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Abstract

An incubation experiment was carried out to observe the effects of black soldier fly larvae derived
compost (BSC) on aggregate stability with respect to mean weight diameter (MWD) and the changes in soil
organic matter (OM), exchangeable calcium (Ca) and magnesium (Mg) contents. To achieve the goal, sandy
loam surface was incubated with BSC having two different size fractions (e.g., <125 umand 250-500 um) at the
rates of 1% and 2% (w/w) on the dry weight basis. The MWD of soil aggregates was measured by wet sieving
method. The results of the experiment revealed that the MWD potentially improved with the application of
BSC, especially at higher application rates and with finer particle sizes. When compared to the control, the soil
OM content was found significantly (p<0.05) higher inall BSC treatments, with finer fraction (<125 pm) showing
the maximum increases. The contents of exchangeable Ca and Mg were also found to be higher in BSC treated
soils with better response at higher rates of incorporation and fine manure fraction. Multiple linear regression
revealed that the MWD was positively associated with OM, Ca and Mg, though the effect was significant as for
Ca and Mg (p<0.05). Besides, soil OM was positively related with the concentrations of exchangeable Ca and
Mg with significant (p<0.05) effect as for exchangeable Ca only. Overall, this research highlights the potential
of BSC as an amendment to improve stability of soil aggregates as well as the availability of nutrients for
sustainable crop production.
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INTRODUCTION

The incorporation of organic manures
in agricultural land is encouraged because of
the relatively low organic matter (OM) content
and several benefits in soils over the inorganic
fertilization alone. While organic fertilizers offer
slow nutrient release reducing nutrient loss,
inorganic fertilizers are heavily associated with
significant environmental and ecological costs
(Rostaei et al., 2024; Zhao et al., 2024; Phiri et
al., 2025). Organic manures are derived from a
variety of sources such as animal-cow manure
(CM), sheep manure (SM) and poultry manure
(PM); crop residues- rice husk (RH), wheat straw
(WH) and rice straw (RS), and specific biologically
processed- vermicompost (VC), trico compost

(TC) and black soldier fly derived compost (BSC)
(Karami et al., 2012; Wang et al., 2013; Rahman
et al, 2022; Qiang et al., 2024). Moreover, the
BSC generates compost quickly while keeping
high quality and improved soil nutrient status,
it might take weeks or months for conventional
compost to become useful. The BSC is derived
from various organic wastes, such as food scraps,
agricultural residues, and livestock manure by
black soldier (Hermetia illucens) fly larvae, which
efficiently bioconverts wastes into valuable co-
products in a remarkably short time frame (5
weeks) (Terrell et al., 2025; Unagwu, et al., 2025;
Zaato et al., 2025). The BSC is a nutrient-dense
organic fertilizer which contains a higheramount
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of organic carbon (OC) and acts as the key source
of macro and micronutrients even compared to
widely used composted CM (Karami et al., 2012;
Phiri et al., 2025; Unagwu et al., 2025). Compost
enhances the quality of soil by augmenting its
physical, chemical, and biological characteristics.
Organic manures improve soil structure, water
retention, and aeration physically; enriches
nutrients and stabilizes pH chemically; and
fosters  beneficial organisms biologically
(Mokolobate et al., 2002; Begum et al., 2025; Iraji
et al., 2025). Some investigations demonstrated
the importance of particle size of organic
fertilizers in modifying soil characteristics (Liang
et al. 2016; Gtab et al., 2025). The size of manure
particles affects essential physical characteristics
of soil, including bulk density and total porosity.
In a study, Trifunovic et al. (2018) observed an
increase in saturated water content in sandy soil
following the application of biochar particles
smaller than 2 mm. Similarly, Roy et al. (2025)
found that the saturated hydraulic conductivity
of loam and sandy loam soils decreased with
the decrease of vermicast sizes. Although the
effects of manure particle sizes on soil properties
is governed by such common mechanisms as
surface area, microbial accessibility, and pore
arrangement, the degree and extent of the
effects depends on the properties of manures.
Therefore, we designed an experiment to
evaluate the effects of different sizes and
application rates of BSC on soil aggregate size
and stability, as soil aggregates are the critical
component of soil structural integrity.

