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ABSTRACT

Portable, non-destructive chlorophyll meters could be a valuable tool for managers and researchers. The
ability of such meters is used successfully for estimating foliar chlorophyll or nitrogen (N) content for many
agricultural species. The objective of this study was to evaluate the effects of N levels on yield and a number
of qualitative parameters of potato (Solanum tuberosum L., Agria cultivar). The experimental design was a
randomized complete blocks design with three replications. The experiment was conducted at Ferdowsi
University research farm in Mashhad, Northern Iran during 2008. Nitrogen top-dress was applied in two levels
of 100 and 150 kg N ha-1 and in two nitrogen index (NI) of 90 and 95 percent. In this study, chlorophyll
meter readings (SPAD values) were used to identify proper rate and timing of nitrogen application. The results
indicated that NI of 95% versus NI of 90% has a better efficiency in increment of potato crop yield. In index
of 95% however, levels of 100 and 150 kg N ha-1 did not showed significant difference in tuber yield. Nitrogen
index and N fertilizer levels did not have significant effect on the dry matter percent of tuber. NI of 95% and
N levels caused to significant decrement on the tuber specific gravity. NI of 90% and 100 kg N ha-1 caused
to significant decrement on the protein of tuber. The percentage of medium and large tubers was increased with
increasing N supply. In general it seems that N application by using chlorophyll meter, increase the yield and
improve its quality. 
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Introduction

Among the various agricultural products potato
is the second most important crop after wheat in Iran
according to the tonnage produced with over 3.5
million tonnes annual potatoes production (Parsapour
and Lame, 2005). Various vitamins, particularly
vitamin C (15 mg 100 g-1) along with other essential
nutrients and proteins in potatoes rapidly increased
potato consumption globally as a valuable nutrient
rich carbohydrate source for human, and 2.5 percent
of daily energy expenditure of the world's population
comes from potatoes [15]. In Iran, it is a staple food
crop with an average consumption of more than 35
kg tubers per capita. The need to produce more

potato is inevitable considering the growing trend of
population and inflation other food sources [18].
Produce one ton of potato tubers uptake 4.5 to 8.5
kg of N from soil and N makes up 1 to 5 percent of
potato plant tissues [9,25]. 

Investigations have found nitrogen (N) is an
important ecological factor for potato and inadequate
N fertilization leads to poor potato growth and yield,
while excessive N application leads to delayed
maturity, poor tuber quality, excessive nitrate
leaching and occasionally a reduction in tuber yield
[18,19,24]. Hence, proper rate and timing of N
application are critical factors in optimizing potato
tuber yield and quality, and minimizing
environmental pollution[18,19]. In most cases N
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fertilizers are consumed in excess due to the dramatic
effects of N on plant growth, and this could have
resulted in increased production costs, reduce profits
and pollutes the environment [12]. For management
of N fertilization, assessment of plant N during the
growing season is crucial. Leaf chlorophyll meters
(SPAD-502) have been used with various crops as an
indirect indicator of plant N status. Accurate
assessment of N during the growing season, requires
a threshold to determine the best time of N
application. Researches have shown that SPAD
readings can be used to determine the threshold
needed to fertilize plants to achieve significantly
higher output or better quality [5,6].

Different doses of chemical top-dress N fertilizer
have been examined in potato fields and there are
reports of both their positive and negative impacts.
Studies showed [12,14,17] that the effects of N may
vary from site to site depending on differences in
climatic, vegetation, soil quality parameters, social
and cultural conditions. It is consequently essential to
study the effects (positive, negative, or neutral) of
top-dressing N fertilizer on crops before their
consumption in agricultural fields. 

As significant proportion of potato production are
used in the food industry, produce high quality
potatoes is crucial. Therefore, the present study was
conducted to quantify top-dress N rates, based on
chlorophyll meter nitrogen index (NI) on yield and
quality of potato.

