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INTRODUCTION 

Around the world, 114 countries grow rice (Oryza sati-

va). Together with wheat and maize, it is the world's 

most important cereal crop. Half the world's population 

depends on rice, making it the staple food globally 

(Mohidem, 2022). It is from Southeast Asia and is a 

member of the Poaceous family. Usually, it is grown in 

fields that have flooded. Rice needs a warm, humid 

atmosphere to flourish to its full potential (Tahir et al., 

2023). It has significant social, cultural, and economic 

implications for the world's populace. Oryza sativa is a 

plant that grows in moist, humid climates; it is not a 

tropical plant (Al-hashimi, 2023). India is the world's 

second-largest producer of rice after China. In compari-

son to 2017, the country's rice production is expected 
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to rise in 2023 (Srivastava et al., 2023). The incorrect 

and imbalanced use of fertilizers and nutrient applica-

tion techniques has resulted in nutrient loss and low 

fertilizer usage efficiency (Arivelarasan et al., 2023). 

Understanding each nutrient's influence on crop growth 

and development is essential for preserving appropriate 

nitrogen use efficiency. 

Plants require 17 different essential mineral nutrients. 

Micronutrients and macronutrients make up the two 

divisions. The macronutrients are magnesium (Mg), 

sulphur (S), calcium (Ca), hydrogen (H), carbon (C), 

nitrogen (N), phosphorous (P), potassium (K), iron (Fe), 

zinc (Zn), manganese (Mn), copper (Cu), molybdenum 

(Mb), nickel (Ni), boron (B), and zinc (Zn) are micronu-

trients. N, P, and K are the three main nutrients that the 

crop needs (Gush et al., 2021). Chlorophyll activity, 

crop yield, and photosynthesis are all impacted by nitro-

gen. It contains both an amino acid and a chlorophyll 

component. It contributes to the growth of rice plants in 

terms of height, tiller count, panicle count, internode 

elongation, metabolism, and panicle length. So, adding 

too much nitrogen could stop some production and 

make it harder for spikelets that grow to move from the 

leaves to the plant's stems. This could lead to unfilled 

grains and reduced grain yield. Phosphorous is more 

important for plants' root and reproductive growth than 

nitrogen. Biomolecules such as ATP, nucleic acid such 

as RNA, DNA, and phospholipids are found in phospho-

rous (Nath, 2023). K+ is very important for making rice 

crops resistant to pests and diseases. Potassium helps 

to lessen the effects of lodging and abiotic stress. It 

helps the plant control the amount of water in the sto-

matal cavity by opening and closing it. For plants to 

grow and develop, zinc is an important element that 

they need (Zhang et al., 2023).  

 Instead of conventional fertilizer treatments, nanotech-

nology improves soil health, plant mineral nutrition, and 

interaction with soil microflora geared towards sustaina-

ble solutions. With its unique qualities, nanotechnology 

in agriculture can be used for precision farming and 

improving crop growth and quality, soil health, crop pro-

tection, and stress situations. Due to their unique quali-

ties, nanoparticles will aid in lowering bioavailability and 

mineral uptake difficulties, increase agricultural produc-

tivity, and lower fertilizer waste and pollution in the envi-

ronment (Chhipa et al., 2019). According to several 

studies, the size, composition, concentration, and appli-

cation method of essential and non-essential element 

nanoparticles have unique effects on crop physiology, 

growth, and development due to larger surface area, 

nanoparticles can hold onto nutrients and release them 

gradually over time to meet crop needs. Slow-release 

and super sorbent nitrogenous and phosphate fertilizers 

are in great demand in the agricultural sector (Alvarez 

et al., 2019). Neem-coated urea and sulfur-coated urea 

are used to limit nitrogen release and prevent runoff, 

denitrification, volatilization, and other issues related to 

using nitrogen fertilizers. Compared to commercial ni-

trogen applications, nano N applications are the best 

option because they eliminate the losses by nitrogen 

and have a slow-release procedure. The conventional 

fertilizers could only sustain for 300 hours, nano fertiliz-

ers could release nutrients for up to 1200 hours. Zeo-

lites contain a nano fertilizer that regulates the efficien-

cy of nitrogen consumption (Singh et al., 2019). Adding 

zeolites to the fertilizer and controlling the release and 

retention of NH4
+ can also minimize N losses. Micronu-

trients are not as necessary for crop growth as they are 

for healthy plant growth and lucrative agricultural out-

put. Due to factors such high bicarbonate concentration 

in irrigation water, drying overtime, low organic matter, 

high soil pH, and uneven NPK fertilizer application, mi-

cronutrient deficiencies are common in several Asian 

nations (Preetha and Balakrishnan, 2017). Crop output 

and plant morphological structures are affected, dis-

ease and pest assault are on the rise, and fertilizer use 

efficiency is decreased because of this micronutrient 

deficit. Zinc and iron are thus absorbed and released 

by zeolites and bentonite. The minerals bentonite and 

zeolite have a high capacity for slow-release fertilizer 

and a significant potential for sorption of zinc and iron 

(Cataldo et al.,2021)  

