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ABSTRACT

miRNAs

Among the small RNA molecules, micro RNAs (miRNAs) are an interesting class of endogenous
molecules that play a key role in the regulation of gene expression in various developmental and
signaling cascades. Abiotic stress which induced abnormal expression in various miRNAs, can be a new
target for developing stress tolerant breeds. Recent reviews show that during abiotic stress, miRNAs
swamp the conditions by regulating target genes within the miRNA–target gene network and regulates
various signaling pathways and crucial organ development like roots. Stress conditions leads to the
stimulation and accumulation of positive regulators and suppression of negative regulators. The current
review on miRNAs helps in identifying the role of miRNAs in stress management of maize crop. Study
also help in establishing deviations in genetic profile of miRNAs during abiotic stress conditions. After
compiling the available literature, it could be conclude that detail and deep studies are needed to
understand the miRNA mediated regulatory mechanism to produce agriculturally important plants to
endeavor the future needs.

Abiotic stress
Gene regulation
Drought
Salinity
Radiation
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1 Introduction

3 Role of MicroRNAs in Plant Abiotic Stress Responses

Maize (Zea mays L.) is one of the widely cultivated primary crops
for food and fodder throughout the world. Being an important
cereal crop with diverse industrial applications, maize served as a
model for the genetic and genomic research (Huang et al., 2002).
Extensive research has been carried out on maize crop
development and adaptation to the abiotic stress responses for
continuing the better yield. Various environmental stress like salt,
light, hypoxia, thermal, radiation, drought and oxidative stress
severely affect the growth and development of the plant which
subsequently decelerate the crop yield (Fahad et al., 2017). In
recent years few attempts have been made for developing stress
tolerant in this crop (Prasanna, 2016). It is also important to study
the abiotic stress responses to understand the molecular changes
in the genetic perspective. According to Hamilton & Baulcombe
(1999) RNA interference will be a better tool of choice for better
understanding the gene regulation. Axtell & Bowman (2008),
reported that micro RNAs (miRNA) are the small RNAs which
regulate the pre and post transcriptional modifications in protein
synthesis during abiotic stress.

Khraiwesh et al. (2012) suggested that every organism will try for
survival; similarly, plants struggle to overcome the various biotic
and abiotic stress conditions by gene regulations through different
pathways. To combat these stress either they change the nature of
gene regulation by over expression or suppression or sometimes
by producing new miRNAs (Olejniczak et al., 2017). Sunkar &
Zhu (2004) reports suggested that Micro RNA profiling and
microarray experiments of various models including A. thaliana
explains the role of miRNAs in the stress conditions; some
drought responsive miRNAs such as miR156, miR158, miR159,
miR165, miR167, miR168, miR169, miR171, miR319, miR393,
miR394 and miR397 were well identified in stress management
(Sunkar et al., 2004). Salt shocked maize roots had downregulated miR156, miR164, miR167, and miR396 families and
upregulated miR162, miR168, miR395 and miR474 families (Wei
et al., 2009; Ding et al., 2009).

Plants have adopted various mechanisms to confront the
unfavorable environmental stresses by regulating their gene
expressions (Shukla et al., 2008). Insilico analysis of
microRNAs and their target gene of stress induced
Arabidopsis thaliana, and miRNA cloning had produced a new
set of miRNAs that were not seen in the plants grown in
stress-free conditions (Jones-Rhoades & Bartel, 2004). By
analyzing the complex miRNA-directed stress regulatory
responses can provide new path for the development of stress
tolerant plants (Wei et al., 2009). This present review outlines
the association of miRNAs with abiotic stress.
2 Biogenesis and Mechanism of Action of Plant Micro RNA
Phillips et al. (2007) explained that plant micro RNAs are non
coding RNAs, which consists of 20-24 nucleotides which encoded
by miRNA genes. These genes can be transcribed into primary
miRNAs by RNA polymerase II which can serve as miRNA
precursors. This is a self-complementary and behaves like an
imperfect double stranded structure. Dicer like (DCL) protein
will produce the mature miRNA duplex from the precursor
miRNA. Further, Chen (2005) reported that ARGONAUTE
(AGO) protein degrades a single strand of the duplex which
directs the AGO protein to recognize its perfect complementary
nearby (target mRNA). This RNA associated with many actions
like gene silencing which produces silencing complex (RISC),
inhibits the protein synthesis by interfering in post translational
modifications (Lanet et al., 2009).
Journal of Experimental Biology and Agricultural Sciences
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Micro RNAs can target multiple genes in a family but expression
of specific target genes depends on the specific stress conditions
(Sunkar et al., 2007; Sunkar et al., 2012). In case of maize plant,
the miRNAs in high salinity shocks leads to the changes in
transcription those are involved in various physiological and
metabolic processes like organ formation, plant development and
stress regulation (Jones-Rhoades et al., 2006). F-box auxin
receptors like TIR1 (Transport Inhibitor Response Protein 1)/AFB
(Auxin Signaling F-box Protein) were upregulated during drought
stress in many plants such as Arabidopsis and rice (Chen et al.,
2011). Deep gene sequencing of rice panicle in cold stress
suppressed that the expression of miR1425 which targets genes of
RNA binding proteins that encoding Pentatricopeptide repeat
(PPR) proteins. Which have several functions like RNA stability,
RNA splicing and RNA editing (Delannoy et al., 2007). Sunkar et
al., (2006) reported that during oxidative stress gene transcripts
CSD1, CSD2 and CSD3 that encodes for the Cu-Zn SODs were
accumulated due to the down-regulation of miR398. Since, the
superoxides cause oxidative damage to the plants which must be
transformed into non toxic metabolites by ROS scavenging
enzymes like superoxide dismutase (SOD).
4 Identification and Target Prediction of Plant MiRNAs
Due to the complex nature of miRNAs like methylation, multiple
occurrences and small size, many sophisticated attempts in
cloning methodologies have been adopted for the identification of
miRNAs in plants, which resulted in various archives and
databases for miRNAs (Tripathi et al., 2015). The miRBase
contains 28,645 hair pin precursor miRNAs which express 35,828
mature miRNA products in 223 species including 73 plant species
with 7057 miRNA loci (Kozomara & Griffiths-Jones, 2014).
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miRNEST provides computational predictions and highthroughput sequencing results of miRNA data and now it contains
more than 270 plant species and 22 viruse miRNAs including
2041 degradome data (Szczesniak et al., 2012). PMRD and PNRD
represent plant miRNA sequences coupled with their targets. It
consists of more than 8400 entries from around 120 plant species
(Yi et al., 2015). The TAPIR uses two modes for predicting plant
miRNAs, “Fast” mode and “Precise” mode (Bonnet et al., 2004).
Evers et al. (2015) and Shiram et al., (2016) mentioned that there
is a public access tool based on the functional similarity network
for identification of plant-miRNA precursors, through application
of transductive multi-label classification which is adaptable to
heterogeneous and complex precursor populations.

This accumulation is caused by the up regulation of Pyrroline-5carboxylate synthetase (P5CS isoform 1) (GRMZM2G375504)
related translation (Strizov et al., 1997). In salt stress few
miRNAs, such as mir_250 vs. glutathione peroxidase (GPX) and
DNA (cytosine- 5-)-methyltransferase, mir_316 vs. gibberellin
receptor (GID1), mir_330 vs. casein kinase II subunit alpha
(CK2a) and cysteine proteinase inhibitor, and mir_316 vs.
sucrose-phosphatase-1 (SPP1) in leaves, roots, or both were transregulated (Fu et al., 2017). Proline dehydrogenase targeted genes
like miR474 have been identified to be up regulated in abiotic
stress like drought in maize (Wei et al., 2009).

5 Abiotic Stress Induced Plant MiRNAs

Hypoxia or anaerobic conditions altered the expressions of 39
miRNAs in maize. Auxin response factor, SCL, HD-ZIP and the
WRKY domain proteins were accumulated because of the
induction of various miRNAs (zma-miRNA166, zma-miRNA167,
zma-miRNA171 and osa-miRNA396) at four different
submergence time points in the early submergence phases.

5.1 MiRNAs in response to drought stress
Aravind et al. (2017) explained about the structural and functional
characterization of drought associated miRNAs in maize lead to
the identification of 13 drought-associated miRNA families with
65 members which regulates 42 target mRNAs. The miR166
(Squamosa promoter-binding-like proteins) and miR395 (Growthregulating factors) families have expressed with various family
specific targets as high as 14 miRNAs in each family. But, zmamiR160, zma-miR390, zma-miR393, and zma-miR2275
expressed a single target only. The target mRNAs has coupled
with NAC, GAMYB and HD-Zip which are few drought-related
transcription factors. In drought tolerant maize (HKI-1532) it is
observed that 35% of miRNAs were up-regulated and in drought
sensitive maize (V-372) 31% of miRNAs were up-regulated
(Aravind et al., 2017). Moreover, the target mRNAs was up
regulated in HKI-1532 by 14.2% and in V-372 it is 2.38% only.
Interestingly, the expression patterns of miRNA-target mRNA
pairs for HKI-1532 showed 46 Type I, 13 Type II, and 23 Type III
patterns, but, V-372 displayed Type IV interactions (151). In the
stress tolerant maize, the fundamental and essential biological
functions like endosperm expression, auxin & light responsive
pathway and ABA signaling were maintained by less
accumulation and down regulation of few miRNAs.

5.3 miRNAs in response to hypoxia

Moreover, few miRNAs (zma-miR159, ath-miR395-like, ptcmiR474-like and osa-miR528) have been reduced at early
submergence phase but induced after one day of submergence. All
the miRNA targets involve in carbohydrate and energy
metabolism and they possess the cis-acting element, which is
necessary for the hypoxia or hormone induction (Zhang et al.,
2008).
5.4 MiRNAs in response to radiation
Shen et al. (2015) reported that UV-B radiation in the seedlings of
maize leads to the increased levels of anthocyanin and phenol.
UV-B radiation causes severe membrane damage leads to lipid
peroxidation and osmolytic leakage. Among the 17 UV-Bresponsive miRNAs in irradiated maize, seven miRNAs (miR164,
miR165, miR166, and miR398) were up regulated by UV-B, and
10 miRNAs (miR164, miR165, miR166, and miR398) were down
regulated. Some miRNAs like miR156, miR171, and miR172 can
switch various growth stages of the plant life cycle and some
miRNAs like miR156, miR171, and miR172 will regulate these
transitions (Casati, 2013).

