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An uneven use of fertilizers around the 

world has resulted in nutrient surpluses in 

some regions and severe shortages in 

others1. Efforts to optimize fertilizer inputs 

to increase crop production efficiency and 

reduce environmental impact is 

complicated by a diversity of plant, 

nutrient, soil and climatic factors2,3. 

Fertilizer technologies aimed at increasing 

nutrient use efficiency in cropping systems 

have the potential to achieve production 

goals while reducing nutrient losses to the 

environmental. Here we discuss the status 

of enhanced efficiency and novel fertilizer 

products and the rigorous methods 

needed to assess their efficacy, safety and 

environmental impact. 

Enhanced Efficiency & Novel 
Fertilizers 

Enhanced efficiency fertilizers (EEFs) have 

been produced for over 50 years and 

come in a variety of different forms, 

including slow-release, controlled-release 

and stabilized nitrogen (urease and 

nitrification inhibitors). There is evidence 

that, if used appropriately, these EEFs can 

support optimum crop yields while 

reducing nitrate leaching, ammonia 

volatilization and nitrous oxide emissions4. 

Despite the promising evidence, EEFs are 

only a fraction of the fertilizer market, 

primarily due to higher costs5 and 

concerns around the use of non-

biodegradable plastics in some coatings6. 

Guidance on how to best use EEFs within 

the 4R fertilizer management framework7 

is needed. Rapidly emerging novel 

fertilizer products include biofertilizers, 

nanofertilizers and other “smart fertilizers” 

claim to adapt the timing of nutrient 

release to plant demand via plant 

signaling or bioactivation by soil 

microorganisms (Figure 1).  
 
Figure 1. Three 
categories of fertilizer 
products for increasing 
nutrient use efficiency 
and availability. 

 

Biofertilizers 

contain one or 

more strains of 

microorganisms 

that colonize the 

soil or plant and 

mobilize or 

transform 

nutrients into 

plant-available 

forms8. There is 

limited evidence 

that these 

products maintain 

or increase crop yield at lower P or N rates 

consistently and effectively9,10, and 

research documenting the environmental 

impact, positive or negative, of 

biofertilizers is scarce8. While there are 

promising results from controlled 

laboratory experiments11, rigorous field-

scale evaluation is sorely needed to 

understand performance in working 

agricultural fields8,12,13. The ability to 

reduce synthetic fertilizer inputs and 

biologically increase nutrient availability, 

particularly in developing countries with 

low fertilizer access, would help address 

multiple Sustainable Development Goals. 
 

Nanofertilizers are either nutrient sources 

which claim to enhance nutrient uptake 

due to the small size and high surface 

area of the fertilizer molecules14,15 or 

fertilizer coatings to control the release of 

nutrients16. The agronomic and 

environmental impact of nanofertilizers is 

poorly understood17; a systematic 
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understanding of their mechanisms is 

needed before they can safely be used. 

Scientific Evaluation of Novel 
Fertilizer Technologies 

Many promising novel fertilizers are on or 

entering the market, however their 

agronomic and environmental impacts are 

poorly understood. This is largely due to a 

lack of rigorous scientific evaluation to 

assess their efficacy, safety and 

environmental impact under a range of 

field conditions. To improve our 

understanding and enable confident 

adoption of novel products, a rigorous 

evaluation framework is needed, including 

minimum data standards, standard 

protocols and proper controls (Figure 2).  

 
Figure 2. The evaluation of novel fertilizer products 
and practices pipeline. 
 

Minimum standards support consistency in 

experimental design and data collection 

and allow for more accurate and 

meaningful results on a broader scale 

beyond an individual field18,19. In the case 

of evaluating novel fertilizers, these 

minimum standards should include the 

types of data to be collected, including 

management, soil, weather, crop, nutrient 

use and loss, economic and methodology 

data. While a variety of minimum data 

standards have been developed, there are 

none specific to agronomic and 

environmental performance of fertilizers. 

The inclusion of well-defined, proper 

controls and a range of application rates 

are essential to interpret the results of 

any fertilizer experiment. For fertilizer 

product research, at least two types of 

controls should be considered: (1) a 

treatment without any fertilizer added, 

and (2) a treatment with a conventional 

fertilizer product provided at the 

equivalent nutritional levels as the 

alternative source. If fertilizer timing or 

placement differs between fertilizer 

sources, additional controls should also be 

considered19. 

 

The evaluation of novel fertilizer products 

must follow robust and acceptable 

protocols. These may include soil, plant, 

water and atmospheric measurements and 

laboratory analyses. Industry-standard 

protocols developed by the scientific 

community will lead to proper verification 

of and confidence in new products 

entering the market. 

The Efficient Fertilizer Consortium 

To spur innovation, the Foundation for 

Food & Agricultural Research recently 

formed the Efficient Fertilizer Consortium, 

a multi-stakeholder collaboration to invest 

in the development of common protocols, 

the engagement of a global network of 

independent research locations, the 

evaluation of standardized results through 

systematic reviews and meta-analyses 

and the support of pre-competitive 

research on novel fertilizer types and/or 

modes of action. The consortium aims to 

increase standardized testing of and 

expand access to enhanced efficiency and 

novel fertilizer products, ensure food 

security and reduce the environmental 

impacts from fertilizer use. 

 

This report is a summary of the white 

paper prepared by Tai McClellan Maaz. 
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