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ABSTRACT:

The use of new techniques, such as soilless cultivation and split root system in the field of modern agriculture allows
for the better and more accurate control of plant nutrition. In this research, the antagonistic effects of potassium and
sodium with different ratios of organic matter and pumice were investigated in the cultivation of nectarine split root;
and the experiment was conducted in the form of a Randomized Complete Block design with five treatments and
four replications. The treatments included 100% pumice and 0% organic matter, 75% pumice and 25% organic
matter, 50% pumice and 50% organic matter, 0% pumice and 100% organic matter, and without culture (control).
The results showed that the best potassium uptake in the growth medium contained 75% pumice and 25% organic
matter as well as 50% pumice and 50% organic matter where the plant showed the best response and a higher
vegetative level. In this environment, the ratio between the elements was such that no adverse effect was imposed on
the absorption of each other by the plant.
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[1]] NTRODUCTION

The increasing world population and the nutrition. Nowadays, the use of soilless

consequent need to provide food have put more
pressure on agricultural lands. The use of new
techniques, such as soilless cultivation
(hydroponics) and split root system in the field of
modern agriculture has provided the possibility of
exerting better and more accurate control of plant

cultivation is rapidly on the rise. This technique
considered as a kind of plant production
technology that increases the quality and quantity
of horticultural products. With the increasing
population, the cultivable land resources is
shrinking day to day. To meet the food, fiber,
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fuel, fodder, and other needs of the growing
population, the productivity of agricultural land
and soil health needs to be improved [1].
Approximately four-fifths of the land areas of the
world are located in arid and semi-arid areas. And
Iran is one of the world’s low rain regions [2].
Salinization of soils in arid and semi-arid regions
has become a serious problem for the
development of agriculture and the sustainable
use of soil and water resources [3]. Soil salinity
problems have increased dramatically in the
world for the past 30 years. Soil salinity and
water salinity are among the environmental
stressors that cause problems for plants in terms
of nutrition and metabolic processes in addition
to disrupting and reducing the absorption
capacity of water by roots [4]. Salinity is one of
the most important stresses that affect the plant
productivity since salt in the soil causes stomatal
closure through its osmotic effect and, thereby,
the CO 2/ O 2 ratio in the leaves is reduced and
CO2 stabilization is prevented [5].

Potassium plays such an important role in the
transfer of photosynthetic materials and elements
that photosynthetic products should be transferred
from the origin of production (leaves) to the place
of consumption (reservoir). Moreover, potassium
has a part in the nitrogen absorption of plants and
this plays a pivotal role in the interaction and
absorption of elements in vegetative growth.
Potassium, as a cation, is involved in the transfer
of nitrate from the phloem and the root to the
plant shoots and its return through phloem in the
form of malate [6]. The presence of this element
is necessary for the synthesis and transfer of
nutrients in plants and it helps with the
elimination of the negative effects of some soil
nutrients' deficiencies and also helps with the
regulation of the activity of water absorption. The
role of potassium in fruit trees is as follows: 1) It
increases the resistance of plants to dehydration
and frost hazards; 2) It increases the resistance of
plants against pests and diseases, including fire
blight in pears and canker in citrus; 3) It increases
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the quality and the storage properties of garden
products; 4) It controls the intensity of light,
enhances photosynthesis, and increases the
efficiency of irrigation water. Potassium is
involved in the growth and development of plant
cells, the creation of cellular turgor pressure, the
opening and closing of stomata, and the synthesis
of various carbohydrates; thus, it plays an
important role in the growth, development, yield,
and quality of products [7].

In addition to its very important physiological
functions in the plant, potassium also is of special
importance in improving the quality of
agricultural products; hence, it is called the
element of quality [8]. Fruits are strong
consumers of potassium and, therefore, potassium
is of high importance in maximizing fruit size
and quality. Many of the quality and quantity
factors in plants are affected by the amount of
potassium in plants and, especially, fruits in such
a way that the size, color, and acidity of fruits
have a positive correlation with the amount of
potassium [9]. The process of cellular
development and growth during plant growth is
influenced by the amounts of potassium present
in the plant. In this case, there is even a very
close relationship between potassium and
hormones that affect the plant growth. The
increase of fruit quality factors influenced by
potassium concentration of nutrient solutions can
be related to the role of potassium in plant
metabolism and activation of enzymes. These
effects of potassium can be expressed directly
and indirectly in plants. Potassium, along with
other qualitative elements, such as nitrogen and
calcium, plays the most important role in the
quality of products [10]. Furthermore, the
properties of different culture media in
hydroponics have direct and indirect effects on
the growth and development of plants, and
different varieties provide different responses in
varying culture media [11].

