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Abstract

In the near future, antimicrobial resistance
(AMR) will become a major danger to the
global community. Despite the fact that India
has many synthetic antibiotics, their
irrational use is generating possible AMR in
livestock. Furthermore, the expense of
producing synthetic antibiotics is too
expensive for the impoverished farming
population. In this context, natural
therapeutics are being sought. The current
examination found that rat-tailed maggots
from piggery excreta had antibacterial
properties against Escherichia coli and
Salmonella typhimurium, with minimum
inhibitory concentrations (MIC) of 25-30 g/100
µl and 35-40 g/100 µl, respectively.
Antimicrobial peptide sequences such as
Diptericin and Sarcotoxin were also found in
the isolated hemolymph. In comparison to rice
grained shaped maggot hemolymphs,
comparative gene expression levels for both
AMPs were substantially (p<0.05) increased
in rat-tailed maggots. The current study’s
findings may suggest that using natural
maggots in animal husbandry waste as a
therapeutic alternative decreases the
unjustified usage of antibiotics.

Key Words: Rat-tailed, maggots, piggery,
Escherichia coli, Salmonella typhimurium

Introduction

The “miraculous medicinal maggot” have
shown a massive growth in literature in the
past few years, with a huge number of reports
on the topic of “antimicrobial agent”,
“antibiofilm substrates”, “anti-inflammatory
properties”, and “wound healing activities”
cited on the web of science (Li et al., 2013; Naik 
and Harding,  2017). Maggots are thus proven
to have  promising therapeutics application
with minimal adverse effects as well as cost
effectiveness in comparision to the
conventional therapy. Although it is
increasingly recognized to utilize maggots in
clinical applications, however scientific
laboratory evidences are not enough to
underlying the mechanism on the  action of
maggots (Yan et al., 2018).

The cost of synthetic antibiotic production
would be very high and there are rising
concerns on their biodegradability, causing
accumulation in the environment and thereby
eliciting the threat to the ecological balance
(Kraemer et al., 2019). Moreover,
antimicrobial resistance due to misusages of
synthetic antibiotics in food animals is a
burning issue in today’s science (Mutu et al.,
2020). In these current situation, searching of
alternatives of synthetic antibiotics  like
natural maggots may be blissful. 

The goal of the current platform was to find
out if maggots living in piggery (Sus scrofa)
excreta have antibacterial properties.
Livestock excreta are one of the richest source
of organic waste and the volatile substances
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exist in those organic waste are the main
attracting factors by most of the  fly species
(Kim et al., 2021).  Thus, attracted flies lays
eggs on these excreta and further, the eggs will 
hatch and attain the next developmental stage 
like larva, pupa and then it became adult.
Once the egg hatches, the larvae come out and
survive; these larvae in the excreta are also
called as “maggots”. These Maggots survive
mainly by feeding on the decaying excreta, a
rich source of organic and nitrogenous rich
substances (Sarwar, 2020).  Due to their
antimicrobial inheritance properties, those
maggots can happily survive in  the filthy and
microbial rich environment. Antimicrobial
peptides (AMPs) like LS-sarcotoxin of blowfly
Luciliasericata showed excellent activity
against E. coli, E. cloacae, Klebsiella spp.,
Salmonella enterica, Citrobacter freundii and
Acinetobacter spp., although they had little
activity against Pseudomonas aeruginosa.
Similarly, LS-stomoxyn, on the other hand,
had good activity against Pseudomonas
aeruginosa, A. baumanii and most of the
Enterobacteriaceae, with the exception of K.
pneumonia (Hirsch et al., 2019).  In this
platform, we identified the antimicrobial
property of rat-tailed maggots surviving in
piggery excreta against Salmonella
typhimurium and Escherichia coli.   

Materials and methods

Sample collection, copro-culturing and
identification fly maggots

Piggery excreta/waste materials were
collected from the Institutional Pig farm
located at ICAR-National Research Center on
Pig, Guwahati, Assam. Coproculture mixture
using collected piggery waste/excreta was
prepared by the addition of sawdust followed
by spreading the coproculture on rectangular
trays and keeping them in an open shady area
for the flies to oviposite. Different fly larvae
and pupae were then collected for their
identification and further downstream
processing.

Collection of the hemolymphs

The maggots were then washed with distilled
water containing 0.1% Tween, washed with
tap water for 1 min, and finally rinsed with
70% ethanol two to three times. Moisture was
removed by using paper towels. The maggots
were then transferred to a glass dish
containing a slightly moist and fat paper
tissue on the bottom. The glass dish was kept
on ice to anaesthetize the live maggots. To
prepare for collecting the hemolymph plasma,
a hole was punctured in a 0.5 ml tube using a
23-gauge needle. Hemolymph was then
collected in a sterile Eppendorf tube and
maintained at or below 40C. 60µg of
phenylthiourea (PTU) crystal was quickly
added into the tube containing hemolymph.
The phenylthiourea will try to inhibit
phenyloxidase present in the hemolymph and
thus prevent the melanization of hemolymph.
The hemolymph was then quickly frozen for
stored at -800C.

Characterization of the hemolymph for
antimicrobial sensitivity 

Pure culture plate of different organisms
(Gram+ve/-ve) was utilized to study
hemolymphs’ antimicrobial activity from
different types of maggots surviving in piggery 
excreta. Sterile Mueller-Hinton agar (MHA)
plate and/ or selective nutrient agar (NA) plate 
was used for studying the antibacterial
activity of hemolymph isolated from different
maggots. Used the swab with the test
organism to streak on the MHA and/ or NA
plate for a lawn of growth. After the streaking
is complete, plates were allowed to dry for 5
minutes. Antibiotic discs containing the
hemolymphs extracted from the maggots were
placed on the surface of the agar using
sterilized forceps along with the standard
antibiotic discs. Gently the discs press onto the 
surface of the agar using flame sterilized
forceps or inoculation loop. Inoculated plates
were incubated for 24 hours at 37° C. After
incubation, a metric ruler was used to
measure the diameter of the zone of inhibition.

6

Biotech Today (July-December 2022) : 12 (2) : 05 - 12 



Determination of Minimum Inhibitory
Concentrations (MICs) hemolymph 

Two to three colonies of Escherichia coli and
Salmonella typhimurium were inoculated into 
their respective medium and incubated at
370C for 18 h in a shaking incubator and then
further cultured over 3 h under the same
conditions. A total of 90 µL of bacterial culture
mixtures were then transferred to a 96-well
plate. 10 µl of serially diluted hemolymph
were then admixed to wells, incubated at 370C
for 18 h. Absorbances were recorded at 600 nm 
to determine Minimum Inhibitory
Concentrations (MICs) of the hemolymph.

Determination of Post Antimicrobial
Effect (PAE)

Post Antimicrobial Effect (PAE) was
determined by the methodology described by
Dominguez et al. (2001). Two to three colonies
of the respective bacteria (Escherichia coli and 
Salmonella typhimurium) were suspended in
prewarmed Mueller–Hinton broth and
incubated overnight at 37°C, diluted 1/2500 in
the same prewarmed medium followed by
incubation in at 37°C with agitation @ 50 rpm.
The absorbance of the culture was recorded
with a spectrophotometer at the wavelength of 
660 nm till an absorbance of 0.1 was reached.
An equal volume of the control culture, as well
as the hemolymph, treated cultures were
prepared separately. Kinetics on the
antimicrobial effect of hemolymph on bacterial 
culture was studied for 1 hour and during that
period, samples were withdrawn at every 10
minutes interval for the determination of
bacterial concentration. The antimicrobial
activity was halted by placing a 10–3 dilution of 
the bacterial suspension in the prewarmed
Mueller– Hinton broth.

Identification of antimicrobial peptide
(AMP) coding genes from the hemolymph

Hemolymph samples collected from the
rat-tailed maggots were subjected for total
RNA isolation followed by cDNA synthesis
using protoscript® first-strand cDNA

synthesis kit, NEB, as per the methodologies
described elsewhere. A set of primers were
designed to amplify two essential
antimicrobial peptide coding genes
viz—Diptericin and Sarcotoxin from the
synthesized cDNAs from the rat-tailed maggot 
hemolymphs (Table 1). PCR reaction was
performed in a 25µl reaction mixture having
1X PCR buffer (Sigma Aldrich, USA), 50 ng of
cDNA, 0.5 µM of corresponding primers, 1.5
mM MgCl2 (Sigma Aldrich, USA), 200 µM
dNTPs (Sigma Aldrich, USA) and 1U Taq
DNA Polymerase (Sigma Aldrich, USA).
Amplified products were purified and
subjected for sequencing.

Real Time PCR based quantification of
AMP genes among rice grained type and
rat-tailed type maggots of piggery origin

cDNAs obtained from the hemolymph of rice
grain shaped and rat-tailed maggots of piggery
origin were assessed for the comparative gene
expressions of Diptericin and Sarcotoxin AMP
like genes using quantative Real Time PCR
(Applied Biosystem). Gene expressions was
normalized using the Drosophila melanogaster
actin 5C (DmAct5C) gene. Primer sequences
are illustrated in Table. Relative gene
expression data using real-time quantitative
PCR was analyzed by 2-DDCT method (Livak
and Schmittgen, 2001).

Results

Characterization of maggot hemolymph

Two different maggots of piggery waste origin
were identified in the prepared copro-culture
viz. rice grain shaped and rat-tailed maggots.
The antimicrobial Sensitivity test (AST)
revealed that rat-tailed maggot hemolymphs
could develop a clear zone of inhibition (Fig 1)
against Salmonella typhimurium (14 mm
length) and Escherichia coli  (18 mm length),
suggesting that evidence of their antimicrobial 
activities.  We could not get any zone of
inhibition against the rice grained shaped
maggot hemolymphs.
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Determination of the MICs of the
hemolymphs

Antimicrobial activities of the rat-tailed
hemolymphs were assessed by determining
MICs against Escherichia coli and Salmonella
typhimurium. The MIC range of hemolymph
to Escherichia coli and Salmonella
typhimurium was 25-30 µg /100 µl and 35-40
µg / 100 µl, respectively (Fig 2). 

Determination of Post Antimicrobial
Effect (PAE) of hemolymph

To evaluate the Post Antimicrobial Effect
(PAE) of the hemolymph, Gentamicin
(@20mg/ml) and Streptomycin (@90µg/ml)
were used against Escherichia coli and
Salmonella typhimurium, respectively.
Bacterial suspension without addition of
hemolymph was treated as negative control
for this experiment. Hemolymph with the
concentration of 30 µg /100 µl and 40 µg /100 µl
was used to evaluate the PAE on the bacterial
culture of Escherichia coli (Fig 3) and
Salmonella typhimurium (Fig 4), respectively.  
From the illustrated figures. 3 and 4, it is
clearly showed that the negative controls
having an almost plateau OD readings in the
range of 0.5 to 0.56.

On the contrary, positive controls where the
respective bacterial culture was exposed to the 
selective antibiotic confirmed the bactericidal
effect, where the OD readings declined from
0.5 to 0.2. The effect of rat-tailed maggot
hemolymphs against the two bacterial species
revealed their antibacterial activity. In both
the cases (Fig 3 and 4) OD value started with
0.5 and gradually declined during the period of 
1 hour to approximately 0.3. 

Amplification of AMP Genes from the
rat-tailed maggot hemolymphs and its
quantification

We amplified Diptericin and Sarcotoxin like
peptide sequences from the hemolymph of rat-
tailed maggots and sequences were deposited

in NCBI Bankit with the accession number
MW836105 and MW836106, respectively. To
quantify the gene expression levels for both
the AMP related genes in the rat-tailed
maggots having antimicrobial property, we
used rice grain shapped maggots identified in
pig coproculture which did not showed any
antibacterial activity. Figure 4 clearly found
that, expression level of both the genes were
significantly (p<0.05) higher in rat-tailed
maggots in comparison to the rice grained
shapped maggot hemolymphs.  
Table 1: Designing Primers for AMP genes from 
the rat-tailed maggot hemolymph

Genes Primers
Reference NCBI

sequence

Diptericin F: TCAGACATCAGACG

    TCAGCC

R: CATCCGTATCCAGG

    TGCGAG

XM_034252399

Sarcotoxin F: TCAATTCACGTTG

    CAGAAGCA

R: CGACTGTCCCAGGC

    TAATGG

XM_001955520

Drosophila

Act5C

F: AAGGACTCGTACGT

    GGGTG

R: ATCTTCTCACGGT

   TGGC

Lee et al., 2020

It was identified that, 25-30 µg /100 µl and
35-40  µg / 100 µl of the hemolymph can lower
the optical density (OD) from 0.5 to lesser than 
0.4 in the overnight grown broth culture of
Escherichia Coli and Salmonella
typhimurium, respectively.
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Figure 1: Determination of Minimum Inhibitory
Concentration (MIC) of rat-tailed maggot hemolymph
on the Escherichia Coli and Salmonella typhimurium.



Discussion

Despite the usages of synthetic antibiotics in
human and animal practices, emergence of the 

Antimicrobial resistance (AMR) is
predominating. AMR in coming days will be a
global threat to the mankind. In order to
overcome the potential AMR and also to
achieve desired antimicrobial activity,
development of safe as well as effective
alternative to “synthetic antibiotic” is the need
of the hour. In addition, the synthetic
antibiotics are potential threat to the
environment in causing the biomagnifications
and accumulated in the human and animal
cells. Moreover, they are not biodegradable and 
thus altering the ecological balance. In this
condition cheap, cost effective and
biodegradable potential natural antimicrobial
agents are really going to be the next
generation hope in order to overcome the
existing AMR.

The problem of antibiotic resistance is
becoming more and more serious. Insect
antimicrobial peptide has been regarded as an
important drug to solve antibiotic resistance. In 
this context, it is necessary to find a simple and
easy way to obtain antimicrobial peptides.
Recently the quest for the next generation of
antibiotics is focused on natural peptides
produced by animals or insects. Maggots are
recognized as a “treasure house of
antimicrobial peptides” as well as a good choice
to produce and extract antimicrobial peptides.
Maggot has been hailed as the miraculous
“medicinal maggot” for its diverse properties
including antimicrobial, antibiofilm,
anti-inflammatory, and wound healing
activities. Current study clearly depicts the use 
of rat-tailed maggots surviving in the pig
excreta as source of antimicrobial peptide in
order to potentially exploit as an alternative to
the existing synthetic antibiotics. 

We identified the antimicrobial property of
rat-tailed maggots survived in piggery excreta
against two enterobacteria family Escherichia
coli and Salmonella typhimurium.

Colibacillosis is one of the important diseases
of swine industry especially in neonatal
mortality caused by pathogenic strain of 
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Figure 3: Kinetics on the effect of rat tailed maggot
hemolymph (@40 µg /ml ) against Salmonella
tyhimurium. Positive control represents

Figure 4: Relative mRNA expression of two AMP
genes (Diptericin and Sarcotoxin) among two
different types of maggot hemolymph identified from
piggery origin. RGM: Rice-grain shaped maggots.
RTM: Rat-tailed maggots. a and b differ significantly
at p<0.05

Figure 2: Kinetics on the effect of rat tailed maggot
hemolymph (@ 30 µg /ml ) against Escherichia Coli .
Positive control represents Gentamicin (@20mg/ml)



Escherichia coli (Lupi, 2017). Among different
serovars of Salmonella affecting swine
population, Salmonella typhimurium stands
out due to its zoonotic potential in human
salmonellosis1 (EFSA and ECDC, 2015) and
its prevalent distribution in pork production
(Arguello et al., 2013).

We found that, rat-tailed maggot hemolymph
with the concentration of 25-30 µg /100 µl and
35-40 µg / 100 µl, respectively are enough to
kill Escherichia coli and Salmonella
typhimurium, respectively. Our findings
corroborated with earlier studies, identified
the role of normal hemolymphs to kill different 
kinds of bacteria (Sahalan et al., 2006; Basseri
et al., 2016; Hirsch et al., 2020; Lee et al.,
2020).

To determine the Post Antimicrobial Effect
(PAE) of hemolymph against Escherichia coli
and Salmonella typhimurium, we have chosen 
Gentamicin and Streptomycin, respectively as 
positive controls. Sahalan et al., (2006) used
gentamycin as positive control for PAE of
hemolymph from larvae and pupae of local fly
species, Musca domestica and Chrysomya
megacephala, against Escherichia coli. Effect
of Streptomycin on the growth of Salmonella
typhimurium is well documented. Singh et al.,
(2015) identified that Streptomycin can
induced stress response in Salmonella
enterica Serovar Typhimurium. Antibacterial
Sensitivity Testing (AST) of various
Salmonella enterica serovar typhimurium
isolates across 11 antimicrobial compounds
revealed that, genotyping performance of the
bacterial isolates were improved to 0.89
sensitivity and 0.97 specificity with
Streptomycin as antimicrobial agents with
minor error rates. Present study envisaged the 
antibacterial role of rat-tailed maggot
hemolymph for both Escherichia coli and
Salmonella typhiumurium.  

Keeping in view on the role of antimicrobial

peptides (AMPs) existing in the hemolymph of
maggots, we amplified two AMP genes
(Diptericin and Sarcotoxin like peptide) from
the isolated hemolymph of rat-tailed piggery
waste maggots. Recently, Hirsch et al., 2020
identified number of AMPs from rat-tailed
maggots of Eristalis tenax and tested their
antibacterial activity against a broad
spectrum of microbes, including
multidrug-resistant Gram-negative bacteria.
From their study, it was speculated that
cecropin-like and a diptericin-like peptides
having the strong antimicrobial activity
against the pathogens, achieved a good
therapeutic window. Two maggot derived 
AMPs like LS-sarcotoxin and LS-stomoxyn
were profiled to assess their suitability for
systemic application in mouse  model, found
that these AMPs are suitable as lead
candidates for the development of novel
antibiotics (Hirsch et al ., 2019). Thomas et al.
1999 confirmed the antibacterial activity of
secretions against a range of bacteria,
including  Streptococcus A and B,
Staphylococcus aureus, Pseudomonas and
even methicillin resistant S. aureus (MRSA)
in a preliminary laboratory study. To study
the relevance of AMP gene expression on the
antimicrobial property of the rat-tailed
maggots, we compared the expression levels of
both the AMP genes among the rat-tailed and
rice-grain shapped maggot hemolymphs. Our
study interestingly insight that, expression
levels of AMP genes are significantly higher in
the rat-tailed maggots having antibacterial
activity in comparison to rice-grain shaped
maggots.

Currently in India scanty of systematic
reports are available as for as the AMPs
related to the fly maggots surviving in pig
excreta. Future research needs to be organized 
for therapeutic evaluation of both the AMPs
for their application as natural antibiotics.
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Abstract

Recombinant DNA (rDNA) methodology is a
revolutionary technique in the field of
molecular biology that enables scientists to
manipulate and engineer DNA molecules from 
different sources to create novel genetic
combinations. At its core, rDNA methodology
involves the process of cutting and joining
DNA molecules from different organisms,
often from different species, to create
recombinant DNA molecules. This is achieved
through the use of enzymes called restriction
enzymes that can cleave DNA at specific
recognition sites. The resulting recombinant
DNA molecules can carry genetic information
from one organism and introduce it into
another, thereby enabling the transfer of
specific genes or genetic elements between
different species. This methodology has
opened up a wide range of possibilities,
including the creation of genetically modified
organisms (GMOs), the production of
therapeutic proteins through genetic
engineering, and the investigation of gene
functions and regulatory mechanisms.

Keywords: Recombinant DNA methodology,
Molecular biology, Restriction enzymes,
GMOs.

Introduction

Recombinant DNA (rDNA) methodology is a
revolutionary technique in the field of
molecular biology that enables scientists to
manipulate and engineer DNA molecules from 
different sources to create novel genetic
combinations. This methodology has
transformed our ability to understand, modify, 
and utilize genetic information, leading to
numerous advancements in various scientific
and practical applications.

At its core, rDNA methodology involves the
process of cutting and joining DNA molecules
from different organisms, often from different
species, to create recombinant DNA
molecules. This is achieved through the use of
enzymes called restriction enzymes that can
cleave DNA at specific recognition sites. These 
cut DNA fragments can then be combined with 
other DNA fragments, often with the help of
another enzyme called DNA ligase, which
catalyzes the joining of these fragments to
form new DNA molecules.

The resulting recombinant DNA molecules
can carry genetic information from one
organism and introduce it into another,
thereby enabling the transfer of specific genes
or genetic elements between different species.
This methodology has opened up a wide range
of possibilities, including the creation of
genetically modified organisms (GMOs), the
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production of therapeutic proteins through
genetic engineering, and the investigation of
gene functions and regulatory mechanisms. 

Recombinant DNA methodology has
revolutionized genetic research and
technology, allowing scientists to manipulate
genes in ways that were previously
unimaginable. It has led to the development of
genetically modified crops with improved
traits, the production of vital therapeutic
proteins like insulin and growth hormones,
and the understanding of complex genetic
diseases. However, it also raises ethical and
safety considerations, especially when applied
to organisms that could impact ecosystems or
human health.

Recombinant DNA (rDNA) Methodology

Recombinant DNA (rDNA) technology refers
to the process of joining DNA molecules from
two different sources and inserting them into a 
host organism, to generate products for
human use. This process is also known as
genetic engineering or gene (DNA)
cloning and involves multiple steps that have 
to proceed in a specific sequence to generate
the desired product. 

Tools of rDNA Technology

The following are some important tools of
biotechnology.

1. Restriction Enzymes

Restriction enzymes, also known as
‘restriction endonucleases’ are molecular
scissors that can cut DNA at specific locations.

These enzymes exist in many bacteria where
they function as a part of their defence
mechanism called restriction modification
system i.e., responsible for restricting the
growth of bacteriophages in bacterial cells.
These are part of a larger class of enzymes
called ‘Nucleases’. Based on their mode of
action restriction enzymes are classified into;
l Exonucleases – Enzymes that remove

nucleotides from the ends of DNA. e.g., Bal
31, Exonuclease III.

l Endonucleases – Enzymes that make cuts at 
specific positions in the DNA. e.g., Hind II,
EcoRI, Pvul, BamHI, TaqI.

‘Hind II’ – the first restriction endonuclease
to be isolated, identifies a specific six base pair
sequence and always cuts the DNA at a
particular point. 

The restriction endonucleases are sequence-
specific which is usually palindrome
sequences (a symmetrical repeated sequence
in DNA strands). For example;

5’ —— GAATTC —— 3’

3’ —— CTTAAG —— 5’

On reading both the strands shown above in
the 5’ to 3’ direction, they give the same
sequence. This is true even when they are both 
read in the 3’ to 5’ direction.

Mode of Action of Restriction Enzymes

1) Inspect the length of DNA for the specific
recognition sequence.

2) Bind the DNA at a specific base pair
sequence called Recognition sequence.

14

Biotech Today (July-December 2022) : 12 (2) : 13 - 24 

Sticky and Blunt ends



3) Cut the two strands of DNA at specific
points called Restriction sites in their
sugar-phosphate backbone. Some cleave
both strands of DNA through the centre
resulting in blunt or flush end. These are
also known as symmetric cuts. Some
enzymes cut in a way producing protruding
and recessed ends known as sticky or
cohesive ends. Such cuts are called
staggered or asymmetric cuts.

4) Then these cut ends are joined by DNA
ligase, isolated from T4 phage in an
Adenosine Triphosphate (ATP) dependent
reaction.

Cloning Vectors

Vectors form a very important part of the tools
of recombinant DNA technology as they are
the ultimate vehicles that carry forward the
desired gene into the host organism. Plasmids
and bacteriophages are the most common
vectors in recombina.nt DNA technology.
Among them, plasmids make good vectors
because they can replicate in bacterial cells,
independent of the control of the chromosomal
DNA.

Properties of Vectors

1) Vectors should be small in size and of low
molecular weight, less than 10 Kb (kilo base
pair, so that entry/transfer into host cell is
easy.

2) Vector must contain an origin of replication
so that it can independently replicate within 
the host. 

3) It should contain a suitable marker such as
antibiotic resistance, to permit its detection
in transformed host cell. 

4) Vector should have unique target sites for
integration with DNA insert and should
have the ability to integrate with DNA
insert it carries into the genome of the host

cell. 

Features that are required to facilitate

Cloning into a Vector

a) Origin Of Replication (ori)

This is the sequence from where replication
begins. Linking a piece of DNA to this
sequence causes it to replicate in the host cell.
This sequence also controls the copy number of 
the linked DNA. Therefore, the target DNA
needs to be cloned into a vector whose
‘ori’ supports high copy number, in order to
recover large amounts of the DNA.

b) Selectable Marker

In addition to ori, the vector requires a
selectable marker, which helps in identifying
and eliminating non-transformants and
selectively permitting the growth of the
transformants. 

c) Cloning Sites

In order to attach the foreign DNA to a vector,
the vector should have a recognition site for a
specific restriction enzyme. Most of the
commonly used cloning vectors have more than
one restriction site which will result in multiple
DNA fragments, complicating the process of
cloning. These are called Multiple Cloning Sites
(MCS) or polylinker. Presence of MCS facilitates 
the use of restriction enzyme of choice.
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Competent Host

Host cells are bacterial cells which take up the
recombinant DNA. Since DNA is hydrophilic,
it cannot pass through the cell membrane of
bacteria easily. Therefore, the bacterial cells
have to be made ‘competent’ to take up the
DNA.

Some procedures that make the cells
competent are treatments with a specific
concentration of divalent cation like calcium.
This makes it easy for the DNA to enter the
cell wall through pores. Incubation of cells
with the recombinant DNA on the ice, followed 
by heat shock at 42°C and another incubation
on ice, enables the cells to take up the DNA.

There are several other methods to introduce
foreign DNA into host cells like
microinjection method, bolistics or gene
gun method etc.

Gene Transfer Methods

The next step after a recombinant DNA
molecule has been generated is to introduce it
into a suitable host cell. There are two kinds of
gene transfer methods in plants. It includes: 
l Direct or vectorless gene transfer 
l Indirect or vector – mediated gene transfer 

Direct or Vectorless Gene Transfer 

In the direct gene transfer methods, the
foreign gene of interest is delivered into the
host plant without the help of a vector. The
following are some of the common methods of
direct gene transfer in plants. 

(a) Chemical mediated gene transfer:
Certain chemicals like polyethylene glycol
(PEG) and dextran sulphate induce DNA
uptake into plant protoplasts. 

(b) Microinjection: The DNA is directly
injected into the nucleus using fine tipped
glass needle or micro pipette to transform
plant cells. The protoplasts are immobilized
on a solid support (agarose on a microscopic
slide) or held with a holding pipette under
suction. 

(c) Electroporation Methods of Gene
Transfer: A pulse of high voltage is applied
to protoplasts, cells or tissues which makes
transient pores in the plasma membrane
through which uptake of foreign DNA
occurs.

     

(a) Liposome mediated method of Gene
Transfer: Liposomes, the artificial
phospholipid vesicles are useful in gene
transfer. The gene or DNA is transferred
from liposome into vacuole of plant cells. It
is carried out by encapsulated DNA into the
vacuole. This technique is advantageous
because the liposome protects the
introduced DNA from being damaged by the
acidic pH and protease enzymes present in
the vacuole. Liposome and tonoplast of
vacuole fusion resulted in gene transfer.
This process is called lipofection. 

 

Liposome mediated method of Gene
Transfer: Liposomes, the artificial
phospholipid vesicles are useful in gene
transfer. The gene or DNA is transferred from
liposome into vacuole of plant cells. 
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It is carried out by encapsulated DNA into the
vacuole. This technique is advantageous
because the liposome protects the introduced
DNA from being damaged by the acidic pH and 
protease enzymes present in the vacuole.
Liposome and tonoplast of vacuole fusion
resulted in gene transfer. This process is

called lipofection. 

Indirect or Vector-Mediated Gene
Transfer 

When gene transfer is mediated with the help
of a plasmid vector, it is known as indirect or
vector mediated gene transfer. Among the
various vectors used for plant transformation,
the Ti-plasmid from Agrobacterium
tumefaciens has been used extensively. This
bacterium has a large size plasmid, known as
Ti plasmid (Tumour inducing) and a portion
of it referred as T-DNA (transfer DNA) is
transferred to plant genome in the infected
cells and cause plant tumours (crown gall).
Since this bacterium has the natural ability to
transfer T-DNA region of its plasmid into
plant genome, upon infection of cells at the
wound site, it is also known as the natural
genetic engineer of plants.

The foreign gene (e.g., Bt gene for insect
resistance) and plant selection marker gene,
usually an antibiotic gene like npt II which
confers resistance to antibiotic kanamycin are
cloned in the T DNA region of Ti-plasmid in
place of unwanted DNA sequences.

Methods of rDNA Technology

Isolation of Genetic Material

The first step in rDNA technology is to isolate
the desired DNA in its pure form i.e., free from
other macromolecules. However, in a normal
cell, the DNA not only exists within the cell
membrane, but is also present along with other
macromolecules such as RNA, polysaccharides,

proteins, and lipids. The following enzymes are
used to break open the cell and obtain the DNA
in its purest form;

Lysozyme – to break bacterial cell wall.

Cellulase – to break plant cell wall.

Chitinase – to break fungal cell wall.

Ribonuclease – removes RNA.

Protease – removes proteins (such as histones
17
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that are associated with DNA).

Other macromolecules are removable with other 
enzymes or treatments. Ultimately, the addition 
of ethanol causes the DNA to precipitate out as
fine threads. This is then spooled out to give
purified DNA.

Restriction Enzyme Digestion

Restriction enzymes act as molecular scissors
that cut the DNA at specific locations. These
reactions are called ‘restriction enzyme
digestions. They involve the incubation of the
purified DNA with the selected restriction
enzyme, at conditions optimal for that specific
enzyme. 

The technique known as ‘Agarose Gel
Electrophoresis’ reveals the progress of the
restriction enzyme digestion. This technique
involves running out the DNA on an agarose gel. 
On the application of current, the negatively
charged DNA travels to the positive electrode
and is separated out based on size. This allows
us to separate and cut out the digested DNA
fragments. The vector DNA is also processed
using the same procedure.

Amplification Using PCR

Polymerase Chain Reaction or PCR is a method
of making multiple copies of a DNA sequence
using the enzyme – DNA polymerase. It helps to
amplify a single copy or a few copies of DNA into
thousands to millions of copies. PCR reactions
are run on ‘thermal cyclers’ using the following
components:

Template – DNA to be amplified

Primers – small, chemically synthesized
oligonucleotides that are complementary to a
region of the DNA.

Enzyme – DNA polymerase

Nucleotides – needed to extend the primers y
the enzyme.
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The cut fragments of DNA can be amplified
using PCR and then ligated with the cut vector 
as explained below.

Ligation of DNA Molecules

The purified DNA and the vector of interest are
cut with the same restriction enzyme. This gives 
us the cut fragment of DNA and the cut vector,
that is now open. The process of joining these
two pieces together using the enzyme ‘DNA
ligase’ is ‘ligation’. The resulting DNA is
‘recombinant DNA’.

Insertion of Recombinant DNA Into Host

In this step, the recombinant DNA is introduced
into a recipient host cell. This process is called
‘Transformation’. Bacterial cells do not accept
foreign DNA easily. Since DNA is hydrophilic, it
cannot pass through the cell membrane of
bacteria easily. Therefore, they are treated to
make them ‘competent’ to accept new DNA. 

During transformation, if a recombinant DNA
bearing a gene for ampicillin resistance is
transferred into recipient E. coli cells, then
the E. coli cells also become ampicillin-resistant. 
This aspect is useful in differentiating
transformed cells from non-transformed cells.
For example, if we spread the transformed cells
on agar plates containing ampicillin, only the
transformed, ampicillin-resistant cells will grow 

while the untransformed cells will die.
Therefore, in this case, the ampicillin resistance
gene acts as the ‘selectable marker’.

Obtaining Foreign Gene Product

The recombinant DNA multiplies in the host
and is expressed as a protein, under optimal
conditions. This is now a recombinant
protein. Small volumes of cell cultures will not
yield a large amount of recombinant protein.
Therefore, large-scale production is necessary to 
generate products that benefit humans. For this
purpose, vessels called bioreactors are used.
‘Stirred-tank bioreactor’ is the most common
type of bioreactor.

Downstream Processing

Before the protein is marketed as a final
product, it is subjected to downstream
processing which includes:

Separation and purification.

Formulation with suitable preservatives.

Clinical trials to test the efficacy and safety of
the product.

Quality control tests.

Applications of rDNA Technology

1. rDNA Technology has allowed the
researchers to understand the genes and
other parts of the genes.

2. Genetically engineered bacteria are used to
synthesize certain drugs, proteins,
hormones and antibiotics.

3. New transgenic plants are produced which
are resistant to diseases and pest attack
such as Flavr Savr tomatoes

4. Gene therapy can be used for the treatment
of certain genetic disorders.

5. In the field of medicines, Recombinant DNA
technology is used for the production of
Insulin. 

6. Super bugs are produced by modifying the
bacteria. These bacteria can degrade many
different chemicals. The super bugs can
destroy octanes, xylenes, camphor and
toluene.

7. DNA Technology is also used to detect the
presence of HIV in a person.
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Transgenic Plants/ Genetically Modified

Crops (GM Crops)

Transgenic plants are plants into which one or
more genes (transgenes) from another species
have been introduced into the genome, using
genetic engineering processes. These are also
known as genetically engineered plants.

Advantages of Genetically Modified Crops
1) Higher crop yields.

2) Reduced farm costs.

3) Increased farm profit.

4) Longer shelf life.

5) Enhanced nutritional value.

6) Increase resistance to droughts.

7) Increase resistance to insect-pests.

8) Increased resistance to herbicides.

9) Dramatic reduction in pesticide use. GM
technology has reduced chemical pesticide
use by 37%.

10) Reduction in the release of greenhouse gas
emissions from agriculture.

Disadvantages of Genetically Modified Crops
1) GM crops may create new weeds through

out-crossing with wild relatives, or simply
by persisting in the wild themselves.

2) The use of Bt crops will lead to the
development of insect resistance to Bt.

3) GM crops may cause different allergies to
humans and result in the production of
other anti-nutritional factors in foods.

4) May cause resistance to antibiotics.

5) May result in various types of cancers.

6) It can cause potential risks to other
non-target organisms. 

7) The potential for pests to evolve resistance
to the toxins produced by GM crops.

Commercial value of transgenic plants 

Herbicide Tolerant – Glyphosate

Glyphosate herbicide produced by Monsanto,
USA company under the trade name ‘Round up’ 
kills plants by blocking the 5-enopyruvate
shikimate-3 phosphate synthase (EPSPS)
enzyme, an enzyme involved in the
biosynthesis of aromatic amino acids, vitamins
and many secondary plant metabolites. There
are several ways by which crops can be
modified to be glyphosate-tolerant. One
strategy is to incorporate a soil bacterium gene
that produces a glyphosate tolerant form of
EPSPS. Another way is to incorporate a
different soil bacterium gene that produces a
glyphosate degrading enzyme.

Herbicide Tolerant - Basta 

Trade name ‘Basta’ refers to a non-selective
herbicide containing the chemical compound
phosphinothricin. Basta herbicide tolerant
gene PPT (L-phosphinothricin) was isolated
from Streptomyces hygroscopicus with bar
gene encodes for PAT (Phosphinothricin acetyl 
transferase) and was introduced into crop
plants like potato and sugar-beet and
transgenic crops have been developed.

Insect resistance - Bt Brinjal

The Bt brinjal was developed by the
Maharashtra Hybrid Seeds Company
(Mahyco) in 2000 by inserting a crystal protein 
gene (Cry1Ac) from the soil bacterium
Bacillus thuringiensis into the genome of
various brinjal cultivars to give resistance
against Lepidopteron insects, in particular the 
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Table 1.0: Transgenic Varieties of Some Vegetable Crops.

S. No. Crop Transgenic variety
Gene Transferred/

Methodology 
Features Developed By

1. Tomato 579-HO ySAMdc from a

yeast
Tomatoes with 300% more Lycopene.

