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Abstract: Macronutrients are essential for plant growth and development because they act as structural units as well as 

redox-sensitive agents, in general, applying macronutrients increases crop output, growth, and quality, although 

macronutrients play a part in every stage of plant life, plant physiologists, biotechnologists, and eco-physiologists have lately 

delved into exploring additional aspects of these minerals and their potential, each macronutrient has a distinct role in plant 

metabolism, this study examines recent developments in understanding the roles of macronutrients in plant growth and 

acclimatization, as well as future research prospects. 
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I. INTRODUCTION 

Plants are living entities that require certain nutrients to grow and thrive, including macronutrients and micronutrients (Delgado, 

A.,  et al. 2023, Wiedenhoeft, A. C. 2006), macronutrients are necessary nutrients that plants require in relatively high amounts to 

carry out vital physiological functions including photosynthesis, respiration, and growth (Candanosa, R. M. 2017). Nitrogen, 

phosphorus, and potassium are major macronutrients (Daramola, D. A., & Hatzell, M. C. 2023), whereas calcium, magnesium, and 

sulfur are minor macronutrients (Hawkesford, M. J., et al. 2023). 

Plants require particular nutrients to grow and thrive, including macronutrients (which are required in greater quantities) and 

micronutrients (Diwakar, A. K., et al. 2023). The principal macronutrients are nitrogen, phosphorous, and potassium, while minor 

macronutrients include calcium, magnesium, and sulfur (Abbas, F., et al. 2023), these macronutrients are required in large quantities 

by plants to carry out essential physiological processes such as photosynthesis, respiration, and growth, and maintaining a balanced 

supply of these nutrients in the soil is essential for healthy plant growth (Karthika, K. S., et al. 2018). Secondary macronutrients, 

such as calcium, magnesium, and sulfur, are also essential (Keita, D. S., et al. 2023). 

Plant physiologists, molecular biologists, and agronomists are all interested in the study of plant mineral nutrients because of 

their role in plant growth, development, and yield (Basu, U., & Parida, S. K. (2023). Numerous research has focused on the 

importance of various chemical components and compounds for plant development, as well as their functions in external activities 

and metabolism (Abdelsattar, A. M., et al. 2023). In the nineteenth century, the essential elements of nitrogen, phosphorus, sulfur, 

potassium, calcium, magnesium, and iron were discovered. In 1972, Epstein defined elemental necessities as essential or non-

essential (Marschner, H. (Ed.), 2011). 

There are 20 elements that are needed or advantageous to plant existence (Kirkby, E. A. 2023), including three primary 

elements, carbon, hydrogen, and oxygen, which are absorbed by air and water (Yin, R., et al. 2023), the remaining components are 

absorbed from the soil by plant roots (Kirkby, E. A. 2023), these elements have been classed as macronutrients (nitrogen, 

phosphorus, potassium, calcium, and magnesium) and micronutrients (B, Cl, Cu, Fe, Mo, Mn, Ni, Na, and Zn). Silicon and cobalt 

are thought to be useful but not necessary for all plants (Mushtaq, N. U., et al. 2023). 

Malnourishment is still pervasive in many regions of the world, despite the fact that the human body requires 22 mineral 

components for proper health (Islam, M., et al. 2023). Due to the scarcity of minerals in natural sources, calcium, magnesium, and 

copper shortages are widespread in developed and developing countries (Singh, S. K., et al. 2023), studies on the process of element 

translocation and molecular dynamics within plant cells have received a lot of attention in recent years (Saha, B., et al. 2023, 

Mustafa, A., et al. 2023). 

II. MACRONUTRIENTS 

Macronutrients are vital for both plant and human existence since they execute multiple metabolic activities (Tariq, A., et al. 

2023). There are two types of nutrients: major macronutrients N, P, and K, and secondary macronutrients Ca, Mg, and S, (Golden, 

M. H. 1995, Chathyushya, K. B., et al. 2023), they serve an important function in plant metabolism, defending plants against diverse 

stressors, and enhancing crop output, growth, and quality (Kumar, S., et al. 2023). Researchers have been studying the various roles 

of these nutrients in plant life and their future possibilities in recent years (Jacoby, R., et al. 2017), each macronutrient has a distinct 

personality and participates in many metabolic pathways in plant life, the information in the table is based on estimations and may 

change depending on the source (Kumari, S., et al. 2023), the year an element was found relates to its discovery as an element, not 

necessarily its discovery in nature (Murphy, P. J. 2011). 

