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Yield and quality of potato depend on nutrient availability in soil, especially regarding nitrogen. Ni-
trogen (N) is a very dynamic plant nutrient and its uncontrolled application can considerably raise
the price of agricultural production. If N is insufficiently utilised by plants environmental pollution
can occur. The aim of the study was to investigate efficiency of nitrogen fertiliser use by potato.
The field trials were carried out at the State Priekuli Plant Breeding Institute from 2009 till 2012.
Nine fertilisation variants were applied: no fertilisation;, PK dose to provide potato yield of 40 t
ha'1; and the remaining seven variants with a PK dose plus plus increasing N amount from 30 to
210 kg ha™'. The results of the four-year experiment years indicated that an increase in nitrogen
fertilizer rate up to N120 kg ha’! increased the potato yield. Nitrogen fertilizer rates should be ap-
plied depending on potato variety and planned use of the grown potato crop. Tuber nitrogen con-
tent increased with nitrogen fertilizer level from 1.09% in the treatment NOPK up to 1.53% in
treatment N120, and practically remained at that level in treatments with higher N application lev-
els. Nitrogen content in potato foliage was twice as high as that in tubers and continuously in-
creased with the N amount applied, and particularly with higher nitrogen fertilizer rates of
N150-210. In regard only to tuber yield, the N utilization coefficient at a nitrogen fertilizer rate up
to N120 was on average 0.60. A further increase in nitrogen rate reduced the N utilization coeffi-

cient with each successive step.
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INTRODUCTION

Potato is a very significant agricultural crop in the economy
of Latvia. In 2011, the area of potato production was 29 600
ha and average yield was 16.8 t ha™!. The total potato pro-
duction of about 500 thousand tonnes covers the self-
consumption of Latvia’s population (Anonims, 2012).

Crop yield and quality mostly depend on the availability of
nutrients in soil. Nitrogen (N) is a very dynamic plant nutri-
ent. Its uncontrolled application can considerably raise the
price of agricultural production, and under increased rates
of N insufficient utilisation by plants may result in environ-
mental pollution (Moreno et al., 2003). Potato fields quite
often receive too high amounts of N fertiliser, which, com-
bined with a shallow root system, creates high risk of N
leaching losses (Neumann et al., 2012). According to the
EU Council Directive 91/676/EEC of 12 December 1991
with regard to water protection from pollution caused by re-
sidual N of agricultural origin, excessive fertiliser use en-
dangers the environment, and therefore restrictions are
needed to limit contamination by residual N fertiliser in
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soil. Maintaining high crop yields with minimum nutrient
losses to the environment is and will continue to be a sig-
nificant challenge to the potato producers (Westerman,
2005).

Nitrate (NO3) is the most frequently documented contami-
nant in potato production areas. Studies in areas with differ-
ing weather and soil conditions and cropping practices
showed that low fertiliser recovery, high residual fertilizer
N and the risk of NO; loss to environment were often asso-
ciated with inadequate use of fertilizers. The application of
fertilisers above a threshold level often proves inefficient
for production purposes creates risks of nitrate and phos-
phorus pollution of groundwater (Ierna er al., 2011; Wester-
man, 2005).

Several N fertilisation rates have been advised as optimal
for potato production. In some European countries and the
USA that have a potato growth cycle of 4-5 months, the
recommended N fertilisation rates vary from 70 to 330 kg
ha'l, and the most economically efficient rates from 147 to
201 kg ha! (Fontes et al., 2010). The application of me-
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dium levels of fertilisers (100, 50 and 150 kg ha'1 N, P,O5
and K, O, respectively) has been suggested for irrigated po-
tato growing areas, combining it with medium water supply
(Ierna et al., 2011). Researchers in the Czech Republic ad-
vise a fertilisation rate of 140 kg ha'l, 63 kg ha™! and 186 kg
ha! N, P,O5 and KO, respectively, as the optimal for tuber
yield above 30 t ha™". It has been observed that a N dose of
120 kg ha™! applied in the form of mineral fertiliser is the
most environmentally acceptable N fertilisation rate for po-
tato (Srek et al., 2010). The application of 130 kg ha' N by
fertigation (fertilization together with irrigation) is suffi-
cient for potato (Darwish et al., 2006).

