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Abstract

crop improvement.

The ever increasing demand for food, feed, nutrition and other basic needs has put a lot of pressure on the agricultural and horticultural sectors in terms
of addressing the accompanied challenges associated with increasing crop productivity in hills. At the same time, we are witnessing the potential benefits
of the revolutions forced by the science of biotechnology. Biotechnology has played an important role towards the attainment of production sustainability
of crops by using various biotechnological tools. Biotechnology has the potential to provide new opportunities for achieving enhanced crop productivity in
a way that will alleviate poverty, improve food security and nutrition, and promote sustainable use of natural resources in hill farming system. Conventional
and biotechnological research inputs have contributed in solving some of the constraints limiting crop productivity. However, limitations such as complex
genome, narrow genetic base, poor fertility, susceptibility to biotic and abiotic stresses and long duration to breed elite cultivars, hinder crop improvement
programmes. Several radiation induced mutants with agronomically desirable traits were isolated and evaluated under field conditions, besides studying
abiotic stress responses using molecular tools. This article describes the developments in the in vitro culture systems and related biotechnologies tools such
as marker-assisted selection (MAS), marker-assisted breeding (MAB), QTL mapping etc. that are evolving as novel strategies in the recent years for use in
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Introduction

The world’s population has increased from 2.5 billion to 6.4
billion in the last 50 years and the population explosion threatens
that another 3 billion people will inhabit the planet by 2100. Each
night 854 million people go to bed hungry and about 842 million
people suffer from malnutrition [1]. It could be very difficult to
improve nutritional deficiency exclusively by traditional breeding
and management practices of crops. Efforts are being made towards
nutritional improvement of crops by using the tools of biotechnology
by increasing the levels of essential nutrients. A major challenge of
sustainable livelihood in the developing nations can be met with the

judicious and rational application of biotechnology along with other
equally powerful crop production systems. Adoption of biotechnology
in agriculture has been the focus of controversy due to varied reasons,
as questions have arisen regarding food and environmental safety.
The food safety assessment requires the evaluation of safety of
newly added DNA and the safety of their gene products and overall
safety of balance of food. The concept of substantial equivalence has
been accepted as the cornerstone of the health hazard assessment
of genetically modified (GM) foods. Therefore evaluation of such
interventions necessitates establishing the reasonable likelihood of
safety and that new varieties are as safe as or safer than the crops
produced through traditional methods.
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Agriculture in the hills is facing multifarious challenges in
checking degradation of natural resources, developing adaptation
and mitigation strategies in the changing climatic scenario and in
meeting the changing food requirement for the increasing population.
The constraints of contraction of the land holding size, local land
tenure systems, undulating hilly topography further complicates the
challenges making them more difficult to address. On the other hand,
hills are endowed with rich repository of biological diversity, valuable
genetic resources of agricultural crops and plethora of natural
resources. The Green Revolution, launched in the 1960s and 1970s,
used advances in science and technology to double and/or triple the
yields of rice, wheat, and maize in Asia, saving hundreds of millions
of lives. However, the Green Revolution bypassed hills. For hills to
realize the benefits of a Green Revolution, a lot of effort, commitment
and focus are required. Hills generally lacks the instruments of the
Green Revolution development and use of high-yielding varieties,
improved utilization of water through irrigation systems, utilization
of farm inputs such as fertilizer and pesticides. To move forward,
hill agriculture will not only need to address these aspects but
also to recognize the new challenges the world is facing and new
technological advancement presented by biotechnology.

To ensure food and nutritional security, sustainable development
of hill agriculture through conservation and judicious utilization of
natural resources, regional planning and demand driven technology
led agriculture is essentially needed. The realistic utilization of
biotechnology in agriculture has not only brought about profound
changes in the crop productivity and quality, but has also opened up
newer and hitherto unforeseen potential vistas including engineering
novel traits, successful commercial micropropagation, manipulating
plant architecture and molecular farming. The molecular techniques
for plant diseases diagnosis and pathogen characterization, marker-
assisted selection, parasitic diagnosis, development of transgenic
crop, and gender friendly agri-entrepreneurship have found a stay
in the economic development and prosperity of farmers in the hilly
region. In this chapter, we are reviewing the development challenges
facing in hill agriculture and try to elucidate how biotechnology
can contribute to food security, poverty reduction and sustainable
socioeconomic development.

