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AbstrAct 

The aim of three-year-long field trials was to determine an optimal nutritional status of potato 
plants with nitrogen in a growing season using a Minolta optical measuring Camera SPAD 502, 
called the N-Tester. The research was carried out on three potato cultivars (Gwiazda - early, 
Etiuda - medium early, and Gustaw - medium late) grown under conditions of different levels  
of mineral fertilization with nitrogen (0, 50, 100, 150 and 200 kg ha-1 N). Nitrogen fertilization 
on plots under 100 kg ha-1 N was applied directly before planting tubers and on plots above  
100 kg ha-1 N in two doses before planting and before the emergence of potato plants. During 
the growing season, three dates (28, 42 and 56 DAE - BBCH 30-70 phase) were selected for  
determination of the total yield of dry matter of potato plants (leaves, stems, roots, tubers) and 
the nitrogen content. Three plants were harvested from each plot to make 30 measurements  
of SPAD in total on their leaves. It was found that as the potato plants grew, the yield of the 
plants’ dry matter increased and the nitrogen content decreased. Under the influence of nitrogen 
fertilization, a significant increase in the yield of dry matter of plants in response to a dose  
of 100 kg N ha-1 was obtained and the nitrogen content in the yield increased under a dose of 
200 kg N ha-1. With the increased nitrogen fertilization dose, the NNI index and SPAD indica-
tors increased as well. In order to calibrate the SPAD test, its dependence with the values of the 
NNI test was determined. A linear regression model was implemented to describe the relation-
ship between SPAD measurements and NNI indices. It was found that the critical values of leaf 
greenness indices evaluated using an N-Tester on a scale of 0-80 from the phase from crop cover 
in inter rows to fruit setting on plants amounted to 43.9 for the early cultivar Gwiazda and the 
medium early cv. Etiuda, and to 43.7 SPAD units for the medium late cultivar Gustaw. With 
these SPAD unit values, the potato plants were optimally nourished with nitrogen. 
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INTRODUCTION 

Optimization of nitrogen fertilization of potato can be achieved by foliar 
application of supplementary doses of this compound during the plant grow-
ing season, based on a diagnosis of their nutritional status (Vos, Bom 1993). 
For this purpose, the results of analyses of the plants’ total dry matter yield 
and nitrogen content, which must be calibrated to constitute a plant test, can 
be used. Calibration is best done based on the NNI test (Nitrogen Nutrition 
Index). The NNI test allows us to determine precisely an optimal nutritional 
status of plants with nitrogen through a mathematical description of the  
relationship between the nitrogen content and the total amount of accumu-
lated dry matter of plants cultivated under conditions of an optimal nitrogen 
supply. The method which employs the NNI test is based on the ratio (Na)  
of the actual nitrogen content to (Nc) critical nitrogen content, that is the 
minimum nitrogen content needed to achieve the maximum dry matter yield 
of plants. The ratio of the actual nitrogen content to critical content of nitro-
gen in the total yield of dry matter of plants determines the nutritional sta-
tus of plants with this element (Li et al. 2012). The relationship between the 
nitrogen content in plants optimally nourished with this element, called  
the critical content, and their dry matter yield (W) is described by the power 
function equation Nc = aW-b by Greenwood et al. (1990). The concept of nutri-
tional status evaluation of potato plants with nitrogen based on its content 
in whole plants tested by Greenwood et al. (1990) found confirmation in later 
studies (ducheune et al. 1997, Lemaire, GastaL 1997, BéLanGer et al. 2001). 
However, this method of assessing the nutritional status of plants with nitro-
gen proves to be time-consuming and expensive, and the information about 
the state of plant nutrition with nitrogen on a plantation is obtained  
in a relatively long time. Plant tests performed with optical instruments can 
be a significant simplification of the methods applied to attain precise deter-
mination of the nutritional status of plants during a growing season  
(Gianquito et al. 2004). An example of this type of plant tests is the leaf 
greenness index, obtained with an N-Tester and expressed in SPAD units 
(Soil Plant Analysis Development), which translates into a specific leaf  
chlorophyll content (Gianquito et al. 2003). SPAD units are an abbreviation 
adopted by Minolta, which constructed the instrument (markweLL et al. 
1995). The instrument measures the difference between the absorption  
of light passing through a leaf at 650 and 940 nm. The quotient of these  
differences is the greenness index of the leaf, or the chlorophyll content, 
which can be an indicator of plant nitrogen nutrition (nitch, Varis 1991, 
oLiVier et al. 2006). There is a significant relationship between the value of 
SPAD indicators and nitrogen content (GiteLson et al. 2003). Both Polish and 
foreign studies report that the SPAD test performed with an N-Tester is the 
most prospective and useful technique in agricultural practice owing to  
the ease of performing non-invasive measurements of the chlorophyll content 
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in leaves. A test performed with an N-Tester is relatively simple and rapid, 
as measurements are carried out in a field directly on leaves of plants, while 
preserving their integrity. Repeated multiple times during a growing season, 
these measurements can be used for precise nitrogen dosing, thus preventing 
yield reduction or accumulation of nitrogen in the environment (Fotyma 
2000, GoFFart et al. 2008).