 

Nutrients and their role in rice 

Nitrogen (N), Phosphorous (P), Potassium (K) and 

Zinc (Zn) 

According to Rathnayaka,2018, nitrogen is essential for 

crop growth and has a chlorophyll concentration that 

aids in photosynthetic processes. Additionally, nitrogen 

catalysis the production of proteins and the growth of 

plants. N fertilization has an impact on biomass and 

crop yield. Different forms of nitrogen are applied, such 

as nitrate (NO3
-) and ammonium (NH4

+). Available Ni-

trogen use efficiency decreased in soil due to leaching 

and denitrification. The soil's N concentration is declin-

ing because of processes including leaching and deni-

trification. Thus, higher nitrogen application is required 

for crops. An excessive amount of nitrogen can be haz-

ardous to persons and the environment. Moreover, re-

duced growth and production may result from low nitro-

gen dosages. Therefore, to improve yield, we should 

maintain optimal nitrogen efficiency. Maintaining appro-

priate soil and water management techniques will pre-

vent runoff, leaching, and volatilization from reducing 

the nitrogen concentration, and by doing so, we can 

lower environmental pollution (Singh et al., 2018). 

Phosphorus (P) is an important element for plant 

growth and output. It is one of the most important plant 

nutrients and affects all biological systems in some 

way. Because P is fixed in the soil, there is not always 

enough of it for plants to grow and develop properly. P 

is an important part of the structure of nucleic acids, 
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sugars, and lipids. Potassium is plants' third most cru-

cial nutrient, after N and P. More than N and P, the high 

concentration of K is removed from modern high-

yielding rice cultivars. It facilitates the translocation of 

carbohydrates and sugar. The pore known as stomata, 

which is present in leaves, stems, and other organs, is 

opened and closed in large part by K. Stomate facili-

tates the exchange of gases. K supports crops under 

abiotic stress situations. As a result, it raises yield and 

boosts crop output. After NPK, zinc is the fourth major 

yielding nutrient. The accessible critical limit of zinc in 

soil for rice crops is 0.3 mg kg-1 (Apoorva 2017). It is 

essential for protein synthesis and functions as a cofac-

tor for antioxidant enzymes like peroxidase and cata-

lase, which protect plants and increase yield. Zinc im-

proves the plant parts' absorption of other nutrients 

such as phosphorus, potassium, and iron (Kheyri, 

2018). The functions of the Macro and micronutrients 

are mentioned in Table 1. 

 

Impact of nutrient uptake on the morphology of 

rice   

Plants need the right amount of nutrients for healthy 

growth and development; even a small variation in the 

amount might result in toxicity or deficiency. Crops pri-

marily need macronutrients and have unique roles in 

plants' internal and external structure. Plant nutrients 

interact with one another to provide both antagonistic 

and synergistic effects when used efficiently. The rela-

tionship of each specific nutrient regulates the intake of 

that nutrient (Thakur et al.,2020).  

 

Uptake of nitrogen (N) 

Following carbon, hydrogen, and oxygen, nitrogen is 

essential for synthesising chlorophyll and photosynthe-

sis since it participates in catalysis and regulation of 

plant growth and development. Grain yield can be di-

rectly correlated with nitrogen uptake. While nitrate is a 

Nutrients 
Images with and without 

nutrients 
Functions References 

Nitrogen (N) 

 

  

  

  

          N+             N- 
It has a significant impact 

on how plants grow and 

develop. Additionally, it is 

essential for chlorophyll 

that supports photosynthe-

sis, increases plant height, 

the number of tillers, and 

the length of the panicle. 

Leghari et al., 2016 

Phosphorous (P) 

  

 No P               With   P 

  
Phosphorous is plants' 

second most significant 

element during their repro-

ductive stage after nitro-

gen. Additionally, it in-

cludes crucial elements 

including co-enzymes, nu-

cleotides, and phospholip-

ids. 

Malhotra et al.,2018 

Potassium (K) 

     Without Potassium In terms of disease and 

pest resistance, K is cru-

cial. It enhances the crop's 

abiotic stress conditions 

and aidsin the stomatal 

body's opening and clos-

ing. 

Pandey et al., 2020 

Zinc (Zn) 

         Zinc deficiency 
A crucial micronutrient is 

zinc. It contributes to rais-

ing crop yields and produc-

tivity. Additionally, it is cru-

cial to absorb other miner-

als like potassium and 

phosphorus. 

