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IPNI MISSION: 

The mission of IPNI is to 
develop and promote scientific 

information about the responsible 
management of plant nutrition for 
the benefit of the human family.

IPNI is a global organization with 
initiatives addressing the world’s 
growing need for food, fuel, fiber 
and feed. There is widespread 
concern for issues such as climate 
change and relationship of crop 
production to the environment and 
ecosystems, and IPNI Programs 
are achieving positive results. Best 
management practices (BMPs) for 
nutrient stewardship encourage 
the concept of applying the right 
product (source), at the right rate, 
at the right time, and in the right 
place.
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When IPNI was first established in 2007, environmental    c 
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 produce 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 regulators 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-Saharan Africa, Russia, North 
and South America.  In the developing 
world, 4Rs provide much needed nutrient 
management 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 support software is changing 
how fertilizer recommendations are made in the developing 
world while integrating the principles 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 climatic conditions.  In partnership with governments, 
extension 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 Nitrogen Initiative 
(INI) has made a great impact on the direction 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 resulting 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 beneficial 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-operation and 
Development. Our Phosphorus Program, initiated in July 2015, is 
beginning to assume a similar role with the emerging Sustainable 
Phosphorus initiatives.

  MAKING A 

 DIFFERENCE
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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 analyses and 
benchmarks a farmer’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 Program, and 
the American Society of Agronomy’s Certified Crop 
Adviser 4R Nutrient Management Specialty.

IPNI’s regional programs directly impact fertilizer 
markets —protecting nutrient use in mature markets 
and increasing fertilizer use in developing markets.  We 
accomplish this through our research and demonstration 
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 agricultural 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 
projects, 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 enable us to apply 
the results of research to transform crop production.  
We appreciate the great support of our members and 
their long-term vision in striving to help feed the world.  

IPNI is helping the world recognize that fertilizer 
makes a difference, not just in global food security, but 
in people’s livelihoods. Our new series ‘Research with 
Impact’ illustrates how fertilizer improves farmer’s incomes 
and lives.  Making a difference extends from individuals 
to their families, to their villages or towns … and to their 
countries.  IPNI is proud to be part of an industry that is 
making a meaningful difference in people’s lives.

This annual report will highlight many of the ways our 
programs are making a difference.

Sincerely,

Terry L. Roberts, Ph.D. 
President

Dr. Terry Roberts
IPNI President



4

3

2

4

1

 9

IPNI Programs and Staff
Peachtree Corners, Georgia, U.S. (Headquarters)
Brian Green, IT Manager: bgreen@ipni.net
Sharon Jollay, Assistant Editor: sjollay@ipni.net 
Brenda Rose, Statistics/Accounting: brose@ipni.net
Cindy Smith, Executive Assistant: csmith@ipni.net  
Gavin Sulewski, Editor: gsulewski@ipni.net
Abena Williams, Communications Specialist: awilliams@ipni.net
Saskatoon, Saskatchewan, Canada
Laurae Doell, Director, Administrative Services: ldoell@ipni.net
Shea Shirley, Communications Agronomist: sshirley@ipni.net

Piracicaba, São Paulo, Brazil
Jessica Machedo, Secretary: jmachedo@ipni.net  
Evandro Lavorenti, Systems Analyst (IT) and Office Manager: elavorenti@ipni.net 
Elisangela Toledo, Secretary and General Assistant: etoledo@ipni.net 
Quito, Ecuador
Paul Gualato, Circulation: pgualato@ipni.net
Amparo Ormaza, Office Administrator: aormaza@ipni.net
Acassuso, Buenos Aires, Argentina
Adrian Correndo, Assistant Agronomist: acorrendo@ipni.net
Beijing, China
Dr. Jingwen Sun, Executive Assistant: jsun@ipni.net
Dr. Rongrong Zhao, Research Assistant: rzhao@ipni.net

Dr. Terry Roberts,
President
troberts@ipni.net

Steven Couch, 
Vice President,  
Administration
scouch@ipni.net

Dr. Thomas Jensen, 
     Director,  
     North America
      tjensen@ipni.net

Dr. Steve Phillips, 
Director,  
North America
sphillips@ipni.net

Dr. Tom Bruulsema,  
Vice President, Americas & Research
tom.bruulsema@ipni.net

Dr. Raúl Jaramillo, 
Director,  
Northern Latin America
rjaramillo@ipni.net

Dr. Fernando García, 
Director,  
Latin America – Southern Cone
fgarcia@ipni.net

Dr. Luís Prochnow,  
Director, Brazil
lprochnow@ipni.net

Dr. Eros Francisco, 
Deputy Director, Brazil 
efrancisco@ipni.net

AMERICAS GROUP

Americas includes the 
U.S. and Canada, Mexico 
and Central America, 
Northern Latin America, 
Brazil, and Latin America–
Southern Cone.  

Dr. Hakim Boulal,  
Deputy Director, 
North Africa
hboulal@ipni.net

PROGRAM
ADMINISTRATORS

& DIRECTORS

Dr. Robert Mikkelsen, 
Vice President, 
Communications
rmikkelsen@ipni.net

Dr. Mohamed El Gharous,  
Consulting Director,
North Africa
melgharous@ipni.net
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Dr. T. Scott Murrell,  
Potassium 
Program Director
smurrell@ipni.net

NUTRIENT PROGRAMS

Dr. Heidi Peterson,  
Phosphorus 
Program Director
hpeterson@ipni.net
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Dr. Tai McClellan Maaz,  
Nitrogen 
Program Director
tmaaz@ipni.net
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Moscow, Russia
Alexandra Erofeeva, Office Assistant: aerofeeva@ipni.net
Penang, Malaysia
Sandra Leng, Operations Manager: sleng@ipni.net
Rachel Lim, Data Manager and Analyst: rlim@ipni.net
Monique Neoh, Administrative and Training Program Executive: mneoh@ipni.net
Mei Shih Tan, Research Officer: mstan@ipni.net
Manila, Philippines
Lovely Luar, Research Agronomist: lluar@ipni.net
Nerrisa Paduit, Researcher: npaduit@ipni.net
Jessa Perez, Nutrient Expert Programmer; jperez@ipni.net

Nairobi, Kenya
Dr. Guillaume Ezui, Cassava Agronomist: gezui@ipni.net 
Esther Mugi, Research Assistant: emugi@ipni.net
Dr. James Mutegi, Farming Systems Analyst: jmutegi@ipni.net
Joses Muthamia, Agronomist: jmuthamia@ipni.net
Samuel Njoroge, Research Assistant: snjoroge@ipni.net
Ann Odero, Finance and Administration Manager: aodero@ipni.net
Angela Okoth, Administrative & Finance Assistant: aokoth@ipni.net
Jairos Rurinda, Soil Scientist: jrurinda@ipni.net

Dr. Vladimir Nosov, 
Director,  
Southern and Eastern Russia
vnosov@ipni.net

Dr. Ping HE, 
Director, China
phe@ipni.net

Dr. Thomas Oberthür, 
Director,  
Southeast Asia
toberthur@ipni.net

Dr. Sudarshan Dutta,  
Deputy Director, South Asia
sdutta@ipni.net

Dr. Shutian LI, 
Deputy Director, 
China 
sli@ipni.net

Dr. Fang CHEN, 
Deputy Director, 
China 
fchen@ipni.net

Dr. Svetlana Ivanova, 
Vice President, 
Eastern Europe /Central Asia 
Group
sivanova@ipni.net

EASTERN EUROPE   /
CENTRAL ASIA GROUP

Eastern Europe /Central 
Asia includes Russia, 
other Former Soviet Union 
countries, and Central 
Asia countries. 

ASIA AND AFRICA GROUP

Asia includes China, South Asia, and Southeast Asia. 
Africa includes North Africa and Sub-Saharan Africa.

Dr. Kaushik Majumdar,
Vice President,  
Asia and Africa
kmajumdar@ipni.net

Dr. T. Satyanarayana,  
Director, South Asia
tsatya@ipni.net

Dr. Mirasol Pampolino, 
Deputy Director,  
Southeast Asia
mpampolino@ipni.net

Dr. Shamie Zingore, 
Director,  
Sub-Saharan Africa
szingore@ipni.net
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 MAKING A DIFFERENCE IN 

SCIENCE
BETTER SCIENCE
FOR NUTRIENT
STEWARDSHIP

The scientists who work for 
IPNI around the world share 

an education in the scientific 
disciplines of soil fertility and 
plant nutrition. Through their 
engagement of the issues 
associated with the responsible 
management of plant nutrition, 
they partner with and influence 
scientists from a wider umbrella 
of disciplines. This influence 
benefits the crop nutrition 
industry by ensuring that the 
science developed to shape 
policy is relevant to the reality of 
today’s agriculture.

The IPNI Scholar Award 
provides recognition and support 
to students studying these 
disciplines at the graduate level. 
Evaluation of the hundreds of 
applications received each 
year involves most of IPNI’s 
scientific staff. These awards 
build capacity for the sciences 
supporting nutrient stewardship. 

IPNI scientists are publishing 
in high level scientific journals, 
influential on a wide range of 
disciplines. For example, Dr. Fang 
Chen and his group in China 
published a new mathematical 
model in Nature for more precisely 
deriving the economic optimum 

6
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“

from fertilizer rate trials. Dr. Tai Maaz led a group to 
publish a technical comment in Science Advances, 
correcting an erroneous estimate of air pollution impacts 
arising from use of nitrogen fertilizer in California. The 
benefits to the industry are difficult to quantify exactly, 
but are undoubtedly enormous. 

In the pages that follow, you will see examples of 
IPNI scientists at work around the world. When they 
create collaborations of scientists in North America’s 
Nutri-Net, assessing multiple impacts of 4R nutrient 
management at multiple sites, or in North Bengal, 
supporting field-oriented 4R decisions, they encourage 
partners to ask the right questions. Global projects on 
maize and soybean bring together scientific ideas on 
the advancement of ecological intensification, and 
take these ideas to the field. Science is engaged to 
implement a research framework for smallholder farms 
in Africa, providing evidence-based recommendations. 
Research groups in the Southern Cone of South 

America are focusing on soil health. Strong science 
supports the Nutrient Expert and Plantation Intelligence 
decision tools.

In every country around the world, and at the United 
Nations level, scientific evidence is being sought on 
which to base sound policies supporting sustainable 
agriculture. While IPNI does not engage directly with 
policymakers, the science it supports has a profound 
influence on the evidence base available relating to 
nutrient stewardship. Working in collaboration with 
industry associations, IPNI makes crop nutrition 
science based. 

Sincerely,

Tom Bruulsema, Ph.D. 
Vice President, Americas & Research

IPNI Science is 
all about making 
crop nutrition for 
abundant yield 
compatible with 
society’s goal 
for a healthy 
environment.

“

7

Dr. Tom Bruulsema

SCIENCE
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IPNI is a key coordination member of a 
new 4R Research Fund Project 
“Nutri-Net”. This project is 
establishing a collaboration 
amongst researchers 
across the Midwestern 
U.S. and Ontario, 
Canada to collect data 
evaluating the efficiency 
of 4R practices. The 
coordination aspect of 
this project is key because 
it is providing an opportunity 
to quantify and track the impacts 
of 4R implementation at multiple sites. The 
Nutri-Net team is documenting data collection 

techniques so that future researchers can 
follow the same protocol to answer key 

questions regarding the impacts 
of nutrient management in 

corn-based cropping systems 
on water quality in the 
Mississippi River Basin. In 
the current economic climate, 
academic researchers are 

typically competing amongst 
their colleagues for research 

funding. However, this project 
is unique because it instead brings 

researchers together for collaboration on 
one coordinated project. 

Nutri-Net project team

8

http://research.ipni.net/project/IPNI-2017-USA-4RF01
http://research.ipni.net/project/IPNI-2017-USA-4RF01
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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.

SCIENCE
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New Delhi conference participants 

Dr. Scott Murrell,  Potassium Program Director, 
and Dr. Kaushik Majumdar, VP Asia and Africa, 

at inaugural event of the National Conference on Advances 
in Potassium Research for Efficient Soil and Crop 

Management in New Delhi. 
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Our Potassium Program is leading improved approaches to assess 
the need for potassium fertilization. In three recent conferences 
dedicated to potassium science, IPNI has initiated discussions on 
how to accurately determine the potassium status of soils and predict 
how long the soil can supply adequate potassium to crops. We have 
also fostered discussion of new ideas for increasing the effectiveness 
of potassium fertilizer applications. These ideas are archived in the 
various conference presentations available here. These innovative 
concepts are now being organized and brought together into a book to 
be published later this year. 

The national conference on “Advances in Potassium Research for Efficient Soil and Crop Management” was 
organized in New Delhi, with an accompanying book covering the ongoing research and educational activities 
related to potassium. The conference was jointly sponsored by IPNI and other leading Indian scientific organizations. 
The speakers were able to highlight advancements in potassium science, frontier technologies, research gaps, and 
extension needs to overcome inadequate potassium fertilizer use.

11

SCIENCE

http://potassium.ipni.net/topic/frontiers-of-potassium-conference
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IPNI Global Maize Projects (Click on the map for details)

Our Global Maize project aims to create locally appropriate, ecologically 
intensive practices that close yield gaps and increase nitrogen use efficiency.

For example, Global Maize has several research sites in Virginia, USA 
where concepts related to 
intensive maize production are 
being tested. Specific studies 
underway include how to involve 
model-based decision support 
systems for in-season nitrogen 
fertilizer applications, variable-
rate phosphorus and potassium 
fertilizer management based on 
grid sampling of the soil, and 
variable-rate seeding based on 
field management zones.  

