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ASSESSMENT OF THE IMPACT OF SELECTED AGRICULTURE FACTORS ON MAIZE
NUTRITIONAL STATUS IN CRITICAL GROWTH STAGES USING THE PLANT
ANALYSIS METHOD. PART Il. FLOWERING STAGE (BBCH 61)

Summary

The study presents the results of a 3-year field study, whose aim was to assess the effect of sowing and NP fertilizer applica-
tion method on the content of nutrients in leaf blades of two different types of maize varieties (traditional and stay-green) in
the BBCH 61 stage. The selection of the variety in combination with row NP fertilization is a factor supporting the nutri-
tional status of maize at this stage. The “stay-green” variety showed a positive reaction to the row NP application, which
was caused by a better supply of P and K. The content of N, P, K, Mg in maize leaves at the BBCH 61 stage may be an indi-
cator of the size of maize grain yield, regardless of the type of maize hybrid.
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OCENA WPLYWU WYBRANYCH CZYNNIKOW AGROTECHNICZNYCH
NA STAN ODZYWIENIA KUKURYDZY W KRYTYCZNYCH FAZACH WZROSTU
METODA ANALIZY ROSLINNEJ. CZESC I1. FAZA KWITNIENIA (BBCH 61)

Streszczenie

W pracy przedstawiono wyniki 3-letnich badan polowych, ktorych celem byta ocena wplywu sposobu siewu i aplikacji na-
wozu NP na zawartos¢ sktadnikow pokarmowych w blaszkach lisciowych w fazie BBCH 61 przez dwa rozne typy odmian
kukurydzy (tradycyjna i stay-green). Czynnikiem wspomagajgcym stan odzywienia kukurydzy w tym stadium jest dobor
odmiany w polqczeniu z rzedowym nawozeniem NP. Pozytywna reakcja na rzedowe stosowanie NP wykazala odmiana
., Stay-green”, co wynikalo z lepszego zaopatrzenia w P, K. Zawartos¢ N, P, K, Mg w lisciach kukurydzy w stadium BBCH

61 moze by¢ indykatorem wielkosci plonu ziarna kukurydzy, niezaleznie od typu mieszanca kukurydzy.
Stowa kluczowe: kukurydza, sktadniki pokarmowe, faza kwitnienia, lis¢ przykolbowy

1. Introduction

Knowledge of varieties and their proper selection for
cultivation is one of the most important skills of a modern
producer. Older hybrids (varieties) are constantly replaced
by new ones with a higher yielding potential and greater
resistance to diseases, pests and environmental stresses.
Therefore, one needs to be up-to-date on the subject of the
problem, because maize breeding progress is very signifi-
cant and only a few varieties will be profitable in the long
term. For several years, hybrids of the “stay-green” type
can be encountered in the selection of maize varieties, in
which the grain matures at full greenness of the whole
plant [1, 2]. Stay-green varieties delay aging and can re-
tain photosynthetic processes during the grain filling
stage, while maintaining assimilate supply to the genera-
tive crop [3, 4]. This feature is very advantageous from an
agricultural point of view, because keeping the stand
green (plant photosynthetic apparatus) for a long time is
one of the most effective methods of increasing the yield
of plants [4]. The aim of the field study was to determine
the effect of soil preparation for maize sowing and the
method of NP fertilizer application on changes in the
chemical composition of the leaf below the ear of two
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types of maize varieties (Zea mays L.) at the BBCH 61
stage.

2. Materials and Methods
2.1. Experimental field

Experimental factors and their levels, experimental de-
sign and the characteristics of the experimental field are
included in the first part of the work.

2.2. Weather conditions

The characteristics of the weather conditions during the
research period were based on data from the meteorological
station belonging to the Agronomy Department of the Poz-
nan University of Life Sciences, located at the Experi-
mental and Educational Unit in Swadzim (52°26" N; 16°45’
E). Thermal conditions during maize cultivation in the
experimental years were similar and amounted on average
to 15.4°C in 2012, 15.6°C in 2013 and 16.1°C in the warm-
est year of 2014. Definitely greater differences between
years occurred in the amount of precipitation. The highest
sum of rainfall was recorded in 2012, 473.6 mm, which was
76.2 mm higher than the precipitation in 2013, and 121.8
mm higher from the amount of rainfall in 2014 (Tab. 1).

