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Sum mary: An in ves ti ga tion was car ried out at Rimski [an~evi ex per i ment field of In sti tute of Field 
and Veg e ta ble Crops, Novi Sad on cal car e ous cher nozem soil on the loess ter race, in the pe riod
2000-2007, and in cluded ir ri gated vari ant (T1) and non-ir ri gated i.e. con trol vari ant (T0). NS-640,
maize hy brid from the FAO ma tu rity group 600, was an a lyzed. Readily avail able soil wa ter def i cit
(RASWD) in the layer of 60 cm in the course of grow ing sea son and ac tual evapotranspiration
(ETa) were cal cu lated by the wa ter bal ance method. Wa ter con sump tion for po ten tial
evapotranspiration (ETm) in in di vid ual months and the grow ing sea son were cal cu lated by the
bioclimatic pro ce dure, us ing hydrophytothermic in dexes. The cor re la tion anal y sis re vealed
highly sig nif i cant dependences of maize yield (Y) on RASWD (r = -0.941) and the amount of pre -
cip i ta tion (P) in Au gust (r = 0.931). Sta tis ti cally sig nif i cant de pend ence was also found be tween Y
and RASWD (r = -0.765) and P (r = 0.768) in July and Au gust. The ob tained re sults in di cate that
maize pro duc tion in Vojvodina un der the rainfed con di tions is un re li able, and that it is cor re lated
with weather con di tions, es pe cially with the amount and dis tri bu tion of pre cip i ta tion. The sta tis ti -
cally sig nif i cant cor re la tion ob tained be tween Y and ETa (r = 0.755) con firms that wa ter sup ply is
the ba sic pre req ui site which al lows the other pro duc tion fac tors to be re al ized. Sig nif i cantly
higher maize yields in the T1 vari ant (13.517 t ha-1) in re la tion to the T0 vari ant (11.210 t ha-1) in di -
cate clearly that un der the cli ma tic con di tions of Vojvodina high and sta ble yields of maize can be
achieved only in ir ri ga tion.
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In tro duc tion

In Vojvodina, maize is a pri mary row crop 
in ir ri gated crop ro ta tions and crop ping sys -
tems, and it is also the dom i nant field crop
grown on av er age at about 640,000 ha, or
about 42 % of the to tal ar a ble land. The av er -
age yield in the pe riod 2000-2007 was 5.0 t
ha-1, with a wide range of vari a tion from 2.94
to 6.44 t ha-1 (Sta tis ti cal Year book of Ser bia,
2007).

The cli ma tic re gion of Vojvodina is char ac -
ter ized by un sta ble me te o ro log i cal con di tions 
in some years. This is par tic u larly true for pre -
cip i ta tion, which changes from year to year
not only in the amount but also in dis tri bu -
tion. If drought is de fined as in suf fi cient sup -
ply of wa ter to plants, when po ten tial eva po -
transpiration ex ceeds the ac tual one, re gard -
less of the causes of this phe nom e non, it is ob -
vi ous that drought is a reg u lar phe nom e non
in Vojvodina that oc curs each year and ex -
tends more or less se ri ous im pact on yields of
ag ri cul tural crops (Bo{njak et al. 2005).
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In Vojvodina, high and sta ble yields of
maize are achieved when nat u ral def i cit of
readily avail able soil wa ter (RASWD) that oc -
curs dur ing maize grow ing sea son is elim i -
nated by ir ri ga tion.

The ef fect of ir ri ga tion on maize yield de -
pends on weather con di tions, pri mar ily the
amount and dis tri bu tion of pre cip i ta tion. It
may be high in dry years (Bo{njak & Peji}
1997, Peji} 2000, Cakir 2004, Panda et al.
2004, Peji} et al. 2007) and low or al to gether
ab sent in hu mid years (Bo{njak 1993, Bo -
{njak & Peji} 1998). Un der the agro-eco log i -
cal con di tions of Vojvodina, the po ten tial
evapotranspiration (ETm) of maize is 470 to
540 mm (Bo{njak 1982, Peji} 2000). How -
ever, the prob a bil ity of such pre cip i ta tion
level is only 4 % to 5 %. It means that full re al -
iza tion of ge netic yield po ten tials of the hy -
brids can not be ex pected, be cause the
amount of pre cip i ta tion lim its yield per for -
mance to the pro vided phytoclimatic level. It
is ob vi ous that wa ter short age is the ma jor in -
sti ga tor of neg a tive fac tors that limit the
maize pro duc tion in Vojvodina (Vu~i} 1976).