5.2 MiRNAs in response to salinity stress
Conclusion
Role of miRNAs in management of salinity stress was also
recognized by Yang et al. (2014). In addition to the synthesis of
proteins, translation IFs plays various other important roles in
plants. Translational initiation factors like IF1 can help the plant
to tolerate the abiotic stress responses through various
mechanisms. Tamarix hispida roots and stems have expressed
IF1A after 6 and 48 hours of salinity shock respectively. This
salinity resistant nature was adopted by regulating the
biosynthesis of proline which is an osmolytic in salinity stress.
Journal of Experimental Biology and Agricultural Sciences
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From the current literature, it can be perceived that the numerous
efforts of the scientists exemplified the mechanisms associated
with plant abiotic stress response. To swamp the future problems,
it is necessary to produce new breeds and stress tolerant crops.
The continuous research on the identification of small RNAs and
protein-coding genes for abiotic stress, few researches are
available about the exact roles of these miRNAs. Though much
advancement like computer aided sequencing technologies and
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databases are available, this area is still in infant stage. The
aberrant expressions of miRNAs, especially which are associated
in abiotic stress are extremely important in order to develop
drought tolerant and genetically improved plants. It is obvious
from the past that there is a need to explore the new targets to
develop agriculturally important crop varieties. Development
of artificial miRNAs is also an important approach for
designing stress tolerated crops. It is also important to
investigate the reason for stress response. The response may
be due to genotypic changes or abiotic stress. This can be
affirmed by large scale models using different plant species. It
is observed that miRNAs can be modified in the cascade of
biosynthesis. It is very important to identify whether the
modifications like truncations, nucleoside substitution and
addition are associated with the abiotic stress or not for better
understanding of the stress response.
Conflict of Interest: Nil
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ABSTRACT

Myristica fragrance

Inter Simple Sequence Repeats (ISSR) constitute a reliable molecular marker system for genetic
diversity analysis among species. The present study was conducted to evaluate genetic diversity /
relatedness among superior accessions of Myristica fragrans (Nutmeg) maintained at the germplasm of
Regional Agricultural Research Station, Kumarakom, Kerala, India using ISSR markers. Genomic DNA
was extracted from 19 superior genotypes of nutmeg. Among the 34 ISSR primers used, only 16 primers
developed reproducible banding pattern. The selected primers generated 145 amplified bands, of which
97 were found to be polymorphic. The amplicon size varied between 300 to 1500 bp. The polymorphism
percentage for the tested primers ranged between 33% (UBC 860) to 100% (UBC 852a) with an average
value of 65.73%. Among the different primers studied the primer UBC 815 showed the highest PIC
value (0.48) and the primer UBC860 provided the lowest value (0.10). The mean value for marker
index (MI) observed in this study was 1.62. The Jaccard’s similarity coefficient for the genotypes
studied varied from 0.565 to 0.939. The dendrogram derived from UPGMA analysis separated the
nineteen nutmeg accessions into two major clusters. The information obtained from this study could be
used for further breeding programmes in nutmeg.
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1 Introduction
Myristica fragrans Houtt. (Myristicaceae), commonly known as
nutmeg, is an evergreen aromatic tree which produces two
economically important spices, namely nutmeg seed and mace.
Nutmeg is originated from spice islands of Indonesia (Leela, 2008) It
is a tropical tree and commonly available in Malaysia, India,
Indonesia and South East of Asia (Al-Rawi et al., 2011). The dried
kernel of broadly ovoid seed of the nutmeg is known for its aromatic
properties (Tajuddin et al., 2003). The nutmeg as a spice is used
mainly in food processing industry and the mace is used in savory
dishes (Leela, 2008). The seed and mace are widely used in
pharmaceutical industries. Various researchers have narrated the
anti oxidant properties of nutmeg (Madsen & Berteldsen, 1995;
Lagouri & Boskou, 1995). M. fragrans is considered as a source of
medicinally active compounds with various pharmacological effects
like anti-oxidant, anti-cancerous, anti-diabetic, anti-depressant and
hypocholesterolemic (Asgarpanah & Kazemivash, 2012). Myristicin
extracted from nutmeg is reported to have hepatoprotective effects
(Morita et al., 2003). The nutmeg is traditionally used for treating
digestive disorders and kidney ailments. South East Asians use this
for treating fever, headaches and bronchial problems. The Chinese
consider this as an aphrodisiac (Leela, 2008). The nutmeg oil also
has many therapeutic properties and is used in Ayurveda and
Homeopathic treatments. Fruit powder is used (3-6gms) in
Ayurveda for Atisara, Grahini, Chardi, Mukhroga, Pinasa, Rasa,
Svasa and Sukrameha (Tripathi & Dwivedi, 2015). The fruit
processes several pharmacological properties viz. stimulant,
narcotic, carminative, astringent, aphrodisiac, acrid, astringent,
sweet, bitter, thermogenic, diuretic, hypolipidaemic, antithrombotic,
anti-platelet aggregation, antifungal, anti-inflammatory, anodyne,
vulnerary, alternate, stomachic, laxative, carminative, digestive,
anthelmintic, cordiotonic, aphrodisiac, antiseptic, febrifuge,
depurative and tonic (Muchtaridi et al.,2010; Bamidele et al.,2011;
Shafiei et al., 2012) According to Krishnamoorthy & Rema (2001)
the nutmeg oil is used externally as a stimulant.
In India the area under nutmeg cultivation is showing an increasing
trend, especially in the southern region owing to the high price of
nutmeg and mace prevailing in international markets. In India, it is
grown throughout Kerala, parts of TamilNadu, Karnataka, Goa,
Assam and Andaman and Nicobar Islands (Thangaselvabai et al.,2011 ).
According to Khan et al. (2015) genetic diversity analysis involving
molecular markers are useful for understanding the genomic
constitution, genes responsible for important traits and germplasm
conservation. Ni et al (2002) opined that genetic diversity analysis is
helpful for developing genetically unique germplasm which
compliments existing cultivars. ISSR markers are simple, reproducible
and inexpensive. They are widely used for analysing genetic diversity
between closely related cultivars (Gonzalez et al., 2002), molecular
characterisation of germplasm (Charters & Wilkinson, 2000),
phylogenetic studies (Ajibade et al., 2000), marker assisted selection
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in plant breeding and genome mapping (Reddy et al., 2002). It also
provides information about markers linked to agronomic traits, and
disease resistance (Ratnaparkhe et al., 1998).
Variability is observed in the growth rate, productivity, size and shape
of leaf, flower, fruit and seed in nutmeg (Krishnamoorthi, 1996;
Haldankar et al., 2004). Sheeja et al. (2006) reported molecular
variation between clonal and seedling progenies of nutmeg using
RAPD markers. Authors have already reported (Krishnan et al., 2017)
the diversity analysis using RAPD primers in nutmeg The aim of the
present study was to assess the genetic variability and to characterise
the germplasm of M. fragrans using ISSR markers.
2 Materials and methods
2.1 Plant sample collection
The ISSR analysis was conducted on nineteen promising nutmeg
accessions conserved at the Regional Agricultural Research
Station, Kumarakom, Kerala, India (Table 1). Among these
accessions 18 genotypes were collected from different locations
Table 1 Selected nutmeg accessions and their site of collection for
genetic diversity analysis using ISSR markers
Sl No.

Genotypes/Accession

Place of Collection

1

ACC1

IISR Viswasree
(a released variety)

2

ACC2

Kadapoor

3

ACC3

Vaikom

4

ACC4

Vaikom

5

ACC5

Piravom

6

ACC6

Piravom

7

ACC17

Piravom

8

ACC7

Chengalam

9

ACC8

Chengalam

10

ACC9

Arunootimangalam

11

ACC21

Arunootimangalam

12

ACC22

Arunootimangalam

13

ACC12

Poovarani

14

ACC19

Poovarani

15

ACC13

Elikulam

16

ACC14

Chengalam

17

ACC20

Pinakanad

18

ACC15

Kanjirappally

19

ACC11

Kanjirapally
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of Kottayam district in Kerala and one was a released variety IISR
Viswasree,. The local genotypes were selected based on their
fruit characters and yield. Emerging pale green leaves
collected from the selected genotypes were wrapped in
aluminium foil and kept in ice boxes until reaching the
laboratory. Then these were plunged in liquid nitrogen and
stored at -80 °C until DNA extraction.
2.2 DNA extraction
The genomic DNA extraction was performed using the
modified CTAB protocol described by Divyasree et al. (2014).
For this protocol 0.2 g of fresh leaf tissue was ground in a
preheated (60 °C) mortar and pestle using 1 ml extraction
buffer, 50μl β-mercaptoethanol and a nip of PVP. Further, the
ground material was subjected to incubation in a water bath at
60°C for 30 minutes, with mixing at intervals. This was
centrifuged at 7200 rpm for 10 minutes at 25 °C after adding
equal volume of Chloroform: Isoamyl alcohol (24:1). After
that, the aqueous phase on the top was pipetted in to a sterile
1.5 ml tube. This was mixed with 2/3rd volume of ice cold
isopropanol. The tube was inverted gently to facilitate DNA
precipitation. Then centrifugation carried out at 7200 rpm at
25 °C for 3 minutes. 1ml of wash buffer (76% ethanol, 10 mM
ammonium acetate) was added to this after discarding
supernatant. Then the samples were kept for incubation at
room temperature for 20 minutes. Again this was centrifuged
at 7200 rpm for 10 minutes at 25 °C. The pellet obtained after
discarding the supernatant was dissolved in 30 μl of sterile
distilled water. The quantity and quality of DNA were checked
with spectrophotometer (Shimadzu) and agarose gel (0.8%)
electrophoresis.
2.3 ISSR analysis
PCR amplification was performed in an Agilent Sure Cycler
8800 (Agilent Technologies, USA) using 34 ISSR primers (The
University of British Columbia, Canada) as suggested by Sheeja
et al. (2008) (Table 2). The reaction mixture contained deionised
water 17 µL, Taq buffer (10x) 2.5 µL, MgCl 2 (25 mM) 1 µL,
ISSR Primer (10 pmol/ µL) 2 µL, dNTP mix (2.5mM each) 1
µL, Taq DNA Polymerase (2 U/µL) 0.5 µL, Template DNA (25
ng/µL) 1 µL with a final volume of 25 µL. The PCR programme
was designed as follows: initial denaturation of 4 min at 94°C;
followed by 35 cycles of denaturation for 35 s at 94°C, primers
annealing for 1 min at 50-55 °C , and extension for 10 min at
72°C, followed by a final extension for 10 min at 72°C.
Amplified products were size-separated on 2% agarose gel and
documented using a Bio-Rad Gel Documentation System (BioRad Laboratories, Hercules, CA).
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Table 2 List of ISSR primers used for the study
Sl. No.

Primer

Nucleotide sequence

1

UBC 807

5’-AGAGAGAGAGAGAGAGT-3’

2

UBC 809

5’-AGAGAGAGAGAGAGAGG-3’

3

UBC 810

5’-GAGAGAGAGAGAGAGAT-3’

4

UBC 812

5’-GAGAGAGAGAGAGAGAA-3’

5

UBC 815

5’-CTCTCTCTCTCTCTCTG-3’

6

UBC 816

5’-CACACACACACACACAT-3’

7

UBC 834a

5’-AGAGAGAGAGAGAGAGCT-3’

8

UBC 834b

5’-AGAGAGAGAGAGAGAGTT-3’

9

UBC 835

5’-AGAGAGAGAGAGAGAGCC-3’

10

UBC 836a

5’-AGAGAGAGAGAGAGAGCA-3’

11

UBC 838

5’-TATATATATATATATAAC-3’

12

UBC 840a

5’-GAGAGAGAGAGAGAGACT-3’

13

UBC 840b

5’-GAGAGAGAGAGAGAGATT-3’

14

UBC 841a

5’-GAGAGAGAGAGAGAGACC-3’

15

UBC 841b

5’-GAGAGAGAGAGAGAGATC-3’

16

UBC 842b

5’-GAGAGAGAGAGAGAGATG-3’

17

UBC 843a

5’-CTCTCTCTCTCTCTCTAA-3’

18

UBC 844a

5’-CTCTCTCTCTCTCTCTAC-3’

19

UBC 848a

5’-CACACACACACACACAAG-3’

20

UBC 850a

5’-GTGTGTGTGTGTGTGTCC-3’

21

UBC 852a

5’-TCTCTCTCTCTCTCTCAA-3’

22

UBC 855

5’-ACACACACACACACACYT-3’

23

UBC 857a

5’-ACACACACACACACACCG-3’

24

UBC 857b

5’-ACACACACACACACACTG-3’

25

UBC 858

5’-TGTGTGTGTGTGTGTGRT-3’

26

UBC 860

5’-TGTGTGTGTGTGTGTGAA-3’

27

UBC 862

5’-AGCAGCAGCAGCAGCAGC-3’

28

UBC 865

5’-CCGCCGCCGCCGCCGCCG-3’

29

UBC 866

5’-CTCCTCCTCCTCCTCCTC-3’

30

UBC 868

5’-GAAGAAGAAGAAGAAGAA-3’

31

UBC 872

5’-GATAGATAGATAGATA-3’

32

UBC 873

5’-GACAGACAGACAGACA-3’

33

UBC 874

5’-CCCTCCCTCCCTCCCT-3’

