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 The greatest challenge of our time is to meet the global food demand by producing enough 

food without harming the environment. Over application and misuse of synthetic fertilizer is a 

major challenge that results in lower fertilizer use efficiency (FUE), stagnated crop yield, and  

environmental pollution. In this review study, three alternative fertilization options (AFOs), 

such as the use of organic fertilizer enhanced-efficiency fertilizer (EEFs), and secondary, and 

micronutrient fertilizers were evaluated. The adoption of appropriate fertilization practices 

was believed to improve crop yield and FUE over the conventional fertilization approach. As of 

late, the use of organic fertilizers has received more attention as a better alternative to coun-

ter the challenges posed by the inappropriate use of chemical fertilizers. The formulation of 

slow or controlled-release fertilizers contributes to preventing nutrient losses by slowing 

down nutrient release patterns in the soil and allowing better synchrony between crop nutri-

ents requirement and nutrient supply. The use of secondary macronutrients and micronutri-

ent also has considerable importance to improve nutrient uptake, grain yield, and quality. In 

summary, the review result showed that the adoption of AFOs can enhance crop yield and 

nutrient use efficiency.  
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INTRODUCTION 

 

Chemical fertilizer plays a critical role in household food securi-

ty. The application of chemical fertilizer provides one or more  

essential soil nutrients for the growth and development of 

plants. Nitrogen, phosphorous, and potassium are the three 

most widely used soil nutrients (Dhillon et al., 2019). Nitrogen 

(N) is one of the most important yield-limiting nutrients in agri-

culture. It is also one of the most mobile and soluble element. It 

is required in large amounts than any other soil nutrient. Urea is 

the most commonly used N fertilizer in the world, which is char-

acterized by high volatility. It has a high solubility tendency, low 

thermal stability and molecular weight, and is easily subject to 

loss from soil-plant systems through different mechanisms such 

as volatilization, run-off, and leaching (Vejan et al., 2021). The 

urea lost through these processes causes serious environmental 

threats such as water eutrophication, air pollution, and land 

degradation. Phosphorus (P) is an essential macronutrient for 

plant growth and development, helps with root formation and 

development, promotes maturation, and helps plants resist dis-

ease. It is a limiting resource for crop production and its rational 

management in agriculture is important to enhance yield and 

phosphorous use efficiency (PUE). Also, the percentage of P 

consumption is massively hampered due to volatilization and 

leaching of nutrients, which resultantly causes environmental, 

health, and economic concerns (Vejan et al., 2021). Potassium is 

the third important soil nutrient that helps plant to resist  

disease, and enhance crop yield and quality. It also plays a major 
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role in the elongation of cells and regulating the opening and 

closing of stomata (Yokamo et al., 2022).  

The consumption of synthetic fertilizer in crop production is  

increasing due to the increased quest for food and thereby feeding 

hunger. In the year 2014/15, the global fertilizer use reached 

about 181.9 Mt (Heffer et al., 2017), among this amount, cereal 

crops consume nearly half (49.3%). This is also a reason for the 

340% increase in world cereal production in the past 59 years 

(1961-2019) (Yokamo et al., 2022). Despite their intensive use, 

over application and misuse of these soil nutrients results in sever-

al environmental threats, particularly in intensive production  

regions such as China and India and some developed and quickly 

developing countries. For example, the N fertilizer input in an in-

tensive wheat-maize cropping system in China reaches about 588 

kg ha-1 (Vitousek et al., 2009). Plants recover only about 361 kg ha-

1 yr-1 and the remaining +227 kg ha-1 will either remain in the soil 

or be lost from the agricultural field through  

run-off, volatilization, and/or leaching, which then affects environ-

mental sustainability. Comparatively, the fertilizer consumption in 

the least developed countries, for example in Sub-Saharan Africa 

(SSA) is extremely low i.e., it is about 20 kg ha-1, which is signifi-

cantly lower compared to the world average of 136.8 kg ha-1

(World Bank, 2021). The reason for lower consumption is related 

to high cost, limited accessibility and availability at the right time 

and rate of chemical fertilizer, poor access to credit services, and 

information gaps (Legesse et al., 2019; Chianu et al., 2012). 

