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Preface 
-------------------------------------------------------------------------------------------------------------- 

                 Climate change, the outcome of the “Global Warming” has now started showing its impacts worldwide. 
Climate is the primary determinant of agricultural productivity which directly impact on food production across the 
globe. The main challenges from climate change to agriculture and food production are the more frequent and severe 
drought and floods, and higher pressure from insects and diseases. Agriculture is extremely vulnerable to climate 
change. Higher temperatures eventually reduce crop yields without discouraging weed, disease and pest challenges. 
Changes in precipitation patterns increase the likelihood of short-term crop failures and an increased risk of famine in 
the poorest countries. With the dwindling or stagnant agricultural land and water resources, the sought-after 
increases will therefore be attained mainly through the enhancement of crop productivity under eco-efficient crop 
production systems. ‘Smart’ crop varieties that yield more with fewer inputs will be pivotal to success. Plant breeding 
must be re-oriented in order to generate these ‘smart’ crop varieties and to develop varieties to cope with climate 
change through many different techniques ranging from simply selecting plants in farmers fields with desirable traits 
for propagation, to more complex classical or molecular techniques. Keeping in view the above facts, this book entitled 
“PLANT BREEDING AND CLIMATE CHANGE” was prepared so that it will help researchers and extension specialists to 
formulate important measures which are required to be taken to overcome this problem which include creation of 
laws; growing of pulses, millets, adoption of agro-forestry and development of new climate tolerant crop varieties to 
tackle the changing climate.  
        We express our profound sense of gratitude to Dr Gul Zaffar, Associate Director Research, Dryland agriculture 
research station SKUAST-Kashmir, Srinagar, for his prudent co-operation and bestowing us with intellectual guidance, 
useful suggestions and meticulous supervision and helped us in lending presentable dimension to this work. 
The cooperation extended by our family members during the completion of this book is highly appreciable. We are 
extremely thankful to Mohmad Ikbal Rigoo, Sub Division Agriculture Officer Kakapora Pulwama, Jammu and Kashmir, 
India, who have helped and provided the very much enthusiasm and consistent encouragement required for the 
completion of this Book. 

---------------------------------------------------------------------------------------------------------------- 
STATE AGRICULTURE DEPARMENT                                       MUSHTAQ AHMAD & M H KHAN                                                                                                 

JANUARY, 2016 
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Impact of climate change 

Global climate change is likely to increase the problems of food insecurity, hunger and 

malnutrition for millions of people and also further aggravate the current trends in land 

degradation. Whereas global temperatures are predicted to increase by 2.5–4.3 0C by the end 

of the century, with significant effects on food production and malnutrition, it is also evident 

that agriculture is currently affected by increasing climate variability, especially temperature. 

Heat waves and drought significantly reduced productivity of major cereal crops viz., rice, 

wheat and maize.  In addition to the challenge of temperature extremes (hot and cold) and 

drought or water stress as well as flooding associated with climatic variability, the incidence 

and severity of biotic stresses such as pests, diseases and the invasion of alien weed species 

are also likely to be greater. In the context of current climate variability, as well as predicted 

increases in mean temperature and annual precipitation, agricultural biotechnology offer the 

genetic enhancement of agricultural crops so that they are better adapted to biotic and abiotic 

stresses, leading to higher crop productivity. Developing crops that are better adapted to 

abiotic stresses is important for food production in many parts of the world today. 

Anticipated changes in climate and its variability, particularly extreme temperatures and 

changes in rainfall, are expected to make crop improvement even more crucial for food 

production. Biotechnology approaches, molecular breeding, genetic engineering and their 

integration with conventional breeding are some of the approaches that develop crops which 

are more tolerant to these abiotic stresses. 

The FAO defines food security as a situation that exists when all people, at all times, have 

physical, social, and economic access to sufficient, safe, and nutritious food that meets their 

dietary needs and food preferences for an active and healthy life (FAO 2003). These 

definitions entails four key dimensions of food security—availability, access, stability, and 

utilization—and climate change is set to impact all four dimensions. The per capita world 

cereal output reportedly declined from 335 kg per year in 1980-1985 to 310 kg by 2000-2005. 

Among developing countries, China and India, which together accounted for over 30 per cent 

of world cereal output in the early 1990s, contributed significantly to this global decline. The 

eleven developing countries - China, India, Indonesia, the Philippines, Thailand, Vietnam, 

Iran, Egypt, Pakistan, Bangladesh, and Sri Lanka which together contributed 40 per cent of 

world cereal output accounted for only a 15.6 per cent increase in cereal output over the 
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thirteen year period between 1989-1991 and 2003-2004, a growth rate of only 1.1 per cent 

per year in comparison to the 2 per cent population growth rate of these countries. 