The aim of this study has been to determine an optimal nutritional sta-
tus of potato plants with nitrogen in a growing season, using to this end an 
optical instrument and establishing a relationship between values of an NNI 
test and a leaf greenness index SPAD measurement. 

MATERIAL AND METHODS 

Controlled field experiments carried out in 2008-2010 at the Plant 
Breeding and Acclimatization Institute, the Jadwisin branch (52°45′ N, 
21°63′ E), enabled us to determine the nutritional status of potato plants 
with nitrogen during a growing season, where cultivars of different earliness 
were cultivated. A three-factor experiment was established using the random 
block method in triplicate. The first factor was mineral fertilization with  
nitrogen (5): 0, 50, 100, 150, 200 kg ha-1 N; the second facor consisted of cul-
tivars different in earliness (3): early – cv. Gwiazda, medium early – cv. 
Etiuda, medium late – cv. Gustaw; the third facor was composed of the dates 
(3) on which measurements were taken, i.e.: 28, 42, 56 days after the emer-
gence of potato plants. The research was carried out on aramble light soil 
classified as belonging to soils with clay translocation, type Luvisols, subtype 
Stagnic Luvisols (marcinek et al. 2011). The soil was characterized by acid 
reaction (pH in KCl 5.3 - 5.4), high content of phosphorus (75 - 86 mg kg-1 P), 
average potassium content (108 - 112 mg kg-1 K) and average magnesium 
content (32 - 33 mg kg-1 Mg). The content of mineral nitrogen, determined in 
the soil profile of 0-60 cm and assessed every year in early spring before the 
application of nitrogen fertilizer, was 60 kg ha-1 N. The years of the research 
were wet ones. The Selyaninov’s Hydrothermal (HT) coefficient for the period 
of April to the end of September was on average: 1.32 in 2008, 1.12 in 2009, 
and 1.99 in 2010 (Bac et al. 1998). Winter triticale preceded the cultivation 
of potatoes. Organic fertilizer consisted of cut winter triticale straw, 
ploughed in after harvesting, in an amount of about 5 t ha-1. In addition,  
1 kg N 100 kg-1 of straw was supplied, and the green mass of white mustard 
stubble intercrop in the amount of 15-16 t ha-1 served as a fertilizer added in 
the autumn. Phosphorus was supplied as enriched superphosphate (18% P) 
at a dose of 43.6 kg ha-1 P; potassium was added to soil as potassium chlo-
ride (50% K) at a dose of 99.6 kg ha-1 K; different levels of mineral nitrogen 
fertilization with nitro chalk (27% N) were also applied. Mineral phosphorus 
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and potassium fertilization was performed in autumn before pre-winter 
ploughing. Nitrogen fertilization on plots up to 100 kg ha-1 N was applied  
in spring before planting tubers, while on plots with 150 and 200 kg ha-1 N 
there was a supplementary dose 50 and 100 kg ha-1 N added just before the 
emergence of potato plants. Tubers were planted in the last tend days  
of April, at a spacing of 75 x 33 cm, and harvested in the last ten days of 
September. The plot size was 14.85 m2 and the number of plants per plot 
was 60. 