Low N supply will not only result in lower yield but will
also reduce tuber size due to reduced leaf area and early de-
foliation (Vos, 1995; Goffart et al., 2008;). Higher N fertili-
sation rates have positive effect on plant growth parameters,
and they increase tuber number and yield. Also, higher N
rates also are associated with more foliage and consequently
promote photosynthetic action, and hence more trans-
locatation to tubers (Kumar et al., 2007).

An increased potato yield is mostly associated with N appli-
cation, whereas phosphorus (P) and potassium (K) without
N have insignificant impact on yield (Baniuniene and
Zekaite, 2008). However, excess N fertilization leads to dry
matter yield in other parts of the plant than the tubers, pro-
moting excessive stolon and leaf growth; both leaf matura-
tion and tuber differentiation are delayed and the length of
tuber bulking period, yield and tuber dry matter are reduced
(Vos, 1995; Goffart et al., 2008). Studies have shown that
efficiency of agronomic N use decreases linearly with in-
creased N dose (Darwish et al., 2006; Kumar et al., 2007,
Fontes et al., 2010).

Fertilisation rates that meet crop N requirements, including
all sources of input in the complete soil nitrogen balance,
are the most effective way of reducing the amount of soil
nitrate at harvest, minimising the long-term environmental
impact of excess nitrate (Peralta and Stockle, 2001; Ozturk
et al., 2010). N must normally be added to fertilizer to
achieve maximum economic potato yields. Its efficiency
may be substantially improved if it is applied as close as
possible to the actual plant growth needs (Westermann,
2005).

Usually, N nutrition or fertilisation recommendations sug-
gest one recommended rate of supply at the beginning of
growing season. The required external input in soil depends
on crop growth or actual demand for N, and on supply from
sources other than external input, both of which are strongly
affected by weather in the season (Vos, 2009). Potato crop
needs for N are critical because soil N concentration
changes with soil water availability (Li et al., 2006; Ierna et
al., 2011). Deficit irrigation or low soil humidity during the
growing period reduces yields and increases accumulation
of nitrates in soil that are leached away during the wet fall
and winter periods, resulting in the highest leaching
amounts with high fertilisation rates. The residual nitrate in
soil profile increases as humidity in soil decreases and as
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fertilisation rates increase (Peralta and Stockle, 2001;
Neumann et al., 2012). Plant biomass and tuber yield de-
crease almost proportionally to water consumption. N up-
take is higher if irrigation or soil humidity is close to 100%
of maximum evapotranspiration (Dalla Costa et al., 1997).
However, high precipitation in summer may lead to signifi-
cantly higher P and N leaching losses (Neumann et al.,
2012).

Many factors and processes influence the relation between
nitrogen uptake and nitrogen supply: initial amount of min-
eral N, net mineralisation or immobilisation, denitrification,
leaching, and atmospheric deposition. All factors that affect
the depth of root penetration (density and texture of soil,
pH, etc.) or its function (including pests, diseases, drought
and water logging) also affect the relationships between
supply and uptake (Vos, 1997). Nutrient-use efficiency
would be significantly improved with more root hairs per
unit of root length, increased root growth longevity and
density, and plants with greater rooting depth. This im-
provement alone would significantly reduce the potential
impact of potato production on water and environmental
quality parameters, and decrease the production costs. Nu-
trient-use efficiency might also be increased by improved
nutrient utilisation within the plant via increased trans-
location or recycling. Development of plants with resistance
to selected diseases could also change their nutritional re-
quirements, as there are close associations between disease
resistance and nutritional adequacy (Westerman, 2005).

Knowledge of the relationships between supply and uptake
is essential in the framework of studies on environmental
impact, and for developing recommendations for fertilizer
supply (Vos, 1997). According to the European Commis-
sion on Nitrate Directive implementation in Latvia, maxi-
mum mineral fertiliser rates applied for crops as well as re-
strictions in mineral fertilisation use have to be set based on
research results and conclusions (Ruza et al., 2011).

The aim of the current research was to investigate the effi-
ciency of nitrogen fertiliser uptake for potato under differ-
ent N fertiliser rates in growing conditions of Latvia.

