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Abstract
The paper presents the results of the study dedicated to the investigation of sweet corn leaf apparatus growth and
development in dependence to the crop cultivation technology elements, viz. depth of plowing, mineral fertilizers
application doses, plants density, in the drip-irrigated conditions of the South of Ukraine. The field trials were carried
out during three years (2014-2016) by using the split-plot design method in four replications with accordance to the
modern requirements of the experimental work in agronomy. The results of the study showed the significant effect of all
the studied agro technological treatments on the crop leaf apparatus. The highest Leaf Area Index (LAI) that averaged
to 3.72 was obtained under moldboard plowing at the depth of 20-22 cm, fertilization with N120P120, and plants density of
80000 ha-1. The total amplitude of fluctuation of LAI averaged to 2.42. Increased plowing depth improved LAI of sweet
corn only under the non-fertilized conditions, however, increased fertilizers doses and thickening of the crops positively
affected the studied bio-metric index.
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Introduction
The Leaf Area Index (LAI) is one of the most widely used
bio-metric parameters of crops for estimation of their
potential photosynthetic activity efficiency, biomass,
and net dry matter productivity prediction (Williams et
al. 1965). It is considered that LAI values are in strong
linear correlation with crops yields (Ashley et al. 1965;
Eik & Hanway 1966). It is also used in different artificial
mathematical crop simulation models, which are aimed
to help proper agronomic management of the concrete
crop (Moulin et al. 1998; Doraiswamy et al. 2004; Wu
et al. 2007). LAI is the index that shows the current

state of development of crops for the concrete period
of vegetation pointing out present problems and weak
points in the crop management.
Every crop has its own optimal LAI values. Either too
low or too high LAI is an indicator of some unfavorable
conditions that has been formed in the field. It is used
as a crop growth indicator (Kross et al. 2015; CamposTaberner et al. 2016). For example, LAI could be used
for estimation of the cultivation technology treatments
efficiency in satisfying crops biological requirements. The
goal of our study is the assessment of various sweet corn
cultivation technology elements efficiency in providing
the crop with favorable conditions for its growth and
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development by using the LAI values measured at the key
stages of the crop vegetation.

Materials and Method
The field trials with sweet corn crops were carried out
during the period of 2014-2016 by using the split plot
design method in four replications at the drip-irrigated
lands of the agricultural cooperative farm “Radianska
Zemlia” of Kherson region, Ukraine (experimental
field coordinates are: latitude 46°43 42′′N, longitude
32°17′38′′E, altitude 42 m). The trials were dedicated to
the study of such cultivation technology elements as:
Factor A-depth of moldboard plowing (20-22, 28-30 cm);
Factor B-mineral fertilizers application doses (N0P0;
N60P60; N120P120); Factor C-plants density (35000, 50000,
65000, 80000 plants ha-1). We used the sweet corn cultivar
Brusnytsia (standard sweet-su). The previous crop was
winter wheat. After the harvesting of the previous crop we
conducted harrowing at the depth of 10-12 cm, and then
we performed moldboard plowing with accordance to
the study design. Mineral fertilizers (ammonium nitrate
and superphosphate) were applied with accordance to
the study design at the pre-plowing period.
Soil cultivations at the depth of 8-10, and 5-6 cm were
conducted in the spring before sowing. Sweet corn was
sown at the depth of 5-6 cm with the inter-row spacing of
70 cm. The time of sowing varied from year to year and
was: 1st of May in 2014, 22nd of May in 2015 and 21st of May
in 2016, respectively. Herbicide Harnes (Acetochlor, 900 g
L-1 of the active substance) was applied before sowing of
the crop in the dose of 2.0 L ha-1. Karate Zeon insecticide
(Lambda-cyhalothrin, 50 g L-1 of the active substance) was
applied at the stage of 3-5 leaves of the crop in the dose
of 0.2 L ha-1. Master Power herbicide (Foramsulfuron, 31.5
g L-1, Iodosulfuron, 1.0 g L-1, Tienecarbazon-methyl, 10 g L-1,
Cyprosulfamide (antidote), 15 g L-1 of the active substances)
was applied at the stage of 7-8 leaves of the crop in the dose
of 1.25 L ha-1. Koragen insecticide (Chlorantraniliprole, 200
g L-1 of the active substance) was used at the beginning
of the panicle earing period in the dose of 0.1 L ha-1 dose.
Soil moisture during the crop vegetation was kept up at
the level of 80% of the field water holding capacity by the
means of drip irrigation.
We used the water from the Ingulets irrigation
system, which belongs to the second class water with
accordance to the national and FAO standards, and its
suitability for irrigation is limited because of salinization
and alkalization hazards (Lykhovyd & Kozlenko 2018).
Irrigation water was applied to the field in such amounts:
in 2014-10 times by 5 mm until the 7-8 leaves stage of
the crop and 12 times by 10 mm during the rest of the
vegetation period; in 2015-6 times by 5 mm until the 7-8
leaves stage of the crop and 9 times by 10 mm during
the rest of the vegetation period; in 2016-8 times by 5

mm until the 7-8 leaves stage of the crop and 12 times
by 10 mm during the rest of the period. LAI (m2/m2)
represents the amount of leaf material in an ecosystem
and is geometrically defined as the total one-sided area
of photosynthetic tissue per unit ground surface area
(Gobron 2008). The leaf area per plant (LAP) was directly
measured at the stage of milk ripeness of the crop grain.
We took into account only green leaves, no dead leaves
were measured.
The measurements were conducted in four
replications on the previously marked plants within the
experimental plots (Ushkarenko et al. 2014). The leaf area
was recalculated to m2/plant. Statistical evaluation of
the obtained results was performed by using the multiple
analyses of variance (ANOVA) within Agrostat add-on
of Microsoft Office Excel software (Rosner 2006). The
least significant difference (LSD) was estimated for the
reliability level of 95%.