Vadlamudi et al.,2020 

Table 1. Nutrients and their functions in rice 
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key absorption technique, it also plays a significant sig-

nal role in a fibrous system like rice and strongly devel-

ops lateral roots (Belete et al., 2018). NO3
- is taken up 

by the roots, switches to the shoots, and eventually 

reaches the grains. Plants can absorb both types of 

nitrogen in flooded rice, and the atmosphere reduces 

nitrate (NO3
-) to ammonia by reduction. These move to 

the shoots after being absorbed by the roots. It absorbs 

more nitrogen than in the solution (Islam, 2019). The 

higher quantity needed from the panicle initiation stage 

to the panicle formation stage, in this case, the higher 

quantity of nitrogen presents more in spikelets. Since 

nitrogen is a mobile component of the plant body, older 

leaves exhibit a nitrogen deficit before younger leaves 

as represented in Fig. 1.  

Ammonium (NH4
+) is produced from atmospheric nitro-

gen gas (N2) through biological fixation. This is typically 

caused by soil bacteria or certain plants' root nodules, 

such as legumes. These bacteria can convert atmos-

pheric nitrogen into a form that plants can use because 

they possess nitrogenase enzymes (Gu and Yang, 

2022). The ammonium produced during fixation is con-

verted into nitrate (NO3
-) using a two-step nitrification 

procedure. Ammonium is first converted to nitrite (NO2
-) 

by bacteria such as Nitrosomonas species, and nitrite 

is subsequently converted to nitrate by bacteria such as 

Nitrobacter species (Fu et al., 2021). Plants absorb 

nitrate and ammonium from the soil through their roots. 

Nitrogen is essential for plant development because it 

is a part of proteins, nucleic acids, and amino acids. 

Organic debris left behind by deceased plants and ani-

mals is broken down by decomposers like fungi and 

bacteria, which replenishes the soil with ammonium 

(Manivannan et al., 2020). 

Uptake of phosphorus (P) 

Plants require more phosphorus than nitrogen. Phos-

phorus is a mobile macronutrient inside plants and can 

remobilize if its early stages include a higher phospho-

rus concentration. 0.2% of the dry weight of plants is 

phosphorous. Grain phosphorus is very high in indica 

and japonica varieties (Rawat et al.,2022). The amount 

of phosphorus in dry matter reduces as phosphorus 

intake rises. It oversees root development, early flower-

ing, ripening, and some biotic and abiotic stresses. Dry 

matter builds up during rice tillering because phospho-

rus is crucial to this process and even a small alteration 

might cause stunting and physiological alterations in the 

plants Fig. 2. The presence of phosphorus in the soil is 

essential, and plants primarily absorb it as inorganic 

phosphate. Soil microorganisms produce organic phos-

phate with the assistance of various bacteria and fungi. 

The organic phosphate found in plant leftovers, organic 

matter content, etc., is subsequently broken down by 

enzymatic activity and transformed into inorganic phos-

phate in the soil. Because the rice plant absorbs phos-

phorus through its roots, it needs energy to do so be-

cause it is an active process (Yang et al., 2020). 

Through the xylem and phloem, the plant receives the 

phosphorus that the root has absorbed. Additionally, 

phosphorus transported to xylem travels from root to 

shoot and continuously gives the plant nutrients. The 

surplus phosphorus is then stored in the different plant 

tissue sections after leaving the phloem and moving to 

other plant components including leaves, stems, and 

eventually the forming grains (Wang et al.,2021). The 

elevated nutritional demand during the grain-filling 

stage causes the phosphorus that has been accumulat-

ed in the various tissues to be moved from older tissues 

Fig. 1. Nitrogen uptake in rice 
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to the newly forming tissues. Additionally, phosphorus 

in the soil is constantly changing through enzymatic 

processes such mineralization, immobilization, and 

microbial absorption into organic and inorganic forms. 

 

Uptake of potassium (K) 

One macronutrient that is crucial for crops is potassi-

um. Potassium raises grain output, and fertilizer helps 

crops grow sustainably. Numerous tests demonstrate 

that K deficiency occurs in farms with high rice and 

maize yields. Folds in rice shoots are visible. The K 

content was associated with root dry matter, shoot dry 

matter and overall biomass. The symptoms of a K 

shortage are like those of the "Tungro" virus. As a re-

sult, whole rice is more resistant to adverse weather, 

pest attacks, etc. (Sharma and Singh 2021). Another 

name for potassium is "Chemical Policeman." Growth 

is slowed in cases of nutrient deficit, usually within two 

to three weeks of transplantation. In cases where it is 

more severe, leaves develop uneven patches, tillering 

is decreased, and the ripening period is prolonged (Fig. 3). 