The ob jec tive of this re search was to an a -
lyze long-term data for readily avail able wa ter 
def i cit in soil and pre cip i ta tion short age dur -
ing grow ing sea son and their ef fects on maize 
yield and evapotranspiration, in or der to as -
sess pos si bil i ties for ir ri gated maize pro duc -
tion in Vojvodina.

Ma te ri als and meth ods

The study was car ried out at Rimski
[an~evi ex per i ment field of In sti tute of Field
and Veg e ta ble Crops, Novi Sad on the cal car -
e ous cher nozem on the loess ter race, in the
pe riod 2000-2007. Ex per i ments were set in
the sys tem of ran dom blocks and adapted to
the con di tions of sprin kling ir ri ga tion. The
study in cluded a vari ant with ir ri ga tion (T1 -
60 % to 65 % of FWC- field wa ter ca pac ity)
and the non-ir ri gated con trol vari ant (T0). Ir -
ri ga tion was sched uled by mon i tor ing the dy -
nam ics of soil mois ture at 10-day in ter vals.
When nec es sary, mea sure ments were made
at shorter in ter vals, in soil lay ers from 10-20
cm to 60 cm in depth. Soil mois ture was de -
ter mined by the gravimetric method, by
oven-dry ing sam ples at 105-110 oC. Def i cit of

readily avail able wa ter (RASWD) in the soil
layer of 60 cm dur ing grow ing sea son and the 
ac tual evapotranspiration (ETa) were cal cu -
lated by the wa ter bal ance method (Vu~i}
1973). Wa ter con sump tion for the po ten tial
evapotranspiration (ETm) in in di vid ual
months and the grow ing sea son was cal cu -
lated by the bioclimatic pro ce dure, us ing
hydrophytothermic in dexes (0.11 for May,
0.18 for June, 0.18 for July, 0.18 for Au gust
and 0.11 for Sep tem ber) (Bo{njak 1982).
Data on pre cip i ta tion (P) and air tem per a ture 
(T) were taken from Rimski [an~evi me te o ro -
log i cal sta tion lo cated at the ex per i ment field
of In sti tute of Field and Veg e ta ble Crops,
Novi Sad (Tab. 1).

The ex per i ment in cluded maize hy brid
NS-640 from FAO ma tu rity group 600. The
size of ex per i men tal unit was 35 m2. Har vest
was per formed by hand at the stage of tech -
no log i cal ma tu rity. Grain yield (Y) was cal cu -
lated in t ha-1 on the 14 % mois ture ba sis.
Up-to-date pro duc tion tech nol ogy was em -
ployed. Cul ti va tion prac tices were per for -
med at op ti mum dates.

Sta tis ti cal data were pro cessed by the
anal y sis of vari ance and re sults were tested by 
the LSD test. Re gres sion and sig nif i cance of
cor re la tion co ef fi cients was cal cu lated
among the tested parameters.

Re sults and dis cus sion

The cli ma tic re gion of Vojvodina is char -
ac ter ized by vari able cli ma tic con di tions. The
av er age amount of pre cip i ta tion for the pe -
riod 1964-2007 in Vojvodina was 598.7 mm
and the av er age yearly tem per a ture was 11.2
oC. In the course of the grow ing sea son
(April-Sep tem ber), the rain fall is 328 mm, or
55 % of the to tal pre cip i ta tion, while the av er -
age air tem per a ture is 17.8 oC.

