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Abstract. The paper presents an analysis of certified seed use in the provinces in Poland. The used data come from
Central Statistical Office and concern the period 2004-2011. The aim of this study was to determine the regional
imbalances present in the used certified seeds. The spatial Moran’s correlation: global and local is applied in the
paper. Results of the statistical analysis of regional differences were noted for the use of certified seed potatoes in
the years 2004-2011. It was also found that despite the low use of certified seeds, there is an increase of its use year
by year in most of provinces.

Introduction

The increase of productivity in agriculture is affected by many factors. Today, the dissemination
of biological progress is considered as one of the most important. Many authors have reported that the
introduction of biological progress resulted in the increase of plant productivity of about 50% in the long
term [Duvick 2005, Ingram et al. 1997, Thirtle 1995]. The use of biological progress places it on a higher
level than other factors of production such as chemical plant protection, mechanization of production and
fertilization. In Poland, the use of biological progress in crop production is has not been appreciated. The
undoubted problem of the implementation of biological progress in Poland is the diversity of soil quality
and differences in the structure of farms. However, this does not completely explain the occurrence of
regional disparities in the use of certified seed.

The aim of this study was verify the opinion of other authors who studied the biological progress
concerning the regional disproportion at the NUTS 2 level in the use of biological progress on the base
of production of certified cereals and potatoes.

Materials and methods

The data used in this analyses come from Central Statistical Office for the period 2004 —2011. In order
to assess the spatial diversity, statistical methods were applied. In this work the spatial autocorrelation
coefficient Moran /_global and local /, ¢, is used [Anselin 1995]. Global Moran spatial correlation coef-
ficient is determined in accordance with the proof of Clif and Orda [1981] and presented in a matrix form:
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where:

W — matrix weight of standardized rows,

z —vector of elements z, = x, — X,

N, — is the sum of all elements of the matrix W.

Spatial autocorrelation is shown on Moran’s scatter plot. This chart is used to visualize spatial relation-
ships and determine the direction of spatial autocorrelation. The graph is divided into four parts to zero
values. Plotted on the axes of standardized consumption value of certified seed and the spatial lag variable.
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The formula for calculation of the local Moran coefficient of correlation estimator becomes:

ZZWZ

where:
w, — the element of the weight matrix W,
z, z,— standardized value of variables.

Based on crop recommendations, the material consumption of certified seed per 1 ha is assumed in the
following way. The use of seed potatoes was established 2500 kg/ha, and for cereals (wheat and triticale)
was 200 kg/ha and 180 kg/ha for other species. The total share of sown area in Poland, which uses certified
material is defined as an average weighted. This average weighted is share of sown area the surface of
individual species, which can be used on certified materials. In the some way calculations were made for
each of the province [Wicki,Dudek 2009]. Results of the analysis are presented in tabular and graphical
forms. Because of space publishing limitations in the paper, only the results for potatoes are presented.

LISA

Results

The previous research by other authors show that the consumption of certified seed of selected cere-
als and potatoes in Poland has decreased [Nowacki 2005, Wicki, Dudek 2009]. Figure 1 shows use of
certified seeds in kg per 1 ha of crops in provinces for the period 2004-2011. Figure 1 is divided into
three plots which contain changes in consumption of potatoes in each province during the period of time.
Provinces were divided into individual plots by a similar level of seed used in 2004. As you can see, the
greatest use of certified seed in 2004 is noticed in the following regions: Slaskie, Warminsko-Mazurskie,
Kujawsko Pomorskie, Dolnoslaskie and Swictokrzyskie (Fig. 1A). During the study per10d 2004-2011,
an increase in consumption of qualified seed potatoes can be observed only in three provinces, namely
Slqskle Warminsko-Mazurskie and Kujawsko-Pomorskie. In two other provinces (Dolnoslqskle and
Swigtokrzyskie) a decrease in consumption of certified seed is observed. In the next five provinces there
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Figure 2. Moran scatter plot and its visualization on the spatial map of Poland
Rysunek 2. Wykres punktowy Morana oraz jego wizualizacja na mapie przestrzennej Polski
Source: own study

