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UTICAJ SIVE PROTIVGRADNE MREZE NA KVALITET PLODA
BOROVNICE (VACCINIUM CORYMBOSUM L.) SORTE ,,BLUECROP”

Jasminka M. Milivojevi¢', Dragan D. Radivojevi¢', Mirjana M. Ruml’,
Suzana S. Uro$evi¢' i Jelena J. Dragisi¢ Maksimovi¢®

'Univerzitet u Beogradu, Poljoprivredni fakultet,
Nemanjina 6, 11080 Beograd-Zemun, Srbija
*Univerzitet u Beogradu, Institut za multidisciplinarna istraZivanja,
KnezaViseslava 1a, 11030 Beograd, Srbija

Sazetak: U ovom radu su ispitivani efekti izmenjene mikroklime pod sivom
protivgradnom mrezom (PGM) na fizicke osobine ploda (masa ploda, indeks oblika
ploda i broj semenki u plodu) i nutritivnu vrednost (sadrZaj rastvorljive suve materije —
RSM, ukupnih kiselina i ukupnih fenola, kao i ukupni antioksidativni kapacitet ploda)
sorte borovnice ,,Bluecrop” (Vaccinium corymbosum L.). Ispitivanja su izvedena u
periodu 2013-2014. godina, u zasadu borovnice koji se nalazi u blizini Mladenovca.
Zasad je podignut u prolece 2011. godine sa trogodisnjim sadnicama i gustinom sadnje
od 3.300 zbunova po ha. Primenjena je siva PGM (SILVERLUX®, Helios Group,
Lurano, Italy), tezine 48 g/m2, sa veli¢inom otvora 2,8 x 8 mm. Tokom perioda
ispitivanja, intenzitet svetlosti je meren jedanput nedeljno u 12 h koris¢enjem luks
metra ,,Peak teck” PT-5025 (Germany). Temperatura i relativna vlaznost vazduha su
merene uredajem za evidentiranje podataka (engl. data logger, DT-171, Shenzhen Flus
Technology Co., Ltd, China) na svaka 2 h pod PGM 1 na otvorenom polju (kontrolni
tretman) od pocetka cvetanja do kraja zrenja borovnice u obe ispitivane godine.
Intenzitet svetlosti pod PGM je bio u proseku smanjen za 5-20% u obe
eksperimentalne godine. Dnevne maksimalne temperature bile su za 2,4 oC nize pod
PGM uslovljavaju¢i za 4% viSu minimalnu dnevnu relativinu vlaznost vazduha u
poredenju sa otvorenim poljem. Znacajno veca prose¢na vrednost mase ploda kod
ispitivane sorte borovnice registrovana je pod PGM u poredenju sa otvorenim poljem, i
kretala se od 1,93 g (2013) do 1,86 g (2014). Sadrzaj RSM se nije znacajno razlikovao
izmedu tretmana u 2014. godini, dok je u 2013. godini znacajno povecanje
registrovano u plodovima koji su ubrani pod PGM (12,8%) u poredenju sa otvorenim
poljem (11,6%). Prose¢na vrednost sadrzaja ukupnih kiselina je bila ve¢a pod PGM u
2014. godini (0,57%), dok je u 2013. godini znacCajno ve¢i sadrzaj pronaden u
plodovima ubranim na otvorenom polju (0,87%). PGM je ispoljila pozitivan efekat na
sadrzaj ukupnih fenola (7,12 mg galne kis. g-1sv.m.pl.), medutim skoro dva puta visa
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vrednost je bila registrovana u 2013. godini. Slicno sadrzaju ukupnih fenola, ukupni
antioksidativni kapacitet ploda je bio za 2,5 puta ve¢i u 2013. godini, bez znacajnog
uticaja PGM u obe ispitivane godine.

Kljuéne reli: intenzitet svetlosti, temperatura vazduha, relativna vlaznost
vazduha, fizicke i hemijske osobine ploda.

Uvod

Usled klimatskih promena, a posebno ucestale pojave grada, poslednjih godina se
javlja povecana potreba za instalacijom protivgradnih sistema u vo¢njacima (Grzeti¢ et
al., 2011; Milivojevi¢ et al., 2016a; Milivojevi¢ et al., 2016b). Protivgradne mreze
(PGM), pored svoje primarne funkcije da pruzaju zastitu od grada, znacajno
modifikuju mikroklimatske uslove u proizvodnom prostoru biljaka i na taj nacin
posredno uticu na njihova bioloska svojstva (Iglesias i Alegre, 2006; Solomakhin i
Blanke, 2010). Grzeti¢ et al. (2011) navode da PGM smanjuju intenzitet svetlosti do
25%, brzinu vetra (do 50%) i temperaturu (za 1-3°C), a ujedno za 2-6% povecavaju
relativnu vlaznost vazduha (Bogo et al., 2012). U zasadima vocaka u Evropi najvise se
koriste crne PGM, zatim bele, dok su od 2007. godine postale dostupne i druge
razli¢ito obojene mreze (Milivojevi¢ et al., 2016a). Medutim, crne PGM znacajno
smanjuju intenzitet sunceve svetlosti (20-25%), Sto moze negativno uticati na
vegetativni razvoj i kvalitet ploda jabuke (Blanke, 2009). Kao kompromisno reSenje
pojavljuju se sive PGM, u kojima su kombinovana svojstva dugovecnosti crne sa
propustljivos¢éu za svetlost bele PGM (Blanke, 2014). Bastias i Corelli-Grappadelli
(2012) navode da intenzitet svetlosti ima veliki uticaj na diferencijaciju cvetnih
pupoljaka i broj i duzinu grana. Medutim, usled prejake radijacije, visoke temperature i
ucestalog deficita vlage na otvorenom polju, biljke visokoZbunaste borovnice mogu
biti izloZene stresu, $to posledi¢no utice na smanjenje rodnosti i1 kvaliteta ploda (Lobos
et al., 2009; Milivojevi¢ et al., 2016a). Stoga, cilj ovih istrazivanja bio je da se ispita
uticaj modifikovane mikroklime pod sivom PGM na parametre kvaliteta ploda sorte
borovnice ,,Bluecrop”.

Materijal i metode

Ispitivanje uticaja modifikovane mikroklime pod sivom PGM na parametre
kvaliteta ploda sorte visokozbunaste borovnice ,,Bluecrop” je izvedeno u periodu
2013-2014. godina u zasadu koji se nalazi u blizini Mladenovca (44°32' SGS i 20°42'
IGD, nadmorska visina 145 m). Zasad je zasnovan u prole¢e 2011. godine sa
trogodiSnjim sadnicama i gustinom sadnje od 3.300 Zbunova po ha (rastojanje sadnje 3
m izmedu redova i 1 m u redu). PGM je postavljena pred pocetak fenofaze cvetanja, od
sredine aprila u 2013. godini, odnosno od kraja marta u 2014. godini. Primenjena je
siva PGM (SILVERLUX", Helios Group, Lurano, Italy), tezine 48 g/m’, sa veli¢éinom
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otvora 2,8 x 8 mm. PGM je postavljena na betonske stubove visine 4 m i pre¢nika 8 x
7 cm, koji su postavljeni na rastojanju od 8 m u redu. Ogled je izveden po potpunom
slu¢ajnom planu u 4 ponavljanja sa 10 Zbunova po ponavljanju. Svaka parcela se
sastojala od Zbunova pokrivenih sivom PGM i nepokrivenih Zbunova na otvorenom
polju (OP). Ispitivanje je vrSeno na ukupno 80 Zbunova (4 ponavljanja x 10 Zbunova x
2 tretmana).

Tokom perioda ispitivanja, intenzitet svetlosti je meren jedanput nedeljno u 12 h
kori$¢enjem luks metra ,,Peak teck” PT-5025 (Nemacka) na visini od 1,2 m.
Temperatura i relativna vlaznost vazduha su merene uredajem za evidentiranje
podataka (engl. data logger, DT-171, Shenzhen Flus Technology Co., Ltd, Kina) na
visini od 1,2 m pod PGM i na otvorenom polju (kontrolni tretman). Ukupno 12
merenja po tretmanu je izvedeno u intervalu od 2 h svaki dan od pocetka cvetanja do
kraja zrenja borovnice u obe ispitivane godine.

U okviru parametara kvaliteta ploda, ispitivane su fizicke osobine ploda (masa
ploda, indeks oblika ploda i broj semenki u plodu) i hemijske osobine ploda (sadrzaj
rastvorljive suve materije, ukupnih kiselina, ukupnih antocijana i ukupnih fenola, kao i
ukupni antioksidativni kapacitet ploda). Masa ploda (g) je odredena merenjem 30
plodova po ponavljanju (120 plodova po tretmanu). Isti uzorci plodova u okviru
svakog ponavljanja su koris¢eni za odredivanje broja semenki u plodu i indeksa oblika
ploda, koji je izraCunat iz odnosa visine i Sirine ploda. Sadrzaj rastvorljive suve
materije je analiziran uz pomo¢ digitalnog refraktometra (Pocket PAL-1, Atago,
Japan), a vrednosti su izrazene u %. Sadrzaj ukupnih kiselina je odreden titracijom sa
0,1 M NaOH, pri ¢emu je kiselost izrazena u procentima ekvivalenta jabu¢ne kiseline.
Za spektrofotometrijsko (Multiscan® Spectrum, Thermo electron corporation, Vantaa,
Finland) odredivanje sadrzaja ukupnih fenola i antocijana, kao i ukupnog
antioksidativnog kapaciteta koris¢eni su metanolni ekstrakti ploda (1:3). Sadrzaj
ukupnih antocijana u plodu odreden je pH diferencijalnom metodom prema Cheng i
Breen (1991). Rezultati su izrazeni u mg ekvivalenta cijanidin-3-glukozida na 100 g
sveze mase ploda (mg cijanidin-3-glukozida 100 g" sv.m.pl.). Sadrzaj ukupnih fenola
odreden je spektrofotometrijskom metodom sa Folin-Ciocalteu reagensom (Singleton i
Rossi, 1965). Rezultati su izrazeni u mg ekvivalenta galne kiseline po gramu sveze
mase ploda (mg ekv. galne kis. g sv.m.pl.). Antioksidativni kapacitet ploda odreden je
ABTS (2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic-acid)diammoniumsalt) testom
prema Arnao et al. (1999). Rezultati su izrazeni u mg ekvivalenta askorbata po gramu
sveze mase ploda (mg ekv. ask. g”'sveZe mase ploda).

Statisticka analiza je izvedena koriS¢enjem programa Statistika (verzija 8.0;
StatSoft Inc., Tulsa, OK, USA). Podaci dvogodisnjih istrazivanja su obradeni metodom
analize varijanse (ANOVA) za svaku godinu pojedinacno. Analize su uradene u 4
ponavljanja, a rezultati su prikazani kao srednje vrednosti + standardna greska.
Znacajnost razlika izmedu srednjih vrednosti tretmana odredena je LSD testom na
nivou znac¢ajnosti P < 0,05.
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Rezultati i diskusija

Uticaj PGM na intenzitet svetlosti, temperaturu i relativnu vlaznost vazduha

U obe ispitivane godine intenzitet svetlosti je bio manji za 5-20% pod PGM
(grafikon 1), sa znatno ve¢om redukcijom tokom vedrih dana kada je bio i veci
intenzitet svetlosti. Do sli¢nih rezultata su dosli Iglesias i Alegre (2006) proucavajuci
propustljivost crne PGM za suncevo zracenje, koja je bila dva puta vec¢a nego kod
kristalnih mreza tokom suncanih dana, dok je razlika bila manja tokom oblacnih
dana.

PGM je takode uticala na temperaturu i relativnu vlaznost vazduha. Maksimalne
dnevne temperature registrovane u ovom radu su bile za 2,4°C viSe u proizvodnom
prostoru biljaka na OP u odnosu na one registrovane pod PGM, §to je nesumnjiva
posledica smanjenja intenziteta svetlosti pod PGM. Srednja dnevna temperatura pod
PGM je bila niza u proseku za 1,5°C tokom obe eksperimentalne godine, dok se
minimalna dnevna temperatura ispod PGM i na OP razlikovala samo neznatno
(0,6°C). Kao posledica nizih maksimalnih dnevnih temperatura, minimalna dnevna
relativna vlaznost vazduha pod PGM je bila u proseku za 4% visa nego na OP.
Prose¢ne vrednosti maksimalne dnevne i srednje relativne vlaznosti vazduha su bile
za 2% nize, odnosno za 1% viSe pod PGM u odnosu na OP (grafikon 1). Solomakhin
i Blanke (2010) tvrde da obojene PGM povecavaju relativhu vlaznost vazduha za 2%
tokom obla¢nih dana, odnosno za 5% tokom suncanih dana u poredenju sa OP.

Uticaj PGM na fizicke osobine ploda borovnice sorte ,,Bluecrop”

Fizicke osobine ploda borovnice predstavljaju vazno pomolosko obelezje, kako
za determinaciju sorte, tako i za odredivanje upotrebne vrednosti ploda. One zavise
od naslednih osobina same sorte, klimatskih uslova tokom gajenja, kao i primenjene
agrotehnike. Prema istrazivanjima koja su izveli Kim et al. (2013), prose¢na masa
ploda sorte borovnice ,,Bluecrop” gajene u Koreji bila je 1,83 g, $to je malo vise od
vrednosti dobijene u ovom radu (1,72 g). Analizirajuci uticaj PGM na masu ploda
ispitivane sorte borovnice, moZe se primetiti znacajno povecanje pri gajenju ispod
PGM, ali nije registrovano postojanje znacajnih razlika izmedu ispitivanih godina
(tabela 1). Generalno, zasadi vo¢aka pokriveni PGM mnogo efikasnije koriste vodu
kao rezultat smanjene transpiracije, §to moZe uticati na povecanje mase ploda (Tanny
et al., 2009). Indeks oblika ploda je varirao kako po godinama, tako i u zavisnosti od
tretmana. Posmatraju¢i uticaj pojedinacnih faktora, znaajno visa vrednost je
registrovana u 2014. godini i na OP (0,77), a sagledavajuci interakcijske efekte
uocava se da je indeks oblika ploda bio najnizi pod PGM u 2013. godini (0,73).
Povecéanje indeksa oblika ploda na OP moZe se objasniti izraZenijim razlikama
izmedu dnevnih i no¢nih temperatura, §to generalno kod plodova voc¢aka dovodi do
veceg izduzivanja.
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Nijedan ispitivan faktor nije znacajno uticao na broj semenki u plodu sorte
borovnice ,,Bluecrop”, $to ukazuje na Cinjenicu da su postojali priblizni uslovi za
oplodnju pod PGM i na OP, kao i tokom dve ispitivane godine.
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Slika 1. Uticaj protivgradne mreze na temperaturu vazduha (T), relativnu vlaznost vazduha
(RH) i intenzitet svetlosti (LI) u dve uzastopne godine.
PGM, protivgradna mreza; OP, otvoreno polje.
Figure 1. The effect of a hail protection net on air temperature (T), relative humidity (RH)
and light intensity (LI) over two consecutive years.
OF, open field; HPN, hail protection net.
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Tabela 1. Uticaj mikroklime pod sivom protivgradnom mrezom na fizicke osobine
ploda sorte borovnice ,,Bluecrop”.

Table 1. The effect of microclimate under a grey hail protection net on physical
fruit traits of the blueberry cultivar ‘Bluecrop’.

Faktor Masaploda (g) Indeks oblika ploda Broj semenki u plodu
Factor Fruit weight (g) Index of fruit shape ~ Number of seeds per fruit
Godina/Year

2013 1,72+0,10 0,75+0,01b 28.1+0,63

2014 1,72+0,07 0,77+0,00a 26,9+1,31

F test nz * nz
Tretman/Treatment

PGM/HPN 1,90+0,02a 0,75+0,01b 28,8+0,80

OP/OF 1,54+0,03b 0,77+0,00a 26,3+1,01

F test * * nz

Godina x Tretman
Year x Treatment

2013 x PGM 1,93+0,02 0,73+0,00b 29,3+0,50
2013 x OP 1,51+0,04 0,77+0,01a 26,9+0,50
2014 x PGM 1,86+0,03 0,76+0,00a 28.2+1,63
2014 x OP 1,57+0,05 0,77+0,01a 25,7211
F test nz * nz

Podaci su prose¢ne vrednosti za 4 ponavljanja = standardna greska. Vrednosti u koloni praéene istom
slovnom oznakom nisu znacajno razli¢ite na nivou P < 0,05 (LSD test). nz=nije znacajno; *=P<0,05.
PGM, protivgradna mreza; OP, otvoreno polje.

Data are the means of 4 replications + standard error. Values within a column followed by the same
letter are not significantly different at P < 0.05 (LSD test). *Significant at P < 0.05; ns — not
significant. HPN, hail protection net; OF, open field.

Uticaj PGM na hemijske osobine ploda borovnice sorte ,,Bluecrop”

Plodovi borovnice su dobro poznati po svojim nutritivnim svojstvima i
karakteriSu se visokim sadrzajem Secera, kiselina i fenolnih jedinjenja (Milivojevic¢
et al., 2012; Kim et al., 2013). Sadrzaj rastvorljivih suvih materija u plodu sorte
borovnice ,,Bluecrop” bio je znacajno ve¢i pod PGM (11,6%) u odnosu na OP, pri
¢emu je znacajno viSa proseCna vrednost registrovana u 2013. godini (12,2%)
(tabela 2). Prema istrazivanjima koje je Skupien (2006) izveo u uslovima Poljske,
sorta ,,Bluecrop” je imala viSi prosecni sadrZaj rastvorljive suve materije za
trogodis$nji period ispitivanja (13,2%) u odnosu na naSe rezultate. Analizirajuci
uticaj sive PGM po godinama ispitivanja, uocava se da je u 2013. godini PGM
imala pozitivan uticaj na vrednost datog parametra, dok u 2014. godini nisu
postojale znacajne razlike u sadrzaju rastvorljive suve materije u plodu izmedu
PGM i OP. Iglesias i Alegre (2006) navode da se sadrzaj rastvorljive suve materije
smanjuje pri primeni crne PGM, dok se priblizne vrednosti dobijaju kada se koriste
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kristalne mreze u poredenju sa OP. U naSim istrazivanjima, prose¢na vrednost
sadrzaja ukupnih kiselina je bila znacajno ve¢a pod PGM u 2014. godini (0,57%),
dok je u 2013. godini znacajno ve¢i sadrzaj pronaden u plodovima ubranim na
otvorenom polju (0,87%). Navedena odstupanja su viSe rezultat temperaturnih
razlika izmedu PGM i OP u svakoj od dve ispitivane eksperimentalne godine nego
koli¢ine raspolozivog suncevog zracenja. Temperatura i sunceva svetlost tokom
fenofaze zrenja mogu uticati i na sintezu i akumulaciju fenolnih jedinjenja u
plodovima borovnice (Kim et al., 2013), zajedno sa drugim faktorima, kao $to su:
sorta, lokalitet, nadmorska visina i primena agro i pomotehni¢kih mera (Mikulic
Petkovsek et al., 2015).

Tabela 2. Uticaj mikroklime pod sivom protivgradnom mrezom na hemijske
osobine ploda sorte borovnice ,,Bluecrop”.

Table 2.The effect of microclimate under a grey hail protection net on chemical
fruit traits of the blueberry cultivar ‘Bluecrop’.

on — o
~ s RS ] =T s
Faktor a;:%-i‘z T;% 2 g;i é% 5 EBE §
Factor %g% ':‘:hg §§f':ﬁf\ “BE)%D gg%&”
S > S S >3 = =T 9
SR 5 S5 E g 5SS E I ESE
Godina/Year
2013 12,2+0,28a  0,81+0,027a 33,44+2,49 9,13+0,13a 2,40+0,09a
2014 10,2+0,11b  0,54+0,016b 31,2+1,29 4,70+0,16b 0,96+0,01b
F test * * nz * *
Tretman/Treatment
PGM/HPN 11,6+0,54a  0,66+0,040b 33,0+2,24 7,12+0,96a 1,76+0,36
OP/OF 10,8+0,38b  0,69+0,081a 31,6£1,77 6,71+1,03b 1,61£0,29
F test * * nz * nz
Godina x Tretman
Year x Treatment
2013 x PGM 12,8+0,03a  0,75+0,007b  37,6+1,95a 9,25+0,15 2,55+0,12
2013 x OP 11,6£0,20b  0,87+0,003a  29,2+3,07b 9,01+0,22 2,25+0,07
2014 x PGM 10,4+£0,11¢  0,57+0,007¢  28,5+0,53b 4,99+0,12 0,97+0,02
2014 x OP 10,0+£0,09¢  0,51+0,018d  34,0+0,50ab 4,42+0,17 0,96+0,02
F test * * * nz nz

Podaci su prosecne vrednosti za 4 ponavljanja + standardna greska. Vrednosti u koloni prac¢ene istom
slovnom oznakom nisu znacajno razli¢ite na nivou P < 0,05 (LSD test). nz=nije znacajno; *=P<0,05.
PGM, protivgradna mreza; OP, otvoreno polje.

Data are the means of 4 replications + standard error. Values within a column followed by the same
letter are not significantly different at P < 0.05 (LSD test). ns — not significant. HPN, hail protection
net; OF, open field.
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Uticaj sive PGM i godine kao faktora posmatrano pojedinacno nije bio
znaCajan na sadrzaj ukupnih antocijana u plodu ispitivane sorte, medutim
sagledavajuci interakcijske efekte uocava se znacajno povecanje sadrzaja ukupnih
antocijana pod PGM u 2013. godini. Prose¢ni sadrzaj ukupnih fenola je takode bio
dva puta veéi u 2013. godini (9,13 mg galne kis. g"'sv.m.pl.), pri Gemu je dobijena
vrednost tri puta veéa u odnosu na vrednost koju za sortu ,,Bluecrop” navodi
Skupien (2006). PGM je ispoljila pozitivan efekat na sadrzaj ukupnih fenola (7,12
mg galne kis. g"'sv.m.pl.), ukazujuéi na povoljan uticaj mikroklimatskih uslova na
sintezu i1 drugih fenolnih jedinjenja, pored antocijana. Slicno sadrzaju ukupnih
fenola, ukupni antioksidativni kapacitet ploda je bio za 2,5 puta veé¢i u 2013.
godini, bez znacajnog uticaja PGM u obe ispitivane godine.

Zakljuéak

Sveobuhvatno ispitivanje uticaja modifikovane mikroklime pod sivom
protivgradnom mrezom na kvalitet ploda sorte borovnice ,,Bluecrop” pokazalo je
da primena mreZe uti¢e pozitivno na vecinu ispitivanih fizickih i hemijskih osobina
ploda, ukljuuju¢i masu ploda, sadrzaj rastvorljive suve materije, ukupnih
antocijana u 2013. godini i ukupnih fenola. Stoga, siva protivgradna mreza moze
biti uspesno primenjena u zasadima sa ciljem optimizacije tehnologije gajenja
borovnice bez negativnog uticaja na kvalitet ploda.
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EFFECT OF A GREY HAIL PROTECTION NET ON THE FRUIT
QUALITY OF THE ‘BLUECROP’ HIGHBUSH BLUEBERRY
(VACCINIUM CORYMBOSUM L.)

Jasminka M. Milivojevi¢', Dragan D. Radivojevi¢', Mirjana M. Ruml',
Suzana S. UroSevi¢' and Jelena J. Dragisi¢ Maksimovi¢®”

'University of Belgrade, Faculty of Agriculture,
Nemanjina 6, 11080 Belgrade-Zemun, Serbia
*University of Belgrade, Institute for Multidisciplinary Research,
KnezaViseslavala, 11030 Belgrade, Serbia

Abstract

The main focus of our study was to investigate effects of the modified
microclimate under a grey hail protection net (HPN) on biometrical fruit
characteristics (fruit weight, index of fruit shape, and seed number per fruit) and
nutritional value (soluble solid content — SSC, titratable acidity — TA, total
anthocyanins — TACY, total phenolics — TPH and total antioxidant capacity —
TAC) of the ‘Bluecrop’ highbush blueberry (Vaccinium corymbosum L.). The
study was conducted in the ‘Bluecrop’ highbush blueberry plantation located in
Mladenovac (Serbia) during two consecutive years (2013, 2014). The orchard was
established using two-year-old nursery trees in spring 2011, at a planting density of
3,300 bushes per ha. The grey polyethylene net (SILVERLUX", Helios Group,
Lurano, Italy) with a Leno wave structure and a mesh size of 2.8 x 8 mm was used.
During the research period, light intensity was measured weekly at 12.00 hr using a
digital lux-meter ‘Peak teck’ PT-5025 (Germany). Air temperature and relative
humidity within the canopy were recorded using climate dataloggers (type DT-171,
Shenzhen Flus Technology Co., Ltd, China) both under HPN and in the open field
(OF). Twelve readings per treatment were taken at 2-hour intervals every day in
each season. In both years of observation, light was reduced by 5-20% under HPN,
whereby daily maximum temperature was 2.4°C lower causing 4% higher daily
minimum relative air humidity than in OF. ‘Bluecrop’ had significantly higher
average fruit weights under HPN ranging from 1.93 g (2013) to 1.86 g (2014) in
comparison to those observed in OF. The SSC did not differ between the
treatments in 2014, whereas a significantly higher mean value was registered in the
fruits harvested under HPN (12.8%) compared to those from OF in 2013. The
mean TA was higher under HPN in 2014 (0.57%), whereas in 2013 a significantly
higher TA content was found in OF (0.87%). HPN showed a positive effect on the
TPH content (7.12 mg GA/g FW), but an almost 2-fold higher value was registered

*Corresponding author: e-mail: draxy@imsi.rs
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in 2013. Similar to this, TAC was 2.5-fold higher in 2013, without a significant
effect of HPN in both experimental years.

Key words: light intensity, air temperature, relative humidity, biometrical and
chemical fruit characteristics.
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DEHYDROGENAZE POLYMORPHISM AS A TOOL FOR
EARLY SELECTION OF LOW VIGOUR ROOTSTOCK FOR
SWEET AND SOUR CHERRY

Slavica D. (vjolic'l*, Vera S. Rakonjacz,
Dragan T. Nikoli¢* and Milica M. Fotirié¢ AkSi¢?

'Institute for Science Application in Agriculture,
Blvd despota Stefana 68b, 11000 Belgrade, Serbia
*University of Belgrade, Faculty of Agriculture,
Nemanjina 6, 11080 Belgrade-Zemun, Serbia

Abstract: The correlation of dehydrogenase isoenzyme profile with plant/tree
vigour of twenty genotypes belonging to the genus Prunus and the subgenus
Cerasus as well as to four commercial rootstocks (Colt, Gisela 5, Gisela 6 and
MaxMa 14) was investigated in this study. Principal component analysis was
applied for the classification of the cherry rootstocks based on vigour traits and
polymorphism of isoenzymes in order to determine the most useful dehydrogenase
enzyme in the preselecting process of cherry rootstocks. The most influential
variables which led to the separation of low vigorous genotypes from other
genotypes were isocitrate dehydrogenase, malate dehydrogenase and
phosphogluconate dehydrogenase. Since both significant and negative correlations
were observed between tree vigour and malate dehydrogenase, as well as between
tree vigour and phosphogluconate dehydrogenase, those systems can be used for
early selection of low vigour rootstocks. Our results suggest that the association
between low vigour and malate dehydrogenase genotype ab provides a convenient
marker that can be characterised even at the seedling stage, and could be applied in
early rootstock selection and breeding programmes.

Key words: prediction, vigour, rootstock, isoenzyme, correlation, principal
component analysis.

Introduction

Traditionally, the vigourous seedling rootstocks, Mazzard (Prunus avium L.)
and Mabhaleb (Prunus mahaleb L.), are commonly used for cherry budding and
grafting. According to Lang (2000), these rootstocks have good compatibility with
most cherry cultivars and good adaptability to different soil conditions. Their main

*Corresponding author: e-mail: slavicacol@yahoo.com
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disadvantages are high vigour, late entry into full bearing and unevenness of
morphological and physiological characteristics of a grafted cultivar. According to
Ercisli et al. (2006), growers in Turkey, which is the world leader in sweet cherry
production, preferred to use Mazzard seedlings for sweet cherries because of its
good soil adaptability, while P. mahaleb seedlings were used only on calcareous
droughty soils. On the other hand, P. mahaleb still remains the main choice for
sour cherry producers, because of its tolerance to drought, smaller tree size, good
precocity and high productivity. Ercisli et al. (2006) have also stated that the use of
low vigour rootstocks Gisela 5 and Gisela 6 is spreading very fast in Turkey.

