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BETTER EFFECTIVENESS OF MAIZE FERTILIZATION
WITH NITROGEN THROUGH ADDITIONAL APPLICATION
OF MAGNESIUM AND SULPHUR

Summary. Studies were carried out in order to investigate eéffect of maize fertilization with
magnesium sulphate and elementary sulphur. Noteffefertilizer combinations was found on
the quantitative status of plants after germinatiod before harvest, on grain moisture and on the
assimilation surface area of a single plant andhenleaf area index (LAI). In result of maize
fertilization with NPK and Mg plus S, a significaintcrease of maize yield was found in compari-
son with the object fertilized with NPK only. Therfilization of maize with magnesium and
sulphur increased the mass pf 1000 seeds and thieenwof grains in one cob. Better nutrition of
maize caused a significant increase of maize iafiest by frit fly and European corn borer.
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Introduction

The basic aspect of a balanced agriculture is anbal fertilization which should
take into consideration all nutritive componentdispensable for a correct growth and
development of plants. The insurance of the optimal of plant growth including the
availability of nutritive agents guaranties theliion of plant yield-creating poten-
tial. Maize takes up from the soil significant amtsiof nutritive components, particu-
larly of nitrogen which is one of the most yieldeating macrocomponents R@&BISZ
2002, ANKOWIAK et AL. 1997). The utilization of this component depemds high
degree on the balancing of nitrogen dose with theedf sulphur (€zeBiSz and Gu
2007, &IDLER and MaMZER 1994, Wrszkowski 2000, 2001).

The hypothesis of our experiment assumed that nsagmeand sulphur, whose
deficit exists in the majority of soils in Polanday exert an effect on the yield of ex-
tensively produced plants including maize and é&alditly it can also improve the
proper utilization of nitrogen supplied with thetfkzers. For the above reasons, studies
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were undertaken to investigate the effect of méztlization with a magnesium-and-
sulphur fertilizer and elementary sulphur on thelding of maize grown for grain.

Material and methods

Field studies were carried out in the Experimeatad Didactic Farm at Swadzim
near Poznain the years 2004-2005. Experiment was establighad'split-plot” design
with one experimental factor on five different l&ud-ertilization with N, P and K was
carried out before maize sowing in the followingseés: 120 kg N, 80 kg.Ps (35.2 kg
P) and 120 kg KO (99.6 kg K) per 1 ha. Magnesium and sulphur ve¢ése sown before
maize sowing in the form of kieserite (25% MgO, 58%; — 20% S, sulphate sulphur)
and elementary sulphur (100% S), according to ttedule of experiment shown in
Table 1. In the experiment, the maize hybrid ‘AnRh8’ was used. Maize sowing was
done with the use of a single-seed drill Monosenthatdepth of 5-6 cm. Harvest of
maize for grain was carried out with a plot comHiragvester. Results of one year stud-
ies were analysed with univariate analysis of vargafollowed by a synthesis of multi-
ple experiments. The significance of differences wstimated at the level af= 0.05.
The assimilation surface area of a single planteedsulated on the basis of the formula
introduced by BrRowIECKI and FLIPIAK (1992).

Table 1. Maize fertilization combinations (kg/ha)
Tabela 1. Kombinacje nawenia kukurydzy (kg/ha)

Factor level N P,Os K20 MgO S
NPK 120 80 120 - —
NPK + 25 kg MgO + 20 kg S 120 80 120 25 20 (sulptgit
NPK + 50 kg MgO + 40 kg S 120 80 120 50 40 (sulptsit
NPK + 20 kg S 120 80 120 - 20 (elementary S)
NPK + 40 kg S 120 80 120 - 40 (elementary| S)

Experiment was carried out on a grey-brown podsgiit of light loamy sand type
lying on light loam belonging to a good rye compl&oil abundance in nutritive com-
ponents and soil acidity are shown in Table 2.

