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Introduction
In flowering plants, a sexual polymorphism of heterostyly has been observed.
(Vuilleumier 1967). Even though all ﬂowers of heterostylous plants are hermaphroditic in nature,
their populations are made of distyly or tristyly ﬂoral morphs with reciprocally organized anthers
and stigmas (Fig. 1). Each individual in distylous populations has ﬂowers with a long style and
short stamens (pin type) or ﬂowers with a short style and elongated stamens (thrum type) (Fig.1).

Fig. 1: Schematic diagrams of stigma and anther heights in heterostylous polymorphism.
(a) Distyly. The arrows indicate the directions of legitimate pollinations
Self-incompatibility is a significant cross breeding mechanism which avoids selfpollination and promotes cross pollination. It upholds a high degree of heterozygosity in a
species because of out breeding and diminishes homozygosity due to abolition of inbreeding.
Distyly have been evolved via various models and study of genetic mechanism of distyly will
create indepth understanding of distyly.
1
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Morphology of pollen grain and their association with distyly
Heterostyly is linked with the number of pollen grains formed per ﬂower and pollen size
polymorphism between the morphs, sometimes as ancillary characteristics. Pollen grains are
produced more in the stamens of long-styled ﬂowers than short-styled ﬂowers in most distylous
species that have been examined.
In the short-styled ﬂowers the size of the pollen grains produced is larger whereas in the
long-styled ﬂowers the size of the pollen grains produced is smaller which is found in few
distylous plants.
In some distylous species an alteration in surface ornamentation in pollen grains has been
observed. For example, in Waltheria pollen grains are reticulate or spinulose and in
Damnacanthus smooth or granulate pollen grains of long-styled or short-styled ﬂowers were
found. (Fig.2).

Fig. 2: Spinulose-Pollen grain
Smooth pollen grain
Physiological characters and genetics of distyly
The genetic control of Self-incompatible system lies with the three morphological traits:
anther height, stigma height and pollen. Based on the earlier investigation in many distylous
species it has been found that the three tightly linked diallelic loci (G, P and A) are expected to
be reasonable for the inheritance of distylous traits, making the supergene (S). Female characters
viz., style length and incompatibility reaction at the stigma or in the style is controlled by G/g,
P/p is responsible for pollen size and its incompatibility reaction and anther position is controlled
by A/a. With respect to this model, individuals with a GPA/gpa genotype produces short-styled
ﬂowers, whereas those individuals with gpa/ gpa produces long-styled ﬂowers. The inheritance
pattern is found reversed in Hypericum aegypticum and Armeria maritima var. maritima
(GPA/gpa: long styled, gpa/gpa: short-styled). Theoretically, due to mendelian inheritance the
proportion of short-styled individuals to long-styled ones in the next generation after
legitimate pollination is equal. However, because of recombination within the supergene
homostylous ﬂowers may rarely appear. (Barrett & Shore 2008). The genotypes are gPA/gpa or
gPA/gPA for long homostylous individuals, and Gpa/gpa or Gpa/Gpa for short homostylous
individuals (Barrett & Shore 2008). Self-compatible distylous taxa includes Amsinckia
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spectabilis, Oplonia, Psychotria acuminate (Bawa & Beach 1983), Hedyotiss alzmanii and
Salvia brandegeei. The only way of cross-pollination occurs by the reciprocal herkogamy of
distyly. Aliciella heterostyla (Tommerup & Porter 1998) shows self-compatibility together selfincompatibility. Inheritance should also be studied in taxa with complete or partial selfincompatibility.
Evolution of distyly
The evolution of distyly emerged through two major models hypothesizing various steps,
diallelic self-incompatibility or morphological change in ﬂowers. Charlesworth and
Charlesworth (1979) suggested that self-incompatibility ﬁrst happened within a homostylous
population as a outcome of selection to eliminate self-fertilization under situation of pollinator
limitation; this go together with stigma height polymorphism to reduce intra-ﬂower interference
between males and females, and afterward reciprocal herkogamy evolved to encourage
legitimate pollination.

Fig. 3: Postulated principal stages in the evolution of heterostyly
In contrast, Lloyd and Webb (1992) suggested an alternative model that is similar to Darwin’s
hypothesis for the evolution of distyly. They concluded that the ancestral ﬂowers exhibited
approach herkogamy, and subsequent stigma-height polymorphism followed by invading and
spreading a mutant that had shortened style length, and then reciprocal herkogamy was
recognized by the appearance of reverse herkogamous mutants (Fig. 3).
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Gene responsible for style- dimorphism: The short-styled S-morph haplotype have
CYP734A50 and is specifically expressed in S-morph styles, and its absence or inactivation
leads to long styles (Huu et al., 2016).

Phylogenetic distribution of distyly
Distyly is found in several families as follows:
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Evolutionary breakdown of heterostyly: The breakdown of heterostyly is explained through
several evolutionary pathways to other sexual systems. Genetically, heterostyly can collapse to
homostyly by recombination within a heterostyly supergene occasionally. The recombinant
individuals formed is thought to be an evolutionary pathway from distyly to secondary
homostyly. If the homostylous individuals have some benefits, they establish and blowout in a
population (Richards 1997).
Occurrence of heterostyly and ploidy level: In many cases inspected in this review, distyly is
also observed in polyploid taxa, while few lineages have correlations between polyploidization
and homostyly (or monomorphy). Polyploidization itself does not essentially give their
impression to have direct effects on the breakdown of distyly. It is realistic to state that a selfcompatible diploid might be aroused ﬁrst by recombination and then polyploidization happened
from the recombinant. The pollen morphology of tetraploid taxa provisions this evolutionary
step. The homostylous self-compatible tetraploid taxa includes Primula concholoba, P. watsnii
(Tremayne & Richards 1993) and the monomorphic tetraploid taxa includes Damnacanthus
which have thrum-type pollen grains.
Conclusion
The self-compatibility in polyploids that evolved from heterostylous plants may
be formed or sometimes promoted by recombination in the diploid ancestors. Polyploid plants
have, on average, higher self-fertilization rates than their diploid relatives in angiosperms
(Barringer 2007). Heterostyly evolved from polyphyletic origins and there seems to be different
genetic backgrounds among heterostylous taxa. Additional studies integrating chromosomal,
breeding-system and phylogenetic analyses within genera and families are mandatory to advance
the evolutionary scenarios for breeding systems of heterostyly.
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Introduction
Parthenium (Parthenium hysterophorous L.) is an invasive weed species It was native to
Northeast Mexico. The Partheniumweed assumed that it was introduced in India during1950’s as
a seed contaminant with wheat imported from the USA in PL480 (The public Law 480) passed in
1954 to give food grains to developing countries for eliminating starvation and malnutrition.
Nowadays it is widely spread in India.Congress grass is a local name in India. Parthenium
belongs to the family Asteraceae, a Ubiquitous Fast-growing annual herbaceous weed plant.
(Taye 2002). The life cycle contains two growth stages such as vegetative and reproduction
stage. The vegetative stage the leaves are small pinnate, lack of flowering and also in
reproductive s tage plant having several branches and flower produced creamy white color in an
average of 25,000 seeds produce per plant. Seeds are lightweight so that seeds are transferred
through the wind from one place to another place and also through water and seed contaminant,
farm machinery, and soil (Kaur et al,2014). Parthenium weed is considered a harmful effect to
crop plants, humans, and live stocks. Parthenium produces Allelochemicals like
Parthenin,hysterin,hymenin, and Ambrosin it showed the various harmful effects to inhibited the
seed germination and plant growth. Due to aggressive growth of Parthenium,itreduces the
species richness altered species composition in agriculture and also reduces the yield loss up to
40% in crops. Partheniumaffects the beneficial microorganism in crops and acts as the collateral
host for disease-causing microorganisms like viruses, fungus. It is toxic to the livestock mainly
infects on mouth and digestive tract ulcer problems. Similarly, it causes serious heath illness to
humans on the allergens, dermatitis, and asthma. To overcome the problem the various control
methods like physical, chemical, and biological methods among biological methods considered
to be eco-friendly approach, reduces the environmental hazards and also an economic and
practical way of managing the noxious weed.
WINTER RUST FUNGI
The winter rust fungi Puccinia abrupta var partheniicola has belonged to Basidiomycota and the
family Pucciniaceae. It is the potential fungal biological control agent against Parthenium.The
fungus is aautoecious, Macrocyclic rust which completes its life cycle only in Parthenium, not
6
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required anyother alternate host (Parker et al 1994).Among these two sporesi.e, Uredospores and
Teliospores, Uredospores will infect more on upper leaves (Fig.2). The fungus was less than
20°C temperature and 6 hours dew period for successful germination and infection. Rust infects
the leaves, stem and aerial parts. Initially it will produce the light brown color rust pustules in
upper surfaces of the leaves on the corresponding lower surface chlorosis. Additionally, in severe
conditions these rust pustules appear in all vegetative parts and affect the vegetative growth
stages. The infected leaves are curled, occurring early senescence (Fig.1). Resulted that it could
reduce the vegetative growth, infected leaves are turned into early senescence, deducea
significance level of flowering production and seed production decrease up to 42%(Taye .2002).
Likewise, 73% of these seed reduction was reported by Maharajan et al 2020. Due to low seed
production, it would minimizethe spread of Noxious weed and also reduces the competitiveness
of crop and native plant species,

