
Abstract
The potato tuber content of microelements is lower than that

of macroelements but they are equally important. With this
respect, there has been noticed a favourable effect of natural and
organic manuring. The objective of the study reported here was to
determine the effect of manuring with an undersown catch crop,
either autumn-incorporated or left on the soil surface as mulch for
spring incorporation, and production system on the potato tuber
content of microelements. The study involved a field experiment,
which was conducted in 2009-2012. The following two factors
were examined: I − manuring with undersown catch crop: control,
farmyard manure, Persian clover, Persian clover + westerwolds
ryegrass, westerwolds ryegrass, Persian clover − mulch, Persian
clover + westerwolds ryegrass − mulch, westerwolds ryegrass −
mulch; II − production system: integrated and organic. Potato
tubers were sampled to determine microelement contents. The
highest iron and zinc contents were recorded in the tubers of pota-
to manured with autumn-incorporated Persian clover whereas
boron content was the highest in the tubers of potato manured with
Persian clover, regardless of when it had been incorporated, as
well as an autumn-incorporated Persian clover + westerwolds rye-
grass mixture. Organic potatoes contained more iron and boron
whereas tubers grown in the integrated production system were
higher in zinc, manganese and copper. Potato manuring with
undersown catch crops and farmyard manure in both the produc-
tion systems studied increased the potato tuber content of
microelements, excluding copper and manganese.

Introduction
The potato tuber content of microelements is lower compared

with macroelements but microelements are equally important as
they form part of enzymes, which activate a number of biochemi-
cal processes (Hajšlovă et al., 2005; Roma et al., 2017; Sierra et
al., 2017; Mengist et al., 2018). The soil content of minerals
depends on the type of parental rock, decomposed organic matter
as well as agro-technological factors including manuring
(Baranowska et al., 2017; Garrido et al., 2017). In this respect,
there has been noticed a favourable effect of natural and organic
manuring (Redulla et al. 2005; Płaza et al., 2015; Makarewicz et
al., 2018). Farmyard manure is basic natural manure applied in
potato cultivation. As farmyard manure production is continually
declining, the development of integrated and organic potato pro-
duction encourages farmers to include more catch crops in the
rotation process (Płaza et al., 2015). In the aforementioned agri-
cultural systems undersown catch crops may be the main biomass
source used instead of farmyard manure in potato fertilisation
(Dabney et al., 2001; Makarewicz et al., 2018). There are no
Polish studies on the influence of green manures applied in differ-
ent production systems on the potato tuber content of microele-
ments, hence the need arises to conduct this type of research. The
objective of the study reported here was to determine the effect of
manuring with undersown catch crops, either autumn-incorporat-
ed or left on the soil surface as mulch for spring incorporation, as
well as production system on the potato tuber content of microele-
ments.

Materials and methods
Field research was carried out at the Zawady Experimental

Farm, which belongs to Siedlce University of Natural Sciences
and Humanities and spanned the years 2009-2012.

The soil of the experiment was Albic Luvisol, soil valuation
class IVa representing the very good rye complex of agricultural
soil suitability. The soil content of available minerals was as fol-
lows: P 5.23 mgּkg–1, K 11.56 mgּkg–1, Mg 5.57 mgּkg–1, Mn 116
mgּkg–1, Cu 1.6 mgּkg–1, B 0.52 mgּkg–1, Zn 7.3 mgּkg–1, Fe 659
mgּkg–1. The soil reaction was neutral and humus content amount-
ed for 1.39%. The experiment was set up as a split-block arrange-
ment of plots with three replicates. Two factors were examined: I
− manuring with undersown catch crop: control (no manuring
with undersown catch crop), farmyard manure (30 tּha–1), Persian
clover (seed sowing rate of 18 kgּha–1), Persian clover + wester-
wolds ryegrass (seed sowing rate of 9 + 10 kgּha–1), westerwolds
ryegrass (seed sowing rate of 20 kgּha–1), Persian clover − mulch
(seed sowing rate of 18 kgּha–1), Persian clover + westerwolds rye-
grass − mulch (seed sowing rate of 9 + 10 kgּha–1), westerwolds
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ryegrass − mulch (seed sowing rate of 20 kgּha–1); II − production
system: integrated and organic. 