 In India, agriculture is the backbone of Indian economy. Around 70% of the population earns 

their livelihood from agriculture. India’s geographical condition is unique for agriculture 

because it provides many favourable conditions. There are plain areas, fertile soil, long 

growing season and wide variation in climatic condition etc. Apart from unique geographical 

conditions, India has been consistently making innovative efforts by using science and 

technology to increase production. The National Crime Records Bureau of India reported 

13,754 farmer suicides. Farmer suicides account for 11.2% of all suicides in India.  The most 

important reason behind the farmer’s suicide is abiotic stress such as drought, flooding and 

unpredictable climatic conditions which cause their crop failure and this becomes the major 

cause of their high debt burden and cause of suicide.  

Climate change is having remarkably profound impacts on the Himalayas as well a glacial 

melt of which forms a source of perennial rivers such as the Indus, Ganges, and Brahmaputra, 

feeding hundreds of millions of people across South Asia. Frequency of droughts has already 

increased especially in the Himalayan region including Jammu and Kashmir where the degree 

of severity had increased by more than 20 percent since the 1970s. As against the normal day 

temperature ranging from 5 to 7 degree Celsius in Srinagar (Jammu and Kashmir State) 

during January for the last few years, the temperatures have soared to 14 or 15 degree 

Celsius. On the other hand in Jammu, the day temperatures have dipped down to 13 to 14 

degree Celsius as against the normal average of 18 to 20 degrees. These abnormally higher 

temperatures have reduced the crop yields. For each degree Celsius 

rise in temperature above average, farmers can expect 10 percent decline in yields of rice, wh

eat and maize. 

 Kashmir Valley based environmentalists/agriculturalists believe that abnormal rise in 

temperatures in particular can prove drastic for some of our native plants increasing their 

sterility and hence lowering the overall production. Various researches conducted by 

agriculture scientists indicated that place like Kashmir which is a prime exporter of food, 

especially fruits is facing a likely situation of slipping into a condition of food insecurity. 

Over the last few years, food imports have considerably risen in the Kashmir Valley. ‘‘Food 

insecurity as such has never come to spotlight in a place like Kashmir, which has always been 

perceived to be food resources sufficient. For the last few years with the climate change, 

there is dismal production of paddy every year and farmers of many areas of Valley are 

adopting horticulture. As a matter of fact, Kashmir which used to produce sufficient 
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agriculture produce like rice or wheat is now meagrely producing these cereals and if the 

change of climate continues at the same pace, Kashmir will very soon be importing every bit 

of the food, which the people of Kashmir will consume from the neighbouring states. Some 

of the peasants of Kashmir valley say ‘‘we are converting our paddy fields into apple 

orchards as this is economically more viable. The abnormally high temperature in spring and 

autumn seasons when the paddy crop is cultivated and harvested, respectively, has affected 

the quantity and quality of crop, thus affecting our returns”. Furthermore, there  is a real 

danger of loss of food security of more than 4 million people dwelling in vulnerable karewa 

areas and enclaves like Uri, Gurez, Karnah, Drass, Leh and Kishtwar and Doda areas in case 

of failure of fruits and food grains. 

As most of the agriculture land of Jammu region is un-irrigated and mostly depends upon 

monsoon rains for cultivation, so less rainfall in last some couple of years (more so during 

2009 and 2011) has resulted in farmer’s distress. During the year 2009, the monsoons were 

delayed and erratic, and reached the region after 20th July and also earlier withdrawal from 

the region. Due to these reasons, the farmers could not sow maize in about 2,6163 ha area. 

They were also unable to transplant paddy in about 14,308 ha.  

Impacts of climate change on agriculture and food production 

Climate change affects agriculture in a number of ways, including through changes in 

average temperatures, rainfall, and climate extremes (e.g., heat waves); changes in pests and 

diseases; changes in atmospheric carbon dioxide and ground-level ozone concentrations; 

changes in the nutritional quality of some foods etc (Table 1). Food production in India is 

sensitive to climate changes such as variability in monsoon rainfall and temperature changes 

within a season. Studies at Indian Agricultural Research Institute (IARI) and other institutes 

indicate greater expected loss in the rabi crops. Every 1°C rise in temperature reduces wheat 

production by 4-5 Million Tonnes. Small changes in temperature and rainfall have significant 

effects on the quality of fruits, vegetables, tea, coffee, aromatic and medicinal plants and 

basmati rice. Pathogens and insect populations are strongly dependent upon temperature and 

humidity, and changes in these parameters may change their population dynamics. 

Agricultural productivity is sensitive to two broad classes of climate-induced effects (1) 

direct effects from changes in temperature, precipitation or carbon dioxide concentrations, 

and (2) indirect effects through changes in soil moisture and the distribution and frequency of 

infestation by pests and diseases. The adaptability of farmers in India is severely restricted by 

the heavy reliance on natural factors and the lack of complementary inputs and institutional 

support systems. The loss in net revenue at the farm level is estimated to range between 9% 
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and 25% for a temperature rise of 2 °C to 3.5 °C. Scientists also estimated that a 2°C rise in 

mean temperature and a 7% increase in mean precipitation would reduce net revenues by 

12.3% for the country as a whole. Agriculture in the coastal regions of Gujarat, Maharashtra, 

and Karnataka is found to be the most negatively affected. Small losses are also indicated for 

the major food-grain producing regions of Punjab, Haryana, and western Uttar Pradesh. On 

the other hand, West Bengal, Orissa, and Andhra Pradesh are predicted to benefit to a small 

extent from warming.  