Materials and methods

Field experiment were conducted in 2008 on
experimental agriculture farm of Ferdowsi University
of Mashhad (36°163N, 59°363E, 985 m above sea
level), in Northeast Iran. Seedbed preparation
included ploughing, disk harrowing and cultivating.
The cultivar of potatoes (Solanum tuberosum L.)
used in this experiment was Agria. The experimental
design for this study was a randomized complete
block design with three replicates. Nitrogen top-dress
fertilizer was applied in two levels of 100 and 150
kg N ha-1 and in two NI of 90 and 95 percent. In
this research, chlorophyll meter (Model Minolta-502)
was used to identify proper rate and timing of N
application [6,13,22]. 
Nitrogen Index (NI) was calculated according to:

SPAD chlorophyll reading in each plot
100

SPAD chlorophyll reading in control
NI  

Two NIs of 90 and 95 have been used. Nitrogen
was applied at two levels of either 100 or 150 kg ha-
1 as urea when N indices becomes below 90 or 95.
Measurements were made at three rows in the center
of plot during each growing season. SPAD readings
were taken with a SPAD-502 meter at the terminal
leaflet of the first fully developed leaf from the apex

of the shoot. Measurements were made at a central
point on the leaflet between the midrib and the leaf
margin.  

The treatments were laid out in 3.75×6 m plots
and the crops were sown at a spacing of 0.75 m
between the rows and 0.25 m within them, giving a
plant density of 53,300 plants ha-1.

Potato seed tubers were sown manually. Sowing
date was May 7th, 2008. Adjacent subplots were
separated by a 0.75-meter-wide ridge, and the main
plots were separated by a 2-meter-wide ridge. All
plots were given 200 kg P2O5 ha-1 as the triple super
phosphate and 250 Kg potassium sulfate ha-1 together
with basal of the N fertilizer (50 kg ha-1) before
sowing was uniformly broadcasted and plowed into
15 cm soil. During the growth period, all plots were
weeded manually. No serious incidence of insect or
disease was observed and no pesticide or fungicide
was applied. 

To determine correlation between leaf N content
and SPAD measurement 30 leaves were sampled at
the beginning and end of tubering period and total N
concentration in plant samples were estimated
following micro-Kjeldhal method. At the end of
growth period four potatoes plants were sampled and
some yield attributes and qualitative criteria were
recorded. Harvested samples of tubers were classified
to small (less than 75 g), medium (ranges from 75 to
250 g) and large (more than 250 g) and oven-dried
at 55 °C for 72 h and the dried plant parts were
ground to powder and total N concentration in
samples were measures (Sparrow and Chapman,
2003). 

Data collected were subjected to the analysis of
variance (ANOVA). Test of significance of the
treatment difference was carried out on a basis of a
t-test. The significant differences between treatments
were compared with the critical difference at 5%
level of probability.

Results and discussion 

The days after planting for N application during
the growing seasons are listed in parenthesis.

Yield of Potato Tubers:

In NI equals to 95%, application of 100 kg N
ha-1 each time (overall 300 kg N ha-1) and application
of 150 kg N ha-1 each time (overall 300 kg N ha-1)
compared to control (overall 400 kg N ha-1) did not
cause significant changes in yield of potato tubers
(Table 2 and Fig. 1, B). While, in NI equals to 90%
significant differences among application of 
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Table 1: Nitrogen top-dress rates and timing of application (kg ha!1).
Nitrogen top-dress fertilizer Nitrogen Index

--------------------------------------------------------------------------
90 95

100 300 200
(96),(68),(47) (96),(75)

150 300 150
(68),(54) (75)

Time and rate of N application based on NI and N top-dress fertilizer are presented in Table 1.

