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Abstract
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The paper discusses the benefit of applying precision agriculture practices and GIS in soil nutrient management for agri-
cultural crop production. As a case study the soil variability of Macedonia’s largest agricultural producer ZK Pelagonija AD 
is taken as an example. The company is mapping out the soil variability of its land by way GIS technologies. Soil nutrient 
information from the fields’ shows the existence of significant nutrient variability within the production units (parcel of land). 
Conclusions from the analysis point that the use of advanced GIS soil sampling and soil nutrient management, will lead the 
company to increased yields, reduced fertilizer costs and better management of the environmental impact of intensive agri-
culture practices.
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Introduction

Most fertilizer recommendation programs contain the cru-
cial steps of collecting representative soil samples, accurate 
and precise laboratory analysis, and using a well-calibrated 
fertilizer recommendation model to estimate fertilizer recom-
mendations. It is often assumed that collecting a soil samples 
is trivial. This is not so. Obtaining accurate and representa-
tive soil samples is the basic for soils-based fertilizer recom-
mendations (David et al., 2009). A representative soil samples 
is one that adequately portrays the nutrient content of the area 
sampled. There are several excellent papers that review vari-
ous aspects of soil sampling protocols (Kitchen et al., 1990), 
(Brown et al., 1983). As a rule, the difficulty of obtaining a 
representative sample increases with variability. Fertilizing 
highly variable fields based on a signal composite sample can 
result in substantial areas that are under-fertilized and oth-
er areas that are over-fertilized. (Clay et al., 2002), proposed 
four specific guidelines for soil sampling fields impacted by 
prior management. First, crop producers need to keep track 
of were fertilizers containing immobile nutrients are band 

applied. Band application can cause small - scale variability 
for many years. To avoid over sampling fertilizer bands, sam-
pling protocols for fields with residual bands should by fol-
lowed. Third, whenever possible avoid soil sampling geese 
rows. Fourth recommendations are improved by including at 
least 15 to 20 individual cores in a composite sample.

Agriculture production has always been a challenging 
area of work and with time the challenges rise. Agricultural 
producers are faced with a variety of difficulties to deal with 
as the global situation move and change. Globalization and 
world trade has allowed for agriculture to become a greatly 
competitive market.  While governments try to protect their 
own producers and insure food safety for its countries many 
debates have arisen on the matter. Ranging from regulations 
on quality to funding and financial incentive that impact 
trade and hence the producer of our food be they small or 
large (WTO, 2014). While matters of trade and market pric-
es are in constant fluctuation another pressing challenge and 
constraint has arisen adding pressure on the producer. The 
pressing question of sustainability and the environmental im-
pact of agriculture gains momentum. Many countries par-
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ticularly members of the European Union are implementing 
regulations and measures that address this issues - Council 
Regulation (EC) No 1698/2005. And as an important trading 
partner regulations and moves of EU in agriculture directly 
impact the trading power of Macedonia’s producers. While 
these issues persist and yet remain to be resolved the local 
producers have little to do to affect these matters directly. 
What remains is to be consistent in adapting and increasing 
their own competitiveness. 

One such producer of raw agricultural produces working 
on a large scale is ZK Pelagonija AD. It is the largest com-
pany of its kind in the country operating on more than 17 000 
ha of land. Managing and producing on such scale brings its 
own set of challenges to overcome. Land fragmentation, ma-
chinery and production costs represent significant constraints 
which limit productivity. While machinery and operation 
costs can be altered to a higher degree, they remain bound to 
the most restrictive factor, which is the soil itself. The limited 
potential of the arable land is the main factor which dictates 
the majority of the practices and technologies. The land par-
cels are spread out at over an area of more than 300 square 
kilometers making production and management even more 
challenging. With that in mind it becomes ever more impor-
tant for the company to start adopting new technologies and 
finding ways to integrate site specific management practices. 