Increases total polyamines & shelf life

-

Aromatic Tomatoes Geraniol synthase
(GES) from

Ocimum basilicum

Tomatoes smell like a Rose, geranium

and lemon grass

converts lycopene to aroma molecules 
such as geraniol, citral, citronellol,

linalool, etc.,

Scientists in Israel and at
Rutgers and the

University of Michigan

Endless summer - High shelf life DNA Plant Technology

2. Potato ADP Glucose Pyro
Phosphorylase

Gene from E. coli

High sugar and starch content.

Suitable for chips making.

Monsanto, USA
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Brinjal Fruit and Shoot Borer (Leucinodes
orbonalis). 

Virus Resistance

Many plants are affected by virus attack
resulting in series loss in yield and even death. 
Biotechnological intervention is used to
introduce viral resistant genes into the host
plant so that they can resist the attack by
virus. This is by introducing genes that
produce resistant enzymes which can

deactivate viral DNA.

Flavr Savr Tomato 

Agrobacterium mediated genetic engineering
technique of introducing an antisense gene
which interferes with the production of the
enzyme polygalacturonase, which help in
delaying the ripening process of tomato during 
long storage and transportation was followed
to produce Flavr-Savr tomato by Calgene, Inc.
USA in 1994. Thus, preventing it from
softening and to increase the shelf life. 

Polylactic acid (PLA) 

Polylactic acid or polylactide (PLA) is a
biodegradable and bioactive thermoplastic. It
derived from renewable resources, such as
cassava root, chips or starch. For the
production of PLA, two main monomers are
used: lactic acid, and the cyclic diester, lactide.

Biopharming 

Biopharming also known as molecular
pharming, is the production and use of
transgenic plants genetically engineered to
produce pharmaceutical substances for use of
human beings. This is also called “molecular
farming or pharming”. 

Bioremediation 

It is defined as the use of microorganisms or
plants to clean up environmental pollution. It
is an approach used to treat wastes including
wastewater, industrial waste and solid waste. 



Table 2.0: Transgenic Varieties of Some Vegetable Crops Resistant to Various Insects.

Table 3.0: Transgenic Varieties of Some Vegetable Crops Resistant to Various Viruses.
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Table 4.0: Transgenic Varieties of Some Vegetable Crops Resistant to Various Herbicides.
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Abstract

The family Brassicaceae possess different
range of varieties that finds importance in
medicine, agriculture, nutraceuticals, etc. Its
health promoting factors including essential
amino acids, flavonoids and other
phytoconstituents has tremendous impact on
health and hence can be used as a viable food
ingredient. The present study includes the
investigation of variousconstituents in the five 
samples of various Brassica genotypes. The
total antioxidant was recorded highest in
sample Kranti (22.092±0.122 mg/g) while
minimum was recorded in PDZ11
(15.441±0.284), the highest TPC was recorded
in sample LES63 (5.467±0.067 mg/g) while the
minimum was recorded in PM29 (4.058±0.039
mg/g) , the ortho-dihydric phenol content was
recorded highest in sample Kranti
(0.544±0.003 mg/g) while the minimum was
recorded in PDZ11 (0.322±0.002 mg/g), the
total protein content observed among all the
genotypes was recorded highest in Kranti
(34.32%) whereas lowest was recorded in
PDZ11 (31.51%). The highest oil content was
observed in Kranti (44.58%) while the lowest
was observed in LES63 (37.2%). PM29
(81.23±1.002) had the greatest glucosinolate
content while PDZ11 (15.85±0.902) had the
lowest glucosinolate content. The DPPH
activity was best shown by sample PDZ11

having percentage inhibition of 46.853±0.611
%. The reducing power of sample PDZ11
having IC50 57.443 ±0.070 µg/ml was observed
to be better among all the genotypes under
investigation. PDZ11 was observed to be a
potent anti-inflammatory agent with an IC50

value of 93.087±0.178 µg/ml. The results were
recorded with respect to quality check, PDZ-1.

Keywords: Brassica, Phytochemicals,
Nutritional factors, Anti-nutritional Factors

Introduction

Members of Brassicaceae family, previously
known as Cruciferae, are known for their
diverse genetic stock. Many recipes written
5000 years ago recommended intake of brown
mustard as it acts as a medicinal ingredient
and appetizer. Plant showed several
pharmacological properties like antioxidant,
antibacterial, antifungal, anticancer,
anticonvulsant, and antihyperglycemic
activity (Buval et al., 2021). The plants of this
family are among the world’s most
economically important plants. Plants in this
family provide a wide range of leafy
vegetables, root vegetables, oilseeds, and
sauces. Brassica rapa, Raphanus sativus,
Brassica napus, Lepidium sativum, Brassica
oleracea, and Nasturtium officinale are all
Brassicaceae plants that are eaten as
vegetables. Brassica juncea, Brassica rapa,
Brassica napus, and Brassica carinata are
Brassicaceae oilseed species. Sinapis alba,
Brassica juncea, Brassica nigra, Armoracia
rusticana, and Eutrena japonica are among
the condiment crops (Fahey, 2016).
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The Indian mustard plant (Brassica juncea L.) 
has a wide spectrum of uses. Because it can
store heavy metals in its cell, this plant has a
high tolerance for them. As a result, it is
employed at hazardous areas to extract heavy
metals from the soil, which is subsequently
collected and disposed off safely. This
approach is simpler, less expensive, and
minimizes soil erosion, thereby reducing
additional pollution of the site. Its leaves are
used as spices in cuisine as well as in a variety
of traditional remedies including diuretics,
expectorants, and stimulants. It has recently
garnered a lot of attention because of its
disease-prevention and health- promoting
properties (Kumar et al., 2011).

Brassica species are a good source of
therapeutically significant phytochemical
compounds. Phytochemical compounds are
basically bioactive chemical compounds,
produced by plants. In humans, these
compounds provide protection against many
other diseases including cardiac and
neurological diseases. Free radicals formed
during various biochemical reactions damage
the biomolecules. Phytochemicals prevent this
damage by removing these free radicals. It is
necessary to understand the chemical
composition of Brassica seeds in order to know
their effects (Jun et al., 2014). Many essential
amino acids reported in Brassicaceae
members makes them nutritionally
demanding to the growing population. Canola
and rapeseed can be utilized for human
consumption because it possesses plenty of
proteins (Chmielewska et al., 2020). Brassica
seed oils are referred to as canola, rapeseed, or
mustard oils. Erucic acid

is present in small amounts in canola oil.
Polyphenolic chemicals are abundant in
canola or rapeseed oil, which has high
antioxidant properties (Zeb, 2021).

Demand for food with antioxidant properties
is increasing among consumers and people are 
becoming more and more aware about the
benefits of antioxidants. Oil seeds of Brassica

cultivar possess natural antioxidants. It
works by inhibiting the enzyme that
producesreactive oxygen species (ROS) and
therefore removing free radicals. Enzymatic
and non- enzymatic antioxidants are the two
kinds of antioxidants. Enzymatic antioxidants 
are producedin humans endogenously;
examples include catalase, glutathione
peroxidase, etc. Non- enzymatic antioxidants
are obtained from plants. In seed meal of
mustard, flavonoids, ascorbicacid, etc. showed
antioxidant properties (Venkatachalam et al.,
2014).

Oilseed Brassica is rich in phenolic
compounds, which make them value added
product. Polyphenols are the compounds
having several hydroxyl groups. They are
important phytochemicals having antioxidant
activity. Among all the plant parts, seeds have
the highest phenolic content, followed by leaf,
root and stem (Aires, 2015). Although phenolic 
compounds cause bitterness; but they are
considered important due to their antioxidant
property. Polyphenols are 10 to 30 times more
in rapeseeds than in other oil seeds. Plant
polyphenols may help to prevent or treat a
variety of lifestyle, metabolic, and
aging-related diseases. They help in curing
various metabolic syndromes, type-2 diabetes,
cardiovascular diseases neurodegenerative
diseases, cancer, etc. (Leri et al., 2020).
Flavonoids are one of the most abundant
polyphenols found in Brassica (Kumar et al.,
2011). These polyphenols are made up of two
aromatic rings, connected by a three-carbon
bridge. In plants, flavonoids play crucial role
in stimulation of nitrogen-fixing nodules,
disease resistance, pigmentation and UV-
protection. The most commonly found
flavonoids are flavonols (Saxena et al., 2012).

Other important flavonoids found in Brassica
are quercetin, kaempferol and isorhamnetin.
They are mostly found as O-glycosides (Jung et 
al., 2009). Flavonols and quercetin have
cytotoxic activities and hence prevent cancer
in humans. Also, they retard chronic
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inflammation and atherosclerosis.
Isorhamnetin has been shown to act as
vasodilator, suggesting its role in prevention
of cardiovascular diseases in humans
(Lafuente et al., 2009). Among the colored
flavonoids, anthocyanins are the most
important as they have numerous biological
functions and hence are considered
multifunctional in nature. Like other
polyphenols, flavonoids also show antioxidant
activity. The antioxidant property of all the
polyphenols is due to the presence of
numerous hydroxyl groups in their chemical
structure (Ruiz- Cruz and Ornelas- Paz, 2017).

Materials and methods

Sample collection and identification

The seed samples for present investigation
were obtained from AICRP Rapeseed &
Mustard. The samples were weighed and fully
dried in the oven at 45°C-50°C for eight hours.
The seed samples were finely crushed with a
mortar and pestle and stored in the laboratory
for subsequent research. The soxhlet
equipment was used to defat the seed powder
obtained after crushing. The defatted meal
was maintained in sealed containers and
employed in the current investigation of
phytochemicals and antioxidative capacities of
Brassica genotypes.

Experimental Methodology Defatted
meal preparation

Five gram of seed samples were weighed using 
an electronic balance after being oven dried to
eliminate moisture content. Using a mortar
and pestle, the samples were crushed into a
fine powder. The powdered samples were
wrapped in muslin cloth and placed in a
thimble of the Soxhlet apparatus, where they
were defatted at roughly 50 °C using
petroleum ether as the solvent. The oil was
extracted, and the defatted meal samples were 
left in the thimble to be used for other
phytochemical investigations.

Preparation of methanolic extract

The appropriate amount of defatted sample
was weighed according to different techniques
and dipped in 50 mL of 80 percent methanolic
solution with methanol. The entire volume of
the filtrate obtained was increased to around
80-90 percent, and the methanolic extract was
then made. After that, the increased volume
was evaporated at a specific temperature
(here 70 °C).

Estimation of oil content

Using the soxhlet equipment, the total oil
percentage content was determined according
to the standard technique (AOAC, 1997).
Petroleum ether was utilised as a solvent for
oil extraction since the oil was totally miscible
with non-polar solvents. The seed samples
were crushed and inserted in the extractor
section of the soxhlet device. For improved
extraction, a minimum of five siphoning cycles 
were undertaken. Evaporation was used to
eliminate any leftover solvent. The oil was
weighed, and the percentage oil content was

computed using the formula below:

Oil content (%) = 
Weight of oil

Weight of the seed
´100

Weight of oil = Weight of flask containing oil –
weight of empty flask.

Determination of total antioxidant

Total antioxidant content was estimated by
the method of Prieto et al., (1999).

Absorbance of the sample was measured at
695 nm.

Total phenol content (TPC)

The total phenolic content in aqua-methanol
plant extracts was determined using the
Folin- Ciocalteu colorimetric method
described by Wolfe et al., (2003) The
absorbance of the resulting blue-colored
mixture was measured at 765 nm against a
blank.
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Estimation of ortho- dihydric phenol
content

Arnow’s method, published in 1937, is used to
calculate ortho- dihydric phenol. The
absorbance was measured at 515 nm.

Estimation of total flavonoid content

The total flavonoid content (TFC) of plant
samples was determined using the Djeridane
et al., (2006) method. TFC values of plant
samples were expressed as ìg quercetin
equivalent (QE)/mg extract.

Estimation of total glucosinolate content

The colorimetric approach of Kumar et al.,
(2004) was used to estimate glucosinolates.

Using a microscan ELISA Reader, the colour
intensity was evaluated at 405 nm.

DPPH free radical- scavenging activity

Following the approach described by Mensor
(2001), the DPPH (1, 1-diphenyl-2-
picrylhydrazyl) radical-scavenging activity of
methanolic extracts was measured. The
discoloration was measured using a
UV-spectrophotometer at 517 nm. The
percentage DPPH Radical scavenging activity
was calculated by following equation.

Radical Scavenging Capacity (RSC)

       =     OD of control - OD of sample

                        OD of control

× 100 Determination of reducing power

The reducing power of a methanolic extract of
defatted meal was measured according to Yen
and Duh, (1993). The absorbance was then
measured at 700 nm using a UV
spectrophotometer. The reaction mixture’s
enhanced absorbance indicated increased
reducing power.

Determination of ferrous ion chelating activity

The activity of ferrous ion chelating was
determined using the method given by Decker
and Welch’s, (1990). At 562 nm, the
absorbance was measured.

Determination of anti- inflammatory
activity

In vitro anti- inflammatory activity was
determined using the method given by
Heendeniya et al. (2018). The absorbance was
finally measured at 660 nm.

Results and discussion

Oil Content in Brassica Genotypes

The oil content in various genotypes of
Brassica ranges from 36-43%. The highest oil
content was found in sample Kranti (44.58%).
Earlier research found that the oil content of
various mustard and rapeseed types ranged
from 38.75 to 42.25 % (Hossain et al., 2015).
Table 1.1 summarizes the oil content reported
in various genotypes of Brassica.

Total Antioxidant Content

Total antioxidant capacity of various Brassica
genotypes was calculated in mg/g and
considerable difference was observed in the
same. According to the results so obtained,
Kranti was found to have highest total
antioxidant content (22.092±0.122), when
compared with PDZ- 1 (17.091±0.163). Lowest
total antioxidant content was found to be in
PDZ11 (15.441±0.284) (Table 1.1). Results
obtained from the current study are in
agreement with earlier studies that reported
antioxidant activities ranging from 14.204
mg/g to 26.973 mg/g in various Brassica
genotypes (Papola et al., 2017).

Total Phenolic Content

The total phenol content was measured in
milligrams of GAE per gram of dry weight.
The amount of phenol found in different
genotypes of Brassica varied substantially in
this research. Sample LES63 (5.467±0.067)
had the greatest phenolic content, when
compared with PDZ-1 (4.384±0.043). Sample
PM29 (4.058±0.039), on the other hand, had
the lowest phenolic content (Table 1.1). Total
phenolic content reported earlier was 8.1 to
13.8 mg GAE/g dry weight (Bors et al., 2016).
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Table 1.1: Total phenol, ortho-dihydroxy
phenol and flavonoids content in defatted meal
of 15 genotypes of Brassica
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1. PDZ1
1

4.528
±0.17
8

0.322
±0.00
2

0.618
±0.00
4

15.44
1±0.2
84

31.51 43.29 15.85
±0.90
2

2. Krant
i

4.649
±0.03
7

0.544
±0.00
3

0.874
±0.00
3

22.09
2±0.1
22

34.32 44.58 66.25
±2.36
4

3. PM29 4.058
±0.03
9

0.385
±0.00
2

0.808
±0.00
4

17.97
2±0.0
72

33.86 41.82 81.23
±1.00
2

4. PDZ1 4.384
±0.04
3

0.327
±0.00
3

0.920
±0.00
3

17.09
1±0.1
63

32.06 41.11 21.94
±0.73
5

5. LES6
3

5.467
±0.06
7

0.518
±0.00
4

0.911
±0.00
3

15.62
9±0.1
42

33.28 37.2 67.69
±2.49
0

Table 1.2: DPPH radical scavenging activity in
defatted meal of Brassica genotypes and IC50

value of reducing power, ferrous ion chelating
and anti-inflammatory activity of Brassica
genotypes

S.
No.

Genotype
s

DPPH (%)

IC50 of
reducing
power
activity

IC50 of
ferrous

ion
chelating
activity

IC50 of
anti-

inflamma
tory

activity
1. PDZ11 46.853±0.

611
57.443±0.
070

78.906±0.
201

93.087±0.
178

2. Kranti 28.120±2.
088

403.693±4
.612

95.238±0.
202

93.285±0.
387

3. PM29 25.920±0.
400

263.187±1
.740

102.124±0
.167

93.868±0.
300

4. PDZ1 21.387±0.
231

148.363±0
.465

81.878±0.
132

101.752±0
.497

5. LES63 33.920±0.
400

385.797±0
.595

101.847±0
.276

108.039±0
.306

Ortho-dihydroxy phenol Content

The ortho-dihydroxy phenol (ODP)
concentration was measured in milligrams per 
gram of dry weight. The ODP content differed
substantially across the different genotypes of
Brassica in the current study. Highest OPD
content was reported in Kranti (0.544±0.003),
when compared with PDZ-1 (0.327±0.003).
Contrastingly, lowest concentration of OPD
was found in PDZ11 (0.322±0.002) (Table 1.1).

Earlier reported ODP content in various
Brassica genotypes ranged from 1.16±0.02
mg/g to 2.38±0.01 mg/g (Punetha et al., 2015).

Total Flavonoid Content

The total flavonoid content (calculated in QE/g
dry weight) of Brassica defatted meal
genotypes differed considerably in the current
research. PDZ-1 (0.920±0.003) had the highest
flavonoid content. PDZ11 (0.618±0.004), on
the other hand, had the lowest concentration
of flavonoids (Table 1.1). As per earlier
studies, flavonoid content in various Brassica
genotypes was reported to be 4.657 mg/g
(Youssef et al., 2014).

Crude protein in defatted meal of
Brassica genotypes

Percent crude protein of different Brassica
genotypes was estimated and significant
difference in value was observed. Kranti was
found to have highest concentration of crude
protein (34.32%), when compared with PDZ-1
(32.06%). In contrast, PDZ11 (31.51%) was
found to have lowest content of crude protein
(Table 1.1). Protein content reported in
previous studies ranged from 26.25% to 28% in
various genotypes of Brassica (Hossain et al.,
2015).

Total Glucosinolates content in Brassica
genotypes

The amount of glucosinolates found in
different Brassica genotypes differs widely,
and it was measured in ìmol/g dry weight.
Sample PM29 (81.23±1.002) had the greatest
glucosinolate content, when compared with
PDZ-1 (21.94±0.735). Sample PDZ11
(15.85±0.902), on the other hand, had the
lowest glucosinolate content, when compared
with PDZ-1 (21.94±0.735) (Table 1.1). Results
obtained from the present study are in
agreement with those obtained in previous
studies, where the glucosinolate content was
found to be in ranging from 13.0 to 138.3
ìmol/g seeds (Mawlong et al., 2017).
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DPPH free radical scavenging activity in
Brassica genotypes. 

DPPH is a free radical, which is used to
estimate the antioxidant capacity of the
sample. The estimation of the same was done
in percentage. DPPH radical scavenging
activity was found to vary significantly among
different Brassica genotypes. Highest DPPH
scavenging activity was observed in sample
PDZ11 (46.853±0.611%), when compared with
PDZ-1 (21.387±0.231%). In contrast, lowest
DPPH scavenging activity was found in
sample PDZ-1 (21.387±0.231%) (Table 1.2).
Previously reported DPPH scavenging activity 
is documented to be 33.03±0.38%, which is in
agreement with the results of the present study
(Matthaus et al., 2002).

Determination of reducing power of
defatted meal of Brassica genotypes

Significant difference in the reducing value
was observed in various Brassica genotypes,
which was estimated by calculating the IC50

value for the same. Highest reducing power
activity was displayed by sample PDZ11,
having IC50 value of 57.443±0.070, when
compared with PDZ-1 (IC50= 148.363±0.465).
On the other hand, Kranti was found to have
highest IC50 value (403.693±4.612), and hence
weakest reducing power (Table 1.2).

Determination of Ferrous ion chelating
activity of defatted meal of Brassica
genotypes

Ferrous ion chelating activity of various
Brassica genotypes was estimated by
calculating the IC50 value. Higher the IC50

value, lower the ferrous ion chelating capacity
of the sample and vice versa. In the research
conducted, sample PDZ11 was observed to
have lowest IC50 value (78.906±0.201), and
hence, highest ferrous ion reducing activity.
On the other hand, in comparison with PDZ-1
(IC50 value= 81.878±0.132), highest IC50 value,
and hence lowest ferrous ion reducing activity
was observed in PM29 (IC50= 102.124±0.167)
(Table 1.2).

Determination of Anti-inflammatory
activity of defatted meal of Brassica
genotypes

Considerable difference in the % inhibition
value of various Brassica genotypes was
observed. Best anti-inflammatory activity was 
shown by PDZ11, having IC50 value of
93.087±0.178, when compared with PDZ-1
(IC50 value= 101.752±0.497). Further, in
comparison with PDZ-1 (IC50 value=
101.752±0.497), LES63, with IC50 value
108.039±0.306 showed least
anti-inflammatory activity (Table 1.2).

Summary and conclusion

According to the findings of this study,
defatted meal of the oilseed Brassica contains
several important bioactive components such
as phenols, ortho- dihydroxy phenols and
flavonoids among others. These bioactive
chemicals have potent antioxidative effects
and have been linked to the prevention of a
variety of illnesses including heart disease,
cataracts, atherosclerosis, hypertension, and
renal failure. These bioactive chemicals are
essential for proper metabolism and normal
functioning of the body. Defatted meal from
Brassica genotypes is high in anti-nutritional
chemicals such glucosinolates, therefore it
was determined in the present study.

The results of this study may be useful to
determine the nutritional quality of potential
oilseed Brassica genotypes for functional
characters. All in all, over an extended
historical future research pursuits.
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Abstract

Feature selection is one of the important
aspect of data reduction and efficient
performance of classification. The aim of
feature selection is to select a small subset of a
feature from larger pool, rendering not only a
good performance of classification but also
biologically meaningful insights. The high
performance implementations of machine
learning algorithms have been enhanced by
recent developments in programming. The
support vector machine recursive feature
elimination (SVM-RFE) is one of the most
effective feature selection methods which have 
been successfully used in selecting
informative genes. As Selection of a subset of
informative genes from microarray data is a
critical step in data analysis. 

Keywords: Support vector machine, Gene
expression data, Feature selection

Introduction

Introduction of DNA microarray technology
has enabled simultaneous measurements of
expressions of thousands of genes. However,
due to high cost of experiments, sample sizes
of gene expression measurements remain in
hundreds, compared to tens of thousands of
genes involved. As there are only a few
samples (observations) compared to the genes
(features), the extraction of useful information 
from microarray data is hindered by the curse
of input dimensionality as well as by the

computational instabilities (Tang et al., 2007;
Wang et al., 2008). Therefore, selection of
relevant genes remains a challenge in the
analysis of gene expression data (Mundra et
al., 2010). The problem of distinguishing
treated samples from mock samples addressed 
by collecting gene expressions by microarrays.
The aim of gene selection is to select a small
subset of genes from a larger pool, rendering
not only a good performance of classi?cation,
but also biologically meaningful insights
(Baker and Kramer, 2006). Gene selection
methods are classi?ed into two types: ?lter
methods and wrapper methods. Filter
methods evaluate a gene subset by looking at
the intrinsic characteristics of data with
respect to class labels, while wrapper methods
evaluate the goodness of a gene subset by the
accuracy of its learning or classification
method. Wrapper methods of gene selection
are embedded in the classification process so
better in principle but are more complex and
could be computationally expensive.
SVM-RFE is a multivariate gene ranking
method that uses SVM weights as the ranking
criterion of genes (Tan et al., 2009; Huang et
al., 2014). It ranks all the features according to 
some score function and eliminates one or
more features with the lowest scores. This
process is repeated until the highest
classification accuracy is obtained. Due to its
successfully use in selecting informative genes 
for cancer classification, SVM-RFE gained a
great popularity and is well known as one of
the most effective feature selection method.
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Requirements for plants tissue culture: 

a) Aseptic condition for tissue culture:
The aseptic condition must be required for
the plant tissue culture because aseptic
condition avoid to contamination. Tissue
culture will be done with completely fresh
and clean aseptic condition. 

b) Surface Sterilization: Equipment should
be sterilized by dry and wet heat sterilize
and as well as chemical sterilize agents.
Most important sterilized through the
autoclave at 120°C at 15 pci for 15 pci for 15
to 20 minutes. Some of chemical agents such 
as alcohol that are used for surface sterilize
of working area and laminar air flow, it is
used for inoculation of explant M.S. Media. 

c) Apparatus and equipment: Many
apparatuses such as conical flasks, test
tubes, Petri plates, plant tissue culture glass 
jar etc. and equipment such as autoclave,
laminar air flow, hot air oven etc. are used in 
plant tissue culture.

d) Nutrients Medium: The nutrient medium
of Plant tissue culture contain
macronutrient, micronutrient, vitamins,
amino acid, plant growth regulator, carbon
sources and solidifying agents such as
agarose for plants growth and development
(Murashige and Skoog, 1962)

Materials & Methods

SVM

Concept of SVM was developed by Vapnik and
his co-workers at AT & T Bell laboratory in
around 1995. In machine learning, support
vector machines (SVMs) are supervised
learning models with associated algorithms
that analyze data used for classification and
regression analysis. Classifying data in
machine learning is a common task. In the
case of support vector machines, a data point
is viewed as a p-dimensional vector (a list of p
numbers), and we want to know whether we
can separate such points with a p-1
dimensional hyperplane. More formally, a
support vector machine constructs a
hyperplane or set of hyperplanes in a high or
infinite dimensional space, which can be used

for classification and regression. Intuitively, a
good separation is achieved by the hyperplane
that has the largest distance to the nearest
training data point of any class since in
general the larger the margin the lower the
generalization error of the classifier (Fig. 1).

Feature Selection: In machine learning,
feature selection, also known as variable
selection, is the process of selecting a subset of
relevant features (variables, predictors) for
use in model construction. Feature selection
techniques are used for four reasons:
l simplification of models to make them

easier to interpret by researchers
l shorter training times,
l to avoid the curse of dimensionality,
l Enhanced generalization by reducing

overfitting (reduction of variance).

The feature selection methods were typically
classified in three classes based on how they
combine the selection algorithm and the model 
building (Samb et al.,2012).

Filter Method

Filter type methods select variables regardless
of the model. They are based only on general
features like the correlation with the variable
to predict. Filter methods suppress the least
interesting variables. The other variables will
be part of a classification or a regression model
used to classify or to predict data. These
methods are particularly effective in
computation time and robust to overfitting.
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Wrapper method

Wrapper methods evaluate subsets of
variables which allows, unlike filter
approaches, to detect the possible interactions
between variables. The two main
disadvantages of these methods are:
l The increasing overfitting risk when the

number of observations is large.
l The significant computation time when the

number of variables is large.

Some common examples of wrapper methods
are forward feature selection, backward
feature elimination, recursive feature
elimination, etc.

(a) Forward feature selection

Start with no variables and add them one by
one, at each step adding the one that decreases 
the error the most, until any further addition
does not significantly decrease the error. 

(b) Backward feature elimination 

It starts with all the variables and removes
them one by one, at each step removing the
one that decreases the error the most, until
any further removal increases the error
significantly. 

c) Recursive Feature elimination 

It is a greedy optimization algorithm which
aims to find the best performing feature
subset. It repeatedly creates models and keeps 
aside the best or the worst performing feature
at each iteration. It constructs the next model
with the left features until all the features are
exhausted. It then ranks the features based on 
the order of their elimination (Samb et al.,
2012).

Embedded method

Embedded methods have been recently
proposed that try to combine the advantages of 
both previous methods. A learning algorithm
takes advantage of its own variable selection
process and performs feature selection and
classification simultaneously.

SVM-RFE

SVM-RFE was introduced by Guyon and his
team (2002) for ranking genes from gene
expression data for cancer classification (Duan 
and Rajapakse, 2005). It is now being widely
used for gene selection and several
improvements have been recently suggested.
SVM-RFE, starting with all the genes,
removes the gene that is least significant for
classification recursively in a backward
elimination manner. The ranking score is
given by the components of the weight vector
w of the SVM as follows:

Where   is the class label of the sample  and the 
summation is taken over all the training
samples. 

 
is the Lagrange multipliers involved

in maximizing the margin of separation of the
classes. If w denotes the component weight
connecting to the gene , gives a measure the
ranking of the gene i based on its effect on the
margin of separation upon removal. For
computational efficiency, more than one gene
can be removed at a single step, though it may
have negative effect on selection of genes when 
the set of genes is small (Mundra et al., 2010).

Support Vector Machines Recursive Feature
Elimination (SVM-RFE) is used in microarray
data analysis, particularly for disease gene
finding (Ding and Wilkins, 2006). It eliminates 
redundant genes and yields better and more
compact gene subsets. The features are
eliminated according to a criterion related to
their support to the discrimination function
and the SVM is re-trained at each step. In
SVM-RFE, the parameter q, here named
“filter-out” factor, is used to decide how many
genes are removed at one step. Notice if 0 < q <
1, a fraction of q bottom-ranked genes are
removed at each step; if q = -1, only one gene is
removed; if q = -2, two genes are removed, and
so on. Now, we describe the algorithm in detail- 

Algorithm  

1. Given the training set T , the subscripts set
of all input features (genes) F , the filter out
factor q, the size of final informative genes s
and the parameter C > 0 ;
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2. Get solution and compute the weight vector 
according to the   equation  ;

3. Rank the features of  F by 
 
in the descending

order.4. 

4. If q < 0, F2 = F - {q bottom ranked features in 
F};

5. If the size of F2 = s or the size of  F2 < s,
adjust F2 to be composed of s top ranked
features in F and stop, otherwise, F = F2 go
to step 2.

Result and Discussion

For Identification of differentially expressed
genes First of all, a series matrix file for gene
expression values having 8 samples
downloaded from NCBI GEO
(https://www.ncbi.nlm.nih.gov/geo/) with
accession GSE 7256. The samples analyzed
using GEO2R (NCBI utility) by dividing
samples in two groups(four as mock and other
remaining as infected one) and identified 250
differentially expressed genes based on
P-value and logFC criteria. Once differentially 
expressed genes were identified, identification 
of most important features i.e. genes of
interest is carried out. For identification of
most important features, we have used
SVM-RFE technique. For implementation of
SVM-RFE we have used R package
sigFeature. Under this we have used svmrfe
Feature Ranking function. This solves the
classification problem with the ranking of
features or genes. Here dataset is trained with 
SVM kernel model and feature containing
smallest rank is removed or we can have rank
of all genes based on their weight. A table of 25 
most informative genes is shown here.
Table 1: Top 25 Informative genes

Rank Gene Number

1 36

2 11

3 1

4 15

5 125

6 130

7 35

8 79

9 41

10 50

11 98

12 120

13 30

14 105

15 139

16 62

17 137

18 37

19 78

20 20

21 19

22 47

23 171

24 9

25 212

Conclusion

In this study, SVM-RFE method is used for the 
identification of informative genes. As RFE is
a feature selection method of a wrapper model, 
it requires a previously defined classifier as
the assessment rule of feature selection;
therefore, SVM is used as the RFE evaluation
standard to help RFE in the selection of
feature sets. This method has been
demonstrated on the gene expression dataset
related to blast disease of rice plant.
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Abstract

Carnation, scientifically known as Dianthus
caryophyllus, is a popular and attractive
flowering plant that belongs to the
Caryophyllaceae family. Native to the
Mediterranean region, carnations are now
cultivated all over the world for their beauty
and fragrance. Therefore, present
investigation was carried out at the
Department of Horticulture, Naini
Agricultural Institute, Sam Higginbottom
University of Agriculture Technology and
Sciences, Prayagraj, Uttar Pradesh during the 
Winter-2022-23 with a view to determine the
performance of different varieties of carnation
for its growth and flowering under ventilated
polyhouse. Under this experiment, overall, 6
varieties were used comprising of variety
Cerventes, Master, Magno, Baltico, Realism
and Kiro. It was concluded that variety Baltico 
(white) reported significantly better
performance compared to other varieties, in
terms of Growth parameters like plant height
was seen in cervantes (25.19 cm), number of
leaves were maximum in master (20.94),
number of internodes was highest in realism
(18.49), number of branches were seen to be
maximum in baltico (4.47), Kiro was found to
be less suited variety for Prayagraj agro

climatic condition due to metabolic activity.
Flowering parameters like days to first flower
bud break (65.33 days), days taken for first
flower bud opening (66.00 days) was seen in
Master, Flower Stalk length was seen highest
in Realism (40.80 cm), number of flowers per
plant was seen in cervantes (5.17), number of
days taken for flower senescence on plant was
seen highest in kiro (15.40 days), the vase life
in carnation was seen to be the highest in
master (0.40 days).

Keywords: Carnation, Varieties, stalk
length, senescence.

Introduction

The Carnation (Dianthus caryophyllus L.)
Member of the Caryophyllaceae family is one
of the most widely grown cut flowers, among
the top 10 cut flowers in the world. It is
assumed to be a Mediterranean native with
the diploid chromosome number 2n = 30 and is 
grown in many parts of the world. It is a
perennial that is only half hardy, with
spreading stems, timid joints, and linear,
glaucous leaves grouped in opposite or
decussate pairs. Each stalk yields terminal
blooms that are often unisexual or bisexual.
The hybrids have a remarkable long flowering
cycle in moderate climates, resulting in
continuous flowers. Because of their
long-lasting keeping qualities, wide variety of
colours, attractive forms, ability to withstand
long distance transportation, and exceptional
capacity to rehydrate after continuous
shipment, Carnations are a common flower
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crop with a high commercial value as a cut
flower (Bhatia et al., 2007). Carnations can be
used in the garden for bedding, edging,
borders, pots, and rock gardens in addition to
producing cut flowers (Dole and Wilkins,
2005). Because of their excellent keeping
qualities, wide variety of forms and colours,
and capacity to withstand long distance
transit, carnations are preferred by many
exporting nations over roses and
chrysanthemums. Over half of the world’s cut
flower commerce is made up of cut carnations,
roses, and chrysanthemums. Flowers are most 
appealing form of human expression as they
devote beauty, purity, honesty, and divinity.
Flowers were referred extensively in ancient
Sanskrit classics like Rig-Veda, Ramayana,
Mahabharata, etc. where, beauty and divinity
are described. Further, there is need to
evaluate suitable varieties and production
technologies as suited to our conditions.
Hence, the present investigation was carried
out under protected condition to know the
performance of different varieties of
carnation. In carnation, there are lots of
varieties having variable characters and
variable qualities. Quality of flower has great
value in case of marketing of cut flowers, so
varietal performances have gotten value for
deciding the planting of single variety. The
mid hill of Uttarakhand provides an ideal
condition for growing variety of flowers and
quality carnation cut flowers can be grown
under naturally ventilated green houses.
Carnation being the most suitable for hilly
areas even under open condition. Selection of
varieties, Pinching has direct relationship
with number of flowers and regulation of
flowering for successful marketing. Pinching
delay the flowering time and increase number
of branches per plant which directly increase
yield. Pinching reduces flower size which is
helpful in reducing the calyx splitting due to
reduce number of petals in flower. The
performance of carnation varieties varies with
region, season, genotype, and growing

environment. In India, there is a wide
difference in temperature, light intensity, and
humidity, which not only affect the yield and
quality of flowers but also limit their
availability for a particular period of a year.
Hence, it is necessary to evaluate carnation
varieties under different geographical areas or 
regions of the country. Carnation is popular as
a cut flower on account of its exquisite shape, a 
wide range of colours, good vase life,
lightweight which makes it ideal for distant
markets, and the ability to withstand
long-distance transportation. It has high
ornamental value and easy technology to
produce cut flowers. It is being cultivated in
many cities of India under protected
structures considering its growing demand
and high value of cut flowers. Many
experiments were conducted and are still in
progress for improving the growth and yield of
carnation. Balanced ventilation and
Temperature are one of the important factors
that influence the productivity, growth, yield,
and quality of flowers in carnation. This
experiment is designed to evaluate the most
promising flower variety incarnation and to
obtain a higher yield under Polyhouse
conditions.

Material And Methods

The present investigation was done to
understand the performance of different
varieties for plant and floral growth and yield
of Carnation. The investigation was carried
out at Polyhouse at Horticultural Research
Farm (HRF), Department of Horticulture,
Naini Agricultural Institute, Sam
Higginbottom University of Agriculture,
Technology and Sciences (SHUATS),
Prayagraj during Winter Season 2022.
Observations were recorded at different
growth parameters like plant height, number
of leaves, number of internodes per stalk,
flowering parameters like number of days to
flower bud initiation, days to flower bud
opening, days to first flowering, number of
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flowers per plant, stalk length, vase life. The
data were statistically analysed by the method 
suggested by Fisher and Yates, 1963. The
different varieties are V1 (Cervantes); V2
(Master); V3 (Magno); V4 (Baltico); V5
(Realsim); V6 (Kiro). 

