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Abstract

The paper presents the results of three different ways of storing the dried mass of hay: bulk, small bales
and large roll bales, as well as the impact of three drying methods: natural in the field, artificial drying with cold
air and drying with dehumidification (warm air). In the tested meadow in the first swath, the results of chemical
analyses showed differences in the method of drying hay. Regarding the tested drying method, the content of
dry matter (DM) had significant differences between the storage methods as well as all variants with pre-heated
air drying, where the average value of DM was in the interval of 86.18-93.01%. The content of mineral
substances for certain methods of preparation and drying ranged from 5.77% to 7.72% on average. The highest
content of crude proteins was in all variants of artificial drying and it ranged from 98.6 to 165.7 g/kg DM and
had a statistically significant difference. Both methods of artificial post-drying had a significant impact on the
cellulose content (33.76% to 28.86%) compared to drying in the traditional way because postponing the
mowing time increases the cellulose content. The drying method had a statistically high significant difference
on the content of neutral detergent fibres (NDF) and acidic detergent fibres (ADF), while the method of
storage had no major impact. Knowledge of changes in the quality of hay during the growing season is of
particular importance form the aspect of ruminant nutrition and balanced rations. The amount and quality of
obtained hay is significantly affected by the time of mowing, height of mowing, swath, fertilization, floristic
composition and weather conditions during drying of the green mass.
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Introduction

Hay is a preserved bulk food, obtained by drying mowed plants to a moisture level of 18% which

interrupts the impact of enzymes in their cells and minimizes the degree of microorganisms’ activity. The
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optimal humidity for safe storage of hay ranges between 12-18% (Adler, 2002). Hay is a necessary component
of bulk food for certain categories of livestock: cattle, sheep and other ruminants. In lowland regjons, it is
mainly prepared from legumes, alfalfa and clover. In hilly regions, hay is made from green mass produced on
natural or sown lawns.