MATERIALS AND METHODS

Design of experiment. The field trials were carried out at
the State Priekuli Plant Breeding Institute from 2009 till
2012. The trials were set up in fields with sod podzolic
sandy loam soil. Soil acidity (pHg ) varied from 5.0 to 6.0
in all three soil layers, which was suitable for potato grow-
ing (Table 1). The or%anic matter content in soil was within
range of 11-27 g kg™"; deeper in soil the content of organic
matter was lower. The plant available phosphorus (P,Os)
and potassium (K,O) in soil was medium to high; especially
high levels occurred in the year 2012. In deeper layers of
soil, the concentrations of availabile nutrients decreased.
Exchangeable magnesium (Mg) in soil was medium each
trial year.
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Table 1
SOIL PROPERTIES IN TRIAL FIELDS IN PRIEKULI. 2009-2012

Parameters Soil layer ‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012

pHgc 0-20 cm 5.8 5.4 53 6.0
20-40cm 54 5.2 5.4 5.9
40-60cm 5.0 5.2 52 5.7

Organic matter, 0-20 cm 19 19 27 25
gkg! 20-40 cm 15 15 21 17
40-60 cm 11 11 17 13
P,0s, mg kg™ 0-20 cm 115 139 130 206
20-40 cm 93 87 65 134
40-60 cm 40 59 20 47
K,O, mg kg 0-20 cm 93 181 120 189
20-40 cm 103 114 111 161
40-60 cm 68 122 96 153
Mg 0-20 cm 129 142 129 175
20-40 cm 110 101 117 135
40-60 cm 81 101 114 140

One-factor (rate of N fertiliser) field trials were conducted
in four replications. Nine fertilisation variants were applied:
without fertilisation; PK dose for a potato yield level of 40
t ha''; and seven variants with the PK dose plus increasing
N fertilisation rate from 30 to 210 kg ha'l. The P applica-
tion doses were 60, 60, 80, 100, and 40 kg ha'l, and K ap-
plication doses were 110, 110, 150, 200, and 100 kg ha™! in
the years 2008, 2009, 2010, 2011, and 2012, respectively.

Two potato varieties were included in the trial: early variety
‘Borodjanskiy Rozoviy’ (the Ukraine), and medium late va-
riety ‘Brasla’ (Latvia).

Certified potato seed material was used. Seed tubers were
planted in furrows; distance between furrows was 0.7 m and
distance between tubers was 0.25 m.

The potatoes were planted in the second week of May and
harvested in the late days of August or beginning of Sep-
tember each trial year. Harrowing and ridging were per-
formed once before germination followed by herbicide
treatment. During the growing season, all necessary plant
protection measures were performed. The haulm was cut ten
days before harvesting.

The potato tuber yield was determined after harvesting. The
tuber starch content was determined indirectly via specific
gravity as percentage of fresh weight.

The taste of boiled tubers was assessed by an expert panel
using a 9-point scale (9 — extremely liked; 1 — extremely
disliked). Darkening of tuber flesh after boiling was as-
sessed one hour after boiling using a 9-point scale (9 — no
colour change; 1 — very dark colour).

The concentrations of nitrogen, phosphorus and potassium
in potato tubers were determined by the standard methods
ISO 5983-2:2005, ISO 6491:1998, and LVS EN ISO
6869:2002.
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Nitrogen outcome was calculated based on total nitrogen
content in tubers and foliage. Apparent recovery fraction
(ARF) for nitrogen was calculated using the following
equation (1) (Montemurro et al., 2007):

_W,-N,)

ARF (D

N,

where N, — N uptake at N, kg ha']; N I N uptake at con-
trol rate, kg ha'; N; — rate of nitrogen, kg hal.

Significance of the differences (LSDy ,5) among the yields
was assessed using one-way ANOVA.

Weather conditions. In 2009, potato germination was de-
layed for a week because of wet soil after heavy rainfalls at
the beginning of June. The average air temperature ex-
ceeded long-term data by 0.5-0.7 °C in May and June.
Later in the season, average air temperature and precipita-
tion were similar to long-term averages: average daily tem-
perature varied from 14.1 °C to 17.2 °C, and precipitation
from 2.6 mm to 58.1 mm in ten days. The weather condi-
tions were acceptable for favourable potato yield develop-
ment.

In the following two years, the weather conditions were
considerably warmer, with heavy rainfalls occasionally. In
2010, compared to 2011, the beginning of the potato grow-
ing period was slightly warmer, with average air tempera-
ture 2.1 °C and 0.6 °C higher than the long-term averages in
those years, respectively. The weather was hot and dry in
June 2011, and the precipitation reached only 46% of long-
term level. In 2010, the air temperature in the second part
of vegetation period was 3—5 °C higher than the long-term
average.

