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ABSTRACT

The study presents the effect of cutting height (10, 15 and 30 ¢cm) on yield, nutritional value and chemical
composition of silage corn. The experiment was carried out under dryland conditions and the silage corn was
harvested with three types of self-propelled silage harvesters. Cutting height increased linearly with increasing
operating speed of silage harvesters. For all types of silage harvesters, the cutting height of 30 cm had a
statistically significant (p<0.05) effect on losses of yields. The numerical value of the R? factor (from R? = 0.8978
to 0.9896) shows a strong dependence in all harvesters for all three cutting heights. The regression coefficients
(b) show a significant deviation from the theoretical cutting height at 10 and 15 cm (b = 0.6676 and b = 0.6715),
and very significant (b = 2.0249) at the theoretical cutting height of 30 cm. With an increase in cutting height,
the nutritional value of silage increased. At a cutting height of 30 cm, during the test period in all types of
harvesters, the crude protein (CP) content was significantly (p<0.05) higher than at a cutting height of 10 cm
(harvester C = 6.94% at 10 cm, harvester B = 8.15% at 30 cm). The cutting height of 30 cm influenced a
significantly (p<0.05) lower crude fiber (CF) content of harvester Claas Jaguar 850 (21.19%), compared to
John Deere 6810 (24.33%) at a height of 10 cm. The crude ash content (CAsh) did not vary significantly under
the influence of cutting height. Starch content was statistically higher (p<0.05) in all types of silage harvesters
during the test at a cutting height of 30 cm (28.2% harvester New Holland FX 28, 33.8% harvester
Claas Jaguar 850). The content of calcium (Ca) was significantly higher at a height of 30 cm for harvesters
John Deere 6810 and Claas Jaguar 850 in the third year, while no significant difference was found for
harvester New Holland FX 28. For phosphorus (P), there was no significant difference depending on the
cutting height, but it did exist depending on the year.
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INTRODUCTION lactic acid, which as a preservative sterilizes

the silage material, helps Ca resorption and

he quality of silage primarily depends on

the nutritional value and chemical
composition of the ensiled material. The corn
plant has a high yield biomass and nutritional
value and is very suitable for ensiling
(Neylon and Kung, 2003; Dehpouri et al.,
2022). Corn silage is one of the main
components of forage in animal nutrition
(Khan et al., 2014). Ensiling is a process of
anaerobic conservation of finely chopped
silage by lactic acid fermentation. This
process minimizes the loss of nutrients in the
silage. The high concentration of sugar in the
corn plant enables successful fermentation
and the production of the required amount of
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does not change the acid-base balance. The
goal of silage preparation is the production of
bulk food with a high dry matter content,
energy and highly digestible nutrients (Kung
et al., 2018). Good digestibility of corn silage
is ensured by the high content of
carbohydrates, and the lower content of crude
protein and crude ash (Szymanska et al.,
2018). Knowledge of the chemical
composition of corn silage is important in
order to enable the feeding of animals with a
balanced meal of high nutritional value
(Zicarelli et al., 2023). According to Motta et
al. (2020) and Schmidt et al. (2015), the
relationship between the chemical composition
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and the nutritional value of corn silage allows
for a more balanced diet and economic milk
production of dairy cows.