Results And Discussion

A) Vegetative Parameters 

Plant height and Number of leaves Plant
height statistically varies among different
varieties of carnation. Maximum plant height
after 90 days was recorded in variety
Cervantes (31.00 cm), followed by variety
Master (29.70 cm) and the shortest is found in
the variety Kiro (26.63 cm). The variation in
plant height among the carnation varieties
may be due to genetic variability. Another
possible reason for variation in plant height
may be because of environmental conditions
prevailing during field trial. Similar findings
on differences in plant height were recorded by 
Maitra and Roy Chowdhury (2013) in
carnation.

Number of leaves statistically varies among
different varieties of carnation. Maximum
number of leaves after 90 days was recorded in 
variety Master (28.37), followed by variety
Magno (23.) which was at par with the variety
Realism (23.03) and the lowest is found in the
variety kiro (19.43). The differences in number 
of leaves per plant may be due to variation in
the rate of vegetative growth among the
carnation varieties that could be attributed
due to genetic makeup and could have been
further influenced by the environment.
Similar findings were recorded by Patil et al.
(2001) in carnation.

Number of branches per plant and
Number of internodes

Number of branches per plant statistically
varies among different varieties of carnation.
Maximum number of branches was recorded
in variety Baltico (4.47), followed by variety
Realism (3.53) which was at par with the
variety Cervantes (3.50) and the lowest is

found in the variety Kiro (3.47).

Number of internodes statistically varies
among different varieties of carnation.
Maximum number of internodes after 90 days
was recorded in variety Realism (14.37),
followed by variety Baltico (12.23) which was
at par with the variety Cervantes (8.83) and
the lowest is found in the variety Magno
(6.47). Variation in number of internodes per
stem may be attributed due to the difference in 
genetic constitution and could also be because
of environmental conditions prevailing during
the field trail. Similar findings on differences
in number of internodes per stem were
recorded by Patil et al. (2001), Gharge et al.
(2011); Sharma et al., (2022); in carnation.

B) Floral parameter

Days to flower bud initiation, Days to flower
bud opening and Number of days for flowering
from planting

Significant variation was observed among
each variety for the days taken to bud
initiation. Minimum days to flower bud
initiation was recorded in variety Mater
(65.33) and followed by the variety Cervantes
(67.13) whereas the maximum days to bud
initiation was recorded in variety kiro (89.33).
Variation in days taken to flower bud
initiation could have possibly been due to
variation in genetic constitution and could
have been further influenced by the
environment.

Minimum days to flower bud opening was
recorded in variety Master (66.00) and
followed by the variety Cervantes (90.77)
whereas the maximum was in the variety Kiro
(111.00). Differences in the days taken to bud
opening in carnation varieties may be due to
genetic makeup of the varieties or due to the
influence of growing environment.

Minimum days to first flowering Variety
Master (101.20) was recorded in variety
Master (66.00) and followed by the variety
Cervantes (101.73) whereas the maximum
was in the variety Kiro (121.33). Some studies
revealed that earlier flowering cultivars

40

Biotech Today (July-December 2022) : 12 (2) : 38 - 43 



advanced most and were more variable than
later flowering flowers. We furthermore
discovered a strong relationship between
flowering and climate variables, with
temperature appearing to be the main driver.
Whilst the first flowering date averaged over
all cultivars did show a significant variation,
this was significant for only one of the
individual cultivars.

Number of flowers per plant, flower stalk
length, number of days taken for flower
senescence on plant, vase life

Maximum Number of cut flower stalks per
plant was recorded in variety Baltico (6.63)
and followed by the variety Cervantes (5.17)
whereas the minimum Number of cut flower
stalks per plant was recorded in the variety
kiro (2.23). The increased flower yield might
be attributed to a greater number of auxiliary
branches and leaves resulted in production
and accumulation of maximum photosynthetic 
material which ultimately resulted in
production of a greater number of flowers.
Similar variations in carnation with respect to 
flower yield were also observed by Shahakar
(2003) in carnation.

Maximum flower stalk length was recorded in

variety Realism (40.80cm) and followed by the
variety Baltico (36.03cm) whereas the shortest 
flower stalk length was recorded in the variety 
Kiro (27.63cm). Differences in flower stalk
length may be due to the variation in genetic
characters of the varieties and could have been 
further influenced by the growing
environment.

Maximum flower stalk length was recorded in
variety Realism (40.80cm) and followed by the
variety Baltico (36.03cm) whereas the shortest 
flower stalk length was recorded in the variety 
Kiro (27.63cm). This show that varieties
respond in a different   manner to climatic
condition due to difference in metabolic
activity. During floral senescence, petals are
actively degraded for nutrient remobilization,
culminating in a period of programmed cell
death (PCD) (Shibuya et al., 2016).
Macromolecules, including proteins and
starch are broken down and remobilized to
sustain the energy demands of maintaining
expensive floral organs for nectar production
and, following fertilization, for the developing
ovary and seeds. The sequence of events in
floral senescence is very similar in flowers on
the plant or in cut
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Table 1 Performance of different varieties for vegetative and floral parameters studied for
Carnation.

Treatm
ent

Notatio
n

Treatmen
t details

Plant
height
(cm)
[90

DAP]

No of
leaves

[90
DAP]

No of
branche

s per
plant

No of
interno
des [90
DAP]

Days to
flower

bud
initiatio
n (DAP)

Days to
flower

bud
opening 
(DAP)

Days to
first

floweri
ng

(DAP)

Number 
of

flowers
per

plant

Flower
Stalk

length
(cm)

Number
of days

taken for
flower

senescenc
e on plant

Vase
life

(days)

V1 Cervantes 31.00 20.37 3.50 8.83 67.13 90.77 101.73 5.17 35.37 12.17 5.58

V2 Master 29.70 28.37 3.47 6.60 65.33 66.00 101.20 4.07 34.60 11.03 10.40

V3 Magno 29.37 23.9 3.50 6.47 76.17 94.87 190.10 4.63 35.83 11.67 7.47

V4 Baltico 29.17 24.57 4.47 12.23 77.80 100.60 107.87 6.63 36.03 15.40 5.87

V5 Realism 30.27 23.03 3.53 14.37 77.17 90.77 114.47 4.77 40.80 9.90 4.47

V6 Kiro 26.63 19.43 3.47 8.40 89.33 111.00 121.33 2.23 27.63 5.90 3.60

‘F’ test S S S S S S S S S S S

S.E. (d) 0.87 0.88 0.23 0.60 3.35 2.98 1.89 0.58 1.87 1.15 1.08

CD 0.05 1.94 1.96 0.51 1.34 7.47 6.63 4.22 1.30 4.16 2.56 2.41

CV 3.64 4.64 7.60 7.79 5.44 3.99 2.09 16.85 6.53 12.76 21.28



 flowers, although a more rapid senescence off
the plant has been noted e.g., in lilies. The
phytohormone ethylene is a key regulator of
floral senescence in many species, associated
with pollination. Ethylene production in these
species is regulated auto-catalytically with an
initial ethylene burst triggering
transcriptional activation of etylene
biosynthetic genes. Maximum vase life was
recorded in variety Master (10.40) and
followed by the variety Magno (7.40) whereas
the minimum vase life was recorded in the
variety Kiro (3.60). The maximum extension of 
vase life which might be due to the overall
modified effect on the vegetative and
reproductive growth of the plant. Variation in
vase life could be attributed due to the
variation in ability to produce ethylene and
sensivity to it among the different carnation
varieties. Similar findings on the differences in
vase life were recorded by Patil et al. (2001).

Conclusion 

It was concluded that variety Baltico (white)
reported significantly better performance
compared to other varieties, in terms of
Growth parameters like plant height was seen 
in cervantes (25.19 cm), number of leaves were 
maximum in master (20.94), number of
internodes was highest in realism (18.49),
number of branches were seen to be maximum
in baltico (4.47), Kiro was found to be less
suited variety for Prayagraj agro climatic
condition due to metabolic activity. Flowering
parameters like days to first flower bud break
(65.33 days), days taken for first flower bud
opening (66.00 days) was seen in Master,
Flower Stalk length was seen highest in
Realism (40.80 cm), number of flowers per
plant was seen in cervantes (5.17), number of
days taken for flower senescence on plant was
seen highest in kiro (15.40 days), the vase life
in carnation was seen to be the highest in
master (0.40 days).
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Abstract

Described the climate-resilient technological
intervention like System of Rice
Intensification with three crop sequences on
paddy in Tamil Nadu, including the specific
technologies or practices is implemented, the
target area is 18 sub basins and the project’s
objectives productivity enhancement.Gather
relevant data, which may include information
on crop yields, input costs (seeds, fertilizers,
labor, etc.), climate data (temperature,
rainfall), and other factors affecting paddy
production and resilience. Compare the
pre-intervention scenario (before
implementing the climate-resilient
technologies) with the post-intervention
scenario. This helps establish the impact of
the intervention. Calculated economic
indicators such as Gross Margin, Net Income,
Benefit-Cost Ratio, Return on Investment,
and Net Present Value. These indicators help
assess the financial viability of the
intervention. Compared the costs of
implementing the climate-resilient
technologies with the benefits gained from
increased yields, reduced losses due to climate
events, and other positive impacts. These
project is assessed both short-term and
long-term benefits of the intervention. It is
Considered some non-economic benefits, such
as improved environmental sustainability,

reduced greenhouse gas emissions and social
welfare improvements in rural communities.
This paper is presented the findings of the
economic analysis in a clear and concise
report. 

Keywords: Climate Resilient Technology,
Paddy, SRI, Income anaysis, Cost benefit
analysis, Yield Analysis

Introduction

The Tamil Nadu Irrigated Agriculture
Modernization Project (TNIAMP) is a project
aimed at improving irrigation infrastructure,
water management, and agricultural
productivity in the state of Tamil Nadu, India.
The project aims to enhance water use
efficiency, increase agricultural production,
and improve the livelihoods of farmers.the key 
components of the project typically includes,
Promoting best practices in crop management, 
soil health, and water-saving techniques to
enhance agricultural productivity, Improving
the socioeconomic conditions of farmers
through increased crop yields, income
diversification, and improved access to
markets, Incorporating sustainable
agricultural practices and environmental
considerations to ensure the long-term
viability of agricultural activities and
addressing climate change challenges by
adopting technologies and practices that
enhance the resilience of agriculture to
changing climatic conditions.

Agriculture interventions are spatially and
temporally linked with rehabilitation and
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modernization of tanks and irrigation water
delivery systems. Role of DOA in the
TN-IAMProject Sustainable intensification
and diversification of agriculture production
systems were achieved through a large scale
program of awareness creation and on-farm
demonstrations on new seeds and promising
technologies, capacity building and training
activities; and by leveraging private sector
investments in water management and farm
mechanization. Climate risk resilience is built
into crop and technologies.

The activities aiming at enhancing
productivity and climate resilience of cropping 
systems to implemented by the Department of
Agriculture and Farmer’s Welfare’s included
(i) increasing cropping intensity and
productivity, (ii) promoting diversification to
low water requiring crops, and (iii) promoting
use of improved farm implements and tools.
The focus is on providing better livelihood to
farmers through improved water delivery for
increasing productivity of agriculture. The
twin focus is on agricultural intensification
and diversification. It is proposed to effect
shift from high water requiring crop to less
water requiring crops like pulses, millets and
oil seeds. Moreover, shift is made from
productivity and production enhancement
agriculture to market-led agriculture. The
prospects of diversification to other crops from
paddy is disseminated to farmers for further
expansion of area under diversification crops.

The TNIAM Project would lay special
emphasis on enhancing crop production to
have better market access, crop
diversification, value addition and climate
resilient agriculture in the sub-basins of Tamil 
Nadu. The Department of Agriculture and
Farmer’s Welfare (DoA) addressed all these
tasks in co-ordination with Tamil Nadu
Agricultural University (TNAU) with the
following interventions for the crops grown in
Water resources department Tanks, Anicuts
of river sub- basins in Tamil Nadu. 

Methodology

Technology demonstrations is given at sub
basin farmers level for increasing crop
productivity through best management
practices and innovations Improved
Production Technologies. Purposive sampling
procedure was adopted for the study. In Tamil
Nadu state, all 18 sub basins were purposively 
selected according to the implementation of
the SRI paddy cultivation. The study was
based on the input-output data obtained from
sample farmers in Tamil Nadu. For selection
of farmers, multi-stage sampling design was
employed. In the final stage, with project
farmers and some control farmers (without
project) were selected from each village
comprising10 farmers for SRI method and five
farmers for traditional method of rice
cultivation. 

Productivity Enhancement in Paddy
(IPT Demos: 9875 Ha)

In this all sub- basins there is scope for
improving the productivity to bridge the yield
gap (1.0 - 1.2 MT / Ha) both in first and second
seasons (Samba and Navarai). The
Department of Agriculture is conducted Paddy 
Crop Demonstrations with all improved
management practices, like planting of single
seedling etc. and inputs like improved variety
of crop, Integrated pest management (IPM),
Integrated Nutrient Management (INM) etc.
are practiced in Farmers Field School (FFS)
mode and also suggested suitable
interventions viz., Introduction of three crop
sequence of Green Manure – System of Rice
Intensification SRI Paddy – Rice Fallow
Pulses.

Growing green manure crops especially for
their organic matter and ability to improve the 
soil fertility to augment to supply of requires
nutrients. Green manuring is demonstrated
preceding to SRI crop to supply the required
nutrients through the insitu incorporation.
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System of Rice Intensification (SRI)
ensures saving of seed and water as they
require in less, greater root growth due to
young seedlings and wider spacing, more
tillers ultimately more grains and yield. There 
is reduction of cost due to labour saving
through the usage of power weeder, fertilizer
saving through usage of Leaf Colour Chart
and lesser pest and disease incidence.

Rice Fallow Pulses (RFP) are sown as follow
up crop after the harvest of Paddy. These rice
fallow areas offer a huge potential niche for
short season pulses. In this relay cropping
sequence sowing of pulses is being followed
before/after the harvest of SRI Paddy, under
CA system (zero tillage). The rice fallow pulses
are effectively utilizing the available residual
moisture and nutrients after the harvest of the
rice crop. It enhances the soil fertility status for
the next crops due to nitrogen fixation.
Table.1 Sub basin wise Area coverage and
Subsidy given by the Project
Nam
e of
the

Inter
venti
on

Name of the Sub
Basin

Area
covered

up to
2020-21

(ha)

Unit Cost 
(Rs.)

Subsidy
given by
Project
(L.Rs.)

 
w

olla
F eci

R - I
R

S - 
p

or
C er

u
na

M 
neer

G
)ec

ne
u

qe
S 

p
or

C 
3( sesl

u
P

Lower Palar 1260 10000/ha 126

Nagariyar 108 10.8

Lower Vellar 990 99

Krishnagiri to Pambar 446 44.6

Sathaiyar 357 35.7

Sirumalaiyar 186 18.6

Varaganadhi 105 10.5

Gowsiganadhi 102 10.2

Gadananadhi 306 30.6

Kallar 9 0.9

Manjalar 215 21.5

Suruliyar 215 21.5

Lower Tamirabarani 1128 112.8

Lower Vaigai 309 30.9

Cauvery Delta 3000 300

Ponnanaiyar 581 58.1

Lower Bhavani 558 55.8

Upper Bhavani - -

 Total 9875  987.5

In this project from 2018 to 2021 the Paddy
area covered with this three crop sequences is
9875 ha in the 18 sub basins with the
Rs.987.50 lakhs amount of subsidy. This
subsidy amount distributed to the farmers in
kind of the inputs like Seed, Fertilizer, Bio
fertilizers and integrated pest management
practices. The following tables show the
details of the Subsidy pattern per hectare of
the TN-IAMP project SRI crop demonstration
intervention. 

Table. 2 Unit Cost/ha - Three Crop
sequence Demonstration:

a) Green Manure

Sl. No Particulars
Unit Cost (Rs.

/Kg)
Amount (Rs.)

1 Seed cost with
seed treatment

components -
40 Kg / Ha

50 2,000

Total Rs.2,000

b) Sri [ Paddy ]

Sl.
No

Particulars
Unit Cost (Rs. 

/ Kg)
Amount (Rs.)

1 Cost of Soil testing 20 20

2 Seed cost with seed
treatment components -
8 Kg / Ha

150 1,200

3 Cost of nursery raising
and Bio-fertilizers

600

4 Cost of fertilizers
(150:50:50 Kg NPK / Ha)

Urea - 330 Kg 6 1,980

Single Super Phosphate
- 315 Kg

9 2,835

Muriate of Potash – 80
Kg

16 1,280

ZnSO4 25 Kg 50 1,250

5 IPM - Plant protection
charges

1,000 1,000

Total
Rs. 10,165 (Assistance
Restricted to) Rs. 6,000
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c) Rice Fallow Pulses

Sl.
No

Particulars Unit Cost (Rs. / Kg) Amount (Rs.)

1 Seed cost  with
seed treatment
components - 20 

Kg

/ Ha

120 2,400

2 DAP 20 Kg / Ha
@ Rs.25 /Kg

25 500

Total Rs. 2,900 (Assistance Restricted to)
Rs.2,000

Total Cost Rs. 15,065 (Assistance Restricted to)
Rs.10,000

Discussion:

1.Sub basin wise Yield Analysis

System of Rice Intensification (SRI) is a set of
agronomic practices aimed at improving the
productivity of rice paddy fields. It involves
techniques that enhance plant spacing,
seedling management, water management,
and nutrient management. SRI is known for
its potential to increase rice yields while using
fewer resources. However, the actual yield
analysis can vary based on factors like local
conditions, farmer practices and the extent to
which SRI principles are adopted.

In this project to conduct a yield analysis of
SRI paddy in sub basin areas of Tamil Nadu.
Gathered data on paddy yield from both
traditional cultivation methods and
SRI-adapted fields. This should ideally cover
multiple seasons and different regions within
Tamil Nadu. Measure paddy yields in terms of
kilograms or tons per hectare for each
cultivation method. Calculate averages and
variations to compare the yield
performance.Lower Tamirabarani and
Manjalar sub basins recorded highest yield on

and above 5600kg /ha than other sub
basins.its gives on and average of 1800kg /ha
increase against the  traditional cultivation
growers they were not benefited by the
project..

Compared the average yield of SRI-adapted
fields with traditional cultivation methods.
Analyzed yield variations, standard
deviations, and any statistically significant
differences. Consider other factors that might
influence yield, such as soil type, water
availability, climate conditions, and farmer
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practices. This will help attribute yield
differences to the SRI practices more
accurately. .

It’s important to note that SRI outcomes can
vary widely due to different agro-climatic
conditions, soil types, farmer skills, and
implementation practices. 

Sub basin wise Income Analysis

Analyzing the income from System of Rice
Intensification (SRI) paddy cultivation in
Tamil Nadu involves assessing the economic
benefits and costs associated with adopting
SRI practices. Gather data on SRI paddy
cultivation from farmers, research
institutions, and government agencies. Collect 
information on yield, input costs, market
prices, and other relevant factors. Calculated

the average yield of SRI paddy and traditional
paddy cultivation methods. This forms the
basis of our income analysis. Obtained data on
market prices for paddy in the local area. This
is helped to estimate the potential revenue
from selling the harvested crop. Identified and 
quantified the input costs associated with SRI
paddy cultivation, including seeds, fertilizers,
pesticides, labor, water, and machinery.
Compared the labor requirements of SRI
paddy cultivation with traditional methods.
Labor costs can significantly impact overall
income. Calculated the net income by
subtracting the total input costs (including
labor) from the revenue generated through
paddy sales.

When Compared the net income from SRI
paddy cultivation with that of traditional
methods the net income is higher for the
project beneficiaries of Lower Bhavani and
Lower Palar. Consider both the per-hectare
and overall profitability. Conducted
sensitivity analysis by varying key
parameters such as yield, market prices, and
input costs. This helps assess the impact of
uncertainties on income.

The research paper discussed the implications 
of the income analysis for farmers,
policymakers, and extension services. The SRI 

is found to be economically beneficial, it could
encouraged wider adoption. We should
Remember that the outcomes of the income
analysis can vary based on local conditions,
the degree of SRI adoption, and market
dynamics. 

Sub basin wise Cost Benefit Analysis

Performing a cost-benefit analysis (CBA) for
System of Rice Intensification (SRI) paddy
cultivation in Tamil Nadu involves comparing
the costs and benefits associated with
adopting SRI practices. Here’s a step-by-step
approaches is given for the with project Cost
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benefit analysis. Listed all the costs and
benefits associated with SRI paddy
cultivation. Costs include input costs (seeds,
fertilizers, labor, etc.), while benefits

encompass increased yield, reduced losses,
improved resource efficiency, and potential
environmental gains.

Calculated the total costs incurred in SRI
paddy cultivation, including variable costs
(inputs that vary with production) and fixed
costs (inputs that remain constant regardless
of production level). Calculated the monetary
value of benefits gained from SRI practices the 
sub basins of Varaganadhi, Suruliyar,
Sirumalaiyar and Nagaraiyar is maximum.
This primarily includes increased yield, but
also consider factors like reduced pest and

disease incidence and improved water use
efficiency. Subtracted the total costs from the
total benefits to calculate the net benefits of
SRI paddy cultivation.

Divided the total benefits by the total costs to
calculate the BCR. A BCR greater than 1
indicates that the benefits outweigh the costs.
Except Kallar sub basin all other 17 sub basins 
are given greater than one. 

If the analysis spans multiple years, we can

calculate the NPV to account for the time
value of money. This involves discounting
future benefits and costs back to present
value. Test the impact of different
assumptions or scenarios on the results. Vary
key parameters like yield, market prices, and
input costs to understand how sensitive the
analysis is to changes. Calculated additional
economic indicators such as Return on
Investment (ROI) and Internal Rate of Return
(IRR) to provided a comprehensive view of the
project’s financial viability.

Its Included insights from farmers who have
adopted SRI practices to understand their
experiences and how their perceptions align
with the calculated costs and benefits.
Compiled the results into a clear report or
presentation that outlines the costs, benefits,
and the overall financial and economic
viability of adopting SRI practices.
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Figure 3. Sub basin wise Cost Benefit Analysis for the WP & WOP scenario



Conclusion

Assessed the yield trend over multiple seasons 
or years. SRI practices might require time to
show their full impact, especially if they
involved changes in soil health and plant
development. Considered qualitative aspects
such as the health of plants, pest and disease
incidence, and overall crop quality. These
factors can influence market value and
farmer’s income.

Besides yield, analyzed the economic impact of 
SRI by comparing input costs (seeds, water,
fertilizers) and labor requirements for both
traditional and SRI methods. Interviewed or
surveyed farmers who have adopted SRI to
gather their experiences, challenges, and
perceptions of yield improvements. In future it 
should be considered the role of agricultural
extension services in promoting SRI practices
and their impact on adoption rates and yields.

This paper is discussed the policy implications
of the Cost Benefit Analysis results. The
analysis demonstrates positive net benefits
and financial viability, hence it can provide
support for encouraging wider adoption of SRI
practices.Here we have Calculated the
economic indicators such as Return on
Investment (ROI), Benefit-Cost Ratio (BCR),

and Net Present Value (NPV). These
indicators provide insights into the financial
viability of SRI paddy cultivation.

Analyzed the risks associated with the
intervention. This could include potential
yield variability, market fluctuations, and
other factors that might impact the economic
outcomes. The paper also discussed the
implications of the economic analysis for
policy decisions. The intervention proves
economically viable and beneficial, it could
support the adoption of similar interventions
on a larger scale.
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Abstract

Abiotic stresses have a negative impact on
tomato growth, yield, and quality. Abiotic
parameters like drought, high temperatures,
and excessive salt have an influence tomato
life cycle. Abiotic stress affects yield by around 
70%.The genes for stress resistance are
present in a number of wild tomato species,
but due to large genetic distance and other
obstacles, it is very challenging to transfer
these genes into cultivars. One of the most
ecologically friendly approaches to the
productive production of tomatoes is the
development of cultivars with enhanced
abiotic stress tolerance. In this area, research
is being done to comprehend how genes are
identified, how genetic and environmental
variables interact, and how stress tolerance
works. For tomato, a number of omics
techniques, instruments, and resources have
previously been created. Significant progress
has been made due to improvements in
sequencing technology; scientists can now
examine tomato genomes and
transcriptomics. Transcription factors are
proteins belonging to the
Dehydration-responsive element-binding

protein (DREB) family have been associated
with abiotic stress responses in plants. A
particular class of plant-specific transcription
factor called DREB (dehydration-responsive
element-binding protein) may selectively bind
to DRE/CRT components in response to abiotic 
stresses like lack of moisture and low
temperature. Various in-silico tools are used
to characterize DREB gene, its protein
structure prediction and phylogenetic
analysis.

Keywords –Tomato, DREB, In-silico
analysis, Phylogenetic, abiotic stresses

Introduction

Solanaceae is the family that includes tomato
(Lycopersicum esculentum Mill., also known
as Solanum lycopersicum L.). The closest wild
cousin of the domesticated tomato, Solanum
pimpinellifolium, has just a 0.6% nucleotide
base pair divergence from the cultivated
tomato species Solanum lycopersicum (The
Tomato Genome 2012). In the world of
vegetables, tomatoes are among the most
important plant. It is believed that they were
domesticated in Central America after coming
from the western part of South America. The
tomato is the  vegetable that is cultivated all
over the globe, and it is an excellent source of
micronutrients for people to consume.
Vitamins including vitamin A and C are
abundant in tomatoes, along with fibre and
the antioxidant lycopene. For every 100g of the 
fruit, tomatoes have 20–50 mg of lycopene.
The strongest antioxidant in the carotenoid
family, lycopene shields individuals from free
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radicals that might harm various body organs. 
Humans are known to be protected from
cancer by lycopene. Tomato may be seen as a
luxury crop since it is consumed more
frequently in industrialised nations than in
less developed nations (Bhatia et al., 2004).

The tomato is a popular vegetable with several 
uses, including fresh, dried, sauce, tomato
paste, meal, and others (Athinodorou et al.,
2021; El-Mansy et al., 2021). It produces
around 14% of the world’s vegetable
production. Turkey is one of the biggest
producers of tomatoes in the world, along with
China and India. In addition, Turkey is
responsible for producing 7% of worldwide
tomato consumption (Okumus and Dagidir,
2021). It has a high nutritional value,
especially in terms of antioxidant and
vitamins. Lycopene is a type of antioxidant
that prevents cells against damage caused by
oxidative stress. Tomato plants has a
characteristics of  self-pollination having
chromosome number (2n=2x=24) (Delices et
al., 2021).

Tomato production in India is expected to
cover 852 thousand hectares and produce 21
million metric tonnes, respectively, based on
National Horticulture Board’s second
estimate for the yearly report for 2021, Only
24 tonnes of tomatoes are harvested on
average in India per acre. The biggest
tomato-producing states in India include West 
Bengal, Madhya Pradesh, Andhra Pradesh,
Orissa, Maharashtra, Bihar, Madhya
Pradesh, and Madhya Pradesh (National
Horticulture Board, 2020). Twenty-one
million tonnes of tomatoes were produced in
India in 2021, up from the 20.55 million tonnes 
produced in 2020 (FAO STAT, 2021).

Many undesirable environmental
circumstances can stress plants. Stress affects 
a plant’s metabolism, growth, and
development and can even cause the death of a 
plant. Crop development is significantly
impacted by a number of important stressors,
including herbicides, ultraviolet (UV) rays,

salt, low/high temperatures, soil lack of
moisture and floods are all examples of
mechanical damage. One of the most
important abiotic stresses reducing the
production of agricultural crops is drought
(Boguszewska et al., 2010). A time period with
below-average rainfall, fewer rain events, or
higher-than-average evaporation that lowers
agricultural output and growth is referred to
as a drought. According to Kaur and Asthir
(2017), the intensity of a drought is dependent
on a variety of factors, such as rainfall
frequency and distribution, evaporative needs, 
and soil moisture,In drought-prone soil, the
tomato (Lycopersicon esculentum Mill.) is
extremely vulnerable. According to Aliche et
al. (2018), failure to meet water needs might
result in yield losses of up to 79 percent. Due to 
drought and global warming, tomato yields
are anticipated to decline dramatically by
2055. According to a different study’s
predictions (Dahal et al., 2019), between 2040
and 2069, the world’s tomatooutput would
decrease by 18–32% as a result of biotic and
abiotic stresses associated to climate change.

The drought stress that the plant was going
through caused several genes to become
active. The two major categories of these genes 
were separated based on their possible
functional modes (Laila et al., 2019).The first
category includes of genes that produce
structural proteins, including LEA (Late
Embryogenesis Abundant) proteins,
antioxidant proteins, and osmoregulatory
proteins. The following group, on the other
hand, contains genes that produce regulatory
protein molecules, such as transcription factor 
and proteins that participate in protein
kinesis, such as the activators of transcription
gbZIP, WRKY, MYB, and AP2/EREBP
proteins. Several genes are induced by
drought that have been identified and
activated by abscisic acid (ABA).ABA
resistance is higher in families with the
distinct kind of transcription factor called
dehydration-responsive element-binding
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proteins, gene mutation. In terms of main root
growth, they exhibit poor drought tolerance,
both as single mutants and double mutants
(Takuya et al., 2010). or DREB, may bind to
DRE/CRT elements inplants in response to
abiotic circumstances including dryness and
low temperature (Gilmour et al., 1998; Liu et
al., 1998). In DREB, a member of the AP2
superfamily, one highly conserved AP2/ERF
domain can be discovered. The AP2 domain
contains seven critical amino acids that are
needed for Four R residuals, two W residuals,
and one V residues are involved in the binding
of the CRT/DRE elements (Chen et al., 2007)
The classification of the DREB subfamily can
be done using Four clades—I, II, III, and
IV—or six groups (A1–A6) have been
identified (Sakuma et al., 2002; Liu et al.,
2017b).

An effective method for assessing biological
functions at the molecular level is
gene-expression profiling.To greatly improve
the identification of genes and generate
variations for useful purposes, To assess the
RNA-transcript and research gene expression, 
in-silico techniques are often utilised
(Orellana et al., 2010). Identification of
proteins enables one to assess the pattern of
expression or function of gene. The in-silico
study will help to pinpoint tomato genes
linked to drought and their relationships to
other expressed  genes.The goal of this work is
to better understand gene and their in silico
characterisation for tomato genotypes related
with drought. The role of DREB was first
discovered in Arabidopsis. According to Liu et
al. (1998), Arabidopsis can become more
resilient to cold shock and drought,
respectively, by overexpressing AtDREB1 and
AtDREB2. Numerous plant species have been
identified and described since the factors’
discovery, demonstrating that DREBs are
involved in a range of stress responses (Peng et 
al., 2011; Movahedi et al., 2012; Sun et al.,
2013; Wang et al., 2013; Li et al., 2018; Jangale 
et al., 2019).

Materials and Methods

The research was carried out in the College of
Biotechnology, Division of Plant
Biotechnology,  Sardar Vallabhbhai Patel
University of Agriculture & Technology in
Meerut, India (2021–2022). 

Sequence Retrieval of FASTA sequence

The aim of the present study is accomplished
using NCBI (https://www.ncbi.nlm.nih.gov) is
a public library or database. Among the three
primary databases, NCBI is redundant and
provides details on proteins, genes, SNPs,
domains, and primers, among other molecular
information. From the NCBI’s Gene and
Protein Databases, the sequences and some
essential information were retrieved,
including the accession number, functional
areas, active sites, etc.

Basic Local Alignment Search Tool

The Basic Local Alignment Search Tool
(BLAST) was used to search for the Solanum
tax ID using default parameter settings on the
extracted FASTA of 795 drought sensitive
unigenes from NCBI.Twelve stress-responsive 
sequences from the Solanum taxid were
chosen from a total of 100, with about 80% to
100% similarity. Out of the 100 genes that were 
chosen, DREB, our gene of interest, was one
that was considered. Twelve sequences were
found to be 90–100% identical to each other.

Phylogenetic analysis of DREB gene
using CLUSTAL W of EMBL

(DREB) gene was examined for sequence
conservation at the genomic and proteome
levels using the EMBL’s CLUSTAL W
(https://www.genome.jp tools-bin clustalw)
programme. Following the conservation
studies was the evaluation of the evolutionary
tree was done. This tool assesses the degree of
overlap, the gaps, the degree of conservation,
and most significantly, the link between the 12 
sequences. According to the outcomes of the
multiple sequence alignment, the
phylogenetic tree was constructed.
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Structural prediction of the DREB
protein

Primary Structure prediction using
PHYRE

Expasy’s Protparam tool completes a protein’s
physio-chemical characterisation. The major
structural prediction tools include this
particular tool. The programme can forecast
parameters based on the length, molecular
weight, isoelectric point, GRAVY, and other
properties of proteins.

Secondary Structure prediction of DREB 
protein using SWISS Model

Finding internal structural confirmations
such as loops, twists, and other patterns
requires studying secondary structure. A
structural bioinformatics web server with a
focus on modelling 3D protein homology is
called SWISS-MODEL (https://swissmodel
expasy org) was used. In a variety of
real-world applications, homology modelling is 
presently the most precise technique for
creating reliable three-dimensional protein
structural models. Using experimental
protein structures as “targets” or “templates,”
homology (or comparative) modelling
techniques create models for proteins that are
relevant to evolution.

Tertiary Structure prediction of DREB
protein using PHYRE

The user-entered sequence is compared to a list
of protein sequences in the PDB database using
an algorithm akin to BLAST in the 3D structure
prediction tool known as Phyre. The best PDB
sequence is shown as the outcome. These are the 
PDB Ids that have already been registered for
the structure in the Protein Data Bank. 

Results and discussion 

Retrieval of FASTA sequence of (DREB3)
gene from NCBI:

Once the sequence for the selected gene was
downloaded, both protein and the nucleotide
sequences were stored in a text files using the

FASTA format. The sequences were found by a 
query search in which, for more precision, only 
tomato-specific drought proteins were
removed.  

Basic Local Alignment Search Tool

Extracted FASTA sequences of 795
drought-responsive unigenes from NCBI were
run via the Basic Local Alignment Search Tool
(BLAST) for Solanum tax Id with default
parameter values 12 stress-responsive sequences 
that displayed close to 80–100% identity out of
100 were chosen from the Solanum taxid. Out of
these 100 genes that were chosen, our gene of
interest DREB was taken into account, and
approximately 4 sequences were discovered for
90–100% sequence similarity.

Multiple sequence alignments (MSA)

Multiple sequence alignment (MSA) is used
for biological sequence analysis for
bioinformatics analysis. Multiple sequence
alignment is used to compare homologous
sequences and the similarities between them
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Figure 1: FASTA sequence from NCBI

Figure 2: BLAST analysis of DREB 3 gene of
Solanum lycopersicon



in BLAST, which is required for the
investigation of protein primary, secondary,
and tertiary structures, phylogenetic
reconstruction, and protein function
prediction. A protein family’s conserved
regions may be observed in biologically
high-quality and accurate alignments, which
can highlight linkages and homology between
different sequences and give crucial structural 
and functional information that, can be used
to further find new members of the family.

For the multiple sequence alignment, the
nucleotide and protein sequences for DREB3
(NM-001247778.2) were downloaded from the
NCBI website. The (DREB3) sequence was
received from NCBI and entered into the
BLAST programme in order to align different
sequences. As a result of nucleotide and
protein research, several sequences that
exhibit sequence similarity and underwent
extensive alignments were identified. 

They were then narrowed down to sequences
with differences in the similarity percent
values more than 90% and good query
coverage, and both the nucleotide and protein
versions of those sequences were downloaded.
These nucleotide and protein sequences are
subjected to Multiple Sequence Alignment
utilising the freely accessible online tool
Clustal W software. Similar alignment

sequences (NM-001247778.2,
XM-015218743.2, AF506825.1 and
KY-348788.1) may be seen in the multiple
sequence alignment of protein template
sequences.