The macro and micronutrients removed from agricultural soils 

through crop harvest and other mechanisms need replacement by 

supplying chemical and organic fertilizer or through biological 

processes like nitrogen fixation (Vitousek et al., 2009). In Africa, 

nutrient loss (i.e., through crop harvest and other loss mechanisms) 

ever exceeds the input rate and which exacerbates environmental 

degradation. For example, the N input rate in Western Kenya is 

about 7 kg ha-1, whereas the total agronomic output is about 59 kg 

ha-1 and its N balance (agronomic N input minus harvest removal) 

is about -52 kg ha-1 (Vitousek et al., 2009). Additionally, the N and 

K balances in Ethiopian soils were -23±73 and -7±64 kg ha-1,  

respectively (Van Beek et al., 2016). However, overuse, misuse, 

and inadequate/marginalized use of these soil nutrients negatively 

affect agricultural production and reduce the efficiency of nutrient 

use. Moreover, the application of fertilizers without considering 

the indigenous nutrient supply potential of the soil, poor syn-

chrony between nutrient supply and plant nutrient requirement 

(Sharma and Bali, 2018), blanket recommendation, and supplying a 

large dose of chemical fertilizer at pre-plant as insurance affects 

nutrient use efficiency (NUE) and sustainable crop production. 

Also, the long-term use of sole chemical fertilizer is known to not 

only degrade soil quality and reduce crop yields but also reduce 

NUE and exacerbate environmental degradation.  

Improvement of crop yield and NUE simultaneously in agricul-

ture has become a major challenge of our time with mounting 

food demand, natural resource depletion, and environmental 

worsening (Ding et al., 2018). The NUE (i.e., an index of a plant’s 

ability to uptake soil-available nutrients) was reportedly low in 

field crops. For example, NUE showed a dramatic drop over time 

and was maintained at about 25% in China (Zhang et al., 2015). 

Also, the world P and K use efficiency in cereal crops remained at 

16% (Dhillon et al., 2017) and 19% (Dhillon et al., 2019), respec-

tively. This reveals that more than three-fourths of unaccounted N, 

P, and K remain in the soil or be lost from the soil-plant system, 

which consequences in several environmental effects. As NUE has 

multidisciplinary (agronomic, economic, and environmental) impli-

cations, its improvement in the field crops remains an important 

step in maintaining sustainable production while reducing produc-

tion costs and environmental consequences. In this study, three 

major AFOs were examined and their impacts on crop yield and 

NUE were elucidated. A comprehensive literature search was  

conducted from different published sources; the FAOSTAT data-

base was also used to show the nutrient consumption trends over 

the decades.  

 

Nutrient consumption trends from 1961 to 2019 

Three major nutrients (N, P, and K) consumption trends across 

four countries from 1961-2019 were illustrated in Figure 1. The 

result showed that N consumption is linearly increasing in India 

and Brazil, while it showed a declining trend in China since 2015. 

In Kenya, N, P, and K fertilizer consumption remains nearly  

constant and did not show a considerable change in the past 59 

years. The reason for the declining trend of fertilizer use in  

China since 2015 is due to the government’s ‘‘Zero Fertilizer 

Growth’’ action plan for national fertilizer use by 2020 (Liu et al., 

2016). The objective of this campaign is to halt chemical  

fertilizer use below 1% (from 2015-2019) and with no more 

increase starting from 2020 without declining crop yield.  