Every year, at two-week intervals starting from the early crop cover  
in inter rows (phase BBCH 30) to fruit setting on plants (phase BBCH 70), 
i.e. on dates: 28, 42 and 56 days after emergence DAE (Days After Emer-
gence), 3 plants were harvested from each plot to determine the nitrogen 
nutritional index of the plants with an NNI test. The dry mass was deter-
mined in the leaves, stems, roots and tubers of each sample, after two-step 
drying of fresh material: pre-drying at 60oC, then drying to dry matter  
at 105°C. Dry material was mineralized with concentrated sulfuric acid and 
hydrogen peroxide, after which nitrogen was determined with the Kjeldahl 
method on an automatic distillation device Kjeltec 2200 (Foss Tecator).  
The nitrogen nutrition index (NNI) was calculated according to the equation 
(Lemaire, GastaL 1997): 

NNI = Na/Nc,
where: 
Na – actual nitrogen content in the dry matter of plants (g kg-1); 
Nc – critical (optimal) nitrogen content in the dry matter of plants (g kg-1). 

The critical nitrogen content (Nc), called the dilution curve, was calculat-
ed from the relation between the maximum dry matter yield (W) and the 
nitrogen content in plants (Na) on this plot, according to the power function 
equation (Greenwood et al. 1990): 

Nc = aW-b,
where: 
Nc – critical content of total nitrogen in the plant (g kg-1 DM); 
W – dry matter of plants: leaves, stems, tubers (t ha-1); 
a – nitrogen content with the dry matter yield of 1 t ha-1; 
b – nitrogen content depending on the increase in dry matter.

The nitrogen nutrition index of 1 means optimal nutrition of plants with 
nitrogen, while the NNI below 1 – a deficit of nitrogen, and values exceeding 
1 NNI – an excess of nitrogen. Immediately prior to collecting potato plants 
to determine the NNI index, the SPAD (Soil Plant Analysis Development) 
index was measured at any given time using a Minolta Camera SPAD 502 
(scale 0 - 80). On each plot, 30 measurements were taken on the fourth  
and fifth leaf counting from the top of the stem growth, i.e. 10 measurements 
on each of the three plants. Based on the SPAD measurements and the  
NNI values, the dependences between the results obtained were determined. 
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The relationship between SPAD measurements and NNI indices is described 
by a linear regression model: 

Y = a + bx,
where: 
Y – SPAD values, 
a – minimum value of the component, 
b –  increase of the component’s value under the influence of the nitrogen 

dose, 
x – NNI value 

The experimental results were statistically analyzed by regression and 
variance, using an ANOVA statistical program. Comparisons of the means 
were carried out using the Tukey test at p = 0.05. 

RESULTS AND DISCUSSION 

Nitrogen fertilization was the factor significantly differentiating the dry 
matter yield, nitrogen content and nitrogen nutritional status as determined 
by NNI and SPAD indicators of the potato cultivars during the growing  
period (Tables 1, 2, 3). A significant increase in the dry matter yield at each 

Table 1
The influence of a cultivar and nitrogen dose (kg ha-1) on indicators of growth and nitrogen 

nutritional status of potato plants determined at day 28 after emergence

Cultivar N dose W* N** NNI index SPAD index

Gwiazda

0 1.01c 36.37c 0.61d 40.9c
50 1.40b 37.15c 0.73c 42.0b

100 2.24a 39.64c 0.97b 43.4b
150 2.15a 44.18b 1.07a 44.3a
200 2.04a 45.93a 1.09a 44.8a

Etiuda

0 0.99c 41.50c 0.72d 41.5c
50 1.30b 41.54c 0.86c 42.1c

100 2.01a 42.12c 0.99b 43.5b
150 1.91a 47.16b 1.09a 44.8a
200 1.81a 48.57a 1.10a 44.9a