Phylogenetic analysis of DREB gene
using CLUSTAL W of EMBL

For the (DREB) gene, the EMBL
(https://www.embl.org) CLUSTAL W
(https://www.genome.jp tools-bin clustalw)
tool was used to find sequence conservation.
Following the conservation studies the
evolutionary tree was constructed. This tool
assesses the degree of overlap, the gaps, the
degree of conservation, and most significantly, 
the link between the four sequences.
According to the outcomes of the multiple
sequence alignment, the phylogenetic tree can
be conserved.

Figure 4: Phylogenetic tree of DREB 3 gene

Structural prediction of the protein

To complete the physio-chemical
characterisation of a protein, Expasy
(https://www.expasy.org) offers the
Protparam tool. The major structural
prediction tools which can forecast
protein-sequence-based metrics including
length, molecular weight, iso-electric point,
GRAVY, and others.
Table 1: Physio-chemical properties of DREB 3
gene using expasy tool

S.

No.
Accesion

ID
Molecular 

weight

Total
no. of
amino
acids

Isoelectric 
point (pi
value)

GRAVY
(Grand

average of 
hydropath

icity)

1. NP-00123
4707.2

40420.19 366 5.27 -0.573

2. XP-01507
4229.1

40219.95 364 5.27 -0.584

3. AA01336

0.1

29534.21 264 6.67 -0.697

4. AT09376
0.1

29428.13 264 7.07 -0.681
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Prediction of Secondary Structure of DREB
gene Using SWISS Model

Ramachandran plot of DREB 3 gene 

The most likely structures for a polypeptide
chain to adopt in the Ramachandran plot are
alpha helices, beta strands, and twists. The
torsional angles (phi and psi) of the residues

(amino acids) in a peptide are shown in figure: 

Figure 7: Using a Ramachandran plot: The
hypothetical DREB 3 model is sterochemically

validated where, (A) General, (B) Glycine, (C) Proline
and (D) pre-proline.

Conclusion

In this study, comparative in silico analysis of
DREB 3 protein was performed using different 
bioinformatics tools from which 12 Sequences
derived from BLAST among which 4
sequences was identified having similarity
between 80 to 100% and protein structure
prediction using SWISS model, Expasy and
PHYRE tool which showed comparative
modeling of three-dimensional (3D) protein
structures and  analyze protein sequences and
structures and two-dimensional gel
electrophoresis.Then, Multiple sequence
alignment using Clustal W used as aligning
multiple protein or nucleotide sequences and
phylogenetic analysis for finding evolutionary
relationship between the sequences.  
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Figure 6: Tertiary Structure prediction of
DREB 3 gene using PHYRE

      (A) General                     (B) Glycine

Figure 5: Secondary Structure prediction of DREB 
3 gene using SWISS Model

      (C) Proline                (D) Pre- Proline
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Abstract

Fifteen genotypes of quinoa (Chenopodium
quinoa Willd.) were analyzed for important
biochemical constituents viz. proximate
composition, minerals, total sugars, limiting
amino acids (methionine and tryptophan),
phenolic compounds and antioxidant activity.
Significant variations in biochemical
constituents among various Chenopodium
quinoa genotypes were observed i.e. moisture
(3.25 to 8.09 %), total ash (3.04 to 4.07 %),
crude protein (13.57 to 16.75 %), crude fat
(3.52 to 6.58 %), crude fibre (1.03 to 1.85 %)
and total carbohydrates (66.21 to 72.63 %).
Likewise, limiting amino acids and mineral
content were found to varied as methionine
(0.73 to 2.40 g/100 g protein), tryptophan
(0.383 to 0.706 g/100 g protein), sodium
(125.00 to 145.00 mg/100g), calcium (490.00 to
630.00 mg/100g), potassium (452.50 to 542.50
mg/100g), iron (0.047 to 0.233 mg/100g), zinc
(0.011 to 0.292 mg/100g), manganese (0.003 to
0.058 mg/100g) and copper (0.003 to 0.022
mg/100g). Regarding phytochemical
constituents, a considerable variation in the
total phenols (181.76 to 429.49 mg/100 g TAE)
and flavonoids (4.96 to 17.77 mg CE /100 g)
was observed. The antioxidant activity among

fifteen quinoa genotypes ranged between 1.16
to 2.89 µg/ml (IC50 value). 

Keywords  Quinoa; Biochemical
constituents; Minerals; Antioxidant; Phenols;
Essential amino acid

Introduction

With the increasing challenge of chronic
hunger and requirement for food substitutes of 
conventional food crops, the modern scientific
approach aims at the establishment of less
popular crops with finer nutritional and
functional properties. The astounding
nutritional and functional property of new
world crops, such as the species of genus
Amaranthus (Vega-Galvez et al., 2010;
Miranda et al., 2012) have paved the way for
their potential use against the hunger
problem. In the recent years, crops with
striking nutritive quality such as quinoa
(Chenopodium quinoa Willd.) has attracted
the efforts of scientific community to expand
the horizon of species that contributes to
human nutrition (Hirose et al., 2010; Miranda
et al., 2012)

Quinoa (Chenopodium quinoa Wild.),
belonging to family Amaranthaceae, is a
protein rich pseudo-cereal grown for its tiny
edible seeds. The plant is native to the Andean 
regions of South America where it was the
main food of the ancient Andean cultures
(Tapia 1979). In recent years, quinoa
cultivation is expanding all over the world,
especially in countries where food production
is limited or population has no access to

59

Biotech Today (July-December 2022) : 12 (2) : 59-72

1,3Department of Chemistry and Biochemistry, College of
Basic Sciences, CSKHPKV, Palampur, Himachal Pradesh

(176062)
2Department of Biochemistry, CBSH-GBPUA&T, Pantnagar,
Uttarakhand-263145

*Corresponding Author: gshivanshu@gmail.com

DOI : 10.5958/2322-0996.2022.00020.5

RESEARCH ARTICLE

Nutritional aspects and antioxidant status of
quinoa (Chenopodium quinoa Willd.) genotypes
of Mid Himalayan Region



protein sources. The main producers of quinoa
are Bolivia, Peru, United States, Ecuador,
Canada and is also cultivated in England,
Sweden, Denmark, Netherlands, Italy and
France (Nowak et al., 2016). The crop has an
extraordinary adaptability to extreme
ecological conditions as it can be grown on land 
that is degraded and irrigated with
low-quality water. Botanically, quinoa is
an annual herbaceous plant with straight or
branched thick cylindrical stalk bearing
alternate leaves and small apetalous flowers.
Tiny seeds produced in the achene fruits are
about 2 mm in diameter and can be white, red,
yellow, purple, brown or black.  The young
leaves are highly nutritious and can be
steamed and consumed similar to spinach
or beet greens. 

This Andean crop is well known for its high
protein content. Total protein content of
quinoa is comparatively higher than the
common cereal grains such as barley (11.0%
dm), rice (8.8% dm), corn (10.5% dm), rye
(11.6% dm), sorghum (12.4% dm), and wheat
(14.8% dm) (Jancurova et al., 2009; Filho
2017). The protein quality and quantity of its
seed is often superior to those of more common
cereal grains (Cardoza et al., 1979). It is higher 
in lysine than wheat and the amino acid
content is well-balanced for human and
animal nutrition, similar to that of casein
(Johnson et al., 1980, Filho et al., 2017).
Quinoa grain has a wide range of
phytochemicals such as polyphenols,
isoflavones and known to exhibit a good
anti-oxidant property (Pasko et al., 2009;
Gomez-Caravacca et al., 2014). It trounces the
conventional cereal crops in the echelon of
proteins, lipids, dietary fibres, vitamins (B1,
B2, B6, C and E) and minerals, specifically
calcium, iron, phosphorus and zinc (Filho et
al., 2017). Besides its nutritional excellence,
quinoa being gluten free enables its use in the
diet of celiac patients (Filho et al., 2017). Being 
rich in proteins, having an extraordinary
balance of essential amino acids, unsaturated

fats, dietary fiber, vitamins and minerals,
high nutritional and phytochemical content,
quinoa has become a wonder grain with many
health benefits (Arneja et al., 2015). Various
studies showed that phytochemicals and
natural antioxidants present in quinoa
contribute to the potential health benefits,
especially in lowering the risk of the oxidative
stress related diseases e.g. cancer,
cardiovascular disease, diabetes, and obesity.

In spite of excellent nutritional features, the
use of quinoa is restricted due to its higher cost 
of imported grain and little comprehension of
its health benefits to consumers, hence,
studies targeting the establishment of
functional and nutritional benefits of this
“pseudo-cereal” are required. Therefore,
keeping in view the above aspects, the present
study has been designed to evaluate the
indigenous quinoa cultivars for their
nutritional and phytochemical profile.

Materials and Methods

Plant Material

Qunioa (Chenopodium quinoa Willd.) seeds of
15 genotypes were procured from National
Bureau of Plant Genetic Resources (NBPGR)
Research station, Phagli, Shimla, Himachal
Pradesh.

Sample preparation

The seed samples were visually inspected to
discard contaminant particles or impurities
and kept at room temperature for further
analysis.

Physical Characterization

Physical characterization (seed color, seed
shape and thousand-seed weight) of all the 15
quinoa genotypes were carried out prior to
proximate analysis.

Proximate analysis

Biochemical constituents viz. moisture, total
ash, crude protein, crude fat and crude fiber
were estimated by the methods described by

60

Biotech Today (July-December 2022) : 12 (2) : 59-72



the Association of Official Analytical Chemists 
(AOAC, 2016), whereas total Carbohydrate
content was worked out by subtracting the
sum of the values for moisture, crude protein,
oil, ash and crude fibre content from 100.

Mineral content

Sample (1 g) was digested with 25 ml of di-acid 
mixture (HNO 3 + HClO 3 in 3:1) and kept
overnight for cold digestion. The cold digested
samples were then heated at low temperature
on a hot plate till a clear, colourless liquid was
obtained. The contents were cooled and
volume was made to 50 mL with deionized
water. Minerals like potassium, sodium and
calcium were estimated with the help of
Systronics Flame photometer 128, whereas
AAS 4129 was used for estimating copper,
iron, zinc and manganese at different
wavelengths of 324 nm, 248 nm, 213 nm and
279 nm, respectively.

Estimation of Methionine

Methionine content was estimated by the
method of Mertz et al., (1975). Defatted seed
sample (0.5g) was autoclaved with 6 mL HCl
(2N) at 15 lbs. pressure for 1 hr. A pinch of
activated charcoal was added to the
autoclaved sample and the content was heated 
to boiling followed by addition of warm
distilled water and filtration through
Whatman filter paper No.1. The pH was
adjusted to 6.5 with 10 N NaOH and the
volume was raised to 50 ml with distilled
water. A volume of 25 ml from this solution
was taken in test tube and 3 mL NaOH (10%)
was added to it followed by addition of 0.15 ml
sodium nitroprusside (10%) and incubated for
10 min at room temperature. The content was
mixed with 1 mL glycine and incubated for 10
min at room temperature. ortho-phosphoric
(2ml) acid was added to it and mixed with
vigorous shaking.  Absorbance of the solution
was recorded at 520 nm using an UV-Visible
spectrophotometer (Merck Spectroquant
Pharo 100). 

Estimation of Tryptophan

Tryptophan content was estimated by the
method of Horn et al., (1946). Papain solution
(5mL) was added to 0.1g of defatted samples
and the content was incubated overnight at
65°C. The content was cooled and centrifuged
at 3,000 rpm for 5 min.  The supernatant was
collected and 4mL of reagent C (equal volume
of FeCl 3.6H 2O solution+ 30 N H 2SO 4) was
added to 1 mL of the supernatant. The content
was incubated at 65°C for 15 min. The content
was cooled to room temperature and
absorbance was recorded at 545 nm using an
UV-Visible spectrophotometer (Merck
Spectroquant Pharo 100).

Total phenols

Total phenol estimation was carried out using the
method of Makkar et al., (1993). Moisture free
sample (200 mg) was taken and 10 mL of 70 per
cent acetone was added. The content kept on a
shaking water bath for 2 h at 37 °C. and
centrifuged at 10,000 rpm for 20 min. Supernatant
(0.1 mL) was taken in a test tube and final volume
made to 1 mL with double distilled water followed
by addition of 2.5 mL of sodium carbonate (20%)
and 0.5 mL of Folin-Ciocalteau reagent. The
contents were incubated for 30 min at room
temperature and the absorbance was recorded at
725 nm using an UV-Visible spectrophotometer
(Merck Spectroquant Pharo 100).

Flavonoids

Flavonoids estimation were carried out by the
method of Swain and Hills (1959). The sample
(0.5g) was finely ground in 10 mL methanol
and the content was centrifuged at 10,000 rpm 
for 20 min. The resultant supernatant was
evaporated to dryness and the extract was
dissolved in 1 mL of distilled water. An aliquot
of 0.25 mL was taken and the volume was
made up to 2.5 mL with deionized water
followed by addition of 75 µl sodium nitrite
solution (5 %). The content was vortexed and
incubated for 5 minutes followed by addition of 
500 µl sodium hydroxide (1 M) and 275 µl of
deionized water.
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The intensity of pink colour developed was me
asured at 510 nm against a reagent blank
using an UV-Visible spectrophotometer
(Merck Spectroquant Pharo 100).

Antioxidant activity

The 2, 2-diphenyl-1- picrylhydrazyl free
radical scavenging activity of aqueous extracts 
of various samples and of standard monomer
(+)-catechin was evaluated by the method of
Sharma and Bhatt (2009). One-gram sample
was weighed and extracted with 10 mL
methanol in shaking water bath at 30 ºC. After 
12 hours shaking, the methanol was
evaporated using rota water-vapour bath set
at 65ºC. The contents were dried and dissolved 
in 1 mL methanol. Afterwards, 20-140 µl
aliquots were taken in seven test tubes and
final volume was raised to 3 ml with methanol
in each test tube followed by addition of 1 mL
DPPH solution (3.9 mg/50ml). The content
was incubated at 30 ºC for half an hour in the
dark and absorbance was measured at 517 nm
against blank using an UV-Visible
spectrophotometer (Merck Spectroquant
Pharo 100). IC50 value was calculated from
the regression line obtained from the plot of
per cent inhibition against concentration of
each solution.

Statistical analysis

All the experiments were conducted in
triplicate and the results were expressed as
mean value. The data was analyzed
statistically by following Analysis of Variance
(ANOVA) using CRD design by Panse and
Sukhatme (1984).

Results and Discussion

Physical Characterization

Seed color, seed shape and thousand-seed
weight were calculated for all the 15 genotypes 
of quinoa and presented in Table 1. Thousand
seeds weight of fifteen quinoa genotypes
ranged from 2.32-4.12 g with genotypes
EC-896229 and EC-507748 exhibited the
highest and lowest value. Out of fifteen

genotypes, two genotypes (EC-507747 and
EC-507749) had yellow; two genotypes
(EC-896227 and EC-896229) had white, five
genotypes (IC-411825, EC-507738,
EC-507739, EC-507740 and EC-507748) had
light brown and six genotypes had ochre
colored seeds (Table 1). Whereas, seeds of all
the fifteen genotypes were bold and cylindrical 
seeds (Table 1).

Proximate Analysis

Moisture Content

The knowledge of moisture content roughly
gives an indication of the stability of stored
seeds, degree of maturity, shelf life for foods
and accumulation of different nutrients in the
food stuffs. A significant wide variation was
observed in the moisture content of the 15
Chenopodium quinoa genotypes under study.
The moisture content varied in the range of
3.25-8.03 per cent (Table 2). The genotype
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Fig. 1 Bar chart showing variation in methionine
content among fifteen quinoa genotypes

Fig. 2 Bar chart showing variation in tryptophan
content among fifteen quinoa genotypes



EC-896229 (8.03 %) exhibited the highest
moisture content, whereas, the lowest
moisture content was observed in EC-507742
(3.25%). The moisture content in most of the
Chenopodium genotypes varied from
3.25-4.34% with minimum moisture content in 
the genotype EC 507742 (3.25%). The two
genotypes EC-896227 (7.79%) and EC-896229
(8.03%) exhibited significantly higher
moisture content (Table 2). The higher
moisture content in these two genotypes may
be attributed to their physical characters such
as seed shape and size (Jan et al. 2017),
whereas, the wide variation in moisture
content of quinoa samples may be attributed
to difference in physical properties such as
shape, size and weight of quinoa seeds (Vilche
et al. 2003; Jan et al. 2107) and genetic
characterization of the genotypes (Lindeboom
2005; Repo-Carrasco-Valencia and Serna
2011). Literature revealed similar results for
moisture content in the range of 4.58-37.50 per 
cent (Repo-Carrasco-Valencia et al. 2010;
Miranda et al. 2012; Gonzalez-Munoz 2016;
Park et al. 2017; Diaz-Valencia et al. 2018).
The results of the present study revealed
lower moisture content (less than 12%) in all
the genotypes suggesting its suitability for
longer storage (Spehar 2006).

Total Ash

Ash content in food stuffs is the ignition of
organic material, leaving behind the inorganic 
content. The analysis of ash content helps in
determining the amount and type of minerals

present in the food sample. Ash content in
seed samples of 15 Chenopodium quinoa
genotypes was evaluated and a significant
variation was observed (Table 2). The range of
ash content for the quinoa genotypes was 3.04
to 4.07 per cent with its highest numerical
value exhibited by genotype EC-507748 (4.07
%) which was statistically at par with the
genotype EC-507747 (4.03%). The lowest
value was noticed in the genotype EC-896227
(3.04 %). The ash content of quinoa genotypes
under study is similar to those reported by
some authors (Jancurova et al., 2009; Miranda 
et al., 2012; Diaz-Valencia et al., 2018; Angeli
et al., 2020). 

Crude Protein 

Quinoa is considered as one of the best source
of vegetable proteins and hence is a potential
protein substitute for food and fodder and also
in pharmaceutical industry (Vega-Galvez et
al., 2010). The major proteins in the seeds of
quinoa are albumins (35%) and globulins
(37%), with lower concentrations of prolamins
(James 2009). Viewing the importance of
dietary protein in human nutrition, the status
of crude protein content among Chenopodium
quinoa seed samples were evaluated and
pertinent data are presented in Table 2.  The
results revealed that the crude protein in
Chenopodium quinoa genotypes ranged from
13.57 to 16.75 per cent. The genotype
EC-507747 (16.75 %) exhibited significantly
higher crude protein content among all the
fifteen genotypes followed by EC-507742
(16.23%), EC-507743 (15.85%) and EC-896227 
(15.73%), respectively (Table 2). The lowest
value for this parameter was observed in the
genotype EC-507749 (13.57 %) which was
statistically at par with IC-411824 (13.76 %). 
The protein content in Chenopodium
genotypes under study are similar to that of
reported by Miranda et al., (2012), Filho et al.,
(2017), Diaz-Valencia et al., (2018) and
Hernandez-Ledesma (2019). The crude
protein content in the range of 12.2 per cent to
14.03 per cent has been reported by several
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workers (Dini et al., 1992; Ascheri et al., 2002;
Ogungbenle et al., 2003; Elohaimy et al.,
2015). Recent studies revealed the protein
content of Chenopodium quinoa seeds in the
range of 13.8%-19.03% (Navruz-Varli and
Sanlier 2016; Park et al., 2017; Saad-Allah
and Youseef 2018).

Crude Fat

Fats and oils are essential dietary components 
as they give energy to our body, support cell
growth and helps in absorbing some nutrients. 
They are required in right proportions for the
optimum human growth and nutrition. The
crude fat content of food stuffs represents the
true fat and other materials such as
phospholipids, sterols, essential oils, fat
soluble pigments etc. The variability pattern
in crude fat content of Chenopodium quinoa
seed samples were presented in Table 2. The
results revealed that the fat content of
different genotypes under study varied
significantly from 3.52 to 6.58 per cent.
Genotype IC-411824 (6.58%) showed the
highest value which was statistically at par
with IC-411825 (6.49%). Among the
EC-genotypes, EC-507738 exhibited
maximum crude fat content (5.97%) which
was statistically at par with EC-896227
(5.72%) and EC-896229 (5.69%) (Table 2). The
lowest value for crude fat was observed in
EC-507748 (3.52%) genotype which was
statistically at par with EC-507747 (3.63%).
The range for crude fat content in
Chenopodium quinoa genotypes in present
investigation are concordant with the reports
of Koziol (1992), Ascheri et al., (2002) and
Wright et al., (2002) who reported the crude
fat in the range of 5.5 to 6.3 per cent. The crude 
fat content in the range of 4.69 per cent to 7.06
per cent has also been reported in different
genoptypes of Chenopodium quinoa
(Repo-Carrasco-Valencia and Serna 2011;
Miranda et al., 2012; Park et al.,2017).

Chenopodium quinoa being rich in essential
fatty acids (linoleic and b-linolenic) and
antioxidants (á- and ã-tocopherol), exhibit

wider variation of fat content from 2.0 per cent 
to 10.88 per cent (Collar 2016; Filho et al.,
2017).

Crude Fibre

The fibre content is recognized as an
important dietary constituent in various food
stuffs that helps in maintaining normal
elimination. Crude fibre represents the fibre
which remains insoluble on boiling plant
material with dilute alkali and dilutes acids.
The status of crude fibre content in
Chenopodium quinoa seed samples were
estimated and pertinent data on this aspect
are depicted in Table 2. A significant variation
in the range of 1.03 per cent to 1.85 per cent
was observed in crude fibre content of fifteen
quinoa genotypes. The highest crude fibre
content was observed in EC-507740 (1.85%)
which was statistically at par with EC-507748
(1.77%) and EC-507749 (1.79%) (Table 2). The
minimum value of crude fibre was observed in
the genotype EC-896229 (1.03%) which was
statistically at par with EC-896227 (1.04%)
and EC-507746 (1.08%). The range of crude
fibre content for the quinoa genotypes is
similar to those reported by several
researchers (Chauhan et al., 1992; Miranda et
al., 2010; Miranda et al., 2012; Bhathal et al.,
2017) but lower as compared to other studies
as those of Dini et al., (2005) who found the
crude fibre content of 12.3g/100gm of dry
matter. The reason for wide variability in
crude fibre can be attributed due to soil,
temperature, climate, management and the
genetic characteristics of the genotypes
(Lindeboom 2005; Repo-Carrasco-Valencia
and Serna 2011).

Total Carbohydrate

Carbohydrates are one of the largest groups of
organic compounds that play an important
role in the plant growth and development.
Along with proteins, they form the major
components of living organisms and are the
most abundant and economical source of
energy for humans. Considering the
importance of carbohydrates in human
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nutrition the status of total carbohydrate
content in Chenopodium quinoa seeds were
evaluated and pertinent data in this aspect
presented in Table 2, showed the information
on variability trend in carbohydrate content in 
this crop. A significant variation in the total
carbohydrate content was observed in the
range of 66.21 to 72.63 per cent. Genotype
EC-507740 (72.63 %) exhibited the highest
carbohydrate content followed by EC-507749
(72.03%) and IC-411824 (71.80), respectively. 
The least value of carbohydrate content was
observed in EC-896229 (66.21 %) genotype
which was statistically at par with
EC-896227(66.58%) (Table 2). Ruales and
Nair (1993), Ascheri et al., (2002), Ogungbenle
(2003), Valencia-Chamorro (2003), and
Elsohaimy et al., (2015) determined the
carbohydrate levels of quinoa as 74.9 per cent,
72.5 per cent, 65.6 per cent 69 per cent and
72.15 per cent, respectively. The carbohydrate
content in four different varieties of
Chenopodium quinoa has been reported to be
in the range of 68.84 per cent to 75.82 per cent
(Repo-Carrasco-Valencia and Serna 2011).
Miranda et al., (2012) have shown that
carbohydrate content in Chenopodium quinoa
grain falls in the range of 60.01 per cent to
77.23 per cent. The reported content of
carbohydrates in the present study coincides
with the values given by these researchers.

Minerals 

Minerals are naturally occurring inorganic
compounds that play important role in
structural organization and functioning of
living organisms. Carbohydrate, protein, fat
and water forms ninety-six per cent of total
body weight while the remaining four per cent
are minerals. Depending upon their
concentration in plants, they are classified as
macronutrients or micronutrients usually
=100 mg/kg (Vatansever et al., 2017). Keeping
in view, the importance of minerals in human
nutrition as protective nutrients, seeds of
Chenopodium quinoa were evaluated and data 
pertaining to these parameters are presented
in Table 3.

The sodium content in Chenopodium quinoa
varied from 125.00 to 145.00 mg/100g. The
maximum value was observed in genotypes
EC-507743, EC-507749 and EC-896229
(145.00 mg/100g) which was statistically at
par with seven genotypes viz., EC-507747
(142.50 mg/100 g), EC-507724 (142.50 mg/100
g), EC-507738 (140.00 mg/100 g), EC-507741
(140.00 mg/100 g), EC-507741 (140.00 mg/100
g), EC-507742 (140.00 mg/100 g) and
EC-507744 (140.00 mg/100 g). However,
genotype EC-507739(125.00 mg/100g)
exhibited the lowest sodium content. A wide
range of sodium concentration has been
reported in quinoa. The sodium content in the
seeds of Chenopodium quinoa were reported
as 17.5 mg/100 g (Diaz-Valencia et al. 2018),
31.30 mg/100 g (Dini 1992) and 2.20 g/Kg
(Stikic et al., 2012). 

The calcium content revealed significant
variation from 490.00 to 630.00 mg/100g in
Chenopodium quinoa genotypes (Table 3). The 
maximum value was exhibited by the
genotype EC-507747 (630.00 mg/100g) which
was statistically at par with EC-507743
(612.50 mg/100 g) and EC-507746 (605.00
mg/100 g). The minimum value for calcium
content was observed in genotype EC-507749
(490.00 mg/100g) which was statistically at
par with IC-514425 (495.00 mg/100g),
EC-507741 (510.00 mg/100 g) and EC-507748
(517.50 mg/100 g).  A wide range of variation
in calcium content of quinoa has been reported 
by several researchers. Koziol (1992) observed
148.7 mg/100g of calcium in quinoa, whereas,
the studies conducted by Stikic et al., (2012)
and Alghamdi (2018) resulted in calcium
content of 4.50 g/Kg and 1064.01 mg/100 g in
Chenopodium quinoa genotypes.
Hernandez-Ledesma (2019) had shown that
quinoa grain contains large quantity of
calcium and ranged from 27.5 to 148.7 g/100 g. 

The potassium content was found to vary from
452.50 to 542.50 mg/100g (Table 3). The
maximum and minimum value for this
parameter was observed in EC-896227 (542.50 
mg/100g) and EC-507749 (452.50 mg/100g)
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genotypes, respectively. The minimum value
for this parameter was found in EC-507749
which was statistically at par with EC-507740
(457.50 mg/100 g), EC-507743(467.50 mg/100
g) and EC-507738 (470.00mg/100 g). Results
presented in this study corresponded to
Ascheri et al., (2002), who found 546 mg/100 g
potassium in Chenopodium quinoa. Bhargava
et al., (2006) reported 6967 mg/Kg of
potassium in quinoa.  However, the potassium
content in 15 different genotypes under study
were a bit lower as reported by Ogungbenle
(2003) (7140mg/Kg) and Konishi et al., (2004)
(7320mg/Kg).

Iron content in Chenopodium quinoa
genotypes was observed to vary from 0.047 to
0.233 mg/100g (Table 3). The highest iron
content was observed in genotype EC-507739
(0.233 mg/100g) which was statistically at par
with genotype EC-507744 (0.230 mg/100 g).
However, genotype EC-507743 (0.047
mg/100g) exhibited the lowest iron content.
The iron content in present study exhibited
comparatively less value as reported by other
workers. The iron content in Chenopodium
quinoa has been reported in the range of 5.25
to 5.6 mg/100g (Diaz-Valencia et al., 2018).
The iron content in the higher range of 20
mg/Kg to 68.89 mg/Kg has been reported in
seeds of Chenopodium quinoa (Bhargava et
al., 2006; Nasir et al., 2015). 

The data pertaining to zinc content revealed
significant variation from 0.011 to 0.292
mg/100g in Chenopodium quinoa genotypes
(Table 3). The maximum value for this
parameter was observed in IC-411824 (0.292
mg/100g) and was significantly higher than all 
other genotypes, followed by EC-507747
(0.128mg/100g) and EC-507738 (0.105
mg/100g). The minimum value for zinc content 
was noticed in EC-507743 (0.011 mg/100g)
that exhibited a significantly lower value as
compared to other genotypes. Zinc content
below detectable limit has been reported by
Gonzalez et al., (1989). However, our results
are lower than those reported by Chauhan et
al., (1992), Ogungbenle et al., (2003) and

Konishi et al., (2004), who gave potassium
content in the range as 8 mg/kg, 38 mg/kg and
4 mg/kg. 

The data of copper content revealed significant 
variation from 0.003 to 0.022 mg/100g in
Chenopodium quinoa genotypes. The
maximum value for this parameter was
observed in the genotype EC-896227 (0.022
mg/100g) and the minimum value for copper
content was noticed in EC-507743 (0.003
mg/100g) genotype. Copper content below the
detectable limit has been reported by
Bhargava et al., (2006), Konishi et al., (2004)
and Gonzalez et al., (1989). Trace amount of
copper in Chenopodium quinoa seeds has also
been reported by Dini (1992). Trend of
variation observed in present study is in
agreement with or higher than as reported by
several researchers; however, the values are
lower than the reports of Ruales and Nair
(1993) who reported 10 mg/100 g copper
content in quinoa seeds. 

Manganese content in different genotypes of
Chenopodium quinoa seeds were found to vary 
from 0.003 to 0.058 mg/100g (Table 3).
Genotype EC-507739 (0.058 mg/100g) had
shown a significantly higher value and
genotype EC-507743 (0.003 mg/100g) had
shown a significantly lower value among all
the fifteen genotypes. Nasir et al., (2015),
Prado et al., (2014) and Miranda et al., (2012)
observed manganese content in Chenopodium
quinoa in the range of 35.28 to 30.66 mg/kg,
1.55 to 3.85 mg/100 g and 2.36 to 6.47 mg/100
g, respectively. Abdellatif (2018) assessed the
mineral content in quinoa and depicted a
value of 4.44 mg/100g. 

Methionine

Methionine is sulphur containing essential
amino acid, required for initiation of protein
synthesis and plays an important role in
treatment of liver disorders and improvement
of wound healing. Chenopodium quinoa
genotypes have been evaluated for the
methionine content and a wide variation was
observed in the range of 0.73 g/100 g protein to
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2.40 g/100 g protein (Figure 1). The genotype
EC-507740 (2.40 g/100 g protein) possessed
the maximum methionine content and was
statistically at par with genotype EC-896229
(2.24 g/100 g protein). However, the minimum
value for methionine content was recorded in
genotype EC-507741 (0.73 g/100 g protein)
which was statistically at par with genotype
EC-507743 (0.79 g/100 g protein). The
methionine content in present study is in
agreement with the reports of Miranda et al.,
(2012) who reported methionine content in the 
range of 1.4 to 1.9 g/100g of protein.
Methionine content in the range of 0.43 to
2.50g/100g of protein has also been reported in 
different genotypes of Chenopodium quinoa
(Bhathal et al., 2017; Bhathal and Kaur 2018).
The data found in this study are in accordance
with the study of these investigators; however, 
methionine content in present study is higher
as reported by Escuredo et al., (2014).

Tryptophan

Tryptophan is an indole derivative complex
heterocyclic amino acid found in proteins.
Tryptophan is an essential amino acid that
plays a primary role in nicotinamide and
serotonin biosynthesis. It is essentially
required for normal growth in infants as well
as for the production and maintenance of the
body’s proteins, muscles, enzymes, and
neurotransmitters. Keeping in view, the
importance of tryptophan in human diet, the
varieties/ genotypes of Chenopodium quinoa
were assessed for this parameter (Figure 2).
The study revealed that the values for
tryptophan in Chenopodium quinoa genotypes 
ranged from 0.383 to 0.706g/100 g protein. The 
genotype EC-507741 had shown significantly
higher value for tryptophan content (0.706
g/100 g protein) among all the fifteen
Chenopodium quinoa genotypes, followed by
EC-507748 and EC-896227 (0.547 g/100 g
protein). However, the least value was
exhibited by genotype EC-896229 (0.383 g/100
g protein) that possessed significantly lower

value as compared to other genotypes. Data
compiled by various researchers such as
Sephar (2006), Escuredo et al., (2014), Bhathal 
et al., (2017) had shown the tryptophan
content in Chenopodium quinoa seeds as 0.9
g/100 g protein, 0.69-1.33 g/100 g protein, 0.97
g/100 g protein, respectively. Our results are
in close proximity with the findings of these
researchers; however, the results obtained are 
a bit lower than as reported by Bhathal and
Kaur (2018), who reported tryptophan content 
in the range of 1.01 to 3.20 g/100 g protein.

Total Phenols

Phenolic compounds comprise of large and
diverse group of secondary plant metabolites
and possess antioxidant properties. The
antioxidant activity of phenolic compounds is
mainly because of their redox properties which 
allow them to act as reducing agents,
hydrogen donors and metal chelators (Rice
Evans et al., 1997). As such the variability in
total phenolic content in Chenopodium quinoa
collections was evaluated and pertinent data
on this aspect are presented in Table 4. Among 
different genotypes of Chenopodium quinoa,
total phenolic content varied from 181.76 to
429.49 mg/100g TAE. Genotype EC-507738
(429.49 mg/100g TAE) exhibited the
maximum value of total phenols followed by
IC-411824(421.47 mg/100g TAE) and
EC-507742 (383.01 mg/100g TAE). However,
EC-507749 genotype showed the minimum
value (181.76 mg/100g TAE) for this
parameter and was found to be at par with
EC-507747 (183.49 mg/100g TAE). Our results 
exhibit much higher phenol content which
may be attributed to the use of different
solvent and standard for extraction and
estimation (Nsimba et al., 2008; Pasko et al.,
2009).  Higher content of total phenols
(14800mg/100gTAE) has been reported using
tannic acid as standard (Nsimba et al., 2008)
as well as in the range of 375 mg GAE/100g
and above using methanol and acetone as
extraction solvent (Pasko et al., 2009).
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Flavonoids 

Flavonoids are polyphenolic compounds found
in flowers, plants, seeds and vegetables and
possessing a fifteen carbon atomic skeleton
with two aromatic rings joined by a three
carbon link (C 6-C 3-C 6). Flavonoids are known 
to have antioxidant activity, anti-ulcer,
anti-atherosclerosis and anti-inflammatory
effects. Therefore, by viewing their role in
plant growth control Chenopodium quinoa
genotypes were evaluated for the flavonoid
content (Table 4). The flavonoid content of
quinoa varied in the range of 4.96 mg /100gCE
-17.77mg /100gCE. The maximum value
(17.77mg CE /100g) of flavonoids was observed 
in the genotype EC-507741 which was
statistically at par with IC-411825 (17.73mg
CE/100g) followed by IC-411824 (17.08 mg CE
/100 g). The least flavonoid content was
observed in the genotype EC-507747 (4.96 mg
CE/100g). Several researchers have reported
flavonoid content in the range of 3.3 mg
QE/100g-87.3mg QE/100g (Hirose et al., 2010;
Repo-Carrasco-Valencia et al., 2010; Miranda
et al., 2012; Park et al. 2017). The wide
variation in the flavonoid content may be due
to genetic reasons or due to different origins as 
well as environmental conditions (Hirose et al. 
2010; Park et al. 2017).