Soil structure, which play a significant
role in sustaining soil health and quality, is
fundamentally regulated by the quantity
and arrangement of stable aggregates. Soil
aggregation is the process by which particles
of individual sizes are bound together by
organic and inorganic materials (Zhang et al.,
2016; Garba et al.,, 2020). Besides, the structure
and behavior of aggregates formed by organic
materials are crucial for understanding their fate
and transport in soil and aquatic environment
(Khodir et al., 2020). The mean weight diameter
(MWD) of soil aggregates is a critical measure of
the strength of soil structure and a crucial factor

in soil fertility and environmental aspect. The
MWD of soil aggregates is influenced by multiple
factors, including soil OC, polyvalent ions, soil
microbes, and such anthropogenic factors as
tillage operation and fertilization (Li et al;, 2007;
Karami et al., 2012; Park et al., 2021; Qiang et al.,
2024). Organic fertilizer acts as a binding agent,
which helps to enhance the soil aggregation
(Abiven et al. 2009; Wang et al. 2019). Application
of organic fertilizer not only increases the
aggregation of soil but also increases the content
of essential elements in soils required for plants.
Previous studies have shown that among the
driving forces, soil OC and polysaccharides are
the principal factors influencing the stability
of soil aggregates (Wang et al. 2019; Ren et al.,
2025). Macro-aggregates (larger than 250 um)
are bound largely by plant roots and fungal
hyphae, while micro-aggregates (20-250 um)
are linked together by persistent OM, oxides of
silicates (Nichols & Halvorson, 2013).

The effects of organic amendments
originating from plant and animal sources as
the key component to improve soil physico-
chemical properties, microbial functions and
soil restoration have long been researched
(Csitari et al, 2021; Roy & Chowdhury, 2021;
Wang et al,, 2013; Qiang et al.,, 2023; Begum et
al., 2025). However, the changes in soil behavior
as a result of BSC addition is rarely investigated
in the recent years (Phiri et al., 2025; Terrell et al.,
2025; Zaato et al., 2025). Moreover, the influence
of manure particle sizes of BSC on the stability
of aggregates has not yet been investigated
to the best of our knowledge. Therefore, the
present research was done to study the effects
of BSC with two different rates and sizes on the
MWD, soil OM levels, exchangeable Ca and Mg.
This research also focused how OM, Ca and Mg
levels regulate the MWD of soil. The hypothesis
was that the addition of BSC will have a positive
effect on MWD, OM, Ca and Mg levels in soils.
The results of the present research would
provide a basis for understanding the aggregate
distribution as result of BSC application and
ultimately the resistance of soils against erosion
in future research.
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MATERIAL AND METHODS

Soil sampling and preparation

Organic To set up the experiment, bulk soil
samples were collected besides the research
field of Soil Science department of the University
of Chittagong. Before collection of soil samples,
the thin layer of the surface was removed by a
spade. After collection, the roots and unwanted
plant materials were sorted from the bulk soil
samples. Soil samples were then allowed to dry
by spreading on a polythene sheet followed by

sieving through 2 mm stainless steel sieve. A
portion of the sieved soil samples were used for
the routine analysis while another portion was
used for setting up of the incubation experiment
with BSC.Theinitial properties of the soil samples
are given in Table 1. The soil was sandy loam in
texture with 68% sand, 15% silt and 17% clay:
The OM content was 1.23%. The concentrations
of exchangeable Ca and Mg were 2.86 and 1.46
Cmol/Kg, respectively.

Table 1. Physio-chemical properties of the soil samples.