34

TC 10G

5’-TCTCTCTCTCTCTCTCTCTCG-3’
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2.4 Data analysis
The molecular size of the amplicons was estimated based on
the relative position of bands with the 100 bp ladder marker
which was run along with the amplified product. The
amplified bands were scored as present (1) or absent (2). Only
those bands which were clear and reproducible were
considered for scoring. The percentage of polymorphism was
calculated using the binary data generated. The Polymorphism
Information Content (PIC) was calculated as PIC = 2fi (1 - fi),
where fi is frequency of amplified allele (band present) and (1
- fi) is frequency of null allele (band absent) for the allele i
(Roldan-Ruize et al., 2000). The marker index (MI) was
calculated as a product of PIC and number of polymorphic
bands per assay unit as explained by Powel et al. (1996). The
MI value assesses the overall utility of a marker system. The
genetic relationship between selected accessions was analysed
using the software programme Numerical Taxonomy and
Multivariate Analysis System (NTSYS-pc, Version 2.02e,
Exeter Software, NY, USA) (Rohlf, 1998). Jaccard’s
coefficient of similarity (Jaccard, 1908) was calculated with
the SIMQUAL program. These similarity coefficients were
used to generate UPGMA (Unweighted Pair Group with
Arithmetic Averages) dendrogram using SAHN module of
NTSYS-pc (Sneath & Sokal 1973).
3 Result and discussion
Different types of molecular markers have been used in
nutmeg for assessing genetic diversity such as RAPD (Sheeja
et al., 2006; Krishnan et al., 2017) and ISSR (Sheeja et al.,
2013). Inter simple sequence repeat markers are one of the
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robust tool used to evaluate genetic diversity in agronomically
important crops (Brantestam et al., 2004). In this study, 34
ISSR primers were screened for their amplification efficiency
in 19 superior accessions of nutmeg. Among them 16 primers
generated clear and reproducible banding profile. These ISSR
primers yielded 145 amplified bands of which 97 were
polymorphic. The number of amplified fragments for each
primer ranged from 3 (UBC 860) to 13 (UBC 840A and UBC
810) with a mean of 8.5 bands per primer which varied in size
from 300 to 1500 bp. The percentage of polymorphism among
the primers studied showed an average value of 65.73% and it
varied between 33% (UBC 860) to 100% (UBC 852a). The
highest number of polymorphic bands was yielded by the
primers UBC 857b, UBC 807 and UBC 852a (Figure 1).
Sheeja et al. (2013) reported that 16 ISSR primers produced
262 bands with a polymorphism of 97.3% in seven Myristica
sp., two of its related genera and one unidentified species. In a
related study with eight accessions of Cinnamomum tamala,
Gawari et al. (2016) obtained an average polymorphism of
86.3% for 3 ISSR markers. The rate of polymorphism obtained
in this study was higher when compared to ISSR analysis in
Garcinia xanthochymas where polymorphism was only
21.25% (Anerao et al., 2016)
The discriminatory power of ISSR primers for genetic
relationship analysis was evaluated using polymorphic
information content (PIC), and marker index. In the present
study the PIC value of 16 ISSR primers ranged from 0.10 to
0.48 with an average of 0.28, which indicate that these ISSR
markers are highly informative (Table 3). The most
informative marker in this study was UBC 815 since it
recorded highest PIC value (0.48). Thimmappaiah et al. (2009)

Figure 1 ISSR profiling of selected Nutmeg genotypes using UBC807. Lane M: 100bp DNA Ladder; Lane 1: Acc. 1; Lane2: Acc. 2; Lane
3:Acc.3; Lane 4 Acc. 4; Lane 5 : Acc.5; Lane 6 : Acc.6; Lane 7 : Acc.17; Lane 8: Acc.7; Lane 9: Acc.8; Lane 10: Acc.9; Lane 1 1: Acc.21; Lane
12: Acc.22; Lane 13: Acc.12; Lane 14: Acc.19; Lane 15: Acc.13; Lane 16: Acc.14; Lane 17: Acc.20; Lane 18: Acc.15; Lane 19: Ac c.11.
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Table 3 ISSR data obtained with 16 primers analysed on 19 accessions of M. fragrans.
Primer

Total number of bands

Percentage of
polymorphic bands

Percentage of
monomorphic bands

PIC

MI

UBC 840A

13

53.85

46.15

0.34

2.35

UBC 860

3

33.00

66.00

0.10

0.10

UBC 844A

9

55.00

45.00

0.26

1.27

UBC 807

11

81.81

18.18

0.24

2.20

UBC 858

7

85.71

14.28

0.22

1.29

UBC 840B

10

70.00

30.00

0.29

2.02

UBC 852A

9

100.00

0.00

0.20

1.79

UBC 842B

5

80.00

20.00

0.30

1.20

UBC 857B

10

90.00

10.00

0.24

2.13

UBC 850A

6

50.00

50.00

0.22

0.66

UBC 855

9

55.00

44.00

0.34

1.69

UBC 812

10

50.00

50.00

0.40

2.01

TC-10

6

83.33

16.66

0.26

1.29

UBC 815

6

33.33

66.66

0.48

1.92

UBC 848

10

60.00

40.00

0.27

1.59

UBC 834A

8

75.00

25.00

0.30

1.78

UBC 810

13

61.50

38.50

0.29

2.29

Total

145

Average

8.5

65.73%

36.27%

0.28

1.62

obtained similar results in Cashew (Anacardium occidentale L.)
where the PIC value varied from 0.180 to 0.419 with an
average of 0.295 using 10 ISSR primers. Sheeja et al. (2013)
observed an average PIC value of 0.35 for 16 ISSR primers in
Myristica sp. and related genera. The marker index (MI)
calculated for the 16 primers employed in the present
investigation ranged from 0.10 to 2.35 with a mean of 1.62
(Table 3). MI reflects the efficiency of marker to analyse a
large number of bands, rather than level of polymorphism
detected (Powell et al., 1996).

ACC11 showed most distinct genetic relationship with the
lowest similarity index (0.565) whereas the accessions ACC22
and ACC19 were closer in their genetic makeup with highest
similarity index (0.939). Jaccard’s similarity coefficient
ranged from 0.55 to 1.00 in 22 Castor (Ricinus communis L.)
genotypes using 21 ISSR primers (Gajera et al., 2010). The
genetic similarity coefficient of 48 okras ranged from 0.6558
to 0.9935 using 22 ISSR markers (Yuan et al., 2015).
The data generated was used to estimate genetic similarity for
pair wise accessions based on Jaccard’s similarity coefficient.

The Jaccard’s similarity co-efficient ranged between 0.565 and
0.939 (Table 4) revealing a moderate level of genetic diversity
among the accessions studied. The accessions ACC7 and
Journal of Experimental Biology and Agricultural Sciences
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The UPGMA dendrogram constructed based on Jaccard’s
similarity coefficient clustered the 19 genotypes into two
major clusters at a coefficient value of 0.62 (Figure 2). In the
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Figure 2 Dendrogram obtained from 19 accessions of Nutmeg with UPGMA based on Jaccard’s coefficient

dendrogram ACC 11 was most genetically dissimilar and was

They can be eliminated by molecular characterization of the

separated from all other accessions. The remaining accessions

accessions and thereby reducing the cost of maintenance of

were again divided into 2 with accession ACC 5 alone forming

redundant in clonal repositories.

a separate category.

The accessions ACC19 & ACC22

showed maximum amount of similarity.
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Table 4 Jaccard’s co-efficient of similarity between 19 nutmeg accessions based on ISSR data.
ACC1

ACC2

ACC3

ACC4

ACC5

ACC6

ACC17

ACC7

ACC8

ACC9

ACC21

ACC22

ACC12

ACC19

ACC13

ACC14

ACC20

ACC15

ACC1

1.000

ACC2

0.883

1.000

ACC3

0.827

0.848

1.000

ACC4

0.785

0.801

0.858

1.000

ACC5

0.611

0.635

0.693

0.680

1.000

ACC6

0.835

0.836

0.807

0.750

0.650

1.000

ACC17

0.793

0.835

0.848

0.822

0.679

0.852

1.000

ACC7

0.762

0.770

0.725

0.725

0.689

0.763

0.788

1.000

ACC8

0.824

0.867

0.840

0.813

0.644

0.826

0.902

0.779

1.000

ACC9

0.818

0.860

0.876

0.821

0.677

0.798

0.868

0.772

0.902

1.000

ACC21

0.779

0.821

0.848

0.796

0.705

0.815

0.882

0.735

0.874

0.881

1.000

ACC22

0.774

0.816

0.850

0.803

0.674

0.823

0.876

0.747

0.854

0.861

0.904

1.000

ACC12

0.739

0.768

0.770

0.705

0.662

0.789

0.816

0.707

0.807

0.815

0.830

0.824

1.000

ACC19

0.785

0.841

0.841

0.801

0.672

0.792

0.861

0.754

0.881

0.888

0.903

0.939

0.850

1.000

ACC13

0.744

0.815

0.800

0.748

0.654

0.8391

0.836

0.738

0.884

0.835

0.822

0.801

0.795

0.828

1.000

ACC14

0.794

0.837

0.817

0.824

0.730

0.833

0.858

0.748

0.796

0.803

0.816

0.812

0.791

0.797

0.770

1.000

ACC20

0.792

0.822

0.802

0.743

0.662

0.793

0.816

0.746

0.781

0.828

0.816

0.851

0.776

0.822

0.743

0.818

1.000

ACC15

0.745

0.800

0.868

0.787

0.708

0.740

0.820

0.752

0.838

0.819

0.807

0.827

0.730

0.813

0.774

0.757

0.755

1.000

ACC11

0.578

0.625

0.650

0.598

0.604

0.603

0.647

0.565

0.647

0.622

0.653

0.628

0.583

0.617

0.626

0.632

0.580

0.632
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ABSTRACT

Iron

The increase in food production is greatly contributed by green revolution, thereby leading to reduction
in people’s starvation. However, this caused greater depletion of micronutrient reserve in soil and
thereby accentuated wide spread deficiencies of micronutrients in crop species. Hence, biofortification
program has been initiated to identify varieties having high iron and zinc along with high yield. In the
present study 46 rice genotypes along with 4 checks were received from Indian Institute of Rice
Research (IIRR), Hyderabad, India and were evaluated for yield and yield attributing traits, grain quality
parameters and estimation of micronutrients.For yield and yield attributing characters most of the traits
showed high heritability associated with high genetic advance indicating fixation of genes and presence
of additive gene action in these traits. The results obtained by micronutrient estimation revealed that iron
and zinc contents of dehusked grains differed significantly between the genotypes. Among various
studied genotypes the promising genotypes with highest grain iron and zinc content along with higher
yields and with intermediate amylose content were identified. These promising genotypes identified can
be released to farmers after testing in multilocation trials for their stable performance or they can be
used as parents in hybridization programme.
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Nutritional Quality of Rice