Table 2: Results of ANOVA testing the effect of different treatment on potato tubers parameters.
Parameters DF MS Error

Yield of potato tubers 4 123.962* 15.754
Dry matter percentage of potato tubers 4 0.237* 2.058
Specific gravity of tubers 4 0.025* 0.002
Protein content of potato tubers 4 2.001* 1.011

Percentage of small tubers 4 382.176* 16.783
size of potato tubers Percentage of medium tubers 4 2.793* 0.662

Percentage of large tubers 4 1.253* 0.211
* represent significant difference over control at p<0.05.

Fig. 1: The effects of N top-dress fertilizer on yield of potato tubers at two NI at 100 and 150 Kg N ha-1

(Values followed by the same letter do not differ significantly at p =1% according to DMRT). 

100 kg N ha-1 each time (overall 300 kg N ha-1),
application of 150 kg N each time (overall 300 kg N
ha-1) and control (overall 400 kg N ha-1) have been
found to exist on yield of potato tubers (Table 2 and
Fig. 1, A).  

Between two applied NI, 95% compared to 90%
percent had higher efficiency. In NI equals to 95
percent, however, there was no significant difference
between application of 100 kg N ha-1 (three times)
and 150 kg N ha-1 (two times) in yield of potato
tubers. Therefore, considering the fertilization cost
application of 150 kg N ha-1 in the two times should
be considered.

In this experiment, 68 days after planting potato
crops require N fertilizer. So that, the statistically
similar treatments with control in this date needed N
fertilizer consumption. This date roughly coincides
with the mid-tubering stage. Therefore, it seems
tubering stage requires high N and fertilization at this
stage can lead to increas in crop performance. These
results are consistent with findings of other
researchers. Snapp et al. [22] reported that potato
crop absorbed most of the N from the soil at
tubering stage and any decrease in the NI below 96%
can cause yield loss. In the present experiment at NI
of 95% more N fertilizer for control did not increase

yield. So it seems yield response to N application is
an asymptotic relationship (Fig 2).

Considering the obtained results at this
experiment it should be noted that excessive
consumption of fertilizers not only is not useful for
plant, but also not economical and may be harmful.
Jindong et al. [7] stated that if given fertilizer to the
soil would be more than capacity of the soil, excess
fertilizer enter into groundwater and can be
dangerous to the health of ecosystems. Therefore,
amount of fertilizer for each plant must be
determined with appropriate testing. 

Dry Matter Percentage of Potato Tubers:

In both NI, application of 100 kg N ha-1 each
time (overall 300 kg N ha-1) and application of 150
kg N ha-1 each time (overall 300 kg N ha-1)
compared to control (overall 400 kg N ha-1) did not
cause significant changes in dry matter percentage of
potato tubers (Table 2 and Fig. 3, A and B). 

Mousavi-Fazl and Faeznia (2002) in their
experiments on the effect of different amounts of
water and N fertilizer on the performance and
quantitative traits of potato concluded that dry mater
percent  of  potato  tubers decreases with increasing 
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Fig. 2: Relationships between N top-dress fertilizer and yield of potato tubers.

Fig. 3: The effects of N top-dress fertilizer on dry matter percentage of potato tubers at two NI at 100 and
150 Kg N ha-1 (Values followed by the same letter do not differ significantly at p =1% according to
DMRT). 

irrigation water, but will not affected by N fertilizer
levels. Krijthe [10] reported that large amounts of
available N fertilizer stimulates the formation of
tubers and may prolong tuber formation period and
make a difference in weight of tubers.

Specific Gravity of Tubers:

In NI of 95%, application of 100 kg N ha-1 each
time (overall 300 kg N ha-1) and application of 150
kg N ha-1 each time (overall 300 kg N ha-1)
compared to control (overall 400 kg N ha-1) did not
cause significant changes in density of potato tubers 
(Table 2 and Fig. 4, B). while, in NI of 90%
application of 100 kg N ha-1 each time (overall 300
kg N ha-1) and application of 150 kg N ha-1 each
time (overall 300 kg N ha-1) increased density of
potato tubers over control (overall 400 kg N ha-1)
(Table 2 and Fig. 4, A).  

