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When IPNI was first established in 2007, environ-
mental challenges associated with fertilizer use 
were the primary issues of  concern for society 

and the fertilizer industry. We spent a lot of  time and energy 
debunking false information and alleviating public concerns 
about nutrient use. Soon after our launch the global food 
crisis started and by 2008 fertilizers were being viewed in 
a new light ... as a solution to the problem, rather than a 
problem. It was under that atmosphere that IPNI scientists 
introduced the idea of  4Rs; that applying the right nutrient 
source, at the right rate, right time, and in the right place 
was the ideal way to scientifically address the need to pro-
duce more food and feed while protecting our environment. 
The foundation of  4Rs was science-based, site-specific best 
practices intended to accomplish stake holder goals of  food 
security and environmental sustainability.

4Rs have and are making a difference in how 
nutrients are managed around the world and how regula-
tors perceive nutrient management. What started in North 
America has spread to a global movement that has taken on 
a life of  its own. 4Rs are being adopted in Australia, China, 
India, Pakistan, South East Asia, the Middle East, Sub-Sa-
haran Africa, Russia, North and South America. In the de-
veloping world, 4Rs provide much needed nutrient man-
agement tools to increase basic food and feed production, 
while in the developed world 4Rs provide an environmental 

tool to help ensure nutrients are being used efficiently and 
effectively.

One of  the difference-making tools that IPNI 
has developed is Nutrient Expert®. This decision sup-
port software is changing how fertilizer recommendations 
are made in the developing world while integrating the prin-
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Cocoa yields in the smallholder farms of 

Sulawesi, Indonesia are typically less than 

500 kg/ha, yet attainable yields are substantially 

higher. To overcome this yield gap, we conducted 

on-farm trials between 2013 and 2016, with 

support from several industry and social 

organizations. The goal was to determine the 

benefits of mineral fertilizer on yield and bean 

quality, and its impact on farmer income from 

growing cocoa. All participating farmers received 

training on fertilizer use and tree management. 

Yields were increased to above 2 t/ha with proper 

fertilization and management for some farmers, 

while other farmers had very little additional yield. 

High cocoa yields were almost always associated 

with increased fertilization. Dry climate conditions 

associated with the strong El Niño effect in 2015 

generally reduced yields. Farmers who have 

excellent management can safely apply fertilizer 

with minimal risk of losing their investment if 

bean prices fall to minimum levels, even when 

weather conditions are poor. In general, fertilizer 

recommendations should be adjusted to the level 

of management that the farmer can achieve and 

the expected weather conditions, rather than 

making blanket recommendations.
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Smallholder cocoa growers 

sorting harvested pods.
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Since 2012, IPNI has built a consortium of over 

200 agencies in eight countries in sub-Saharan 

Africa to improve and disseminate plant nutrient 

management practices in appropriate formats. The 

resulting materials have been used for training 

by 125 institutions. Over 20,000 datasets have 

been assembled to improve regional nutrient 

management recommendations. The consortium 

works to empower the fertilizer industry to deliver 

accurate agronomic advice. Participating companies 

have benefited from current information and 

diagnostic tools to better educate their farmer 

clients. IPNI has now supported the training of 

stakeholders from 25 local fertilizer companies, 

4 regulatory agencies, and 7 fertilizer policy 

departments in eastern and southern Africa.   

Our China Program provides important national 

leadership for plant nutrition research and 

demonstration. We are trusted partners with many 

national/provincial-level government institutions, 

universities, and extension. Our close partnership 

with the Chinese Academy of Agricultural 

Sciences (CAAS) provides many opportunities 

for research, training, mentoring, and scientific 

exchange. IPNI has been funded to develop 

the China National Research and Development 

Project to help cooperators apply Nutrient Expert® 

for making better fertilizer recommendations. 

These key relationships provide service to all 

IPNI members, collectively interested in improving 

nutrient stewardship.

STAKEHOLDERS

Dr. Shamie Zingore,

Director, sub-Saharan Africa Program, 

explaining new approaches to making 

fertilizer recommendations.

IPNI China Program Staff in round-table discussions at the Chinese Academy of Agricultural Sciences. 39
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Plant Nutrition Diagnostics:
POTATOPOTATO
Dr. Dharma Pitchay 
Dr. Robert Mikkelsen

iPad

Plant nutrient deficiency symptoms can be 

a powerful diagnostic tool for improving 

plant health. A research project was 

established to document the nutrient 

deficiency symptoms of potatoes. After 

the high-resolution photographs of the leaf 

symptoms were obtained, IPNI assembled 

all the images into an e-book that has now 

been distributed in major potato-growing 

areas. Translations of the English version 

of the book into several other languages 

are planned for 2018.

