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Abstract

Republic of North Macedonia has a long history of tobacco production. Therefore, the precise
determination of soil fertility parameters is of essential importance. The main purpose of this study was to
determine the spatial distribution of tobacco soil properties as a useful strategy for guiding agricultural
production and field management on specific sites. Furthermore, diagnosing soil fertility provides with proper
and rational fertilization recommendations, which are integral parts of sustainable tobacco production.
Following soil properties were monitored: pH, humus content, total nitrogen, available phosphorus and
potassium, carbonates and physical clay in 153 of top soil samples (0-30 cm). The samples were collected from
the area of municipality of Dolneni, which is part of Pelagonia region and accounts for almost 50% of the total
area for tobacco production in the country.

The results show that soil properties exhibit spatial variation. Based on the performed classifications, 54 %
of the soil samples have low humus and nitrogen content, 65 % of the samples have low available phosphorus
content and only 6.5 % have low available potassium content. The soil reaction varies widely within the limits
suitable for tobacco production, and most of the sampled soils are loamy. Thus, the application of mainly
complex fertilizers, such as 10:30:20, 6:24:12 and 8:22:20, results with optimal fertility in the investigated area.
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INTRODUCTION
Soil is the basis of agricultural production, important outset for precision agriculture
an extremely important medium for the (Boruvkaetal,2002).Inthepastyearsintroduction

cultivation and development of many crops. Soil
is a heterogeneous, diverse and dynamic system
and its properties change in time and space
continuously (Brodsky et al.,2001; Denton et al.,
2017). Soil properties vary spatially and they are
affected by many factors that include nature of
the pedogenic materials, evolution processes
of the types of soil, soil management practices,
fertility status, crop rotation (Bouma, 1999;
Kumhalova & Matejkova, 2017; Jerzy & Boguslaw,
2018). Monitoring and quantifying variations in
soil properties are necessary to understand the
effects of land use and to provide sustainable
agricultural management.

Analyses of spatial distribution and
correlation of soil properties represents an

of precision agriculture with the use of remote
sensing, Geographic Information System (GIS)
and Global Positioning Systems (GPS) has
resulted in accurate and efficient mapping of
fertility parameters (Bouma, 1997; Kuzyakova
et al,2001; Robinson & Metternicht, 2006). The
concept of precision agriculture ensures an
increase in productivity of agricultural goods
while reducing production costs. By determining
the mostappropriate and localized management
practices, precision agriculture helps to improve
and align the soil conditions and quality for the
effective use of nutrients (Bolenius et al., 2017;
Usowicz & Lipiec, 2017). Almost all agricultural
data has some form of spatial component that
is used for predictive maps which have high
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levels of predictive accuracy on spatial variations
(Robinson & Metternicht, 2006). Geographic
information system technique provides various
possibilities in prediction while wisely using the
data obtained from agrochemical soil analyses.
Given the long history of tobacco
production in Republic of North Macedonia, the
precise determination of soil parameters is of
essential importance. Controlling, managing and
monitoring soil fertility is a long-term process,
but it is a prerequisite for sustainable tobacco
production. On the other side, diagnosing

the soil fertility status using smart tools, leads
toward effective management practices. This
study was conducted as attempt to explore
the fertility of agricultural soils of Municipality
of Dolneni using the GIS tools. In this region,
most of the arable area is part of the Pelagonia
region, that occupies almost 50 % of the total
area for tobacco production in Republic of North
Macedonia. The main purpose was to map the
spatial distributions of soil parameters as a useful
strategy for guiding agricultural production and
field management at specific sites.

MATERIAL AND METHODS

The study area is the Municipality of
Dolneni, which is part of the largest tobacco
production area in Pelagonia. The climate in this
area is determined as continental with moderate
precipitation (Lazarevski, 1993). The Pelagonian
massif is a crystalline core with a continental
type of Earth’s crust, primarily composed of the
oldest Precambrian formations (Durmudzanov
et al.,, 2005; Jovanovski et al., 2012; Stafilov &
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Shajn, 2017). Alluvial and delluvial soil cover
the municipality of Dolneni, mainly arable land.
Soil samples were collected from 153 locations
at fixed depth (0-30 cm) in each field with two
replicates in the period from 2017-2021. Samples
were collected in fall after crop harvesting. The
sampling map (Figure 1) reveals distributional
uniformity of samples and represents soil for
tobacco cultivation only.