Biotechnological strategies to improve food security

Conventional and biotechnological research inputs have
contributed in solving some of the constraints limiting crop
productivity. However, limitations such as complex genome, narrow
genetic base, poor fertility, susceptibility to biotic and abiotic stresses
and long duration to breed elite cultivars, hinder crop improvement
programmes. The following are the main biotechnological strategies
that are being adopted to solve the biotic and abiotic stresses to

enhance the crop productivity on sustainable basis.
Molecular marker technology

Isozyme and molecular based research accelerate the conventional
plant breeding. DNA markers are the most widely used type of
marker predominantly due to their abundance. They arise from
different classes of DNA mutations such as substitution mutations
(point mutations), rearrangements (insertions or deletions) or errors
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in replication of tandemly repeated DNA [2]. These markers are
selectively neutral because they are usually located in non-coding
regions of DNA. Unlike morphological and biochemical markers,
DNA markers are practically unlimited in number and are not
affected by environmental factors and/or the developmental stage of
the plant [3]. Increasingly, techniques are being developed to more
precisely, quickly and cheaply assess genetic variation. In recent years
different molecular markers include: (i) hybridization-based markers
such as restriction fragment length polymorphism (RFLP), (ii) PCR-
based markers: random amplification of polymorphic DNA (RAPD),
amplified fragment length polymorphism (AFLP) and microsatellite
or simple sequence repeat (SSR), and (iii) sequence-based markers:
single nucleotide polymorphism (SNP) have been developed and
applied to a large crop plant species. Now these molecular markers
are being widely used to track loci and genome regions in several
crop breeding programmes, as molecular markers tightly linked
with a large number of agronomic and disease resistance traits
are available in major crop species [4-6]. The majority of these
molecular markers have been developed either from genomic DNA
libraries (RFLPs and SSRs) or from random PCR amplification of
genomic DNA (RAPDs) or both (AFLPs). These DNA markers can
be generated in large numbers and can prove to be very useful for a
variety of purposes relevant to crop improvement. Their association
with genes/QTLs controlling the traits of economic importance has
also been utilized in some cases for indirect MAS. Other uses of
molecular markers include gene introgression through backcrossing,
germplasm characterization, genetic diagnostics, characterization
of transformants, study of genome organization and phylogenetic
analysis [5].

Characterization, fingerprinting and identification

Different crop species e.g. rice, winter wheat, buckwheat,
pigeon pea, beans, barley etc are characterized using isozymes.
DNA molecular markers (RAPD, SSR) can be used to characterize
and fingerprint the varieties and landraces of rice, barley, beans and
buckwheat. Isozyme profiles of pigeon pea; RAPD profiles of winter
wheat and buckwheat and SSR profiles of rice and barley has been
done successfully. Isozyme and DNA profiles of different accessions
can be developed. For identification, similarity or dissimilarity bands,
private alleles or standard genotyping can be used. These markers
can also be used to identify variety, F, hybrid and in plant variety
protection.

Screening and diversity study

It is planned to use DNA markers (RAPD, SSR) to screen the
accessions for particular trait e.g. blast resistance and susceptible rice
accessions, drought tolerance accessions, cold tolerance accessions,
high protein content accessions etc. Diversity is assessed among
variety and landraces of rice, barely, buckwheat, winter wheat, beans,
etc using morphological, isozymes, RAPD and SSR markers. Different
diversity parameters are estimated. Clustering is the common method
of showing relationship based on the genetic distance. These findings
are very useful for parent selection and heterosis prediction.

Linkage map construction and gene tagging

Linkage maps based on either morphological, isozymes or DNA
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markers are prerequisite to identify and tag desired genes. Mapping
and tagging agriculturally important genes with molecular markers
is the foundation for markers assisted selection (MAS) and marker
assisted backcrossing (MAB) in crop plants. Molecular tags, a
prerequisite for MAS and MAB have been developed for many crop
plants using different kinds of molecular markers elsewhere. Linkage
map on common buckwheat using EST markers on F, population
has been constructed. It is planned to construct such map in other
important crop species. Tagging blast resistance gene in rice landraces
of hills is expected and it will be used for MAS.

