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Abstract

Contamination of tuberous vegetables such as potato (Solanum tuberosum L.) with Cadmium (Cd) and Nitrate (NO,) due to the imbalanced fertilization may pose
health risks to consumers. Potato is one of the dominant agricultural vegetables in Iran which is consumed in different ways. Excessive amounts of Cd and NO, in potatoes
can lead to organ dysfunction and various diseases. The aim of this study was to investigate the role of Zn-fertilizers on increasing yield and reducing the Cd concentration
and also monitoring the NO, content in potato tubers of Ardabil province. For this purpose, In the first phase, potato tubers were sampled from 10 most important markets
in the form of imbalanced completely randomized design in 2019 and the concentration of Cd when consumed with and without potato peel was assessed, then, in the
second phase, the effect of Zn-fertilizers on the yield and concentration of Cd in high-risk areas was investigated in 2020 growing season. The results indicated that the
maximum concentration of Cd among the samples was 0.14 mg kg fresh weight and the minimum was 0.02 mg kg™ fresh weight. According to the results, there was
no significant difference between potato samples analyzed with peel and without peel. Therefore, in the second phase, in order to investigate the effect of Zn-fertilizers
topdressing on potato tubers yield and Cd concentration, an experiment was conducted in randomized complete block design with 3 treatments and 3 replications in
Ardabil University’s farm. Experimental treatments were the T1 (control) = Farmer’s conventional fertilization with no Zn-fertilizer; T2 = T1 + 2 kg ha' Zn-chelate; T3 = T2
+ applying 50 kg ha" soluble sulfate potassium containing Zn-chelate. The results illustrated that in control plots, while the yield was 23.3 tons per ha and the percentage
of dry matter was 19.0 percent, the significant increase (p<0.01) up to 34.0 tons per ha with 24 percent of dry matter was obtained in SSOP+Zn chelate treatment. Also
there was a significant difference (p<0.01) between Cd concentration in control treatment and treatments in which Zn-fertilizers have been used. The maximum Cd
concentration has observed in control treatment with 0.13 mg kg™ fresh weight and the minimum has obtained from SSOP+Zn chelate treatment by 0.01 mg kg fresh
weight. About Nitrate concentration in potato tubers of the field area, all data were located below the threshold concentration (60 mg kg™ fresh weight). Therefore, for
obtaining healthy agricultural products, using Zn-fertilizers in the agricultural soils with Zn deficiency should be considered seriously. By practicing balanced fertilization,
i.e. applying Zn-fertilizers especially by topdressing method, the quality and quantity of agricultural products as potato will be upgraded and the Cd and NO, concentration
will be decreased significantly, the country’s quality of nutrition will improve and hence, the problem of malnutrition will be solved.
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Introduction

