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Abstract :   

A detailed explanation of how plants obtain nutrients and knowledge of the role of 

each element in the life and functions of the plant. It includes the activities and 

chemical processes of these elements within the plant to provide the opportunity to 

increase the productivity of a unit area and remove excess salts in the soil. Fertilizers 

added by not using fertilizers are an opportunity to complete all the elements 

necessary for plant growth in a proper manner, rather than concentrated. It has only 

three elements (K.P.N) for the purpose of preventing plants from contracting many 

diseases (fungi, insects and viruses) because the lack or absence of nutrients will 

make the plant prey to pests, element is considered necessary if it meets the following 

conditions. When it enters, it enters directly into the structure of the plant material 

or one of its organs, without this element, the plant cannot complete its life cycle, 

and its deficiency leads to the appearance of certain deficiency symptoms on the 

plant that disappear unless it is added, as it can replace any another element in all its 

functions is due to all the environmental changes that cause the biological reactions 

that occur in the plant and its surrounding conditions 
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Introduction 

A review Article Problem: The plant needs food, such as building protoplasm and all 

the enzymes necessary for the vital processes necessary for growth, building tissues 

to support and maintain the protoplasm, as well as transferring nutrients from one 

plant organ to another. 

A review Article Objective : The presence of nutrients is necessary for the plant, as it 

can replace any deficiency due to changes and surrounding conditions that cause 
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biological reactions, leading to phenotypic, physiological, and even genetic changes 

in the plant. 

The method of the article: They are divided into two groups, major and minor. This 

division does not depend on their importance to plants, however based on their 

quantity in the plant, because all nutrients are equal in terms of their importance to 

the plant and the most important (K.P.N).  

 

1-INTRODUCTION                                                                       

 Nutrients in plants are important through how the plant obtains it needs for various 

nutrients, how to absorb them, and tracking their entry from the plant environment, 

the soil solution and the atmosphere into the cytoplasm and the sap in the plant cell, 

and studying the opinions, hypotheses and theories related to their absorption and 

the factors that affect their readiness in the soil and their absorption by the plant 

roots, diagnosing the symptoms of their deficiency and toxicity, and how to treat 

them, as well as studying trace elements or the rare and various physiological 

changes of nutrients and clarifying their role in plant life according to [1]. 

  The importance of nutrients in plants is unique because they are necessary for the 

continuation of life on the surface of the Earth. Therefore, this is important for 

human life as well, things are made up of atoms of nutrients, which source is from 

minerals, rocks, oceans, and atmospheric air. After weathering, rocks and minerals 

turn into soil as for the oceans and seas, lakes, rivers, and streams are formed, and 

thus these nutrients are transformed into large and small plants, such as rice and 

giant redwood trees, which may reach a height of more than 100 meters, and then 

humans and animals will feed on these plants [2]. 

  Green plants on land, algae, and plants in the oceans, seas, lakes, and rivers are the 

most important organisms in our living world because they carry out the process of 

photosynthesis, as they convert solar energy into chemical energy that these 

organisms exploit to perform their various vital functions. Water is about 85% of the 

plant’s weight, and 15% consists of dry matter, which originally consists of proteins 

and acids consisting of cellulose, hemicellulose, lignin, pectin, cytoplasm, fats, 

enzymes, and vitamins[3]. 

 

1-1 Sections of nutrients: 

It is divided into two groups according [4], major and minor. The division is not 

based on their importance to plants based on their quantity in the plant, because all 

nutrients are equal in terms of their importance to plants  
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First: The Macronutrient group: These are the nutrients that the plant needs in large 

quantities, and their content is estimated in the dry matter, the range of 0.1 - 0.6% 

(i.e. in the range of 1 - 60 mg/g) includes: Carbon, hydrogen, oxygen, nitrogen, 

phosphorus, potassium, calcium, Magnesium and sulfur. 