1 Introduction
Rice (Oryza sativa L.) is a “Global Grain” cultivated widely
across the world and feeds millions of mankind. It is the staple
food for over half the world’s population. The countries like
China and India account for 50% of the rice grown and consumed.
It provides upto 50% of the dietary caloric supply for millions
living in poverty in Asia and is, therefore, critical for food
security (Muthayya et al., 2014). Rice constitutes starch as chief
component along with lipids, minerals, proteins and negligible
levels of micronutrients, hence rice supplies very less
micronutrients leading to micronutrient deficiency known as
“hidden hunger” (Khush & Virk, 2005).
Iron (Fe) is an essential element for blood production, about 70
percent of the body's iron is found in the red blood cells called
hemoglobin. The hemoglobin is involved in transfer of oxygen
from the lungs to the tissues (Roohani et al., 2013). Iron
deficiency is one of the most prevalent micronutrient deficiencies,
affecting around two billion people globally (WHO, 2016).
Micronutrient deficiencies or “hidden hunger” affect about 38%
of pregnant women and 43% of preschool children worldwide and
are most prevalent in developing countries. More than 30% of the
world’s population is anaemic. Global studies estimate that
approximately half of this is due to Iron-Deficiency Anaemia
(IDA). IDA can affect productivity and cause serious health
consequences, including impaired cognitive development in
children, a weakened immune system, and increased risk of
morbidity. (Trijatmiko et al., 2016)
Zinc (Zn) helps in protein synthesis and regulates immune system
of the human body. It also has role at the time of pregnancy, hair
care, night blindness, eye care, appetite loss, and many other
conditions (Roohani et al., 2013). Zinc deficiency is a major cause
of stunting among children. About 165 million children with
stunted growth run a risk of compromised cognitive development
and physical capability (Trijatmiko et al., 2016).
The deficiency of zinc and iron not only affects the human health
but also leads to crop yield losses. The WHO (2009) report says
half of the human population affected by iron and zinc deficiency
indicating its importance in human nutrition. This is more
pronounced in the developing countries of Asia and Africa
(Gómez-Galera et al., 2010). The other health related issues due to
deficiency of Fe and Zn are reduced immunity, fatigue, poor
growth, irritability, weakness, hair loss, wasting of muscles,
morbidity, sterility and even death in acute cases (Stein, 2010).
To alleviate iron and zinc deficiency biofortification program has
been suggested to be a sustainable, targeted, food-based and cost
effective approach in alleviating Fe and Zn deficiency. There are
popular projects which aim at Fe biofortification of rice, cassava,
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beans, and sweet potato. Similarly Zn biofortification of wheat,
rice, beans, sweet potato and maize led to release of varieties
contributing to reduction in malnutrition (Jena et al., 2018;
Jagadish et al., 2018). Further, seeds with increased
micronutrients also perform better in micronutrient deficient soils
by producing longer roots leading to better absorption and yield
(Graham et al., 2001) and improved disease resistance and stress
tolerance (Bouis & Welch, 2010). The present study was carried
out with the aim of evaluating rice genotypes possessing
combination of both high yield and nutritional quality.
2 Materials and Methods
The material used for the present research consisted of 50 rice
genotypes including 4 checks. All the collected genotypes were
provided by Indian Institute of Rice Research (IIRR), Hyderabad.
These genotypes were grown during kharif 2017 at Agricultural
Research Station, Gangavathi under University of Agricultural
Sciences (UAS), Raichur in Randomized Block Design (RBD)
with three replications. The seeds of the selected genotypes were
sown on the seed bed on 2 ndAugust 2017 and seedlings were
transplanted to the main field on 25 th August 2017 with a spacing
of 20×15 cm. Five representative plants for each genotype in each
replication were randomly selected to record observations on
various yield and yield attributing traits. The estimation of
micronutrients by XRF (X- Ray Fluorescence Spectrometry) was
carried out at IIRR, Hyderabad.
2.1 Procedure of XRF method of micronutrient estimation:
After harvesting, all the samples were processed using non-iron
and zinc husker to avoid iron and zinc contamination. The
dehusked brown rice sample was cleaned by tissue paper. Then
arrange ten dustless cleaned rice samples sachets in a row. Weigh
nearly 5 grams of each samples and pour into pre-identified
aluminium cup. Carefully tap the sample tray along with the
aluminium cups by holding the ends of tray with both hands in
order to spread the grain uniformly in all the aluminium cups and
place each aluminium cup into a sample sleeve of XRF machine
without disturbing the grain starting from 1 to 10. Insert x-ray
lamp key to the machine and turn it on. Iron and Zinc values
appear in a new window on the screen, note down the values and
click on to accept the results and repeat for each sample. The
estimation of amylose content in each rice sample was carried out
by following modified method of Juliano (1971). Amylose
content was determined by the following formula and expressed
on dry weight basis.
Amylose content=Optical density×Slope of the curve×Dilution factor.
Based on the amylose percentage varieties can be grouped as
proposed by Juliano (1971) and mentioned as in table 1.
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2.2 Statistical analysis

Table 1 Classification based on amylose content.
Category

Amylose content (%)

Waxy

1-2

Very low amylose

3-9

Low

10-19

Intermediate

20-24

The data recorded for yield and yield attributing traits were
processed with statistical parameters viz, range, mean, standard
error and coefficient of variation for all traits. The data was
subjected to randomized block design analysis. The data were
analyzed using software, Windostat version 8.5 and frequency
distribution curves obtained using SPSS version 16.0 software.

High

25-30

3 Results

Table 2 Analysis of Variance (ANOVA) for different yield and
yield attributing characters in rice genotypes
Source of
variation

Mean sum squares (MSS)
CV (%)
Replications

Treatments

Error

(d.f)

2

49

98

DFF

24.09

130.93**

5.91

2.45

TN

0.28

6.14**

1.42

7.85

PN

0.10

4.26**

1.57

9.16

PL

4.89

5.14**

2.33

9.43

PB

0.21

12.41**

0.46

6.90

SB

198.94

354.39**

8.45

10.05

PH

43.25

371.21**

29.86

5.44

%FS

173.27

227.22**

12.06

4.40

GN

331.04

2340.36**

38.29

5.12

TW

0.24

36.47**

2.17

5.68

GY

4.92

52.19**

3.24

5.19

Where, df-Degrees of freedom (d.f); PH- Plant height; DFF- Days to
50% flowering;
% FS- Percentage of fertile spikelets; TNTiller number per plant; GN- Grain number per panicle; PN- Panicle
number per plant; TW- Test weight; PL- Panicle length; GY- Grain
yield per plant; PB- Primary branches per panicle; SB- Secondary
branches per panicle; ** - Significance at 1% level

GCV

The grain yield per plant ranged from 22.10 to 40.14 g with a mean
value of 34.74 g. The highest grain yield was recorded by genotype
IR 93354:19-B-12-21-9-1RGA-2RGA-1-B (40.14 g) while lowest
grain yield per plant was recorded in IR14M117 (22.10 g).
The analysis of variance for different characters along with
coefficient of variation is presented in Table 2. The significant
differences for all the characters under study at 1% level of
significance was observed, indicating presence of sufficient amount
of variability for all the traits among the genotypes studied.
As per the results of mean performance, a wide range of variation
was found for most of the characters. Through this study an
endeavor was made to assess the extent of variability in rice
genotypes which portray the mean performance of fifty
genotypes, for eleven quantitative traits. Genetic variability
parameters for different yield and yield attributing traits are
presented in Table 3 while the PCV, GCV, h 2 (bs), and genetic
advance for different yield and yield attributing traits are
presented graphically in Figure 1 and 2 and 2a.
3.2 Grain iron and zinc content
The mean performance of rice genotypes for grain Fe and Zn
is given in Table 4. The top three genotypes were selected on the

PCV

Heritability

GAM

120

30

Percent Variability

Percent Variability

35

3.1 Yield and yield attributing characters

25
20
15
10
5

100
80
60
40
20
0

0
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11
Characters
Figure 1: Phenotypic (PCV) and genotypic (GCV) coefficient of
variation of various yield and yield attributing traits in 50 rice genotypes
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Figure 2: Heritability and genetic advance as percent of mean for
various yield and yield attributing traits in 50 rice genotypes
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Table 3 Estimates of mean and other genetic parameters for different yield and yield attributing characters in rice genotypes
Coefficient of
variation %

Variances

SI.
No.

Characters

Mean

Min

Max

Genotypic
(Vg)

Phenotypic
(Vg)

GCV

PCV

h2 (bs)
(%)

Genetic
Advance

GAM
(%)

1

Days to 50%
flowering

98.99

89.33

110.33

41.67

47.58

6.52

6.96

87.58

12.44

12.57

2

Tiller nuber per plant

15.15

13.00

19.47

1.57

2.99

8.28

11.41

52.62

1.87

12.37

3

Panicle number per
plant

13.67

11.67

17.00

0.89

2.46

6.93

11.49

36.43

1.17

8.62

4

Panicle length

23.74

21.07

26.67

0.85

3.18

3.89

7.51

26.80

0.98

4.15

5

Primary branches per
panicle

9.83

7.10

13.43

3.98

4.44

20.26

21.41

89.60

3.89

39.52

6

Secondary branches
per panicle

28.91

15.5

39.5

63.49

71.94

27.56

29.34

88.25

15.42

53.34

7

Plant height

100

78

125

113.78

143.64

10.62

11.93

79.21

19.55

19.47

8

Percentage of fertile
spikelets

78.77

52.70

91.27

53.73

65.79

9.30

10.29

81.67

13.64

17.32

9

Grain number per
panicle

120.65

64.00

181.33

767.35

805.64

22.95

23.52

95.24

46.15

55.69

10

Test weight

25.88

15.31

32.40

11.43

13.59

13.06

14.24

84.07

6.38

24.67

11

Grain yield per plant

34.74

22.10

40.14

16.31

19.57

11.64

12.75

83.43

7.60

21.91

2

GCV: Genotypic Coefficient of variation, PCV: Phenotypic Coefficient of variation, h bs: Broad sense heritability,
GAM: Genetic Advance as Percent of Mean

X11

STANDARD ERROR OF MEAN

1.039

X10

0.85

CHARACTERS

X9

3.572

X8

2.005

X7

3.155

X6

1.678

X5

0.393

X4

0.882

X3

0.723

X2

0.95

X1

1.404

0

0.5

1

1.5

2

2.5

3

3.5

4

STANDARD ERROR OF MEAN (SEM)
Figure 2 a: Standard Error of mean for various yield and yield attributing traits in 50 rice genotypes
Where, X1-Days to 50% flowering, X2-Tiller number per plant, X3-Panicle number per plant, X4-Panicle length, X5-Primary branches per
panicle, X6-Secondary branches per panicle, X7-Plant height, X8- Percentage of fertile spikelets, X9-Grain number per panicle, X10- Test
weight, X11-Yield per plant
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Table 4 Mean performance of rice genotypes for grain Fe and Zn content

Sl. No.

Genotype name

Fe (ppm)

Zn (ppm)

1

IR15M1293

9.70

19.30

2

IR15M1298

8.20

15.90

3

IR15M1319

10.65

20.75

4

IR15M1328

9.35

16.50

5

IR15M1341

8.95

18.50

6

IR10M210

9.80

16.95

7

IR 95044:8-B-5-22-19-GBS

9.70

17.85

8

IR95048:1-B-11-20-10-GBS

11.40

16.70

9

IR 95097:4-B-20-18-8-GBS

12.05

19.60

10

IR 95133:1-B-16-14-10-GBS

9.15

16.30

11

IR 95133:18-B-2-22-5-GBS

9.90

16.10

12

IR 95040:12-B-3-10-2-GBS

10.30

15.70

13

IR15M1178

10.60

16.65

14

IR 99637-123-1-3-B

11.40

17.35

15

IR 93354:19-B-12-21-9-1RGA-2RGA-1-B

9.90

17.80

16

IR 93342:14-B-23-18-5-1RGA-2RGA-1-B

10.95

18.55

17

IR 93346:1-B-13-7-6-1RGA-2RGA-1-B

10.65

14.80

18

IR15M1053

11.00

14.40

19

IR15M1054

10.30

14.30

20

IR15M1266

8.45

14.85

21

IR15M1274

8.60

13.75

22

IR15M1329

8.60

16.35

23

IR1M1330

8.30

15.55

24

IR 92195-398-1-1-1-1-1

9.00

13.00

25

IR 92195-411-1-1-1-1-1

8.95

16.20

26

IR15M1315

8.30

15.50

27

IR 95097:3-B-16-11-4-GBS

13.00

19.65

28

IR 95041:9-B-7-5-17-GBS

8.40

15.30

29

IR14M117

9.55

16.05

30

IR14M118

9.60

16.45

31

IR14M121

9.40

18.55

32

IR14M123

10.35

18.05

33

IR14M124

8.85

16.15

34

IR14M126

10.20

23

35

IR14M102

8.35

19.60
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Table 4 Mean performance of rice genotypes for grain Fe and Zn content

Sl. No.