Maize is typ i cally con sid ered to be
drought re sis tant and an eco nom i cal wa ter
con sumer. How ever, be cause of a large veg e -
ta tive mat ter, high yield and a long grow ing
sea son maize has high to tal wa ter con sump -
tion. Maize suc cess fully over comes dry spells
be cause maize plants are ca pa ble of tak ing up 
less avail able forms of soil wa ter, but its yield
is low. Most in ten sive droughts in Vojvodina
oc cur in July and Au gust when nat u ral pre -
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cip i ta tion pro vides only 12 % of the min i -
mum needed for gen eral po ten tial evapo -
trans piration, which amounts to 100 mm
(Bo{njak 1999). Us ing the model of Her -
greaves, au thors Bo{njak (1993) and Drago -
vi} (1995) found that these months bor der
on semiarid to arid cli mate, with the nat u ral
wa ter sup ply which is not suf fi cient for suc -

cess ful crop pro duc tion. The crit i cal pe ri ods
in maize growth and de vel op ment in re la tion
to wa ter use co in cide in Vojvodina with most
in ten sive droughts, and yield per for mance is
highly cor re lated with the amount and sched -
ule of rain fall in this pe riod (Bo{njak & Peji}
1997).

Peji} B i dr: Wa ter def i cit ef fect on maize yield / Uticaj def i cita vode na prinos kukuruza
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Tab. 1. Mean monthly air tem per a tures (T) and monthly pre cip i ta tion (P) dur ing maize grow ing sea -

son (Rimski [an~evi)
Tab. 1. Srednje mese~ne tem per a ture vazduha (T) i mese~ne koli~ine padavina (P) u periodu

vegetacije kukuruza (Rimski [an~evi)

Tab. 2. Maize yields in ir ri gated and non-ir ri gated con di tions
Ta ble 2. Prinos kukuruza u uslovima sa navodnjavanjem i bez navodnjavanja

In the stud ied pe riod, the larg est maize
yield (14.820 t ha-1) was achieved un der ir ri ga -
tion and the low est (8.037 t ha-1) un der
rainfed con di tions (Tab. 2). The av er age yield
in crease was 21 % with ac tual val ues in the in -

ter val from 3.3 % to 67.4 %. Sev eral do mes tic
au thors, based of their ex per i men tal re sults,
re ported that ir ri ga tion tended to in crease the 
yield of maize up to 30 % (Kresovi} et al. 1993, 
Peji} 2000, Bo{njak et al. 2005). Re sults were

Year /
Godina

Mesec / Month

May / Maj June / Jun July / Jul Au gust / Avgust
Sep tem ber /
Septembar

oC mm oC mm oC mm oC mm oC mm

2000 18.5 39 21.4 28 22.1 29 24.0 5 17.8 13

2001 17.8 79 18.3 219 22.3 80 22.7 30 16.1 162

2002 19.1 19 21.1 28 23.6 35 21.5 50 16.3 45

2003 20.6 23 24.0 31 22.6 60 24.6 30 17.2 84

2004 15.2 89 19.8 97 21.9 63 21.7 39 16.2 42

2005 17.0 38 19.3 135 21.3 122 18.3 134 17.3 67

2006 16.6 70 19.7 104 23.5 31 19.7 125 17.9 24

2007 18.4 99 22.0 71 23.2 39 21.2 80 14.6 79

Av er age / Prosek 17.9 57 20.7 89 22.6 57 21.7 62 16.7 64

Year / Godina

Yield / Prinos (t ha-1) Ef fect of ir ri ga tion /
Efekat

navodnjavanja
(%)

Ac tual evapotranspiration
ETa / Realna

evapotranspiracija ETa
(mm)

Ir ri gated /
Navodnjavano

Non-ir ri gated /
Nenavodnjavano

2000 13.457 8.037 67.4 174

2001 10.766 9.606 12.1 383

2002 13.604 10.210 33.2 237

2003 13.530 9.650 32.5 261

2004 12.960 10.500 23.4 353

2005 14.220 13.760 3.3 442

2006 14.820 13.920 6.5 399

2007 14.780 14.000 5.6 361

Prosek / Av er age 13.517 11.210 21.0 362

LSD
0.05 2.024

0.01 2.810



Tab. 3. Readily avail able soil wa ter def i cit (RAWD) and monthly pre cip i ta tion sums (P)
Tab. 3. Def i cit lakopristupa~ne vode u zemlji{tu (RAWD) i mese~ne sume padavina (P)

Graph. 1. The re la tion ship be tween maize yield (Y), pre cip i ta tion (P) and def i cit of readily
avail able soil wa ter (RAWD) in Au gust (R. [an~evi, 2000-2007)