Second: Micronutrient group: These are the nutrients that the plant needs in small 

quantities, and their content is estimated in the dry matter, the range of 1 - 200 ppm 

and includes: Iron, copper, manganese, zinc, boron, molybdenum, sodium and 

chrom.. 

Third: Archaeological elements (Trace): This is an incorrect term that expresses the 

smallest elements because not every rare element is an element include : Cadmium 

and lead, .they are rare elements, but they are not micronutrients. 

 Fourth: Beneficial elements:  It is an element that is beneficial to a particular plant 

and does not have any beneficial or beneficial effect on another plant such as cobalt 

is useful for legumes the formation of a vitamin necessary for the formation of 

bacterial nodules, but it is not useful for astrology and Silicon is beneficial for 

patients, and its benefit has not yet been proven for astrologers and  sodium is 

beneficial for diabetes mellitus it increases the sugar content in the plant. 

Fifth: Rare elements (toxic): They are toxic elements, even if they are found in small 

concentrations in plants include: phosphorus, Bromine, iodine, aluminium, nickel, 

vanadium, selenium, methium, arsenic, barium, Cadmium, strontium, mercury, 

lead, cadmium and titanium.  

Nutrient elements according [5] can be divided on the basis of their physiological 

and biological functions first group include (S, C, H, O, N) , it is involved in the 

synthesis of organic plant matter (carbohydrates, proteins, fats) and activating 

enzymes. 

The second group: includes (Si, B, P) ,participates in energy transfer and the 

formation of ester   

The third group maintaining the osmotic quality of plant cells and formation of 

enzymes and proteins include (K, Na, Mg, Ca, Mn, CI). 

The fourth group transferring electrons that are involved in the oxidation and 

reduction process that occurs inside the plant include (Fe, Cu, Zn, Mo). 

Plants need nutrients to build their various tissues, which is known as mineral 

nutrition to living organisms are divided into two main categories according [6]: 

 1- Autotrophic: They are organisms that depend on themselves to form and 

manufacture their nutritional needs, and these organisms need inorganic materials 

to be converted into organic compounds, these organisms are characterized by 

containing chlorophyll. 
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2- Heterotrophic: These are living organisms that require a supply of organic and 

inorganic materials necessary for their nutrition, and they can do so establishing its 

own food needs and not relying on it. 

 In plant life nutrients play a role, as they are included in the components of organic 

compounds, the most important of which are important carbohydrates, proteins, 

fats, nucleotides, enzymes, and others, these elements also lead to achieving anionic 

balance in plant tissues presence of these elements in the cell juice of the plant cell 

affects the osmotic pressure of the cell, the pH of the cell juice, and other parts of the 

cell, and affects oxidation and reduction reactions, as they prevent or receive an 

amount of energy, and affect the dissolution, validity, and movement of some 

compounds in plants, and they also help remove excess ions or compounds from 

plant tissues by converting them into insoluble substances. Mineral nutrition for 

plants includes essential nutrients for plant life[7]. 

Macronutrients when plants needs it in large quantities, its concentration in the 

plant is < 1000 parts per million, source is the atmospheric air, which is H, O, and C 

in legumes N, P, K, Ca, Mg, S are sourced from the soil and Micronutrients when 

plants needs it in small quantities, and its concentration in the plant is > 500 parts 

per million, and all of it is taken from soil  Fe, Mn, Zn, Cu, B, Mo, Cl[8] . 

Ability of elements to be utilized by plants to benefit from these elements, they are 

either available, which is the form in which the plant can absorb the element easily. 

It includes the form of the element in solution and its exchanged form, in addition to 

the form of the element that is stabilized but subject to dissolution or unavailable or 

unavailable, which is the form in which the plant cannot benefiting from the existing 

element depends on several different environmental factors such as  pH degree,  Soil 

moisture,  Ambient air,  Organic materials and Plant type with condition surrounding 

it  [9].  