Gustaw

0 1.46d 35.38b 0.71c 41.8d
50 2.00c 37.73b 0.80c 42.5c

100 2.74a 36.60b 0.99b 43.5b
150 2.52b 40.64a 1.08a 44.2a
200 2.40b 42.38a 1.10a 44.4a

Mean values marked in columns with the same letters do not differ significantly.
* dry mass of plants (t ha-1); ** nitrogen content in dry mass (g kg-1).
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Table 2
The influence of a cultivar and nitrogen dose (kg ha-1) on indicators of growth and nitrogen 

nutritional status of potato plants determined at day 42 after emergence

Cultivar N dose W* N** NNI index SPAD index

Gwiazda

0 2.71c 25.22c 0.64d 41.3d
50 3.53b 26.39b 0.81c 42.2c

100 4.89a 28.45b 1.02b 43.8b
150 4.88a 30.95a 1.11a 45.0a
200 4.75a 32.23a 1.14a 45.3a

Etiuda

0 2.77d 21.97c 0.62d 41.4d
50 4.25c 23.27c 0.81c 42.2c

100 6.84a 27.02b 1.02b 43.7b
150 5.02b 31.71a 1.17a 45.6a
200 4.81b 33.84a 1.22a 46.0a

Gustaw

0 3.20e 22.11c 0.66d 41.7c
50 4.33d 23.77b 0.79c 42.3c

100 5.28c 24.66b 1.02b 43.6b
150 6.64a 28.15a 1.16a 45.1a
200 6.05b 29.70a 1.18a 45.3a

Mean values marked in columns with the same letters do not differ significantly.
* dry mass of plants (t ha-1); ** nitrogen content in dry mass (g kg-1). 

Table 3
The influence of a cultivar and nitrogen dose (kg ha-1) on indicators of growth and nitrogen 

nutritional status of potato plants determined at day 56 after emergence

Cultivar N dose W* N** NNI index SPAD index

Gwiazda

0 6.12e 18.30d 0.61e 41.5e
50 7.13d 19.32d 0.80d 42.4d

100 11.26a 20.87c 1.03c 43.7c
150 10.78b 24.20b 1.17b 44.5b
200 8.26c 28.62a 1.28a 46.7a

Etiuda

0 7.34d 16.71c 0.72d 42.1c
50 8.59c 18.02b 0.84c 42.6c

100 12.85a 18.72b 1.05b 43.9b
150 12.44a 20.55a 1.14a 45.3a
200 11.23b 22.81a 1.21a 45.6a

Gustaw

0 6.19c 14.58d 0.58d 41.4d
50 9.83b 16.88c 0.85c 42.3c

100 10.95a 19.41b 1.03b 43.8b
150 10.62a 21.05a 1.10a 44.5a
200 10.24b 22.27a 1.14a 44.7a

Mean values marked in columns with the same letters do not differ significantly.
* dry mass of plants (t ha-1); ** nitrogen content in dry mass (g kg-1).
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assessment date was recorded in response to a dose of 100 kg N ha-1. Under 
the influence higher fertilization levels, 150 and 200 kg N ha-1, a tendency of 
decreasing or a proven decrease in the dry matter yield of plants was usually 
observed. However, a significant increase in the nitrogen content in the dry 
matter of plants was found up to the dose of 200 kg N ha-1. Regardless of  
a cultivar and evaluation date, the yield of plant dry matter was 6.41 t ha-1 

under the impact of 100 kg N ha-1, decreasing by 11.9% after the application 
of 200 kg N ha-1. In turn, the nitrogen content in the yield of dry plant mat-
ter after the application of 200 kg N ha-1 was higher by 31.3% in relation to 
the object where nitrogen was not applied (Table 4). With the growth of po-
tato plants, from the phase of plant cover in inter rows (28 DAE) to the fruit 
setting phase (56 DAE), a significant increase in the dry matter yield of 
plants and a significant reduction in the nitrogen content were demonstrated 
(Table 4). It was also shown that the cultivars Etiuda and Gustaw were 
characterized by a significantly higher dry matter yield during the growing 
season than the early cultivar Gwiazda, whereas cv. Gustaw had a signifi-
cantly reduced nitrogen content in the dry matter compared to the other 
cultivars (Table 4). Such dependences of the yield and nitrogen content in 
relation to nitrogen fertilization and those associated with the growth and 
development of potato genotypes during the growing season were consistent 
with the studies carried out thus far (de La morena et al. 1994, Joern, Vitosh 
1995, Vos 1997, LoVe et al. 2005, kumar et al. 2007).