Milosevi¢ et al. (2014) have reported that in Serbian sweet cherry orchards,
the most widely used rootstocks are seedlings of P. avium L. (Mazzard),
sporadically Colt, then seedlings of P. mahaleb L. (Mahaleb), Gisela 5 and MaxMa
14. Over the past 25 years, interest of Serbian sweet cherry growers in low and
medium vigour rootstocks has increased due to the fact that smaller trees reduce
production cost, especially training, pruning, harvesting as well as disease and pest
protection.

In order to overcome the problem of vigorous trees, intensive work has been
done on development of rootstocks with reduced vigour. In the last couple of
decades, Hrotko (2016) has analysed P. fruticosa, its hybrids collected from the
natural flora of Hungary, and P. fruticosa x P. mahaleb hybrids in order to create
dwarfing rootstocks. In Serbia, due to low vigour, ‘Oblacinska’ sour cherry
(P. cerasus) has been traditionally used as a dwarfing rootstock for sweet and sour
cherries. ‘Oblacinska’ is an autochthonous and heterogeneous cultivar, and is the
most extensively planted sour cherry cultivar in Serbian commercial orchards.
Trees have low vigour and are suitable for dense planting (Rakonjac et al., 2010).

The selection of dwarfing rootstocks for fruit crops has received great
attention in the last decades. Reduced vegetative growth is a desirable trait that
contributes to the higher productivity (even in the early years of orchard
establishment), lower pesticide usage (Olmstead et al., 2004) and more cost-
effective orchard maintenance (Seleznyova et al.,, 2008; Fassio et al., 2009).
Dwarfing rootstocks also reduce labour costs by reducing canopy volume and
lowering the fruiting zone to a height where a high percentage of fruit may be
harvested (Lang, 2000; Whiting et al., 2005).

The prediction of the tree vigour potential is very important in rootstock
breeding. Various prediction methods such as measurements of tree height, tree
spread and trunk girth at the seedling stage (Miller, 1977), relationship between
malate dehydrogenase (MDH) isozyme genotype and plant vigour (Werner and
Moxley, 1991), anatomical characteristics of roots and stems (Zori¢ et al., 2011),
hydraulic conductance of seedlings (Iwasaki et al., 2011) and root and rootstock
stem hydraulic conductivities (Ljubojevi¢ et al., 2013) were applied in the previous
studies.
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Isoenzyme variability is an abundant source of genetic markers that can be
used for early selection of genotypes with desirable economic traits. Since the
relationship between isozyme variation and tree growth is well-known in peach, the
correlation of isoenzyme profile with plant vigour of twenty Prunus (subgenus
Cerasus) genotypes and four interspecies hybrids was investigated in this study.
The main goal was to evaluate the potential application of isoenzymes in the
preselecting process of low vigour rootstocks for cherries.

Materials and Methods

Plant material consisted of 20 cherry genotypes belonging to Prunus cerasus
(8), Prunus avium (4), Prunus fruticosa (6), Prunus mahaleb (2), together with four
interspecies hybrids (commercial rootstocks) including Colt, Gisela 5, Gisela 6 and
MaxMa 14. P. cerasus (‘Obla¢inska’ sour cherry), P. avium, P. fruticosa and
P. mahaleb genotypes were selected from natural populations of Serbia. The
selection was done according to the observed diversity in phenological and
morphological traits of trees and fruits.

Tree vigour (TV), leaf length (LL) and leaf width (LW) were observed in situ
for Prunus sp. genotypes and in a nursery for Colt, Gisela 5, Gisela 6 and MaxMa
14 rootstocks, during two consecutive years (2014 — 2015). A description of tree
vigour (3 — weak; 5 — medium; 7 — strong; 9 — extremely strong) was based on
descriptors provided by the International Union for the Protection of New Varieties
of Plants (UPOV, 2006) and The International Board for Plant Genetic Resources
(Schmid et al., 1985), while leaf length (LL) and leaf width (LW) were measured
on a sample of 30 leaves per genotype, taken randomly from 1-year-old shoots.
During the study, pruning and irrigation were not applied.

Seven dehydrogenase enzyme systems were analysed: alcohol dehydrogenase
(ADH), glutamate dehydrogenase (GDH), isocitrate dehydrogenase (IDH), formate
dehydrogenase (FDH), malate dehydrogenase (MDH), phosphogluconate
dehydrogenase (PGD) and shikimate dehydrogenase (SDH). Two independent
samples from each genotype were used for protein extraction. The inner bark from
one-year-old shoots at the dormant stage was used for the extraction and evaluation
of isoenzyme activity. Vertical polyacrylamide gel electrophoresis (PAGE) was
used for the isoenzyme analysis. Polyacrylamide gel containing 8% acrylamide
was used for separation. Sample preparation and staining procedures were done in
accordance with the protocols given by Boskovi¢ et al. (1994) for stone fruit
species. Electrophoresis was performed at +4 °C and consisted of three phases.
Prior to sample loading, pre-electrophoresis was done for 45 minutes at 100 V.
Afterwards, samples of 25 pl of enzyme extracts were loaded. The second phase
lasted for 45 minutes at 100 V. The third stage was carried out at 400 V for 3 h. As
for the majority of enzymes, staining was performed in accordance with the
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protocol given by Boskovic et al. (1994), and for FDH in accordance with Wendel
and Weeden (1989). Gels were visually observed and bands that represented
isoenzyme patterns were analysed. The loci of the same enzyme system were
numbered progressively, from the slowest-migrating to the fastest-migrating form,
beginning with locus 1. Data for dehydrogenase isoenzyme polymorphism and
isoenzyme banding patterns of evaluated genotypes was taken from the previous
study of Coli¢ et al. (2012). Numbers corresponding to isoenzyme banding patterns
among each system represent different phenotypes, based on the number and
position of bands on the gels.

For the purpose of statistical analysis, individual means for the traits and
zymogram patterns were used. Relationships among the genotypes were
investigated by principal component analysis (PCA). The correlation between the
traits was determined using the Pearson correlation coefficient. Data processing
was performed using the statistic programme ‘Statistica’ Version 6.0 for Windows
(StatSoft, Inc., Tulsa, Oklahoma, USA).

Results and Discussion

Although the mechanism by which the rootstock regulates scion characteristics
has not been identified, it is well known that rootstock influences the tree growth
(Cantin et al., 2010), vigour, fruit and leaf properties (Rakonjac et al., 2016).

The morphological characteristics and isoenzyme profile of the studied
genotypes are shown in Table 1. As expected, the wild cherry genotypes were
characterised by the longest and widest leaves and strong tree vigour, ranging from
medium to extremely strong. On the basis of tree vigour, sour cherry genotypes can
be divided into two groups, having weak or medium vigour. Sour cherry leaves
were smaller compared to sweet cherry, with LL ranging from 5.6 to 9.3 cm, and
LW from 2.8 to 4.7 cm. Among studied genotypes, P. mahaleb was characterised
by the most vigorous tree, while leaf measurements were similar to sour cherries.
The lowest vigour, like in Gisela 5 and Gisela 6, was observed also in P. fruticosa
genotypes, with exception of SV 3. Similarly, in this group, we observed the
smallest leaves with the lowest values for LL and LW. Among studied rootstocks,
the most vigorous was Colt, followed by MaxMa 14. Rootstocks Gisela 5 and
Gisela 6 were distinguished by their lowest vigour.

Coli¢ et al. (2012) found significant dehydrogenase isoenzyme polymorphism
in the genus Prunus, the subgenus Cerasus. In the studied material, seven
dehydrogenase systems (ADH, GDH, IDH, MDH, PGD and SDH) were
polymorphic, while FDH was monomorphic. The patterns of polymorphic systems
for each of the studied genotypes are presented in Table 1.

IDH was found to be the most polymorphic dehydrogenase system represented
with eight different phenotypes. Activity was visible in two loci: Idh-1, with two



Dehydrogenaze polymorphism as a tool for selection of rootstock for sweet and sour cherry 345

alleles (b and c) and three phenotypes (bb, bc and cc). For locus Idh-2, we observed
both genotypes with visible activity and genotypes without activity. Four
phenotypes (ab, ac, bb and bc) were identified for this locus. Regarding all
observed loci in this study, we found that lIdh-2 was the most polymorphic.
Although great variability was established, we could not connect low tree vigour
with any specific banding pattern.

Table 1. Morphological characteristics and isoenzyme banding patterns of the
studied genotypes.

o, Cultivar/ intselzsgéecsié'l . Trec* 1:::;; vl;f({atfl Isoenzyme banding patterns**
genotype hybrid VIEOUT(¢m) (cm) ADH GDH IDH MDH PGD SDH

1 DTX9 P. avium 5 8.8 55 5 1 5 1 1 7
2 DTX3 P. avium 7 11.0 58 5 1 5 1 1 7
3 DTX7 P. avium 7 9.9 5.2 5 2 5 1 1 7
4 DTK9 P. avium 9 10.4 6.1 5 4 11 1 1 7
5 OblaginskaUD 1  P. cerasus 5 8.9 3.9 1 1 8 2 2 2
6  OblacinskaUD 8 P. cerasus 5 8.2 4.2 1 1 10 2 2 1
7  Oblacinska UD 6 P, cerasus 3 8.2 43 1 1 7 4 2 2
8  Oblacinska DI R P. cerasus 5 8.1 4.2 1 1 10 2 2 2
9  Oblacinska D4R P. cerasus 5 5.9 2.8 1 1 10 2 2 2
10 Oblacinska II/10 R P. cerasus 3 7.6 39 1 1 10 2 2 2
11 Oblacinska XI/3 R P. cerasus 5 9.3 4.7 1 1 10 2 2 2
12 Oblaginska D4 RS P. cerasus 3 8.1 4.2 1 1 10 2 2 2
13 BNS P. mahaleb 9 6.1 3.8 2 6 2 1 3 13
14 Tika P. mahaleb 7 5.2 4.7 6 1 10 3 3 3
15 SV1 P. fruticosa 3 3.9 2.0 1 3 6 2 5 2
16 SV2 P. fruticosa 3 4.8 2.5 1 3 6 2 5 2
17 SV 3 P. fruticosa 5 6.8 4.4 2 1 10 2 2 2
18 Sv4 P. fruticosa 3 4.2 2.1 2 1 10 4 5 2
19 SVs5 P. fruticosa 3 4.7 2.3 2 1 10 4 5 2
20 SV7 P. fruticosa 3 5.9 2.8 2 1 4 2 4 2
21 Colt E: gg&‘érgc’érasus 7 93 50 2 2 2 1 2 4
22 Gisela s E:‘gﬁgé‘i&ﬁs 361 33 1 3 10 4 2 1
23 Gisela 6 E:C:;r?Z:Se):ls 365 38 1 1 7 4 2 1
24 Max Ma 14 E: g‘ﬁﬂ;‘eb X 5 72 38 1 1 4 1 1 6

*Tree vigour (TV): 3 — weak; 5 — medium; 7 — strong; 9 — extremely strong; **Source: Coli¢ et al. (2012).



346 Slavica D. Coli¢ et al.

For MDH, the polymorphism and the presence of alleles a and b were
observed in one region of activity, marked as Mdh-1. Homozygous allelic
constitution aa was observed for vigorous P. avium and P. mahaleb (BNS)
genotypes, and rootstocks Colt and MaxMa 14 where P. avium is one progenitor,
while homozygous allelic constitution bb was observed only for one P. mahaleb
genotype (Tika). Heterozygous allelic constitution ab characterised low vigour
genotypes, P. fruticosa, ‘Obla¢inska’ sour cherry clones and rootstocks Gisela 5
and Gisela 6, where P. cerasus was the female parent. Variability for Mdh-1 was
detected in ‘Oblacinska’ sour cherry and P. fruticosa, and it was expressed with
two and/or four bands.

One polymorphic region Pgd-1 of activity was observed on PGD zymograms.
Three alleles, four phenotypes (aa, ab, ac and bb) and five banding patterns were
distinguished. Homozygous allelic constitution aa (obtained for wild cherry) and
bb (observed for P. mahaleb) corresponded with strong vigour. Contrarily,
heterozygous allelic constitutions ab and ac corresponded with low vigour of
‘Oblacinska’ sour cherry, rootstocks Gisela 5, Gisela 6, and P. fructicosa.

PCA was performed to establish the relationship between the isoenzyme
systems and tree vigour. The initial matrix of 24 (the number of samples) x 9 traits
(TV, LL, LW, ADH, GDH, IDH, MDH, PGD and SDH) was processed. Since the
first two principal components (PC1 and PC2) explained the greatest amount of
variance (45.11% and 19.98%, respectively), the scatter plot of PC1/PC2 is
presented as Figure 1. Starting from the negative to positive values of PC1, a trend
of a general decrease of the tree vigour and leaf size can be noticed.

Pcz Pc2

OV X1/3R
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i OV.USS-V b4RS i
A OV DIRE  glOV Udéb

V II/1Q
OV udl ;? .léiszlu 6 Leaf, lenght .
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Figure 1. Principal component analysis, scores plot of the first two principal
components (A) showing the clustering of samples; loadings plot (B)
reflecting the influence of a particular parameter.
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Variables with a correlation coefficient greater than 0.70 (absolute value) were
determined in PC1. Those were TV (-0.872), LL (-0.773), LW (- 0.867), MDH
(0.775), PGD (0.713), and SDH (-0.791). The summarisation of these traits in one
component reflected the strong correlation between them reciprocally. On the other
hand, PC2 was dominated only by GDH strong factor loading of -0.772.

The PCA correlation plots (Figure 1A) showed clustering of the genotypes into
three main groups. The most influential in distinguishing the first group from other
genotypes, (represented by strong vigorous P. avium genotypes, and other genotypes
where P. avium is one of the progenitors [Colt and MaxMa 14] accompanied with
one P. mahaleb genotype [TIKA]) were LL, LW, TV and ADH. Moving from the
left side of the PC1 axis to the right, tree vigour and leaf size decreased in P. cerasus
and P. fruticosa. The most important for the formation of the second group, which
consisted of low vigorous P. cerasus genotypes (‘Oblacinska’ sour cherry clones),
and genotypes derived from the crossing combination where P. cerasus was involved
(Gisela 5 and Gisela 6) and one P. fruticosa (SV3) genotype, were IDH and MDH
genotypes. The third group consisted of some P. fruticosa (SV) genotypes
characterised by low vigour and small leaves, and separated based on the PGD
zymogram pattern. The scores plot revealed one sample of P. mahaleb (BNS) to be
an outlier due to the extremely strong vigour and some unique zymogram patterns
(GDH and SDH) compared with the other genotypes.

Our findings support the results of the study previously conducted by Ognjanov
et al. (2012), who have reported that the tree vigour and leaf shape characteristics are
the most reliable parameters for the assessments of reduced growth in sour cherry.
On the other hand, in this study, the most influential isoenzyme systems which led to
the separation of low vigorous genotypes were IDH, MDH and PGD.

Important correlations were found among the studied traits and they are presented
in Table 2. Our results showed a positive and significant correlation between TV and
LL, as well as between TV and LW (r = 0.513 and r = 0.674). Therefore, these
parameters may be used to predict each other. Contrary to this, Rakonjac et al. (2014),
while studying wild cherry genotypes, found no significant correlations between those
traits, which is probably due to the diverse genotypes studied.

Table 2. Correlations among variables significant at the 5% (*) level.

LL? LW ADH GDH IDH MDH PGD SDH
vV 0.513* 0.674*  0.619% 0.467* -0.261 -0.641*  -0.465* 0.767*
LL 0.882*%  0.342 -0.106 -0.102 -0.544*  -0.831* 0.329
Lw 0.616*  -0.013 -0.082 -0.517*  -0.826* 0.452%*
ADH 0.081 -0.115 -0.321 -0.276 0.524%*
GDH -0.325 -0.271 0.143 0.607*
IDH 0.467* 0.029 -0.575%*
MDH 0.448* -0.629*
PGD -0.311

*Significant difference; * For explanation of character symbols, see ‘Material and methods’.
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We also observed a significant positive correlation between tree vigour and ADH,
GDH and SDH banding patterns (r = 0.619, r = 0.467 and r = 0.767, respectively),
whereas a significant, but negative correlation between MDH and PGD (r = -0.641 and
r = -0.465, respectively) was recorded. On the other hand, LL and LW correlated
strongly, but negatively, only with MDH and PGD, while LW showed a positive
correlation with SDH. Finally, only MDH and PGD correlated (negatively) with all
tree/leaf parameters. An established correlation between tree vigour and MDH is in
accordance with the results of Werner and Moxley (1991) reported for peach.

Conclusion

Regarding all results obtained in this study, it can be concluded that PCA
provided a simplified classification of the cherry rootstocks, and determined the
groups of strong, medium and low vigour, while the scatter plot showed the
geometrical distances among the groups. Both PCA and correlation analysis
determined that MDH and PGD were correlated to TV, LL and LW, which
suggests that those systems can be used for early selection of low vigour
rootstocks. This conclusion is also supported by the isoenzyme analysis, which
showed that MDH analysis could be applied in early rootstock selection, since
MDH heterozygous genotype ab is specific for low vigour genotypes. PGD seems
to be a good marker for selections of genotypes with small leaves that can be
interesting for the selection of decorative forms. In order to confirm our results,
further research should expand on new, even more dwarfing, precocious cherry
rootstocks and/or test them in different varieties.
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Rezime

U radu je ispitivana korelacija izmedu dehidrogenaznih izoenzimskih profila i
bujnosti kod 20 genotipova roda Prunus, podroda Cerasus, kao i kod Cetiri
komercijalne podloge: Colt, Gisela 5, Gisela 6 i MaxMa 14. Analiza glavnih
komponenti je primenjena kako bi se ocenila potencijalna primena izoenzima za
ranu selekciju slabo bujnih podloga za tre$nju i vi$nju. Najveci uticaj na izdvajanje
slabo bujnih genotipova imali su izoenzimski sistemi izocitrat dehidrogenaza,
malat dehidrogenaza i fosfoglukonat dehidrogenaza. Znac¢ajna negativna korelacija
utvrdena je izmedu bujnosti i malat dehidrogenaze genotipa ab, kao i izmedu
bujnosti i fosfoglukonat dehidrogenaze, §to ove sisteme c¢ini potencijalnim
markerima za ranu selekciju slabo bujnih podloga.
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SUSCEPTIBILITY OF SOME COWPEA VARIETIES TO THE SEED BEETLE
CALLOSOBRUCHUS MACULATUS (F.) (COLEOPTERA: CHRYSOMELIDAE)

Abdulrasak K. Musa“ and Abiola A. Adeboye
Department of Crop Protection, University of Ilorin, Ilorin, Nigeria

Abstract: The study evaluated seven cowpea Vigna unguiculata L. Walp.
varieties: IT89K-568-18, IFE-98-12, IT81P-994, IT89K-288, 1T96-660, ‘Milk’ and
‘Drum’ for susceptibility to the seed beetle, Callosobruchus maculatus (F.)
(Coleoptera: Chrysomelidae). Seed samples (100 g) of each variety were infested
with 5 pairs of the seed beetle (1-2 days old) with three replications at 30+2°C and
relative humidity of 69-72%. The parameters evaluated included: number of
damaged and undamaged seeds, percentage seed weight loss, mean number of
emerged adults, median developmental period and susceptibility index. The
percentage seed weight loss in IT96-660 was significantly (p<0.05) higher than in
IT89K-568-18, IT89K-288 and ‘Milk’. The mean number of seeds damaged in
IFE-98-12 was significantly (p<0.05) higher than in IT89K-568-18, IT81P-994,
IT89K-288, IT96-660 and ‘Milk’. The median developmental period in ‘Milk’ was
significantly (p<0.05) higher than in IT89K-568-18, IFE-98-12, 1T96-660 and
‘Drum’. IFE-98-12 and IT89K-568-18 with susceptibility index of 10.4 and 7.8
were rated highly susceptible and moderately susceptible, respectively. The
number of emerged adults was highly significant and positively correlated with the
percentage seed weight loss. Results obtained showed that these cowpea varieties
were relatively susceptible to C. maculatus attack in storage suggesting the need
for their proper preservation against the insect.

Key words: Callosobruchus maculatus, cowpea, seeds, seed weight,
susceptibility, variety.

Introduction

Cowpea (Vigna unguiculata (L.) Walp.) is a leguminous crop grown in the
tropical and sub-tropical regions of Africa (Kolawole et al., 2014). Cowpea is
grown on an estimated 14.5 million hectares of land across the world. Global
production of dried cowpeas in 2010 was 5.5 million metric tons, with Nigeria
producing 2.2 million metric tons of dried grain in 2010 (CGIAR, 2011). Harvested
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cowpea seeds are mainly stored for subsequent use as human food, a cash crop
product (Maina et al., 2012) and for the following season planting.

Seed beetle, Callosobruchus maculatus (F.) (Coleoptera: Chrysomelidae), is
the most important and common pest of stored cowpea seeds in Africa. The attack
of this pest of stored seeds resulted in it having many common names which
include: bean beetle, pulse beetle, bean weevil, storage beetle, cowpea bruchid
among others in different parts of Sub-Saharan Africa. The insect pest is capable of
contaminating infested seeds with its faeces and causing physical damage through
its post-harvest feeding and reproductive activities. It is therefore a major
constraint to food security and income generation in the region.

There is evidence in the literature that most cowpea varieties are susceptible to
C. maculatus in storage. For example, Badii et al. (2013) have reported that in
order to reduce both seed loss due to bruchid attack and over-dependence on
chemicals for control, the search for host plant resistance in cowpea varieties has
increasingly become important. In Nigeria, control strategies to reduce post-harvest
seed losses caused by insects still rely mainly on the use of synthetic insecticides
which are not only expensive, but also cause environmental contamination and
insect resistance. Appleby and Credland (2003) have reported that control methods
have included development of ‘resistant’ varieties as an environmentally benign
alternative to insecticides. This study examines the relative response of cowpea
varieties to seed beetle, C. maculatus, in storage in order to provide a basis for
development of reliable and sustainable resistance to the insect pest.

Materials and Methods

Sources and disinfestation of cowpea varieties: Improved cowpea varieties
(IT89K-568-18, IT81P-994, IT89K-288 and 1T96-610) were sourced from the
International Institute of Tropical Agriculture, Ibadan, Nigeria. One improved
cowpea variety, IFE-98-12, was obtained from the Institute of Agricultural
Research and Training (IAR&T), Ibadan. Seeds of two local varieties (‘Milk’ and
‘Drum’) were purchased from Agro-allied Shop at Tipper Garage, Tanke, Ilorin,
Nigeria. Seeds of all the cowpea varieties were separately wrapped in polyethylene
bags and disinfested in a deep freezer at -18°C for 3 days to kill developing insects
and air-dried prior to the study.

Rearing colony of the seed beetle: Adult seed beetles were sourced from a
well-conditioned culture kept in the Crop Protection laboratory, University of
Ilorin, Nigeria. Twenty-five pairs of C. maculatus were randomly picked with a
pooter and introduced into each of three 500-ml Kilner jars containing 200 g of
cowpea seeds. The jars were covered with perforated lids to allow aeration and
prevent escape of the insects. The adult seed beetles were allowed to lay eggs and
multiply at ambient temperature of 30+2°C and relative humidity of 69-72%. The
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seeds in different jars were changed as required to prevent collapse of the culture.
Freshly emerged adults (1-2 days old) were used for the study.

Experimental procedure: One-hundred-gram sample of each cowpea variety
was measured into a transparent plastic container (14.3x11.5%9.6 cm) and then
infested with 5 pairs of freshly emerged adult beetles (1-2 days old). A completely
randomised design with three replications was used. The containers were covered
with muslin cloth to allow aeration and prevent insect escape. The number of dead
beetles was monitored, counted and recorded 5 days after infestation (DAI). The
dead beetles were removed and discarded. Samples of 20 seeds were randomly
selected from each replicate and examined daily for the number of eggs laid.

Data on damage indices were collected from the infested cowpea varieties 90
DAI and analysed for the following parameters:

Numbers of damaged and undamaged seeds: Cowpea seeds in each sample
were separated into damaged (those with holes) and undamaged (those without
holes) and then counted and recorded. The procedure of Amusa et al. (2014) was
adopted. They considered a seed with at least a perforation from an adult bruchid
emergence as a damaged seed.

Percentage seed weight loss: The seed sample of each container was
reweighed and the percentage seed weight loss was determined as the difference
between the initial seed weight and final seed weight in each replicate divided by
the initial seed weight multiplied by 100.

Mean number of emerged adults: The daily number of emerged adults in each
seed sample was counted using a tally counter and recorded from 23 DAI. The
observation was terminated 46 DAI to avoid an overlap between emerged adults in
the second generation.

Susceptibility index: The susceptibility index was calculated using the
equation of Dobie (1977) as follows:

s1= 108/ o x 100 (1)

where: F = Total number of emerged adults;

log. = Natural logarithm;

MDP = Median developmental period (days estimated as the time from the
middle of the oviposition period to the emergence of 50% of the adults).

The Dobie’s index of susceptibility was used to classify the cowpea varieties
into different groups (Dobie, 1974; 1977) using the following scales:

Scale index of < 4.1 as highly resistant;

Scale index of 4.1 — 6.0 as moderately resistant;

Scale index of 6.1 — 8.0 as moderately susceptible;

Scale index of 8.1 — 10 as susceptible;

Scale index of >10 as highly susceptible.
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Data analysis: Data were subjected to analysis of variance using the
GENSTAT software version 5 and significantly different means were separated
using Duncan’s multiple range test at p = 0.05. Correlation coefficients of the
damage parameters were also compared for the cowpea varieties.

Results and Discussion

Table 1 shows the various parameters considered in the determination of
responses of seven cowpea varieties to C. maculatus infestation. Adult mortality of
C. maculatus was not significantly different (p>0.05) among the varieties. Table 1
shows significant differences in the number of seeds damaged among the varieties,
with a higher number of seeds damaged in IFE-98-12 than in ‘Milk’. This indicates
that the local variety (‘Milk’) could be visually rated as less susceptible when
compared to IFE-98-12 which was highly susceptible to the seed beetle attack. It
was observed that there was no significant difference in the percentage seed weight
loss in 1T96-660 and IFE-98-12. There was a significant difference (p<0.05) in the
percentage seed weight loss among the varieties, namely [T96-660 had the highest
percentage of seed weight loss (13.6) while ‘Milk’ had the lowest percentage seed
weight loss (3.7). The percentage seed weight loss in 1T96-660 was significantly
different (p<0.05) from the percentage weight loss in IT89K-568-18, IT§9K-288
and ‘Milk’. However, IFE-98-12 also had the highest number of damaged seeds
and consequently the highest susceptibility index.

There was a significant difference (p<0.05) in the mean number of eggs laid
on the seeds of ‘Drum’ (34.7) when compared to other varieties (6.7 to 18.3).

The median development periods in IT81P-994 and IT89K-288 were not
significantly different (p>0.05) from each other. The median development periods
in IT89K-568-18, IFE-98-12, IT96-660 and ‘Drum’ were significantly lower than
in ‘Milk’. The least median development period and highest mean number of
emerged adults were observed in IFE-98-12. In this study, the median development
period ranged from 23 to 31 days while Beck and Blumer (2007) reported that the
mean life cycle of C. maculatus ranged between 21 and 25 days on a susceptible
variety.

The results also showed that there was a significant difference (p<0.05) in the
mean number of emerged adults among the varieties, namely IFE-98-12 and ‘Milk’
had the highest (250.3) and lowest numbers (34.7) of emerged adults, respectively.
The numbers of emerged adults in the varieties IT89K-288 and ‘Milk’ were
significantly lower (p<0.05) than in IFE-98-12. A higher number of adult beetles
emerged in cowpea variety with the shortest median development period,
suggesting that the median development period played an important role in cowpea
seed infestation (Table 1).



