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The	  world	  needs	  to	  produce	  more	  food	  
	  

Source:	  FAOSTAT,	  2013	  

Change	  in	  global	  cereal	  produc�on	  and	  
popula�on,	  1961-‐2012	  
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The	  world	  needs	  to	  produce	  more	  food	  …	  one-‐
sixth	  are	  chronically	  hungry	  
	  



The	  world	  needs	  to	  produce	  more	  food,	  while	  
diets	  are	  changing	  …	  

Source:	  FAOSTAT,	  2013	  

Change	  in	  cereal	  and	  meat	  produc�on	  per	  capita,	  1961-‐2011	  
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The	  world	  needs	  to	  produce	  more	  food	  …	  	  
50	  to	  70	  %	  increase	  by	  2050	  



The	  world	  needs	  to	  produce	  more	  food	  …	  	  
50	  to	  70	  %	  increase	  by	  2050	  

Food	  security	  depends	  on	  
wheat,	  rice,	  and	  corn	  

Source:	  FAO,	  2009,	  Fischer	  et	  al.,	  2009	  



The	  world	  needs	  to	  produce	  more	  food	  …	  	  
50	  to	  70	  %	  increase	  by	  2050	  

Op�ons:	  

1.	  Increase	  harvested	  area	  

2.	  Increase	  yield	  



Current	  vs.	  a�ainable	  yields	  

• Global	  yields	  of	  wheat,	  maize,	  and	  rice	  average	  64%,	  50%,	  and	  
64%	  of	  their	  yield	  poten�al	  (Neumann	  et	  al.,	  2010)	  

• Closing	  the	  yield	  gap	  depends	  on	  understanding	  region-‐specific	  
constraints:	  

–  Biophysical	  limita�ons	  …	  inadequate	  climate,	  lack	  of	  irriga�on,	  poor	  
gene�cs,	  and	  low	  soil	  fer�lity	  

–  Socio-‐economic	  factors	  …	  lack	  of	  credit,	  market	  access,	  government	  
support	  policies,	  and	  lack	  of	  agronomic	  knowledge	  



Will	  biotechnology	  ensure	  food	  security?	  

• Biotech	  industry	  says	  they	  can	  
increase	  crop	  yield	  poten�al	  by	  
3	  to	  4%	  per	  annum?	  

–  e.g.	  Monsanto	  pledged	  to	  double	  
yields	  of	  corn,	  soybeans,	  and	  
co�on	  using	  ⅔	  the	  water	  and	  less	  
N	  by	  2030	  

• Gene�c	  advances	  alone	  likely	  be	  
insufficient	  …	  



Gene�c	  advances	  alone	  will	  be	  insufficient	  …	  improvements	  in	  
biotechnology,	  breeding,	  and	  agronomic	  prac�ces	  will	  be	  
required	  to	  increase	  produc�vity.	  
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Role	  of	  fer�lizers	  in	  cereal	  produc�vity	  

• Inherent	  soil	  fer�lity,	  clima�c	  condi�ons,	  crop	  
rota�on,	  and	  management	  make	  it	  difficult	  to	  
quan�fy	  exactly	  how	  much	  crop	  yield	  is	  due	  to	  use	  of	  
fer�lizer.	  

• Global	  cereal	  produc�on	  and	  fer�lizer	  use	  are	  closely	  
correlated.	  



Global	  cereal	  produc�on	  and	  total	  fer�lizer	  
consump�on,	  1961-‐2012.	  

Source:	  FAOSTAT,	  2013	  and	  IFA,	  2013	  
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How	  much	  yield	  response	  comes	  from	  fer�lizers?	  

• ⅓	  of	  world	  wide	  cereal	  produc�on	  and	  ½	  of	  
India’s	  grain	  produc�on	  during	  1970s	  to	  1980s	  
(Bruinsma,	  2003)	  



How	  much	  yield	  response	  comes	  from	  fer�lizers?	  

• ⅓	  of	  world	  wide	  cereal	  produc�on	  and	  ½	  of	  
India’s	  grain	  produc�on	  during	  1970s	  to	  1980s	  
(Bruinsma,	  2003)	  

• ½	  to	  ¾	  of	  crop	  yield	  increases	  in	  Asia	  since	  mid	  
1960s	  (Viyas	  1983)	  



How	  much	  yield	  response	  comes	  from	  fer�lizers?	  

• ⅓	  of	  world	  wide	  cereal	  produc�on	  and	  ½	  of	  
India’s	  grain	  produc�on	  during	  1970s	  to	  1980s	  
(Bruinsma,	  2003)	  

• ½	  to	  ¾	  of	  crop	  yield	  increases	  in	  Asia	  since	  mid	  
1960s	  (Viyas	  1983)	  

• ≈0.6	  %	  of	  the	  es�mated	  1%	  annual	  growth	  rate	  of	  
cereal	  yields	  in	  developing	  countries	  (Fischer	  et	  
al.	  2009)	  



How	  much	  yield	  response	  comes	  from	  fer�lizers?	  