Figure 1. A 59-years (1961-2019) fertilizer N (a), P2O5 (b) and K2O (c)  
consumption (in 1000 tons). Data was collected from FAOSTAT database. 
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Alternative fertilization options (AFOs) 

Intensified crop and animal production become a common prac-

tice  to supply sufficient food for the booming population (Zhang 

et al., 2020; Zhang et al., 2020). For example, cereal crop produc-

tion has increased by 340% in the past 59years. The increase is 

mainly related to the intensive use of chemical fertilizer (9.45, 4, 

and 4.34-fold of N, P2O5, and K2O consumption since the afore-

mentioned period (Yokamo et al., 2022) and wide adoption of 

high-yielding varieties, pesticide use, and irrigation. It is clear 

that increasing the fertilizer rate enhances crop yield to a spe-

cific level, but the yield increase becomes negligible and starts 

declining with the continuous increase of fertilizer beyond the 

optimum level. Thus, the remaining fertilizer either remains in 

the soil or is lost from the plant-soil systems causing a variety of 

environmental threats such as air pollution due to gaseous emis-

sions, eutrophication, and land degradation. It was reported that 

the adoption of organic inputs, slow-release fertilizer, green 

manure, and secondary micronutrient fertilizer could enhance 

crop yield and fertilizer use efficiency while minimizing nutrient 

loss. The meta-analysis study conducted in China revealed that 

the adoption of AFOs of organic fertilizer, slow-release fertiliz-

er, green manure, straw return, and secondary/micronutrient 

fertilizer enhanced the rice yield by 7.8%, 7.4%, 6.7%, 5.4% and 

4.6% against the conventional fertilization, respectively (Ding  

et al., 2018). Similarly, the adoption of AFO enhanced the N  

recovery efficiency, agronomic efficiency, and partial factor 

productivity by 6-34.8%, 10.2-29.5%, and 4.7-6.9% over con-

ventional fertilization methods. These findings reveal the poten-

tial of AFOs to reverse the aforementioned challenges and 

maintain sustainable production.  

 

Use of organic inputs 

Optimization of nutrient use through alternative management 

options is important for maintaining soil quality and sustainabil-

ity of agricultural production. Over the past few decades, inten-

sified agriculture created a bounty loss in soil fertility. On this 

basis, sole organic inputs or in combination with chemical  

fertilizer have been proposed as a decisive option over sole 

chemical fertilization. Organic amendments are taken as a  

win-win approach for achieving food security and climate 

change mitigation. Organic fertilizer includes all the plant and 

animal sources, such as crop residue, composts, green manure, 

farmyard manure (FYM), and animal and poultry manure, to 

mention a few, that are utilized as a source of plant nutrients

(Thomas et al., 2019; Roba, 2018; Natsheh and Mousa, 2014). 

Recycling of organic inputs in agroecosystems has been taken as 

a decisive approach to enhance yields, increase NUE, and  

minimize environmental pollution posed by the intensive  

crop-livestock production systems (Wang et al., 2020) (Tables 1 

and 2).  

Table 1. Influence of organic amendments on crop productivity.  

Input type Crop’s response to the organic application References 

Pig manure Its application enhances grain and straw yield of maize and wheat as  
compared with NPK fertilization 

Wang et al., 2019 

Cattle and poultry manure Their application could significantly improve maize yield over nil control but 
has no significant differences as compared with an equal amount of chemical 
fertilizer 

Geng et al., 2019 

Compost Its amendments with chemical fertilizer could significantly increase TSW 
and straw and maize yield over sole chemical fertilization and control 

Ejigu et al., 2021 

Compost, biochar, and their 
mixtures 

Their amendments with chemical fertilizer could lift the yield of barley by 30
-78% over the control at two different locations in Ethiopia 

Agegnehu et al., 
2016 

Veticompost, Poultry  
manure, biochar, and poultry 
tea 

Their amendment could increase the pooled maize grain yields by 94.1-
261% over the control due to adequate availability of nutrients for plants 
uptake and improvement in soil physical quality 

Are et al., 2018 

Compost It increases maize yield by 21% over the nil control Laekemariam and  
Gidago, 2013 

Rapeseed, Soybean meal, and 
cattle manure 

Their application potentially enhances maize and wheat yields over the nil 
control, respectively 

Cen et al., 2020 

Table 2. Influence of organic fertilization on soil properties.  