Susceptibility of some cowpea varieties to the seed beetle 355

The results also showed significant differences between the varieties with
respect to weight loss and the number of emerged adults. The results of the mean
number of emerged adults and the susceptibility index showed varietal differences
in the same weight of seed samples infested with the same number of insects. The
susceptibility index and the mean number of emerged adults were higher on IFE-
98-12 than on other varieties. The relatively shorter developmental period and
higher number of emerged adults were recorded on the highly susceptible variety
(IFE-98-12) while the longer developmental period and lower number of emerged
adults were observed in moderately resistant varieties. This report shows that the
high number of emerged adults and high seed weight loss can be used as traits of
the seeds susceptible to C. maculatus attack. Abebe et al. (2009) have used the
median developmental period and the percentage of seed damage as indicators of
seeds susceptible to the insect attack. The size of the seeds may have been
responsible for provision of a favourable site and nutriments for egg-laying and
subsequent development. Other authors have reported that IT89K-288 which was
noticed to be moderately resistant in this report was found to be resistant to bruchid
(Singh et al., 1997) while Obadofin (2014) found that IT89K-288 was highly
resistant to C. maculatus. In another investigation, Akintola and Oyegoke (2004)
reported that IT89K-288 was moderately susceptible. Ileke et al. (2013) reported
that IT96-610 was the least susceptible to C. maculatus.

Rating of cowpea seed varieties based on Dobie’s scale: IT81P-994, IT96-660,
and ‘Drum’, with susceptibility indices of 8.3, 8.5 and 9.0, respectively, were rated
as susceptible and IT89K-568-18 with the susceptibility index of 7.8 was rated as
moderately susceptible while IFE-98-12 with the susceptibility index of 10.4 was
rated as highly susceptible. ‘Milk’ and IT89K-288 with susceptibility indices of 4.8
and 5.7, respectively, were rated as moderately resistant.

The number of damaged seeds in the cowpea varieties was significantly
different from each other (Table 1). The mean numbers of damaged seeds in
IT89K-568-18, IT89K-288 and ‘Milk’ were significantly lower than in other
varieties. The numbers of damaged seeds in IT81P-994 and IT96-660 were
significantly (p<0.05) higher than in IT89K-568-18, IT89K-288 and ‘Milk’. The
results of this study have corroborated the findings of other authors (Adam and
Baidoo, 2008; Amusa et al., 2013; Mogbo et al., 2014) that C. maculatus has the
ability to cause severe damage to cowpea seeds. This is probably the reason why
the insect is a serious pest of stored cowpea seeds in Nigeria. Oke and Olajide
(2012) reported that cowpea varieties exhibited some levels of resistance and
susceptibility to C. maculatus. With recent advances in biotechnology and plant
breeding, it is possible to remove desirable characters from resistant varieties and
transfer them to other cowpea varieties to improve their resistance to cowpea
bruchid (Ileke et al., 2013). Visual observation of the characteristics of the cowpea
varieties and behaviour of the beetle showed that IFE-98-12 (an improved variety)
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was the most susceptible and ‘Milk’ (a local variety) was the least susceptible to
bruchid infestation. The results showed a highly significant difference among the
varieties with respect to all the parameters studied except adult mortality.

Table 1. Responses of improved and local cowpea varieties to Callosobruchus
maculatus attack.

Adult Mean No.  Mean No. % Seed No. of No. of Suscentibilit
Cowpea . ofeggs/20 ofemerged MDP+SD wt.Loss  damaged undamaged -°P y
.~ mortality index
varieties sD seeds adults (days)  (30DAI) seeds seeds +3D
+SD +SD +SD +SD +SD
IT89K- a b ab b b c a
563-18 5.33+0.94" 16.3+7.59 79.0£1.24 24.3+0.82° 5.8+0.91 55.0+1.63 548.7+12.65 7.8+1.38
IQI;El_z 5.67+1.70° 18.3+3.86° 250.3+101.65° 23.0+0.00° 9.9£3.69® 170.3+53.54* 416.3+19.04° 10.4+0.93
IT8 IP' a b ab ab ab b b
994 7.00+0.82% 10.0+£3.32° 177.7+50.17 27.0+1.41" 7.5£2.85 100.7+7.41 441.7+48.80 8.3+1.94
IT89K- . ) , b b . b
288 7.00£2.16"  6.7£3.86 39.3+38.06 27.7£3.09"  6.1£0.76 28.7£1.25 447.3£55.51 5.7+1.96
162?)6_ 6.33+2.62°  8.7+8.29°  145.7+62.29" 253+0.47° 13.6£5.99* 111.7£5.73°  553.3+66.02° 8.5+0.75

Milk 6.00+1.73"  8.043.56°  34.7+£9.18°  31.0+4.24* 3.7+1.83°  21.0£1.41°  447.0+44.73° 4.8+1.66
Drum  6.33+1.25" 34.7+8.18" 111.0+42.13® 24.0+0.00° 8.2+0.97" 135.7+4.50® 255.7+36.17° 9.00.80

SEM 1.18 3.82 57.0 2.07 2.13 14.59 31.2

Values with the same superscript(s) within the same column are not significantly different at p=0.05
using Duncan’s multiple range test.

This study demonstrates considerable variation among the cowpea varieties in
their response to C. maculatus infestation. It was observed that none of the cowpea
varieties was highly resistant to the insect attack. The variation in response of the
cowpea varieties to C. maculatus infestation suggests inherent variation in genetic
factors among the seed varieties screened. This offers opportunity for researchers
to differentiate between highly susceptible varieties such as IFE-98-12 reported in
this study and other less susceptible varieties. The moderately resistant varieties,
‘Milk’ and IT89K-288, were not significantly different from each other in most of
these parameters and had low numbers of emerged adults, seeds damaged, and
percentage seed weight loss. It has been reported that variables such as adult
emergence, growth index, developmental period and weight loss are the most
reliable indicators for resistance of cowpea to damage by C. maculatus (Reden and
McGuire, 1983; Jackai and Asante, 2003; Ewedairo et al., 2015).

Table 2 indicates the correlation coefficient of damaged parameters
considered in this study. An inverse relationship existed between the susceptibility
index and the median development period. However, the number of emerged adults
was highly significant and positively correlated with percentage seed weight loss. It
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was also observed that the mean number of emerged adults and percentage seed
weight loss were highly significant and positively correlated with SI. The
correlation coefficient showed that the number of damaged seeds and the
susceptibility index were significant but negatively correlated with the median
development period. The number of undamaged seeds was highly significant but
negatively correlated with the mean number of eggs laid.

Table 2. Correlation coefficient of damage parameters used to determine
susceptibility of cowpea seed varieties to Callosobruchus maculatus.

Mean No. of No. of No. of

developmental Mea: NSO' of %Sl?si wt. emerged m/(?r(ilalllitt damaged undamaged Susii%t;:ility
period &8 adults Y seeds seeds
Mean
developmental -
period
Mean No. of 0.3688 )
eggs
0,
oSeed Wl o436 00457 -
loss
No. of
emerged -0.4866* 0.1756 0.6069%* -
adults
Adult . 0.2939 -0.0313 -0.4101 -0.0902 -
mortality
No. of
damaged -0.5618** 0.5220* 0.5178*  0.4964* -0.1517 -
seeds
No. of
undamaged 0.0314 -0.5972%** 0.0291 -0.1613  -0.1059 -0.3205 -
seeds
isn‘f::p“b‘l”y -0.7483%%  0.3647 0.6216%* 0.8578** -0.2635  0.6891** -0.1324 -
*Significant at p=0.05; **Highly significant at p=0.01.
Conclusion

In this study, differences were observed among cowpea varieties regarding
their susceptibility to C. maculatus attack. This report shows that the most
susceptible was an improved variety (IFE-98-12) and that none of the varieties was
highly resistant to C. maculatus attack. To some extent, the moderately resistant
varieties (‘Milk’ and IT89K-288) can be suggested for inclusion in the pest
management technique aimed at reducing C. maculatus attack. A further empirical
investigation is in progress to assess the role of physical characteristics and phenol
content of these cowpea varieties in relation to the seed damage indices. In the end,
plant breeders should be encouraged to offer farmers cowpea varieties resistant to
insect infestation.
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OSETLJIVOST NEKIH VARIJETETA VIGNE NA CRNI ZIZAK
CALLOSOBRUCHUS MACULATUS (F.) (COLEOPTERA: CHRYSOMELIDAE)

Abdulrasak K. Musa’ i Abiola A. Adeboye
Odsek za zastitu useva, Univerzitet u Ilorinu, Ilorin, Nigerija
Rezime

Studijom se procenjuje sedam varijeteta vigne Vigna unguiculata L. Walp.:
IT89K-568-18, IFE-98-12, IT81P-994, IT89K-288, 1T96-660, ,Milk” i ,,Drum”
imajuéi u vidu osetljivost na crni zizak vigne, Callosobruchus maculatus (F.)
(Coleoptera: Chrysomelidae). Uzorci semena (100 g) svakog varijeteta bili su
inficirani pomocu 5 parova crnog Zizka (starosti 1-2 dana) sa tri ponavljanja na
temperaturi 30+£2°C i relativnoj vlaznosti 69-72%. Vrednovani parametri su
ukljuc¢ivali: broj oSte¢enih i neoSte¢enih semena, procentualni gubitak mase
semena, srednji broj izleglih odraslih, srednji razvojni period i indeks osetljivosti.
Procentualni gubitak mase semena kod varijeteta 1T96-660 bio je znacajno
(p<0,05) visi nego kod varijeteta IT89K-568-18, IT89K-288 i ,,Milk”. Srednji broj
semena oStecenih kod varijeteta IFE-98-12 bio je znacajno (p<0,05) vise nego kod
varijeteta IT89K-568-18, IT81P-994, IT89K-288, IT96-660 i ,Milk”. Srednji
razvojni period zizka kod varijeteta ,,Milk” bio je znacajno (p<0,05) visi nego kod
varijeteta IT89K-568-18, IFE-98-12, IT96-660 i ,,Drum”. IFE-98-12 i IT89K-568-
18 sa indeksom osetljivosti 10,4 i 7,8 ocenjeni su kao veoma osetljivi odnosno
umereno osetljivi. Broj izleglih odraslih zizaka bio je veoma znacajan i pozitivno je
korelirao sa procentualnim gubitkom mase semena. Dobijeni rezultati su pokazali
da su ovi varijeteti vigne relativno osetljivi na napad insekta C. maculatus prilikom
skladiStenja sugeriSuci potrebu za njihovim odgovaraju¢im Cuvanjem radi zastite
od ovog insekta.

Kljuéne reci: Callosobruchus maculatus, vigna, semena, masa semena,
osetljivost, varijetet.

Primljeno: 30. marta 2017.
Odobreno: 23. oktobra 2017.

" Autor za kontakt: e-mail: akmusa2013@gmail.com
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EFFECTS OF SPACINGS AND BUTACHLOR LEVELS ON WEED
CONTROL, GROWTH AND YIELD OF NERICA 1 RICE
(ORYZA SATIVA L. X ORYZA GLABERRIMAL.)

Hassan Kasim', Ibrahim Musa® and Mustapha A. Muhamman®*
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University of Technology, P.M.B. 2076 Yola, Adamawa State, Nigeria
*Department of Agronomy, Federal University, Kashere,
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Abstract: Poor agronomic practices coupled with herbicide mismanagement
influence crop performance, yield, weed infestation and environmental hazards.
Thus, field experiments were carried out to investigate the effect of spacing and
reduced levels of butachlor on weed control and yield of NERICA 1 rice (Oryza
sativa L. x Oryza glaberrima L). The experiments were conducted in the 2011
rainy season at the Teaching and Research Farm of the Department of Crop
Production and Horticulture, Modibbo Adama University of Technology, Yola, and
Lake Gerio, Yola in the 2012 dry season. Yola is located between latitude 9°14' N
and longitude 12°28’ E in the Northern Guinea Savanna ecological zone of Nigeria.
Treatments consisted of four spacings (20 cm x 20 cm, etc.) and four butachlor
levels (3, 2, 1, and 0 kg ha-1 a.i.). The experiments were laid out in a split-plot
design with spacings assigned to the main plot and butachlor levels assigned to the
sub-plot and were replicated three times. Data were taken on percentage
establishment, number of leaves per plant, general weed cover, panicle length and
grain yield per hectare. Data generated were subjected to analysis of variance.
Means showing a significant F-test were separated using LSD. Results obtained
showed that butachlor at 1 kg ha-1 and 14 cm x 14 cm spacing gave the highest
grain yield of 1441 kg ha-1 and maximum weed control. They are, therefore,
recommended for adoption by farmers in Yola and similar environments.

Key words: spacing, butachlor levels, weed control, NERICA 1 rice variety,
yield increase.
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Introduction

Rice (Oryza spp.) is an increasingly important commodity in Africa
(Balasubramanian et al., 2007). Trends show that production is rapidly increasing
in Africa and it is now competing with Latin America (Meinke et al., 2009). Due to
the world’s population growth, there is a large increase in rice consumption of
about 2% with an increase in the demand to an average of 4.9% per year (Anon,
1995). Rice cultivation in Nigeria is widespread within the country, extending from
the northern to southern zones with most rice grown in the eastern and middle belt
of the country. The cultivation occurs between April and November in the rainy
season and between December and April in the dry season. The annual rice
production in Nigeria is about 4 million metric tons and in spite of the total
production, Nigeria is still among the rice importing countries. This is because rice
production in the country is characterised by low yield due to high weed infestation
and poor agronomic practices.

Important weeds of rice include the perennials: Imperata cylindrical, Cyperus
rotundus, and Chromolaena odorata, the annuals: Digitaria horizontalis and
Euphobia heterophylla and the parasitic weeds: Striga hermonthica and Striga
asiatica. Common weed management practices in rice-based cropping systems
include tillage, flooding, fallow and crop rotations, clearance by fire, hand or hoe
weeding and use of herbicides. These practices are often used in combination with
other methods of weed control, for example, use of herbicides (Rodenburg and
Johnson, 2009). Butachlor is a selective systemic herbicide effective against a wide
range of both annual grass weeds and certain broadleaf weeds. Herbicidal weed
control methods offer an advantage to save labour and money (Ahmed et al., 2000).
The indiscriminate use of herbicides has resulted in the development of weed
resistance. Herbicides may also become a burden if appropriate measures are not
taken at early stages regarding their safe use for sustainable production and
environment (Singh et al., 2005).

Another factor that affects yield in rice production is spacing. In Nigeria,
different research works have been carried out at the optimum densities of rice and
different results revealed that different genotypes showed a different response to
increasing plant population per unit area. Many reports have indicated that planting
of rice at the closer spacing increased the number of tillers, panicle and grain yield
(Ighalo et al., 1998). It was found that yield was more than doubled by decreasing
spacing from 40 x 30 cm to 20 x 30 cm (Oghalo, 2011).

In view of increasing population of Nigeria coupled with the high demand for
food, there is need for farmers to adopt appropriate production techniques,
recommended herbicide levels and spacing in Adamawa state and particularly
Yola. Farmers abuse herbicide recommendation by overdosing or using low
dosage. For these reasons, it is important to study the effects of reduced butachlor
levels and spacing on the performance of NERICA 1 rice variety.
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Materials and Methods

Field experiments were carried out at the Teaching and Research Farm of the
Department of Crop Production and Horticulture, Modibbo Adama University of
Technology (MAUTECH), Yola during the 2011 rainy season and in Lake Gerio,
Yola during the 2012 dry season. Yola is located between latitude 9°14’ N and
longitude 12°28' E in the Northern Guinea Savanna ecological zone of Nigeria.
Treatments consisted of four inter and intra row spacings (20 cm x 20 cm, 17 cm x
17 cm, 14 cm x 14 cm and 11 cm x 11 ¢cm) and four butachlor levels (3, 2, 1 and 0
kg ha-1 a.i). The experiment was arranged in a split-plot design with spacings
assigned to the main plots and butachlor levels to the sub-plot. These were then
replicated three times. NERICA 1 obtained from the Adamawa State Agricultural
Development Programme was sown in the experiments. Fertiliser at 60 kg N-13 kg
P-:25 kg K ha-1 was applied at sowing, and was followed by top dressing with 40
kg N ha-1 at tillering. Butachlor was applied as a pre-emergence herbicide three
days after sowing (DAS) using a 20-L knapsack sprayer. Data were collected on
percentage establishment, number of leaves per plant, length of panicle, general
weed cover score (by visual observation of weed population in each of the plots six
weeks after sowing (WAS) using a scale of 1-9 where 1 represents the complete
absence of weeds in a plot and 9 represents the complete coverage of a plot by
weeds) and grain yield per hectare. Data generated were subjected to analysis of
variance (ANOVA) appropriate to the split-plot design using SAS system for
windows (SAS v8, 2000). Means showing the significant F-test were separated
using the least significant difference (LSD) test at 5%.

Results and Discussion

Table 1 shows the effect of butachlor levels and spacings on percentage
establishment and panicle length of NERICA 1 rice at MAUTECH and Lake
Gerio. No significant (P > 0.05) effect of butachlor levels was recorded on
percentage establishment both at MAUTECH and Lake Gerio. This may be
attributed to the ability of the herbicide to act on some weeds. This result is not in
conformity with the findings of Horn et al. (1980) that butachlor applied at 2.0 kg
ha™' showed a higher percent injury on seedlings than butachlor at 1.5 or lower
rates. The results also disagreed with those obtained by Isma’il et al. (2011) that
butachlor applied 3 DAS showed the highest percent injury to rice seedlings.
Nangju et al. (1976) indicated that the lethal injury could be attributed to the uptake
of herbicides by emerging seedlings. Similarly, Table 1 shows that no significant
effect of spacing was recorded on percentage germination. This may be due to a
less competitive effect between seedlings at this stage. No interaction between
butachlor levels and spacings was recorded.



364 Hassan Kasim et al.

Table 1. Effects of butachlor levels and spacings on percentage establishment (%)
and panicle length (cm) of NERICA 1 rice at MAUTECH (2011 rainy season) and
Lake Gerio (2012 dry season).

Establishment count Panicle length
Treatment - -
MAUTECH Lake Gerio MAUTECH Lake Gerio

Butachlor (B)
3kgha'ai 92.50 90.80 22.76 23.69
2kgha™ a.i 91.70 94.20 22.03 23.68
1 kg ha™ a.i 95.00 93.30 20.79 23.77
0kgha' ai 94.20 94.20 20.35 23.16
P of F 0.765 0.815 0.121 0.779
Spacing (S)
20 x 20cm 95.80 93.30 22.98 26.09
17 x 17cm 91.70 92.50 23.21 25.05
14 x 14cm 90.00 91.70 22.43 24.48
11x 1lem 95.80 95.00 17.31 18.68
P of F 0.285 0.455 0.001 0.001
LSD 1.657 1.470
Interaction Bx S NS NS NS NS

NS = Not significant at the 5% level of probability using LSD.

The effects of butachlor levels on panicle length (Table 1) show no significant
(P > 0.05) effect at both MAUTECH and Lake Gerio. A significant (P < 0.05)
effect of spacings on panicle length was recorded at both locations. At
MAUTECH, 17 cm x 17 cm gave the longest panicle length of 23.21 cm while
the shortest panicle length was recorded in 11 cm x 11 cm (17.31 cm). In Lake
Gerio, 20 cm x 20 cm spacing gave the longest panicle length (26.09 cm) while
11 cm x 11 cm spacing recorded the shortest panicle length of 18.68 cm. The
significant effect of spacing on panicle length may be due to a less competitive
effect between plants at the wider spacing. The result of this study conforms to
that of Alam et al. (2012), who reported longer panicle length with the wider
spacing. No effect of the interaction between butachlor and spacing on panicle
length was recorded.

The effect of butachlor levels and spacings on the number of leaves per plant
of NERICA 1 in MAUTECH and Lake Gerio is shown in Table 2. No significant
effect of butachlor levels on the number of leaves per plant was recorded at both
MAUTECH and Lake Gerio. A significant effect of spacing was recorded on the
number of leaves per plant at both locations during the periods of observation
except at 12 WAS at MAUTECH. At 8 WAS in MAUTECH, the highest number
of leaves per plant (6.75) was recorded in a spacing of 20 cm x 20 cm, and in
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Lake Gerio, the spacing of 17 cm x 17 cm gave the highest number of leaves
(6.42). At 12 WAS in Lake Gerio, the spacing of 14 cm x 14 produced the
highest number of leaves (6.67). The result of this study agreed with the report of
Harding et al. (2012), who found that the number of functional leaves per hill
was higher in the wider spaced plants. No effect of the interaction between
butachlor levels and spacings on the number of leaves per plant was observed.

Table 2. Effects of butachlor levels and spacings on the number of leaves per plant
of NERICA 1 rice at MAUTECH (2011 rainy season) and Lake Gerio (2012 dry
season).

Number of leaves per plant

Treatment 8 WAS 12 WAS
MAUTECH Lake Gerio MAUTECH Lake Gerio
Butachlor (B)
3 kg ha-1 a.i 6.583 6.083 6.500 6.250
2 kg ha-1 a.i 6.583 6.417 6.667 6.083
1 kg ha-1 a.i 6.750 6.083 6.667 6.250
0 kg ha-1 a.i 6.667 6.333 6.667 6.083
Pof F 0.794 0.182 0.699 0.768
Spacing (S)
20 x 20cm 6.750 6.250 6.667 6.500
17 x 17cm 6.667 6.417 6.583 6.333
14 x 14cm 6.667 6.167 6.667 6.667
11x 1lem 6.500 6.083 6.583 5.167
P of F 0.050 0.022 0.859 0.001
LSD 0.1665 0.1861 0.2761
Interaction Bx S NS NS NS NS

NS = Not significant at the 5 % level of probability using LSD.

Table 3 shows the effect of butachlor levels and spacings on general weed
cover and grain yield of NERICA 1 at MAUTECH and Lake Gerio. No significant
effect of butachlor levels on general weed cover was recorded at both locations.
There was a significant effect of spacing on general weed cover at both locations;
namely, the spacing of 20 cm x 20 cm significantly gave the lowest weed cover at
both MAUTECH and Lake Gerio, 3.08 and 2.92, respectively. The highest weed
cover was found in the spacing of 11 cm x 11 cm; 7.50 and 7.75 in MAUTECH
and Lake Gerio, respectively. The lowest weed cover at the highest spacing rate
may be due to the enabling environment for the plants to exploit environmental
factors with little competition, and this gave the plants more room to tiller and
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suppressed weeds. In addition, as can be seen in Table 3, butachlor levels had no
effect on grain yield at MAUTECH, but a significant effect was recorded at Lake
Gerio where 0 kg ha-1 a.i gave the highest yield (1354 kg ha-1). Similarly, spacing
had a significant effect on yield of NERICA. The highest yields of 1149 kg ha-1
and 1426 kg ha-1were recorded in MAUTECH and Lake Gerio, respectively at the
widest spacing of 20 cm x 20 cm. The lowest yield was recorded at the closer
spacing of 11 cm x 11 cm in the two locations (Table 3). The lowest yield recorded
at the closer spacing may be due to the inability of plants to maximally utilise soil
and environmental factors as a result of competition. This result disagrees with the
findings of Powar et al. (2001) that closer spacing produced more grain yield and
straw yield than wider spacing.

Table 3. Effects of butachlor levels and spacings on general weed cover and grain
yield (kg ha-1) of NERICA 1 rice at MAUTECH (2011 rainy season) and Lake
Gerio (2012 dry season).

General weed cover Grain yield (kg ha-1)

Treatment - -
MAUTECH Lake Gerio MAUTECH Lake Gerio

Butachlor (B)
3 kgha-1 a.i 4.58 4.25 803 889
2 kg ha-1 a.i 4.67 4.17 831 870
1 kg ha-1 a.i 4.08 4.17 838 974
0 kg ha-1 a.i 4.00 4.67 977 1354
P of F 2.276 0.530 0.640 0.068
Spacing (S)
20 x 20cm 3.08 2.92 1149 1426
17 x 17cm 3.33 3.50 982 1154
14 x 14cm 3.42 3.08 1089 1295
11x 1lcm 7.50 7.75 229 212
P of F 0.001 0.001 0.001 0.008
LSD 0.953 1.016 315 588.6
Interaction B x S NS NS NS **

NS = Not significant at the 5% level of probability using LSD. ** = Highly significant at the 1% level
of probability using LSD.

The interaction between butachlor levels and spacings showed a significant
effect on grain yield in Lake Gerio; namely, the highest grain yield of 1441 kg
ha-1 was obtained with butachlor at 1 kg ha-1 a.i at a spacing of 14 cm x 14 cm
while the lowest yield was recorded at a spacing of 14 cm x 14 cm and butachlor
at 0 kg ha-1 a.i (Table 4). This shows that integrated weed control gave
maximum yield control compared to where only one method was used.
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Table 4. Interaction of butachlor levels and spacings on grain yield (kg ha') at
Lake Gerio in the 2012 dry season.

g;zztir;;m 20 cm x 20 cm 17cmx 17 cm 14 cmx 14 cm 11ecmx 11 cm
Butachlor
3 kg ha-la.i 963 752 836 215
2 kg ha-1 a.i 931 1182 1172 987
1 kg ha-la.i 1285 1217 1441 1266
0 kg ha-1 a.i 204 251 175 252
LSD 502.8
Conclusion

Based on the results of this study, the application of butachlor at the reduced
rate of 1 kg ha-1 a.i together with a spacing of 14 cm x 14 cm gave maximum weed
control and produced the optimum yield. Thus, these findings should be considered
for the optimum yield of NERICA 1 rice variety in Yola and similar environmental
conditions.
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UTICAJ VEGETACIONOG PROSTORA 1 RAZLICITIH DOZA BUTAHLORA
NA SUZBIJANJE KOROVA, RAST I PRINOS PIRINCA SORTE NERICA 1
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Rezime

Neodgovaraju¢e agrotehnicke mere zajedno sa pogreSnim KkoriS¢enjem
herbicida uti¢u na ucinak useva, prinos, zakorovljenost i opasnost po Zivotnu
sredinu. Poljski ogledi se stoga sprovode kako bi se ispitao uticaj vegetacionog
prostora i smanjenih doza butahlora na suzbijanje korova i prinos pirin¢a sorte
NERICA 1 rice (Oryza sativa L. x Oryza glaberrima L). Ogledi su sprovedeni u
kisnoj sezoni 2011. godine na Nastavno-istrazivaCckom gazdinstvu Odseka za
ratarstvo i hortikulturu, Tehnoloskog univerziteta Modibbo Adama u Joli, i jezeru
Gerio u Joli u sus$noj sezoni 2012. godine. Jola je smeStena izmedu 9°14’ N
geografske Sirine i 12°28' E geografske duzine u ekolo$koj zoni savane u severnoj
Gvineji u Nigeriji. U tretmanima su koriS¢ena Cetiri rastojanja (20 cm x 20 cm, 17
cmx 17cm, 14cmx 14 cmi 11 cm x 11 em) i Cetiri doze butahlora (3, 2, 1,1 0 kg
ha™' aktivne materije). Ogledi su postavljeni po planu izdeljenih parcela sa tri
ponavljanja. Prikupljeni su podaci o procentnoj zasnovanosti, broju listova po
biljci, opstoj zakorovljenosti, duzini metlice i prinosu zrna po hektaru. Dobijeni
podaci su statisticki obradjeni analizom varijanse. Testiranje dobijenih srednjih
vrednosti obavljeno je LSD testom za pojedinacna poredjenja. Na osnovu dobijenih
rezultata vidi se da je u suzbijanju korova najefikasnija varijanta sa dozom
butahlora od 1 kg ha” u vegetacionom prostoru 14 cm x 14 cm, gde je dobijen
najveéi prinos pirin¢a (1441 kg ha™), a §to se moze preporugiti poljoprivrednicima
u Joli i drugim mestima sa sli¢nim agroekoloSkim uslovima.