SCIENCE

Dr. Robert Mikkelsen (on right), 

VP Communications with research 

and industry collaborators. 
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Listen to Dr. Dharma Pitchay, coauthor 

of our recent e-book, describe the science 

behind his work.
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The Nitrogen Program is advancing 

sustainable food production through 

responsible nutrient use. IPNI is a 

member of Field to Market, which brings 

together diverse stakeholders from all 

sectors of the agricultural supply chain 

in the USA. This program offers credit 

to farmers for adopting 4R management 

practices that reduce their greenhouse 

gas footprint. Our Nitrogen Program works 

to optimize the beneficial role of nitrogen 

in food production while minimizing its 

negative effect on the environment. As 

such, the program provides leadership to 

global forums such as the International 

Nitrogen Initiative.
Dr. Tai McClellan Maaz, 

Director, Nitrogen Program

Wheat research with strips of the field 

receiving inadequate or surplus application 

rates of nitrogen fertilizer.
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ciples of  4R Nutrient Stewardship. Nutrient Expert makes 
site-specific fertilizer recommendations based on target 
yields using locally available fertilizers, with or without soil 
test results. It accounts for straw management, manure use, 
previous crops, tillage, soil type, residual nutrients, and cli-
matic conditions. In partnership with governments, exten-
sion services, and research organizations, Nutrient Expert is 
being scaled up in China, South Asia, Southeast Asia, North 
Africa, and Sub-Saharan Africa. 

IPNI’s interaction with the International Nitro-
gen Initiative (INI) has made a great impact on the di-
rection and outcomes of  this group of  influential scientists. 
Their stated objectives are “to optimize nitrogen’s beneficial 
role in sustainable food production and minimize nitrogen’s 
negative effects on human health and the environment re-
sulting from food and energy production.” Working together 
with The Fertilizer Institute, we became involved with INI 
in 2001 at the 2nd International N Conference held in the 
USA and have been working with them ever since. We have 
been represented on their Advisory Committee for more 
than 10 years and assisted in the organization of  each of  
the subsequent International N Conferences held in China 
(2004), Brazil (2007), India (2010), Uganda (2013), and most 
recently in Australia (2016). Our participation has resulted 
in each conference reporting on and recognizing the ben-
eficial role of  N in food production. We have collaborated 
with the International Fertilizer Association in review of  the 
“Declaration” outcomes of  these conferences to ensure that 
fertilizers are accurately portrayed, which is critical to how 
N is perceived by the international community including the 
United Nations and Organization for Economic Co-opera-
tion and Development. Our Phosphorus Program, initiated 
in July 2015, is beginning to assume a similar role with the 
emerging Sustainable Phosphorus initiatives.

9

To better disseminate recent research results on 
4R Nutrient Stewardship, IPNI and North Bengal 
Agricultural University organized a training workshop 
for 50 invited scientists, extension professionals and 
industry agronomists. The course, entitled “Innovative 
Nutrient Stewardship: Concepts, Principles and 
Applications” was organized to present case studies 
that would build capacity and problem-solving skills for 
making field-oriented decisions. A concept note was 
prepared and a training website was developed. This 
is the first event of its kind and the first of a series of 
4R-themed events planned with additional partners. 

Numerous scientific articles and peer-reviewed 
publications were produced on 4R Nutrient 
Stewardship and balanced nutritional requirements 
of major crops like pulses, maize, and potato. For 
example, in commemoration of the U.N. International 
Year of Pulses, an invited article on 4R Nutrient 
Stewardship Guidelines for Sustainable Pulse 
Production was published.

IPNI supports research that 
explores the relationships among 
4R practices, fertilizer recovery, 
and impacts on  multiple nitrogen 
loss pathways.

Our Nitrogen Program is 
currently focused on improving 
the scientific understanding of 
how 4R Nutrient Stewardship 
reduces nitrogen losses from 
cropping systems.

