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UVOD I PREGLED LITERATURE
INTRODUCTION AND LITERATURE REWIEV

Urodi soje u našem klimatu variraju ovisno o koli � inama i 
rasporedu oborina, stoga je i u � inak navodnjavanja
razli � it. Osim navodnjavanja bitan � imbenik stabilnog
uroda soje je i koli � ina primjenjenog dušika (N).

Soyabean grain yield in our climate is in close rel ation with 
quantity and rainfall distribution, althought is ef fect off 
irrigation different. Except of irrigation importan t factor of 
stabile grain yield is quantity of applied nitrogen . 



UVOD I PREGLED LITERATURE
INTRODUCTION AND LITERATURE REWIEV

Prema Bošnjaku (2008.) urodi zrna soje su bili manji kada
je bio ve � i intenzitet i du�ina trajanja suše. Tako � er
navodi da soja dobro podnosi (otporna je) sušu do faze 
cvatnje, a ukoliko se suša i dalje nastavi, soja daje vr lo
male urode. 

According to Bošnjak (2008) soyabean grain yield wa s 
lower when intensity and longenees of drouth was hi gher. 
He also confirm that is soybean very resistent to d rought 
up to phase of flowering, but if drought continuing , 
soybean will give low grain yield.



UVOD I PREGLED LITERATURE
INTRODUCTION AND LITERATURE REWIEV

Bošnjak (2008.) navodi da je urod soje bio najve � i kada je
sadr�aj vode u tlu odr�avan od 60% do 100% PVK, dok je 
intenzivnije navodnjavanje rezultiralo urodom kao n a 
kontroli.

Bošnjak (2008) confirm that yobean grain yield was the 
highest when soil water content were mainenance fro m 
60% to 100% FWC, while higher irrigatinon supplay 
resulted by yields same on the control plot.



UVOD I PREGLED LITERATURE
INTRODUCTION AND LITERATURE REWIEV

Vu� i� (1976.) u vrlo opširnom pregledu navodi da
se navodnjavanjem u najve � em broju slu � ajeva
pove � ava urod zrna soje do 30%.

Vu� i� (1976) confirm that in many cases soybean 
grain yield might be higher up to 30% as result of 
irrigation impact. 



UVOD I PREGLED LITERATURE
INTRODUCTION AND LITERATURE REWIEV

U� inak dušika na urod zrna soje je vrlo razli � it i 
rezultati su dijametralno suprotni, što su u 
svojim istra�ivanjima konstatirali de Mooy i sur. 
(1973.); Welch i sur. (1973., cit. Brevedan i sur., 
1978.).

Nitrogen impact on the soyaben grain yield is very 
different and diametric opposite, that confirmed 
in their  investigation de Mooy i sur. (1973.); 
Welch i sur. (1973., cit. Brevedan i sur., 1978.). 



UVOD I PREGLED LITERATURE
INTRODUCTION AND LITERATURE REWIEV

Pozitivne u � inke navodnjavanja (pove � anje uroda
od 23% do 49%) na urod zrna soje utvrdili su
Ma� ar i Vratari � (1980.) i Brevedan i sur. (1978.) 
(navode da je pove � anjem koli � ine N od po � etka do kraja cvatnje pove � an urod zrna 
soje za 33% u kontroliranim uvjetima i od 28% do 32 % u polju, kao i sadr�aj 
bjelan � evina s 38% na 42%).

Positive effect of irrigation (increasing grain yie ld 
from 23% to 49%) on grain yield of soyaben 
confirmed Ma � ar i Vratari � (1980.) i Brevedan i 
sur. (1978.)



UVOD I PREGLED LITERATURE
INTRODUCTION AND LITERATURE REWIEV

Bhangoo i sur. (1972.), Johnson i Hume (1972.), 
Lyons i Earley (1972.) i Mederski i sur. (1958.) 
utvrdili su malo pove � anje uroda zrna soje pri 
gnojidbi N (cit Sorensen i Penas, 1978.). 

Bhangoo et al. (1972.), Johnson i Hume (1972.), 
Lyons i Earley (1972.) i Mederski i sur. (1958.) 
confirm small soybean grain yield with nitrogen 
fertilization (cit Sorensen i Penas, 1978.).



UVOD I PREGLED LITERATURE
INTRODUCTION AND LITERATURE REWIEV

Suprotno tomu, rezultati istra�ivanja koje su prove li Beard i 
Hoover (1971.), Lyons i Early (1952.), Mederski i s ur. 
(1958.), Wagner (1962.), Welch i sur. (1973.), (cit  Sorensen 
i Penas, 1978.), Juri � i sur. (1995.) ukazuju da gnojidba N 
nije rezultirala pove � anjem uroda zrna soje . 

