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ABSTRACT

In order to study the effect of nitrogen fertilizer levels and cultivars on nitrogen use efficiency of crop
yield and nitrate accumulation of potato tubers as a split-plot experimental design randomized complete block
in Ardabil Agricultural Research Station was. Levels of nitrogen fertilizer as the main factor, including 0, 80,
160 and 200 kg of nitrogen fertilizer per hectare and the second factor were included, and Agria were Satyna.
Results showed the highest agronomic efficiency of nitrogen fertilizer in 80 kg of nitrogen was Agria cultivar
while the combined treatments was 160 kg in a variety Agria was level. The highest bulb yield per hectare
and harvest index in combination treatments 160 kg ha was obtained in cultivar Agria. With increasing N
fertilizer on nitrate accumulation and the percentage of nitrogen tuber tuber was such that in combination
treatments 200 kg ha of nitrogen fertilizer on nitrate accumulation and the highest figure Satyna nitrogen
uptake in tuber was achieved while cultivar Agria at 160 kg ha of nitrogen fertilizer nitrate accumulation was
much lower than the limit and the highest bulb yield was obtained with the conditions of this experiment, so
the level of nitrogen fertilizer with 160 kg per hectare is recommended cultivar Agria.
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Introduction

Potatoes for which the growth and yield to
environmental factors such as water, soil nutrient
elements and physics is more dependent on economic
and production of farmers to use more than normal
of chemical fertilizers, especially nitrogen fertilizers
to make up with this way performance increase to
increase their income. Unaware of whether the plant
response to inputs such as fertilizers are not linear
and more desirable than reducing the quantity and
quality of product is a lot of problems brings to load.
Recently, increased gastric diseases in the province
of Ardabil, a group of researchers has led to the
review topic. Seems to fit with the use of chemical
inputs quantity and quality of its products to ensure

future years of environmental problems, health and
avoid costs to fix them. Vgrval Sharma [18] during
several experiments showed that N fertilizer nitrate
concentration in leaves, tubers Vsaqh increases. High
nitrogen environments attract many roots and increase
nitrogen by plant nitrate nitrogen will Drghdh the
negative effects on human health is. Carter and
Bvsma [1] reported that the highest nitrate nitrogen
content in potato tubers at the highest level of
nitrogen fertilizer respectively. Nelson [10] and
Safina and Kyny [17] Report finds increase in
nitrogen concentration in root environment of total
nitrogen in plant tissues increases. And nitrate
nitrogen levels usually associated with nitrogen
concentration in the plant is placed. Roda et al., [16]
Nitrate accumulation of the most important factor in
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the type of potato varieties reported. Frydyka and
Zgvrska [6] reported nitrate levels in tubers of early
cultivars and more than half of very early varieties
are late maturing and increasing levels of nitrate
nitrogen fertilizer will increase tubers. Zayatz et al
[23] were reported during the experiment, nitrate
tuber kg 180 acts to 161-173 mg kg wet weight of
tuber was increased. During the experiment in 1996,
nitrate or G 129.2 mg kg without N fertilizer to
207.7 mg kg 160 kg consumption reached the highest
levels of nitrate nitrogen to 192.20 231.9 mg was
different between different cultivars [14]. Usually
nitrogen fertilizer increased yield of potato is. Why
do potato farmers willingness to consume this type
is Kvdhabyshtr. Therefore, selecting cultivars with
greater efficiency have improved the way fertilizers
are used. N important element in food crop
production is one. Amount of nitrogen absorbed by
plant leaves and in some part is absorbed in the
tubers. Part of the tuber is restored nitrate and other
parts as harmful nitrate will accumulate. Sharma and
Grval [18] stated that during the experimental
nitrogen urea tubers increased to 300 kg per hectare
increases. Python [12] reported that nitrogen fertilizer
plant dry weight and nitrogen concentration in plant
tissues increases. They also showed that N uptake in
tubers with increasing N fertilizer is greater. Vstrmn
et al (1988) were observed in the experiment when
nitrogen fertilizer on growth when tubers are carried
on stems and leaf nitrogen concentration initially
finds. Tubers at the time of maturity, but more than
80% of N uptake is concentrated in the thyroid
tubers.

