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EFFECT OF FOLIAR NUTRITION WITH NITROGEN AND A MULTIPLE
FERTILIZER ON MAIZE BY DISEASES, PESTS AND LODGING*
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Abstract The objective of the present studics was to determinate the effect of foliar nutri-
tion of maize with nitrogen and a muitiple fertilizer (Basfoliar 6-12-6) on plant infestation by di-
seases, pests and lodging. A 515mﬁcant1y higher percentage of pl:mls infested by [rit fly was found
after an application of 180 kg N-ha™ ! than the lowest dose 45 kg N- ha™'. The highest number of plants
damaged by frit fly was found in the case of foliar nutrient application of nutrients in the phase of 6-7
leaves. A delay of foliar nutrition with urea from the 4-5 leaves phase to the 9-10 leaves phase decreased
the number of plants infested by fusarium. Foliar application of urea increased a number of lodging plants
in comparison to the foliar use of a multiple fertilizer or to the usc urea and Basfoliar together.
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INTRODUCTION

The basic method of supplying plants with nutritive components is soil fertili-
zation which can be supplemented with leaf nutrition as a form of top dressing
[1,2,4,5-7]. Such a method of fertilization insures a continuity in the dynamics of
nutritive components by plants which is particularly important in the case of plants
with a high yielding potential, such as maize [3]. Foliar application of fertilizers is
particularly effective during the occurrence of periodical unfavourable soil nutri-
tion conditions, e.g., during drought. Unfavourable environmental conditions can
not only impede the uptake of nutritive components but contribute also to the in-
tensification of features limiting the maize growth, development and yielding.
Such characteristic features include lodging and infestation by diseases and pests.

*Sludles sponsored by the Commmee uf'Sc:lenllf'c Studies, grant No. 5 PO6B 001 10/95
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Therefore, it seems that an application of foliar nutrition balanced with soil fertili-
zation should yield a positive effect both for yielding, ecology and plant resis-
tance. The objective of the present work was to determine the effect of foliar plant
nutrition with an urea solution and a multiple fertilizer on the infestation by dis-
eases and pests and maize lodging. The results relating to maize yield are based on
field experiments presented in earlier papers by the present author [9,10].

MATERIAL AND METHODS

The present studies were based on two exact experiments carried out in the years
1996-1998 in the ZDD Swadzim Experimental Farm near Poznan. Both experiments
were established on grey-brown soil with mechanical composition of light medium
sands located shallowly on sandy loam. The above soils belong to 1Va soil class and a
very good rye agricultural utility complex. They are characterized by a low to high phos-
phorus content (4.1-9.9 mg P in 100 g of soil), high to very high potassium content
(17.1-21.9 mg K in 100 g of soil), medium content of magnesium (1.9-2.5 mg Mg in
100 g of soil) and slightly acidic reaction (pH = 6.6-6.6 in In KCI). Winter wheat was
used as a forecrop and Mona (FAO 250) hybrid was applied in the experiment.

The first experiment (Table 1) included three variables in a randomly selected
“split-plot™ design:

- four levels of nitrogen supply: Al - 45 kg N-ha'!, A2 - 90 kg Nha'!, A3 -
135 kg N-ha™! and A4 - 180 kg N-ha™';

- two methods of 45 kg N-ha™! supply: B1 - to the soil before sowing in the as
urea, and B2 - to leaves as 8.15% urea solution on three dates of foliar ferti-
lizer application;

- nufrition with a Basfoliar 6-12-6 fertilizer: C1 - without fertilizer and C2 -
Basfoliar 6-12-6 as recommended by the producer, i.e., in the phase of 4-5
leaves, 10 days later and 10 days after the second spraying, each time in a dose
of 9 I'ha™,

The experimental scheme was supplemented with a control object without ni-
trogen. Basfoliar 6-12-6 is a multiple fertilizer recommended for maize; it is pro-
duced by ADOB Co. further to BASF licence. It contains the following weight
proportions: 6% N, 12% P,0s, 6% K50, 0,01% MgO and chelated microelements
such as: 0.05% Zn, 0.01% Cu, 0.01% Fe, 0.01% Mn, 0.01% B and 0.005% Mo.

The fertilization scheme in the second experiment was described in the paper:
“Effect of the method and term of foliar nutrition with urea solution and a multiple
fertilizer on nitrogen and dry mass content in maize” published in the present edition.
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The second experiment included two variables in a randomly selected “split-plot”

design:

- three dates of foliar nutrition with urea and/or a multiple fertilizer: A1 - in the
phase of 4-5 leaves, A2 — 10 days after the first term, A3 — 10 days after the
second date,

- three variants of foliar nutrition with urea and/or with a multiple fertilizer: B1
—urea in the amount of 15 kg N-ha", B2 — urea in the amount of 15 kg N-ha™!
+ multiple fertilizer Basfoliar 6-12-6 in the dose of 9 I-ha", B3 — multiple fer-
tilizer Basfoliar 6-12-6 in the dose of 9 Iha’".

