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ABSTRACT

The article presents the results of monitored operation of combines during the first season of their joint use for silage
preparation in the northern part of Montenegro in machinery rings in the municipalities of Bijelo Polje, Berane and Pljevlja. The
seasonal performance was determined for a total of 6 combines, of which only one was used for the preparation of silage from
whole corn plants, one combine was used for preparing silage from cuts, and four combines were intended for direct mowing and
ensiling of grass. The research included 7 machinery rings and 45 farmers, of which 11 (24.44%) shared harvesters for the
preparation of silage from grass, alfalfa, a mixture of legumes, and grain. During the season, the shared harvesters worked 45 days
and achieved an output of 23.95 ha and 687.75 t of silage.

For the preparation of silage from whole corn plants in 2 machinery rings, a joint combine was used by 9 farmers. The total
seasonal performance of the combine was 14.9 ha of harvested land, and 468.45 t of corn silage for 19 days of work.

The extent of use of shared silage combine harvesters depends on plot size, area under fodder plants, organization of work,
output of the combine, optimal dates for cultural operations, and weather conditions i.e. the number of days suitable for work,
etc.

Keywords: machinery ring, shared silage combine, silage harvester performance, silage of corn, grass, legumes and oats.

H3BO/J

Y pany cy npukasaHu pe3yaTaTu npahema pasa kKoMbajHa y TOKy IpBe Ce30He 3aje/JHUYKOr KOpHIIhema y IpUnpeMamy CHIKe
y CeBepHoM Jiety LipHe ['ope y MammHCKUM npcTeHoBUMa y onuTHHaMa bujesio [losbe, BepaHne u [lybeBsba. YTBpheH je ce30HCKU
YYHMHAaK YKyIHO 6 KOMG6ajHa, Of KOjUX je caMo jeZjaH 3a NMpUIIpeMalbe CHJIQXKe O Liesie OM/bKe KYyKypy3a, jelaH KOMOajH je 3a
CHJIMpambe CUJIoMace U3 0TKOCA, a Y4eTUPH KoMbajHa Cy HaMemeHa 3a JMPEKTHO KOlLlehe U CUIMparbe TPaBa.

HcTpaxnBamuMma je o6yxBaheHo 7 MalIMHCKHUX NMpCcTeHOBa W 45 ¢apMepa, oa kojux je 11 (24,44%) 3ajeAHUYKH KOPHUCTHIIO
KoMG6ajHe 3a NMpUIpeMy CHJIQKe Of TpaBa, JyLlepKe, MellaBHHe JIETyMHHO3a M XHUTa. Y TOKY Ce30He 3ajeJHHYKH KopuuheHH
KOMOGajHM Cy pasuu 45 JaHa M 0CTBapUIIX YyUrHaAK oA 23,95 ha u 687,75 t cusio mMace.

3a mpunpeMy cuJaxe o Liesie GMJbKe KyKypy3a y 2 MallMHCKa NPCTeHa 3aje JHUYKU KOM6ajH je kopucTuiio 9 dpapmepa. YKynaH
Ce30HCKH NMOBPLIMHCKY YYMHAK KoMbajHa je 14,9 ha, a macenu 468,45 t cunaxke Kykypysa 3a 19 aHa paja.

06uMm kopuinhewa 3ajeJHUUYKUX KOMOajHa 3a CHJIQXKY 3aBUCH OJi BeJMYMHE Mapliesie, NMOBPIIMHA MOJ KPMHHUM OMJbEM,
opraHusanyje pajia, eKCIJIoaTallMOHOT YYMHKA KOMOajHa, ONTHMa/IHUX arpOTEXHUYKHX POKOBA, BpEMEHCKHUX YC/IOBa, OJJHOCHO
Opoja NOroAHMX JlaHa 3a paf U Ap.

KmyuHe pevu: MaQuUHCKU npcmeH, 3ajedHU4KU CUIOKOMOAjHU, YYUHAK CU/IOKOMOAjHA, cuaaxca od KyKypy3a, mpasa, 1e2yMuHo3a u
osca.