During 2011, the air temperature was similar to long-term
data. In 2010, rainfalls were heavy and precipitation ex-
ceeded the long-term average by 24-31%. In 2011, July was
dry and precipitation was only 85% of the long-term level,
whereas in the second decade of August precipitation ex-
ceeded the long-term average by 109%. Some late blight
damage was observed in 2010, because of the dry and warm
weather conditions, which were unfavourable for disease
development. In 2011, the infection of late blight started in
mid-August, when potato tubers mostly were developed.

At the beginning of the growing period in the third decade of
May 2012, the soil was extremely wet because of heavy pre-
cipitation (2.5 times higher than long-term level). The heavy
and wet soil was the reason for delayed sprouting compared
to the previous two warmer years. In July 2012, precipitation
was high (157% of the long-term level, and the average
daily temperature reached 18.1 °C. In August, frequent rain-
falls persisted, causing high air and soil humidity.

RESULTS

Potato tuber yields depended, to a great extent, on meteoro-
logical conditions in individual years and on the specific
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Fig. 1. Yield of potato variety ‘Brasla’ depending on year and N fertilisa-
tion.
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Fig. 2. Yield of potato variety ‘Borodjanskiy Rozoviy’ depending on year
and N fertilisation.

features of the variety. The potato variety ‘Brasla’ had the
lowest tuber yield in 2009 (Fig. 1). Tuber yields increased
with nitrogen fertiliser rate up to Ngg (LSDj o5 = 3.8). A
further increase in nitrogen fertiliser rate did not signifi-
cantly increase yield, although a trend was visible up to
NI150. Tuber yield for potato variety ‘Borodjanskiy
Rozoviy’ was considerably higher in 2009 and increased
significantly with nitrogen fertiliser rate up to N150 (Fig.
2). A further increase in nitrogen fertiliser rate had a nega-
tive impact on the potato tuber yield.

The year 2012 was not particularly favourable for potato
production. Both investigated potato varieties produced
similar medium-high tuber yields of 38-39 t ha'l. A signifi-
cant relationship between nitrogen fertiliser rate and tuber
yield was not observed in that year.

The four-year average yields differed less between both po-
tato varieties, and the highest tuber yield was found with ni-
trogen fertiliser rate N120 (Fig. 3). Further increase in nitro-
gen fertiliser rates had no significant impact on tuber yield.
According to the four-year average tuber yield for the po-
tato varieties, the tuber yield increased in 92% of cases with
raised nitrogen fertiliser rate.

Culinary traits, such as darkening of tuber flesh and taste af-
ter boiling, are important for potato produced for market
and catering. According to the four-year average levels,
phosphorus and potash fertilisers did not cause tuber flesh
darkening after boiling. In treatments NOPOKO and NOPK,
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Fig. 3. Average yield of potato tubers depending on variety and fertilisa-
tion.
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Table 2

CULINARY TRAITS OF POTATO TUBERS DEPENDING ON NITRO-
GEN FERTILISATION, AVERAGE 2009-2012

Treatment | Tuber flesh darkening after Taste (points, 1-9)
boiling (points, 1-9)
Brasla Borodjanskiy Brasla Borodjanskiy
Rozoviy Rozoviy
NyPoKq 7 7 7.6 7.6
NyPK 7 7 7.5 7.4
N3 6 8 7.4 7.4
Ngo 6 7 7.0 7.0
Nyg 5 6 7.1 6.6
Ny 5 6 6.9 6.3
Nis0 5 6 6.6 7.2
Nigo 5 5 6.6 6.8
Ny 4 5 6.5 6.4

tuber flesh darkening after boiling, both potato varieties
were given a score of 7 (Table 2). However, for ‘Brasla’, al-
ready with the first nitrogen fertiliser rate N30 applied, tu-
ber flesh darkening after boiling was assessed as one point
lower than for ‘Borodjanskiy Rozoviy’, and in treatment
N210 Brasla had a score of only 4 points. For the potato va-
riety ‘Borodjanskiy Rozoviy’, tuber flesh darkening, com-
pared to the standard fertiliser dose, was found only starting
with fertiliser rate N90, and tubers obtained from treatment
N210 received the lowest assessment — 5 points.