Marker assisted selection (MAS)

MAS provides new solutions for selecting and maintaining
desirable genotype. Once molecular markers closely linked to
desirable traits are identified, MAS can be performed in early
segregating population and at early stages of plant development.
Marker assisted selection or identification can be used to pyramid
the major genes including resistance genes with the ultimate goal of
producing varieties with more desirable characters. With MAS it is
now possible for breeder to conduct many rounds of selection in a
year. Molecular marker technology is now integrated into existing
plant breeding programmes all over the world in order to allow
researchers to access, transfer and combine genes at a rate and with
a precision not previously possible. The potential for accelerating
backcross breeding is possible now after the advent of DNA markers.
These markers can be used to select backcross progeny which had
usually large portions of recurrent parent genotype reducing the
number of backcross generation necessary to reconstitute a recurrent
parent genotype. MAB has been very widely used by commercial firm
savings of even 1-2 generations.

QTL mapping and gene pyramiding

Most of the important agronomic characters like yield and yield
components, plant height and days to flowering are controlled by
several genes. A number of methods for mapping quantitative trait
loci (QTL) and estimating their effects have been suggested and
investigated. Many QTL can be identified using DNA markers.
The identified QTLs can be used in MAS or MAB programmes in
crop improvement of rice for various traits like drought tolerance
accessions, cold tolerance accessions, high protein content accessions
etc.

Potential application of biotechnology for sustainable
development in hills

Agriculture is the mainstay of the economies in hill areas, to
attain improved nutritional well-being and sustainable food security,
emphasis should be put on strategies that will reduce the problems
of poverty and underdevelopment because these are the underlying
impediments to adequate access to food by all individuals. Crop
improvement using various biotechnological tools is recognized
globally as drivers of increased crop productivity and improving
standards of living of farmers in hills. There is ample evidence that
can solve the various problems of the farmers with the advances
in agriculture biotechnology. Efforts are being made towards
improvement of crops by using the tools of biotechnology on
sustainable basis along with other crop production systems.

R. K. Salgotra

Application of tissue culture for propagation of virus-
free planting material of vegetatively propagated and
neglected/orphan crops of hills

Tissue culture is seen as a main technology for the large scale
production of disease-free, high-quality planting material of crops
such as potato, flowers and fruit crops. In commercial applications,
such as fruit-export production and floriculture, it also generates
much-needed employment, particularly for women. These techniques
are very appropriate particularly for hills because they are relatively
simple and inexpensive. Plant regeneration can occur through
two main routes, direct and indirect morphogenesis. In direct
morphogenesis, plants are regenerated directly from tissues such as
immature leaf roll discs and also from shoot tip culture, by which it
is propagated commercially. Indirect morphogenesis involves initial
culturing of leaf roll sections or inflorescences on an auxin-containing
medium to produce an undifferentiated mass of cells, or callus. Somatic
embryogenesis techniques have two main goals: the development of
a highly efficient method for propagating large number of uniform
plants in less time and possibly at lesser cost than the conventional
propagation methods, and a cell culture based regeneration system
useful for genetic transformation [7]. Embryogenic cultures have also
found their place in a wide variety of applications, from obtaining
virus resistant plants through somaclonal variation, to mutagenesis
and in vitro selection and developing transgenic plants.

Induced mutations have contributed significantly and several
mutant varieties have been developed through mutation breeding.
In vitro culture combined with radiation induced mutagenesis in the
improvement of crops. Somaclonal variation in combination with
in vitro mutagenesis can be beneficial for the isolation of salinity
and drought tolerant lines in a short duration employing in vitro
selection. Earlier studies using radiation induced mutagenesis and in
vitro techniques led to the development of varieties using 5, 20, 40
and 60 Gy gamma-ray irradiated cultures [8].