Parameters

Properties

Sand (%)

68

Silt (%)

15

Clay (%)

17

Texture

Sandy loam

OM (%)

1.23

Ca (Cmol/Kg)

2.86

Mg (Cmol/Kg)

1.46

BSC sampling and preparation

The BSC was collected from a farm located
in Raozan Upazila of Chattogram district,
Bangladesh where the compost was prepared
from municipal food scraps by the help of black

<125 pm

soldier fly larvae. After collection of manures
from the farm, the samples were air dried for a
few days followed by sieving through different
mesh sizes to get <125 ym and 250-500 pum
sized fractions (Figure 1).

250-500 pm

Figure 1. Different size fractions of BSC.

The sieved manures were analyzed for
analysis of different properties (Table 2) before
setting-up of the experiment. Fine sized (<125
pum) manures had relatively lower content of

OM compared to coarse sized (250-500 pm)

manures. In contrast, both the total contents of

Ca and Mg were found to be higher in fine sized

manures.

Table 2. Important chemical properties of BSC.

Manure type Manure sizes OM (%) Ca (%) Mg (%)
BSC <125 pum 21.80 1.45 1.04
250-500 pm 29.85 142 0.50
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Experimental design and incubation

The experiment was performed in
laboratory condition in the Soil Science
department of University of Chittagong. An
amount of 100 g soil was incorporated with <125
pm and 250-500 um sized manures at the rates of
1% and 2% (w/w) on dry weight basis. Required
amount of manures was weighted and mixed
homogeneously with soil. The incorporation of
<125 um and 250-500 pum sized BSC at 1% and
2% rates resulted five treatments along with
control (Control; BSC- 1%, <125 um; BSC- 1%,
250-500 pm; BSC- 2%, <125 um; BSC- 2%, 250-
500 um). All the treatments (control and spiked
soils) were put in plastic pots with replication
and arranged in completely randomized way.
The incubated soils were moistened with
distilled water in order to keep moisture level

approximately at 60% of field capacity. The soils
were incubated for a period of 60 days.

Analytical methods

The percentage of soil particles was
determined by hydrometer method as described
by Huq & Alam (2005) followed by textural class
determination by using Marshall’s triangular
coordinates. The MWD of soil aggregates was
measured by wet sieving method following the
procedure as described in Emadi et al. (2008). To
do this, soil samples were placed on the topmost
sieve of a nest of sieves (2.0, 1.0, 0.5, 0.25 mm)
and immersed in water followed by vertically
moving the sieves for 50 times during a span of
2 minutes. Then, the soil samples remaining in
each sieve were dried in an oven at 1050C and
weighted for the determination of MWD by
using the following equation:

MWD = Y% XiWi

Where, Xi= Mean diameter of a particular size range of aggregates (mm)
Wi= Dry weight of aggregates in a particular size range (g)

Methodology The OC contents of soils and
manures were assessed by Walkley and Black’s
dichromate oxidation technique and multiplied
the value by 1.72 to convert it into OM (Nelson
& Sommers, 1982). For the determination of
total Ca and Mg in the manures, the samples
were digested with HNO3-HCIO3 acid mixture,
while for the determination of exchangeable
Ca and Mg in soils, the soil samples were
extracted with 1N NH40Ac followed by
determination in the digests and extracts by
ethylenediaminetetraacetic acid (EDTA) method
(Gupta, 2001).

Statistical analysis

The two-way analysis of variance (ANOVA)
followed by presentation of the figures was done
through R software (version 4.5.1). In each figure,
mean separation indicated by distinct lowercase
letters confirmed significant differences among
treatment means, while bars sharing the same
letter were not significantly different according
to post hoc multiple comparison tests (p<0.05).
Error bars represented the standard error of the
mean reflecting the variability among replicates.
Multiple linear regression among different
parameters followed by visualization was also
performed using R software (version 4.5.1).