12

Dr. Steve Phillips, Director, North 
America Program (second from left), 
visits Virginia Global Maize site with 

collaborators and IPNI staff.

http://research.ipni.net/research/projects.nsf/mapbuilder?OpenAgent&t=g&m=global%20maize%20project
http://research.ipni.net/research/projects.nsf/mapbuilder?OpenAgent&t=g&m=global%20maize%20project
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Our Global Maize project brings together scientists 
of different institutions to examine the effects of 
cropping systems management on maize yield, with 
support from the Ministry of Science and Technology 
of Argentina.  

Another example is the IPNI-led research on 
breaking soybean yield barriers, which coordinates 

the efforts of international scientists, universities, and 
the Argentinean National Agricultural Technology 
Institute. Recent publications and webinars point to 
several opportunities to improve soybean yields through 
improved nutrient management.  

SCIENCE

13

Research collaborators at 
Argentinean Global Maize site.

Watch Dr. Fernando García, Director, Latin America-
Southern Cone Program, and his collaborator describe the IPNI 

project on breaking soybean yield barriers.

https://youtu.be/IhI99dvpR4Y
https://youtu.be/IhI99dvpR4Y
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A lack of modern information on plant 
nutrition and proper fertilizer use is serious 

challenge in Eastern Europe and Central Asia. 
Development of science-based recommendations 
supporting balanced plant nutrition is a high 
priority and can make a signification contribution 
to regional agricultural production and fertilizer 
market development. A recent example is 
an IPNI-led research project on forages 
conducted in Volgograd, the key region for 
the milk production in North-West Russia. 
The on-farm research had a special focus on 
increasing forage yields and quality through more 
precise applications of nitrogen, phosphorus, 
and potassium fertilizer and more intensive 
grass cutting. Results from two seasons show 
that higher mineral fertilizer application rates, 
combined with more intensive grass cutting result 
in a significant increase in the yield and quality of 
forages, as well as improving the economics of 
forage and milk production. The practical outcome 
is the development of a fertilizer management 
system for very high-yielding forage production. 

TAKE IT
to the    FIELD

14

Five research projects have been leading the science 
of plant nutrient management in Southern Russia. 
Research in the Republic of Bashkortostan has shown 
that spring rapeseed yield and oil content are increased 
by implementing 4R Nutrient Stewardship. In Voglograd 
Oblast, a combination of fertigation and foliar fertilization 
improved both tomato quality and marketable yields. 
Wheat yields and protein content are increased by 
adopting late-season fertilization and foliar fertilization. 
Similarly, barley yields are increased by fertilizing the crop 
at the right time and including sulfur in the fertilizer blend. 

Watch Dr. Vladimir Nosov, Director, Southern Russia 
Program (second from right) as he visits a rapeseed trial in 
the Republic of Bashkortostan.

https://youtu.be/FzuUWCQKXFs
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One of the main goals of IPNI scientists is to address the state of 
the art related to practical nutrient management information. Our 
Program publications, with articles from our own research and from key 
partners, summarize what is the best science and ready to deliver for 
crop consultants and farmers on the subject of plant nutrition. We make 
a difference with the science we transfer to the field. One example 
from Brazil is a recent article published on “Phosphorus Placement 
for Annual Crops in the Tropics”. In this article, readers can find key 
information about how to manipulate phosphorus fertilizer placement to 
increase agronomic and environmental efficiency. The main messages 
in the article were summarized in the form of “Take It To The Field” 
as seen below.

SCIENCE

15

Fertilizer left on the soil surface can be lost during runoff.

https://doi.org/10.24047/BC102121
https://doi.org/10.24047/BC102121
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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 

16
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The Southern Cone Program is working 
together with many research groups to 
document the benefits of 4R Nutrient 
Stewardship on both agronomic success 
and soil health. For example, since 2000 
IPNI has been leading the Nutrition Network 
(CREA Southern Santa Fe), an on-farm 
network of field experiments. Research 
groups from the University of Rosario have 
studied soil health under different fertilization 
treatments. In Uruguay, IPNI closely 
collaborates with the College of Agronomy 
from the Universidad de la Republica and the 
National Institute of Agricultural Research 
to identify crop potassium deficiencies and 
yield responses to fertilizer application.
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SCIENCE

Dr. Shamie Zingore
Director, sub-Saharan

Africa Program
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Our China Program has launched an extensive 
program to improve the accuracy of Nutrient 
Expert.® On-going projects focus on the use of 
potassium and nitrogen for sunflower, and how 
various sources of potassium and phosphate 
promote high yields and quality of apples. 
Numerous experiments were initiated on various 
vegetable crops to calibrate Nutrient Expert® 
software for improved fertilizer recommendations 
for more than 25 horticultural crops. An additional 

project assessed the quantity of nutrients from 
various organic residues that could be recycled 
back to crops as a guide for predicting future 
fertilizer consumption 
trends under the 
government zero-
growth policy for 
fertilizers. 

Nutrient Expert Training Workshop.

Dr. Shutian Li, Deputy Director, 
China Program (second from right), 
with local research collaborators.

18
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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.
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Research efforts of the IPNI North Africa 
Program focus on the important crops in the 
region. On-farm research in Morocco, Algeria and 
Tunisia showed that the use of Nutrient Expert® 
recommendations results in significant positive 
wheat yield responses to fertilizer applications. 
Improvements in yield and farm profitability 
resulted from use of Nutrient Expert®, compared 
with current farmer practice or official regional 
fertilizer recommendations. In some cases, 

potassium fertilizer had an additional benefit of 
reducing the severity of crown root rot in durum 
wheat. On-going research with olives revealed 
that up to a 30% increase in yield and a 20% 
increase in oil production is possible if fertilizer 
recommendations are adjusted based on leaf 
analysis and nutrient crop removal instead of 
traditional fertilization techniques. 

 

Weeds often pose a major challenge for achieving 
high crop yields. Added fertilizer can cause weeds 
to flourish and chemical control can be expensive. 
New IPNI research shows that the development 
of weed communities is closely related to soil 
nitrogen and phosphorus concentrations, the soil 
organic matter content, and sunlight transmission. 
A new model is being developed to achieve better 
weed control by modifying fertilization and crop 
management practices, achieving higher crop 
yield and requiring less herbicide application. In 

another project, the rice yield response to added 
fertilizer was found to be better predicted using a 
Unary Non-Structural Fertilizer Response Model, 
allowing more accurate estimations of the return 
on investment from added nutrients.

Dr. Hakim Boulal
(second from left), Deputy Director,

North Africa Program

Dr. Fang Chen,
Deputy Director, China Program
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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. 

21

Listen to Dr. Dharma Pitchay, coauthor 
of our recent e-book, describe the science 
behind his work.

https://youtu.be/f3kY377il18
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  MAKING A DIFFERENCE FOR

PEOPLE
REACHING PEOPLE WHO 
MAKE A DIFFERENCE 
WITH PLANT      
NUTRITION SCIENCE

People adopt or influence 
changes to make the 

difference. The next few pages 
provide a snapshot of activities 
we do across the world to reach 
out and communicate best 
nutrient management practices 
to people. 

I recently met a smallholder oil 
palm farmer in Ghana where my 
sub-Saharan Africa Program 
colleagues were working with 
oil palm plantations and their 
catchment smallholder farmers 
for implementing crop and 
nutrient best management 
practices. He told me that before 
IPNI scientists started interacting 
with him, he would only go to his 
farm to spread some fertilizer 
and harvest about 5 t/ha of fresh 
fruit bunches (FFB). His farm was 
full of weeds making it difficult 
to access the trees and harvest 
the crop. When I visited him, 
his farm was clean, the fertilizer 
application area around the oil 
palm trees clearly marked, he 
knows what, how much, when, 
and how to apply his fertilizer, 
and spends better part of the 
day in his farm tending the trees; 
the result is a 19 t/ha of FFB 
yield. Imagine the difference 
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this makes in the livelihood of a smallholder farm family or 
sustainability of palm oil production. 

Similar stories exist across IPNI Programs. From cocoa 
smallholder farmers in Indonesia, to forage producers or dairy 
farmers in Russia, to maize farmers in Argentina, China, or 
Nepal, it’s all about reaching people with better plant nutrition 
information. We can build capacity at multiple levels, making a 
difference on how fertilizer is managed to improve productivity 
and profitability so farms can contribute to the bigger picture of 
better food security, livelihood, and sustainability. 

The vehicle of these changes has been the 4R Nutrient 
Stewardship Principles that IPNI and the fertilizer industry 
jointly developed and promoted. The science of the 4R 
crystallized around 2007, about the same time IPNI started 
its operations. I am amazed how quickly it has become 
the cornerstone of plant nutrient management strategies. 
Cereals, annuals, perennials, forests, grasslands, big farms, 
small farms, tropics, temperate regions, you name it, and the 
principles provide the framework to design a 4R strategy for 
sustainable nutrient management. 

IPNI has developed a fertilizer decision support tool, the 
Nutrient Expert®, to assist farmers and their advisors 
implement 4R practices at their farms. Led by the Southeast 
Asia Program, the Nutrient Expert® tool development and 
dissemination now covers 18 countries and 6 crops across 
five IPNI Programs in Asia and Africa. The government 

research and extension organizations of these countries 
are supporting the Nutrient Expert® initiative with significant 
financial and human resources to reach more crops and 
farmers. The tool has the potential to make a difference for 
millions of smallholder farming families by improving their crop 
yield and profitability through efficient nutrient management.

IPNI has a limited number of staff managing large regional 
programs. Our Directors work closely with leading experts 
and collaborators to develop a suite of 4R practices that 
are tailored to crops, regions or sustainability goals. They 
leverage the strength of groups like the Certified Crop 
Advisers in North America and farmers’ groups like CREA 
(Regional Consortium for Experimental Agriculture) in 
Latin America to take these 4R messages forward more 
efficiently. Through our leadership in the InfoAg Conference, 
the K conferences in Rome and New Delhi, other regional 
symposiums and mega field events, IPNI scientists connect 
with leading experts, collaborators, policymakers and 
sustainability organizations to underline the positive role of 
fertilizers for sustainable intensification of production systems 
around the world.

Sincerely,

Kaushik Majumdar, Ph.D. 
Vice President, Asia & Africa

Dr. Kaushik Majumdar
(center)

PEOPLE
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As a Director, I take 
current scientific 
information and 
spread it far outside 
of that region, 
extending the impact 
and influence.

“

“

The many speaking opportunities our Program 
Directors have for educational outreach provide 

valuable opportunities to engage stakeholders. 
IPNI Directors are uniquely positioned to bridge 
geographic constraints that hamper many University 
extension programs in the United States that are 
primarily focused on state-based initiatives.

For example, our Phosphorus Program Director, 
Dr. Heidi Peterson,  was invited to present current 

agronomic information at a conference of Certified 
Crop Advisers. She had 50 minutes to teach a 
crowd of over 150 on integrating cover crops with 
the principles of 4R Nutrient Stewardship. Although 
she was the last speaker at the end of an eight-
hour event, the audience remained engaged as she 
shared practical and actionable research results 
from Kansas, Minnesota, and Ohio that can be 
implemented to meet the goals of their nutrient loss 
reduction strategies.

Dr. Heidi Peterson,
Director, Phosphorus Program
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In some regions, our main target is to work with 
crop consultants and provide them the best 
possible information so they can use nutrients 
wisely. Through our educational activities, 
thousands of consultants are trained each year to 
better advise farmers around the country about the 
4R approach to managing nutrients. To accomplish 
this goal in Brazil, our public training events are 
a fundamental activity, consisting of organizing 

appropriate forums to educate consultants who 
will ultimately train the millions of farmers in the 
country. One recent example is our “Symposium 
on Precision Agriculture as a Tool for Fertilizer 
Best Management Practices”, where agronomists 
received the most recent information about how to 
best implement precision agriculture techniques in 
Brazil.

Although we interact directly with many 
farmers throughout Brazil, it is even 
more effective to train the trainers and 
influence the influencers to increase our 
impact.

“

“

PEOPLE

Dr. Luís Prochnow,
Director, Brazil Program

Listen to Dr. Prochnow describe a list of educational 
tools available to agronomists and growers in Brazil.

https://youtu.be/Q2B3rfHg-s0
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The annual InfoAg Conference 
(http://infoag.org) serves a valuable 
educational purpose for crop 
advisers, agricultural input dealers, 
service providers, researchers, 
and farmers engaged in precision 
agriculture.  The precision agriculture 
industry continues to grow and 
InfoAg is the premier event in 
North America for information 
exchange among these groups. 

IPNI demonstrates leadership in 
this arena by developing a high-
level educational program for the 
conference each year. The impact of 
InfoAg has expanded beyond North 
America, as evidenced by increased 
attendance from other countries. 
To respond to the growing interest 
in the conference, the first InfoAg 
International Conference will take 
place in 2019.

PEOPLE

The number of attendees at the InfoAg Conference continues to grow.
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Our China Program has a 30-year history of 
supporting activities that promote balanced plant 
nutrition.  Most recently, the adoption of 4R 
Nutrient Stewardship has been enhanced through 
wide-spread acceptance of the Nutrient Expert® 
tool for making fertilizer recommendations in 
situations where soil testing is not available or 
adequate. National research organizations now 
promote Nutrient Expert® as an accepted way 
of making fertilizer recommendations and have 
recently funded IPNI to expand the number of 
crops that can be targeted.