Use of marker technology for important food crops

With the advent of molecular marker technology, several types
of molecular markers were developed to assist in selection of desired
trait in the segregating and advanced breeding generations. In current
scenario, the DNA markers become the marker of choice for the
study of crop genetic diversity has become routine, to revolutionized
the plant biotechnology. DNA markers could be used to identify
traits in plants such as maize, rice, wheat, apple, pears, plums etc.
widely grown in hills. These markers assist in the development of new
breeds/crop varieties, which could be resistant to biotic and abiotic
stresses. Marker technology is appropriate because genes associated
with important traits can now be detected by simple laboratory tests
in embryos and/or young plantlets. It is therefore no longer necessary
to grow plants to maturity in the field to find out whether or not they
possess a particular trait. As such, the time it takes to develop a new
variety could be greatly reduced through the use of accurate markers
for a gene or genes. Molecular markers are also used to analyze genetic
variability or to assess the relationships between populations or gene
pools. This helps in the search for potentially useful materials, which
could be used in breeding, or to decide on conservation measures for
threatened crop and neglected/orphan crops.
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With the advent of molecular markers in the late 1970s marker-
assisted selection (MAS), a breeding approach based on the genotype
of plants rather than assessing the phenotype only, became possible.
From the beginning, the expectations about the potentials of MAS
have been huge. Nevertheless, there is little systematic knowledge
about the degree to which MAS is being used in modern plant
breeding programs and for what purposes. MAS offered possibilities
to plant breeders to overcome many of the problems faced during
conventional breeding. Knowledge of the location of all genes in a
genome extends molecular marker technology because it becomes
possible to identify candidate genes controlling specific traits. The
genes then become the markers and the process becomes more
accurate and more efficient. The location and sequence of candidate
genes makes it possible to design allele specific markers which
readily lend themselves to automation. In biotechnology, marker-
assisted selection (MAS) and marker-assisted breeding (MAB) has
the potential to increase crop productivity in hill farming system in
number of crops (Table 1)

Maize

Maize (Zea mays L.) is an important food and feed crop of the
world. It ranks fifth in acreage and third in production. It is one of
the major sources of calorie and protein. However, it is deficient in
essential amino acids viz., lysine and tryptophan. Quality protein
maize (QPM) with opaque-2 gene along with associated modifiers
contains twice as much lysine and tryptophan and 30 per cent less
leucine than the normal maize. The reduced level of zein further
improves the nutritional quality of the QPM. Among the cereals,
maize is the first crop to which MAS is being applied on a large scale.
Maize varieties are predominantly F, hybrids and breeding in the
developed countries is dominated by a small number of large private
sector breeding companies [9]. According to Ragot and Lee [10] the
most important use of MAS in maize is backcrossing of transgenes
into elite inbred lines. Other important examples for the successful
application of MAS in maize are the use of microsatellite markers
for the conversion of normal maize lines into Quality Protein Maize
(QPM), containing more lysine and tryptophan than the native lines
[11], or the introgression of favorable QTL for earliness and grain
yield between maize elite lines [12].

Rice

Rice, having the smallest genome of all cultivated cereals, being
diploid and self pollinating, is the most extensively studied species
among cereals. Up to now, MAS in rice breeding has mainly been
utilized for the pyramiding of disease resistances, namely bacterial
blight [13-15] and blast [16]. In 2002, two cultivars resistant to bacterial
leaf blight were released in Indonesia, which have been selected using
MAS. The variety ‘Angke’ carries the resistance gene xa5, ‘Conde’
carries Xa7 [17]. Several publications report introgressions from wild
relatives (e.g. O. glumeapatula, O. rufipogon) in order to improve yield
[18,19] and in 2006, two lines showing strong submergence tolerance
were developed by introgressing a locus conferring submergence
tolerance from cultivar FR13A’ into the variety ‘Swarma’ [20].
In India, two rice varieties such as Improved Pusa Basmati 1 and
Improved Samba Mahsuri has been developed through MAS and are
being widely grown.
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Barley

Barley is, like wheat, a self-pollinating species and in terms of the
breeding system and the economic structure of its market it resembles
wheat. However, MAS seems to have progressed further than in
wheat, which is probably due to the simpler, diploid genome. A
main focus of marker selection in barley is breeding for barley yellow
mosaic virus resistance; another important focus is rust resistance. In
contrast to wheat, barley varieties have been released that are based
on MAS. In the USA the variety ‘Tango’, carrying two QTL for adult
resistance to stripe rust, was released in 2000 [21], claiming to be
the first commercially released barley variety using MAS. However,
‘Tango’ yields less than its recurrent parent and is therefore primarily
seen as a genetically characterized source of resistance to barley
stripe rust rather than a variety of its own. As a result of the South
Australian Barley Improvement Program the malting variety ‘Sloop’
was improved with cereal cyst nematode resistance introgressed from
the variety ‘Chebec’ and released in 2002 as ‘Sloop SA’ [22].