When preparing corn silage, must be pay
attention to the time of the beginning of the
harvest and the corn cutting height (Mandi¢
et al., 2020). A study by Bumb et al. (2016),
showed that the quality of forage and yield is
significantly affected by the time of harvest.
The harvest itself can be early or late. The
loss of nutritional yield due to higher cutting
height was much lower when maize was
harvested at a late maturity stage (Aoki et al.,
2013). The optimal period for harvesting and
shredding the entire corn plant is at a
moisture content of 65-70%, when the share
of the cob in the mass of the entire corn plant
is up to 40%, the grain is in the stage of waxy
maturity (dry matter content 30-35%), with
maximum starch content. The choice and use
of appropriate agricultural machinery (silage
harvesters) can be an important factor on which
the chemical composition and nutritional
value of silage depends. The production of
quality fodder and profitable production in
animal husbandry rely, among other things,
on the efficient operation of silage harvesters
(Valge et al., 2021). The cutting height of
corn affects the chemical composition and
nutritional value of corn silage (Kennington
et al., 2005; Aoki et al., 2013). With an
increase in the cutting height, there is an
increase in the nutritional quality of corn
silage, but also a decrease in the total yield
and an increase in losses. To improve the
nutritional value of silage of high-protein and
high-yielding maize varieties, Zhao et al.
(2018), recommend increasing the cutting
height. Hulse et al. (2017), recommend
harvesting corn at a height of 40 cm because
it provides the best balance between the
quantity and nutritional quality of the
prepared silage. Kennington et al. (2005) and
Diepersloot et al. (2022) prove that stem
cutting heights over 60 cm result in a
decrease in crude protein content in silage.

When evaluating the quality of corn
silage, the crude protein content is treated as
a positive parameter, and the crude fiber
content as a negative parameter. Bulky food
with a high crude protein content has a high

energy value (Zhang et al., 2018). Caetano et
al. (2011), suggest that with higher cutting
heights, the nutritional value and chemical
composition of silage improves because the
crude protein content increases. At the same
time, the content of crude ash decreases,
which is a consequence of the increase in the
share of grains in corn silage. With an
increase in the proportion of grain in the
silage, there is an increase in the
concentration of starch and a decrease in the
crude fiber content (Bernard et al., 2004,
Horst et al., 2021), which significantly affects
the increase in the nutritional value of the
silage (Diepersloot et al., 2022). In addition
to starch, calcium and phosphorus are
considered the primary minerals in the diet of
dairy cows, important for the skeletal
structure of the animals. Crude ash is a
source of minerals in food and has no energy
value. A high content of crude ash in silage
indicates possible contamination with soil
particles or other impurities, resulting in
reduced feed intake, low fiber digestibility
and reduced absorption of minerals in the
digestive tract of animals (Khan et al., 2007).
The test results of self-propelled silage
harvesters showed high correlation dependence
between movement speed, cutting height and
forage losses. With an increase in the
movement speed of all tested harvesters,
forage losses increased due to the increase in
cutting height (Bara¢ et al., 2015). The study
(Miljkovi¢ et al., 2021) states that with an
increase in the cutting height, losses in corn
biomass increase, which represents agro
waste of appropriate nutritional value that
remains on the plot and can be used.

The aim of the research is to examine the
influence of cutting height on the chemical
composition, nutritional value of the silage
mass and losses in forage during the
harvesting of the whole corn plant and
preparation of silage using different types of
self-propelled silage harvesters.

MATERIAL AND METHODS
The research was conducted during three

growing seasons: 2018, 2019 and 2020 in the
municipality of KruSevac (43°33'35.02" N;
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21°29'55.61" E) in central Serbia. The soil on
which the experiments were set up was
moderately acidic, without the presence of
CaCOg3, moderately provided with humus
(2.59%) and nitrogen (0.16%), and extremely
poor in phosphorus (4 mg/100g). The silage
is prepared in the late stage of maturity under
dryland conditions (without irrigation) from
whole plants of silage corn hybrid KWS
Mikado belonging to FAO ripening group
550, high nutritional value of silage.
Harvesting was done in the same plots
with three types of self-propelled forage
harvesters: New Holland FX 28 (Type A),
Claas Jaguar 850 (Type B) and John Deere
6810 (Type C), with theoretical stem cutting
heights of 10 cm, 15 c¢cm and 30 cm. The
yields of green mass were determined from
random locations in the field (Kung et al.,
2008), with 5 repetitions each (Kowalik et
al., 2013), according to the years of the study

for each theoretical cutting height of stems on
an area of 10 m? and then recalculated per
area of one hectare. As corn was grown in
dryland conditions, the vyield, chemical
composition and nutritional value of the
tested hybrid were significantly affected by
the temperature and especially by the amount
of precipitation. A study (Zhao et al., 2022)
showed that the climatic factor has a key role
on the nutritional value of corn silage.
Changes in air temperature and precipitation
during the years of the study caused a
difference in the yield and quality of corn
silage (Liimatainen et al., 2022).