 

1-2 Plant absorption of nutrients 

The process of absorption of nutrient ions by the plant and their transfer within it 

includes several stages, the most important of which ion touches the surface of the 

root and then moves from the outer surface of the root to its interior absorption, then 

moves nutrient from root to shoot. In general, there are two ways to absorb ions , 

elements transfer of ions from the outer surface of the root to the inside of the root 

according[10] include :  

 A-Passive absorption: Non-metabolic absorption is a natural process, such as 

absorbing water with a piece of sponge, the ions move with the water without the 

need for metabolic processes. In this case, the plasma membrane does not interfere 
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in transporting ions, they are transported through it naturally, that is, the plasma 

membrane takes a negative position in the transport process or absorption, and 

therefore this absorption process is called “negative absorption.”. 

B-Active, positive, or biological absorption: It has been found that passive absorption 

cannot be responsible for the high accumulation of salt within tissues plant, as it was 

found that many ions continue to enter the plant tissue, at a relatively small rate, for 

a period for a long time, after the period of free diffusion has ended, such ions enter 

the cytoplasm of cells and accumulate in the gap, and cannot move from it to the 

external solution again, this is a continuous and slow accumulation of ions against 

the concentration slope, it requires metabolic energy, as it was found that when 

activity is inhibited tissue metabolism and absorption rate also decrease, this method 

is called ion absorption by active, biological, or positive absorption, because the cells 

must do work to move the ion from the solution outer to the gap. There is ample 

evidence that the energy needed for this comes from respiration .It was also found in 

this area that the respiratory rate and the rate of absorption of ions decrease with a 

lack of oxygen in solution. It was also found that there is a positive correlation 

between the respiratory rate and the absorption rate of the element, the rate of 

respiration increases the rate of accumulation of mineral ions in plant tissue. It has 

been possible to prove that absorption ions depend on respiration, through the 

inhibition of respiration by some toxic substances such as cyanide [10,11]. 

 

1-3 Symptoms of nutrient deficiency 

1- Nitrogen: Plants absorb nitrogen in the form of NO3 , NH4 +, the importance of 

nitrogen for plants is of high value, as it is involved in the synthesis of protein, which 

is considered the basic compound in protoplasm of cells and in the synthesis of 

chlorophyll and nucleic acids, Enzymes, some hormones, and coenzyme conjugates 

and encourages growth, especially in the growth stages vegetative also increases the 

protein content of leaves and grains[12]. Symptoms of nitrogen deficiency appear on 

the lower or older leaves first become pale green, and then turn yellow, the size of 

other plant organs is also less than also the plant growth is slow and wooden, natural 

size and  do not appear on new leaves until after a while from its appearance on older 

leaves. In cases of severe deficiency, it dries up yellow the upper leaves take on the 

color deficiency in some plants may be accompanied by plant discoloration other 

than chlorophyll, the appearance of a purple color in the leaf petioles and veins, as a 

result of the formation of a pigment  ,the  color sometimes appears in anthocyanin 

plants when there is a lack of nitrogen[11,12]. 
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2- Phosphorous: Plant absorbs phosphorus in the form PO2    , HPO4 , the 

importance of phosphorus to the plant involved in the formation of enzymes - 

proteins and nucleic acids – DNA some - phytin and RNA - ATP, ADP, NAD, NADP 

- Fats - energy transformation and transfer - genetic characteristics of cell division.  

Phosphorus plays a role in root growth, especially adventitious and increases the rate 

of sprouting and fruit setting, which increases production to reduce the harmful 

effect of excess nitrogen in the soil. Symptoms of phosphorus deficiency appear on 

the lower or older leaves or stems are weak and fibrous, and the buds may fall off and 

growth is slow, symptoms of phosphorus deficiency on the leaves of monocot plants 

differ from dicotyledonous leaves. In monocotyledonous plants wheat, barley, corn, 

a deficiency results element causes a red or purple color to appear in different areas 

on the leaf at one stage [13].  