Legumes

Legumes are the major food crops grown and consumed mostly
by the poor farmers as an important source of protein in the drylands
of the world. Despite many uncertainties, there is a growing consensus
that the climatic adversities could lead to an overall increase in the
disease and pest pressure. Since most of the legumes have a narrow
genetic base and levels of resistance to some biotic and abiotic
constraints are low, making crop improvement an overarching
research for development challenge for maximizing the benefits to
small farmers in hills. Running against the headwinds, grain legume
research has been immensely benefited by applications of modern
biotechnological tools and approaches that have the potential to
develop solutions for destructive diseases, besides making headway
against the complex problems of drought [53]. Similarly, identifying
novel genes/traits and assessing their suitability as candidate genes
for genetic engineering options will be important for future breeding
programs in order to achieve remarkable impacts in these grain
legume crops globally. This chapter mainly provides a comprehensive
picture of the different biotechnological interventions adopted for
addressing various constraints in gain legume productivity and
improvement, highlighting the pitfalls and possible solutions that
can be taken through an integrated approach to combat the altered
environmental conditions.

Potato

Potato (Solanum tuberosum L.) is the most important non-cereal
food item worldwide. It produces more dry matter and calories per
unit land and time than any other major food crop. Potatoes are the
world’s most important vegetable and fourth most important food
crop in terms of production [23]. Potato is one of the first major
crops where biotechnology has been successfully employed. With the
application of biotechnology, disease resistant, insect pest resistant,
and herbicide tolerant plants have been produced. These advances
are only the beginning of a second green revolution and coupled
with conventional breeding will lead to ‘low input’ agriculture by
proving farmers with ‘tailored’” seeds which can protect themselves
against biotic and abiotic stress. This would also reduce the amount of
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Table 1: DNA marker technology for development/improvement of various crops.
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Crop Breeding strategies | Objective Type of marker Reference
AB-QTL Improved hybrid performance for yield, grain moisture, plant height SSR [34]
Introgression, MAS Introgression of traqsgeng colnstruct,. containing insecticidal protein genes, from RELP 9]
Maize transformed parent into elite inbred line
MAS Conversion of normal maize lines into Quality Protein Maize SSR [11]
MAS Improvement of drought adaptation RFLP, PCR-based markers [35]
Introgression, MAS Enhancement of tolerance to boron toxicity in two-rowed barley SSR [36]
Barley
Introgression, MAS Resistance to Barley yellow mosaic virus I-11l from donor line ‘Y4’ RFLP [37]
IAnltBr_og;T_ssmn, Identification of yield-improving QTLs from O. rufipogon RFLP, SSR [38]
Introgression, Bacterial blight (BB) resistance (X. oryzae pv. oryzae) from elite restorer line of AFLP (39]
MAS hybrid rice 6078
Pyramiding ?ggtenal blight (BB) resistance (X. oryzae pv. oryzae) into elite rice variety PR SSR (14]
Rice : ; . . P .
Pyramiding Bacterial blight .(BB) resistance (X. oryzae pv. oryzae) into elite rice variety SSR [15]
Samba Mahsuri
MAS Four QTLs for improvement of root morphological traits, and thereby drought RFLP, SSR [40]
tolerance
MAS ‘Intro‘gressmny of locus conferring submergence tolerance from cultivar ‘FR13A SSR 20]
into ‘Swarna
Introgression, Broad-spectrum potato late blight (Phytophthora infestans) resistance derived
MABC from Solanum bulbocastanum PCR marker [41]
Potato CAPS
Pyramidin Combination of resistances to potato virus Y, root cyst nematode (Globodera SCAR 27]
4 9 rostochiensis), Potato virus X, and potato wart (Synchytrium endobioticum) PCRbased
markers
I’\r;x%gc;essmn, Acylsugar-mediated pest resistance from Lycopersicon pennellii RFLP, RAPD [42]
Tomato IMnt/:céggesswn, Acylsugar-mediated pest resistance from Lycopersicon pennellii RFLP, RAPD [30]
MAS Resistance to Tomato Spotted Wilt Virus (TSWV) CAPS [43]
Introgression Stacklnglof QTLl for ngar/um head blight (FHB) resistance from non adapted SSR (44]
sources in an elite spring wheat background
Wheat MAS Leaf ru§t resistance (Puccmlaf triticina), stripe rust resistance (P. striiformis), SSR [45]
leaf, stripe, and stem rust resistance gene complex
Introduction of six Fusarium head blight QTLs, orange blossom wheat midge
MAS resistance (Sm1), and leaf rust resistance (Lr217) SSR (461
MAS Introd_uctlon of three Fusarium head blight QTL into an elite winter wheat SSR [47]
breeding population
MAS Resistance to Urqmyces appendiculatus and Colletotrichum lindemuthianum in RAPD (48]
Phaseolus vulgaris
MAS Cpmmon bacterial bIlght (X. axonopodis pv. phaseoli) resistance in dark red SCAR [49]
Vegetabl kidney bean (P. vulgaris L.)
egetables . ; : . ] ]
MAS Common‘bactenal blight (Xanthomonas axonopodis pv. phaseoli) resistance in SCAR (50]
P. vulgari
Pyramiding R§S|stanlce to U.. app‘endlcuylatus, C. I/n.demuthlanum, and Phaeoisariopsis RAPD, SSR, SCAR (51]
griseola into cultivar ‘Perola’ (P. vulgaris L.)
- Resistance to apple scab (Venturia inaequalis) and powdery mildew
Apple Pyramiding (Podosphaera leucotricha) SSR [62]