Table : Predicted effects of climate change on agriculture over the next 50 years 

Climatic element Expected changes by 2050's Confidence in 
prediction 

Effects on agriculture 

CO2 Increase from 360 ppm to 450 - 600 
ppm (2005 levels now at 379 ppm) 

Very high Good for crops: increased 
photosynthesis; reduced water use 

Sea level rise Rise by 10 -15 cm Increased in south 
and offset in north by natural 
subsistence /rebound  

Very high Loss of land, coastal erosion, 
flooding, salinisation of groundwater 

Temperature Rise by 1-20C. Winters warming more 
than summers. Increased frequency of 
heat waves 

High Faster, shorter, earlier growing 
seasons, range moving north and to 
higher altitudes, heat stress risk, 
increased evapo-transpiration 

Precipitation Seasonal changes by ± 10% Low Impacts on drought risk' soil 
workability, water logging irrigation 
supply, transpiration 

Storminess Increased wind speeds, especially in 
north. More intense rainfall events. 

Very low Lodging, soil erosion, reduced 
infiltration of rainfall 

Variability Increases across most climatic 
variables. Predictions uncertain 

Very low Changing risk of damaging events 
(heat waves, frost, droughts floods) 
which effect crops and timing of farm 
operations 

                                 Source: Climate change and Agriculture, MAFF (2000) 

 

Plant breeding and global climate change 

Climate change is now unequivocal, particularly in terms of increasing temperature, 

increasing CO2 concentration, widespread melting of snow and ice and rising global average 

sea level, while the increase in the frequency of drought is very probable but not as certain. 

However, climate changes are not new and some of them have had dramatic impacts, such as 

the appearance of leaves about 400 million years ago as a response to a drastic decrease in 

CO2 concentration, the birth of agriculture due to the end of the last ice age about 11000 

years ago and the collapse of civilizations due to the late Holocene droughts between 5000 

and 1000 years ago. The climate changes that are occurring at present will have – and are 

already having – an adverse effect on food production and food quality with the poorest 

farmers and the poorest countries most at risk. The adverse effect is a consequence of the 



Ph ton eBooks                                                                                                                                                         10                      

 

expected or probable increased frequency of some abiotic stresses such as heat and drought, 

and of the increased frequency of biotic stresses (pests and diseases). In addition, climate 

change is also expected to cause losses of biodiversity, mainly in more marginal 

environments. Plant breeding has addressed both abiotic and biotic stresses. Strategies of 

adaptation to climate changes may include a more accurate matching of phenology to 

moisture availability using photoperiod-temperature response, increased access to a suite of 

varieties with different duration to escape or avoid predictable occurrences of stress at critical 

periods in crop life cycles, improved water use efficiency and a re-emphasis on population 

breeding in the form of evolutionary participatory plant breeding to provide a buffer against 

increasing unpredictability.  

 Plant breeding has made an enormous contribution to global agriculture (yield, resistance to 

biotic stress, tolerance to abiotic stress, harvest security, improvement of quality traits 

including nutritional value, etc.). Yield in many crops has increased from 1 to 3 per cent per 

year. A large proportion (50 to 90 per cent) is due to improved varieties, rather than to other 

input factors, and in certain crops this percentage is increasing. The efforts of plant breeders 

have led to varieties with increased resistance to biotic stress, saving many millions of dollars 

in crop protection products per year, as well as to varieties with increased tolerance to abiotic 

stress, such as drought, salinity, flooding or herbicides. 

Plant breeding is an activity that requires a considerable amount of skill and financial 

investment to support the lengthy and risky processes of research and product development 

such as intellectual property (IP), which is crucial for a sustainable contribution to plant 

breeding and seed supply and mechanisms need to be in place to ensure a return on 

investment. Plant breeding and related disciplines and technologies have the ability to 

significantly contribute to solving several possible future problems such as food insecurity 

and hunger, high input costs, etc. They can also offer increasing nutritional values and other 

traits useful for mankind. This is how plant breeding is mitigating the effects of population 

growth, climate change and other social and physical challenges. 

Broadly speaking, plant breeding could be considered to be changing the genetic make-up of 

plants for the benefit of humankind. More specifically, it is developing new varieties through 

the creation of new genetic diversity, by reassembling existing genetic diversity all with the 

aid of special techniques and technologies. The precursor to plant breeding as we know it 

today began 9,000 to 11,000 years ago when man domesticated wild plants. By a process of 

trial and error, plants with desirable traits were selected – the process often referred to as 

domestication  – rendering them more suitable for agriculture. Within a relatively short time 
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frame of several thousand years, all the major cereal grains, legumes, and root crops have 

been domesticated. These are the food crops that mankind has depended on most for its 

calorie and protein intake. 