Materials and Methods

In 2010 in agricultural experiment station
research in agriculture and natural resources of
Ardabil (latitude 38 degrees 15 minutes North and
longitude 48 degrees 15 minutes East) was carried
out. Ardabil province has very cold winters, rainy
spring, summer without rain, mean annual
precipitation about 400 mm and altitude of about
1350 meters. According to the percentage of soil
particles forming the soil (clay, 46.5 percent, silt 27.5
percent, 26 percent sand) was clay. Agria potato
varieties tested were 1 and 2 Satyna. Agria digit is
late and early Satyna. Split plot experiment in
randomized complete block design (RCBD) with four
replications was performed. Different levels of
nitrogen fertilizer (Factor N), including 0, 80, 160
and 200 kg ha as the main factor in the main plots
and varieties (Factor V), and Agria Satyna include as
sub-subplots were the plots, thus 8 blocks in each
experimental plot with dimensions 5 × 4.5 meter
arose. Between main plots and sub-meter distance as
an effect was marginal. Six rows in each sub-plot to
hand in 10 cm depth on May twentieth was planted.

For this bulb with 60 to 70 gram weight was used.
The distance between rows and 75 cm distance
between plants on each row was 25 cm. Nitrogen
fertilizer was done in two stages: first - the first step:
when planting was 50 percent. 2 - Second stage:
With roads as Khakdhy foot plant 60 days after
planting was 50 percent. In the final harvest (50
percent in drying time shoot) shoot parts of about 10
days before harvest and then remove the tubers were
harvested. Statistical Analysis and Comparison using
SAS programs and charting was done by Exell.
Comparison of main effects and interaction using
Duncan multiple range test at 5 percent level was
conducted. 

Method of measuring nitrate (Solfosalisic acid
method):

For the determination of nitrate in an area about
2 square meters tubers were harvested and
transported to the laboratory. Tubers first washed
with distilled water and were weighing. After 48
hours at 65° C oven temperature, dry and sensitive
scale precision 0.001 grams were weighed. After a
hot meal in the Americas since Bookhner was poured
50 ml. Then 40 ml of aluminum sulfate 0.25. M and
added to it for 30 minutes with 200 rpm Samples
were struck me. After making a smooth specimens
were prepared for measuring nitrate [8]. 1.5 ml of
extract in 50 ml poured Bookhner 0.8 ml
Svlfvsalysylyk acid (5%) and 17.7 ml of normal
profit 2 added with spectrophotometer at 410 nm
wavelength, we read. System with previously
prepared solution Blng zero and we prepared
standard samples were read by machine (Kataldv
colleagues, 1975). Then, according to the figure (1),
the equation of the relationship between the number
read by spectrophotometer and nitrate in standard
solutions was determined by the same equation of
nitrate in the samples tested were calculated.

Measured by nitrogen absorption method:

To measure nitrogen uptake Atokjldal method is
used. 

Agronomic N use efficiency:

Efficiency as the product value per unit of input
is defined by consumption. Krasvl and Godwin
(1984) for agricultural production economic
efficiency achieved per unit of food consumed was
defined 

Nitrogen agronomic efficiency (NAUE) was
calculated using the formulae [7]:

NAUE= [(Yfp-yf0p)/Nf]
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Fig. 1: Relationship between nitrate concentration units spectrophotometric standard solution.

Where: NAUE is nitrogen agronomic efficiency (kg
kg-1), Yfp is tuber yield in plots with applied
fertilizer (kg ha-1), Yf0p is tuber yield in plots
without applied fertilizer (kg ha-1),

Nf is the amount of applied fertilizer (kg ha-1),
Harvest index was calculated using the formulae, too
(Khajehpour, 2006): HI = economical yield /
biological yield × 100

All observed mean values were subjected to
statistical analysis and SAS Statistical Software was
used for this. Mean values were grouped by Duncan
Test.