The antagonism between plant nutrients is
referred to as a condition whereby the surplus of
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a nutrient reduces the plant absorption from other
essential nutrients. In this line, the antagonism
between the nutrients is responsible for the
effective or ineffective absorption of potassium.
The relationship between nutrients in the plant
system is very complex and interdependent on
each of the nutrients.

[11] MATERIALS AND METHODS

2.1. Time and place of the culture medium and
its preparation method

This experiment was conducted in the split root
Research Garden of Shahed University in
February 2015. The culture medium was made of
black and thick nylon bags 80 cm in length and
50 cm in width. One side was sewn by a staple
and the prepared bags were filled with the
organic matter and pumice were in volumes of 60
cm3. When the volume of the nylon bags reached
two thirds, the other side was also sewn by a
stapler so that there would be no seam. Under
each medium, three holes were created to remove
excess water and provide the conditions for the
movement and penetration of the roots toward the
medium.

Next to the cultivated plants, some holes 50 cm in
depth, 50 cm in width, and 80 cm in length were
drilled with a 30-centimeter distance from each
other. The nylon bags that had been filled with a
mixture of pumice and organic matter were
placed on the right side of each plant so that the
split root system could be applied in this way.

2.2. Plant materials and their properties
Independans, Stargeld, Stark Sanglu, Sunking,
Giota, Karaj Shabrang, Mashhad Red autumn,
Vega, Orion, Jiawaya, and Moghan constitute the
commercial varieties of nectarine in Iran. In this
experiment, Moghan variety was used.

2.3. Installation of the irrigation system

The irrigation system will be fulfilled by
embedding a 2000-liter tank as well as the
conduct of minor and major plumbing. The sub-
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tubes will be pulled down on the media next to
each plant and the water will be directed into the
medium by two pressure reducing drippers and
one plastic tube to ensure the full water entry into
the medium.

Next to the major tank, a small 200-liter tank will
be embedded to provide nutrition for the plants.
In the small tank, macro and micro elements are
poured in stock and this tank is connected to the
large tank by small tubes and an EC and PH
controller device. Then, the nutrient solution is
injected into from the small tank to the large tank,
which contains the solution. This is accomplished
through the device's control and by using the EC
and PH of the large tank. The large tank consists
of an automatic float that carries water and
nutrients into the tank by reducing the water level
to a specified limit and diluting the work solution.
The flow of the drippers placed on each medium
is 4 liters per hour and, thereby, 8 liters of water
enters each medium from the two drippers.

2.4. Potassium measurement
The amount of potassium in the plant tissue was
read by the flame photometer using flame
diffusion method and, finally, the obtained
consecration was calculated in the form of
concentration per dry matter. For this purpose,
the standard solution was prepared.
To obtain the standard solution, 0.95 grams of
potassium chloride was dissolved in a small
amount of water and was reached to a volume of
100 ml in the volumetric flask. Therefore, the
obtained solution is 5000 mg /L. Using this
solution, a standard solution of 100 milligrams
per liter was prepared via the following formula.
5000 xV1=100 x 100
For the preparation of the standard solution, at
first, 0, 2, 4, 6, 8, and 10 milliliters of the 100-
mg/liter solution was removed and the volume of
100 ml was obtained. The device was first set to
zero by using distilled water; then, the remaining
solutions were used to calibrate the device, and
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the numbers of the plant specimens were read by
the device [12].

2.5. Sodium measurement
The amount of sodium in the plant tissue was
read by flame photometer using flame diffusion
method and, finally, the obtained consecration
was calculated in the form of concentration per
dry matter. The standard solution was prepared
for this purpose.
To obtain the standard solution, 0.95 grams of
potassium chloride was dissolved in a small
amount of water and was reached to a volume of
100 ml in the volumetric flask. Therefore, the
obtained solution is 5000 mg /L. Using this
solution, a standard solution of 100 milligrams
per liter was prepared through the following
formula.

