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Introduction 
 Humanity is facing its toughest challenge every day, our 

planet wakes with 200,000 more mouths to feed. Every night, 
more than 870 million people go to bed hungry. The need to 
produce more food is already acute, and the world’s land, 
water and energy resources are under unprecedented strain. 
Nearly 7 million hectares of farmland are lost to soil erosion 
every year. Many people who produce the world’s food are 
living in poverty. Biodiversity is disappearing fast. And the 
challenge won’t get any easier: by 2050,  4 billion people will 
be living in countries with water scarcity. Something needs 
to change we only have one planet, and we’re using its 
resources 50 percent faster than it can take. What we’re 
asking to provide is simply not sustainable. Rhizobia are 
symbiotic diazotrophs (prokaryotic organisms that carry out 
dinitrogen fixation) that form a symbiotic association with 
legumes. This association is symbiotic in that both the plant 
and rhizobia benefit. Biological fixation of nitrogen was the 
leading form of annual nitrogen input until the last decade of 
the 20th century 
 



Rhizobium is gaining attention once again as sustainability becomes a central 
focus to feed a world population of over 7 billion people. The plant supplies the 
rhizobia with energy in the form of amino acids and the rhizobia fix nitrogen from the 
atmosphere for plant uptake. The reduction of atmospheric dinitrogen into ammonia is the 
second most important biological process on earth after photosynthesis.. The actual process 
of dinitrogen fixation can only be carried out by diazotrophs that contain the enzyme 
dinitrogenase. Nitrogen is the most critical nutrient needed to support plant growth. 
Unfortunately, atmospheric dinitrogen (78% of air we breathe) is extremely stable due to 
triple bonds which can only be broken by energy intensive ways. 
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Development of semi dwarf wheat varieties at CIMMYT Mexico in 
the nineteen sixties (1960s) brought a turning point in the wheat 
production in about 40 spring wheat growing countries of the world 
because these varieties were non lodging and responsive to higher 
nitrogen doses as a result wheat production moved up tremendously 
where ‘inputs’ and irrigation were not the limiting factors.  



 
 
 
 
 
 
 
 
 

 
Figure--showing graded improvement in the sink size of new wheat lines 

 

Breeding wheat for enhanced micronutrients 
Low concentrations or deficiencies of bioavailable iron (Fe), zinc (Zn) and other 
essential micronutrients in human food afflict a large proportion of the world's 
population. Plant biofortification, to improve the mineral concentrations in the 
edible portions of crop plants by conventional breeding or modern transgenic 
approaches, is regarded as the most economical and sustainable strategy.  



    Breeding wheat for enhanced micronutrients 
 Low concentrations or deficiencies of bioavailable iron (Fe), zinc (Zn) 

and other essential micronutrients in human food afflict a large 
proportion of the world's population. Plant biofortification, to improve 
the mineral concentrations in the edible portions of crop plants by 
conventional breeding or modern transgenic approaches, is regarded as 
the most economical and sustainable strategy. Many researchers have 
demonstrated that there are significant differences in grain mineral 
element concentrations among wheat (Triticum aestivumL.) and its 
relatives. Compared with cultivated wheat, wild wheat are potential 
genetic resources for enhancing micronutrient in wheat grain. An 
ancestral wild tetraploid wheat (T. turgidum ssp.dicoccoides) carrying the 
allele Gpc-B1, which is associated with increased Fe, Zn, and protein 
concentrations in grain, was cloned using a positional cloning strategy. 
Combining conventional breeding with modern genetic engineering 
approaches, such as introgression of genes from wild relatives into 
wheat, synthetic hexaploid wheat, quantitative trait locus (QTL) 
analysis, and even gene cloning and genetic transformation, are 
important for developing wheat cultivars higher in micronutrients . 
 



   Reducing poverty 
 Reducing poverty is one of IRRI’s primary goals. Through 

the coordinated efforts of IRRI and more than 900 
partners worldwide has made headway toward achieving 
this seemingly insurmountable objective. 

 The Australian Centre for International Agricultural 
Research (ACIAR), for instance, reported that IRRI’s 
work resulted in rice yields of up to 13% between 1985 
and 2009 across three Southeast Asian countries. 

 Meanwhile, the Swiss Agency for Development 
Cooperation (SDC) reported that the US$12 million 
investment in rice research by the Swiss government has 
yielded $70 million in benefits to rice farmers and 
national economies in four Asian countries. 

 



Increasing food security 
 Rice and wheat are the most important human food, eaten by more 

than half of the world’s population everyday. In Asia, where 90% of 
rice is consumed, ensuring there is enough affordable rice for 
everyone, or rice security, is equivalent to food security. In Africa 
and Latin America, rice and wheat both are becoming a more 
important staple too. Much of IRRI’s work is around helping 
increase rice production to ensure food security - particularly for 
those people most at risk of not getting enough food. 

   
 
Tackling climate change 
 Whether it’s through the alternative wetting and drying 

management practice that’s being implemented in the Philippines or 
the development of drought-tolerant rice, IRRI’s research is 
focused on adapting rice to the effects of climate change. Moreover, 
our scientists are cognizant are constantly looking for ways that 
rice production can reduce greenhouse gases. 