Health comes from the farm [1]. One of the most important
ways for any contaminant such as Cadmium (Cd) to enter the
body of the consumer is through food. As the entry of any
contaminant into the body in the long time can cause a variety
of diseases, the need to use agricultural products with the
lowest concentrations of contaminants is so serious; because
agricultural products play the most vital role in the food basket
of any society. Obviously, if the concentration of contaminants,
especially nitrate (NO,-) and Cd in these products is not under
the threshold concentration, in the long period of time, will
impose the society’s health [2]. Using laboratory studies, the
medical scientists determine the threshold concentration of
each contaminant and then taking into account very strict
considerations, they report the maximum concentration of any
contaminant that does not harm human. This method also
examines the use of a contaminant over a period of time and
define its risk to the consumer. Cd is a non-essential heavy
metal for human body that is absorbed through the food chain
due to its chemical properties similar to some elements needed
by the humanbody, containing Zincand Iron [2]. Photosynthesis
disorder, growth reduction, hypoglycemia and diseases such as
nausea, vomiting, abdominal cramps, headache, hypertension,
osteoporosis, pneumonia, renal failure, liver and heart disease
are some of the effects of Cd on the human body [3]. The first
adverse effect of Cd on the body is damage to the proximal
renal cells that occurs at high concentrations of Cd [4].
Considering all the sources of Cd in soils, the main sources of
Cd contamination in agricultural lands can be Phosphorus
fertilizers (more than 100 million tons of phosphate fertilizers
are consumed annually in the world), the use of sewage sludge
and organic fertilizers [5]. It is necessary to mention that
phosphate fertilizers have different concentrations of Cd from
less than 1 mg kg-* (ignored) to 450 mg kg (high concentration)
[4]. Livestock manures are more important in increasing the
concentration of Cd in the soil compared to phosphate fertilizers
due to the use of food additives, etc. Thus, the average annual
consumption of phosphate fertilizers is 100 kg ha* and livestock
manure is 5 tons per hectare, which shows the high importance
of livestock manures in increasing the concentration of Cd in
the soil. According to the references, the global average soil Cd
concentration is estimated in the range between 0.06 to 1.10
mg kg [6,7]. However, abnormal levels of Cd (4 to 900 mg kg-
1) have also been reported in countries such as Jamaica [8]. In
the soils of Iran, the average concentration of Cd is reported to
be 0.40 to 0.60 mg kg [9] which this amount has also reached
2.50 to 3.60 mg kg in some provinces such as Isfahan [10]. Cd
can be involved in many physiological and biochemical
processes of plants such as photosynthesis and nutrient uptake
[11]. Application of Zinc-fertilizers leads to increased growth,
decreased uptake and accumulation of Cd. It changes the
chemical forms of Cd and thus has an adverse effect on the
accumulation of Cd in plants [12-15]. The use of nutrients such
as Zinc-fertilizers will promote the yield and quality of crops
as well as reduce the absorption of Cd [16,17]. The interaction
between Zn and Cd is so effective on Cd concentration in plants
and also its bioavailability [18] and the available Cd content of
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the soil and as a result in the crops varies with the type of
Phosphorus (P) fertilizers used and degree of its contamination
with Cd [19]. Various factors are involved in the accumulation
of Cd in plants, one of the most important factors is the plant
species. As a study that examined the potential for Cd uptake by
various plants, reported that among the plants, the highest
accumulation of Cd is in leafy vegetables such as lettuce with
1.79% and the lowest is in trees with 0.10%. Therefore, the use
of plant species with less Cd accumulation compared to other
species can be one of the ways to reduce Cd in the plant [20].
Accumulation of Cd in the plant can also be due to its interaction
with other elements such as Zn and Iron. It should be noted
that the arable soils of Iran are calcareous and the percentage
of calcium carbonate equivalent in them in some cases reaches
more than 50%. This leads to increased Phosphorus deposition
in the form of tri-calcium phosphate and encourages farmers
to use imported phosphate fertilizers, which can be a source for
more Cd to enter the soil. On the other hand, there is evidence
of severe Zn deficiency in Iran’s arable soils for several reasons,
containing low amounts of organic matter and imbalanced
fertilization [2]. On the other hand, a plant that has a high need
for Zinc (Zn), to meet its needs, seeks available form of Zn, but
due to the lack of available Zn in arable soils, this plant is
severely deficient, this element is encountered. Therefore, in
order to meet its high Zn requirement, the plant supplies Cd
due to its ionic similarity (ionic radius of 0.074 and Cd ionic
radius of 0.09 nm) through specific and even non-specific
carriers (ZIP). It will be absorbed from the rhizosphere by the
roots and accumulates in its seeds [17]. In other words, Cd and
Zn have a similar status in terms of ionic shape and ionic
structure. Thus, the correlation of these two elements to other
elements such as sulfur, nitrogen and oxygen ligands is
possible. Since Zn is an essential element and performs various
processes such as protein synthesis, activation of enzymes and
other roles in the plant, Cd cannot replace Zn in the metabolic
activities of the plant. This is because Cd competes with Zn in
the plant and disrupts metabolic processes [2,21]. Reported
that under the conditions of using potassium sulfate containing
Zn-fertilizers, the accumulation of Cd in potato tubers has
been reached less than the limit recommended by the CODEX.
The maximum acceptable concentration of Cd in peeled
potatoes according to the standard of the National Standard
Organization of Iran and other international organizations is
0.10 mg kg™ fresh weight of the plant. However, according to
nutritionists in determining these standards, the maximum
acceptable concentration is the condition of the plant that is
consumed. For example, fresh potatoes are common in
potatoes; therefore, these numbers mean the consumption of
fresh potatoes, which is the same between international
institutions and the Iran Standard Organization [22-25]. Due
to the important role of Zinc in reducing the uptake of Cd in
plants and the human body, therefore, Zn bio-fortification in
farms can help to reduce the accumulation of Cd in plants and
human body. Providing food for the growing population of the
country and also the need for greater self-reliance in the
production of strategic food products, is one of the main
components of the country’s independence. Potato (Solanum
tuberosum L.) is a tuberous crop that plays an important role in
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feeding the people of the world and due to some of its
characteristics, containing high production per unit in many
European countries has replaced with wheat. Potatoes are the
fourth largest food crop in the world after wheat, rice and corn,
and are the second crop after corn in terms of number of
producing countries [26]. Recent data show that potatoes
produce 54% and 78% more protein per area unit than wheat
and rice [26]. No other food, not even soy, can compete with
potatoes in terms of energy production and nutritional value
per area unit. It is estimated that one third of the population of
tropical developing countries require the tubers and roots of
potatoes as a food source [26]. In Iran, potatoes with a per
capita consumption of about 43 kg per year (either fresh or
processed) has an increasing value in the food basket of
households and in addition to providing part of the daily
calories and necessary vitamins of the people. In particular,
vitamin C also has a decisive role and is effective on general
health [27]. Due to various studies, the consumption of potatoes
for people with type 2 diabetes should be controlled. Cd is
found in many foods, but vegetables, especially tuberous
vegetables such as potatoes, are by far the main source of Cd
[28,29]. On the other hand, the food chain is one of the most
important ways in which mineral contaminants can enter the
human body [30]. Nitrate is a naturally occurring compound
that is part of the nitrogen cycle, as well as an approved food
additive. Higher levels of nitrate tend to be found in leaves
whereas lower levels occur in seeds or tubers. Human exposure
to nitrate is mainly exogenous through the consumption of
vegetables, and to a lesser extent water and other foods [31].
Nitrate content in vegetables varies depending on the type of
vegetables, genetic factor, level of nitrogen fertilization and
soil nitrogen content [32]. The source of nitrate is mainly due
to excessive use of nitrogen fertilizers (about 250 million tons
of nitrogen fertilizers are used annually in the production of
agricultural products) and also the lack of optimal use of
fertilizers in the production of agricultural products. With
excessive consumption of nitrogen fertilizers, nitrate is
absorbed in large quantities by the plant, which reduces its
regeneration in the roots due to high energy and sugar content.
This ion transfers from roots to the leaves and It will be sent
and accumulate there [33].