For the purpose of improving soil management and qual-
ity as well as cost control the company is beginning to im-
plement advanced production practices which signify an in-
creased presence of geographic information systems (GIS). 
In terms of machinery and tillage GPS guidance is being im-
plemented in order to increase precision and reduce machin-
ery costs. With the help of guidance systems processes such 
as crop protection, nutrient application and seed planting are 
becoming increasingly more effective. However one specific 
challenge remains yet to be completely addressed and that is 
the matter of soil variability. Apart from having to deal with 
localized soil variability, the company is has to deal with the 
same which is spread out over a large area covering a variety 
of geographic terrains with its’ specific microclimates. This 
study further examines the use of GIS technologies in pro-
duction processes and soil management for improved cost-
benefits results of agricultural producers by adapting to new 
technologies. For this purpose we outline the significance of 
soil nutrient spatial variability and identify the challenges 
that ZK Pelagonija AD is faced in terms of the same. The 
spatial variability of soils is naturally occurring and as such 
can be a consequence of any number of factors. Whether it’s a 
matter soil forming geological and pedological occurrences, 
or human factors such as tillage and planting or ultimately as 
a result of these factors’ interacting (Iqbal et al., 2005). 

No matter if the variability in a field is caused by natural 
or human factors, it must be recognized that as such it reflects 
on the characteristics of soil which are of value in agricultural 
production.  These soil characteristics could physical attri-
butes like bulk density, hydraulic conductivity, and available 
water content or soil chemical properties. It has been found 
that electric conductivity, Ca, K, Mg, Na and organic mat-
ter show notable variability within a small surface area (as 
small as 3 ha) inside the same field. What is of significant 
importance however the impact is which such variability in 
the soils can impact crop production. To that affect there have 
been studies which document how variability can reflect on 
the productivity potential of the fields and hence result in 
variability of yields even in areas of a small size (Chung et 
al., 2001). In a study (Mzuku et al., 2005) documents the sig-
nificant relationship between spatial variability of fields and 
their productivity potential as it applies in site specific man-
agement zones. The authors conclude that the use of preci-
sion agriculture can be used to reliably determine the differ-
ent productivity potential inherent to a specific field. And the 
same allows for the creation of field management zones for 
the purpose of more cost effective production. 

Such research confirms that producers are able to identify 
areas in which to reduce or increase inputs to reach the opti-
mal productivity of their fields using a variety of precision ag-
riculture methods (Kweon, 2012). When looking into spatial 
variability geographic information systems have become the 
most readily used tools in agriculture. In a study by (Walke 
et al., 2012) soil mapping was used to determine suitably for 
cotton as a crop over are large area in India. The applicative 
aspect of such approaches does not change the methods of 
evaluating soils or the criteria for the same. The value in such 
applications such as in the aforementioned study is the abil-
ity to delineate such areas using required criteria as was done 
in the aforementioned study. According to (White, 2009) the 
yield response to soil variation can be mapped by acquiring 
data with a yield monitor attached to a mechanical harvester 
and importing it into a GIS. 

If the pattern of yield variation is consistent from year to 
year, blocks of vines can be identified for which soil man-
agement and fertilizer inputs are tailored to achieve desired 
outcomes, according to the style of wine produced and the 
price point. As more data are recorded from year to year un-
der different weather conditions, the information for decision 
making can be revised so that uncer tainty in the predicted 
outcomes is decreased. Precision nutrient management is 
potentially a big improvement on the traditional practice of 
taking bulk soil or plant samples for analysis, whereby varia-
tion within a block is “averaged.” Specific nutrient manage-
ment allows yield and grape quality to be optimized and po-
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tentially reduces the loss of nutrients such as N03” through 
leaching and/or denitrification. Tony Proffitt and co-authors 
(2006) give more details of the concept of pre cision viticul-
ture and its applications in vineyards. In order to address the 
issue of soil variability and increase the efficiency of inputs 
such as fertilizer site specific management zones are used in 
order the define zones within one field that are homogenous 
in terms of crop yield factors (Fridgen, 2000). While the fac-
tors may vary depending on crops, climates and a variety of 
specifics in regions, the concept of zones remains the same. 
For this very purpose this study takes a look at the possibility 
of applying GIS technologies and the potential need for a site 
specific management approach in the fields of Pelagonija in 
the Republic of Macedonia.

Materials and Methods

For the purpose of evaluating soil variability and gagging 
the potential of applying site specific management we exam-
ine data taken from a soil survey of 165 samples analyzed for 
acidity (pH levels) phosphorous (P2O5) and potassium (K2O). 
In the laboratories at the Faculty of Agricultural Sciences and 
Food in Skopje, the following analyses been carried out on 
the soil samples: hygroscopic moisture; pH of the soil solu-
tion; humus content ant total nitrogen; carbonates content and 
activity lime; available nutrients (P2O5), (K2O). Determinates 
of  chemical properties in soils has been wait standard meth-
ods described by (Bogdanović et al., 1966), (Mitrikeski and 
Mitkova, 2013); (Džamić et al., 1996). All the samples were 
taken at the same depth of 30 cm using a tractor mounted me-
chanical probe and the same were geographically referenced 
using a handheld GPS tools MAMBO2-B6 by Falcom and 
the company’s own GPS fleet management that was adapted 
for agriculture applications. The soil sampling was done us-
ing a soil grid approach and on average one sample was taken 
per 2 hectares. 