3-  Potassium: The plant absorbs potassium in the form of K, importance of 

potassium for plants activating the process of photosynthesis through its role in 

activating the enzymes involved in photosynthesis, this process, it has been proven 

that its deficiency leads to a slowdown in the process of photosynthesis and an 

increase in respiration which affects the assimilation of carbon, and thus the 

synthesis of carbohydrates sugars and starch. 

In the transport of carbohydrates and protein from leaves to places essential and play 

role store them in fruits or in roots and tubers found  relationship between K 

concentration and protein metabolism in plants. K deficiency leads to accumulation 

of dissolved nitrogen compounds, while the plant’s protein content decreases and 

regulating the permeability of cell membranes to elements within the plant and 

regulates the plant’s utilization of water by regulating the process of opening and 

closing the stomata, thus reducing transpiration, the thickness of cell walls when it 

is deficient, vascular tissues become weak[14]. Symptoms of potassium deficiency 

appear first on the lower or older leaves in the form of slight yellowing on the edges 

of the leaves at first, followed by progression yellowing along the veins, then the color 

of the edges changes to brown, this condition is called scorch, then the edges dry to 

ability to lie down and increased susceptibility to diseases accumulation of dissolved. 

The poor production of fruits and seeds and their low quality that  may not be due to 

its deficiency in the soil, but may be due to increase absorption despite the 

availability of K in the soil[15]. 

4-Calcium:  The plant absorbs calcium in the form of Ca+2, this element plays a 

major role basic layer for the formation of cell walls has an essential role in 

determining the degree of permeability of cell walls. and role in seed germination 

and enzyme activation, and its role in processes cell elongation, and protecting plants 
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from toxicity Symptoms of calcium deficiency is an immobile element within the 

plant to appear on new leaves and meristematic tissues active first, yellowish green 

color appears on new leaves, and as the deficiency continues, it appears sometimes 

its edges are wavy, like decaying spots on new leaves, and their edges curl downwards 

growth is irregular - the roots are short and thick and the tops die developing stems, 

leaves and roots, and growth stops appears more clearly on the fruits than on the 

leaves, where it appears brown, icy spot that appears clearly in the winter season, 

when breathing decreases[16]. 

5- Magnesium: The plant absorbs magnesium in the form of Mg+2, it is included in 

the formation of the chlorophyll molecule for both chlorophyll a and b, necessary for 

the process of cell division, where Mg and Ca are involved cellulose fibers when 

building cell walls, a cofactor in most enzymes that activate phosphorylation , 

formation processes, Nucleic acids from pyrophosphate ,ribosome stabilization and 

synthesis proteins. Symptoms of magnesium deficiency element within the plant 

appear on older leaves first yellow, mottled spots spreading throughout the leaf and 

brown spots also appear on the edges and tops of the leaves, in most parts, the plants 

show yellowing between the veins starting from the edges of the leaf, yellow to brown, 

then these tissues die[17].  

 

1-4 Transfer of mineral elements from the root to the shoot 

For every mineral nutrients transmitted from the root to the shoot, the ions of the 

absorbed elements by the root of the ground solution must cross the cortex, and then 

enter the xylem cells of the root. The mechanism of salt transport in wood is almost 

similar to the mechanism of active transport in individual cells to collect ions within 

its gaps, the evidence for this is that under certain conditions, the concentration of 

mineral elements inside, the wood is several times larger than its counterpart in the 

ground solution, and the accumulation of mineral elements in the wood, also 

inhibited when the rate of respiration decreases, or by depriving the roots of 

oxygen[18]. 

From this it is clear that the absorption and transfer of nutrients by plant roots occurs 

through passive absorption and active absorption, and  dead system, which 

represents the areas in the root that are occupied by free spaces , and these include 

the interspaces, and the gaps filled with water for the elements dead wood, and cell 

walls. In this system, free diffusion of water and ions dissolved in it occurs until 

reaches the endoderm layer. Symplastic system, which represents the volume or 

portion of the root occupied by protoplasts, the cytoplasm parts include vacuoles, 

and given that these  parts and vacuoles are connected to each other by 
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plasmodium’s, which pass from one cell to another. Therefore, the cytoplasm of all 

cells of the cortex is connected to each other through plasmodesmata, and these are 

considered pathway for the transport of mineral elements through the protoplasts of 

different cells. 