Thermal and moisture conditions during vegetatiothe years of experiments were
favourable for the growth and development of ma&em of rainfalls in the period:
April-September amounted to 301.0 mm in 2004 anel86nm in 2005. Insignificant
moisture deficits in the soil were found in theipdrof maize sowing (April 2004, April
2005 and in June 2005) (Fig. 1).
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Table 2. Soil conditions at Swadzim
Tabela 2. Warunki glebowe w Swadzimiu

Years
Specification
2004 2005

N-NH,4 (mg/kg of dry mass of soil) 1.3 1.2
N-NOs; (mg/kg of dry mass of sail) 4.5 3.1
P (mg BOs per 1 kg of soil) 125.0 164.0
P (mg P per 1 kg of soil) 55.0 72.0
K (mg KO per 1 kg of sail) 146.0 207.0
K (mg K per 1 kg of soil) 121.0 172.0
Mg (mg Mg per 1 kg of soil) 95.0 56.0
pHkei 5.87 5.55
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Fig. 1. Weather conditions in Experimental and RtdtaFarm at Swadzim from April to No-
vember in the years 2004-2005

Rys. 1. Warunki meteorologiczne w ZDD w Swadzimil kwietnia do listopada w latach
2004-2005

Results and discussion

On the average, for the period of two years of issjchone of the factor levels did
exert any significant effect on the quantitativéueaof plants either after germination or
before harvest (Table 3). Losses of plants duriregzen vegetation were very small
amounting from 0.0% to 1.89% (Table 3).
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with nitrogen through

Table 3. Plant density (2004-2005)
Tabela 3. Obsadadiin (2004-2005)

Factor level After(gigr/nni]r)]ation BEf(Oprces?r%VESt L?;)s)es
NPK 6.87 6.74 1.89
NPK + 25 kg MgO + 20 kg S 6.85 6.79 0.87
NPK + 50 kg MgO + 40 kg S 7.00 6.93 1.00
NPK + 20 kg S 6.71 6.71 0.00
NPK +40kg S 6.39 6.29 1.56
LSDo.05 n.s. n.s. n.s.

n.s. — non significant differences.

In the studies, the lowest yield of grain was atmtdi on objects fertilized only with
NPK (68.41 dt/ha, Table 4). With an additional e$enagnesium and sulphate sulphur
and elementary sulphur, a significant increase afzenyielding was obtained (from
5.7% to 10.7%) as compared with the object fegdizvith NPK only (Table 4). Defi-
nitely the highest grain yield (amounting to 75dtfha) was obtained with the fertilizer
combination: NPK + 25 kg MgO and 20 kg S (sulphstéphur). As reported by
GRzeBISzand HARDTER (2006), the basic yield-creating task of magnesana sulphur
is the increase of grain yield thanks to a bettdization of nitrogen fertilizer. Both
these mineral components balance nitrogen effdgtied permit to increase signifi-
cantly the utilization of nitrogen fertilizer. Rdsobtained in our own studies indicated
that a higher yielding of maize grown for grain wheis fertilized with sulphur, agrees
with the reports in our local and in foreign litanee (FOTYMA 2003, $HNUG et AL.
1993, HANG etAL. 1999). The use of fertilizers with elementarypsuir is preferred on
soils exposed to significant washout of itAfitEKLAUS et AL. 2000). Field experiment

Table 4. Grain yield and its moisture (2004-2005)
Tabela 4. Plon ziarna oraz jego wilgotti¢2004-2005)

Factor level Grain yield (dt/ha) | Grain yield inged%)| Grain moisture (%)
NPK 68.41 100.0 34.15
NPK + 25 kg MgO + 20 kg S 75.76 110.7 33.95
NPK + 50 kg MgO + 40 kg S 72.29 105.7 34.30
NPK + 20 kg S 74.15 108.4 34.95
NPK +40kg S 73.22 107.0 34.50
LSDo 05 3.214 - n.s.

n.s. — non significant differences.
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was carried out on a soil susceptible to nutritteenponents outwashing, hence the
slow release of sulphates from the fertilizer comigy elementary sulphur was advanta-
geous in such conditions. This can also explaininkecase of the yielding of maize
which was fertilized with elementary sulphur as paned with the object fertilized with
NPK.

The studied levels of fertilization did not exentyasignificant effect on the speed of
maize ripening. Only a small delay in maize ripgnwas recorded which was demon-
strated by insignificantly higher moisture of theig harvested from objects fertilized
with elementary sulphur (Table 4).