Since then, there have been many noteworthy break-throughs in plant breeding and promising 

research activities to raise yields in marginal production environments are ongoing. Today, 

plant breeding uses techniques from simple selection to complex molecular methods to 

integrate desirable traits into existing varieties to meet human needs. Whether carried out by 

the public or private sectors, plant breeding is an activity that requires skill and financial 

investment to support the lengthy and risky process of research and product development. 

Plant breeders work with all kinds of crops, such as agricultural (or field) crops, horticultural 

crops (including ornamentals), forage and turf crops and forest crops. Crops producing 

medicines or providing environmental remedies are also within their sphere of action. In 

order to find and create enough genetic variation, they are involved in the collection of 

germplasm around the world. They preserve, evaluate and distribute the germplasm to those 

interested in working with the crop. The products of plant breeding can be found everywhere 

in the form of new varieties of useful crops for growers, farmers, and gardeners. Plant 

breeders develop new cultivars which give higher yield, earlier maturity, better adaptation, 

improved quality, and higher resistance to disease, insects, and environmental stress, just to 

name a few of the characteristics that benefit mankind. It is mainly the plant breeders, along 

with other agricultural researchers and extension services, who have provided the world’s 

population with plentiful food, improved health and nutrition and beautiful landscapes. 

Agriculture can be considered to be the foundation of civilization, and in a similar way, plant 

breeding can be considered to be the foundation of agriculture.  

Biotic stress resistance 

According to FAO data, the current annual loss worldwide due to pathogens is estimated at 

85 billion US dollars and to insects at 46 billion US dollars. Therefore it is not surprising that 

a considerable amount of effort goes into breeding for biotic stress resistance. This involves, 

inter alia, resistance against fungi, bacteria, nematodes, viruses, water moulds and insects. 

Over the years breeders have released thousands of varieties with as much or higher 

resistance. In that way they have given farmers the necessary harvest security to ensure that 

they have a crop to harvest at the end of the growing season. With this breeding for biotic 

stress resistance, there has been significantly less need to use crop protection products, 

resulting in a significant decrease in the environmental footprint made by agriculture. It has 
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been calculated that in the UK alone, disease resistance saves 100 million pounds sterling per 

year on crop protection products (BSPB, 2009). 

However, it should also be said that there is still a lot of work to do. For example fully 

resistant varieties against three fungal diseases affecting cereals and grasses, Fusarium head 

blight (FHB), ergot and stem rust, are still needed. It is estimated that FHB causes an annual 

loss of 1 billion US dollars in wheat yield and grain quality. Reports indicate that in a state 

such as North Dakota (US) a loss of up to 10 per cent can occur in wheat due to ergot 

infection, and losses of 5 per cent are common in rye. With the Ug99 strain of stem rust, 100 

per cent crop loss has been reported. These are just a few of the examples where the 

continuous and relentless efforts of plant breeders are desperately needed. 

Abiotic stress resistance 

Ninety million people per year are affected by drought, 106 million people per year are 

affected by flooding and around 900 million hectares of soil are affected by salinity. In 

addition, according to FAO data, the current annual loss worldwide to weeds is a staggering 

95 billion US dollars. Of this, around 70 billion US dollars is lost in developing countries, 

which is equivalent to a loss of 380 million tonnes of wheat. Plant breeders have also worked 

on tolerance to abiotic stress factors such as herbicide tolerance, drought, flooding and 

salinity. In the case of poor soils, breeders have attempted to select varieties which were 

better capable of taking up the necessary nutrients. When considering the possible effects of 

climate change, certain areas are expected to see a decrease in the level of rainfall, whereas 

other areas could expect the reverse. Plant breeders will therefore continue to research and 

create new genetic variations to develop the necessary germplasm to cope with these 

challenges. The figures given above underline the magnitude of the task ahead and the need 

to have a good plant breeding infrastructure and seed industry in place. 

Plant breeding approaches to climate change 

� Plant breeding has significantly contributed and will continue to be a major 

contributor to increased food security whilst reducing input costs, greenhouse gas 

emissions and deforestation. With that, plant breeding significantly mitigates the 

effects of population growth, climate change and other social and physical challenges. 

� Development of drought-resistant crops that have been tested for strong yields when 

subjected to periods of extended water shortage.  

� Improvements in plant nitrogen and water use efficiency and development of cost-

efficient nitrogen uptake delivery systems and low-cost, high efficiency irrigation 

techniques  
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� Development of global testing sites and data collection and dissemination efforts, 

using standard data protocols, to assess the performance of existing and new genetic 

material and management systems in today’s range of agro-climatic conditions  

� Continuous field testing to track climate change, breeding for resistance to new 

diseases and pests and to address changes in pollinator distribution have been 

identified as avenues to confront adaptation of crops in the face of climate change.  