In autumn, the fresh matter yield of undersown catch crops
(including roots to the depth of 30 cm) was determined in an area
of 1 m2 in each plot. The average yield across three years in the
integrated production system was: 28.3 tּha–1 of Persian clover,
32.7 tּha–1 of the Persian clover + westerwolds ryegrass mixture,
36.4 tּha–1 of westerwolds ryegrass, the respective yields in the
organic system being: 23.7 tּha–1, 26.9 tּha–1 and 28.1 tּha–1.

Spring triticale grown for grain was undersown with catch
crops, which preceded table potato. Mineral fertilisers were
applied to the whole experimental area under the integrated pro-
duction system. The per 1 ha rates of the fertilisers were as follows:
90 kg N, 36.9 kg P and 99.6 kg K. The rates were adjusted to soil
availability as well as quantity of expected yields. In plots, which
had been ploughed before winter, spring-applied mineral fertilisers
were mixed with soil using a cultivator with an attached harrow. In
the mulched plots, mulch was incorporated by means of a disc har-
row followed by a cultivator. In the organic production system,
mineral fertilisation was replaced by farmyard manure, which was
applied at the rate of 30 tּha–1to the whole area of organic plots
prior to cultivation of spring triticale, which was undersown with
catch crops. Potatoes were planted in late April and harvested in
mid-September. Integrated production system involved an applica-
tion of mechanical and chemical control of weeds, diseases and
pests. Prior to emergence, potatoes were hilled and harrowed every
seven days and, immediately before emergence, sprayed with a
herbicide mixture of Afalon 50 WP + Reglone Turbo 200 SL (1 kg
+ 1 dm3ּha–1). Colorado potato beetle was controlled using two
applications of Fastac (0.1 dm3ּha–1) and late potato blight was con-
trolled by means of two applications of the fungicide Ridomil MZ
WP (2 dm3ּha–1). In the organic production system, weeds were
removed mechanically. Colorado potato beetle was controlled by
two applications of Novodor SC (2.5 dm3ּha–1), and late potato
blight using three applications of Miedzian 50 WP (4 kgּha–1).
During potato harvest, samples were taken in each plot to deter-
mine microelements. Cu, Fe, Mn, Zn and B contents were deter-
mined in the dry matter of potato tubers by means of inductively
coupled plasma optical emission spectrometry (ICP-OES).

Each of the characteristics studied was analysed by means of
ANOVA for the split-block arrangement. Comparison of means for
significant sources of variation was achieved by means of Tukey’s
test at the significance level of P≤0.05. All the calculations were
performed in STATISTICA®, version 12.0 and MS Excel.

Results
The years of conducting the research were characterised by a

varied course of weather conditions (Table 1). In 2010, the highest
sum of precipitation was highest at the highest average tempera-
ture, which adversely affected the content of micronutrients in
potato tubers. By contrast, in 2011 the smallest sum of precipita-
tion was recorded, at medium temperature approximated to the
long-term average, which had a positive effect on the accumulation
of micronutrients in potato tubers. In 2012, a slightly higher sum
of precipitation was recorded than in 2011, with a more beneficial
distribution of precipitation in the growing seasons of potato,
which translated into a higher concentration of micronutrients in
tubers. 

The potato tuber content of copper differed significantly due to
the influence of the experimental factors, and was significantly
affected by their interaction (Table 2). The highest copper content
was determined in tubers harvested from control plots where only
mineral fertilisation has been applied. The potato manured with
farmyard manure and undersown catch crops significantly reduced
the potato tuber content of copper. The lowest concentration of this
element was determined in the tubers of potato manured with
autumn-incorporated Persian clover. In the remaining plots
manured with undersown catch crops, copper content in potato
tubers was not significantly different from copper concentration
determined in the tubers of potato following farmyard manure
application. The production system significantly affected the pota-
to tuber content of copper, which was lower in organic potatoes.
The lowest copper content was recorded in the tubers of organic
potato following undersown catch crops and farmyard manure, and
the highest in control tubers, which had been produced using min-
eral fertilisers in the integrated production systems.

Statistical analysis demonstrated a significant effect of experi-
mental factors on the potato tuber content of iron, and a significant
interaction between these factors (Table 3). The lowest concentra-
tion of iron was recorded in the tubers of control potato followed
mineral fertilisers. Farmyard manure and undersown catch crops
contributed to an increase in the potato tuber content of iron. The
highest iron content was recorded in the tubers of potato manured
with Persian clover, which had been ploughed down in autumn.
Iron content in the tubers of potato following an autumn-incorpo-
rated mixture of Persian clover and westerwolds ryegrass as well
as Persian clover mulch was not significantly different from iron
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Table 1. Weather conditions in the growing season of potato according to the Zawady Metorological Station.

