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UVOD I PREGLED LITERATURE
INTRODUCTION AND LITERATURE REWIEV

Površine zasijane kukuruzom u Hrvatskoj (1988-
2008) su 358700, s prosje � nim urodom zrna
5,66 t ha-1 (Dr�avni ured za statistiku, 2009.).

Average cropped area (trough years 1988 to 
2008) by maize ( Zea mays L.) in Croatia is 
358700 ha with average yield 5.66 t ha-1 
(Croatian Statistic Burro, 2009).



Klimatske prilike, a prvenstveno nedostatak oborina  i 
visoke temperature zraka (Shaw, 1988.; Zinselmeier i sur., 
1995.; Kova � evi � , 2004.; Kova � evi � i Josipovi � , 2001.; 
Gyenesné, 2002; Huzsvai i Nagy, 2005. and 2006.; Nagy , 2007.; 
Pepó i sur., 2005. i 2007; Vàrallyay, 2007...), navodnjavanje
(Vu� i� , 1976., Tomi � , 1988., Ma� ar, 1985.  i 1986.; Ruzsányi, 
1992.; Josipovi � i sur., 1996., 2007.; Romi � i sur. 1992; Pepó i 
sur., 2007; Berényi, 2007...) , genetika - kultivar (Spreque, 
1955.; Veneni, 1991; Gyenesné-Hegyi i sur., 2001; Gyo ri i sur., 
2005; Sipos i Ungai, 2008...) i agrotehnika, s naglaskom 
na  gnojidbu dušikom (Gyenesné-Hegyi i sur., 2001; Gyori i 
sur., 2005; Birkas i sur., 2006;  Kova � evi � i sur., 2006; Berti � i 
sur., 2006.; Sve � njak i sur., 2007...) su bitni � imbenici 
uroda ali i kakvo � e zrna kukuruza (Spreque, 1955.; Bálint
1977.; Liburn i sur., 1991.; Pástor i sur. 1998.; Qu aranta i sur. 
2001.; Gyori i sur., 2005.; Patzek, 2006.; Sve � njak i sur., 2007.; 
Pepó i sur., 2007.; Voca i sur., 2007.;  Josipovi � i sur., 2007. i 
2010.; Sipos i Ungai, 2008.; Hegyi i sur. 2007. i 2 008...). 
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INTRODUCTION AND LITERATURE REVIEW



Climate conditions, first at all precipitation deff icit and 
high air temperature (Shaw, 1988.; Zinselmeier et al., 1995.;
Kova � evi � , 2004.; Kova � evi � and Josipovi � , 2001.; Gyenesné, 
2002; Huzsvai and Nagy, 2005. and 2006.; Nagy, 2007 .; Pepó et 
al., 2005. and 2007; Vàrallyay, 2007...) , irrigation (Vu� i� , 1976., 
Tomi � , 1988., Ma� ar, 1985.  and 1986.; Ruzsányi, 1992.;
Josipovi � et al., 1996., 2007.; Romi � et al., 1992; Pepó et al., 
2007; Berényi, 2007...), genetic – cultivar (Spreque, 1955.; 
Veneni, 1991; Gyenesné-Hegyi et al., 2001; Gyori et al., 2005; 
Sipos and Ungai, 2008...) and management production, 
with an accent to nitrogen fertilization (Gyenesné-Hegyi 
et al., 2001; Gyori et al., 2005; Birkas et al., 200 6;  Kova � evi � et 
al., 2006; Berti � et al., 2006.; Sve � njak et al., 2007...) are 
important factors of maize grain yield but the grai n 
quality, also (Spreque, 1955; Bálint, 1977; Liburn et al., 1991; 
Pástor et al., 1998.; Quaranta et al. 2001.; Gyori et al., 2005; 
Patzek, 2006.; Sve � njak et al.; 2007; Pepó et al., 2007; Voca et 
al., 2007;  Josipovi � et al., 2007. and 2010.; Sipos and Ungai, 
2008; Hegyi et al. 2007. and 2008...). 
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Osim navedenih � imbenika na urod ali i kakvo � u 
zrna kukuruza imaju ne puno manji utjecaj obrada 
tla, tlo i njegova svojstva i drugi agronomski 
� initelji kao i njihova me � usobna povezanost što 
nije temeljni predmet ovoga rada.