� Development of assessment tools that incorporate the biophysical constraints that 

affect agricultural productivity and include climate and socioeconomic scenarios, 

including improved characterization of policy and program environments and options. 

� The challenges of global population growth, climate change and pressure on finite 

natural resources demand a sustainable intensification solution – this means producing 

more output per unit of resource and balancing that productivity gain with reduced 

environmental impact.  

� Plant breeding companies develop crop varieties with higher yields, better quality, 

improved resource use efficiency and reduced environmental impact. 

�  The main focus of modern commercial breeding programmes is to increase and 

protect marketable crop yields, increasing production from the same amount of land 

with more efficient use of inputs and reduced greenhouse gas emissions per tonne of 

output – key requirements of sustainable intensification.  

� Alongside selection for physical yield, the development of varieties with improved 

standing ability, better end-use quality and enhanced pest and disease resistance 

brings reduced harvest losses and wastage in the supply chain.  

Advanced techniques for tackling climate changes  

 Plant breeding has been a success story in increasing yield. It may help in developing 

new cultivars with enhanced traits better suited to adapt to climate change conditions using 

both conventional and genomic technologies. These traits include drought and temperature 

stress resistance; resistance to pests and disease – which continue to cause crop losses, 

salinity and water logging. Breeding for drought resistance has historically been one of the 

most important and common objectives of several breeding programme for all the major food 

crops in most countries. Opportunities for new cultivars with increased drought tolerance 

include changes in phenology or enhanced responses to elevated CO2. With respect to water, 

a number of studies have documented genetic modifications to major crop species (e.g. maize 

and soybeans) that have increased their water-deficit tolerance, although this may not extend 

to a wide range of crops. In general, too little is known currently about how the desired traits 
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achieved by genetic modification perform in real farming and forestry applications. The 

negative impact of climate changes on agriculture and therefore on food production is 

aggravated by the greater uniformity that exists now, particularly in the agricultural crops of 

developed countries compared to 150–200 years ago. The decline in agricultural biodiversity 

can be quantified. While it is estimated that there are 250000 plant species, of which about 

50000 are edible, in fact not more than 250 are used – out of which 15 crops provide 0·9 of 

the calories in the human diet and three of them, namely wheat, rice and maize, provide 

0·6%. In these three crops, modern plant breeding has been particularly successful and 

movement towards genetic uniformity has been rapid – the most widely grown varieties of 

these three crops are closely related and genetically uniform (pure lines in wheat and rice and 

hybrids in maize). The major consequence of the dependence of modern agriculture on a 

small number of varieties for the major crops which are main sources of food are more 

genetically vulnerable than ever before, i.e. food security is potentially in danger. A number 

of plant breeders have warned that conventional plant breeding by continuously crossing 

between elite germplasm lines would lead to the extinction of diverse cultivars and non-

domesticated plants and climate change may exacerbate the crisis. Hence, to adopt innovative 

crop breeding programs both traditional techniques and modern biotechnology have to be 

used in order to identify smart crop strains with traits relevant to climate change. Breeding 

programs can involve amplifying the potential of existing traits or transferring traits to other 

plants. This can be done to increase varietal tolerance.  

Technological advances in molecular breeding 

Technological advances in molecular breeding have been truly spectacular and the reason for 

this is in part due to the benefits that the technology provides. Molecular breeding exploits 

useful genetic diversity for crop improvement, offers greater precision and the efficiency of 

selection is enhanced. All of these factors are allowing for greater gains year-on-year which 

is reducing the time it takes to develop a new variety or hybrid. Molecular breeding started 

with marker systems like the RFLPs where a limited number of markers could be tracked and 

the time taken was longer than the present day molecular systems which are moving more 

and more to SNP databases, allowing for whole genome selection, backcrossing programs, 

MAS and genetic analysis in general. The molecular marker systems are also critical in IP-

related matters. Having a ready fingerprint of a proprietary line can be key in ensuring that 

the breeder’s material is protected from illegal use. 

 Molecular breeding can be most effective when good phenotyping is also available for the 

material. Combining the phenotype and the genotype serves to associate certain markers with 
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a phenotype validating their use. Not all markers can be linked to phenotypes but they can 

still be used productively. In the case of rice for instance, it is possible to integrate all 

relevant bacterial leaf blight tolerance Xa genes into commercial parents ensuring that the 

hybrid is tolerant to this common disease. The markers are well defined and most products 

are moving towards having at least three Xa genes for durable tolerance. Similarly, a more 

challenging problem in rice is the brown plant hopper. Good phenotyping methods are 

available for screening the germplasm and also molecular markers have been identified which 

provide varying levels of tolerance. Selecting the best germplasm based on the phenotype 

screening methods and then applying the knowledge of available molecular markers 

strengthens the probability of tolerance in the ultimate product. Also this overcomes some of 

the variations one may see in phenotype screening due to environmental factors. In the case 

of rice, there are many advantages in that the entire genome has been sequenced and a lot of 

information is available. The challenge for us is to translate this information into a usable 

format and to be able to address challenges like drought, salinity and yield per se. When 

looking at drought, for durable tolerance there is a need to address all the stages of drought 

the crop may be subject to such as seedling stage drought, pre- and post-flowering drought. 