Average monthly values of air temperature
and amount of precipitation for the area
where tests were carried out in the vegetation
period from 2018-2020, compared with the
multi-year average (2008-2017), are shown in
Table 1.

Table 1. Mean monthly air temperatures (°C) and monthly amount of rainfall (mm)

Year 2018 2019 2020 2008-2017
Month T mean | Precipitation | T mean | Precipitation | T mean | Precipitation | T mean | Precipitation
°C) (mm) (W) (mm) (W) (mm) (W) (mm)
Mar. 6.6 110.3 9.2 24.1 7.7 92.3 7.7 64.1
April 16.5 41.2 13.0 59.2 11.8 41.6 12.7 70.4
May 18.9 74.4 14.9 73.5 15.9 103.1 16.8 86.6
June 20.9 109.1 22.6 67.5 19.7 130.8 21.0 64.8
July 21.6 149.3 22.7 47.1 21.6 187.5 23.0 52.6
Aug. 224 61.5 23.1 83.1 22.0 74.3 22.6 33.2
Sept. 17.2 9.4 18.5 4.8 18.8 15.4 17.9 42.6
Mar.-Sept. | 17.72 552.2 17.71 359.3 16.78 645.0 17.39 414.3

The yield height was directly dependent
on the air temperature and the amount of
precipitation, especially in the summer period
(June, July, August). The mean value of the
air temperature during the growing season
did not deviate significantly in the three-year
period of our tests. It was approximately the
same in the first and second year (17.72°C
and 17.71°C), and lower (16.78°C) in the
third year of the study. However, significant
deviations were noted in the amount of
precipitation by the years of the study, and
also in relation to the multi-year average
values. The lowest rainfall of 359.3 mm was
recorded in the second year, and the highest
(645.0 mm) in the third year of the study.

The values of the amount of precipitation
significantly influenced the yield.

The working speed of the silage harvesters
was determined by the standard chronometric
method by measuring the movement time of
the silo harvester along a track of 50 m length
using a PCE LDM 50 laser rangefinder,
while the chronometry was based on a TFA
Dostmann Triple Time XL-Digitaler 3-fach
Timer (Al-Gaadi, 2018). The cutting height
of the stems was determined at the point of
determining the losses by measuring the
height of all the cuttings on the corresponding
surface for each trial (5 trials with 5 repetitions).
Based on the obtained parameters, the
average for each trial was determined. Losses
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represent the parts of the stem above the
given theoretical cutting height that are not
cut. By measuring the cut parts remaining
above the theoretical cutting height in the
working width of the self-propelled silage
harvesters, in a length of one meter, the
losses in relation to the yield and the set
cutting height were determined. All stems
that exceeded the theoretical height were cut
manually and collected in paper bags. Weight
measurements of all samples were made
using a KERN PCD 10KaO0.1 digital balance.
Using the random sample method, each
sample was divided into four parts, which
constituted a repetition. The content of crude
proteins, crude fiber and crude ash, starch,
calcium and phosphorus was determined by
appropriate laboratory methods. The crude
protein content (total nitrogen) was
determined according to the standard
Kjeldahl method (Thiex et al., 2002), by
decomposing organic matter with
concentrated sulfuric acid (H,SO,) in the
presence of catalysts (K,SO; and CuSOy,
which accelerate the reaction) and titrating
the resulting ammonia. The obtained values
were multiplied by a coefficient of 6.25. The
crude fiber content was determined by a
method based on treating samples with
sulfuric acid solution (H,SO4) and sodium
hydroxide solution (NaOH) of standard
concentration (Thiex et al., 2009). The crude
ash content was determined by the method
(Thiex et al., 2012) of burning the samples at
a temperature of 600°C for 2 hours. After that,
the sample is cooled and weighed immediately.
The starch content was determined by the
enzymatic-calorimetric method (Hall, 2015).
Samples were mixed with acetic acid buffer
(C,H40,) and heat-stable a-amylase. The
starch value is calculated by multiplying the
enzymatically released glucose by 0.9 and
then dividing by the mass of the received
sample. The content of calcium and
phosphorus was determined by standard
spectrometric methods (Albu et al., 2012),
with detection limits of 10 mg/kg for Ca, and
50 g/kg for P. The obtained experimental data
were processed using a free software package
(R Core Team, 2018). Tukey's multiple range
test and coefficient of variation were used to