Opportunities for explaining 4R Nutrient 
Stewardship and Nutrient Expert® for wheat, 
maize, rice, and soybean regularly occur for 
training scientists, technicians, farmers, fertilizer 
dealers, and students. This educational outreach 
is further supported by a network of field 
demonstrations of balanced fertilization for various 
crops around the country. Considerable work 
has been devoted to publication of peer-reviewed 
articles, books, proceedings, Better Crops articles, 
brochures, and videos.

National research 
organizations now 
promote Nutrient 
Expert® as an 
accepted way of 
making fertilizer 
recommendations...

“

“

Dr. Ping He,
Director, China Program
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Nutrient Expert® allows crop advisers in the 
Philippines to quickly generate a 4R-based fertilizer 
recommendation for a specific field and corn variety. 
This tool was developed and field tested with support 
from key government, university, and private industry 
partners. On average, Nutrient Expert® consistently 
recommended increased application of potassium 
for all varieties and also increased phosphorus 
application for hybrid maize. Average nitrogen 
fertilizer recommendations were largely unchanged, 
but management changes were recommended 

to more effectively apply fertilizer during the 
growing season. To reach more Filipino maize 
farmers, Nutrient Expert-Maize is now promoted 
by the Department of Agriculture. Private 
fertilizer companies and farmer groups have 
also started in using and promoting the tool.

Nutrient Expert® increased maize yields in the 
Philippines by 12% for hybrid maize and 20% for 
traditional varieties.

Field days have trained 
more than 2,500 
participants since 2014, 
of whom 70% are North 
African farmers and 27% 
are extension agents. 

In North Africa, during the last five years, extension 
agents, scientists, and fertilizer dealers, and farmers have 
received training on 4R-based nutrient management and 
the use of Nutrient Expert®. During this past year, more 
than 1,800 farmers received fertilizer recommendations 
for wheat using Nutrient Expert®, in collaboration with the 
Moroccan government extension services.

Dr. Mirasol Pampolino,
Deputy Director, Southeast

Asia Program

Dr. Mohamed El Gharous, 
Consulting Director,

North Africa Program conducting 
in-the-field training.

PEOPLE
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IPNI Programs attract collaborators with the 
greatest expertise. Each IPNI Director and 
Deputy Director has his or her own network of 
experts and leaders. Working within this web of 
connections, our Potassium Program has been 
able to access leading scientific experts and tap 

into information not otherwise possible. The result 
of this process has been a gathering of a diverse 
set of leading global potassium-focused scientists 
willing to work together to address the complex 
issues that hamper our abilities to accurately 
assess potassium fertilizer needs.

Group photo of global potassium-focused “Frontier” scientists.
30
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Partnership and collaboration with South Asian 
university scientists is a key leadership role 
that IPNI regularly performs. The many IPNI 
cooperators from research and education sectors 
feel proud to showcase their efforts in front 
of large audiences, including peers, industry 
professionals, policymakers, and extension 
professionals. Our cooperators are encouraged 

to participate in national and international 
conferences where they present the results of 
IPNI-supported research projects that we are 
jointly conducting. Scientists cooperating with 
IPNI Programs publish peer-reviewed articles and 
organize events using university and government 
resources to further advance the IPNI mission of 
research and education.

PEOPLE

Dr. Sudarshan Dutta, 
Deputy Director, South Asia Program 

(center) in discussions with Indian research 
collaborators and IPNI Staff. 

Dr. T. Satyanaryana,
Director, South Asia Program 
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IPNI and Solidaridad’s Sustainable West 
Africa Palm Oil Program (SWAPP) initiated 
a project to identify and implement practices 
to increase yields for both smallholder 
farms and plantations in Ghana. The project 
successfully identified techniques to improve 
yields (e.g., increasing yields from 8.5 to 12.6 
t/ha), and then developed educational and 
training activities to help local farmers. Our 
sub-Saharan Africa Program was able to 
demonstrate the great potential for increasing 
oil palm production in Ghana by adopting 
improved management techniques.

Yields from oil palm production in West Africa 
are currently very low and efforts to increase 
production has mainly focused on expansion 
into new land. Fruit bunch yields currently 
average about 3.4 t/ha, which is less than 
20% of the yields obtained in Southeast Asia 
(18.4 t/ha). Poor yields in West Africa are 
caused by a combination of climate, poor 
soils, inadequate and unbalanced fertilizer 
use, and substandard field management.

Scouting oil palm in Ghana with 
plantation managers.

32

Watch a brief video about our oil palm best management 
practices project underway with our partners in Ghana.

https://youtu.be/LMcb3bJlj20
https://youtu.be/LMcb3bJlj20
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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.

PEOPLE
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Smallholder cocoa growers 
sorting harvested pods.
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Our Nitrogen Program is connecting 4R Nutrient 
Stewardship with improvements in economical, 
agronomic, and environmental outcomes. IPNI 
has worked with leading experts to develop 
suites of 4R management practices that are 
tailored to specific crops and regions. These 
suites of 4R management are designed to help 
growers and crop consultants attain specific 
sustainability goals. IPNI educational programs on 
nitrogen management 
empower farmers to 
make constructive 
changes in their 
fertilization practices. 
Advancing science-
based fertilizer 
recommendations 
also provides 
opportunities 
to engage with 
policymakers and sustainability 
associations searching for unbiased information for 
improving regulations. 

Interactions with farmers in Argentina, Bolivia, 
and Paraguay are one of the main activities of 
the Southern Cone Program. For example, in 
Argentina and Bolivia, IPNI partners with the 
farmer-led group CREA (Regional Consortium for 
Experimental Agriculture) to coordinate on-farm 
experimentation, promote farming sustainability, 
and provide nutrient management information 
through various workshops and conferences. 
Similar activities are carried out with no-till 
farmer´s associations of Argentina and Paraguay 
(AAPRESID at Argentina, and FEPASIDIAS at 
Paraguay). Through these and other educational 
activities, the message of 4R Nutrient Stewardship 
has been widely disseminated and farmers 
are increasingly empowered to improve their 
productivity and profitability by adopting these 
management changes. Educational outreach to 
university students in both Argentina and Paraguay 
provides opportunity to train future agronomists 
about the importance of nutrient management.

Field day with farmer-led group CREA (Regional Consortium for Experimental Agriculture) in Argentina.
34

Suites of 4R Nitrogen Management Practices for Sustainable Crop Production and Environmental Protection

Farmers around the world face multiple challenges in managing nitrogen (N) inputs for their crops/cropping 

systems each growing season. Weather uncertainty is among the largest and most difficult factors to be 

considered, but is well beyond a farmer’s or crop adviser’s control (SSSA, 2007; Tremblay et al., 2012). Still, 

weather uncertainty should be given serious consideration in arriving at sound 4R N management (right N 

source, at the right rate, time, and place of application; Bruulsema et al., 2009; IPNI, 2012; see IPNI history and 

resources on 4R Nutrient Stewardship at http://www.ipni.net/4R) decisions to simultaneously provide sustained 

and increased:
• crop yields
• farmer profitability
• soil fertility and system productivity (e.g., soil organic matter and soil organic N)
• reductions in losses of N to the environment via o ammonia volatilization 
o leaching/drainage/runoff losses of nitrate-N (NO3

--N)o gaseous emissions of nitrous oxide (N2O) and di-nitrogen (N2) from wet or waterlogged/saturated soils
The return of N2 from soil and water to the atmosphere is a natural process and helps explain why our atmosphere 

is 78% non-reactive N2. Yet, excessive losses of other N forms (reactive N; Galloway and Cowling, 2002; Sutton 

et al., 2009) to the environment can pose serious economic threats to farm profitability, and contribute to risks of 

harmful algae growth or water quality contamination, and air quality impairment (Compton et al., 2011; Davidson 

et al., 2012; Sobota et al., 2015; Zhang et al., 2015; Davidson et al., 2016).To identify ways in which U.S. agriculture can optimize management of fertilizer N in leading corn, soybean, and 

wheat cropping systems in the U.S., the International Plant Nutrition Institute (IPNI) and The Fertilizer Institute 

Impacts of crop production nitrogen (N) inputs and losses to the environment are a growing public 

concern. A U.S. national N management and nitrous oxide emission science workshop, aided by 

science input from Canada scientists, resulted in seven crop- and region-sensitive N management 

frameworks. Each framework has three tiers or suites of 4R N management practices to improve 

economic, social, and environmental outcomes. Intelligent implementation of improved 4R suites of 

N management practices can result in greater crop recovery of applied N, sustained and improved 

soil fertility and health, and cleaner water and air; while reducing emissions of nitrous oxide.
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IPNI Directors regularly participate in agronomic 
training and field days aimed at educating farmers 
on improved nutrient management techniques. 
Industry-sponsored training in Krasnodar, Russia 
and sugar beet field days in Balti, Mondova 
provided opportunities to expose 4R nutrient 
management to farmers and scientists. These 
regional events are excellent opportunities to 
explain the benefits from adopting 4R nutrient 
management and answer their specific questions 
on crop nutrition.  

The results of IPNI research projects in Eastern 
Europe/Central Asia are rapidly disseminated to 
groups who may benefit. For example, upon the 
completion of a project on forage production in 

Volgograd, communication outreach to the dairy 
industry became a priority. Dr. Svetlana Ivanova 
participated in Agrofarm 2017 (Russia’s leading 
exhibition for animal husbandry), an important 
meeting supported by the Russian Ministry of 
Agriculture. Dr. Ivanova was later invited to speak 
on the topic: “Best silage in Russia – 2017”, which 
attracted representatives of the largest dairy 
farm in Russia. She delivered a presentation on 
intensification of forage production in Volgograd, 
which highlighted the results of IPNI research. 
Dr. Ivanova presented her research results 
for Miratorg’ staff of 80 agronomists and crop 
managers in Central Russia. Miratorg is the largest 
producer of poultry, pork and beef in Russia.

PEOPLE

Dr. Svetlana Ivanova, VP Eastern Europe & Central Asia and  Dr. Vladimir Nosov, Director, Southern 
Russia working with field day attendees. 
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 MAKING A DIFFERENCE FOR 

STAKE-
HOLDERS

SIGNIFICANT PROGRESS 
ACHIEVED THROUGH 
COOPERATION WITH 
STAKEHOLDERS

Substantial improvements of 
crop production systems 

are necessary to meet the food 
demand of a growing world 
population. By implementing 
4R Nutrient Stewardship into 
practice, IPNI contributes to the 
development and dissemination 
of science-based knowledge 
on crop production to meet 
the necessary improvements 
in agricultural productivity 
and sustainability. Nowadays,  
sustainable agriculture requires 
more efficient utilization of 
the main resources involved 
in crop production – arable 
soils, fertilizers, energy, and 
water in order to reduce the 
environmental impact of 
agriculture, as well as achieving 
more effective application of 
research output. 

Modern crop production is 
becoming more competitive and 
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complex, combined with provision of other environmental 
goods and services, and fostering human and animal 
health and safety. In this regard, collaboration of all 
stakeholders involved – farmers, researchers, farm 
advisory services, agri and food production business, as 
well as government representatives is essential to create 
the synergy.  

For many years, IPNI has successfully partnered with 
other industry groups such as the International Fertilizer 
Industry Association (IFA), The Fertilizer Institute 
(TFI), and Fertilizer Canada to promote 4R Nutrient 
Stewardship. In 2017 IPNI and IFA represented the 

fertilizer industry in developing the Code of Conduct for 
the management of Fertilizers initiated by FAO. 

Here are more examples from regional IPNI Program 
activities that illustrate how cooperation between IPNI 
and stakeholders results in more effective application of 
research output.

Sincerely,

Svetlana Ivanova, Ph.D. 
Vice President, Eastern Europe/Central Asia Group

STAKEHOLDERS

Dr. Svetlana Ivanova
(center)
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IPNI continually works to create a more accurate 
understanding of plant nutrient management. It 
is a disservice to farmers and policymakers to 
allow outdated, overly simplistic, and inaccurate 
concepts of nutrient behavior to persist. IPNI 
develops different educational materials to see 
how stakeholders respond and feedback shows a 
huge desire for more accurate information. Many 
have said they appreciate being taught concepts 
that explain what they had been observing for 
some time but could not rectify with outdated 
information. IPNI is continuing to produce and 
deliver tools to empower those making fertilizer 
decisions in the field.

IPNI Directors are regularly requested to 
organize and conduct training on nutrient 
management strategies using data from the 
most recent scientific advances. For example, 
IPNI conducted key training for groups such 
as the Farming Smarter Field School and the 
Conservation Learning Centre in Central Canada 
for hundreds of regional farmers, consulting 
agronomists, and government specialists. 
Training sessions based on the principles of 4R 
Nutrient Stewardship facilitate on-farm adoption 
of the techniques by building knowledge and 
confidence of the attendees.

Dr. Tom Jensen,
Director, North America conducting

a training workshop.
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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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IPNI is working with 13 national and international 
partners to improve the sustainability of crop 
production in Bangladesh through 4R nutrient 
management. By leading the development of 
Nutrient Expert®, better fertilizer recommendations 
can be implemented and promoted in Bangladesh 
by these influential partners. Cooperation with 
leading scientific institutions in India on the Soil 
Health Card database have confirmed the benefits 
of using Nutrient Expert for making improved 
fertilizer recommendations and confirm that 
many soils in the region are deficient in sufficient 
potassium to support healthy plant growth. Strong 
partnerships with the national fertilizer association 
provide many opportunities for training agronomists 
and extension professionals.

IPNI North Africa has developed productive 
collaboration with many national institutions 
and organizations. For example, the National 
Agricultural Research Institute of Morocco (INRA) 
provides support for on-farm trials of wheat 
and olive fertilization. The Moroccan Office for 
Agricultural Advice (ONCA) promotes Nutrient 
Expert® fertilizer recommendations for wheat. 
Three Ph.D. students are conducting dissertations 
under the supervision of IPNI.