Taste of boiled tubers also slightly changed with nitrogen
fertiliser rate. Increasing nitrogen fertiliser rate from NO to
N210 lowered the tuber taste assessment from 7.5 points by
one point.

Starch concentration in tubers and starch yield obtained
from an area unit are important indices for potatoes pro-
cessed into starch. The starch concentration of variety
‘Brasla’ was comparatively higher than of the variety
‘Borodjanskiy Rozoviy’. The highest starch concentration ,
four-year average 17.4%, was found in the non-fertilised
(NOPOKO) treatment (Fig. 4). With increased nitrogen ferti-
liser rate, starch concentration in tubers decreased, to 15.4%
in treatment N210. For the potato variety ‘Borodjanskiy
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Fig. 4. Concentration and yield of starch depending on nitrogen fertilisa-
tion rate.

Rozoviy’, tuber starch concentration was considerably
lower and, although increased nitrogen fertiliser rates re-
duced tuber starch concentration also for this potato variety,
the decrease in starch concentration was considerably
lower. The difference between the highest and the lowest
values was 1.4% for ‘Borodjanskiy Rozoviy’ and 2.4% for
‘Brasla’.

Starch yield per area unit depends on the potato tuber yield
and tuber starch content. Overall, the four-year averages
were higher for the potato variety ‘Brasla’ than those for va-
riety ‘Borodjanskiy Rozoviy’. Starch yield per area unit in-
creased from 5.4 t ha'! (‘Brasla’) and 4.1 t ha! (‘Borod-
janskiy Rozoviy’) in treatment NOPK to 6.7 and 5.45 t ha!
in treatment N 120, respectively. The increase of starch yield
for both potato varieties was due to an increase of tuber
yield, and thus the highest yield was with a fertiliser rate of
N120. Since a further increase in nitrogen fertiliser rate did
not affect the yield significantly and tuber starch content
continued to decrease, starch yield with higher fertilisation
levels was lower.

Plant photosynthetic area is of great importance for yield
production, and in potato plantings can be estimated as fo-
liage mass per area unit. On the average for the four experi-
ment years, an increase of nitrogen fertiliser rate up to N150
resulted in an increase in foliage mass per area unit (Fig. 5).
The ratio of foliage to tuber mass increased from 0.40 in
treatment NOPOKO to 0.85 in treatment N150. A further in-
crease in the nitrogen fertiliser rate above N150 did not
cause significant changes in foliage mass per area unit nor
in proportion to tuber mass. Logarithmic regression analysis
suggested that quantity of the potato leaf mass is affected
mainly by the nitrogen fertiliser amount.

Leaf and stem mass also is an important user of nutrients.
Yield of the tuber associated with the amount of nutrients
necessary for foliage production.

Tuber nitrogen concentration increased with nitrogen ferti-
liser from 1.09% in treatment NOPK up to 1.53% in treat-
ment N120 and practically remained constant in subsequent
nitrogen fertiliser treatments (Fig. 6). The nitrogen concen-
tration in potato foliage was twice as high as that in tubers
and continuously increased with nitrogen fertiliser rate, and
particularly at the high rates (N150-210).
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Fig. 6. Concentration of nitrogen and potassium in potato tubers and fo-
liage depending on fertilizer fertilisation rate.

Phosphorus concentration in potato tubers and foliage was
similar 0.20-0.24% not dependent on nitrogen fertiliser
rate.

Potassium concentration in tubers was almost similar for
both potato varieties and rather constant irrespective of me-
teorological conditions in each year and N fertiliser rate.
However, a tendency towards an insignificant decline in po-
tassium concentration in tubers was observed when higher
nitrogen fertiliser rates (N150-N210) were applied. Potas-
sium concentration in foliage was 2.5-3 times higher com-
pared content in tubers. A close correlation was not estab-
lished between tuber potassium concentration and nitrogen
fertiliser rate. Potassium concentration in foliage was more
affected by weather conditions in the vegetation period.

Nutrient removal with potato yield increased with increas-
ing nitrogen fertiliser rate (Table 3).