Figure 1. Sampling locations (municipality of Dolneni, n=153)
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The variables as soil texture, pH, total
nitrogen, organic matter, carbonates, available
phosphorus and potassium were determined
(Pelivanoska,  2012). The  geographical
coordinates of the sampling points are
plotted on a map using the tools of the Source
Geographic Information System - QGIS, software

version 3.18.2. Interpolations and analysis of
all sampling points were made according to
Inverse distance weighting (IDW) parameters.
This technique predicts attribute values at
unsampled area based on the spatial distance
of known observations from these unsampled
locations (Wu & Hung, 2016).

RESULTS AND DISCUSSION

The examination of soil fertility through
the analysis of average soil samples taken from
a unit of production area is the fundamental
measure for diagnosing the current state of
the soil. Summary statistics of the analysed soil
parameters are provided in Table 1. As shown,
the coefficient of variation for most of the tested
parameters is higher than 25%, indicating the
heterogeneity of agricultural soil in the study
area. The coefficient of variation for available
phosphorus is 131 %, suggesting that this
parameter exhibits greater variability compared
to the other parameters in the study area. The
highest coefficient of variation can be attributed
to the carbonate content of the tested samples,
as only 4 out of all tested samples contained
carbonate (Table 1).

Nitrogen is a very important component
of proteins, chlorophyll and nicotine in the
tobacco plant. Optimal content of soil nitrogen

is required for high yield, good quality and
proper development of the tobacco plants.
All tested soils have low to medium total
nitrogen that varies from 0.01 to 0.20 %. Based
on the performed classifications, 58 % of the
collected samples have low humus and nitrogen
content, 65 % of the samples have low available
phosphorus content and only 6.5 % have low
available potassium content. The soil reaction
shows wide variation, with most of the sampled
soils being loamy. According to agrochemical
parameters, soils suitable for the production of
oriental tobacco should have an average content
of humus, low content of available phosphorus,
optimal content of available potassium, and a
neutral to slightly acid pH reaction (Mitreski,
2012; Pelivanoska et al.2017, 2018). According
to these authors, most of the tested samples fall
within the suitable limits for producing high-
quality tobacco raw materials.

Table 1. Statistical parameters that characterize the frequency distribution of soil properties (n=153).

Soil parameter Xq Md S, | Skewness Kurtosis | Minimum | Maximum | CV, %

Humus, % 1.47 14| 05 0.65 0.70 0.5 32 33
Total nitrogen, % 0.07 0.1 | 0.02 0.61 0.59 0.0 0.2 33
pH (H,0) 5.95 5.9 0.6 1.06 2.78 4.6 8.4 11
pH (KCl) 494 49 0.6 1.57 4.62 3.8 7.7 13
CaCo, 0.63 0.0 4.5 8.63 81.58 0.0 47.7 718
P,O, mg/100 g 11.30 66| 148 4.27 22.72 1.3 115.9 131
K,0mg/100g 18.56 | 16.9 7.2 1.27 2.20 5.6 50.2 39
Clay, % 3247 | 314 9.3 0.89 0.98 15.7 68.0 29

*Xg - geometrical mean, Md - median, Sa- standard deviation, CV- coefficient of variation
The Pearson correlation coefficients were only those with probability level lower

pertaining to the associations between soil
properties and the element content of all
analysed soil samples are presented in Table 2.
Correlations were observed to identify positive or
negative influence of the selected variables. The
correlation coefficients considered significant

than 1% and 5% (P<0.01 and P<0.05). A strong
and positive correlation is observed between
humus content and total soil nitrogen (r=0.999).
For the rest of the analysed variables, moderate
correlations were obtained.
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Table 2. Pearson’s correlation coefficients between selected soil properties.