5000 xVV1=100 x 100
For the preparation of the standard solution, at
first, 0, 20, 15, 10, 5, and 25 milligrams per liter
of the 100-mg/liter sodium solution was removed
using sodium chloride and the volume of 100 ml
was obtained. The device was first set to zero by
using distilled water; then, the remaining
solutions were used to calibrate the device, and
the numbers of the plant specimens were read by
the device (10).

The analysis of variance and comparison of
means were performed using SPSS at the
probability levels of 1% and 5% through .... tests.
The graphs have been drawn using Excel 2016
software.

[11I] RESULTS AND DISCUSSION

The results of analysis of variance on the
properties under investigation in Table 1 showed
that the following treatments among the different
treatments being examined were cultivated
without any culture medium: 100% pumice and
0% organic matter, 75% pumice and 25% organic
matter, 50% pumice and 50% organic matter, 0%
pumice and 100% organic matter. In the
assessment of the growth and physiological
characteristics of the plant, we weight, dry
weight, the number of leaves, the total number of
buds, chlorophylls a and b, and anthocyanin were
significant. In the same way, the assessment of
the antagonistic effects revealed that the highest
potassium and sodium levels were respectively
found the medium of 75% pumice and in the
treatment without any medium (control). This is
the results of the different reaction of the
treatments.

Treatments Characteristics
Organic . | Treatment ; . ; , Trunk Numbher | Fresh | Dry Leaf
materials Pumice number | PO Sodinm Ehlomphj ! ]? hlorophyll | Carotenid E‘ﬂ:i& I:r;lght diameter | of weight | weight | area
mm leaves
5 : | b | e o w00 | woso | 8T | ZBT | WISF | 686 | 21 | HE000F
100 2 1037 T 0i0lE it ninase 11600 9975 W15 1178507 | 617 I 137y
w F ; T | EEEEy e o | ngsy | OO0 | DBF | BRI | AT | 2AF | IGO0
% - . | e P o 000 | | 1050 | B5F | WeT | 61 | 20F | 1550
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Table: 1. Average Comparison Characteristics Examined

The results of Fig. 1 indicate that the medium
without organic matter and pumice (control
treatment) has witnessed the highest sodium
content to be absorbed by nectarine tree among
the other treatments. This can be the reason for
the reduction of dry weight, wet weight, and the
number of leaves under the control conditions.
Due to the fact that the highest sodium content
was observed in the in the control conditions,
other elements such as calcium, phosphorus, and
16
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extent. Therefore, lower values were naturally
observed for growth characteristics, especially
the dry weight. The amount of sodium in the
treatment of 75% Pumice and 25% organic matter
was such that it did not make any interference
with the absorption of potassium, phosphorus,
and calcium. In this treatment, the plant enjoyed
favorable vegetative growth in addition to the
absorption of elements.
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Fig. 1. Diagram of sodium variation in the treatments under study in nectarine tree at the probability level of 5%
(similar letters indicate no significant difference between the treatments)

3.2. Potassium

The results of Fig. 2 indicate that the culture
medium containing 100% organic matter and no
pumice has witnessed the highest potassium
content to be absorbed by nectarine tree. In the
second order, the culture medium of 75% pumice
and 25% organic matter contained the second
highest potassium content to be absorbed by
nectarine tree. On the other hand, the lowest
potassium uptake was observed in 100% Pumice
treatment. While examining the weight of wet
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)
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leaves, the weight of dry weight leaves, and the
number of leaves, it was observed that the growth
factors were higher in the treatments where
higher potassium adsorption had occurred. The
findings of this study are consistent with those of
the study carried out by Faraji et al. (2016) where
the researchers reported the effect of lowering
sweating materials and potassium on the vyield
and quality of strawberry fruit (Camarosa
cultivar) in hydroponic culture system.