Fig .1: Aerial view of infected leaves shows light Fig.2: Microscopic magnification view (40X)
brown rust pustules uredospore on adaxial surface obovoid Uredospore of Puccinia abrupta var
of Parthenium hysterophorous
partheniicola

Conclusion
Winter rust fungi is host-specific to Parthenium weed. It is emerging approach and better
biological management method. Nowadays, this method was successful in the following
countries Australia, Nepal, South Africa and Ethiopia to control the parthenium weed.
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Introduction
Wheat (Triticum spp. L.) is the oldest cereal crop and is cultivated in a wide variety of
weather and soil conditions. It thrives in temperate climates with annual rainfall of 30–90 cm.
Wheat is grown mostly in South Asia. There are several Triticum species, each with a unique
genome and chromosome number. Wheat belongs to the genus Triticum, tribe Triticeae, family
Poaceae (Gramineae), and order Cyperales, and is a self-pollinated crop. Traditional plant
breeding is important for introducing novel alleles by crossing genotypes from various plant
genetic resources, such as modern varieties with locally-adapted varieties, to increase genetic
diversity and selection for desired traits such as high grain yield, early maturing, improved grain
quality, and resistance to lodging, biotic and abiotic stresses. While plant breeders and geneticists
are interested in modern wheat biotechnology techniques that use advanced DNA sequences and
molecular methods, conventional plant breeding methods are still the most important and first
step in developing new wheat cultivars with desirable traits. Plant breeders use many
conventional breeding techniques for crop enhancement, the most common of which are
pedigree breeding, pure line breeding, bulk breeding, mass selection, single seed descent, and
backcross breeding for wheat (Baenziger et al., 2016). The inbreeding of the population and the
selection process are two significant factors that influence breeding practises.
Pedigree Breeding: Wheat breeders use this approach to test F2 plants for target traits and
choose the best plants from this generation. In a progeny chain, the chosen seeds are grown in
the next generation. The best plants are chosen from among the grown plants. Each generation,
the selection is carried out until there is some segregation within the progeny lines. Many factors
influence segregation within a row, including the number of segregating characteristics in the
sample population, the number of inbred generations, and phenotypic results.
Pure-Line Breeding: A number of selected individual plants from a cultivar are grown in rows
and the best rows are chosen in this breeding process. Finally, replicates of the best rows are
grown to determine which selection is the most promising (Baenziger et al., 2016).
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Traditional Breeding Methods

Fig.1: conventional and modern methods of plant breeding.
Bulk Breeding: The majority of the progeny resulting from a single cross is grown by wheat
breeders. The bulk seed is then harvested and a portion of it is planted again the next year. When
the population comprises a mixture of mainly homozygous lines, which occurs after several
plantings and harvestings of the bulk, the population is reconsidered (Tee et al., 1975 and
Qualset et al., 1975).
Mass Selection: The most basic tool for crop enhancement is mass selection. Plants with a
related phenotype are selected in large numbers by breeders. To create the new cultivar, seeds
from various plants are mixed together. This approach yielded a cultivar with a lot of genetic
diversity. As a result, mass selection may be done on such a cultivar once more (Marais et al.,
2009 and Botes et al., 2009).
Single Seed Descent: This method's main aim is to quickly inbreed without using artificial or
natural selection. In an F2 population, wheat breeders start with a large number of plants. Then a
single seed is sown from each plant. A single seed is planted and sown the next year. Every year,
wheat breeders reap and sow the single seed until all plants are predominantly homozygous.
Normally, no selection is made at this stage (Pignone et al., 2015).
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Backcross Breeding: Backcross techniques are used to simply integrate target inherited traits
from unadopted donor genotypes into recipient genotypes. Backcross strategies include crossing
to the receiver genotype (recurrent parent) several times, then selecting the trait of interest to be
passed (Kenaschuk et al., 1975). Breeders cross the F1 to a single cultivar with a strong character
that could be applied again and again. This approach was commonly used to migrate a variety of
desirable traits, such as disease tolerance. Some stem, leaf, and stripe rust resistance genes, for
example, have been transferred from Triticum species to common wheat (Marais et al., 2003).
The backcross system was used to increase winter wheat resistance to Fusarium head blight
(Clark et al., 2016).
Conclusion
Traditional plant breeding approaches are still the primary and first points to produce new
wheat cultivars with desirable traits, despite the fact that modern plant breeding using
advancements in DNA technology has attracted wheat breeders and geneticists. The primary goal
of traditional wheat breeding is to create a plant that can efficiently grow and flourish in a variety
of environments. Changes in arable land, harsh cropping regimes, and food stability, as well as
evolving global challenges, should all be taken into account (Davis et al., 2004). These global
problems can be solved in wheat by using plant breeding methods that allow for the selection of
genotypes with suitable genes/QTLs.
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Introduction
Drought critically affects wheat (Triticum aestivum L) crop growth and productivity,
causing decrease in yield by 27.5%. Wheat being one the major cereal crop grown worldwide in
an area of 218.54 million hectare with a world production of 771.71 million tons (FA0, 2017).
But, nearly 50% of the world wheat growing area (230 million hectares) is affected by drought
stress. In India its cultivated in an area of 30.23 million ha, with annual production of 101.3
million tonnes. It has been predicted that for every raise in 1°C of global warming leads to
decrease 4.0 to 6.5% of wheat production (Trnka et al., 2019). Nearly 80% of wheat growing
area is under irrigation in India, but two third area receives partial irrigations from recommended
six irrigation. In future, water will be main scarcity for wheat production.
Available Wheat Varieties for Drought tolerance: Present wheat varieties are mainly bred for
irrigated conditions. They fail to reach expected genetic potential under restricted irrigation and
rainfed environment. Till now only few varieties have been released for rainfed conditions viz,
C306, HD2987, HI1500, and HD2888. The productivity of these varieties is very low. There is
need of greater attention to develop drought tolerant, climate resilient varieties for rainfed
environment.
How to Improve Drought tolerance?
Breeding approaches by understanding the physio-biochemical responses: Genetic variation
for drought tolerance exists in wheat cultivars and improved adaptation response in wheat can be
achieved by implementing appropriate crossing and selection strategies (Langridgeand Reynolds,
2015). Earlier studies suggest that physiological traits associated with yield under drought have
the potential to increase selection efficiency (Araus et al., 2008). A comprehensive
understanding of the genetics of physiological traits and precise selection methods could enable
the development of drought-tolerant cultivars. As drought tolerance is conditioned by
multicomponent responses that vary in the intensity and duration. Productivity of wheat under
drought condition strongly associated with physiological features such as leaf characters (low
canopy temperature, stay green, chlorophyll content, early ground cover, normalized difference
vegetative difference etc.), water use efficiency and yield component traits (thousand grain
12
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weight, spike length, grain number per spike etc.). integrating physiological traits associated with
yield under moisture stress have potential to