One of the criteria that can be used to determine
harvesting time of potato tubers is specific gravity of
tubers. Khajepour [8] claimed that when the potato

tubers specific gravity reached to 1.07 g cm-3, tubers
can be considered ready to harvest. In this
experiment increasing N top-dress reduced tubers
density. The results found in this study are
inconsistent with those of Sparrow and Chapman [21]
and Laurence et al. [11], who reported decrease in
tubers specific gravity with increasing N fertilizer.

Protein Content of Potato Tubers:

In NI of 95%, application of 100 kg N ha-1 each
time (overall 300 kg N ha-1) and application of 150
kg N ha-1 each time (overall 300 kg N ha-1)
compared to control (overall 400 kg N ha-1) did not
cause significant changes in protein content of potato
tubers (Table 2 and Fig. 5, B). While, in NI of 90%,
application of 100 kg N ha-1 each time (overall 300
kg N ha-1) or application of 150 kg N ha-1 each time
(overall 300 kg N ha-1) significantly decreased
protein content of potato tubers compared to control
(overall 400 kg N ha-1) (Table 2 and Fig. 5, A).  
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Fig. 4: The effects of N top-dress fertilizer on density of potato tubers at two NI at 100 and 150 Kg N ha-1

(Values followed by the same letter do not differ significantly at p =1% according to DMRT). 

Fig. 5: The effects of N top-dress fertilizer on tuber protein at two NI at 100 and 150 Kg N ha-1 (Values
followed by the same letter do not differ significantly at p =1% according to DMRT). 

The results showed increased amounts of N
fertilizer increases tubers protein (Fig. 6). These
increases were attributed to the total increase in
tubers N. Increased tubers protein is a desirable trait.
However, research has shown that increasing the
amount of N fertilizers increases possibility of N-NO3

accumulation in potato tubers. In this experiment N-
NO3 did not measure in tubers, however based on
literature each person daily can intake 5 mg of
nitrate per kg weight from various sources of food
and water [12]. If this amount exceeds limit, would
be harmful to human health in the long term.

Size of Potato Tubers:

Nitrogen application significantly influenced
percentage of small tubers at 5% level of probability.
In NI of 90% and 100 kg N ha-1 each time (overall
200 kg N ha-1) exhibited the greatest percentage of
small tubers, while in NI of 95% and 150 kg N ha-1

each time (overall 300 kg N ha-1) had the least
percentage of small tubers (Table 2 and Fig. 7, A).

Nitrogen significantly influenced percentage of
medium tubers at 5% level of probability. In NI of
95% and 150 kg N ha-1 each time (overall 300 kg N

ha-1) exhibited the greatest percentage of medium
tubers, while in NI of 90% and 100 kg N ha-1 each
time (overall 200 kg N ha-1) had the least percentage
of medium tubers (Table 2 and Fig. 7, B).

Nitrogen significantly influenced percentage of
large tubers at 5% level of probability. In NI of 95%
and 150 kg N ha-1 each time (overall 300 kg N ha-1)
exhibited the greatest percentage of large tubers,
while in NI of 90% and 100 kg N ha-1 each time
(overall 200 kg N ha-1) had the least percentage of
small tubers (Table 2 and Fig. 7, C).      

In this experiment increasing N top-dress
fertilizer increased the size of potato tubers. Shojai
and Jawaheri [20] in their studies on the effects of
fertilizer on the yield and yield components of potato
expressed that if environmental conditions allow cv.
Agria potato can increase the performance through
increasing tubers size. Sparrow and Chapman [21]
reported that N top-dress increased potato tubers with
increasing tuber size rather the number of tubers.  On
the other hand, N top-dress increased deformed
tubers. Studies have shown that size of potato tubers
has an important role in the potato market-friendly.
Usually Tubers with a medium size (75 to 250 g)
have  a    better   market-friendly.   Therefore,  N 
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Fig. 6: Relationships between N top-dress fertilizer and protein content of potato tubers.