Due to the vital role of fertilizer application, fertilizer
resource management is very important in terms of plant
production. According to the Food and Agriculture Organization
(FAO), at least 33% of the increase in agricultural production in
the world over the past four decades has been due to the use of
chemical fertilizers [34]. On the other hand, the results of 362
field experiments examined the role of chemical fertilizers on
increasing the yield of some crops such as wheat, corn, soybeans
and rice, concluded that 40 to 60% of agricultural production
In the United States and the United Kingdom, is due to the use
of chemical fertilizers which will be more than 60% in the
tropics [35]. Increasing food demand by increasing population
and reducing land resources in Iran will intensify agricultural
activities through the use of irrigation, chemical fertilizers and
pesticides in the future. Fertilizer application is expected to be
double or even triple in the coming years, and the problem of
contamination with mineral pollutants will increase [28]. At
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present, according to available documents, the area of rain fed
and irrigated lands in the world is 1.5 billion hectares and in
Iran is about 14 million hectares (18 million hectares in rainy
years). On the other hand, the global consumption of macro-
nutrient fertilizers based on nutrients per year is 176 million
tons (nitrogen fertilizers 108, phosphate 40 and potassium
28 million tons). In other words, the average consumption of
macro-nutrients based on nutrients, regardless of the level of
irrigated and rain fed lands, is about 117 and in terms of fertilizer
is approximately equal to 260 kg per hectare. Considering that
the cultivation area of rain fed and irrigated lands in Iran is
14 million hectares, therefore, the annual need for macro-
nutrients in the country in a growing year in terms of nutrient
is 1.6/ million tons and in terms of fertilizer amount is about
3.64 million tons. (Nitrogen fertilizers 2.50, phosphate 0.64
and potassium 0.50 million tons) are estimated in the ratio of
20-25-100 [36]. Therefore, considering the above information,
now, 117 kg ha in terms of nutrients or 260 kg ha! of fertilizer
should be used annually in the country compared to the global
consumption. This is while the application of macro nutrients
in Iran is currently around two million tons per year (143 kg ha-
1). In other words, this figure is about 45% lower than the global
average consumption and in addition, the ratio of fertilizer
application in Iran is imbalanced. Currently, the accumulation
of Cd in the countries agricultural lands and agricultural
products has become an environmental and security problem.
Increasing the concentration of Cd in the soil, enhances its
uptake by the plant. Plants are the most important route of
Cd transfer to the human food chain and it’s accumulation in
agricultural products causes toxicity and acute and chronic
diseases. Nowadays, the concentration of this element has
increased in Iran’s arable soils due to excessive consumption of
phosphate fertilizers and lack of potassium and Zn-fertilizer’s
application [2]. Therefore, this experiment was conducted to
investigate the role of balanced fertilization, especially the
effect of Zn-fertilizers on potato yield and healthy potato
production. Because in this case, the necessary solutions such
as the possibility of using elements like potassium and Zn that
can minimize its absorption by creating competition with Cd,
can be tested.