Fig .1: A comprehensive strategy for breeding wheat for drought tolerance.
improve production. The difficulty in phenotyping physiological traits in large population can
overcome by use of normalized difference vegetative index (NDVI), canopy temperature (CT),
relative water content (RWC) chlorophyll content by SPAD chlorophyll meter reading, carbon
isotope discrimination, IRGA, Chlorophyll fluorescence using fluorometer, Stomatal
conductance using Porometer and early ground cover as they are robust and have high potential
in screening the genotypes under moisture stress condition (Pask et al., 2012). However,
conventionally combining multicomponent drought tolerance associated traits into a single
cultivar using traditional breeding strategies is very difficult. Hence deciphering the genomic
regions underlying drought tolerance traits using molecular markers techniques like QTL
13
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mapping, association mapping can overcome these limitations (Fig. 1). Achieving higher grain
yield (GY) under water limited condition is big task since it is complex trait affected by many
component traits such as, thousand grain weight (TGW), grain weight per spike (GWPS)and
harvest index (HI). Thus, improvement for yield component traits could be more effective than
direct targeting for grain yield itself. The positive combination of physiological and yield
component traits in a genotype certainly increases the GY under moisture deficit stress condition
(Rai N et al., 2018). Many attempts have been made to map genomic regions for plant height
(PH), coleoptile length (CL), TGW, GY and GWPS. The parallel studies on deciphering
genomic regions for various physiological traits and yield component traits serve as robust
source for breeding superior drought tolerant varieties in wheat (Gupta et al., 2017 and
Puttamadanayaka et al., 2020).
Molecular Approach: When genomic regions for drought tolerance traits have been identified,
these can be employed in breeding programmes through marker assisted selection. Majorly
marker assisted backcross breeding (MABB), marker assisted recurrent selection (MARS) are
molecular breeding strategies followed to develop drought tolerant varieties for rainfed
environment. Farmers always prefer the dominant varieties they are growing, there acceptance
will be more if they get improved versions of their varieties. Variety preference comes not only
from their productivity, its takes consideration like disease resistance, grain color, chapathi
making quality and price in the market. MABB is best breeding tool for introgression of drought
tolerance traits using molecular markers i.e. (foreground selection) and maximum recovery of
recurrent parent genome (background selection) within one or two backcrosses (Fig. 1). This
approach has high genetic gain, with improved precision in selection and saving time and cost.
Presently, drought tolerant improved HD2733, GW322, HUW234, HUW468, K307 and DBW17
has been developed (Jain et al., 2014, Rai, N et al., 2018. Gautam et al., 2020). These improved
versions varieties are similar to their original parent with QTL regions associated with drought
tolerance are introgressed. They show higher grain yield under rainfed conditions compared to
recurrent parent. such varieties can play important role in improving productivity under rainfed
conditions in wheat growing areas. MARS is another approach where upto 10 to 20 QTL regions
will be introgressed following markers assisted selection with intermating of selected lines (Jain
et al., 2014). Many promising lines have been derived with this program.
Conclusion
A judicious combination of high-throughput phenotyping with modern genomics will
lead to the development of stress tolerant cultivars that will enhance the total food security. The
novel molecular breeding selection strategies such as marker assisted backcross breeding and
marker assisted recurrent selection has enabled the development of stress tolerant varieties.
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Introduction
The Khus (vetiver) grass botanically called
Chrysopogon zizanioides belongs to the family Poaceae.
It is a unique plant that is native to India and most suitable
to tropical regions. It has broad range of applications
majorly in form of essential oil that is also applicable in
environmental protection. Since ages, ecosystems and
disasters are naturally connected to each other and are
well documented but are not associated with risk
reduction factors and other progressive tasks in various
developmental initiatives. Nature itself can act as a
protective barrier by not letting down the exposure to
hazards and calamities like floods, landslides which serve
as no cost investment budgets. The crop which possesses
such property is khus (vetiver) grass. Khus grass is a tall
perennial tussock grass which has been used in a variety
of soil conservation applications. Interest on this grass is
spreading worldwide but its application is meager due to
lack of quantitative knowledge on its flow-retarding and sediment-trapping capability. The
current article highlights the use of khus grass as a natural solution for various environmental
risk reduction activities.
Khus grass is a hardy plant that sustains extreme climatic conditions such as prolonged
drought, flood, submergence and extreme temperatures from -15°C to +55°C, wide range of soil
pH from 3.3-12.5 without soil amendments and is highly tolerant to hazardous metals.
Unique properties of vetiver grass
Morphological Characteristics
• It has extremely deep, massive and finely structured root system capable of reaching up
to 2-3 meters down in the initial year. Such kind of stronger and denser root system binds
to soil that in turn acts as protection against high velocity flows and prevents dislodging.
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•