Potassium is essential for photosynthesis, respiration, 

and the management of water in plants, among other 

vital physiological processes. Potassium is a cofactor 

for many of the enzymatic actions involved in metabolic 

processes. The root hairs absorb most of the potassi-

um, transferring it to the entire plant body through the 

xylem and phloem. Additionally, potassium absorption 

by the root hairs increases the root cells' capacity to 

absorb nutrients. The rice plant absorbs more magnesi-

um and calcium because of the uptake of potassium 

ions. Potassium ions control the opening and closing of 

stomata, which controls water absorption. They operate 

as an activator to preserve the structure and function of 

several enzymes.  

 

Impact of nano fertilizers on rice crop 

Well-developed and existing at the nanoscale are nano 

fertilizers. It is more reactive, has a larger surface area, 

and is more mobile. These characteristics make nano 

fertilizers more effective for plants, resulting in appropri-

ate nutrient utilization, control over nutrient leaching, 

and decreased environmental hazards (Kumar et 

al.,2023). Additionally, it facilitates photosynthesis by 

enhancing pigments like chlorophyll and enhancing the 

absorption of CO2. In addition, the resilience of rice 

plants to both biotic and abiotic stress conditions is en-

hanced (Midde et al., 2021). Increased cell division 

promotes greater growth of the shoots and roots, elon-

gation, and differentiation. Because of their larger sur-

face area, nano fertilizers have a greater nutrient utili-

zation efficiency of up to 20–30% when compared to 

regular fertilizers. Targeted applications and a con-

trolled release of nutrients are also included. Better 

crop yields range from 10% to 20%. Up to 50% more 

nitrogen is used efficiently. Additionally, the increased 

nutritious content of the grain results in superior quality 

Al-Khuzai et al. (2020). 

 

Role of nano N and nano Zn in rice  

Nitrogen is essential for enhancing and expanding crop 

yield. Moreover, overutilization of nitrogen can result in 

Fig. 2. Pathway of phosphorous uptake in rice 

Fig. 3. Potassium uptake in rice 

1367 



 

Sai, G. P. et al. / J. Appl. & Nat. Sci. 16(3), 1363 - 1375 (2024) 

problems such as leaching and volatilization. Nitrogen 

can also be utilized for an alternative application called 

Nano N. It mitigates the problems associated with ex-

cessive nitrogen, such as runoff, volatilization, and 

leaching. It enhances both the chlorophyll content and 

the photosynthesis process. Zinc (Zn) is an essential 

element that is crucial for the regular growth and devel-

opment of plants (Wang et al.,2018). Zinc plays a cru-

cial function in various processes as it is an essential 

component of numerous enzymes and proteins. It is 

particularly important for the generation of growth hor-

mones and the elongation of internodes. Although only 

needed in minute quantities, this substance is essential 

for the growth and progress of plants. Zinc is a crucial 

micronutrient that is necessary for improving crop 

productivity. Zinc is essential for the synthesis of chlo-

rophyll, the functioning of pollen, the process of fertili-

zation, and the initiation of germination. Zinc exhibits 

moderate mobility and is capable of being transported 

through the phloem and transported from leaves to 

roots, stems, and growing grains, as well as from one 

root to another (Dimkpa et al.,2020). 

 Nano-nitrogen particles may affect enzymatic process-

es related to nitrogen metabolism and absorption. En-

hanced nitrogen consumption efficiency and elevated 

enzyme activity may promote better plant growth and 

development. The most crucial micronutrient for plant 

growth and development is zinc. It is an important 

structural and enzymatic regulatory component of many 

proteins and enzymes. It improves the binding of pro-

teins. Additionally, excessive Zn use has an impact on 

the health of the soil and plants. Researchers have 

looked into ZnO nanoparticles to improve rice crop 

growth and zinc uptake relative to traditional zinc ferti-

lizer (Zhang et al., 2021). Nano Zn is the most popular 

type of nano fertilizer. Nano-zinc oxide (ZnO) has been 

widely utilized in several industries for many years. 

However, implementing this technology in the agricul-

tural sector is currently insufficiently important and is 

not widely implemented to enhance fertilizer usage effi-

ciency. Zinc inadequacy is a well-acknowledged world-

wide issue, including a lack of essential nutrients in 

agricultural soils, which leads to below-optimal crop 

output. Additionally, it affects human populations and 

contributes to poor human health. Most Zn in soils is 

insoluble, making it inaccessible to plants. This ac-

counts for almost 90% of the total Zinc content (Wang 

et al., 2018). Approximately 95% of rice cultivation oc-

curs in Asia, where most of the crop is also consumed. 