Graf. 1. Odnos izme|u prinosa kukuruza (Y), padavina (P) i deficita lakopristupa~ne vode u
zemlji{tu (DLPVZ) u avgustu (R. [an~evi, 2000-2007)
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also ob tained, in both ex per i ments and pro -
duc tion con di tions, which in di cated even
greater ir ri ga tion ef fects. Au thors Bo{ njak &
Peji} (1994) ob tained av er age yield in creases
of 40 % to 44 %, the ac tual yields vary ing in
some years from mere 6 % to 8 % to as much as 
147 % to 159 %. Bo{njak & Dobrenov (1993)
re ported an av er age yield in crease of ir ri gated
maize amount ing to 45.8 % Vari a tions in in di -
vid ual years ranged from 6.4 % to 73.6 %, de -
pend ing on quan tity and dis tri bu tion of pre -
cip i ta tion, al though the pre cip i ta tion was 20 %

to 50 % be low the av er age value in some parts
of Vojvodina. Ir ri ga tion in creased the yield of
maize about three times in 1990, which was
ex tremely dry. Such an in crease had never
been ob tained be fore un der the vari able cli -
ma tic con di tions of Vojvodina.

Un der the rainfed con di tions, maize yield 
(Y) was in cor re la tion with the amount and
dis tri bu tion of pre cip i ta tion (P) dur ing the
grow ing sea son, i.e. with readily avail able soil 
wa ter def i cit (RASWD) in the zone of ac tive
rhizosphere (Tab. 3, Graph. 1, 2).

Year /
Godina

Readily avail able soil wa ter def i cit (r.a.s.w.d. - mm) - Monthly pre cip i ta tion sum (m.s.p. - mm) /
Def i cit lakopristupa~ne vode (d.l.p.v.z. - mm) - Mese~na suma padavina (m.p.s. - mm)

July / Jul Au gust / Avgust July-Au gust / Jul-Au gust

d. l.v.z.
r.a.s. w.d.

m.s.p.
m.p.s.

d. l.v.z.
r.a.s. w.d.

m.s.p.
m.p.s.

d. l.v.z.
r.a.s. w.d.

m.s.p.
m.p.s.

2000 94 29 129 5 223 34

2001 0 80 81 30 81 110

2002 97 35 70 50 167 85

2003 66 60 107 30 173 90

2004 12 63 82 39 94 102

2005 0 122 0 134 0 256

2006 42 31 0 125 0 156

2007 78 39 38 80 116 119

Av er age /
Prosek

49 57 63 62 107 119



Graph. 2. The re la tion ship be tween maize yield (Y), pre cip i ta tion (P) and def i cit of readily
avail able soil wa ter (RAW) in July-Au gust (R. [an~evi, 2000-2007)

Graf. 2. Odnos izme|u prinosa kukuruza (Y), padavina (P) i deficita lakopristupa~ne vode u
zemlji{tu (DLPVZ) u julu i avgustu (R. [an~evi, 2000-2007)

Graph. 3. The re la tion ship be tween maize yield (Y) and ac tual evapotranspiration (ETa) 
(R. [an~evi, 2000-2007)

Graf. 3. Odnos izme|u prinosa kukuruza (Y) i realne evapotranspiracije (ETa) 
(R. [an~evi, 2000-2007)

The cor re la tion anal y sis (Graph. 1) in di -
cated a highly sig nif i cant cor re la tion be tween 
Y on one side and RASWD (r = -0.941) and P
(r = 0.931) in Au gust on the other. Sig nif i -
cant cor re la tions were also found be tween Y
and RASWD (r = -0.765) and P (r = 0.768) in
July and Au gust (Graph. 2). Au thors Peji}
(1996) and Bo{njak & Peji} (1997) pointed
out that maize yield de creases lin early with
readily avail able soil wa ter def i cit in July and

Au gust, when maize is in the stages of flow er -
ing, fer til iza tion and grain fill, which con -
firms that maize pro duc tion with out ir ri ga -
tion is quite risky un der the vari able cli ma tic
con di tions of Vojvodina.