hazardous chemicals in the environment and foodstuffs. Nevertheless,
MAS has been practiced only little because the construction of
classical genetic linkage maps was not practical for a long time, due
to the tetraploidy of potatoes combined with tetrasomic inheritance.
This complicates the detection of linkages and largely prevents
the recovery of recessive phenotypes. Only with the technical
developments that allowed to reduce ploidy from the tetraploid to the
diploid level and with the advent of DNA-based markers it became
possible to construct detailed genetic maps for potato and to carry

out genome-wide studies on qualitative and quantitative disease
resistance [24].

Several linkage maps have been constructed with molecular
markers over the past 20 years and the most important marker
applications in potato breeding are marker assisted resistance
breeding and marker-assisted introgression [25]. Although various
markers have been developed [25], practical applications in breeding
are still rare. Most marker applications are carried out in experimental
populations of diploid potatoes [26], which impedes the application
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of experimental results in practical breeding work [27]. The authors
applied molecular markers to develop breeding material that carries
resistances to three different pathogens and the root cyst nematode
(Globodera rostochiensis).

Tomato

Tomato is one of the most important vegetable crop worldwide
and according to Foolad and Sharma [28] and MAS has mainly
been utilized in resistance breeding. However, MAS is not yet a
routine procedure for improving quantitative traits, although it
has been employed to improve quantitative resistance to bacterial
wilt, bacterial cancer and tomato yellow leaf curl virus as well as for
improving fruit soluble solids.” In tomato breeding programs, the use
of MAS is less common, although MAS has been used to improve
horizontal resistances to black mold [29] and for some complex fruit-
quality characteristics [30].

Beans and other vegetables

Marker application in vegetable breeding programs comprises
lettuce, pepper, cucumber, and several Phaseolus spp.of beans.
Total of 25 alleles in nine loci formed two groups showing intra
and inter populations variations in diversity study at molecular
level of Phaseolus spp. And landraces showed more variations than
improved. RAPD and SCAR markers were used predominantly for
MAS for disease resistance in vegetables [31]. MA was also used for
improvement of varieties for disease resistances like resistant to bean
golden yellow mosaic virus [32].