Considering the size of the area which the soil survey en-
compassed it was largely impractical and cost ineffective to 
analyze all the samples which amounted to more than 600 
samples. Furthermore to avoid the issue of extreme outliers 
within single samples all f the 165 samples analyzed are a 
representative composite of samples taken from a 10 ha area 
within each field. Lacking previous or historical data for the 
purpose of examining the variability of the available param-
eters within the fields we take two basic and descriptive ap-
proaches. Acknowledging the lack of a larger number of ana-
lyzed samples within one single field we are unable to look 
at the variance of the parameters using statistical tests. How-
ever for each individual field the absolute value of difference 
of each sample from the mean is calculated. 

Difference from mean = [Σn-Par] - Where Par is the pa-
rameter examined (P2O5 or K2O).

Additionally a closer look is taken at one randomly chosen 
field for which digital maps were made using Golden Soft-
ware Surfer 11. The digital map and girding was made based 
on the geographical references point for every sample taken 
and the values of the analyzed samples were placed for the 
appropriate references. The map was made using interpola-
tion at an inverse distance of a power. 

Results and Discussion

In order to better understand the potential benefit of fur-
ther applying the site specific management approach we take 
a closer look at the results obtained from the soil survey con-
ducted. Since it is impractical for the study to take a look at 
each field individually we first view the average difference 
from the mean for all fields. 

When looking at the obtained average results from Table 
1 we can see for instance that average differences that occur 
from the result of the individual samples and the mean do not 
show a drastic difference in value. A difference of 1.6 mg/100 
g of that parameter may not necessarily be that significant on 
yield dependant the crops in question. On the other hand when 
the same values are expressed in percent and put into a per-
spective of large scale production the significance changes. Es-
pecially as in cases like ZK Pelagonija AD where for nutrient 
application the same rate across one field (parcel of land) is 
applied regardless of the field’s size. In the autumn of 2013 the 
company planted seed for winter wheat on 6247.8 ha. 

Knowing that an even amount of fertilizer is applied prior 
seeding for the entire wheat crop, a 19% variation higher or 
lower amounts implies a large inefficiency in application of 
macronutrients. However even if each average for every field 
is considered individually it serves little purpose in adjusting 
application rates in the production since the actual area of the 
fields needs to be delineated. 

For the purpose of testing the potential value of applying 
GIS technologies and concepts such as site specific manage-
ment we take a closer look at the data for one particular field 
(land parcel 803) (Table 2, Figure 1). This particular field has 
a surface area of 65.59 ha and was planted with winter wheat 
in the autumn of 2013. On the table below we see the values 
of the parameters for each sample of soil analyzed that repre-
sent approximately 9.4 ha of land. 

If the values for each sample are examined there is a large 
variation macronutrient content in the soil of the field. In this 
case 15936 kilograms per hectare of combined synthetic fer-
tilizer were applied. On Table 3 we see what the difference 
would be if application would be done according to each sam-
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ple’s difference from the mean in percent appropriately to the 
area it represents.

If the application of the fertilizer for the field would be 
changed to correct for the variance as shown in Table 3 there 
would be only a slight difference in the total amount however 
there would be a significant redistribution across the field. 
Separating the field into 6 segments with significantly differ-
ent rates for application would hence be impossible. 