Input type Effects on soil properties/quality References 

Pig manure It increases SOC concentration from 8 to 16 g kg-1 and soil pH from 6 to 7 Wang et al., 2019 

Compost Its amendments with chemical fertilizer could increase soil pH, SOC, TN, AP, cation 
exchange rate (CEC) and, Reduce soil bulk density 

Ejigu et al., 2021 

Compost, biochar, 
and their mixtures 

Their amendments with chemical fertilizer could increase SOC levels by  
23–34%, cation exchange capacity (CEC) by 19-24% and, 
Lifted soil pH from 5.0 to 5.6 at Holleta and 4.8 to 5.4 at Robgebeya in Ethiopia 

Agegnehu et al., 
2016 
  

Manure Increase soil pH (3.3%), SOC (17.7%), TN (15.5%), AN (16%), AP (66.2%), AK (15.5%), 
Decreased soil bulk density (BD) by 3.9% 

Du et al., 2020 

Rapeseed, Soybean 
meal, and cattle  
manure 

Their application enhanced SOM concentration by 54%, 102%, and 88% and TN by 
71%, 90%, and 86% over nil control, respectively 
Moreover, they considerably influence soil microbial community 

Cen et al., 2020 

Pig manure Its amendments with chemical fertilizer lifted soil AN, AK, and pH from their initial 
value by 54%, 180%, and 8%, respectively 

Cai et al., 2019 
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However, the effect of organic inputs on soil and crop productiv-

ity may vary depending on several explanatory variables such as 

rate and type of inputs, input quality, temperature, experimental 

duration, and soil moisture status, to mention a few. A meta-

analysis study conducted in China revealed that the long-term 

addition of organic manure could significantly enhance grain 

yield (7.6%) over sole chemical application (Du et al., 2020). In 

the study of Lu (2020) and Chen et al. (2018), a lower yield  

response was revealed at the beginning of the experimental 

year under organic application, but it gradually showed an  

increasing trend with experimental duration, emphasizing the 

potential of organic inputs to enhance crop productivity in the 

long run. ‘‘Turning waste into wealth’’ is one of the important 

strategies that encourage the use of organic waste in agricul-

ture. A variety of wastes created by diverse agrarians can create 

environmental problems by dominating a large space, bad smell, 

and shelter for the pathogens and source of contamination of 

groundwater. Therefore, by considering the environmental chal-

lenges, the mounting deficiency of plant nutrients in the arable 

land, and the cost of mineral fertilizers, recycling organic wastes 

in cropland becomes more important for ensuring sustainable  

production through soil quality improvement. 

Generally, sustainable agricultural production needs appropri-

ate nutrient resources and conservation of soil quality (Roba, 

2018). It can supply both macro and micronutrients for plants’ 

uptake. Soil organic carbon (SOC) is a decisive indicator of soil 

quality due mainly to: improving soil structure, enhancing water 

retention, enhancing soil nutrient availability through SOM  

degradation, and increasing the cation exchange capacity 

(Thomas et al., 2019). The adequate availability of SOM increas-

es root growth, and water retention capacity of the soil,  

promotes soil buffering potential against acidity, and encour-

ages the growth of beneficial microorganisms (Qinglong et al., 

2020; Natsheh and Mousa, 2014). Despite the positive effects of 

organic inputs on soil improvement, it has also some drawbacks. 

It is needed in bulky quantities to fulfill the requisite amount of 

nutrients for crops due to the low nutrient content in organic 

inputs (Roba, 2018). It may also comprise a range of heavy  

metals, potential human pathogens, and persistent organic  

pollutants that provoke the ecosystem and human health (Urra 

et al., 2019).  

 

Use of enhanced-efficiency fertilizers (EEFs) 

Reducing the time that inorganic N is in the soil solution prior to 

crop uptake can reduce the risk of N losses and increase NUE. 