test treatment effects. A linear regression
model was used to analyze the influence of
the movement speed of silage harvesters on
the stems cutting height (Marges de Sa, 2007).

RESULTS AND DISCUSSION

The working speed of silage harvesters
significantly affects the cutting height of corn
stalks in all three types of the tested silage
harvesters (Figure 1). The cutting height
increased linearly with the increase in the
working speed of the self-propelled silage
harvesters, which is also stated by other
authors in their research (Bara¢ et al., 2015;
Ramm et al., 2023).

In relation to the theoretical cutting height
of 10 cm (Figure 1A), the largest deviation
with the achieved cutting height of up to
13.6 cm was for the harvester C (regression
slope coefficient was b = 0.6676), and the
smallest for the harvester B (b = 0.6360) with
an achieved cutting height of up to 12.5 cm,
which is more preferable. The numerical
value of the R® factor shows a strong
dependence for all three types of silo
harvesters. The values ranged from
0.8978, 0.9002 and 0.9101 (A, B and C),
respectively.

At a theoretical cutting height of 15 cm
(Figure 1B), the increase was the smallest
and almost identical during the operation of
the harvester B (regression slope coefficient
was b = 0.6509) and the harvester A (b =
0.6514) with realized cutting heights of up to
18.3 cm, i.e. 18.4 cm, and the largest during
the operation of the harvester C (b = 0.6715)
with an achieved height of up to 18.7 cm. In
all types of the tested harvesters, R? factors
show a very strong dependence on A (R? =
0.9741), B (R* = 0.9613) and C (R® =
0.9896).

In relation to the theoretical cutting height
of 30 cm (Figure 1C), all three types of silage
harvesters show a very strong sensitivity to
the increase in working speed: the harvester
C with an achieved cutting height of up to
38.6 cm (the regression slope coefficient was
b =1.7095), the harvester A with an achieved
cutting height of up to 38.1 cm (b = 1.9029)
and the harvester B with an achieved cutting
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height of up to 37.3 cm (b = 2.0249). In all
cases, for all three types of silo harvesters,

the value of the R? factor was above 0.96
(C=0.9688, B=0.9712 and A = 0.9761).
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Figure 2. Cutting height H¢, vs. mower working speed v: (A) for a theoretical cutting height of 10 cm,
(B) for a theoretical cutting height of 15 cm, (C) for a theoretical cutting height of 30 cm
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With an increase in cutting height, there is
an increase in forage losses and a decrease in
the total yield of the examined self-propelled
silage harvesters. Minimal losses in silage
mass at theoretical cutting heights of 10, 15

and 30 cm during the three-year test period
were recorded during the operation of the
harvester B (from 740 kg ha™ at a height of
10 cm, to 1,185 kg ha™ at a height of 30 cm
in 2019) (Table 2).