The yield of maize grain is expressed by the paldicelements of its structure: the
number of cobs, number of grains in one cob andrihss of 1000 seeds. In our own
studies, independently of the weather course inettigerimental years, a significant
effect of the particular fertilization levels oretimass of 1000 seeds and on the number
of grains in one cob was found (Table 5). The $igautly smallest mass of 1000 seeds
and the least number of grains in one cob wereirdddaon object where maize was
fertilized with NPK only. When maize was additiolyaflertilized with magnesium and
sulphate sulphur and elementary sulphur, higharegbf these features were obtained
in comparison with the object fertilized with NPKilg. As reported by 6zeBisz and
HARDTER (2006), in the phase of grain development, thex@us a very close connec-
tion between magnesium content in the grain andrtags of 1000 seeds. Therefore, the
correct nutrition of maize with magnesium exertsiaftuence on the increase of the
mass of 1000 seeds expressed by a measurableddfteetfinal yield. The above men-
tioned dependence has been also confirmed by thelation coefficients between
grain yield and the elements of its structure. Um experiments, the grain yields de-
pended most strongly on the mass of 1000 seedsratite number of grains in one cob
(Table 6). On the other hand, no effect was founthe exerted by the number of the
produced cobs on the value of maize grain yield.

The shortest and at the same time the thinnestwebs developed in maize fertil-
ized by NPK only (Table 7). Additional applicatiaf magnesium and sulphur in-
creased in a significant way the values of theatufes.

Table 5. Structure of grain yield (2004-2005)
Tabela 5. Struktura plonu ziarna (2004-2005)

Factor level Nungg;arlor;cobs Mass of(;)OOO seeds Nu?]bsr:é)fcgrbains
NPK 6.70 318.2 463.7
NPK + 25 kg MgO + 20 kg S 6.71 334.1 487.9
NPK + 50 kg MgO + 40 kg S 6.66 323.7 491.2
NPK + 20 kg S 6.66 3355 487.5
NPK +40kg S 6.23 329.7 491.2
LSDy.05 n.s. 10.529 20.031

n.s. — non significant differences.
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Table 6. Correlation coefficients of grain yield ahé elements of yield structure (2004-2005)
Tabela 6. Wspotczynniki korelacji plonu ziarnaeémlentow struktury plonu (2004-2005)

Number of cobs Mass of 1000 seeds Number of gnaioee cob

0.01 0.86 0.83

“Significance at P = 0.01.

Table 7. Morphological features of cobs (2004-2005)
Tabela 7. Cechy morfologiczne kolb (2004-2005)

Factor level Cob length (cm) Cob diameter (cm)
NPK 17.32 3.98
NPK + 25 kg MgO + 20 kg S 18.02 4.15
NPK + 50 kg MgO + 40 kg S 18.05 411
NPK + 20 kg S 18.35 4.17
NPK +40kg S 17.96 4.15
LSDo 05 0.552 0.109

Correct distribution of plants on area unit exes a strong effect on the size of
the assimilation surface area of plants, which dicin a high degree about the effec-
tiveness of the proper utilization of solar radiat{ZELEZNIK 1991). Excessive density
of plants leads to a decreased productivity of géyrithesis which results in conse-
guence of mutual shadowing of the plant®gRBwIECKI and MACHUL 1997). On the
other hand, significantly decreased density of {glain spite of better growth conditions
for the particular plants, does not always leaditgh yields. In our own studies, no
significant effect of the particular fertilizatiamombinations on the size of the assimila-
tion surface area of a single plant was found (@ &)

Table 8. Leaf surface area and Leaf Area Index JI(2004-2005)
Tabela 8. Powierzchniastii oraz wskanik LAl (2004-2005)

Factor level Leaf area of 1 plant (§m Leaf Area Index
NPK 4 316.3 291
NPK + 25 kg MgO + 20 kg S 4 467.5 3.03
NPK + 50 kg MgO + 40 kg S 4426.0 2.96
NPK + 20 kg S 4 388.8 2.94
NPK + 40 kg S 4 362.8 2.74
LSDy.05 n.s. n.s.

n.s. — non significant differences.
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Shortage of sulphur impedes the plant growth raié,differently than in case of
magnesium, the depression affects in a higher debeeaboveground plant organs than
the roots. Negative effects of plant malnutritioithAMg and S lead to the decrease of
photosynthesis processes and to smaller stomaitatyaatausing in final effect the
growth reduction of the whole plant, primarily affeng the leaf blades @&Eesisz and
HARDTER 2006).