Also, the need to find tolerant germplasm and the ability to do phenotyping in combination 

with the power of molecular breeding may ultimately give us plants which can tolerate 

drought stress better. All of these molecular advances are allowing the plant breeder to 

accumulate more and more of the favourable alleles in the lines being developed, thus 

improving the genetic potential of the crop. All of these tools are available and ready to go. In 

some crops like maize, soybean, rice, tomato, to name a few, the use is extensive and 

growing. Much more work is needed in other crops and it must be applied more widely so 

more and more breeders can benefit from these technologies, ultimately leading to better 

product for farmers. As molecular technologies advance, we continue to gain a better 

understanding of critical functions which lead, for example, to heterosis. Looking at 

expression profiles of parents and hybrids may shed some light on what valuable 

contributions are made by which line or what stages of plant growth have the greatest impact 

on hybrid vigour. This kind of understanding will allow breeders to become more precise on 

what elements to combine in the lines being developed. 

Profile of the desired ‘smart’ crop varieties resilient to climate change 

FAO (2013) posited that ‘a genetically diverse portfolio of improved crop varieties, suited to 

a range of agro ecosystems and farming practices, and resilient to climate change’ is key to 

sustainable production intensification. In addition to high yields, the new elite varieties 
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envisioned to address the bourgeoning drivers for food insecurity must be adapted to extreme 

weather conditions and the attendant continually evolving new strains and biotypes of pests 

and diseases. Extreme and changing patterns of drought and salinity are probably the most 

critical consequences of climate change and variations for which plant breeding must develop 

well-adapted varieties. Additionally, the 21st century plant breeding must cater to different 

prevailing farming systems and conditions - including rain-fed agriculture that accounts for a 

significant proportion of global food production in places where erratic rainfall patterns are 

expected. The new elite varieties must make more efficient use of inputs, and have improved 

nutritional qualities that meet the myriad dietary preferences of an increasingly more affluent, 

health-conscious and generally more discerning consumer. Breeding objectives and strategies 

must also lead to those crop varieties that fit into ecosystem-based approaches such as 

conservation agriculture that emphasizes zero tillage. The breeding of multipurpose crop 

varieties which biomass are severally suited for use as food, bio-energy substrates, livestock 

feeds, and fiber will contribute to assuaging the effects of the ever increasing competing 

demands from these industries on arable lands, water resources and even foodstuff. 

Unlocking the inherent potential crops 

An unintended consequence of this human intervention in the otherwise natural process of 

evolution and speciation has been the narrowing of the genetic base of the plants cultivated 

for food. The extremely narrow genetic base of crops, as evidenced in the similarities and 

shared close ancestries of cultivars, imperil food security grievously as a majority of the 

cultivars of the world’s most important food crops would be vulnerable to the same stresses. 

With climate change and variations, the threat of wide ranging major crop failures as a result 

of biotic and abiotic stresses is all too real. This threat can be mitigated by sourcing and/or 

inducing and deploying new allelic variations in plant breeding. 

Widening the sources of heritable variations 

Scientists are mindful of the shortcomings in the genetic diversity- and hence, increased 

vulnerabilities - of crops. Wild relatives of crops, land races and other non-adapted genetic 

materials, even if usually low yielding and harboring undesirable traits, should be used more 

routinely in genetic improvement as means to addressing this shortcoming. Use of such non-

adapted materials in plant breeding has been quite rewarding. Some of the examples are the 

use of genes located on a translocated chromosome arm of rye in the genetic improvement of 

wheat. The introduction of genes from the wild relative of tomato, the drought-tolerant green-

fruited Solanum pennelli, increased yields upto 50%. In general, crop wild relatives (CWRs), 

underutilized crops, and neglected species that are conserved exsitu, on-farm and insitu are 
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veritable repositories of the beneficial heritable traits lost in the course of domestication 

including those for adapting to climate change. These can be assembled into the envisaged 

‘smart’ crop varieties.  

Induced mutations 

Mutation, the heritable alteration to the genetic base has been the main driver for evolution 

and hence speciation and domestication of crops. With the discovery of X-rays and other 

forms of radiation in the early 20th century and the subsequent demonstration that these could 

alter the genetic material permanently, scientists have induced mutations in plants using both 

physical and chemical agents. Induced mutation is hence an established crop improvement 

strategy and is credited with the development of over 3,200 officially released elite crop 

varieties and ornamental plants being cultivated all over the world. This is expensive and 

time-consuming. Now-a-days biotechnological applications are being used to enhance the 

efficiency levels for producing and evaluating large populations e.g. the high throughput 

reverse genetics technique, TILLING, short for Targeted Induced Local Lesions IN Genomes 

permits the efficient screening of large populations of plants for specific mutation events. The 

specificity and efficiency of TILLING identifies mutation events in predetermined genome 

regions and holds great promise for the use of induced mutations to broaden the genetic base 

of crops against the climate change.  