Table 1: Several macronutrients, their abundance on the Earth's crust, the principal form of abundance, and weight 

percentage in the Earth's crust by the year: 

Macronutrient 
Element 

Symbol 

Order of Abundance in 

Earth's Crust 

Discovered by 

Year 

Major Form of 

Abundance 

Weight % in 

Earth's Crust 

Oxygen O 1 1774 Oxides 46.6 

Silicon Si 2 1824 Silicates 27.7 
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Aluminum Al 3 1825 Silicates 8.1 

Iron Fe 4 Ancient Oxides 5.0 

Calcium Ca 5 1808 Carbonates 3.6 

Sodium Na 6 1807 Chlorides 2.8 

Potassium K 7 1807 Silicates 2.6 

Magnesium Mg 8 1808 Silicates 2.1 

A- Primary Macronutrients:                                              

A: 1    NITROGEN 

Nitrogen, the 15th element of the periodic table, belongs to the P block, it was first identified in 1772 by Daniel Rutherford 

and named "nitrogen" by Jean-Antoine Chaptal in 1790 (Leghari, S. J., et al. 2016). Nitrogen is largely found in the earth's 

atmosphere, accounting for 78.09% of the total amount, and exists as a colorless and tasteless gas, it is a vital component of plants, 

accounting for 1.5-2.0% of plant dry matter and 16% of total plant protein (Stein, L. Y., & Klotz, M. G. 2016, Chen, B., et al. 2023). 

Nitrogen, the sixth most abundant element in our solar system, is also required by all current cells, it is a necessary 

component of all proteins and enzymes and is involved in the metabolic processes of energy transformation (Jackson, P. J., et al. 

2023), nitrogen supply affects plant growth, fruit and seed yield, forage crop quality, and leaf development, all of which are 

important for agricultural productivity (Saha, B., et al. 2023). 

In natural ecosystems and agriculture, nitrogen exists in a range of forms, including nitrate, nitrite, ammonium, and amino 

acids (Liu, J., et al. 2023), plants instantly take nitrogen from various sources, including fertilizers, air, water, rain, and molecular 

form (N2), (Mahboob, W., et al. 2023), soil organisms transform nitrogen into numerous useful forms (Karabulut, F., et al. 2023), 

agricultural output has more than quadrupled in the last 50 years due to the extensive use of nitrogen fertilizer; yet, industrial 

pollution and dramatic climate change have had a substantial impact on the natural nitrogen cycle (Osei, E., et al. 2023). 

Plants have evolved intricate physiological and morphological responses to varied patterns of nitrogen supply in order to 

manage their development and growth, the effect of nitrogen on the metabolism of essential and non-essential amino acids has been 

studied (Wevar Oller, A. L., et al. 2023), Nitrogen supply affects plant hormonal state, and phytohormones such as abscisic acid 

(ABA), indole-3-acetic acid (IAA), and cytokinins (CK) are strongly connected to nitrogen signaling (Joshi, H., et al. 2023), 

Nitrogen availability is tightly associated with cytokinins in many plant species, and cytokinin metabolism and translocation are 

influenced by nitrogen nutritional status (Ahmad, N., et al. 2023). Research has focused on nitrogen fixing, and nitrogen absorption 

including genes, genetic, biochemical, and ecological issues, and future possibilities in sustainable agricultural growth (Alam, I., et 

al. 2023). Nitrogen deficiency symptoms vary by plant type, but frequent symptoms include stunted growth, yellowing of older 

leaves, and decreased yields; in extreme cases, plants may even die, plants require adequate nitrogen for proper growth and 

development (Rosen, C., et al. 2023). 

Table 2: Summarizing the role, percentage, and deficiency symptoms of nitrogen in different parts of plants: 

Plant 

Part 
Role of Nitrogen Target cells 

Percentage of 

Nitrogen 
Deficiency Symptoms 

Leaves 

Essential for chlorophyll production of 

healthy green leaves, and 

photosynthesis 

Mesophyll cells 2-4% 
Yellowing of older leaves, 

stunted growth 

Stems 

Helps to produce proteins and 

enzymes, which are the building blocks 

of proteins, it is essential for the 

structural integrity of plants, including 

the stems. 

Apical 

meristems, 

vascular tissue 

0.1-0.5% Stunted growth, weak stems 

Roots 

Essential for root growth and 

development, it is also a component of 

nucleic acids and DNA, which play a 

critical role in cell division and growth. 