RESULTS AND DISCUSSION

Effects of BSC on MWD of soil

Figure 2 shows the effects of different size
fractions and rates of BSC on the MWD of soil
aggregates. The changes in MWD with different
sizes and rates indicated a dose-dependent
response highlighting a potential stabilizing
effect of BSC at higher application rates with finer
sizes. Across manure sizes, the MWD decreased
progressively from finer particles (<125 um)
to coarser ones (250-500 pum) and was lowest

in the absence of manure. Although, the MWD
increased by the addition of BSC, particularly at
higher application rates and finer manure sizes,
the difference among the treatments was not
significant (p>0.05). The addition of BSC with
size fraction of <125 um at 2% rate increased
the MWD more effectively over the control. For
manure size <125 pm, the MWD values were
0.46 mm and 0.48 mm at 1% and 2% rates of
incorporation, respectively, indicating a 25.92%
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and 33.44% increase compared to the control.
On the other hand, the addition of BSC at the
rates of 1 and 2% resulted in 10.75% (0.40 mm)

00

BSC (1%)

BSC (2%

)

Treatment

and 20.21% (0.44 mm) increase over the control
for the 250-500 um size fraction.

Manure Size

<125

B 250-500

No manure

Control

Figure 2. Effects of BSC rates and sizes on MWD.

The increase in MWD by the addition BSC,
particularly at higher application rates and finer
manure sizes suggested a beneficial role of BSC
in improving soil aggregation. The increase
in MWD particularly at finer organic fraction
(<125 pm) under both rates of application could
be due to greater surface area, greater cation
exchange capacity and higher mineralization
(Zhang et al., 2021). The results also indicated
that larger manures particle or control reduced
the stability of soil aggregates. Several authors
reported greater MWD following the application
of different sources of organic manures (Karami
et al, 2012; Rahman et al,, 2022). In a 3-year field
experiment on greenhouse soil, Ren et al. (2025)
reported that increase in OC was associated with
the increase of soil aggregates, highlighting OC
as the main reason for improving soil aggregate
stability. In a study, Unagwu et al. (2025) found
that the addition of BSC resulted in 20.4-49.5%
higher ‘aggregate stability compared to non-
treated soils, and is comparable with our
findings of this investigation for manure size
<125 pm. In another study, Gigb et al. (2025)
observed that larger compost particles (1.0-2.0
mm) were associated with higher impact on soil
physical behavior than smaller particles (<1.0
mm), although finer manure particles (0.5-1.0
mm) were responsible for with greater water
repellency.However, non-significantdifferencein
MWD in our study could be due to little response
of soils to the applied dose of BSC and studied
incubation period. Dunjana (2012) also did not
find significant improvement in soil aggregation
due to application of CM even at higher doses
in sandy soils indicating the importance of
substantial quantity of organic manures for

significant improvement in soil aggregation.
Aggregate stability of soils vary over time due
to climatic .conditions, agricultural practices
(tillage or no tillage) and the decomposition
of fresh organic input. Depending on stage of
decomposition and inputs of organic manures,
soil aggregation varies differently over weeks
to years. Green manure shows intense effects
within-a.month on aggregate stability, while
decomposed manure has small initial effects but
lasting impacts. The short-term effects of OM
on aggregate stability are linked to microbial
products and the long-term effects come from
humified compounds (Abiven et al., 2009).

Effects of BSC on OM content

Figure 3 shows the effects of different rates
and sizes of BSC on soil OM content. The results
showed that OM content significantly increased
(p<0.05) with the application of BSC compared
to the control. The highest OM was observed
under the BSC (2%) treatment followed by BSC
(1%) treatment, regardless of the manure size,
while the control exhibited the lowest OM in
soil. Moreover, manure size had a comparatively
minor effect on OM for the same rate of BSC
application pointing statistically non-significant
(p>0.05) effect. The control, which received no
manure, had the lowest OM, indicating minimal
improvement in soil OC status under untreated
condition. In contrast, both BSC (1%) and BSC
(2%) treatments exhibited markedly higher
OM contents, suggesting that BSC application
effectively promoted OM accumulation in
soil. Besides, the highest OM under BSC (2%)
treatment was found in soils treated with larger
sized manure (250-500 um).
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Figure 3. Effects of BSC rates and sizes on OM (%) content of soil.