Except mentioned factors on the maize grain yield 
and its quality considerable impact have soil 
cultivation, soil type and it’s properties and othe r 
agronomic factors, as well as theirs relationships,  
also, but it is not aim of this topic.
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CILJ ISTRA�IVANJA
AIM OF INVESTIGATIONS

Cilj istra�ivanja bio je istra�iti utjecaj 
navodnjavanja, gnojidbe dušikom i kultivara 
kukuruza na urod zrna kukuruza. 

The objective of this study is investigate influence  
of irrigation, nitrogen (N) fertilization and 
genotype on yield in maize grain.



Materijal i metode
MATERIAL AND METHODS

Na pokusnom polju Poljoprivrednog instituta Osijek 
tijekom � etiri godine (2006.-2009.)  postavljeni su
pokusi prema split plot dizajnu, slu � ajnom
rasporedu blokova u tri ponavljanja.

On the trial fields Agricultural Institute Osijek d uring 
the four growing seasons (2006-2009) influences of
irrigation rates, nitrogen fertilization and genoty pe 
on maize grain yield were tested, according to spli t-
plot randomized blok design in tree reps.



Materijal i metode
MATERIAL AND METHODS 

Tip tla je eutri � ni kambisol, praškasto glinasto 
ilovast.

Eutric cambisol soil type, silty clay loam texture,  
shallow gleic.



Materijal i metode
MATERIAL AND METHODS 

Navodnjavanje (glavni faktor, A): 
A1= kontrola,
A2=odr�avanje sadr�aja vode u tlu od 60-100% PVK
A3=odr�avanje sadr�aja vode u tlu od 80-100% PVK

Irrigation (the main factor, A) treatments were: A1=  
non-irrigated, A2 = irrigation starting on level of  
60% field water capacity (FWC); A3 = irrigation 

starting on level of 80% FWC.



Materijal i metode
MATERIAL AND METHODS 

Pokusi su navodnjavani samohodnim 
vu� enim rasprskiva � om (tifonom).

Self-moving sprinkler performed (tiphon)
irrigation.



Materijal i metode
MATERIAL AND METHODS

Sadr�aj vode u tlu mjeren je ure � ajem
Watermark (koji koristi sonde, tzv. gipsane
blokove).

Water content in the soil by Watermark 
equipment were determined . 
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Materijal i metode
MATERIAL AND METHODS

Varijante gnojidbe dušikom – pod faktor (B): 
B1 – kontrola;
B2 - 100 kg N ha- 1 i 
B3 - 200 kg N ha- 1

N fertilization treatments – sub factor (B): 
B1 – control;
B2 - 100 kg N ha- 1 and 
B3 - 200 kg N ha- 1



Materijal i metode

MATERIAL AND METHODS

Dvije tre � ine duši � nog gnojiva je dodano u obliku
UREE (46% N) u osnovnoj gnojidbi i pred sjetvu, a 
ostatak je dodan u dvije prihrane pri kultivaciji u  
obliku KAN-a (27% N)

Two third of planned N quantities were added in 
autumn and before sowing (urea: 46% N) and the 
rest by two top-dressings at early growth stages 
(calcium ammonium nitrate: 27% N)



Materijal i metode
MATERIAL AND METHODS

� etiri kultivara kukuruza su bila pod-pod factor, C: 
C1 = OSSK 596, C2 = OSSK 602, C3 = OSSK 617 i
C4 = OSSK 552.

Four maize cultivars (sub-sub factor C: C1 = OSSK 
596, C2 = OSSK 602, C3 = OSSK 617 and C4 = 
OSSK 552) were tested.



Materijal i metode

MATERIAL AND METHODS

Fosfora 100 kg ha-1 i kalija 150 kg ha-1 je dodano u 
dva jednaka dijela (prvi dio zaoran osnovnom 
gnojidbom, a drugi unešen predsjetveno - P -
superfosfat 45% P2O5 i K - 60%-tna kalijeva sol).