Tuber nitrogen uptake increased by 73% under the influ-
ence of nitrogen fertiliser. However, total amount of nitro-
gen taken up with tubers and foliage increased more than
twice: from 123 kg ha™! in treatment NOPK up to 278 kg
ha™! in treatment N210PK. Similarly, total K,O removal in-
creased from 266 kg ha™! in treatment NOPOKO up to 485 kg
ha! in treatment N150PK. Also total P205 removal in-
creased under the influence of nitrogen fertiliser; however,
this increase was not as strong.
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Table 3

PLANT NUTRIENT UPTAKE BY YIELD, KG HA' AND APPARENT RECOVERY

Treatment Uptake by yield, kg ha'! Apparent recovery
N by tubers | N by tubers and | P,O5 by tubers | K,O by tubers N by tubers | N by tubers and | P,O5 by tubers | K,O by tubers
foliage and foliage and foliage foliage and foliage and foliage

NoPoKq 83.8 123.5 429 266.5 X X X X
NyPK 82.8 123.2 41.9 283.0 X X 0.01 0.19

N3 103.0 162.4 48.2 369.7 0.67 1.51 0.15 1.05

Ngo 111.9 180.1 50.7 388.3 0.49 1.05 0.16 1.13

Noo 121.1 219.6 54.6 462.8 0.43 1.14 0.27 1.83
N2 157.5 246.5 58.0 471.7 0.62 1.08 0.27 1.86
Niso 156.3 281.9 67.1 485.5 0.49 1.10 0.44 1.92
Nigo 144.4 253.7 54.7 460.3 0.34 0.76 0.20 1.65
Ny 153.0 278.1 54.3 467.9 0.33 0.77 0.20 1.88
DISCUSSION with an increase in the proportional mass of foliage. Nitro-

The results for the four trials years suggest that an increase
in nitrogen fertiliser rate up to N120 kg ha! improved po-
tato yield. A further increase in nitrogen fertiliser rate
caused a significant increase in tuber yield only when mete-
orological conditions were particularly favourable. Similar
results were obtained also in the Czech Republic, where a
nitrogen fertiliser rate of N140 is recommended (Srek et al.,
2010).

Nitrogen fertiliser rates should be differentiated, depending
on the produced potato variety and commercial use of the
potato tuber. Potatoes for market and catering produced
with nitrogen fertiliser rates above N150 have risk of the
tuber flesh darkening after boiling and decreased taste qual-
ity of boiled tuber. Starch concentration in tubers and starch
yield per area unit are the most important parameters for po-
tato starch processing. In cases of insignificant yield differ-
ences between potato varieties, production of potato variet-
ies higher in starch content is more profitable. This is the
case for potato variety ‘Brasla’, which had higher starch
yield per area unit although the obtained tuber yield was
somewhat lower. Nitrogen fertiliser rates above N120-150
did not result in an increase of starch yield. Other studies
have shown that starch concentration slightly decreased
with increased N and P level after fertilisation, although the
effects were not statistically significant (Ozturk et al.,
2010).

Tuber nitrogen concentration slightly increased with nitro-
gen fertiliser rate up to rate N120; further increase in nitro-
gen rate did not affect the nitrogen concentration in tubers.
Other studies suggest that under the influence of different
external conditions, total nitrogen removal is about 29-72%
of the nitrogen fertiliser rate (Darwish et al., 2006; Li et al.,
2006). Foliage nitrogen concentration considerably in-
creased with nitrogen fertiliser rate above N120. Conse-
quently, nitrogen total removal was directly associated with
increase in potato tuber yield related to an increase in nitro-
gen fertiliser rate up to N120, as only an insignificant in-
crease in N concentration in tubers was observed. Total ni-
trogen removal (tubers and foliage) was directly associated
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gen fertiliser rates above N120 slightly increased
concentration of nitrogen in foliage. Literature suggests that
nitrogen removal is higher if irrigation or soil moisture is
close to 100% of soil water-holding capacity (Dalla Costa et
al., 1997). In our case, this was true if the total, i.e. tuber
and foliage, mass was considered, as foliage mass and con-
centration of nitrogen increased with precipitation. How-
ever, abundant precipitation in summer favours significantly
higher leaching and losses of P and N (Neumann et al.,
2012).

Changes in P,Os5 utilisation indices are not high and gener-
ally are associated only with yield changes under the influ-
ence of fertiliser rates.