Split application (particularly N fertilizer) widely adopted fertili-

zation technique but they increase labor costs and exacerbate N 

loss. Thus, slow or controlled-release fertilizer (SRF/CRF) has 

been proposed as a decisive approach to minimize the potential 

loss and adverse environmental effects induced by conventional 

urea (Zhu et al., 2020). Controlled release N fertilizers are  

designed to release N into the soil solution at a rate that more 

closely matches nutrient uptake by the crop, thus helping to 

avoid wasting of fertilizer, avoid nutrient leaching and prevent 

pollution of groundwater by fertilizer runoff during flood-

ing.  SRF/CRF enhances the efficiency of applied N fertilizers, 

and they are environment friendly because the N release  

pattern match with plant N uptake and satisfies plant N  

demands, and maintains very low amounts of mineral N in soils 

throughout the plant growth stages (Giday et al., 2014). Here, 

the nutrients can be released in a timely and gradual manner, 

which attempts to coincide and match with the specific nutrient 

demand during plant growth (Vejan et al., 2021; Lubkowski and 

Grzmil, 2016).  

The CRFs are manufactured by encapsulating or covering ferti-

lizer granules physically with inorganic and/or organic materials 

with a hydrophobic trait that plays a crucial role as a diffusion 

wall or barrier. CRF could supply plants with better mineral  

nutrition for longer periods of duration, ranging from 3 to 18 

months with one-time application (Vejan et al., 2021). The appli-

cation of CRU enhances the quality and productivity of crops.  

The creation of CRFs reduces the loss of nutrients impacted by 

volatilization and leaching. However, the field applications of 

SRF/CRF are constrained by the high cost of manufacturing 

(Vejan et al., 2021). The application of 46kg N ha-1 of SRU ferti-

lizer had a yield advantage of 462 kg ha-1 over the application of 

46kg N ha-1 of conventional urea (CU) fertilizer in teff 

(Eragrostis tef) in Ethiopia (Giday et al., 2014), implying that SRU 

can reduce N losses.  A study revealed that CRU could signifi-

cantly increase crop yield, N agronomic efficiency, the utiliza-

tion efficiency of N-fertilizer and N-physiological efficiency by 

7.23%, 34.65%, 25.83%, and 15.8%, respectively against the 

conventional urea (Zhu et al., 2020). It also enhanced SOC, TN, 

and AN by 5.93% and 3.89%, and 13.98%, respectively, as  

compared with conventional urea in China, but no significant 

difference was observed in soil pH. The improvement of soil 

chemical properties due to CRU application may be related to 

its potential to supply nutrients through increasing crop  

biomass and its capacity to reduce nutrient loss through runoff, 

leaching, and volatilization. Overall, slow/controlled release 

fertilizers release N over several months which could satisfy the 

N requirement by crops over the whole growing period. Despite 

their several advantages, their use in field cropsis still limited. 

For example, the use of CRFs constitutes a mere 1% of the total 

amount of used fertilizers (Lubkowski and Grzmil, 2016), this is 

directly related to a higher cost (2-8 times) than conventional 

fertilizers. 

Another category of EEFs is urease and nitrification inhibitors 

(UI and NI), they are also called N stabilizers. The N stabilizers 

are designed to slow down the fertilizer (particularly urea)  

hydrolysis or nitrification rate or both by prolonging the resi-

dence time in the soil through the involvement of microorgan-

isms. The most commonly used N stabilizers are N-(n-butyl) 

thiophosphoric triamide (NBPT) (UI), nitrapyrine (NI) dicyandi-

amide (DCD) (NI), and 3,4-Dimethylpyrazole phosphate 

(DMPP) (NI). The effectiveness of these inhibitors is widely as-

sessed in lab and field conditions. Several studies showed the 

positive response of UI and NI on improving crop productivity 

and NUE while reducing potential N loss through leaching or 

gaseous emissions as compared with conventional practices.  