Since the terms of maize foliar nutrition fell in the same developmental stages in
all experimental years, they will be used in the further part of this paper for identifica-
tion of treatment dates. The first spraying treatment was carried out in the phase of 4-
5 leaves, the second spraying was in the phase of 6-7 leaves and the third one in the
phase of 9-10 leaves. Urea was applied to leaves in a form of 8.15% solution. Total
nitrogen fertilization (to soil and leaves) was levelled to a dose of 120 kg Neha'l. The
experimental scheme was supplemented with a control object where only soil fertili-
zation in an amount of 120 kg N ha! was applied.

In both experiments, an equal phosphorus fertilization (90 kg P205-ha") was
used in a form of triple superphosphate and potassium fertilization (120 kg KEO'ha'l)
in a form of 50-60% potash salt applied in early spring under a cultivator. The pre-
sowing nitrogen doses were mixed with the soil using a cultivation unit.

The experimental years were characterized by weather conditions favourable
for maize growth and development. The precipitation sum of the vegetation season
(from April to October) in all experimental years was higher than the correspond-
ing many years sum (355.1 mm) in the same period by 127.6 mm in 1996, by
102.8 mm in 1997 and by 70.6 mm in 1998. In respect to thermal conditions, the ex-
perimental years did not deviate from the norm and the year 1998 can be regarded as a
particularly favourable one, mainly in the beginning of the vegetative season.

The experiments were carried out in 4 field replications. The results obtained
were subjected to variance analysis for multiple experiments and hypotheses were
tested at 0.05 probability level.

RESULTS

In the first experiment, the first diseases and pests that appeared in all three ex-
perimental years were: frit fly and fusarium. The number of plants infested by
these pathogens depended primarily on the course of weather in years. Infestation by
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frit fly was not high and showed the following values in individual years: in 1996
~ 1.8%, in 1997 — 3.5% and in 1998 — 4.0%. The percentage of plants damaged by
fusarium in 1997 (13.0%) was about twice as high as in 1998 (6.1%).

The factors studied did not exert any influence on the percentage of damaged
plants either by frit fly or by fusarium (Table 2). Doses of nitrogen which changed
significantly the number of plants damaged by frit fly were an exception. How-
ever, this effect was not explicit, even though higher percentage of infested plants
was found in the case of a dose of 180 kg N-ha'l, and the lowest was observed af-
ter an application of 45 kg N-ha™.

Among the diseases and pests observed during the second experiment, there
occurred frit fly, common smut and fusarium. The number of plants damaged by
frit fly depended also in this case on the course weather of during the experimental
years. The highest number of plants damaged by this pest was found in 1997 (on
average — 8.0%) and the least damages were found in 1996 (1.3%). In 1988, 3.5%
of plants were infested. The percentage of plants attacked by frit fly on objects fer-
tilized only to the soil (control) was the following: in 1996 = 1.1%, in 1997 - 6.2%
and in 1998 - 3.9%.

Analysis of variance showed a relation between the number of plants infested
by frit fly and the term of foliar nutrition irrespective of the year and the nutrition
variant, i.e., only with urea, only with Basfoliar or with both these fertilizers to-
gether (Table 3). The least number of plants damaged by frit fly was found on the

Table 2. Percentage of plants damaged by frit fiy (Oscinella frit L.} and fusarium (Fusarium ssp.)

Specification Frit fiy Fusarium
o % °Blissa %
N rates in kg ha! 45 28 9.21 9.6
90 3.0 9.98 10.7
135 28 9.41 9.9
180 3.6 10.50 8.0
LSDuos - 1.058 r.n.
Method of 45 kg ha”! application to soil 30 - 9.9
to leaves 33 - 9,2
LSDu.os .. - r.n.
Multiple fertilizer - 3.1 - 9.7
Basfoliar 3.1 - 9.4
LSDnns LD, - L.n.
Control - without nitropen 2.8 - 9.9

r.n. — non significant differences
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latest, third date of foliar nutrition which, on average fell in the phase of 9-10
leaves. Foliar application of nutrients on the second date (in the phase of 6-7
leaves) significantly increased the percentage of plants damaged by frit fly. The
number of plants attacked by frit fly in the case of foliar nutrition in the phase of
4-5 leaves (the first tern of spraying) did not differ significantly from the number
of plants damaged in the case of foliar nutrition on second and third date.

The term of foliar nutrition as well as the variant of nutrient application did
not exert any influence on the percentage of plants infested by fusarium (Table 4),
A significance of the interrelation between dates of treatment and the variant of
foliar nutrition only was detected. Foliar application of urea in an amount of 15 kg
N-ha™! significantly decreased the number of plants damaged by fusarium when
the nutrition term was delayed from the phase of 4-5 leaves to the phase of 9-10
leaves. On the other hand, an addition of a multiple fertilizer to urea or an applica-
tion of Basfoliar did not show any differences only between the number of plants
damaged by fusarium as the foliar application date was delayed.