Root tips, 

meristems 
0.2-0.5% 

Stunted growth, reduced root 

growth 

Flowers 

Helps with flower and seed production 

of amino acids and proteins, which are 

essential for the development and 

growth of flowers. 

Developing 

reproductive 

tissues 

0.1-0.5% 
Reduced flowering, small and 

immature flowers 

Fruits 

Aids in fruit development and ripening, 

it is also a component of amino acids 

and proteins, which contribute to the 

flavor and nutritional value of fruits. 

Developing 

reproductive 

tissues 

0.1-0.5% 
Reduced fruit size, delayed 

ripening 

A: 2    PHOSPHORUS 

Phosphorus is a nonmetallic element that belongs to the periodic table's P block and was discovered in 1669 by Joseph 

Priestley, but Antoine Lavoisier did not recognize it as an element until 1777 (Childs, P. E. 1998). Phosphorus comes in two forms: 

white P and red P; nevertheless, due to its high reactivity, it is not generally available as a free component on Earth; as a result, its 

derivatives are largely used in the production of fertilizers, detergents, pesticides, and matches (Desmidt, E., et al. 2015). 

Phosphorus, which is abundant in plant cell membranes as phosphate, is required for plant growth and development as a 

component of DNA, RNA, and ATP; however, its availability in the soil is frequently limited, necessitating the use of large amounts 
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of organic phosphate exogenously to achieve high crop yields; fertilizers are used by approximately 46% of barley and wheat plants 

(Malhotra, H., et al. 2018). The fast depletion of nonrenewable P resources caused by extensive P fertilization in crop fields 

contributes to the pollution of the environment, a shortage of it in the soil, on the other hand, greatly affects crop yields; as a result, 

experts researching agronomy and agriculture do research on different aspects of P intake, absorption, and its impact on various 

metabolic processes (Roy-Bolduc, A., & Hijri, M. 2011). 

Phosphate transporters (PTs) are enzymes that aid in the absorption and transport of inorganic phosphate in the soil. (Pi). 

In rice, the Pht1 family's PT gene OsPht1 is prominently involved in P homeostasis; in Brassica rapa, regulatory hotspots are 

similarly linked to plant gene expression under fluctuating soil P availability (Młodzińska, E., & Zboińska, M. 2016). The 

production of low-affinity PTs and non-coding RNA, IPS1, has been connected to P consumption efficiency in barley (Gu, M., et 

al. 2016), furthermore, reduced P availability in root cortical parenchyma increases maize plant growth via modifying cell division 

or cell elongation factors (Prathap, V., et al. 2022), leaf growth depression induced by P deficiency is well-known, resulting in a 

reduction in cell division and cell elongation in many grass species' leaves (Broadley, M., et al. 2012). 

Phosphorus is an essential component of photosynthetic activity, aiding in the conversion of solar energy into chemical 

energy, proper plant growth, and stress tolerance (Kruse, O., et al. 2005), it also promotes the rapid growth of plants and root 

systems, necessitating more research on P availability and consumption from an agronomical, agro-economical, and agricultural 

viewpoint (Schoumans, O. F., et al. 2104), the phosphorus percentage changes depending on plant species and development stage 

(Aydin, I., & Uzun, F. 2005). 

Table 3: Summarizing the role, percentage, and deficiency symptoms of phosphorus in different parts of plants: 

Plant 

Part 
Role of Phosphorus Target cells 

Percentage of 

Phosphorus 
Deficiency Symptoms 

Leaves 
Photosynthesis, energy storage and 

transfer, cell division, and elongation 

Mesophyll 

cells 
0.1 - 0.3% 

Dark green or purple discoloration, 

necrosis, reduced growth, and yield 

Stems 
Energy storage and transfer, cell 

division and elongation 

Apical 

meristems, 

vascular tissue 

0.1 - 0.3% 
Reduced growth, thin stems, weak 

branches 

Roots 

Energy storage and transfer, cell 

division and elongation, root 

development 

Root tips, 

meristems 
0.1 - 0.5% 

Reduced growth, thin roots, poor 

development, increased susceptibility to 

diseases 

Flowers 
Energy transfer, flower development, 

seed production 

Developing 

reproductive 

tissues 

0.1 - 0.3% 
Reduced flower production, poor seed 

set, decreased fertility 

Fruits 
Energy transfer, fruit development, 

ripening 

Developing 

reproductive 

tissues 

0.1 - 0.5% 

Reduced fruit size and quality, delayed 

maturation, increased susceptibility to 

diseases 

 A: 3    POTASSIUM 

Potassium is essential for plant growth and development because it improves photosynthesis, enzyme activation, water 

relations, assimilates, transportation, and overall growth and development (Oosterhuis, D. M., et al. 2014), Potassium is an alkaline 

and highly reactive chemical element with the atomic number 19, and its symbol (K), is derived from the Neo-Latin word (kalium), 