Due to the increase in the price of protein and energy components of concentrates in the last few years,
farms which basic nutritional base is hay and silage feel the pressure to increase their profitability by improving
the quality of their fodder. According to Stockinger (2009), 24% of profit reserves in milk production refer to
animal fodder and its quality. For this reason, the economically successful production of milk is becoming more
and more important and therefore the production of quality hay is also becoming more and more important.
Different types of perennial grasses and legumes make it possible to compose dedicated mixtures that are
suitable for certain production conditions, methods of use, length of use, etc. (Lazarevi¢ ez al., 2006). It should
be noted that the hilly mountainous areas of our country, due to the specific configuration of the terrain and
pedological characteristics of the land, are very favourable for growing perennial grasses, mixed grasses and
legumes. Lawns based on mixtures of grasses and legumes, compared to natural meadows or lawns based only
on perennial grasses, provide higher yields and quality of biomass, which has an increased content of raw
proteins (Kessler and Lehman, 1998). In the Republic of Srpska, significant arable land in the hilly and
mountainous area is covered by grassland, where hay production is an important form of agriculture
production. According to the data of the Statistical Office in the Republic of Srpska and according to the
category of land use, 37% belongs to grassland, out of which 18% are meadows (RZSRS, 2020). According to
Stosi¢ ez al. (2005), the average yield of hay from mountain pastures is about 0.7 t/ha, and from meadows 2.1
t/ha. Hay dried in the field is currently the main way of preserving it in hilly and mountainous regions. It is
characterized by low nutritional quality (Hauwuy, 1993) as a result of mowing at a late stage of maturity,
significant mechanical losses, often as a result of a subjective factor in the process of applying technical means
and often accompanying rain during hay preparation. As the optimal phase for mowing the first swath of alfalfa,
the budding (buttoning) is most often mentioned in the literature, and for grasses, the beginning of leafing
(Pordevi¢, 2012). By choosing the optimal phase for use, the maximum in nutritional value is achieved, with
the optimal yield of dry matter per unit area. Cost-effective production in livestock, especially bovine animals,
is based on the maximum use of high-quality voluminous food which is comparably cheaper than concentrated
nutrients. According to its chemical composition and nutritional value, hay is the most variable nutrient which
directly affects the production of high-milk cows, especially in the case when hay is the only or dominant
nutrient. There are different methods of assessing the quality of hay. Generally, the assessment is based on the
results of organoleptic and chemical analyses, including the proportion of leguminous plants, cellulose protein
content and others. Crude protein content is an important quality parameter, but ADF and NDF are equally
important. ADF consists of cellulose, lignin and ash. Lignin has a very low digestibility and cellulose is usually
less than 50% digestible. Thus, plants with high ADF content have low digestibility and lower energy
concentration (Henningand Lawrence, 2018). In the vegetative phase of plant development, the share of leaves
is equal to or greater than the share of stems, while the proportion of leaf mass decreases with the age of lawn,
but the share of stems increases relatively, the amount of crude proteins decreases and the amount of crude
fibers increases (Di Marco et al., 2002). The decline in the quality of green mass is associated with an increase
in the proportion lignin and structural parts of the cell wall, i.e., with a decrease in the content of crude proteins
and digestible parts of the plant cell, such as starch, monosaccharides and sucrose (Aman, 1983). At the same
time, optional consumption and digestibility of such hay is reduced. Italian research on 7.000 samples have
shown that the quality of mountain hay in the first swath is markedly low, with medium values of 63.3% for
NDEF (in dry matter) and 8.9% for crude protein in dry matter (Borreani, 2005). Since the age of plants at the
time of mowing is the main affecting factor on the nutritional value of fodder, (Van Soest, 1994), early
conservation in the form of hay and silage is necessary in order to obtain suitable fodder with satisfactory
nutritional potential for dairy cows as well as desirable reduction of concentrates in feeding (Jeangros, 2004).
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The quality of the hay depends on the quality of the mowed fodder, as well as on the losses and changes
of the fodder during drying and storage. Drying or re-drying hay on traditional dryers (haystacks, hayracks),
ventilation devices with cold or warm air or on condensation dryers contributes without doubt to a better
quality of hay. An Austrian study showed, on a sample of over 500 farms, that less than one third of farmers
(27.8%) dried hay on the ground, that 39.0% of farmers used air ventilation of the hay with cold air, and 33.2%
with warm air (Resch ez a/., 2011). The indoor drying method was introduced in mountainous areas where
there are frequent rains at the harvest time. This technique involves partial drying where natural and heated air
were used. Traditional drying of hay in swaths on the ground with the help of solar energy requires a longer
phase of field drying and thus the greatest weather risk. High levels of precipitation during May and June
significantly prolong the drying time of hay in this way. Depending on the process, drying enables the harvesting
of fodder, primarily hay with higher water content. On the one hand, the advantage of this method is the
shortening of the drying time in the field and with its reduction of the risk of bad weather, and on the other
hand, there is no any decrease in the qualitatively valuable leaf mass at higher humidity. The increase in
moisture content of such material is a challenge for different methods of drying, because it is necessary to
remove a large amount of water in a very short time in order to prevent mass microbiological activity in fodder
and its decay. Additional drying with cold non-preheated air has only a limited drying effect. Especially at low
temperatures or high humidity, the water absorption from the air is very low and this reduces the efficiency of
hay drying (Nydegger, 2009). Hay drying processes with additional air heating or air dehumidification can
remove adequate quantities of water from hay even at unfavourable temperature or air humidity (Gindl, 2002).
With adequate energy use, fresh green fodder could also be dried by such a method, which is uneconomical due
to the sudden increase in drying costs.

Materials and Methods

Experimental studies on various hay preparations have been carried out on a plot of 1.5 ha, on the farm
not far away from Pale (43°52'39%; 18°36'24). The experimental plot where different aggregates have been
tested for hay storage is located at 900 m altitude, with a slightly inclined exposure in the northeast-southwest
direction. The plot is approximately rectangular in shape, 300 m long and 50 m wide. The examined meadow
in the first swath belongs to the two most common grass associations: Agrostidetum vulgarae and Festucetum
vallesiacae according to (Koji¢, 2001; Nesi¢, 2005). These are plant communities in the ecosystem of mesophilic
meadows, characteristic of the mountainous regions.

On the first day, the meadow was mowed in the evening. For the determination of dry matter and
laboratory analysis of fresh mass, samples were taken on the spot where the yield of grass mass was determined
in the field. The moisture content of the grass mass was determined by a laboratory method, a moisture meter
for biomass, i.e., by determining the content of dry matter and calculation per hectare. On the second day, with
the use of chain finger side delivery rake SIP 220, the swaths were loosened. During the drying process in the
field, samples were taken and the moisture content of the material was determined. At the moment of collecting
the loosen mass into a bundle, the mass humidity was 31.65%. After the mass was formed into windrows, the
dry hay mass was stored in the three most common ways of storage (factor A): loosened, small bales and large
round bales.

Then, the stored hay was placed in the dryer, where different variants of the method of drying (factor B)
such as artificial drying with cold air and drying with air dehumidification (warm air) were monitored, while
the control variant was natural drying in the field.