The increase in OM with the increase
of application rates of organic manures is
extensively documented. Several authors
reported increase in OM content in soils with the
increase of application rate (Csitari et al., 2021;
Semenov et al,, 2023; Ren et al,, 2025). Organic
materials such as compost, biochar, manure, and
crop residues contribute substantial addition of
decomposable and stable organic compounds;
resulting in enhanced microbial activity. This
ultimately causes the formation of stable humic
substances thereby increasing accumulation of
OM in soil (Lehmann & Joseph, 2015; Agegnehu
et al, 2016). This could be ascribed to both
direct input of OC as well as improvements in
soil structure that reduce carbon loss through
erosion. Powlson et al. (2011) also reported that
application of amendment with higher rates
significantly increased OC due to higher rate
of accumulation compared to decomposition
losses due to greater inputs of organic materials.
However, the amount of OC in manures varies
with nature of manures either raw or composted,
source of manures, size of manure particles and
rate of application of manures (Li et al., 2007;
Sodhi et al., 2009). Semenov et al. (2023) stated
that small sized manures had little contribution
to OC content in soils in comparison to larger
sized manures, which could be due to higher
decomposition of comparatively finer manure
particles. Liang et al. (2014) also observed that
the distribution and storage of OC are mainly
concentrated in macro-aggregates. In another
experiment, Li et al. (2015) found that organic

fertilizer application did not significantly affect
the OC content.in soils, especially in aggregates
greater than 2 mm and less than 0.053 mm.

Effects of BSC on exchangeable Ca and Mg

Theinfluenceofapplicationrateand manure
size on soil exchangeable Ca concentration is
illustrated in Figure 4. The results indicated that
application of the BSC significantly (p<0.05)
increased Ca concentration over the control. The
control exhibited the lowest Ca concentration
(2.89 Cmol kg-1), whereas both BSC (1%) and
BSC (2%) treatments enhanced Ca levels by
9.70-20.32% and 20.09-21.94%, respectively.
Although the treatment BSC (2%) maintained
slightly higher average Ca values than BSC
(1%), the increase was more pronounced under
BSC (1%) with fine manure particles (<125 um),
where Ca concentration increased by 9.46%. On
the other hand, the increase in Ca content under
BSC (2%) with fine manure particles (<125 um)
was 1.44%.

Although the concentration of Ca
enhanced with the increase of application
rate, the difference between two rates was
not statistically significant (p>0.05) for fine
manure particles (<125 pm). This indicated
that increasing the BSC rate beyond 1% did
not further enhance Ca concentration for fine
manure particles during the planned incubation
period. Similarly, the difference between the size
of BSC was insignificant (p>0.05) at higher at of
application (2%).
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Figure 4. Effects of BSC rates and sizes on Ca (Cmol/Kg) concentration in soil.

Figure 5 shows the effects of BSC rate
and manure size on soil exchangeable Mg
concentration in soils. The application of the BSC
at both 1% and 2% significantly enhanced the
concentration of Mg in soil over the control. At
higher rate of application (2%), the difference in
Mg concentration betweentwo manure sizes was
higher. Besides, soils treated with finer manures
(<125 pm) consistently displayed higher Mg
values than those treated with coarser manures

w

(250-500 pm) for the same rate of application.
The control had the lowest Mg concentration
(1.38 Cmol/ Kg). At the 1% application rate, Mg
concentrations increased by 45.54% relative to
the control in the fine fraction (<125 um) and
23.13% in the coarse fraction (250-500 um). On
the other hand, BSC (2%) with fine fraction (<125
pum) exhibited the highest Mg concentration,
reaching 2.98 Cmol/Kg, corresponding to
115.66% increase compared to the control.