Therefore we observe (Figures 2, 3 and 4) that based on 
the location of GPS referenced samples the field could prac-
tically be split into either 2 or 3 management zones which 
would allow for a simpler approach to exact such a practice. 
This map however only represents one parameter that could 
be addressed. Nevertheless it shows well enough that GIS 
software can readily be applied for the purpose of analyzing 

Table 1 
Average of all fields

Measured parameters Diff from mean Diff from mean, %

pH H2O
P2O5  mg/100g

K2O 
mg/100g pH H2O

P2O5 mg/100g
K2O 

mg/100g pH H2O
P2O5  mg/100g

K2O 
mg/100g

6.87 9.09 31.23 0.27 1.60 3.30 4 19 11

Table 2 
Measured values and differences for parcel 803

Field 803
 Measured Values Diff from mean Diff from mean%

Sample pH in H2O
P2O5 mg/100g

K2O 
mg/100g pH H2O

P2O5 mg/100g
K2O 

mg/100g
P2O5 mg/100g

K2O 
mg/100g

1 6.6 1019 37.25 0.01 0.39 9.55 4% 20%
2 6.49 14.7 58.07 0.12 4.9 11.27 50% 24%
3 6.62 13.14 59.27 0.01 3.34 12.47 34% 27%
4 6.18 8.04 35.64 0.43 1.76 11.16 18% 24%
5 6.24 6.47 47.26 0.37 3.33 0.46 34% 1%
6 6.37 6.27 46.86 0.76 3.53 0.06 36% 0%
7 6.77 9.8 43.25 0.16 0 3.55 0% 8%
average 6.61 9.8 46.8 0.27 2.46 6.93 25% 15%

Fig. 1. The point references of soils samples taken in 
the fields including the central and largest field (Parcel 
803) for which more detailed map was done in order to 

examine the results in greater detail

Table 3 
Fertilizer application in kilograms

Fertilizer application in kilograms (phosphate)

Sample Difference from  
mean in % Actually applied Corrected for variation Difference in kg

1 4% 2276.68 2383.78 107.1
2 50% 2276.68 3430.5 1153.82
3 34% 2276.68 3068.44 791.76
4 -18% 2276.68 1884.79 -391.89
5 -34% 2276.68 1520.41 -756.27
6 -36% 2276.68 1474 -802.68
7 0% 2276.68 2293.27 16.59
Total 15936.76 16055.2 118.44
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soil variability and has great potential for improving manage-
ment of agricultural inputs such as fertilizer. 

Furthermore this approach is proving to be more effective 
in the long term allowing for prediction power and quanti-
fication of many soil parameters. One simple benefit is that 
by referencing sample points all future samples would prove 
more useful for comparison and changes in crop and soil be-
havior can be tracked more easily which has be found to be 
the case in  number of other studies (Li et al., 2008). This is 
further supported by research indicating that the use of GIS 

with a variety of approaches and multivariate analysis could 
be used for prediction of a varied number of soil properties. 
Studies have shown that the relation between land use and 
moisture variability can be identified and defined (Zucco et 
al., 2014). In one study (Kheir et al., 2010) use a tree model 
for decision making and with factor weighted factor: pH, sur-
roundings of waste areas (proximity to roads, nearness to cit-
ies, distance to drainage line, litho logy, land cover/use, slope 
gradient, conductivity, soil type organic matter and soil depth 
are able to predict zinc content distribution in soil with an es-
timated accuracy of 78%.

Conclusion

Results from the study show that use of GIS technolo-
gies can simplify and assist in dealing with soil variability. 
While it may not necessarily have a great impact on absolute 
amounts of inputs such as fertilizer applied it has the poten-
tial to increase the efficiency and effectiveness of the same 
and potentially increase yields and reduce adverse impacts 
on soils.

In the case of the examined field when discussing the ap-
plication of phosphates it may be said that there exist oppor-
tunity costs to not adopt such approaches which may reflect 
negatively on production yields. While for field 803 direct costs 
might not change substantially, the effectiveness factor and ratio 
of input to yield could be improved to a fairly high degree by us-
ing approaches such as site specific management.

In order to gain the full potential that is offered by preci-
sion technology there is a need to advance the methods in Fig. 2. Phosphate variability map

Fig. 3. Potassium variability map Fig. 4. pH reaction
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practice to a higher level. As it stands it is not practical to 
depend on detailed soil sampling for the purpose improved 
fertilizer inputs due to costs and technical challenges. It 
would be necessary for producers to combine a variety of 
techniques such as soils sampling, remote sensing and real-
time measurements of pH and electric conductivity (EC) 
together with expert knowledge in order to find correla-
tions between them. If significant enough correlation can be 
found between factors such as EC, topographic and chemi-
cal characteristics of field it would be possible to use less 
costly and time consuming methods for the purpose of im-
proved and site-specific soil management. Nevertheless the 
producer in this case is laying the groundwork in order to 
gradually adopt such practices such as the ones mentioned 
in this paper.
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