It has stiff and erect stem that can be upright to relatively deep-water flow (0.6-0.8m).
When planted close forms dense hedges there by reduces water flow, diverting runoff
water and acts as a very effective filter.
• When entrapped by sediment it has the capability to form new roots from the nodes. If
the trapped sediment is not removed this grass will continue to grow with the new ground
level eventually forming terraces.
Physiological Characteristics
• It has tolerance towards varying extremities of climate such as prolonged drought and
extreme temperature (-15oC to 55oC).
• Tolerance to flood and long term submergence.
• It has the potential to regrow quickly after it has been affected by calamities like drought,
frost, salt and other soil conditions provided the environmental conditions are stable.
• It is tolerant to fairly high levels of soil acidity, salinity and sodicity (Wide range of soil
pH :3.0 to 10.5, Truong et al, 1993)
• It can withstand the toxic levels of Aluminium, Chromium, Copper, Manganese, Lead,
Arsenic, Cadmium, Nickel, Mercury, Selenium and Zinc.
Various applications of vetiver
1. Stream bank stabilization: The property of vetiver having the deeper root system and
dense growth will protect the flood conditions, the river banks and the streams. Its
lengthy roots avoid itself from being wiped off away whereas its dense top growth
decreases the velocity of and its erosive power. Very successful fixed and equilibrium
stream bank and river bank has been carried out in Malaysia, the Philippines and
Australia.
2. Bund erosion and landslides: As per a case study, the use of vetiver grass in tea estates
that has a muddy roadside in the parts of Kerala is proven to be very potent to obstruct
bund destruction and reduce landslides. Vetiver grass is also employed to safeguard road
embankments and is cost effective, and requires less maintenance.
• Erosion control
Erosion and sediment control on steep slopes is a bioengineering technique. It
has been used successfully for steep batter stabilization on highway and railway
constructions and for protection of mine infrastructure such as steep outer batter slopes
on dams.
• Flood erosion control
On the flood bound plains, strip-cropping is used to mitigate floodwater damage
to crops and to control soil erosion on low gradient lands subject to deep overland
flooding. Grasses are planted on the contour in a sequence of crop, stubble and fallow
strips of uniform width arranged perpendicular to the flood flow pathway keeping in
view with the goal of spreading the flood waters laterally, thus reducing the depth and
velocity of water flow.
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•

Erosion control in acid sulphate soil
Due to its high tolerance level to Al and Mn toxicity, vetiver has been employed
for the stabilization of drainage channel bank in acid sulfate soils (actual soil pH
around 3.5 and oxidized pH is as low as 2.8) in Cairns and the Gold Coast (Truong et
al, 2004).

Fig. Vetiver used for soil conservation

Fig. Utilization of khus grass in soil and water
conservation

The Vetiver System (VS) is a system of soil and water conservation whose main
component is the use of the vetiver plant in hedge rows. When Vetiver is planted as
a hedgerow across a slope, The variety of vetiver that is promoted for VS applications originates
in South India, is non-fertile, non-invasive and has to be propagated by clump subdivision.

Conclusion
Khus grass has broad spectrum applications; comprising soil and water conservation in
agricultural lands, steep slope stabilization, mine, contaminated and saline lands rehabilitation
and recently waste water treatment. It forms a dense vegetative barrier that slows and spreads
rainfall runoff. Applications of this grass also include clean-up tool for heavy metal
contamination, micro pollutant leaching control, treatment of wastewater from an institutional
kitchen and remediation of hazardous pesticides like Endosulfan.
Successful application of the vetiver system helps in decreasing or even eradicating
natural hazards that include landslides, mud slides, road bund instability and erosion. Realizing
the importance, vetiver system is now being used for these purposes in over 120 countries.
Because its remarkable characteristics permit it to survive where other plants cannot, vetiver
grass often acts as a pioneer plant; establishing itself in hostile conditions and creating micro18
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climates that permit a variety of native and earliest plants to thrive and flourish. The VS
applications are ones that last long are economical, community based and climate friendly bioengineering tool for supernatural disaster mitigation that also protects infrastructure. Thus,
emphasizing and harnessing the potential of grass like khus is the need of the hour that possesses
unique characteristics with broad spectrum applications.
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Introduction
Genome editing is one of the advanced genetic modification techniques which allow
genetic material to be added, removed, or altered at particular locations in the genome of an
organism. Earlier in genetic engineering techniques, there was the random insertion of genetic
material into a host genome, whereas in genome editing highly specific changes in the DNA
sequence of a living organism, essentially customizing its genetic makeup. It is also mentioned
as Genome Editing with Engineered Nuclease (GEEN), which performed using enzymes,
particularly nucleases that have been engineered to target a specific DNA sequence, where they
introduce cuts into the DNA strands, enabling the removal of existing DNA and therefore the
insertion of replacement DNA. Firstly, which rely on protein-based systems with customizable
DNA-binding specificities like customized homing nuclease (Meganuclease), Zinc-Finger
Nucleases (ZFNs), Transcription Activator-like Effector Nucleases (TALENs), and the more
recent which depends on RNA as a targeting moiety that directs the nuclease to a target DNA is
clustered regularly interspaced short palindromic repeats-CRISPR associated 9 nuclease
(CRISPR-Cas9) which was discovered by French and American scientists Emmanuelle
Charpentier and Jennifer Doudna in 2012. In terms of cleavage efficiency, CRISPR/Cas
nucleases have been found better than TALENs and ZFNs against the same target site.
Therefore, CRISPR-Cas9 functions with precision, more accuracy and highly efficient than other
existing genome editing methods, allows researchers to remove and insert DNA in the desired
locations, which also generated a lot of excitement in the scientific community for better
improvement.
These kinds of site-directed nucleases have two main features
(i)
(ii)

Recognize specific DNA sequences
Cut DNA (“nuclease”), then a scar is left behind
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Nuclease-induced DNA DSBs is then restored by the cell innate repair machinery by one of
the two major mechanisms that occur in almost all cell types and organisms: HomologyDirected Repair (HDR) and Non homologous End-Joining (NHEJ), NHEJ uses a variety of
enzymes to directly join the DNA ends while the more accurate HDR uses a homologous
sequence as a template for renewal of misplaced DNA sequences at the regeneration of
missing DNA sequences at the disruption point.
Site-directed nucleases are composed of two main parts
(i)
(ii)