N

Mg (Cmol/Kg)

Treatment
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Figure 5. Effects of BSC rates and sizes on Mg (Cmol/Kg) concentration in soil.

In our present study, both increased rates
and finer _manure. sizes of BSC contributed
significantly to the concentration of Ca and Mg
in amended soils compared to non-treated soils.
In general, organic manures contain substantial
quantities of Ca and Mg that are released in soil
during the decomposition with time and their
release is higher as higher rates of manure are
applied. The present findings also suggested
that increasing BSC rate substantially improved
Ca and Mg concentrations, with finer manure
particles contributing markedly to this effect
by enhancing their availability in soil. Similar
results were also observed in previous research

(Roy & Chowdhury, 2021; Zhang et al., 2021;
Park et al., 2021; Nikolaou et al.,, 2023). The
increase in Ca and Mg concentrations due to BSC
application, especially with the increase of rate
and decrease of manure size, could be due to
greater mineralization of fine manures. Several
researchers also observed that fine sized manure
particles contributed to greater availability of
base cations due to their greater surface area
and enhanced microbial breakdown, resulting
in quicker release of Ca and Mg compared to
coarse manure particles (Calbrix et al., 2006; Roy
& Chowdhury, 2024; Cong et al., 2025).
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Relation of MWD with the amounts of OM, Ca,
and Mg

The multiple regression shows that the
MWD changed with the changes of OM, Ca, and
Mg concentrations with positive associations
(Figure 6). However, the association was more
prominent with significant (p<0.05) effect as for
Ca and Mg showing the stronger co-efficient.
As an independent variable, soil OM also had
the positive association with the concentrations
of exchangeable Ca and Mg indicating indirect
synergistic effect in flocculating soil particles

R®=059, P=0.132

MWD (mm)

03

152 14 16 30
Soil OM (%)

Ca(cmol/kg)

(Figure 7). When compared across parameters,
the positive relations of MWD with that of the
OM, Caand Mg indicated an integrative influence
of OM, Ca and Mg rather than any single-
variable on the stability of aggregates. Several
researchers reported that soil OM and polyvalent
(e.g., Caand Mg) ions play a predominant role in
stabilizing soil structure, likely by improving soil
aggregation through organic—clay or mineral-
clay interactions (Osman, 2012; Zhang et al.,
2021; Ren et al., 2025).

=001, P=0.012 *=0.34 p=0028

3.2 34 1.5 20 25 30
Mg (cmol/kg)

Figure 6. Relation of MWD (mm) with OM (%), Ca (Cmol/Kg) and Mg (Cmol/Kg) levels.
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Figure 7. Relation of Ca (Cmol/Kg) and Mg (Cmol/Kg) with soil OM (%) level.

CONCLUDING REMARKS

This research revealed that BSC application
improved soil physical and chemical qualities
validating the proposed hypothesis. The
application of BSC, especially at higher doses
and finer fractions, potentially enhanced
aggregate stability. The study also found that
BSC addition increased exchangeable Ca and
Mg concentrations- two essential nutrients that
play an indirect but important role in binding
soil particles and promoting aggregate stability.
This study indicates that BSC can improve soil
condition naturally when utilised properly with

small size fractions and the right proportions.
It is expected that the results would contribute
to the growing body of knowledge supporting
BSC as a versatile soil amendment capable
of improving both soil fertility and structure.
Therefore, based on the findings of this study,
it is recommended that BSC be integrated into
soil fertility and land management practices,
particularly in areas where soil structure and
nutrient levels are declining. To get the best
results, this compost needs to be used in the
right amount depending on the type of soil and
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requirement of plant. However, long-term field
study under varied soil and climatic conditions
is necessary to prove BSC's adaptability as a soil
additive for safe and effective land management.

