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HORSE MANURE GRANULES IN THE ASPECT OF USE AS FERTILIZER
IN SMALL ECOLOGICAL FARMS

Summary

The paper presents tests on the pressure aggloimenatocess of horse manure with the addition afjpged barley straw
in order to produce fertilizer granules for fertilng small crops as part of home grown organic vagle growing. The
granulation process was carried out on a laboratpslletizer. The experiment was carried out with diny matter content
of chopped barley straw in relation to the totaldnass of the mixture containing a straw and a @ens&inure, amounting
to 0; 16,6; 32,7%. Middle relative humidity of th@w material was 15,2; 23,6; 30,4%. The influendeaddition of a
chopped barley straw and substrate relative huryidit the selected properties of the obtained gratieulvas determined.
Key words ecological farm, granulate, horse manure, choppadey straw

GRANULAT Z OBORNIKA KO NSKIEGO W ASPEKCIE WYKORZYSTANIA GO
JAKO NAWOZU W MALYCH GOSPODARSTWACH EKOLOGICZNYCH

Streszczenie

Opisano badania procesu aglomeracjirdeniowej obornika késkiego z dodatkiem sieczki stomagzimiennej w celu wy-
tworzenia granulatu nawozowego do nawmia matych upraw w ramach przydomowej ekologicapegwy warzyw. Pro-
ces granulacji przeprowadzono w granulatorze laltorginym. Ddwiadczenie wykonano przy zawaibsuchej masy
sieczki stomyeczmiennej w stosunku do catkowitej suchej masyzamasy zawierajcej stong i kariski nawoz, wynosgzej

0; 16,6; 32,7%Srednia wilgotng¢ wzgkdna surowca wynosita: 15,2; 23,6; 30,4%. Qoao wptyw dodatku zawarfoi
sieczki stomyeczmiennej i wilgotnfei wzgkdnej substratu na wybrane wawaosci otrzymanego granulatu.
Stowa kluczowerolnictwo ekologiczne, granulat, keki nawdz, sieczka stonmgcgmiennej

1. Introduction

About 5 million horses live in stables in Eurofée

For many stables, the energy content of the anmlaine of
waste produced from the stable would easily coverneed
for heating the stables and the demand for hotnfatever

animals produce a large amount of waste, which liysua a year. Owners of horse studs are interested mirigutitter

contains about 60% of solids and 40% of liquidse Waste
from the stable consists of a mixture of faecemeunnd
bedding material. It is estimated that approxima0 n?
of bedding material is used per horse [9, 10]. Ha&ners
have problems with the management of horse mamsre,
pecially since horses are usually kept for recoeati pur-
poses [7]. A part of the horse manure is intendedttie
production of biogas, a part - for the productidncham-
pignon-growing base, and a part - for landfill acinera-
tion. It is estimated that currently the largestoamt of
horse manure is used as a fertilizer in agriculauré horti-
culture, [4]. The greatest possible amount of mansnt
of horse manure as a natural fertilizer should dogght in
organic farms. In order to be able to use horseungaas a
fertilizer, it is important to manage it properiycluding
the choice of bedding material, as well as itsagjerand
further processing [5].

The conversion of horse manure to a more usefuh,fo
for example a pellet, would make it possible to iise a
wider scope as a fertilizer, especially where gdamount
of the manure is not consumed. It could be useahasco-
logical fertilizer on small farms, in backyard veéajgle gar-
dens and on lawns. The possibility of selling harsnure
in the form of granules instead of throwing it dw ttrash
would improve also the economy of raising the harse

with horse manure for energy production, despiefalet that
horse manure has an extremely low energy valudlgrs
with the emission of harmful emissions during costlmun
and therefore it requires the use of appropriaiéetsoand
methods for its combustion [1-3, 6-8].

Granulate made of biomass, regardless of the garpo
for which it was created (nutritional, fertilizinggnergy),
must have appropriate physical properties, ensutingdu-
rability. During transport and storage, it is exgdsto
stresses causing cracking and abrasion. If theutatnis
made from horse manure, which can contain bothvstrad
horse manure, it is required not only a forming riegerial
in the form of granules but to do it so in orderpimvide
the granulate with adequate strength.

2. The aim of the research

The aim of the research was to determine the teffec
straw content in the substrate for the productibrgran-
ules, including horse manure and straw and thetareiof
the substrate, on the physical properties of trengate
such as: hardness, resistance to gravity droppidgspe-
cific density.