Zinc deficiency is the most prevalent illness related to 

micronutrients in rice. Significant advancements have 

been achieved in the field of nanotechnology in recent 

years. This field also offers the means and technologi-

cal frameworks to study its impact on biological sys-

tems. Furthermore, these small particles exhibit signifi-

cant surface areas, high aspect ratios, and unique sur-

face characteristics (Zhang et al., 2018). In addition, 

nanotechnology is currently seeing significant progress 

in other areas, including creating nano-particles, com-

prehending their fundamental physical and chemical 

properties, and arranging complex nano-scale matter 

through weak non-covalent interactions. Recently, a 

specific focus has been on engineered nano-materials 

due to their beneficial effects on enhancing agricultural 

output. These materials are now being manufactured 

more frequently for various purposes. Nanoparticles 

smaller than 100 nm exist in the intermediate region 

between individual molecules and the larger bulk mate-

rials. Only a few researches indicate the beneficial or 

no negative impacts of nanoparticles (NPs) on higher 

plants. 

 

Effect of ZnO nano particles on rice growth, yield 

components and quality parameters 

Applying zinc fertilizer to both leaves and soil can en-

hance the uptake and conversion of zinc into the edible 

parts of plants. Applying fertilizers directly to the leaves 

of crops, known as foliar fertilization, is an effective and 

safe way to enhance the levels of zinc in crops. Sub-

stances applied to the leaf can enter through either the 

cuticle or the stomatal route. Fang et al., 2008 found 

that applying zinc foliar fertilizer during the flowering 

stage significantly enhances the zinc content of rice. 

Nevertheless, the capacity of Zn ions to remain at-

tached to the surface of rice leaves is extremely difficult 

to maintain, and zinc solutions sprayed over the leaves 

tend to drip off or get washed away by rain, impacting 

the absorption of Zn by the leaves. Significantly, the 

application of Zn fertilizer to the soil enhances the Zn 

concentration in grains, as well as boosting the yield of 

grains. Multiple research studies on the fortification of 

rice with Zn indicate that applying Zn fertilizer promotes 

rice growth, and an optimal dosage of Zn enhances rice 

output (Dou et al., 2021). Regrettably, the presence of 

iron and Aluminium oxides, clay minerals, and humus 

in the soil can absorb and immobilize Zn ions, diminish-

ing the efficacy of Zn fertilizers. Furthermore, unab-

sorbed Zn fertilizer can build in the agricultural soil, 

potentially causing negative effects on the agricultural 

environment. Hence, exploring a novel fertilizer that 

incorporates Zn, exhibiting superior efficacy while mini-

mizing adverse ecological consequences, and capable 

of replacing traditional Zn fertilizers is imperative. 

   Research on the use of nanotechnology in agriculture 

has been rapidly expanding in recent decades. Re-

searchers have recently assessed the ability of nano-

zinc to be absorbed and utilized by crops, resulting in 

increased grain yields and zinc content. For example, 

Dimkpa et al., 2020 found that when using a low NPK 

fertilization method, the application of Zn oxide nano-
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particles resulted in enhanced growth, improved nutri-

ent absorption, and increased zinc content in sorghum 

crops. Applying nano-zinc fertilizer can enhance the Zn 

concentration in grains and stimulate root growth, 

hence enhancing rice growth.  