The stored bales were weighed with a crane scale and the humidity was determined using a hay moisture
meter (Hay moisture meter Wile 25) before putting it into the dryer. There are different methods of assessing
the hay quality. Basically, the assessment is based on the results of organoleptic and chemical analysis, including
the share of leguminous plants, the content of protein, cellulose, and many other groups and organizations
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(American Forage and Grassland Council, National Alfalfa Hay Testing Association, National hay Association
etc.) have worked together for several years on the development of standards based on the chemical hay analysis
(Lacefield, 1988). Standards assigned by Hay Market Task Force of AFGC came the calculation of basic quality
indicators: Digestible dry matter, dry matter intake and relative nutrient value.

Digestible dry matter (DDM) is an estimate of the portion of nutrients that is digestible and is
calculated using the ADF value: DDM (%) = 88.9-(%ADF * 0.779).

Dry matter intake (DMI) is an estimate of the maximum amount of dry matter from bulk feed that an
animal can eat (calculation based on NDF): DMI (%TM) = 120 / %NDF.

Relative feed value (RFV) is an estimate of the value of nutrients in ruminats feed: RFV = (DDM *
DMI) / 1.29.

Chemical analyses of hay samples were performed in the laboratory of the Faculty of Agriculture in East
Sarajevo and in the authorized certified laboratory of Sistem Qualita, S d.o.o, using standard methods for
testing the quality of animal fodder. Laboratory analyses of hay quality from the experiment included:

- content of dry matter, gravimetrically by drying at 105 °C for 24 hours until consant mass

- content of raw ash, by annealing 1 g of air-dried sample at 550 °C for an hour and measuring the
residue, and the ash is expressed as a mass percentage.

- protein content (total nitrogen) by the micro-Kjeldahl method. This method covers digestion of the
sample using concentrated sulfuric acid in the presence of a catalyst, neutralization after digestion by
adding NaOH, and titration of the resulting ammonia with a standard HCI solution in an automatic
VELP apparatus. The amount of protein is calculated by multiplying with the appropriate factor.

- cellulose content (crude fibers), according to Weende and Wijkstrom was determined using Fiber Bag
FBS 6 — Gerhardt. The method is based on the samples treatment with a solution of sulfuric acid and
sodium hydroxide and then the residue is separated by filtration and measured after drying,

- determination of neutral detergent fibers (NDF) according to Van Soest, the method is based on the
dissolution of soluble carbohydrates, pectin, lipids, soluble mineral substances and silicon. Soluble
content is defined as a neutral detergent fiber (NDF) and

- determination of acidic detergent fibers according to (ADF) Van Soest, the method is based on the
dissolution of soluble carbohydrates, pectin, lipids, soluble mineral substances and hemicellulose. The
rest of fibers consisting of cellulose, lignin, cutin and mineral substances insoluble in acid, is defined as
ADF.

Sorting and statistical processing of data, whether there is a statistically significant difference between
storage methods and methods of hay drying in terms of its quality, i.c., the content of protein, raw ash, cellulose,
as well as the content of neutral detergent fibres (NDF) and acid detergent fibres (ADF), are carried out using
Microsoft Office Excel and IBM SPSS Statistics 21.0. This first part was performed as one-factorial experiment,
while mutual interactions were performed as two-factorial experiment.

Testing standard statistical methods using one-way analysis of variance was performed in order to
determine if significant differences occurred among treatments. LSD test was performed at a 95% level of
significance in order to test the null hypothesis about the difference among the average values of the content of
the basic chemical parameters in the hay samples.

Results and Discussion

In the examined meadow in the first swath, the average yield of green mass varied 23.5 - 46.5 t/ha, on
average 38.4 t/ha. The representation of certain categories of plants in percentages was grasses 58%, legumes
25% and other plants 17%. Nutrient concentrations, digestibility, sugar and protein content as well as
microbilogical status are important parameters in assessing the quality of hay as well as the way it is stored. The
following Tables 1 and 2, show the basic chemical composition of hay for three different methods of
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preparation (bulk and pressed) as well as three different treatments of drying it. Thus, the impact of nine
different treatments, the impact on the dry content matter, mineral matter, crude proteins, crude cellulose, as

well as the content of neutral (NDF) and acidic detergent fibers (ADF) was examined.

Table 1. Hay quality depending on the storage method (%)

Method of DM CA ol CF NDF ADF
preparing
Control 91.88a 7.33 19.60a 26.57b 60.43 33.51b
Bulk 89.65b 6.61 12.08b 33.54a 60.58 39.24a
Small bales 89.98b 6.59 13.66b 33.12a 63.07 39.11a
Roll bales 91.60a 6.88 14.40b 32.20a 60.82 37.86a
Average 90.78 6.85 14.93 31.36 61.22 37.43
LSD 1.327 0.711 2.405 2913 4468 2.031
Legend: DM-Dry Matter; CA-Crude ash; CP-Crude protein; CF-Crude fibre; NDF-Neutral detergent fibres; ADF-
Acid detergent fibres

*Values marked with lowercase letters in columns are significantly different at the P<0,05 level according to LSD test.