We partner with the Algerian Technical Institute of 
Annual Crops (ITGC) to demonstrate and promote 
4R Nutrient Stewardship, the Tunisian National 
Institute of Annual Crops (INGC) for improving 
olive tree nutrition, and the Senegal Agricultural 
Research Institute (ISRA) on training and validating 
Nutrient Expert® for Maize.

40

National and international partners meet in Bangladesh to 
discuss how nutrient recommendations can be improved 
through the use of Nutrient Expert®.

Stakeholder training session held by 
IPNI North Africa Program staff.
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heading

IPNI leads the promotion of 4R Nutrient 
Stewardship in Eastern Europe/Central Asia 
by working through key national and international 
partners. IPNI was invited to speak at several 
prominent conferences to educate more than a 
thousand industry leaders, agronomists, scientists, 
farm representatives, and government officials. 

This included an invitation to speak at Golden 
Autumn-2017, the largest agricultural exhibition in 
Russia. Cooperation with scientific groups has led 
to the Russian translation of key publications on 
topics such as micronutrient fertilization, the use 
of phosphogypsum in agriculture, and improving 
soybean nutrition.

STAKEHOLDERS
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Dr. Ivanova explains the yield and economic 
benefits from advanced nutrient management 
to the audience attending the Golden 
Autumn-2017 exhibition.
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IPNI reaches out to decision makers by actively 
working in partnership with institutions such as 
Fertilizar AC, the fertilizer industry association 
of Argentina. For example, the 2017 Fertility 
Symposium was attended by more than 900 
agronomists and farmers. Similarly, IPNI partnered 
to organize the Symposium of Agriculture in 
Uruguay, with an audience of 450 agronomists 
and farmers.

In Southeast Asia, local demand and export 
potential for agricultural products pushes the 
farming frontier into sensitive ecosystems. The 

opportunity to be more productive on the existing 
land can be supported through improved plant 
nutrition through proper use of fertilizers. Our 
Programs focus on groups that influence change 
in agricultural practices, such as: 1) integrated 
industries (e.g., oil palm), 2) buyer groups (e.g., 
black pepper and cocoa), and 3) public agencies 
(e.g. rice and maize). For example, our work with 
the oil palm industry to improve plant nutrition 
has resulted in 18 peer-reviewed papers, multiple 
conference talks, four 4R training classes, and 
new field guide books.

Dr. Fernando García, Director, Latin America-Southern Cone (back row, 6th from right) with lead presenters 
at the 2017 “Fertilidad” Soil Fertility Symposium in Argentina.

Dr. Oberthür participates in a conference discussing the importance of 
nutrient management for oil palm sustainability.
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As a relatively small organization, IPNI works with 
influential partners to make a difference.

In Brazil for example, a few key partners include 
agronomic institutes, farmer-led research 
associations, universities, and ANDA (the Brazilian 
Fertilizer Association). 

ANDA and IPNI partner for the Nutrients for Life 
(NFL) initiative in Brazil to inform the public about 

the many benefits of plant nutrients. Recently NFL 
Brazil and IPNI translated and published the booklet 
on “Having Fun with the Plant Nutrient Team” for 
educating children. More about this initiative can be 
found at http://brasil.ipni.net/article/horadebrincar

IPNI educates farmers through field 
demonstrations, day field tours, events, and 
webinars, among other activities.

STAKEHOLDERS

Dr. Eros Francisco
Deputy Director, Brazil

Cover of recent IPNI/Nutrientes Para a Vida (Nutrients for Life) publication “Having Fun with the Plant Nutrient Team”, 
which is designed to teach children about the links between healthy food and good crop nutrition.
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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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IPNI Program Directors often represent the plant 
nutrition industry on various advisory committees. 
Delivering science-based knowledge into a 
decision-making process is critical for developing 
good policy. At many meetings, our Directors 
are often the only one present to ensure that the 
voice of agriculture is heard. One example of this 
effort is in the state of Minnesota, U.S. where our 

Phosphorus Director, Dr. Heidi Peterson is on the 
4R certification technical work group. They are 
planning nutrient reduction strategies for the Red 
River Basin, which flows north from the U.S. and 
contributes nearly 60% of the phosphorus load 
entering Lake Winnipeg in Canada.  

STAKEHOLDERS
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IPNI Website: ipni.net   |   IPNI E-mail: info@ipni.net

The IPNI Communications Group supports the efforts of all IPNI programs. 
Its activities intersect all of the objectives of the IPNI Tactical Plan by 
demonstrating the Institutes’s leadership, highlighting its research 
accomplishments, promoting understanding of sustainable nutrient 
management, and meeting the needs of IPNI member companies.

EDUCATION MATERIAL:
Our annual catalog highlights many of IPNI’s educational materials. While an 
increasing number of our materials are free to download, selected publications are offered through our 
store (http://store.ipni.net) and fulfilled by our circulation staff.

INFORMATION SYSTEMS:

IPNI’s online presence is managed in-house through our 
group’s expertise. Our website network is designed to 
allow each IPNI program to self manage their web content 
with the support of the communications group. Our group 

extends IPNI news and messages through social media 
(Twitter, Facebook, YouTube, Instagram, Blog). 
Our Media Server (https://media.ipni.net) hosts webinars, 
presentations, photo/video galleries, subscription services, 
and access to InterActions, our newsletter for our members. 

Robert Mikkelsen
VP Communications
rmikkelsen@ipni.net

Gavin Sulewski
Editor
gsulewski@ipni.net

Sharon Jollay
Assistant Editor
sjollay@ipni.net

Abena Williams
Communications 
Specialist
awilliams@ipni.net

Shea Shirley
Communications
Agronomist
sshirley@ipni.net

Brian Green
IT Manager
bgreen@ipni.net

EDUCATIONAL MATERIALS
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Plant Nutrition Diagnostics:
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Dr. Robert Mikkelsen
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RESEARCH INTERPRETED:

Better Crops - Our flagship quarterly 
continues to serve as our most recognized 
venue for delivering agronomic science to 
the practitioner. This year Better Crops was 
redesigned as a digital magazine that has on-
line extras integrated into its pages. 

Research with Impact – Monthly 
series focusing on research solutions to 
challenges faced.

Plant Nutrition Today – Monthly series that 
highlights topical issues.

POSITION PAPERS:
Issue Review – In-depth, critical reviews.
Snyder, C. 2017. Progress in Reducing 
Nutrient Loss in the Mississippi River Basin – 

But Effects on Gulf Hypoxia Still Lag 
Norton, R.M. 2017. Nutrient Use Efficiency 

and Effectiveness in Australia: Assessing Agronomic and Environmental Benefit 

DECISION SUPPORT:

Study Guides/Manuals
• Certified Crop Adviser 
    4R Nutrient Management   
   Specialist Study Guide 
•  4R Plant Nutrition Manual 
    (Turkish)
•  Oil Palm 4R Series

Factsheets
Nutri-Facts Series (Arabic 
and Australian/New Zealand 
editions)

Booklets
Mineral Nutrient Deficiencies in Cereals (Spanish)
Plant Nutrition Diagnostics (Potato)

About IPNI:

Distance Education: Webinars & Videos 

MEETING 
SUPPORT:
Pre/Post Conference

SPECIAL EVENTS:
Global Fertilizer Day 
Photo Contest
Exhibits

HOW ENHANCED -EFFICIENCY      NITROGEN   FERTILIZER CAN WORKFOR YOU

PLANT NUTRITION TODAY is a monthly publication of compiled scientific information developed by the 

International Plant Nutrition Institute (IPNI). Website: http://www.ipni.net/pnt

PLANT NUTRITION
2018 ISSUE 1, NO. 3

The goal of any enhanced-efficiency nitrogen (N) fertilizer 
is to supply enough N when and 
where the plant needs it. However, 
not all enhanced-efficiency fertilizers 
function the same way. It is important 
to select the product that will most 
meet your agronomic, economic, and 
environmental goals.1. MODE OF ACTIONThere are two basic types 

of enhanced-efficiency N fertilizers. The first includes controlled-release 
products, such as polymer-coated urea. The second is stabilized N, which includes enzyme inhibitors such as urease or nitrification inhibitors.Each of these products target 

different processes in the N cycle, and 
therefore regulate different forms of 
plant-available N and downstream loss 
pathways. 

• The coating of controlled-release 
products is designed to release 
urea under conditions favorable 
to plant growth thus regulating the 
pool of soluble urea. Studies have 
demonstrated that these products 
can decrease ammonia volatilization, 
reduce overwinter N losses, and 
increase the safety of urea placed 
with the seed. 

• Urease inhibitors block the urease 
enzyme that is responsible for 
splitting the urea into ammonia and 
carbon dioxide. Therefore, urease 
inhibitors regulate the pool of plant-
available ammonium and can also 
reduce ammonia volatilization. 
Remember that ammonia volatilization is more likely in soils 

with high pH, high temperature, and 
low moisture, particularly for surface-

applied urea.
• Nitrification inhibitors block the activity of nitrifying bacteria, which are responsible for transforming ammonium to nitrate, thereby regulating the pool of plant-available nitrate. Studies have determined these inhibitors can reduce losses of nitrate leaching in 

coarser soils and nitrous oxide 
emissions in poorly-aerated, wet, 
warm soils. Some products combine 
nitrification inhibitors with urease 
inhibitors for multiple modes of action.
2. PRODUCT TESTINGThere are a lot of enhanced-efficiency 

N products coming onto the market. 
When considering a new product, there 

are two major considerations. First, the 
specific mode of action—or how the 
product regulates N transformations—
should be known, measurable, and 
explicitly stated. Secondly, even if 
the mode of action is well-defined, 

Dr. Tai McClellan Maaz
Director, Nitrogen Programtmaaz@ipni.net

THE RESEARCH SOLUTION: 

The IPNI China Program 
established a research 

project with the Inner 

Mongolia Academy of 

Agricultural and Animal 

Husbandry Sciences, with 

additional support by various IPNI member companies. 

The initial objective of this project was to determine 

the most beneficial K sources for potato production in 

Inner Mongolia. There are several forms of fertilizer that 

are excellent sources of K nutrition, but they vary in the 

nutrients delivered, their behavior in the soil, and their 

purchase price. 

Researchers studied the effect of KCl on potato yield 

and quality, compared KCl with two other excellent 

K sources—potassium sulfate (K2SO4) and potassium 

nitrate (KNO3)—and studied the economic benefit of KCl 

application with different phosphate fertilizers.

RESEARCH WITH 

IMPACT

Our Research with Impact series highlights examples

of solution-driven research sponsored by IPNI.  

FIND THIS PROJECT AT 

HTTP://RESEARCH.IPNI.NET/PROJECT/IPNI-2016-CHN-NM02

THE CHALLENGE:

           hina is the largest global potato   

            producer and Inner Mongolia 

(IMAR) is one of the country’s major 

potato-growing regions. In IMAR, 

potatoes are important as both a staple 

food and a source of income, with potato 

sales accounting for more than half of 

rural household earnings. Potato farmers 

generally earn a higher profit from 

growing potatoes, compared with cereal 

crops or legumes.

Potatoes remove large amounts of 

potassium (K) from the soil during 

harvest (up to 720 kg K2O/ha). Gradual 

depletion of native soil K reserves by 

crop harvest, accompanied by insufficient 

K replacement through fertilization, has 

led to a decline in the once-adequate soil 

K supply. Without proper K fertilization, 

a reduction in potato yield, quality, and 

farmer profitability has been observed.

THE RESULTS: 

Compared with plots receiving no K, fertilization 

with KCl (79 kg K2O/ha) increased rain-fed 

potato production by 1.6 t/ha (10%) and also 

boosted starch production. In irrigated fields, 

fertilization with KCl (129 kg K2O/ha) improved 

potato production by 2 t/ha (7%).

An additional benefit of KCl fertilization was the 

lower sugar content of the tubers. A low sugar 

content results in a desirable light-colored 

potato chip after it is cooked.

In this research, tuber yield and quality equally 

benefited from K fertilization, regardless of 

whether the K was supplied from KCl, K2SO4, 

or KNO3. Applying K before planting, or in 

two applications, was superior to a single 

application after the plants had begun growing.

Application of KCl or K2SO4 with P 

fertilizer [diammonium phosphate (DAP), 

or monoammonium phosphate (MAP) 

supplemented with sulfur (S) and zinc 

(Zn)] resulted in similar tuber yield, but 

the use of KCl was more profitable than 

K2SO4. Fertilization with both KCl with 

DAP was most profitable (US$6,300/ha), 

followed by fertilization with KCl and S + 

Zn-supplemented DAP ($6,100/ha). Potato 

profitability without the use of K fertilizer was 

only $5,600/ha.

This multi-year research project has helped 

the region’s potato farmers increase their 

productivity and profitability by identifying 

the most beneficial rates, sources, and times 

of K application. 
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Potassium Fertilizer Research is 

Reviving Potato Production in China

Potato yields increased when K fertilizer was added, especially when the fertilizer was applied before 

planting or split into two applications. Irrigation consistently increased yields regardless of K management.

THE RESULTS: 
Nitrogen Source:  Under these rain-fed 
conditions and within disease-prone regions, 
the use of urea fertilizer as the nitrogen source 
resulted in more disease development and 
severity, which led to lower grain yield compared 
to plots fertilized with ammonium nitrate as the 
nitrogen source.
Potassium Nutrition: Wheat that received 
nitrogen had at least twice as many whiteheads 
compared to wheat that did not receive nitrogen 
fertilizer. However, fertilization with potassium 
sulfate consistently reduced the development 
and severity of wheat crown rot, while still 
maintaining or improving grain yield.