 

1-5 Factors affecting the readiness of nutrients according [19,20]. 

A- (pH): It is one of the most important factors that affect the readiness of nutrients 

in the soil. Phosphorus is deposited in acidic soils in the form of iron and aluminum 

phosphate because the increase in hydrogen ions leads to increased mineral 

decomposition of clay and the release of aluminum and iron, which bind with 

phosphate to form compounds, it is poorly soluble and not ready, and therefore it is 

difficult for the plant to absorb and benefit from it, under the circumstances alkaline, 

especially soils containing high amounts of calcium carbonate, which leads to raising 

the soil pH. 

Phosphate is deposited in the form of calcium phosphate, which is not ready for 

absorption by the plant as for the minor elements increases with a decrease in soil 

pH, while the availability of the molybdenum element increases by increasing the soil 

pH, in general, nutrients are more available around the neutralization point  It 

depends on the pH of the soil, as it results from directly 

B- Organic matter: It decomposes organic acids that lower the pH of the soil. In 

addition, the organic matter improves the properties of the soil chemical, physical 

and biological, it is also a good source of many nutrients such as nitrogen and 

phosphorus and sulfur. Organic matter tends to form chelate compounds with 

cations elements hold them tightly and prevent them from sedimentation processes 

because the chelating compounds hold the element and coat it more than one exampl 

compounds combine with calcium and aluminum and increase phosphorus 

readiness in the soil, organic matter improves soil structure, increases microbial 

activity, and increases efficiency of sandy soils to retain water and clay soils to get rid 

of excess water. 

C-Calcium carbonate  CaCO3: The calcium carbonate content has a direct effect on 

the degree of soil interaction and its quantity previously, increasing the 

concentration of calcium carbonate leads to the precipitation of phosphorus in the 

form of calcium phosphate, so it is reduces the availability of phosphorus, and the 

tendency of calcium to form chelating compounds with organic matter may be a 

reason due to iron deficiency, calcium replaces iron  compounds containing iron, and 

iron is excreted into the soil solution and turns into a ferric hydroxide complex that 

is not suitable for plant nutrition, leading to the appearance combined with the 
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substance useful for building soil, it causes paleness or yellowing on the plant leaves, 

but calcium has an effect. Organic matter in the composition of the granular structure 

of soil. 

D-Soil microorganisms: There are multiple organisms in the soil that affect the 

readiness of the elements, the nutritional value in it is responsible for the process of 

nitrification and reverse nitrification, and it is responsible for the process of fixing 

nitrogen. It has also been proven that there are mycorrhizal fungi that lead to an 

increase in the absorption of phosphorus through the cells and give  responsible for 

the breakdown and decomposition of organic matter through the process of 

mineralization and the release of nutrients ready to be absorbed into the soil 

solution, sulfur bacteria also work to oxidize metallic sulfur into a form sulfate 

absorbed by the plant is in this form, and the oxidation of divalent manganese to 

quaternary manganese in the soil solution , when these organisms die, these ions 

return to the soil, and the activity of microorganisms during their analysis of the 

substance increases lead to the secretion of organic acids such as humic acid, fulvic 

acid, these acids role in reducing the degree of soil interaction relatively and thus 

increasing the readiness of nutrients. 

E-Type of clay minerals: There are two types of clay minerals: 1:1 clay minerals and 

minerals and Clay 2:1, the difference between them is that clay minerals 1:1 consist 

of a layer of tetrahydra silica and a layer of alumina. Octa-hydra clay minerals 2:1 

consist of two layers of silica tetra-hydra, with a layer of alumina octa-hydra between 

them. Hydra: 1:1 clay minerals such as kaolinite cannot expand with moisture or 

contract with dryness and therefore cannot stabilizing ammonium and potassium 

ions between its layers, but it has eight groups of hydroxyl ions ability to retain 

phosphate ions is higher, which reduces the readiness of phosphorus in such soils, 

while clay minerals ammonium between its units in case of drought, and when 

moistened by irrigation, the layers expand and come out into the soil solution the 

plant, these minerals contain four groups of hydroxyl ions, so their capacity 

decreases it becomes a good resource.  

