5 ug ml™), medtem, ko se
je pri 16 x MIK_, (25 ug ml™) prilagoditev ustavila. Za
razliko od rasti seva L. monocytogenes ZM500 se je rast
seva L. monocytogenes ZM520 ustavila ze pri 4 x MIK, o
(12,5 pg ml™). Sev L. monocytogenes ZM500 se je prila-
godil na 8 x MIK, (12,5 ug ml™) in sev L. monocytogenes
ZM520 na 4 x vrednost MIK, (12,5 pg ml™) (Pregledni-
ca 2). Do prilagoditve ni prislo pri dveh sevih L. innocua

ZM39 ter L. innocua ZM43 in treh sevih L. monocytoge-
nes ZM51, L. monocytogenes ZM58 ter L. monocytogenes
ZM69.

Podobne rezultate so dobili tudi Aase in sodelav-
ci (2000), ki so ugotovili, da so se sevi, kljub razli¢nim
zacetnim MIK, med prilagajanjem uspeli prilagoditi na
priblizno enake kon¢ne koncentracije BAC. Tudi nasi re-
zultati so pokazali, da sta se tako sev L. monocytogenes
ZMS500 kot sev L. monocytogenes ZM520 uspela prilago-
diti na 12,5 pg BAC ml™, kljub temu, da so rezultati ra-
stne krivulje pokazali, da je MIK , seva L. monocytogenes
ZM500 za polovico manj$a od MIK , seva L. monocyto-
genes ZM520. Pri tem je potrebno omeniti, da se konéna
koncentracija prilagojenih sevov v nasi raziskavi razliku-
je od koncentracij raziskave Aase in sod. (2000), saj so se
sevi L. monocytogenes v njihovi raziskavi prilagodili le na
7 pg ml™. Podobno so ugotovili tudi To in sod. (2002),
ki so pokazali, da je MIK prilagojenih sevov ostala v
obmodju med 5-8 pg ml™. Tudi v primeru prilagoditve
bakterij vrste L. innocua se je izkazalo, da so se sevi uspe-
li prilagoditi na enake koncentracije BAC, pri ¢emer je
bila kon¢na koncentracija prilagoditve 7,84 ug BAC ml™!
(Preglednica 2), kar je sicer manj$a koncentracija kot v
primeru bakterij vrste L. monocytogenes (Preglednica 2).
V nam dostopni literaturi primerljivih podatkov o prila-
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Tabela 2: Prilagoditev sevov bakterij rodu Listeria na pove¢ane koncentracije benzalkonijevega klorida
Table 2: Adaptation of Listeria strains to increased concentrations of benzalkonium chloride

C (ugml™)

Sev 0,25xMIK . 05xMIK,  1xMIK 2xMIK 4x MIK 8 x MIK 16 x MIK
L. innocua ZM39 0,49 0,98 1,96 3,92 7,84 15,68 31,36
L. innocua ZM40 0,24 0,49 0,98 1,96 3,92 7,84 15,68
L. innocua ZM41 0,24 0,49 0,98 1,96 3,92 7,84 15,68
L. innocua ZMA43 0,49 0,98 1,96 3,92 7,84 15,68 31,36
L. innocua ZM68 0,24 0,49 0,98 1,96 3,92 7,84 15,68
L. monocytogenes 7M51 0,78 1,56 3,12 6,25 12,5 25 50

L. monocytogenes ZM58 0,78 1,56 3,12 6,25 12,5 25 50

L. monocytogenes 7ZM69 0,78 1,56 3,12 6,25 12,5 25 50

L. monocytogenes 7M500 0,39 0,78 1,56 3,12 6,25 12,5 25

L. monocytogenes 7ZM520 0,78 1,56 3,12 6,25 12,5 25 50

Legenda: MIK: minimalna inhibitorna koncentracija; MIKRK: MIK, dobljena z rastno krivuljo; poudarjeno zapisane vrednosti: najvecja koncen-

tracija benzalkonijevega klorida, do katere se je sev prilagodil

goditvi bakterij vrste L. innocua na BAC ali sorodno KAS
nismo zasledili.