Potassium was discovered by Humphry Davy in 1807, and it is a vital and highly mobile macronutrient present in plants' juvenile 

parts and cytoplasm, plants cannot live in the absence of potassium (Mohammed, N. A. 2016). 

Potassium is also involved in the production of proteins, which is essential for transcription and translation, as well as the 

binding of transfer RNA (tRNA) to ribosomes, because of the vulnerability of plant cell membranes to K ions, K ions are engaged 

in the control of several cell processes (Pozharskii, A. F., et al. 2011), Potassium is also involved in the stimulation of the generation 

of nicotinamide adenine dinucleotide phosphate (NADPH), which is needed for photosynthesis, because K is actively involved in 

the movement of metabolites, minerals, phytohormones, and water through the xylem and phloem, deficiencies in Potassium ions 

have a substantial impact on these transportation systems (Kumari, A., et al. 2015), Potassium aids in the stability of pH and the 

diffusion of different organic anions and other chemicals inside the plant, the process of opening and shutting stomata in plants is 

reliant on Potassium ions, which helps to decrease water loss and the danger of drought stress (Raschke, K. 1975). 

Potassium is critical in minimizing global agricultural and agronomic challenges such as heavy metal stress (Elango, D.,  

et al. 2022), Excess potassium, on the other hand, can be harmful and even fatal, causing hyperkalemia in the blood, which can lead 

to muscular weakness, irregular pulse, and, in extreme cases, cardiac arrest (Pohl, H. R., et al. 2013). Plant cell membranes are 

relatively permeable to K ions due to the presence of several selective K ion channels and are thus engaged in the regulation of 

many cell activities (Hedrich, R. 2012), the amount of K in the cytosol is highest, i.e., 30–50 mM, while 20 mM is found in the 

vascular region of the cells (Nover, L. U. T. Z., et al. 1989), it is important to note that the specific levels of potassium in different 

plant portions may vary depending on the species, growing conditions, and stage of growth (Collins, A., et al. 2023). Deficiency 

symptoms may also manifest differently based on various factors (De Vries, W., et al. 2014), however, in general, potassium 

deficiency can lead to lower plant growth, productivity, and quality, as well as increased sensitivity to various stresses and diseases 

(Amtmann, A., et al. 2008). 

Table 4: Summarizing the role, percentage, and deficiency symptoms of potassium in different parts of plants: 

Plant Part Role of Potassium Target cells 
Percentage 

of Potassium 
Deficiency Symptoms 
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Leaves 

Regulates stomata, activates 

enzymes for photosynthesis, 

improves stress tolerance 

Mesophyll 

cells 
2-5% 

Chlorosis (yellowing) and necrosis 

(death) along the edges of leaves, 

reduced growth and yield 

Stem 

Improves mechanical strength 

and resistance to diseases and 

pests 

Apical 

meristems, 

vascular tissue 

0.2-2% 

Weak stems that easily break or 

bend, increased susceptibility to 

diseases and pests 

Roots 

Enhances water and nutrient 

uptake, improves root growth and 

development 

Root tips, 

meristems 
0.5-5% 

Reduced root growth and 

development, increased 

susceptibility to drought, and 

nutrient deficiencies 

Flowers/Fruits 

Improves flower/fruit formation 

and quality, enhances resistance 

to diseases and pests 

Developing 

reproductive 

tissues 

0.2-2% 

Reduced flower/fruit formation and 

quality, increased susceptibility to 

diseases and pests 

B- Secondary Macronutrients: 

B: 1    CALCIUM 

Calcium is a chemical element with the symbol (Ca) and atomic number 20 that belongs to the periodic table's second group 

and S block (Frieden, E. 1972). Among all accessible elements, calcium is the fifth most plentiful element in the earth's crust and 

the fifth most prevalent liquid ion in the ocean (Aversa, R., et al. 2016). Humphry Davy discovered calcium in 1808, and it is one 

of the most vital elements for all living things, particularly in the form of calcium ions (Ca2+), which facilitate and participate in 

numerous cellular activities (Forsen, S. T. U. R. E., & Kordel, J. O. H. A. N. 1994). 