1. Introduction

The introduction of new technologies and highly
productive machines in animal feed production with
minimal costs of own investment is possible only
through the joint purchase and use of agricultural
machinery in the machinery ring (MR). The key reasons
for uniting farmers in the MR in the north of
Montenegro are improvement of agricultural
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production, more efficient use of natural agricultural
resources, more economical work, and rational use of
machines in order to reduce production costs and
increase farm profits.

As reported by Baranai et al. (2014), there are
three forms of cooperation on the use of machines in
Hungary:  machinery work based on reciprocity,
lending machines to each other, and joint ownership,
procurement and use of agricultural machines. The use
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of technical resources on farms is low, only 25-26%.
The increase in the number of machines on farms does
not mean their greater utilization. In order to use
machines more efficiently, the authors recommend
sharing machines within the MR. In this way, the
problem of excess capacity on large farms and
deficiency of machinery on small farms is solved, and
fixed and total costs of machine usage are reduced.

The procurement and use of joint machinery
reduced costs by 65% for small farms and 30% for
large farms, as well as fixed costs by 30-46% for the
purchase of own agricultural machinery (Colson, 2008).
After a machinery sharing arrangement involving the
purchase and use of joint machines, investments on the
farm were reduced to 620 euros per ha, as opposed to
3324 euros per ha invested before associating in the
machinery ring (Takacs and Takacs, 2012).

On family farms in Croatia (in the Osijek-Baranja
County), the rate of utilization of tractors of up to 75
kW is in the range of 26-94%, and for tractors over 75
kW it is 26-78% (Zimmer, 2019). In the Republic of
Croatia, farms are well equipped with agricultural
machinery, but machinery use is low due to the small
size of plots. One solution to increase the level of
machinery utilization and reduce its costs can be the
joint use of machines (Grgi¢, 1998).

Stojanovi¢ et al. (2001) reported that, in
Koprivnica and Zagreb counties, a tractor with an
average power of 34.48 kW with 4.6 attached machines
cultivates 9.05 ha of land. The annual utilization of
tractors is only 180 hours, and of attached machines
39.6 working hours. In a study by Sumanovac (1996),
the use of tractors on agricultural farms was not
sufficient. The tractor with a power of 29 kW had the
highest efficiency of 0.57. The rational use of tractors
could be increased by the joint use of agricultural
machines in the MR, following the experience of some
countries in Germany, France, Slovenia, Hungary, the
USA and others.

For the successful functioning of the MR with low
unit costs, it is necessary to provide highly productive
machines and coordinate their productivity with the
scope of planned work with good logistical support,
planning and organizing (BoZi¢ et al. 2010, Topisirovié
etal. 2007).

In Germany, about 300 MRs have been established
with close to 200,000 members, and 36% of farms
within the MRs cultivate 45% of agricultural land. In
Slovenia, in 2007, there were 45 MRs with 5,755
members, who cultivated an area of 61,112 ha with
137,295 hours of machinery operation (Paji¢ et al.
2014).

During the initial starting period in 2005, the
Agrokrug (Agrocircle) machinery ring from Backo
Petrovo Selo cultivated 70 ha using 8 tractors and 80
joint machines, and in 2016, the total cultivated land
area was about 300 ha (Tot, 2013; Radi¢ et al.,, 2016;
Paji¢ et al,, 2014; Veljkovi¢ et al.,, 2020).

An example of a well-organized MR is the “Circle of
Machines” in Br¢ko, where 13 machine rings with 41
tractors and over 300 attachments cultivate 30,000 ha
of land with 600 members and 1,500 service users
(Veljkovi¢ et al. 2009, Nesi¢ and Radi¢, 2003).

The goal of this research was to determine the
seasonal performance (in hectares and tones) of
combines shared in the MRs in Montenegro. Due to the
rational use of silage harvesters, large areas under
fodder crops for silage preparation (from whole-plant
corn , grass, a mixture of legumes, and small grains)
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were cultivated in the MRs, which required greater
utilization of tractors and attachments.