Table 2. Realized losses of green mass in relation to the theoretical cutting height of silage harvesters (type A, B, C)

Cutting 2018 2019 2020
height Losses Yield Losses Yield Losses Yield
(cm) (kg ha™) (kg ha™) (kg ha™®) (kg ha™®) (kgha') | (kgha)
10 878" 28.766°® 790" 26.380°° 1050 33.250°
15 082%8 27.654® 885" 25.412°¢ 1169 31.937%4
A 30 1.488%® 25.602"® 1.331%® 23.467" 1.803* 29.869™
X 1.116 27.341 1.002 25.086 1.341 31.685
cVv 29.2 5.87 28.8 5.91 30.2 5.38
10 820" 28.766°° 740" 26.380°° 982" 33.250°
15 892%8 27.654%® 807" 25.412%¢ 1076 31.937%
B 30 1.319® 25.602°® 1.185% 23.467" 1.622%4 29.869""
X 1.010 27.341 911 25.086 1.227 31.685
cv 26.7 5.87 26.3 5.91 28.2 5.38
10 962" 28.766°® 870" 26.380°° 11344 33.250°
15 1064°® 27.654%° 967" 25.412°¢ 1282 31.937%"
C 30 1.635% 25.602"® 1.473%¢ 23.467" 1.996* 29.869™
X 1.220 27.341 1.103 25.086 1.471 31.685
cVv 29.7 5.87 29.3 5.91 31.3 5.38

Type A - New Holland FX 28; Type B - Claas Jaguar 850; Type C - John Deere 6810;
Tukey's test statistical significance levels: p<0.05, small letters a, b. for columns each type of harvester individually,

capital letters A, B. for the trait in the year influence row.

The maximum values of losses for all
three theoretical cutting heights were
achieved during the operation of the harvester
C (from 1,134 kg ha™ at a height of 10 cm, to
1,996 kg ha™ at a height of 30 cm in 2020).
For all harvesters, a cutting height of 30 cm
had a statistically significant (p<0.05) effect
on higher losses, but also a lower yield
compared to cutting heights of 10 and 15 cm
in all years of the study, as indicated by
earlier research (Neylon and Kung, 2003;
Kennington et al., 2005; Hulse et al., 2017)
who state that quality silage obtained at a

significantly higher cutting height is not
justified because the vyield decreases
(7.3-15 %), forage losses and food production
costs increase. Higher cutting heights are
recommended only at the mature stage of
corn because there is less loss of silage
nutritional value (Wu and Roth, 2005; Aoki
et al., 2013). Also, climatic conditions (year
2020) had a significant (p<0.05) influence on
the yield level, but also on the losses during
harvesting with all types of harvesters and at
all cutting heights, compared to two less
favorable years (2018 and 2019).



Aleksandar Vukovi¢ et al.: Nutritional VValue and Chemical Composition of Corn Silage
Depending on Cutting Height and Forage Losses

61

Table 3. Effect of cutting height of silage harvesters (type A, B, C) on the chemical composition of corn silage

Cutting 2018 2019 2020
height CP CF CAsh | cp CF CAsh | cpP CF CAsh
(cm) % % % % % % % % %

10 | 7.01° | 24.16™ | 581% | 7.03" | 24.24* | 598 | 7.07" | 23.44* | 569*
15 | 7.10° | 23.83"" | 558 | 7.13" | 24.17% | 577% | 7.14" | 22.76™* | 553
A 30 | 8.05® | 22.02"® | 534 | 7.96% | 22.27" | 5.05% | 8.11®® | 21.29"® | 550"
X | 7.387 | 23337 | 5577 | 7.373 | 23560 | 5600 | 7.440 | 22497 | 5573
CV | 7.80 4.94 4.21 6.92 4.74 8.71 7.81 4.88 1.83
10 | 7.06" | 23.45% | 570 | 7.10" | 23.64* | 554* | 7.09" | 23.12** | 583"
15 | 7.14" | 23.11% | 555 | 7.19" | 22.54%" | 542*4 | 7.23"* | 2251 | 536%"
B 30 | 8.07% | 21.90" | 5.15% | 8.01* | 22.13" | 528 | 815" | 21.19"® | 463"
X | 7423 | 22675 | 5467 | 7.433 | 22770 | 5413 | 7.490 | 22273 | 5273
CV | 756 4.83 5.20 6.75 3.43 2.40 7.69 4.43 11.47
10 | 6.94™ | 2433 | 6.00" | 6.95" | 24.26"* | 593 | 6.99" | 23.80" | 5.84*
15 | 7.09%* | 23.71%" | 566* | 7.07"* | 2367 | 5.69* | 7.18" | 22.70"* | 5.41%
C 30 | 7.98 | 2224** | 530" | 7.81% | 22.32"* | 540" | 8.02** | 21.45" | 5.06"
X | 7.337 | 23427 | 5653 | 7.277 | 23417 | 5673 | 7.397 | 22650 | 5.437
CV | 766 4,58 6.19 6.40 4.25 4.68 7.41 5.19 7.19

