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EFFECT OF THE METHOD AND TERM OF FOLIAR NUTRITION WITH
UREA SOLUTION AND A MULTIPLE FERTILIZER ON NITROGEN
AND DRY MASS CONTENT IN MAIZE*
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A b siract The objective of the present studies was to determine the method and dates of fo-
liar nutrition of maize with urea and a muitiple fertilizer on the nitrogen and dry mass content. The
methods and dates of foliar nutrition with urea and a multiple fertilizer had a minor effect on the con-
tent of nitrogen and dry mass in whoelc plants in the maize vegetative period similarly stover, cobs
and grain. A possible reasons for the occurrence of no change in the content of N and dry mass was a
too low dose of nitrogen applied to the leaves in a form of an urea solution. Especially with respect
to the nitrogen content, the absence of changes can be explained by a too carly date of leliar nuirition
both with urca and multiple fertilizer.
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INTRODUCTION

Maize belongs 1o plants strongly reacting to fertilization, particularly to nitro-
gen. Moreover, it is characterized by a specific dynamics of the nitrogen uptake.
In the case of maize, nitrogen is not only one of the most yield generating ele-
ments but it also contributes to the quality of the biomass produced. On the other
hand, the necessity to decrease production costs and ecological reasons make it
necessary to look for fertilization techniques other than traditional. One of them
can be foliar nutrition which should be regarded as a supplement to the basic soil
fertilization [3-6,12,13]. An additional foliar nutrition is to supply nutritive com-
ponents in the periods of an increased uptake or impede the uptake from the soil.

*Studies sponsored by Committee of Scientific Studies, grant no. 5 PO6B 001 10/95
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Maize assimilates the majority of nutritive components, particularly nitrogen,
in the period of its generative development. Therefore, it seems that an application
of foliar nutrition with this component during the vegetative period should have a
positive effect increasing not only the yield but also its quality [2-4,7,10,11]. The
effectiveness of foliar nutrition depends, among others, on the date and method of
its application [4,12]. In this connection, studies were undertaken to determine
maize reaction to the method and term of foliar nutrition with urea and a multiple
fertilizer (Basfoliar 6-12-6) expressed as accumulation dynamics of dry mass and
total nitrogen. Results relating to maize yield as related to the method and dates of
foliar nitrogen application or an application of a multiple fertilizer have been pre-
sented in earlier papers by the present author [8,9].

MATERIAL AND METHODS

Determination of the characteristics discussed in this paper was made in the
years 1996-1998 on the basis of two identical field experiments carried out in
ZDD Swadzim Experimental Farm near Poznan. Both experiments were estab-
lished on grey-brown podzolic soil with mechanical composition of light medium
sand shallowly spread on sandy loam. The soils belong 1o 1Va soil class and a very
good agriculture utility rye complex. The soils were characterized by a low to high
content of phosphorus (4.1-9.9 mg P per 100 g of soil), high to very high potassium
content (17.1-21.9 mg K per 100 g of soil), medium content of magnesium (1.9-2.5
mg Mg per 100 g of soil} and slightly acidic reaction (pH = 6.4-6.6 in 1 n KCI).

The first experiment was established as one-factor experiment in a random
block design. 1t included 7 method of foliar nutrition with urea: once, twice and
three times in three dates, i.e., in the stage of 4-5 leaves, 10 days after the first
spray (6-7 leaves) and 10 days after the second spray (9-10 leaves). The scheme
was supplemented by a control object without N fertilization and 2 objects where
urea was used only to the soil in doses of 60 and 120 kg N ha''. Total fertilization
in the objects where foliar nutrition was applied, was balanced to a doses of 120 kg N
ha™'. Urea was applied to leaves at 8,15% concentration.