3.3 STABILNOST PRILAGODITVE LISTERI] NA
BENZALKONIJEV KLORID

Po prilagoditvi petih sevov bakterij rodu Listeria
(Preglednica 2) smo preverili, ali je le-ta trajna ali za-
¢asna. Seve smo sedemkrat zapored precepili na trdno
gojis¢e TSA brez dodanega BAC (Aase in sod., 2000) in
ponovno dolo¢ili minimalno inhibitorno koncentracijo
BAC za vsak sev in vsako izmed precepitev z metodo
razred¢evanja v mikrotitrski plos¢ici (MIK,,,). Ze pri
prvi precepitvi se je izkazalo, da se MIK|,, ni ujemala s
koncentracijo BAC, na katero so se sevi prilagodili. Ugo-
tovili smo namre¢, da se je MIK,, , prilagojenih sevov,
dolo¢ena z metodo razred¢evanja v mikrotitrski ploscici
po adaptaciji povecala skladno faktorjem prilagoditve in
je bila 4-8 x MIK vrednosti, ki je bila sprva dolo¢ena z
metodo razred¢evanja v mikrotitrski ploscici (Pregle-
dnica 3). Z dobljenimi rezultati smo tako potrdili, da se
MIK,,,,, dolocena z metodo razred¢evanja v mikrotitr-
ski plos¢ici razlikuje od dejanske MIK dolocene z rastno
krivuljo MIK, . V nadaljevanju smo preverjali vrednosti
MIK,,,, prilagojenih sevov bakterij rodu Listeria za na-
daljnjih sedem precepitev. Pri $tirih izmed petih prilago-
jenih sevov bakterij rodu Listeria je MIK, ., s precepitva-
mi na trdno gojis¢e TSA pricela upadati, a je $e vedno
ostajala vecja pri vseh $tirih sevih bakterij rodu Listeria
(25 pg ml™ - 50 ug ml™) glede na dejansko koncentracijo
benzalkonijevega klorida, na katero smo prilagodili seve
(6,25 ugml™ - 12,5 ug ml™).
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Od petih prilagojenih sevov listerij je bil sev L. mo-
nocytogenes ZM500 edini, pri katerem je MIK po sedmih
zaporednih precepljanjih ostala nespremenjena. Sklepali
smo, da je pri prilagoditvi v primeru §tirih sevov bak-
terij rodu Listeria prislo do razvoja prilagojenih sevov z
zacasno povecano odpornostjo na benzalkonijev klorid,
medtem ko je v primeru seva L. monocytogenes ZM500
pri adaptaciji prislo do razvoja odpornega seva proti ben-
zalkonijevemu kloridu.

4 SKLEPI

Metoda razred¢evanja v mikrotitrski plos¢ici je
uporabna za priblizno dolo¢itev protimikrobne aktivno-
sti razkuzila, medtem ko je za natan¢nejso dolo¢itev ak-
tivnosti razkuzila potrebno le-to dolo¢iti z drugo metodo
(npr. dolocitev stevila prezivelih bakterij z metodo $tetja
kolonij na trdnem goji$¢u). Predvidevamo namre¢, da se
pri prilagoditvi na veéje koncentracije benzalkonijevega
klorida ne bi prilagodilo toliksno $tevilo sevov listerij, ¢e
bi prilagoditev priceli s tako velikimi koncentracijami,
kot smo jih dolo¢ili z metodo razred¢evanja v mikrotitr-
ski plos¢ici. Prikazani rezultati kazejo na sicer sprejemlji-
vo rutinsko uporabo metode razred¢evanja v mikrotitr-
ski plos¢ici, ki jo je za natan¢nej$e $tudije potrebno nujno
kombinirati z drugimi metodami.
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Tabela 3: Stabilnost prilagoditve na benzalkonijev klorid prilagojenih sevov bakterij rodu Listeria
Table 3: Stability of adaptation to benzalkonium chloride-adapted Listeria strains

BAC (ug ml")
I:. monocytogenes % monocytogenes I: innocua I: innocua I: innocua
ZM500 ZM520 ZM40 ZM41 ZM68
MIK,,, 6,25 12,5 7,81 7,81 7,81
MIK, . 1,56 3,125 0,98 0,98 0,98
Neprilagojen sev n- MIK 8x 4x 8x 8x 8x
2prec.  MIK ., 50 100 62,5 62,5 62,5
3prec. MIK ., 50 100 62,5 62,5 62,5
§ 4prec. MIK / / 62,5 31,25 62,5
g 5prec.  MIK,,, 50 25 62,5 31,25 62,5
E,P 6prec. MIK 50 25 / / /
& 7prec.  MIK 50 25 31,25 31,25 31,25

Legenda: BAC: benzalkonijev klorid, MIKMTP: minimalna inhibitorna koncentracija BAC, dolo¢ena z metodo razred¢evanja v mikrotitrski plos¢ici,
MIKRK: minimalna inhibitorna koncentracija BAC, dolo¢ena z rastno krivuljo; n-MIKRK: n-kratnik vrednosti MIKRK, dolo¢ene z rastno krivuljo,
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Jubilantka, zasluzna redna profesorica dr. Venceslava Sikovec,

univ. dipl. inz. agr.