By activating enzymes, causing water flow and salt balance in plant cells, and activating K to control the process of stomatal 

opening and closing, calcium is essential for plant growth and development (Hasanuzzaman, M., et al. 2018), it also plays an 

important role in cell growth, division, elongation, and other vital biological processes, such as increasing nutrient intake, enhancing 

plant tissue resistance, strengthening cell walls, and contributing to optimal root system development (Farooq, M., et al. 2009, 

Ozturk, H., et al. 2023).  

Ca2+ is sharply transported from the cytosol into the mitochondria, endoplasmic reticulum, cell walls, plastids, and vacuoles 

as a result of the development of several mechanisms for tightly managing calcium ion (Ca2+) fluxes and different Ca pools (Raven, 

J. A. 2023, Corti, F., et al. 2023, Hong-Bo, S., et al. 2008). Ca2+/H+ antiporters, Ca2+-ATPases, and other helpful signaling 

channels minimize ionic stress in plants and protect them from biotic and abiotic problems, finally, Ca porous ion channels are 

important for drought stress signal transduction (de Freitas, Sergio Tonetto, and Elizabeth J. Mitcham. 2012).  

According to current research, the SlSRs gene responds to a range of stress signals and may function as a coordinator, 

integrating Ca-mediated signaling with other stress signal transduction pathways during fruit ripening and storage (Tripathi, D. K., 

et al. 2014), in addition, during NaCl stress, a gene known as HSP efficiently expressed Ca signaling pathways in tobacco (Rizhsky, 

L., et al. 2002, Li, M., et al. 2014). Resistance to a number of abiotic and biotic stresses, most notably drought, cold, pathogens, and 

wounding (Golebiowska-Paluch, G., & Dyda, M. 2023), as well as ethylene, auxin, MeJA, and SA, is enhanced by SR/CAMTA 

and other transcription factors (Yang, T., et al. 2013, Li, X., et al. 2014). 

Calcium is also essential in the human body for bone and tooth formation and maintenance, muscle function, nerve function, 

blood coagulation, and cell signaling (Buchowski, M. S. 2015), there are plenty of dairy products, leafy greens, fortified meals, and 

supplements (Miller, G. D., et al. 2001, Graham, M., et al. 2023), however, too much or too little calcium in the body can create 

health problems, so maintaining a healthy balance is crucial (Quattrini, S., et al. 2016, Mohammadnezhadostad, F., et al. 2023). 

Plant growth and development require calcium, it is essential for a variety of cellular functions in plants, including root system 

growth, cell wall formation and stability, enzyme activation, stomatal regulation, and fruit production (Waraich, E. A., et al. 2011, 

Niazi, P., et al. 2023), the roots contain the most calcium, followed by the leaves, stems, flowers, and fruits (Bhattarai, S. P., et al. 

2006), Calcium deficiency can cause stunted plant growth, weak stems, poor fruit set, and uneven leaf production, among other 

symptoms, a healthy calcium intake is critical for plant growth and development (Uchida, R. 2000, Ray, P. K. 2023), and also 

Calcium deficiency produces yellowing and black areas on leaves, and it is immobile when deposited in plant tissues (Mihai, R. A., 

et al. 2023). 

Table 5: Summarizing the role, percentage, and deficiency symptoms of calcium in different parts of plants: 

Part of 

Plant 
Role of Calcium Target cells 

Percentage 

of Calcium 
Deficiency Symptoms 

Root 
Cell growth and elongation, improving root 

system development 

Mesophyll 

cells 
0.1-5% 

Reduced root growth, stunted plants, 

abnormal root tips 

Stem 
Enhancing cell wall structure and stability, 

activating enzymes 

Apical 

meristems, 

vascular 

tissue 

0.05-0.3% 

Weak stems, reduced stem 

elongation, reduced transport of 

water and nutrients 

Leaves 

Activating K to control stomata, improving 

resistance, contributing to normal leaf 

development 

Root tips, 

meristems 
0.2-2.0% 

Yellowing of leaves, black spots, 

abnormal leaf shape, and size 

Flowers 
Enhancing pollen tube growth, promoting 

fruit development 

Developing 

reproductive 

tissues 

0.01-0.05% 
Reduced fruit set, reduced pollen 

viability 
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Fruits 
Regulating fruit ripening, improving fruit 