Pumice 73%
and Organic

r oy
hiatter 25%:

Fig. 2. Diagram of Potassium variation in the treatments under study in nectarine tree at the probability level of 5%
(similar letters indicate no significant difference between the treatments)

An increase in sodium and potassium levels is
expected. High concentrations of sodium in the
shoots cause a variety of plant osmotic and
metabolic problems, may lead to the probable
toxicity  resulting from  the  excessive
accumulation of this ion in the plant organs, and
may reduce the production of the dry matter of
the plant [14]. The collapse of ion ratios in the
plant under different growth conditions is the
result of the interference of sodium adsorption
with  potassium adsorption. The similarity
between the sodium hydride ion radius and
potassium ion radius makes it difficult for the
carrier proteins to differentiate between the two

Mostafa Asadi, et al.

ions; in this way, sodium toxicity is provided.
The activity of the enzymes present in the
cytoplasm is highly sensitive to salt and,
therefore, maintaining the high ratio of potassium
to sodium in cytosol is a fundamental
requirement for plant growth under different
growth conditions.

The high ratio of potassium to sodium in the plant
under different environmental conditions is one
of the important criteria for plant reaction to
different treatments [15]. Hence, the presence of
the antagonistic effect between the sodium and
potassium absorbed by the plant can be referred
to as the reason for the reduction of potassium ion
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in plant organs. The frequency of sodium ion in
environmental conditions and its replacement
with potassium ion at the level of colloids and the
soil solution phase and, consequently, its higher
absorption by the root lead to the increase of its
concentration and decrease of other ions,
especially potassium. The high concentration of
sodium in the plant causes ion toxicity and
reduces plant production and growth. It seems
that despite the effect of the environment and the
amount of soil salinity on the amount of these
ions in plant tissues, the final amounts of their
concentrations are determined by the plant [16].
The balance of nutrients and the interactions
between them can be involved in achieving
different results. The collapse of the nutrient
balance and the increase of toxicity in the root
environment reduce the photosynthesis and the
plant's dry weight [17]. The vegetative growth of
the plant was reduced in the treatments with the
increased potassium concentration (220 mg / L).
It has also been reported that the absorption of the
main nutrient elements, such as magnesium,
calcium, and ammonium is greatly reduced as a
result of the high consumption of potassium [18].
Potassium levels in the nutrient solution lead to
the reduction of magnesium absorption by the
plant due to the presence of antagonistic effects
between potassium and magnesium and between
calcium and magnesium [19]. On the other hand,
high levels of potassium can prevent the
absorption of calcium and magnesium by the
plant and the reverse of it also holds true [20].
Another related research has also reported that a
high increase in the concentration of nutrient
solution led to an increase in the salinity of the
nutrient solution, which was followed by the
reduced dry weight of the plant organs [21].
Performance and quality of different products are
influenced by genetic and environmental factors.
From among the environmental factors, plant
nutrition plays an important role in this field [22].
In another study, it was reported that soluble
solids increased with an increase in the
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concentration of the elements and salinity levels
due to a decrease in water absorption and
thickening of the carbohydrate in the fruit [23].
The reduced concentration of highly-consumed
nutrient elements decreased the percentage of
soluble solids [24]. In another study, it was
reported that an increase in the concentrations of
nutrients reduced the yield, wet and dry weight of
the shoots, and leaf area. This can be due to the
increased salinity in the nutrient solution, which
prevents the absorption of more nutrients by the
plant. The addition of organic materials to the soil
has different effects on its physical, chemical, and
biological properties depending on the features of
these materials. In most cases, the optimization of
these properties and conditions provides the
possibility of producing high-performance
products in terms of quality and quantity [25].

3.3. Growth and physiological properties of
nectarine plant

The results of the comparison of the means
between different treatments (culture media)
based on changes in the growth properties of
nectarine plant showed that there was a
significant difference between the treatments.
The highest dry and wet weight of the leaves was
observed when the plant was cultured in 75%
pumice and 25% organic matter and it was
followed by the treatment with 50% pumice and
50% organic matter. On the other hand, the
lowest dry and wet weight of the leaves was
observed in control treatment (without the use of
pumice and organic matter).

The highest number of leaves was observed in
two treatments of 50% Pumice and 50% organic
matter and also 75% Pumice and 25% organic
matter, whereas the lowest number of leaves was
observed in 100% Pumice treatment.