Method and materials

This experiment was carried out in 2020 growing season,
in one of the potato fields of Babolan village in Ardabil vicinity
with geographical coordinates of 38 degrees and 20 minutes
north and 48 degrees and 21 minutes east at an altitude of 1500
meters above sea level. According to 30-years meteorological
statistics, the rainfall in this region is between 280-300 mm,
which is mostly winter rainfall.

In the first phase of the study, which was conducted with
the aim of investigating and monitoring the Cd concentration
in potato tubers produced by conventional fertilization method;
potato samples were collected from 10 most favorable markets
in the Ardabil province in the form of imbalanced completely
randomized design to investigate the effect of farmer’s
conventional fertilization method on Cd concentration.
Samples were transferred to the laboratory immediately after
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collecting and were dried to reduce the Cd content error, since
it’s a volatile element. To assess the risks of Cd, tuberous
samples were examined in two forms, with and without peel.
The thickness of the peel was the same in all samples, so in
each tuber sample, a number of tubers without peel and some
with peel were tested, and after marking, the tuber samples
dried in the oven for a period of time. They were placed at
70°C for 72 hours. After drying the samples, the percentage
of dry matter and moisture content of potato tubers were
measured. After drying, the samples were crushed, passed
through a 0.4 mesh sieve and powdered. The Cd concentration
analysis in potato tubers using wet digestion method by nitric
acid [37] performed by ICP (Inductively coupled plasma mass
spectrometry) device. In the second phase of the study, which
aimed to investigate the Cd concentration in potato tubers
by using Zn-fertilizers, soil sampling was performed in June
2020 from a depth of 0-30 cm of soil surface. After collecting
the samples and air drying the soil, one sample weighing one
kilogram was isolated and transferred to laboratory. Regarding
the measurement of physical parameters, it was sufficient to
measure the soil texture.

About chemical parameters, soil Nitrogen by Kjeldahl
method, Organic Carbon by Walkley and Black method,
soil Phosphorus by Olsen extractor method, soil available
potassium by flame photometry method using Ammonium
acetate [38], soil Bicarbonate, pH, EC and Finally, soil Cd, Zn
and Iron concentration were analyzed by DTPA extraction [39]
using atomic absorption spectroscopic device (Table 1).

The Cd, Zn, pH, EC and Bicarbonate in irrigation water also
were analyzed after sampling (Table 2).

This experiment was performed in a randomized complete
block design with 3 replications (blocks) and 3 treatments.
Based on this, the total number of experimental plots was

Table 1: Some physical-chemical properties of the studied soil.

Properties amount Properties Amount
Depth (cm) 0-30 Total Nitrogen (%) 0.098
Soil texture Loam P avail. (mg kg™) 13
pH 7.83 K avail. (mg kg™) 830
EC (dSm™) 3.66 Fe (mg kg") 5.96
TDS (mg I'") 5925 Zn (mg kg™) 0.89
0C (%) 0.819 cd (mg kg") 0.5
OM (%) 1.411 Total P (mg kg™ 594.5
HCO, (meq I") 3.01

Table 2: Some Chemical properties of the irrigation water.