Assimilation ability of plants is determined by LAidex. It shows the summary
proportion of leaf blade area to the surface arfeso in which the plants grow. As
reported by BowN etAL. (1970), the highest yields of grain can be otgdiwhen LAl
value is 3.3. In turn, DBAS (1988) reported that in maize cultivated for graire LAI
should be 3.5-4.0. According toBMGEL and KRkBY (1983), the optimal LAI value is
5. In our own studies, no effect of any fertilizaticombination was found to be exerted
on this index. It must be stressed, however, thatvialue of our LAl was definitely
lower than those quoted both in our local or fonditgrature.

Maize is a plant which in comparison with othertisalted plants is attacked by
pests in a comparatively small degree. Neverthglasgvourable meteorological con-
ditions for pests occurrence in the vegetativequkriheir feeding on maize can show to
be significant (®AMCZEWSKI etAL. 1997). This follows from the fact that because of
small plant density on the area unit, mass occuoeesf pests decreases the yield-
creating possibilities of plants.

In our studies, we have found the occurrence offlfyi(Oscinella fritL.) and the
European corn borePgraustia nubilalisL.) (Table 9). The extent of feeding by these
two pests depended on the particular fertilizer loioations. The greatest occurrence of
these pests was found in maize fertilized with NP&5 kg MgO and 20 Kg S (sulphate
sulphur). The occurrence percentage for frit flysvial1% and for the European corn
borer — 8.11%. Frit fly showed the lowest occureeimcmaize fertilized with NPK + 40
kg S (elementary sulphur) — 1.73%, while Europeam dorer occurred in 3.05% on
objects fertilized with NPK only (Table 9).

Table 9. Pests (2004-2005)
Tabela 9. Szkodniki (2004-2005)

Eactor level Frit fly European corn borer
% Bliss’ © % Bliss’ ©
NPK 2.97 9.82 3.05 10.05
NPK + 25 kg MgO + 20 kg S 511 13.05 8.11 16.29
NPK + 50 kg MgO + 40 kg S 3.62 10.93 6.85 14.95
NPK + 20 kg S 3.81 11.20 4.61 12.07
NPK + 40 kg S 1.73 6.54 5.45 13.31
LSDy.05 — 2.228 - 4.801
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Conclusions

1. Application of magnesium with sulphur and eletaen sulphur caused a signifi-
cant increase of maize grain yield in comparisothwhe object where these compo-
nents were not used. The grain yield increase ataddrom 5.7% to 10.7%.

2. Mass of 1000 seeds, number of grains in one cob,length and its diameter
were significantly greater in maize fertilized wittg and S.

3. In the particular fertilizer combinations, naificant effect was found on the
guantity of plants, their moisture, leaf surfaceaaand on LAI.

4. Better nutrition of maize with nitrogen by thppéication of Mg and S caused
higher occurrence of pests on maize plantations.
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POPRAWA EFEKTYWNGCI NAWOZENIA KUKURYDZY AZOTEM
POPRZEZ DODATKOWE ZASTOSOWANIE MAGNEZU | SIARKI

Streszczenie.Przeprowadzone badania mialy na celu poznanie wplyawaenia kukurydzy
nawozem magnezowo-siarkowym oraz siaglementara. Nie stwierdzono wplywu poszczegol-
nych kombinacji nawozowych na stansiiiowy roslin po wschodach i przed zbiorem, na wilgot-
nos¢ ziarna oraz na powierzcknasymilacyjm pojedynczej réliny i wskaznik LAL. W wyniku
nawazenia kukurydzy NPK oraz Mg i S uzyskano istotny egtrjej plonowania w stosunku do
obiektu z wyhcznym nawaeniem NPK. Nawgenie kukurydzy magnezem i siarkowodowato
wzrost masy 1000 nasion i liczby ziaren w kolbieptze odywienie kukurydzy powodowato
istotny wzrostzerowania ploniarki zh@wki i omacnicy prosowianki.

Stowa kluczowe:kukurydza, azot, siarka, magnez, szkodniki
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