quality 

Developing 

reproductive 

tissues 

0.01-0.2% 
Fruit cracking, blossom-end rot, 

reduced fruit shelf-life 

 B: 2    MAGNESIUM 

Magnesium is an alkaline earth metal that is the eighth most prevalent element in the Earth's crust and the ninth most abundant 

element in the universe (Ledda, C., & Fiore, M. 2013, Ahmed, M. E., et al. 2023) It was discovered by Joseph Black in 1755 and 

isolated by Humphry Davy in 1808 (Pathan, M. F. 2022, Webb, S. 2023). Magnesium is found in all living things on Earth and has 

a range of helpful tasks in addition to being one of the fundamental nutritional components for survival (Duruibe, J. O., et al. 2007), 

it accounts for 0.2-0.4% of dry matter in plants and has a need of 1.5-3.5 g kg-1 for excellent plant development in the vegetative 

zones (Williams, C. J., & Yavitt, J. B. 2003), Magnesium is an important component of chlorophyll and is required for plant 

photosynthesis (Cakmak, I., & Yazici, A. M. 2010). Very small changes in magnesium levels can affect a number of essential 

chloroplast enzymes (Amareh, R., et al. 2023), and research indicates that magnesium is an active component of the electron 

transport chain (Huxley, H. E. 1969), furthermore, enough magnesium content increases the activity of anti-oxidative enzymes as 

well as the number of antioxidant molecules (Liao, Z., et al. 2019). 

Magnesium is essential for the proper functioning of the human body and is involved in several biological processes, including 

bone and tooth growth, DNA synthesis, energy metabolism, nerve and muscle function, and many more (Soetan, K. O., et al. 2010), 

its deficiency can cause a range of health problems, including muscle cramps, seizures, and abnormal heart rhythms; thus, it is vital 

to maintain an adequate amount of magnesium in the body through a well-balanced diet or supplements (Hallfrisch, J., & Muller, 

D. C. 1993, Gleeson, M.,  et al. 2004).  

Magnesium deficiency symptoms in plants include yellowing or browning of leaves, particularly between the veins (interveinal 

chlorosis), stunted growth, and reduced seed production; these symptoms may appear in different parts of the plant depending on 

the severity and duration of the deficiency ((Uchida, R. 2000, Wang, Y., et al. 2023, McCauley, A., et al. 2009, Das, S. K., et al. 

2017), Magnesium deficiency induces oxidative stress in plants, whereas enough magnesium activates the antioxidant machinery 

(Tränkner, M., et al. 2016). Magnesium aids rice and other plant species in dealing with stress and heavy metal stress, and it also 

plays a significant role in disease resistance management in various plant species (Moustafa-Farag, M., et al. 2020). 

Table 6: Summarizing the role, percentage, and deficiency symptoms of magnesium in different parts of plants: 

Plant 

Part 
Role of Magnesium Target cells 

Percentage of 

Magnesium 
Deficiency Symptoms 

Leaves 
Component of chlorophyll; aids in 

photosynthesis 
Mesophyll cells 1-2% 

Yellowing between veins; 

interveinal chlorosis 

Stem 
Aids in the transport of nutrients and 

water 
All cells 0.2-0.4% Stunted growth; chlorosis 

Roots 
Aids in the uptake and transport of 

nutrients 
All cells 0.1-0.2% Stunted growth; chlorosis 

Seeds 
Component of enzymes involved in 

seed development 

Developing 

reproductive 

tissues 

0.05-0.2% 
Reduced seed production; poor 

germination 

B: 3    SULFUR 

Sulfur (S), the sixteenth element in the periodic table, occurs naturally in sulfide and sulfate minerals and is abundant in the 

Earth's crust; it has an atomic weight of 32.06 and was discovered in China around 2000 BC before being identified as an element 

by Antoine Lavoisier in 1777 (Brosnan, J. T., & Brosnan, M. E. (2006); Sulfur is an important plant nutrient that is required for the 

formation of chlorophyll, proteins, seed oil, and amino acids such as methionine and cyst (Traber, M. G., & Cross, C. 2023, Shah, 

S. H., et al. 2022) 

Sulfur is frequently employed in the manufacturing of sulfuric acid, which is one of the most widely used industrial chemicals 