Properties amount

pH 7.41
EC (dS m™) 2.66
TDS (mg I") 1839

HCO, (meq I") 4.46
Zn (meq I) 0.06
Cd (megq I) 0.008
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9 plots, each plot with an area of 30 square meters was
considered as an experimental unit. In 2020 growing season
the land was deeply plowed with the remaining organic crop
residues (wheat) and the disk operation was performed based
on the cultivation arrangement and the experimental design,
then the cultivation was performed and the treatments were
applied randomly in each experimental block. Tuberous seeds
were selected from Agria variety and planted at a distance of
20 to 25 cm from each other. Irrigation was done in the form
of strips, once a week according to the design of the irrigation
system taking into account the slope of the land and for a
period of approximately 10 hours with uniform coverage of the
rows. After harvesting, In order to determine the yield, tubers
of 10 square meters of each plot were selected. To measure
the percentage of tuber’s dry matter, 10 large, medium and
small tubers, after washing with ordinary water and distilled
water and then weighing, were cut into thin slices and placed
in an oven at 65°C for 48 hours to dry completely. Then the
dry weight of the samples was measured and the percentage
of dry matter of the tubers was calculated [40], then the
concentration of Phosphorus, Zn and Cd was analyzed in the
tubers. Phosphorus, Zn and Cd analysis were done using dry
ashing method [41]. Then the concentration of these elements
was investigated using Spectrophotometer [42] and ICP
device respectively. The Cd concentration also analyzed using
colorimetric determination of nitrate by nitration of Salicylic
acid [43]. Statistical analysis of data were performed using
SAS software and Duncan’s multiple range test was used to
compare the means at the level of 1%.

Results

The results showed that the maximum concentration of
Cd among the samples was 0.14 mg kg fresh weight and the
minimum was 0.02. According to the results, no significant
difference was observed between potato samples with and
without peel (p>0.82). The threshold concentration for Cd
in potato tubers, according to international organizations,
is 0.1 mg kg fresh weight, which can be converted into the
permissible concentration of Cd in tubers based on dry weight,
taking into account the percentage of dry matter in potatoes.
The data show that the concentration of Cd in the potato tubers
is defined less than critical level in all sampling points except
two points. Of course, the range of data reminds us of the
need to pay attention to plant nutritional management and to
observe balanced and optimal fertilization in order to prevent
the accumulation of Cd (Figure 1).

Potato tubers yield

According to Table 3, the effect of (SSOP+Zn chelate) and
Zn chelate treatments on potato tubers yield was significant
at the level of 1% (p<0.01). The highest tuber yield was related
to the (SSOP+Zn chelate) treatment by (34000 kg ha) and the
lowest in control (Zno) by (23300 kg ha) (Figure 2).

Potato tubers dry matter

The results showed that at the level of 1% (p<0.01), there
is a significant difference between the farmers conventional
fertilization method and (SSOP+Zn chelate) treatment.

037
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However, there is no significant difference between (SSOP+Zn Table 4: Effects of studied treatments on the tubers Dry matter.

chelate) treatment and the Zn chelate treatment at the level Source of variation df Mean square F
of 1% (p<0.01) But, the dry matter percentage in (SSOP+Zn R 2 3.2394 1.940
chelate) treatment increased numerically. According to the 7n 2 21.3445 12.76%*

results, in the condition of using (SSOP+Zn chelate), the
highest percentage of dry matter (24%) obtained and the
lowest (19%) was related to the condition without using Zn-
fertilizers (Table 4, Figure 3).

Error 4 1.6721 -

**: (Significant at 1%); *: (Significant at 5%) and ": (Non-significant)

Cd concentration in potato tubers a
25 ab

It is obvious that, There is a significant difference (p<0.01) b
between Cd Concentration in control plot’s potato tubers
and treatments in which Zn-fertilizers have been used. The
Maximum Cd concentration has observed in Control treatment
by 0.13 mg kg fresh weight and the minimum has obtained
from (SSOP+Zn chelate) treatment by 0.01 mg kg fresh weight 5
(Table 5, Figure 4).

Dry matter (%)

Zinc concentration in potato tubers "
Treatment
The Zn analysis results also illustrates the Significant Figure 3: The significant effect of treatments on tubers Dry matter percentage

difference (p<0.01) between treatments. It’s obvious that the (p<0.01).

Table 5: Effects of studied treatments on the Cd concentration.
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Figure 1: Cd concentration in potato tubers of Ardabil province. -2 %n
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Table 3: Effects of studied treatments on the tubers yield. S~
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**: (Significant at 1%); *: (Significant at 5%) and ": (Non-significant)

Figure 4: The significant effect of treatments on tubers Cd concentration (p<0.01).