Year                                                                                       Month                                                                                     Mean
                                                                April             May            June           July            August         September                              
Mean air temperature, °C

2010                                                                              8.9                     14.0                  17.4                21.6                     19.8                         11.8                                            15.6
2011                                                                             10.1                    13.4                  18.1                18.3                     18.0                         14.4                                            15.4
2012                                                                              8.9                     14.6                  16.3                20.7                     18.0                         14.1                                            15.4
Long-term (15 yr) mean                                         8.2                     14.2                  17.6                19.7                     19.1                         12.9                                            15.3
Rainfall sum, mm

2010                                                                             10.7                    93.2                  62.6                77.0                    106.3                      109.9                                          459.7
2011                                                                             31.0                    36.1                  39.1               120.2                    18.6                         12.0                                           257.0
2012                                                                             29.9                    53.4                  76.2                43.0                     51.0                         11.4                                           264.9
Long-term (15 yr) mean                       37.4              47.1            48.1           65.5               43.5                 47.3                               288.9
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content determined in the tubers of potato following farmyard
manure application. In the remaining plots, iron concentration was
significantly lower than in potato tubers following farmyard
manure treatment, it was higher than values determined in control
tubers. The production systems significantly affected iron content
in potato tubers. Tubers issued from organic potato following
green manures and farmyard manure application, contained signif-
icantly higher iron content with respect to potato grown under inte-
grated production system. Interactions between the experimental
factors were examined. It has been found that the highest iron con-
centration was recorded in organic potato tubers manured with
autumn-incorporated Persian clover, and the lowest in the control
potato tubers produced under integrated production system.

Manganese content in potato tubers was significantly affected
by the experimental factors and their interaction (Table 4). The
highest manganese concentration was determined in control potato
tubers. Manganese content in potato tubers manured with under-
sown catch crops, apart from westerwolds ryegrass left as mulch
on the soil surface for spring incorporation, was significantly lower
with respect to those obtained in potato tubers following farmyard
manure application. The production system also significantly
influenced the potato tuber manganese content. Higher manganese
concentrations were recorded in potato tubers produced under inte-
grated system compared to those from organic production system.
Interactions between the experimental factors indicated that man-

ganese content was the lowest in potato tubers from the integrated
production system, manured with Persian clover either incorporat-
ed in autumn or left as mulch on the soil surface for spring incor-
poration and the highest was obtained for control potato tubers
grown under integrated production system.

Statistical analysis demonstrated also a significant effect of the
experimental factors and their interaction on zinc content in potato
tubers (Table 5). The lowest zinc concentration was recorded in
control potato tubers harvested from the plots where only mineral
fertilisers were applied. Manuring of potato with farmyard manure
and undersown catch crops, which provide potato plants with
macro- and microelements, increased the zinc content in potato
tubers. The highest zinc content was recorded in the potato tubers
manured with autumn-incorporated Persian clover. In the remain-
ing plots manured with undersown catch crops, the zinc tuber con-
tent was not significantly different from potato tubers following
farmyard manure application. The production system showed a
significant effect on zinc content in potato tubers. A higher zinc
concentration was recorded in the potato tubers grown under inte-
grated production system. Interactions between different factors
were examined and indicated that the highest zinc content was
noted in the potato tubers manured with autumn-incorporated
Persian clover and an autumn-incorporated mixture of Persian
clover and westerwolds ryegrass, as well as Persian clover left on
the soil surface for further spring incorporation. It was the lowest

                   Article

Table 2. Copper content in potato tubers (means over 2010-2012), mg kg–1 d.m.

Manuring with undersown catch crop                                                               Production system                                                    Mean
                                                                                             Integrated farming                                Organic farming                            

Control                                                                                                                           4.967                                                                       4.645                                             4.806
Farmyard manure                                                                                                        4.732                                                                       4.517                                             4.625
Persian clover                                                                                                               4.619                                                                       4.436                                             4.527
Persian clover + westerwolds ryegrass                                                                 4.676                                                                       4.487                                             4.582
Westerwolds ryegrass                                                                                                4.721                                                                       4.495                                             4.608
Persian clover – mulch                                                                                              4.625                                                                       4.483                                             4.554
Persian clover + westerwolds ryegrass – mulch                                                4.683                                                                       4.499                                             4.591
Westerwolds ryegrass – mulch                                                                                4.730                                                                       4.504                                             4.670
Mean                                                                                                                               4.719                                                                       4.508                                                 -

LSD0.05
Manuring with undersown catch crop                                                                  0.075
Production system                                                                                                    0.070
Interaction                                                                                                                  0.092

Table 3. Iron content in potato tubers (means over 2010-2012), mg kg–1 d.m.