Table 4
Total yield of dry mass (t ha-1) and indices of the nitrogen nutritional status of potato plants  

in depending on a nitrogen dose (kg ha-1), cultivar and date of assessment

Factors W* N** NNI index SPAD index
Dose of N (kg ha-1)

0 3.56d 25.60c 0.66d 41.5d

50 4.73c 27.00b 0.82c 42.3c

100 6.41a 28.47b 1.01b 43.6b
150 6.13a 31.89a 1.12a 44.8a

200 5.65b 33.69a 1.15a 45.2a
Cultivar

Gwiazda 4.76b 30.46a 0.93a 43.4a

Etiuda 5.60a 29.63a 0.97a 43.6a
Gustaw 5.51a 27.90b 0.95a 43.3a

Date of assessment
28 1.87c 41.12a 0.92a 43.2a

42 4.66b 27.29b 0.96a 43.6a

56 9.06a 20.48c 0.97a 43.5a

Mean values marked in columns with the same letters do not differ significantly.
* dry mass of plants (t ha-1); ** nitrogen content in dry mass (g kg-1).
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Determinations of the dry matter yield of whole potato plants and the 
dry matter nitrogen content enabled us to assess the nutritional status of 
nitrogen using an NNI test, i.e. by expressing the ratio of the current nitro-
gen content to the critical , which is the minimum amount required  
to achieve the maximum yield. In this study, the critical curve determined 
for the yield of potato plants at an optimal dose of nitrogen was in the form: 
Nc = 5.43W-0,42 (Figure 1). The coefficients a and b of the critical curve for 

potato plants were therefore lower than those determined by Greenwood at 
al. (1990). Smaller values of the coefficients of critical equations than demon-
strated by Greenwood at al. (1990) were also reported by other researchers 
(ducheune et al. 1997, Lemaire, GastaL 1997, BéLanGer et al. 2001). In this 
experiment, it was shown that the nitrogen nutrition status (NNI) for potato 
cultivars increased in the analyzed development phases along with the  
increase in the mineral nitrogen fertilization dose (Tables 1, 2, 3). Optimal 
nitrogen nutrition, that is an NNI index value in the range from 0.95 to 1.05, 
was obtained at the dose of 100 kg N ha-1, while nitrogen applied in the dose 
of 50 kg N ha-1 indicated NNI values well below 1, suggesting malnutrition, 
while doses of 150 and 200 kg N ha-1 led to NNI values above 1.05, indicat-
ing excessive nutrition with this element (Tables 1, 2, 3). Our previous re-
search and studies reported by others have also confirmed that a nitrogen 
dose of 100 - 120 kg N ha-1 corresponded to NNI values oscillating around 
unity, and a dose of 200 kg N ha-1 limited the plant growth with NNI values 
between 1.1 and 1.4 (BéLanGer et al. 2001, Wierzbicka, TraWczyński 2015). 
On average, the nitrogen nutrition index ranged from 0.66 on the plots with-
out the use of nitrogen to 1.15 for the plots with the highest dose this ele-
ment, i.e. 200 kg N ha-1 (Table 4). In turn, the cultivars and dates of assess-
ment (plant development phase) had a statistically unproven effect on the 
nutritional status of potato plants with nitrogen (Table 4). Thus, from  
the values of the NNI indices presented in Tables 1, 2, 3, 4, it appeared that 