Zrodlo: opracowanie wiasne

is an increase in consumption since 2004 qualified seed potatoes (Wielkopolskie, Opolskie, Pomorskie,
Lodzkie, and Lubuskie). It is also noted a marked increase of consumption of seed in all provinces in
2010. In particular in the province of Wielkopolskie and Lubuskie. In thes five regions a collapse and a
decrease of use of certified seed in 2011 was observed (Fig. 1B). As for the last group of six provinces
an increase in consumption of seed potatoes excluding Podkarpackie can be seen. (Figure 1C). The third
group of provinces are: Mazowieckie, Lubelskie, Matopolskie, Zachodniopomorskie, Podkarpackie, and
Podlaskie. On the figure 1 in parentheses the average growth rate over the period for use of certified seed
is given. In the first group, the largest increase in the use of certified seed potatoes from year to year of

13% was in Slgskie (fall to 43% in Sw1¢tokrzysk1e) In the second group, it was Lubuskie 22.7% and
Podkarpackie 22.1% in the third. Only in three provinces observed an average reduction in consumption
of certified seeds from year by year (Dolnoslaskie, Swigtokrzyskie and Podlasie). In other provinces more
or less average consumption growth of certified seeds from year by year was reported.

In the next part of this study, spatial diversity potatoe using global Moran coefficient of correlation
was estimated. We analyzed the use of certified seeds in particular provinces. The hypothesis of random
distribution of consumption values between the provinces of quantifiers was verified. As a result of calcula-

tions Moran positive correlation coefficient (/g = 0.1188) was
obtained. It turned out to be not significant (p-value: 0.2122).
Thus it can be considered as confirmation of previous studies
by other authors on the existence of regional differences due to
the consumption of certified seed. Figure 2 shows the location of
the different provinces of Moran scatter plot (Fig. 2 —left graph)
and its visualization on the map of Poland (Fig. 2 —right graph).
The provinces which we defined earlier as leading in
the use of certified seeds in kg per hectare, have emerged
as a so-called “hot spot” on the Moran scatter plot (Slaskie,
Kujawsko-Pomorskie and Warminsko-Mazurskie). Then the
local correlation coefficients were calculated to identify spatial
clusters of large and small values of seeds consumption, and to
define non-standard locations. When the local Moran statistic
has a value significantly positive then we talk about the positive
Figure 3. Distribution of certified seeds autocorrelation. In this case, the province is surrounded by simi-
consumption in the provinces according  1ar ones in terms of consumption of certified seeds. However,
to the values of local Moran statistics  1f the local Moran statistic has a value which is significantly
in 2011 negative (negative autocorrelation) then the region adjacent to
Rysunek 3. Rozmieszczenie zuiycia  the province differs significantly from the values variable. This
kwalifikowanego materiatu siewnego w  region is considered non-standard location.
2011 r. w wojewddztwach ze wigledu na The results of calculations for the year 2011 are shown in
wartosci statystyk lokalnych Moran Figure 3. The provinces, which received significant positive

Srm,lrcef own study local autocorrelation are highlighted in white and the regions of
Zrodlo: opracowanie wilasne
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significant negative local autocorrelation are highlighted in black. Other for which the local autocorrela-
tion was not significant are highlighted in gray. Note that Slaskie had the highest value of use of certi-
fied seeds (546 kg/ha) in 2011. As a consequence, it can be stated that the neighboring region explicitly
differs in respect to research variable. Podkarpackie and Kujawsko-Pomorskie marked in white, were
surrounded by a region with a similar consumption qualified seed potatoes.

Conclusions

As a result of the statistical analysis the regional differences were noted in the use of certified seed
potatoes for the period 2004-2011. It was also found that despite the low use of certified seeds, there is a
steady increase of consumption in most provinces year by year (each year). Special consideration should
be given to remove barriers that prevent biological progress. Regional differences in the use of certified
seed can not be fully explained by the fragmentation of farms and soil quality. In the paper, Moran spatial
correlation coefficients (global and local) confirmed many research done by other authors concerning the
regional diversity and negated low consumption of certified seed potatoes in Poland.
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Streszczenie

Badano zuzycie kwalifikowanego materiatu siewnego w poszczegolnych wojewodztwach w latach 2004-2011.
Dane wykorzystane w analizie pozyskano z baz danych GUS. W pracy wykorzystano statystyki przestrzenne Morana
w celu okreslenia autokorelacji przestrzennej. W wyniku przeprowadzonych analiz statystycznych stwierdzono
wystepowania zroznicowania regionalnego dla wykorzystania kwalifikowanego materiatu siewnego (sadzeniakow)
ziemniakow w latach 2004-2011. Stwierdzono réwniez, ze mimo niskiego wykorzystania kwalifikowanych sadzeniakéw,
systematycznie z roku na rok rosnie ich zuzycie w wigkszosci wojewodztw.
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