Kljucne reci: vegetacioni prostor, doze butahlora, suzbijanje korova, sorta
pirinca NERICA 1, povecanje prinosa.
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Odobreno: 10. novembra 2017.
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NUTRIENT DIGESTIBILITY AND GROWTH PERFORMANCE OF
BROILER CHICKENS FED PROCESSED TROPICAL SICKLEPOD
(SENNA OBTUSIFOLIA (L.)) SEED MEAL BASED-DIETS
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Abstract: The eight-week feeding trial was conducted to evaluate the nutrient
digestibility and growth performance of broiler chickens fed raw or processed
Senna obtusifolia seed meal (SOSM). Six experimental diets were compounded to
contain 0% SOSM and 20% each of the raw, boiled, soaked, sprouted and
fermented SOSM respectively. Two hundred and sixteen (216) broiler chicks were
randomly allotted to six (6) dietary treatments in a randomised complete block
design with three (3) replicates containing 12 chicks each. Data were collected on
nutrient digestibility, feed intake, weight gain, feed conversion ratio and mortality.
The result of productive performance indicated that feed intake, weight gain and
feed conversion ratio were significantly (P<0.05) depressed in broiler chickens fed
raw, soaked and sprouted Senna obtusifolia seed meal. However, broiler chickens
fed fermented SOSM showed better (P<0.05) productive performance that was
close to those fed the positive control diet (0% SOSM). The mortality rate did not
reveal any particular trend. However, the low mortality rate recorded in the
different treatments indicated broiler chicken can tolerate up to 20% of either raw
or processed SOSM. Broiler chickens fed raw SOSM recorded lower values for dry
matter (63.06%), crude protein (52.46%), ether extract (53.88%), crude fibre
(30.72%) and nitrogen-free extract (46.11%) digestibility than those fed the other
processed SOSM. The nutrient digestibility of broiler chickens fed fermented
SOSM was significantly (P<0.05) better followed by those fed boiled Senna
obtusifolia seed meal. For instance, broiler chickens fed fermented Senna
obtusifolia seed meal recorded the highest crude protein and ether extract of 69.91
and 70.03% compared to the other processing methods. It can be concluded that
20% fermented SOSM can be incorporated in the diets of broiler chickens with

*Corresponding author: e-mail: audaggai@gmail.com
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acceptable depreciation in biological performance. Slightly lower levels of boiled
SOSM can be included in the diet of broiler chickens but the levels should be
ascertained in further studies.

Key words: broilers, productive performance, nutrient digestibility, sickle
pod, seed meal detoxification.

Introduction

The high cost of feeds is the major challenge responsible for the slow growth
rate of the Nigerian poultry industry. This is attributed to the scarcity and high
cost of conventional protein sources such as soya bean and groundnut cake (Igene
et al., 2012). Ukachukwu and Osuagwu (2006) have further reported that feed
which accounted for 70% of costs of intensively reared poultry is a major
limiting factor to the growth of the poultry industry. Therefore, the search for a
cheaper alternative protein source is very necessary. Senna obtusifolia seed is one
of such alternative that has been neglected in feeding poultry. The proximate
composition of the seed as reported by Ingweye et al. (2010) has revealed that it
has protein content of 29.54%, which suggests that it may be a good feed source
for poultry. Senna obtusifolia seed contains some anti-nutritional factors such as
tannins and alkaloid which will affect the digestibility and utilization of nutrients
(Augustine et al., 2014). These anti-nutritional factors may be harmful to
livestock when consumed beyond certain threshed hold. Therefore, before
recommending Senna obtusifolia seeds as a feed ingredient for poultry, it is
important to evaluate the best processing method(s) that will enhance the
utilisation of the seed. Information on processing method(s) that will optimally
improve the utilisation of Senna obtusifolia seed is scanty hence the need to
bridge such information gap. This study was therefore conducted to evaluate
nutrient digestibility and growth productive performance of broiler chickens fed
raw or processed Senna obtusifolia seed meals.

Materials and Methods

The research was conducted at the Poultry Unit of the Department of Animal
Production, Livestock Teaching and Research Farm, Adamawa State University.
It is located between latitudes 9°30” and 11° north of the equator and longitudes
13° and 13° 45’ east of the Greenwich meridian. The temperature regime in Mubi
area is warm to hot throughout the year, however, there is usually a slight cold
period between November and February. There is a gradual increase in
temperature from January to April. The minimum and maximum temperatures of
the area are 18.1°C and 32.8°C. The mean annual rainfall ranges from 900 to
1050 mm (Adebayo, 2004).



Nutrient digestibility and growth performance of broiler chickens 373

Experimental stock and their management

Two hundred and sixteen (216) day-old broiler chicks (Anak strain) were
brooded and managed in deep litter pens of 0.06 m*/bird. The broiler chickens
were vaccinated against Gumboro (2 and 4 weeks of age) and Newcastle disease
(3 and 5 weeks of age). The experimental broiler starter diet was fed ad-libitum
to the chicks for 35 days while the broiler finisher diet was fed for the remaining
twenty one (21) days, respectively. Clean drinking water was similarly supplied
ad-libitum throughout the period of the experiment.

Processing of Senna obtusifolia seeds

Senna obtusifolia seeds were divided into five batches. The first batch was
left unprocessed (raw). The second batch was soaked in water for 24 hours. The
third batch was boiled in water for 1 hour. The fourth sample was soaked in
water for 48 hours and thereafter removed, washed, drained and spread on a jute
sack and allowed to sprout. The fifth batch was cooked and placed in an air-tight
container and allowed to ferment for 5 days. The differently processed Senna
obtusifolia seeds were properly sun-dried and milled.

Experimental diets (treatments) and experimental design

Raw and differently processed Senna obtusifolia seed meals (soaked, boiled,
sprouted and fermented) were included at 20% level each in the diets of broiler
chickens at both starter and finisher stages (Tables 1 and 2). There were all
together six treatment diets designated T1, T2, T3, T4, T5 and T6. Diet T1
contained 0% Senna obtusifolia seed meal and therefore served as the positive
control while diet T2 contained raw Senna obtusifolia seed meal and served as
the negative control. Diets T3, T4, T5 and T6 contained soaked, boiled, sprouted
and fermented Senna obtusifolia seed meals, respectively. The 216 broiler
chickens were randomly allotted to the six dietary treatments in a randomised
complete block design (RCBD). Each treatment group was replicated three times
with 12 chickens per replicate. The starter and finisher phases of the experiment
lasted for 35 and 21 days, respectively.

Chemical analysis

The experimental diets were analysed for proximate composition and level of
anti-nutritional factors using standard procedure as described by AOAC (2004).The
dry matter content was determined using the oven dry method and crude protein
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was determined using the Kjeldahl method. The soxhlet extraction method was
used for the determination of ether extract. The fibre content was evaluated using
the trichloroacetic method. The tannins and total phenols were determined using
the Folin-Denis method as described by Doss et al. (2011).

Table 1. Ingredient composition and calculated analysis of the experimental broiler
starter diets.

Level of soya bean meal replaced with 20% of each of the raw or processed SOSM (%)

Ingredients T1(0%) T2(RSOSM) T3(BSOSM) T4(SSOSM) T5(SPSOSM) T6(FSOSM)
Maize 50.00 50.00 50.00 50.00 50.00 50.00
Maize offal 4.00 4.00 4.00 4.00 4.00 4.00
Soya bean meal 23.05 9.05 9.05 9.05 9.05 9.05
SOSM 0.00 20.00 20.00 20.00 20.00 20.00
Fishmeal 6.00 6.00 6.00 6.00 6.00 6.00
Groundnut cake 13.00 8.00 8.00 8.00 8.00 8.00
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Bone meal 3.00 3.00 3.00 3.00 3.00 3.00
Methionine 0.20 0.20 0.20 0.20 0.20 0.20
Lysine 0.20 0.20 0.20 0.20 0.20 0.20
Premix* 0.25 0.25 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00 100.00 100.00

Calculated analysis
Energy**(kcal/kg) 2912.44  2906.80 2905.08 2903.40 2907.24 2901.10

Protein (%) 23.15 22.23 22.55 22.78 22.48 22.65
Fibre (%) 2.88 3.13 3.12 3.08 3.11 2.98
Methionine (%) 0.77 0.76 0.77 0.75 0.73 0.70
Lysine (%) 1.39 1.38 1.36 1.32 1.29 0.75
Calcium (%) 1.31 1.30 1.32 1.30 1.29 1.33
Phosphorus (%) 0.73 0.73 0.74 0.73 0.71 0.75

Vitamin — Mineral Premix (Animal Care) supplies the following per 2.5 kg: Vitamin A 12,000,000
vit. D3 3000,000, vit. E30,000 mg vit. K3 2,500 mg, folic acid 1,000 mg, niacin 40,000, calpan 10,000
mg, vit. B, 5000 mg, vit. Bj, 20 mg, vit. B; 2,000 mg, vit. B¢ 3,500 mg, biotin 80 mg, antioxidant
125,000 mg, cobalt 250 mg, selenium 250 mg, iodine 1,200 mg, iron 40,000 mg, manganese 70,000
mg, copper 8,000 mg, zinc 60,000 mg and chloride 200,000 mg.

**Metabolisable energy (ME) calculated according to the formula of Pauzenga (1985) ME =37 x %
CP + 81x % EE + 35.5 x % NFE. GNC = Groundnut cake, SOSM = Senna obtusifolia seed meal,
RSOSM = Raw Senna obtusifolia seed meal, BSOSM = Boiled Senna obtusifolia seed meal, SSOSM
= Soaked Senna obtusifolia seed meal, SPSOSM = Sprouted Senna obtusifolia seed meal, FSOSM =
Fermented Senna obtusifolia seed meal.
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Table 2. Ingredient composition and calculated analysis of the experimental broiler
finisher diets.

Level of soya bean meal replaced with 20% of each of the raw or processed SOSM

Ingredients T1(0%SOSM) T2(RSOSM) T3(BSOSM) T4(SSOSM) T5(SPSOSM) T6(FSOSM)
Maize 54.00 54.00 54.00 54.00 54.00 54.00
Maize offal 6.00 7.00 7.00 7.00 7.00 7.00
Soya bean meal 20.15 5.15 5.15 5.15 5.15 5.15
SOSM 0.00 20.00 20.00 20.00 20.00 20.00
Fishmeal 5.00 6.00 6.00 6.00 6.00 6.00
Groundnut cake 11.00 4.00 4.00 4.00 4.00 4.00
Salt 0.20 0.20 0.20 0.20 0.20 0.20
Bone meal 3.00 3.00 3.00 3.00 3.00 3.00
Methionine 0.20 0.20 0.20 0.20 0.20 0.20
Lysine 0.20 0.20 0.20 0.20 0.20 0.20
Premix* 0.25 0.25 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00 100.00 100.00

Calculated analysis
*Energy(kcal’/kg) 3119.39 2930.39 2910.50 2903.02 2931.98 2922.11

Protein (%) 19.99 19.45 19.55 19.95 19.65 20.01
Fibre (%) 3.40 3.61 391 3.90 4.01 3.20
Methionine (%) 0.61 0.75 0.70 0.73 0.79 0.83
Lysine (%) 1.36 2.70 2.74 2.69 2.61 2.92
Calcium (%) 1.25 0.64 0.63 0.58 0.65 0.59
Phosphorus (%) 0.69 0.65 0.64 0.66 0.63 0.68

Vitamin — Mineral Premix (Animal Care) supplies the following per 2.5 kg: Vitamin A 12,000,000 vit. D;
3000,000, vit. E30,000 mg, vit. K3 2,500 mg, folic acid 1,000 mg, niacin 40,000, calpan 10,000 mg, vit. B,
5000 mg, vit. By, 20 mg, vit. B; 2,000 mg, vit. B¢ 3,500 mg, biotin 80 mg, antioxidant 125,000 mg, cobalt
250 mg, selenium 250 mg, iodine 1,200 mg, iron 40,000 mg, manganese 70,000mg, copper 8,000 mg, zinc
60,000 mg and chloride 200,000 mg.

**Metabolisable energy (ME) calculated according to the formula of Pauzenga (1985) ME = 37 x %CP +
81 x % EE + 35.5 x % NFE, SOSM = Senna obtusifolia seed meal, RSOSM = Raw Senna obtusifolia seed
meal, BSOSM = Boiled Senna obtusifolia seed meal, SSOSM = Soaked Senna obtusifolia seed meal,
SPSOSM = Sprouted Senna obtusifolia seed meal, FSOSM = Fermented Senna obtusifolia seed meal.

Measurement of productive parameters and mortality rate

Daily feed intake was determined by the difference between daily feed offered
and daily feed leftover. Final weight was taken at the end of the experiment and the
overall weight gain was obtained by subtracting the initial weight from the final
weight. Feed conversion ratio (FCR) was calculated using the formula shown
below:

FCR = feed intake

weight gain
Mortality rate was recorded as it occurred.
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Determination of nutrient digestibility

At the last week of the experiment, three (3) broiler chickens were randomly
selected from each replicate and placed in individual battery cages for the
digestibility study. The birds were allowed a three-day adjustment period.
Measured quantity of feed was given to each bird every morning and the leftover
weighed the next morning to calculate feed intake by each bird. Faecal collection
lasted for three days. Faecal samples collected from each treatment group were
bulked, milled and analysed for proximate composition according to the procedure
of AOAC (2004). Nutrient digestibility coefficient (NDC) was calculated using the
formula shown below:

(NDC%) = (Nutrient in diet x feed intake) - (Nutrient in faeces x faecal output) x 100%
Nutrient in diet x feed intake.

Statistical analysis

Data obtained were subjected to analysis of variance (ANOVA) of the
randomised complete block design (RCBD) using Statistix 9.0 (Statistix 2003). A
significant difference was considered at the 95% confidence level.

Results and Discussion

The results of the proximate composition of the experimental broiler starter
and finisher diets are presented in Tables 3 and 4, respectively. The crude
proteins for the starter and finisher diets were close to the values (23 and 20%
respectively) for starter and finisher diets recommended by Aduku (1995) as the
optimum protein requirement for broiler chickens in the tropics. The
metabolisable energy contents of the diets ranged from 2883.80 to 2912.44
kcal/kg for the starter diets and 2903.02 to 3119.39 kcal/kg for the finisher diets.
These values were close to the values (2800 kcal/kg) for broiler starter diets and
(3000 kcal/kg) for broiler finisher diets recommended by Aduku (1995) as the
energy requirements of broiler chickens in the tropics.

The levels of tannins and total phenols of the experimental diets revealed
that these anti-nutritional factors were relatively high in the diets containing raw
Senna obtusifolia seed meal compared to the positive control diet (0% RSOSM)
and diets containing 20% of each of boiled, soaked, sprouted and fermented
Senna obtusifolia seed meals. This is an indication that the different processing
methods used were effective in reducing the levels of the anti-nutritional factors.
These findings concurred with the earlier report of Udedibie and Nkwocha
(1990) who found processing methods such as soaking, boiling and fermentation
to be effective in reducing anti-nutritional factors in legume grains.
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Table 3. Analysed chemical composition of the experimental broiler starter diets (%).

Level of soya bean meal replaced with 20% of each of the raw or processed SOSM (%)

Nutrients T1(0%) T2(RSOSM) T3(BSOSM) T4(SSOSM) T5(SPSOSM) T6(FSOSM)
Dry matter (%) 92.41 92.50 92.12 93.13 92.84 91.52
Crude protein (%) 2238 19.82 21.95 19.80 20.70 21.91
Crude fibre (%) 4.80 5.79 6.24 7.17 7.06 5.56
Ether extract (%) 7.52 6.89 6.62 6.38 7.42 6.36
Ash (%) 7.50 5.90 6.64 6.78 6.71 6.70
NFE (%) 46.17 46.86 45.75 46.27 45.08 46.37
*Energy (Kcal’kg) 307622  2954.96 2972.50 2954.02 296726  2971.97
Calcium (%) 1.07 1.21 1.15 1.11 1.33 1.18
Phosphorus (%) 0.51 0.47 0.68 0.62 0.59 0.63
Tannins (%) 0.001 0.68 0.24 0.30 0.33 0.21
Total phenols (%) 0.003 0.97 0.30 0.36 0.31 0.29

*Metabolisable energy (ME) calculated according to the formula of Pauzenga (1985) ME =37 x % CP + 81
x % EE + 35.5 x % NFE, NFE = Nitrogen-free extract, RSOSM = Raw Senna obtusifolia seed meal,
BSOSM = Boiled Senna obtusifolia seed meal, SSOSM = Soaked Senna obtusifolia seed meal, SPSOSM =
Sprouted Senna obtusifolia seed meal, FSOSM = Fermented Senna obtusifolia seed meal.

Table 4. Analysed chemical composition of the experimental broiler finisher diets (%).

Level of soya bean meal replaced with 20% of each of the raw or processed SOSM (%)

Parameters T1(0%) T2(RSOSM) T3(BSOSM) T4(SSOSM) T5(SPSOSM) T6(FSOSM)
Dry matter (%) 93.05 93.40 92.79 93.40 93.26 93.54
Crude protein (%) 19.25 18.75 18.64 19.72 18.95 19.98
Crude fibre (%) 5.90 6.95 8.84 7.11 6.92 6.09
Ether extract (%) 7.12 6.75 7.55 6.98 6.57 6.71
Ash (%) 7.08 6.97 6.46 6.16 7.08 6.83
NFE (%) 49.13 48.11 47.97 47.68 47.12 46.81
*Energy (kcal’kg) 3033.09 2948.12 3004.17 2961.02 2906.08 2944.53
Calcium (%) 1.87 0.98 1.05 1.17 1.52 1.30
Phosphorus (%) 0.46 0.43 0.48 0.42 0.39 0.47
Tannins (%) 0.00 0.62 0.28 0.32 0.35 0.23
Total phenols (%) 0.00 0.84 0.31 0.34 0.41 0.31

*Metabolisable energy (ME) calculated according to the formula of Pauzenga (1985) ME =37 x % CP + 81
x % EE + 35.5 x % NFE, NFE = Nitrogen-free extract, RSOSM = Raw Senna obtusifolia seed meal,
BSOSM = Boiled Senna obtusifolia seed meal, SSOSM = Soaked Senna obtusifolia seed meal, SPSOSM =
Sprouted Senna obtusifolia seed meal, FSOSM = Fermented Senna obtusifolia seed meal.
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The productive performances of broiler chickens fed raw or processed Senna
obtusifolia seed meals (PSOSM) are presented in Table 5. Final live weight and
overall weight gain indicated significant (P<0.05) variation among the treatment
groups. The average final live weight and overall weight gain of the broiler
chickens fed raw Senna obtusifolia seed meal (RSOSM) were the lowest (P<0.05)
compared to the other groups fed the processed Senna obtusifolia seed meals. This
could be attributed to the negative effects of anti-nutritional factors such as tannins,
oxalates and phytates present in the seed meal. This finding is in line with the
report of Emiola et al. (2013) who fed raw mucuna seed meal to broiler chickens
and observed a similar depressive effect on the growth of the chickens. The
average final live weight and overall weight gain of the broiler chickens fed
processed seed meal showed improvement in growth performance compared to the
group of chickens fed the raw seed meal. This indicates that the different
processing methods used reduced the level of the anti-nutritional factors to
tolerable levels. This also concurred with the observations made by some
researchers (Orgyeret al., 2009; Udensi et al., 2010; Tuleun et al., 2011; Emiola et
al., 2013) who used soaking, boiling and fermentation methods as processing
methods for pigeon pea and mucuna seeds and reported a significant reduction in
the level of anti-nutritional factors.

Table 5. Productive performance of broiler chickens fed raw or processed Senna
obtusifolia seed meals.

Level of soya bean meal replaced with 20% of each of the raw or processed SOSM (%)

Parameters T1(0% SOSM) T2(RSOSM) T3(BSOSM T4(SSOSM) T5(SPSOSM)  T6(FSOSM) SEM
Initial weight (g) 258.33 24521 255.78 251.11 245.55 249.44 5.94
Final weight (g) ~ 2156.70°  1058.30°  1616.70° 1353.30° 1143.30° 1750.00°  175.05
OWG (g) 1898.37° 813.09°  1360.92°  1102.19¢ 897.25° 1500.56°  98.69
Daily intake (g) 94.58" 58.37° 69.99° 67.51° 61.72¢ 79.85° 9.76
DWG (g) 33.90° 14.52¢ 24.30° 19.65¢ 16.03° 26.80° 7.08
FCR 2.79° 4.02° 2.88° 3.43¢ 3.85° 2.98° 0.12
Mortality (No.) 1.00 3.00 1.00 3.00 0.00 2.00 NA

a,b,c,d, e = Means in the same row with different superscripts are significantly different (P<0.05); NA =
Not applicable, SEM = Standard error of the mean, FCR = Feed conversion ratio, DWG = Daily weight
gain, OWG = Overall weight gain, RSOSM = Raw Senna obtusifolia seed meal, BSOSM = Boiled Senna
obtusifolia seed meal, SSOSM = Soaked Senna obtusifolia seed meal, SPSOSM = Sprouted Senna
obtusifolia seed meal, FSOSM = Fermented Senna obtusifolia seed meal.

The broiler chickens fed the fermented seed meal (FSOSM) had better
(P<0.05) overall weight gain followed by those fed the boiled and sprouted Senna
obtusifolia seed meal based diets. This concurred with the results obtained by
Tuleun et al. (2011) who observed boiling and fermentation to be more effective in
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detoxification of anti-nutritional factors. Hong et al. (2004) reported that fermented
soya bean meal had high protein content and amino acid composition. This may be
the reason for the better performance observed in the group of broiler chickens fed
FSOSM. Hirabayashi (1998) has further pointed out that inclusion of fermented
feeds in poultry diets improves nutrient digestibility and growth performance.
Udedibie et al. (1996) attested that boiling was very effective in reducing saponins
compared to soaking in water. The superior performance (P<0.05) recorded in
broiler chickens fed BSOSM and FSOSM indicated that boiling and fermentation
as processing methods proved to be very effective in detoxifying the anti-
nutritional components present in Senna obtusifolia seed meal. In a similar study,
Tuleun et al. (2011) fed broiler chickens fermented mucuna seed meal based diet
and reported better performance of the chickens. The superior (P<0.05)
performance of broiler chickens fed FSOSM may be attributed to improvement in
the crude protein content of the seed meal and possibly due to microbial protein
that is usually associated with fermented materials as reported by Yashim et al.
(2009). Ilyas et al. (1995) have further pointed out that fermented feeds contain
biologically active by-products such as probiotic bacteria and lactic acid which
exert some beneficial effects in the body of poultry. Daily weight gain showed a
similar trend as that of overall weight gain. The feed intake and feed conversion
ratio of broiler chickens fed the different experimental diets showed significant
(P<0.05) variations. The feed intake and feed conversion ratio of broiler chickens
fed FSOSM were higher (P<0.05) followed by those of the chickens fed BSOSM.
The differences in the performance of broiler chickens fed boiled, soaked, sprouted
and fermented Senna obtusifolia seed meals could be attributed to differences in
levels of residual anti-nutritional factors in the diets. A similar finding was reported
by Emiola et al. (2013), who fed processed mucuna seed meal to broiler chickens.

Table 6. Nutrient digestibility of broiler chickens fed raw or processed Senna
obtusifolia seed meals.

Level of soya bean meal replaced with 20% of each of the raw or processed SOSM (%)

Parameters (%) T1(0%) T2(RSOSM) T3(BSOSM) T4(SSSOSM) T5(SPSOSM) T6(FSOSM)  SEM

Dry matter 77.38"  63.06° 71.31° 68.21° 70.15° 74.66° 9.11
Crude protein ~ 74.13*  52.46° 68.51° 62.48° 67.72° 69.91° 521
Ether extract ~ 70.18"  53.88° 64.16° 60.25¢ 64.90° 70.03° 8.21
Crude fibre 38.12°  30.72° 35.61° 34.78° 33.65° 3726 19.01
NFE 7257 46.11¢ 69.04° 68.23° 65.78° 71.05*  14.56

a,b,c,d,e = Means in the same row with different superscripts are significantly different (P<0.05), NFE = Nitrogen-
free extract, SEM = Standard error of the means, RSOSM = Raw Senna obtusifolia seed meal, BSOSM = Boiled
Senna obtusifolia seed meal, SSOSM = Soaked Senna obtusifolia seed meal, SPSOSM = Sprouted Senna
obtusifolia seed meal, FSOSM = Fermented Senna obtusifolia seed meal.
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Broiler chickens fed raw Senna obtusifolia recorded the lowest values for dry
matter, crude protein, ether extract, crude fibre and nitrogen-free extract
digestibility than those fed the other processed Senna obtusifolia seed meal.

The poor (P<0.05) nutrient digestibility observed in broiler chickens fed
RSOSM could be attributed to the adverse effects of tannins and other related
polyphenols present in the raw seed meal. This conformed to earlier observation
made by Amaefule et al. (2011), who fed broiler chickens raw pigeon pea meal
based diet and reported depressed nutrient digestibility. Furthermore, Reed (1995)
pointed out that anti-nutritional factors can bind with protein in diets and form less
digestible complexes and they may also combine with endogenous enzymes and
thus depress digestibility. The broiler chickens fed the positive control diet (0%
SOSM) exhibited superior (P<0.05) nutrient digestibility compared to the groups
fed the processed seed meal. This could be due to the effect of residual anti-
nutritional factors present in the processed seed meals. Emiola et al. (2013)
reported adverse effects of residual anti-nutritional factors in mucuna seed meal on
the performance of broiler chickens.

The nutrient digestibility (Table 6) of broiler chickens fed fermented seed
meal based diet was significantly (P<0.05) better followed by those of broiler
chickens fed boiled seed meal based diet and compared to those of broiler chickens
fed raw, soaked and sprouted seed meals. This finding is in line with the report of
Tuleun et al. (2011), who have reported that boiling and fermentation are more
effective in neutralising of anti-nutritional components of the seeds. Osman (2007)
further pointed out that the solubilisation of tannins occurred during fermentation
resulting in a more significant decrease in the tannin content.

Conclusion

This study revealed that broiler chickens fed the processed Senna obtusifolia
seed meal performed better than those fed the raw seed meal. Among the broiler
chickens fed the differently processed seed meals, those fed the fermented Senna
obtusifolia seed meal indicated the superior performance in terms of nutrient
digestibility and growth performance. Up to 20% of fermented Senna obtusifolia
can be incorporated in broiler diets with acceptable depreciation in biological
performance. A further study should be conducted using raw or processed Senna
obtusifolia to feed other monogastric animal such as rabbits, pigs and rats.
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Rezime

Eksperiment u trajanju od osam nedelja sproveden je u cilju ispitivanja
svarljivosti hranljivih materija i performansi porasta kod brojlerskih pili¢a
hranjenih sirovim ili obradenim samlevenim semenom Senna obtusifolia (engl.
Senna obtusifolia seed meal — SOSM). Formulisano je Sest ekperimentalnih obroka
da sadrze 0% semena Senna obtusifolia odnosno 20% sirovog, kuvanog,
namocenog, naklijalog odnosno fermentisanog semena Senna obtusifolia. Dvesta
Sesnaest (216) brojlerskih pilica su nasumicno rasporedeni u Sest (6) tretmana
(razliciti obroci) u potpuno slucajnom blok sistemu sa tri (3) ponavljanja, pri cemu
je svako ponavljanje obuhvatalo 12 pilica. Sakupljeni su podaci o svarljivosti
hranljivih materija, konzumiranju hrane, prirastu, konverziji hrane i uginucu.
Rezultati analiziranih parametara ukazuju da su konzumiranje hrane, ostvareni
prirast 1 efikasnost iskoriS¢avanja hrane znacajno (P<0,05) smanjeni kod
brojlerskih pilica hranjenih smeSom sa sirovim, namocenim i naklijalim semenom
Senna obtusifolia. Medutim, brojlerski pili¢i hranjeni fermentisanim semenom
Senna obtusifolia pokazali su bolje (P<0,05) proizvodne rezultate, slicne onim
brojlerima koji su hranjeni kontrolnim obrokom (0% SOSM). Stopa smrtnosti nije
pokazala bilo kakav odredeni trend. Ipak, niska stopa smrtnosti zabelezena u
razli¢itim tretmanima ukazivala je da brojlerski pili¢i mogu da toleri§u do 20% bilo
sirovog ili preradenog semena Senna obtusifolia. Brojlerski pili¢i hranjeni sirovim
semenom Senna obtusifolia zabelezili su niZe vrednosti svarljivosti suve materije
(63,06%), sirovog proteina (52,46%), sirovih masti (53,88%), sirove celuloze
(30,72%) 1 bezazotne ekstraktivne materije (46,11%), nego kod onih koji su
hranjeni obradenim semenom Senna obtusifolia. Svarljivost hranljivih materija
brojlerskih piliéa hranjenih fermentisanim semenom Senna obtusifolia bila je
znacajno (P<0,05) bolja i pracena je vrednostima za seme Senna obtusifolia

*Autor za kontakt: e-mail: audaggai@gmail.com
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tretiranim kuvanjem. Kod brojlera hranjenih mlevenim fermentisanim semenom
Senna obtusifolia utvrdene su najveée vrednosti za svarljivost sirovih proteina i
sirovih masti 69,91 odnosno 70,03% u poredenju da drugim metodama prerade.
Moze se zakljuciti da se 20% fermentisanog mlevenog semena Senna obtusifolia
moze inkorporirati u obroke brojlerskih pilica sa prihvatljivim smanjenjem
bioloskih performansi. Seme Senna obtusifolia obradeno kuvanjem moze biti
uklju¢eno u obroke za brojlere u nesto manjoj koli€ini, §to moze da bude predmet
daljih istrazivanja.