Results and Discussion

Tuber yield:

Analysis of variance was conducted during the
table (Table 1) observed that the main factors and
their interaction (cultivar × N) in 1 per cent level
were significant. Mean significant main effect of
superior cultivars Agria cultivar late than early
varieties showed Satyna. Study levels of N fertilizer
level was Byangrayn 160 kg N/ha ha 34.53
performance compared to the control level and
significantly kg N/ha80 group was superior 200 kg
N/ha level but was common in group . Increasing
fertilizer 160 kg N/ha up significantly on
performance, but then added a significant effect on
this trait did not. So according to this test to achieve
the best fertilizer levels 160 kg N/ha maximum
performance level is. More than 160 kilograms of
fertilizer not only a significant effect on bulb yield (t
ha) but did not: 1 - nitrate accumulation in the bulb
2 - Soil and water contamination, and 3 - have been
rising production costs. Comparison mean nitrogen ×
cultivar interaction (Table 3) showed that treatment
Agria × 160 kg ha ha 39.43 performance had the
highest yield. Minimum performance level for both
cultivars were seen. In both cultivars with increasing
levels of fertilizer to 160 kg N/ha (except treatment
Satyna × 160 kg N/ha) yield increased with
increasing amount of re-performance was decreased.
This figure shows the superiority of Agria than

Satyna and fertilizer levels 160 kg N/ha better than
the rest is nitrogen levels. Satyna varieties without
fertilizer levels than cultivars Agria yield but
increasing fertilizer varieties Agria than Satyna
surpassed the difference in fertilizer levels 160 kg
N/ha reached its peak. Therefore, cultivar Agria said
that according to the growth period is more also
needs more fertilizer and the highest sensitivity to
nitrogen fertilizer shows. The low level of fertilizer
(control) and lower yield in fertilizer levels 160 kg
N/ha highest bulb yield per hectare than the early
varieties had Satyna. In this regard Mvlrgan the
experiment reported in 1993 that performance with
increasing levels of nitrogen increased in figure B.
Danlv found while the figure increased more than
Drmlkrdghdh N / ha kg 100 occurred. Also, Peter
and Rsnalt [13] showed that sees total yield and N
fertilizer increased yield Consumer. In this
experiment they concluded that when the scale
nitrogen kg 135 was used, the highest bulb yield was
obtained.

Harvest index (%):

ANOVA showed main effects of cultivar and
nitrogen and their interaction in the 1% probability
level were significant (Table 1). Mean comparisons
showed that the main effects of cultivar, harvest
index, if the 51.90 percent Satyna figure significantly
in the first group was. 160 and 200 kg N/ha levels
both significantly compared to control (no fertilizer)
and the highest harvest index kg N/ha80 achieved. In
general, increasing the amount of fertilizer this trait
was significantly increased so that both surface 160
and 200 kg N/ha  were having the highest amount
between these two levels there was no significant
effect. However, the highest numerical attribute of
fertilizer levels 160 kg N/ha about 56 percent of the
amount of fertilizer which was level with the bulb
yield much more than 34.53 tons per hectare
assumed value was assigned (Table 2) and control
(no fertilizer) with the least amount of impact on the
43.14 percent showed this trait. In comparing the
interaction of N × cultivar Agria treatment × 160 kg
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ha 59.52 percent by value of the most significant
effect on this trait said. The treatment with 39.43
performance ha was the first group (Table 3). Level
control (no fertilizer) was the top figure Satyna but
to increase fertilizer 160 kg N/ha Agria cultivar
Satyna significantly surpassed the number in the first
rank Agria level achieved but with increasing
amounts of fertilizer Again in both cultivars
decreased harvest index occurred. So who can say
better than the varieties Agria Satyna 160 kg N/ha
levels and the highest harvest index was 80, but in
kg N/ha160 was obtained. During the experiment by
Achvrya et al., (1992) it was found that nitrogen was
quite significant effect on harvest index of potato so
that put fertilizer in kg 100 index reached a
minimum harvest. And increased nitrogen harvest
index Drmyzan Vbyshtryn reduced its rate control
(Avsaky colleagues, 1995). 