           Cell and tissue biology techniques are also used to enhance the efficiency of mutation 

induction. For instance, with doubled haploidy, homozygosity of the mutated segments of the 

genome is achieved rapidly while invitro propagation techniques are used to dissociate 

chimeras quickly (to generate solid homohistonts) and to produce and manage large mutant 

populations in cost, time and space efficient manners. The critical importance of other uses of 

cell biology techniques, e.g. in germplasm conservation, overcoming hybridization barriers 

and in the rapid multiplication of disease-free planting materials makes it an indispensable 

tool in crop improvement in general. 

Marker-assisted selection 

The increasingly available rapid, efficient, high throughput, and cost-effective molecular 

biology tools for identifying the sources, and tracing the inheritance, of desired traits are 

revolutionizing the management of PGRFA in general and plant breeding in particular. The 

use of MAS is relatively straightforward in breeding for qualitative monogenic traits with 

clear-cut differences between phenotypes, such as disease resistance in plants, as the genetic 

mapping of the associated marker results in the mapping of the trait also and vice versa. For 

quantitative traits, the validation of the trait-marker association through large-scale field 
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experimentations and statistical methods in order to more precisely identify the target genome 

segments, i.e. quantitative trait loci (QTL), is additionally required. In general, once the 

marker-trait association has been verifiably established, the transmission of trait genes from 

parent to offspring is monitored by querying segregating materials for closely linked markers 

using suitably designed marker-assisted backcrossing. The utility of MAS in breeding for 

polygenic traits can also be derived in gene pyramiding, that is the accumulation of two or 

more genes for biotic and abiotic stress resistance which seems feasible only with this 

method. 

It has been demonstrated that consistently, MAS, both as a standalone strategy or in 

combination with phenotyping, significantly reduces the number of generations for 

evaluating segregating breeding materials and generally increases efficiency levels. Indeed, it 

has been demonstrated that MAS permits a seven-fold increase in data handling and 

ultimately halves the time required for breeding a new crop variety. The continued successful 

use of MAS in the private sector is providing much needed validation and proof of concept 

for this paradigm. This is critically important as capacity for this breeding methodology will 

be critical in handling the large populations of new breeding materials to be produced from 

pre-breeding activities using non-adapted genetic resources. For example, recent research has 

used technology to measure cell membrane thermo stability (CMT) in plants. By using the 

percentage of relative cell injury, researchers were able to recognize CMT as a marker linked 

to heat resistance that can be used to identify crop varieties that can survive at higher 

temperatures. With this type of information, breeders can manipulate inheritance to capitalize 

on the resilient trait. Apart from traditionally observable characteristics, molecular biology 

practices that assess deoxyribonucleic acid (DNA) strands allow researchers to locate 

genomic regions associated with improved productivity under stressful conditions. Then 

researchers can use gene-based MAS to increase the effectiveness of conventional breeding 

programs or to improve plant traits through genetic modification. Molecular markers may 

ultimately prove more effective in determining genotypic characteristics than more traditional 

phenotypic screening methods. A study using MAS under normal growth conditions that 

involved inserting the Sub1 gene into rice varieties to improve water logging tolerance 

revealed no demonstrated limit in quality and yield performance.  

High throughput phenotypic evaluations 

The selections of few promising individuals out of large populations of segregating materials 

can be a very daunting task. With MAS, the volume of assays that can be carried out and data 

points generated per unit time has increased substantially. For the workflow to be wholly 
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efficient, the assessments of the phenotypes must also keep pace with high throughput 

molecular assays. Indeed for molecular data used in breeding to be reliable, the 

corresponding phenotypic data for which inferences are made, must also be accurate. 

Phenomics, the study of phenomes – the sum total of an individual’s phenotype is the term 

that describes the novel high throughput measurements of the physical and chemical 

attributes of an organism. 

Broadened genetic diversity of crops 

Firstly, the extremely narrow genetic base of crops which puts food security at risk, must be 

broadened at both the intra- and inter-specific levels. Conserved PGRFA, ex-situ and in-situ, 

and the heritable diversity available on farm, including landraces must be explored to source 

the novel alleles that confer enhanced productivities. Doubled haploids and molecular 

markers which allow the identification and characterization of more native genes than ever 

before. Laser-assisted seed selection which provides the ability to analyze an individual 

kernel to determine if it has the desired properties. Decisions can be made immediately 

without planting in the field and waiting for the next growing season. It is a fully automated 

seed sampling process for increased breeding accuracy and efficiency. FAST (Functional 

Analysis System for Traits) corn is another example of using leading-edge technology to 

reduce the time it takes to identify and test potential leads for new traits. FAST corn is used 

to more quickly test agronomic expression of plant characteristics, such as water use 

efficiency or nitrogen use efficiency. Native traits play a key role in enhancing yield by 

giving the plants the protection they need from diseases and pests, such as brittle snap, fungal 

diseases, aphids and nematode, and native traits can enhance a plant’s tolerance for various 

stressors, such as cold and drought. Native genes have also been employed to improve 

nitrogen utilization and enhance grain quality. 