(Kutney, G. (2023). Sulfuric acid is used to make fertilizers, dyes, detergents, and a variety of other items, it is also used to recover 

metals from ores in the mining sector, and Sulfuric acid is extremely corrosive and must be handled with extreme caution (Shekade, 

S. V., et al. 2023, Ramesh, B. et al. 2023). Sulfur is also used in the production of sulfur dioxide, a major air pollutant (Xu, Q., et 

al. 2023). Sulfur dioxide, a key component of acid rain, is produced by the combustion of fossil fuels such as coal and oil, acid rain 

can damage trees, lakes, and structures, as well as pose a threat to human health, while several countries have made progress in 

reducing sulfur dioxide emissions, more needs to be done to address this issue (Liu, C., et al. 2023, Wan, Z., et al. 2023, Jha, S., & 

Yadav, A. 2023, Weng, W., et al. 2023). 

Sulfur is an essential component of agricultural plants since it is required for the formation of amino acids, which serve as the 

building blocks of proteins (Ali, V., et al. 2023), Sulfur also contributes to the formation of chlorophyll, which is essential for 

photosynthesis Freire, M. Á. 2023)., Sulfur is a common soil fertilizer, and it is especially important for crops like onions, garlic, 

and cruciferous vegetables like broccoli and cauliflower (Castro, V., et al. 2023). 

Sulfur is also used in the production of rubber, which is an important industrial commodity, Sulfur is added to rubber during 

the vulcanization process, which boosts its strength, flexibility, and durability (Yamano, A., et al. 2023), Sulfur has a long history 

of use in medicine as a topical therapy for skin problems such as acne and eczema (Čižmárová, B., et al. 2023), Sulfur contains 

antibacterial and anti-inflammatory properties, making it useful in the treatment of various illnesses, certain treatments, such as 

antibiotics and antifungal drugs, are also made with sulfur, despite its various uses, sulfur may be a sulfide (Asnaashari, S., et al. 

2023, Niazi, P., et al. 2023), Sulfur is essential for the synthesis of proteins, chlorophyll, and amino acids in plants, the amount of 

sulfur in various sections of the plant varies, with leaves and seeds having the greatest quantities ((Saquee, F. S., et al. 2023, Saleem, 
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S., et al. 2023), Sulfur deficiency can cause chlorosis, stunted growth, lower production, and poor seed quality (McCauley, A., et 

al. 2009). 

Sulfur dioxide is emitted into the atmosphere when sulfur-containing fuels are burned (Perraud, V., et al. 2015), contributing 

to acid rain and other environmental hazards (Yang, H., et al. 2023). Finally, sulfur is a versatile element with several applications 

in business, agriculture, and medicine (Rai, M., et al. 2016), it is necessary for life, but it may also cause environmental issues, so 

initiatives to reduce sulfur emissions and increase sulfur utilization in business and agriculture will be critical in the coming years 

(Erisman, J. W., et al. 2007). 

Table 7: Summarizing the role, percentage, and deficiency symptoms of sulfur in different parts of plants: 

Plant 

Part 
Role of Sulfur Target cells 

Percentage of 

Sulfur 
Deficiency Symptoms 

Leaves 
Essential for the synthesis of chlorophyll 

and amino acids 
Mesophyll cells 0.3-0.5% 

Chlorosis, stunted growth, 

reduced yield 

Seeds 
Important for the synthesis of proteins and 

oils 
All cells 0.2-0.5% Reduced seed size and quality 

Roots 
Necessary for the uptake of other 

nutrients 
All cells 0.1-0.2% 

Stunted growth, reduced root 

development 

Flowers 
Required for the development of 

reproductive structures 

Developing 

reproductive 

tissues 

0.1-0.2% 
Reduced flowering, poor seed 

set 

III. CONCLUSION 

Macronutrients are essential for plant growth and development and can have an impact on all phases of a plant's existence, 

however, an excess or deficiency of these nutrients can negatively impact a plant's overall performance, highlighting the need for 

tight regulation of its cellular status, research has shown that over 60% of the world's population, or 6.1 billion people, suffer from 

malnutrition, with calcium, magnesium, and copper deficiencies being common in both developed and developing countries, this 

shortage of minerals in sources such as crops, food, and water underscores the importance of tight regulation of their cellular status, 

bio-fortification of crops with certain macronutrients may aid in the alleviation of mineral shortages and the reduction of agricultural 

production loss due to various stressors, thereby assisting in feeding the world's rising population. 
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