40000 a a
35000 Zn chelate treatment is at the head of the game by 40.5 mg Zn
30000 per kg dry weight, In contrast, the control treatment contains
= 25000 the least Zn concentration by 22.1 mg kg~ dry weight (Table 6,
%D 20000 Figure 5).
=
2 15000 Phosphorus concentration in potato tubers
10000
5000 The Phosphorus analysis result also depicts the significant
difference (P<0.05) between treatments. It illustrates that the

T2 highest Phosphorus concentration was in control plot by 0.329
Treatments % whereas the (SSOP+Zn chelate) treatment contained the

lowest concentration by 0.196 % (Table 7, Figure 6).
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Nitrate concentration in potato tubers

In order to evaluate the Nitrate concentration in potato
tubers of the studied field, as one of the important and
determining indicators in crop health, the nitrate concentration
of tubers under treatments was studied and evaluated.

There is a significant difference in the level of 5% (P<0.05)
between the third treatment (SSOP + Zn chelate) and the
second treatment (Zn chelate) (Table 8, Figure 7).

According to Figure 8, the range of nitrate concentration
in potatoes varies from about 15.5 mg kg fresh weight to 50.5
mg kg fresh weight, which is lower than the severe limit
recommended by [44] is 60 mg kg fresh weight. One of the
reasons for the low nitrate concentration in this farm is the
use of more organic fertilizers, which is also confirmed by the
results of [45] research.

Discussion

Cd accumulation in food products often occurs in soils
where phosphate fertilizers and sewage sludge containing high
concentrations of Cd are used. The risk of Cd accumulation for
the consumer in products containing Cd is a major concern that
management strategies to reduce the accumulation of Cd in
agricultural products are necessary. Therefore, this experiment

Table 6: Effects of studied treatments on the Zn concentration

Source of variation df Mean square F
R 2 13.390 5.90m
Zn 2 143.830 63.36%*
Error 4 2.270 -

**: (Significant at 1%); *: (Significant at 5%) and ": (Non-significant)

w N S
a = n

w
S

IS
=

(mg kg'! Dry weight)
I b

Zn concentration

10

T2
Treatment

Figure 5: The significant effect of treatments on the Zn concentration (p<0.01).

Table 7: Effects of studied treatments on the Phosphorus concentration.

Source of variation df Mean square F
R 2 0.003106 1.63"
Zn 2 0.01332 6.99*

Error 4 0.001904 -

**: (Significant at 1%); *: (Significant at 5%) and ": (Non-significant)
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Figure 6: The significant effect of treatments on tubers Phosphorus concentration
(p<0.05).

Table 8: Effects of studied treatments on the Nitrate concentration.

Source of variation df Mean square F
R 2 176.14 4.94rs
Zn 2 288.03 8.07*

Error 4 35.68 -

**: (Significant at 1%); *: (Significant at 5%) and ": (Non-significant)

45
40
35
30

25

Nitrate Concentration
(mg kg'! Fresh weight)

t2
Treatments

Figure 7: The significant effect of treatments on tubers Nitrate concentration

(p<0.05).

60 mg/kg fresh weight

Nitrate concentration
(mg kg'! fresh weight)
8 s
°
[ ]
°
[ ]
°

=)

Samples

Figure 8: Nitrate concentration in field samples.

was performed with the aim of the investigating the effect of
Zn-fertilizers on Cd accumulation in potatoes.