Humus Total nitrogen pH (H,0) pH (KCl) CaCo, PO, K,0
Total nitrogen 0.999™ 1
pH (H,0) 0.298™ 0.288™ 1
pH (KCI) 0.380™ 0.376™ 0.912" 1
CaCo, 0.206 0.205 0.487" 0.550™ 1

PO, 0.154 0.154 0.156 0.261™ 0.111 1
K,O 0.478" 0.480™ 0.272" 0.360™ 0.076 0.282" 1
Clay 0.525" 0.524" 0.223" 0.232" 0.007 -0.037 0.135

** Correlation is significant at the 0.01 level (2-tailed), * Correlation is significant at the 0.05 level (2-tailed)

Based on the normality tests, most of the
observed variables exhibit normal distribution,
except available phosphorus and carbonate
content. The spatial distributions of the selected
soil parameters are presented in Figure 2-8. The
maps are interpolated using the inverse distance
weighting process, which is a deterministic
estimation method. It determines values at
unmeasured points by using alinear combination
of values at nearby measured points (Wu &Hung,
2016). Various approaches exist for selecting the
appropriate interpolation method (Goovaers,
1992, 1999; Robinson & Metternicht, 2006; Zhang
et al,, 2011; Zhang et al., 2013; AbdelRahman et
al., 2018; AbdelRahman et al., 2021). According
to the most of the mentioned authors, ordinary
kriging and inverse distance weighting are the
most frequently used geostatistical techniques
for predicting soil parameters. In this research,
inverse distance weighting was considered the
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most reliable interpolation method (Hengl et al.,
2007; Sun et al., 2012; Ibrahim et al., 2015).

Based on the soil properties fertilizer
application rates were calculated and mainly
complex fertilizers were found suitable for
tobacco production. For the majority of the
tested soils (71%) from the municipality of
Dolneni, the recommended fertilizer is mainly
complex NPK 10:30:20. For the remaining
samples, NPK 6:24:12 and 8:22:20 are suggested.
To maintain fertility and prevent soil depletion,
it is necessary to apply fertilizer in quantities
derived from yields. On very poor and acidic
soils, nutrient availability decreases, requiring
an increase in the dose of mineral fertilizers. To
increase the amount of available phosphorus by
1 mg in 100 grams of soil, 30 kg of pure PO, is
required. It is advised to only apply nitrogen to
soils with very high and extremely high levels of
phosphorus and potassium.
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Figure 3. Spatial distribution of humus content
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Figure 4. Spatial distribution of total nitrogen content
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Legend soil pH (H0)
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Figure 5. Spatial distribution of soil pH in water
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Figure 6. Spatial distribution of soil pH (KCl)



SOIL FERTILITY AS A NECESSARY MEASURE FOR SUSTAINABLE TOBACCO PRODUCTION
IN THE AREA OF MUNCIPALITY OF DOLNENI

Legend
available phosphorus (P20s), mg/100g

soil classification

l:l < 5 very low

[ 6-10 low (poor)

[ 11-15 medium (medium poor)
[ 16-25 optimal (weel provided)
[7] 26-40 highly provided
[ 41-50 very high provided

- > 51 harmful

Figure 7. Spatial distribution of available phosphorus content (P,0,)
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Figure 8. Spatial distribution of available potassium content (K,0)
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CONCLUDING REMARKS

Based on the results, we can conclude that
monitoring soil fertility parameters is essential
for sustainable tobacco production. Most of the
soil samples have low nitrogen content, a slightly
acid pH, and a light mechanical composition,
making them ideal for the production of high-
quality raw tobacco. To maintain fertility and
prevent soil depletion, it is necessary to apply
fertilizers in quantities derived from yields.
It is recommended that soils with very high
and extremely high levels of phosphorus and
potassium to be fertilized only with nitrogen.