Manuring with undersown catch crop                                                               Production system                                                    Mean
                                                                                             Integrated farming                                Organic farming                            

Control                                                                                                                           42.27                                44.32                              43.30
Farmyard manure                                                                                                        50.68                                52.12                              51.40
Persian clover                                                                                                               53.74                                54.89                              54.32
Persian clover + westerwolds ryegrass                                                                 49.65                                50.72                              50.19
Westerwolds ryegrass                                                                                                45.32                                46.40                              45.86
Persian clover – mulch                                                                                              50.21                                52.28                              51.25
Persian clover + westerwolds ryegrass – mulch                                                48.36                                49.44                              48.90
Westerwolds ryegrass – mulch                                                                                44.27                                45.69                              44.98
Mean                                                                                                                               48.06                                49.48                                  -

LSD0.05
Manuring with undersown catch crop                                                                                                                                                                                                          1.27
Production system                                                                                                                                                                                                                                            0.82
Interaction                                                                                                                                                                                                                                                          1.41
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in control tubers grown under both the integrated and organic pro-
duction systems. Boron content in potato tubers was significantly
affected by the experimental factors and their interaction (Table 6).
The concentration of this element was the lowest in control potato
tubers following mineral fertilisation. Green manures and farm-
yard manure increased the boron content in potato tubers. Boron
concentration was the highest in the potato tubers manured with
autumn-incorporated Persian clover and autumn-incorporated mix-
ture of Persian clover and westerwolds ryegrass as well as Persian
clover mulch. Boron content in potato tubers manured with a
spring-incorporated mixture of Persian clover and westerwolds
ryegrass applied as mulch differed insignificantly from the content
determined in potato tubers following farmyard manure applica-
tion. Boron content was significantly lower only in potato tubers
following westerwolds ryegrass application, regardless the appli-
cation date of the cover crop. Nevertheless, Boron levels were
higher than those recorded for control tubers. The production sys-
tem significantly affected the potato tuber boron content, the high-
est concentration was recorded in organic potato tubers.
Interactions between the experimental factors indicated that the
highest boron content was found in potato tubers manured with
autumn-incorporated Persian clover under organic production sys-
tem, and the lowest was obtained in control tubers grown under
integrated production system. 

Discussion

Copper content
Potato tubers provide valuable micronutrients necessary for

human nutrition (Snapp et al., 2005; Musilova et al., 2016; Roma
et al., 2017). In the present research, the higher copper content was
recorded in the tubers of potato tubers issued from control plots
where only mineral fertilisers were applied. Our result are in line
with those of Braun et al. (2011) and Sajed et al. (2015) who
reported a higher copper content in the tubers of potato treated with
mineral fertilisers. In the present study, potato manured with farm-
yard manure and undersown catch crops significantly reduced the
copper content of potato tubers. Snapp et al. (2005) highlighted
that potatoes manured with vermicompost and green manures
exhibited lower potato tubers copper contents. In the present
research, the lowest copper content was recorded in the tubers pro-
duced under organic system. This finding is in line with those
reported by Hajšlovă et al. (2005) and Wierzbowska et al. (2018).
It should be explained by the fact that in the organic potato produc-
tion system under the influence of using only organic fertilisation,
the activation of microflora and soil fauna takes place, which helps
to absorb certain metabolic compounds. As a result, there is a bal-
anced collection of ions, including a smaller amount of copper,
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Table 3. Iron content in potato tubers (means over 2010-2012), mg kg–1 d.m.

Manuring with undersown catch crop                                                               Production system                                                    Mean
                                                                                             Integrated farming                                Organic farming                            

Control                                                                                                                           42.27                                                                       44.32                                             43.30
Farmyard manure                                                                                                        50.68                                                                       52.12                                             51.40
Persian clover                                                                                                               53.74                                                                       54.89                                             54.32
Persian clover + westerwolds ryegrass                                                                 49.65                                                                       50.72                                             50.19
Westerwolds ryegrass                                                                                                45.32                                                                       46.40                                             45.86
Persian clover – mulch                                                                                              50.21                                                                       52.28                                             51.25
Persian clover + westerwolds ryegrass – mulch                                                48.36                                                                       49.44                                             48.90
Westerwolds ryegrass – mulch                                                                                44.27                                                                       45.69                                             44.98
Mean                                                                                                                               48.06                                                                       49.48                                                 -

LSD0.05
Manuring with undersown catch crop                                                                                                                                                                                                          1.27
Production system                                                                                                                                                                                                                                            0.82
Interaction                                                                                                                                                                                                                                                          1.41

Table 4. Manganese content in potato tubers (means over 2010-2012), mg kg–1 d.m.