Kljué¢ne reci: brojleri, performanse porasta, svarljivost hraniva, tropska sena,
detoksikacija obradenim samlevenim semenom.

Primljeno: 13. aprila 2017.
Odobreno: 10. novembra 2017.
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EFFECT OF BORASSUS AETHIOPUM EXTRACT AS A BIOLOGICAL
EXTENDER ON SEMEN CHARACTERISTICS, FERTILITY AND
HATCHABILITY IN CHICKENS
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Abstract: Borassus aethiopum extract as a biological extender was evaluated on
semen quality, fertility and hatchability in chickens under conditions of warm
preservation at 37°C. The extenders were prepared in 1:5 and 1:10 ratios (extract to
normal saline) and preserved for 0, 1, 2, 3 and 4 hours respectively in a factorial
design layout. There was no significant (p>0.05) effect of the extender on semen
characteristics within 2 hours of preservation. However, motility (%) was
significantly (p<0.05) reduced when the semen was preserved for more than 2 hours.
Interactions between the extender ratios and the period of preservation were
significant (p<0.05) for motility (%), dead and abnormal cells. Motility (%) was
insignificantly (p>0.05) higher in the extender of 1:10 than in the extender of 1:5 and
it was above 70%. Using the extender of 1:10 in the fertility and hatchability trial in a
completely randomized design layout showed that fertility decreased, 95% in the O-
hour treatment to 73% in the 4-hour treatment while hatchability decreased from
71.4% in the 0-hour treatment to 61.5% in the 4-hour treatment. It may be concluded
that the Borassus aethiopum extract could be used to extend and preserve the semen
of chickens for 3 hours providing good fertility and hatchability of eggs.

Key words: chicken, semen, Borassus aethiopum extract, fertility,
hatchability.

Introduction

Artificial insemination (Al) has been considered as a valuable technique in the
poultry industry (Benoff et al., 1981). It has the advantage of efficient use of male
over natural mating. However, Al can be enhanced with the improvement of
diluents (Mian et al., 1990) in the extender. The advantages of the semen extender
include the maximum use of semen in short supply and reduction in the male to
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female ratio. The cock produces about 0.284+0.14 mL of semen per ejaculate (Bah
et al., 2001) which may be difficult to handle as undiluted semen because of its
viscous nature (Singh, 2005). Diluent enhances the spread of semen over many
hens (Mian et al., 1990). It is known that sperm motility and fertility capacity in
undiluted raw fowl semen in vitro usually decrease within one hour after collection
(Dumpala et al., 2006).

Assessment of diluted and undiluted stored cock semen has revealed that the
application of extender is essential to sustain semen quality (Bootwalla and Miles,
1992) which could be preserved up to 24 hours without impairing the viability and
fertilizing ability of the semen (Lukaszewicz, et al., 2008). Semen extenders have
the ability to support the biochemical composition of semen, otherwise the semen
could coagulate with a loss of cell integrity.

The addition of various components to semen maintains motility, fertility
capacity and preserves sperm membrane integrity (Riha et al., 2006). Egg yolk is
generally accepted to be an effective agent in semen extenders (Aboagla and
Terada, 2004), but it provides substrates for hydrogen peroxide production to the
detriment of live spermatozoa (Singh, 2005). Generally, an extender will facilitate
semen handling by maintaining sperm viability and inhibit the pathways that are
detrimental to semen survival. Extenders are currently being used for both short-
term and long-term storage of domestic fowl semen, and the most common practice
for short-term storage (hours to days) requires the suspension of sperm cells in
vitro in a suitable medium that maintains viability. Several plant sources such as
coconut, tomato and carrot have been screened for their semen extending potentials
(Banerjee, 2011). Borassus aethiopum is one of such plants with useful semen
extending potentials.

Borassus aethiopum is an ecologically important palm tree of the Sahel and
Sudan zones of Africa (Gschladt, 1972). The plant produces fruits which contain
sap in the mesocarp. The sap is rich in soluble carbohydrates which contain
minimum essential medium (MEM) for extending semen. According to Ahmed et
al. (2010), palmyra palm contains about 5.83 g of soluble sugars making it a
potential energy source for sperm survival. There is a growing concern for more
knowledge regarding reproductive improvement with the use of semen extender.
However, the utilization of natural plants to enhance semen viability and fertility in
successful application of Al necessitated this investigation of the effects of
Borassus aethiopum extract as a biological extender on semen characteristics and
its usefulness in fertility and hatchability of eggs in chickens.

Materials and Methods

The research was conducted at the poultry section of the Teaching and
Research Farm, Faculty of Agriculture, University of Ilorin, Ilorin, Nigeria.
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Preparation of the extract

The fresh Borassus aethiopum fruit was obtained at the premises of Living
Faith Church, Gaa Imam, Ilorin. The fruit was washed and wiped dry using a
sterilized damper and the fleshy mesocarp was cut opened with a sharp knife and a
sterilized spatula was used to scope out the pulp into a clean Petri dish, from which
2 g were taken and analyzed for proximate composition according to AOAC
(2005). Another 2 g were taken into a test tube, and 10 mL of distilled water were
added to the pulp and were homogenized. The resultant solution was centrifuged at
3000 rpm and the supernatant was carefully separated into another test tube as the
stock. This stock was further diluted with normal saline solution in the ratio of 1:5
and 1:10 and placed in the water bath maintained at 37°C.

Eight matured cocks (average weight 2.2+0.05 kg) aged 8 months of Isa
brown strain were obtained from the Teaching and Research Farm. These birds
were milked to obtain semen according to the procedure describe by Adeyina et al.
(2016). The undiluted semen was pooled into a test tube and analyzed for semen
quality and characteristics according to Adeyina et al. (2016). From the pooled
semen, 0.5 mL was taken into each of eight test tubes in the water bath maintained
at 37°C and diluted with the prepared extender in the ratio of 1:5 and 1:10
respectively. The extender of 1:5 was added to four test tubes while the extender of
1:10 was added to the remaining four test tubes. All the semen solutions were
maintained at the same temperature in the water bath. Samples in triplicate from
the semen solutions were taken on a slide and observed under a microscope
(Olympus model x40) on an hourly basis for 4 hours for semen characteristics
according to the method described by Wishart (1995).

In the phase 2 of the research, the ratio of the 1:10 semen extender which best
supported sperm characteristics was used in Al of laying hens to assess its effect on
fertility and hatchability of eggs. Sixty actively laying birds weighing 1.8+0.02 kg were
selected and inseminated using the 1:10 extender. The birds were divided into four
treatments of 15 birds per treatment and three replicates (five birds per replicate). Each
treatment represented an hourly interval of insemination (lhr, 2 hr, 3 hr and 4 hr). The
birds were kept separately in a battery cage system and were fed the commercial layers
mash of 17.5% CP and 2700 kcal/kg M.E. Water was offered ad libitum.

Then, 0.1 mL of the extended semen as recommended by Gordon (2005) was
taken to inseminate each bird according to the methods of Adeyina et al. (2016).
Eggs from these birds were collected 24 hours after insemination for four days before
the insemination was repeated. A total of 300 eggs, 75 eggs/treatment were set in the
incubator.

The experiment was conducted in line with the University’s guidelines for the
ethical treatment of experimental animals in accordance with the best practices
within Institutional Animal Care and Use Committee (IACUC) guidelines.
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Statistical analysis

Data obtained from an investigation in the phase one was subjected to analysis
of variance (ANOVA) of a 2x4 factorial design while data from an investigation in
the phase two was subjected to analysis of variance following a completely
randomized design. Significant means were separated using Duncan multiple range
test (Steel and Torrie, 1980).

Results and Discussion
Table 1 shows the semen characteristics of undiluted cock semen.

Table 1. Characteristics of undiluted semen.

Parameters Values
Volume (mL) 0.45 +0.05
Concentration (x10%mL) 148.00 = 42.29
Motility (%) 91.00 +8.55
Immobile sperm (%) 9.00 £ 2.65
Normal morphology (%) 86.00 £ 7.44
Abnormal morphology (%) 14.00 £ 3.32
pH 6.90 +0.30

The average volume recorded for the cocks was within the range of 0.43 + 0.002
mL and 0.73 £ 0.01 mL reported by Peters et al. (2008), while the motility of the
sperm was above 60% indicating that the sperm had more active sperm cells that
possessed good fertility potential (Wheeler and Andrew, 1943). The overall
evaluation of the sperm suggests that the cocks were sexually matured and active.
The undiluted semen could not survive for more than 1 hour. Table 2 shows the
composition of the Borassus aethiopum extract.

Table 2. The composition of the Borassus aethiopum extract.

Parameters Composition
Moisture content (%) 78.64 £ 6.34
Ash content (%) 1.88+0.92
Crude protein (%) 0.99 £ 0.48
Crude fibre (%) 1.24 +0.81
Fat and oil content (%) 0.32+0.50
Carbohydrate content (%) 16.92 +2.38
Total sugar (%) 5.55+£1.25
Vitamin C (mg/100) 132.80+£12.34

Soluble sugar (%) 4.51+1.32
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The values reveal that the extract was rich in total sugar, soluble sugar and
vitamin C. These values corroborate those reported for the Borassus aethiopum
extract analyzed by Ahmed et al. (2010). Table 3 shows the effect of the Borassus
aethiopum extract dilution and preservation period on semen quality.

Table 3. The effect of Borassus aethiopum extract dilution and preservation period
on semen quality.

Parameter Motility (%) Sluggishness (%) Dead (%) Abnormal (%)
Dilution

1:5 81.60 6.10 11.40 2.90
1:10 81.60 4.70 10.90 1.40
SE 0.45 1.50 1.60 0.59
Period (hour)

0 90.50° 425 1.75° 3.50°
1 90.25° 2.75 5.75° 1.50®
2 82.75¢ 4.50 21.75° 1.75%®
3 72.00° 5.50 8.00° 3.75°
4 71.25° 10.00 18.50° 0.25°
Dilution*period S NS S S

SE 1.01 3.29 3.67 1.31
a, b, c

— Means with different superscripts along the row differ significantly (p<0.05), S = Significant,
NS = Not significant, SE = Standard error.

There was no significant effect (p>0.05) of the extender on semen
characteristics from 0 to 2 hours. However, the motility (%) was significantly
(p<0.05) reduced with an increase in preservation time above 2 hours.
Interactions between the diluent ratios and the period of preservation were
significant (p<0.05) in percentage motility, dead and abnormal cells. These
suggest that the Borassus aethiopum extract as the extender improved the
motility of the spermatozoa because of its minimum essential medium (MEM).
According to Singh (2005), MEM for semen improvement and survivability
includes soluble sugars (fructose, glucose) and antioxidants. The Borassus
aethiopum extract contains soluble sugars, glucose and fructose, which are the
main source of semen plasma (Singh, 2005). The improvement in motility could
also be attributed to the presence of vitamins and phenolic compounds which
function as an antioxidant for semen (Cutler et al., 2008) supporting preservation
in stored semen and improved motility of spermatozoa (Raza et al., 2011). The
presence of soluble sugars in the fruit also contributes to the improvement in the
sperm motility (Fukuhara and Nishikawa, 1993).

Table 4 shows the effect of the Borassus aethiopum extract and time of
preservation on sperm cell motility. Sperm motility was significantly (P<0.05) high
when preserved within 0 to 2 hours compared to when preserved within 3 to 4
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hours using the two diluent ratios. The motility (%) in the two ratios was still above
70% signifying that the extracts supported good fertilizing ability. However, the
insignificantly (p>0.05) low motility in the 1:5 ratio compared with the 1:10 ratio
could be due to dissolved solutes or osmolality. According to Singh (2005), high
osmolality and salinity reduce the movement of sperm cells. Sperm cells are very
sensitive in the diluent medium, so the salinity could eventually result in low
fertility (Singh, 2005). The semen characteristics in the 1:5 ratio and the 1:10 ratio
were of importance to the overall usefulness of Borassus aethiopum as an extender.

Table 4. The effect of the Borassus aethiopum extract (1:5 and 1:10) and time of
preservation on sperm cell motility.

Motility (%)
Treatment/period (hours) 1:5 1:10
0 90.00? 91.00?
1 91.00? 89.50%
2 81.00° 84.50°
3 71.50° 72.50°
4 71.00° 71.50°
SEM 1.04 0.97
a,b,c

— Means with different superscripts along the column differ significantly (p<0.05).

Table 5 shows the effect of the Borassus aethiopum extract (1:5 and 1:10) and
time of preservation on sperm cell abnormality. The values observed for abnormal
sperm cells were within the range of semen analyses for successful Al (Tselusi et
al., 1999). Sperm cell abnormality did not significantly (p>0.05) change with the
period of preservation in the 1:5 diluent but significantly (p<0.05) decreased in the
1:10 diluent. The reduction in sperm abnormality in 1:10 could be a result of
available MEM sufficient enough to resuscitate the weak sperm cells in solution.
This proves that semen characteristics could be maintained better in the 1:10
diluent than in the 1:5 diluent.

Table 5. The effect of the Borassus aethiopum extract (1:5 and 1:10) and time of
preservation on sperm cell abnormality.

Abnormality (%)
Treatment/period (hours) 1:5 1:10
0 2.50 6.50?
1 1.00 4.50%
2 2.50 2.00°
3 1.00 1.00°
4 0.00 0.50°
SEM 1.44 1.16
a,b,c

— Means with different superscripts along the column differ significantly (p<0.05).
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Table 6 shows the effect of extended (1:10) and preserved semen on fertility
and hatchability of eggs. Fertility decreased from 95.0% to 73.0% while
hatchability also decreased from 71.4% to 61.5%. Fertility and hatchability of
eggs decreased with an increase in duration of semen preservation. This could be
due to loss of sperm cell integrity in the extender as a result of increased
metabolic activity and the depletion of an energy source in the extender. Storage
of semen above 5°C requires mobilization of the metabolic process (Singh, 2005)
and an increase in nutrient utilization. High fertility with corresponding low
hatchability for successive hours could have resulted from sperm cells that were
modified in the solution in which the fertilization could not result in hatchability
due to embryo death.

Table 6.The effect of the Borassus aethiopum extract on fertility and hatchability
of eggs.

Treatment/period (hours) Fertility (%) Hatchability (%)

0 95.0 71.4

1 88.5 70.0

2 87.5 65.4

3 75.0 63.5

4 73.0 61.5
Conclusion

The Borassus aethiopum extract has the capacity to be used as a potential
extender and it is supportive of semen preservation. It has the advantage of
maintaining viability of semen above 3 hours. It can therefore be concluded that
the Borassus aethiopum extract can be used in short-term preservation of semen.
Preserving semen in the extract for 3 hours gives considerably high fertility and
hatchability of eggs and could be used in storage of cock semen for Al over a
short distance.
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Rezime

Ekstrakt Borassus aethiopum kao bioloski razredivaé bio je evaluiran imajudi
u vidu kvalitet sperme, plodnost i izvodljivost kod kokosaka u uslovima toplog
Cuvanja na 37°C. Razredivaci su pripremljeni u odnosima 1:5 i 1:10 (ekstrakt do
normalnog slanog) i ¢uvani su tokom 0, 1, 2, 3 odnosno 4 sata u faktorijalnom
dizajn rasporedu. Nije bilo znacajnog (p>0,05) uticaja razredivaca na karakteristike
sperme u roku od 2 sata Cuvanja. Medutim, pokretljivost (%) je bila znacajno
(p<0,05) smanjena kada je sperma Cuvana viSe od 2 sata. Interakcije izmedu
odnosa razredivaca i perioda ¢uvanja su znacajne (p<0,05) za pokretljivost (%),
mrtve i abnormalne Celije. Pokretljivost (%) je bila neznacajno (p>0,05) veca u
razredivaCima 1:10 nego u razredivacima 1:5 1 iznosila je preko 70%. KoriS¢enje
razredivaca 1:10 u ogledu u vezi sa plodnos¢u i izvodljivos¢u u potpuno slu¢ajnom
dizajn rasporedu pokazalo je da se plodnost smanjivala, 95% u kontrolnom
tretmanu do 73% u Cetvoroasovnom tretmanu, dok se izvodljivost smanjivala od
71,4% u kontrolnom tretmanu do 61,5% u Cetvoroasovnom tretmanu. Moze se
zakljuciti da je ekstrakt Borassus aethiopum moguée koristiti za razredivanje i
¢uvanje sperme petlova tokom tri sata obezbedujuéi dobru plodnost i izvodljivost.

Kljuéne reci: kokoska, sperma, ekstrakt Borassus aethiopum, plodnost,
izvodljivost.
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FEEDING FREQUENCY AND FEEDING REGIME IN CATFISH: EFFECTS
ON NUTRIENT UTILIZATION, GROWTH, BIOCHEMICAL AND
HAEMATOLOGICAL PARAMETERS

Ademola Z. Aderolu’, Muyideen O. Lawal,
Paul N. Eziefula and Emeka E. Ahaiwe

Department of Marine Sciences, University of Lagos, Akoka, Lagos, Nigeria

Abstract: This study investigated growth, nutrient utilization, biochemical
and haematological parameters of catfish fingerlings under varying feeding
frequencies and regimes. Eight fish were put under different treatments; T (1-8) in
triplicates. Fish were bulk weighed at the beginning of the experiment and on a
weekly basis for 10 weeks. Significant effects (p<0.05) were recorded in mean
weight gain (MWG), specific growth rate (SGR) and feed conversion ratio (FCR)
across treatments. The control (T1) had the highest MWG (202.92+4.68) and SGR
(4.24+0.05) while the lowest values were recorded in T4 (82.60£15.63 and
3.05+0.23 respectively). The best value for FCR was recorded in T6 (0.20+0.02),
which differed significantly (p<0.05) from other treatments except T2. Significant
differences (P<0.05) were shown in haemoglobin (Hb) and erythrocyte
sedimentation rate (ESR). The highest value for Hb was recorded in T6 (10.8+0.3)
and the lowest value in T8 (7.6+0.3). The utmost value for ESR was recorded in T8
(43.5£2.1) while the least value was observed in T6 (19.0£4.2) and no significant
differences (P>0.05) were recorded in both PCV and WBC. The blood protein,
albumin, creatine, urea, cholesterol, triglyceride and high density lipoprotein did
not show significant differences (P>0.05) across treatments. Aspartate
aminotransferase and alanine aminotransferase did not show significant differences
(P>0.05) in values, while there was a reduction in values of chloride, potassium
and sodium with a decrease in the number of feeding days. Results from this study
confirmed that satiation feeding, two to three times daily, would enhance growth
indices in C. gariepinus fingerlings.

Key words: feeding frequency, feeding regime, catfish, biochemical,
haematological parameters.
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Introduction

Feeding is an important facet of aquaculture, especially when fish are raised
under the intensive or semi-intensive system. The cost of feeding in most fish farm
operations is roughly 60% of the total cost of production (Fagbenro et al., 2005).
Therefore, more attention should be given to the optimum feeding management in
order to reduce overfeeding, feed wastage, environmental pollution and increase
fish production efficiency (Lee et al., 2000; Bolliet et al., 2001; Dwyer et al.,
2002). One of the dilemmas faced by aquaculturists is balancing swift fish growth
rate with the optimal use of feed because both underfeeding and overfeeding are
harmful to the health and growth of fish, returns on investments and water quality
(Priestley et al., 2006; Aderolu et al., 2010).

The sum of the daily feed intake, rate and time of feedings and presentation of
the encoded ration are the major factors in feed management that influence the
growth and feed conversion ratio (Jobling, 1995; Goddard, 1995). Feeding fish at a
suitable frequency would enhance their growth and survival because their feed
intake is regulated in relation to their energy demand (Ali et al., 2005;
Schnaittacher et al., 2005). In addition, feeding at the optimal frequency can result
in marvelous savings in the cost of feed (Davies et al., 20006).

To improve on fish culture and save the marine environment from
eutrophication as a result of excess nutrients from aquaculture production, more
information on the management strategies in the area of feeding frequency and
regime to produce fish within the shortest possible time at a minimal cost with
good quality feed is inevitable (Zakes et al., 2006).

Against this background, the present study investigated the nutrient utilization,
growth performance, biochemical and haematological parameters of catfish,
C. gariepinus fingerlings on varying feeding frequencies and regimes.

Materials and Methods
Experimental fish and rearing conditions

The experiment was carried out at the Nutrition Unit, Department of Marine
Sciences, University of Lagos, Akoka-Lagos, Nigeria. One hundred and ninety two
fingerlings of African catfish, Clarias gariepinus (average weight of 6.5g+0.1)
were obtained from a fish farm in Ikorodu, Lagos state. The fingerlings were
transported in aerated polyethylene bags and left to acclimatize to laboratory
conditions in a flow-through system for two weeks. Thereafter, fish were raised in
plastic tanks (52 x 33.5 x 21 c¢m’®) containing 30 L of borehole water under natural
photoperiod of approximately 12/12 hour light/dark cycle and were fed a
commercial catfish feed (Coppens”, Holland) of 2.0 mm in size (Table 1). The
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cleaning of fish tanks was carried out daily by siphoning out residual feed and
faecal matters while water in the tanks was changed thrice weekly. Water quality
parameters were monitored twice weekly; temperature was measured with a
mercury-in-glass thermometer (°C), and dissolved oxygen (DO) was determined
using the DO meter, while the pH was determined with a pH meter for a period of
ten weeks (Aderolu and Akpabio, 2009).

Table 1. Nutrient composition of experimental diet (Coppens % DM).

Contents %
Crude protein 42
Carbohydrate 13
Crude fibre 1.50
Ash 9.00
Calcium 1.60
Phosphorus 1.10
Lysine 2.80
Methionine 0.90
CuS0, 5 mg/kg
Selenium 0.3 mg/kg

Experimental design

Fish were raised under varying feeding regimes and frequencies; T1 (control)
and T (2-8) (Table 2).

Table 2. Experimental feeding regimes and frequencies for catfish.

Experimental . . L .
eroups Feeding regime Feeding time Feeding frequency
Group 1 (T1) Fed to satisfaction ;;ﬁiﬁﬁipm ﬁ/:;zaila—ySun day
Group 2 (T2) Fed on 4% of body weight gatrlliiiﬂfzspm f}:ﬁa‘i“‘_y&m day
Group 3 (T3) Fed to satisfaction only for 5 days 3 times/day Monday—Friday (No feeding
up of the week and starved for 2 days 9am—1pm-5pm on Saturday and Sunday).
Group 4 (T4) Fed to satisfaction only for 4 days 3 times/day Monday—Thursday (No
P and starved for 3 days subsequently 9am—1pm-5pm feeding on Friday—Sunday)
Group 5 (T5) Fed to satisfaction g;ﬁ?ﬁr?y FI\\//[erde’;IZSun day)
Group 6 (T6) Fed on 4% of body weight Sgﬁisgﬁ?y ?&ngdi?isun day)
Group 7 (T7) Fed to satisfaction gatrlrrlrielSI;i?XSpm Fed on alternate days
Group 8 (T8) Fed to satisfaction g;::ielslgﬁfspm (2) fﬁii&iﬁfdmg, then 1 day

Each experimental setup had 8 fish in 3 replicates.
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Each experimental setup had 8 fish in triplicate and prior to the
commencement of the feeding experiment, fish were starved for a period of 24
hours. Feed allowance was measured using a digital scale (Camry EK5055 Max 5
kg/111b d = 1 g/0.05 oz.) and recorded. Fish were bulk weighed at the beginning of
the experiment and on a weekly basis with a digital scale throughout the
experimental period.

Growth and nutrient utilization measurement

The following growth and nutrient utilization parameters were measured for
this study:

Mean weight gain (MWG) (g) = Wf— Wi;

Voluntary feed intake (VFI) (%) = 100 x FI/[(Wi + Wf) x t];

Specific growth rate (SGR) (g) = (Log W2 — Log W1/T) x 100;

Relative growth rate (RGR) = (Weight gain/Initial body weight) % 100;

Feed conversion ratio (FCR) = Feed intake (FI) (dry weight in g)/Fish wet
weight gain (g);

Protein efficiency ratio (PER) = Mean weight gain/Total protein intake;

Protein intake (PI) = Total feed intake/Protein content of feed.
Where: Wf= Mean final weight; Wi = Mean initial weight of fish, and T = Feeding
trial period in days.

Histometry analysis

At the end of the 10™ week, 5 fish were collected from each treatment for
histometry analysis. The fish were starved for 24 hours to ensure complete
evacuation of the gut contents. Fish pooled from each treatment were bulk
weighed, and their average values were recorded. Subsequently, they were
slaughtered and dissected to remove the organs (gall bladder, liver, small intestine,
large intestine, gills, kidney, stomach and head). Blood was removed from these
organs with a dry towel, while organs collected from each treatment were
thereafter bulk weighed and the average values recorded. Values for histometry
analysis were calculated as follows:

Histometry analysis = Organ weight x 100. Eq.(1)
Fish weight

Blood collection and analysis

Samples of blood were taken from randomly picked fish from each
experimental tank with a 5-ml syringe and transferred to EDTA bottles to prevent
coagulation and to sterile plain sample bottles. Thereafter, the blood samples
collected were taken to the laboratory for haematological analysis — packed cell
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volume (PCV), white blood cell (WBC), erythrocyte sedimentation rate (ESR) and
haemoglobin (Hb). Samples of blood in the plain bottles were spun at 3000 rpm to
collect serum for biochemistry analysis — AST, ALT, LDL, HDL, Na, K, CI,
BCOs, urea, creatine, cholesterol, triglyceride, albumin and protein.

Estimation of aspartate aminotransferase (AST)

The substrate (0.5 ml) and sodium azide were added in a test tube plus 0.5 ml of
serum and put in a water bath at 37° C for 30 minutes. After this, 0.5ml of a 2,4-
dinitrophenylhydrazine was added to the mixture, incubated for 20 minutes and Sml
of sodium hydroxide was added to the mixture which turned brown. It was placed in
a spectrophotometer at 540nm and the results were read on the calibrated graph.

Estimation of alanine aminotransferase (ALT)

First, 0.5 ml of the substrate was put in a test tube containing 0.5ml of blood,
and the mixture was put in a water bath at 37° C for 30 minutes, then 0.5ml of 2,4-
dinitrophenylhydrazine was added to the solution and incubated for 20 minutes.
Afterward, Sml of sodium hydroxide was added to the mixture which turned
brown. It was placed in a spectrophotometer at 540nm and results were read on the
calibrated graph.

Calculation = ALT (U/I) = Change Abs/mm x 1750 Eq.(2)

Homogenization of liver sample for enzymatic assay

The liver sample was washed in an iced cold 1.15% KCI solution, blotted,
weighed and homogenized with 0.1 M phosphate buffer (pH 7.2). The liver sample
was blended along with the laboratory sand using a mortar and pestle. The
homogenate was centrifuged at a speed of 2500 rpm for 15 minutes and the
supernatant was decanted and stored at -21°C until the spectrophotometric
determination of antioxidant enzyme activity was carried out using a UV-visible
spectrophotometer (Habbu et al., 2008).

Estimation of glutathione (GSH) activity

The estimation of the reduced glutathione content of the liver as non-protein
was carried out according to the method described by Sedlak and Lindsay (1968).
To the homogenate, 10% TCA was added to the tissue homogenate and
centrifuged. To read the absorbance, 1.0ml of supernatant was treated with 0.5 ml
of Ellman’s reagent (19.8mg of 5, 5-dithiobisnitro benzoic acid (DTNB) in 100 ml
of 0.1% sodium nitrate) and 3.0 ml of phosphate buffer (0.2 M, pH 8.0) after which
its absorbance was read at 412 nm.
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Estimation of superoxide dismutase (SOD) activity

Superoxide dismutase activity was assessed by its ability to inhibit auto-
oxidation of epinephrine which was determined by the increase in absorbance at
480 nm (Sun and Zigma, 1978). The reaction mixture (3ml) contained 2.95 ml 0.05
M sodium carbonate buffer pH 10.2, 0.02 ml of tissue homogenate and 0.03 ml of
epinephrine while 0.005 N HCL was used to initiate the reaction. The reference
cuvette contained 2.95 ml of buffer, 0.03 ml of substrate (epinephrine) and 0.02 ml
of water. The measurement of the change in absorbance at 480 nm for 5 minutes
was used to determine the enzymatic activity.