Table 2. Hay quality depending of the drying method

Drying method DM CA CP CF NDF ADF
Control 91.88 7.33 19.60a 26.57b 60.43b 33.51c
Natural 90.37 6.49 12.22b 34.31a 65.58a 40.36a
Cold air 90.94 6.86 14.92b 31.88a 58.66b 37.69b
Warm air 89.92 6.75 13.00b 32.68a 60.23b 38.16b
Average 90.77 6.85 14.93 31.36 61.22 37.43
LSD 1.692 0.703 2.254 2.659 2.235 1.480

Legend: DM-Dry Matter; CA-Crude ash; CP-Crude protein; CF-Crude fibre; NDF-Neutral detergent fibres; ADF-
Acid detergent fibres

*Values marked with lowercase letters in columns are significantly different at the P<0,05 level according to LSD test.

It is important that in the preparation of hay, the content of dry matter quickly rises above 870 gkg” to
ensure microbiological stability during the storage period (Nydegger, 2009). With the regard to the examined
method of drying, the content of dry matter (DM) had significant differences between the methods of storage,
bulk - roll bales, small bales — roll bales, as well as variants with pre-heated air drying (Figure 1). Regardless of
the fact that the traditional ways of storing hay (drying on the ground) have lower DM values, the drying
process itself requires a longer field phase, i.c., drying in the field, which is associated with an increased risk of
bad weather conditions (Resch ez /., 2009). On the other hand, the increase of dry matter in the field leads to
increased losses due to shedding and crumbling, according to some authors, up to 10-20% (Buchgraber and
Gindl, 2004). In their research, Resch ez a/. (2014), they state that the factor of age and swath per row had the
greatest impact on the content of dry matter, while the factor of drying itself had a very significant impact on
the content of carotene. According to Cobi¢ et al. (1991), the average value of dry matter in grass hay was
86.69%, while in the research of Laki¢ ez /. (2008) it ranged on average from 86.27 to 88.35% which is similar
to the results obtained in this paper, where the average value of DM ranged from 86.16 to 93.01%.

Table 3 shows the content of mineral substances (ash) for certain methods of preparation and drying,
On average, the ash content ranged from 5.77% to 7.72%, minor oscillations and differences occur in terms of
the method of drying with cold air and natural drying in the field which mainly depends on the earliness at the
time of mowing and on the swath per row (Resch ez a/., 2014). The same authors stated that the greatest growth
in mineral substances affected the sodium and copper content. Cobi¢ et 4. (1991), in their research, they
obtained raw ash values of 6.63% which is in accordance with the values listed in Table 3. Lakié¢ ez 4/. (2008),

reported similar values in their research on grass-leguminous mixtures where the crude ash content varied from
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7.13% (Lotus corniculatus) to 9.72% (Lolium perenne). The crude protein content ranged from 98.5 to 167.5 g
kg' DM and in small variants of artificial drying had a statistically significant and highly significant difference
compared to the traditional storage method with a difference of 34.1 g kg! DM. The method of hay storage
had no major differences except in the case of small square bales, which is related to the different mowing time
in the test period. Resch ez a/. (2014), stated in their research that the drying factor had a highly significant
difference on the content of crude proteins and carotene. The average effect of drying with preheated air was
4.9 gkg' DM higher compared to traditional drying in the field. Similar results were reported by (Makevi¢ ez
al., 2004) where, depending on the method of drying, an increase in crude protein of 23.7 gkg' DM was
reported. In the study by Ferreira (2004), it is stated that the crude protein value is 72 g kg"' DM, whereas
(Cobi¢, 1991) states the crude protein value in the amount of 94.9 g kg' DM in meadow hay, which is lower
than the results obtained. According to Laki¢ and Mali¢evi¢ (2021), the crude protein content of natural
meadow amounted to 96.6 gkg' DM, while in the variants of grass-leguminous mixtures it ranged from 126.1
- 134.3 gkg! which is in accordance with the obtained results from our survey. Regarding the cellulose content,
Table 3 shows a statistically high significant difference between the drying method, where both methods of
artificial post-drying had an impact on the lower cellulose content compared to drying in the field. The results
of our research agree with the research results of Makevic ez al. (2004), Resch (2013), Resch ez al. (2014). The
mentioned authors report raw cellulose values of 33.76% in hay dried on the ground, while its content was

28.86% when dried in a dryer with cold air.