Antioxidant Activity

Antioxidant is a substance that protects our
body from free radicals and has the ability to
delay the oxidation of proteins, lipids, DNA or
other molecules by inhibiting the initiation or
propagation stage in oxidative chain reactions
caused by free radicals. It plays important
roles to prevent fats and oils rancidity and
protects human body from detrimental effects
of free radicals. Vitamins and certain
phytochemical antioxidants are effective
against the proliferation of human colorectal,
breast and stomach cancer cells (Gholivand,
2012). A significant variation in the
antioxidant activity was observed among the
quinoa genotypes (Figure 3). The antioxidant

activity was represented as IC 50 value and
was found to vary in the range of 1.16 to 2.89
µg/ml. The highest value of IC 50 was recorded
in genotype EC-507740 (2.89 µg/ml) followed
by EC-507747 (2.76 µg/ml) which was
statistically at par with genotype EC-896227
(2.66 µg/ml) suggesting lower antioxidant
activity in these genotypes. However, least
IC 50 value (highest antioxidant activity) of
1.16 µg/ml was observed in the genotype
EC-507746. The results of the present study
are in close proximity with the reports of
Tanisha and Majumdar (2018) who reported
the IC 50 value of 1.02 ìg/ml in Chenopodium
quinoa seeds; however, the IC 50 values of
present study are slightly higher than the
reports of Park et al. (2017). 
Table 1 Seed shape, color and thousand seeds
weight of quinoa genotypes

Genotypes Seed shape Seed Colour
Thousand

seeds weight
(g)

IC-411824 Bold and
cylindrical

    Ochre 3.37

IC-411825 Bold and
cylindrical

Light Brown 3.09

EC-507738 Bold and

cylindrical

Light Brown                     2.51

EC-507739 Bold and

cylindrical

Light Brown 2.92

EC-507740 Bold and

cylindrical

Light Brown 3.21

EC-507741 Bold and

cylindrical

Ochre 2.58

EC-507742 Bold and

cylindrical

Ochre 2.35

EC-507743 Bold and

cylindrical

Ochre 2.82

EC-507744 Bold and

cylindrical

Ochre 2.81

EC-507746 Bold and

cylindrical

Ochre 2.78

EC-507747 Bold and

cylindrical

Yellow 3.67

EC-507748 Bold and

cylindrical

Light brown 2.32

EC-507749 Bold and

cylindrical Yellow
3.82

EC-896227 Bold and

cylindrical

White 3.40

EC-896229 Bold and

cylindrical

White 4.12
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Table 2 Variation in Proximate composition of
fifteen quinoa genotypes (%)

Genoty
pes

Moistur
e

Crude
Protein

Crude
Fat

Crude
Fibre

Ash
Carboh
ydrate

IC-411
824

3.85 13.76 6.58 3.38 1.59 71.80

IC-411
825

3.74 14.59 6.49 3.30 1.50 71.16

EC-50
7738

3.70 15.25 5.97 3.60 1.12 70.41

EC-50
7739

3.57 15.46 5.64 3.43 1.20 70.71

EC-50
7740

3.56 13.95 5.55 3.22 1.85 72.63

EC-50
7741

3.71 14.68 5.40 3.63 1.55 70.99

EC-50
7742

3.25 16.23 4.63 3.63 1.37 70.88

EC-50
7743

3.84 15.85 5.29 3.33 1.23 70.46

EC-50
7744

3.92 14.44 5.62 3.35 1.45 71.63

EC-50
7746

4.17 15.55 4.78 3.66 1.08 70.05

EC-50
7747

3.71 16.75 3.63 4.03 1.36 70.33

EC-50
7748

4.24 15.31 3.52 4.07 1.77 70.48

EC-50
7749

4.34 13.57 5.15 3.23 1.78 72.03

EC-89
6227

7.79 15.73 5.72 3.04 1.04 66.58

EC-89
6229

8.03 15.23 5.69 3.61 1.03 66.21

Values are expressed as mean of three
replications.

Table 3 Variation in Mineral content (mg/100g)
among fifteen quinoa genotypes

Genotypes Na Ca K Fe Zn Cu Mn

IC-411824 140.0

0

535.0
0

475.0
0

0.222 0.292 0.019 0.056

IC-411825 132.5

0

495.0
0

472.5
0

0.100 0.033 0.010 0.026

EC-507738 140.0

0

547.5
0

470.0
0

0.200 0.105 0.019 0.051

EC-507739 125.0

0

587.5
0

535.0
0

0.233 0.103 0.020 0.058

EC-507740 140.0

0

567.5
0

457.5
0

0.074 0.028 0.007 0.009

EC-507741 140.0

0

510.0
0

520.0
0

0.152 0.102 0.015 0.045

EC-507742 142.5

0

595.0
0

492.5
0

0.140 0.037 0.010 0.029

EC-507743 145.0

0

612.5
0

467.5
0

0.047 0.011 0.003 0.003

EC-507744 140.0

0

577.5
0

522.5
0

0.230 0.043 0.010 0.029

EC-507746 135.0

0

605.0
0

517.5
0

0.152 0.067 0.010 0.036

EC-507747 142.5

0

630.0
0

480.0
0

0.187 0.128 0.012 0.047

EC-507748 130.0

0

517.5
0

505.0
0

0.125 0.058 0.012 0.029

EC-507749 145.0

0

490.0
0

452.5
0

0.154 0.103 0.012 0.052

EC-896227 132.5

0

572.5
0

542.5
0

0.183 0.082 0.022 0.028

EC-896229 145.0

0

547.5
0

535.0
0

0.183 0.065 0.019 0.022

Values are expressed as mean of three
replications.
Table 4 Variation in total phenols and
flavonoids in quinoa genotypes

Genotypes                      TPC               TFC

IC-411824 421.47 17.08

IC-411825 359.78 17.73

EC-507738 429.49 14.07

EC-507739 354.17 13.95

EC-507740 329.33 15.39

EC-507741 318.44 17.77

EC-507742 383.01 14.61

EC-507743 294.87 16.28

EC-507744 254.47 12.20

EC-507746 245.99 13.77

EC-507747 183.49 4.96

EC-507748 253.20 11.03

EC-507749 181.76 13.27

EC-896227 212.67 8.97

EC-896229 236.71 9.53

Values are expressed as mean of three
replications. TPC: total phenolic  content and is
expressed as mg/100g TAE. TFC: total flavonoid
content and is expressed as mg CE/100g

Conclusion

The excellent nutritional property, amino acid
balance, gluten free property of quinoa has
made it a complete food. The 15 different
genotypes under study exhibited variation in
their nutritional properties, minerals, amino
acids and antioxidants content, however, the
nutritional value of each genotype was
outstanding and is comparable to or higher
than that of traditional cereals and
vegetables. The amazing nutritional value of
various genotypes offers excellent
opportunities for the breeding programme
which would also enhance the commercial
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value of crop and will be helpful in improving
the socio-economic status of the farmers.

Acknowledgements

The authors are thankful to Coordinator All
India Network on potential crops, ICAR,
PUSA, New Delhi. The authors would like to
thanks National Bureau of Plant Genetic
Resources (NBPGR) Research Station, Phagli, 
Shimla (Himachal Pradesh). Authors are also
thankful to Head, Department of Chemistry
and Biochemistry, College of Basic Sciences,
CSKHPKV, Palampur, for providing
necessary facilities for carrying out this work.
A greeting of thanks is favoed for Shivanshu
Garg from CBSH-GBPUA&T, Pantnagar,
Uttarakhand. 

References

Abdellatif, ASA (2018). Chemical and
technological evaluation of quinoa
(Chenopodium quinoa Willd) cultivated in
Egypt. Acta Scientific Nutritional Health 7:
42-53. 

Alghamdi, ES (2018) Protective effect of quinoa
(Chenopodium quinoa Willd.) seeds against
hypercholesterolemia in male rats.
Pharmacophore 9: 11-21.

Angeli, V, Silva PM, Massuela DC, Khan MW,
Hamar A, Khajehei F, Graeff-Honninger S,
and Piatti C (2020). Quinoa (Chenopodium
quinoa Willd.): an overview of the potentials
of the “Golden Grain” and socio-economic
and environmental aspects of its cultivation
and marketization. Foods 9: 216-248.

AOAC (2016) Official Methods of Analysis of
Association of Analytical Chemists. 20th
edition. Washington DC, USA.

Arneja I, Tanwar B and Chauhan A (2015)
Nutritional composition and health benefits
of golden grain of 21st century, quinoa
(Chenopodium quinoa Willd.): a review. Pak
J Nutr 14: 1034-1040.

Ascheri JLR, Spehar, CR and Nascimento RE
(2002) Comparative chemical
characterization of instantaneous flours by
extrusion – cooking from quinoa
(Chenopodium quinoa Willd.), corn and rice.
Acta aliment 331: 89–92.

Bhargava, A., Shukla, S. and Ohri D (2006)
Chenopodium quinoa—an Indian
perspective. Ind Crops Prod 23: 73–87.

Bhathal SK and Kaur N (2018) Nutritional
Analysis of Gluten Free Products from
Quinoa Flour (Chenopodium quinoa). Int J
Pure App 6: 826-836.

Bhathal SK, Kaur N and Gill JPS (2017) Effect of
Processing on the nutritional composition of
quinoa (Chenopodium quinoa Willd). Agric
Res J 54: 90-93.

Carciochi RA, Manrique GD and Dimitrov K
(2014). Changes in phenolic composition and 
antioxidant activity during germination of
quinoa seeds (Chenopodium quinoa Willd.).
Int Food Res J 21: 767-773.

Cardozo A and Tapia ME (1979) Valor nutritive
quinua y kaniwa cultivos andinos. In: ME
Tapia (ed) Serie libros y Materiales
educativos Instituto Interamericano de
Ciencias Agricolas. Bogota, Columbia pp
149–192.

Chauhan G, Eskin N and Tkachuk R (1992)
Nutrients and antinutrients in quinoa seed.
Cereal Chem 69: 85–88.

Collar C (2016) Quinoa. Instituto de Agroquimica
y Tecnologia de Alimentos (IATA - CSIC).
Paterna, Valencia, Spain.

Diaz-Valencia YK, Alca JJ, Calori-Domingues
MA, Zanabria-Galvez SJ and Cruz SHD
(2018) Nutritional composition, total
phenolic compounds and antioxidant
activity of quinoa (Chenopodium quinoa
Willd.) of different colours. Nova Biotechnol
et Chim 17: 74-85.

Dini A, Rastrelli L, Saturnino P and Schettino O
(1992) A compositional study of
Chenopodium quinoa seeds. Die Nahrung
36: 400-404.

Dini I, Tenore GC and Dini A (2005) Nutritional
and antinutritional composition of Kancolla
seeds: an interesting and underexploited
Andean food plant. Food Chem 92: 125-132.

Elsohaimy SA, Refaay TM and Zaytoun MAM
(2015) Physiochemical and functional
properties of quinoa protein isolate. Ann
Agric Sci 30: 1-9.

Escuredo O, Martin MIG, Moncada GW, Fischer S 
and Heirro JMH (2014) Amino acid profile of 
the quinoa (Chenopodium quinoa Willd.)

70

Biotech Today (July-December 2022) : 12 (2) : 59-72



using near infrared spectroscopy and
chemometric techniques. J Cereal Sci 60:
67-74.

Mardini-Filho AM (2017) Quinoa: Nutritional
Aspects. J Nutraceuticals Food Sci 2: 1-5.

Gholivand MB, Rahimi-Nasrabadi M, Batooli H,
and Samimi H (2012) Chemical composition
and antioxidant activity of the essential oil
and various extracts of Haplophyllum
robustum.  J Asian Nat Prod Res 26:
883-891.

Gomez-Caravaca AM, Iafelice G, Verardo V,
Marconi E, Caboni MF (2014) Influence of
pearling process on phenolic and saponin
content in quinoa (Chenopodium quinoa
Willd). Food Chemistry 8: 157:174.

Gonzalez JA, Roldan A, Gallardo M, Escuderd T,
and Prado FE (1989) Quantitative
determinations of chemical compounds with
nutritional value from Inca crops:
Chenopodium quinoa (‘quinoa’). Plant Food
Hum Nutri 39: 331-337.

Gonzalez-Munoz A, Monteroa B, Enrione J,
Matiacevich S (2016). Rapid prediction of
moisture content of quinoa (Chenopodium
quinoa Willd.) flour by Fourier transform
infrared (FTIR) spectroscopy. J Cereal Sci 71:
246-249.

Hernandez-Ledesma B (2019) Quinoa
(Chenopodium quinoa Willd.) as a source of
nutrients and bioactive compounds: a
review. Bioactive Compounds in Health and
Disease 2: 27-47.

Hirose Y, Fujita T, Ishii T and Ueno N (2010)
Antioxidative properties and flavonoid
composition of Chenopodium quinoa seeds
cultivated in Japan. Food Chem 119:
1300–1306.

Horn MJ, Jones DD and Blum AE (1946)
Colorimetric determination of methionine in 
proteins and foods. J Biol Chemi 116:
313-320.

James LAE (2009) Quinoa (Chenopodium quinoa
Willd.): composition, chemistry, nutritional,
and functional properties. Adv Food Nutr
Res 58: 1043-4526.

Jan KN, Panesar PS and Singh S (2018) Effect of
moisture content on the physical and
mechanical properties of quinoa seeds. Int
Agrophys 33: 41-48.

Jancurova M (2009). Quinoa: a review. Czech J
Food Sci 27: 71-79.

Johnson DL (1990) New grains and Pseudograins. 
Timber Press pp 122-127.

Konishi Y, Hirano S, Tsuboi H and Wada M (2004) 
Distribution of minerals in quinoa
(Chenopodium quinoa Willd.) Seeds. Biosci,
Biotechnol and Biochem 68: 231-234.

Koziol MJ (1992) Chemical composition and
nutritional evaluation of Quinoa
(Chenopodium quinoa Willd.). J Food
Compos Anal 5: 35-68.

Lindeboom N (2005) Studies on the
characterization, biosynthesis and isolation
of starch and protein from quinoa
(Chenopodium quinoa Willd.). Dissertion,
University of Saskatchewan,
Saskatchewan.

Makkar HPS, Blummel M, Borowy NK and
Becker K (1993) Gravimetric determination
of tannins and their correlation with
chemical and protein precipitating method.
J Sci Food Agric 61: 161-165.

Mertz ET, Jambunathan R and Mishra PS (1975)
In: Protein quality Agricultural Research.
USA.

Miranda M, Vega-Galvez A, Quispe-Fuentes I,
Rodriguez MJ, Maureira H, Martinez E
(2010) Nutritional aspects of six quinoa
(Chenopodium quinoa Willd.) ecotypes from
three geographical areas of Chile. Chil J
Agric Res 72: 175–181.

Miranda M, Vega-Galvez A, Martinez E, Lopez J,
Rodriguez MJ, Henriquez K and Fuentes F
(2012). Genetic diversity and comparison of
physicochemical and nutritional
characteristics of six quinoa (Chenopodium
quinoa willd.) genotypes cultivated in Chile.
Cienciae Tecnol Alime 20: 101-2061.

Nasir M, Pasha I, Butt M and Nawaz H (2015)
Biochemical characterization of quinoa with
special reference to its protein quality. Pak J 
Agric Sci 52: 731-737.

Navruz-Varli S and Sanlier N (2016) Nutritional
and health benefits of quinoa (Chenopodium 
quinoa Willd.). J Cereal Sci 69: 371-376.

Nowak V , Du J and Charrondiere UR (2016)
Assessment of the nutritional composition of 
quinoa (Chenopodium quinoa Willd.). Food
Chem 193:47-54.

71

Nutritional aspects and antioxidant status of quinoa (Chenopodium quinoa Willd.) genotypes of Mid



Nsimba RY, Kikuzaki H and Konishi Y (2008)
Antioxidant activity if various extracts and
fractions of Chenopodium quinoa and
Amaranthus spp. seeds. Food Chem 106:
760–766.

Ogungbenle NH. (2003) Nutritional evaluation
and functional properties of quinoa
(Chenopodium quinoa) flour. Int J Food Sci
Nutri 54: 153-158.

Panse VG and Sukhatme PV (1984), Statistical
methods for agricultural workers, ICAR,
New Delhi.

Park JH,  Lee YJ,  Kim YH and Yoon KS (2017)

Antioxidant and antimicrobial activities of

Quinoa (Chenopodium quinoa Willd.) seeds

cultivated in Korea. Prev Nutr Food Sci 22:
195-202.

Pasko P, Barton H, Zagrodzki P, Shela G, Fo³ta M
and Zachwieja Z (2009) Anthocyanins, total
polyphenols and antioxidant activity in
amaranth and quinoa seeds and sprouts
during their growth. Food Chem 115:
994-998. 115.

Prado, FE, Fernández-Turiel JL, Tsarouchi M,
Psaras GK and Gonzalez JA. (2014).
Variation of seed mineral concentrations in
seven quinoa cultivars grown in two
agroecological sites. Cereal Chemistry 91:
453-459.

Repo-Carrasco-Valencia R, Hellstrom JK, Pihlava 
JM and Mattila PH (2010) Flavonoids and
other phenolic compounds of Andean
Indigenous grains: quinoa (Chenopodium
quinoa), kaniwa (Chenopodium
pallidicaule) and kiwicha (Amaranthus
caudatus). Food chem 120: 128-133.

Repo-Carrasco-Valencia RAM and Serna LA
(2011) Quinoa (Chenopodium quinoa,
Willd.) as a source of dietary fiber and other
functional components. Food Scie and
Technol 31: 225-230.

Rice-Evans CA, Miller NJ. and Paganga G (1997)
Antioxidant properties of phenolic
compounds. Trends Plant Sci. 2: 152-159

Ruales J and Nair, B.M. (1993) Content of fat,
vitamins and minerals in quinoa
(Chenopodium quinoa, Willd) seeds. Food
Chem 48: 131-136.

Saad-Allah, K.M. and Youssef MS (2018).
Phytochemical and genetic characterization

of five quinoa (Chenopodium quinoa Willd.)
genotypes introduced to Egypt. Physiol Mol
Biol Plants 24: 617–629. 

Sephar CR (2006) Adaptação da quinoa
(Chenopodium quinoa Willd.) para
incrementar a diversidade agricola e
alimentar no Brasil. Cad Cienc Tecnol 23:
41-62.

Sharma OP and Bhat TK (2009) DPPH
antioxidant assay revisited. Food Chem 113: 
1202-1205.

Stikic R, Glamoclija D, Demin M, Vucelic-Radovic
B, Jovanovic Z, Milojkovic-Opsenica D,
Jacobsen SE and Milovanovic M (2012).
Agronomical and nutritional evaluation of
quinoa seeds (Chenopodium quinoa Willd.)
as an ingredient in bread formulations. J
Cereal Sci 55: 132-138.

Swain T and Hills WE (1959) The Phenolic
Constituents of Prunus domestica I. The
quantitative analysis of phenolic
constituents. J Sci Food Agric 10: 63–68.

Tanisha, Majumdar M (2018). Evaluation of in
vitro anti-hyperglycemic, anti-lipase and
antioxidant activities of Salvia hispanica
and Chenopodium quinoa seeds. IJBPAS 7:

302-312.

Tapia M (1979) Cultivos Andinos Subexplotados y 
su Aporte a la Alimentación  Oficina.
Regional de la FAO para América Latina y el 
Caribe. Santiago, Chile.

Valencia-Chamorro SA. (2003). Quinoa. In:
Caballero B. EFSN 8: 4895–4902.

Vatansever R, Ozyigit II and Filiz E (2016)
Essential and beneficial trace elements in
plants, and their transport in roots: a review.
Biotechnol Appl Biochem 181: 464-482.

Vega-Galvez AV, Miranda M, Vergara J, Uribe E
and Puente L (2010) Nutrition facts and
functional potential of quinoa
(Chenopodium quinoa Willd.), an ancient
Andean grain: A review. J Sci Food Agric 90: 
2541-2547.

Vilche C, Gely M and Santalla E (2003) Physical
properties of quinoa seeds. Biosyst Eng 86:
59–65.

Wright KH, Pike OA, Fairbanks DJ and Huber SC 
(2002) Composition of Atriplex hortensis,
sweet and bitter Chenopodium quinoa
seeds. Food Chem Toxicol 67:1383–1385.

72

Biotech Today (July-December 2022) : 12 (2) : 59-72



Vijay Kumar Sinhal, V.P. Singh, Sanjay Kumar Garg and Alok Srivastava

Received: 18 February, 2022, Revised: 26 April, 2022, Accepted: 10 May, 2022, Published: 1 July 2022

Abstract

Currently, nanotechnology finds widespread
applications in diverse fields, including
medicine, agriculture, crop improvement, and
healthcare. This surge in utilization has
prompted concerns about the potential impact
of nanoparticles on plant and animal health.
The present study aims to assess the
phytotoxic and cytotoxic effects of zinc
nanoparticles on Vigna mungo. The
experiment involved pre-soaking seeds of
Vigna mungo in different concentrations of
ZnO nanoparticles (6.3, 7.3, and 8.3 mg/L) to
evaluate their phytotoxic and cytotoxic effects. 
The results revealed the most substantial
reductions in various growth parameters,
such as seedling height, fresh and dry seedling 
weights, chlorophyll content, and protein
content, particularly with the highest dose of
ZnO nanoparticles (8.3 mg/L), as compared to
the lower doses (6.3 & 7.3 mg/L). Notably,
these reductions were more pronounced in the
T-9 variety compared to the PU-35 variety.
Similarly, the highest dose of ZnO
nanoparticles (8.3 mg/L) led to significant
reductions in cytotoxic parameters like seed
germination and mitotic index. The presence
of chromosomal anomalies, such as sticky
chromosomes, chromosomal bridges, laggards, 
clumping, and binucleate conditions, was also
most pronounced with the highest ZnO
nanoparticle dose (8.3 mg/L), in contrast to the 

lower doses (6.3 & 7.3 mg/L). Consequently,
the overall frequency of chromosomal
anomalies was greatest in the T-9 variety with 
the highest dose of ZnO nanoparticles (8.3
mg/L). These findings underscore the distinct
phytotoxic and cytotoxic effects of zinc
nanoparticles on Vigna mungo.

Keywords- Cytotoxic Nanoparticles,
Phytotoxic, Vigna mungo, Zinc oxide

Introduction

Nanoparticles find extensive applications
across industries like electronics,
telecommunications, and agriculture in
contemporary times. In broad terms,
nanoparticles encompass particles with
diameters ranging from 1 to 100 nm (Auffan et
al.,). These minute structures exhibit distinct
properties and unique characteristics that
make them valuable in various facets of daily
existence. Given the escalating global
population, the demand to produce 50% more
food by 2050 for the sustenance of 9 billion
people has emerged. However, the widespread
and unregulated use of nanoparticles has
prompted researchers to scrutinize the
associated problems, consequences, and
environmental challenges (Tolaymat et al.,
2015). As nanoparticles estration of
nanoparticles in soil tends to surpass that in
water and air (Gottschalk et al., 2009). Plants,
being primary producers, convert solar energy
into organic matter, forming the foundation of
various trophic levels (McKee & Filser 2016).
Notably, plants offer a potential pathway for
nanoparticle transport, potentially leading to
their accumulation at higher concentrations
and subsequent toxic impacts across trophic
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levels. Yang et al., (2015). extensively
reviewed nanotoxicity and the mechanisms
underlying these toxic effects, concluding that
nanoparticles indeed induce toxic impacts,
disrupting plant's defense mechanisms. The
cytotoxic effects of zinc oxide nano particles on
cyanobacteria were observed by Djearamane
et al., (2018), who noted substantial
cytotoxicity and cell death in Arthospira
triggered by these nanoparticles. In recent
years, nanoparticles have experienced a rapid
surge in applications across industries,
medicine, agriculture, and the cosmetic sector.

ZnO nanoparticles of 98% purity were
procured from Sigma Aldrich via online
purchase. Seeds from two Vigna mungo (Black 
gram) varieties were subjected to pre-soaking
in distilled water and cultivated in pots
measuring 80x40x20 cm. In one set of
experiments, pots containing PU-25 variety
seeds were exposed to distinct concentrations
of ZnO nanoparticles - 6.3, 7.3, and 8.3 mg/L. A 
parallel set of experiments involved pots with
T-9 variety seeds receiving the same ZnO
nanoparticle concentrations as PU-25. The
impact of these treatments was assessed
across several parameters, including seedling
height, fresh and dry seedling weight,
chlorophyll content, protein content, proline
content, seed germination percentage, mitotic
index, and chromosomal aberrations. 

Chlorophyll content was determined following 
the methodology of Maclachlan and Zalik
(1963). Fresh leaf segments (1 gram) were
subjected to extraction using 15 ml of 80%
acetone, with filtrates subsequently
centrifuged at 3000 rpm for 15 minutes.
Optical densities at 645 and 663 nm were
recorded using a UV-VIS spectrophotometer,
and chlorophyll content was calculated using
the Maclachlan Zalik (1963) formula. Protein
content in dried material was measured using
the Lowry method (1981). Extracts from 100

mg dried seedlings were prepared in 0.4 M
phosphate buffer of pH 7.8. After appropriate
treatments, optical density was read at 660
nm, and protein amount was calculated
through a standard curve prepared using
bovine serum albumin. 

The proline content was quantified following the 
procedure outlined by Bates et al., (1973).
Homogenization of 40 mg dried seedlings was
done with 3% sulfosalicylic acid, and proline was 
released after 72 hours. The supernatant from
centrifugation was treated with acetic acid and
acid ninhydrin, followed by boiling for 1 hour.
Absorbance at 520 nm was then determined
using a UV-VIS Spectrophotometer, and proline
content was expressed as mg g-1 dw.

To assess germination percentage, a separate
set of materials subjected to the same
treatments was sown on moist filter paper in
Petri dishes. Germination frequency was
monitored at 24 and 48-hour intervals for
precise analysis of different ZnO nanoparticle
concentrations. Mitotic index and
chromosomal aberrations were evaluated
through squash preparations of root tip cells
stained with 2% Acetocarmine.

Result and Discussion

Seeds of Vigna mungo treated with varying
doses of ZnO NPs (6.3, 7.3, & 8.3 mg/L)
exhibited noticeable declines in both phyto
and cytotoxic parameters. The outcomes
revealed discernible decreases in seedling
height, as well as fresh and dry seedling
weights, as the concentration of ZnO
nanoparticles increased in both varieties.
Specifically, within the two varieties, the
reductions in seedling height and fresh and
dry seedling weights were more pronounced in 
the T-9 variety in comparison to the PU-35
variety, particularly at the highest ZnO
nanoparticle dose (8.3 mg/L) (see Fig. 1).
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Yang et al., (2015) conducted research into the
phytotoxic effects of nanoparticles across
various plant species, delving into the
mechanisms underlying nanotoxicity.
Similarly, Wang et al., (2018) observed
noteworthy declines in plant growth
parameters upon exposure to diverse zinc
oxide nanoparticle treatments. Their study
also highlighted reductions in photosynthetic
efficiency resulting from ZnO nanoparticle
treatments. Comparable findings were also
reported by Pavani et al., (2020), who
investigated the impact of zinc oxide
nanoparticles on Vigna mungo (L.) seedling

growth and antioxidant activities. Their study
unveiled substantial decreases in shoot
length, leaf count, leaf length, and fresh
seedling weight with treatments involving 25
mg/100 ml of ZnO NPs.

Concurrently, the chlorophyll and protein
contents of the seedlings demonstrated
decreases with escalating concentrations of
zinc oxide nanoparticles (refer to Fig. 2). The
most pronounced reduction in chlorophyll
content was recorded in the T-9 variety,
particularly at the highest ZnO nanoparticle
dose, as compared to the PU-35 variety.
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Fig: 2- Phytotoxic effects of ZnO NPs on chlorophyll and protein content of Vigna mungo. Error bars
indicate + SE * indicate probability level of significant difference at p<0.05. Replicate (n) =3.

Fig: 1- Phytotoxic effects of ZnO NPs on growth parameters of Vigna mungo. Error bars
indicate + SE * indicate probability level of significant difference at p<0.05. Replicate (n) =3



Rajput et al., (2021) also observed congruent
outcomes when investigating the toxic impacts 
of ZnO nanoparticles on chlorophyll content
within Barley plants. They additionally
identified a diminished number of chloroplasts
per leaf cell in those treated with ZnO
nanoparticles compared to the control group.
Through cytomorphometric quantification,
they determined that ZnO nanoparticles led to
a 1.5 to 4-fold reduction in the size of
chloroplasts in treated plants. Similarly, Tirani 
and Dayani (2022) documented toxic effects of
ZnO nanoparticles on chlorophyll and
carotenoid contents in Trachyspermum ammi
plants, attributing decreased levels to rising
ZnO nanoparticle concentrations.

Previously published data establishes that
nanoparticles can incite oxidative stress in
plant species (Ma et al.,  2015). Lin and Xing
(2008) postulated that nanoparticles prompt
the formation of reactive oxygen species
(ROS), leading to lipid peroxidation on cellular 
membrane surfaces. Oxidative stress often
results in covalent modification of proteins,
termed protein peroxidation. The excessive
generation of ROS can lead to site-specific
amino acid modification, peptide chain
fragmentation, cross-linked reaction product
aggregation, altered electric charge, and
increased protein susceptibility to proteolysis
(Sharma et al., 2012). Cells or tissues
impacted by oxidative stress tend to exhibit
elevated levels of carbonylated proteins, often
utilized as markers of protein oxidation.
Cytotoxic parameters such as seed
germination and mitotic index demonstrated
decreases in response to escalating
concentrations of ZnO NPs, with the most
significant reduction observed at the highest
ZnO NP dose (8.3 mg/L) in Variety PU-35
(refer to Table 1).
Table 1: Cytotoxic effects of ZnO NPs on Vigna
mungo.

Nanoparticles

Conc.(mg/L) 

Seed
Germinat
ion (%)

Total no.
of Cells

Observed

No. of
Dividing

Cells

Mitotic
Index

Variety PU-35
Control

100 900 90 10.11

ZnO NPs- 6.3
96

780 70 8.97

ZnO NPs- 7.3 91 750 60 8.00
ZnO NPs- 8.3 86 760 51 6.71
Variety T-9
Control

100 910 90 9.89

ZnO NPs- 6.3 90 780 65 8.33
ZnO NPs- 7.3 85 750 55 7.33
ZnO NPs- 8.3 80 745 48 6.44

Basith et al., (2018) conducted a study
investigating the impact of ZnO nanoparticles
on tomato plant seed germination. Their
findings indicated a concentration-dependent
reduction in seed germination. The inhibition
of seed germination could be attributed to
various factors such as interference with
respiratory activity, reserve mobilization,
alterations in cellular permeability, protease
activity inhibition, and embryo toxicity
(Kumari et al., 2011). ZnO nanoparticles have
been shown to hinder seed germination across
various plant species, with the degree of
reduction being linked to the type and size of
nanoparticles (Rizwan et al., 2017;
Plaksenkova et al., 2020). Similar outcomes
were also observed by Mehfouz (2019) in a
study examining the cytogenetic effects of ZnO 
nanoparticles on Vicia faba plant cells. This
study reported a concentration-dependent
decrease in mitotic index with varying doses of 
ZnO nanoparticles, with the most substantial
reduction observed at the highest dose (50
µg/ml). Mehfouz (2019) attributed this
decrease to a potential delay in cell
proliferation kinetics.

Ghosh et al., (2016) investigated the cytotoxic,
genotoxic, and biochemical impacts of ZnO
nanoparticles on three crop plants (Allium
cepa, Nicotiana tobacco and Vicia faba). Their
study revealed that ZnO nanoparticles caused
membrane integrity loss, increased
chromosomal anomalies, micronucleus
formation, DNA strand breaks, and G2/M cell
cycle arrest in the root meristem of Allium
cepa. The reduction in mitotic activity could be 
due to inhibition of DNA/protein synthesis
caused by decreased ATP levels. The reduction 
in mitotic index under the influence of
different doses of zinc heavy metal was also
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noted by Sinhal (2007), who proposed that
zinc-induced inhibition of DNA synthesis
during the S-phase could account for the
decrease.

The study recorded an increase in
chromosomal aberrations such as
chromosomal bridges, bi-nucleate cells,
stickiness, clumping, and laggards with
increasing ZnO nanoparticle concentrations.
The highest frequency of chromosomal
aberrations was observed with the highest
dose of ZnO nanoparticles (8.3 mg/L) in the T-9 
variety compared to the PU-35 variety.

Chromosomal aberrations serve as indicators
for assessing the mutagenicity of chemicals
(Sinhal). Micronuclei, on the other hand, act
as biomarkers for genotoxicity events and
mutagenicity, often resulting from
chromosomal breaks/fragments that lead to
the loss of genetic material. The size of
micronuclei is a parameter to evaluate
clastogenic (mutagenic) effects: larger
micronuclei indicate chromosomal loss, while
smaller micronuclei suggest chromosomal
breakage. The presence of chromosome
stickiness is linked to changes in specific

non-histone proteins (Mahfouz 2019).
Chromosomal bridges may arise from
stickiness or chromosomal breakage and
reunion. Binucleate cells might form due to
telophase cell wall development inhibition
(Sinhal 2007). Laggard formation at anaphase
and telophase stems from spindle association
checkpoints (Castedo et al,. 2004), and they
may result in aneuploidy or micronuclei
formation at telophase. Zn nanoparticles can
penetrate cells and disrupt normal cellular
functions and division, leading to
chromosomal aberrations like spindle
dysfunction, stickiness, bridges, laggards,
clumping, and binucleate cells (Abdelsalam et
al., 2022).

Concentration-dependent increases in proline
content were also observed, with the highest
proline content recorded at the highest ZnO
nanoparticle dose (8.3 mg/L) in both varieties.
Among both varieties, the most notable
increase in proline content was observed with
the highest ZnO nanoparticle dose (8.3 mg/L)
in the T-9 variety compared to the PU-35
variety (see Fig. 3).

Fig: 3- Effects of ZnO NPs on Proline content of Vigna mungo. Error bars indicate + SE * indicate probability
level of significant difference at p<0.05. Replicate (n) =3.

Proline is recognized as a stress indicator
(Awan et al., 2021) that tends to accumulate in 
various plant species when subjected to salt or
metal stress conditions (Sinhal, 2007).

Proline’s pivotal role in mitigating
environmental stress, including heavy metal
stress, in plants has been highlighted (Sharma 
& Dietz 2006). Similar findings of a
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concentration-dependent increase in proline
content were reported by Amooaghaie et al.,
28. Proline serves as a ROS scavenger and
contributes to the regulation of redox potential 
and intracellular pH. Furthermore, proline
plays a role in stabilizing protein structure
and is essential for the activity of the pentose
phosphate pathway, which is crucial for
maintaining antioxidants in their reduced
state (Foroutan et al., 2018).
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Abstract

Sugarcane as a C4 crop, requires high levels of
water and fertilizers to produce high biomass.
However, water scarcity is a significant issue
in peninsular India, and it may worsen due to
expected climate changes. Because sugarcane
is glycophytic, drought stress can hinder sugar 
production by influencing the growth rate,
yield and juice quality of the cane. Moisture
stress is multi-dimensional stress which can
affect various physiological and biochemical
processes in plants. This study aims to assess
the productivity potential of sugarcane
varieties Co 86032, CoM 0265 and MS 10001
grown throughout tropical India under
various irrigation levels to optimize water
usage. 

The study revealed that higher yields were
associated with normal (100% ETc) water
regimes for important morphological and
physiological characters, including cane
height, cane girth, number of milliable canes,
chlorophyll content, and yield. Conversely, the 
minimum values were observed at 50% ETc
water regimes. MS10001 and CoM 0265

demonstrated maximum water use efficiency
at 75% ETc. The early variety, MS 10001,
outperformed other varieties for major yield
contributing characters at 25% reduced water
levels under drip irrigation, including CCS
yield, average cane weight, cane girth, sucrose
%, CCS %, and purity %. Overall, MS 10001
has the potential to produce optimum yield
levels at 25% reduced water without affecting
physiological attributes, followed by the
genotype CoM 0265.

Keywords: Sugarcane variety, MS 10001,
CoM 0265, Irrigation regimes,
Morpho-Physiological evaluation.

Introduction

Sugarcane (Saccharaum Sp. Hybrids) is an
important source of sugar and bioenergy and
signifies its importance in the economy of
many countries from tropical and subtropical
regions of the world (Rabelo et al., 2020).
Globally more than 75% sugar is produced
from sugarcane (Snyman, 2004; de Matos et
al., 2020). Irrespective of sugar, other
products produced from sugarcane are biofuel, 
fertilizers, compost and paper (Scortecci et al.,
2012; Rabelo et al., 2020). India ranked second
in sugarcane area (4.79 million ha) and
production (370.50 million ha) after Brazil
during 2019-20. India’s percent share in the
world under sugarcane area was 18.80% and
19.82 % in production respectively
(FAOSTAT, 2022). As per the data of
sugarcane area from 2014-15 to 2019-20,
Maharashtra is the leading sugarcane
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producing state from tropical states of India
whereas, Uttar Pradesh is leading state from
subtropical states of India (Anonymous, 2020). 
Due to increased fuel prices in India the
demand of sugarcane for biofuel production is
increasing along with sugar (Sarwal et al.
2021). Hence, its production is needed to be
increased by means of increased productivity
or adoption of new area under sugarcane
cultivation.