Recommendation:  All wheat farmers are 
encouraged to periodically take soil samples 
to assess the nutrient status of their fields. 
However, farmers with a history of crop damage 
from wheat crown rot are especially urged to 
consider adding potassium sulfate with their 
standard application of DAP. Additionally, 
switching the nitrogen fertilizer source from 
urea to ammonium nitrate may also provide 
additional crop protection from crown rot.

The benefit of potassium in reducing the 
negative effect of wheat crown rot is a promising 
finding to help resource-limited wheat farmers 
deal with yield losses.

RESEARCH WITH 
IMPACT

Our Research with Impact series highlights examples

of solution-driven research sponsored by IPNI.  
FIND THIS PROJECT AT 

HTTP://RESEARCH.IPNI.NET/PROJECT/IPNI-2014-MAR-3

THE CHALLENGE:
heat crown rot is a fungal disease that results 
in significant economic loss in Morocco 

and in wheat-growing areas around the world. 
The disease is caused by the soil-borne fungus 
Fusarium culmorum. Ultimately the fungus causes 
the heads of wheat plants to turn white and die 
prematurely. This disease is commonly known as 
“whitehead”, and is easily identified in the field. 
These whiteheads contain either no grain or only 
shriveled kernels.

In the dryland wheat production areas of Morocco, 
crown rot reduces yields for many farmers. Earlier 
research has linked the severity of crown rot with 
drought conditions and unbalanced plant nutrition.   

Efforts to control crown rot have been limited by a poor 
understanding of the interacting factors associated 
with crop management and disease development, 
especially the benefits of balanced nutrition.

The incidence of wheat whiteheads caused by crown rot  and wheat grain yield as influenced by the sources of 

plant nutrition in dryland fields. All treatments received a uniform application of diammonium phosphate (DAP).  

Improved Plant Nutrition Helps Moroccan 
Farmers Control Wheat Crown Rot

THE RESEARCH SOLUTION: 
IPNI and partners in Morocco initiated a research effort 
to investigate the interaction of wheat crown rot disease 
with balanced plant nutrition. Non-chemical solutions to 
controlling this disease in durum wheat were preferred 
amongst farmers.
Experiments were established in three important wheat 
production regions in Morocco (Chaouia, Doukkala, and 

Abda) to evaluate the 
potential benefits of 
improving plant health 
as a means of disease 
suppression.
Durum wheat was 
grown at each location 
with supplemental 
irrigation or rainfall. The 
seed for half of the field 
was inoculated with 
Fusarium culmorum 
spores to ensure that 
infection was likely to 
occur. Nitrogen was 
applied as either urea or 

ammonium nitrate. Potassium sulfate was applied to half 
of the treatments and diammonium phosphate (DAP) was 
uniformly applied to the entire field. 
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Severe case of crown rot disease showing the formation of whiteheads in durum wheat.  

WEBINAR SERIES
Join us for a FREE

Webinar 

DATE:  Wednesday, December 13, 2017
 5:30 PM Moscow time  
 (UTC/GMT +3); 9:30 AM U.S. EDT 

SPEAKERS:  Dr. Svetlana Ivanova
 Director, Central Russia
 Dr. Vladimir Nosov
 Director, Southern and Eastern Russia
TOPIC:   Improving Nutrient Management for   
 High-Yielding Soybeans in Russia

Despite a rapid expansion in 
soybean area over the last 10 
years, yields remain relatively
low in Russia.This webinar
by Drs. Ivanova and
Nosov will discuss
soybean crop nutrition
issues for the Central

and Southern Russian regions based on recent
IPNI-initiated field studies that have identified key
yield-limiting factors and best nutrient
management practices. Register 

HERE
CAN’T ATTEND? Register & you’ll receive 
details on how to see this on YouTube. 

ipni.info/webinar17121

WEBINAR SERIESJoin us for a FREE
Webinar DATE:  Wednesday, May 24, 2017  7:00 PM IST; 9:30 AM U.S. EDTSPEAKER:  Dr. T. Satyanarayana Director, South AsiaTOPIC:  Use of Secondary and Micronutrients in Indian Agriculture: 

 Extent of Deficiencies and its Impact on Crop Productivity Dr. Satyanarayana will be talking about the importance of secondary 
and micronutrient fertilizer use in India, the distribution/extent of theirdeficiency, and, forecasting the emerging deficiencies of secondary and micronutrients in crops and soils. He will also be discussing crop response to application of secondary and micro nutrients and mechanisms for enhancing the use efficiency of secondary and micronutrient application.

ipni.info/webinar17053

Register 
HERE

CAN’T ATTEND? Register & you’ll receive details on how to see this on YouTube. 
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This Nutri-Fact is one of a series of fact sheets written by scientific staff of the International Plant Nutrition Institute (IPNI) that is focused on essential plant 

nutrients and their use. This series is available as PDF files at www.ipni.net/nutrifacts.

N u t r i - Fa c t sAgronomic fact sheets on crop nutrientsMagnesium

Magnesium (Mg) is one of the macronutrients that is essential 

for both plant and animal growth and development. Mg 

is readily leached from acidic soils, therefore, recognising 

Australia’s soil acidity problems there is an implication that the 

Mg concentrations in Australian soils are declining. An adequate 

supply of Mg to grain crops is particularly important as Mg 

directly affects grain production and quality. It is also important 

for the production of fodder crops as insufficient Mg intake in 

grazing animals can lead to disorders such as grass tetany.

In Australia, Mg deficiency Is not common, but the continued 

removal of Mg in crop and livestock products, along with the 

acidification of soils mean that growers and advisors should be 

aware that it may require remediation.Magnesium in Plants Mg is an essential plant nutrient and is required for normal growth 

and development to occur. Mg is the central atom in the chlorophyll 

molecule, which is responsible for photosynthesis and leaf colour. 

Mg also plays a role in protein synthesis, activating many enzyme 

processes, adenosine triphosphate (ATP) metabolism (energy 

storage), the movement of carbohydrates around the plant, plant 

respiration, and phosphate metabolism. Mg is also an essential part 

of animal nutrition, and adequate plant concentration will assist with 

healthy growth in both plants and animals that consume those plants.

Magnesium in SoilsMg can only become available for plant uptake once it has been 

released into the soil solution through the process of mineral 

breakdown or the weathering of parent material. It can also be 

introduced in manure, through irrigation water, bio-solids or 

commercial fertilizer. Uptake is via mass flow when soil water is 

taken up.

Soil pH has a direct effect on Mg release from clay minerals, as well 

as plant uptake such that Mg availability decreases at low pH.  Mg is a 

divalent cation, which can occupy sites on the exchange complexes 

in soils. Other exchangeable cations are Hydrogen (H), Aluminium 

(Al), Calcium Ca), Potassium (K) and Sodium (Na) and they compete 

for adsorption sites on soil particles and for plant uptake. Mg does 

not bind as tightly as some cations and therefore can be subject to 

leaching. The risk of leaching is greatest on soils with a pH below 7, 

and coarse textured (sandy) soils in areas of high rainfall or irrigation.

Nutrients that compete with Mg for crop uptake vary depending on 

the conditions of the soil. Ca and K are two of the most important 

nutrients that can increase the risk of Mg deficiency. When Ca or 

K levels are high in the soil, especially in soils naturally low in Mg, 

uptake by plants can be reduced. Mg also has very specific benefits 

in protecting against Al toxicity in acid soils. Deficiency symptoms 

often occur because of competition for uptake with other ions, 

rather than just a low soil Mg concentration. The concentration 

of these cations in the soil solution is important, not the ratios 

among them.

NO. 6

Australia and New Zealand Grains Edition

Figure 1. Mg deficiency symptoms, lucerne (A), wheat (B) and cotton (C). 
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Financial Statements
December 31, 2017 and 2016

PotassiumIPNI PROGRAM REVIEW

 

Key Issues & Needs

A major responsibility of the Potassium 

(K) Program Director is to cooperate 

with government, university, NGO, 

and industry scientists to develop 

and implement evidence-based, 

sustainable, K fertilizer management 

approaches. 

Within IPNI, the K Program Director 

works to seek synergies and 

appropriate coordination among 

activities of IPNI Regional Directors 

that pertain to K nutrition of crops.

Priority topics include:

• Contributing expertise and 

advice toward K balance 

measurements and soil fertility 

assessments

• Improving the effectiveness of K 

fertilizer recommendations

• Facilitating development of 

evidence showing the influence 

of K on improving the efficiency 

of water, land, and other 

nutrients

• Helping define the role of K 

fertility in soil health 

• Working with IPNI scientists to 

develop educational materials 

that explain the appropriate 

science to those making K use 

decisions

4R Stewardship

Form, rate, time, and place are concepts that have 

resonated with scientists, policy makers, and farm-

ers. The Potassium Program will continue to work 

with these concepts in the future to build on the 

successes the industry has had promoting them. 

Nutrient Education

The 2017 Frontiers of Potassium Science 

Conference provided a wealth of information 

upon which further educational materials have 

been and are continuing to be developed, 

including webinars and other web content, 

conference presentations, proceedings papers, 

journal articles, and a book.

Closing Yield Gaps

The K Program will be assessing how much

of the crop yield gap can be closed by better

management of K in global cropping systems.

Enhancing Sustainability

Sustainable K management requires the

replacement of K removed by crop harvest.

Nutrient balance assessments such as NuGIS,

initially developed for the U.S. but being adopted

by other countries, will be an essential part of the

Program for assessing the sustainability of K use.
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Improved Fertilizer Recommendations

The K Program will be actively seeking new 

approaches and technologies to improve the 

effectiveness of K fertilizer recommendations.

Dr. T. Scott Murrell

Director, IPNI

Potassium Program

smurrell@ipni.net 

IPNI REGIONAL REVIEW 

4R Stewardship
We are implementing 4R activities targeted at 
selected regions and crops where overall nutrient 

use or nutrient use efficiency is currently too low. Nutrient EducationIPNI is recognized as a national leader in 
developing and publishing educational 
information for diverse stakeholders involved  

with plant nutrition and fertilizers.Improved Fertilizer RecommendationsThe IPNI Brazil program has developed several 

web-based tools on their website to optimize 
fertilizer recommendations and nutrient 
application for crops. Some examples include: 1  providing fertilizer recommendations based 

on soil test analysis from different regions of 
the country and for various crops, 2  the nutritional status of Brazilian crops can be 

assessed through plant tissue analysis based on 

our diagnosis and recommendation integrated 
system (DRIS), and 3  allowing farmers and crop advisers to easily 

measure crop nutrient budgets at a farm scale. 
An additional tool to optimize the application of 

lime and fertilizers is under development.Closing Yield Gaps
Through agronomic research, crop modelling, and 

review of the scientific literature, we are working 

to close yield gaps of high-priority crops by 
implementing enhanced 4R nutrient management.
Enhancing SustainabilityIPNI Brazil scientists will run and publish studies 

indicating the sustainability of current crop nutrient 

use practices at country, state, and the crop level 
(through nutrient budgets and soil fertility surveys). 

These sustainability assessments identify specific 

regions and crops to target for achieving higher overall 

nutrient use and improved nutrient use efficiency.

TACTICAL PLAN 

Dr. Luís ProchnowIPNI Director,Brazil
lprochnow@ipni.net

Dr. Eros FranciscoIPNI Deputy Director,Brazil
efrancisco@ipni.net 

Brazil Program

highlights & prio
riti

es
Key Issues & Needs• Major education gaps exist for 

most agronomic practitioners in 
the nutrient use and supply chain.• High quality agronomic research 

underway, but inadequate knowledge transfer to the field.• Negative nutrient budgets drain 
soil reserves for many regions and 
crops, threatening sustainability.• Some regions and crops have low 

nutrient efficiency, with negative 
economic and environmental consequences.

• Additional regulations on nutrient use are likely, but should 
be based on sound science• Fertilizer companies need scientific guidance for market 

development and planning for 
appropriate nutrient use.• General public needs greater awareness of the benefits that 

fertilizers provide.
 

ISSUE:
Although there is 

potential to achieve 

high yields of oil 

palm in West Africa, 

production on both 

large plantations and 

small farms continues 

to be low. A lack of 

understanding of 

proper agronomic 

practices and 

inappropriate nutrient 

use continues to be 

wide spread. There 

is also a lack of basic 

information about 

the most appropriate 

use of fertilizers for 

various soil conditions 

and tree growth stages.

CHALLENGE:

While cultivation of oil palm trees in West 

Africa is rapidly increasing, average yields 

remain stubbornly low. For example, 

potential yields in Ghana can reach 25 

t/ha (fresh fruit bunches), but typical 

yields still remain below 6 t/ha. This low 

yield also lags other oil palm-producing 

regions, such as Southeast Asia and Latin 

America where yields of 18 t/ha are 

typical. The extremely acid soils in West 

Africa have very low organic matter 

and are deficient in N, P, K, and other 

nutrients that make crop production 

challenging.

There is limited land available for further 

expansion of oil palm cultivation in 

Ghana, leaving intensification as the only 

path forward for improving production on

existing plantations and small farms. 

Compared with oil palm growers in Latin 

America and Southeast Asia, the African 

farmers have very limited knowledge of 

modern agronomic practices, including 

fertilizer management.

RESPONSE:

The IPNI Sub-Saharan Africa Program, in 

partnership with Solidaridad West Africa 

(an international agricultural network 

organization) and three oil palm plantations, 

established the Best Management Practice 

Project with the goal to increase oil palm 

yields and profits by improving agronomic 

management in Ghana. 