2. Material and methods

The research was conducted in the municipalities
of Bijelo Polje, Berane and Pljevlja as part of the project
“Assistance in the development of livestock breeding in
the mountainous areas of Montenegro and Kosovo”
funded by the Food and Agriculture Organization of the
United Nations (UN FAO). In the northern part of
Montenegro, a total of 15 MRs with 92 farmers have
been formed in the mentioned municipalities
(Koprivica et al. 2010a, Koprivica et al. 2020). The
research included 7 machinery rings (MRs) and 45
farmers, of which 20 farmers shared 6 silage harvesters
intended for the preparation of silage from different
plants.

The total seasonal harvesting performance of
silage combines was obtained by summing up the total
harvested area and quantities of prepared silage across
members and by providing services to non-members
of the MRs. The methodology covered the structure of
agricultural land, crop structure, the availability of
agricultural machinery, and machine operation on the
farms in the MRs.

In 2 MRs in the municipalities of Bijelo Polje and
Berane, the seasonal performance of one SIP SK 80 B
combine used jointly by 9 farmers for the preparation
of whole-plant corn silage was monitored. In addition,
in 4 MRs uniting 6 farmers seasonal performance was
evaluated for two Uzel combines used for direct
mowing and ensiling, and one Feraboli combine used
for silage preparation from mown grass, , legumes and
cereals. In the municipality of Pljevlja, in 3 MPs uniting
5 farmers, the performance of two Corner Machinery
harvesters used for direct mowing and chopping of
grass, peas, legumes (common vetch) and oats was
determined.

3. Results and Discussion

Areas for the production of bulk fodder in the
investigated area mainly include hilly mountainous
areas, and hay from natural grasslands is used as bulky
fodder. Natural grasslands are significant resources in
the production of bulk fodder in hilly mountainous
areas (Tomic¢ et al. 2018). Itis possible to increase the
production of bulky fodder on grasslands by applying
cultural practices such as mineral fertilization or by
establishing new grasslands. After joining the MRs,
farmers intensified the production of bulky fodder,
cultivated natural grasslands and sowed new crops and
combined crops of legumes (peas and legumes) and
oats for silage. Silage corn was sown in river valleys
and in areas with favorable environmental conditions.
In the study area, farmers did not prepare silage before
the formation of the MRs, since they did not have
adequate mechanization. After the formation of the
MRs, two Turkish combines i.e. one Corner Machinery
and one Uzel- model 1300 were procured for shared
use by farmers. These combines are intended for the
preparation of grass silage, legumes, cereals, mixed
legumes with cereals and sorghum, as well as for
mowing grass to be used as fresh, green feed. During
operation, the combine mows, chops and loads the
harvested biomass into the transport trailer (Koprivica
etal. 2010, Koprivica et al. 2012).
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Table 1
The seasonal performance of combine harvesters for silage by types of silage in the MRs of Bijelo Polje and Berane
Machinery ring Farm Types of silage
de?(l)gnnat Alfalfa Vetch and oats Peas and oats
ha t ha t ha t
Al 1.0 24.28 0.5 26.3 0.4 16.52
Bor A2 0 0 0.25 12 0.5 19.75
A3 0 0 0.3 15.9 0.5 20.8
Zaton Bl 0 0 0.5 33 0.3 15.69
Tomasevo C1 0 0 0.2 12 0.4 20.96
Korita D1 0 0 0.7 41.2 0.5 239
Total 6 1.0 24.28 2.45 140.4 2.6 117.62

Proper selection of the optimal number of appropriate machines in MRs enables sustainable production and
ensures desired economic and production results. Good organization entails the use of available shared machines

under the optimal terms and conditions.