Type A - New Holland FX 28; Type B - Claas Jaguar 850; Type C - John Deere 6810; CP - crude protein; CF - crude
fiber; CAsh - crude ash; Tukey's test statistical significance levels: p<0.05, small letters a, b. for columns each type of
harvester individually, capital letters A, B. for the trait in the year influence row.

The results of our tests show that the
cutting height of the corn stalks significantly
influenced the nutritional value and chemical
composition of the prepared corn silage. At a
cutting height of 30 cm in all types of silage
harvesters during the test, the crude protein
(CP) content was significantly (p<0.05)
higher compared to a cutting height of 10 cm
(Table 3). The maximum crude protein
content of 8.15% at a cutting height of 30 cm
was achieved by the operation of the
harvester B in 2020. The minimum content of
6.94% was achieved by the operation of
the harvester C in 2018 at a cutting height
of 10 cm. At the same time, the cutting height
of 30 cm influenced a significantly (p<0.05)

lower crude fiber (CF) content of 21.19%
which was achieved by the work of the
harvester B, compared to the cutting height of
10 cm where the crude fiber content by the
work of the harvester C was 24.33%. The crude
ash content (CAsh) did not vary significantly
under the influence of cutting height.

The results of this study are consistent
with the findings of other researchers (Kung
et al., 2008; Caetano et al., 2011; Kowalik et
al., 2013; Szymanska et al., 2018) and prove
that with an increase in cutting height, the
content of crude protein (CP) increases, while
the content of crude fiber (CF) and crude ash
(CAsh) decreases, which improves the chemical
value of corn silage.
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Table 4. Effect of cutting height of silage harvesters (type A, B, C) on the mineral composition of silage corn

Cutting 2018 2019 2020
height Starch Ca P Starch Ca P Starch Ca P
(cm) % % % % % % % % %
10 | 28.7°® | 0.14°® | 0.21*® | 28.2°® | 0.13*® | 0.20® | 294" | 0.17* | 0.23
15 | 30.2%* | 0.14°® | 0.21*® | 29.6 | 0.13*® | 0.20® | 30.5°* | 0.17** | 0.23
A 30 | 326" | 0.16® | 0.21*® | 31.8°® | 0.14*° | 0.21*® | 334* | 0.18" | 0.24"
X | 30500 | 0.147 | 0.210 | 29.867 | 0.133 | 0.203 | 31.100 | 0.173 | 0.233
CV | 6.45 7.87 0.00 6.08 4.33 2.84 6.64 3.33 2.47
10 | 29.1° | 0.14°® | 0.21*® | 29.7°* | 0.14°® | 0.20® | 29.2°* | 017" | 0.23
15 | 31.1%* | 0.15%8 | 0.21*® | 30.6® | 0.14°® | 0.21*® | 31.9"* | 0.18" | 0.24*
B 30 | 332" | 0.16® | 0.22*® | 325® | 0.15® | 0.21*® | 33.8* | 0.19" | 0.24*®
X | 31133 | 0150 | 0.213 | 30.933 | 0.143 | 0.207 | 31.633 | 0.180 | 0.237
CV | 6.59 6.67 2.71 4.62 4.03 2.79 7.31 5.56 2.44
10 | 28.3"® | 0.13°® | 0.20®® | 28.6°® | 0.13*® | 0.19%® | 29.2°* | 0.16™ | 0.23*
15 | 29.8%8 | 0.14%8 | 0.21*® | 29.4*8 | 0.14°® | 0.20®® | 30.5%* | 0.17*" | 0.23*
C 30 | 31.7*® | 0.15® | 0.21*® | 31.3*® | 0.14*® | 0.20®® | 32.1*® | 0.18** | 0.23*
X | 29.933 | 0.140 | 0.207 | 29.767 | 0.137 | 0.197 | 30.600 | 0.170 | 0.230
CV | 5.69 7.14 2.79 4.66 2.94 2.94 4.75 5.88 0.00