Solomon Yokamo et al. /Arch. Agric. Environ. Sci., 8(2): 244-249 (2023) 
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Previous study showed that NI application could increase plant 

N recovery efficiency (58%) and grain productivity (9%) (Qiao  

et al., 2015). However, the efficacy of NIs varies with N manage-

ment practices, soil texture, pH, crop type, temperature,  

moisture contents, microbial activity, inhibitor rate, and type. 

Therefore, for scientific and practical applications, UI/NI charac-

teristics and effects should be taken into consideration. 

 

Use of secondary and micronutrient fertilizers 

Despite the groundbreaking efforts since the nineteenth and 

twentieth centuries, research efforts largely focused on crop 

productivity and quality, most frequently occurring limiting 

macronutrients such as N, P, and K. Nevertheless, the essentiali-

ty of other mineral nutrients, i.e., magnesium (Mg) has long been 

disregarded in terms of soil and plant tests and fertilization  

programs, and its deficiency is not regarded as a substantial con-

cern in agriculture productivity (Ishfaq et al., 2022). Production 

and productivity of many crops are declining due to soil quality 

deterioration, imbalanced fertilization, inadequate know-how 

on micro and secondary fertilizers, and so on (Jena et al., 2016). 

Micronutrients are used by plants in relatively small amounts, 

but they contribute to maximizing crop yield and quality. Sec-

ondary elements are as important as primary elements because 

they help in the uptake of primary elements by plants. They are 

required in very little quantity as compared to primary ele-

ments. Additionally, secondary nutrients such as sulfur, calcium, 

and magnesium are essential for plant growth and development.  

The emergence of widespread secondary and micronutrient 

deficiencies has become a major constraint on productivity 

(Jena et al., 2016). For example, about 55% of arable lands were 

reportedly magnesium deficient (<120 mg kg-1 Ex-Mg) (Ishfaq  

et al., 2022). Farmers give hardly any emphasis on the applica-

tion of these nutrients. As a result, a decline or stagnation in the  

production and productivity of many crops is observed, which 

creates a huge gap between the requirement and supply of food 

grains (Jena et al., 2016). Secondary nutrient deficiencies  

prevent plants from utilizing primary nutrients to their fullest 

extent, which ultimately stunts growth.  

A balanced supply of NPK and secondary/micronutrients is criti-

cal for the improvement of crop growth and yield, and hence, a 

higher NUE can be achieved (Ding et al., 2018). The study 

showed that the application of secondary/micronutrient fertiliz-

ers (SMF) significantly increased rice yield by 4.6% relative to 

the control (fertilized without secondary or micronutrients), 

with the highest rice yield response with boron supply (8.1%) 

and lowest with sulfur (1.9%)  (Ding et al., 2018). A meta-

analysis study revealed that the application of magnesium ferti-

lizer could lift crop yield by 8.5% regardless of the crop type, soil 

condition, and other factors (Wang et al., 2020). Therefore, it is 

crucial to promote the use of secondary nutrients and micronu-

trients, particularly in field crops to enhance crop productivity.  

 

Conclusion 

 

Optimization of nutrient use in field crops through adopting 

different fertilization management options is crucial to improve 

grain yield and FUE while reducing adverse environmental  

effects. In the present review, three AFOs were reviewed and 

their potential effects on crops, soil, and FUE were elucidated. 

Organic amendments can potentially enhance soil fertility and 

then enhance crop productivity. The use of EEFs potentially 

reduces N-loss through ammonification and leaching, thereby 

enhancing crop yield and fertilizer efficiency. Despite the use of 

secondary nutrients not widely adopted globally due to major 

attention given to primary macronutrients (N, P, and K), they 

play a significant role in crop production. It also enhances the 

nutrient uptake of primary nutrients. In summary, the adoption 

of AFOs can enhance yield and NUE and helps to achieve sus-

tainable production. This study only highlighted three AFOs and 

further research is needed to fully examine its overall  

effectiveness, taking into account various explanatory factors. 

and also studying the remaining AFOs is an important task in 

the future. 
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