For the first time, farmers from the MRs in Bor and Korita were able to prepare grass silage and silage from a
mixture of legumes, peas and legumes with small grains. In the MR in Bor, of a total of 5 farmers, 3 decided to use a
joint combine to prepare silage. All three farmers used the combine to prepare legume and cereal silage, and one

farmer also used it for alfalfa silage (Table 1).
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Figures 1, 2. The seasonal performance of combine harvesters expressed through the harvested area and amount of
silage in MRs on farms in the municipalities of Bijelo Polje and Berane
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Figures 3, 4. Total seasonal performance of combine harvesters for silage by harvested area and amount of silage in
the MRs in Bijelo Polje and Berane

Graphs 1, 2, 3 and 4 present the seasonal
performance (in hectares and tons) of combines on
farms in machinery rings. The shared harvester in the
MR in Bor harvested 3.45 ha of land and 135.55 t of
silage from harvested plants (Figures 3, 4). In the MR in
Korita, out of 5 members in total, the combine was
used by only one farmer (on farm D1) for the
preparation of silage from legumes, peas and oats, and
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achieved a total seasonal performance of 1.2 ha and
65.1 t silage. The same combine was used by a farmer
in the MR in Zaton (farm B1) for silage preparation on
0.8 ha of land, from which he harvested 48.69 tons of
silage (Table 1 and Figures 1, 2, 3, 4).

The joint Feraboli combine harvester was used in
the MR in Tomasevo for the preparation of silage from
cuts of the same plants and achieved a seasonal
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performance of 0.6 ha and 32.96 t silage (Figures 3, 4).
The total seasonal performance of 3 joint harvesters
used for silage preparation from various plants by 6
farmers in 4 MRs in the municipalities of Bijelo Polje
and Berane was 6.05 ha and 282.23 t (Figures 3, 4).

For corn silage preparation in the MR of the same
municipalities, a combine was used in the MR in Zaton
by 3 farmers on an area of 7.4 ha, and in the MR in
Tomasevo by 6 farmers on 6.2 ha of land. The same

Table 2

combine was hired for the preparation of silage on 1.2
ha in the Durdevi Stupovi (Pillars of St. George)
Monastery (farm M) in Berane. The total seasonal yield
of the combine was 14.9 ha of harvested land, and
468.45 t of corn silage. The greatest amount of corn
silage was prepared in the MR in Zaton on farm Al,
since this farm was engaged in more intensive livestock
production (Table 2).

The seasonal performance of combines for corn silage in the MRs in Bijelo Polje and Berane

Machinery ring Farm Corn silage
MR designation |  Surface area ha Amount mass t Yield t/ha
Zaton B1 5.5 150.15 27.3
B2 1.0 333 33.3
B3 1.0 35.0 35.0
Total MR 3 7.5 218.45 X=31.87
Tomasevo C1 1.5 60.0 40.00
C2 1.0 32 32.0
C3 1.2 42 35.0
C4 1.0 30.0 30.0
C5 1.0 41.0 41.0
cé6 0.5 15.0 30.0
Total MR 6 6.2 220.0 X=34.67
Other (service) M 1.2 30.0 25.0
Total 10 14.9 468.45 31.44

In the municipality of Pljevlja, 3 MRs were formed and 2 Corner Machinery combines were procured. The first
combine in the MR in Lijeska and Adrovi¢i was used by 2 farmers who made up 33.33% of the total number of
farmers. The total seasonal performance of the combine was 6.7 ha and 172.92 t of silage from sown grasses, legumes

and a legume-oat mixture (Table 3, Figures 5, 6, 7, 8).