Genotype name

Fe (ppm)

Zn (ppm)

36

IR15M1003

9.35

16.35

37

IR15M1284

12.25

20.45

38

IR15M1302

8.15

13.15

39

IR15M1322

8.90

14.40

40

IR15M1337

7.50

12.70

41

IR14M211

8.60

15.00

42

IR95080:1-B-9-12-17-3

9.55

16.05

43

IR95052:12-B-3-6-13-B

8.50

15.00

44

IR93337:50-B-20-19-13-1RGA-2RGA-1-B

10.50

18.00

45

IR93337:37-B-15-15-22-1RGA-2RGA-1-B

9.95

20.00

46

IR 93337:37-B-15-15-22-1RGA-2RGA-1-B

9.40

16.50

47

Chittmuthyalu (C)

10.00

20.35

48

DRRDhan-45 (C)

9.70

17.90

49

BPT-5204 (C)

8.65

14.95

50

GangavathiSona (C)

11.90

15.90

MEAN

9.70

16.76

Minimum

7.5

12.7

Maximum

13

23

CD @ 5%

1.50

3.50

CD @ 1%

2.00

4.60

C in the parenthesis indicates Check
Table 4a Top three genotypes selected based on high grain micronutrients
SL. No

Fe

Zn

1

IR 95097:3-B-16-11-4-GBS (13 ppm)

IR14M126 (23 ppm)

2

IR15M1284 (12.25 ppm)

IR15M1319 (20.75 ppm)

3

IR 95097:4-B-20-18-8-GBS (12.05 ppm)

IR15M1284 (20.45 ppm)

basis of high grain micronutrients is presented in Table 4 (a).The
grain iron content ranged from 7.5 ppm to 13 ppm with a mean
value of 9.70 ppm. The highest grain Fe content was recorded in
the genotype IR 95097:3-B-16-11-4-GBS (13 ppm) while the
lowest was reported from the genotype IR15M1337 (7.5 ppm).
The frequency for the trait is shown graphically in Figure 3 (a).
The grain Zn content in test entries was recorded with a mean
value of 16.77 ppm and range from 13 to 23 ppm. The lowest
grain Zn content was recorded in the genotype IR 95097:3-B-1611-4-GBS (13 ppm) and highest in the genotype IR14M126 (23
ppm) this frequency for the trait is shown graphically in Figure 3 (b).
Journal of Experimental Biology and Agricultural Sciences
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3.3 Amylose Content
Highest amylose content of 25.2 per cent was observed in genotype
Chittmuthyalu and majority of the genotypes falls under low (10-20 %)
amylose content compared to check BPT-5204 (24.10%). The lowest
amylose content observed was 11.28 per cent in the genotype IR
95133:18-B-2-22-5-GBS. Overall mean of the genotypes for amylose
content was 18.30 percent and Frequency distribution for the trait is
shown in Figure 4(a) and variation in amylose content is shown in
Figure 4(b). Forty six rice genotypes was compared with the check BPT5204 and found that most of the genotypes that are statistically at par
with it for traits like grain length, grain breadth, grain L/B ratio, amylose
content, grain Zn, Fe content and grain yield are listed in Table 5.
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Figure 3(b): Frequency distribution for grain zinc content
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Figure 4 a: Frequency distribution for amylose content

Figure 4 b: Variation in amylose content

Table 5 Grouping of genotypes statistically on par with check BPT-5204

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

Nutritional Quality of Rice

124

Table 6 List of genotypes with highest grain micronutrients along with highest grain yield with intermediate amylose
content on comparison with checks
Genotypes

Grain Zinc content
(ppm)

Grain Iron
content (ppm)

Grain yield/plant
(g)

Intermediate amylose
content (%)

Grain type

IR14M126

23.00

10.20

35.11

21.17

Long Slender

IR15M1319

20.75

10.65

37.43

21.40

Long Bold

IR15M1284

20.05

12.25

37.93

20.50

Long Slender

IR93337:37-B-15-15-221RGA-2RGA-1-B

20.00

10.95

35.86

20.13

Medium Slender

IR 95097:3-B-16-11-4-GBS

19.65

13.00

35.66

20.30

Medium Slender

BPT-5204 (Check)

14.95

8.65

31.22

24.12

Medium Slender

GangavathiSona (Check)

15.90

11.90

37.53

20.43

Medium Slender

DRRDhan-45 (Check)

17.90

9.70

33.30

20.70

Medium Slender

Chittmuthyalu (Check)

20.35

10.00

35.27

25.20

Short Bold

CD @ 5%

3.50

1.50

2.73

0.61

CD @ 1%

4.60

2.00

2.06

0.46

Standard Error of Mean

1.24

0.54

1.03

0.23

3.4 Selection of top performed genotypes
Among all the evaluated rice genotypes, the top five genotypes
(IR14M126, IR15M1319, IR15M1284, IR93337:37-B-15-15-221RGA-2RGA-1-B and IR 95097:3-B-16-11-4-GBS) are selected
based on presence of high grain micronutrients along with high
grain yield with moderate amylose content on comparison with
checks. Details of these are presented in Table 6.
4 Discussion
Iron and zinc are important elements for plant development, out of
the 16 essential elements needed for plant growth, iron is used for
the synthesis of chlorophyll and is essential for the function of
chloroplasts (Rout & Sahoo, 2016). Zinc is involved in membrane
integrity, enzyme activation and gene expression. In addition to
being essential to plants, these are also an essential mineral
nutrient for human beings (Yang et al., 2017). Micronutrient
malnutrition is a serious health problem worldwide, affecting
more than three billion people. There is evidence that the number
of people and the proportion of global population suffering from
micronutrient malnutrition have increased over the last four
decades (Haider & Bhutta, 2017). Rice is a staple food eaten in
large quantities everyday by majority of Asian population.
Therefore, addition of even small quantities of micronutrients is
beneficial. Once rice is biofortified with vital nutrients, the farmer
can grow indefinitely without any additional input to produce
nutrient packed rice grains in a sustainable way. This is the only
feasible way of reaching the malnourished population.
Journal of Experimental Biology and Agricultural Sciences
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Furthermore, the use of Zn and Fe dense grains results in greater
seedling vigour and increased crop yields when the seeds are
sown in micronutrient poor soils. To address this problem, a
genetic approach called biofortification which aims at enrichment
of food grains with micronutrients has been evolved and used
(Hussain et al., 2018).
The phenotypic variance (Vp) and phenotypic coefficient of
variation (PCV) were higher than their corresponding genotypic
variance (Vg) and genotypic coefficient of variation (GCV) for
number of tillers per plant, panicle number per plant, panicle
length and grain yield per plant indicating the more role of
environment compared to genotype on expression of these traits.
In this study the difference between values of phenotypic and
genotypic variance along with their corresponding PCV and GCV
for days to 50% flowering, primary branches per panicle,
secondary branches per panicle, plant height, percentage of fertile
spikelets, grain number per panicle and test weight was low
indicating sensitivity to environment, consequently higher role of
genetic factors influencing the characters expression. The
characters with almost equal value of Vp and Vg coupled with
their corresponding PCV and GCV can be considered as stable.
Similar findings were illustrated by Roy et al. (2014) and Kishore
et al. (2015). The genotypic estimates of variability (Vg) and
GCV are the most consequential parameters and avails in the
quantification of the contribution of the genotype to the
expression of a particular character and gives clue to compare the
genetic variability for different characters. This gives scope for
selection of plants which contribute for better yield attributing
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traits. Results of the present study are also supported by the results
obtained by Yadav et al., (2010), Ullah et al., (2011), Singh et al.,
(2011), Dutta et al., (2013) and Hussain et al., (2014). Heritability
is a measure of the extent of phenotypic variation caused by the
action of genes. High heritability associated with high genetic
advance was found in number of primary branches per panicle,
number of secondary branches per panicle, number of grains per
panicle, test weight and grain yield, while days to fifty percent
flowering and percentage of fertile spikelets exhibited high
heritability but moderate genetic advance. High heritability
estimates indicated a high response to selection for these traits; the
high heritability and genetic advance values have explained the
predominance of additive gene action and selection for these traits
can be carried in early generations. Therefore, selection of
genotypes based on these characters would be more effective to be
successful for target plant selection and these findings are in
accordance with the findings of Rajendra Prasad et al. (2017).
Plant breeding programmes based on biofortification needs
screening of germplasm having Zn and Fe-dense grains to be used
as donor parents. The large genetic variations present in cereals
must be exploited and it is important approach to eradicate Fe and
Zn deficiencies (Brar et al., 2011). The significance of such an
intervention leading to higher acquisition of nutrients by land
races of rice would reflect in cutting costs worth billions presently
being used for malnutrition related diseases (Chandel et al., 2010).
Yet rice feeds the largest number of people in the world, the
demand for superior grain quality represents a major issue in
rice breeding. Now a days, breeders and scientists are more and
more focused on improving the quality of rice for different
purposes and markets. The preference of different rice
consuming people varies with geographical location and culture.
The people in the far east prefer sticky and soft rice, but in
India, a non-sticky type is preferred. Consumers from developed
countries look for grain with good cooking quality and
victualing characteristics, but in many developing regions,
alimental value is crucial as rice is the most consumed staple
victuals. Grain quality is a concept which tells about many
characteristic features ranging from physical to physiological
and biochemical properties. Amending grain quality is a
paramount goal in rice breeding program. The grain quality
traits such as amylose content play a crucial role in determining
grain quality of rice (Suzuki et al., 2006). The rice starch is
made up of amylose and amylopectin and assessed by
properties such as amylose content (AC), amylopectin structure,
viscosity, gelatinization temperature (GT), and gel consistency.
All the starch-related properties have varied degrees of impact
on the eating and cooking quality of rice. Among this, amylose
content is widely recognized as the most important factor
affecting the eating and cooking quality of rice grain. The
Journal of Experimental Biology and Agricultural Sciences
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cooked rice kernels property differs with amylose content. The
higher value (>25%), the kernels are dry, separate, less tender
and become hard upon cooling. The Intermediate amylose
content (20–25%) rice is most preferred in the world which is
soft and flaky whereas those with low amylose (12–20%) are
glossy, soft, and sticky. This starch property also decides about
glycemic index which is important for diabetic people. Amylose
synthesis in grains is primarily regulated by the Waxy (Wx) gene
and its expression is regulated organ specifically. The
differential expression of Wx gene is observed, as it found in the
endosperm and pollen but not in other organs. In rice genotypes,
the Wx gene encodes the Granule-Bound Starch Synthase I
(GBSSI) enzyme and the level of grain amylose is determined
by the amount of GBSSI enzyme in the endosperm. The Waxy
gene locus is present on chromosome 6 which has 13 exons and
12 introns. The Wx a found in indica subspecies and Wx b, found
in japonica subspecies. These determine high and low amylose
content in rice (Pang et al., 2016).
Based on the above studies five promising genotypes were
selected from forty six genotypes comparing with checks based on
the presence of high grain iron and zinc content along with
highest yields and with intermediate amylose content. The
genotypes
viz.,
IR14M126,
IR15M1319,
IR15M1284,
IR93337:37-B-15-15-22-1RGA-2RGA-1-B and IR 95097:3-B-1611-4-GBS (Table 6) are the promising genotypes selected. These
identified genotypes may be used in future hybridization program
to achieve desired segregants for varieties with higher grain
micronutrients, higher yields and intermediate amylose content
and the selected genotypes can be tested and released.
Conclusions
In the present investigation, useful variation among fifty rice
genotypes were observed for yield and yield attributing traits,
grain micronutrients and amylose content. The five promising rice
genotypes identified in the study are the best source to
supplement the iron and zinc and eradicate the problem of hidden
hunger and all the micronutrient deficiency related diseases
furthermore these genotypes exhibited higher yields compared
with the checks, also these genotypes possess intermediate
amylose content which results in soft and flaky rice when cooked.
Hence these genotypes can be released to farmers after testing in
multilocation trials for their stable performance or they can be
used as parents in hybridization programme.
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ABSTRACT

Adi Tribe

The increasing trends of health consciousness among consumers have stimulated the field of functional
foods. The plant based functional foods or food constituents have been investigated for their role in
disease prevention and have dazzled the scientific community with its potentiality and “Bamboo” is one
of them. Bamboo is not popular as food but is consumed fresh, fermented or canned. The young shoots
are rich in nutrients and nutraceuticals which make it an important food with numerous health benefits.
Keeping in view the unexplored and unutilized potential of bamboo shoot as food, an attempt has been
made for biochemical profiling of raw bamboo shoot and its fermented product. An increase in non
reducing sugar, total starch and cellulose content was observed in the fermented product whereas a
significant decrease in anti- nutritive factors phytic acid, tannins and cyanogens was observed as a result
of fermentation. The decreases in anti- nutritive factors suggest that fermented products are more
suitable for consumption.
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Alleviation of Anti-Nutritive Components of Bamboo Shoot through Fermentation