• ⅓	  of	  world	  wide	  cereal	  produc�on	  and	  ½	  of	  
India’s	  grain	  produc�on	  during	  1970s	  to	  1980s	  
(Bruinsma,	  2003)	  

• ½	  to	  ¾	  of	  crop	  yield	  increases	  in	  Asia	  since	  mid	  
1960s	  (Viyas	  1983)	  

• ≈0.6	  %	  of	  the	  es�mated	  1%	  annual	  growth	  rate	  of	  
cereal	  yields	  in	  developing	  countries	  (Fischer	  et	  
al.	  2009)	  

• 40	  to	  60%	  of	  crop	  yield	  in	  long-‐term	  studies	  
(Stewart	  et	  al.,	  2005)	  



Es�mated	  effect	  of	  omi�ng	  N	  fer�lizer	  on	  
cereal	  yields	  in	  the	  USA	  

	  
Crop	  

Baseline 
yield with N, 

t/ha 

Yield, 
without N, t/

ha 

% reduction 
from no N 

Maize	   7.65 4.52 41 
Rice	   6.16 4.48 27 
Barley	   2.53 2.04 19 
Wheat	   2.15 1.81 16 

Source:	  Stewart	  et	  al.,	  2005	  
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Source:	  Stewart	  et	  al.,	  2005	  

Mean	  =	  40%	   Mean	  =	  62%	  

Mean	  =	  64%	  



Organic	  nutrient	  sources	  are	  needed	  

• Op�mal	  nutrient	  management	  
u�lizes	  all	  on-‐farm	  sources	  of	  
nutrients	  …	  e.g.	  Integrated	  soil	  
fer�lity	  management	  (ISFM)	  	  

• Best	  yields	  are	  o�en	  achieved	  
when	  organic	  and	  inorganic	  
nutrients	  are	  applied	  together	  



Effect	  of	  fer�lizer	  (NPK)	  and	  farmyard	  manure	  
(FYM)	  on	  millet	  yield	  and	  yield	  stability	  over	  9	  
years	  in	  Bangalore,	  India.	  

Number	  of	  years	  in	  which	  
grain	  yield	  (t/ha)	  was:	  

Annual	  
treatment	  

Mean	  
yield,	  t/ha	  

	  
<2	  

	  
2-‐3	  

	  
3-‐4	  

	  
4-‐5	  

Control	   1.51	   9	   0	   0	   0	  
FYM	   2.55	   1	   6	   2	   0	  
NPK	   2.94	   0	   5	   4	   0	  
FYM	  +	  NPK	   3.57	   0	   1	   5	   3	  

Source:	  Roy	  et	  al.,	  2006	  



Global	  fer�lizer	  consump�on,	  1961-‐2012	  

Source:	  IFA,	  2013	  
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Regional	  trends	  in	  fer�lizer	  use	  (applica�on	  
rate),	  1961-‐2007	  
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Fer�lizer	  best	  management	  prac�ces	  and	  
nutrient	  stewardship	  

• Nutrient	  removal	  in	  harvested	  cereal	  grain	  in	  2012	  
was	  es�mated	  at	  46.6	  Mt	  N,	  19.3	  Mt	  P2O5,	  and	  13.4	  
Mt	  K2O	  

– Doubling	  yields	  does	  not	  mean	  a	  doubling	  of	  removal	  
• Nutrient	  use	  efficiency	  is	  a	  dynamic	  indicator	  of	  
nutrient	  management	  …	  applicable	  at	  country,	  
regional,	  and	  farm	  levels	  



NUE	  can	  be	  confusing	  because	  of	  mul�ple	  
defini�ons	  …	  

Term	   Calcula�on	  
Par�al	  Factor	  Produc�vity	  
(PFP)	  

Y/F	  

Par�al	  Nutrient	  Balance	  
(PNB)	  

UH/F	  

Agronomic	  Efficiency	  (AE)	   (Y-‐Y0)/F	  
Recovery	  Efficiency	  (RE)	   (U-‐U0)/F	  

F	  =	  fer�lizer	  applied	  	  	  	  	  	  	  	  Y	  =	  yield	  harvested	  	  	  	  	  	  
Y0	  =	  yield	  from	  control	  	  	  	  	  	  	  	  UH	  =	  nutrient	  content	  of	  harvested	  crop	  	  	  	  	  	  
U	  =	  nutrient	  uptake	  with	  fer�lizer	  	  	  	  	  	  	  N0	  =	  nutrient	  uptake	  without	  
fer�lizer	  



Example:	  Par�al	  factor	  produc�vity	  in	  the	  U.S.	  
for	  fer�lizer	  N	  used	  on	  maize	  and	  wheat	  from	  
1965	  to	  2010.	  
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Source:	  Fixen	  et	  al.,	  2012	  



Fer�lizer	  BMPs	  …	  impact	  NUE	  by	  matching	  
nutrient	  supply	  with	  crop	  requirement	  and	  
minimizing	  nutrient	  losses	  from	  fields.	  	  
	  