Agronomic N use efficiency:

Efficiency as the product value per unit of input
used to be defined. In order for nitrogen consumption
by plants at their maximum level is required, all
factors during plant growth are desirable. Usually N
fertilizer increased yield in potato tubers is therefore
willing to work for potato farmers use more fertilizer
this type of desirable occurs. That this product
quality is reduced. Therefore, selecting cultivars with
higher efficiency of nitrogen fertilizer consumption
and optimized environmental risks are lower.
ANOVA tables related to this trait showed that
nitrogen fertilizer plots and cultivars and their
interaction in meaningful Darshd percent probability
level (Table 1). Compare the main effect of cultivar,
significantly superior cultivars Agria showed. As
noted above, the highest figure in the main effect of
agronomic N use efficiency related to the variety
Agria was late than early varieties Satyna,
significantly intake per kg fertilizer N 117.5 kg were
added to yield (Table 2). The main effect of nitrogen
in the most efficient crop to use 160 kg ha was also
having the highest 80 kg N/ha same group were used
and compared to 200 kg ha in the second group was
significant difference showed significant. Per kg N
intake per kg weight of about 96.98 Trghdh at 160
kg ha-ha added that the highest level of efficiency in
farming between different levels of nitrogen is
automatically allocated per hectare (15516.8 = 160 ×
96.98 Kg) approximately equal to 16 tons compared
to control (no N fertilizer) was added to the potato
yield. The interaction (N × cultivar), the highest
nitrogen use efficiency to crop varieties Agria and
fertilizer levels 80 kg N/ha (in the same group with
Agria × 160 kg ha) which was about 11.5 tons ha
(10324 = 80 × 140.3) compared to the control yield
was more interaction with the rest of the group were
nitrogen agronomic efficiency difference was

statistically significant. Agria kg N/ha160 in the time
per kg of nitrogen fertilizer consumption of about 22
tonnes per hectare compared to the control of potato
yield was higher. These results with the results, Raesi
and Khajehpour (1371) that results were consistent
with increased too much nitrogen fertilizer nitrogen
use efficiency of crops is reduced.

Nitrogen uptake in tuber:

ANOVA table (Table 4) showed that both N and
cultivar factors and their interactions 1% probability
level were significant. Figure represents the main
effect of superior varieties of early Satyna which is
significantly superior in the group were. With levels
of nitrogen can be realized by increasing the amount
of fertilizer, nitrogen uptake by plants has also
increased, ie significant correlation between the
amount of nitrogen fertilizer uptake there. The
highest amount in kg N/ha200 and the lowest was in
control. Level and amount of fertilizer 200 kg N/ha
16.43 grams per plant attracted the highest amount
allocated to this trait. Effect of N × cultivar
interaction (Table 6) showed that the significant
effect of early varieties of fertilizer in 200 kg N/ha
Satyna has. Increasing fertilizer to both varieties kg
N/ha160 increase in this trait was nearly identical in
both varieties and fertilizer to a level of 160 kg ha
in one group were equal. But with the rising value of
160 kg fertilizer up to the late Satyna early varieties
Agria surpassed significantly 200 kg N/ha highest
uptake in the amount of 21.5 grams per plant
themselves. Can be concluded that the increased
nitrogen uptake did not only increase performance
but also image mode occurred. However, uptake of
nitrogen 160 kg N/ha level increased yield per
hectare, but after that performance was reduced and
this cultivar was evident quite early Satyna. Reasons
may be that early crop potato varieties, especially of
nitrogen Satyna not well absorbed in high levels of
nitrogen used as the optimum material and
conversion to Smylh tuber. And nitrogen uptake
rather than Smylasyvn, as it gave nitrate
accumulation in the tuber and this case was inversely
related with the performance. Therefore we can say
that increasing nitrogen uptake in the tuber: 1-
concentration of nitrate in the tubers increased 2 -
bulb yield per hectare decreased the grain varieties
early Satyna clear, and the reason probably is that
such growth period Satyna less is enough time to
Smylh not to nitrogen uptake and nitrate as it
inevitably accumulate in the tuber and the increase in
nitrate accumulation and reduction in tuber
Smylasyvn in high levels of nitrogen intake, which
causes reduced bulb yield per hectare. Sharma and
Grval [18] stated that during the experimental
nitrogen urea tubers increased to 300 kg per hectare
increases. Python [12] reported that nitrogen fertilizer
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nitrogen concentration in plant tissues increased.
They also showed that N uptake in tubers was higher
with increasing nitrogen fertilizer. Vstrmn et al
(1988) were observed in the experiment when
nitrogen fertilizer on growth when tubers are carried
in the first stem and leaf nitrogen concentration at
the time, but finds lumps maturity of more than 80%
of N uptake is concentrated in the thyroid tubers be.