 Nutrient absorption and related theories of these mineral , more studies in the field 

of plant nutrition have shown that the transfer of water molecules and mineral ions 

from a solution soil passes through the cell wall of the root epidermis and cortex 

through the process of diffusion faces little resistance because the cell wall contains 

pores that allow water molecules and ions to pass through it freely, this is called free 

space. It represents 10% of the size of the root cells, while the remaining 90% 

represents the part which water molecules and ions have difficulty spreading.   The 

hypotheses and theories related to the absorption of metal ions in free space are 
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called free absorption passive absorption because it occurs without the expenditure 

of energy by the plant, so it is known as active absorption active absorption because 

it is done by energy from a living plant. Studies have also shown that the plant cell 

wall as well as the plasma membrane carry charge negativity, such as soil colloids 

clay and humus, is caused by carboxyl groups that are due to pectic acid in the cell 

wall and to the phosphate groups that belong to the phosphotides in the plasma 

membrane, and therefore the negatively charged groups by attracting cations to it 

and preventing them from escaping again into the soil solution, while it repels 

negative anions charge and expel it out of the cell . That occurs in both living and 

dead cells, and this is further evidence that diffusion through free space is not related 

to exerting energy by the plant[17,20].  

 

2- Conclusions and Recommendations 

Nutrients are essential for plant life, and their presence improves the performance 

of processes حhysiologically, it increases the value of the final product, meaning it is 

involved in quality improvement processes. Absence does not affect the plant 

because the plant completes its life cycle, and without it can complete its life cycle., 

element is considered necessary deficiency or absence of this element leads to the 

failure of the plant to complete its life cycle, and the plant can eliminate this effect 

and the symptoms of deficiency disappear if the plant is provided with this element 

at the appropriate time, as any other element takes its place in the event of its 

absence. The elements enter directly into the structure of the plant, even if in a small 

way, and their direct impact on the plant itself in terms of its metabolism and 

nutrition, such as the construction of the cell protoplasm, which consists of protein, 

fats, carbohydrates, etc., the formation of most of the enzymes necessary for vital 

processes and growth, the construction of plant tissues that support and protect the 

cells, and the permeability of the cellular membranes of plants. 

 

Author contributions 

Corresponding Author: Dr. Reyam Naji Ajmi/  Department of Biology Science, 

Mustansiriyah University, POX 46079, Iraq-Baghdad 

Email: reyam80a@yahoo.com     ;  ORCID:  https://orcid.org/0000-0003-2623-

6671  

 

 

 

 



 
                                                              

                        ISSN: 2776-0979, Volume 5, Issue 01, January, 2024 

375 
 
  

Acknowledgment:  

The authors would like to thank Mustansiriyah University 

www.uomustansiriyah.edu.iq) Baghdad – Iraq for it support in the present work and 

extremely grateful to all the people help us to get our data.. 

 

References: 

1-Adesuyi AA, Hjoku KL, Akinola MO (2015) Assessment of heavy metals pollution 

in soil and vegetation around selected industries in Lagos State, Nigeria. J Geosci 

Env Prot 3:11–19. 

2-Berg G and Smalla K (2009) Plant species and soil type cooperatively shape the 

structure and function of microbial communities in the rhizosphere. FEMS 

Microbiology Ecology 68: 1–13.  

3-Briat J-F, Duc C, Ravet K and Gaymard F (2010) Ferritins and iron storage in 

plants. Biochimica Biophysica Acta – General Subjects 1800: 806–814.  