The production of BSC can provide an
environmentally friendly route for converting
biodegradable municipal waste into valuable
soil conditioners. Municipalities and waste
management authorities should come forward

to convert decomposable municipal wastes
into this helpful compost. In addition, extension
services should also provide training and
awareness programs for farmers how to use BSC
inthe right way, so that they get the most benefit.
Collectively, all these actions can enhance soil
health, support sustainable agriculture, and
contribute to environmentally responsible waste
management.
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Pesnme

CnpoBefieH e VMHKY6aLUCK/ eKCnepuMeHT COo Len Aa ce WCNuUTa BAWjaHMeTO Ha KOMMOCT fobueH of
napBu Ha UpHa BojHMYKa MyBa (LIBM) Bp3 ctabunHocTa Ha NouBeHWTe arperatu, M3paseHa nNpeKky cpenHuNoT
TeXuHckn gujameTtap (CTH), Kako 1 NpomeHNTe BO coApXKMHaTa Ha opraHckata Matepuja (OM), uameHnMBNOT
kanumym (Ca) n marHesnym (Mg) Bo nousata. 3a Taa Len, MOBPLUMHCKM C/10j Ha NeCOKNMBO-TANHECTa No4Ba
6elwe nHKybmpaH co LIBM Bo aBe pa3nnuHu ronemuHckn dpakumm (Ha np. <125-gm m 250-500 pm) BO
konuunHm of 1 % 1 2 % (w/w) Bp3 ocHoBa Ha cyBa Maca. CT/l Ha moYBeHWTe arperat belle onpefesieH co
METOAOT Ha BNa)KHO NpocejyBatbe. PesyntaTnTe nokaxaa aeka CT[ 3HaunTenHo ce nogobpysa co npuMeHaTa
Ha LIBM, ocobeHo npu NoBMCOKM f03KM 1 Kaj dpaKLmmTe CO MOCUTHU YecTnykKn. Bo cnopenba co.KoHTponarta,
coppkmHaTa Ha OM BO nouBaTa belle 3HauUTENHO NOBKCOKa (P<0,05) Kaj cute TpeTMaHu co LIBM, npu wto
HajcuTHaTa dppakumja (<125 um) nokaxa makcmanHu ronemysana. CogpxmHata Ha nameHnus Ca u Mg ncro
Taka Gelle NoBKcoOKa BO NousmTe TpeTmpaHu co LIBM, co nogobap edbeKT npy NOBUCOKM [O3M Ha BHeCyBahe
1 Kaj nocnTHaTa Pppakumja Ha opraHckoTo rybpueo. lNoBekeKkpaTHaTa NiMHeapHa perpecuja nokaxa geka CT[
€ No3nTUBHO noBp3aH co OM, Ca n Mg, npu WTo BAKjaHKETO Gellle CTaTUCTUYKM 3HauajHo 3a Ca n Mg (p<0,05).
JononHutenHo, OM Bo noysata 6elle NO3UTUBHO MOBP3aHa CO KOHLUEHTpaLmuTe Ha nsmeHnus Ca n Mg, npu
LITO CTAaTUCTUYKK 3HavyaeH edekT (p<0,05) belle yTBpAEH Camo 3a U3MEHIUBUOT Kanuuym. OMTo 3emMeHo,
OBa MCTpaxyBake ro UcTakHyBa noteHumjanot Ha LIBM Kako nopobpyBay Ha nouysaTta 3a 3ronemyBare Ha
CTabWNHOCTa Ha MOYBEHWTE arperaTii, Kako 1 3a NoaobpyBakbe Ha JOCTANHOCTa Ha XPaHIMBUTE MaTEPUN, LUTO
npugoHecyBa KOH O4PKINBO PacTUTENTHO NPOU3BOACTBO.

KnyuHun 36opoBu: clliabuiHOCiUu Ha agpeeailiu, geosasieHIHU KalljoHU, cpegeH WexXUHCKU gujameltap,
OpzaHcKa mawiepuja.
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