Opposite that, investigations which led Beard i Hoo ver 
(1971.), Lyons i Early (1952.), Mederski i sur. (19 58.), 
Wagner (1962.), Welch i sur. (1973.), (cit Sorensen  i 
Penas, 1978.), Juri � i sur. (1995.) confirm that N 
fertilization did not resulted by increasing yields .



Cilj istra�ivanja
AIM OF INVESTIGATIONS

Cilj istra�ivanja bio je utvrditi u � inak 
navodnjavanja, gnojidbe N i njihovu interakciju 
na urod zrna soje u agroekološkim uvjetima 
isto � ne Hrvatske.

The aim of investigation was confirm an impact of 
irrigation, nitrogen fertilization and their 
interaction on the soyabean grain yield in the 
agroecological conditions of Eastern Croatia. 



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 fields of Agricultural institute Osijek
during the four years (2006-2009) set the trials 
according to split-plot randomized block design 
in tree replication. 



Materijal i metode
MATERIAL AND METHODS 

Tip tla je eutri � ni kambisol, praškasto 
glinasto ilovast, plitko oglejen (pH u KCl-u od 6,5 do 
6,9, sadr�aj humusa od 1,85 do 2,13%, sadr�aj P2O5 j e od 22,6 do 26,4 

mg 100 g tla, K2O od  30,4 do 36,5 mg 100 g tla) .

Soil type is eutric cambisol, silty clay loam, 
shallow gleic (pH in KCl-u: 6,5 - 6,9,  humus content: 1,85 -
2,13%; content of P2O5 - 22,6 - 26,4 mg 100 g tla; K2 O - 30,4 - 36,5 mg 

100 g tla)



Materijal i metode
MATERIAL AND METHODS

U� inak navedenih � imbenika istra�ivan 
je na sorti soje Anica, kreacije 
Poljoprivrednog instituta Osijek.

Effect of mentioned factors investigated 
by Anica variety, created at Agricultural 
Institute Osijek. 



Materijal i metode
MATERIAL AND METHODS 
Sjetva pokusa soje je obavljena u optimalnom 

roku (druga dekada travnja), pneumatskom 
sija � icom, na me � uredni razmak 50 cm i 
planirani sklop 560 tisu � a biljaka ha-1. 

Planting of trails were in optimal term (second 
decade of April), by pneumatic planter, interrow 
spacing 50 cm and planed 560 000 plants per ha.



Materijal i metode
MATERIAL AND METHODS 

Navodnjavanje – A faktor: 
A1 – kontrola, 
A2 - sadr�aj vode u tlu 60%-100% PVK i 
A3 - sadr�aj vode u tlu 60%-100% PVK

Irrigation – A factor : 
A1 – control, 
A2 – soil water content 60%-100% PVK and 
A3 - soil water content 80%-100% PVK



Materijal i metode
MATERIAL AND METHODS 

Navodnjavano je pomo � u samohodnog 
vu� enog rasprskiva � a (TIFONA).

Irrigation was done by self moving 
sprinkler (typhon).



Materijal i metode
MATERIAL AND METHODS
Sadr�aj vode u tlu mjeren je ure � ajem
Watermark koji koristi sonde, tzv. gipsane
blokove. Vrijednost na ure � aju je bila osnova za
po� etak navodnjavanja. 

Soil water content was measured by Watermark 
aparature, which use gypsum blocks, and it’s 
value were used as basis for start irrigation. 
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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

Dušik je dodan u obliku UREE (46% N) u osnovnoj gno jidbi (zaorano u 
listopadu, 1/2) i pred sjetvu (unešeno rotodrlja � om,  1/2).

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

N was applied in UREE form (46% N) in basic fertiliz ation (plought in 
October, 1/2) and before sowing (incorporated by rototil er,  1/2).



Materijal i metode
MATERIAL AND METHODS 

Fosfora 112 kg ha-1 i kalija 120 kg ha-1 je 
dodano u dva jednaka dijela (osnovnom 
gnojidbom u jesen i zaorana, a druga predsjetveno - P - superfosfat 
45% P2O5 i K - 60%-tna kalijeva sol).

Pfosphorus, 112 kg ha-1 and potassium 
120 kg ha-1 were applied in two equal 
parts (osnovnom gnojidbom u jesen i zaorana, a druga 

predsjetveno - P - superfosfat 45% P2O5 i K - 60%-tna kal ijeva sol).