The highest leaf area was observed in 100%
Pumice treatment and the lowest leaf area was
observed in 100% organic matter treatment.
Moreover, there was no statistically significant
difference between the treatment with 75%
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pumice and 25% organic matter and the one with
50% pumice and 50% organic matter.

The highest trunk diameter was observed in the
treatment with 75% pumice and 25% organic
matter and the lowest trunk diameter was
observed in the control treatment.

The highest number of buds was observed in the
treatment with 50% pumice and 50% organic
matter. However, the lowest number of buds was
observed in the treatment containing 100%
pumice and the control treatment where the two
treatments did not show significant statistical
difference with each other in this line.

The lowest height was observed in the treatment
with 50% pumice and 25% organic matter, which
had a significant difference with other treatments.
Other treatments did not significantly differ from
each other in terms of height.

With regard to the comparison of the culture
media (treatments), it can be argued that the
treatments with porous media showed greater
growth properties, such as wet weight, dry
weight, the number of leaves, plant height, etc.
than the control treatment, which was consistent
with the results of the study conducted by Hesari
et al. (2012) and Salimi et al. (2016). This can be
due to the presence of pumice with different
values, the improvement of the aqueous relations
in the root, and the better absorption of water in
the treatments with porous media. Another reason
for this finding can be stated as the possibility of
meeting and controlling the plant's needs for
organic elements and materials in the hydroponic
culture system in such a way that no toxicity may
be produced for the plant.

The results of this study showed that organic
matters have a significant effect on the growth
indices. This seems to be due to the provision of
more suitable ventilation and moisture conditions
(the improvement of the physical structure of the
soil), as well as easier access to nutrients (the
improvement of the chemical structure of the
soil) [28]. In fact, the addition of organic matters
to the soil, similar to the function of plant
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hormones, stimulates the plant to absorb
nutrients, improves the metabolism of the plant,
and increases the plant growth [29]. In fact, the
increase in nutrients leads to more carbon uptake
by the plant; then, the increase in the growth of
the stem length is provided by stimulating the
plant and consequent access to a higher amount
of light and the increase in the amount of
photosynthesis [30,31,32].

The results of the comparison of the means
between different treatments (culture media)
based on changes in chlorophylls a and b and
carotenoid showed that there was a significant
difference between different treatments. In this
regard, the lowest levels of chlorophylls a and b
and carotenoid in the leaves of nectarine plant
were observed in the control medium. On the
other hand, the highest levels of chlorophylls a
and b in the leaves of nectarine plant were
observed in the culture media containing 75%
pumice and 25% organic matter, and 50% pumice
containing 50% organic matter. The highest level
of carotenoid was observed in the culture medium
containing 50% pumice and 50% organic matter.
According to the obtained results, it can be
claimed that the plant has shown a more
appropriate vegetative reaction and has had
higher amounts of Chlorophyll and carotenoid in
the leaves in the media wherein the absorption of
organic matters and nutrients (75% pumice and
25% organic matter; and 50% pumice and 50%
organic matter) has been fulfilled well.

[IV] CONCLUSION

Potassium is an essential element for plant
growth and is a very dynamic ion in the plant and
soil system. As an ion, potassium is very mobile
in the plant system, but it is only relatively
mobile in the soil system. As humans need a
balanced diet with adequate amounts of
carbohydrates, proteins, vitamins, minerals, fats,
and water; plants also need a balanced diet.
Antagonists between nutrients are responsible for
the effective or ineffective absorption of
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potassium. The relationship between nutrients in
the plant system is very complex and is
interdependent on each of the nutrient elements.
Therefore, further research should be conducted
on molecular levels to explain the true
relationship between potassium and other nutrient
elements.

According to the findings of this study, it seems
that the collapse of the balance of nutrients and
the increased salinity in the root can reduce
photosynthesis and dry weight of the plant.
Moreover, the obtained results showed that the
culture media with 50% pumice and 50% organic
matter, and with 75% pumice and 25% organic
matter were the best combinations of culture
media where the plant showed the best reaction
and formed a higher vegetative level. In this
environment, the ratio between potassium and
sodium is in a way that they had no adverse effect
on each other's absorption by the plant. Indeed,
all the elements and materials have been
sufficiently absorbed.
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