Estimation of catalase (CAT) activity

Measurement of the decrease in absorbance at 240 nm due to the
decomposition of hydrogen peroxide (H,O,) in a UV recording spectrophotometer
was used to determine the catalase activity. The reaction mixture (3 ml) contained
0.1 ml of tissue homogenate in phosphate buffer (50 mM, pH 7.0) and 2.9 ml of 30
mM H,0, in phosphate buffer pH 7.0. An extinction coefficient for H,O, at 240 nm
0f 40.0 M-1cm-1 was used for the estimation (Aebi, 1984). The specific activity of
catalase was expressed as moles of H,O, reduced per minute per mg protein.

Estimation of glutathione S-transferase (GST) activity

Glutathione S- transferase activity was determined by the method according to
Habig et al. (1974). The assay is based on the fact that all GSTs demonstrate a
relatively high activity with 1-chlor-2, 4-dinitrobenzene as the second substrate.
Therefore, the conventional assay for GST activity utilizes 1-chloro-2, 4-
dinitrobenzene (CDNB) as substrate. The resulting conjugation of this substance
with reduced glutathione allowed a shift of its absorption wavelength to a longer
wavelength. The absorption increase at the new wavelength of 340nm provides a
direct measurement of the enzymatic reaction (Habig et al., 1974). The medium for
the estimation was prepared and allowed to run for 60 seconds each time before the
absorbance was read against the blank at 340 nm at approximately 31°C using a
spectrophotometer (Table 3).

Table 3. Glutathione S-transferase (GST) assay medium.

Reagent Blank Test
0.1M reduced glutathione (GSH) 30ul 30ul
20mM CDNB 150 pl 150 pl
0.1M phosphate buffer pH 6.5 2.82ml 2.79ml
Sample - 30ul
Total mixture 3ml 3ml

The extinction coefficient of CDNB = 9.6 M-1cm-1 GHS-S-transferase activity = OD/min x 19.6
0.03ml/mg protein = pmole/min/mg protein.
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Lipid peroxidation

The malondialdehyde (MDA), which is an index of lipid peroxidation, was
estimated according to the method of Buege and Aust (1978). First, 1.0ml of the
supernatant was added to 2ml of (1:1:1 ratio) TCA-TBA HCL reagent
(thioarbituric acid 0.37%, 0.24N HCL and 15% TCA) and tricarboxylic acid-
thioarbituric acid-hydrochloric acid reagent boiled at 100°C for 15 minutes and
allowed to cool. The flocculent materials were removed by centrifuging at 3000
rpm for 10 minutes while the supernatant was removed and the absorbance read at
532nm against a blank. MDA was calculated using the molar extinction coefficient
for the MDA-TBA- complex of 1.56x105M/Cm.

Statistical analysis

The experimental design was a complete randomised design. All data
collected were subjected to analysis of variance (ANOVA). Data were reported as
the mean + standard error (n = 5). Comparisons among treatment means were
carried out by Duncan’s multiple range test (Duncan, 1955) at a significance level
of P < 0.05. All computations were performed by the statistical package SPSS
(IBM SPSS Advanced Statistics 20.0).

Results and Discussion

The results of the nutrient utilization and growth performance parameters of
the experimental fish under different feeding regimes and frequencies are shown in
Table 4. Significant differences (P<0.05) were recorded in average weight of fish
across treatments. The control group T1 (where fish were fed to satiation three
times a day and every day of the week) had the highest mean weight gain (MWG)
(202.9244.68) at the end of the experimental period. There was a significant
difference (P<0.05) in the average weight gain of the control group when compared
with other groups except in T5 (where fish were fed to satiation twice daily and
every day of the week). The least value for mean weight gain was recorded in fish
under T4 (82.60+15.63) regime. Previous studies have shown that feeding two or
three times a day was sufficient for maximum growth of a number of fish species
such as channel catfish, Ictalurus punctatus (Ruohonen et al., 1998) and sea bass,
Dicentrarchus labrax (Tsevis et al., 1992). These reports are in agreement with the
findings of the present study. Similarly, Garcia-Galano et al. (2003) reported that
increased feeding frequency improved the growth in some fishes.

The specific growth rate (SGR) recorded the highest value (4.24+0.05) with
fish in the control group which showed a significant increase (p<0.05) in
comparison with fish fed under all other feeding regimes with the exception of T5
group. Also, the least value in SGR was recorded in T4 group where fish were fed
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for 4 days and starved for 3 days which showed a significant decrease (p<0.05) in
comparison with the control and other feeding regimes except in those fed in T7
group (alternate days). Similarly, the highest values for feed intake and relative
growth rate were obtained in T1 group of fish. Studies conducted elsewhere on
some fish species indicated that feed intake and growth rate generally increased
with feeding frequency up to a given level (Bascinar et al., 2007; Aderolu et al.,
2010). This is in agreement with the results of this study which proved that feeding
frequency had a significant effect on feed intake and specific growth rate of C.
gariepinus fingerlings.

Table 4. Growth performance and nutrient utilization of C. gariepinus fingerlings
under different feeding regimes and frequencies.

Tl T2 T3 T4 TS T6 T7 T8
0, 0,

4 A) body 5 days of 4 days of Twice 4A? BW Alternate 2 days of
Parameters Control  weight feeding2  feeding 3 dail twice davs feeding 1

daily days off  days off Y daily Y day off
Final weight 213.92+ 13458+ 13354+ 93.61x  173.62+ 12636+  108.94+ 153.40+
(g/fish) Wf 4.56° 4439  11.61"  15.70* 13.47¢ 14.12% 13.35"% 2,97
Initial weight 11.00+  11.00+ 11.00+  11.00+  11.00+  10.92+ 10.96+  11.00+
(g/fish) Wi 0.13" 0.13 0.13" 0.13 0.13" 0.69° 0.144*  0.13°

Mean weight gain 202,92+ 123.58+ 122.54+  82.60+  162.62+ 11544+ 9798+  142.40+
(g/fishy MWG 4.68° 4431* 1157 1563  13.57° 14.15" 13.39* 3,034

Feed intake 12781+ 2630+ 9939+  64.69+ 12329+ 23.05+ 73.70+  107.04+
(g/fish) 7.50° 8.14° 13.73° 10.58° 13.22¢ 1.61° 8.10° 13.09%
Voluntary feed 0.81+ 0.26+ 0.98+ 0.88+ 0.95+ 0.24=+ 0.88+ 0.93+
intake (g/fish) 0.03° 0.02° 0.06° 0.069*  0.068°  0.02° 0.08" 0.10°
Specific growth 4.24+ 3.52+ 3.56+ 3.05+ 3.94+ 3.49+ 3.27+ 3.77+
rate (%/day) 0.05° 0.50™ 0.12°¢ 0.23° 0.12% 0.16"™ 0.18" 0.04%
Relative growth ~ 1844.60+ 1121.31+ 1113.53+ 75021+ 1478.81% 1057.36= 894.11= 129436+
rate (g/fish) 62.69°  397.49™ 102.53% 136.77°  138.148% 132.75%  127.02" 36.76™
Feed conversion 0.63+ 0.22+ 0.81+ 0.79+ 0.76+ 0.20+ 0.76+ 0.75+
ratio 0.02° 0.02° 0.03° 0.08° 0.05° 0.02° 0.07° 0.08°
Protein intake 3.04+ 0.62+ 237+ 1.54+ 293+ 0.55+ 1.75+ 2.55+

° 0.18° 0.19° 0.33¢ 0.25° 0.31¢ 0.38° 0.21¢ 0.31¢
Protein efficiency 66.78+ 19551+ 51.98+  53.61+ 5558+  210.09+ 5536+  56.36+
ratio 2.44* 16.46° 2.17° 5.25° 3.93° 16.04° 5.15° 6.02°

All values in the same row with the different superscripts are significantly different (P < 0.05).

The highest FCR value was recorded in fish fed in T3 (0.81+£0.03) showing a
significant increase (p<0.05) when compared with T1, T2, and T6 groups.
However, T6 group recorded a significantly lower (p<0.05) FCR value when
compared with the control and other groups except for group T2. The lowest FCR
value was obtained with fish fed on 4% body weight (T2 and T6), however, this
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result could not be considered the best because fish were actually placed on
restricted feeding and as such could not be regarded the best. The FCR value in T1
(fed to satiation three times daily) was significantly different (P<0.05) from values
obtained in the other treatments and the FCR value obtained in T1 showed a high
feed utilization which was expressed in good growth performance. The highest
value (3.04+0.018) of protein intake (PI) was recorded in control group which
differed significantly (p<<0.05) when compared with other groups. The lowest value
of PI was obtained in T6 group (0.55+0.38), this was followed by T2 (0.62+0.19),
which was significantly lower (p<0.05) compared with the control and other
groups. The protein efficient ratio was significantly high (p<0.05) in fish fed in T6
(210.09+16.04) and T2 (195.51£16.46) treatments, but was not significantly
different among other feeding regimes. Previous studies have agreed that when an
organism utilizes nutrients, particularly protein very well, it will positively enhance
its growth rate (Sogbesan and Ugwumba, 2008). When fish are fed on percentage
body weight, the restricted feed given seems to be better utilised as a result of
insufficiency. This result is corroborated by the work of Daudpota et al. (2016)
who observed improved protein efficiency ratio of juvenile Nile tilapia at the
optimum feeding frequency of four times daily.

Histometry results of C. gariepinus fingerlings under different feeding
regimes and frequencies (Table 5) revealed that the gall bladder of those of T4
showed the highest value (0.58+0.21) and significantly higher than those of other
treatments except the control, T2, T5 and T7.

Table 5. Histometry analysis of C. gariepinus fingerlings under different feeding
regimes and frequencies.

Organs T1 T2 T3 T4 T5 T6 T7 TS
Gall 047+  041% 0.36+ 0.58+ 038+  0.28+ 045+ 032+
bladder 0.19®  0.07® 0.06 0.21° 0.07®°  0.12° 0.17%®°  0.24*
Liver 1.1 1;% 1'2925 1.43;1: 1.44;1: 1.10;tb 0,92;t 1.243; 1.02;%
0.38 0.15 0.34 0.34 0.12 0.30 0.51 0.38
Small 149+ 120+ 1.39+ 1.80+ 112+ 121+ 1.09+ 099+
intestine ~ 0.12%  0.54% 0.26%° 0.20° 0.11®  0.30® 0.65®  0.44*
Large 091+  0.86x 0.89+ 0.86+ 097+  0.72+ 090+  0.72+
intestine  0.11° 0.37° 0.16° 0.35° 0.29° 0.17a 0.75° 0.23°
Gills 3.483; 3'211) 3.4725 3.96bi 4.00Et 3.27§$ 2.981} 2.57;t
0.47 0.53 1.00 0.73 0.73 0.70 1.27 0.64
Kidney 0.43;1: 0,45:: 0.59;1: 0.42;1: o.szzt 0.35;t 1.59;1: 0.44;1:
0.58 0.16 0.21 0.49 0.17 0.09 2.55 0.29
Stomach 1.27;% 1.493: 1.53;1: 1.63;t 1.473: 1,22;: 1.32;1: 0.89;t
0.07 0.18 0.32 0.36 0.33 0.35 0.53 0.32
Head 12.85+ 2558+ 1676+  17.45+ 13.58+ 1512+ 1033+  13.50+

1950 1822°  4.04" 6.08% 6.01°  13.01°  3.59° 4.57
All values in the same row with the different superscripts are significantly different (P < 0.05).
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However, the lowest value was recorded in T8 (0.32+0.24) which was
significantly lower than that of T4. The liver value showed a significant decrease
(p<0.05) only in T6 (0.92+0.30) in comparison with other treatments. The value of
small intestine showed a significant increase (p<0.05) in T4 when compared with
other groups except T3. Similarly, the value of gill showed a significant increase
(p<0.05) in T4 and TS5 when compared with T8. Similarly, the value of stomach
significantly decreased (p<0.05) in T8 when compared with the control and all
other groups. There was also a significant increase (p<0.05) in the value of fish
head in T2 group when compared with the control and other groups. The highest
values for gall bladder, liver, small intestine and stomach were recorded in T4 (fed
to satisfaction only for 4 days and subsequently starved for 3 days). This could be
attributed to the long period of feed deprivation which could probably trigger
lipolysis and transamination under such feeding regime.

The results of the haematological parameters are reported in Table 6. Out of
the four parameters tested, haemoglobin (Hb), packed cell volume (PCV), white
blood count (WBC) and erythrocyte sedimentation rate (ESR), significant
differences (P<0.05) were recorded in the values of Hb and ESR. The T6 group
recorded the highest value (10.8+0.3) for Hb, followed by T5 (9.7+0.0) and the
least value was obtained in T8 (7.6+0.3). The ESR recorded a significant increase
in T8 (43.5£2.1) and T2 (40.0+2.8), while the least value was found in T6
(19.0£4.2). However, significant differences (P>0.05) were not recorded in values
of both the PCV and the WBC across groups. Heamatological tests can help in the
diagnosis of nutritional, metabolic, hereditary, hormonal, neoplastic, drug-induced,
stress, inflammatory or infectious disease states (Ochei and Kolhatkar, 2000). The
objective of measuring Hb is to estimate the oxygen carrying capacity of blood, in
addition to providing an assessment of erythropoietic status (Baker et al., 2000).
Hence, the obtained result revealed that feeding regime (T8) led to a significant
decrease (p<0.05) of Hb, which could reduce the oxygen carrying capacity of the
fish. The ESR (erythrocyte sedimentation rate) is useful as a screening test for the
presence of any chronic or acute condition which is marked by alteration in plasma
protein concentrations. Serial estimation of ESR may also be used to monitor
disease progression or treatment (Baker et al., 2000). The result from fish in T8
recorded a significant decrease (p<0.05) in ESR, attributing it to alteration in
plasma protein which was occasioned by the feeding regime.

The results of the antioxidant enzymes of the fish liver are presented in Table
6. The analysed enzymes:glutathione (GSH), superoxide dismutase (SOD), catalase
(CAT), glutathione S-transferase (GST) and malondialdehyde (MDA) values
recorded no significant differences (P>0.05) across the groups, though their values
were higher in fish fed on percentage body weight and those starved for different
day intervals. The importance of enzymatic and non-enzymatic antioxidant systems
cannot be overemphasized in their role of managing the cellular response to
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oxidative stress under physiological conditions. Consequently, GSH could be used
to investigate modification in antioxidant enzymes due to stress in the organism
(Dey and Lakshmanan, 2013). The observations from the present study did not
show any significant difference in these enzymatic and non-enzymatic
antioxidants, hence it could be deduced that the feeding regimes did not cause any
oxidative stress in the physiology of the fish studied.

Table 6. Haematological parameters and antioxidant enzymes of C. gariepinus
fingerlings under different feeding regimes and frequencies.

Parameters T1 T2 T3 T4 TS T6 T7 T8
PCV (%) 28.50+  24.00+= 26.00+ 27.50+ 30.00+ 33.00+ 27.00+ 24.00+
0 9.2 0.0 0.0 0.7 0.0 1.4 4.2 1.4
Hb (g/dl) 9.30+ 7.70+ 8.60+ 8.90+ 9.70+ 10.80+ 8.70+ 7.60+
& 3.3 0.0° 0.1° 0.2* 0.0" 0.3 1.4% 0.3
WBC (mm) 14,950.0 11,800.0 11,200.0 9,400.00 13,800.00 15,600.0 12,900.00 13,500.0
0£70.7  0+£3959.8 04£2262.7 +4808.3 £311.3 0£3394.1 £2121.3 0+£35.5
32.00£1 40.00+ 34.00+ 37.50+ 20.50+ 19.00+ 27.50+ 43.50+
ESR (mm/hr) 9.8%  28® 0.0® 2.1 2.1° 42° 13.4% 2.1°
GSH 4.56+ 6.71+ 3.39+ 4.56+ 4.25+ 5.87« 7.09+ 6.28+
pmol/ml/mg pro 1.27 1.52 1.59 1.59 1.68 2.06 2.27 1.03
SOD 8.01+ 10.62+ 6.04+ 9.34+ 8.36+ 10.97+ 12.90+ 13.54+
pmol/ml/min/mg pro .01% 2.14% 2.94% 4.89% 3.80® 2.30" 1.2% 1.36°
CAT 23.75+  38.15+ 25.72+ 27.06+ 24.39+18 44.73+ 42.54+ 47.74+
pmol/ml/min/mg pro  1.55 9.03 4.86 18.35 .60 7.79 5.76 9.31
GST 531+ 3.23+ 1.84+ 2.81+ 2.52+ 3.32+ 3.89+ 4.00+
pmol/ml/mg pro 4.17 .65 .89 1.47 1.15 1 .39 40
MDA 0.07+ 0.03+ 0.11+ 0.18+ 0.16+ 0.14+ 0.07+ 0.04+
pwmol/ml/mg pro .02 .01 11 .10 .09 .16 .02 .00

Values within the row with different superscripts are significantly different (p<0.05) from each other.

The results of metabolic enzymes and fish blood electrolytes are presented in
Table 7. No significant differences (P>0.05) were observed in the values of serum
protein, aspartate aminotransferase (AST), alanine aminotransferase (ALT), high
density lipoprotein (HDL and sodium (Na). However, the low density lipoprotein
(LDL) recorded the highest value in fish of T1 (54.50£50), followed by T3
(46.50+£23.33), and the lowest value was recorded in T6 (12.00£8.49). The fish in
the control group had the highest value (231.50+53.03) for sodium chloride which
showed a significant increase (p<0.05) in comparison with all other treatments.
Similarly, the highest value (30.50£2.12) of bicarbonate was obtained in T4 which
differed significantly (P<0.05) when compared with other groups except T6. The
values of creatine, urea, cholesterol, triglyceride and albumin recorded no
significant difference (P>0.05) across all the groups.
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Liver function tests (ALT, AST, protein and albumin) have been devised in
the hope that they will serve as diagnostic aids when a metabolic process has been
disturbed (Beker et al., 2000). The results on all the liver enzymes, protein and
albumin showed no significant difference across all the feeding regimes, indicating
that the regimes did not affect the metabolic process of the fish.

Table 7. Metabolic enzymes and blood electrolytes of C. gariepinus fingerlings
under different feeding regimes and frequencies.

Parameters T1 T2 T3 T4 T5 T6 T7 T8

Protei 345+ 345+ 410+ 435+ 370+ 425 415+ 435+
rotem 21 07 14 49 85 49 21 1.34

LDL 5450+  18.50+ 4650+ 3650+ 2250+  12.00+ 4250+  22.00+

1485  7.78% 23.33% 17.68°  7.78% 8.49° 2.12% 19.80%
97.50+  94.50+  68.00+ 77.00+= 9250+  92.00+  94.00+  84.00+

HDL 4.95 1344 424 2.83 4.95 2546 2546 1131
AST 1750+ 23.00= 2600+ 2650+  47.00+ 5450+  48.00+  22.50+
14.85 11.31 25.46 10.61 16.97 17.68 8.49 6.36
ALT 3400+ 23.004 4050+  17.50+  46.00+ 4500+  47.00+  31.50+
22.63 8.49 30.41 4.95 39.60 15.56 7.07 3.54
N 23150+  173.00& 180.00+  174.00= 187.50+ 174.00+ 190.00+ 179.00+
a 53.03 9.90 42.43 5.66 41.72 8.49 2.83 15.56
K 375 335+ 3.40+ 375+ 520+ 470+ 370+  3.55+
.64 78° 0.00° 07 1.41° 28%® 0.00%® 07°
a1 23150+  117.00& 13400+  120.00= 11850+ 105.00+ 134.00+ 126.50+
53.03° 1556 50.91° 0.00° 12022 7.07° 5.66" 7.78
BCO 2050+  18.50=  22.00+ 3050+  24.00+ 2950+ 2150+ 2450+
TP T1° 4.24° 2.12° 2.83% 2.12% J1° 3.54%
U 27004 13.004 2350+  29.00& 2350+  27.50+ 2450+  27.00+
rea 18.38 1.41 7.78 4.24 12.02 10.61 12.02 1.41
Creati 090+  0.65+  0.80+ 095+ 080+ 095+ 080+  0.95+
reatine 42 07 14 07 14 21 28 07
CHOL 6750+  96.50=  109.00+  66.00+ 9650+  102.00+ 107.50+ 86.00+
71 12.02 8.49 21.21 1 22.63 36.06 11.31
ri 110.50+ 103.50+ 108.50+  128.00¢ 132.50+ 108.50+ 73.00+  119.50+
g 34.65 44.55 9.19 5.66 17.68 27.58 7.07 13.44
Albumi 2.20+ 1.84+ 1.60+ 1.504 1.85+ 1.90+  2.00+ 1.95+
umin- og 06 14 14 49 42 14 35

This is supported by the findings of Delgiudice (1987) when wolf fish was
starved over different periods of time. In contrast, Sridee and Boonanuntanasarn
(2012) confirmed that long time duration of fasting could affect metabolic and liver
functions. A decrease in ALT, AST and ALP could be an indication of
transamination while an increase could indicate a distortion in liver activities or
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damage to the liver or kidney tissues. Since the differences among the treatments
were not significant, we can assume that none of the aforementioned happened and
that the fish probably did not have enough nutrients in some of the feeding
frequencies which could trigger a transamination reaction as seen in extremely
starved fish (Kulkarni and Barad, 2015).

Metabolic enzymes and serum electrolytes were not significantly different
among treatments because fish were not actually starved but probably did not get
enough nutrients. Feed supplied is known to help maintain body metabolic
activities before sufficient nutrients will be diverted for growth and reproductive
activities. During starvation, stored nutrients are liberated for metabolic activities
and as such lead to a decrease in their serum concentrations.

Lipids have important roles in virtually all aspects of life; serving as
hormones, as an energy source, aiding digestion, and as structural components in
cell membranes (Burtis et al., 2001). Nevertheless, the health importance of lipid
profile is connected primarily with its role in coronary heart disease and varying
lipoprotein disorders (Burtis et al., 2001).

Lipolysis is the breakdown of stored lipids to compensate for metabolic need
during starvation; in this study, no significant difference in HDL suggested that the
feeding regimes did not influence the lipid profile of the fish studied except in T6
which differed significantly (p<0.05) when compared with T1 and that fish were
not overstarved since we did not have its breakdown, but instead we had a
reduction in LDL, especially among T2 and T6 regimes. The maintenance of body
fluid compartments is the primary function of Na’, K",CI” and HCO; electrolytes.
They play the roles of water homeostasis, maintenance of pH, proper heart and
muscle functioning, oxidation-reduction reactions, and they are cofactors for
enzymes (Burtis et al., 2001). Also, the observed significant increase (p<0.05) in
potassium in fish placed on T5 (fed to satiation 2 times every day) could probably
be related to the significant increase in values recorded in gill and kidney weights
for the same treatment.

Conclusion

The results obtained from the present study confirmed that there was a
significant difference in nutrient utilization and growth of fish as a result of
different feeding regimes and frequencies and that feeding to satiation two to three
times daily would enhance growth in C. gariepinus fingerlings. In addition,
variation in feeding regime and frequency could raise the antioxidant enzymes,
especially in starved fish and those fed on a weight basis.
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UCESTALOST HRANJENJA I REZIM ISHRANE KOD SOMA: UTICAJI NA
ISKORISCENOST HRANLJIVIH MATERIJA, RAST, BIOHEMIJSKE I
HEMATOLOSKE PARAMETRE

Ademola Z. Aderolu’, Muyideen O. Lawal,
Paul N. Eziefula i Emeka E. Ahaiwe

Odsek za pomorske nauke, Univerzitet u Lagosu, Akoka, Lagos, Nigerija

Rezime

Ovim istrazivanjem ispitan je prirast, iskoristljivost hranljivih materija,
biohemijski i hematoloski parametri kod mladi soma C. gariepinus pri razli¢itoj
ucestalosti i rezimima ishrane. Osam riba je stavljeno u razliite tretmane, T (1-8),
svaki u tri ponavljanja. Sve ribe su izmerene na pocetku ekperimenta, a zatim
jednom nedeljno tokom 10 nedelja. Zabelezen je znacajan uticaj tretmana (p<0,05)
na srednju vrednost prirasta (engl. mean weight gain — MWG), specifi¢nu stopu
rasta (engl. specific growth rate — SGR) i stope konverzije hrane (engl. feed
conversion ratio — FCR). Kontrolni tretman (T1) je imao najvisi MWG
(202,92+4,68) i SGR (4,24+0,05), dok su najnize vrednosti zabeleZene u tretmanu
T4 (82,60+15,63 odnosno 3,05+0,23). Najbolja vrednost za FCR uocena je u
tretmanu T6 (0,20+0,02) koji se znacajno razlikovao (p<0,05) od drugih tretmana,
osim tretmana T2. Znaéajne razlike (p<0,05) zabelezene su u vrednostima
hemoglobina (Hb) i stopi sedimentacije eritrocita (ESR). Najvisa vrednost za Hb
uocena je u tretmanu T6 (10,8+0,3), a najniza u tretmanu T8 (7,6+0,3). Najvisa
vrednost za ESR zabelezena je u tretmanu T8 (43,5+2,1), dok je najniza vrednost
uoCena u tretmanu T6 (19,0+4,2), a znaCajne razlike nisu zabelezene ni za
vrednosti PCV i WBC (p>0,05). Vrednosti proteina krvi, albumina, kreatina, uree,
holesterola, triglicerida i lipoproteina visoke gustine nisu ispoljile znaCajne razlike
(p>0,05) u razliitim tretmanima. Takode, nije bilo znacajnih razlika (p>0,05) ni
izmedu vrednosti aspartat aminotransferaze i alanin aminotransferaze, dok su
uocene smanjene vrednosti hlorida, kalijuma i natrijuma sa smanjivanjem broja
preostalih hranidbenih dana. Rezultati ovog istrazivanja su potvrdili da bi ishrana
do sitosti, dva ili tri puta dnevno povecala indekse rasta kod mladi soma
C. gariepinus.

Kljucne reci: ucestalost hranjenja, rezim ishrane, som, biohemijski,
hematoloski parametri.

Primljeno: 24. novembra 2016.
Odobreno: 16. oktobra 2017.
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Abstract: The anesthetic effects of clove (Eugenia aromaticum) seed extract
on Clarias gariepinus fingerlings were investigated under semi-arid conditions.
Various concentrations of the clove seed extract at 25.0, 50.0, 75.0, 100.0, 125.0
and 150.0mg per liter of water were used for the experiment. Each concentration
was tested on a group of 10 Clarias gariepinus fingerlings (24.13-25.30g in weight
and 5.97-7.00 cm in length) in glass aquariums. There was a decrease in induction
time as the concentration of the clove seed extract increased. Fingerlings treated
with 150mg/l of the extract produced the shortest induction time (2.28+0.15
minutes), followed by fish treated with 100 and 125mg/I (3.3140.55 and 3.07+£0.07
minutes, respectively). The longest induction time (10.60+£0.98, 7.52+0.25 and
5.96+1.17 minutes) was observed in fingerlings sedated with 50, 25 and 75mg/1,
respectively. Recovery was significantly faster (2—3.92 minutes) in fish treated
with lower dosages (25 to 125mg/l) of the clove seed extract. Mortality rates after
24 hours of recovery were higher (4.79+0.25 and 3.10+0.54%) in fish anesthetized
with higher (150 and 125mg/l) concentrations of the clove seed extract,
respectively.

Key words: Eugenia aromaticum (clove), seed extract, anesthesia, Clarias
gariepinus, fingerlings.

Introduction

The African catfish Clarias gariepinus is widely cultured in Africa, Europe
and some parts of Asia for its hardy nature. It has been the suitable candidate for
aquaculture because of the following characteristics viz: high prolificacy and
simplicity of culture, the existence of an arborescent air breathing organ,
omnivorous, feeding habits, enhanced/rapid growth rate and improved feed
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conversion rate (Britz and Pienaar, 1992; Hecht et al., 1996). Clarias gariepinus is
in great demand because of its striking attributes and palatability (Sogbesan and
Ugwumba, 2008).

Stress in fish caused by physical disturbances encountered during fish farming
activities, such as handling and transport, instigates a variety of responses that may
be adaptive or detrimental (Barton and Iwama, 1991). Fish undergo a series of
biochemical and physiological changes in an attempt to compensate for the
challenge imposed upon them by stress (Sharma and Dash, 1991). According to
Sharma and Dash (1991), handling stress is the most common factor that causes
scale loss and skin damage, which subsequently leads to pathogen invasion.
Handling stress physically removes mucus resulting in decreased chemical
protection, osmoregulatory function and lubrication, hence, causing the fish to use
more energy. This facilitates pathogens to invade.