Materijal i metode
MATERIAL AND METHODS 

�etvena parcelica pod faktora (B) je iznosila 45 
m2, a glavnog faktora (A) 135 m2.

Harvesting plot sub factor (B) was 45 m2, and  
main factor (A) 135 m2.



Materijal i metode
MATERIAL AND METHODS 

Dobiveni podatci su statisti � ki analizirani 
(SAS, model GLM, split-plot dizajn) 
pojedina � no za svaku godinu istra�ivanja.

Statistical analyzes were made by SAS, 
model GLM, split-plot dizajn, separetly for 

each investigated year.

















U 2006. godini navodnjavanje (A) je rezultiralo statist i� ki
vrlo zna � ajnom razlikom (P ³³³³ 0,01) u urodu zrna soje na
varijanti A2, 3,14 t ha-1 prema varijantama A1 i A3. 
U� inak dušika (B) na varijanti B2 je rezultirao statisti � ki
vrlo zna � ajno (P ³³³³ 0,01) ve� im urodom zrna soje prema
varijantama B3 i B1.

In year 2006 irrigation (A) was resulted by statist ical 
very signifficant difference (P ³³³³ 0,01) in soyaben grain 
yield on treatment A2, 3,14 t ha-1 opossite variant s A1 
and A3. 
Nitrogen effect (B) on variant B2 resulted by stati stical 

very signifficant (P ³³³³ 0,01) higher soyabean grain yield 
opposite treatments B3 i B1.

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



0,1550,0890,0890,01%

0,1110,0640,0640,05%

ABBALSD 

B2� B1,B3= P³³³³ 0,01A2� A1,A3 = P³³³³ 0,01

3,053,033,14**2,98Pr. A

3,002,863,003,16B3

3,15**3,183,33**2,94B2

2,993,033,092,84B1

Pr. BA3A2A1

2006. godina – Year 2006B

Urod zrna soje na bazi 14% vode, t ha-1

Soyabean grain yield, 14% of water, t ha-1



Urod zrna soje na kombinaciji varijanti
A2B2 bio je najve � i, 3,33 t ha-1 i statisti � ki
vrlo zna � ajno ve � i (P³³³³ 0,01) prema drugim
varijatama. 

Soyabean grain yield on combination of 
treatments A2B2 was the highest, 3,33 t 
ha-1 and statistical very signifficant higher
(P³³³³ 0,01) opposite other treatments.

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



Iako je ukupno tijekom vegetacije 2006. palo 46 
mm oborina više od prosjeka, zbog njihovog
nepovoljnog rasporeda i visokih temperatura, 
prosje � an urod zrna soje je bio najmanji u � etiri
godine .

Althought, during the 2006 growing season falled 
46 mm precipitation more than average, but his 
unconvinient  distribution and higher temperature, 
average soybean grain yield were lowest in all four  
years. 

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION
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U 2007. godini navodnjavanje je rezultiralo
statisti � ki vrlo zna � ajnom razlikom (P ³³³³ 0,01) u 
urodu zrna soje na varijanti A3 (3,85 t ha-1) 
prema varijantama A1 i A2, ali i varijante A2 
prema A1.

In year 2007 godini irrigation resulted by 
statistical very signifficant difference (P ³³³³ 0,01) in 
soyabean grain yield on the variant A3 (3,85 t 
ha-1) opposite treatments A1 and A2, and 
treament A2 opposite A1.

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



Koli � ina primjenjenog N na varijanti B2 je
rezultirala statisti � ki vrlo zna � ajno (P ³³³³ 0,01) 
ve� im urodom soje prema urodu na
varijantama B3 i B1.

Quantity of applied N on variant B2 resulted 
by statisticaly very signifficant (P ³³³³ 0,01) 
higher soyaben grain yield opposite 
treatmens B3 i B1.

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



Kombinacija A3B2 je rezultirala najve � im
urodom soje, 4,02 t ha-1 koji je bio i 
statisti � ki vrlo zna � ajno ve � i (P³³³³ 0,01).

Commbination A3B2 resulted by the 
highest soybean grain yield, 4,02 t ha-1 
which was statistical very signifficant 
higher (P ³³³³ 0,01).