1 Introduction
Bamboo is the member of the family Poaceae which is almost
ubiquitous. More than 1250 species within 75 genera have been
reported worldwide, of which 125 species belonging to 23 genera
have been reported from India (Satya et al., 2010; Satya et al.,
2012) which is also one of the leading country having bamboo
covered area accounting for 12.8% of the total forest cover
(Biswas, 1994). North East India comprises of eight states with
different ethnic groups of diverse populations. Bamboo variously
known as “the cradle to coffin plant”, “poor man’s timber”,
“green gasoline”, “green gold”, etc. is deep rooted in multifarious
form within the culture and tradition of the North- Eastern Indian
people (Nirmala et al., 2011). It is used as food, medicine, fuel,
shelters, hunting, handicraft, etc. by the people of the region
(Sharma & Borthakur, 2008). Bamboo shoots are rich in amino
acids, antioxidants, minerals, glucose, low in fat, is brittle, tender,
delicious and nutritive ( Sonar et al., 2015). Despite of its nutritive
value, acceptability of bamboo shoot as the popular vegetable
crop is very less due to its high pungent and bitter acidic taste
which is attributed to the anti- nutritional components like
cyanogenic glycoside, taxiphyllin [2-(β-D-glucopyranosyloxy- 2 –
(4- hydroxyphenyl) acetonitrile (Vetter, 2000). Hence, the
bamboo shoots are generally boiled for 8 – 10 minutes before
consumption (Choudhury et al., 2011). Cyanogenic glycosides are
inherently produced as a defense arsenal and are abundantly
present in bamboo shoot in the form of taxiphyllin (Sayanika et al,
2013). Excessive intake of cyanogenic glycosides is life
threatening and significantly associated with neurological disorder
called Konzo (Nzwalo & Cliff, 2011). The cyanogenic glycosides
produce in bamboo shoot is broken down to sugars &
cyanohydrins and the latter readily decompose to give rise to

hydrogen cyanide and an aldehyde or ketone (Moller & Seigler,
1999). Fermentation has been reported as one of most economical
and effective way of reducing the anti- nutritional component of
bamboo shoot (Sarangthem & Singh, 2013).
Arunachal Pradesh, the biodiversity hot spot of North-East India is
inhabited by many different major tribes with many different
ethnicities. Among them, Adi tribe is a major tribe inhabited in
different districts like East Siang, West Siang, Lower Dibang
Valley, etc. They are densely populated in the nearby districts of the
mighty Siang River (Figure 1). The Adi tribes in Arunachal Pradesh
uses banana leaves for semi fermentation of shoots and press it
under stones in the water steam for the period of 3- 4 months to
reduce the bitterness (Satya et al., 2010). Traditional method of
fermentation involved chopping of raw bamboo shoots into very
small pieces and placing it in an air tight plastic container. The
fermentation was found to be most effective in reducing some
harmful biochemical components. Adi tribe widely uses bamboo
shoot in almost every dish as fermented or raw or as dried called
eyup because of its delicate flavor and is a chief component of
Arunachal Pradesh food (Choudhury et al., 2012). It is the main
ingredient without which their food would be left incomplete.
Bamboo shoots are used in the dishes of boiled vegetables, cooked
meat, pickles and chutneys. Dishes like lukter, ammin, etc are added
to bamboo shoot for enhancement of flavor. Dishes with bamboo
shoots have no particular ethnic names but many dishes are served
on tables where bamboo shoot is an ingredient.
Present study focused on the quantitative changes occurring in
the biochemical components of the product during fermentation.
Scientific standardization of the traditional fermentation technique
will help in increasing nutritional status of the bamboo shoot.

Figure 1 Map of Arunachal Pradesh showing Adi inhabited districts of Arunachal Pradesh
Journal of Experimental Biology and Agricultural Sciences
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Figure 2 Chopped raw bamboo shoot and fermented bamboo shoot.

2 Materials and Methods
2.1 Experimental material
Fresh bamboo shoots purchased from the local market of Pasighat
Town, East Siang District of Arunachal Pradesh, were chopped
into small pieces and were kept in plastic bottles for fermentation.
Fresh and fermented bamboo shoots (Figure 2) were used for the
experiment.
2.2 Biochemical profiling
2.2.1 Total Carbohydrates
The total carbohydrate was estimated by the method of Hedge &
Hofreiter (1962). For this, 100 mg sample was hydrolyzed on
boiling water bath for 3 hrs with 5 ml of 2.5 N HCl, this mixture
was neutralized with sodium carbonate. For analysis, 0.2 ml of
filtrate was taken in test tube and intensity of dark green colour
was measured at 630 nm against a reagent blank.
2.2.2 Starch
Starch content was determined by the method of Hedge &
Hofreiter (1962). Sample (500mg) was homogenized in 80 % hot
ethanol, centrifuged and residue was collected. This residue dried
over a water bath and dissolved in 5 ml of water followed by
addition of 6.5 ml of 52 % perchloric acid and incubation at 0 oC
for 20 minutes. The content was centrifuged at 3000 rpm for 5
minutes. Rest of the procedure is similar to the estimation of total
carbohydrates.

ml of hot 80 % ethanol and the content was centrifuged at 3000
rpm for 5 minutes. The obtained precipitate was dissolved in
distilled water. An aliquot of 0.2 ml was taken and diluted to 2 ml
distilled water and 1 ml of alkaline copper tartarate reagent was
added to each tube. The tube was placed in boiling water for 10
minutes. The tube was allowed to cool down; this was followed
by the addition of 1 ml of arsenomolybolic acid reagent. The
content was incubated for 10 minutes at room temperature and
observation was taken against the blank solution at 620 nm.
2.2.4 Estimation of Non Reducing Sugar
Non reducing sugar was calculated by subtracting reducing sugar
from total carbohydrate and then multiplying it by a factor of
0.95.
2.2.5 Crude Fibre
Crude fibre content was determined by the method described by
Maynard (1970). 2 gram of defatted sample was boiled in 20 ml
of 0.26 N sulphuric acid for 30 minutes. The sample was filtered
and the filtrate was boiled with 20 ml of NaOH solution for 30
minutes. This was followed the washing of filtrate with 1.25 %
sulphuric acid, 50 ml distilled water and 25 ml alcohol. Filtrate
was removed and transferred to ashing dish. The residue was
dried for 2 hours at 130 0C. Then the filtrate was cooled in a
desiccator and weight was taken. After weighing the filtrate was
ignited for 30 minutes at 600±15 0C, cooled in a desiccator and the
weight was recorded.
2.2.6 Cellulose

2.2.3 Reducing Sugar
Reducing sugar was determined by the method described by
Somogyi (1952). For this 100 mg sample was macerated with 5
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Cellulose content was determined by the method of Updegroff
(1969). For this 3 ml of acetic/nitric reagent (150 ml of 80 %
acetic acid and 15 ml of concentrated nitric acid) was added to 1 g
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of the sample and mixed well with the help of vortex mixture.
Tubes were placed in water bath at 100 0C for 30 minutes. The
content was cooled and centrifuged at 3000 rpm for 15 minutes.
The residue was collected and 10 ml of 67 % sulphuric acid was
added to the residue. One ml of this diluted sample was mixed
with 10 ml of anthrone reagent. The tubes were placed in boiling
water bath for 10 minutes. It was cooled and read against the
blank solution at 630 nm.
2.2.7 Pectin
Pectin content of raw bamboo shoot and its fermented product
was estimated as per the methods given by Sadasivam &
Manickam (2008). Ten gm of sample was boiled with 60 ml of
0.01 N HCl for 30 min and filtered under the suction. Obtained
residue was washed with hot water and boiled with 20 ml of
0.05N HCl for 20 min. The filtrate were pooled and the final
volume was made up to 100 ml. 30 ml filtrate was taken in 250 ml
beaker and neutralized with 1N NaOH using phenolphthalein
indicator. Excess of 1N NaOH was added with constant stirring
and allowed it to stand overnight. About 50 ml of Acetic acid
(1N) was added and after five min, 25 ml of 1N calcium chloride
solution was added with stirring and allowed to stand for one
hour, boiled for two minutes and filtered through a pre-weighed
Whatman No.1 filter paper. The precipitate washed with boiling
water until the filtrate became free from chloride (tested the
filtrate with silver nitrate for chloride). The filter paper with the
calcium pectate was dried overnight at 100 0C in a weighing dish,
cooled in a desiccator and weighed. Amount of pectin was
estimated using the formula:

𝑃𝑒𝑐𝑡𝑖𝑛(%) =
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and protein content was estimated by the method as given by
Lowry et al (1951).
2.2.10 Total Free Amino acids
Total free amino acid content was determined by the method
described by Moore & Stein (1948). Bamboo sample (0.5 g) was
ground with the help of mortar and pestle and 10 ml of 80 %
ethanol was added to the homogenate. The content was filtered
and filtrate was collected. 1 ml of Ninhydrin solution was added
to 0.1 ml of aliquot and volume was made up to 2 ml with
distilled water. Tube was placed in boiling water bath for 20
minutes. Tube was allowed to cool down and 5 ml of dilute
solvent was added to each tube. After 15 minutes sample was read
against the blank solution at 570 nm.
2.2. 11 Ascorbic acid
The ascorbic acid content was determined by the method
described by Jagota & Dani (1982). For this, 2 g of bamboo
sample was ground with equal volume of 6 % metaphosphoric
acid and centrifuged at 5000 rpm for 10 minutes then filtered
through Whatman No. 1 filter paper. An aliquot of the sample
extract (0.1 ml) was diluted to 1.2 ml with 3 % metaphosphoric
acid and final volume was made up to 4 ml with distilled water.
To each tube 0.4 ml Folin-ciocalteau was added and mixed well.
The tubes were incubated for 10 minutes at room temperature and
centrifuged at 3000 rpm for 10 minutes. After centrifugation,
supernatant was read against the blank solution at 760 nm. The
ascorbic acid content (mg/100 g) was calculated using the
formula:

(Wt .of filter paper with sample −Wt .of filter paper )×500×100
Volume of filtrate used ml ×Wt .of sample

Vit. C

mg
100g

=

Total volume of the sample x Conc .of the Vit .C x 100 x 1
Weight of sample x Amount of sample x 1000

2.2.8 Free fatty acid
2.2.12 Thiamine
Free fatty content was determined by the method described by
Cox & Pearson (1962). For this, 1 g of the sample was ground in
50 ml of the neutral solvent. Few drops of 1 % phenolphthalein
indicator were added in the sample and the sample was titrated
against 0.1 N potassium hydroxide with continuous shaking until
a pink colour appeared which persist for 10 -15 seconds. Free
fatty acid was calculated as oleic acid using the equation:
Acid value mg KOH/g
=

Titre value x Normality of KOH x 56.1
Weight of the sample (g)

2.2.9 Protein Content
One gram of bamboo sample was homogenized in 5ml of
phosphate buffer (0.2M, pH 7.2) and centrifuged at 8000 rpm for
20 minutes under cold conditions. The supernatant was collected
Journal of Experimental Biology and Agricultural Sciences
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Thiamine content was determined by the method described by
Sadasivam & Manickam (2008). Five gram of finely ground bamboo
sample was taken in to 250 ml conical flask. 0.1 N sulphuric acid was
added slowly without shaking and was incubated overnight. From
this, 10 ml of extract was pipetted out, in this 3 ml of 15 % NaOH was
added to each separating funnel followed by 3-4 drops of ferricyanide
solution. 15 ml of isobutanol was added rapidly from a measuring
cylinder. Separating funnel was shaken vigorously for 60 seconds and
allowed to develop layers. Bottom layer was drained out. One spatula
full sodium sulphate was added directly into the separating funnel and
was gently swirled to clarify the extract. The clear extract from top
layer was pipetted out into a clean test tube. Series of blank sample
was prepared by pipetting out 10 ml of the extract and the above
procedure was followed but addition of ferricyanide was omitted. The
extract was read against the blank solution at 366 nm.