Anaesthetics are commonly used to reduce mortality and stress during fish
handling (King et al., 2005; Ross and Ross, 2008). Anaesthetics used for fish
handling should have the following characteristics viz: highly soluble in fresh
and marine water, rapid induction and recovery time, non-toxic to fish and
humans, short physiological effects, rapid wear elimination from the body,
readily available and inexpensive (Marking and Meyer, 1985). The anaesthetic
should be inexpensive and easy to use (Gilderhus and Marking 1987;
Klimankova et al., 2008).

Anaesthetics such as 2-phenoxyethanol, quinaldine, tricaine methane
sulphonate (MS-222), eugenol, and benzocaine are very expensive and scarce,
especially in Nigeria. The commonly used chemical fish anaesthetics including
carbon dioxide (CO,) gas, quinaldine and 3-aminobenzoic acid ethyl ester
methanosulphonate (MS-222) are comparatively safe for both fish and humans
(Griffiths 2000; Woody et al., 2002). Carbon dioxide (CO,) has been reported to be
slow acting, often resulting in only light sedation, and difficult to administer, as
well as toxic to many fish species (Gilderhus and Marking, 1987). Anaesthetic
induction is often accompanied by hyperactivity, usually a response of only a few
seconds to the sensation or slightly irritant properties of the drug. In general,
induction should be rapid and without marked hyperactivity (Ross and Ross, 2008).

An ideal anaesthetic for fish should induce anaesthesia in 3 to 5 minutes, with
total loss of balance and muscle tone, allowing an uneventful and rapid (i.e. less
than 10 minutes) recovery with low tissue residues after recovery, thus being safe
for users and consumers.

Anderson and McKinley (1997) have reported that special attention has been
recently paid to clove oil as an anaesthetic substance in the aquaculture to replace
MS-222. The clove oil is a natural product, used (for a long time) in medicine,
cosmetics and food industry as a food aromatizer. According to Taylor and Roberts
(1999), clove has been used in human medicine as a mild anaesthetic from ancient
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times. Clove has an antibiotic, antiseptic, antimitotic and antibacterial effect
(Hamackova et al., 2006). Eugeunol, which is found in clove, has been used as
topical anaesthesia in dentistry (Soto and Burhanuddin, 1995). Farid (1999) has
reported that eugenol has been successfully used as an anaesthetic in rabbit and
fish, as well as in Indian major carps.

Zaikov et al. (2008) have opined that eugenol is the active component of clove
oil, representing 70-90% of its weight. They also suggest that clove seed may also
contain eugenol acetate and caryophyllene just like the oil, which has been reported
to contain more than 17 and 12%, respectively. Zaikov et al. (2008) have further
reported complete immobilization of pike (Esox lucius L.), after application of 0.04
ml of clove oil/litre of water for 5.50 to 9.50 minutes. Clove oil at concentrations
between 0.25 and 0.50 ml/liter was reported to be effective anaesthesia on four
hardy freshwater fish species (Anabus testudineus, Mystus vittatus, Channa
punctatus and Channa orientalis) in Rajshahi, Bangladesh by Alam et al. (2012).
Javahery et al. (2012) reported that the minimum concentration of clove oil that
gave desirable anaesthetic effects was 0.044 mg/1 for 2-13 g of Rutilus frisiikutum.

Simoes et al. (2011) reported that the most appropriate clove oil concentration to
induce surgical anaesthesia in fish was 90 mg/l of water, while for biometric studies
or other brief handling, they recommended concentration of 500060 mg/l as it
provided fast recovery. According to them, the maximum anaesthesia time should be
10 minutes. The 10-minute exposure to clove oil at a concentration of 30 mg/I caused
a significant increase in the concentration of glucose (GLU) and inorganic phosphate
(PHOS) immediately after anaesthesia (Velisek et al., 2005). Matin et al. (2009) have
reported that induction of anaesthesia and recovery are best at 0.02% clove oil, while
at 0.03% concentration it produces shorter induction and longer recovery period. The
most appropriate clove oil concentration to induce surgical anaesthesia in
Oreochromis niloticus according to Simoes et al. (2011) is 90 mg/L", while for
biometric or other brief handling, 50-60 mg/Lis better because it provides fast
recovery with maximum anaesthesia time of 10 minutes. Martin et al. (2009)
recommended 25mg/l of clove oil for inducing anaesthesia to Oncorhynchus
tshawytscha, O. kisutch and O. mykiss. Waterstrat (1999) gave information for an
effective concentration of 100 mgl™ for Ictalurus punctatus. Woody et al. (2002)
recommended a concentration of 50 mg1™ for inducing anaesthesia to Oncorhynchus
nerka. Akinrotimi et al. (2013) reported size related responses among juvenile and
fingerlings of L. facipinnis and L. grandisquamis in terms of induction and recovery
time when exposed to clove seed extract. They reported consistently faster induction
and recovery time in fingerlings than that of juvenile. They reported a faster
induction period of 55.81 seconds and the highest recovery time (350.11 seconds) in
Liza falcipinnis exposed to clove seed at 25 mg/L.

Jegede (2014) suggested the use of ethanol extract of tobacco (Nicotianna
tobaccum) at 2.5 g/10L of water as an anaesthetic agent in Clarias gariepinus
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fingerlings for 53-65 minutes. Solomon et al. (2014) reported that the most
effective concentration of the freeze-dried bark extract of Tephrosia vogelii was
0.06g/1 with an induction time of 32 seconds and a recovery time of 182 minutes.
Ayuba and Ofojekwu (2005) documented a shorter sedative period of 1.00 minutes
at 0.50g/1 of the pure unseparated extract of Toloache (Datura innoxia) and 58.50
minutes at a concentration of 3.00g/1 after using a crude extract of the same plant
on Clarias gariepinus.

In aquaculture, different manipulations are done with the fish during induced
breeding, transportation, blood sampling, surgical operations, data collection of
morphometric and meristic characters, etc., which can lead to stress, trauma, or
even death. Anaesthesia has been commonly used on European sea bass
Dicentrarchus labrax juveniles during evaluating the skeleton deformities (Ayuba
and Ofojeckwu, 2005; Koumoundours et al., 1997).

The use of anaesthesia to immobilize fish will decrease the stress, allowing
easy handling and guaranteeing the health of the fish. The most widely used
anaesthetic on fish is tricaine (MS-222). MS-222 is relatively expensive and not
commonly available. It has been classified as a carcinogen and food fish if
anesthetized with MS222 require a minimum of 21 days of a withdrawal period
(Kennedy et al., 2007). Transportation, biometric studies, egg striping during
induced breeding, semen collection from Clariid and other fish handlings cause
stress and even heavy mortality in fish and these activities should be avoided in
fish culture. According to Simoes et al. (2011), transportation of O. niloticus
fingerlings using clove oil as an anaesthetic may increase the level of Na" and K"
disorders in the fish. Little or no information has been documented on the
utilization of clove seed extract as anaesthesia on fish. The objective of this study
therefore is to assess the efficacy of clove seed extract as an anaesthetic agent on
Clarias gariepinus fingerlings.

Materials and Methods
Study area

The study was conducted in the Fish hatchery unit of the Department of
Fisheries, University of Maiduguri located at longitude 13.0° 111 42 and latitude
12.0° 481 37°. Maiduguri has two distinct seasons: the rainy season, which
commences in late May and ends in September with its peak in August, while the
dry season starts in October and lasts to early May.

Collection and processing of clove seed powder

Clove (Eugenia aromaticum) seed (dry buds) was procured in the local market
in Maiduguri. The buds were ground into in an airtight plastic bottle until required.



Anaesthetic effects of clove (E. aromaticum) seed extracton Clarias gariepinus fingerlings 415

Experimental fish

Clarias gariepinus (24.13+0.19-25.30+0.35g and 5.97+0.03-7.00+£0.56 cm
length) fingerlings were obtained from a fish hatchery of the Department of
Fisheries, University of Maiduguri, Nigeria. The fish were acclimatized in an
indoor concrete tank (2.0 x 1.3 x 1.0m) three days before the commencement of the
experiment.

Experimental design

Various concentrations of clove seed granules (25.0, 50.0, 75.0, 100.0, 125.0
mg) were soaked for 24 hours in one liter of distilled water. A stock solution was
prepared in the first instance. The soaked clove seed granules were sieved through
a 0.2-um mesh sieve. The stock solution was transferred into 40-liter capacity glass
aquariums containing 5 liters of water. Twenty (20) fingerlings were placed into
the different concentrations (treatment groups) for anaesthetic trials in triplicates.
Each treatment was tried separately. At the end of induction, the fish were
transferred into fresh water (20 liters) in a glass aquarium for recovery. The time at
which the fingerling responded to anaesthesia, the time of induction, response time
to recovery and immediate post sedation mortality were recorded. Mortality after
twenty-four (24) hours after sedation was also recorded using a digital stopwatch.

Data analysis

Data obtained from the experiment were subjected to one-way analysis of
variance (ANOVA). Differences of means were determined using Tukey’s HSD
with the aid of Statistics 8.0.

Results and Discussion

Table 1 shows the mean anesthetic effects of clove seed extract on Clarias
gariepinus fingerlings. The time of complete induction also decreased with an
increase in the concentration of the clove seed extract. The decrease in the
induction time with an increase in the concentration of the clove seed extract
observed in this study is congruent with the findings of Akinrotimi et al. (2013),
who reported a similar trend in the effect of clove seed extracts on two species of
grey mullets (Liza facipinnnis and L. grandisuamis). Kennedy et al. (2007)
documented the use of clove oil in Heteropneustes fossili, and Matin et al. (2009)
reported the use of clove oil in two sizes of Rutilis frisii Kutum (Javaher et al.,
2012). The time of response to induction decreased with an increase in the
concentration of the clove seed extract.
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Fish exposed to a 25 to 50mg/l extract produced a slower anaesthesia effect
compared to those treated with higher dosages (75 to 150mg/l). Fingerlings
immersed in 150mg/1 of clove seed extract responded faster (0.354+0.06 minutes) to
the anaesthesia. No significant variation was observed between the responses to
anaesthesia by fish exposed to 100, 125 and 150mg/l (Table 1). Response to the
anaesthesia was accompanied by uncoordinated, erratic and twisted movements.

Table 1. Mean (£SEM) anesthetic effect of clove seed extract on Clarias
gariepinus fingerlings.

Parameters Clove seed levels (mg/L™")

25 50 75 100 125 150
RI (minutes)  3.72+0.35"  3.54+0.04* 1.93+£0.45° 1.22+0.15* 0.41£0.06° 0.35+0.06°
IT(minutes) 7.524£0.25%®  10.60£0.98° 5.96£1.17° 3.31£0.55% 3.07+0.07°% 2.28+0.15°
RR (minutes) ~ 1.23£0.03°  1.21+0.05°  1.4420.04® 1.99+0.51° 3.32+£0.09° 3.98+0.25°
RT (minutes)  2.48+0.09° 3.16£0.05™ 3.26+0.13*° 3.62+0.14* 3.9240.32" 5.05+0.5
PRM (%) 0.00 0.00 2.00£0.58%®  1.00+£0.58°  3.67+0.88" 3.67+0.33"
PRM (%) 271£0.15%  2.22+0.51°  3.56£0.24™° 22240.11° 3.10+£0.54™ 4.79+0.25°
Means in the same column having the same superscript are not significantly different (p>0.05);
Key: RI = Response to induction, IT = Induction time, RR = Response to recovery, RT = Recovery
time, PRM = Post recovery mortality.

Complete induction was noticed by the loss of equilibrium and lack of
response to external stimuli. The shortest mean induction time was 2.28+0.15
minutes in fingerlings exposed to 150mg/1 of clove seed extract, while the longest
induction time of 10.60+0.93 minutes was observed in fish exposed to 50mg/l.
There was no significant difference between (p>0.05) the mean induction times of
fish exposed to 75, 100 and 125mg/I of clove seed extract compared to those of fish
exposed to 150mg/l. However, the induction time of fish sedated with 25 and
50mg/1 differed significantly from those treated with 100, 125 and 150mg/l. The
shortest and the longest induction times (2.28 and 10.60 minutes) at the dosages of
150mg/l and 50mg/l, respectively, were slower (55.61 and 210.61 seconds) than
the shortest and longest induction times (25mg/l and Smg/1), respectively reported
by Akinrotimi et al. (2013) for fingerlings and juveniles of Liza facipinnnis and L.
grandisuamis anaesthetized with clove seed extract. The variation in the induction
time could be due to the higher concentration of clove seed extracts used and the
variation in the species of fish used for the experiment. Jegede (2014) reported
longer induction (63-109 minutes) and recovery periods (44-85 minutes) in C.
gariepinus fingerlings anaesthetized using tobacco extract.

Recovery commenced with rapid swimming with the head up as well as erratic
movements and finally, normal swimming and followed by response to external
stimuli. The response to recovery was produced significantly earlier (1.23+0.03,
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1.21£0.05, 1.44+0.04 and 1.99+£0.51 minutes) in fish treated with lower
concentrations (25, 50, 75 and 100mg/l, respectively) of the clove seed extract.
However, the longest duration of recovery was observed in fingerlings treated with
150 and 125mg/1 (3.98+0.25 and 3.32+0.09 minutes, respectively).

Recovery time increased with an increase in the concentration of the clove
seed per litre of water. The longest recovery time of 5.05+0.05 minutes was
observed in C. gariepinus fingerlings anaesthetized with 150mg/l, while the
shortest recovery time was recorded in fish treated with 25mg/l (Table 1). No
statistical variation (p>0.05) was observed between the recovery time of fish
treated with 150mg/1 of clove seed extract compared to those treated with 125mg/1.
Similarly, there was no significant difference (p>0.05) between the recovery times
of fish treated with 125, 100, 75 and 25mg/l. The longer recovery time at higher
concentrations of clove seed extract observed during this study agrees with the
findings of Martins et al. (2009) and Javahery et al. (2002), who reported similar
cases for Hepteropneustes fossilis and Channa punctatus and two sizes of Rultilis
frisii Kutum, respectively anaesthetized with clove oil. The shorter recovery time
(2.48 minutes) using 25mg/I of clove seed extract recorded in this study was faster
than 7.90 minutes as documented by Matin et al. (2009) for Hepteropneustes
fossilis and Channa punctatus and 5.50 minutes for pike (Esox lucius) at 0.04ml/L
of clove oil (Zaikov and Hubenova, 2008). However, the recovery time was longer
than 172.66 and 246.91 seconds as reported by Akinrotimi (2013) for fingerlings
and juveniles, respectively, of Liza falcipinus after induction with 5mg/l of clove
seed extract, although they used a higher concentration of the clove seed extract.

No mortality occurred in fish treated with 25 and 50mg/1 of clove seed extract.
They recovered normally. However, fish treated with 75 to 150mg/l showed
mortality immediately after recovery. Mortality at 24 hours after recovery was
observed in all the treatment groups. The highest (4.79+0.25%) mortality rate after
24 hours was recorded in fingerlings treated with 150mg/1, followed by 75 and 125
mg/l of clove seed extract. There were no significant differences (p>0.05) between
the mortality values after 24 hours, after recovery of fingerlings sedated with 150,
75 and 126 mg/l. The 24-hour post-recovery mortality reported in this study was
not in tandem with the findings of Akinrotimi et al. (2015), who did not record any
mortality during their study. The mortality rates of 2(14.70% recorded immediately
after recovery as well as 24 hours after recovery during this study were higher than
those reported by Kennedy et al. (2007). However, Jegede (2014) reported 20, 45
and 60% mortality after sedating Clarias gariepinus fingerlings with 3.75, 5.00 and
6.25g/10, respectively per liter of water.

Water quality parameters

The mean water quality parameters recorded in sedation tanks are shown in
Table 2. The water quality parameters recorded in the anaesthesia tanks during this
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study were within the recommended range for fish culture recommended by
Viveen et al. (1986).

Table 2. Mean (+SEM) water quality parameters in the sedation tanks.

Parameters Clove seed level (mg/liter)

25 50 75 100 125 150
(T%;lperature 28.27+0.17* 28.53+0.29" 28.40+0.42° 28.53+0.33" 27.83+0.46* 28.53+0.33
Dissolved 4294023  4.57+0.18°  4.5040.25° 4.33+0.33" 4.03+0.24° 4.13+0.34°
oxygen (mg/1)
pH 734£0.03°  7.50£0.15°  7.47+0.13* 5.53£0.18" 7.40+£0.15° 4.87+2.43°

Means in the same column having the same superscript are not significantly different (p>0.05).

Conclusion

This study reveals that Clarias gariepinus fingerlings responded to the
anaesthetic effect of the clove seed extract at all the tested concentrations. The safe
and effective clove seed concentration range for anaesthesia in Clarias gariepinus
fingerlings was 100-150 mg/l. The clove seed extract is the effective anesthesia for
Clarias fingerlings, therefore, could be utilized for transportation/handling of fish
fingerlings and biometric study to reduce stress and mortality. There is need to
investigate the longest period the fingerlings can withstand the anesthetic effect to
ascertain the distance and duration of the transportation and handlings in
aquaculture husbandry.
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Rezime

Ispitivana su anestetiCka dejstva ekstrakta semena Kkaranfilica (Eugenia
aromaticum) na mlad Clarias gariepinus u semiaridnim uslovima. Za eksperiment
su kori$¢ene razlicite koncentracije ekstrakta semena 25,0, 50,0, 75,0, 100,0, 125,0
i 150,0mg po litru vode. Svaka koncentracija je testirana u grupi mladi Clarias
gariepinus (tezine 24,13-25,30g i duzine 5,97-7,00cm) u staklenim akvarijumima.
Doslo je do smanjenja vremena indukcije kako se koncentracija ekstrakta semena
karanfili¢éa povecavala. Mlad tretirana sa 150mg/l ekstrakta pokazala je najkrace
vreme indukcije (2,28+0,15 minuta), a zatim su sledile ribe tretirane
koncentracijama sedativa od 100 i 125mg/1 (3,31+0.55 odnosno 3,07+0,07 minuta).
Najduze vreme indukcije (10,60+0,98, 7,524+0,25 i 5,96+1,17 minuta) zabelezeno
je kod mladi gde je tretman ukljucivao 50, 25 odnosno 75mg/1 sedativa. Oporavak
je bio znatno brzi (2-3,92 minuta) kod riba tretiranih nizim dozama (25 do
125mg/1) ekstrakta semena karanfilica. Stope smrtnosti posle 24 Casa oporavka bile
su vise (4,79+0,25 odnosno 3,10+0,54%) kod riba koje su anestezirane visim (150
odnosno 125mg/1) koncentracijama ekstrakta semena karanfili¢a.

Kljucne redi: Eugenia aromaticum (karanfili¢), ekstrakt semena, anestezija,
Clarias gariepinus, mlad.
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Abstract: In Africa, the outcome of development research is enormous and its
dissemination has had a huge impact, especially in Nigeria for the last few decades.
This impact is observable in the adoption of innovation by farmers with the aim of
transforming agricultural production. To enhance adoption, training of the farmers
is required. However, the attitude of farmers towards training could influence their
decision on the uptake of agricultural innovation. The purpose of this study was to
evaluate whether the attitude of cassava farmers to training on selected improved
agricultural technologies can substantially influence adoption of the technologies.
A multistage sampling technique was used to select the sample size for this study.
Data collected were analysed using descriptive and inferential statistical tools. The
findings showed that only a few (37.5%) of the farmers had a favourable attitude
towards extension training with 64.25% of them having a low level of adoption of
the technologies. While farmers’ attitude towards training exerted a positive,
howbeit minuscule influence on technology adoption, the perception of farmers
about constraints to training on technologies had a stronger influence. Factors with
a significant negative influence on adoption include, among others, diversification
into non-farm occupations and age of farmers. Although the study admits that
stimulating favourable attitudes is important for innovation adoption, it maintains
that substantial rates of adoption will only be achieved if constraints to trainings on
agricultural technology adoption are addressed from the farmers’ perspective and if
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agricultural production becomes attractive enough to hold farmers within the
sector.

Key words: training, attitudes, adoption, agricultural technologies, extension
and non-farm occupation.

Introduction

The role of agriculture in the economy of West African countries is substantial
and profound because it is the major livelinood of people in the rural area. Even
with the recent growth of industries and trade systems for different commodities,
agriculture maintains the lead in the employment in most agrarian communities in
Africa. In Nigeria, the situation is peculiar in the rural areas where the peoples’
means of living revolve within agricultural activities. Due to challenges facing the
agricultural sector in Nigeria, the supply of adequate food and raw materials for the
people and industries has been greatly affected. Today, the nation is faced with
mounting bills as a result of importation. Adinya, Dixon, Asiedu, and Folayan
(2006) have opined that one of the basic needs of human beings is food, and
agriculture has gone a long way in providing it. In the recent time, the demand for
food has exceeded the supply, and this has facilitated the need for scientific
information that could help meet the growing demand for food.

Global agricultural extension systems are in flux due to some bottlenecks -
diversified clientele, policy decisions and budget cuts from governments.
Approaches to the agricultural extension are changing (Davis, 2008), and
governments have failed to provide effective agricultural extension services (Feder,
Anderson, Birner & Deininger, 2010). These agricultural extension problems
prompt the interest of the government and other stakeholders to create certain
interventions and programs that could aid the transformation of agriculture.
According to Ajala (2011), the overall development of rural areas can be achieved
when improved agricultural technologies are adequately disseminated and
massively adopted by the farmers. Meanwhile, in Nigeria, several efforts have been
made to bridge the gap between the research institute and the farmers. Omokhaye
(2000) and Mgbada (2006) have reported that the main problem is making
improved technologies available to farmers and not the lack of technologies and
scientific findings needed for economic and social change.

Even with the availability of innovation and dissemination of newly
generated findings through extension services, it has not led to tremendous
agricultural transformation. In recent decades, there has been an increased focus
on sustainable intensification in African agriculture. Forty projects in 20 African
countries were analysed and it was found that they provided benefits for 10.39
million farmers on roughly 12.75 million hectares of land out of almost 600
million hectares of land available to improve agricultural production (Pretty,
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Toulmin & William, 2011). Despite the great potential of agricultural
innovations, their uptake by smallholder farmers in Africa seems to be slow
(Ndjeunga & Bantilan, 2005). This calls for exploration of possible factors that
are responsible for poor uptake of disseminated innovation meant to improve
agriculture. Ricker-Gilbert et al. (2008) and Doss (2006) have pointed out that
farmers’ decision to adopt a given technology depends not only on the number of
farmers that receive information but also on other factors. Apart from the often
cited socio-demographic characteristics of farmers, another key factor suspected
and examined by this study is the attitude of farmers towards extension training.
Rehman et al. (2007) submit that the attitude of farmers plays an important role
in their behaviour intent, which usually leads to actual adoption behaviour
(adoption of improved agricultural technologies).

A favourable attitude raises the probability of technology adoption while a
negative attitude depresses it (Meijer et al., 2015). Although this study admits the
farmers’ attitude to training as one critical factor affecting innovation adoption, it
also reckons that the influence of attitude on adoption may be enhanced or
diluted through their control beliefs regarding the relative ease or difficulties on
the training received on improved technologies. The study also reveals that
mediating factors such as the methods of training employed, whether or not
farmers had previously adopted an improved technology and farmers’
propensities to diversify livelihoods outside agriculture affect innovation
adoption, among others. Hence, a more comprehensive empirical analysis to
study the relationship between farmers’ attitudes and agricultural innovation
adoption needs to be conducted, especially in the light of many constraints
limiting farm production and the emerging opportunities in the rural non-form
sector that provide strong incentives for agricultural innovation adoption.
Findings from this study could help gain a better understanding of drivers of
technology and variables that can be skilfully controlled as policy levers to
stimulate higher adoption of improved agricultural technologies, thus
contributing to agricultural production and food security.

Purpose and objectives

The main purpose of this study was to examine, among others, the relationship
between adoption and attitudes of cassava farmers with the view to draw
implications for adoption of improved agricultural technologies in Ogun State,
Southwest Nigeria. The objectives of the study were to: (a) identify improved
technologies on which the cassava farmers had received training; (b) examine
training techniques used for the cassava farmers; (c) determine the adoption level
of the cassava farmers for the improved agricultural technologies; (d) assess the
attitudes of cassava farmers towards extension training on improved agricultural
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technologies; (e) identify constraints encountered by cassava farmers during the
extension training, and (f) describe the socio-economic characteristics of farmers. It
was hypothesized, among others, that farmers’ attitude as well as perception of
constraints to training on agricultural innovation had no significant influence on the
level of technology adoption. The hypotheses are grounded in the
conceptual/theoretical framework of innovation adoption discussed below.

Conceptual/theoretical framework

This study is grounded in Everett Rogers’ innovation adoption theory/model
and Ajzen’s theory of planned behaviour. Rogers (2003) has stated that adoption is
a decision of full use of an innovation as the best course of action available and
rejection is a decision not to adopt an innovation. Theoretically, innovation
adoption involves five stages which are: (1) knowledge, (2) persuasion, (3)
decision, (4) implementation, and (5) confirmation. This is similar to the five
stages (awareness, interest, evaluation, trial and adoption) through which an
innovation to be adopted must pass (den Ban & Hawkins, 1999). In the work of
Rogers, knowledge is the first stage, where an individual learns about the existence
of innovation and seeks information about the innovation; it is referred to as
awareness-knowledge. This will prompt their interest to evaluate the innovation
before the trial and adoption stage as asserted by Van Den Ban and Hawkins.
Broadly, Rogers’s innovation-decision process covers knowledge, persuasion, and
decision to adopt or reject. Rogers’s adoption theory also admits the existence of a
close nexus between adoption of innovation and attitude (Beal & Rogers, 1960;
Rogers, 1973; Singhal, Cody, Rogers, & Sabido, 2004). Rogers (2003) has noted
that even though a farmer may have the requisite knowledge, and be unconstrained
by other factors, whether the farmer will adopt or reject an innovation depends
largely on the attitude of the farmer. Consequently, an attempt is made to establish
whether (or not) a significant relationship exists between technology adoption and
farmers’ attitudes to training on innovation. Adoption of innovation is also linked
with the theory of planned behaviour (TPB). According to the theory, human
behaviour is guided by three kinds of considerations: beliefs about the likely
outcomes of the behaviour and the evaluations of these outcomes (behavioural
beliefs), beliefs about the normative expectations of others, and motivation to
comply with these expectations (normative beliefs/subjective norms), and beliefs
about the presence of factors that may facilitate or impede performance of the
behaviour (control beliefs) (Ajzen, 1985, 1987, 1991). The TPB presumes that
behavioural beliefs produce a favourable or unfavourable attitude towards
performing a behaviour (Campbell, 1963; Sherman & Fazio, 1983; Ajzen, 2005),
thus recognising the role of attitude in people’s intention to perform a behaviour (in
this study behaviour is the adoption of improved technologies). The control belief
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relates to people’s perception about the relative ease/difficulties with which they
could perform an action, captured in this study by farmers’ previous experience on
agricultural innovation adoption, and their perception on constraints to extension
training.

It has been conjectured that subjective norms (normative beliefs) are closely
related to the level of education and age of trainees, and that these variables are a
good proxy for trainee’s ability to evaluate other people’s suggestions and their
willingness to perform actions so suggested. When a person has a favourable
attitude (behavioural belief) towards performing an action, he/she recognises that
his/her colleagues, neighbours or the society endorse the action (subjective norms);
and that such action can be performed with ease (control belief), so the person is
much more likely to execute the action. The above underpins the connection
between the three conceptually identified behavioural considerations and adoption
of improved technology in this study. To ascertain the robustness of the influence
of farmers’ behavioural beliefs (attitudes to extension training), control beliefs and
normative beliefs on adoption of improved technology, certain confounding factors
that can mediate the influence of these factors on technology adoption were
controlled. These factors include sex of farmers, whether (or not) they diversify
their livelihoods into non-farm sector, and the training method employed to train
farmers on innovations, among others. The factors are incorporated in the adoption
(probit) model presented in the next section.