The well adapted sugarcane varieties Co
86032, CoM 0265 and MS 10001 were grown
on more than 85 percent area in Maharashtra
in the year 2016-17 and the trend is constant
till to date (Anonymous, 2021). Since release,
the area under variety Co 86032 has been
increasing and in the year 2019-20 it was
cultivated on 48.50 % area in Maharashtra.
Another variety CoM 0265 comprises 34.22 %
area in 2019-20 in the state. As per Ram et al.,
(2021), the sugarcane variety Co 86032 ranked 
second in terms of percent cropped area (17.1
%) and CoM 0265 ranked third with 6.9 % area 
among top five sugarcane varieties throughout 
India during 2019-20. The early maturing
sugarcane variety MS 10001 was released for
cultivation in the year 2017 for early crushing
(October to December) to maintain sugar
recovery throughout the crushing season and
the area under this variety is increasing.
These modern varieties are high sugar and
cane yielding but face the problems of
moisture stress throughout growing season.

As sugarcane is high biomass producing crop,
its requirements for water and fertilizers are
very high. From one ton of water 454g of sugar
produced (Scott, 1972). Water is scarce
commodity and predicted climate changes will
create severe situation in future. Scarcity of
fresh water affects productivity and
profitability of sugarcane growers and miller
in India. Drought or moisture stress is a
multi-dimensional stress, which causes
various physiological and biochemical effects
on plants (Jamaux et al., 1997). Drought
(moisture stress), even of a small magnitude,
can cause yield reduction if it occurs at critical

stage(s) of growth. Closure of stomata caused
by lack of moisture, reduces photosynthesis,
roots do not extend in dry soil, nutrient uptake 
is reduced, and reduced levels of growth
hormones, like cytokinins, gibberellins, etc.
affect important metabolic processes. The
adverse effects of water stress results in high
mortality of tillers, reduction in cane height,
stunted growth, reduced internodal length,
cane weight, low millable plant population,
reduced cane yield and juice quantity, ion
contents in leaves, adverse effect on
transpiration rates, stomatal conductance,
stomatal size, chlorophyll stability index, root
activity and nutrient supply in the soil or its
uptake by the plants (Bendigeri and Hapse,
1987, Nagaraja et al., 2017 and Hemaprabha
et. al., 2004). Thus, drought may reduce
sugarcane yield up to 50% or even more (Silva
e. al., 2007). The differences among the
sugarcane cultivars in the rates of water use
or in efficiency of extracting soil water might
be largely due to osmotic and elastic
adjustments in response to drought. 

Acute moisture stress from March to May
coincides with the formative phase (60-120
days) every year affects sugarcane production
in tropical region of the country
(Venkataramana et al., 1986). Formative
phase includes tillering and grand growth
stages of crop growth which have been
identified as water demanding stages
(Ramesh, 2000) and is responsible for 70-80 %
cane yield (Singh and Rao, 1987).
Photosynthetic responses, water relations to
moisture stress during these growth stages
could be useful in moisture tolerant genotypes
(da Silva et al., 2007). The sugarcane industry
also facing competition for water due to
increased demand for industrial use and
increasing general population despite abiotic
stress challenges (dos Santos and de Almeida
Silva, 2015). The competition for allocation of
water between agriculture and industries is
increasing and agriculture is often at the
losing end due to low returns as compared to
industries (Acquaah, 2012; Mkhungo et al.,
2018; Alexander et al., 2019). There is an
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urgent need to increase the existing water use
efficiency in Indian agriculture
(Narayanamoorthy, 2004).

It is seen that farmers are using excessive
water for sugarcane as a result the soils are
getting salty. In order to save water, maximize 
production without affecting soils; optimum
water requirement of well adapted sugarcane
varieties is needed to be defined. Also, the
variety showing better yield under minimum
levels of water can be recommended for
cultivation in limited irrigation tracts. The
water saved thus can be diverted to other
crops and industrial use. In this study the high 
yielding sugarcane varieties were evaluated
morpho-physiologically and for yield under
different water regimes in order to identify
their optimum water demand to sustain
sugarcane production and sugar recovery. 

Materials and Methods

The experiment was conducted at Mahatma
Phule Krishi Vidyapeeth, Central Sugarcane
Research Station, Padegaon, located in
tropical (wet and dry) climate at an elevation
of 556 m above mean sea level on 18° -12"N
latitude and 74° -10"E longitude. The average
rainfall received annually is 517 mm mostly
during August to September. Maximum
temperature recorded in the month of
April-May, and minimum during January-
February. Maximum humidity 90% observed
during August/September and minimum
during the month of May. The climate is most
suitable for sugarcane crop due to bright and
clear sunshine. The soils of the experimental
plot were ‘Entisols’ type with textural class
clay loam, low in organic carbon, slightly
alkaline (pH 7.80) with normal electrical
conductivity. 

The field experiments were conducted in suru
(January/February planting) in two
consecutive plant cane and one ratoon
seasons. Most stable three sugarcane

genotypes viz. Co 86032, MS 10001, CoM 0265
were used under three irrigation regimes viz.
100 % ETc (I1), 75 % of ETc (I2) and 50 % of ETc 
(I3). Based on evapotranspiration (ETc) rate of
a crop in the field, irrigation was scheduled
using ‘Phule Jal’ software (Chavan et al..
2021). Drip irrigation at three days interval as
per treatment was used to irrigate the crop.
The experimental design was split plot design
with four replications. Poly tray seedlings at
spacing 120 cm x 60 cm in plot size 6 m x 4.80
m with recommended dose of fertilizer 250 kg
N: 115 kg P 2O 5: 115 kg K2O ha-1 grown on
28.8 m2 area per treatment and total
experimental area was 1036.80 m2, spacing
between lateral was 1.20 m, spacing between
drippers was 0.60 m, dripper discharge rate
was 4 L-hr maintained.

The yield contributing characters viz. cane
yield, CCS yield, number of milliable canes,
average cane weight, cane height, cane girth
etc. were recorded at harvest. The CCS yield
ha-1 was estimated using the formula, CCS
yield (t ha-1) = cane yield (t ha-1) X CCS% /100.
The quality characters CCS%, purity %, Brix
% and sucrose % of the juice were recorded at
harvest. The physiological characters viz.
chlorophyll content was measured using
SPAD (Soil Plant Analysis Development) and
relative leaf water content was measured at
different growth and irrigation conditions.
The relative leaf water content (RLWC %) was
computed using the formula RLWC (%) =
(Fresh weight- Oven dry weight) / (Turgid
weight – Oven dry weight)) X 100. 

The split plot design data was analyzed
statistically using statistical procedures
described by Panse and Sukhatme, (1967) and
the significance was tested by ‘’Variance ratio’’ 
i.e. “F” test (Gomez and Gomez, 1984). The
critical difference (CD) at 5 % level of
significance (p = 0.05) five percent level of
significance was used to test the significance
of results.
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Table 1. Effect of irrigation regime and varieties on number of millable cane and cane weight

Treatments NMC (*th ha-1) Average cane wt (kg)

I Plant II Plant Ratoon Pooled I Plant II Plant Ratoon Pooled

Irrigation Regimes
I1-100% ETc 103.93 104.46 105.09 104.49 1.47 1.40 1.38 1.42
I2- 75% ETc 104.02 103.53 98.41 101.99 1.46 1.39 1.38 1.41
I3- 50%  ETc 85.68 85.88 84.61 85.39 1.17 1.33 1.04 1.18
SE (m) ± 1.32 0.68 1.59 1.07 0.02 0.01 0.01 0.05
CD at 5% 4.57 2.35 5.50 4.22 0.05 0.05 0.05 0.19
Genotypes 
V1 : CoM 0265 96.47 95.57 94.04 95.36 1.44 1.43 1.31 1.39
V2 : Co 86032 103.15 103.12 101.56 102.61 1.22 1.25 1.13 1.20
V3 : MS 10001 94.01 95.17 92.51 93.89 1.45 1.45 1.36 1.42
SE (m) ± 0.94 0.83 0.75 0.68 0.01 0.01 0.02 0.01
CD at 5% 2.79 2.47 2.23 2.08 0.04 0.04 0.05 0.02
Interaction
SE (m) ± 1.62 1.44 1.30 1.17 0.03 0.03 0.03 0.01
CD at 5% 4.82 NS 3.87 3.60 0.08 0.08 0.08 0.03
Mean 97.88 97.95 96.04 97.29 1.37 1.37 1.27 1.34

(*th. ha- thousand hector)
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Results

Yield contributing morphological characters

All the results are based on three season data
(two planting and one ratoon) on pooled mean
basis. The yield contributing morphological
characters viz. number of milliable canes,
average cane weight, cane height and cane
girth shown variation as per irrigation
regimes (Table 1 to 3). These characters were
found significantly superior at 100% ETc than
rest of the treatments. However, number of
millable canes (101.99 th ha-1), average cane
weight (1.41 kg) observed at 75 % ETc were at
par with 100% ETc. Plant growth is mainly
considered to be reduced due to changes in
water relations of plants, oxidative stress in
the cells, reduced CO 2 assimilation, changed
membrane stability index to the injury level
within affected tissues and hampered enzyme
activities (Inman-Bamber et al., 2004; Ribeiro
et al., 2013). Reduction for NMC under
reduced water supply was reported by
Venkataramana et al., (1986). Among
varieties the results of average cane weight
and NMC were nonsignificant whereas, the
sugarcane variety CoM 0265 recorded
significantly highest cane height (235.99 cm)
followed by MS 10001 (233.49 cm) and was at
par. Cane length leads to final sink size in
sugarcane, reduction in height results in

reduced yield. Hemprabha et al., 2013 reported
drastic reduction in cane length than cane
diameter due to water shortage. Reduction in
cane height up to 80% due to moisture stress
was reported by Koehler et al. 1982. 

The characters viz. number of milliable canes
and average cane weight reported significant
interaction effects (Table 2). The variety Co
86032 reported significantly highest number of
milliable canes (111.31 th. ha-1) at 100% ETc
where as it was at par at 75 % ETc (108.13 th.
ha-1). Tillers formation in sugarcane is crucial
due to contribution in yield by acting as a
storage sink (Ramesh & Mahadevaswamy,
2000). Silva et al., (2008) reported higher tillers 
in wet treatments than the dry treatments.
More tillers irrespective of stress or cultivar
leads to more stalk number at harvest despite
tiller mortality indicate stability of the
genotype (Soopramanien & Julien, 1980). The
significantly highest average cane weight
shown by variety MS 10001 (1.51 kg) for 100%
ETc and 75 % ETc whereas, the variety CoM
0265 was at par at 100 % ETc (1.50 kg) and 75
% ETc (1.49 kg).  Cane weight is not influenced
by 25 % reduced water in variety MS 10001
may be due to its drought adopting characters.
Varying effects of stress due to different
genotypes on cane weight was reported by
Hemprabha et al., 2013.



Physiological Characters

Chlorophyll radiation parameter is one of the
moisture stress tolerance indicators in
sugarcane crop (Silva et al., 2013, da Graca et
al., 2010), it can be measured by relative
SPAD values. The SPAD values can be used
for screening for drought-tolerant and
drought-sensitive genotypes (Leanasawat et
al., 2021). In the present study the chlorophyll
content was influenced by irrigation levels at
90 DAP and 120 DAP (Table 4). The
chlorophyll content at 120 DAP was
significantly superior at 100% ETc (58.94) and
was at par at 75 % ETc (57.44). Reduced SPAD 
values for sugarcane leaves under moisture
stress were reported by Silva et al., (2013) and
Jain et al., (2015). Due to critical moisture
stress condition thylakoid membranes are
destroyed which may affect chlorophyll
content (Fang et al., 2015). Moisture stress
causes chlorophyll degradation by
photo-inhibition and photo-bleaching (Long et
al., 1994). Among varieties non-significant
results were reported however, the variety MS 
10001 reported numerically higher levels of
chlorophyll content 58.77 and 58.05 at 90 DAP
and 120 DAP respectively. It shows that even
at 25 % less water levels the variety MS 10001
can sustain effective photosynthetic activity
by avoiding chlorophyll degradation. The
interaction results were non-significant. As a
C4 plant, photosynthesis in sugarcane plays
important role to produce dry matter and
chlorophyll content in leaves decides
photosynthesis rate. Water stress caused

reduction in chlorophyll level but variation
among genotypes was detected by Silva et al.,
(2007).

The relative leaf water content (RLWC) is
significantly influenced by irrigation regimes
(Table 5). The RLWC reduced as per reduced
levels of water. At 50% ETc the RLWC was
non-significant for both 90 and 120 DAP.
Significantly highest RLWC was reported at
100% ETc i.e. 86.04 %, 84.49 % at 90 and 120
DAP respectively and it was at par at 75 % ETc 
for 90 and 120 DAP. The photosynthetic
apparatus depends on relative leaf water
content of the cell. It is important key
indicator of the degree of cell and tissue
hydration and crucial for optimum
physiological functioning and growth. The
reduction in RLWC in plants at moisture
stress condition is likely to be the effect of
stomatal conductance as leaf transpiration
controlled by opening and closing of stomata
(Taiz and Zeiger, 2006). Among varieties the
RLWC at 120 DAP reported significant results 
and the variety MS 10001 reported
significantly highest RLWC (83.58%) at 120
DAP and the variety CoM 0265 was at par
(81.67%). The interaction results at 120 DAP
of the varieties were significant and variety
MS 10001 reported significantly highest
RLWC 87.11% at 100% ETc and was at par at
75 % ETc (86.46%) at 120 DAP (Table 6).
Another variety CoM 0265 was also found at
par for RLWC at 100% ETc (85.49%) at
120DAP. Thus, the genotype MS 10001 may
have ability to maintain protoplast hydration
for a longer duration under moisture stress
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Table 2. Interaction of irrigation regimes and varieties on number of millable cane and cane
weight

Irrigation
Regimes

NMC (*th ha-1) Av. Cane w (Kg)

CoM 0265 Co 86032 MS 10001 Mean CoM 0265 Co 86032 MS 10001 Mean

I1-100% ETc 103.82 111.31 98.35 104.49 1.50 1.25 1.51 1.42

I2- 75% ETc 99.36 108.13 98.47 101.99 1.49 1.23 1.51 1.41

I3- 50%  ETc 82.90 88.40 84.87 85.39 1.19 1.11 1.24 1.18

Mean 95.36 102.61 93.89 97.29 1.39 1.20 1.42 1.34

SE (m) ± 1.17 0.01

CD at 5% 3.60 0.03



conditions. Silva et al., (2010) reported
reduction in RLWC due to reduced levels of
water however, it was differed among
genotypes. 

According to morphological characteristics
such as waxiness, erect pointed leaves etc.
help some genotypes to maintain higher
amount of water in the leaves during moisture
stress results in higher tolerance in these
genotypes because more capacity to save
water does not limit CO2 absorption so much
and thus the photosynthetic efficiency as the
integrity of PSII system is better preserved
(Maxwell and Johnson, 2000).

The characteristic of maintaining a higher

amount of water in the leaves during drought
results in higher tolerance for some clones,
because higher capacity of saving water does
not limit the CO2 absorption so much and
consequently, the efficiency of the
photosynthetic process, due to better
preservation of the integrity of the PSII
system (Maxwell and Johnson, 2000). Silva et
al., (2007) reported positive correlation
between RWC and drought tolerance in
sugarcane. Studies have shown that
maintenance of RLWC during mild water
stress is indication of moisture tolerance
(Jamaux et al., 1997; Altinkut et al., 2001;
Colom and Vazzana, 2003). 
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Table 3. Effect of irrigation regime and varieties on cane height and cane girth

Treatments Cane height (cm) Cane girth (cm) 

I Plant II Plant Ratoon Pooled I Plant II Plant Ratoon Pooled

Irrigation Regimes

I1-100% ETc 230.98 259.10 237.33 242.47 11.27 10.56 10.64 10.82

I2- 75% ETc 217.38 248.39 228.81 231.53 10.97 9.79 10.38 10.38

I3- 50% ETc 193.03 227.58 196.19 205.60 10.20 9.17 9.63 9.67

SE (m) ± 3.89 5.09 4.21 1.93 0.10 0.17 0.28 0.08

CD at 5% 13.44 17.60 14.58 7.59 0.36 0.58 NS 0.33

Genotypes 

V1 : CoM 0265 216.98 255.89 235.11 235.99 10.93 9.84 10.51 10.43

V2 : Co 86032 205.08 223.94 201.33 210.12 10.40 9.33 9.48 9.74

V3 : MS 10001 219.34 255.24 225.89 233.49 11.10 10.35 10.66 10.70

SE (m) ± 4.99 6.53 5.44 2.55 0.22 0.16 0.17 0.07

CD at 5% NS 19.39 16.17 7.84 NS 0.47 0.49 0.23

Interaction

SE (m) ± 8.64 11.30 9.43 4.41 0.38 0.27 0.29 0.13

CD at 5% NS NS NS NS NS NS NS NS

Mean 213.80 245.02 220.78 226.53 10.81 9.84 10.22 10.29

Table 4. Effect of irrigation regime and varieties on chlorophyll content (SPAD values)

Treatments **SPAD at 90 DAP **SPAD at 120 DAP

I Plant II Plant Ratoon Pooled I Plant II Plant Ratoon Pooled

Irrigation Regimes

I1-100% ETc 60.40 60.03 56.44 58.96 58.01 59.91 58.89 58.94

I2- 75% ETc 58.89 57.93 55.24 57.35 56.88 58.25 57.19 57.44

I3- 50% ETc 56.59 55.80 53.78 55.39 51.46 55.71 54.59 53.92

SE (m) ± 0.44 0.87 1.43 0.24 0.14 0.89 0.87 0.50

CD at 5% 1.51 3.00 NS 0.96 0.48 3.09 3.01 1.98



Juice quality 

Brix, sucrose, CCS and purity per cent were
not differed significantly due to different
irrigation regimes during all the seasons on
pooled mean basis (Table 7, 8). The irrigation
regime 50% ETc recorded numerically higher
levels of brix, sucrose, CCS percentage.
However, Jaiphonga et al., (2016) reported
higher sucrose in early periods of drought but
during prolonged drought lower sucrose was
reported. Similar results were reported by
Robertson et al., (1999). Wiendenfield (2000)
revealed drought at grant growth stage for six
weeks in sugarcane leads to decreased sucrose
content. In this study a continuous moisture

stress was applied through the season which
may force the crop to adapt for the drought
condition. The treatment with lower water has 
accumulated sucrose at constant rate due to
adaptability whereas; due to less availability
of physiological water concentration of the
sucrose may have increased in the sink cells.
Mishra et al., 2016 reported increase in brix in
freshly harvested drought-imposed canes.
Among the varieties significantly maximum
sucrose (19.56%), CCS (13.95%) and purity
(94.62%) was reported in MS 10001 and found
at par with Co 86032 on pooled mean basis.
Thus, juice quality parameters were less
influenced by different irrigation regimes and
are the characters of individual varieties.  
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Genotypes 

V1 : CoM 0265 59.01 58.17 54.76 57.32 56.08 58.03 56.96 57.02

V2 : Co 86032 57.36 55.63 53.86 55.62 53.16 56.59 55.92 55.22

V3 : MS 10001 59.50 59.96 56.85 58.77 57.11 59.25 57.79 58.05

SE (m) ± 0.57 1.13 0.87 0.25 0.30 0.87 0.99 0.27

CD at 5% 1.69 3.36 NS 0.78 0.91 NS NS 0.83

Interaction

SE (m) ± 0.99 1.96 1.50 0.44 0.53 1.50 1.71 0.47

CD at 5% NS NS NS NS NS NS NS NS

General Mean 58.63 57.92 55.16 57.23 55.45 57.96 56.89 56.77

(**SPAD- Soil plant analysis device values)
Table 5. Effect of irrigation regime and varieties on relative leaf water content (RLWC)%

Treatments RLWC % at 90 DAP RLWC % at 120 DAP

I Plant II Plant Ratoon Pooled I Plant II Plant Ratoon Pooled

Irrigation Regimes

I1-100% ETc 85.19 87.72 85.22 86.04 85.35 82.49 85.63 84.49

I2- 75% ETc 83.47 84.81 84.09 84.12 83.77 81.41 83.00 82.73

I3- 50% ETc 76.37 78.04 79.25 77.89 73.63 75.55 74.95 74.71

SE (m) ± 0.78 1.48 1.29 0.58 0.39 0.76 0.61 0.80

CD at 5% 2.71 5.13 4.48 2.28 1.34 2.62 2.10 3.15

Genotypes 

V1 : CoM 0265 82.43 83.29 82.01 82.58 82.74 80.76 81.52 81.67

V2 : Co 86032 78.74 81.85 81.56 80.72 76.33 75.50 78.19 76.68

V3 : MS 10001 83.86 85.43 84.99 84.76 83.67 83.19 83.88 83.58

SE (m) ± 0.44 0.91 0.79 0.45 0.55 0.40 0.62 0.36

CD at 5% 1.31 2.71 2.34 1.38 1.64 1.19 1.83 1.10

Interaction 

SE (m) ± 0.77 1.58 1.37 0.78 0.95 0.69 1.07 0.62



Cane yield and CCS yield

Drip irrigation at three days interval based on
evapotranspiration (ETc) rate as per
treatment was used to irrigate the crop. The
cane yield and commercial cane sugar (CCS)
yield with respect to varieties has been
influenced by irrigation regimes and was 

found significant (Table 9). Significantly
highest cane yield was recorded at 100% ETc
(147.65 t ha-1) however, 75 % ETc (143.27 t
ha-1) was at par. The irrigation regime 50%
ETc reported 95.27 t ha-1 cane yield which was
33% less than the yield at 75% ETc. The yield
levels reduced as per reduced water
application however, the yield levels at 75 %
ETc were reduced to the tune of only 2.96 %
over the yield at 100% ETc. These results
indicate that at 25 percent reduced water
levels under drip irrigation on
evapotranspiration basis the sugarcane crop
may adapt its physiological functions to
produce optimum yield. However, water levels 
reduced more than 25 percent may results in
disturbances in physiological functions of the
crop and leads to reduced yields. Thiyagarajan 
et al. (2011) reported significantly higher
sugarcane yield at 60% PE under drip
irrigation. Venkataramana et al., (1986)
observed reduction for cane yield under
reduced water supply. Singh and Reddy (1980) 
reported reduction in cane yield at 60-20%
decreased soil moisture under tropical Indian
conditions. Among varieties, the variety CoM
0265 recorded significantly higher cane yield
(134 t ha-1) followed by MS 10001 (132 t ha-1)
and was at par. Interactions for irrigation
levels and varieties for cane yield reported
significant results and the variety CoM 0265
recorded highest cane yield (155.18 t ha-1) at
100% ETc and it was at par at 75 % ETc (Table
10). Also, the sugarcane variety MS 10001 was 
found at par at 100% ETc (148.54 t ha-1) and
75% ETc (148.34 t ha-1). At 25 % reduced water 
levels the sugarcane variety CoM 0265
recorded only 4.34% reduction in yield

whereas, MS 10001 recorded only 0.13%
reduction in yield this indicates the
adaptability of the individual variety against
moisture stress. Upon 50 % reduced water
levels the variety CoM 0265 recorded 33 %
reduction in yield and the variety MS 10001
recorded 34.17 % reduction thus the water
level is not tolerable. Mohanraj et al., 2021
found that the sugarcane variety CoM 0265
have higher stress tolerance index and greater 
ability to partition dry matter in to stalks
under drought than the other clones. The
variety MS 10001 has shown better results
under moisture stress as female parent of the
genotype is CoM 0265. The yield of both the
varieties has not considerably influenced
under 25 % less water, indicates their capacity 
to maintain growth in moisture stress
condition. Crop plants exhibiting drought
avoidance are able to stabilize yield under
drought (Serraj et al., 2004). Photosynthetic
potential, metabolic processes and growth
rates are affected by moisture stress hence,
the varieties having abilities to maintain
optimum stomatal diffusion during critical
growth stages are important for cultivation
under moisture stress situations (Jones and
Rawson, 1979). Similar findings were reported 
by Hemprabha et al., 2013). Similar trend was
observed in CCS yield. The CCS yield at 75%
ETc (19.77 t ha-1) was significantly highest
and at 100% ETc (19.75 t ha-1) it was at par
(Table 9). The variety MS 10001 recorded
significantly highest CCS yield (18.33 t ha-1)
and the variety CoM 0265 (17.79 t ha-1) was at
par on pooled mean basis. Interactions for
CCS yield were significant and the variety MS
10001 showed highest CCS yield (20.71 t ha-1)
at 75% ETc and was at par at 100% ETc (Table
10). Also, the variety CoM 0265 was at par at
100% ETc (20.38 t ha-1) and 75 % ETc (20.04 t
ha-1). Thus, for CCS yield the irrigation regime 
75 % ETc and genotype MS 10001 was found
superior among all followed by CoM 0265. 
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Table 6. Interaction effect of irrigation regime and varieties on RLWC % at 120 DAP

Irrigation Regimes
RLWC % 

CoM 0265 Co 86032 MS 10001 Mean

I1-100% ETc 85.49 80.87 87.11 84.49
I2- 75% ETc 84.83 76.89 86.46 82.73
I3- 50%  ETc 74.70 72.26 77.17 74.71
Mean 81.67 76.68 83.58 80.64
SE (m) ± 0.62
CD at 5% 1.91

Table 7. Effect of irrigation regime and varieties on brix and sucrose % at harvest

Treatments Brix % Sucrose %

I Plant II Plant Ratoon Pooled I Plant II Plant Ratoon Pooled

Irrigation Regimes
I1-100% ETc 19.48 20.77 20.89 20.38 18.35 19.07 19.33 18.92
I2- 75% ETc 19.77 21.16 20.71 20.55 19.14 19.42 19.58 19.38
I3- 50%  ETc 19.73 21.54 20.92 20.73 18.84 19.73 20.00 19.52
SE (m) ± 0.25 0.21 0.17 0.12 0.28 0.22 0.19 0.12
CD at 5% NS NS NS NS NS NS NS NS
Genotypes 
V1 : CoM 0265 19.44 20.48 20.84 20.25 18.38 18.61 19.40 18.79
V2 : Co 86032 19.52 21.34 21.28 20.71 18.52 19.83 20.04 19.46
V3 : MS 10001 20.02 21.65 20.40 20.69 19.44 19.78 19.47 19.56
SE (m) ± 0.25 0.25 0.16 0.17 0.23 0.24 0.18 0.16
CD at 5% NS 0.74 0.47 NS 0.68 0.71 0.54 0.50
Interaction 
SE (m) ± 0.44 0.43 0.27 0.29 0.40 0.41 0.31 0.28
CD at 5% NS NS NS NS NS NS NS NS
General Mean 19.66 21.16 20.84 20.55 18.78 19.41 19.64 19.27

Table 8. Effect of irrigation regime and varieties on CCS and purity % at harvest

Treatments CCS % Purity %

I Plant II Plant Ratoon Pooled I Plant II Plant Ratoon Pooled

Irrigation Regimes
I1-100% ETc 13.07 13.43 13.66 13.38 94.19 91.83 92.58 92.86
I2- 75% ETc 13.78 13.66 13.96 13.80 96.80 91.73 94.57 94.37
I3- 50%  ETc 13.50 13.87 14.33 13.90 95.49 91.39 95.57 94.15
SE (m) ± 0.22 0.17 0.14 0.11 0.69 1.24 0.24 0.59
CD at 5% NS NS 0.49 NS NS NS 0.83 NS
Genotypes 
V1 : CoM 0265 13.11 13.04 13.74 13.29 94.56 90.89 93.13 92.86
V2 : Co 86032 13.22 14.03 14.26 13.84 94.87 92.73 94.12 93.91
V3 : MS 10001 14.02 13.89 13.94 13.95 97.06 91.33 95.47 94.62
SE (m) ± 0.17 0.18 0.15 0.13 0.39 0.81 0.44 0.40
CD at 5% 0.49 0.53 NS 0.39 1.16 NS 1.30 1.22
Interaction 
SE (m) ± 0.29 0.31 0.26 0.22 0.68 1.39 0.76 0.69
CD at 5% NS NS NS NS NS NS NS NS
General Mean 13.45 13.65 13.98 13.70 95.50 91.65 94.24 93.79

Water use efficiency
Water use efficiency (WUE) shows the ability of crop to convert available water to biomass (Ali
et al., 2005). The highest WUE was observed at 75% ETc (1166.50 kg ha cm-1) followed by 50%
ETc (1011.79 kg ha cm-1) as compared 100% ETc (969.02 kg ha cm-1) (Table 11). The percent
WUE at 75 % ETc was 20% more and at 50% ETc it was 4 % more than the WUE at 100% ETc.
However, the reduction in cane yield at 75 % ETc was only 2.96 % and at 50% ETc, it was 35.48%
over the yield at 100% ETc. Thus, 25 % reduced water levels are more economical from water
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saving point of view. Among varieties maximum water use efficiency was observed in CoM 0265
(1088.30 kg ha cm-1) and MS 10001 (1068.96 kg ha cm-1) than Co 86032 (979.68 kg ha cm-1)
during all the seasons. The percent WUE of the variety CoM 0265 was 11.08 % more and MS
10001 was 9.11 % more than the variety Co 86032. It may be due to strong root system
(Jangpromma et al., 2012) or reduced stomatal conductance than photosynthesis due to
stomatal closing and relatively higher carboxylation capacity in response to drought (Gilbert et
al., 2011). Crop plants with greater WUE are associated with greater use (Seghatoleslami et al.,
2008; Songsri et al., 2009). The crops that can maintain high WUE under drought or irrigated
conditions are considered as drought tolerant in terms of total dry matter production
(Jongrunklang et al., 2008).
Table 9. Effect of irrigation regimes and varieties on cane and CCS yield

 Treatments Cane yield (t ha-1) CCS yield (t ha-1)

I Plant II Plant Ratoon Pooled I Plant II Plant Ratoon Pooled

 Irrigation  Regimes
I1-100% ETc 151.96 146.00 145.00 147.65 19.85 19.61 19.80 19.75
I2- 75% ETc 151.14 143.42 135.25 143.27 20.84 19.59 18.89 19.77
I3- 50%  ETc 100.18 98.00 87.62 95.27 13.54 13.59 12.55 13.23
SE (m) ± 2.72 0.87 1.80 4.32 0.36 0.21 0.30 0.65
CD at 5% 9.41 3.02 6.23 16.97 1.26 0.73 1.04 2.55
Genotypes 
V1 : CoM 0265 140.16 137.19 124.59 134 18.41 17.89 17.08 17.79
V2 : Co 86032 126.43 119.5 115.89 121 16.71 16.77 16.44 16.64
V3 : MS 10001 136.70 130.73 127.38 132 19.11 18.16 17.72 18.33
SE (m) + 2.05 1.47 1.92 1.31 0.41 0.23 0.36 0.23
CD at 5% 6.10 4.37 5.71 4.05 1.22 0.67 NS 0.72
Interaction 
SE (m) ± 3.56 2.55 3.33 2.47 0.71 0.39 0.62 0.40
CD at 5% 10.57 7.57 9.89 7.61 NS 1.17 NS 1.24
General Mean 134.43 129.14 122.62 128.73 18.08 17.60 17.08 17.59

Table 10. Interaction effect of irrigation regime and varieties on cane and CCS yield 

Irrigation
Regimes

Cane yield (t ha-1) CCS yield (t ha-1)

CoM 0265 Co 86032 MS 10001 Pooled CoM 0265 Co 86032 MS 10001 Pooled

I1-100% ETc 155.18 139.23 148.54 147.65 20.38 18.68 20.16 19.74
I2- 75% ETc 148.44 133.04 148.34 143.27 20.04 18.54 20.71 19.76
I3- 50% ETc 98.32 91.00 97.65 95.66 12.96 12.65 14.1 13.24
Mean 133.98 121.09 131.51 128.86 17.79 16.62 18.32 17.58
SE (m) ± 2.47 0.40
CD at 5% 7.61 1.24

Table 11 Effect of irrigation regimes and genotypes on water use efficiency of sugarcane (I Plant,
II Plant, Ratoon and Pooled)

Treatments

Water applied (cm) Effective rainfall (cm) Total water used (cm)
Water use efficiency (kg ha

cm-1)
Incre
ase in 
WUE
(%)

I
Plant

II
Plant

Ratoo
n

Poole
d

I
Plant

II
Plant

Ratoo
n

Poole
d

I
Plant

II
Plant

Ratoo
n

Poole
d

I
Plant

II
Plant

Ratoo
n

Poole
d

Irrigation Regimes
I1-100% ETc 141.5

0
137.5 121.5 133.5 17.50 19.55 19.55 18.87 159.0

0

157.0
5

141.0
5

152.3
7

955.7
2

929.6
4

1028.
00

969.0
2

—

I2- 75% ETc 106.1
2

103.1
2

91.12 100.1
2

21.00 23.55 23.55 22.70 127.1
2

126.6
7

114.6
7

122.8
2

1188.
95

1132.
23

1179.
47

1166.
50

20.37

I3- 50%  ETc 70.75 68.75 60.75 66.75 25.04 28.60 28.60 27.41 95.79 97.35 89.35 94.16 1045.
82

1006.
68

981.3
1

1011.
79

4.41

Genotypes 
V1 : CoM 0265 106.1

2z
103.1
2

91.12 100.1
2

21.18 23.9 23.9 22.99 127.3 127.0
2

115.0
2

123.1
1

1101.
02

1080.
07

1083.
20

1088.
30

—



Naturally, all the three sugarcane varieties
shown maximum production potential at
normal (100 % ETc) water regimes and drastic
reduction in at 50 % reduced water levels. The
juice quality parameters were not
significantly influenced by irrigation regimes.

The sugarcane variety MS 10001 was found
superior for major yield contributing
characters i.e. CCS yield, average cane weight, 
cane girth, etc. at 75 % ETc followed by CoM
0265 signifies their production potential
under limited water. Due to production
potential even under 25 percent reduced water 
levels the variety MS 10001 may be considered 
for cultivation under moisture stress
situations or water savings through drip
irrigation system due to its drought avoiding
morpho-physiological characteristics
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Abstract

Citrus fruits are among the most consumed
fruits worldwide because of their stimulating
flavor and beneficial health properties. This
study was designed to formulate the
appropriate concentrations of plant growth
regulators and activated charcoal for
micropropagating lemons. In the present
work, both direct and indirect organogenesis
was used to successfully regenerate Citrus
limon in vitro. With the help of
6-Benzylaminopurine (BAP) alone or in
combination with -Naphthalene Acetic Acid
(NAA), callus was activated and multiplied
from leaf explants of in vitro grown seedlings
on Murashige and Skoog (MS) media for
indirect organogenesis. 

Keywords: Citrus limon, micropropagation,
phytohormones, growth regulators, BAP,
NAA.