3. Material and research methods

The research material was composed of a mixture of

The pellets form of horse manure also enableseto hchopped barley straw and horse manure. The banlaw s

used as an energy source for combustion in hebtiigrs.
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has been shredded into chaff by means of the HhiMel
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sal shredder. Horse manure was subjected to tleegsmf
drying in the open air for about 7 days. From hersmure
and chopped barley straw, 9 mixtures were formedaio-

ing respectively: 0; 25; 50% of the chopped bad&gw in

relation to the mass of the fertilizer. 200 g ofdeomanure
was used in each trial. 40, 60, 90 ml of water vestéded to
the resulting mixtures. Prepared samples were deale
hermetic plastic bags and stored for 72 hoursttthke lig-

uid enter into the structure of the ingredients.

Laboratory granulator, equipped with a flat dighna
hole diameter of 6 mm, was used to thicken the umixbf
straw and horse manure (granulation).

The relative humidity of the tested samples waerde
mined in accordance with the standard PN-EN ISC3481
1:2015-11 and calculated according to the formija (

ad

(mZ—:ms) 100% (1)

where:

Mg — relative humidity [%0],

m; — mass of an empty dish [g],

m, — mass of a dish with the sample before drying [g]
mz — mass of a dish with the sample after drying [g].

Determinations of relative humidity for the mixbdrse
manure group with the addition of chopped barlegvst
were made by a gravimetric method in accordancle thi¢
standard PN-ISO 6540. The research involved theotiae
electric laboratory dryer Alpina with natural airaulation.
The samples were dried at 105°C. The value ofivelat
humidity was 4,4% for barley straw, and 6,9% fordeo
manure. Recalculated, after determining the redativmid-
ity of the substrate components, the dry matterteranof
straw and fertilizer in the total dry mass of thstrate for
the production of granules and the resulting moéstton-
tent of the material prepared for implementatioshiewn in
Table 1. Since it was considered that the individhuenid-
ity of the individual samples for the same amoumivater
added in value are close to each other, the avesggve
humidity was determined for each substrate of &ttt
water.

Determination of the specific density of granulesult-
ing from horse manure with chopped barley straw was
made on the basis of the standard (PN-EN ISO 18852
11), measuring with a caliper the height and di@mef 10
pellets with the accuracy of + 0,02 mm and deteimgin
their mass by laboratory weight with accuracy @&f,801 g.
The specific gravity of the agglomerate was caleaaas
the ratio of the mass of pellets to the sum ofrtkieilumes.
The pellets volume was measured based on formyla (2

D, Mo
P T ’
where:
V, — volume of pellets [cf

L - length [cm],
Dem- average diameter value for 10 measurements [cm].

\ ()

A density was determined based on the formula (3):
=—, (3)

where:

p — density of pellets [g-1,
m— mass of a sample [g],
V, — volume of pellets [crh

4. Research results

The pellets after drying in a granulator were dirie a
laboratory dryer in order to achieve a completes lo$
moisture.

The measurement of pellet hardness was made asing
Kahl durometer. Measurements were made in 30 e eplic
tions from one sample. The results obtained froenntieas-
urement of granular hardness using the Kahl methet
analyzed by variance analysis to determine theifsignce
of the effect of substrate composition and substrelative
humidity on hardness of pellets. The analysis afavece
showed the significance of the effect of choppedelya
straw content in pellet tests on granulate hardijasshe
significance level of p <0,05).

Table 1. Indicators of a mixture of horse manurthwhopped barley straw
Tab. 1. Wskéaniki mieszaniny nawozu kskiego z sieczkstomy gczmiennej

Content
Manure straw | Additional water| Moisture content| Average moisture contept
Item | Horse manurg Barley strayv (d.m.) (d.m.)

g g % % mi % %
1. 200 0 100,0 0,0 30 16,8
2. 200 50 80,4 19,6 30 15,1 15,2
3. 200 100 67,3 32,7 30 13,8
4. 200 0 100,0 0,0 60 26,4
5. 200 50 80,4 19,6 60 23,3 23,6
6. 200 100 67,3 32,7 60 21,0
7. 200 0 100,0 0,0 90 34,0
8. 200 50 80,4 19,6 90 30,0 30,4
9. 200 100 67,3 32,7 90 27,1
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Source: own work Zrodto: opracowanie wiasne
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Fig. 1 presents the results of the hardness désied pellet
samples depending on the content of the choppley Istiaw.
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Fig. 1. Influence of dry matter content of choppsdley
straw in relation to the total weight of dry mattérthe sub-
strate from horse manure on the hardness of produs®
(Lower Significant Difference) pellet = 30,3 N

Rys. 1. Wplyw zawaroi suchej masy sieczki stomyci-
miennej w stosunku do catej wagi suchej masy satioistr
nawozu keskiego na tward@ wytworzonego peletu LSD
(Lower Significant Difference) = 30,3 N