Materials and Methods
Study area

The study was conducted in Ogun state, the southwestern region of Nigeria. It is
a tropical rainforest zone with a land mass area of 16,406,226 km2 which lies on
latitudes 70 01" and 70 18, longitudes 20 45’ and 30 55'. It shares a border with the
Republic of Benin and Lagos state in the South, Osun and Oyo states in the North.
The annual rainfall is between 1000mm and 2599mm. The population of Ogun state
was estimated by the 2006 Census to be 3,728,098 (National Population Commission
[NPC], 2006). Farming is the main livelihood of the people in the study area. They
cultivate arable crops such as cassava, maize, and rice as their major agricultural
produce. Ogun state is the leading cassava producing region in Nigeria and has
benefitted from some cassava production interventions, such as the IFAD-assisted
Cassava Multiplication Program (ICMP), Cassava: Adding Value for Africa (C:
AVA) and Presidential Initiative on Cassava by Federal Government of Nigeria.
These interventions provided training for cassava farmers on improved agricultural
technologies that enhance cassava production across the four agricultural zones.
These factors, therefore, make Ogun state suitable for the study.
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Sampling technigque

A multi-stage sampling technique was used to select a total sample of 120
cassava farmers. At the first stage, two agricultural zones were randomly selected
from the four existing agricultural zones classified by Ogun State Agricultural
Development Program (OGADEP). A simple random sampling technique was
thereafter used to select one block from each of the selected zones, and three cells
from each of the selected blocks. This made a total of six cells. Two villages were
also selected randomly from each cell to give a total of 12 villages while 10
farmers were selected randomly from those who had been trained on the improved
agricultural technologies to make a total of 120 farmers. An interview schedule
was used to elicit information from the farmers.

Validity and reliability tests

The interview schedule was subjected to face validity involving experts in
agricultural extension education, psychology, and innovation studies. Their
comments were used to improve the instrument so as to address the in-built errors
on it. The reliability test was also determined using a test-retest method. The
interview schedule developed was tested on a sample of 20 trained cassava farmers
who were not included in the study sample to obtain their responses at an interval
of two weeks. The Cronbach alpha value for the attitude of farmers to training was
0.762, for constraints to extension training was 0.782, while that of adoption of
improved agricultural technologies was 0.753.

Measurement of key variables

(a) The attitudes of the farmers were measured using a five-point Likert scale:
strongly agree, agree, undecided, disagree and strongly disagree; (b) Constraints
encountered during extension training were also determined using a scale
consisting of serious, less serious and not serious constraints which were assigned
3, 2 and 1 respectively; (c) The stage of adoption was measured using a six-point
scale: unaware, aware, interest, evaluation, trial and adoption which were assigned
a score of 1 to 6 respectively. Implicitly, for an innovation to be adopted, a farmer
must have passed through all the six stages of adoption. Given this background, a
farmer with scores of six (6) was considered to have completed all the adoption
stages and adjudged to have adopted the technology. For this study, farmers were
trained on 10 improved agricultural technologies. Farmers that adopted at least 5 of
the technologies (representing 50% or more) were considered to have a relatively
high level of adoption, otherwise a relatively low level of adoption. Thereafter a
farmer with a high level of adoption was assigned a qualitative value of 1 and O for
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a relatively low level of adoption. To capture farmers’ attitudes to training and
perception about constraints to the training on the technology received, the
attitudes and the constraint scores were converted to the composite index for each
respondent to capture the attitude of farmers and the perception about constraints to
the training respectively as follows:

Vii=— ) Dij (1)

where Vj = A composite index for the respondent i regarding the training
concern/issue j; j = 1, 2: with j = 1 relating to the attitude and j = 2 relating to
farmer’s perception on constraints to training;

n; = Total number of the questions asked about attitudes and perception of
constraints respectively;

i=1,2,3..., 120. For ease of interpretation, a composite index of the attitude
was further transformed into a qualitative (binary outcome) variable with the value
of 1 assigned to respondents whose composite (attitude) index was above the mean
composite index for the sampled farmers and the value of 0 ascribed to farmers
whose composite index was below the mean index. For this study, farmers with the
qualitative value of 1 were considered to have favourable attitudes to training while
those with the 0 value, unfavourable attitudes.

Data analysis

The data obtained were subjected to descriptive statistics (mean, frequency,
tables and percentages) and Probit regression analysis. The Probit regression model
is as follows:

Prob (Yi=1) = Bo + B1Xai + B2Xoi + BaXai + BaXai + BsXsi + PeXei + PrXzi + PeXgi +
BoXoi + PB1oX10i + P11Xaai + B12Xi2i + P13Xazi T P1aX1ai + P1sXasi + PreXaei + Ui (2)

where: Yi = Level of technology adoption defined as 1, if a farmer adopted at
least 50% of the total number of technologies and O otherwise, X; = Attitude to
training (1 if a farmer had a favourable attitude, O if an attitude was unfavourable),
X, = Age range of 45 to 60 years (1 if a farmer fell within the age group, 0 -
otherwise), X; = Age above 60 years (1 if a farmer fell within the age group, 0
otherwise), X, = Sex (1 if a farmer was male, O - otherwise), Xs = Farm size (in
hectares), X¢ = Perceived constraints during trainings (total constraint scores),
X7 = Adult education (1 if a respondent had an adult education, 0 - otherwise),
Xg = Primary education (1 if a respondent had a primary education, 0 - otherwise),
Xy = Secondary education (1 if a respondent had a secondary education, 0 -
otherwise), X, = Previous experience on technology adoption (1 if a farmer had
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adopted any of the technologies, 0 — otherwise), X;; = Total number of training
methods used, X;, = Practical demonstration (1 if a farmer was exposed to a
practical demonstration, 0 — otherwise), X;3 = Diversified occupation (1 if a farmer
had some other occupation apart from farming, 0 — otherwise), u; = Error term.

We used STATA 13 for analysis with the standard error robust option selected
during analysis to ensure much more efficient results.

Results and Discussion
Socio-economic characteristics of cassava farmers

Table 1 shows that most (67.5%) of the cassava farmers in the study area
were male, which indicates that males dominate the cassava production sector in
Ogun state. This is also the case in the farming of other crops in the study area as
earlier studies (Fabusoro, 2006, Mohammed & Ndanitsa, 2012) have also
reported that there are more men in farming than women. This implies that men
could be ready and willing to undergo training that could improve cassava
production. The average age of the cassava farmers was 49 years which is in line
with the findings of Adeokun, Adereke, and Opele (2006), Tologbonse, Mesini,
Tsado (2006) and Aromolaran (2013), who have pointed out that most farmers in
the study area are middle aged and young adults who are still very agile to seek
innovation.

Table 1. Socio-economic characteristics of cassava farmers.

Variables Mean Mode frequency (percentage)
Age (years) 49 years

Sex 81(67.5%) Male

Marital status 73(60.9%) Married

Farm size 1.2 acres (0.49ha)

Level of education 40 (33.3%) Adult education

Many (60.9%) of them were married and only 5.8% of them had a tertiary
education while 33.3 percent had an adult education. This shows that many of the
farmers had a low level of education which invariably affected adoption of
improved agricultural technologies. The education level of the respondents could
influence their attitude to training thereby affecting their readiness to adopt a hew
idea. The higher the level of education of a farmer, the better his/her ability to
comprehend the new idea during training will be.
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Training on improved agricultural technologies and techniques in the study area

Table 2 shows that more than 90% of the respondents were trained on various
improved agricultural technologies which can help them improve cassava
production. Extension through training could contribute to agricultural productivity
by increasing the speed of technology transfer that can improve farming practices
(Feder, Murgai, & Quizon, 2004). These techniques included the use of a knapsack
sprayer (97.5%), planting date and angles of cassava (95.8%). It is only a few
(39.2%) of them that had training in integrated pest management (IPM). Gutierez,
Kogan, and Stinner (2003), Rajotte, Norton, Luther, Barrera, and Heong (2005)
have opined that knowledge of IPM among farmers in Sub-Saharan Africa is
generally deficient in extension systems. The limited and/or ineffective transfer of
IPM strategies to farmers is connected to lack of understanding of IPM by
extension agents (Erbaugh et al., 2007). Training in new sets of skills which can be
applied to farming is a vital source of support for livelihood improvement.

Table 2. Distribution of farmers by their training in improved agricultural
technologies.

Improved agricultural technologies/techniques Frequency* Percentage
Use of improved varieties 119 99.2
Use of a knapsack sprayer 117 97.5
Fertiliser application techniques 116 96.7
Ploughing and ridging before planting 115 95.8
Appropriate planting dates and angles 115 95.8
Use of agrochemicals such as herbicides, pesticides 112 93.3
Appropriate and adequate weeding approach 101 84.2
Supply/replacement of seedlings 98 81.7
Integrated pest management 47 39.2

Multiple responses.
Distribution of trainees by the training techniques in agricultural technologies

Figure 1 shows that most (89.2%) of the farmers came for trainings on
improved technologies conducted using a practical demonstration while barely
over 50% of them participated in the trainings performed using on-farm trial, postal
and picture, as well as result demonstration training techniques. Only 40% of them
received the training via the agricultural show. The large turnout for the practical
demonstration may be attributed to the fact that it gives people an opportunity to
participate and learn through direct practical experience (Practical Action, 2003).
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Practical demostrations
On-farm trials
Posters and pictures

Result demonstrations

Agricultural shows

Figure 1. Techniques employed in the training of the cassava farmers.
Adoption of improved agricultural technologies among cassava farmers

Table 3 shows the distribution of cassava farmers who adopted each of the
improved agricultural technologies. Most (63.3%) of them adopted ploughing and
ridging of the farmlands before planting. Adjei-Nsiah and Sakyi-Dawson (2012)
have opined that the construction of mounds and ridges loosens the compacted soil
after continuous cropping. Approximately 35.0% of the trainees adopted the
appropriate and adequate weeding method.

Table 3. Adoption of improved agricultural technologies by cassava farmers.

Improved agricultural technologies Frequency* Percentage
Ploughing and ridging before planting 76 63.3
Planting on the flat after ploughing without ridging 52 43.2
Appropriate and adequate weeding approach 42 35.0
Supply/replacement of seedlings 32 26.7
Use of improved varieties 25 20.8
Fertiliser application techniques 23 19.2
Appropriate planting dates and angles 21 17.5
Use of a knapsack sprayer 11 9.2
Use of agrochemicals such as herbicides, pesticides 10 8.3
Integrated pest management 1 0.8

*Multiple responses.

Proper weeding can help cassava performance because weeds harbor pests in
the cassava farm, thereby multiplying pests and diseases (Melifonwu et al., 2000).
It is important to note that less than 20% of the respondents adopted fertiliser
application techniques (19.2%), appropriate planting date and angles (17.5%), and
use of agrochemicals (8.3%). The low percentage of adoption of these technologies
is a result of the technical expertise needed for their application. For instance,
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addition of fertiliser to the plant can nourish it, but can also be detrimental to the
plant if not properly applied. To prevent the wrong usage, adequate training is
required. David (2005) opined that chemical fertilisers could have a negative effect
on soil fertility and soil structure if improperly used over a long period of time.

Figure 2 shows the overall adoption level of cassava farmers in the study area.
The findings reveal that 35.8% of the respondents attained a high level of adoption
of the agricultural technologies. A greater number of the respondents reached a low
level of adoption of the technologies. This low level of adoption may have a great
impact on the possible level of cassava output that could have been produced in the
study area. According to Jain, Arora, and Raju (2009), agricultural technologies
include all kinds of improved techniques which have an effect on the growth of
agricultural output. Adoption of improved technologies is considered a major
factor in the success of the green revolution (Kasirye, 2013; Chen & Ravallion,
2004).

® Low level of Adoption

# High level of Adoption

Figure 2. Overall level of adoption of improved agricultural
technologies by farmers.

Despite the training of cassava farmers on improved technologies and
hence adoption of the techniques, most (52%) cassava farmers still attained a
low level adoption of the technologies. The attitude of farmers towards training
is one of the salient factors that could be responsible for a low level of adoption
despite adequate training (Ogunsumi, 2007).
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Attitudes of cassava farmers toward extension training on agricultural
technologies

Table 4 and Figure 3 show the mean attitudinal response of farmers to
questions relating to their attitude to training, and an estimate of their overall
attitude to trainings on improved technologies. Figure 3 shows that 62.5% of the
cassava farmers had an unfavourable attitude towards the extension training.
Farmers’ unfavourable attitudes could impede their understanding of the
innovation, thereby affecting their adoption decisions. Rehman et al. (2007) noted
that attitudes of English dairy farmers toward production technologies played an
important role in their behaviour intent, which was reflected in their actual
adoption behaviour.

Unfavourable attitude Favourable attitude

Figure 3. Attitudes of cassava farmers to training: unfavourable attitude
versus favourable attitude.

Table 4 shows that the mean attitude response score on whether the training
was time consuming was M = 3.58, implying a disincentive attitude. United
Nations Educational Scientific and Cultural Organization (UNESCO) (2004)
opined that during a long session of training, boredom may set in, and hence, an
unfavourable attitude.



Attitudes of farmers to extension trainings in Nigeria 435

Table 4. Attitudes of farmers to extension training on improved agricultural
technologies.

Items M SD
Training is of no use to me 3.99 1.41
I will be willing to invite others to attend a similar training 3.73 1.81
Training is usually time-consuming 3.58 1.53
Venue of the training is not conducive 3.38 1.58
The relationship among the trainees during the training is cordial 3.05 1.37
Training should be done in one location 2.98 1.81
Training is clear and understandable 2.97 1.66
Training should be conducted in more than one location 2.97 1.66
I am satisfied with the distance of the training center 2.88 1.64
Materials used for the training are adequate 2.77 141
Equipment and facilities for the training are not in good condition 2.72 1.39
I will be willing to attend similar trainings in the future 2.67 1.31
I am content with the training 2.63 1.59
A trainer does not listen to me when | express my views during the training 2.58 1.64
Training is timely and | am satisfied with the time allotted for each session 2.57 1.50
The training helps develop much interest in improved agricultural technologies  2.32 1.29
Training enhances my knowledge and it will improve my farming activities 2.29 1.21
Training helps me to identify different improved agricultural technologies that 299 112
could be of use in my farming activities ' '

Training increases my knowledge on the improved agricultural technologies 1.98 1.06
Training helps me to acquire skills which will improve my farming activities 1.65 0.94

M = Mean, SD = Standard deviation.

A similar negative conclusion (an unfavourable attitude) was drawn by the
farmers (trainees) based on how conducive was the venue of the training and its
environment, as well as the farmers’ willingness to attend similar trainings in the
future. Nevertheless, trainees expressed favourable attitudes regarding their
preparedness to invite others to attend a similar training in the future (mean attitude
response score = 3.73).

Constraints associated with extension training in the study area

The farmers perceived selected constraints as bottlenecks or obstacles to
extension training received. Entries in Table 5 show that the level of education of
the farmer was ranked first with a mean of 2.58, and this affected the understanding
of the farmer on the complexity of the technology and their ability to apply it
appropriately. The more educated the trainees (farmers), the better their
understanding of the training was. According to Adisa, Adeokun, and Oladoja
(2006), training is a process by which the skills and abilities of people are
improved and it requires some level of literacy of the trainees to cope. Inadequate
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agricultural training/extension officers (M = 2.40) were another major constraint to
the training. An inadequate number of agricultural training/extension officers,
therefore, may hinder the number of training packages they could take per time as
well as the quality of time spent with the farmers during the training sessions.
Okwu and Ejembi (2005) refer to farmers’ trainings as an intensive learning
activity for farmers to understand the skills required for the adoption of agricultural
technologies. A misunderstanding of the message (M = 2.38) got the 3" position in
the ranking. Occupational Safety and Health Administration (OSHA, 2010) opined
that training programmes must be clear and understandable to the participant.

Table 5. Constraints to extension training on improved agricultural technologies.

Constraints M SD Ranking
Education level of the trainee 2.58 0.63 1%
Inadequate agricultural training/extension officers 2.40 0.79 2"
Misunderstanding of the message of the training 2.38 0.75 31
Improper planning and poor coordination of the training 2.36 0.72 4t
Incompetence in delivery skills of the trainer 2.30 0.73 5h
Inability to carry the farmers along during the training 2.28 0.77 6"
Time allotted for the training 2.26 0.85 7"
Inadequate training facilities 2.25 0.82 g
Distance of the training center 2.08 0.86 gt
Distraction and digression during the training 2.06 0.82 10"

Factors influencing adoption of improved agricultural technologies

Results in Table 6 show that the coefficient associated with farmers’ attitudes
was positive, indicating a direct relationship between an attitude and adoption of
improved technology. The implication is that those farmers with a favourable
attitude to the extension training were more likely to adopt an innovation compared
with those with an unfavourable attitude. This corroborates the findings of
Ogunsumi (2011), who found that farmers with a favourable attitude had a higher
level of adoption of improved technologies. The statistical insignificance of the
coefficient of an attitude suggests that having a favourable attitude is unlikely to
substantially raise the level of technology adoption. Table 6 also shows that the
coefficient of the perception of farmers on the constraints to training was negative
and statistically significant (p<0.05). The coefficient of the farmers’ perception on
the constraints was statistically significant, and with the largest absolute value
compared to the coefficients of other predictors/factors in the model suggests the
dominance impact it had on a farmer’s chance of technology adoption. The imports
of these findings are that though strategies could be devised to enhance a
favourable attitude of farmers towards adopting an innovation, stimulating a
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favourable attitude will only have a miniscule impact on innovation uptake unless
the constraints to the trainings are addressed from the farmers’ perspective. The
statistically positive and significant coefficient of farmers’ age classification
between 45 and 55 years (p<0.05) implies that barring all other constraining
factors, relatively younger farmers were more likely to adopt a new innovation than
older farmers. This holds main implications for agricultural extension works and
agricultural policy in developing countries, especially in Nigeria where the
majority of the farming population is ageing with many young people unwilling to
embrace farming.

Table 6. Factors influencing an attitude towards training and adoption of improved
agricultural technologies.

Explanatory variables Coefficient Z-value p/>z/
Attitude to training (dummy) 0.076 0.19 0.848
Age of the respondent 45 to 55 years (dummy) 0.800 2.04 0.041
Age of the respondent above 55 years (dummy) -0.934 -1.32 0.187
Sex of the respondent (dummy) -0.125 -0.29 0.773
Farm size 0.234 1.64 0.102
Perceived constraints -2.520 -2.03 0.042
Adult education (dummy) 0.616 1.57 0.117
Primary education (dummy) 0.436 0.71 0.477
Secondary education (dummy) 0.149 0.26 0.795
Previous adoption of improved technology (dummy) 0.682 1.68 0.093
Practical demonstration (dummy) 0.913 1.83 0.068

Number of training methods exposed to besides

: . -0.114 -0.66 0.511
practical demonstration
Diversified likelihoods (dummy) -0.979 -1.92 0.055
Constant -0.770 -0.62 0.537

Wald Chi-square = 26.15
Log pseudo likelihood = -25.73
Prob > chi2 = 0.0162

The coefficients of educational dummies used to capture both formal and
informal (adult) education were positive, indicating the role access to both formal
and informal education could play in stimulating a higher rate of adoption of
innovations. This is in line with findings of Akinbile (2003) and Crook, Tood,
Combs, Woehr, and Ketchen (2011) that farmers with higher levels of education
adopt new technologies more rapidly than farmers with a lower level of education.
However, the statistical insignificance of the coefficients of all the educational
dummies suggests the farmers’ levels of education did not substantially enhance
greater uptake of the improved technologies. The results of this study also establish
that those who had previously adopted one or more of the innovations on which
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they received trainings had a greater chance of adopting more improved
technologies than those who had not adopted any of the technologies. The import
of these findings is that farmers do learn from their previous experience on
innovation and could bring it to bear on new technologies being introduced to
them. The coefficient of a practical demonstration training method was positive
and statistically significant (p<0.1), indicating that the training method could have
a higher chance of stimulating higher uptakes of the innovations they were exposed
to. This finding projects the uniqueness of the training method in enhancing
adoption and should be cautiously prepared to stimulate technology adoption.

The coefficient of diversified occupation was negative and statistically
significant (p<0.1), meaning that farmers who diversified their occupation outside
the farm sector had more depressed level of technology adoption than those who
concentrated on agriculture. Diversification of occupation implies a broadening of
income sources and less time allocation to/investment in agriculture with the
attendant implications on adoption of some important technology.

These findings calls for deeper evaluation of the root causes of low rates of
innovation uptake in the country and how agricultural production can be made to
command economic return sufficient enough to keep farmers with the agricultural
industry. This is imperative especially in the face of the numerous challenges
facing agriculture and the propensity for non-farm livelihoods. The log-likelihood
function of the model (-25.73) and the chi-square value (26.15) associated with the
log-likelihood ratio, that is statistically significant (p<0.05), indicate that all the
explanatory variables in the model jointly exert a significant influence on adoption
of the improved technologies.

Conclusion

The study sought to examine the potential role farmers’ attitudes could play in
technology adoption as well as the influence of some other factors on innovation
adoption. Most of the farmers had the adult education training with the majority of
them having an unfavourable attitude towards the training they received. Although
farmers’ attitudes to the training on improved technology had a positive and weak
influence on innovation adoption, the perception of farmers about constraints to
training and technology adoption appeared to exert a greater influence. The use of a
practical demonstration method in training farmers on new technology would result
in a higher level of innovation adoption among the farmers. Participation in non-
farm business engagement would lead to lower rates of technology adoption. The
implications of these findings are that stimulating favourable attitudes among
farmers may yield a piecemeal effect on technology if constraints restricting
technology adoption are not removed. A higher level of innovation adoption can be
achieved if younger people are encouraged to go into agriculture, and if
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agricultural production is attractive enough to keep farmers in the sector. The
findings hold main implications for the agricultural extension service delivery, and
the need to rethink agricultural and development strategies in the country such that
rural land spaces would promote adoption of agricultural technology and boost
food security.
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Rezime

U Africi, rezultat razvojnog istrazivanja je ogroman i njegova diseminacija
ima ogroman uticaj, posebno u Nigeriji poslednjih nekoliko decenija. Ovaj uticaj je
uocljiv u usvajanju inovacija od strane poljoprivrednika s ciljem da se transformise
poljoprivredna proizvodnja. Kako bi se povecalo usvajanje novih znanja, potrebna
je obuka poljoprivrednika. Medutim, stav poljoprivrednika prema obuci moze
uticati na njihovu odluku o prihvatanju poljoprivredne inovacije. Cilj ovog
istraZivanja bio je da se proceni da li stav proizvoda¢a manioke prema obuci 0
odabranim pobolj$anim poljoprivrednim tehnologijama moze znacajno da uti¢e na
usvajanje tehnologija. ViSestepena tehnika uzorkovanja kori§¢ena je za odabir
veli¢ine uzorka za ovo istrazivanje. Podaci koji su sakupljeni analizirani su uz
pomo¢ deskriptivne statistike i inferencijalnih statistickih alatki. Rezultati su
pokazali da samo nekoliko (37,5%) poljoprivrednika ima povoljan stav prema
obuci savetodavne sluzbe, a 64,25% poljoprivrednika pokazuju nizak nivo
usvajanja tehnologija. Dok je stav poljoprivrednika prema obuci imao pozitivan,
mada mali uticaj na usvajanje tehnologija, percepcija poljoprivrednika o
ograni¢enjima obuke 0 novim tehnologijama imala je snazniji uticaj. Faktori sa
znaCajnim negativnim uticajem na usvajanje ukljucuju, izmedu ostalih,
diversifikaciju nepoljoprivrednih aktivnosti i starost poljoprivrednika. lako se u
ovom istrazivanju priznaje da je podsticanje povoljnih stavova vazno za usvajanje
inovacija, tvrdi se da ¢e znaajne stope usvajanja biti postignute samo ako se
ogranicenja obuke o usvajanju poljoprivredne tehnologije budu otklanjala iz
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perspektive poljoprivednika i ako poljoprivredna prozvodnja postane dovoljno

zanimljiva da poljoprvrednike zadrzi unutar sektora.
Kljuéne reéi: obuka, stavovi, usvajanje, poljoprivredne tehnologije,

savetodavstvo i nepoljoprivredne aktivnosti.
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Rezime

Rezime na srpskom jeziku (za radove napisane na engleskom jeziku) ili na
engleskom jeziku (za radove napisane na srpskom jeziku) navodi se na kraju rada i
treba da ima od 100 do 250 reci. Ispred osnovnog teksta rezimea, navodi se naslov
rada, puno ime, srednje slovo i prezime svih autora i naziv i adresa ustanove
autora. Naslov ,,Rezime™ piSe se razmaknuto i centrirano. Nakon naslova sledi
jedan razmak, a zatim tekst rezimea, uvuCen jednim tabulatorom. Neposredno
nakon teksta rezimea, navode se kljucne reci, sa taCkom na kraju. E-mail adresa
autora za kontakt navodi se ispod crte, pri dnu stranice.

Tabele

Tabele obelezene arapskim brojevima (1, 2, itd.) pracene naslovom treba da se
nalaze na odgovaraju¢em mestu u tekstu, u fontu 9. Maksimalna Sirina tabela treba
da bude 13 cm. One treba da budu jasne, Sto jednostavnije i pregledne. Treba
izbegavati vertikalne crte, a broj kolona ograniCiti tako da tabela ne bi bila
presiroka. Takode, treba izbegavati nepotrebnu upotrebu horizontalnih crta. Naslov
tabele, poravnat po levoj i desnoj margini, sa tackom na kraju, navodi se sa jednim
razmakom iznad tabele. Ispod tabele treba dati detaljno objasnjenje skracenica,
simbola i znakova kori§¢enih u samoj tabeli. Svaka tabela mora biti pomenuta u
tekstu.

Ilustracije

Svi grafikoni, dijagrami i fotografije treba da se nazovu ,,Slika* (1, 2, itd.). Prilazu
se na odgovaraju¢em mestu u tekstu. Grafikone i dijagrame treba uraditi fontom 9,
u crno-beloj tehnici i sa maksimalnom S$irinom od 13 cm. Voditi racuna da oni
budu citki 1 jasni i nakon redukcije veli¢ine. Za svaki grafikon i dijagram treba
obezbediti detaljnu legendu bez skracenica. Fotografije moraju biti visokog
kvaliteta da bi se tehnicki mogle dobro reprodukovati. Prilazu se u ,, TIF*“ ili ,, JPG*
formatu, u crno-beloj tehnici. Naslov ilustracije, poravnat po levoj i desnoj
margini, sa tatkom na kraju, navodi se sa jednim razmakom ispod ilustracije.
Svaka ilustracija mora biti pomenuta u tekstu.

Skraéenice i jedinice

U radu treba koristiti samo standardne skrac¢enice. Merne jedinice treba izrazavati u
internacionalnom sistemu jedinica (SI). Kod navodenja jedinica posle broja treba
da stoji razmak (osim za % i °C). Skraéenice se mogu Koristiti i za druge izraze pod
uslovom da se ti izrazi navedu u punom obliku prilikom prvog pominjanja, sa
skra¢enim oblikom u zagradi. Vrednosti od 1 do 9 mogu se izrazavati slovima, a
ostali brojevi isklju¢ivo numericki.

Nomenklatura

Celokupna nomenklatura (hemijska i biohemijska, taksonomska, geneticka itd.)
mora biti uskladena sa medunarodnim kodeksima i komisijama, kao §to su
International Union of Pure and Applied Chemistry, IUPAC-IUB Combined
Commission on Biochemical Nomenclature, Enzyme Nomenclature, International
Code of Botanical Nomenclature, International Code of Nomenclature of Bacteria
itd.



Formule

Sve formule i jednac¢ine u radu moraju biti uradene pomocu programa ,,Word
Equation®. Pri pisanju formula, radi preglednosti, ostaviti dovoljno praznog
prostora oko same formule. Subskripti i superskripti treba da budu jasni. Prilikom
pisanja jednacina treba dati smisao svih simbola odmah posle jednacine u kojoj se
simbol prvi put koristi. Jednacine treba da budu numerisane arapskim brojevima,
serijski u zagradama, na desnoj strani linije. Svaka jednacina mora biti pomenuta u
tekstu kao Eq. (1), Eq. (2), itd.

Nakon objavljivanja rada, autoru za kontakt ¢e biti poslat jedan primerak casopisa.
Mole se svi budu¢i saradnici da rad pripreme prema datom uputstvu, kako bi
olaksali rad redakcije ¢asopisa. Ukoliko se rad ne pripremi po navedenom uputstvu
nece biti prihvacen za objavljivanje.
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