4-Lynch JP and Brown KM (2001) Topsoil foraging – An architectural adaptation of 

plants to low phosphorus availability. Plant and Soil 237: 225–237.  

5-Buchanan B, Gruissem W and Jones R (2002) Biochemistry and Molecular Biology 

of Plants. New York, NY: John Wiley and Sons, Inc.  

6-Fernando DR, Guymer G, Reeves RD . (2009) Foliar Mn accumulation in eastern 

Australian herbarium specimens: prospecting for ‘new’ Mn hyperaccumulators and 

potential applications in taxonomy. Annals of Botany 103: 931–939.  

7-Gojon A, Krouk G, Perrine-Walker F and Laugier E (2011) Nitrate transceptor(s) 

in plants. Journal of Experimental Botany 62: 2299–2308.  

8-Hardoim PR, Andreote FD, Reinhold-Hurek B et al. (2011) Rice root-associated 

bacteria: insights into community structures across 10 cultivars. FEMS Microbiology 

Ecology 77: 154–164.  

9-Hirsch PR, Mauchline TH and Clark IM (2010) Culture-independent molecular 

techniques for soil microbial ecology. Soil Biology and Biochemistry 42: 878–887.  

10-Ali H, Khan E, Ilahi I (2019a) Environmental chemistry and ecotoxicology of 

hazardous heavy metals: environmental persistence, toxicity, and bioaccumulation. 

J Chem 2019:1–14.  

11-Ali I, Basheer AA, Mbianda XY, Burakov A, Galunin E, Burakova I, Mkrtchyan E, 

Tkachev A, Grachev V (2019b) Review article graphene based adsorbents for 

remediation of noxious pollutants from wastewater. Environ Int 127:160–180. 

12-Mommer L, van Ruijven J, Jansen C, van de Steeg HM and deKroon H (2012) 

Interactive effects of nutrient heterogeneity and competition: implications for root 

foraging theory? Functional Ecology 26: 66–73.  



 
                                                              

                        ISSN: 2776-0979, Volume 5, Issue 01, January, 2024 

376 
 
  

13-Subbarao GV, Nakahara K, Hurtado MP et al. (2009) Evidence for biological 

nitrification inhibition in Brachiaria pastures. Proceedings of the National Academy 

of Sciences of the USA 106: 17302–17307.  

14-Walker DJ, Leigh RA and Miller AJ (1996) Potassium homeostasis in vacuolate 

plant cells. Proceedings of the National Academy of Sciences of the USA 93: 10510–

10514. 

15--Latif, RN Ajmi, HF Zeki, WA Hatit (2013) Investigation on the Fate Pesticides in 

Water and Sediments Iraqi Marshland, World Academy of Science, Engineering and 

Technology International Journal of Environmental, Ecological, Geological and 

Geophysical Engineering 7, 619-623. 

16-Adriano DC, Wenzel WW, Vangronsveld J, Bolan NS (2004) Role of assisted 

natural remediation in environmental cleanup. Geoderma 122(2–4):121–142. 

17-Ahmed MB, Zhou JL, Ngo HH, Guo W, Thomaidis NS, Xu J (2017) Progress in 

the biological and chemical treatment technologies for emerging contaminant 

removal from wastewater: a critical review. J Hazard Mater 323:274–298.   

18-Al-Thani RF, Yasseen BT (2020) Phytoremediation of polluted soils and waters 

by native Qatari plants: future perspectives. Environ Pollut 259:113694. 

19-Kanwar VS, Sharma A, Srivastav AL (2020) Phytoremediation of toxic metals 

present in soil and water environment: a critical review. Environ Sci Pollut Res 

27:44835–44860. 

20- Ati, E.M. , Abbas, R.F., Ajmi, R.N., Zeki, H.F. WATER QUALITY ASSESSMENT 

IN THE AL-MUSAYYIB RIVER/EUPHRATES SYSTEM USING THE RIVER 

POLLUTION INDEX (RPI). European Chemical Bulletin, 2022, 11(5), pp. 53–58. 