Prof. dr. Venceslava (ki jo vecina pozna pod ime-
nom Slavica) Sikovec je diplomirala 1954. leta in istega
leta postala asistentka za vinarstvo na Biotehniski fakul-
teti, Univerze v Ljubljani. Doktorirala je leta 1964, leta
1967 je postala vnaprej habilitirana docentka za predmet
Tehnologija vina in vinarstvo, leta 1972 docentka za isti
predmet, leta 1975 izredna profesorica, leta 1978 pa re-
dna profesorica za vinarstvo. Leta 1988 je bila ponovno
izvoljena v naziv redne profesorice za predmet Vinarstvo
in tehnologija vina, v $tudijskem letu 2005/06 pa je bila
izvoljena v naziv zasluzne profesorice. Na podro¢ju vino-
gradnistva in vinarstva je delovala tudi v mednarodnem
prostoru, v Avstriji, Nemciji in Italiji.

V okviru svojega pedagoskega dela je vsa leta pou-
¢evala na Oddelku za zivilstvo in na Oddelku za agrono-

mijo. Na dodiplomskem $tudiju je predavala studentom
zivilstva 3. letnika predmet Tehnologija vina in 4. letni-
ka predmet Enologija (izbrana tehnologija), Studentom
agronomije pa predmeta Vinarstvo in Kletarstvo. Na
podiplomskem $tudiju zivilstva je predavala na magistr-
skem $tudiju Znanost o zivilih.

Prof. dr. Venceslava Sikovec se je upokojila konec
leta 1990 in do takrat vzgojila Stevilne generacije $tuden-
tov zivilstva in agronomije na Biotehniski fakulteti, Uni-
verze v Ljubljani. Svoje bogato znanstveno-raziskovalno
in strokovno znanje je prenasala na $tudente kot mento-
rica pri pripravi diplomskih, magistrskih in doktorskih
del, saj je v 36 letih poucevanja na Biotehniski fakulteti
bila mentorica 38 diplomskim nalogam, somentorica 10
diplomskim nalogam, mentorica 6 magistrskim delom in
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1 doktorski disertaciji. Od diplomskih nalog je bila ena
nagrajena s PreSernovo nagrado. Do $tudentov je imela
strog, vendar korekten odnos.

Dolga leta je zelo aktivno sodelovala pri pripravi
Bitencevih Zivilskih dni, ki jih Oddelek za Zivilstvo $e ve-
dno organizira kot obliko podiplomskega izobrazevanja.

Tematske celote njenega znanstveno-raziskovalne-
ga dela obsegajo podrocja mikrobiologije in tehnologije
vina. Dolga leta je proucevala selekcijo avtohtone groz-
dne mikroflore vinogradniskih dezel Slovenije, katerih
rezultat je odbira in selekcija sojev kvasovk rodu Saccha-
romyces za povretje mirnih vin, penecih vin in vin poseb-
nih kakovosti.

Vrsto let je na podroc¢ju tehnologije vina prouceva-
la difuzijo antocianov rdeéih vinskih sort, fenolni sestav
mostov in vin, aminokislinsko sestavo grozdja, zorenje
penecih vin na kvasovkah in s tem v povezavi obogatitev
penecega vina z manoproteini kvasovk. Poseben pouda-
rek je v svojih raziskavah posvetila tudi zas¢iti ¢loveka in
njegove okolice v smeri redevanja tehnoloskih postopkov,
s katerimi bi se zmanj$ala uporaba Zveplove(IV) kisline
in s tem povecala dieteti¢na vrednost vina.