Table 3. Chemical composition of hay depending on the storage and drying method (%)

Quality parameters | DM | CA | CP | CF | NDF | ADF
Method of preparing (A)
Loosened (A1) 89.65b 6.61 12.08 33.54 60.58 39.24
?X‘;)H rectangular bales 89.98ab 6.59 14.22 3251 62.64 38.90
Large round bales (A3) 91.60a 6.88 13.84 32.82 61.25 38.07
Drying method (B)
Field drying (B1) 90.65 6.15b 10.39b 35.52a 66.04a 40.83a
Cold air (B2) 90.66 7.19a 14.87a 31.28b 58.63b 34.44b
Warm air (B3) 89.92 6.74ab 14.34a 32.06b 59.80b 37.94b
AxB
AlB1 90.85b 5.77d 9.85¢ 36.37a 64.05abc 41.66a
Al1B2 90.13bc 7.50ab 12.16cd 32.82bcd 58.56d 38.17cd
Al1B3 87.98d 6.55bcd 14.25bc 31.42bcd 59.12cd 37.90cd
A2B1 90.07bc 6.41cd 12.00cde 33.92b 66.29ab 40.67ab
A2B2 90.74b 6.36cd 16.75a 30.53cd 59.37cd 36.73d
A2B3 89.14c 7.01abc 13.91bc 33.06bc 62.24bcd 39.29bc
A3B1 91.04b 6.27cd 10.96de 36.27a 67.77a 40.17ab
A3B2 91.10b 7.72a 15.69ab 30.49d 57.96d 37.42d
A3B3 92.66a 6.67bcd 14.86ab 31.69bcd 58.03d 36.64d
LSD
A0.05 0.738 0.553 1.353 1.505 3.071 0.985
0.01 1.011 0.757 1.853 2.062 4.027 1.350
B 0.05 0.738 0.553 1.353 1.505 3.071 0.985
0.01 1.011 0.757 1.853 2.062 4.027 1.350
AB 0.05 1.278 0.957 2.343 2.606 5.319 1.707
0.01 1.751 1311 3.210 3.570 7.287 2.338
Legend: DM-Dry Matter; CA-Crude ash; CP-Crude protein; CF-Crude fibre; NDF-Neutral detergent fibres; ADF-
Acid detergent fibres

*Values marked with lowercase letters in columns are significantly different at the P<0,05 level according to LSD test.
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Figure 1. Chemical content depending on the way of preparation and drying (%): (A) Dry Matter; (B)
Crude ash; (C) Crude protein; (D) Crude fibre; (E) Neutral detergent fibres - NDF; (F) Acid detergent

fibres — ADF

The determined differences are the consequence of the delay in preparing the hay because the cellulose
content increases with the age of the plants. Since in our research, there was a greater proportion of grasses in
the hay structure, for this reason the cellulose had such values which is in accordance with the research (Laki¢

et al., 2008) where the crude cellulose values for grass-clover mixtures with a higher percentage of grasses where
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31.25% and for mixtures with a higher percentage of legumes 29.41% (Laki¢, 2012). One of the quality
important measures of green mass and hay is the percentage of acidic detergent fibers (ADF) and neutral
detergent fibers (NDF). ADF and NDF levels are important because they have a high impact on livestock
productivity and digestion. The content of ADF and NDF are very important components and the variation
of their percentage composition depends significantly on the maturity stage of plants. ADF is a fodder
component that, together with cellulose and lignin, is the least digestible for livestock. Its increase reduces
digestibility, so fodder with higher concentrations of ADF is usually lower in energy. NDF are structural
components of plants and in particular participate in the cell walls construction. With the increase of the plants
age, the NDF content also increases, but it generally refers to nutrients with low nutritional value. Compared
to the classical analysis of crude fibers (cellulose), structural carbohydrates can be decomposed much more
realistically and as such represent the real state of quality (Gruber, 2009). The drying method had a statistically
high significant difference on the content of neutral detergent fibers (NDF), while the storage method had no
major impact. The age and the number of cuttings per growth have the greatest influence on the NDF content
(Resch, 2013; Resch et 4l., 2014).

The drying method showed a statistically significant difference on the content of acidic detergent fibers
(ADEF), while the preparation method had no major impact. According to Resch (2013) and Resch ez /. (2014)
the ADF content was influenced by the year of testing and growth, while the drying method had no major
influence, which is not in agreement with our results.