On the basis of the obtained results, a signifidaifiu-
ence of the addition of barley straw in a mixturighvhorse
manure fertilizer on the hardness of the granutatele
from the mixture was found. The addition of 19,6%ley
straw to the substrate of horse manure causedndicamt
increase in the hardness of the obtained granuldtie a
larger addition of 32,7% in the total mass causaiaifi-
cant decrease in the hardness of the obtainedIgtanu

The test results of the effect of substrate nedatiumid-
ity on the hardness of pellets are presented irgthph, in
Fig. 2.
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Fig. 2. Effect of relative humidity of a mixture bbrse ma-
nure with the addition of chopped barley straw loa hard-
ness of the produced pellet

Rys. 2. Wplyw wilgotsoi wzgkdnej mieszaniny nawozu
kaiskiego z dodatkiem sieczki storagzmiennej na twar-
das¢ wytworzonego peletu

The increase in substrate moisture caused thedserin
hardness of the obtained granulate. The analysiaridnce
performed showed the significance of the influenteva-
ter content in pellets samples on granulate hasd(esthe
significance level of p <0,05). Since the calculataini-
mum significant difference in the hardness of ti8DLpel-
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let groups was 17,5, a significant difference betwéhe
hardnesses occurred only between a relative huymafit
15,2% and a relative humidity of 30,3%.

Total impact of chopped barley straw content aatenal
moisture on granulate hardness. could be obsamed.i 3.

Changes in the value of the pellets resistancéicieat
to gravity dropping Wz depending on the contenbarfley
straw in the substrate are shown in Fig. 4. Thietselesis-
tance coefficient to gravity dropping decreaseshwtie
content of chopped barley straw. The results shHoat in
all cases the value of the pellets resistance ictaff to
gravity dropping is over 90%. The highest valugh# co-
efficient was obtained in the absence of the aaldlitf
chopped barley straw.
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Fig. 3. Influence of dry matter content of the cheg bar-
ley straw in relation to the total mass of dry reattf sub-
strate from horse manure and moisture of the satiestrn
average hardness of produced pellets

Rys. 3. Wplyw zawarfoi suchej masy sieczki stormaci-
miennej w stosunku do catej wagi suchej masy satiosr
nawozu keskiego i wilgotnéci tego substratu ndrednie
twardasci wytworzonego peletu
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Fig. 4. Value of the resistance coefficient to gradrop-
ping Wz, depending on the dry matter content ofpgieal
barley straw in relation to the total mass of dratter sub-
strate from horse manure

Rys. 4. Wart&’ wspotczynnika odpordoi na zrzut grawi-
tacyjny Wz w zalmasci od zawartéci suchej masy sieczki

stomy gczmiennej w stosunku do catej wagi suchej masy

substratu z nawozu kskiego
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Together with the addition of chopped barley striéwe
value of the coefficient decreases to the leveR&f1%,

which occurs at 32,7% of the content of choppedelar

straw in the total dry mass of pellets from horsanare.
With increasing the humidity in the mixture, theesjlic

density of the pellet decreases (Fig. 5). Increptie mois-
ture of the mixture of horse manure with the chabper-

ley straw 15,2 to 30,4% before the pelleting precesiuces
the density of the granulate.
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Fig. 5. The value of the specific density of thégte from the

substrate of horse manure mixed with the choppetbyba

straw depending on the relative humidity of thestatbe

Rys. 5. Wart&’ gestasci whasciwej peletu z substratu nawo-

zu kaiskiego zmieszanego z siecglomy gczmiennej w
zaleinasci od wilgotnagci wzgkdnej substratu

5. Summary and conclusions

On the basis of the obtained test results it cbeldon-
cluded that the use of the chopped barley strawttier
horse manure and the relative humidity of the tasyl
mixture can affect the physical parameters of ttangjate
made from the mixture.

A significant effect of the content of the choppstiey
straw on the hardness of the produced granulate frorse

manure mixed with the chopped barley straw was doun

The hardness of the granulate increased with theedsed
content of the chopped barley straw for horse n&oprto
19,6% of its content in the total mass of dry gtateubut
the content of 32,7% of the chopped barley strathinto-
tal mass of dry granulate affected the hardnesshtined
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pellets. Therefore, there is an optimal content tioé

chopped barley straw in a mixture with horse manure

where the granulate made from this mixture caneahi
maximum hardness.

It was found that in the studied relative humidittope
of the raw material containing horse manure andepar
straw, the hardness of the pellets made from thduna
significantly increased with increasing humidity.

The value of the pellets resistance coefficiengravity
dropping decreased with the addition of the choppetky
straw to the substrate.

The research also shows that the specific dendity
pellet made of a mixture of horse manure and tlwppéd
barley straw depends on the relative humidity @ thix-
ture. As the humidity increases, the specific dgnasi the
granulate decreases.
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