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



B2� B1 i B3 = P³³³³ 0,01A3� A1 i A2 = P³³³³ 0,01

0,1600,0920,0920,01%

0,1140,0660,0660,05%

ABBALSD 

3,683,85**3,713,49Pr. A

3,733,993,543,65B3

3,85**4,02**3,883,64B2

3,483,553,703,18B1

Pr. BA3A2A1

2007. godina – Year 2007B

Urod zrna soje na bazi 14% vode, t ha-1

Soyabean grain yield, 14% of water, t ha-1
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U 2008. godini, navodnjavanje je rezultiralo 
statisti � ki vrlo zna � ajnom razlikom (P ³³³³ 0,01) u urodu 
zrna soje na varijanti A2, 4,02 t ha-1 prema 
varijantama A1 i A3. 
Urod soje na varijantama B3 i B2 je statisti � ki vrlo 
zna� ajno ve � i (P³³³³ 0,01) prema varijanti B1.

In year 2008, irrigation resulted with statistical very 
signifficant difference (P ³³³³ 0,01) in soyabean grain 
yield on treatment A2, 4,02 t ha-1 opposite 
treatments A1 i A3. 
Urod soje na varijantama B3 i B2 je statisti � ki vrlo 
zna� ajno ve � i (P³³³³ 0,01) prema varijanti B1.

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



Kombinacija A2B2 je rezultirala je 
najve � im urodom, 4,13 t ha-1, koji je bio i 
statisti � ki vrlo zna � ajan (P³³³³ 0,01). 

Combination of treatments A2B2 resulted 
by the highest grain yield, 4,13 t ha-1, 
which was and statistical very signifficant  
(P³³³³ 0,01). 

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



B2� B1 i B3 = P³³³³ 0,01A2� A1 i A3 = P³³³³ 0,01

0,1740,1000,1000,01%
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3,813,734,02**3,68Prosjek A

3,88**3,863,883,91B3

3,79**3,794,13**3,46B2

3,763,554,043,68B1

Pros. BA3A2A1

2008. godina – Year 2008B

Urod zrna soje na bazi 14% vode, t ha-1

Soyabean grain yield, 14% of water, t ha-1
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U 2009. godini, navodnjavanje je rezultirao 
statisti � ki vrlo zna � ajno ve � im (P³³³³ 0,01) urodom 
zrna soje na varijanti A3, 3,97 t ha-1 prema 
varijantama A1 i A2 koje ��������	
�������	�
��
� ki 
vrlo zna � ajno razlikovale.

In  year 2009, irrigation resulted by statistical 
very signifficant higher (P ³³³³ 0,01) soyabean grain 
yield on the treatment A3, 3,97 t ha-1 opposite  
treatments A1 and A2 which were also statistical 
very signifficant.

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



Varijante B2 i B3 rezultirale su statisti � ki vrlo zna � ajno 
ve� im (P³³³³ 0,01) urodom zrna soje prema varijanti B1.
Kombinacija A3B1 je imala najve � i urod, 4,05 t ha-1, koji 
je bio i statisti � ki vrlo zna � ajan (P³³³³ 0,01).

Treatments B2 and B3 resulted by statistical very 
signifficant (P ³³³³ 0,01) soyabean grain yield opposite 
treatment B1.
Combination of treaments A3B1 had the highest grain  
yield, 4,05 t ha-1, which was statistical very sign ifficant 
(P³³³³ 0,01).

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



B2 i B3� B1 = P³³³³ 0,01A3� A1 i A2 = P³³³³ 0,01

0,2120,1220,1220,01%

0,1510,0870,0870,05%

ABBALSD 

3,763,97**3,833,48Pr. A

3,80**3,863,653,89B3

3,82**4,013,913,56B2

3,664,05**3,922,99B1

Pr. BA3A2A1

2009. godina – Year 2009B

Urod zrna soje na bazi 14% vode, t ha-1

Soyabean grain yield, 14% of water, t ha-1
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U� inak navodnjavanja je u sve 4 godine istra�ivanja 
na varijanti A2 bio statisti � ki zna � ajno ve � i prema 
kontroli, a dvije godine (2006. i 2008.) statisti � ki 
zna� ajno ve � i i prema A3 varijanti i dvije godine 
obrnuto (2007. i 2009.).               .

Impact of irrigation was in all four years statisti cal 
signifficant higher on the treatment A2 oppostie 
control treatment, and two years (2006 and 2008) 
statistical signifficant higher opposite treatment A3 
and two years inversely (2007 and 2009).

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



Gnojidba dušikom je u tri godine istra�ivanja rezul tirala 
statisti � ki vrlo zna � ajno ve � im urodom soje na B2 
varijanti prema B1, dvije godine prema varijanti B3 , a 
samo 1 godinu statisti � ki zna � ajno ve � im urodom na 
varijanti B3 prema B2 i 3 godine B3 prema B1.