Fruits

Many fruit crops like the pome fruits have a large size, long
juvenile phase, and a high level of heterozygosity which makes classical
genetic analysis a difficult task. The cost-benefit relationships of MAS
are more favorable for fruit crops than for annual crops because most
fruit breeding programs consist of two stages. In the first stage, large
populations of non replicated individuals are evaluated and only a
small number of plants are selected for extensive asexual propagation
to be tested in replicated trials in the second breeding stage. Especially
during the first stage the large plant size and long life cycle have a
negative impact. With the aid of MAS numbers of plants that have to
be tested in the first breeding stage can be drastically reduced.

However, many important agronomic characters in fruit trees
are related to major genes, e.g. several disease resistances, flower
characteristics, and fruit or nut quality traits [33] and very few QTLs
are available in fruit breeding. MAS can be applied successfully in
fruit breeding now and more applications are to be expected, bearing
in mind the tremendous efficiency gain which molecular markers
provide in fruit breeding.

Biotechnology for bio-processing and value addition

A significant amount of the food produced is lost after harvest
thereby aggravating hunger. Most crops such as apple, pear and
potatoes are perishable crops with a lot of storage and post-harvest
problems. Productivity is limited by their rapid rate of deterioration
soon after harvesting, if processing into more shelf-stable products
is delayed. Estimates of post-harvest losses are hard to determine,
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but some authorities put losses to as high as 50 percent of what is
produced. It is therefore, important to develop and deploy crop
varieties with improved shelf life.

Biotechnology can also be used to convert agricultural waste into
useful products such as industrial fibres, bioethanol, wine, beers,
animal feeds, fertilizers, cosmetics and pharmaceuticals. We should use
biotechnology to generate new technologies and up-scale known and
proven technologies for value addition, reducing and/or eliminating
post-harvest losses in the hills. Technologies for processing and/or
value addition are available but not yet commercially transferred to
even progressive farmers.

Genetic engineering

Like marker-assisted breeding, GM technology has the potential
to increase crop productivity and food security more efficiently
through the development of improved varieties with increased yields,
nutritional content and storage characteristics. Countries like India
should continue to build capacity in GM technology, giving priority
to traits and crops that are of economic importance such as drought
tolerance in food crops such as maize, rice and sorghum, salinity or
flood tolerance in rice, increased nutrition value and improved shelf
life. Stronger and more diversified collaborations between and among
the public sector, private industry and civil society - coupled with the
appropriate policy environment and organizational structures are
needed to influence the formation of effective innovation systems that
will turn ideas into products and services. Currently India is growing
only Bt cotton crop at commercial scale. Although GM brinjal is also
in pipelines but its fate of commercial use is still debatable. In India R
& D projects are going on for development of GM in number of crops
species. In recognition of the role of GM technology in contributing
to food security and poverty reduction a number of countries have
established R&D programmes in genetic engineering (Table 2).

Conclusion

Biotechnology is having great opportunities for the increase
in agricultural production globally. Biotechnology has played an
important role towards the attainment of production sustainability of
crops by using various biotechnological tools. Increasing global food
production within existing land area and the use of modern plant
breeding methods have enhanced increased production of crops
like legumes to improve soil structure, organic matter and fertility.
These lead to conservation of bioresources and prevent soil erosion
in hills. Agricultural biotechnology, including tissue culture, DNA-
marker-assisted breeding and GM technology, has the potential to
increase crop productivity and food security in hills more efficiently
through the development of improved varieties with increased yields,
nutritional content and storage characteristics. Biotechnological tools
should continue to build capacity in GM technology, giving priority
to traits and crops that are of economic importance such as drought
tolerance in food crops such as maize, rice, beans, cold tolerance in
rice, increased nutrition value and improved shelf life. Stronger and
more diversified collaborations between and among the public sector
and private industry are needed to influence the formation of effective
innovation systems that will turn ideas into products for the benefit
of farmer community.
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Table 2: Some of the genetically modified developed for hill crops.

Crop Trait Gene/event involved
Insect resistance Cry1Ab 216
Maize, Zea mays L.
Drought tolerance CspB-Zm event 1
Cowpea, Vigna unguiculata Insect resistance Cry1AB and nptll
Insect resistance G2 Spunta
Potato, Solanum tuberosum
Viral resistance Cry V
Tomato, Lycopersicon Viral resistance CP-REP-TYLV
esculentum
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