Nitrate accumulation:

Potato plants of the family and Solanasea
Manufacturer nitrate accumulation is considered.
Uncontrolled use of nitrogen fertilizers cause plants
that even in normal conditions, the nitrate should
accumulate large quantities. Usually between light
intensity and rate of nitrate reduction in green leaves

Table 1: Analysis of variance of masured traits.
Sorces of variation df Ms

---------------------------------------------------------------------------------------------------------------------
Agronomic N used efficency Tuber yield Harvest index

Replication 3 62.731 2.144 4.760
Nitrogen 3 2760.988** 373.809** 272.639**
Error 9 299.07 6.653 7.538
Cultivar 1 23668.064** 46.643** 59.269**
N × C 3 2658.945** 56.202** 51.250**
Error 12 201.160 5.365 3.782
CV% - 17.66 8.04 3.85
** and *, significant in 1 and 5%, respectively.

Table 2: Maen comparison of simple effects of masured traits.
Traits Agronomic N used efficency (kg/kg) Tuber yield (ton ha) Harvest index (%)
Agria 117.50a 30.025a 51.90a
Satyna 54.70b 27.611b 49.17b
Control - 18.98c 43.14c
80 kg N ha 96.31a 29.74b 48.68b
160 kg N ha 96.98a 34.53a 56.00a
200 kg N ha 65.00b 32.02ab 54.31a
*Numbers with the same words in each column, have no significant differences to each other. 

Table 3: Maen comparison of intraction effects of masured traits.
Traits Agronomic N used efficency (kg/kg) Tuber yield (ton ha) Harvest index (%)
Agria × Control - 17.57c 41.85d
Satyna × Cntrol - 20.39c 44.43cd
Agria × 80 kg N ha 140.3a 30.43b 52.21b
Satyna × 80 kg N ha 52.29b 29.05b 45.15c
Agria × 160 kg N ha 136.7a 39.43a 59.52a
Satyna × 160 kg N ha 57.29b 29.63b 52.48b
Agria × 200 kg N ha 75.50b 32.63b 54.00b
Satyna × 200 kg N ha 54.50b 31.37b 54.63b
*Numbers with the same words in each column, have no significant differences to each other. 

Table 4: Analysis of variance of masured traits.
Sorces of df Ms
variation ---------------------------------------------------------------------------------------------------------------------------------------------------------

Nitrate acumolation in dry weight of tuber Nitrate acumolation in fresh weight of tuber Nitrogen uptake in tuber
Replication 3 6.649 0.912 0.239
Nitrogen 3 110818.386** 17966.196** 266.991**
Error 9 14.336 3.371 0.258
Cultivar 1 60027.657** 8607.048** 49.850**
N × C 3 34345.241** 5428.911** 52.365**
Error 12 9.911 2.978 0.213
CV% - 1.89 2.37 4.92
** and *, significant in 1 and 5%, respectively.