Since tuber potassium concentration practically did not de-
pend on nitrogen fertiliser rate, the potassium removal with
yield depended only on the obtained yield. However, total
potassium utilisation was mainly dependent on potato fo-
liage mass, as potassium concentration in foliage was con-
siderably higher than in tubers. Since foliage mass and its
relative proportion in the total yield increased with each
successive nitrogen fertiliser step, the total potassium re-
moval also increased.

Agronomic efficiency of nutrient utilisation is greatly de-
pendent on meteorological conditions. However, in fertiliser
normative planning, the average indices up to a certain limit
of fertiliser rates that provide the most rational utilisation of
nutrients should be considered. Further additional correc-
tions for fertiliser rates should be made depending on mete-
orological conditions in the vegetation period. In most stud-
ies and also in practice, nutrient utilisation indices mainly
referred to the basic product. Referring nitrogen fertiliser
utilisation only to tuber yield, the N utilisation coefficient
from mineral fertiliser up to nitrogen fertiliser rate N120 on
average 0.60. Further increase in nitrogen rate with each
successive step reduced the N utilisation coefficient, which
was only 0.33 in treatment N210. Results from other studies
also confirm linear reduction of agronomic N efficiency
with increased N rate (Darwish et al., 2006; Kumar et al.,
2007; Fontes et al., 2010).
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In order for any plant to produce the main utilisable part of
the yield, nutrients are utilized for production of the entire
plant, including photosynthetic parts. In calculation of nutri-
ent turnover in time, it should be considered, of course, that
potato foliage will be included in the subsequent turnover of
total nutrients. In order for a plant to produce the expected
yield, initial nutrient supply is required for plant vegetative
mass formation and subsequently for economically substan-
tial yield production. Nitrogen fertiliser, obviously, pro-
motes soil nitrification processes as well as potassium up-
take from soil nutrient stock. In most cases, when nutrient
utilisation is calculated (Montemurro et al., 2007), nutrient
utilisation indices exceed the incorporated fertiliser amount
considerably. In our study, an increase in nitrogen fertiliser
rate from N30 up to N210 resulted in decline of the N utili-
sation coefficient from 1.51 to 0.77 but increase of the po-
tassium utilisation coefficient from 1.05 up to 1.88.

Producing sufficiently high and stable yields under Latvia
conditions by performing crop management corresponding
to variety requirements, the needed nitrogen fertiliser rate is
N120; however, depending on the character of the vegeta-
tion period and top-dressing applied, this rate can be in-
creased up to N150. In planning of nutrient sufficiency bal-
ance, both basic product yield and amount of total
biological mass should be considered.
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SLAPEKLA IETEME UZ KARTUPELU PRODUKTIVITATI UN BARIBAS VIELU IZMANTOSANAS EFEKTIVITATI

Lauka izméginajumi tika iekartoti Valsts Priekulu laukaugu selekcijas institata laika no 2009. gada lidz 2012. gadam ar divam kartupelu
Skirném ‘Brasla’ un ‘Borodjanskij Rozovij’ Cetros atkartojumos ar devigiem méslojuma variantiem: NOPOKO — kontrole (bez méslojuma),
NOPK — PK meéslojums turpmakajos N variantos vienads, N30PK, N60PK, N9OPK, N120PK, N150PK, N180PK, N210PK. Fosfora un
kalija méslojuma daudzums katru gadu noteikts atbilstosi So baribas vielu saturam augsné konkréta lauka noteiktam razas limenim.
Cetrgadigie apkopotie pétijuma rezultati liecina, ka slapekla méslojuma normas palielinajums lidz N120 kg ha’! kartupeliem nodroSina
stabili nozimigu razas pieaugumu. Talaka slapekla méslojuma normas palielindsana tikai atsevi$kos meteorologiski labveligos vegetacijas
apstaklos veicina butisku bumbulu razas pieaugumu. Slapekla kopgja iznesa ir tieSi saistita ar kartupe]lu bumbulu raZas palielinasanos lidz
slapekla meslojuma normai N120 un tikai nelielam N satura pieaugumam bumbulos, bet kopgja slapekla iznesa (bumbuli + laksti) jau tieSi
saistiti ar lakstu Ipatsvara pieaugumu kop€ja razas masa un virs slapekla méslojuma normas — N120 ar slapekla satura palielinaSanos
lakstos.
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