132

2.2.13 Vitamin E
The vitamin E content was determined by the method
described by Rosenberg (1992). Five gram (0.5 g) bamboo
sample weighed and homogenized. 10 ml of 0.1 N sulphuric
acid was added and allowed to stand overnight. The content
was filtered through Whatman No. 1 filter paper. From this,
1.5 ml of standard tissue extract and water were taken in 3
different test tubes. 1.5 ml of ethanol was added to test and
this was followed by the addition of 1.5 ml of xylene to each
tube and centrifugation. 1 ml of xylene layer was transferred
to another tube and 1.0 ml of 2,2’-dipyridyl reagent was added
to it. The test and standard mixture was read at 460 nm against
the blank. 0.33 ml of ferric chloride was added to each tube
and supernatant was read against the blank solution at 520 nm
exactly after 15 minutes.
2.2.14 Phenols
Phenol content was determined by the method given by
Malick & Singh (1980). Collected sample (1 g) was
homogenized in 10 ml of 80 % ethanol. The content was
centrifuged at 10000 rpm for 20 minutes. Supernatant was
collected and evaporated to dryness. Water (5 ml) was added
to dissolve the residue. An aliquot of 0.2 ml were taken and
diluted to 3 ml with distilled water. 0.5 ml of Folin -Ciocalteau
reagent was added to each tube followed by addition of 2 ml
of 20 % Na 2 CO3 after 3 minutes. The tube was allowed to cool
down and sample was read at 650nm against the blank
solution sample.
2.2.15 Tannins
Tannin content was determined by the method described by
Schanderl (1970). Sample (0.5 g) was transferred to a 250 ml
conical flask and 75 ml water was added. The flask was gently
heated and boiled for 30 minutes. The flask was centrifuged at
2000 rpm for 20 minutes. Supernatant was collected in
volumetric flask and final volume was diluted with distilled
water to 100 ml. 1 ml of the sample extract was transferred to
100 ml volumetric flask containing 75 ml water. 5 ml of FolinDenis reagent and 10 ml of sodium carbonate solution was
added and diluted to 100 ml with water. Sample was mixed
well and after 30 minutes, the content was read against the
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minutes with continuous stirring. The content was centrifuged
and supernatant was collected. 10 ml of aliquot was mixed
with 4 ml of FeCl 3 solution and was incubated for 45 minutes
on a hot water bath. The content was centrifuged for 5 minutes
and precipitate was collected and was washed with 20 ml of 3
% TCA, incubated on boiling water bath for 10 minutes and
was centrifuged again for 15 minutes at 3000 rpm. Precipitate
was dispersed in 2ml of water and 3 ml of 1.5 N NaOH was
added to it. The sample was filtered and precipitate was
dissolved in 40 ml hot 3.2 N HNO 3 in a conical flask. 5 ml of
aliquot was transferred to another conical flask and the volume
was made up to 70 ml with distilled water. 20 ml of 1.5 M
potassium thiocyanate was added and after 1 minute the
sample was read against the blank solution at 480 nm.
2.2.17 Cyanogen
Cyanogen content was determined by the method described by
Hogg & Ahlgren (1942). For this, 1 g of the sample was
homogenized in 25 ml of water with 3-4 drops of chloroform.
Paper was cut into strips and was placed in alkaline picrate
solution. Saturated filter paper was placed in hanging position
with the help of a cork stopper inside the conical flask. The
sample was kept for overnight. Colour was eluted by placing
the saturated filter paper in a clean test tube containing 10
ml of distilled water. Sample was read at 625nm against a
reagent blank.
2.3 Statistical analysis
All experiments were performed in triplicate, differences
among control and fermented samples were analysed by One Way ANOVA (Panse & Sukhatme, 1984). Asterisks were used
to identify the level of significance (p ≤ 0.05) of the difference
between control and fermented product.
3 Results
Present study was conducted to assess the biochemical
parameters of bamboo shoot and its traditionally fermented
products consumed by Adi tribes of Arunachal Pradesh, very
interesting and factual results were obtained. The analysis of

blank solution at 700 nm.

variance revealed significant variation between raw and
fermented bamboo shoots for all the analyzed biochemical

2.2.16 Phytic acid:

parameters (except crude fiber, total soluble protein, Vitamin
E and titrable acidity) at 5% critical level. An overall

Phytic acid was determined by the method described by
Wheeler & Ferrel (1971). One gram of finely ground sample
was dissolved in 50 ml of 3 % TCA and incubated for 30

reduction in biochemical components were observed after
fermentation. Carbohydrates, an ideal source of energy was
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found to decrease from 16.46 g/ 100g (raw bamboo shoot) to
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10.76g/100g (fermented bamboo shoot) (Table 1). Similar
pattern was observed in reducing sugar content and the
fermented product exhibit a decrease of 28.4%. However, an
increase in non reducing sugar, starch and cellulose content
was observed after fermentation (Table 1). No significant
change was observed in crude fibre content. Further, free fatty
acids are nutritionally important as it helps in proper
functioning of liver, cell membrane synthesis, etc. The
fermented product was found to contain lower concentration
of free fatty acids with a decrease of 47.48% on fermentation.
An increase in total soluble protein content on fermentation was
observed but the total free amino acid concentration was found to

133

decrease in fermented product (0.62 g/100g) as compared to fresh
bamboo shoot (1.24 g/100g) (Table 1). Thiamine, ascorbic acid
and Vitamin E content were also estimated. A 75% and 50%
decrease in ascorbic acid and thiamine concentration was
observed after fermentation respectively but surprisingly there
was no such change observed in case of Vitamin E (Table 1). A
two fold increase in total titrtable acidity was observed whereas an
increase of 15% was observed in case of pectin.
Fermentation leads to decrease in concentration of nearly all the
anti-nutritive factors. A huge decrease of 62.5% was observed for
cyanogens (Figure 3, 4) whereas a decrease of 70% and 44.83%

Table 1 Nutritive components of raw bamboo shoot and its fermented product
Biochemical components

Raw bamboo shoot

Fermented product

CD (P=0.05)

SE(d)

Total carbohydrate (g/100 g)

16.46±0.04

10.76±0.06

0.646

0.277

Reducing sugar (g/100 g)

2.43±0.06

1.74±0.03

0.04

0.014

Non reducing sugar (g/100 g)

7.49±0.06

13.25±0.04

0.672

0.236

Total starch (µg/g)

4.68±0.05

8.91±0.04

0.066

0.023

Cellulose (µg/g)

1.73±0.02

3.14±0.02

0.038

0.013

Crude fibre (%)

5.0±0.1

4.95±0.06

NS

0.014

Pectin (%)

70±0.2

82.5±0.05

0.381

0.134

Free fatty acid (mg/100g)

4.76±0.12

2.5±0.05

0.016

0.006

0.017±0.001

0.024±0.002

NS

0.005

Total free amino acid (g/100g)

1.24±0.06

0.62±0.04

0.016

0.006

Thiamine (mg/100g)

1.5±0.05

0.75±0.03

0.114

0.04

Ascorbic acid(mg/100g)

2.42±0.06

0.66±0.02

0.096

0.034

Vitamin E (mg/100g)

0.48±0.03

0.48±0.04

NS

0.016

Tritrable acidity (Acetic acid) (%)

0.06±0.004

0.12±0.25

NS

0.003

Total phenols (µg/g)

25.4±0.05

7.6±0.1

2.101

0.737

Total protein (g/100g)

Values are mean values ±SD from three replications

Figure 3 Hydrogen cyanide production by (A) Fermented bamboo shoot (B) Raw bamboo shoot
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Anti nutritive components

Raw bamboo shoot
Fermented product
45**

2.9** 1.6**

Phytic acid
(µg/g)

4** 4.6**

Tannins (µg/g)

Cyanogens
(µg/100g)

Figure 4 Effect of fermentation on anti nutritional components of Bamboo shoot. (** represents significant at

was observed in case of total phenols and phytic acid respectively
(Figure 4), however, a slight increase of nearly 13% was observed
in case of tannins (Figure 4)
4 Discussion and Conclusion
Fermentation is one of the most economical methods of
fabricating and preserving food. It leads to improvement in the
shelf life, texture, taste and aroma of the final product as well as
reduces the toxic components. Fermentation of foods can be
achieved through various manufacturing techniques, raw materials
and microorganisms (Blandino et al., 2003). Fermented bamboo
shoots are among the popular cuisines of North Eastern people.
Bamboo shoots are low in calories, high in dietary fiber, and rich
in various nutrients. Bamboo shoot is considered to be a good
source of nutrients such as protein, carbohydrates, amino acids,
minerals, fat, sugars, fiber and inorganic salts (Nirmala et al.,
2011). Besides these beneficial components, it also possess some
detrimental components such as cyanogens, phytic acid etc which
are not good for health. Fermentation is one of the most economic
and effective method for the reduction of these detrimental
components (Sarangthem & Singh, 2013). The Adi tribe of
Arunachal Pradesh has been using the traditional fermentation
process since time immemorial for making variety of cuisines
from the fermented product.
Carbohydrates are the instant source of energy and have a wide
range of beneficial effects on human health. These carbohydrates
help in regulation of blood glucose, insulin, cholesterol and
triglycerides metabolism, bile acid dehydroxylation, protein
glycosylation, etc. Raw bamboo shoot was found to be a good
source of energy with a value of 16.46 g/100g which shows a
decrease on fermentation. Similarly, Nirmala et al. (2008)
Journal of Experimental Biology and Agricultural Sciences
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p≤ 0.05)

suggested that fermentation leads to decrease in total carbohydrate
content of Dendrocalamus giganteus. The reduction in total
carbohydrate content may be due to action of microbial α and β
amylases and its utilization as carbon source by the fermenting
microbes.
Sugar helps in stimulation of the feel good hormone, the serotonin
and is also linked to obesity, heart disease, cancer, severe PMS,
dementia, and diabetes. Its limited consumption is essential
requirement for a healthy life. A decrease in reducing sugar
content and increase in non reducing sugar content of bamboo
shoot was observed after fermentation. The decrease in reducing
sugar may be due to its conversion to some other byproducts
during the process of fermentation (Singh et al., 2011) or might be
due to its utilization as carbon source by the fermenting microbes.
The decrease in reducing sugar content is advantageous from a
nutritional point of view as a high proportion of unassimilable
raffinose and related sugars included in the fraction are reduced
on fermentation. Increase in non reducing content on fermentation
may be due to secretion by the fermenting microbes.
Cellulose increases the peristaltic movement of the intestine and
helps in digestion process. The high cellulosic content in bamboo
shoots stimulates appetite (Nirmala et al., 2011). A significant
increase in the starch and cellulose content was also observed on
fermentation. The increase in these polysaccharides may be due to
secretion of exo-polysaccharides by the fermenting microbes or
may be due to the termination of starch degradation by low pH
which inhibits amylase activity and/or due to presence of tannins
that inhibit amylotic enzymes.
Fibers are becoming one of the most appreciated ingredients in
today’s diet (Nirmala et al., 2011). Bamboo shoots are a rich
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source of dietary fiber (Nirmala et al., 2008). Pectin is a structural
polysaccharide which is used for high cholesterol, high
triglycerides, for prevention of colon cancer and prostate cancer.
Pectin content in the fermented product is enough to carry out all
its physiological activities.
Bamboo shoots are taken as an ideal food, for providing healthy
nutrition to people with diabetic and cardio thoracic diseases
because of its low fat content (Nongdam & Tikendra, 2014).
Reduction in fatty acid content was observed which may be due to
its utilization as a substrate for energy production by the
fermenting microbes.
The protein content was found to be very less; however, an
improvement was recorded in the fermented product. The less
quantity of soluble protein may be due to its denaturation at
higher temperature and altered pH, and the increase in protein
content may be due to presence of microbial proteins in the
fermented product. The loss of free amino acids may be due to
leaching or may be due to reaction with sugars to form complexes
(Meredith & Dull, 1979). Increase in sourness of fermented
product may be because of the increase in acetic acid content.
Consumption of bamboo shoot is recommended as it is rich in
thiamine content which is very much essential for maintenance of
healthy metabolism. Vitamin E , the fat soluble vitamin possess
several health benefits such as vision improvement, hormonal
balance, disease prevention, cholesterol level control, etc.
whereas, its deficiency leads to poor transmission of nerve
impulses, muscle weakness and degradation of the retina that
causes blindness, etc.
A 75% and 50% decrease in ascorbic acid and thiamine
concentration was observed after fermentation but surprisingly
there was no such change observed in case of Vitamin E. The
decrease in ascorbic acid may be due to increased activity of the
enzyme ascorbate oxidase that might have been produced by the
fermentation microorganism which strongly depends on the pH of
the fermentation environment. The enzymes convert ascorbic acid
to dehydroascorbic acid (Adetuyi et al., 2008).
Bamboo shoots are promising source of phenolic oxidants and
angiotensin converting enzyme (Park & Jhon, 2010). Decrease
in the content of the total phenols may be due to the diffusion
of phenolics in cell liquids and oxidation of diffused phenolics
by the action of an enzyme polyphenol oxidase (Adetuyi &
Ibrahim, 2014).
Bamboo shoot contains varying amount of cyanogenic glycosides
called taxiphyllin (Vetter, 2000). The β- glycosidase which
released in disrupted tissues acts on taxiphyllin to produce
harmful hydrogen cyanide. A case of cyanide poisoning of a 14
Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