The results showed that the tuber yield was affected by the
studied treatments. The highest tuber yield (34000 kg ha™)
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was obtained in the (SSOP+Zn chelate) treatment which was
68% higher than the control. The most important reason for
increasing the tubers yield due to consumption of Zn can be the
role of this element in carbohydrate metabolism. Following its
role in the structure of RNA polymerase enzymes and Carboxyl
phosphate, this element increases the Glucose and starch
content in the plant tissue and as a result will improve the
yield. Zn is involved in the activity of enzymes in chlorophyll
formation and consequently in photosynthesis and accelerates
the formation of hormones such as tryptophan as the raw
material of Auxins [46]. Potassium, in addition increases the
carbohydrates as a result of photosynthesis and accelerates
the transfer of soluble sugars made in the leaf (source) to
the tuber (sink), which increases the starch in the tuber and
subsequently improves tubers yield. It has also been reported
that the efficiency of macro elements in plants depends on
micro elements concentration. Therefore, among other reasons
for increasing the yield of potato tubers in the presence of Zn-
fertilizers, the use of fertilizers according to the soil analysis
results for increasing the efficiency of elements in the plant
should be noticed [2]. The results of this study were consistent
with the findings of other studies [47] also reported that the
highest potato tubers yield was obtained from the combined
treatment of potassium sulfate and Zn sulfate [48,49]. Also
reported that the highest tuber yield and dry matter percentage
of potato tubers were related to the combined treatment of
sulfate, potassium sulfate and sulfuric acid [21]. Presented
that the highest tuber yield and dry matter percentage relate
to potassium sulfate containing Zn sulfate treatment which is
so effective factor in improving potato inventory.

About the Cd concentration, Using Zn-fertilizers had
significant effect on decreasing Cd concentration in potato
tubers. [50] in their study in Australia reported that different
levels of potassium sulfate and Zn sulfate significantly reduced
the Cd concentration of potato tubers [51]. Reported that in
soil contamination with Cd, the presence of high amounts of
potassium and Zn reduced the concentration of Cd in the leaves
and fruits of tomatoes compared to the control. According to
[2], Zn and Cd due to ionic similarity have a negative interaction
in the soil during plant uptake, so that increasing the
concentration of Zn in the soil reduces plant uptake of Cd due to
Zn and Cd competition. The effect of potassium in reducing the
concentration of Cd depends on its source (potassium sulfate or
potassium chloride). It seems that increasing plant yield due to
the use of potassium sulfate and the consequent dilution effect
may be a possible reason for the positive effect of potassium
sulfate in reducing Cd concentration [17,21]. Also reported in
their study that root uptake and accumulation of Cd in the
aerial parts of lettuce strongly depend on the concentration
of Zn in the root area. Thus, with increasing Zn concentration
compared to Cd, the accumulation of Cd in the shoot decreased.
They also reported that the interaction of Zn and Cd in plant
uptake also depended on the time of Zn consumption. So that
if Zn is consumed during plant growth, it has less effect on
reducing Cd accumulation in shoots compared to conditions
when Zn is consumed at the same time as planting. About
the Zinc concentration, the highest zinc concentration was
obtained in the second and third fertilizer treatments. One of the
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reasons for the numerical decrease in zinc concentration in the
third treatment is the interaction between zinc and potassium
at high concentrations. Because in the presence of potassium,
zinc tends to be adsorbed by colloidal surfaces of soil particles
due to its higher positive charge, and its adsorption by colloidal
surfaces reduces its bioavailability in the plant. It is also
possible that the concentration of phosphorus in the plant in
the second and third treatments and also a significant decrease
in the third treatment compared to the control treatment, as a
result of the negative interaction between zinc and phosphorus
in plant uptake has occurred.

Conclusion

Due to the serious need to reduce Cd contamination
in agricultural products, it is recommended to reduce the
concentration of Cd in the edible parts of plants through the
use of Zn-fertilizers. The results of this study showed that the
use of Zn-fertilizers significantly reduced the concentration of
Cd in the potato tuber. So that the concentration of Cd in potato
tubers in the treatment of 50 kg ha* SSOP+2 Kg ha! Zn chelate
decreased significantly (p<0.01) compared to the control.
The effect of Zn-fertilizers in reducing the concentration of
Cd in potato tubers was such that the concentration of Cd in
potatoes reached less than recommended by CODEX. The study
of [52], with the aim of investigating the nitrate content in
potato tubers showed that balanced consumption of macro-
nutrients can significantly reduce the nitrate concentration in
potato tubers. The study of [53], with the aim of investigating
the amount of nitrate residue in potato tubers in major
potato production areas of the country showed that nitrate
concentration of 65% of potato samples harvested in Ardabil
province was less than 200 mg kg fresh weight, 23% of tubers
nitrate concentration was 200 to 246 mg kg fresh weight and
12% had high concentration of nitrate and were in the danger
range. Therefore, it is recommended to observe the principles
of balanced use of fertilizers, due to the amount of potassium
and usable Zn in cultivated soils, since, we’ll reduce the amount
of Cd in agricultural products, In order to ensure food security
and produce healthy crops.
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