Modern plant breeding is moving quickly away from the paradigm of native versus 

transgenic traits to integrating transgenic and native genetic diversity with genetic 

knowledge. Using all of these tools, new products can be developed with the strengths of 

both. Finally, the sun never sets on plant breeding today. Vast networks of seed companies, 

governments, universities and other research centers are employing modern breeding and 

biotechnology to accelerate plant improvement on a multitude of crops around the globe. 

Genetic transformation 

Recombinant DNA technology involving the use of molecules containing DNA sequences 

derived from more than one source to create novel genetic variation has become an important 

crop improvement option. The procedures involve the incorporation of exogenous DNA or 
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ribonucleic acid (RNA) sequences using either biolistics or vectors into the genome of the 

recipient organism which as a result expresses novel and agronomically useful traits.  

Transgenic crops 

This is another example of how biotechnology has impacted on agriculture in the last decade. 

The first question often asked is why there is a need for transgenic crops. Generally when 

there are no known sources of tolerance and the conventional approaches to date have not 

been successful, transgenic crops can provide an alternative approach to address the 

challenge faced by a certain crop. The first generation traits which have been commercialized 

have addressed the following; 

� Insect-tolerant crops 

� Herbicide-tolerant crops 

� Disease-resistant crops 

As technological advances are allowing us to address more complex traits, the transgenic 

crops in the product pipeline are addressing the following; 

� Drought 

� Salinity 

� Fertilizer use 

� Yield per se 

Transgenic crops have changed how a crop is seen; taking the example of cotton in India, this 

particular sector has changed at farm and farmer levels, and has increased trade and foreign 

exchange earnings. At the farm level, productivity has gone up, net returns have increased 

and 50 per cent fewer pesticides have been used. At the farmer level, labour costs have gone 

down; exposure to pesticides has been reduced, making an overall positive impact on health. 

India has moved up to being the second largest producer of cotton in the world with the 

introduction of one single technology and changed to being a net exporter from being a net 

importer. The positive environmental impacts are also well documented. Similarly many 

examples are now available which address salinity, virus and insect problems and the list is 

endless. The future looks bright. 

Enhancing productivity with new products and traits 

The goal of all these technologies is simple – developing new hybrids or varieties that bring 

additional value to the world’s farmers against climate changes. By combining native and 

transgenic approaches, researchers around the world are working to develop solutions to 

growers’ most critical agronomic challenges and unmet needs. 
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The following pipeline technologies represent several game-changing opportunities for yield 

gains by helping plants overcome stressors in their environment, such as drought. Others are 

much further out on the development timeline, but represent exciting opportunities that could 

change the way we approach crop production: 

� Insect protection on more acres 

� Multiple modes of glyphosate tolerance 

� Pollen fertility control, hybrid production 

� Improved fuel, food and feed value 

� Drought tolerance – native and transgenic 

� Carbon sequestration 

� Nutrient use efficiency 

� Disease resistance 

� Transgenic yield enhancement 

� Salinity tolerance 

� Plant density, plant architecture 

� Cold and frost tolerance 

Finally, the development of these technologies is also dependent on continuing to break down 

barriers on a global basis, including addressing the regulatory environment and IP issues, 

promoting biotechnology acceptance and responding to the need for increased science and 

technological education and training. 

Conclusions 

From the above study, it is clear that the occurrence of floods and droughts, heat and cold 

waves are common across the world due to climate change. Their adverse impact on 

livelihood of farmers is tremendous. It is more so in India as our economy is more dependent 

on Agriculture. Interestingly, weather extremes of opposite in nature like cold and heat waves 

and floods and droughts are noticed within the same year over the same region or in different 

regions and likely to increase in ensuing decades. From the agriculture point of view, effects 

of extreme weather events on crops are to be documented on regional scale so that it will be 

handy to planners in such re-occurrence events for mitigating the ill effects. Also, there is 

need to guide farmers on projected impact climate change and sensitise them on probable 

mitigation and adaptation options to minimize the risk in agricultural sector. Crop breeding 

for development of new climate tolerant crop varieties is a key tool for adapting agriculture to 

a changing climate. History and current breeding experience indicate that natural biodiversity 
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within crops has allowed for plant adaptation to different conditions, providing clear evidence 

that plant breeding has great potential to aide in the adaptation of crops to climate change. 
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