Velik je njen prispevek pri raziskavah tehnoloske
zrelosti belega in rdecega grozdja v primerjavi z razlic-
nimi vzgojnimi oblikami, obremenitvami vinske trte in
vremenskimi razmerami v ¢asu dozorevanja grozdja,
separiranju mostov in dodatku selekcioniranih kvasovk
za relativno ¢isto alkoholno vrenje, tehnoloskimi pogledi
pri hitrejSemu zorenju vin v povezavi z vrsto posode in
dodajanje kisika ter nenazadnje proucevanje zmanj$anja
organskih kislin s kemijskim razkisom.

Rezultati vseh teh raziskovanj so publicirani v znan-
stvenih Casopisih in prikazani na mednarodnih, znan-
stvenih in strokovnih posvetih. V vzajemni bazi podat-
kov COBISS.SI/COBIB.SI najdemo skupno 159 njenih
bibliografskih enot.

Vsa leta sluzbovanja na Biotehniski fakulteti je prof.
dr. Venceslava Sikovec aktivno prenasala svoje bogato
strokovno znanje in izku$nje neposredno v prakso. Izpo-
stavili bi izdelavo vinogradniskih kart v okviru vinogra-
dnigke rajonizacije Slovenije. Vedno je imela posluh za
reSevanje in odpravljanje prakti¢nih tehnoloskih proble-
mov. Dodatno je redno sodelovala pri domacih in med-
narodnih ocenjevanjih vin, tudi kot predsednik medna-
rodnega ocenjevanja vin v Ljubljani in na Kmetijskem
institutu Slovenije (KIS).

Rezultat njenega strokovnega dela je poleg trinajstih
strokovnih in poljudnih ¢lankov tudi pet strokovnih mo-
nografij, kjer na razumljiv nacin pribliza znanost o vinu
malemu vinogradniku, vinarju in ljubitelju vina. Stro-
kovne monografije so: Malo kletarstvo (1975); Sodobno
kletarjenje (1980, 1985); Za vsakogar nekaj o vinu (1984,
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1987); Vinarstvo. Od grozdja do vina (1993); Vino, pijaca
dozivetja (1996).

Njena $irina se kaze v aktivnem organizacijskem delu
pri organizaciji domacih in mednarodnih strokovnih ko-
lokvijev in posvetov, od katerih bi izpostavili vsakoletne
Enoloske dneve, ki $e vedno potekajo v Ljubljani. Bila je
stalna ¢lanica jugoslovanske delegacije Mednarodne or-
ganizacije za trto in vino (O.1.V.), dolga leta predsednica
Jugoslovanskega vinogradnisko-vinarskega drustva, pred-
sednica Strokovnega drustva vinogradnikov in vinarjev
Slovenije (SDVVS), delegatka Prehrambno tehnoloskega
odseka pri PSVVS.

Do upokojitve 30. 12. 1990 je bila predstojnica Kate-
dre za vinarstvo. Aktivna je bila tudi pri organizacijskem
delu na Biotehniski fakulteti kot ¢lanica Sveta oddelka in
$tudijskega odbora. Za svoje Zivljenjsko delo je prejela ste-
vilna priznanja: Jesenkovo priznanje (1985), Zlato plaketo
PSVVS (1985), priznanje in plaketo Svetovnega kongresa
Zveze kuharjev (1986), plaketo ob 40. letnici Biotehnigke
fakultete za dolgoletno delo in prispevek k razvoju fakul-
tete. Jesenkove nagrade so najvisja priznanja za pedago-
8ko, raziskovalno in strokovne dosezke na podrocju bio-
tehniskih ved v Sloveniji. Leta 1985 je prejela naziv Velika
dama z viteskim krizcem evropskega viteskega reda vina,
kot oseba, ki je izjemno prispevala k vinogradniskim in
vinarskim zadevam.

Zasluzna prof. dr. Venéeslava Sikovec, upokojena re-
dna profesorica Biotehniske fakultete, je izjemno natan¢no
in dosledno opravljala svoje pedagosko, mentorsko, znan-
stveno-raziskovalno in strokovno delo. Pomemben je njen
prispevek k razvoju pedagoskega dela na Oddelku za 7i-
vilstvo in Oddelku za agronomijo, znanstveno-raziskoval-
nega dela na Katedri za vinarstvo in nenazadnje vinarski
stroki.

Vsi, ki jo poznamo ali se je $e spomnimo, vemo, da je
$e vedno aktivna, »glasna« zagovornica sodobnih strokov-
nih stali¢, predvsem pa visoko cenjena in nadvse sposto-
vana oseba v vinogradnigko-vinarskih krogih.