When grow ing un der nat u ral con di tions,
plants take up wa ter from pre-veg e ta tion soil
re serves, pre cip i ta tion dur ing grow ing sea -
son and from ground wa ter, their wa ter re -
quire ment de pend ing on the evapotrans pira -
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tion re quire ments of the en vi ron ment.
There fore, plants do not meet their wa ter re -
quire ments in vari ably. In other words, the
val ues of ac tual evapotranspiration (ETa)
vary from year to year and de pend pri mar ily
of the quan tity and dis tri bu tion of pre cip i ta -
tion in the grow ing sea son. The sta tis ti cally
sig nif i cant cor re la tion (Graph. 3, r = 0.755)
be tween Y and wa ter spent for ac tual eva -
potranspiration (ETa) con firms that the crop
pro duc tion in Vojvodina misses wa ter as a
trig ger for the other pro duc tion fac tors
(Vu~i} 1976).

Con clu sion

The ob tained re sults in di cate that, un der
the nat u ral con di tions of wa ter sup ply to
plants, maize pro duc tion in Vojvodina is
risky and cor re lated with weather con di tions, 
es pe cially with the amount and dis tri bu tion
of pre cip i ta tion, and the sta tus of readily
available soil water.

The sig nif i cantly higher maize yields in
the ir ri gated vari ant as com pared with the
non-ir ri gated one in di cate that un der the cli -
ma tic con di tions of Vojvodina high and sta -
ble yields of maize can be achieved only in
irrigation.
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Uticaj deficita lakopristupa~ne vode u zemlji{tu na 
prinos i evapotranspiraciju kukuruza
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Dejan Simi}1, Bojan Mileta{ki3 
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2Institut za ratarstvo i povrtarstvo, Maksima Gorkog 30, 21000 Novi Sad
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Izvod: Eksperimentalna istra`ivanja su obavljena na oglednom polju Instituta za ratarstvo i
povrtarstvo, Novi Sad na Rimskim [an~evima, na zemlji{tu tipa karbonatni ~ernozem lesne
terase u periodu 2000-2007. U ogledu su bile zastupljene varijanta sa navodnjavanjem (T1) i
kontrolna varijanta bez navodnjavanja (T0). Analiziran je hibrid kukuruza NS-640 grupe zrenja
FAO 600. Def i cit lakopristupa~ne vode u zemlji{tu (DLPVZ) u sloju do 60 cm u periodu
vegetacije, kao i utro{ak vode na stvarnu evapotranspiraciju (ETa) obra~unate su vodnim
bilansom. Utro{ak vode na potencijalnu evapotranspiraciju (ETm) u pojedinim mesecima i
vegetacionom periodu obra~unate su bioklimatskim postupkom primenom hidrofito ter -
mi~kih indeksa. Korelacionom analizom utvr|ena je visokosignifikantna zavisnost prinosa
kukuruza (Y) od DLPVZ (r = -0,941) i koli~ine padavina (P) u avgustu (r = 0,931). Tako|e je
utvr|ena statisti~ki signifikantna zavisnost Y od DLPVZ (r = -0,765) i P u julu i avgustu (r =
0,768). Dobijeni rezultati potvr|uju ~injenicu da je proizvodnja kukuruza u Vojvodini, u
uslovima prirodne obezbe|enosti biljaka vodom, nesigurna i da je u korelaciji sa vremenskim
uslovima pre svega sa koli~inom i rasporedom padavina. Ostvarena statisti~ki signifikantna
korelacija (r = 0,755) izme|u prinosa kukuruza i utro{ene vode na stvarnu evapotranspiraciju
(ETa) potvr|uje da poljoprivredi Vojvodine nedostaje voda kao pokreta~ ostalih faktora
proizvodnje. Signifikantno ve}i prinosi kukuruza na varijanti T1 (13,517 t ha-1) u odnosu na T0
varijantu (11,210 t ha-1) jasno ukazuju da se u klimatskim uslovima Vojvodine mogu posti}i
visoki i stabilni prinosi kukuruza samo u uslovima navodnjavanja.
Klju~ne re~i: def i cit lakopristupa~ne vode u zemlji{tu, evapotranspiracija, kukuruz, prinos
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