Results
The maximum pure productivity of the crops might be
achieved at the LAI values of 4.0-5.0. The highest LAI
value in our study was 3.72, and it was determined on
sweet corn crops cultivated with moldboard plowing at
the depth of 20-22 cm, mineral fertilizers application
dose of N120P120, and plants density of 80000 ha-1 (Tab. 1).
LAI increases with less plowing depth (by 9.97%),
better nutrition (by 7.37% and 24.65% with every increase
in fertilizers dose, or by 33.84% in general), and crops
thickening (by 34.25%, 25.51%, 16.07% with every increase
in plants density, or by 95.58% in general). We should
admit that deep moldboard plowing had positive effect
on the parameter under the non-fertilized conditions.
The total amplitude of LAI fluctuation in the study was
2.42. The results of ANOVA proved significance of the
differences between the investigated treatments at the
reliability level of 95%. So, all the studied elements of
cultivation technology are effective instruments for
sweet corn growth and productivity management.
However, we did not achieve the highest LAI values
at any of the studied treatments. Therefore, we conclude
that further investigations with more complex design
have to be conducted for creation of the agro technology,
which will be able to provide LAI values close to 4.0.

Discussion
Cultivation technology considerably affects LAI
of crops. It was shown by the results of our study, and
previously conducted researches that LAI strongly
depends on fertilization (Vose & Allen 1988). The results
of a study on winter wheat growth peculiarities under
various fertilization proved significant decrease in LAI of
the crops, which suffered from nutritive stress (Hinzman
et al. 1986). On the other hand, investigations showed
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Table 1. Average leaf area per plant (LAP) and leaf area index (LAI) of sweet corn crops depending on depth of plowing, mineral fertilizers application
doses, and plants density. Mean value ± SD.
Plants density (Factor C)
Depth of
Mineral
plowing
fertilizers dose
35000 ha-1
50000 ha-1
65000 ha-1
80000 ha-1
(Factor A)
(Factor B)
LAP
LAI
LAP
LAI
LAP
LAI
LAP
LAI
N0P0
0.37 ± 0.020 1.30 ± 0.07 0.35 ± 0.014 1.77 ± 0.07 0.34 ± 0.013 2.22 ± 0.09 0.33 ± 0.015 2.60 ± 0.12
20-22 cm
0.43 ± 0.035 1.51 ± 0.12 0.39 ± 0.041 1.97 ± 0.21 0.38 ± 0.041 2.49 ± 0.24 0.36 ± 0.036 2.86 ± 0.29
N60P60
0.57 ± 0.078 1.99 ± 0.28 0.53 ± 0.085 2.66 ± 0.42 0.50 ± 0.086 3.27 ± 0.56 0.46 ± 0.093 3.72 ± 0.75
N120P120
N0P0
0.38 ± 0.021 1.31 ± 0.08 0.36 ± 0.016 1.79 ± 0.08 0.35 ± 0.015 2.25 ± 0.10 0.33 ± 0.015 2.63 ± 0.12
28-30 cm
0.39 ± 0.026 1.35 ± 0.09 0.37 ± 0.018 1.84 ± 0.09 0.36 ± 0.016 2.33 ± 0.11 0.34 ± 0.013 2.69 ± 0.11
N60P60
0.46± 0.032 1.59 ± 0.11 0.42 ± 0.029 2.12 ± 0.15 0.41 ± 0.032 2.69 ± 0.21 0.40 ± 0.029 3.20 ± 0.23
N120P120
Note: LSD05 for the studied factors and their interaction for LAP (m2): А-0.002; В-0.001; С-0.002; АВС-0.005. LSD05 for the studied factors and their
interaction for LAI (m2/m2): А-0.011; В-0.007; С-0.009; АВС-0.024. Differences between all the studied variants are significant at the reliability level
of 95%

significant increase in LAI due to better nutrition of
the studied crops (Heilman & Fu-Guang 1994; Verma &
Acharya 1996; Peltonen-Sainio et al. 1997).
Tillage is also considered as an effective agronomic
measure for crop growth management. The results of our
study showed significant increase in LAI with plowing at
the less depth. Another study conducted with cocoyam
crop proved considerable difference in LAI measured
on the tilled and no-tilled treatments (Anikwe et al.
2007). Similar results were obtained for soybean, where
conventional tillage system showed much better results
in LAI than no-till (Yusuf et al. 1999). Minimum tillage
slowed down development of corn crops in comparison
to conventional tillage (Raimbault & Vyn 1991).
Investigations on LAI showed that this bio-metric
parameter is highly dependent on plants density at the
late stages of corn growth and development (Bavec &
Bavec 2002). Our study proved the above-mentioned
statement, and the results showed significant increase
of LAI with increased plants density of sweet corn crops
(coefficient of correlation was 0.85). This is because of
better coverage of the crop leaf apparatus of soil surface
with more plants per unit of the area. It was also stated
that more uniform crops with an optimal plant density
provide better LAI, and, as a result, crop productivity
(Olsen & Weiner 2007).
So, LAI is greatly affected by the studied cultivation
technology treatments, and further investigations in
the field should provide us with more scientific data for
development of the most optimal agro technology that
will be able to grant the highest crop productivity in the
concrete environmental conditions.

Conclusion
The maximum LAI of sweet corn crops, which
averaged to 3.72, was determined under the cultivation
technology treatments with moldboard plowing at the
depth of 20-22 cm, application of mineral fertilizers
in dose of N120 P120, and plants density of 80000 ha-1.
A tendency to significant decrease of LAI was observed
under the conditions of increased plowing depth, worse
nutrition of the crop, and crop thinning.
Modern Phytomorphology 13, 2019
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