.Journal of Research and Applications in Agricultural Engineering” 2021, Vol. 66(1)


mailto:piotr.szulc@up.poznan.pl

Table 1. Average monthly air temperature and total precipitation in Swadzim for the growing season
Tab. 1. Srednia miesieczna temperatura powietrza i miesieczna suma opadow atmosferycznych w Swadzimiu dla sezonu

wegetacyjnego
Temperature [°C]
Years
v \Y% VI VII VI IX X Average Total
2012 9.3 16.3 17.0 20.0 19.8 15.0 8.6 15.4
2013 8.9 15.6 18.4 22.0 20.2 13.2 10.8 15.6
2014 114 14.6 17.9 23.2 18.8 16.0 11.2 16.1
Years Precipitation [mm]
2012 174 84.4 118.1 136.2 52.7 28.4 36.4 473.6
2013 105 95.5 114.9 52.9 32.4 75.9 15.3 397.4
2014 50.3 80.7 44.6 51.5 56.5 39.2 29.0 351.8

2.3. Plant material

The analysis of mineral contents in dry matter of plants
was performed in the laboratory of the Agronomy Depart-
ment of the Poznan University of Life Sciences, according
to the methods described by Gawecki [5]. In addition, po-
tassium was determined using a “Flapho 40” flame spectro-
photometer, and phosphorus and magnesium using a
“Specol 11” colorimeter.

2.4. Statistical analysis

One-year results were subjected to a univariate analysis
of variance, followed by a synthesis for multiple experi-
ments. The significance of the differences was estimated at
the level of o = 0.05 using the Student’s t-test. A polynomi-
al curvilinear regression was determined for the means
from the individual years. The interaction between grain
yield and its structure elements was determined using sim-
ple correlation analysis and analysis of path coefficients
based on the equation from the study of Douglas et al. [6]

Table 2. N content at the BBCH 61 stage (g'’kg™ dm)
Tab. 2. Zawartos¢ N w fazie BBCH 61 (g’kg™ sm)

Source: own study / Zrédlo: opracowanie wlasne

using Excel 1997 spreadsheet. The interaction between
grain yield and nutrient content in maize leaf blades at
BBCH 61 was determined using simple correlation analy-
sis.

3. Results

3.1. Changes in the chemical composition of the leaf
below the ear during the flowering phase (BBCH 67)
3.1.2. Nitrogen content in leaf dry matter

In general, none of the studied factors significantly in-
fluenced nitrogen content in leaf dry matter (Tab. 2). The
interaction was found only for the variety and the method
of NP fertilizer application in relation to the content of this
component in maize leaves (Fig. 1). Broadcast fertilization
did not significantly differentiate this trait independently of
the studied varieties. The Drim “stay-green” hybrid showed
a significantly higher nitrogen content in leaf dry matter as
a result of row fertilization compared to the traditional
variety SY Cooky (Fig. 1). The fertilization method did not
differentiate the studied trait in the variety SY Cooky.

_ Years
Experimental Factors Average
2012 2013 2014
Methods of sowing maize sowing in traditionally cultivated soil 24.98 25.22 23.87 24.69
(A) direct sowing 23.80 22.95 23.35 23.37
LSD o.0s n.s. n.s. n.s. n.s.
. SY Cooky 24.12 24.07 22.40 23.53
Varieties (B) -
Drim ,,stay-green” 24.66 24.11 24.82 24.53
LSD o.0s n.s. n.s. n.s. n.s.
. . broadcasting 23.72 24.02 23.49 23.74
Methods of sowing NP fertilizer (C) -
in rows 25.06 24.16 23.73 24.32
LSD o.05 n.s. ns. n.s. n.s.
Average 24.39 24.09 23.61 24.03

n.s. — non-significant difference
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Fig. 1. Nitrogen content in leaf dry matter depending on the interaction of the variety with the method of NP fertilizer appli-

cation. (2012-2014)

Rys. 1. Zawartos¢ azotu w suchej masie lisci w zaleznosci od wspotdziatania odmiany ze sposobem wysiewu nawozu NP.

(2012-2014)

3.1.3. Phosphorus content in leaf dry matter

Phosphorus content in leaf dry matter was signifi-
cantly affected by the variety and method of NP fertilizer
application (Tab 3). When considering variety type, a
higher content of this component was found in leaf
blades of the Drim “stay-green” variety, compared to the
classic variety SY Cooky. The difference between the
tested varieties was 0.24 ghal. With respect to the
method of fertilizer sowing, a significantly higher con-
tent of phosphorus was recorded in maize leaf blades
fertilized in rows compared to the traditional method of
the component application. The difference between the
tested varieties was 0.12 g-ha™* (Tab. 3).