Table 3
The seasonal performance of a combine for silage by types of silage in the MR Pljevlja
Machinery ring Farm Types of silage
de?;%lnat Sown meadow Red clover Vetch and oats
ha t ha t ha t
Lijeska F1 2.7 79.92 0 0 1.0 15.0
Adrovici F2 3.0 78.0 0 0 0 0
Krusevo G1 3.8 60.8 0 0 3 60
Glibaci H1 1.0 20 0 0 0.9 27
H2 1.5 30.3 1.0 34.5 0 0
Total 5 12 269.02 1 34.5 49 102
20 450
18 400
16 350
14 300
12 250
10
A 200
< mha 150 mt
2 50
Ji N o m i N mmw
F1 F2 Gl H1 H2 all MR F1 F2 Gl H1 H2 all MR
Ljeskai Adrovici Kruievo Glibaci Total Ljeskai Adrovici Krudevo Glibaci Total

Figures 5, 6. The seasonal performance of a combine expressed through harvested area and amount of silage in the
MR on farms in the municipality of Pljevlja
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Figures 7, 8. Total seasonal performance of a combine for silage by harvested area and amount of silage in the MR in
Pljevlja

The second combine was used for silage
preparation by only 3 farmers of a total of 17 farmers
in the MRs in KruSevo and Gliba¢i. The total
performance of the combine for grass silage
preparation during the season was 6.3 haand 111.11 ¢,
and for red clover silage 1 ha and 34.5 t. In addition, for
two farmers in this MR, during the season, the combine
achieved a yield of 3.9 ha and 87 t silage of legume and
oat (Table 3). The total seasonal performance of this
combine in the MR KruSevo and Glibaéi was 11.2 ha
and 232.6 t of silage from the mentioned plants
(Figures 5, 6). Figures 5 and 6 show the seasonal
performance (in hectares and tons) of the combine on
farms in the MR in Pljevlja.

In studies by Koprivica et al. 2010b and Koprivica
et al. 2012, the Corner Machinery harvester achieved a
production output of 0.14-0.21 ha per h and 5.81-7.89
t per h, depending on speed, working width, yield, plot
size and work organization. During the season, the
combine were used in the MRs in KruSevo 8 days,
Glibadi 6 days, Lijeska 9 days (with interruptions due to
rain), Adroviéi 5 days, Bor 6 days, Korita 3 days, Zaton
4 days (with interruptions due to rain) and TomasSevo 4
work days.

The capacity of the Feraboli combine was
insufficiently used because it worked only 4 days on
one farm. The combine could not work continuously
because the plots were small and the slope of the
ground was steep; therefore, the harvested biomass
was transported to the farm, where it was prepared
and placed in silage storage facilities.

The combines for the preparation of whole-plant
corn silage were used by farmers 10 and 7 days in the
MRs in Tomasevo and Zaton, respectively, and 2 days at
the Monastery.

4, Conclusions

In 7 machine rings, 4 silage combine harvesters
intended for direct mowing and one combine with a
pick-up front were shared for lifting the biomass and
for the preparation of silage from grass and a mixture
of legumes and grain. The performance of a combine
for preparing corn silage in two machine rings was
determined on 9 farms. The joint machines were
unevenly used in the MR. In 7 MRs, only 11 farmers or
24.44% of the total number of farmers shared silage
harvesters for direct mowing. The joint combine for
the preparation of silage from whole corn plants was
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used in 2 MRs by 9 farmers or 75% of the total number
of farmers.

Other farmers showed interest in preparing silage,
but the insufficient number and low performance of the
combines were the limiting factors. The extent of use
of shared silage harvesters depends on the area under
fodder plants, the operating performance of the
combine, optimal dates for cultural operations, and
weather conditions, i.e. the number of days suitable for
work. Based on the well-planned production and
sowing of legumes and grain, as well as the well-
planned joint use of machinery in the Machinery Ring
MR, the silage preparation season and use of silage
harvesters have been prolonged. In this way, the
effects of the seasonal utilization of combines
increased, because they were used not only for ensiling
grass, but also for combined crops of legumes and oats.
Combines for ensiling grass and a mixture of legumes
and cereals worked a total of 45 days during the
season, and those for preparing silage from whole corn
plants worked 19 days. During the silage preparation
season, the total annual utilization of tractors in the
MRs increased for operations such as cultivation,
seedbed preparation, sowing, crop care, mowing,
chopping, transport and trampling of silage from whole
corn plants, as well as legumes and cereals.
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