Type A - New Holland FX 28; Type B - Claas Jaguar 850; Type C - John Deere 6810; Ca - calcium;
P - phosphorus; Tukey's test statistical significance levels: p<0.05, small letters a, b. for columns each type of
harvester individually, capital letters A, B. for the trait in the year influence row.

Depending on the years of testing, the type
of silage harvesters and the cutting height, the
variability of the crude protein (CP) content
was very uniform (from CV = 6.40 harvester
C in 2019, to CV = 7.81 harvester A in
2020), the variability of the crude fiber (CF)
content was even lower and also uniform,
while the variability of crude ash (CAsh)
content was with higher differences (from
CV =1.83 harvester A in 2020 to CV = 11.47
harvester B in 2020).

The evaluation of the nutritional value of
corn silage depends to a significant extent on
the concentration of mineral components -
starch, calcium and phosphorus. Starch is the
main source of metabolic energy in corn
silage (Khan et al., 2007). With an increase in
cutting height, fiber content decreases and
starch content increases (Lynch et al., 2015;
Szymanska et al., 2018). Ferraretto et al.
(2018) and Horst et al. (2021), state that by
increasing the cutting height, there is an
increase in the share of grains, and thus the
concentration of starch in the prepared silage,

which increases the nutritional value of the
silage.

Starch was statistically higher (p<0.05) in
all types of silage harvesters in all years of
testing at a cutting height of 30 cm with a
maximum of 33.8% in 2020 (harvester B),
compared to a minimum of 28.2% (harvester
A) in 2019 at a cutting height of 10 cm
(Table 4).

At the same level of statistical significance
and cutting height of 30 cm, calcium (Ca)
showed higher values in 2018 for all
harvesters. In 2019, there was no statistical
significance, but the peak values did exist. In
2020, the content of calcium (Ca) was
significantly higher after harvesting with
harvesters C and B at a cutting height of 30
cm compared to a cutting height of 10 cm,
while no significant difference was found
with harvester A. For phosphorus (P), there
was no significant difference depending on
the cutting height, but it did exist depending
on the year. The achieved values of the
content of mineral components in corn silage
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in our tests are compatible with the results
reported by other authors (Kennington et al.,
2005; Wu and Roth, 2005; Kung et al., 2008;
Lynch et al., 2015; Hulse et al., 2017), and a
study (Zhao et al., 2018) recommends that
the cutting height of high-starch silage corn

varieties should be moderately reduced to
increase silage quality and yield.

During our research, the highest and
positive correlation dependence (p<0.001)
existed between silage yield and calcium (Ca)
and phosphorus (P) content (Table 5).

Table 5. Pearson's correlation coefficients (r) of the investigated parameters of corn silage harvested
in a three-year period (n=9)

(;:EUE? Parameters Losses CP CF CAsh Starch Ca p
(cr?]) % % % % % % %
Yield 0.877%* 0.222 -0.626 -0.106 0465 | 0.922%** | 0.963%**
(kg ha™)
Losses -0.239 -0.219 0.206 0.148 0.685* 0.752*
(kg ha™)
10 CP % 20.807** | -0.763* | 0.761* 0521 0.422
CF % 0614 -0.765* | -0.802** | -0.710*
Cash % 20.909%** | 0368 20.257
Starch % 0.669* 0593
Ca% 0.949%**
(k\g 'ﬁ!fl) 0.853** 0.521 -0.612 -0.364 0608 | 0.945%** | 0.950%**
Losses 0.151 -0.316 -0.254 0.145 0.721* 0.708*
(kg ha™)
15 CP % 20.802** | -0469 | 0.826% 0.658 0.722%*
CF % 0743 | -0.765* | -0.772* | -0.766*
Cash % -0.485 20.592 20.507
Starch % 0.738* 0.756*
Ca% 0.968%**
(kE 'ﬁ:fl) 0.830%* 0288 | -0.953*** | -0.336 0618 | 0.962%** | 0.932%**
Losses 0.065 -0.649 -0.055 0.088 0.669 0.608
(kg ha™)
30 CP % -0.667* -0.041 0.518 0.401 0.244
CF % 0.415 20.774% | -0.981%% | -0.977%*
Cash % 20.373 20.438 20.419
Starch % 0.766* 0.792*
Ca% 0.944%%*