DNA-binding domain
DNA cleavage domain

Fig.1: Four major Classes of SDN used in genome editing
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Fig. 2: Basic steps involved in genome editing technique
Uses of genome editing
➢ It helps in targeted site specific gene mutation which is highly efficient in making site
specific integration and gene stacking.
➢ Gene replacement via homologous recombination can be easily done by this process.
➢ By the help of chromosomal engineering through site directed deletions and
translocations can be easily done.
➢ By the aid of genome editing labelling and modifications of multiple genomics sites.
➢ It helps in transcription modulation of multiple gene and pathways.
➢ Methylation and demethylation can be done by epigenome editing
➢ It is applicable in cisgenesis without introducing target foreign gene
➢ Regulatory requirements are significantly reduced or can be eliminated
➢ It is highly efficient and accurate technique to replace the GE crops to satisfy the
public concerns.
Applications of genome editing in agriculture
As the CRISPR - Cas9 system can be applied to nearly all organism, as success of genome
editing has been maximum reported in number of plants including arabidopsis, tobacco, rice,
wheat, tomato, potato, maize and in various crops that shows CRISPR is an effective system for
crop improvement (Jaganathan et al., 2018). Nowadays, numerous studies have been conducted
to edit the genes related to yield and quality enhancement and major abiotic and biotic stresses
along with few agronomic traits by employing CRISPR/Cas9. Yield is a complex trait governed
by many quantitative traits. By knocking out negative regulators known to affect yielddetermining factors such as grain number, grain size, grain weight, panicle size and tiller number
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expected phenotypes in plants with loss-of function mutations in these genes could be created.
For nutritional enhancement, quality can be improved for traits such as fragrance, longer keeping
quality, improving gluten content and starch content in many crop species. There is significant
crop yield reduction by biotic and abiotic factors. CRISPR/Cas mediated genome editing can be
employed directly to disease-causing genes, known as “S-genes” and development of disease
resistant varieties and also climate smart abiotic stress-tolerant crops. Tremendous progress has
been made to produce male sterile lines by using CRISPR/Cas-mediated gene knockout for
hybrid seed production (Zhou et al., 2016). The development of homozygous modified
transgenic free plant can be obtained in one generation as CRISPR/Cas system generates stable
and heritable mutations, which can easily segregate from the Cas9/sgRNA construct to avoid
further modifications by CRISPR/Cas (Brooks et al., 2014). CRISPR/Cas9 mediated genome
editing tool can be efficiently used for accurately converting one DNA base into another, without
the use of a DNA repair template (Zetsche et al., 2017). Therefore, base editing broadening is
one the major breakthrough with nucleotide specific modification at specific genome.
Conclusion
As the advancement in genome editing have made genetic modification simpler, safer
and more precise than ever before and now it is possible to genetically edited products with no
foreign DNA at all. CRISPR/Cas9 based genome editing will help in achieving zero hunger
goals and to maintain feed to the growing population. Thus, advanced molecular tools like
CRISPR/Cas9 should be used in massive scale so as to combat the global food challenges.
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Introduction
Crop and livestock are the two main components of mixed farming system, which
inﬂuence our agricultural economy and provide sustenance. The value of livestock in India’s
economy can be deciphered from the reality that ~90 million farming families, cultivating ~140
Mha areas, are also keeping ~90 million milch animals. The rapid growth of human population
along with increasing annual income and urbanization in developing countries suggests that the
future demand for milk and meat will increase in these countries by 74% and 58%, respectively
by 2050 (FAO, 2012). This demand can be met by improving production efficiency of livestock
by providing nutritionally rich forage. The major proportion of milk produced in developing
countries like India comes from small hold farmers which contribute to not only food security
but nutritional security as well. Pearl millet (Pennisetum glaucum (L) R. Br., syn. Cenchrus
americanus (L.) Morrone) is the staple crop of more than 90 million farmers. Grains are gluten
free and rich in proteins and essential micronutrients such as iron or zinc. Its aerial biomass is an
important source of fodder.
Importance of pearl millet as fodder crop
•

•
•
•
•
•

Pearl millet is nutritious, palatable and can be fed as green, dry or as conserved fodder in
the form of silage or hay. On an average it contains 7-10% crude protein, 56-64% neutral
detergent fibre, 38-41% acid detergent fibre, 33-34% cellulose and 18-23% hemi
cellulose on dry matter basis (AICRP on forage crops and utilization).
This is highly drought and heat tolerant crop, which can be grown in poor soil condition
plays important role in the sustainability of low-input livestock systems
It is adapted to dry and hot climates and it plays a major role in food security in arid and
semi-arid areas of Africa and India
Dual purpose cultivars serve both grain and fodder purpose.
Pearl millet is quick growing cereal as compared to maize and sorghum and it produces
green fodder in short duration.
Its fodder is low in anti-quality factors like hydrocyanic acid and oxalic acid, while rich
in protein, calcium, phosphorus and other minerals
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•
•
•

The dry fodder and straw of pearl millet is also used to feed the livestock
Pearl millet is one of the donor parents in popular bajra × napier hybrids, where quality
parameters contributed from bajra and biomass component from napier
Pearl millet a promising crop for green fodder supply especially in the lean period
during the summer season (Kumar et al., 2012).

Table 1. Important fodder cultivars of pearl millet (AICRP on forage crops and utilization)
Name of Cultivar
Nature of Cultivar
GFY (q/ha)
DFY (q/ha)
APFB-2
Multi cut variety
350
55
AVKB–19
Single cut variety
380
88
BAIF Bajra-1
Single as well as multicut
380-400
80-100
Giant Bajra
Multi cut variety
550
110
GFB-1
Multi cut variety
595
350
PAC-981
Single cut variety
584
128
APFB 09-1
Multi cut variety
302
69
Moti Bajra
Multi cut variety
811
277
TSFB 15-4
Single cut variety
426
84.7
TSFB 15-8
Single cut variety
420
86
Breeding of pearl millet for fodder purpose: Breeding of pearl millet is focused on improving
biomass, fodder quality and high regeneration capacity. High regeneration capacity genotypes
can be used to develop multicut cultivars.

Fig. 1: Improvement of pearl millet for fodder yield and quality traits
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Cultivating multicut varieties, farmer can take upto 3 to 5 cuts in different intervals. Such
multicut varieties with good heat tolerance are preferred during summer season. These cultivars
can be grown with moderate irrigation facility during summer season, where other major fodder
crops fail to grow. The green fodder yield has significant positive correlation with plant height,
leaf or node number, leaf length and leaf width (Yadav and Rai, 2013). The nutritive value of
forage is reflected by its dry matter protein, fiber and lignin composition and in vitro and in vivo
dry matter digestibility (Jindal et al., 2009). Both open pollinated varieties and hybrids are
popular in pearl millet. Population improvement programmes such as mass selection, recurrent
selection, family selection are effective deriving superior open pollinated varieties and Inbreds.
Very few hybrids are released for fodder purpose. A5 male sterile cytoplasm are currently
employed in development of three-line hybrid seed development. Biofortification of fodder
cultivars for leaf iron and zinc content, high protein content and low lignin content are other
important area of quality improvement for increasing livestock productivity. The holistic
breeding programme for developing superior fodder cultivars is represented in figure 1. However
pearl millet having such importance as fodder purpose, limited work has been done for
characterizing large scale germplasm, application of genomics tool for improving forage yield
and quality component traits.
Conclusion
In current scenarios of ‘climate change’ and increasing demand for milk and meat, a
climate change-ready smart crop like pearl millet offers exciting opportunities towards
improving the fodder yield for different agro-ecologies globally. It can be grown easily during
kharif and summer season. This is best crop to cultivate during summer season to meet fodder
requirement. Many single cut and multicut varieties are released for cultivation. Application of
modern breeding technologies for forage improvement can accelerate genetic gain forage
improvement in pearl millet.
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Introduction
Organic farming is an integrated farming method that emphasizes biodiversity,
land productivity enhancement, and biological diversity, thus banning synthetic chemicals,
toxins, synthetic fertilizers, genetically modified organisms, and growth hormones with rare
exceptions. India is home to 30 per cent of all organic farmers worldwide but accounts for just
2.59 per cent (1.5 million hectares) of the world's overall organic production area of 57.8 million
hectares, according to the 2018 World of Organic Agriculture survey. Organic farming's primary
goal is to utilize as few off-farm products as possible, provide healthy and high-quality food,
control soil and water pollution, and manage soil health.
Managing the nutrient content of organic sources that are completely different
Soil health is one of the most important aspects of organic farming; a healthy
plant begins with a safe soil. Organic farming increases the amount of well-balanced physical,
chemical, and biological properties. Fertilizers, pesticides, insecticides, growth regulators, and
herbicides are all chemicals that affect the biological properties of soil. A broad variety of
nutritional supplements is permitted in organic farming to address nutrient shortage or
imbalance. The supplement nutritional supply over a span of time to improve and preservation of
biological cycle (Biswas et al., 2014). Nutrient supplements such as FYM, manure,
vermicompost, NADEP and liquid formulations, such as biofertilizers, panch-gavya, jivamrit,
amritpani and vermiwashing. Mulching might be a practice of covering the soil with a layer of
biomass. Mulching content, such as weeds, rice husk, groundnut husk, coconut fibre, banana
leaves, mulching suppress weeds, decreased evaporation and preserved soil moisture, humus
forming and steadily nutrient unhardening, micro-organism food supplying, increasing the
organic activity, reducing crust formation and maintaining the temprature of soil and enhancing
the activity of the earthworm (Pandey et al, 2012).
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Fig.1: Land under organic farming by countries
Effect of Organic Nutrition on soil fertility
Organic matter helps in stabilizing a positive effect on improving soil structure
and water preservation, increasing infiltration rates and reducing bulk density. This method of
fertilization has the potential to enhance the soil's physical and biological properties and to act as
a supply of mineral nutrients. Organic fertilizer is typically applied in intensive farming
processes to maintain soil quality and biodiversity. Organic matter releases macro and
micronutrients into the soil solution during decomposition and can be obtained by plants and
increased use is achieved. Organic cultivation has been able to sustain higher crop production,
soil quality and productivity by long-term manipulation of the soil resources. The organic
cultivation activities also resulted in an increase in organic biomass, soluble phosphate,
potassium and pH and the reserve pool of retained nutrients along with stable ec levels of
relativity (Watson et al., 2002). Organic manure will enhance soil well-being and maximise the
accessibility of nutrients to much higher vegetative growth and yield. Increased plant growth and
production with application of farmyard manure may be attributed during the fruiting season to
increased accessibility to N along with various required plant nutrients. This could lead to a
doubling of the plant's vegetative and productive growth and a stronger availability of nutrients
through the incorporation of FYM. It not only adds organic matter and macro and micronutrients
to the soil, but also improves the soil's physicochemical properties, creating more favourable
conditions for plant growth and production. Carbonaceous products such as grass, ash, bark,
sawdust, or corn cobs aided in the compostability of manure. This reduced the water content and
increased the C:N ratio. However, under Indian circumstances, co-composting manure slurries
and plant residues was more feasible and productive than composting them separately. In rice28
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wheat rotations, the usage of FYM and manure preserved elevated amounts of Zn, Fe, Cu, and
Mn. Organic agriculture increased the content of organic matter and labile nutritional and
physicochemical properties of the land. The decrease in soil reaction may be caused by the
incorporation of green organic compounds and root biomass to the soil that caused additional
humus and organic acids to decompose. The application of organic matter increases the health of
the soil by increasing physicochemical and biological actions, and biofertilizers have been found
to enhance mineralization and nutrient accessibility and further increase plant development
(Wander, 2015).