Research and demonstration sites were 

established in multiple locations to identify 

and correct constraints to improved oil 

palm production. The sites also serve as 

learning centers for surrounding farmers 

and plantation 

employees to observe 

successful methods and 

techniques.

Over three years 

of the project, 

new approaches to 

improve oil palm 

yields have been 

clearly demonstrated, 

resulting in increased 

profitability for 

farmers and investors. 

Enhanced tree 

performance from 

improved and balanced 

fertilizer use also 

contributes to soil 

stewardship.

Large increases in yield 

and profitability are 

attainable through adoption of improved 

nutrient practices and orchard stewardship.

• Yields on oil palm plantations increased 

20% through adoption of improved 

practices (from 14.5 to 17.3 t/ha)

• Yields on small farms increased by 50% 

through adoption of improved practices 

(from 11.5 to 17.4 t/ha)

This project demonstrates that adoption 

of improved nutrient management 

practices plays a vital role in improving 

oil palm yields and farmer livelihoods. 

The research has also established 

benchmark indicators that can be used to 

make fertilizer recommendations based 

on soil testing and leaf nutrient analysis. 

Multi-year fertilizer response trials are 

still underway to measure the impacts 

of proper nutrition on long-term tree 

health and sustainable yield goals.
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Overcoming Constraints to

Oil Palm Production in West Africa

Plantation managers in Ghana conduct an audit of Best Management Practices per IPNI recommendations.

ISSUE:
The theme of soil health has garnered 

high levels of attention. The concept of 

soil health is attractive and compelling 

to different audiences for a variety of 

reasons. Farmers have long appreciated 

that crop productivity does not depend 

on soil fertility alone and that the physical 

and biological conditions of the soil are 

critical to maximum economic yields. 

Today’s society is increasingly interested 

in the interconnectedness of human health 

to that of ecosystems including soils. Thus 

it is critical to the industry’s future that 

IPNI demonstrate the science connecting 

plant nutrients to healthy soils.

CHALLENGE:
Many proponents of soil health have 

raised expectations for reduced nutrient 

use, higher nutrient use efficiency, and 

lower nutrient losses, simply through 

adoption of conservation tillage and 

cover crops. Soil health has become 

almost a goal in itself, and if we 

consider its definition—along the lines 

of “the capacity of soil to sustain plants, 

animals and humans”—it starts to 

resemble sustainability for soil

management in the same way that 

4R represents sustainability for the 

management of crop nutrition. In August 

2017, the Soil Health Institute announced 

its endorsement of a list of 19 Tier-1 

measures. While they include at least 

nine measures commonly reported in 

soil fertility testing, the complexity of 

measurement may hinder the management 

of soil health and obscure its focus on 

sustaining plants, animals, and humans.

RESPONSE:

IPNI is engaging soil health in its research 

and education programs. At the annual 

meeting of the Soil Health Institute in 

St. Louis, Missouri in July, 2017, IPNI 

participation prompted discussion of the 

critically important role of nitrogen in 

building soil carbon, in the plenary session 

with over 200 influential scientists and 

research leaders present (Figure 1). Several 

articles in the Plant Nutrition Today series 

have discussed elements of soil health, as

have presentations in the China, Africa, and 

Latin American programs.

Core measures of soil health form part of 

the new US$2 million Drainage Research 

Project supported by the Foundation for 

Food and Agriculture Research and the 4R 

Research Fund. The eight sites included in 

this study, spanning the North American 

Corn Belt, will measure a standardized 

range of soil physical, chemical, and 

biological properties that will be fed 

into the Soil Management Assessment 

Framework to compute soil quality indices 

to compare the impact of 4R practices 

across locations and over time. Measures 

include soil fertility, soil pH, soil texture, 

wet aggregate stability, soil respiration and 

potential mineralization. The Phosphorus 

Fellowship research project centered at 

the University of Kentucky explores the 

influence of soil health, measured by a 

phospholipid fatty acid analysis, on critical 

levels of soil test phosphorus. 

There is much to be gained as IPNI 

embraces the common interests of growers 

and society in this topic. An evidence-

based approach to the 4Rs will support an 

evidence-based approach to soil health.
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Soil Health is Sustained

by 4R Plant Nutrition

Figure 1. Agronomic optimum N fertilization is critical to maintain or increase soil organic carbon. Adapted from   

Poffenbarger et al., 2017. PLoS ONE 12(3): e0172293   

RESEARCH WITH IMPACT:
A monthly newsletter explaining how 
IPNI-supported research enhances 
solution-driven efforts to improve 
sustainability, profitability, and 
environmental quality.SEPT: Documenting the Need

 for Potassium in UruguayAUG: Nutrient Expert®: Making
 Better Fertilizer Use Decisions

JULY: Long-term Research Documents 
Importance of Balanced 

 Plant NutritionJUNE: Balanced Fertilization of 
 Grain Crops in Egypt Can 
 Double YieldsMAY: Enhancing Indian Farmer 

 Income with Balanced Nutrition 
of a Rice-Maize Rotation

4R CERTIFIED CROP ADVISER 
(CCA) NUTRIENT MANAGEMENT 
SPECIALIST STUDY GUIDE: 

The International Certified Crop 
Adviser (ICCA) Program developed 
this Certification to meet the growing 
demand for qualified advisers with 
focused knowledge and skills in nutrient 
management.

ISSUE REVIEWS:AUG: Nutrient Use Efficiency and 
Effectiveness in Australia: Assessing Agronomic and Environmental Benefit - Dr. 

Robert NortonJULY: Progress in Reducing Nutrient 
Loss in the Mississippi River Basin 
– But Effects on Gulf Hypoxia Still 
Lag - Dr. Cliff Snyder

IPNI Communications Update
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Study guide developed to support future 4R Nutrient Management Specialists

nutrientstewardship

Preparing for the 

4R
Nutrient Management

Specialist Exam

THE  RESEARCH SOLUTION: 

IPNI supported several experiments through 

a joint project with project with Faculty 

of Agronomy (UdelaR), INIA, and other 

Uruguayan institutions and with the partial 

support of Canpotex to identify the need 

for additional K fertilizer through improved 

calibration of soil test analysis.

Documenting the Need for

Potassium in Uruguay

RESEARCH WITH IMPACT

Our Research with Impact series highlights examples

of solution-driven research sponsored by IPNI.  

FIND THIS PROJECT AT 

HTTP://RESEARCH.IPNI.NET/PROJECT/IPNI-2007-URY-2

THE CHALLENGE:
griculture in Uruguay initially developed 

           in high potassium (K) soils, under 

conventional tillage and crop rotations that 

required no K fertilizer. The scenario changed 

during the last decades driven by increasing 

grain prices. The annual cropped area tripled 

between 2002 and 2014, with soybean now 

sown on 67% of the area. Cropping systems 

have intensified, shifting from crop-pasture 

rotations to continuous annual cropping 

under no-till cultivation.
The K balances in Uruguay (application minus 

removal) are negative due to the absence of K 

fertilization. As soybean production increases, 

the K balance becomes more negative. In 

addition, agriculture has expanded into 

marginal soils that are already low in K.

THE RESULTS: 
Field studies between 2007 and 2014 

found a response to K fertilizer in 32 

of 110 sites. These studies support a 

critical soil K concentration range of 

120 to 160 ppm as a guide to defining 

the need for additional fertilizer. 

However, the scatter plot shows a wide 

range in predicted K response, which 

highlights a need for further site-

specific research. These studies represent a 

breakthrough in fertilizer 

research in Uruguay, 

demonstrating the need 

for K in many cropping 

systems. Fields that were 

responsive to K fertilizer 

averaged 66% higher yields 

for maize, 37% for barley, 

12% for wheat, and 10% for 

soybean, compared to plots 

that omitted K.These results have 
largely contributed to the 

increase in annual K2O 

imports to Uruguay, rising 

from 9,000 t in 2003 to 

146,000 t in 2013.Map of soil test K (STK) for Uruguay.

Soil Test K, ppm

0
80

160
240

320
400

480
560

Re
la

tiv
e 

yi
el

d,
 %

0

20

40

60

80

100

120

Critical Soil Test
K Range

Average grain yield response to K fertilizer 

(responsive sites)

2012
Nutrient Deficiency Photo Contest 

Dr. Terry RobertsPresident, IPNI

Grand Prize Winner 

Sala FlorinTimisoara, Romania

Best Overall PhotoIron Deficiency in Plum

2017
Nutrient DeficiencyPhoto Contest

4R NutrientStewardship Category

Localized Placement of Urea to Maize

Ruth AtchogloAgricultural ExperimentalStation in Lomé, Southern Togo
First Place Winner

Dr. Terry RobertsPresident, IPNI

RECENT EXAMPLES

https://www.youtube.com/watch?v=5g5WF5DwySI&feature=youtu.be


4848



IPNI REGIONAL REVIEW
 

4R Stewardship

We are implementing 4R activities targeted at 
selected regions and crops where overall nutrient 
use or nutrient use efficiency is currently too low. 

Nutrient Education

IPNI is recognized as a national leader in 
developing and publishing educational 
information for diverse stakeholders involved  
with plant nutrition and fertilizers.

Improved Fertilizer Recommendations

The IPNI Brazil program has developed several 
web-based tools on their website to optimize 
fertilizer recommendations and nutrient 
application for crops. Some examples include: 

1  providing fertilizer recommendations based 
on soil test analysis from different regions of 
the country and for various crops, 

2  the nutritional status of Brazilian crops can be 
assessed through plant tissue analysis based on 
our diagnosis and recommendation integrated 
system (DRIS), and 

3  allowing farmers and crop advisers to easily 
measure crop nutrient budgets at a farm scale. 
An additional tool to optimize the application of 
lime and fertilizers is under development.

Closing Yield Gaps

Through agronomic research, crop modelling, and 
review of the scientific literature, we are working 
to close yield gaps of high-priority crops by 
implementing enhanced 4R nutrient management.

Enhancing Sustainability

IPNI Brazil scientists will run and publish studies 
indicating the sustainability of current crop nutrient 
use practices at country, state, and the crop level 
(through nutrient budgets and soil fertility surveys). 
These sustainability assessments identify specific 
regions and crops to target for achieving higher overall 
nutrient use and improved nutrient use efficiency.

TACTICAL PLAN 

Dr. Luís Prochnow
IPNI Director,
Brazil
lprochnow@ipni.net

Dr. Eros Francisco
IPNI Deputy Director,
Brazil
efrancisco@ipni.net 

Brazil Program
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Key Issues & Needs
• Major education gaps exist for 

most agronomic practitioners in 
the nutrient use and supply chain.

• High quality agronomic research 
underway, but inadequate 
knowledge transfer to the field.

• Negative nutrient budgets drain 
soil reserves for many regions and 
crops, threatening sustainability.

• Some regions and crops have low 
nutrient efficiency, with negative 
economic and environmental 
consequences.

• Additional regulations on 
nutrient use are likely, but should 
be based on sound science

• Fertilizer companies need 
scientific guidance for market 
development and planning for 
appropriate nutrient use.

• General public needs greater 
awareness of the benefits that 
fertilizers provide.

 

China Program
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Key Issues & Needs
• The major agricultural production 

includes field crops (wheat, maize, 
rice, potato), cash crops (e.g., oil and 
tea), vegetables, and fruit. These most 
important crops cover about 80% of 
the planted area. 

• The Chinese government has issued 
important standards and regulations 
on water and air quality, giving these 
environmental parameters far greater 
attention and priority.

• Inefficient use of fertilizer has become 
an issue of public concern in certain 
locations in China. Poor fertilizer use is 
leading to environmental problems in 
surface water, increased greenhouse 
gas emissions, and soil acidification.

• The Nutrient Expert® decision support 
system for wheat, maize, rice, and 
soybean has been well accepted in 
China. The embedded 4R nutrient 
management strategy provides 
important guidance to improve 
nutrient use efficiency.

• A large gap exists between academic 
research and farm-level adoption. 
IPNI plays a unique role in delivering 
nutrient education and transferring 
technical information.

• As farm size increases, there are new 
markets for custom and specialty 
fertilizers. The increase in fertigation 
and mechanized fertilizer application 
provides opportunities for innovation.

Dr. Ping He
IPNI China Director
phe@ipni.net

Dr. Fang Chen
Deputy Director of 
Southeast Region
fchen@ipni.net

Dr. Shutian Li
Deputy Director of 
Northwest Region
sli@ipni.net

4R Stewardship

The IPNI China program identified the need for 
improved nutrient use and then developed multiple 
comprehensive training documents in Chinese for 
communicating the 4R strategy.  These messages 
are distributed using multiple media approaches, 
including brochures, videos, and training materials.

TACTICAL PLAN 
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Nutrient Education

The need for tools to apply the concepts of 4R 
Nutrient Stewardship prompted us to develop 
resources and training programs for Nutrient 
Expert® wheat, maize, rice, and soybean targeted to 
extension and industry agronomists.

Improved Fertilizer Recommendations

IPNI has developed a framework for optimized 
fertilizer recommendations based on crop removal 
and nutrient balance for use with rice, wheat, 
potatoes, rapeseed, apples, cotton, tomatoes, and 
vegetables.

Closing Yield Gaps

IPNI is currently documenting the yield gaps 
between crops grown with current farm practices 
and well-managed on-farm trials. We have identified 
many opportunities to improve yields and farm 
profitability with improved nutrient management 
and will promptly publish these results.

Enhancing Sustainability

IPNI is developing a single provincial example of 
nutrient balance as a template for future nutrient 
balance calculations in China. This initial balance 
will be expanded to other important provinces.