Doktorica Sikovec je pogosto omenila svoj odnos, da
sta pridelovanje grozdja in vinarstvo neke vrste poezija.

Zaposleni na Oddelku za Zivilstvo Biotehniske fa-
kultete Univerze v Ljubljani ji iskreno ¢estitamo ob njeni
90-letnici in ji Zelimo obilo lepe usteklenic¢ene poezije. Ve-
dno je uzivala vino iz majhne steklenice, a se u¢ila iz velike.

Jubilee, Emeritus full professor Dr. Vence-
slava Sikovec, university graduate agrono-
my engineer

Prof. Dr. Venceslava (known by most as Slavica)
Sikovec graduated in 1954 and became assistant professor
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of winemaking at the Biotechnical Faculty, University of
Ljubljana in the same year. She received her PhD in 1964,
in 1967 she became a pre-habilitated assistant professor
for the subject Wine Technology and Winemaking, then
in 1972 an assistant professor for the same subject, in
1975 an associate professor, and in 1978 a full professor
for the subject ‘winemaking’ In 1988 she was re-elected
as full professor for the subject Winemaking and Wine
Technology, and in the academic year 2005/06 she was
elected to Emeritus Professor. She has also worked in the
field of viticulture and winemaking internationally, in
Austria, Germany and Italy.

As part of her teaching work, she was teaching at
the Department of Food Science and Department of
Agronomy, Biotechnical Faculty, University of Ljubljana.
At the undergraduate studies, she taught in the 3rd year
students the course of Wine technology (obligatory sub-
ject) and in the 4th year the course of Enology (elective
subject) and she was teaching the subjects Winemaking
and Cellarmans trade for the students of Agronomy de-
partment. Within master study programmes she holds
lectures at a postgraduate degree Master in Food Science.

Prof. Dr. Venéeslava Sikovec retired at the end of
1990 and by that time had risen many generations of stu-
dents of Food Science and Agronomy at the Biotechnical
Faculty. She transferred her rich scientific achievements
and expertise to students as a mentor in the preparation
of graduate, master’s and doctoral theses during her 36
years of teaching at the Biotechnical Faculty. She was a
mentor for 38 diploma’s theses, a co-mentor for 10 diplo-
ma’s theses, a mentor for 6 master’s theses and 1 doctoral
dissertation. Out of her diploma thesis, one was awarded
the PreSeren Award. She had a strict but fair attitude to-
wards the students.

For many years, she has been actively involved in
the organisation of Bitenc Food Days that are still or-
ganized by the Department of Food Science as a form of
postgraduate education.

The thematic sections of her research work cover
the fields of microbiology and wine technology. For
many years, she has studied the selection of indigenous
grape microflora of the wine-growing regions in Slove-
nia. The most important results of this research include
selections of yeast strains of the genus Saccharomyces for
the production of still wines, sparkling wines and wines
of special quality; some strains are commercially used.

In the field of wine technology, she has spent many
years studying the diffusion of anthocyanin’s of red wine
varieties, the phenolic composition of musts and wines,
the amino acid composition of grapes, the maturation of
sparkling wines on yeast (wine lees), and in this connec-
tion the enrichment of sparkling wine with yeast man-
noproteins. In her research, special emphasis was placed

on the protection of humans and their surroundings with
a view of addressing technological processes that would
reduce the use of sulphuric (IV) acid and thus increase
the nutritional and safety issues of wine.

Her great contribution is also related to the research
of technological maturity of white and red grapes in
terms of different vine growth forms, loads of vines and
weather conditions during the ripening phase of grapes.
With regard to processing technologies she investigated
the separation of musts and the addition of selected yeasts
for relatively pure alcoholic fermentation, she introduced
technological perspectives for faster maturation of wines
in connection to the type of container and the addition of
oxygen, and last but not least the study of the reduction
of organic acids by chemical deacidification.

The results of all these studies are published in sci-
entific journals and presented at international, scientific
and professional meetings. The COBISS.SI/COBIB.SI
mutual database contains a total of 159 bibliographic
units.

All years of employment within the Biotechnical
Faculty prof. Dr. Venéeslava Sikovec was actively trans-
ferred her rich professional knowledge and experiences
directly into practice. We would emphasize the produc-
tion of vineyard maps within the framework of the wine-
growing region of Slovenia. She has always had an ear for
eliminating or solving practical technological problems.
In addition, she regularly participated in domestic and
international wine sensory evaluations, acting as Presi-
dent of the International Wine Assessment in Ljubljana
and at the Agricultural Institute of Slovenia (KIS).