Infestation of maize by common smut was not high and it was independent of
the factors investigated (Table 3). Similarly the number of lodged plants was not
high and it did not exceed several percent, The analysis of variance showed the ef-
fect of the studied variants of foliar nutrition with urea and a multiple fertilizer on
the number of lodged plants and it was independent of the date of application (Table 3).
The highest percentage of lodged plants was found in the case of foliar nutrition
with urea only (in an amount of 15 kg N-ha'l). An addition of a multiple fertilizer
to urea or an application of a Basfoliar multiple fertilizer 6-12-6 significantly limi-
led only maize lodging. The variants of foliar nuirition where a multiple fertilizer
was applied did not differ significantly in respect to percentage of lodged plants. 1t is
worth noticing that an application of nitrogen to the soil (control — 120 kg N-ha") de-
creased only the number of lodged plants as compared with the use of both types
of fertilization to soil and to leaves.

DISCUSSION

The course of weather in the experimental years was a factor modifying the
features analysed. It refers primarily to damages caused by frit fly and fusarium. A
high variation in the number of plants infested by frit fly depending on the course
of weather in individual years was found also by Lisowicz [I1]. This last author
reported that during 17 years of his studies the percentage of infested plants
ranged from 1.9% in 1993 to 70% in 1998. Earlier studies of the present author 8]
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indicated that moist and cool weather in the initial development phase of maize in-
creases the number of plants infested by frit fly. The level of other features in the
present studies, such as infestation by common smut or damages caused by lodg-
ing, were small enough not to permit a quantitative evaluation of their effect.

The level of nitrogen dose had an influence on the infestation of maize by frit
fly. A significant difference in the percentage of damaged plants occurred only at
the extreme doses The highest percentage of infested plants was found with a
dose 180 kg N- ‘ha”!, and the lowest was with a dose of 45 kg N ha!. Earlier stu-
dies of the present author [8] showed that an increase of nitrogen dose increased
the number of plants infested by frit fly but only in the years with an earlier spring
favouring the feeding activity of the pest. In my present studies, the number of
plants infested by frit fly depended also on the term of foliar nutrition. The highest
percentage of plants damaged by frit fly was found in the case of foliar application
of nutrients (urea, Basfoliar or urea + Basfoliar) in the phase of 6-7 leaves. A de-
lay of foliar application to the phase of 9-10 leaves significantly decreased the
number infested by that pest.

A decreasing tendency in the percentage of maize plants infested by fusarium
was found when the term of spraying was delayed from the 4-5 leaf phase to the 9-
10 leaf phase, irrespective the nutrition variant applied. This tendency was statisti-
cally confirmed only in the case of a single foliar application of urea alone an the
amount of 15 kg N-ha™'. An addition of a multiple fertilizer to urea or an applica-
tion of Basfoliar alone did not diversify the number of plants damaged by fusar-
ium as the term of foliar application of these nutrients was delayed.

Foliar application of 15 kg N- ha™! in the form of urea solution increased the
number of lodged plants irrespective of the application term as compared to the
use of a multiple fertilizer alone or of both fertilizers together (urea + Basfoliar).
Infestation of maize by common smut was not high and it was independent of the
factors studied.

CONCLUSIONS

1. The course of weather in the experimental years was a factor modifying
maize susceptibility to fusarium and to frit fly infestation.

2. An increase of nitrogen nutrition increased the number of plants infested by
frit fly. A significant difference occurred only between extreme doses of 45 and
180 kg N-ha™\.
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3. A delay of the foliar urea application term from the phase of 4-5 leaves to

the phase of 9-10 leaves decreased the number of plants infested by fusarium.
4. Fohar application of 15 kg N-ha™! in form of urea solution increased the

number of lodged plants in comparison to the application of multiple fertilizer
(Basfoliar 6-12-6) or to the use of both these fertilizers (urea -+ Basfoliar 6-12-6).
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WPLYW DOLISTNEGO DOKARMIANIA KUKURYDZY AZOTEM
I NAWOZEM WIELOSKLADNIKOWYM NA PORAZENIE ROSLIN
PRZEZ CHOROBY | SZKODNIK] ORAZ WYLEGANIE
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ul. Mazowiecka 45/46; 60-623 Poznan; e-mail: Kruezek@au poznan.pl

Streszczenie Celem przeprowadzonych badan bylo okreslenie wplywu dolistnego dokar-
miania kukurydzy azotem i nawozem wicloskladnikowym (Basfoliar 6-12-6), na porazenie roslin
przez choroby, szkodniki i wyleganie. Istotnie wigkszy % roshn porazonych tym szkodnikiem
siwierdzono po zastosowaniu 180 kg N ha"', niz przy nawozeniu najnizsza dawka 45 kg N hat. Naj-
wiecej roslin uszkodzonych przez ploniarkg stwierdzono przy dolisine) aplikacji nawozow w fazie 6-
7 ligci kukurydzy. Opéznianie terminu dolistnego dokarmiania roslin mocznikiem, od fazy 4-5 lisci
do fazy 9-10 lisci, zmniejszalo liczbe roslin porazonych fuzarioza. Zastosowanie dofistne mocznika,
zwigkszalo liczbg roslin wyleglych, w pordwnaniu do dolistnej aplikacji nawozu wicloskadni-
kowego wzglednie lacznego slosowania mocznika i Basfoliaru.

Stowa klueczowe: kukurydza, dokarmionie dolistne, choroby, szkodniki