Introduction

Micropropagation is a powerful tool for
large-scale multiplication of horticultural
crops. It is a rapid technique, where mass
multiplication of ornamental, timber and fruit
trees can be achieved in a relatively short time
with high fidelity index. Citrus is the one of
the genera that is most frequently planted and 

is famous for producing fruits including
oranges, mandarins, lemons, limes and
grapefruits. Micropropagation is a boon in
cases where no other vegetative propagation
method is available such as in citrus and in
cases where an acceptable rate of
multiplication cannot be achieved by
conventional tools. One of the most significant
commercial fruit crops in more than 100
nations is citrus fruit (Barlass and Skene,
1999). Citrus is the second largest produced
fruit crop in the world after bananas (> 108
million tonnes) (FAO statistics, 2006). India
ranks sixth in the production of citrus fruits
and is the world’s top producer of lemons and
limes, according to UN data from 2007. About
30% of citrus fruits are processed to create
different products, mostly juice. Citrus is a
widely produced fruit that is mostly grown in
tropical and subtropical climates. Citrus is a
member of the Rutaceae family, along with the 
closely related genera Fortunella, Poncirus,
Eremocitrus, and Microcitrus. Citrus is also
subjected to various biotic stresses, especially
caused by virus and viroids which limit the
vigor, yield and quality of the plant. So, it is
imperative to apply the in vitro culture
technique to produce more disease-free plants
of Citrus (Tisserat and Murashige, 1977).
Citrus genus ranges between 16 and 156
species, depending on the taxonomist. The
four divisions that make up the citrus race are
orange, mandarin, lemon and acid. Each
category has a variety of species and each
species contains a number of strains and
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variations (Hasan et al., 2019; Rangan and
Murashige, 1968). Although citrus is grown all 
throughout India, the majority of the nation’s
production is focused in the states of Andhra
Pradesh and Maharashtra (Murashige and
Skoog, 1962).

Citrus may be spread using both sexual and
asexual means; typically, rootstocks are
spread through seeds, whilst the majority of
commercial types are spread using a variety of
asexual techniques (Chaudhary et al., 1994).
Citrus plants cannot be quickly adopted and
replaced with new types due to conventional
vegetative propagation’s lengthy process,
dependence on the season and lack of plant
material. Since the seeds of the majority of
citrus species are polyembryonic, seedlings
are utilized both for growing uniform rootstock 
and for direct planting. Citrus viruses are not
spread through seeds, thus it also helps to
grow healthy plants; however, the same
method cannot be used to propagate genotypes 
that lack seeds. The existence of natural
poly-embryony in certain Citrus species offers
an effective method for mass reproduction
without harming the mature tree
(Rangaswamy, 1961; Sabharwal, 1963;
Tisserat and Murashige, 1977; Gavish et al.,
1991). There are also a few seedless citrus
clones that are important economically but
can only be produced in big quantities by
vegetative tissues. Instead, because it ensures
the highest genetic uniformity of the progeny
plants, axillary bud proliferation is widely
utilized for citrus in vitro propagation
(Haberlandt, 1902). Using tissue culture
techniques on MS medium with varying
hormone concentrations (auxin and
cytokinin), the aim of this study was to obtain
the largest average number of branches from
axillary bud cultures.

Materials and Methods

Preparation and sterilization of culture
medium

Young meristem cutting explants were
injected into sterilized MS medium that had

received varying concentrations of plant
growth regulators (Noori et al., 2018). The
culture media included a variety of elements,
including macronutrients, micronutrients,
sugar and vitamins (thiamine and
myo-inositol). The medium’s pH was adjusted
to 5.8 and it was then cooked in the microwave
for 10 minutes until translucent. The medium
was placed into the bottles and autoclaved at
121°C with 15 psi pressure.

Surface sterilization 

To eliminate any bacteria or fungal spores
that may be present in the explant, plant
material must first be sterilized. Fresh plant
materials (i.e., sound young meristems) were
obtained by removing the leaf sheath from
six-month-old, field-grown plants. These
fragile meristems were cut into tiny pieces,
each measuring between one and five
millimeters. The explants were adequately
cleaned for five minutes under running water
before being put in the laminar air flow
cabinet. A final rinse of 0.1% mercuric chloride 
(HgCl2) was applied after the juvenile
meristem explants had been treated for a
minute with 10% sodium hypochlorite, 70%
alcohol and other chemicals.

After thoroughly cleaning the explant i.e.,
immature meristem, three times with sterile
distilled water, they were injected into the
sterile nutrient agar media. The
aforementioned operations were performed in
the laminar airflow cabinet under aseptic
conditions.

Incubation 

Cultures were incubated in a culture
environment at a temperature of 26°±2°C and
under a photoperiod of 16/8 hours of light and
dark.

Plant Growth

Studies have established that when explant is
put under a fluorescent or grow lamp that
offers at least 12 hours of light each day, the
shoots will probably mature more quickly. The 
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culture tubes were placed inside the BOD
incubator and temperature was maintained at 
28°C. By two weeks, new shoots began to
emerge. The tubes were regularly examined
for signs of infection and if present, were
discarded. In three weeks, formation of buds
was observed. The rooting hormones were
required for the medium’s appropriate
development after bud formation. Under the
same sterile circumstances, these were
transferred to the second rooting medium. By
the fourth week, cultured plants showed
distinctly formed structures. Within the fifth
week, the plant’s roots started to develop.

The original nodal segments’ sprouting shoots

were subcultured on MS medium supplemented

with various growth regulators, such as BAP at 2.0 

or 4.0 mg/l with 0.2 or 0.5 mg/l NAA. The following

combinations of the growth regulators, BAP and

NAA were used:
Table1: Different concentrations of plant
growth hormone for shoot proliferation.

S.No.
Treatment

No.

Concentration (mg/l)

BAP NAA

1 T-1 2.0 + 0.2

2 T-2 2.0 + 0.5

3 T-3 4.0 + 0.2

4 T-4 4.0 + 0.5

5 T-5 6.0 + 1

Root Proliferation

IBA, an auxin, was introduced to the MS
medium with or without activated charcoal
(200 mg/l) at concentrations of 2 or 4 mg/l to
promote effective and speedy root initiation.
Every treatment included a steady addition of
sucrose (30 g/l.).
Table 2: Different concentrations of auxin with
activated charcoal for root proliferation

S.No
Treatment

No. 
Details

Concentration 
(mg/l)

1 T-1 IBA 2.0

2 T-2 IBA 4.0

3 T-3 IBA+AC 2.0+200

4 T-4 IBA+AC 4.0+200

5 T-5 IBA+AC 6.0+200

Acclimatization

Acclimatization was also done to the

well-developed cultures. The micro-plants
were placed aseptically in a glass jar with a
polythene cover. The jars contained agro-peat:
soil (1:1) moistened with MS (1/4 salts) devoid
of calcium, organics, growth regulators and
sucrose components. The pH of the medium
fluctuated between 5.75 and 5.85. The
cultured pots were sealed with rubber bands
after being covered in polythene. The culture
was maintained in the culture chamber for
two weeks. The relative humidity within the
polythene cover (200 gauge) was gradually
reduced by opening the cap or making four to
five pinholes every day.

The hardened plantlets were then placed in
12-inch clay pots, each of which contained 20
gms of neem cake, one full teaspoon of bone
meal, and a mixture of Farm Yard Manure
(FYM), sand and garden soil (2:1:2:1). These
pots were then kept in the field.

In the current investigation, the direct shoot
organogenesis was accomplished without
callus formation, being the goal.  The
fortification of basal medium was discovered
to be crucial since basal media devoid of
growth material failed to react in any of the
species explant cultures.  The reaction was
triggered by the addition of cytokinin (BAP)
and different BAP doses had varying effects.
The response for many parameters was
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further enhanced greatly by the addition of
auxin (NAA).  It is generally known that when
cytokinin and auxin ratios are just right, the
dormant meristematic zone on the axillary
bud area of the node starts to commence shoot
organogenesis or differentiation. It was
discovered that synthesized cytokinin was
more effective and stable in the media.

The findings in the table show that there was a 
significant variation in shoot multiplication
and mean shoot length across the citrus
genotypes. The maximum number of shoots
per culture was 3.52 shoots per explant with
the therapy 4.0 mg/l BAP + 0.5 mg/l NAA. In
Citrus limon, the medium supplemented with
4.0 mg/l BAP + 0.2 mg/l NAA produced the
longest shoots (4.1 cm), followed by 4.0 cm
with 4.0 mg/l BAP + 0.5 mg/l NAA.

Root Multiplication

The auxin levels in supplementary medium
with and without charcoal have a positive
effect on the rooting of microshoots. The
results advocated that IBA (2.0 mg/l) +
activated charcoal (200 mg/l) resulted in the
greatest rooting in Citrus limon, followed by
90.8%. In MS medium for Citrus limon, the
maximum is delayed by 4.0 mg/l IBA + 200

mg/l activated charcoal.   The capacity to move
plants out of culture on a wide scale with a

high survival rate is critical to the ultimate
success of plant tissue culture as a commercial 
method of plant multiplication. Water stress
during acclimatization has been identified as a 
primary factor of decreased survival during
the hardening.

The reduced survival may be attributed to the
physiological changes that take place during
the transition of sampling from heterotrophic
to autotrophic condition survival during
hardening of Citrus limon. 

Fig. 1: Micropropagation of C. limon through nodal
segment: A. Inoculation of explant into the MS
medium. B. Production of shoot in 15 days of C.
limon on amended MS + BAP (2µl) + NAA (0.5µl).
C. Transfer of explant into the activated charcoal 
after 30 days having plant growth hormone. 
D. Production of multiple shoots in 4.5 days by
repeated transfer of explants amended on MS +
BAP (4µl) + NAA (0.5 µl) . E. Transfer of shoots
into the activated charcoal media after 8 days
amended on MS + IBA (2µl)+Activated charcoal
(200 mg/l). F. well-developed rooted in 18.4 days
of C. limon by repeated transfer of microshoots
plantlets.   
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Conclusion 

The study was successful to develope a direct
and indirect organogenesis- based
micropropagation  technique for Citrus limon.
The MS medium reinforced with BAP and
NAA, which is useful for bulk multiplication of 
selected elite cultivars, generated the best
results for direct organogenesis. Similarly, the
explants grown in MS medium with IBA and
activated charcoal produced the best results
for indirect organogenesis. This strategy may
be useful in the future for the regeneration of
new “Citrus limon.” The IBA containing MS
medium and activated charcoal was able to
stimulate 90.8% root development in vitro
produced microshoots, although further trials
are required to validate this study for the
survival of these in vitro developed plants in
outdoor conditions.
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Abstract

Plant biotechnologies are a broad category of
methods and tools that include molecular
genetics, recombinant DNA research, genome
characterization, gene-transfer techniques,
aseptic cell, tissue, and organ growth, uniform
plant regeneration, and plant tissue culture.
Plant tissue culture is a collection of in vitro
techniques, procedures, and tactics that fall
under the umbrella of plant biotechnology.
Tissue culture has been used to increase
genetic variability in agricultural plants,
improve the health of the planted material,
and increase the number of attractive
germplasms available to plant breeders.
Tissue-culture procedures are available for
the majority of agricultural species, albeit
many crops, particularly cereals and woody
plants, require ongoing optimisation. Tissue
culture techniques, in conjunction with
molecular approaches, have been utilised
successfully to include certain features via
gene transfer. Millions of plants are produced
in large-scale micropropalgation laboratories
for the commercial decorative industry and
the agricultural, clonally-propagated crop
sector. With selected laboratory material often 
taking one or two decades to reach the
commercial market via plant breeding, this
technology can be predicted to have an
ever-increasing impact on agricultural
development as the millennium approaches.

Key words: Tissue culture, gene transfer,
micropropagation, genetic variability,
recombinant DNA

Introduction

Plant tissue culture is the in vitro aseptic
culture of cells, tissues, organs or whole plant
under controlled nutritional and
environmental conditions often to produce
clones of plants (Thorpe, 2007). The controlled
conditions provide the culture an environment 
conducive for their growth and multiplication.
These conditions include proper supply of
nutrients, pH medium, adequate temperature
and proper gaseous and liquid environment.
Plant tissue culture technology is being widely 
used for large scale plant multiplication.
Apart from their use as a tool of research,
plant tissue culture techniques have in recent
years, played an important role in the area of
plant propagation, disease elimination, plant
improvement and production of secondary
metabolites, using small pieces of tissue
(named explants) to produce hundreds and
thousands of plants in a continuous process. A
single explant can be multiplied into several
thousand plants in relatively short time period 
and space under controlled conditions,
irrespective of the season and weather on a
year round basis (Akin-Idowu et al., 2009).
Commercial production of plants through
micropropagation techniques has several
advantages over the traditional methods of
propagation through seed, cutting, grafting
and air-layering etc. It is rapid propagation
processes that can lead to the production of
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virus free plants (Garcia-Gonzales et al.,
2010). Tissue culture is also useful in
regeneration of genetically modified cells into
whole plants as well as in embryo rescue
techniques (Bio Vision, 2008). Ilan and
Workafes (2011) have put on record the
advantages and disadvantage of this method
as that controlled environment and controlled
development of the plants enable very rapid
multiplication rate and clean conditions for
plant development that produce micro-plants
free of many pests and diseases. 

The basic objective of this review is to describe
the tissue culture techniques, various
developments, present and future trends and
its application in various fields.

Requirements for plants tissue culture: 

a) Aseptic condition for tissue culture:
The aseptic condition must be required for
the plant tissue culture because aseptic
condition avoid to contamination. Tissue
culture will be done with completely fresh
and clean aseptic condition. 

b) Surface Sterilization: Equipment should
be sterilized by dry and wet heat sterilize
and as well as chemical sterilize agents.
Most important sterilized through the
autoclave at 120°C at 15 pci for 15 pci for 15
to 20 minutes. Some of chemical agents such 
as alcohol that are used for surface sterilize
of working area and laminar air flow, it is
used for inoculation of explant MS Media. 

c) Apparatus and equipment: Many
apparatus such as conical flasks, test tubes,
Petri plates, plant tissue culture glass jar
etc. and equipment such as autoclave,
laminar air flow, hot air oven etc. are used in 
plant tissue culture.

d) Nutrients Medium: The nutrient medium
of Plant tissue culture contain
macronutrient, micronutrient, vitamins,
amino acid, plant growth regulator, carbon
sources and solidifying agents such as
agarose for plants growth and development
(Murashige and Skoog, 1962)

Plant tissue culture Methods 

There are various types of plant tissue culture

methods which are used for in vitro
propagation and quality maintenance and
improvements. Very fast developments have
been taken place in the area of plant cell
culture. Micropropagation with the view of its
viable commercial applications. For the
purpose of micropropagation of planting
materials, the procedure of it starts with the
selection of plant tissues (explant) from a
disease free healthy, vigorous mother plant
(Murashige, 1974). The tissue culture
methods are:

1. Micropropagation 

Micropropagation is the practices of rapidly
multiplying stock plant material to produce a
large number of plants progeny using modern
plant tissue culture method. The selection of
explant from fresh mother plant for the
development of disease free and healthy
plants (Murashige, 1974). Any part of the
plant can be used as explant such as leaf,
apical meristem, bud and root. The steps of
micropropagation are describe into the
following stages.

Stages 0: Selection and Preparation of
mother plant- The mother plant should be
cultivated under optimal conditions in field to
minimize or less contamination in the in vitro
culture (Cassells and Doyle, 2005).

Stages I: Culture initiation - Before
inoculation of an explant, surface sterilized
does necessary after than explant transferred
into nutrient medium. All the bactericide and
fungicide are kill completely as well as remove
all type of contamination from sterilization
process (Husain and Anis, 2009).
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There are most commonly used disinfectants
agents such as sodium hypochlorite (Tilkat et
al., 2009), calcium hypochlorite (Garcia et al.,
1999), ethanol (Singh and Gurung, 2009) and
mercuric chloride (Husain and Anis, 2009).
After inoculation of explant, the cultures are
incubated in growth chamber either under
light or dark conditions according to the
method of propagation.

Stages II: Multiplication- In this stage,
increase the number of propagules under
which the number of propagules is multiplied
by repeated subcultures until the desired
number of plants is attained (Saini and
Jaiwal, 2002). Shoot are formed by subculture
of unorganized mass who developed by the
multiplication process.  

Stages III: Development of rooting - in this 
stage, subculturing media are necessary
because nutrition and growth regulator
composition are required for induce rooting
and the development of strong root growth.

Stages IV: Acclimatization stage – This is the
final stage in which in vitro plants (plantlets) are
transfer into soil. Hardening process is done
gradually from high to low humidity and from
low light intensity to high light intensity. 

2. Haploid culture

It is a type of plant tissue culture method
which are produced homozygous plants in a
relatively short time period through the
protoplast, anther and microspore cultures
instead of conventional breeding (Morrison
and Evans, 1998). Haploids are sterile plants
having single set of chromosomes which are
converted into homozygous diploids by
spontaneous or induced chromosome
doubling. The doubling of chromosomes
restores the fertility of plants resulting in
production of double haploids with the
potential to become pure breeding new
cultivars (Basu et al., 2011).

3. Embryo culture 

The culture of the embryo from immature
seeds in a nutrient medium. The plant
develops directly from the embryo or indirectly 
through the formation of callus and then the
subsequent formation of shoots and roots. The
technique has been developed to break seed
dormancy, test the vitality of seeds,
production of rare species and haploid plants
(Holeman, 2009).

4. Protoplast fusion 

It involves the fusion of protoplasts of two
different genomes followed by the selection of
desired somatic hybrid cells and regeneration
of hybrid plants (Evans and Bravo, 1988).
Practically in the crop improvement
programmes protoplast fusion is efficiently
used as a mean of gene transfer with desired
trait from one species to another (Brown and
Thorpe, 1995). Somatic hybrids were produced 
by fusion of protoplasts from rice and reed
grass using electrofusion treatment for salt
tolerance (Mostageer and Elshihy, 2003).

In the recent years, in vitro protoplast fusion
tool has opened a way of developing desired
hybrid plants by overcoming the barriers of
sexual incompatibility. It has been applicable
in the horticultural industry to create new
hybrids with increased fruit yield and better
resistance to diseases.

5. Cell suspension culture: 

Cell suspension culture are used for large
scale culturing of plant cells from which
secondary metabolites are extracted. A
suspension culture is developed by
transferring the relatively friable portion of
the callus into liquid medium and is
maintained under suitable conditions of
aeration, agitation, light, temperature and
other physical parameters (Chattopadhyay et
al., 2002; Rao and Ravishankar, 2002). Cell
cultures cannot only yield defined standard
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phytochemicals in large volumes but also
eliminate the presence of interfering
compounds that occur in the field-grown
plants (Lila, 2005). The major advantage of
the cell cultures include synthesis of bioactive
secondary metabolites, running in controlled
environment, independently from climate and
soil conditions (Karuppusamy, 2009). For the
industrial production point of view, a number
of different types of bioreactors have been in
use for mass cultivation of plant cells. The first
commercial application of large scale cultivation 
of plant cells was carried out in stirred tank
reactors of 200 liter and 750 liter capacities to
produce shikonin by cell culture of
Lithospermum erythrorhizo (Payne et al., 1987).

High-quality maintenance methods

1. Agrobacterium gene transformation:
Agrobacterium mediated genetic
transformation is most widely used for the
expression of foreign genes in plant cells.
The successful introduction of agronomic
traits in plants was achieved by using root
explants for genetic transformation
(Franklin and Lakshmi, 2003).
Regeneration of disease or viral resistant
plants is now achieved by employing genetic
transformation technique. Successfully
transgenic plants of potato resistant to
potato virus Y (PVY) has been developed
thus resolving a major threat to potato crop
worldwide (Bukovinszki et al., 2007).

2. Embryo rescue

The embryo rescue method using plant
tissue culture provides a way to save
undernourished embryos before abortion.
Plants are developed by removing immature 
or mature zygotic embryos from their
natural developing environment and
cultivating them in an artificial media.
Interploid hybrids can be created with
different frequencies through in vitro
culture of discarded seeds and embryos with
the help of embryo rescue. Zygotic embryo
development within seeds has been
classified into a number of stages, including
globular, heart, torpedo, and cotyledonary
for dicots. This classification denotes not
only a change in embryo shape but also a

gradual progression towards independence
from surrounding tissues for nutrients.  The
age of the embryo during excision, in
addition to parental genotypes, necessitates
specific medium components for optimum
growth. In general, medium composition is
more important for the in vitro growth of
immature than mature embryos. As embryo
age decreases, medium complexity rises. A
straight forward medium containing only
mineral salts and a small amount of sugar is
sufficient to maintain normal development
in mature or nearly mature embryos.
However, a complex media including
multiple organic additives is typically
necessary for younger embryos.

3. Somaclonal variation and Genetic
fidelity

It is a type of variation between somatic
clones of the same crop under in vitro
culture. These somaclonal variants which
are dependent on the natural variation in a
population of cells, may be genetic or
epigenetic and are usually observed in the
regenerated plantlets (Larkin and Scowcroft 
1981). The variation may be generated
through several types of nuclear
chromosomal re-arrangements and losses,
gene amplification or de-amplification,
non-reciprocal mitotic recombination
events, transposable element activation,
apparent point mutations, or re-activation
of silent genes in multigene families, as well
as alterations in maternally inherited
characteristics (Larkin et al., 1985;
Scowcroft et al., 1987; Karp, 1994).

One of the major potential benefits of
somaclonal variation is the creation of
additional genetic variability in coadapted,
agronomically useful cultivars, without the
need to resort to hybridization (Scowcroft et
al., 1987). This method could be valuable if
selection is possible in vitro, or if rapid
plant-screening methods are available. It is
believed that somaclonal variants can be
enhanced for some characters during culture
in vitro including resistance to disease
pathotoxins and herbicides and tolerance to
environmental or chemical stress. However, at 
present few cultivars of any agronomically
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important crop have been produced through
the exploitation of somaclonal variation (Karp, 
1994).

Conclusion and Future plan

Plant tissue-culture technology is becoming
increasingly essential in crop improvement
applications such as development of virus free
plants, nutrient improvement in plant, crop
yield, secondary metabolite generation, and so 
on. In modern agriculture, the use of
tissue-culture technology, either as a primary
instrument or as an auxiliary to other
technologies, such as recombinant DNA
techniques, is at the forefront of plant
modification and enhancement for
agriculture, horticulture, and forestry etc. In
the future, advances in molecular biology will
allow for the precise insertion of foreign genes
into suitable hosts via the Agrobacterium gene 
transfer methods developed resistance crops
such as disease resistance, insecticide
resistance, pesticide resistance, herbicide
resistance as well as biofortification
improvements. 
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Abstract

This paper employed the agricultural
commodities export to empirically examine
the effects of domestic market price, produced
quantity, foreign market price and export cost
factors on a firm’s decision to export and the
export performance of 337 Tamil Nadu
agricultural commodities exporters which are
classified into ten commodity groups. Four
limited dependent variable models (i.e., the
probit model) are used to study the factors
affecting a firm’s export decision and its export 
performance. Estimation techniques were
used to check the statistical confidence of the
results for this study. With regards to firm
specific factors which exert an influence on a
firm’s decision to export and its export
performance, firm size, firm age, and
productivity, government assistance, foreign
investment (ownership), municipal location,
research and development, and literate
exporter were found to be significantly and
positively related to a firm’s export
participation and its export performance. All
firms would produce positive quantities for the 
domestic market but, in practice, some firms
would produce for zero exports. Significant
and negative nonlinear results were also
found for Domestic market price, Quantity
produced for domestic market, Quantity

produced for foreign market and export cost of
the commodities in this study. Focusing on the 
effects of foreign market price and distribution 
of commodities on a firm’s decision to export
and its export performance, producer
concentration was found to have a significant
and positive effect on a firm’s export decision
and its export performance. Finally,
evidence-based policies are provided to
facilitate improvement in the international
competitiveness of Tamil Nadu agricultural
commodities exporter and in their export
performance.

Keywords: Tamil Nadu agricultural
commodities exporter, Probit Analysis, export
competitiveness

Introduction

Strong export performance is usually known
as one of the important factors in driving a
country’s economic growth, since exports can
improve a firm’s production efficiency to
overcome higher trade barriers and address
different market tastes in competitive
international markets. The trade being one of
the way out for the poverty and can provide
huge employment opportunity. Agricultural
export can be developed further from current
contribution of around 12.00 per cent share in
total export of the country in 2016-17. Still
India’s share in the world export trade is
meager with less than one per cent, with the
agricultural commodities being produced with
less capital (Economic Survey of India, 2016-17).
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Agricultural Exports in India

Agricultural trade forms a pivotal role in the
discharge of the various activities of the trade
division. The share of agricultural products
including Coffee, Tea and Fisheries in the
total exports of India was 15.37 per cent in
2016-17. The increasing trend observed in
agricultural exports, is a welcoming trend. In
the era of WTO the export of agricultural
commodities were not highly affected since the 
country produces variety of commodities and
its share in the total export has been
maintained with stability.  The main
agricultural commodities exported from India
were coffee, tea and mate, oil cakes, tobacco,
cashew kernels, spices, raw cotton, rice, fish
and fish preparations, meat and meat
preparations, fresh fruits and vegetables, and
processed fruits and vegetables. Among the
horticultural commodities, processed fruits
and vegetables accounted for the largest share
of exports followed by fresh fruits and
vegetables. Among fresh vegetables, onion,
tomato and mushroom are reported to be
highly export competitive. 

Tamil Nadu Agricultural Trade Scenario

Tamil Nadu is one of the major states in export 
of the agricultural commodities. Total share of
Agricultural Commodities in total export of
commodities from Tamil Nadu accounted to
8.57 per cent in 2016-17. The major export
items were tea, coffee, mate and spices,
cereals, tobacco, oil seeds, edible fruits, nuts,
peel or citrus fruit or Melons, Edible
vegetables and certain roots and tubers,
cotton, essential oils and silk. Among the
major items tea, coffee, meat and spices
contributed 0.45 per cent, oil seeds and
oleaginous fruits, grains, seeds etc.,
contributed 0.56 per cent, edible fruits, nuts,
peel or citrus fruit or melons contributed 0.83
per cent, and fish and crustaceaous molluscs
and other aquatic invertebrates contributed
0.60 per cent in 2016-17 of the total export
from the Chennai port
(www.tnagmark.tn.nic.in).

Compared throughout India, contribution of
Tamil Nadu in the total trade of the country is
high. Many initiatives were made for
enhancing the export in the case of
agricultural commodity such as Agri Export
Zones, Cold storages, Central Fruits and
Vegetables market complex, market complex
etc. Based on the location specific needs, the
specific agricultural commodities produced in
the State. Agri Export Zones were established
for enhancing and facilitating the export
oriented activities in the areas where the
specific agricultural commodities were
produced. State government announced many
policies for the development of marketing of
agricultural commodities. 

Tamil Nadu is facing stiff competition in the
world markets for export of agricultural
commodities. Besides, there are many
domestic problems for the export of
agricultural commodities. Lack of market
intelligence, lack of transparent price
discovery mechanism and lack of adequate
post harvest infrastructure are some of the
other trade related problems experienced by
the exporters. 

   As per the state Government policy, various
taxes are imposed on agricultural
commodities exports, such as Purchase Tax
(on indirect export), Market Fees, Rural
Development Fund, Administrative Charges
etc. These taxes are rendering the pricing of
agricultural commodities internationally
competitive. Thus, an Indian agricultural
commodity becomes costlier in the
international market as compared to other
competing countries in the world and Indian
agricultural commodities exports get setback
many times. There is lack of proper
infrastructural facilities. Many times
exporters, when they carry their stock to sea
port and if the stock is not loaded due to some
reasons or other, exporters do not find godown
or proper place to store their stocks properly
and safely at sea port, besides, it adds
additional expenditure to the exporters.  
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Agricultural commodities production meant for
export purpose is having subsidy in other
countries, which reduces the cost of production
thereby reducing the cost of agricultural
commodities. Therefore, the export price of
agricultural commodities of such countries is
more competitive in the international markets
as compared to Indian agricultural
commodities. The major agricultural
commodities producing nations have decreased
the price to capture the international markets
but Indian agricultural commodities price are
inelastic due to relatively high cost of production 
and becomes uncompetitive in the international
markets. Much of agricultural commodities
export prospects have been lost in the recent
past to other competing countries like Pakistan
because of high price. The specific objective of
the study is to identify the existing pattern of
export of agricultural commodities from 
Tamil Nadu and major destinations.

The study further relied on primary data for
which 337 exporters were identified and
interviewed by using a well structured
questionnaire. The total sample was distributed
among the different districts. Among the 32
districts, Chennai has the major exporters and 49 
exporters were contacted. More than 20
exporters were surveyed from Tuticorin,
Madurai, Krishnagiri, Coimbatore, Tirunelveli,
Virudhunagar, and Kanyakumari districts. A
sample of less than five exporters were surveyed
in Ariyalur, Dharmapuri, Kancheepuram,
Karur, Pudukottai, Namakkal, Perambalur,
Sivagangai and Vilupuram districts.
Nagapattinam and Thiruvarur Districts have a
sample of only one exporter each. Pretested
comprehensive questionnaire was used for
collection of information from exporters. The
questionnaire enlists the details of the
existing pattern of export of agricultural
commodities from Tamil Nadu, their
standards and destination points, quantity of
export, mode of export, procurement of export
commodities, primary processing activities
(like cleaning, grading and standardization)
followed by the exporters, package

specification for commodities exported,
channels of export and awareness on agencies
related exports, besides the problems faced by
the exporters (like sourcing, processing,
packing, storage, adoption of export
procedures, settlement of money, fluctuations
in price of commodities, infrastructure
facilities, Government policies, market access, 
market information and quarantine
procedures etc., and their suggestions for
improving export of agricultural commodities.

Comparative Advantage of Commodities: 
Choice at Export level in Tamil Nadu

Exporters choose to export, for the foreign
market through exporters participating in the
foreign markets directly and also positively
react to price signals in the domestic markets
explicitly. When there is an increasing
demand for commodities in world market,
exporter would receive high prices.

Probit Model

Aitken et al., (1997) and Echeveria et al.,
(2006) used probit model to capture the factors 
influencing the export participation of
exporters. Same approach was used in this
study. The production decision of the farms is
given by the solution to the equation.

max{Pdqid+Pfqif – hi (qid + qif + mid (qid) – mif (qif)} 
s.t.qd,qf  ³ 0   . . . (7)

Where, 

Pd = domestic market price (Rs/tonnes)

qd = quantity produced for domestic market
(tones)

Pf  = foreign market price (Rs/tonnes)

qf = quantity produced for foreign market
(tonnes)

hi  = export cost of commodities in ith firm
(Rs/tonnes)

mi  = distribution of commodities  by ith firm
(Rs/tonnes)

All firms would produce positive quantities for
the domestic market but, in practice, some firms 
would produce for zero exports. As in Aitken,
Hanson and Harrison (1997), it is considered
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the possibility of a corner solution for the
variable. The latent variable such that,

qi*f = qifif  qif > 0   

    qi*f = 0  otherwise    

ith firm’s world market participation is given
by equation

Pr  (Yi = 1) = Pr(a +   Xi +   Tki +   Zki + i  >0)  .. . (8)

Where, Yi =ith firm’s export participation (Yi=1
for export participation in the current year; 0
otherwise)

Xi = a vector of firm-characteristics including
size and productivity arising from the
production and distribution cost functions

Tki = the price terms of trade between
exportable and domestic production (Pf / Pd)

Zki = the k-th regional or geographic
characteristics

The above model has been modified
appropriately and used in the study. Regional
indicator variable Z was not included in the
model for estimation but estimated for all the
districts separately.

Empirical Model

Exporter’s participation in export oriented
commodities was defined in terms of
dichotomous variable that takes value of one if 
the exporter exported selected agricultural
commodity in the current year and 0,
otherwise. The exporters not participated in
the current year and the reasons were
identified from the analysis. Among the
agricultural commodities selected, exportable
commodities were identified based on the list
of agricultural commodities exported from the
State’s ports for the past ten years and expert
opinion. Based on the export pattern,
exporter’s export participation or orientation
was defined as follows:

Maximum Exported Commodities
Exporters export participation, if they export
upto the current year, or stopped the export at
last year. 

In the present study, probit model is employed
to study the Exporters’ participation for export

the commodities. The function is specified as
follows.

EP = f (DMP, QDM, FMP, QPF, ECC, DC)       . . .(9)

Where, 

EP = Exporter’s Participation

                                    1 = If Maximum participation 

                                    0 = if minimum participation

DMP = Domestic Market Price (Rs)

QDM = Quantity Produced for Domestic
Market (in tones)

FMP = Foreign Market Price (Rs)

QPF = Quantity Produced for Foreign Market
(in tones)

ECC = Export cost of Commodities in i th firm

DC = Distribution of Commodities by i th firm

Terms of trade between commodities exported
upto current year and previous year was
included in the model to find the price effects
in export participation. Distribution of
commodities of the exporters was calculated.
In this estimation procedure, the probit
regression, the binary variables were
regressed on explanatory variables including
the residuals from the regression of firm
efficiency (Echeverria and Gopinath, 2006). 

Exporter’s Participation in Export

The probit regression model was used to
identify the factors influencing the export
participation of the exporters. The
participation decision of the exporters is given
by the equation (1) EP = f (DMP, QDM, FMP,
QPF, ECC, DC)           . . . (1)

Where,  EP = Exporter’s Participation

1 = If Maximum participation 

0 = if minimum participation

DMP = Domestic Market Price (Rs)

QDM = Quantity Produced for Domestic

             Market (in tones)

FMP = Foreign Market Price (Rs)

QPF = Quantity Produced for Foreign Market
(in tones)

ECC = Export cost of Commodities in i th firm

DC = Distribution of Commodities by i th firm
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The adjusted R2 of 0.733 could indicate that 73
per cent of the variation in the dependant
variable was explained by the chosen
independent variables in the probit model.
The remaining 27 per cent of the variation in
the dependent variable may be due to other
extraneous variables that were not included in 
the study. The results clearly indicated that
among the independent variables, foreign
market price and distribution of commodities
by the ith firm have significantly and positively 
influenced the State level of export
participation of the exporters. On the
contrary, domestic market price, quantity
produced for domestic market, quantity
produced for foreign market and export cost of
the commodities have influenced the export
participation negatively.

Table 1.Exporter’s Participation in the
Export

S.
No

Variable

Paramet
er

Estimate
s

Standard 
error

t-ratio P-value

1 Constant 1.241**
*

0.237 5.232 0.000

2 Domestic
market price

-0.053**
*

0.013 -4.087 0.000

3 Quantity
produced for
domestic
market

-0.011* 0.033 -1.340 0.073

4 Foreign
market price

0.038* 0.021 1.797 0.072

5 Quantity
produced for
foreign market

-0.091** 0.045 -1.994 0.046

6 Export cost of
commodities
in ith firm

-0.124** 0.055 -2.240 0.025

7 Distribution of 
commodities 
by ith firm

0.431* 0.087 1.495 0.062

8 R2 0.733

9 Adjusted R2 0.702

10 F-Value 6.530**
11 No. of observations 337

Note: *- Significant at ten per cent level; **-
Significant at five per cent level; 
***- Significant at one per cent level

It could be understood from the results that when 
the domestic market price increased by one rupee 

the probability of participation of the exporters
would decrease by 0.053 indicating that the
traders would get their commodities from the
domestic market itself. Likewise if the foreign
market price increased by one rupee, the
probability of participation of the exporters
would increase by 0.038 rupee. The same
phenomenon hold true for the distribution of
commodities. The results revealed that the
distribution of commodities increased by one
rupee the probability of participation of export
would be increased by 0.431. It was due to the
fact the exporters would prefer to export many
commodities at the same time and if one
commodity is exported there is a chance of either
rejected or earn less price.

The cost of export revealed a negative impact
on export. If the cost of export had increased
the probability of export participation would
decline by 0.124. Similarly, the quantity
produced for domestic market and quantity
produced for foreign market as well had a
negative impact on export participation. The
results clearly showed that there was a need
for enhancement of production of agricultural
commodities both for attaining self sufficiency
and for export purpose as well.

Prahadeeswaran (2007) also resulted
influence of price in terms of trade on export
participation probability of farms was found
less compared to that of infrastructure
development and farm efficiency. This may be
due to the fact that crops like sugarcane and
tomato were produced for domestic markets
whereas these crops fetched higher or equal
prices compared to some of the exportable
commodities. Not only the price in terms of
trade, infrastructure development, farm
efficiency and managerial ability of the
exporters also would promote the export
participation.