Manuring with undersown catch crop                                                               Production system                                                    Mean
                                                                                             Integrated farming                                Organic farming                            

Control                                                                                                                           8.747                                                                       8.514                                             8.631
Farmyard manure                                                                                                        8.532                                                                       8.345                                             8.439
Persian clover                                                                                                               8.139                                                                       8.014                                             8.077
Persian clover + westerwolds ryegrass                                                                 8.240                                                                       8.123                                             8.182
Westerwolds ryegrass                                                                                                8.327                                                                       8.220                                             8.274
Persian clover – mulch                                                                                              8.198                                                                       8.083                                             8.141
Persian clover + westerwolds ryegrass – mulch                                                8.290                                                                       8.197                                             8.244
Westerwolds ryegrass – mulch                                                                                8.387                                                                       8.289                                             8.338
Mean                                                                                                                               8.358                                                                       8.223                                                 -

LSD0.05
Manuring with undersown catch crop                                                                                                                                                                                                         0.082
Production system                                                                                                                                                                                                                                           0.077
Interaction                                                                                                                                                                                                                                                         0.094
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which in turn determines a more positive chemical composition of
potato tubers than in an integrated production system, where min-
eral fertilisers are used in addition to organic fertilisers.

Iron content
The lowest concentration of iron was recorded in the control

tubers produced under mineral fertiliser application. This finding
agrees with results reported by Braun et al. (2011), Hadi et al.
(2014) as well as Roma et al. (2017). Farmyard manure and under-
sown catch crops contributed to increase the iron content in potato
tubers due to the fact that the biomass of both farmyard manure
and green manures incorporated into the soil was an additional
source of macro- and microelements available for the plants
(Musilova et al., 2016; Garrido et al., 2017). Tubers produced
under organic farming system following green manures and farm-
yard manure application contained higher iron content compared
to potato tubers produced under integrated production system. This
finding matches the results reported by Hajšlovă et al. (2005),
Wang et al. (2008), Hunter et al. (2011) and Wierzbowska et al.
(2018).

Manganese content
The highest manganese concentration was determined in the

control potato tubers. Similarly to findings by Braun et al. (2011),

Hadi et al. (2014) and Ashrafzadeh et al. (2017). Green manures
and farmyard manure significantly reduced potato tuber man-
ganese content, which was also confirmed by Braun et al. (2011),
White et al. (2009), Sierra et al. (2017). Higher manganese content
was found in potato tubers produced under integrated production
system with respect to those produced under organic management,
similarly to findings by Sawicka et al. (2016) and Wierzbowska et
al. (2018). This is due to the fact that the organic potato production
system uses only organic fertilisation, such as catch crops, spent
mushroom substrate or vermicompost, which improve the biologi-
cal, chemical and physical properties of the soil, including increas-
ing the organic carbon content and cation exchange capacity. In
addition, they increase the uptake of iron from the soil by the pota-
to plant, also increasing its concentration in the soil. The iron con-
tent in potato tubers from organic farming is higher than from con-
ventional or integrated cultivations, where mineral fertilisation is
applied.

Zinc content
The lowest zinc concentration was recorded in the potato

tubers harvested from control plots where only mineral fertilisers
were applied. Also research by White et al. (2009), Braun et al.
(2011), Hadi et al. (2014), Ashrafzadeh et al. (2017) as well as
Baranowska et al. (2017) similarly demonstrated that the lowest

                   Article

Table 5. Zinc content in potato tubers (means over 2010-2012), mg kg–1 d.m.

