
2016:	  The	  Year	  of	  the	  Pulse	  



What’s	  a	  Pulse?	  



Legumes	  are	  the	  3rd	  largest	  family	  of	  flowering	  plants	  

•	  Second	  only	  to	  
grasses	  in	  agricultural	  
importance	  
	  
•	  Keystone	  family	  for	  
nutri?on	  	  



Pulses	  are	  legumes	  of	  which	  we	  eat	  the	  seed	  
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Legumes &  
rhizobia 

Why	  legumes?	  

Of particular importance in food 
insecure regions of the world

A key source of humankind’s protein nitrogen

• High Protein content of seed
• Enrich soil in vital nitrogen

In	  non-‐legume	  systems,	  in	  the	  
developed	  world,	  nitrogen	  derives	  
primarily	  from	  industrial	  processes	  
that	  depend	  on	  fossil	  fuels.	  
	  
Nitrogen	  drives	  agricultural	  costs,	  is	  
among	  the	  world’s	  most	  significant	  
pollutants	  and	  major	  contributor	  to	  
greenhouse	  gases.	  



Humans	  co-‐domes=cated	  legumes	  and	  grasses	  



A soybean field experiment: +/- Rhizobium 



Nitrogen, an essential plant nutrient 

Reduced forms of nitrogen (NO2
-, NO3

-, NH4
+, urea) 

are essential for the synthesis of many important 
biological molecules, including:

•  amino acids (proteins).

•  nucleic acids (DNA and RNA). 



Nitrogen cycle 
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•  1 = biological nitrogen fixation.

•  2 = nitrification (aerobic process that 
uses ammonia (NH4

+) and nitrite (NO2
-) 

as an energy source. 

•  3 = denitrification (anaerobic process 
that uses nitrate (NO3

-) and nitrite as an 
electron acceptor).

•  4 = lightning (abiotic N2 reduction).

•  5,6  = nitrogen assimilation.



Higher organisms (all eukaryotes) are dependent on
 external sources of NO2

-, NO3
-, and NH4

+

Only prokaryotes (bacteria) can conduct 
biological nitrogen fixation
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The	  legume	  nodule	  is	  a	  factory	  for	  
nitrogen	  fixa?on	  

•	  A	  high	  flux	  of	  input	  carbon	  (energy)	  in	  
exchange	  for	  fixed	  N.	  
	  
•	  Assimila?on	  of	  ammonia	  into	  organic	  forms.	  
	  
•	  Protec?on	  from	  oxygen	  inhibi?on	  of	  the	  
nitrogenase	  enzyme.	  



Nitrogen fixation in legumes arose from a more ancient 
pathway for mycorrhizal associations.

nitrogen phosphate 



Significance of Symbiotic Nitrogen Fixation:

•  One of the major sources of reduced nitrogen in the biosphere.

•  Crop rotations with legumes have been an important mechanism for 
increasing nitrogen in agriculture since at least Ancient Rome and China.

•  In the Midwestern United States, alfalfa and Rhizobium fix > 1 million tons of 
nitrogen/year.

•  Using this resource, farmers could reduce nitrogen input by an estimated 
14%. 



Industrial Source of Ammonia: Haber-Bosch Process

•  ~100 atmospheres of N2 and H2 

(Large inputs of energy [fossil fuels])

•  at 600°C

•  ≤ 30% of cost of agriculture in US





“China feeds 22% of the world’s population with only 7% of the 
world’s arable land – a seemingly remarkable feat, until one takes into 
account that China also uses 35% of the world’s fertilizers.”

“In 2008, China lost more fertilizer-nitrogen to volatilization than 
all nitrogen fertilizer consumed in Africa.”

An estimated 8% of China’s energy-related CO2 emissions are 
attributable to nitrogen fertilizers.”