Table 3. P content at the BBCH 61 stage (g'kg™ dm)
Tab. 3. Zawartosé P w fazie BBCH 61 (g'kg™ sm)

3.1.4. Potassium content in leaf dry matter

Overall, potassium content in dry matter of leaf blades
was significantly modified by hybrid type during three
study years (Tab. 4). Significantly higher potassium con-
centration was found in the Drim “stay-green” hybrid com-
pared to the classic variety SY Cooky (Tab. 4). Potassium
content in leaf dry matter was modified by the interaction
of the variety with the method of NP fertilizer application
(Fig. 2). Broadcast fertilization did not significantly differ-
entiate this trait, regardless of the studied varieties. The
Drim “stay-green” hybrid showed a significantly higher
potassium content in leaf dry matter as a result of row ferti-
lization compared to the traditional variety SY Cooky
(Fig. 2). Fertilization method did not differentiate the stud-
ied trait in the variety SY Cooky.

_ Years
Experimental Factors Average
2012 2013 2014
sowing in traditionally cultivated
Methods of sowing maize soil J Y 2.62 2.59 2.56 2.59
A) direct sowing 2.48 2.44 243 2.45
LSD o.05 n.s. n.s. n.s. n.s.
. SY Cooky 2.44 2.36 2.40 2.40
Varieties (B) -
Drim ,,stay-green” 2.66 2.67 2.59 2.64
LSD o.05 n.s. 0.054 n.s. 0.105
. . broadcasting 2.45 2.49 2.44 2.46
Methods of sowing NP fertilizer (C) -
in rows 2.65 2.54 2.55 2.58
LSD o.05 n.s. n.s. 0.059 0.079
Average 2.55 2.51 2.49 2.52

n.s. — non-significant difference
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Table 4. K content at the BBCH 61 stage (g'kg™ dm)
Tab. 4. Zawartos¢ K w fazie BBCH 61 (g'’kg™* sm)

. Years
Experimental Factors 2012 2013 2014 Average
Methods of sowing maize sowing in traditionally cultivated soil 19.02 21.72 20.87 20.54
(A) direct sowing 18.16 18.80 19.19 18.71
LSD o.05 n.s. n.s. n.s. n.s.
Varieties (B) SY Cooky 17.93 19.17 19.16 18.75
Drim ,,stay-green” 19.25 21.35 20.91 20.51
LSD 0.5 n.s. n.s. n.s. 1.347
Methods of sowing NP fertilizer broadcasting 17.86 19.89 19.60 19.11
(©) in rows 19.32 20.63 20.47 20.14
LSD o.05 n.s. n.s. ns. n.s.
Average 18.59 20.26 20.03 19.63

n.s. — non-significant difference

Source: own study / Zrédio: opracowanie wlasne
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Fig. 2. Potassium content in leaf dry matter depending on the interaction of the variety with the method of NP fertilizer

application (2012-2014)

Rys. 2. Zawartos¢ potasu w suchej masie lisci w zaleznosci od wspotdziatania odmiany ze sposobem wysiewu nawozu NP.

(2012-2014)

Table 5. Mg content at the BBCH 61 stage (g'kg™ dm)
Tab. 5. Zawartos¢ Mg w fazie BBCH 61 (g'kg™ sm)

. Years
Experimental Factors 2012 2013 2014 Average
Methods of sowing maize sowing in traditionally cultivated soil 2.13 2.14 2.16 2.14
(A) direct sowing 2.03 2.02 1.95 2.00
LSD o.05 n.s. n.s. n.s. n.s.
L SY Cooky 2.08 2.06 2.09 2.07
Varieties (B) Drim ,stay-green” 2.08 211 2.02 207
LSD 0.5 ns. n.s. n.s. n.s.
. . broadcasting 2.06 2.07 2.02 2.05
Methods of sowing NP fertilizer (C) i TOWS 510 510 509 510
LSD o0.05 ns. n.s. n.s. ns.
Average 2.08 2.09 2.05 2.07

n.s. — non-significant difference

3.1.5. Magnesium content in leaf dry matter

None of the examined experimental factors significantly
influenced magnesium content in dry matter of maize leaf
blades (Tab. 5).

4. Discussion
In addition to water, nitrogen fertilization is the basic
agriculture factor which determines the quantity and quality
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Source: own study / Zrédlo: opracowanie wlasne