Manuring with undersown catch crop                                                               Production system                                                    Mean
                                                                                             Integrated farming                                Organic farming                            

Control                                                                                                                           11.02                                                                       10.18                                             10.60
Farmyard manure                                                                                                        12.64                                                                       11.77                                             12.21
Persian clover                                                                                                               13.97                                                                       12.44                                             13.21
Persian clover + westerwolds ryegrass                                                                 13.19                                                                       12.26                                             12.73
Westerwolds ryegrass                                                                                                12.34                                                                       11.97                                             12.16
Persian clover – mulch                                                                                              13.22                                                                       12.51                                             12.87
Persian clover + westerwolds ryegrass – mulch                                                12.70                                                                       11.86                                             12.28
Westerwolds ryegrass – mulch                                                                                12.11                                                                       11.33                                             11.72
Mean                                                                                                                               12.65                                                                       11.79                                                 -

LSD0.05
Manuring with undersown catch crop                                                                                                                                                                                                          0.67
Production system                                                                                                                                                                                                                                            0.49
Interaction                                                                                                                                                                                                                                                          0.88

Table 6. Boron content in potato tubers (means over 2010-2012), mg kg–1 d.m.

Manuring with undersown catch crop                                                               Production system                                                    Mean
                                                                                             Integrated farming                                Organic farming                            

Control                                                                                                                           4.527                                                                       4.636                                             4.582
Farmyard manure                                                                                                        5.229                                                                       5.365                                             5.297
Persian clover                                                                                                               5.523                                                                       5.729                                             5.626
Persian clover + westerwolds ryegrass                                                                 5.287                                                                       5.470                                             5.379
Westerwolds ryegrass                                                                                                5.023                                                                       5.189                                             5.106
Persian clover − mulch                                                                                              5.438                                                                       5.593                                             5.516
Persian clover + westerwolds ryegrass − mulch                                                5.185                                                                       5.334                                             5.260
Westerwolds ryegrass − mulch                                                                               4.921                                                                       5.062                                             4.992
Mean                                                                                                                               5.142                                                                       5.297                                                 -

LSD0.05
Manuring with undersown catch crop                                                                                                                                                                                                         0.061
Production system                                                                                                                                                                                                                                           0.043
Interaction                                                                                                                                                                                                                                                         0.085
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zinc concentration was measured in potato tubers produced under
mineral fertilisers treatments. Manuring of potato with farmyard
manure and undersown catch crops, which provide potato plants
with macro- and microelements, increased the zinc content of pota-
to tuber. This finding agrees with reports by Redulla et al. (2005),
Baranowska et al. (2017) and Roma et al. (2017). The higher zinc
concentration was recorded in the tubers of potato cultivated in the
integrated production system. A similar finding was reported by
Hajšlovă et al. (2005), Wszelaki et al. (2005) and Wang et al.
(2008). It should be explained by the fact that in the organic potato
production system only organic fertilisation is used, such as green
manure, spent mushroom substrate or vermicompost, which
increase the content of organic matter in the soil, and thus reduces
the uptake of elements harmful to human health, including man-
ganese by potato plants. In contrast, mineral fertilisation is also
used in the integrated potato production system, which increases
the manganese content in potato tubers.

Boron content
The concentration of boron was the lowest in the control potato

tubers produced following mineral fertilisation. A similar relation-
ship was found by Sayed et al. (2015) and Osvalde et al. (2016).
The highest boron concentration was obtained for potato tubers
manured with autumn-incorporated Persian clover and an autumn-
incorporated mixture of Persian clover and westerwolds ryegrass
as well as Persian clover mulch. Snapp et al. (2005), Sayed et al.
(2015) as well as Osvalde et al. (2016), reported similar findings
where green manures and vermicompost increased the concentra-
tion of boron in potato tubers. The highest boron concentration
being recorded in the tubers of organic potato system. A similar
relationship was found by Hajšlovă et al. (2005), Griffiths et al.
(2012) as well as Wierzbowska et al. (2018).

To sum up, it should be stated that in the conducted experi-
ment, green manure and farmyard manure increased the content of
iron, zinc and boron in potato tubers, and decreased the content of
copper and manganese. Also, the potato production system also
significantly altered the content of micronutrients in tubers.

Conclusions
The highest iron and zinc contents were recorded in the tubers

of potato manured with autumn-incorporated Persian clover, and
the highest boron content in the tubers of potato manured with
Persian clover, regardless of the incorporation date, as well as an
autumn-incorporated mixture of Persian clover and westerwolds
ryegrass. By contrast, undersown catch crops and farmyard
manure contributed to a decline in the potato tuber content of cop-
per and manganese. Organic potato tubers contained more iron and
boron whereas tubers produced in the integrated production system
exhibited higher zinc, manganese and copper contents. In both the
production systems, potato manuring with undersown catch crops
and farmyard manure increased the tuber content of microele-
ments, excluding copper and manganese contents. 
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