The second experiment (Table 1) included two variables randomly selected in
the “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 afier the first dates, A3 — 10 days after the
second date;
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- three variants of foliar nutrition with urea and/or with a multiple fertilizer: B

—urea in an amount of 15 kg N‘ha", B2 - urea in an amount of 15 kg N-ha! +

a multiple fertilizer Basfoliar 6-12-6 in a dose of 9 I-ha'l, B3 — Basfoliar multi-

ple fertilizer 6-12-6 in the dose of 9 Iha.

Since the dates 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 to de-
fine dates of treatment. The first spraying was carried out in the phase of 4-5
leaves, the second in the phase of 6-7 leaves and the third spraying in the phase of
9-10 leaves. Urea was applied to leaves in a form of 8.15% solution. Total nitro-
gen fertilization (to soil and to leaves) was balanced to a dose of 120 kg N-ha™.
The scheme was supplemented by a control object with soil fertilization only in an
amount of 120 kg N-ha!. Basfoliar 6-12-6 is the multiple fertilizer recommended
for maize and produced by ADOB Co. to BASF licence. it contains the following
weight proportions of elements: 6% N, 12% P05, 6% K-0, 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.

In all experimental years, in both experiments, winter wheat was used as a
forecrop grown after winter rape fertilized with one half of the manure dose. Phos-
phorus fertilization (90 kg PzOs-ha'l) was applied in a form of triple superphos-
phate, and potasium fertilization (120 kg K-_,O-ha'l) was used in a form of 60%
potash salt. Both fertilizers were applied in early spring under cultivator. Pre-so-
wing doses of nitrogen were mixed with soil using a cultivator unit. Mona (FAO
250) hybrid was the experimental plant.

The experimental years were characterized by weather conditions favourable
for maize growth and development. In all experimental years, the precipitation
sum in the vegetative period (from April to Octlober) was higher than the corre-
sponding value for many years {355.1 mm) of the same period by [27.6 mm in
1996, by 102.8 mm in 1997 and by 70.6 mm in 1998, As far as thermal conditions
are concerned, the experimental years did not deviate from the norm and year
1998 should be regarded as a particularly favourable one in this respect, especially
in the beginning of the vegetative period.

The experiments were carried out in 4 field replications. The results obtained
were subjected to the analysis of variance for multiple experiments and hypothe-
ses were tested at a 0.05 probability level.
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RESULTS

In the first experiment, the weather course in the experimental years repre-
sented an element significantly affecting total nitrogen content in whole plants
during vegetation and in stover, cobs and grain during harvest. However, the dif-
ferences between particular individual years in nitrogen content in the individual
sampling terms were not high and did not exceed 0.5%. The highest difference be-
tween the years was related to total N content in maize in the phase of 4-5 leaves
(mean values only for soil fertilization). A highest N content in whole plants of
this phase (amounting to 5.0%) was found in 1998. A high N content in the above
year was caused by warm and dry weather in May. In the remaining years, N con-
tent remained the same, i.e. 4.5%. Successive greater differences between indivi-
dual years in with respect to the content of nitrogen were related to cobs and grain.
The content of total nitrogen was the highest in 1998 in the above plant parts with
showing the following proportions: for cobs 1.5% and for grain 1.7%.

Analysis of variance revealed a significant diversity in the content of total N in
whole plants under the influence of the dates and methods of nitrogen application
studies, but it appeared only 10 days after the last spraying, i.e. after implementa-
tion of the full fertilization scheme (Table 2). Nitrogen content in stover, cobs and
grain did not change under the influence of the levels of the factors studied (Table 2).
The lowest significant N content 10 days after the third spraying was shown by
plants fertilized without nitrogen, i.e., in control object (3.1%). On the other hand,
the hlghest N content was found in plants fertilized to the soil with a dose 105 kg
N-ha™! and additionally given one single leaf nutrition of 15 kg N ha™'. The con-
tent of total N in the plants of those objects increased when the term of spraying
was delayed showing the following values: for the third date 3.8%, for the second
date 3.7% and for the first date 3,6%. In the developmental phase, the object with
a soil dose of 75 kg N-ha™! and a leaf dose of 45 kg N-ha™! applied on three dates
to leaves (3.6%) created a homogenous group with the highest N content in the de-
velopmental phase. The above indicates that the highest content of total N in
whole plants 10 days after the application of a full fertilization scheme was ob-
tained in the case of combined fertilizalion both to the soil and to leaves but only
when hlgh soil doses (105 kg N-ha ) were combmed with single leaf nutrition {15
kg N-ha” ) or low soil doses (75 l\g N-ha™!) were combined with three a supple-
mentary leaf nutrition (45 kg N-ha™ )