Fig. 7: The effects of N top-dress fertilizer on size of potato tubers. (A) Percentage of small tubers, (B)
Percentage of medium tubers and (C) Percentage of large tubers. (Values followed by the same letter
do not differ significantly at p =1% according to DMRT). a1b1: Nitrogen index of 90% and 100 kg
N ha-1; a2b1: Nitrogen index of 90% and 150 kg N ha-1; a1b2: Nitrogen index of 95% and 100 kg N
ha-1; a2b2: Nitrogen index of 95% and 150 kg N ha-1.

availability addition to increasing performance of
tubers at the time the plant requires this nutrient can
increase the market-friendly of potato tubers. 

Correlation Between Agronomic Traits:

A good correlation between leaf N content per
unit leaf area versus SPAD reading was observed and
increase the SPAD reading increases Leaf N content
(Table 3). A positive correlation also between tuber
N content versus SPAD reading was found. The
results found in this study are inconsistent with those
of Bindi et al. [4] who reported in potato there is a
positive correlation between plant N content and
SPAD reading. The results indicated chlorophyll
meters could be used successfully for determination
N and chlorophyll content of leaves.  The advantage

of this method is requirement to less time and cost
to estimate the amount of chlorophyll compared with
costly and time consuming conventional methods of
extraction and measurement of chlorophyll. 

In this study, a negative correlation was found to
exist between leaf N content versus percentage of
small tubers. On the other hand, correlation between
leaf N content per unit leaf area versus percentage of
medium and large tubers was positive (Table 3). In
general, the attractiveness of potato to consumers is
determined by visual attributes such as size and
uniformity [12,21]. Therefore, as an important
macronutrient, N application when the plant requires
this element by increasing size of tubers and
increases economic profit.  

A significant negative correlation between leaf N
content  per  unit  leaf  area and the tuber specific 
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Table 3: Coefficient correlation of important qualities together.
Parameters Tuber Leaf SPAD Tuber Tuber specific Size of tubers (%) 

nitrogen nitrogen reading protein gravity -----------------------------------------
content content Small Medium Large

tuber tuber tuber
Tuber nitrogen 1
Leaf nitrogen 0.78** 1
SPAD reading 0.55* 0.66** 1
Tuber protein 0.99** 0.78** 0.55* 1
Tuber specific gravity -0.53* -0.51* -0.60* -0.53* 1
Small tuber -0.63* -0.67** -0.64** -0.64** 0.85** 1
Medium tuber 0.51* 0.56* 0.53* 0.52* -0.72** -0.93** 1
Large tuber 0.51* 0.59* 0.53* 0.51* -0.87** -0.75** 0.61* 1
* and ** represent significant difference over control at P > 0.05 and P > 0.01, respectively.

gravity was observed, suggesting that a negative
correlation was found to exist between the tuber
specific gravity versus percentage of medium and
large tubers. A negative correlation between the tuber
specific gravity versus the protein of tuber was
observed. Hence, N application despite the tuber
specific gravity increases the N and protein content
of tubers (Table 3).

Conclusion:

The results of this study show that greater
amounts of N fertilizer consumption, not only does
not significant increase yield of potato tubers but also
increased leaching of N and accumulate N-NO3 in
the potato tubers. Therefore, approach described in
this article can be useful for managing supplemental
N for potato crop. In addition to reducing N leaching
and nitrate accumulation, this approach can increase
efficiency of N fertilizers and its economic value will
be very significant. Disadvantage of this approach is
only the chlorophyll meter device shows the amount
of chlorophyll in leaf blade, which is an estimate of
the amount of leaf N. So more tests to achieve a
standard curve between the chlorophyll meter reading
and the actual chlorophyll content for calculating the
exact amount of plant N requirements is necessary.
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