Several plant species have reported favorable effects 

of ZnO NPs in reducing Cd levels. Zinc oxide nanopar-

ticles (ZnO NPs) have a non-saturable nature and can 

be combined with other atoms to form stable com-

pounds, demonstrating significant chemical reactivity 

(Kheyri et al., 2019). As the size of the particles reduc-

es, the surface area, surface energy, and surface bind-

ing energy of ZnO NPs particles experience a signifi-

cant increase. Hence, in contrast to conventional ferti-

lisers, nano-zinc fertilisers exhibit reduced susceptibility 

to soil texture, structure, and colloidal concentration 

variations. Additionally, plants readily assimilated and 

utilized them. Zinc oxide nanoparticles (ZnO NPs) have 

numerous beneficial effects on enhancing the zinc lev-

els in grains, especially cereal grains (Kheyri et al., 

2019). Moreover, most ZnO nanoparticles are used 

with conventional fertilizers to create novel fertilizers or 

employed as agents for seed dressing. Nevertheless, 

limited studies have investigated the effects of applied 

ZnO NPs on rice yield formation or the Zn concentra-

tion in grains. Based on Liu's 1994 classification of zinc 

fertilizer application to soil and crops, the tested soil 

comes within the effective range for zinc fertilizer (0.5-

1.0 mg kg−1). Applying zinc fertilizer to soils that lack 

sufficient zinc can enhance crop productivity. The appli-

cation of ZnO nanoparticles enhanced the yield of rice 

panicles and the number of spikelets per panicle. Con-

sequently, the augmented spikelet counts in rice har-

vests resulted in a consistent full-grain rate and stable 

1000-grain weight. The findings of Zhang et al., 2021 

reveal that applying ZnO NPs throughout the jointing, 

heading, and mature stages might lead to higher collec-

tion of dry substances, hence indicating that ZnO NPs 

may enhance final yield increases. Zinc has a crucial 

role in the functioning of numerous plant enzymes in-

volved in synthesising chlorophyll, auxin, and carbohy-

drates. Elevated concentrations of zinc in rice will en-

hance the process of photosynthesis and improve its 

efficiency. According to Dou et al. (2021), there is a 

consensus among experts that getting a high grain 

yield relies heavily on the abundant production of pho-

tosynthetic chemicals. The study conducted by Zhang 

et al. (2021) found that utilising ZnO nanoparticles re-

sulted in a substantial enhancement in the zinc content 

of the grains. Increased zinc concentration led to ele-

vated photosynthetic capacity and greater accumula-

tion of photosynthetic compounds. Moreover, applying 

Fig. 4. Average yield parameter of rice (Wang et al., 2023)  

Fig. 5. Yield parameter of rice (Kumar et al., 2022) 
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ZnO nanoparticles resulted in a substantial rise in the 

Leaf Area Index of rice during its whole growth cycle. 

The attenuation rate of leaf area index was reduced 

throughout the grain-filling stage, indicating a higher 

transfer of photosynthetic chemicals from leaves to 

grains. These mechanisms directly influence the devel-

opment of ZnO NPs and contribute to the resulting re-

sults. The maximum grain yield was obtained when the 

application level of ZnO nanoparticles was 2.4 grams of 

zinc per pot (equivalent to 60 kg per hectare). The yield 

of this specific application dosage of ZnO NPs was 

7.55% greater compared to the treatment without ZnO 

NP (Kheyri et al., 2019).  

   Moreover, the application of ZnO NPs impacts the 

quality of rice. Zinc can stimulate flavor enzymes, which 

break down sugar, fat, and protein in rice. The pres-

ence of flavor compounds such as fatty acids, alde-

hydes, and ketones is enhanced, resulting in an overall 

improvement in rice taste (Kheyri et al., 2019). Applying 

the optimal quantity of ZnO NPs at the base of the rice 

plants enhanced the growth rate of brown rice, milled 

rice, and head rice, improving the quality of rice pro-

cessing. Furthermore, the application of ZnO NPs in-

creased the size of chalkiness, grain rate of chalkiness, 

degree of chalkiness, amylose content, and protein 

content (Yang et al., 2021) These results could be at-

tributed to the significant leaf area index, photosynthet-

ic capacity, dry matter accumulation, and slow decline 

in leaf area during the grain-filling stage. Research has 

also demonstrated that zinc fertilizers can enhance the 

movement of photosynthetic products to the grains and 

boost the activity of rice protein synthase (Dimkpa et 

al., 2020). The application of ZnO NPs primarily raised 

the Zn content of edible polished rice, facilitating the 

movement of Zn from the aleurone layer. This finding 

was reported by Yin et al., 2016. Additional zinc-rich 

supplements for the human body are highly significant 

in enhancing the nutritional content of rice.  

   Zinc's efficacy in ZnO NPs has been proposed as a 

key factor in how nanomaterials impact plant growth. 

Due to the small size of the nanoparticles, ZnO NPs 

cannot stick to the soil particles, leading to the loss of 

Zn components (Zhang et al., 2018). In addition, ZnO 

nanoparticles can gradually and consistently release Zn 

(Samart et al., 2019), providing a continuous and suffi-

cient supply of Zn to fulfil the plants' requirements. Rice 

roots absorbed enough zinc during the growth phase, 

which stimulated the growth and development of the 

rice, particularly at the heading-mature stage. In addi-

tion, ZnO nanoparticles with strong free radicals exhibit 

enhanced chemical reactivity and interact with organic 

compounds in the soil, facilitating the breakdown of 

organic molecules and the liberation of soil nutrients 

(Sun et al., 2020). For instance, when ZnO NPs release 

Zn ions, these ions combine with phosphate to produce 

Zn phosphate agglomerates. This process enhances 

the root system's absorption and utilization of nutrient 

components, fulfilling the rice growth requirements 

(Siddiqui et al., 2021). Multiple studies have demon-

strated that nanomaterials substantially impact the nu-

tritional levels of nitrogen, phosphorous, and potassium 

in the soil by influencing the activity of microorganisms 

involved in these processes (Sun et al., 2020). Signifi-

cantly, the presence of ZnO nanoparticles in rice plants 

can directly enhance the peroxidase activity and aid in 

the elimination of active oxygen, so successfully en-

hancing the resistance of rice (Wang et al., 2018). In 

addition, ZnO nanoparticles (NPs) positively influenced 

the process of chlorophyll synthesis in leaves by modu-

lating the functions of glutamyl-tRNA reductase and 

protoporphyrinogen oxidase (Siddiqui et al.,2021). The 

increased SPAD values, photosynthesis, and photosyn-

thetic efficiency found during the grain-filling period in 

ZnO NPs treatments may be the reason for the greater 

grain yields and improved rice quality compared to 

treatments lacking ZnO NPs.  