of the obtained yield. The application of high nitrogen dos-
es in market economy must be economically justified and
should take into account both the ecological and economic
aspects. For both of these reasons, it is important to diag-
nose the status of plant nutrition with nitrogen during the
growing season, which allows to correct the applied doses.
Assuming that maize tends to take up excessive amounts of
nitrogen, it is essential to determine the minimum concen-
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tration of the component in the plant material that does not
limit maize productivity. Maize leaf during flowering
(BBCH 61) is the most frequently used part of the plant to
assess maize nutritional status [7]. The greatest advantage
of chemical leaf analysis during maize flowering period is
the possibility of yield prediction [8]. However, the disad-
vantage of this method is the low practical usefulness of the
obtained models or relationships [9]. Despite the proximity
of the flowering period, there is no possibility of correcting
maize nutritional status at this stage. This is due to the fact
that this is the end of maize vegetative growth [9]. In the
present study, nitrogen content in maize leaf blades was
significantly determined by the interaction of the fertiliza-
tion method with the type of maize hybrid. It was shown
that the stay-green hybrid fertilized in rows was character-
ized by a much higher nitrogen content in maize leaves
during the flowering period compared to the traditional
variety. On the other hand, the difference between the test-
ed varieties was statistically at the same level in the case of
standard (broadcast) fertilization. The result obtained in this
study demonstrated unequivocally that the “stay-green”
variety was characterized by a significantly higher yield
potential compared to the classic variety. A similar relation-
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ship as described above was noted for potassium content in
leaf blades. This clearly proves that the “stay-green” type
varieties respond better (positively) to the row application
of NP fertilizer [10]. Such behavior of the studied cultivars
results from different remobilization of nutrients during
maize growth and development [11]. During the period of
maize vegetative growth, the flow of nitrogen from the
older organs of the plant to the younger ones occurs at a
different rate, with soil resources being the dominant source
of nitrogen. During the maturation phase, plant nitrogen
balance undergoes significant changes. Nitrogen taken up
from the soil is only a small part of the nutrient accumulat-
ed in the grain. Most of it is derived from the remobiliza-
tion of this macronutrient from the previously accumulated
pool in vegetative organs [12]. Hence, the main nitrogen
source for grain in cereal plants, including maize, is the one
remobilized from vegetative organs of the plant. In addi-
tion, the amount of nitrogen stored in plant vegetative or-
gans during the flowering phase can be used to assess the
amount of nitrogen available for this process, which was
demonstrated in the present study. The type of plant deter-
mines natural dynamics of this element accumulation dur-
ing the growing season.
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Fig. 3. The relationship between the content of N, P, K, Mg in maize leaves at the BBCH 61 stage and grain yield, regard-
less of the examined experimental factors (average for 2012-2014)
Rys. 3. Zalezno$¢ pomiedzy zawartoscig N, P, K, Mg w lisciach kukurydzy w stadium BBCH 61 a plonem ziarna, niezaleznie

od badanych czynnikéw doswiadczenia (srednia 2012-2014)
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The classic model of nitrogen accumulation shows that
plants accumulate 85-100% of this nutrient during the vege-
tative growth period, while the processes of re-mobilization
of nitrogen organic compounds from the resources accumu-
lated during vegetative growth take place already during the
filling phase, and the uptake of nitrogen from soil resources
should be considered as complementary. In the previous
study [11], the classical model of nitrogen, phosphorus,
potassium and magnesium accumulation was observed in
the traditional hybrid. The organic compound re-
mobilization index was positive in the traditional hybrid,
which meant that this variety utilized the components pre-
viously accumulated during vegetative growth in the period
of grain filling. In turn, a different accumulation model of
nitrogen and other mineral components was recorded in the
plants of the “stay-green” variety. The remobilization in-
dex, nitrogen, phosphorus and magnesium translocation
was negative, and only positive for potassium. This indicat-
ed that soil resources were the main source of nitrogen
accumulation during the generative growth phase. The lack
of available forms of nitrogen, phosphorus and magnesium
in the soil during the maturation period of “stay-green”
maize may limit plants’ yield in accordance with the law of
J. von Liebig from 1840 [11]. According to this rule, ex-
pressing the yielding potential of a cultivated plant is not
possible with a deficiency of even a single mineral compo-
nent. The study also analyzed a simple correlation between
the content of nutrients in maize leaf at the BBCH 61 stage
and grain yield (Fig. 3). It was found that the higher the
content of nutrients in the leaf blades during this develop-
ment phase, the higher the maize grain yield. The relation-
ship was described by the first degree equation.

5. Conclusions

1. The lack of differentiation in the nitrogen nutritional
status of plants at the BBCH 61 stage, despite the con-
siderable diversification of the experimental factor lev-
els, indicated good conditions for the uptake of this nu-
trient until the flowering period.

Selection of the variety in combination with row NP
fertilization is the factor supporting the nutritional status
of maize at this stage.

A positive reaction to the row application of NP was
shown by the “stay-green” variety, which resulted from
a better supply in P and K.

3.
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4. Grain yield is positively correlated with the content of
N, P, K and Mg in maize leaf blades at the BBCH 61
stage.
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