Fertilizing the Nitrogen Cycle 

Annual releases of fixed nitrogen caused by human activity 

 
Source    Millions of tons 
Fertilizer     80 
Nitrogen-fixing crops    40 
Fossil fuels     20 
Biomass burning    40 
Wetland drainage    10 
Land clearing     20 
Total human releases    210 
Total natural fixed-nitrogen prodn*  140 
 

*Terrestrial sources only; marine sources have not yet been reliably estimated. 
Source: World Resources Institute, “Global Nitrogen Glut” www.wri.org/wri/wr-98-99/nutrient.htm. 
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From: Raven P., R. Evert, and S. Eichhorn, 1999.  Biology of Plants, 5th Ed.  Worth Publishers. 

N14	  and	  N15	  –	  Stable	  Nitrogen	  Isotopes	  
	  
In	  the	  atmosphere,	  natural	  abundance	  of	  N15	  is	  0.37%,	  
compared	  to	  99.63%	  N14.	  
	  
	  	  	  	  	  	  	  	  	  	  	  •Nitrogenase	  creates	  organic	  N	  with	  the	  same	  

	  N15:N14	  ra?o	  as	  in	  air.	  
	  
In	  the	  soil	  biologically	  available	  N	  is	  depleted	  in	  N15	  rela?ve	  
to	  the	  air.	  
	  
	  	  	  	  	  	  	  	  	  	  •Organic	  N	  derived	  from	  soil	  nitrogen	  has	  N15:N14	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ra?os	  the	  same	  as	  soil.	  
	  
N-‐fixing	  plants	  have	  increased	  N15:N14	  ra?os,	  rela?ve	  to	  
non-‐N	  fixing	  plants.	  The	  “nitrogen	  derived	  from	  the	  
atmosphere”	  (%Ndfa)	  metric.	  

What is the quantitative impact of N-fixation on organic 
N in agriculture? 



Nitrogen fixation can be highly variable in 
agricultural situations 



Chickpea	  is	  among	  the	  world’s	  most	  important	  
pulse	  legumes	  and	  cri?cal	  to	  food	  security	  in	  

much	  of	  the	  developing	  world	  

•Stagnant	  yields	  
•Suscep?ble	  to	  pathogens,	  
pests	  and 	  abio?c	  stress	  

•  Drought	  
•  Heat	  
•  Pests	  and	  Disease	  
•  Nitrogen	  fixa?on	  
•  Nutri?on	  
•  Soil	  adapta?on	  
•  Agronomic	  traits	  
•  Domes&ca&on	  



In	  situ:	  MYA	  
Domes?ca?on:	  
10-‐12,000	  years	  ago	  

Secondary	  diversifica?on:	  
~6,000	  years	  ago	  

Secondary	  diversifica?on:	  
~3-‐4,000	  years	  ago	  

Secondary	  diversifica?on:	  
~3-‐4,000	  years	  ago	  

Recent	  introduc?on:	  
Within	  last	  century	  

Chickpea	  originated	  in	  Mesopotamia	  
	  Harness	  the	  gene?c	  poten?al	  of	  chickpea	  (and	  its	  microbes)	  at	  its	  

center	  of	  origin	  and	  sites	  of	  longstanding	  cul?va?on	  
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Focus	  on	  chickpea’s	  nitrogen-‐fixing	  symbiont:	  Mesorizobium	  
1,200	  genomes	  from	  a	  global	  survey	  
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6	  core	  marker	  genes	  
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Untreated	  45P4S1	  +P	  

90P4S2	  +P	  

80P4S2	  +P	  



Implement	  and	  deliver	  

NSF	  and	  BMGF	  
	  
	  
	  

USAID	  
	  
	  
	  

Na?onal	  	  
Programs	  

	  
	  
	  
	  

Industrial	  	  
partners	  



Base-‐broadening	  of	  chickpea:	  new	  wild	  
Cicer	  gene?c	  resources|	  Jens	  Berger	  CSIRO	  
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Holster	  up	  &	  lets	  get	  cracking…	  