Fig.2: Kalyani Minz’s organic vegetable farm in Budajharan village, Sundargarh, India
Effect of organic matter on nutrient supplying power of soil
The FYM is able to provide the whole crop with sufficient macro and micro-plant
nutrients and produce more nutrients accessible to the plant from soil with solutions in the
accumulation of nutrients. Numerous researchers indicated that earthworm activity is reduced in
an organically controlled area compared to inorganic agriculture. Earthworms and microbes
collaborate to create vermicompost, which is a worm excretory substance made up of worm
casts, in the biodegradation process. Vermicompost offered macronutrients such as N, P, K, Ca,
and Mg, as well as micronutrients such as Fe, Mo, Zn, and Cu. Due to the narrower range of C/N
ratios in organic manure, its use accelerates mineralization, thus increasing the mineralizable N
content in the soil. The most important element of fertiliser management in fruit trees is the
solubilization of phosphorus in order to make it available to plants. Since orchard soils in
semiarid regions have poor initial fertility levels, organic manure treatment is often beneficial
because it extracts phosphate ions from soil ion exchange sites, increasing their concentration in
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the soil solution (Assefa and Tedeessy, 2019). Additionally, organic manure is rich in
microorganisms that produce a variety of organic acids, especially humic substance and acid,
which aid in the solubilization of some phosphorus and potassium in soil. It is well understood
that non-symbiotic chemical element fixing microorganisms play a role in the supply of fastened
chemical elements in agricultural soils and natural habitats. Microorganisms such as Azotobacter
as non-symbiotic chemical element fixers and alternate microorganisms are constantly being
extracted from various environments and their performance is evaluated in the laboratory and in
the field. Many crops react fully to microorganism inoculation, according to several experiments
conducted in greenhouses and in the field (Shang et al., 2020). The enhancement and
conservation of soil fertility by microorganisms will be critical in future agriculture. Thus,
several beneficial microorganisms can be successfully used as a chemical factory feed substitute,
thereby reducing the need for inorganic fertilizers.
Conclusions
The primary prerequisite for achieving sustainable crop and livestock production
is the preservation of soil productivity and health. Organic farming systems, due to their
complexity and integration of biological systems, can be a viable technology choice for
promoting soil health. Organic practices have a direct and indirect impact on soil properties when
they influence several components of the structure at the same time. Prior research on the effect
of organic practices on various aspects of crop development, soil quality, and the environment
suggests that organic cultivation has the ability to sustain soil health and fertility.
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Introduction
Microalgae have attracted considerable interest in recent times, due to their extensive
application potential in renewable, sustainable and economical sources of biofuels. Biofuels are
perfect substitute for liquid fossil fuels regarding cost, renewability and environmental concerns.
Microalgae have ability to convert atmospheric CO2 into useful products such as carbohydrates,
lipids, and other bioactive metabolites.
What are microalgae?
Microalgae are single-celled prokaryotic or eukaryotic photosynthetic microorganisms that can
convert radiant energy emitted by the sun into chemical energy through photosynthesis.
Microalgae in the world oceans, are responsible for nearly half of the carbon dioxide
fixed and oxygen released by photosynthesis annually. They form the basis of most marine and
other aquatic food chains.
Microalgae as a potential source of biofuel
Over the past few decades, the world has witnessed the energy thirst and exploitation of
fuels by developing countries like India. Petro- fuels satisfies almost 94% of energy needs in the
road transportation division. The persistent increase in CO2 will end with a significant global
warming effect. So, biofuels are the best alternatives for this increasing need that do not affect
the health of the earth.
Biofuels are esters of long-chain fatty acids that are derived from the chemical reaction
(transesterification) of renewable feedstocks. Compared to plants, microalgae have higher
photosynthetic efficiencies. Latter can convert 3-8% of the solar energy during cellular
metabolism against 0.5% typically for terrestrial crops. Microalgae biodiesel does not contain
sulfur and performs well as petroleum diesel while reducing emissions of particulate matter, CO,
etc.
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Classification of Microalgae

Cyanophyta

Pyrophyta

Chrysophyta

Chlorophyta

(Blue green Algae)

(Dinoflagellates)

(Diatoms and golden
brown algae)

(Microscopic green
algae)

Cultivation of Microalgae
Microalgae can grow rapidly. They serve as an industrial raw material due to their high
photosynthetic efficiency coupled with the ability to accumulate a large number of bioproducts
within their cells.
Cultivation of microalgae does not require fertile land, a great amount of fresh water, herbicides
and pesticides when compared to other crops and so they will not compete for the resources.
Microalgae help in the reduction of atmospheric CO2 through photosynthesis, making an
effective contribution to the efforts of tackling the greenhouse effect and thus global warming.
Criteria for site selection
•
•
•
•

Water supply and its salinity
Topography of Land
Climatic conditions viz., temperature, insulation, evaporation, precipitation
Access to nutrients and carbon supply sources

Criteria for algae selection
•
•
•
•
•
•

Ease of biomass separation and processing. Growing rate is normally measured by the
total amount of biomass accumulated per unit time and unit volume
Lipid content and triglycerides is a factor that is relevant in biodiesel production
Resistance to environmental changes like temperature, nutrients input, light
Competition exerted from other microalgae species and/or bacteria
Nutrients that are obtained as bioproducts
Possibility of obtaining other useful chemicals
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Cultivation system
Microalgae cultivation is generally realized in two kinds of systems:
➢ Open raceways (ORW)
➢ Photobioreactors (PBR)
Open Raceways (ORW): ORWs are made of shallow ponds (between 10 and 50 cm depth).
They can be built with concrete or simply carved from the ground and can be recovered by a
plastic liner made of high density polyethylene (HDPE) or polyvinylchloride (PVC).