The use of ZnO nanoparticles could have a greater 

impact on grain accumulation and Zn content. Nano Zn 

and ultrasound dosages were used for up to 30 

minutes to make a therapeutic solution of nanometric 

Zn of various weights in one litre of pure water. Accord-

ing to the data, the application of ZnO NPs by foliar 

spray significantly increased grain yield by 2.3% to 

4.1% compared to the control. Therefore, the influence 

of "N-Zn" mutual promotion throughout the late nutrient 

transport pathway is responsible for this development 

(Wang et al., 2023). Zinc oxide nanoparticles (ZnO-

NPs) application causes plants to translocate nitrogen 

more often, increasing the amount of nitrogen in grains 

as indicated in Fig. 4. Applying 2% of Nano N and 2% 

of Nano Zn increased the number of panicles per plant, 

the number of grains per panicle, the grain yield, and 

the straw yield. This is a result of the ZnO nanoparti-

cles' substantial impact on plants' increased NPK con-

tent, which raises the number of panicles and spikelet’s 

as well as yield. By storing nitrogen in plant cells and 

releasing it gradually, nano urea protects plants from 

biotic and abiotic stressors and boosts grain yield. Plant 

growth is aided by the regulated release of nutrients by 

the nano urea Fig. 5. Yang, et al. (2021) investigated 

the impact of ZnO nanoparticles on rice at different 

stages-basal, tillering, and panicle. When ZnO is ap-

plied during the early phases of the crop, such as the 

basal and tillering stages, as opposed to the panicle 

stage, grain production is considerably increased. As a 

result, using ZnO nanoparticles has increased panicle 

number, spikelet number, and total biomass, increasing 

grain production. Furthermore, when compared to tradi-

tional fertilizer, applying zinc salt and zinc oxide nano-

particles improves the uptake of NPK and raises its N 
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content. In addition, compared to traditional fertilizer, 

ZnO NPs and Zn salt improve biomass accumulation 

because they boost rice's intake of nitrogen and chloro-

phyll Fig. 6. 

 

Effect of doses and sources of nutrients on growth, 

yield, and nutrient uptake in paddy 

Ujjwal et al. (2023) stated that applying nano zinc, NPK 

consortia, and bio stimulant together with micronutri-

ents significantly increases the length of the panicle 

and the number of grains filled per panicle by increas-

ing cell elongation and multiplication.  Additionally, 

nanozinc, NPK consortiums, and biostimulant spray 

increase the amount of nutrients available to plants and 

increase the 1000-grain weight. Because of the gradual 

release of nutrients and effective utilization of macro 

and micronutrients, applying various micronutrients of 

nano zinc with NPK also boosts grain yield. As a result, 

adding nano zinc to grains improves their N, P, and K 

contents and increases their Zn concentration. Addi-

tionally, adding micronutrients in addition to regular 

NPK fertilizer preserves the soil's fertility. Mohapatra et 

al. (2023) stated that different nutrient treatments dra-

matically altered soil fertility, absorption, and content. 

Compared to 100% NPK, Zn, Fe, Zn+ Fe, and Zn+ Fe+ 

VAM improved nutrient content, absorption, and soil 

fertility. The crop treated with 100% NPK + 0.5% 

ZnSO4 + 0.5% FeSO4 had the highest grain nutrient 

content (N-1.33%, P-0.43%, K-0.39%, Zn-36.5 mg kg-1 

and Fe-127.31 mg kg-1), grain nutrient uptake (N-57.5 

kg ha-1, P-18.6 kg ha-1, K-16.8 kg ha-1, Zn-157.7 g ha-1 

and Fe-550.0 g ha
-1

), and residual soil nutrient status. 