Fig. 1. The relationship between the nitrogen content and dry matter potato plants  
in the treatment characterized by the highest yield
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no particular attention should be paid to the selection of the plant growth 
phase when determining their nutritional status with nitrogen. The variability 
of the nitrogen status indicator (NNI) depending on the nitrogen dose used 
indicates that the latter can be used as a test to assess the nutrient demand 
for this element by a plant. In the NNI test, however, a sample is required to 
determine the total dry matter yield of the plants and the total nitrogen con-
tent. A significant simplification in the use of plant tests to assess the nutri-
tional status of plants with nitrogen may be by applying portable optical 
devices which – by measuring the emission of light of different wavelengths 
passing through a leaf – help to determine the so-called SPAD, an index of 
its greenness or chlorophyll content. Practical application of the SPAD test 
to assess the nutrition of plants with nitrogen must be connected with its 
calibration, that is the determination of critical value of SPAD corresponding 
to the optimal nitrogen nutritional status of the plants. In the tests per-
formed, the calibration of the SPAD for a potato test was based on the NNI 
index. Calibration of tests to assay values of the leaf greenness SPAD index 
with respect to the plants’ nitrogen nutritional status expressed by the NNI 
value has been performed mainly on cereals (Fotyma, Bezdusznik 2000, Pecio, 
bichoński 2003). For potato plants, minotti et al. (1994), when using an 
N-Tester graduated in the range of 0-80, obtained critical readings greater 
than in the current research, that is in the range of 49 - 56 SPAD units. 
Higher values of the SPAD index, i.e. from 49 to 60 units, were reported by 
Puiu et al. (2012). According to BooiJ et al. (2000), average values achieved 
by SPAD chlorophyll were between 40 and 41 units in 7 to 8 weeks after the 
emergency of potato crop. However, Gianquinto et al. (2004), in studies on 
different potato cultivars where a SPAD-502 meter was employed, found 
critical values of plant nitrogen nutrition within the limits of 40 - 45 SPAD 
units, that is similar to our results. In turn, rykaczewska (2005), when ana-
lyzing nitrogen fertilization in a range of from 0 to 200 kg N ha-1, stated that 
the SPAD values fluctuated within a broad range from 30 to 50 units and 
varied depending on a cultivar and measurement date, as the index values 
for developed plant potato tended to decrease. In the research by Majič et al. 
(2008), values of the SPAD index are between 57 to 34 units at 65 to 95 day 
after planting of tubers. Values between 20 and 50 SPAD units in one potato 
cultivar fertilized in a range of doses from 0 to 250 kg N ha-1 were also 
shown by Vos and Bom (1993). Neither Vos and Bom (1993), rykaczewska 
(2005) nor Majič et al. (2008) indicated the critical values of SPAD units, 
that is referring to the optimal nutritional status of potato plants with nitro-
gen during the growing season. In the current study it has been shown that 
the relationship between SPAD readings and NNI values was that of a linear 
regression for each assessment date (Figures 2, 3, 4) and depending on the 
earliness cultivars (Figures 5, 6, 7). The coefficients R2 of the linear regres-
sion between the NNI test values and SPAD readings in relation to the mea-
surement date (values from 0.88 to 0.90) and tested cultivars (values from 
0.85 to 0.92) were highly significant. Substituting the value of NNI = 1, 
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Fig. 2. The relationship between the NNI value and values of SPAD 28 days after emergence  
of plants

Fig. 3. The relationship between the NNI value and values of SPAD 42 days after emergence  
of plants

Fig. 4. The relationship between the NNI value and values of SPAD 56 days after emergence  
of plants
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Fig. 5. The relationship between the NNI value and values of SPAD for the cultivar Gwiazda

Fig. 6. The relationship between the NNI value and values of SPAD for the cultivar Etiuda