Fig.1: Open Raceways
Ponds are generally open but can be sheltered under a greenhouse. This kind of system is
commonly used in the industry to produce microalgae used as foodstuffs.

Fig.2: Race-track type pond schematic diagram
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➢ Culture is fed continuously in front of the paddlewheel where the flow begins.
➢ Mixing and circulation are done paddlewheel.
➢ Flow is guided around bends by baffles positioned in the flow channel.
➢ The broth is harvested behind the paddlewheel.
Photobioreactors
Reduction of growing area and protection against potential contamination can be
obtained in closed-ponds, referred to as photo bioreactors. This type of cultivation method is
often used for the production of high added-value molecules, such as pharmaceutical
compounds.
There are numerous types and different designs of PBR viz., Tubular Reactors, Plate Type
Reactors, Helical Tubular reactors, Bubble Reactors, Fence Type Reactors.
The main disadvantage of photobioreactors is the high capital cost for designing and operating.

Fig.3: Tubular reactors

The most common type of closed bioreactor is the tubular photobioreactor which consists of an
array of straight transparent tubes that are usually made of plastic or glass. Biomass
sedimentation in tubes is prevented by maintaining highly turbulent flow.
Conclusion
Microalgae are tiny factories that are renewable, sustainable and economical sources of
biofuels. They can produce a greater oil yield per hectare of land than compared to existing field
crops, which emphasizes the high potential of microalgae to be used on an industrial scale. The
exploitation of biomass is the right choice to produce biofuels with ultimate requisites of
alternative fuels but the difficulties in feedstock production with high lipid content and
harvesting need to be addressed and a detailed study on the parameters for fuel compatibility is
required.
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Introduction
Seed enhancement technique is a range of techniques performed post harvesting and
conditioning, before sowing like priming, pelleting, pre-germination, resulting in improved
germination and physiological performance.
Objectives
•
•
•
•
•

Improved germination/seedling growth.
Facilitate seed planting.
Deliver specific materials needed at the time of sowing (e.g. Nutrients and inoculants).
Remove weak or dead seeds.
Tagging of seeds with visible pigments or other materials/markers.

History of Seed Priming
Evenari (1984) reported that the efforts for improving seed germination and growth are dated
back to ancient Greeks. Theophrastus (371–287 B.C.), during an investigation, observed that
cucumber seeds when soaked in water end in faster and uniform germination as compared to unprimed seeds (Theophrastus, Enquiry into Plants, Book VII, I.6). Likewise, the Roman naturalist
Gaius Plinius Secundus (23–79 A.D.) in his encyclopedia reported the positive effects of presoaking of cucumber seeds in honey and water for seed germination (Gaius 1949–1954).
Afterward, in 1539–1619, the French botanist Oliver de Serres reported about the seed soaked in
manure water for two days then dried before sowing as an efficient way of seed treatment for
better crop growth. Darwin tested osmo-priming on lettuce and cress seeds in seawater and
observed high germination within the treated seeds as compared to non-primed seed (Darwin
1855).And this fashionable concept of seed priming was presented by Ells (1963), who
highlighted the critical parameters associated with seed treatment. He observed high germination
rates when seeds were treated with a selected nutrient solution. Koehler (1967) reported that
treatment with salt solution promotes RNA accumulation that, in turn, enhances other
physiological process and leads to high seed emergence. May et al. (1962) stated that seed
drying surely time at specific level after priming exerts beneficial effect and results in fast
germination under normal also as stressful conditions (Berrie and Drennan 1971). Heydecker et
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al. (1973) used organic chemical polyethylene glycol (PEG) H–(O–CH2–CH2) n–OH, a high
molecular weight compound, for seed pre-treatment to spice up germination and avoid several
problems related to salts treatment like hardening. Hence, various seed treatment techniques was
introduced and examined for uniform germination under different environmental conditions.
Seed Priming
Seed priming is a method in which seeds are hydrated (control hydration or uncontrolled
hydration) and dried to original moisture content but the actual emergence of radicle is
prevented.
Phenomenon Of Seed Priming
After sowing, seeds remain within the soil for a particular duration to soak up water and a
few essential nutrients for his or her growth. Seed priming reduces this point and makes the
germination quick and uniform. Additionally to hydration, priming also reduces the sensitivity of
seed to external environmental factors (Afzal et al. 2016). Priming promotes seed germination
under three stages like imbibition, germination, and growth. During the imbibition stage, the
water uptake promotes protein synthesis and respiratory activities through
messenger RNA (mRNA). The second stage is said to the initiation of various physiological
activities associated with germination like protein synthesis, mitochondria synthesis, and
alteration in soluble sugars (Varier et al. 2010). The critical factor during seed priming is that
the controlled water uptake during the second stage, before the emergence and growth of radical
from the testa during the last stage. The second stage (germination) is far sensitive to
environmental factors than the third stage (Come and Thevenot 1982). Therefore, during
priming, the seeds that have skilled the second stage could germinate under variant
environmental conditions as compared to un-primed seeds (Corbineau and Come 2006).

Fig. General phenomenon of seed priming. (M. Waqas et al., 2019)
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Methods Of Seed Priming
A. Conventional methods of seed priming
• Hydro-priming: It is a seed priming method which involve priming of seed in
pure water to initiate pre-germinative physiological activity of seed but without
radicle emergence, seeds are dried to original moisture content before sowing.
• Osmo-priming: Osmo-priming is one among the sort of seed priming during
which seeds are mixed with osmotic agents of high relative molecular mass (Poly
Ethylene Elycol) with different osmotic potential and have control on level of
hydration i.e. controlled hydration. Commonly used osmotic agents are PEG 6000
and PEG 8000.
• Chemo priming: Chemo-priming involve the use of various chemicals to invigour the seeds.
• Halo priming: Seeds are dipped in various salt solution e.g. NaCl.
• Solid matrix priming : Solid matrix priming is a type of seed priming in which
seeds are mixed with solid materials and water.
• Bio-priming: Bio-priming is also a type of priming in which seeds are primed in
a solution containing bio-control agents (bacteria).
• Priming with plant growth regulators: Seed treatment with plant growth
regulators (PGR) known to mitigate the harmful effects of several environmental
stresses (Jisha et al. 2013).
• Priming with Plant Extract: Allelochemicals such as phenolic compounds,
terpenoids, flavonoids, saponins, alkaloids, and steroids may inhibit or stimulate
plant growth (Narwal 1994). Saponins can accelerate nutrient absorption as they
are readily soluble in water. Alkaloids, saponins, and phenolic compounds present
in the leaves of various plants are involved in the production of antioxidant
activities and protect the plants against pathogens (Satish et al. 2007).
B. Advanced method of seed priming
• Seed Priming through Nanoparticles: Nanotechnology utilizes nanoparticles
less than 100 nm in size, and it has a promising role in transforming food
production and agriculture (Fraceto et al. 2016).
• Seed Priming through Physical Agents: The magnetic field, UV radiation,
gamma radiation, X-rays, and microwaves are some of the physical agents that
used for seed priming (Bilalis et al. 2012). Priming with magnetic field found to
improve germination rate, vigour, and seedling biomass as well as tolerance to
various environmental stresses.
Factors affecting seed priming
Seed priming is highly affected by various biotic and abiotic factors such as
1.
2.
3.
4.