Also in the second experiment, the weather course in the experimental years
exerted a significant effect on total nitrogen content in plants as determined 10
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days afier the third spraying the beginning of silking and at harvest in cobs and
grain. However, no significant differences were found between the particular years
in N content in stover in individual years. The highest content of total N in the
above ground plant mass and in stover, cobs and grain after an introduction of the
full experimental scheme was found in 1998. The lowest content of nitrogen in
plants was found 10 days after the third spraying, in the cobs silking phase of and in
stover in 1996. On the other hand, N content in cobs and grain was the same in 1996.

The dates and variants of foliar nutrition with urea and/or a multiple fertilizer
investigated did not exert any essential effect on the total N content in plants (Table 3).
Nitrogen content in plants of the experimental objects was similar to the content m
the control objects where only soil fertilization was applied at a dose of 120 kg N- ha™l.
The initial N content in plants, i.c., before the first spraying (4-5 leaves) in the ex-
perimental objects (4.7%) and in the control (4.6%) was similar, Nitrogen content
in plants during an introduction of experimental factors (the second and third
terms of spraying) was significantly higher in objects with leaf nutrition (on the
second date by 4.2% and on the third date 3.6% on average), than an average per-
centage for the remaining objects where leaf nutrition was not applied (on the se-
cond term 4,0% and on the third term 3.4%). In the control objects, i.e., after the
application of 120 kg N-ha™! to the soil, N content in plants on the second date of
spraying was 4.2% and on the third date 3.5%.

Dry mass content in plants on all sampling term depended on years. The hig-
hest content of dry mass in the initial growth periods was shown in 1997. On the
other hand, during harvest, the highest amount of dry mass in stover, cobs and
whole plants was found in 1998. The terms and methods of nitrogen fertilization
of maize investigated did not exert any effect on dry mass content in whole plants
or stover, cobs and grain during harvest (Table 4). On all sampling terms, dry
mass content both in the objects fertilized with nitrogen and in control without ni-
trogen was similar.

The terms and variants of maize fertilization with nitrogen and a multiple ferti-
lizer studied did not exert any effect on the content of dry mass in whole plants in
different terms during vegetation or in individual plant parts during harvest. Effect
of terms of foliar nutrition (urea and Basfoliar) on dry mass content |0 days after
the last (third) spray was an exception. The highest dry mass content in the whole
above ground plant part in this development phase was found in the second term
of spraying (6-7 leaves} and a significantly lower level was found when foliar nu-
trition was applied on the earliest dates (4-5 leaves).
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DISCUSSION

Weather course during the experiment modified the observed maize most
characteristics. It refers both to the content of nitrogen and dry mass in the total
above ground plant part in the vegetative period as well as to the content of these
components in grain and cobs. On the other hand, the N content in stover was the
least diversified variable influenced by weather during the experimental years. Ef-
fect of years on the above feature was visible only in the first experiment where an
effect of dates and methods of foliar urea application urea was studied. It is worth
noticing that all experimental years were favourable to maize and yielding, there
occurred a strong plant reaction to various conditions in the individual years. It
may be a proof of a strong species reaction to environmental conditions in indivi-
dual stages of its ontogenetic development. 1t should be assumed that even minor
changes (not perceivable when only temperature and precipitation are measured)
in unfavourable environmental factors disturb the rhythm of maize growth and de-
velopment influencing the level of features characteristics.