Fig. 7. The relationship between the NNI value and values of SPAD for the cultivar Gustaw
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critical values of the SPAD readings were determined for the equations.  
It was found that the critical readings of SPAD in potato leaves at dates  
28 DAE (development phase BBCH 30), 42 DAE (development phase BBCH 60) 
and 56 DAE (development phase 70) were similar, namely 43.8, 43.9 and 
43.8 units, respectively. Slight variation in SPAD readings was also obtained 
in relation to cultivars with the optimal nutritional status, i.e. 43.7 for the 
cultivar Gustaw but 43.9 for the cultivars Gwiazda and Etiuda (Figures 5, 6, 7). 
With such SPAD readings, it can be assumed that potato plants are optimal-
ly nourished with nitrogen. The dependences determined in our experiment 
substantiate the conclusion that SPAD readings for cultivars optimally nour-
ished by nitrogen are relatively independent of the phase of their growth and 
development. Hence, the values of the established SPAD green leaf index 
test units may refer to developmental phases, from the thinning of plants in 
inter rows to the fruit setting on potato plants during the growing season, 
during which foliar fertilization of potato plants with nitrogen is justified 
(mazurczyk et al. 2002). 

CONCLUSIONS 

1. Under the influence of mineral nitrogen 100 kg ha-1 N, the optimal 
nutrition of potato plants was obtained at all dates and for each cultivar, 
determined on the basis of the NNI and SPAD tests. 

2. The critical values of the SPAD test units were not significantly diffe- 
rent between the measurement dates, i. e. the development phases of potato 
plants. 

3. The SPAD value for the optimal nutritional status of potato plants 
with nitrogen in the growing season, from 28 DAE to 56 DAE, determined 
with an optical measuring instrument Minolta Camera SPAD 502, was 43.8 
units on average. 

REFERENCES
bac s., koźMiński c., rojek M. 1998. Agrometeorology. PWN Warszawa 274. (in Polish)
BéLanGer G., waLsh J.r., richards J.e., miLBurn P.h., ziadi n. 2001. Critical nitrogen curve 

and nitrogen nutrition index for potato in Eastern Canada. Am. J. Potato Res., 78: 355-364.
BooiJ r., VaLenzueLa J.L., aGuiLera c. 2000. Determination of crop nitrogen status using 

non-invasive methods: 72-82. In: Management of Nitrogen and Water in Potato Production. 
Ed. Haverkort A.D. and Mackerron D.K.L., Wageningen Pers.

de La morena i., GuiLLen a., Garcia deL moraL L.F. 1994. Yield development in potatoes as  
influenced by cultivar and the timing and level of nitrogen fertilization. Am. Potato J.,  
71: 165-173.

ducheune t., machet J.m., martin m. 1997. Potatoes. In: Diagnosis of the nitrogen status  
in crops. Lemaire G. (ed). Springer-Verlag, Berlin, 119-130.

Fotyma e. 2000. Principles of nitrogen fertilization employing soil and plant tests for this element. 
Fertilizers and Fertilization 3(4): 17-37. (in Polish)



699

Fotyma e., Bezdusznik d. 2000. Valuation of the nitrogen nutritional status of winter cereals on 
the ground of leaf greenness index. Frag. Agron., 4: 29-45. (in Polish)

Gianquinto G., samBo P., Bona m. 2003. The use of SPAD-502 chlorophyll meter for dynamically 
optimizing the nitrogen supply in potato crop: a methodological approach. Acta Hort.,  
607: 197-204. DOI: 10.17660/ActaHortic.2003.607.30

Gianquinto G., GoFFart J.P., oLiVier m., Guarda G., coLauzzi m., daLLa costa L., deLLe VedoVe G., 
Vos J., mackerron d.k.L. 2004. The use of hand-held chlorophyll meters as a tool to assess 
the nitrogen status and to guide nitrogen fertilization of potato crop. Potato Res., 47: 35-80. 

GiteLson a.a., Gritz u., merzLyak m.n. 2003. Relationships between leaf chlorophyll content 
and spectral reflectance and algorithms for non-destructive chlorophyll assessment in higher 
plant leaves. J. Plant Physiol., 160: 271-282. https://doi.org/10.1078/0176-1617-00887

GoFFart J.P., oLiVier m., Frankinet m. 2008. Potato crop nitrogen status assessment to improve 
N fertilization management and efficiency: past–present–future. Potato Res., 51(3-4): 355-383. 
DOI: 10.1007/s11540-008-9118-x

Greenwood d.J., Lemaire G., Gosse G., cruz P., draycott a., neeteson J.J. 1990. Decline in 
percentage N of C3 and C4 crops with increasing plant mass. Ann. Bot., 66: 425-436.