The difference is the consequence of the delay in the variants of preparing the trial and the blooming
phase of the meadow. The time of mowing plants has a great impact on the content and digestibility of nutrients
in them. Young plants have a higher digestibility of nutrients because they are richer in proteins compared to
plants in later phenophases of development. With further growth and development of plants, i.e., their aging,
the proportion of raw cellulose increases, and then the proportion of lignin in the cellulose. Although the
content of dry matter increases with aging, the digestibility of nutrients rapidly decreases precisely because of
the cellulose lignification, but also other nutrients such as proteins and minerals (Gatari¢, 2014). According to
Makevié e al. (2004), fiber values are most affected by the stage of development of grasses and legumes, and
these values range from 55% (heading phase) to more 65% (after heading) for NDF, i.e., from 33% to more
than 41% for ADF. The content of both cellulose fiber fractions (NDF, ADF) was higher in the summer period
due to higher temperatures and accelerated plant aging (Vasiljevi¢ and Pataki, 2012). Storing high-quality hay
is a very expensive process, and on the other hand, due to weather conditions and the human factor, large
quantities of hay are not often of satisfactory quality. The hay quality is determined by the chemical
composition and digestibility of nutrients at individual stages of plant development, as well as by the method
of drying and storage, the length storage and the method of use.

Table 4. Hay quality standard parameters (Hay Market Task Force of AFGC)

Preparation variants DDM (% DM) DMI (% DM) RFV Quality standard
AlBI1 56.4 1.9 82.2 3.7

AlB2 59.2 2.1 94.0

AlB3 59.4 2.1 94.5

A2B1 57.2 1.8 80.6 4.3

A2B2 60.3 2.0 94.6 3

A2B3 58.3 1.9 87.3 3.7

A3B1 57.6 1.8 79.4 4.3

A3B2 59.8 2.1 96.4 2.7

A3B3 60.4 2.1 97.1 2.7
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Standard hay of relative nutrient value (RFV) = 100 contains 41% ADF and 53% NDF and has standard
quality 3 (Lacefield, 1988). Based on the standards for calcualting the quality of hay assigned by the Hay Market
Task Force of AFGC, it was determined that the majority of tested samples, which were dried, had a grade of
3 and below 3, while the hay samples prepared in the classic way had an average grade of 4, i.e. were of poorer
quality (Table 4).

Regarding the tested drying method, the content of dry matter (DM) had significant differences
between storage methods, bulk — roll bales, small bales — roll bales, as well as variants with pre-heated air drying
where the average value of DM ranged from 86.18 — 93.01%. The mineral substances content for certain
methods of preparation and drying ranged from 5.77% to 7.72% on average, smaller oscillations and differences
occur in the case of cold air drying and natural drying in the field, which mainly depends on the earliness at the
time of mowing and from growth per year. The highest content of crude proteins was in the variant with
artificial drying with cold air 167.5 g kg’ DM and in all variants of artificial drying it had a statistically
significant and highly significant difference compared to the traditional method of storage with a difference of
34.1 gkg' DM. Regarding the cellulose content, there is a significant difference between the drying methods,
where both methods of artificial drying had an impact on the cellulose content compared to drying in the
traditional way, because delaying the mowing time extended the vegetation phase, i.c. the plants’ age, and with
the age of plants, the cellulose content increases.

From the perspective of ruminant nutrition, the relationship between structural (NDF and ADF) and
non-structural (starch) occupies a special space in the domain of hay quality. The contents of ADF and NDF
are very important nutrition components and variation of their percentage in composition depends
significantly on the maturity stage of the plants. The drying method had a statistically high significant
difference on the content of neutral detergent fibres (NDF) and acidic detergent fibres (ADF), while the
storage method had no major impact.

Knowing the changes in the hay quality during the growing season is of a particular importance from
the aspect of ruminant nutrition and ration balance in order to ensure the appropriate ratio of structural and
non-structural carbohydrates. A coarse fodder that contains a lot of cellulose while used in the feed of domestic
animals gives a feeling of satiety, which causes less consumption of concentrated fodder, which results in
reduced production by animals, especially milk

Conclusions

Our research has shown that the method of drying (artificial post drying and natural drying in the field)
can partially affect the quality, which mainly depends on the early maturity of the plants at the time of mowing
and on the swath order

The amount and quality of the obtained hay are significantly affected by the time of mowing, height of
mowing, swath, floristic composition and weather conditions during drying of the green mass. Earlier mowing
results in a better quality of the plant mass, i.e. higher protein content and higher digestibility of nutrients,
while later mowing results in a higher yield of dry matter, but also a lower digestibility of nutrients, because in
plants the proportion of stems in relation to leaves increases. The digestibility of nutrients depends to a large
extent on the method of creation and the chemical composition of lignin as part of ADF, which is used to
calculate the digestibility of dry matter and the calculation of hay quality parameters. In the majority of tested
variants of drying, the quality assessment based on the relevant standards (Hay Market Task Force of AFGC)
is at a satisfactory level. By increasing the share of the stem in the plant, the share of cellulose in it increases, and
the digestibility of organic matter by animals decreases. Therefore, when mowing the plants, it is necessary to
make balance between these two possibilities in order to achieve optimal quality and a satisfactory yield of hay.