In addition to thirteen professional and popular ar-
ticles, the results of her professional work are five profes-
sional monographs, where she presented the science of
wine in an understandable way winegrowers, winemak-
ers and wine lovers. Professional Monographs are: A Lit-
tle Cellarman’s Trade (1975); Contemporary Cellarman’s
Trade (1980, 1985); For Everyone Something About
Wine (1984, 1987); Winemaking. From Grape to Wine
(1993); Wine, the drink of adventure (1996).

Her breadth is reflected in active organizational
work in the organization of domestic and international
professional colloquiums and consultations, from which
we would highlight the annual Oenological Days still
held in Ljubljana. She was a permanent member of the
Yugoslav delegation of the International Organization of
Vine and Wine (O.1.V.), for many years the president of
the Yugoslav Viticulture and Wine Society, the president
of the Professional Society of Viticulturists and Win-
emakers of Slovenia (SDVVS), a delegate of the Food
Technology Section at the PSVVS.

Until her retirement on December 30th, 1990, she
was a chief of the winemaking chair. She was also active
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in organizational work at the Biotechnical Faculty as a
member of the Board of the Department and the Study
Committee. She has received numerous awards for her
life's work: the Jesenko Prize (1985), the PSVVS Gold
Plaquette (1985), the World Congress of the Chefs’ Fed-
eration (1986) recognition, and the Plaquette at 40th an-
niversary of Biotechnical Faculty for many years of work
and contribution to faculty development. The Jesenko
Prize is the highest recognition for educational, research
and professional achievements in the field of biotechni-
cal sciences in Slovenia. In 1985 she was named Supreme
Lady with the Knight Cross of the European Knights
Wine Order as a person who has made an outstanding
contribution to the cause of the Vines and Wines.

As a scientist, Dr. Venceslava Sikovec has been
extremely meticulous and consistent in her teaching,
mentoring, scientific research and professional work.
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Important is her contribution to the development of edu-
cational work at the Department of Food Science and the
Department of Agronomy, Biotechnical Faculty, scien-
tific research work at the Chair of winemaking and, last
but not least, the wine profession.

All of us, who know her or still remember her, know
that she is still an active, “loudly” defender of contempo-
rary professional views, and above all, a highly appreci-
ated, respected and exceedingly honoured person in the
wine industry.

Dr. Sikovec often mentioned her attitude that grape
growing and winemaking is a kind of poetry.

We, the employees from the Department of Food
Science at the Biotechnical Faculty, University of Ljublja-
na sincerely congratulate at her 90 anniversary and wish
her a lot of nice bottled poetry. She always enjoyed wine
from a small bottle but learn from big one.

prof. dr. Tatjana Kosmerl in prof. dr. Rajko Vidrih,
Univerza v Ljubljani, Biotehniska fakulteta, Odde-
lek za Zivilstvo, Katedra za tehnologije rastlinskih
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NAVODILA AVTORJEM

UvVOD

Acta agriculturae Slovenica je cetrtletna odprtodo-
stopna znanstvena revija z recenzentskim sistemom, ki jo
izdaja Biotehnigka fakulteta Univerze v Ljubljani. Revija
sprejema izvirne in $e neobjavljene znanstvene clanke
v slovenskem ali angleskem jeziku, ki se vsebinsko na-
nasajo na $ir§e podrocje rastlinske pridelave in Zzivalske
prireje in predelave. Zajema naslednje teme: agronomija,
hortikultura, biotehnologija, fiziologija rastlin in Zzivali,
pedologija, ekologija in okoljske $tudije, agrarna ekono-
mika in politika, razvoj podezelja, sociologija podezelja,
genetika, mikrobiologija, imunologija, etologija, mle-
karstvo, zivilska tehnologija, prehrana, bioinformatika,
informacijske znanosti in ostala podrocja, povezana s
kmetijstvom. Pregledne znanstvene ¢lanke sprejemamo
v objavo samo po poprej$njem dogovoru z uredniskim
odborom. Objavljamo tudi izbrane razsirjene znanstve-
ne prispevke s posvetovanj, vendar morajo taki prispevki
zajeti najmanj 30 % dodatnih izvirnih vsebin, ki $e niso
bile objavljene. O tovrstni predhodni objavi mora avtor
obvestiti uredniski odbor. Ce je prispevek del diplomske
naloge, magistrskega ali doktorskega dela, navedemo to
in tudi mentorja na dnu prve strani. Navedbe morajo biti
v slovenskem in angleskem jeziku, kadar so prispevki v
slovens¢ini. Urednistvo revije zagotovi prevode izbranih
bibliografskih elementov (naslova, izvlecka, opomb in
klju¢nih besed) v primeru tujih avtorjev. Prispevke spre-
jemamo skozi celo leto.