This approach will significantly reduce costs per
unit of production and avoid environmental
burden. Given the fact that soil fertility is a
dynamic value, further and extended monitoring
is crucial in order to test and validate appropriate
interpolation methods for estimating the spatial
distribution of soil parameters. It is important
to expand the availability of soil resource
information maps to facilitate the planning of
appropriate tobacco soil management practices,
including fertilization for agricultural production
and environmental protection.
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NMNOAHOCTA HA MOYBATA KAKO MPEAYCJIOB 3A OAPMJINBO NMPOU3BOACTBO HA
TYTYH BO OBJIACTA HA OMWTUHA JOJIHEHU

BaneHtuHa NMenuBaHocka', Bunjana JopgaHocka Wnwkocka™
"HayyeHn uHcmumym 3a mymyH-llpunen, YHusepaumem Cs. KnumeHm Oxpudcku- bumona
*KoHmakm asmop: biljana.jordanoska@uklo.edu.mk

Pe3nme

Mpown3BoacTBOTO Ha TYTYH BO Peny6nuka CeBepHa MakefoHMja MMa fonra UCTopuja, 3aToa NpeLmn3HoTo

onpepenyBatbe Ha NapaMeTpuTe KOW ja OTC/IMKYBaaT MIOAHOCTa Ha MOYBaTa € of CYLUTUHCKO 3Hayeme. MaBHa
Len Ha oBaa CTyauja Oelle ofpefyBatbe Ha MPOCTOpPHa pacnpefenba of NoYBeHWTe NapameTpy 3a NOYBUTE
Kafe ce oarnepysBa TYTYH, Kako KOpMCHa CTpaTernja 3a HacouyBatbe Ha 3eMjofencKOTO NMPOW3BOACTBO U
ynpaByBaheTO CO TEPEeHOT BO oApeAeHa 06nacT. Kako cocTaBeH en of 0ApXJIMBOTO MPOW3BOACTBO Ha TYTYH,
CO AMjarHOCTMLMPaHEeTO Ha NIIOAHOCTa Ha NoyBaTa ce obe36eayBaaT NPaBUIIHM 1 PaLMOHANHU NpenopaKkm
3a rybpeme. Ha 153 noBpLlunHcky nouseHun npumepoun (0-30 cm) 6ea npoyyeHn cnefHUTe napameTpu: pH,
COAPXMHa Ha XyMyC, BKYNeH a30T, gocTanHu dopmm Ha ochop n Kannym, KapboHaT 1 MexaHNUKN COCTaB.
MpumepouunTe ce 3emMeHn o NoBpLUMHAaTa Ha onwTKHa [loneHw, Koja e cocTaBeH Aen Ha [lenaroHncKu TyTyHO-
Npon3BOAEH pPervoH Koj 3adaka peuncu 50% of BKynHWTe MOBPLUMHM 32 MPOU3BOACTBO Ha TYTYH BO Ap»KaBaTa.
Pesyntatmte mokakyBaaT Aeka CBOjCTBaTa Ha MoyBaTa MPOCTOPHO ce pas3nukyBaaT. Bp3 ocHoBa Ha
n3BpLUeHUTe Knacudukaymu, 54 % og npumepoumTe NoYBa MMaaT HUCKA COAPKUHA Ha XyMycC 1 a3oT, 65 % of
npumepoLTe MMaaT HCKa CoapKMHa Ha focTaneH docdop 1 camo 6,5 % rMaaT HMCKa COAPXKMHA Ha floCTaneH
Kanmym. PeakuvjaTta Ha nouyBata Bapupa BO rpaHuLIY KOY Ce MOBOJTHM 3@ MPOM3BOACTBO Ha TYTYH, @ MOBEKETO 0f
aHanmsmpaHuTe noyusu ce nnectn. CornacHo NCTPaKyBareTO, KOMMNeKCHUTE FybprBa Kako 10:30:20, 6:24:12 n
8:22:20 ce HajcooaBeTHY 3a 06e36eyBarbe ONTUMaNHN YCJIOBY 3@ MOAHOCTa BO UCTPaXKyBaHaTa obnacr.

KnyuHu 360poBu: nougeHu hapamempu, [lenazoHuja, npocmopHa pacnpedenba
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