Factors, methods and terms of the foliar application of urea and a multiple fer-
tilizer studied in the two experiments had only a minor effect on the content of to-
tal nitrogen in whole plants in the vegetative period in stover, cobs and grain
during harvest. The relations observed were occasional and therefore seem acci-
dental. One of the above exception is the effect of the method and date of foliar
application of urea on the content of total N 10 days after the third date of spray-
ing, i.e., after an implementation of the full fertilization scheme. The highest con-
tent of nitrogen in whole plants was ensured by fertilization applied to the soil and
to leaves provided high soil doses (105 kg N-ha™') plus a single foliar nutrition (15
kg N-ha'l) were used irrespective of the term of their application; or in the case of
low doses applied to the soil (75 kg N-ha'l) plus three foliar nutrition with urea
(45 kg N-ha'l). Total nitrogen content in plants of the control objects where no N
fertilization was applied, deviated from the N content in the experimental objects
by 0.6-1.0% in the period of initial plant development. This difference diminished
as the vegetation cycle progressed.

The absence of the effect of foliar application of a multiple fertilizer on the
chemical composition of grain, cobs and stover was found alse by Machul [10].
This above result was confirmed by Bellow et al. (1] who did not find any changes
in the content of maize grain under the influence of a multiple fertilizers. How-
ever, these last authors observed an increase in the nitrogen content of grain under
the influence of foliar nutrition with urea. In the present studies, no such dependence
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was found. Earlier works cited by Byszewski e al. [4] indicated a relation be-
tween nitrogen content and terms of spraying. Protein content in grain increased
under the influence of spraying carried out in the period of milk maturity of maize.
On the other hand, earlier spraying had no effect on this feature. In this connec-
tion, in the present studies, too early dates of spraying could have been responsible
for the absence of maize reaction to foliar application of urea and a multiple fertil-
izer as expressed in changes of nitrogen and dry mass content. Another reason for
no changes in the N content could have been a too small amount of nitrogen sup-
plied in the fertilizers.

CONCLUSIONS

1. Weather course in the experimental years exerted the strongest effect on the
lotal nitrogen content in plants during the whole vegetative period.

2. The factors studied: fertilization methods, dates of fertilization with urea
and a multiple fertilizer had 2 minor effect on the total nitrogen content in whole
plants during maize vegetative period or in stover, cobs and grain during harvest.

3. In effectiveness of maize foliar nutrition resulted from too low doses of nitro-
gen used for leaves or too early dates of application.
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WPLYW SPOSOBU I TERMINU DOLISTNEGO DOKARMIANIA KUKURYDZY
ROZTWOREM MOCZNIKA I NAWOZEM WIELOSKLADNIKOWYM
NA ZAWARTOSC AZOTU | GROMADZENIE SUCHLE] MASY

A. Kruezek
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Streszczenie Celem przeprowadzonych badan bylo okreslenie wplywu sposobow i ter-
mindw dolistnego stosowania mocznika i nawozu wicloskladnikowego na zawarto$é azotu i suchej
masy. Sposoby i terminy slosowania dolistnego mocznika i nawozu wicloskladnikowego, w
niewielkim stopniu wplywaly na zawartosé azotu i suchej masy w calych roslinach w okresie wege-
tacji kukurydzy jak rowniez w stomie, kolbach i ziarnie. Prawdopodobnymi przyczynami nie
wysiapienta zmian w zawartosci azotu i suchej masy, byla zbyt mala dawka azotu stosowancpo
dolistnie w postaci roztworu mocznika, a szczegdlnie odnosnic zawartosci azotu, zbyt wezesne ter-
miny dolistnej aplikacji zardwno mocznika jak i nawozu wieloskladnikowego.

Stowa kluczowe: kukurydza, dokarmianie dolistne, azot, mikroelementy