POSTOPEK ODDAJE PRISPEVKOV

Avtorji lektorirane prispevke oddajo v elektronski
obliki na spletni strani OJS Acta agriculturae Slovenica.
Pred oddajo prispevka se mora avtor na spletni strani
najprej prijaviti oziroma registrirati, ¢e prvi¢ vstopa v
sistem (potrebno je klikniti na Registracija in izpolniti
obrazec za registracijo). Bodite pozorni, da na dnu regi-

AUTHOR GUIDELINES

INTRODUCTION

Acta agriculturae Slovenica is an open access peer-
reviewed scientific journal published quarterly by the
Biotechnical Faculty of the University of Ljubljana, Slo-
venia. The Journal accepts original scientific articles from
the fields of plant production (agronomy, horticulture,
plant biotechnology, plant-related food-and-nutrition
research, agricultural economics, information-science,
ecology, environmental studies, plant physiology & ecol-
ogy, rural development & sociology, soil sciences, genet-
ics, microbiology, food processing) and animal produc-
tion (genetics, microbiology, immunology, nutrition,
physiology, ecology, ethology, dairy science, economics,
bioinformatics, animal production and food process-
ing, technology and information science) in Slovenian
or English language. Review articles are published upon
agreement with the editor. Reports presented on confer-
ences that were not published entirely in the conference
reports can be published. Extended versions of selected
proceedings-papers can also be considered for accept-
ance, provided they include at least 30 % of new origi-
nal content, but the editorial board must be notified be-
forehand. If the paper is part of BSc, MSc or PhD thesis,
this should be indicated together with the name of the
mentor at the bottom of the front page and will appear as
foot note. Slovenian-language translation of selected bib-
liographic elements, for example the title, abstract, notes
and keywords, will be provided by the editorial board.
Manuscripts are accepted throughout the year.

SUBMISSION PROCESS

Manuscripts should be submitted to the Acta ag-
riculturae Slovenica OJS site. The submitting author
should be registered to the site. Click Register and fill
in the registration form. Be sure to check in the Author
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stracijskega obrazca ne pozabite odkljukati potrditvene-
ga polja » Avtorg, sicer oddaja prispevka ne bo mogoca.
Postopek oddaje prispevka poteka v petih korakih.
Priporo¢amo, da se avtor pred oddajo najprej seznani s
postopkom in se na oddajo prispevka pripravi:

Korak 1: Zacetek oddaje prispevka
— Izbrati je treba eno od sekcij,
— pri rubriki »Pogoji za oddajo prispevka« mora-
te potrditi vsa potrditvena polja,
- dodatna pojasnila uredniku je mogoce vpisati
v ustrezno polje.
Korak 2: Oddaja prispevka
- Nalozite prispevek v formatu Microsoft Word
(.doc ali .docx).
Korak 3: Vpis metapodatkov
- Podatki o avtorjih: ime, priimek, elektronski
naslovi in ustanove vseh avtorjev v ustreznem
vrstnem redu. Koresponden¢ni avtor mora biti
posebej oznacen.
— Vpisite naslov in izvle¢ek prispevka.
- Vpisite klju¢ne besede (najve¢ 8, lo¢eno s pod-
pi¢jem) in oznacite jezik besedila.
- Vnesete lahko tudi podatke o financerjih.
- V ustrezno besedilno polje vnesite reference
(med posameznimi referencami naj bo prazna
vrstica).
Korak 4: Dodajanje morebitnih dodatnih datotek
- Grafi¢no gradivo naj bo nalozeno v eni ZIP da-
toteki. Grafi¢ne slike imenujte Slikal.jpg, Sli-
ka2.eps in podobno.
- Za vsako dodatno naloZeno datoteko je treba
zagotoviti predvidene metapodatke.
Korak 5: Potrditev
- Potrebna je kon¢na potrditev.
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