Jugovic M et al. (2023). Not Bot Horti Agrobo 51(2):13180
Authors’ Contributions

Conceptualization: MZ and MI; Methodology: MZ and MI; Formal analysis: MZ; Investigation: MJ;
Writing - original draft: MJ and TJ; Resources: T] and ZM; Writing - review and editing: MZ, MJ and TJ. All

authors read and approved the final manuscript.

Ethical approval (for researches involving animals or humans)

Not applicable.

Acknowledgements

This research received no specific grant from any funding agency in the public, commercial, or not-for-
profit sectors.

Conflict of Interests

The authors declare that there are no conflicts of interest related to this article.

References

Adler A (2002). Qualitat von Futterkonserven und mikrobielle Kontamination. In: Alpenlandisches Experten forum.
Gumpenstein: Irdning: Bundesanstalt fur alpenlandische Landwirtschaft Gumpenstein, pp 17-26.

Aman P, Lindgren E (1983). Chemical composition and 77 vitro degradability of individual chemical constituents of six
Swedish grasses harvested at different stage of maturity. Swedish Journal of Agricultural Rsearch 13:221-227.

Borreani G, Tabacco E, Blanc P, Gusmeroli F, Della Marianna G, Pecile A, ... Arlian D (2005). La qualita del fieno di
montagna va migliorata. Linformatore Agrario 61:47-52.

Buchgraber K, Gindl G (2004). Zeitgemasse Grunland-Bewirtschaftung 2, vollig neubeaubeitete auflage. Leopold Stocker
Vela.

Cobi¢ T, Batvanski S, Vuéeti¢ S, Antov G, Plav$i¢ M (1991). Nutritive value of domestic feed for ruminants.
Contemporary Agriculture 39:77-87.

Di Marco ON, Aecllo MS, Nomdedeu M, Van Houtte S (2002). Effect of maize crop maturity on silage chemical
composition and digestibility (i7 vivo, in situ and in vitro). Animal Feed Science and Technology 99(1-4):37-43.
https://doi.org/10.1016/50377-8401(02)00077-9

Djordjevic N, Grubic G, Stojanovic B, Dinic B, Bozickovic A (2012). Contemporary aspects of lucerne use in animal
nutrition. In: Proceedings of 6th Central European Congress on Food-CEFood Congress. Institute of Food
Technology, Novi Sad (Serbia).

Ferreira LMM, Olivan M, Rodrigues MAM, Osoro K, Dove H, Dias-da-Silva A (2004). Estimation of feed intake by cattle
using controlled-release capsules containing n-alkanes or chromium sesquioxide. The Journal of Agricultural
Science 142(2):225-234. hitps://doi.org/10.1017/50021859604004320

Gatari¢ D, Drini¢ M, Radi¢ V, Kralj A (2014). Production on arable land and nutritional value of forage crops. University
of East Sarajevo, Faculty of Agriculture, East Sarajevo.

Gindl G (2002). Zeitgemafle Heubereitung und Heuqualitat in der Praxis. In: 8. Alpenla“ndisches Expertenforum.
Gumpenstein: Irdning: Bundesanstalt fur alpenlandische Landwirtschaft Gumpenstein, pp 67-72.

Gruber L (2009). Chemische Zusammensetzung, Analytik und Bedeutung pflanzlicher Geriistsubstanzen in der
Ernihrung der Wiederkiuer. Ubers. Tierernihrg 37:45-86.

10



Jugovic M et al. (2023). Not Bot Horti Agrobo 51(2):13180

Hauwuy A, Coulon JB, Paradis J (1993). Effet de la nature du foin des Alpes du Nord sur les performances des vaches
laitieres. In: Annales de Zootechnie 42(3):289-208. EDP Sciences.

HenningJ, Lawrence L (2018). Production and management of hay and haylage. Horse Pasture Management 2019:177-
208. hrtps://doi.org/10.1016/B978-0-12-812919-7.00011-1

Jeangros B, Thomet P (2004). Multi-functionality of grassland systems in Switzerland. Grassland Science in Europe 9:11-
23.

Kessler W, Lehmann J (1998). Evaluation of grass/clover mixtures for leys. Grassland Science in Europe 3:231-234.

Koji¢ M, Mrfat-Vukeli¢ S, Vrbnicanin S, Daji¢ Z, Stojanovi¢ S (2001). Weeds of meadows and pastures of Serbia. Belgrade,
Institute for Research in Agriculture, Serbia, SCG.