Phosphorus (100 kg P2O5 ha-1) and potassium 
(150 kg ha-1 K2O) were applied in form of triple-
super-phosphate (45% P2O5) and potassium salt 
(60% K2O as KCl).



Materijal i metode
MATERIAL AND METHODS

�etvena parcelica pod-pod faktora (C, hibrida 
kukuruza) je iznosila 19,6 m2, pod faktora (B, 
gnojidbe dušikom) 78,4 m2, a glavnog faktora 
(A, navodnjavanja) 235 m2.

Area of basic experimental plots were 19.6 m2 
(genotype – maize hybrid), 78.4 m2 (nitrogen) 
and 235 m2 (irrigation), respectively.



Materijal i metode
MATERIAL AND METHODS 

Sjetva kukuruza je obavljena sredinom travnja, 
a berba u listopadu. Planirani sklop je bio 58309 
biljaka ha-1 (me � uredni razmak 70 cm, a u redu
24.5 cm).

Maize was sown in the middle of April and 
harvested in the first half of October. Planned 
plant density was 58309 plants ha-1 (spacing 
between rows 70 cm and in the row 24.5 cm).



Materijal i metode
MATERIAL AND METHODS 

Dobiveni rezultati su statisti � ki obra � eni (SAS, 
model GLM, split-plot dizajn). Pojedina � no je za 
svaku godinu izra � unata analiza varijance.

The statistics of trial's data results performed 
according SAS GLM, split-plot model procedure 
(SAS, 1998). Analyzis of varijance was calculate 
for each year separetly.



Materijal i metode
MATERIAL AND METHODS 

Nedostatak oborina i visoke temperature  
karakterizirale su vegetacije 2007. i 2009. g. dok 
su 2006. i 2008. godine koli � ine oborina bile 
ve� e od prosjeka ali ne povoljnog rasporeda.

Low precipitation and high air temperatures 
characterized the 2007 and 2009 growing 
seasons, while in years 2006 and 2008 amount 
of precipitations were higher then long-term 
value, but not convinient distribution.
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Generalno (pri 4-godišnjoj analizi), u prosjeku je 
navodnjavanje (glavni � imbenik, A) rezultiralo 
pove � anjem uroda do 15% (8880 and 10198 kg ha-1, 
na kontroli - varijanta A1 odnosno odr�avanje 
sadr�aja vode od 80% do 100% PVK- a - varijanta 
A3). 

In general (4-year means comparison), irrigation as 
main factor (A) resulted by average maize yield 
increases up to 15% (8880 and 10198 kg ha-1, for A1
- control varijant and A3 – maintenance of soil water 
content from 80% to 100%, respectively).

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



Ovisno o godini, u � inak navodnjavanja je 
rezultirao pove � anjem uroda zrna kukuruza 
od 13% (2006, 2008 and 2009) to 28% (2007).

Depending on the year, effects of irrigation 
on maize yield increases were from 13% 
(2006, 2008 and 2009) to 28% (2007).

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



Navodnjavanje je tijekom istra�ivanja rezultiralo
statisti � ki vrlo zna � ajno ve � im (P³³³³ 0.01) urodom zrna
kukuruza na A3 i A2 varijantama prema kontroli (A1), 
dok statisti � ka zna� ajnost izme � u A2 i A3 varijante nije
potvr � ena u svim godinama istra�ivanja.

Irrigation as main factor (A) resulted by statistic al 
signifficant higher maize grain yield (P ³³³³ 0.01) on the A3
and A2 treatments oppostie control treatments (A1), 
while statistical signifficance among A3 and A2 
treatments did not conform in all investigated year s.

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION
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Generalno (4-godišnja prosje � na usporedba), 
gnojidba dušikom je rezultirala pove � anjem 
uroda do 19% (8700 i 10347 kg ha-1, na 0 i 200 
kg N ha-1).                                           . 

In general (4-year means comparison), nitrogen 
fertilization resulted by maize yield increases up 
to 19% (8700 and 10347 kg ha-1, for 0 and 200 kg 
N ha-1, respectively).