Potassium
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Key Issues & Needs
A major responsibility of the Potassium 
(K) Program Director is to cooperate 
with government, university, NGO, 
and industry scientists to develop 
and implement evidence-based, 
sustainable, K fertilizer management 
approaches. 

Within IPNI, the K Program Director 
works to seek synergies and 
appropriate coordination among 
activities of IPNI Regional Directors 
that pertain to K nutrition of crops.

Priority topics include:
• Contributing expertise and 

advice toward K balance 
measurements and soil fertility 
assessments

• Improving the effectiveness of K 
fertilizer recommendations

• Facilitating development of 
evidence showing the influence 
of K on improving the efficiency 
of water, land, and other 
nutrients

• Helping define the role of K 
fertility in soil health 

• Working with IPNI scientists to 
develop educational materials 
that explain the appropriate 
science to those making K use 
decisions

4R Stewardship
Form, rate, time, and place are concepts that have 
resonated with scientists, policy makers, and farm-
ers. The Potassium Program will continue to work 
with these concepts in the future to build on the 
successes the industry has had promoting them. 

Nutrient Education

The 2017 Frontiers of Potassium Science 
Conference provided a wealth of information 
upon which further educational materials have 
been and are continuing to be developed, 
including webinars and other web content, 
conference presentations, proceedings papers, 
journal articles, and a book.

Closing Yield Gaps

The K Program will be assessing how much
of the crop yield gap can be closed by better
management of K in global cropping systems.

Enhancing Sustainability
Sustainable K management requires the
replacement of K removed by crop harvest.
Nutrient balance assessments such as NuGIS,
initially developed for the U.S. but being adopted
by other countries, will be an essential part of the
Program for assessing the sustainability of K use.

TACTICAL PLAN 
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Improved Fertilizer Recommendations
The K Program will be actively seeking new 
approaches and technologies to improve the 
effectiveness of K fertilizer recommendations.

Dr. T. Scott Murrell
Director, IPNI
Potassium Program

smurrell@ipni.net 
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Key Regional Issues
• Agriculture is an important 

economic driver for regional 
economies.

• Increasing global demand for oil 
seeds and cereals has prompted 
an expansion of the cultivated 
area, and resulted in major soil 
management and crop production 
challenges throughout the region.

• Accelerated soil degradation 
impacts chemical, physical, and 
biological conditions because 
of negative nutrient balances, 
and monocropping (continuous 
soybean). The cultivation of 
marginal lands results in wind and 
water erosion, soil compaction, 
soil organic matter depletion, and 
nutrient loss.

• There is wide use of no-tillage 
cultivation, with adoption ranging 
from 60 to 90%.

• Increasing acknowledgement of 
the importance of plant nutrition 
for sustainable crop production 
and the need for adequate nutrient 
balances for high-yielding systems.

• At least half of total cropped land 
is farmed under annual leases, 
impacting short and long-term 
fertilizer decisions.

• A low “fertilization culture” still 
exists in the main agricultural areas 
of Bolivia and to a lesser extent in 
Argentina.

• Erratic and variable support to 
farmers from public research and 
extension institutions.

Dr. Fernando O. García
IPNI Director,
Latin America - 
Southern Cone
fgarcia@ipni.net

4R Stewardship

IPNI has developed networks of fertilization experi-
ments documenting nutrient deficiencies in southern 
Santa Fe (Argentina), northern Cordoba (Argentina), 
and eastern Santa Cruz de la Sierra (Bolivia) working 
with farmer organizations such as CREA.

Fertilization experiments with the Universidad de la 
República supported the development of improved 
potassium fertilizer recommendations in Uruguay. 

Nutrient Education

IPNI successfully partners with research organizations, 
educational institutions, private companies and 
farmer associations, in developing technical meetings 
and publications to improve nutrient management 
across the region.

Continuous update of the regional website and 
quarterly publication of the IPNI newsletter: 
Informaciones Agronómicas de Hispanoamérica, 
which disseminates the message of 4R Nutrient 
Stewardship across the region.

Improved Fertilizer Recommendations

Soil test calibration is being updated and 
compiled to contribute to the adoption of better 
fertilizer recommendations by farmers and 
consultants.

Closing Yield Gaps

4R nutrient management needs better adoption 
into current soil/crop management practices to 
reduce existing crop yield gaps. Current yield 
gaps (attainable vs. current yields under dryland) 
are estimated at 30 to 40% for maize, wheat, and 
soybean in Argentina.

Enhancing Sustainability

Negative nutrient balances in cropland pose a 
challenge for long-term agronomic sustainability.

There is lack of research-based information on 
pathways of nutrient losses to the environment 
and techniques for minimizing these losses.

TACTICAL PLAN 
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Latin America- Southern Cone

Nitrogen
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Key Issues & Needs
• Reducing inappropriate 

emphasis by the regional-to-
global food supply chain on 
lowering fertilizer nitrogen (N) 
use as the chief and only means 
to curtail nitrous oxide emissions 
from agriculture. 

• Improving fertilizer N efficiency 
as a central component of 
4R Nutrient Stewardship 
implementation.

• Identifying and emphasizing 
key technologies and tools that 
improve crop yields while also 
reducing risks of environmental N 
loss.

• Providing scientific leadership 
on N stewardship to global, 
national, state, and provincial 
fertilizer industry trade 
associations.

• Providing guidance on 
university and government 
research initiatives to evaluate 
improved agronomic and 
horticultural N performance.

• Advancing education and 
outreach on suites of 4R N 
management techniques that 
achieve positive production and 
environmental outcomes.

Dr. Tai McClellan Maaz
Director,
IPNI Nitrogen Program
tmaaz@ipni.net4R Stewardship

Increase adoption of 4R stewardship for N 
management and encourage nutrient docu-
mentation and tracking on local, national, and 
regional scales.  

Nutrient Education

Emphasize the need for site-specific N 
management in different cropping systems to 
reduce environmental N losses.

Support regional IPNI training resources for   
agronomic practitioners.

Closing Yield Gaps

Assist IPNI directors and other leading 
scientists in identifying and addressing N-related 
plant nutrition factors that limit yields. 

Enhancing Sustainability

Lead development and implementation of N 
management science that addresses both farmer 
and food supply chain sustainability goals and 
metrics of cropping system performance. 

TACTICAL PLAN 
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Improved Fertilizer Recommendations

Influence and guide N management research 
on enhanced fertilizer effectiveness for crop 
nutrition, and facilitate implementation of 
improved recommendations into decision 
support systems.

Key Regional Issues
Strengths:

• Agriculture plays a key role in North 
Africa’s diverse crop production (annual 
crops, industrial and vegetable crops, fruit 
trees).

• Large potential for increasing production in 
wheat (50% of cultivated areas in Morocco, 
Algeria, and Tunisia), legumes, and olives. 

• Fertilizer market is expanding.
• Farmers have access to a good selection of 

fertilizer product choices.

Weaknesses:
• Agriculture is highly dependent on rainfall.
• North Africa is dependent on the import of 

cereals.
• High yield gaps due to low fertilizer use.
• Soil fertility and plant nutrition expertise is 

diminishing at research institutions.
• Inefficient use of human and material 

resources required to provide intensive farm 
advisory services and nutrient education.

• Lack of fertilization recommendations suited   
to regional needs.

• Limited use of soil analysis by farmers.
• Inefficient resource allocation to research in 

plant nutrition and nutrient education.

Opportunities:
• The current production of annual crops is 

still below the region’s potential and could be 
increased by efficient use of fertilizers.

• Improved nutrient management 
recommendations for wheat that account for 
agro-ecological region suitability.

• Improved capacity building of extension 
agents, fertilizer dealers, and farmers.

• Developing a new strategy for nutrient 
management based on the 4R concept.

• Adopting new tools for fertilizer 
recommendations (Nutrient Expert®).

• Enhancing the appropriate use of agricultural 
inputs (fertilizers, improved varieties, 
herbicides, fungicides, etc.)

• Improving technology transfers systems.

Dr. Mohamed El Gharous 
IPNI North Africa
Consulting Director
melgharous@ipni.net

Dr. Hakim Boulal
IPNI North Africa
Deputy Director
hboulal@ipni.net

4R Stewardship
Training meetings and demonstration field days for 
farmers, extension agents and fertilizer dealers are 
organized in Morocco, Algeria, and Tunisia to explain 
4R Nutrient Stewardship.

The Nutrient Expert® tool is being adopted 
by extension agents to provide 4R nutrient 
recommendations for wheat in Morocco.

Nutrient Education
4R nutrient management educational materials have 
been developed in French and Arabic for wheat and 
olives.

Improved Fertilizer Recommendations

The Nutrient Expert® fertilizer decision support tool 
for site-specific fertilizer recommendations has 
been adapted for growing conditions of wheat in  
Morocco, Tunisia, and Algeria.

Tools have been developed for optimizing fertilizer 
recommendations for olive orchards based on crop 
removal and foliar analysis.

Closing Yield Gap
Farmer surveys conducted in the main wheat 
production area of Morocco and on-farm experiments 
are currently assessing the yield gap of wheat. 
Appropriate 4R nutrient management strategies will 
be adopted to close the identified yield gap for wheat.

Enhancing Sustainability
Indicators of nutrient use efficiency for N, P, and K 
for wheat, based on the results of on-farm research 
will be developed.

TACTICAL PLAN 
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IPNI REGIONAL REVIEW
 

North America Program

IPNI REGIONAL REVIEW
 

4R Stewardship

Increase adoption of 4R Nutrient Stewardship 
and precision agriculture and improve under-
standing of how they are connected. 

Nutrient Education

Localize the global concept of 4R Nutrient 
Stewardship and improve understanding of 
environmental impacts.

Improved Fertilizer Recommendations

Closing Yield Gaps

Identify and quantify yield gaps for maize and 
soybeans in priority regions. IPNI’s NuGAPs 
database tracks fertilizer use by crop, and 
estimates gaps in yield, fertilizer use, and 
nutrient performance.

Enhancing Sustainability

Develop, refine, and promote nutrient data 
systems and metrics that reflect system 
sustainability and performance as tools for 
guiding practices. 

TACTICAL PLAN 
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Dr. Tom Jensen
IPNI Director,
North America
tjensen@ipni.net

Dr. Rob Mikkelsen
IPNI Vice President, 
Communications 
rmikkelsen@ipni.net

Dr. Steve Phillips
IPNI Director,
North America
sphillips@ipni.net 

Dr. Tom Bruulsema
IPNI Vice President
Americas & Research
tom.bruulsema@ipni.net

Key Issues & Needs
• Providing regional and global 

leadership in advancing 4R 
Nutrient Stewardship and 
the essential role of precision 
agriculture in its implementation.

• Official fertilizer recommendations 
that fully meet the nutrient needs 
of modern cropping systems.

• Building and maintaining 
a productive soil fertility 
collaborative of university, 
government, and industry 
scientists and agronomists.

• Solutions for nutrient loss 
reduction to key waters that 
enable continued intensification of 
crop production. 

• Enabling continued 
intensification of crop production 
by reducing nutrient losses. 

• Incorporation of 4R Nutrient 
Stewardship into university 
curriculums and training programs 
for the 13,000 Certified Crop 
Advisers (CCAs) and other 
agronomists across North America.

• Facilitating data stewardship and 
evidence-based approaches in soil 
fertility and nutrient management.

• Scientific support for industry 
trade associations in North 
America and globally. 

Support research and collaborative efforts to 
refine crop fertilizer recommendations and 
improve understanding of recommendation and 
decision support systems.

Dr. Heidi Peterson
IPNI Director,
Phosphorus Program
hpeterson@ipni.net

Dr. Tai McClellan Maaz
IPNI Director,
Nitrogen Program
tmaaz@ipni.net

Dr. T. Scott Murrell
IPNI Director,
Potassium Program
smurrell@ipni.net

Northern Latin America Program
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Regional Situation

This program oversees a territory 
ranging from Peru to Costa Rica, 

including the Caribbean islands. 
The agricultural diversity of this 
region brings many challenges for 
communicating the techniques for 
the best use of nutrients.

There are significant opportunities 
for increasing the planted area 
and for higher yields of planted 
crops. For example, Columbia is a 
promising market for agricultural 
development as the recent peace 
agreement and infrastructure 
investments will support several 
million hectares of new crop 
projects. Cuba also presents 
opportunities for fertilizer growth, as 
nutrient consumption fell from 1.5 
Mt/year of NPK in the 1980’s to only 
300,000 t/year now.

Dr. Raúl Jaramillo
IPNI Director,
Northern Latin America
rjaramillo@ipni.net4R Stewardship

A video on 4R Nutrient Stewardship for Oil 
Palm was produced in Spanish with local part-
ners. Outreach through webinars continues to 
extend the message of 4R Nutrient Stewardship. 

Nutrient Education

We have distributed over 2,200 4R Plant Nutrition 
Manuals in Spanish during scientific conferences 
and training events. These events and seminars 
are most effective in partnership with local 
companies and scientific organizations.

Improved Fertilizer Recommendations

We maintain plant nutrition studies for oil palm in 
several countries and have initiated new studies 
in cocoa nutrition in Colombia and Ecuador.

Closing Yield Gaps

We have studied the nutrient demand of the 
oil palm hybrids that are only grown in Latin 
America. We are now preparing publications on 
the best use of nutrients for these genetically 
unique trees (to accompany the completed video).

We are starting activities in Colombia to 
improve nutrient use in cocoa plantation for 
both traditional and new high-yielding cultivars. 
Preliminary information suggests that improved 
plant nutrition and crop management can 
increase cocoa yields by three to ten times.