Lacefield G (1988). Alfalfa hay quality makes the difference. Agriculture a Natural Resources Publications 32.

Lakic Z, Vojin S, Gataric D (2008). Yield and quality of fodder biomass of legumes and grasses grown in a pure sowing
crop and mixtures. Agroznanje-Agro-knowledge Journal 9(3):113-122.

Laki¢ Z (2012). Yield and quality of forage legumes and grasses grown in pure sowing and mixture. Puki¢ UD, Stevovi¢
V (Eds). Breeding of fodder plants and production of fodder on arable land. University of Kragujevac, Faculty of
Agronomy in Catak, pp 301-330.

Laki¢ Z, Mali¢evi¢ Z (2021). Cultivation methods and utilization of forage plants on arable land. University of Banjaluka,
Faculty of Agronomy, Banja Luka.

Lazarevi¢ D, Stosi¢ M, Dini¢ B, Lugi¢ Z, Terzi¢ D (2006). Production potential of sown lawns in the lowland and
mountain areas of Serbia. Biotechnology in Animal Husbandry 22:481-488.

Makevi¢ M, Grubi¢ G, Pordevi¢ N, Jokié¢ Z (2004). Nutrition of domestic animals. University of Belgrade, Faculty of
Agriculture, Belgrade-Zemun.

Nesi¢ Z, Tomié Z, Krnjaja V, Zujovié¢ M (2005). Useful and harmful plant species in the meadow-pasture associations of
Stara Planina. Journal of Scientific Agricultural Research 67:65-72.

Nydegger F, Witleitner G, Galler J, Péllinger A, Caenegern L, Weingartmann H, Wittmann H (2009). Qualititsheu
durch effektive und kostengiinstige Beliiftung. Der Fortschrittliche Landwirt Sonderbeilage 3:57-68.

Resch R (2013). Auswirkungen unterschiedlicher Trocknungsverfahren auf die Raufutterqualitit. Irdning-
Donnersbachtal: HBLFA Raumberg-Gumpenstein, Institut fiir Pflanzenbau und Kulturlandschaft, Raumberg .

Resch R, Adler A, Potsch EM (2014, June). Impact of different drying techniques on hay quality. In: 16th International
Symposium Forage Conservation, Brno, Mendel University Brno, pp 3-6.

Resch R, Buchgraber K, Pétsch EM, Gruber L, Guggenberger T, Wiedner G (2009). Mineralstoffe machen das Grund-
und Kraftfutter wertvoll. Sonderdruck der Osterreichischen Arbeitsgemeinschaft fiir Griinland und Futterbau
(OAG), Fachgruppe Futterbau und Futterkonservierung, INFO.

Resch R, Buchgraber K, Wiedner G, Frank P, Meusburger C, Pichler M, ... Wurm KP (2011). Raufutterqualitit auf
osterreichischen Betrieben. Abschlussbericht zur wissenschaftlichen Titigkeit (3583).

RZSRS (2020). Agriculeure. Republic of Srpska, Institue of Statistics, Banja Luka

Stockinger C (2009). Milchproduktion in Zukunft — Gewinnen wir den Wettbewerb? Tagungsband 36, Irdning:
Vichwirtschaftliche Fachtagung, LFZ Raumberg-Gumpenstein, pp 11-18.

Stosi¢ M, Lazarevi¢ D, Drinié¢ B, Terzi¢ D, Miki¢ A (2005). Natural grasslands as basis of livestock development in Hilly-
Mountainous Regions of Central Serbia. Biotechnology in Animal Husbandry 21:265-271.
https://doi.org/10.2298/BAH0506265S

Van Soest PJ (1994). Nutritional ecology of the ruminant. Cornell University Press.

Vasiljevi¢ S, Pataki I (2012). Breeding of red clover (T7ifolium pratense L.). In: Puki¢ D, Stevovi¢ V (Eds). Breeding of
fodder plants and production of fodder on arable land. University of Kragujevac, Faculty of Agronomy in Cacak,
pp 73-108.

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are
OPEN AcCEess| allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any

other lawful purpose, without asking prior permission from the publisher or the author.
@ ® License - Articles published in Notulae Botanicae Horti Agrobotanici Cluj-Napoca are Open-Access,
o~ distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License.

11



Jugovic M et al. (2023). Not Bot Horti Agrobo 51(2):13180

© Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to
hold the copyright/to retain publishing rights without restriction.

Notes:

»  Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published
in the journal.

»  Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

»  Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for
the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors
or persons to whom they are credited. Publication of research information does not constitute a recommendation or
endorsement of products involved.

12