Paramasivan et al. (2016) resulted that compared to 

control, 200:75:75 kg NPK ha-1 produced the highest 

plant height (95.7 cm), number of productive tillers 

(18.3), panicle length (27.2), number of grains (212), 

1000 grain weight (26.0 g), grain yield (7.04 t ha-1), 

straw yield (8.58 t ha-1), net return (52,576 ha-1), B:C 

ratio (1.65), N, P, and K (171.9, 28.6, and 185.2 kg ha-

1, respectively) and uptake. Applying 200:75:75 kg NPK 

ha-1 increased organic carbon (1.24%), accessible N 

(326.7 kg ha-1), P (21.4 kg ha-1), and K (362.7 kg ha-1). 

This treatment also had the highest N, P, and K balanc-

es (50.7, 5.6, and 74.0 kg ha-1). 

 

 Evaluation of nano urea on growth and yield attrib-

utes of rice 

Midde et al. (2021) assessed the impact of nanonitro-

gen on rice development and yield parameters. This 

experiment added urea and nano urea to the nitrogen 

concentration at varying rates. When administering 

50% N through urea + 50% N through nano urea, 

growth characteristics like plant height and the number 

of tillers and yield qualities like panicles, full grains, and 

grain yield have a greater impact. Because the nano-

particles are so small, they will cover a larger area and 

contain more particles per fertilizer. Additionally, the 

slow release of nitrogen by the nano urea increases 

nitrogen uptake and improves nitrogen utilisation effi-

ciency. Combining traditional urea fertilizer and nano 

urea causes the plant cells to store nitrogen. Additional-

ly, it can gradually release extra nitrogen when the 

plant experiences biotic and abiotic stressors, boosting 

grain output (Fig. 7). According to Rathnayaka et al. 

(2018), nitrogen increases plant height. Increased cell 

development under nitrogen may contribute to plant 

height gain. Studies show that exogenous nanoparticle 

application enhances plant growth (Salam et al.,2020). 

Mixing nano fertilizer with traditional fertilizers in-

creased plant height, even at lower application rates 

(Lemraski et al., 2017). Nitrogen fertilizer increased 

tiller number. The quantity of effective tillers produced 

is a valuable indicator because it determines yield. Ni-

trogen increases tiller number (Lemraski et al., 2017). 

Fig. 6. Average k growth and yield parameter of rice (Yang et al.,2022) 
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Conventional fertilizer and Nano-fertilizer dramatically 

reduced reproductive tillers. According to Manikandan 

and Subramanian (2016), nanozeourea-treated soil 

yields the highest dry matter yield in maize due to en-

hanced N availability via reduced ammonia loss. Simi-

lar results were obtained by Lakshman et al., 2022 who 

showed that nanomaterials boosted water activity and 

N, P, and K absorption into plants, increasing dry mat-

ter production. According to the study, nano-fertilizers 

significantly affected straw and grain yield. Nano-

fertilizers were proven important 

by several researchers. Samui et al.  (2022) observed 

increased rice crop production with nano fertilizer.  

 

Future aspects 

 Researchers in agriculture aim for sustainable agricul-

ture with increased output and societal health. Chemi-

cal fertilizers have been mocked for harming the envi-

ronment and agricultural products, prompting experts 

to seek alternatives.Nano-material studies have in-

creased rice yield, although only two or three are docu-

mented. Nano-fertilizers and slowly-released fertilizers 

are suitable alternatives for controlled soil nutrient sup-

ply. Nano chelate with chemical fertilizers reduces pol-

lution and is cost-effective. Effective nitrogen manage-

ment procedures must consider cultivar variability and 

important crop growth stages for fertilization to prevent 

yield loss. Managing rice crop nitrogen nutrition is chal-

lenging due to nitrogen losses from ammonia volatiliza-

tion, nitrification, denitrification, leaching, and runoff, 

reducing nitrogen availability for rice plants. Additional 

research is needed to assess the impact of nitrogen 

nano fertilizers on rice cultivar growth and yield.  

Conclusion 

The nutrients determine the growth and development 

of rice crop output, with N, P & K, and Zn being the 

three main nutrients needed. The improved develop-

ment and output of rice are significantly attributed to 

these nutrients. Because of their smaller particle size, 

nano fertilizers have demonstrated superior growth and 

development in rice crops when combined with stand-

ard fertilizer combinations. Its slower release of nutri-

ents ensures that they reach their intended location 

with maximum efficiency. Additionally, its improved 

surface area contributes to improved soil fertility. Utiliz-

ing a 100% Nano fertilizer has resulted in the most sig-

nificant growth performance compared to the other 

treatments. Nitrogen losses can result via denitrifica-

tion, volatilization, and leaching, leading to air and wa-

ter pollution. It can be inferred that substituting urea 

with nano nitrogen fertilizer has enhanced the develop-

ment and productivity of the rice cultivar. The utilization 

of Nano-N fertilizer can mitigate the adverse impacts of 

nitrogen on the ecosystem by decreasing the introduc-

tion of detrimental nitrogen inputs. 
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