Enhancing Sustainability

We have measured the effect of balanced 
nutrient management in yields and livelihood of 
coffee small holders of northern Peru. This has 
documented the social benefits of implementing 
4R Nutrient Stewardship.
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Key Issues & Needs
• Providing leadership in 

addressing water quality impacts 
of phosphorus (P) management: 
eutrophication, harmful algal 
blooms, and hypoxia.

• Identifying where agricultural 
soils have too little or too 
much P for sustainable crop 
production.

• Communicating the value 
of adopting 4R P Nutrient 
Stewardship practices for 
improving both crop yields and 
water quality.  

• Promoting sustainable P 
management to reduce waste 
and increase efficiency.

Dr. Heidi Peterson
Director, IPNI 
Phosphorus Program
hpeterson@ipni.net4R Stewardship

Develop and maintain effective working relation-
ships with leading P scientists to facilitate adop-
tion of 4R principles of nutrient management.

Nutrient Education

Develop case studies to inform a wider range 
of stakeholders on how P fertilizer stewardship 
can favorably impact crop yields, soil health, and 
water quality.

Closing Yield Gaps

Document current and potential contributions of 
P fertilization to crop yields. Identify opportunities 
to overcome potential P limitations for crops 
grown in regions of deficiency.

Enhancing Sustainability

Assist in the revision of IPNI’s Nutrient Use GIS 
(NuGIS) to achieve improved clarity and accuracy of 
data available for interactive download.
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Improved Fertilizer Recommendations

Review the science on the influence of cover 
crops and conservation tillage on soil P in terms of 
risks to both crop productivity and water quality, 
to be used as a reference for key IPNI partners.
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4R Stewardship

The 4R principles are incorporated as an essential 
component in all IPNI research projects.

Translation and adaptation of 4R Plant Nutrition 
Manual in Russian; development of Russian-
specific modules and case studies based on IPNI 
regional projects.

Training and webinars on 4R Nutrient Stewardship 
for agronomists, farmers, and fertilizer industry. 

Nutrient Education

Training programs for agronomists, farmers, 
university students, and fertilizer professionals 
to present IPNI research results at regional 
conferences and exhibitions.

Organization of regional workshops for delivering 
technical updates to plant nutrition and soil 
scientists.

Development of educational materials in Russian, 
including books, manuals, booklets and leaflets.

Quarterly IPNI Newsletter publication (in Russian), 
a 22-page journal containing multiple articles.

Improved Fertilizer Recommendations

Best management practices for NPKS and 
micronutrients are being refined in regional 
research projects. Routine and alternative soil 
testing methods for P and K are evaluated with 
the goal of improving fertilizer recommendations.

Enhancing Sustainability

Creating a regional database on nutrient removal 
in harvested crops based on results obtained 
in IPNI projects. Developing a regional crop 
nutrient removal calculator. Assessment of NUE 
in regional research projects. 

TACTICAL PLAN 
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Key Issues & Needs
• A large gap exists between 

the current crop yields and the 
potential yields that can be 
achieved with improved nutrient 
management.

• Inadequate and unbalanced 
nutrient application results in 
reduced yields and poor fertilizer 
efficiency.

• Outdated fertilizer 
recommendations do not reflect 
current yields levels and modern 
economics.

• Fertilizer recommendations do 
not exist for newly introduced 
crops in some regions.    

• Inappropriate soil testing   
methods for P and K lead 
to inaccurate fertilizer 
recommendations.

• Decreasing attention to 
remediating acid and sodic soils.

• Deficit of current science-based 
educational information on plant 
nutrition and proper fertilizer use 
in modern crop production 

Dr. Vladimir Nosov
IPNI Director, Southern 
and Eastern Russia
vnosov@ipni.net

Closing Yield Gaps

Regional research projects are focused on 
intensification of crop production. Crop yields 
in research projects are compared to average 
regional crop productivity to indicate potential 
improvements in crop nutrient management.

Eastern Europe & Central Asia

South Asia Program
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Key Issues & Needs
• Developing Nutrient Expert® for 

additional crops and disseminating better 
fertilizer recommendations, in multiple 
regional languages, to smallholder farmers 
in South Asia. 

• Educating farmers on balanced fertilizer 
use, with special emphasis on potassium 
use, in collaboration with the Indian 
fertilizer industry..

• Evaluating the potential for Ecological 
Intensification in maize-based cropping 
systems for improved yields and profits, 
while improving nutrient use efficiency. 

• Promoting farm typology-based 
fertilizer recommendations considering 
the socio-economic status and resource 
endowment of farmers. 

• Attending to member company needs 
and their fertilizer industry clients 
through planning of market development 
programs and participating in capacity 
building with agronomists. 

•  Assessing the impact of IPNI activities in 
the region through Network analyses and 
survey of major stakeholders with whom 
IPNI is associated in the region.

Dr. T. Satyanarayana
IPNI Director,
South Asia
tsatya@ipni.net

Dr. Sudarshan Dutta
IPNI Deputy Director, 
South Asia
sdutta@ipni.net

4R Nutrient Stewardship

Dedicated 4R training courses are being offered to 
the scientists, post graduate students, and industry 
agronomists. For example, IPNI collaborated with a 
university in North Bengal to offer training on the 
concept, principles, and applications of 4R Nutrient 
Stewardship.

Nutrient Education
The South Asia Program serves a broad clientele 
including scientists, agronomists, and agricultural 
students as key targets for nutrient education. This 
is accomplished through various means, such as 
technical webinars contributing to academic training, 
and developing materials on nutrient management 
and crop deficiencies, as well as human nutrition.

Improved Fertilizer Recommendations

The program is currently out-scaling the 
information and communications technology 
(ICT)-based Nutrient Expert® tool for making better 
fertilizer recommendations. We deliver fertilizer 
recommendations that are demonstrated to 
promote high yields, improve farmer income, and 
enhance nutrient efficiency. This work is being 
expanded for use in soybean and cotton.

Closing Yield Gaps

We have managed large yield gaps in crops across 
the region. The Better Crops article by Garcia et al. 
(2017) discussed the management of wide yield gaps 
in maize systems through the principles of Ecological 
Intensification. 

Enhancing Sustainability

IPNI is engaged with a multi-stakeholder 
partnership project on “Nutrient Management for 
Diversified Cropping in Bangladesh (NUMAN)”, 
aimed at increasing profitability and sustainability 
of intensive and emerging cropping systems in 
Bangladesh through 4R-based, improved nutrient 
management.
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Southeast Asia Program
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Key Regional Issues
Strengths:

• Regional crops are responsive to fertilizer 
inputs and are globally important for fuel, 
food, and industrial purposes.

• Clearly defined national priorities include 
agricultural development.

• Agriculture makes a significant economic 
contribution to regional GDP.

• Forest loss and population growth require 
crop intensification.

Weaknesses:
• Insufficient national research capacity to 

support agricultural improvements.

• Lack of institutional capacity in the 
farming sector limits research and 
knowledge delivery to farmers.

• Lack of knowledge of appropriate nutrient 
management practices.

Opportunities:
• Agricultural development policies are 

encouraging innovation (e.g., Lao PDR, 
Myanmar, Philippines, Vietnam).

• Global deficits of maize, cassava, and 
cocoa production motivate increased 
production and yields.

• Nutrient gaps and imbalances in maize, 
oil palm, rice, and cocoa offer potential for 
rapid improvement in crop yield and quality.

• Numerous and highly inefficient 
smallholder producers have significant 
room for improvement with better access 
to nutrient education.

• Improving the fertilizer supply chain 
with better products and delivery can 
make significant contributions towards 
improved crop production.

Threats:
• Industrialization at the expense of 

agriculture (Malaysia) can eclipse 
motivation for improvement.

• Changing business environment (legislation, 
policies, perception) can restrict flexibility for 
changes in nutrient management.

• Increased intensity of climate events can 
undermine efforts to improve nutrient 
stewardship.

Dr. Thomas Oberthür
Director, 
IPNI Southeast Asia
toberthur@ipni.net

Dr. Mirasol Pampolino
Deputy Director,
IPNI Southeast Asia
mpampolino@ipni.net

4R Stewardship
•  Improved accessibility of 4R-based knowledge 

for high-priority crops, including oil palm, maize, 
cassava, and cocoa.

•  Innovative communication to all levels of 
stakeholders through delivery of webinars, press 
releases, and printed media.

•  Together with several IPNI member companies 
and business partners, 4R concepts and practices 
are being developed for high value crops (Black 
Pepper - Vietnam, Sugarcane - Philippines, and 
Robusta Coffee - Indonesia) that will generate 
sustainable income to farmers and industry alike.

Nutrient Education

•  4R training programs target oil palm producers 
to improve nutrient stewardship and sustain high 
yields.

•  Expanded development of fertilizer markets for 
enhanced crop production in Myanmar. 

Fertilizer Recommendations

•  Facilitate business models to scale economically 
viable fertilizer recommendations in maize and 
cocoa to smallholder farmers.

•  Build an expanding base for improved nutrient 
recommendations in oil palm, cassava, maize, 
and cocoa.

 Closing Yield Gaps

•  Improve the methods for reliable quantification 
of yield and nutrient use gaps.

•  Prepare 4R nutrient management strategies and 
practices appropriate for estates and smallholder 
farms.

Enhancing Sustainability

•  Consider the farm size and resource-appropriate 
methodology for 4R on-farm research.

•  Expand field research on the intensification – 
sustainability nexus.

•  Use of innovative 4R on-farm research 
methodologies embedded into commercial 
operations instead of being isolated on research 
stations.
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Key Regional Issues
Strengths:
• The economy of most SSA countries is agro-

based, accounting for 30 to 40% of gross 
domestic product and almost 60% total export 
earnings. 

• Agriculture provides direct and indirect 
employment for 70% of the working population.

• Economic growth is accelerating, reaching 5% 
in 2016, with agricultural growth of 3.5%.

Weaknesses:
• The majority of farms are subsistence-based 

and small-scale, ranging from 0.5 to 5 ha. 
Farmland degradation affects more than 30% of 
the crop area. 

• Poor infrastructure limits access to fertilizer 
and other agro-inputs at affordable prices. 
Crop production is mainly rainfed and highly 
susceptible to climate change.

• Chronic food insecurity affects 27% of the 900 
million people who live in SSA. Cereal yields 
have stagnated (< 1.5 t/ha) over the past 5 
decades, despite increased food demand and a 
rapidly growing population. 

Opportunities:
• Urgent need to increase agricultural production 

to meet food requirements of a rapidly growing 
population that will reach 2 billion people by 
2050. Improved nutrient management will be 
essential in meeting this food security goal.

• There is great potential to increase crop 
productivity, in particular with improved 
nutrient recommendations that address the 
fundamentals of 4R Nutrient Stewardship

• Expand research and extension investments 
by governments and the fertilizer industry to 
increase fertilizer use from the current rate of 18 
kg/ha, which is the lowest globally, to 50 kg/ha 
in the short-term. 

• Diversify crop production from predominantly 
subsistence food crops to include more 
profitable high-value cash crops. 

Dr. Shamie Zingore
IPNI Sub-Saharan
Africa Director
szingore@ipni.net

4R Stewardship
Developed successful regional programs for 
evaluation and dissemination of 4R knowledge 
based on field demonstrations, research and 
extension programs, and mobile phone 4R-training 
applications.

The 4R Nutrient Stewardship is now officially 
endorsed as the most effective concept for 
communication of best nutrient management 
practices by international research and 
development centers, including the Alliance for 
a Green Revolution in Africa, CIMMYT, IITA and 
national government research and extension 
institutions in several countries. 

Nutrient Education
Developed and widely distributed a 4R extension 
handbook and wide-ranging extension materials 
for advisers and fertilizer industry agronomists in 
sub-Saharan countries.

Established a successful training program for 
researchers in eight countries, providing nutrient 
management training to 800 researchers from 90 
institutions.

Improved Fertilizer Recommendations
Developed the “Nutrient Expert® for Maize” 
customized for Sub-Saharan Africa. Nutrient 
Expert® has been widely used by fertilizer industry 
partners and development organizations to 
develop fertilizer recommendations for more than 
50,000 farmers in 8 countries.

Closing Yield Gaps

Initiated the oil palm “Best Management Practice” 
project in Ghana, resulting in 20 to 60% increased oil 
palm production at three plantations and hundreds 
of smallholder farms. Supported scaling of oil palm 
BMPs to other countries in West Africa (Nigeria, 
Gabon) and East Africa (Uganda).

Enhancing Sustainability

Established long-term experiments that provided 
guidelines on management of fertilizer, manure 
and conservation agriculture to enhance soil 
quality, crop productivity, and water and nutrient 
use efficiency.
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Sub-Saharan Africa Program
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Dr. Armando Tasistro  |  2009-2017
Director, Mexico & Central America

Dr. Paul Fixen  |  1989-2017
Senior Vice President & Director of Research

Many of our long time, dedicated staff 
who have played instrumental roles in 
the development of the Institute, retired 
from IPNI in 2017. Their brilliance and 
expertise have made our Institute what it is 
today. It is with great appreciation that we 
acknowledge their service. 

Phyllis Pates  |  1996-2017
Secretary
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Dr. Shihua Tu  |  1998-2017
Deputy Director, China

Dr. Rob Norton  |  2009-2017
Director, Australia/New Zealand

Dr. William (Mike) Stewart  |  1996-2017
Director, North America

Dr. Cliff Snyder  |  1995-2017
Director, Nitrogen

Dr. Munir Mohammad Rusan  |  2007-2017
Consulting Director, Middle East

Dr. Valter Casarin  |  2009-2017
Deputy Director, Brazil

Phyllis Pates  |  1996-2017
Secretary
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