Joern B.c., Vitosh m.L. 1995. Influence of applied nitrogen on potato. Part I. Yield, quality and 
nitrogen uptake. Am. Potato J., 72: 51-63.

kumar P., Pandey s.k., sinGh B.P., sinGh s.V., kumar d. 2007. Effect of nitrogen rate on growth 
yield, economics and crisps quality of Indian potato processing cultivars. Potato Res.,  
50: 143-155. DOI 10.1007/s11540-008-9034-0

Lemaire G., GastaL F. 1997. In: Diagnosis of the nitrogen status in crops. N uptake and distribu-
tion in plant canopies. Lemaire G. (ed). Springer-Verlang, Berlin, 3-43.

Li w., he P., Jin J. 2012. Critical nitrogen curve and nitrogen nutrition index for spring maize 
in North-East China. J. Plant Nutr., 35: 1747-1761. https://doi.org/10.1080/01904167.2012.
698354

LoVe s.L., stark J.c., saLaiz t. 2005. Response of four potato cultivars to rate and timing  
of nitrogen fertilizer. Am. J. Potato Res., 82: 21-30.

Majič a., Poljak M., sabljo a., knezovič z., horvaT T. 2008. Efficiency of use of chlorophyll  
meter and cardy-ion meter in potato nitrogen nutrition supply. VII Alps- Adria Scientific 
Workshop. Stara Lesna, Slovakia, 1431-1434.

marcinek J., komisarek J., Bednarek r., mocek a., skiBa s., wiatrowska k. 2011. Taxonomy  
of Polish soil. Soil Sc. Annual, 62(3): 91-147. (in Polish)

markweLL J., osterman J.c., mitcheLL J.L. 1995. Calibration of the Minolta SPAD-502 leaf 
chlorophyll meter. Photosynth Res., 46: 467-472.

Mazurczyk W., lis b., TraWczyński c., Wierzbicka a. 2002. Yield and nitrogen nutrition status 
of potato crops in relations to foliar-applied urea. Zesz. Probl. Post. Nauk Rol., 489: 175-182. 
(in Polish)

minotti P.L., haLseth J.B., sieczka J.B. 1994. Field chlorophyll measurements to assess the nitro-
gen status of potato varieties. Hort. Sc., 29: 1497-1500. 

nitsch a., Varis e. 1991. Nitrate estimates using the Nitrachek test for precise N-fertilization 
during plant growth and after harvest for quality testing potato tubers. Potato Res., 34: 95-105.

oLiVier m., GoFFart J.P., Ledent J.F. 2006. Threshold values for chlorophyll meter as decision 
tool for nitrogen management of potato. Agron. J., 98: 496-506. DOI: 10.2134/agronj2005.0108

Pecio a., bichoński a. 2003. Relationship between plant nutrition with nitrogen and grain yield 
and malting quality in spring barley. Biul. IHAR, 230: 285-294. (in Polish)

Puiu i., oLteanu G., morar G., maria i. 2012. Monitoring the vegetation status of potato. Agri-
cultura Stiintă şi Practică, 1(2): 81-82.

rykaczewska k. 2005. The effect of kind and dose of nitrogen fertilizers on plant development, 



700

yield, leaf greeneess index SPAD and photosynthetical productivity of middle early potato 
cultivar. Part II. The SPAD index. Fragm. Agron., 1: 542-549. (in Polish) 

Vos J., Bom m. 1993. Hand-held chlorophyll meter: A promising tool to assess the nitrogen sta-
tus of potato foliage. Potato Res., 36: 301-308.

Vos J. 1997. The nitrogen response of potato (Solanum tuberosum L.) in the field: Nitrogen 
uptake and yield, harvest index and nitrogen concentration. Potato Res., 40: 237-248.

Wierzbicka a., TraWczyński c. 2015. The relationship between the dry matter yield of leaves, 
stems and potato tubers and their nitrogen content. Zesz. Probl. Post. Nauk Rol., 582: 115-124. 
(in Polish)