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



Gnojidba N je rezultirala najmanjim pove � anjem 
uroda u 2007 godini (+13%) dok je u ostale tri 
godine pove � anje uroda bilo ujedna � eno (od 
20% do 22%). . 

N fertilization effects were the lowest in 2007 
(+13%) while in the remaining three years they 
were higher and reciprocally similar (from 20% 
to 22%).

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



Gnojidba N je rezultirala statisti � ki vrlo zna � ajno
(P³³³³ 0.01) ve� im urodom zrna kukurza, na varijantama
B2 i B3 prema B1 varijanti u svim godinama
istra�ivanja.

Nitrogen fertilization resulted by statistical very  
significant (P ³³³³ 0.01) higher maize grain yield on the B2 
i B3 treatments opposite B1 treatments in all 
investigated years. 

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION
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Generalno (4-godišnja prosje � na usporedba), 
razlike u urodu zrna izme � u hibrida kukuruza 
rezultirala pove � anjem uroda do 6% (od 9259 kg 
ha-1, OSSK 596 do 9814 kg ha-1, OSSK 602). 

In general (4-year means comparison), 
differences of yields among the hybrids 
increases up to 6% (from 9259 kg ha-1, OSSK 
596 to 9814 kg ha-1, OSSK 602).

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



Genotip (hibrid kukuruza) je rezultirao 
pove � anjem uroda zrna kukuruza u 
pojedinim godinama od 8% do 10% (2009, 
2008 i 2006.) do 14% 2007. godine. 

Genotype (maize hybrid) resulted by 
increasing grain yield from 8% to 10% (in 
years 2009, 2008 and 2006) to 15% in year 
2007.

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



���	
� ���
� �������
� ������� � etiri kultivara bio je 
statisti � ki vrlo zna � ajno (P ³³³³ 0.01) ve� i sa hibridima 
OSSK 602, OSSK 617 (C2 i C3) prema hibridima  
OSSK 596 i OSSK 552 (C1 and C4) u tri godine, a  
OSSK 552 statisti � ki vrlo zna � ajno ve � i u jednoj god.

Maize grain yield among four hybrides was   
statistical very significant (P ³³³³ 0.01) higher OSSK 602, 
OSSK 617 (C2 i C3) opossite hibrides OSSK 596 i 
OSSK 552 (C1 and C4)  in three years, while OSSK 55 2  
(C4) was signifficantly higher in one investigated 
year, only.

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION
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Statisti � ki zna � ajne i vrlo zna � ajne razlike u 
urodu zrna bile su kombinacije: navodnjavanje  
x gnojidba dušikom (AxB), navodnjavanje x 
genotip (AxC), gnojidba x genotyp (BxC) i 
navodnjavanje x gnojidba dušikom x genotip 
(ABC) u svim godinama istra�ivanja.                .

Statistical significant treatment of maize grain 
yields were: AxB, AxC, BxC and ABC in all 
investigated years.

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



ZAKLJU � CI - CONCLUSIONS

NA RAZINI � ETVEROGODIŠNJEG PROSJEKA 

Navodnjavanje je rezultiralo pove � anjem 
uroda zrna kukuruza do 28%, a gnojidba 
dušikom do 22%, �
	������
����������	
��
izme� u hibrida kukuruza iznosile do 14%.

ON THE  FOURTH YEAR AVERAGE LEVEL

Irrigation and nitrogen fertilization resulted 
by maize yield increases up to 28% and up to 
22%, while differences of yields among the 
hybrids were up to 11%. 



ZAKLJU � CI - CONCLUSIONS

Navodnjavanje koje osigurava sadr�aj vode 
u tlu od 80% to 100% PVK i gnojidba sa 200 
kg dušika ha-1 sa hibridima OSSK 602 i 
OSSK 617 osigurati � e stabilne i visoke 
urode zrna kukuruza.

Irrigation from 80% to 100% FWC and 200 kg 
of N ha-1 with OSSK 602 and OSSK 613 
hybrids could ensure high maize grain 
yields.
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