Conclusion

All firms would produce positive quantities for
the domestic market but, in practice, some firms 
would produce for zero exports. Significant and
negative nonlinear results were also found for
Domestic market price, Quantity produced for
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domestic market, Quantity produced for foreign
market and export cost of the commodities in
this study. Focusing on the effects of foreign
market price and distribution of commodities
on a firm’s decision to export and its export
performance, producer concentration was
found to have a significant and positive effect
on a firm’s export decision and its export
performance. Finally, evidence-based policies
are provided to facilitate improvement in the
international competitiveness of Tamil nadu
agricultural commodities exporter and in their 
export performance.
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Abstract

Plant tissue culture is the cultivation of plant
cells, tissues or organs under aseptic
conditions  on artificial nutrient media. The
basic principle of plant tissue culture is
totipotency i.e., the capacity of a plant cell to
regenerate into a whole plant. It involves
culturing explants (such as shoot tip, root tip,
callus, seed, embryo, pollen grain, ovule or
even a single cell) isolated from mother plant
on a sterile nutrient medium which leads to
cell multiplication and plant regeneration.
Plant tissue culture technique required a
medium, supplemented with the required
amounts of plant hormones which include
auxins, cytokinins, abscisic acid, gibberellins,
ethylene, and growth regulators with similar
metabolic effects. Laminar air flow and
Autoclave are used to create aseptic conditions 
in laboratory. This technique include
micro-propagation, meristem culture, somatic
embryogenesis, somaclonal variation, embryo
culture, In-vitro selection, anther culture,
protoplast culture and cryo-preservation. The
global plant tissue culture market size was
valued at $382.305 million in 2020, and is
estimated to reach $895.006 million by 2030.
Plant tissue culture technique employed for
the identification and isolation of bioactive
phytocompounds has numerous industrial
applications in food, pharmaceutical and

cosmetic industries. Plant tissue culture
coupled with biotechnological approaches
leads towards sustainable agricultural
development providing solutions to major food
security issues. 

Keywords: Tissue culture, Micropropagation, 
Protoplast culture, Somatic embryos

Introduction

The history of plant tissue culture dates back
to 1902, when a German botanist Gottlieb
Haberlandt (Haberlandt, 1902), proposed that 
single plant cells could be cultured in vitro. In
1962, Toshio Murashige and Skoog
(Murashige and Skoog, 1962) published the
composition of MS medium (Murashige and
Skoog medium).  MS medium  is the most
widely used medium for tissue culture at
present. The technique of haploid production
was discovered by Guha and Maheshwari
(1964) from anthers of Datura cultured In
vitro.  Commercial tissue culture was born in
India in 1987 when A.V. Thomas and
Company, Kerala (AVT) established their first 
production unit in Cochin for clonal
propagation of superior genotypes of selected
cardamom plants. In 1988, a second company
Indo-American Hybrid Seeds at Bangalore,
Karnataka, which was engaged in the nursery
business in hybrid flowers and vegetables,
imported a tissue culture laboratory and green 
houses with a capacity of 10 million plants per
annum.
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Tissue culture technique vs conventional 
breeding

 Tissue culture technique offers several
advantages over plant propagation under
natural conditions (Chandran et al., 2020). It
is a rapid procedure as thousands of seedlings
can be produced from small fragments of
plants in a short period of time in contrast to
conventionally propagated flora. This also
helps to accelerate the production process of
new crop varieties with superior traits as
tissue culture experiments require less time
and space compared to in-vivo plant growth
(Krasteva et al., 2020). Tissue culture can be
used to propagate perennial plants;
irrespective of weather or season (Ahmad and
Anis, 2007). It also helps in the development of 
pathogen-free micro-plants saved from
various diseases and the new plants produced
by tissue culture under aseptic conditions are
also sterile (Tegen and Mohammed, 2016).
Furthermore, several plant species generate
resistant seeds that cannot be retained for
extended periods of time; in this situation,
tissue culture can be utilized for plant
conservation in vegetative state, generally
under slow growth conditions (Lambardi et al., 
2008), or for cryopreservation
(García-Gonzáles et al., 2010). In some cases,
inter-specific and inter-generic hybrids can be
obtained using embryo rescue technique
which is not possible through conventional
methods (Mattick, 2018).

Tissue culture methods used in plant
breeding

Plant micro-propagation with different
explants like seeds, embryos, callus, anthers,
protoplasts, and meristemetic tissues of
root/shoot tips is used for large-scale
production of industrial products (Shasmita
and Naik, 2018). Conventionally, somatic
hybridization, which produces interspecific
and intergeneric hybrids, was commonly used
as an essential method for plant breeding. The
procedure includes the fusion of two somatic
protoplasts followed by the selection of

desirable hybrid cells and then regeneration of 
hybrid plants (Lambardi et al., 2008).
Protoplast fusion is an effective method of
transferring genes with desirable traits from
one species to another with a great impact on
crop development. Somatic hybrids created
from rice and ditch reed by electrofusion
exhibited better results against salt stress
(Hussain et al., 2012). The most recent feature
of plant cell and tissue culture is genetic
transformation, which allows for the transfer
of genes with desirable traits into host plants
and the recovery of transgenic plants (Hinchee 
et al., 1994). This approach offers a high
potential for the development of agricultural
plants with novel traits.

Current status of tissue culture market

The global plant tissue culture market size
was valued at $382.305 million in 2020, and is
estimated to reach $895.006 million by 2030,
growing at a CAGR of 8.5% from 2021 to 2030.
The tremendous potential of Plant Tissue
Culture to revolutionyze the growth of
agriculture in India led Government of India
to establish National Certification Systems for 
Tissue Culture Raised Plants (NCS-TCP) in
2006. The Department of Biotechnology was
notified as Certification Agency and charged
with the responsibility for implementing
NCS-TCP programme. NCS-TCP has been
anchored to National Institute of Plant
Genome Research (NIPGR), New Delhi as a
NCS-TCP Management Cell of DBT w.e.f.
October 1, 2021. NCS-TCP provides
accreditation to Tissue Culture Production
Facilities (TCPFs) and certifies the tissue
culture raised propagules up to laboratory
level and regulate its genetic fidelity and virus 
indexing as prescribed. There are around 200
commercial tissue culture companies with a
plant tissue culture market of more than Rs
500 crore in India. Several important crops
such as Apple, Bamboo, Banana, Date Palm,
Potato, Sugarcane etc. are being grown at
TCPFs and there is continued rise in their
demand in domestic and foreign market.
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Currently, 78 companies are recognized under
NCS-TCP. A total of 14 TCPFs are freshly
recognized in the year 2022 and a few more are 
in process of certification. NCS-TCP has
provided 10,870 certification labels
corresponding to more than 66.30 million
tissue culture raised plants in the year 2022.

On the basis of crop type, the floriculture
plants segment was the major revenue
contributor in 2020, and is anticipated to
remain dominant during the forecast period.

Role of tissue culture in cosmetic,
personal care and pharma industries

 This is attributed to the growth of cosmetics & 
personal care industry coupled with
increasing awareness regarding medicinal
properties of flower is also contributing to the
market growth. By type of media, the
Murashige and Skoog media segment
dominated the market in 2020, and is
anticipated to continue this trend during the
forecast period. This is attributed to
increasing adoption of Murashige and Skoog
media, because it supplies all the essential
elements such as macro, micro nutrients in
highly balanced composition, which plant
needs during micropropogation.

Role of tissue culture in agriculture

By end use, the agriculture segment
dominated the market in 2020, and is
anticipated to continue this trend during the
forecast period. Plant tissue culture is
becoming more popular in agriculture, and its
one approach to commercialize a solution to
the food scarcity problem in underdeveloped
countries and allow them to cope with their
fast-growing population in a restricted area of
land and is driving the growth of the market.

Global Tissue culture based market

Asia-Pacific accounted for a major share in the 
plant tissue culture market in 2020, and is
expected to maintain its dominance during the 
forecast period, due to the rising incidence of
diseases such as cancer, growing academic

and government investments in tissue
culture-based research, strong government
support, high biopharmaceutical R&D
expenditure, and the greater adoption of
advanced technologies in Asia-Pacific are the
key factors driving the growth of the plant
tissue culture market in Asia-Pacific.
However, North America is expected to
register highest CAGR from 2021 to 2030,
owing to surge in awareness related to use of
plant tissue culture technique. Furthermore,
focus of leading manufacturers on expanding
their geographical presence in the emerging
North America countries to capture high
market share is expected to drive the growth of
the plant tissue culture market in the region. 

The key players operating in the global market 
include 3 Rivers Biotech, Alpha Laboratories,
AgriForest Bio-Technologies, AgriStarts,
Booms Pharm, Caisson Laboratories Inc.,
Dark Heart Nursery, DP-Deroose Plants,
Himedia Laboratories, IribovSBW, Knight
Hollow Nursery, Labland Biotech Private
Limited, Lifesible, Melford Laboratories
Merck KGaA (Sigma-Aldrich), Meristematic
Inc, Phytoclone Inc, Phytocultures, PhytoTech 
Laboratories, Inc., PlantMedia, Rancho Tissue 
Technologies, RuBi Bio LLC, Segra
International, Thomas Scientific (The Carlyle
Group), and Tissue-Grown Corporation.

Tissue culture based industries in India

Currently 78 commercial tissue culture
production units have been recognized by the
Department of Biotechnology (DBT), Govt. of
India under the National Certification System 
for Tissue Culture Raised Plants (NCS-TCP).
Table : 78 commercial tissue culture
production units in India

S.N
o

State Tissue Culture Production Units

1. Andhra
Pradesh

l ABT Tissue Culture Lab., Ananthapur
l Micco Laboratories Pvt. Ltd., Chittor Dist.
l Sri Soma Biotech , Guntur

2. Bihar
l Hecure Agro Plants Pvt. Ltd., Muzaffarpur
l Magadh Sugar & Energy Ltd. (Unit N. S. S.

Mills)
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3. Chattisgarh l Aastha Nursery, Chhattisgarh
l AKF Plantsciences Pvt Ltd, Chhattisgarh
l COE AIB Tissue Culture Lab,IGKV Raipur
l Devleela Biotechs, Raipur
l Narmada Phosphate Limited, Bilaspur
l Yash Biotech, Raipur

4. Gujarat l ABC Agrobiotechnology Pvt. Ltd.,

Ahmedabad 
l Greenfield Biotech, Gandhinager
l GNFC Tissue Culture Laboratory, Bharuch
l GSFC Agrotech Ltd.-New Lab 
l IRM Enterprises Pvt. Ltd. (Formerly Cadila

Pharmaceuticals Ltd.-Agro Division),

Ahmedabad. 
l Kutch Crop Services Ltd., Mundra
l Kalptaru Agro Biotech, Nadiad 
l Maltbio Agrifood Pvt. Ltd., Dist. Bharuch
l MANU’S LABS, Gandhinagar
l Metrogen Biotech, Dist. Gandhinagar, Gujarat
l Nation Agri Biotech, Anand
l Natural Life Sciences, Dist. Anand, Gujarat
l NUMICS BIOTECH, Anand
l PAC Bio Fungbact Pvt. Ltd., Surat
l Palaj Agrotech, Gandhinagar 
l Sarjan Biotech Pvt. Ltd., Bhuj-Kutch
l Siddhi Plantek, Dist. Anand
l Shree Ganesh Khand Udyog Sahakari

Mandali Limited, Bharuch
l Sri Ratnam Biotech LLP, Ta. Nadiad
l Shree Abhimanyu Biotech, Navli, Gujarat
l UMA Biotech Industries, Mehsana,Gujarat
l Vitrigold Biotech Pvt. Ltd, Hadgud-Vadod

Road

5. Haryana l Dessons Tissue Culture Lab, Natwal
l Sheel Biotech Ltd., Gurugram
l The Energy And Resources Institute (TERI),

Gurugram

6. Himachal
Pradesh

l Nishant Biotech, Bilaspur, H.P.
l Sharma Biotech Agrigold Pvt. Ltd.
l Technico Agri Sciences Ltd., Solan

7. Jharkhand l Sashanka Agro Tech Private Limited, Rachi

8. Karnataka l Annapoorna Plant Tech, Udupi
l Biotechnology Centre, Dept. of Horticulture,

Karnataka
l FLORANCE FLORA FARM, Bangalore,

Karnataka
l Green Leaf Plant Technology, Bangalore
l H.U. Gugle Biotech Pvt. Ltd., Bangalore
l Jagadamba Bio Plants, Bangalore
l K F Biotech Pvt Ltd., Bangalore
l Mysore Organic Farms Pvt. Ltd., Mysore
l Novel Biotech, Bangalore
l Shaanthi Agrotech, Bengaluru
l SLR Greentech Pvt. Ltd.
l Sree Adithya Biotech, Bangalore

9. Maharashtra l Advent Plantech LLP, Nashik
l Ajeet Seeds Ltd., Aurangabad
l ALMAQ Biotech LLP,Latur
l Beejsheetal Research Pvt Ltd, Jalna
l Biosis Plants Pvt. Ltd., Nashik
l Callus Biotech Pvt. Ltd., Kolhapur
l Futura Bioplants Pvt.Ltd., Dist. Pune
l H.U Gugle Agro Biotech Co., Ahmadnagar
l Ishved Biotech Pvt. Ltd., Dist. Buldana
l Jain Irrigation Systems Limited, Jalgaon
l Janani Biotech and Tissue Culture Lab,

Kolhapur
l K.F. Bioplants Pvt. Ltd., Pune
l Kimya Biotech Pvt. Ltd., Sangli

l Kimya Biotech Pvt. Ltd., Sangli
l Mahabeej Biotechnology Centre, Nagpur
l Namo Bioplants, Nashik
l Ram Biotech, Jalgaon
l Rise N Shine Biotech Pvt. Ltd., Pune
l Ruddhi Biotech Pvt. Ltd., Kolhapur 
l Seema Biotech, Kolhapur
l Seema Biotech Pvt. Ltd., Kolhapur
l Seven Star Fruits Pvt. Ltd, Jalna
l Thopte Biotech Pvt. Ltd., Satara
l Vasant Tissue Culture Laboratory,

Education Society, Nanded

10. Madhya
Pradesh

l Arihanth Biotech
l Celgen Biotech India, Vidisha
l Reva Flora Culture, Barwani
l Sachdev Nursery, Damoh
l Shri Mukund Biotech, Dist. Jabalpur
l Tirupati Fresh Agro Crop Science Pvt. Ltd.,

Dist Khargone

11. Orissa
l Excel Plant Link Pvt. Ltd. (UNIT-II),

Dhenkanal
l Ganapati Biotech, Kalahandi
l Regional Plant Resource Centre,

Bhubaneswar

12. Punjab l Bhatti Tissue Tech., Jalandhar
l PepsiCo India Holding Pvt. Ltd., Hoshiarpur
l Mahindra Hzpc Pvt. Ltd., Mohali
l Tissue Culture Laboratory (CoE Potato)

13. Rajasthan l Atul Rajasthan Date Palms Ltd., Jodhpur

14. Tamil Nadu l Annai Meenashi Biotech, Hosur
l Genewin Biotech, Hosur
l Growmore Biotech Ltd., Hosur 
l Hosur Hortitech, Hosur
l Jay Blossoms Bio Tech, Hosur
l Jayasree Biotech, Hosur
l SPIC Agro Biotech Centre, Coimbatore
l Sree Bairava Nursery, Hosur
l Sree Visal Bioteck, Hosur

15. Telangana l ACE Agro Technologies, Secunderabad
l Agri Vitro Tech Laboratories Hyderabad,

Telangana
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l Microsun Bioplants (India) Pvt. Ltd.,
Secunderabad

l Rodasy Biotechnologies, Hyderabad
l Vitroplant, Hyderabad

16. Uttar Pradesh l Dr. MC Saxena Group of Colleges, Lucknow
l GRS Bioplants Pvt. Ltd., Firozabad
l Merino Industries Ltd., Hapur
l Sagar Agrisciences Pvt. Ltd. (UNIT-II),

Dulhipur

17. West Bengal l Elegant Flower Company Pvt. Ltd., Kolkata
l Pallishree Ltd., West Benga

Commercialization of plant tissue
culture in India

In 1980’s, PTC based industries started
spreading its wing in India. The first and
foremost company that started the
commercialization of PTC is AV Thomas
Company. This company is based on Cochin in
Kerala. It was started for plant improvement
of cardamom plants. The cardamom plants
with superior genotypes were selected and
clonally propagated. The propagated plants
were released by the indigenous company
National Chemical Laboratory (NCL), Pune,
India. Over a period of time, this company
collaborated with UK based firm to become
most economically feasible commercial unit.
Indo-American Hybrid Seeds at Bengaluru,
Karnataka was the second successful
company started in the year 1988. This
company mainly associated with nursery and
production of hybrid vegetables and fruits.
Rise in number of PTC industries from 1987 to
2021 After two successful industries in 1987
and 1988, people started realizing the
sweetness of success of PTC industries. With
great industry turnover, a large number of
plants started increasing every year from one
in 1987 to 105 in the 1997. The production
capacity raised from 5 million to 190 million in
the course of 10 years. Later, because of
financial constraints, the number of plants
reduced to half to around 70-75. But the
increased technology and techniques,
automation, use of robotics, globalization,
greater consumer demand and acceptance of
PTC products became the major factors for

increased plant establishment in the later
years. To the date, PTC industries exceeding
200 numbers are present in India with an
annual capacity of 350 million plants per
annum (Patil et al., 2021). Plant Tissue
Culture  commercalization is being used in
following sectors/crops:
1.Food industry
l Banana tissue culture

l Pineapple tissue culture
l Wheat tissue culture
l Rice tissue culture

2.Pharmaceutical industry
l Secondary metabolite production from plant 

cultures
l Plant cell suspension cultures
l Hairy root cultures
l Pharmacologically important plant

secondary metabolites
3.Cosmetic Industry
l Bean (Dolichos biflorus)
l Shrub (Daphne odora)
l Raspberry (Rubus ideaus)

l Apple (Malus domesticus)
l Rose mallow (Hisbiscus syriacus)
l Butterfly bush (Buddleja davidii) Coffee

(Coffea bengalensis)
l Trefoil (Lotus japonicas) 

Medicine  and plant tissue culture

Commercialization of PTC is useful in large
scale production of medicinal plants as well as
conservation of endangered and rare species.
Production of secondary metabolites like
alkaloids, steroids, terpenoids, quinones etc.,
are the targets for pharmaceutical industries
using PTC technique. It has been reported
that, nearly 560 species of medicinal plants of
India were included under Red List of
threatened species. Out of which, nearly 247
are added to threatenedcategory by Resources
(IUCN) (Yadav, 2016). GOI started the gene
conservation of rare and endangered species
with more emphasis to the medicinal plants of
Western Ghats (Patil et al., 2021).
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Agriculture  and plant tissue culture

Plant tissue culture is being used for large
scale production of crop plants as well as  fruit
crops.The use of tissue culture in fruit crops is
increased day by day. One such successful
example is tissue culture of banana in
Maharashtra. In Maharashtra, 50% of
planting used for cultivation in 50,000 ha. are
raised through PTC. The annual production
capacity of the units was reached to125 million 
plants (Patil et al., 2021). In case of food crops,
rice, ragi and wheat are great preference in
point of view of micropropagation and food
security. Recently, initiation in development
for protocols for the improvement of crops like
oats, maize and barley have been started
(Ragavendran and Natarajan, 2017).

Forestry  and plant tissue culture

Plant Tissue Culture technique is found to be
successful in development of many forest trees 
and nearly 350 million plants can be produced
per annum. Non-wood forest products
(NWFPs) have been reported to produce
nano-materials, having greater impact in the
field of science and technology (Behera and
Samal, 2020). Plant Tissue Culture units in
India Depending on the production of area, the 
units are categorized into small with
production capacity of < 1.0 million plants
annually. Medium and large scale plants
produces 1-10 million and 10-20 million plants 
capacity per year. 

Rooted Apical Cutting (RAC) technology
in Potato

It is a form of vegetative propagations in which 
rooted transplants are produced in a
polyhouse from tissue culture plantlets, which 
allow the rapid multiplication of seed
potatoes. Rather than letting tissue culture
plantlets mature and produce minitubers,
cuttings are produced from the plantlets. Once 
rooted, these cuttings are transplanted in a
temporary nethouse or open field to produce
new minitubers. Through the technology’s
rapid multiplication, large numbers of

seedlings can be produced in 12-14 weeks. The
first rounds of cuttings expand parent
material in the first months of production. The 
remaining months dedicated to commercial
production of rooted cuttings. 

Mother plants are produced up to
approximately 3 - 4 weeks until the first
cuttings will be planted in the field. Thus, any
new shoots forming after this, will be placed
into plugs for transplanting – the commercial
product which will continue to be produced
over a 2-4-month period. Thus, apical cuttings
involve: 

(i) production of rooted cuttings (transplants)
originating from tissue culture plantlets in the 
screenhouse 

(ii) production of seed tubers in the field from
transplants

Method of  RAC technology 

Local seed production through the RAC
technology involves the following major steps: 
l In-vitro multiplication of potato plantlets in

a tissue culture lab 
l Production of RACs in private nurseries 
l Planting of RACs by farmers (G0

production) 
l Storing of G0 seeds in cold stores 
l Planting G0 seeds the following season for

further multiplication (G1) 
l Again, storing seeds in cold stores and

planting the following season 

This cycle continues for the next one or two
seasons (depending on the quality) for
multiplication then the seed is subsequently
used for ware potato production.

Advantages of RAC technology 

l Production of Early generation seeds. 
l Decentralised seed production system

where farmers can produce their own seeds.
l Short period for seed multiplication

compared to conventional seed production. 
l Low cost of seed production and less

complex compared to aeroponic. 
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l Availability of a large number of local
nurseries which can produce the cuttings.

l Distribution of cuttings becomes easy as the
production of cuttings can be planned in
different locations.

Future Prospects

Plant micro propagation is a very useful
technique. The application of targeted genome 
engineering, notably the genome editing
mediated by CRISPR/Cas9, is one of the most
important techniques. Using this technical
approach, new plant kinds can be created
without the input of foreign genes . Use of
Plant Tissue Culture in Cosmetics sector
introduced hundreds of new cosmetics items
every year is heavily influenced by customer
demand. Plant cell culture extracts with
several particular actions for skin care,
make-up, and hair care as supplement
components are gaining popularity in the
cosmetics sector. Consumers desired
cosmetics that are effective, safe and natural
can be obtained by exploring phytochemicals
with these desired properties under in vitro
conditions.  In the future, plant tissue cultures 
might not only be a source of novel chemicals
with uncharted biological actions, but they
might also work as alternative recombinant
protein biofactories, particularly for those
whose expression might be problematic or
constrained in fermenting microbes. In the
next decade, tissue culture technique should
attain its full potential, in association with
novel technolodies like gene editing and
environmental component manipulation.
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RECENT NEWS
Genetically Engineered Plants that
Resist Environmental Stresses

Plant root epidermis have long root hair
projections to increase their surface area for
water and nutrient absorption. Phosphates
are a key nutrient for plant growth and
photosynthesis. However, the low
concentration of phosphates in soil makes
uptake difficult and can cause nutrient stress
in plants.

Biotechnology researchers at the University of 
Pennsylvania have discovered that the
overexpression of a gene, GRP8, increases the
production of root hairs and thus, increased
the surface area for water and nutrient
absorption. The overexpression of this
glycine-rich RNA-binding protein has also
been found to improve plant tolerance to
phosphate starvation, enhancing resistance to 
environmental stresses and reducing the need
for fertiliser.

A Cell-free Protein Production
Platform

Cell-free protein synthesis (CFPS) results in
the production of proteins using biological
transcription and translation processes
without the need for living cells. Instead, this
method uses a lysate containing all the
essential macromolecules that facilitate the
biological synthesis, however, lysate

preparation is time-consuming and expensive, 
and so there is need for improved methods of
CFPS.

Researchers at the Australian National
University have developed a novel method for
producing encapsulated cell-like structures
(eCells) based on the lysate of E. coli for use in
CFPS. This biotech breakthrough allows the
efficient and cost-effective production of
eCells, which in turn can be used to synthesise
bioproducts of high commercial value and
industrial relevance.

Reproductive Hormone from Cows, for
Cows

Follicle-stimulating hormone (FSH) is widely
used to assist reproduction in cattle breeding.
However, the majority of FSH produced by
biotechnology companies is sourced from pigs.
This comes with significant risks when
deployed in cattle, particularly with disease
transmission between animal species and
stimulating undesired immune responses.

To combat the dangers of using of
porcine-derived FSH in cattle, a team of
biotechnologists in South America
represented Hub APTA have created a
recombinant FSH from bovines, which
successfully increases ovulation in cows with
reduced risks, extended biological action time,
and improved stability in the blood.



A New Strain of E. Coli for the
Synthesis of Superior Biodegradable
Plastics

As global plastic waste has more than doubled
in the last 20 years, biodegradable plastics are
becoming increasingly sought after. One class
of promising biodegradable plastics are
polyhydroxyalkanoates (PHAs), which are
produced by the biotechnology industry
through microbial fermentation. 

With these PHA monomers being produced by
microbes, their final composition can be
difficult to control in a uniform way which
affects the overall physical properties of the
material. Now, however, State University of
New York scientists have developed a new
strain of E. coli that synthesises PHA
copolymers with tailorable combinations of
monomers, therefore allowing the physical
properties to be adjusted and fine-tuned for
each application.

Broad Range Biodegradable
Biosurfactants

The use of surfactants in industries such as
pharmaceuticals, food and biomedicine has
become widespread due to their versatility in a 
range of applications including emulsifying,
detergency and foaming. This versatility has
seen surfactants become one of the most used
process chemicals known to date. However,
synthetically-made surfactants pose an
increased environmental risk due to their
difficulty in being degraded, leading to the
requirement of more environmentally friendly
bio-based surfactants.

A research team at the University of Western
Cape have sought to tackle these
environmental issues by developing
alternative biotech solutions in the form of two 
patented compounds as part of a wider
portfolio. These compounds showcase
performance equivalent to industrial
synthetic alternatives whilst also being
biodegradable. This advancement within the
biotech space will provide more sustainable
and environmentally safer alternatives to
synthetic surfactants whilst opening the door
to screening for even more alternatives. 

New Methods for Controlling Gene
Expression in Agricultural
Biotechnology

Growing populations and ever-changing
global climates have opened the door to a
myriad of challenges that affect food sources
on a global scale. As such, the biotechnology
industry has expedited a need to generate
faster and more precise technologies in order
to really push and create positive impacts on
global food sources. One such constraint to
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this development of new food sources is the
routine implementation of endogenous
promoters during plant gene expression, the
use of which makes controlling and
fine-tuning said gene expression more
difficult, and therefore delaying and even
halting the production of new and improved
plant species that can be used as food sources.

A research team at the Lawrence Berkeley
National Laboratory have devised a novel
tri-pointed synthetic production strategy for
transcription regulators by utilising key
elements of yeast and plant species. The use of
these elements allows the process to cover a
diverse library of transcriptional regulators to
control eukaryotic transcription. This
technology will provide the agri-tech industry
with an efficient way of coordinating the
expression of multiple genes in a targeted, 
environmentally responsive and
tissue-specific manner, giving way to the
development of new and accessible food
products on a global scale.  

Recycling Plastics with Synthetic
Organisms

The environmental impact of plastic is well
known. But even so, only a small portion of it is 
still actually recycled. Consequently, this
remains a pressing challenge for the
biotechnology sector to address. Specifically,
Polyethylene (PE), which makes up
approximately 40% of all plastic production,
including all petroleum-based polymers, is
less than 20% is recycled. 

Macquarie University researchers have
developed a novel method that uses
engineered microbial synthesis to produce
moth, fungal and/or bacteria PE degrading
enzymes. The result is the degradation or
recycling of PE  into commercially viable
products (such as biofuels, fertilisers or other
chemical products), creating an alternative to
a major component of environmental plastic
waste. 

Genetically Modified Fibre Crops to
make Waterproof Materials

As we move to find more sustainable materials 
for our everyday items, plants are increasingly 
seen as an environmentally-friendly route to
the creation of biopolymers. Unfortunately,
plant bast fibres, a major source of these
biopolymers, present a drawback that affects
the mechanical properties of the material; the
absorption of moisture. 

Biotech researchers at the Luxembourg
Institute of Science and Technology have
developed an alternative method to create
fibre crops that express amphipathic proteins
which can form monolayers at
hydrophilic-hydrophobic interfaces. These
could work as a suitable substitute to
widely-used chemical methods used to achieve 
permeability, as this method doesn’t cause
negative changes in the bast fibres
morphology.
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Naturally Occurring, Biocompatible
Proteins for Tunable Proton Conduction

Proton-conducting materials are essential for
renewable energy and bioelectronics
technologies. Many modern devices rely on the 
transport of protons, ranging from fuel cells
and transistors to biosensors and medical
implants. Protein-based proton-conducting
materials have received considerably less
attention than other, man-made materials,
despite offering greater potential for
modularity, tunability and processability.

Researchers at the University of California,
Irvine have fabricated a biocompatible and
versatile proton-conducting material from
naturally occurring, structural proteins found
in cephalopods. These Proton-Conducting
Cephalopod Proteins (“PCCPs”) can withstand 
heat and acidity and can be modified using
genetic engineering techniques to tune the
resulting electrical properties to different
specifications, allowing ease of integration
into protonic flow systems.

Regulation Of Externally Applied
Dsrna-Based Products For Pest
Management

The OECD Conference on Regulation of
Externally Applied dsRNA-based Products for
the Management of Pests was held at the
OECD Headquarters in April 2019. The event
benefitted from financial support from the
OECD Co-operative Research Programme:
Biological Resource Management for
Sustainable Agricultural Systems (CRP). The
Expert Group on RNAi-based pesticides
(EGRNAi) – a sub-body of the OECD Working
Party on Pesticides - organised the conference
and coordinated the preparation of the
conference with the Federal Office of
Consumer Protection and Food Safety (BVL)
in Germany, the European Food Safety
Authority, Health Canada and the US
Environmental Protection Agency. The full
proceedings of the conference have been
published online at the Frontiers Research
Topic RNAi Based Pesticides. This special
issue contains papers prepared after the
conference by the speakers, and the conference 
report (2020) that summarises input from
presenters and participants during the panel
discussions at each session. Key elements
from these discussions have already been
incorporated into the OECD Working
Document on Considerations for the
Environmental Risk Assessment of the
Application of Sprayed or Externally Applied
ds-RNA-Based Pesticides, Series on Pesticides 
No.104, that was released in September 2020.
It will facilitate regulators in evaluating
externally applied dsRNA-based products for
potential environmental risks. The first draft
of the second working document on human
health related challenges from exposure to
topical applied dsRNA-based pesticides, that
will include the lessons learned from the
application of this technology in the field of
pharmaceuticals, is currently under revision
based on the comments received from the
EGRNAi. The document is expected to be
published in 2023.
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NATIONAL AND INTERNATIONAL CONFERENCES

1) ICCBB—Ei, Scopus 2022 : 2022 6th
International Conference on Computational
Biology and Bioinformatics (ICCBB 2022)—Ei
Compendex, Scopus Bali, Indonesia When: Dec
26, 2022 - Dec 28, 2022 Submission
Deadline: Aug 5, 2022

2) ICBB 2022 : 2022 International Conference on
Biotechnology and Bioengineering (12th ICBB)
Pozzuoli, Italy (Webinar) When: Sep 27, 2022 -
Sep 30, 2022 Submission Deadline: Aug 31,
2022

3) ACM IMIP 2023 : ACM—2023 5th
International Conference on Intelligent
Medicine and Image Processing (IMIP 2023)
Tianjin, China When: Mar 17, 2023 - Mar 20,
2023 Submission Deadline: Oct 15, 2022

4) ICSTR 2023 : 5th International Conference on
Stem Cells, Tissue Engineering & Regenerative 
Medicine Rome, Italy When: May 18, 2023 -
May 19, 2023

5) Bio International Convention Boston, United
States June 5 – June 8, 2023 

6) Bio Asia-Taiwan Taipei, Taiwan July 27 – 31,
2023

7) Bio Spain Barcelona, Spain September 26-28,
2023

8) International Conference on Solar Power
Technology (ICSPT) -18th Aug,2023 -Venue :
Kyoto, Japan

9) International Conference on Artificial
Intelligence, Machine Learning and Big Data
Engineering (ICAIMLBDE) - 18th Aug,2023
- Venue : Kuala Lumpur, Malaysia

10) International Conference on Mechanical,
Manufacturing, Industrial and Civil
Engineering (ICMMICE) - 18th Aug,2023
- Venue : Kuala Lumpur, Malaysia

11) International Conference on Recent Advances
in Science, Engineering and Technology
(ICRASET) - 18th Aug,2023 - Venue : Daegu,
Korea (south)

12) BPA — BioPharm America 2023 13 Sep 2023 -
14 Sep 2023  Raleigh, United States

13) ECCE14 & ECAB7 — The joint 14th European
Congress of Chemical Engineering (ECCE14) & 
7th European Congress of Applied
Biotechnology (ECAB7). 17 Sep 2023 - 21 Sep
2023  Berlin, Germany

14) EMBL Course — Genome engineering:
CRISPR/Cas from cells to mice 17 Sep 2023 - 22
Sep 2023  EMBL Heidelberg, Germany

15) ISBB 2023 : INTERNATIONAL SUMMIT ON
BIOTECHNOLOGY & BIOINFORMATICS
San Francisco, USA When: Sep 14, 2023 - Sep
16, 2023 Submission Deadline: Jan 16, 2023

15) Food biotech Congress 2022 : 3rd World
Congress on Food Science and Biotechnology
Amsterdam, Netherlands When: Nov 2, 2022 -
Nov 3, 2022 Submission Deadline: Jan 16, 2023

16) “4th Edition of Euro-Global Conference on
Biotechnology and Bioengineering” (ECBB
2024) is scheduled as a Hybrid Event in
Germany and Virtually from September 19-21,
2024

17) Global Meet on Biotechnology and Bioscience
FEBRUARY 16-18, 2023HILTON HOTEL
MIAMI AIRPORT, MIAMI, UNITED STATES

18) 2023 ISPE Biotechnology Conference26 - 27
Jun 2023- Dublin, Ireland and Virtual

19) International Conference on Forestry Food and
Sustainable Agriculture (ICFFSA) -30th
Aug,2023 -Venue : Indore, India

20) International Conference on Recent Advances
in Medical, Medicine and Health Sciences
(ICRAMMHS) -30th Aug,2023 -Venue : Indore,
India

21) International Conference on Research in
Science, Engineering and Technology (ICRSET) 
-30th Aug,2023 -Venue : Indore, India

22) National Conference on Recent Advances in
Science, Engineering, Technology and
Management (NCRASETM) -30th Aug,2023
-Venue : Indore, India

23) National Conference on Advanced research on
Science, Engineering and Technology
(NCARSET) -30th Aug,2023 -Venue :
Bhubaneswar, India
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24) International Conference on Agriculture
(ICAG) -30th Aug,2023 -Venue : Bhubaneswar,
India

24) International Conference on Agriculture
(ICAG) -30th Aug,2023 -Venue : Bhubaneswar,
India

25) Global conference on Renewable Energy and
Climate Change (GCRECC) -30th Aug,2023
-Venue : Durgapur, India

26) International conference on Agricultural and
Biological Sciences (ICABS) -30th Aug,2023
-Venue : Durgapur, India

27) Global Congress on Plant Biology and
Biotechnology (GCPBB) -30th Aug,2023 -Venue 
: Thiruvananthapuram, India

28) International Conference on Obesity, Weight
Management and Nutrition Research
(ICOBWN) -30th Aug,2023 -Venue :
Thiruvananthapuram, India

29) International Conference on Science,
Technology and Engineering (ICSTE) -30th
Aug,2023 -Venue : Thiruvananthapuram, India

30) International Conference on Industrial and
Production Engineering (ICIPE) -30th
Aug,2023 -Venue : Nashik, India

31) 12-15 September 202340th IASP World
Conference on Science Parks and Areas of
Innovation, Luxembourg

32) September 2023 Clinical Genomic Biomarkers

Summit, Basel, Switzerland

33) 20-21 September 2023Life Sciences Baltics,
Vilnius, Lithuania

34) 20-23 September 20236thAdvances in
Circulating Tumor Cells, Skiathos, Greece

35) September 2023 Life Science Investors Day,
Heidelberg, Germany

36) 28-29 September 2023Future food-tech,
London, UK

37) September 2023BioRN Annual Conference “
Next Generation Cell and Gene Therapies” ,
Heidelberg, Germany

38) 28-30 September 2023Molecular Analysis for
Precision Oncology Congress 2023, Paris,
France
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