Source,	  rate,	  �me,	  and	  place	  describe	  any	  nutrient	  applica�on	  	  



Global	  framework	  …	  4R	  Nutrient	  
Stewardship	  	  

“Four	  rights”	  broadly	  describe	  fer�lizer	  
management,	  but	  …	  right	  prac�ce	  for	  a	  farm	  
depends	  on	  climate,	  crop,	  management	  
condi�ons,	  and	  other	  site-‐specific	  factors.	  

The	  framework	  guides	  the	  applica�on	  of	  
scien�fic	  principles	  to	  develop	  and	  adapt	  
global	  BMPs	  to	  local	  condi�ons,	  while	  mee�ng	  
economic,	  social,	  and	  environmental	  goals	  of	  
sustainability.	  



Scien�fic	  principles	  outlined	  in	  IPNI’s	  manual	  

www.ipni.net/4r	  

QR Code 



Global	  food	  security	  …	  one	  of	  the	  greatest	  
challenges	  of	  the	  21st	  century	  	  

• 70	  %	  increase	  in	  food	  produc�on	  is	  needed	  in	  next	  
40	  years	  to	  meet	  popula�on	  growth.	  	  

• Biotechnology	  and	  gene�c	  advances	  are	  essen�al	  to	  
increasing	  yield,	  but	  …	  not	  sufficient.	  

• Fer�lizer	  is	  cri�cal	  accoun�ng	  for	  about	  half	  of	  
current	  produc�on.	  

• 4R	  nutrient	  stewardship	  —	  underpinning	  principles	  
of	  nutrient	  management	  —	  adaptable	  to	  all	  cropping	  
systems	  to	  ensure	  produc�vity	  is	  op�mized.	  



Nutrients	  are	  cri�cal	  to	  global	  food	  security,	  but	  
society	  does	  not	  always	  get	  that	  message	  …	  



Nutrients	  are	  cri�cal	  to	  global	  food	  security,	  but	  
society	  does	  not	  always	  get	  that	  message	  …	  

“The	  study	  …	  es�mates	  that	  the	  annual	  cost	  of	  damage	  caused	  
by	  excess	  nitrogen	  across	  Europe	  is	  €70	  -‐	  €320	  billion,	  more	  
than	  double	  the	  extra	  income	  gained	  from	  using	  nitrogen	  
fer�lizers	  in	  European	  agriculture”	  



Nutrients	  are	  cri�cal	  to	  
global	  food	  security,	  
but	  society	  does	  not	  
always	  get	  that	  
message	  …	  



Nutrients	  are	  cri�cal	  to	  
global	  food	  security,	  but	  
society	  does	  not	  always	  
get	  that	  message	  …	  

“Microscopic, plantlike organisms called algae thrive on 
the excess nutrients—like nitrogen and phosphorus
—found in fertilizers that make their way from 
backyards and fields, producing blooms that can 
sometimes be seen from space.” 



Nutrients	  are	  cri�cal	  to	  
global	  food	  security,	  but	  
society	  does	  not	  always	  
get	  that	  message	  …	  

“Yet this modern miracle exacts a price. Runaway 
nitrogen is suffocating wildlife in lakes and estuaries, 
contaminating groundwater, and even warming the 
globe’s climate. As a hungry world looks ahead to 
billions more mouths needing nitrogen-rich protein, 
how much clean water and air will survive our demand 
for fertile fields? 



Nutrients	  are	  cri�cal	  to	  
global	  food	  security,	  but	  
society	  does	  not	  always	  
get	  that	  message	  …	  

“Freshwater algal blooms may result 
when high amounts of phosphorus and 
nitrogen are added to the water, usually 
as runoff from fertilizer.” 



Nutrients	  are	  cri�cal	  to	  
global	  food	  security,	  but	  
society	  does	  not	  always	  
get	  that	  message	  …	  



…	  Nutrients	  for	  Life	  Founda�on	  



IPNI	  provides	  scien�fic	  support	  to	  
the	  Founda�on	  
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The	  mission	  of	  IPNI	  is	  to	  
develop	  and	  promote	  
scien�fic	  informa�on	  
about	  the	  responsible	  
management	  of	  plant	  
nutri�on	  for	  the	  benefit	  
of	  the	  human	  family	  
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