Table 5: Maen comparison of simple effects of masured traits.      
Traits Nitrate acumolation in Nitrate acumolation in fresh Nitrogen uptake in 

dry weight of tuber (ppm) weight of tuber (ppm) tuber (g per plant)
Agria 115.941b 56.495b 8.118b
Satyna 202.563a 89.296a 10.614a
Control 30.52d 15.30d 2.509d
80 kg N ha 115.2c 64.22c 8.003c
160 kg N ha 181.9b 82.06b 10.52b
200 kg N ha 309.4a 130.00a 16.43a
*Numbers with the same words in each column, have no significant differences to each other. 
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Table 6: Maen comparison of intraction effects of masured traits.      
Traits Nitrate acumolation in Nitrate acumolation in fresh Nitrogen uptake in 

dry weight of tuber (ppm) weight of tuber (ppm) tuber (g per plant)
Agria × Control 35.35g 18.06g 2.315e
Satyna × Cntrol 25.68h 12.54h 2.702e
Agria × 80 kg N ha 104.80f 62.36f 7.928d
Satyna × 80 kg N ha 125.70e 66.08e 8.078d
Agria × 160 kg N ha 153.80d 69.90d 10.87bc
Satyna × 160 kg N ha 210.10b 94.22b 10.18c
Agria × 200 kg N ha 169.90c 75.66c 11.36b
Satyna × 200 kg N ha 448.80a 184.3a 21.50a
*Numbers with the same words in each column, have no significant differences to each other.

there is a close correlation. Nutrient deficiency also
plays an important role in nitrate accumulation plays.
Based on analysis of variance table and the main
effect of cultivar and nitrogen fertilizer interaction of
these two factors on nitrate accumulation in the
tuber, according to Verne dry and fresh weight basis
at 1% level of probability was significant. The
highest accumulation of nitrates in the early varieties
Satyna 202.563 ppm value in tuber weight,
respectively. The interaction showed highly
significant increase in nitrate is Satyna × 200 Kg
N/ha. With increasing nitrate nitrogen in dry tubers
significantly increased in the last level of fertilizer to
your maximum (309.4 ppm) came, which is higher
than the limit [4]. With increasing N in both
cultivars (Agria and Satyna) 80 kg N/ha level with
gentle songs on the accumulation of nitrate were
added after this level, but early varieties Satyna very
strong increase in nitrate accumulation in 200 kg
N/ha so had the maximum. The highest yield in the
cultivar Agria tubers in 160 kg ha was obtained in
which the accumulation of nitrate 153.8 mg kg dry
weight tubers and 69.90 mg kg wet weight of the
tuber was. Level for nitrate fertilizer 160 kg N/ha
cultivars acceptable and desirable. If the level of 200
kg ha nitrate Satyna limit raped so that the nitrate in
this figure 448.8 mg kg was the limit (ppm 300)
approximately 148.8 mg kg of high was. N × cultivar
interaction in the highest nitrate levels in fresh
weight of bulb with 184.3 mg treatment Satyna kg ×
200 kg ha and lowest in the nitrate accumulation in
Satyna without fertilizer (control) respectively. The
results indicated that there was variety in the early
Satyna high levels of nitrogen than the late cultivars
Agria was higher nitrate accumulation. Satyna figure
based on the highest accumulation of nitrates with
tuber wet weight mg kg level was 89.296. The main
effect of increasing nitrogen fertilizer application
significantly increased fresh weight of nitrate
accumulation in the tuber has. Important result of
this experiment was that nitrate levels in the late
digit Radasht highest yield, was minimal. The highest
bulb yield in 160 kg N/ha Agria cultivar was
obtained in which the nitrate concentration at about
153.8 mg kg. This shows that the optimal level of
fertilizer nitrogen fertilizer to become fully effective
in protein and other substances are. In 160 kg N/ha
nitrate fertilizer in both figure was acceptable and
desirable, and the critical level was lower. If the
level of nitrate 200 kg N/ha Satyna limit was higher,

so that in this figure and the accumulation of nitrate
fertilizer levels to 448.8 mg kg reached. Considering
the interaction of cultivar × nitrogen fertilizer that
can be received at all levels of nitrate fertilizer
varieties Agria less time in dry bulb and the matter
was Trghdh gathering. Can also receive too much
with increasing nitrogen Meanwhile optimal
performance as a fundamental trait reduced nitrate
but also excessive increases. Therefore, potato
farmers work with uncontrolled use of nitrogen
fertilizer while it did not yield high, but the cost has
increased and led to low quality product and the
amount of nitrates than allowed tubers increases.
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