9

Participants of Training Workshop on Innovative Nutrient 
Stewardship at North Bengal Agricultural University.
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IPNI has made a major contribution in the 
development of innovative research methods for 
improved nutrient management recommendations 
for smallholder farming systems in sub-Saharan 
Africa. This is a priority due to the urgent need 
to increase crop productivity and fertilizer use to 
address human nutrition and food security in a 
region where farmers face complex challenges. 
IPNI continues to lead regional initiatives to 
develop standardized protocols for field research, 
data analysis, and models for interpreting soil 
and crop information leading to improved nutrient 
management recommendations. A systematic 
research framework that enables accurate, 
rapid and cost-effective development and 
dissemination of improved nutrient management 

recommendations has been developed and 
used by wide-ranging cooperating institutions. 
The framework addresses existing soil and 
crop data, any soil-based yield constraints, and 
then suggests practical options for overcoming 
yield barriers. By leading a network 
of private, NGO, and research/
extension institutions, IPNI is 
working to achieve adoption of 
practices for improving nutrient 
management recommendations 
by many thousands of smallholder 
farmers.

IPNI continues 
to lead regional 
initiatives to develop 
standardized 
protocols for field 
research, data 
analysis, and models 
for interpreting 
soil and crop 
information...

“

“

Dr. Shamie Zingore
Director, sub-Saharan

Africa Program

Maize Variety Selector application 
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Fertilizer recommendations based 
on Nutrient Expert® resulted in 6 t/ha 
of additional cassava roots, compared 
with the standard Philippine 
government recommendation.

SCIENCE

Dr. Thomas Oberthür,
Director, Southeast Asia Program

with a smallholder farmer. 19

In many regions in the world, cassava is grown by 
farmers who traditionally do not apply fertilizer to 
this crop.  When cassava is grown on the same area 
for many years without adequate fertilization, the soil 
becomes depleted and degraded. Where cassava is 
grown continuously for at least 8 years, potassium 
often becomes the most yield-limiting nutrient. The 
IPNI Southeast Asia Program initiated research 
to apply 4R concepts of nutrient management using 
Nutrient Expert® to predict cassava response to 
applied fertilizer. During the early years of research, 
yield response was  greatest to additions of nitrogen 
followed by potassium, and then phosphorus. 
Improved fertilizer recommendations based on 
Nutrient Expert® result in 6 t/ha of additional 
cassava roots, compared with the standard 
government recommendation. This new data will 
be used to further refine the Nutrient Expert® tool 
for making improved fertilizer recommendations for 
cassava to boost farmer productivity and minimize 
soil degradation.

Our Southeast Asia Program has also developed 
the Plantation Intelligence (PI) tool to apply 
the concepts of strategic and tactical business 
intelligence to the palm oil industry. The process 
starts with acquiring data, preliminary analysis, 
and discussion with management to identify the 
most significant factors. PI then provides input 
to the plantation business plan by clarifying the 
fertilizer performance in an operation. This allows 
quantification of the opportunities provided by 
management changes of key input 
resources and agronomic activities. 
The PI tool clarifies how linked 
factors such as variable block 
productivity, cost of fertilizer, 
soil, and weather impact economic 
performance. Managers can then make 
rational decisions how to implement optimal fertilizer 
strategies.

Our work with Field to Market: The Alliance for 
Sustainable Agriculture has been instrumental in moving 
their Fieldprint®Calculator to consider all 4Rs, instead of  
just application rate, as it analyzes and benchmarks a farm-
er’s sustainability performance against regional, state and 
national standards. Similarly, we have played important 
roles integrating 4R principles into certification programs, 
including the Lake Erie Watershed 4R Certification Pro-
gram, and the American Society of  Agronomy’s Certified 
Crop Adviser 4R Nutrient Management Specialty. 

IPNI’s regional programs directly impact fer-
tilizer markets—protecting nutrient use in mature mar-
kets and increasing fertilizer use in developing markets. 
We accomplish this through our research and demonstra-
tion programs and educational activities. Our efforts have 
led to improved fertilizer recommendations from the U.S. 
Corn Belt to the Gangetic Plains in India to the Cerrado in 
Brazil. Our work has improved livelihoods for smallholder 
subsistence farms in sub-Saharan Africa and the large ag-
ricultural holdings in Russia. IPNI scientists are respected 
by research and academic colleagues, government officials, 
extension workers, and NGOs, and are often sought after 
to serve in leadership roles, partner with in research proj-
ects, co-author papers, participate in advisory committees, 
to speak at meetings and a host of  other activities which 
make a difference. 

Our roots in the realities of  science and agriculture en-
able us to apply the results of  research to transform crop 
production. We appreciate the great support of  our mem-
bers and their long-term vision in striving to help feed the 
world. BC

Dr. Terry Roberts, IPNI President
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