* p<0.05, **p<0.01, ***p<0.001, ns not signifcant (nsp>0.05); CP - crude protein; CF - crude fiber; CAsh - crude ash;
Ca - calcium; P — phosphorus.

At all cutting heights and between calcium

r

-0.807 and r

-0.802, up to the

(Ca) and phosphorus (P) there was a highly
significant (p<0.001) and positive correlation
dependence, while between silage yield and
losses the dependence was of a lower level of
significance (p<0.01) but also positive. On
the other hand, there was a negative
correlation dependence between the content
of crude proteins (CP) and crude fiber (CF)
from r = -0.667, at the significance level
of p<0.05, at a cutting height of 30 cm, to

significance level of p<0.01, at a cutting
height of 10 and 15 cm. There was a highly
significant ~ (p<0.001) and  negative
dependence between crude ash (Cash) and
starch of r = -0.909, at a cutting height of
10 cm, as well as between vyield and crude
fiber (CF) of r = -0.953 and between crude
fiber (CF) and calcium (Ca) of r =-0.981 at a
cutting height of 30 cm (Table 5).
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CONCLUSIONS

It was observed that climatic conditions
had a significant (p<0.05) effect on yield and
losses. For all types of silage harvesters, a
cutting height of 30 cm had a statistically
significant (p<0.05) effect on losses of yield
compared to cutting heights of 10 and 15 cm
in all years of the study. The minimum losses
at the cutting height of 30 cm were achieved
by the operation of silo harvester B (1.185 kg
ha-1), and the maximum by the operation of
silo harvester C (1.996 kg ha-1). The cutting
height of corn stalks had a significant effect
on the chemical composition and nutritional
value of the prepared silage. In all types of
silage harvesters, the content of crude
proteins (CP) at a cutting height of 30 cm
was significantly (p<0.05) higher than at a
cutting height of 10 cm. The maximum
values of crude protein (CP) content of
8.15% were achieved during the operation of
harvester B. The cutting height of 30 cm
influenced a significantly (p<0.05) lower
crude fiber (CF) content of harvester B
(21.19 %) compared to the cutting height of
10 cm, where the crude fiber (CF) content of
harvester C was 24.33%. The crude ash
content (CAsh) did not vary significantly
under the influence of cutting heights. Starch
in all types of silage harvesters was
statistically higher (p< 0.05) at a cutting
height of 30 cm with a maximum of 33.8% of
harvester B compared to a minimum of
28.2% of harvester A at a cutting height of 10
cm. At the same level of statistical
significance and cutting height of 30 cm,
calcium (Ca) was significantly higher after
harvesting with harvesters C and B, while no
significant difference was found with
harvester A. For phosphorus (P), there was
no significant difference depending on the
cutting height.

Summarizing the results of our
comparative tests of self-propelled silage
harvesters regarding the effect of cutting
height on the nutritional value and chemical
composition of silage corn, preference is
given to harvester B, which achieved the best
results. In conditions of preparation of silage
at a later stage, a cutting height of 30 cm is

recommended because it ensures the best
balance between the quantity of silage to be
prepared and its nutritional quality. We must
state that the lack of irrigation of the areas
under silage corn is a major limiting factor in
silage production in Serbia.
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