Nitrogen fertilization was in tree investigated yea rs 
resulted by statistical very signifficant higher yi eld on 
B2 treatment opposite B1,  two years opposite treat ment 
B3, and only one year statisticaly signifficant hig her 
grain yield on B3 treatment opposite Band 3 years B 3 
oppostie B1.

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



Kombinacije navodnjavanja i gnojidbe N, 
A2B2 rezultirale su dvije godine statisti � ki 
vrlo zna � ajno najve � im urodom, a 
kombinacije A3B1 i A3B2 u jednoj godini.

Combination irrigation and N fertilization, 
treatments A2B2 resulted in two years 
statistical signifficant the highest soyaben 
grain yield, and combinations A3B1 and  
A3B2 in one year only.

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



Rezultati istra�ivanja su u skladu sa istra�ivanjim a dijela 
citiranih autora (Vu � i� , 1976; Bošnjak, 2008., Vu � i� i 
Bošnjak, 1980) koji su potvrdili pozitivan u � inak 
navodnjavanja na razini varijante A2 (sadr�aj vode u tlu 
od 60% do 100% PVK).

RResults of investigation are in accordance with so me 
of cited authors (Vu � i� , 1976; Bošnjak, 2008., Vu � i� i 
Bošnjak, 1980) which confirm positive effect of irr igation 
on A2 treatment (soil water content from 60% to 100 % 
FWC).

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



U� inak gnojidbe dušikom je potvrdio rezultate brojnih  
istra�ivanja o vrlo varijabilnom u � inku N (Brevedan, 1978., 
Sorensen i Penas, 1978.), ali je zna � ajno više u korist 
istra�ivanjima koja su varijantu B2 (100 kg N ha-1)  
pokazala u � inkovitom za visoke i stabilne urode zrna soje.

Nitrogen fertilization effect confirmed results of some 
authors about oscilation impact on grain yield  and  
confirm results of N impact (Brevedan, 1978., Soren sen i 
Penas, 1978.), but signifficant effect in the inves tigation 
which confirm that treatment B2 (100 kg N ha-1) sho wed 
effect for high and stabile soyabean grain yield.

REZULTATI I RASPRAVA
RESULTS AND DISSCUSSION



ZAKLJU � CI - CONCLUSIONS

Prosje � an urod zrna soje tijekom 4 godine 
istra�ivanja iznosio je od 2,84 do 4,13 t ha-
1.

Average soyaben grain yield during four 
year investigation were from 2,84 to 4,13 t 
ha-1.



ZAKLJU � CI - CONCLUSIONS

U svim godinama istra�ivanja je utvr � ena 
statisti � ki vrlo zna � ajna razlika uroda zrna 
soje izme � u varijanti navodnjavanja, izme � u 
varijanti dušika, kao i u njihovoj interakciji.

In all investigated years confirmed 
statistical very signifficant difference of 
soyabean grain yield among irrigation 
treaments, among nitrogen fertilization  
treatments, and in their interaction.



ZAKLJU � CI - CONCLUSIONS

Najve� i prosje � an urod navodnjavanjem ostvaren je pri 
sadr�aju vode u tlu od 60% do 100% PVK (A2), 4,02 t  
ha-1, djelovanjem gnojidbe N sa 200 kg ha-1 (B3), 3 ,88 t 
ha-1, ali je i sa 100 kg N ha-1 (B2) postignut urod  iste 
razine statisti � ke  zna� ajnosti.

The highest average soyabean grain yield was on the  
treatment, A2 from 60% to 100% FWC, 4,02 t ha-1, an d 
nitrogen effect by fertilization by 200 kg N ha-1 ( B3), 
3,88 t ha-1, but wit 100 kg N ha-1 (B2) were acheiv ed  
with same statistical signifficance level.



ZAKLJU � CI - CONCLUSIONS

Kombinacija varijanti sa najve � im urodom soje bila 
je A2B2 – dakle, odr�avanje sadr�aja vode u tlu od 
60% do 100% PVK x gnojidba sa 100 kg N ha -1, 4,13 
t ha-1.
Navedena kombinacija je i preporuka za uspješnu 
proizvodnju soje za Isto � nu Hrvatsku.

Combination of treatments with the highest 
soyabean grain yield was A2B2, well, maintenance 
of soil water from 60% to 100% FWC x N 
fertilization by 100 kg N ha -1, 4,13 t ha-1. 
Mentioned combination is the recomendation for 

succesfull soyaben production for Eastern Croatia.
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