 



Protecting the environment 
 A healthy environment is essential to a healthy rice 

production system and to the health of rice and wheat 
producers and workers. Rice production depends on 
natural resources like water and nutrients and needs to 
be protected from pollutants. Moreover, any negative 
impact of rice production on the environment has to be 
minimized to ensure rice production is sustainable in the 
long term. 
 

Making wheat healthier 
 Two billion people suffer from what is known as “hidden 

hunger,” or micronutrient malnutrition. They get enough 
macronutrients (carbohydrates, protein, and fat) from 
their diet, but not enough micronutrients (vitamins and 
minerals) that are essential to good health. 

 



 Engaging women 
    Women play an important role in the global sector as both paid 

and unpaid family labor. In many parts of Asia, women contribute 
at least half of the total labor input in wheat and rice production, 
performing backbreaking tasks such as transplanting and weeding. 
After harvest, it is usually the women who take care of seed 
storage and processing of (drying) for home consumption. 

  
 Biological interaction 
    Biological N2 fixation takes energy which comes at the expense of 

photosynthate (sucrose). Generally, legumes gain extra nitrogen 
for plant growth to offset the loss of photosynthate in this 
mutualistic association. The rhizobia invade plant roots and induce 
a nodule in which the bacteria reduce atmospheric nitrogen to 
ammonia and supply the plant with nitrogenous compounds . The 
plant gains the ability to grow in nitrogen poor soils, and the 
bacteria gain a protected niche where they multiply and eventually 
escape back into the surrounding soil when the nodule senesces. 



 Nodulation 
 The actual process of nodulation is a very coordinated effort 

between the legume and the Rhizobium bacteria in the soil. 
Infection typically occurs in root hairs of legumes. Many 
rhizobia and host plants are highly specific and legumes can 
either attract rhizobia to root hairs directly by excretory 
compounds or by induction of nod gene activity in the 
bacteria.  
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Communication between legume and Rhizobium 
1. Flavonoids are released by the host root. The flavonoid is at the 

highest concentration at the root and interacts with the 
product of bacterialnodD gene. The nodD gene produces the 
protein, nodD, which is the sensor that recognizes chemicals 
excreted by host plant roots . 
 

2. Rhizobia colonize the soil in the vicinity of the root hair in 
response to the Flavonoids. This process is autoregulated where 
Flavonoids stimulate Nod factor production, which stimulates 
flavonoid secretion. 

 
3. Response to Nod factors is extremely rapid and the disruption 

of cell wall happens very quickly. Disruption of crystallization of 
cell walls take place, thereby allowing entrance by the rhizobia. 
At the same time Rhizobia multiply in the rhizosphere. The root 
hair is then stimulated and curls to the side where the bacteria 
are attached which stimulates cell division in the root cortex. 

 



 4. A "shepherd's crook" is formed and entraps the rhizobia which then 
erode the host cell wall and enter near the root hair tip. An infection 
thread is formed as rhizobia digest the root hair cell wall. Free-
living Rhizobium bacteria are converted to bacteroids as the infection 
elongates by tip growth down root hair and toward epidermal cells. 
 

 5. Infection thread branches and heads toward the cortex and a visibly 
evident nodule develop on the root as the plant produces cytokinin and 
cells divide. Nodules can contain one or more rhizobial strains and can be 
either determinant (lack a persistent meristem and are spherical) or 
indeterminate (located at the distal end of cylindrically shaped lobes). Many 
infections are aborted due to a breakdown in communication between 
rhizobia and the host plant leaving nodule number strictly regulated by the 
plant. 
 

 6. Once inside the nodule, rhizobia are released from the infection thread 
in a droplet of polysaccharide. A plant-derived peribacteroid membrane, 
which regulates the flow of compounds between the plant and bacteroid, 
quickly develops around this droplet via endocytosis. This process keeps 
the microbes "outside" the plant where the rhizobia are intracellular 
but extracytoplasmic. The loss of the ammonium assimilatory capacity by 
bacteroids is important for maintaining the symbiotic relationship with 
legumes. 



Conclusion  
 Food security is recognized as being more than just providing 

people with enough calories to live on, but ensuring people have 
enough nutrients for optimal health too. Two billion people suffer 
from “hidden hunger,” or micronutrient malnutrition. They get 
enough macronutrients (carbohydrates, protein, and fat) from their 
diet, but not enough micronutrients (vitamins and minerals) that 
are essential to good health. 

 Hidden hunger can result in more frequent and severe illness and 
complications during pregnancy, childbirth, infancy, and childhood. 
After a quantum jump in the wheat production, genetic ceiling in 
the yield of semi dwarf wheat varieties has surfaced once more as a 
result wheat production moving very slow; at the same time, 
population in the world in general and in Asian countries 
particularly in India, and Bangladesh is growing fast which may lead 
to the Malthusian nightmare in the  food grain production (food 
famine) by mid  21st century.  
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