Aeration
Temperature.
Time.
Seed quality.
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Conclusion
Seed priming are the need of prime importance in agriculture as they not only helps to
influence germination but also has multiple attributing benefits. Their role in increasing nutrient
content in food and seed is much valuable. Seed priming facilitates in plant growth promotion
and influences yield. Despite of these factors, they also have positive impact on decreasing
fertilizer rate, influencing nutrient uptake, maintaining plant growth vigour and tolerant to
different biotic and abiotic stress.
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Introduction
Environmental stresses such as drought, heat, salinity and low and temperatures are major
limiting factors for crop production and productivity. These stresses are expected to increase in
the future due to drastic changes in climate, much of which are driven by global warming. In
order to understand the molecular mechanisms of tolerance and adaptation various types of RNA
regulatory factors and processes have now been emerged as new research areas involved in plant
stress responses. The transcriptome analyses using high-density microarrays and high throughput
sequencing technologies have revealed a vast number of non-coding RNAs (ncRNAs) which
includes small RNAs such as miRNAs (micro RNAs) and siRNAs (small interfering RNAs).
Now the micro RNAs (miRNAs) have been involved in transcriptional and posttranscriptional
regulation of gene expression and modulation of RNA stability and translation.
miRNAs: MicroRNAs (miRNAs) were first discovered in a nematode Caenorhabditis elegans.
In C. elegans, the lin-4 gene codes for the 80 nucleotides (nt) untranslated RNA that controls the
expression of lin-14 gene. Plant miRNAs are a class of endogenous non-coding small RNAs that
are essential for plant growth, development, and survivability.
Mechanism of plant gene regulation by microRNAs: The fate of target mRNA depends upon
the degree of its complementarity with cognate miRNA sequence. Near-perfect complementarity
leads to complete degradation of the target mRNA while partial complementarity leads the
repression of protein translation. A subset of miRNA variants preferentially associates with AGO
proteins involved in RNA-directed DNA methylation (Law and Jacobsen, 2010).
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miRNA in plant function: The miRNAs involved in the important plant activities such as
growth and development, pattern formation, organ polarity, signal transduction and hormone
homeostasis etc. In past few years the role of miRNAs in response to environmental stresses has
been highlighted. These are supported by reports on mutants of the miRNA biogenesis or
pathways exhibiting defective phenotypes.
Role of miRNAs in Plant Stress Responses: The miRNA have main role in post transcriptional
gene regulation which is important for stress response. Under stress condition miRNAs are
synthesized. Mostly miRNA target genes which encodes various transcriptional factors or
functional enzymes having important roles in abiotic stress response. Most of the plant miRNA
targets are transcriptional factors which participate in the developmental processes from seed
germination to seed maturation. In a sequence analysis of small RNA libraries derived from A.
thaliana seedlings, subjected to diverse abiotic stresses as well as computational approaches,
identified several miRNAs that play major roles in plant responses to environmental stresses.
Drought and Salinity stress: Drought and salinity stress affected the crop productivity. Under
these condition, induced the genes for stress-responsive or manipulating other regulatory genes
associated with stress signalling pathways would improve plant stress tolerance. During osmotic
stress, plants accumulate organic compounds referred as osmoprotectants (compatible solutes)
which assist in efficient water uptake thereby preventing water loss. These compounds have no
inhibitory effect on the enzyme activity even in high cellular concentration. The osmoprotectants
accumulated inside plant cells such as polyols and quaternary ammonium. The plant hormone
ABA reduction in water loss, close the stomatal openings and tolerating them with the conditions
of drought stress. During drought stress conditions, various transcription factors are either
upregulated or downregulated depending on their cellular function in triggering tolerance to
drought stress.
In plants during drought and/or salt stress, miR393, miR160 and miR167 were found to
be upregulated. In additional miRNA and miR169 plays a major role in drought and salt stress
response was downregulated through an ABA-dependent pathway in Arabidopsis, therefore
overexpression of its target Nuclear Factor YA5 (NFYA5) transcription factor increases the
expression of number of drought stress-responsive genes. The regulatory network of drought and
salinity stress-associated miRNAs was very well explained in Arabidopsis (non-nitrogen-fixing
model plant). Most of the miRNA targets are transcription factors which regulate downstream
stress-responsive genes.
Chilling, Freezing and High temperature Stress: Plants maintain the homeostasis by
reprogramming their gene expression profiles in response to environmental temperature
fluctuation. In Arabidopsis, C-repeat binding F factors (CBFs) transcription factors were
identified which bind to the dehydration-responsive element (DRE). For example, signalling of
the ABA hormone which involves in the cold acclimation of herbaceous tissues is controlled by
various miRNAs. In plants such as Arabidopsis, Brachy podium and popular the role of miR397
and miR169 were found to be upregulated in response to cold stress. Similarly, miR168 was
upregulated in popular and Arabidopsis; however, it was downregulated in rice during cold
stress. The high temperature denature the proteins and also affect their functions. Expression of
different miRNA was noted in wheat
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Approaches used for miRNA identification
• Genetic screening (Lee et al., 1993; Wightman et al ., 1993 ),
• Direct cloning after isolation of small RNAs (Lu et al .,2005 ),
• Computational strategy (Brown and Sanseau , 2005 )
• Expressed sequence tags (ESTs) analysis (Zhang et al ., 2005 )
Conclusion
The complex trait of plant stress tolerance can be understood by more extensive studies
on miRNA-mediated gene regulation. The miRNA profiling of different plant species exposed to
the different environmental stresses can help to identify and characterize new miRNA
biomarkers. Although the whole genome sequences of some of crop plants like rice, maize,
soybean, mustard, Jatropha, Barrel Cloverare, etc. have been completed, the sequences of
miRNAs which are associated abiotic stress such as drought, cold/chilling, salinity, temperature
not been annotated completely. During abiotic stress, the miRNAs changed based on stress
responses of different plants can be selected by sequencing methods such as PARE method
which further could be used for miRNA profiling with respect to normal plant tissue. Transgenic
crop plant harbouring either miRNA or their target gene will be resistant to abiotic stress
(drought, salinity, temperature, etc.). The miRNA-mediated gene silencing approach may help in
developing transgenic abiotic stress-resistant crop plants for better crop improvement under
unfavourable environmental conditions (abiotic stresses). In future, these approaches will lead to
reduction in water use for irrigation in agriculture and also an increase in crop productivity in dry
areas of the world.
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