135

year old female with a history of consumption of bamboo shoot
juice in JSS Hospital, Mysore, India was reported recently
(Pramod Kumar et al., 2011) which confirms that hydrogen
cyanide content of bamboo shoot can be highly detrimental to
health. In present study, fermentation reduces the content of free
cyanide drastically; suggesting that fermentation as an efficient
technique for reduction of anti nutritive components. The decrease
in cyanogens might be due to leaching or action of microbial
enzymes. As a result of fermentation, an increase in tannin content
was observed which could be attributed to hydrolysis of
condensed tannins such as proanthocyanidin. Fermentation
resulted in a decrease of 44.82% in phytic acid content. The
decrease in phytic acid content may be attributed to microbial
phytase which leads to degradation of phytic acid.
Different species of bamboo and their fermented products are
used as food in different North Eastern states of India. Different
techniques are also employed by the indigenous people of the
region for the fermentation of bamboo shoot and interestingly
these techniques differ from tribe to tribe. These techniques of
fermentation are passed on from one generation to next generation
without any standardization. Adi tribes of Arunachal Pradesh uses
different species of bamboo for consuming as raw and fermented
product without much knowledge of their nutritional status and
anti- nutritional features. Moreover the importance of
fermentation in reducing the content of cyanogenic glycoside and
other components like phytic acid, tannins etc., of bamboo shoot.
Many workers have reported the medicinal importance of bamboo
shoots and different ways to decrease the content of cyanogenic
glycoside which may lead to neurological disorders like Konzo
after prolonged use of raw bamboo shoots. These scientific
findings and reports for the better consumption of bamboo shoots
must reach to the people of this region as these indigenous people
use bamboo shoots as their main food source. Indigenous peoples
of this region also use traditional techniques to reduce harmful
components from bamboo shoot which needs to be standardized.
It is also suggested that needs of awareness programmes become
essential among the people for the importance of bamboo shoots
and its harmful effect.
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ABSTRACT

Phaius tankervilleae

Popularly known nun orchid or swamp orchid (Phaius sps.) is listed as endangered species under
Schedule-I of Indian Wild Life (Protection) Act, 1972. Natural Phaius hybrids were not reported and
present study is an attempt to develop a new Phaius species by using two native species viz., Phaius
tankervilleae (Banks ex l’Heritier) Bl and Phaius flavus (Blume) Lindl. Result of present study suggests
crossability and compatibility between these two species which helped in synthesize novel hybrid
species. New Phaius hybrid produced flowers with dominating yellow-orange colour (RHS 17B/A)
sepals and petals are bright crimson colour (RHS 175B) with elongated stripes on lip inside. First
flowering of Phaius cross progenies (PBX-11-22) was observed in Jan-Mar, 2017 with regular
flowering habit in consecutive seasons. Comparison with parents indicated distinct nature in floral
attributes. Unlike Phaius flavus, the sepals and petals of novel progenies have spreading nature. Flower
size varies from 7-8 x 8.5-9 cm with mild fragrance on shiny and warm days. Sequential flowering in
acropetal fashion with 8-10 florets observed on moderately strong spike with potted vase life > 40 days.

P. flavus
Orchidaceae
Primary species hybrid
Characterization
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Morphological description of novel Phaius primary hybrid

1 Introduction
Genus Phaius was established by Jao de Loureiro 1790 in Flora
Cochinchinensis and comprises more than 30 species around
tropical parts of Old world from Asia, Australia, Africa and
various islands of Pacific and Indian oceans (Loureiro, 1790;
Lucksom, 2007; Chowdhery & Agrawala, 2013). Phaius
tankervilleae was introduced in England in 1778 from China by
John Fothergill. With course of time, these species were
naturalized by introduction in South America, Caribban Islands;
Central America (Panama) and was listed in catalogue of plant
species at Royal Botanical Gardens, Kew (Desmond, 1995) and
The European Garden Flora (Cullen et al., 2011). In India, few
species are naturally available in North-Eastern states and
legally categorized as endangered; and it was protected under
Schedule-I of Indian Wild Life (Protection) Act, 1972 and has
serious trade restrictions on international commercial export
selling’s under Appendix-II of international conventions
(Bhuyan, 2010; CITES, 2016). Efforts were also initiated for
conservation through long-term seed storage (Hirano et al.,
2009) and mass multiplication (Malemnganba et al., 1994). Both
in-situ and ex-situ conservation programmes of P. tankervilleae
were initiated in India (Kanwal, 2014). Presence of P.
tankervilleae from other Indian states like Uttarakhand from
Corbett National Park, North-Western Himalaya (Naithani et al.,
2009) and Southern India (George & Mathew, 2016) indicates
spatial distribution in India. P. flavus (Blume) Lindl.,
geographically located in Assam, Eastern Himalayas and P.
mishmensis (Lindl. & Paxton) Rchb., and P. nanus Hook.f., are
the other common Phaius species available in India (Pearce &
Cribb, 2002).
Phaius orchids are considered as highly decorative and have
great ornamental value with long inflorescences, bigger size
flowers, more florets & different colours with evergreen long
broad elliptic pleated leaves suitable indoor cultivation;
otherwise often treated as invasive orchids (Ackerman, 2012).
Even it has medicinal application in traditional medicine and
used in natural dye indigo preparations in Arunachal Pradesh
(Kanwal, 2014). The predominant brownish-blue hue of flowers
especially when old or damaged may indicate the presence of
rich chemicals (Pearce & Cribb, 2002).
Generally, P. tankervilleae is very commonly cultivated than
other species (Schuiteman & de Vogel, 2000). However, the
commercial varieties of Phaius are unavailable for domestic
cultivation and not registered under ‘Protection of Plant
Varieties and Farmers Rights Act, 2002’ for Plant Breeder’s
rights in India. At international level, various experiments were
conducted at large scale to develop novel Grex/hybrids
(https://www.orchids.org/grexes/phaius-magniflorus); but only
few hybrids are available within closed circuits by amateur
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growers, which are not yet legally protected nor notified by
Plant Variety Protection (PVP) of TRIPS agreement or similar
governing laws enacted under Patent Cooperation Treaty
(http://www.aos.org/orchids/orchids-a-to-z/letter-p/phaius.aspx).
Further, the occurrence of natural hybrids involving wild species
was not reported so far in genus Phaius. Nototribic mode of
pollination assisted by insects was found in Phaius tankervilleae
(Banks ex L’Herit) Bl (Buragohain et al., 2016). However, auto
self pollination was absent due to obstructive floral structures,
although genetic barriers were never reported (Bhuyan, 2010).
Royal Horticultural Society (RHS) data base reveals only one
hybrid ‘Ashworthianus’ obtained from P. flavus (seed parent)
and P. wallichii (male parent) in 1893 by Sanders (St Albans).
So far, no hybrid registered with P. flavus and P. tankervilleae
as parents for both direct and reciprocal crosses
(http://apps.rhs.org.uk/horticulturaldatabase/orchidregister/orchi
dregister.asp). Development of hybrids using rare and
endangered species for commercial sales will reduce the
threatening pressure on their wild species (Kishor & Sharma,
2009). At gobal level, there are no trade restrictions on hybrids
derived from Orchid species for import and exports as per
‘Convention on International Trade in Endangered of Wild
Flora and Fauna’ (CITES, 2004; Devadas et al., 2010). Hence,
in present study an attempt has been made to develop new
interspecific hybrid using native indigenous species available
and novel progeny generated characterized at flowering stage to
assess the taxonomic and breeding value for further genetic
improvement.
2 Materials and methods
2.1 Mother plants
Phaius species viz., P. tankervilleae (Banks ex l’Heritier) Bl.,
and P. flavus (Bl.) Lindl. were used as parent material in the
present studies, these were catalogued species accessions from
the ‘National Active Germplasm Site’ (NAGS) collections at
ICAR-NRC on Orchids, Pakyong, Sikkim.
2.2 Hybridization programme
A series of crossing programme was carried out with Phaius
species and other orchid species from 2005 to 2014 to assess the
cross compatibility nature, with long term objective to generate
novel inter-specific and inter-generic hybrids for Orchid genetic
improvement. Based on flowering synchrony, Phaius species
were crossed with other species and hybrids from other genera
for several years viz., Paplionanthe, Calanthe, Dendrobium,
Dienia, Coelogyne, Phalaenopsis, Lycaste, Thunia, Cymbidium,
Arundina, Paphiopedilum, Vanda, Coelogyne and Vanda group
(Table 1).
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Table 1 List of crosses attempted in Phaius with other Orchids and pod set status

S. no

Cross code

Female parent

Male parent

Pod set

1

PBS-05-271, 272

P. tankervilleae

(selfing)

√

2

PBS-05-273, 274

Paplionanthe teres

P. tankervilleae

x

3

PBX-05-279, 280

P. tankervilleae

Calanthe masuca

x

4

PBX-05-289

P. tankervilleae

D. moschatum

x

5

PBX-05-290

Calanthe masuca

P. tankervilleae

√/x

6

PBX-05-328

P. tankervilleae

Dienia ophrydis

x

7

PBX-05-1009 to 1011

D. aphyllum

P. flavus

x

8

PBX-05-1012 to 1014

P. flavus

D. aphyllum

x

9

PBX-05-1015 to 1016

D. nobile

P. flavus

x

10

PBX-05-1017 to 1018

P. flavus

D. nobile

x

11

PBX-05-1019

P. flavus

(selfing)

x

12

PBX-05-1024 to 1025

Coelogyne flaccida

P. flavus

x

13

PBX-06-20 to 21

P. flavus

Phalaenopsis lobbii

x

14

PBX-06-22 to 23

Phalaenopsis lobbii

P. flavus

x

15

PBX-06-24

P. flavus

D. nobile

x

16

PBX-06-25

D. nobile

P. flavus

x

17

PBX-06-59

P. flavus

Lycaste crueata

x

18

PBX-06-60

Lycaste crueata

P. flavus

x

19

PBX-06-78

Lycaste crueata

P. tankervilleae

√/x

20

PBX-06-79

P. tankervilleae

Lycaste crueata

x

21

PBX-06-84

P. flavus

Lycaste crueata

x

22

PBX-06-85

Lycaste crueata

P. flavus

x

23

PBS-06-129 to 132

P. tankervilleae

(selfing)

√

24

PBX-06-143

C. ‘Sheragreen’

P. tankervilleae

x

25

PBX-06-144

P. tankervilleae

C. ‘Sheragreen’

x

26

PBX-06-307

Calanthe triplicata

P. tankervilleae

x

27

PBX-06-308

P. tankervilleae

Calanthe triplicata

√/x

28

PBX-06-339

P. tankervilleae

Thunia marshalliana

x

29

PBX-06-340

Thunia marshalliana

P. tankervilleae

x

30

PBX-06-376

C. aloifolium

P. tankervilleae

x

31

PBX-06-377

P. tankervilleae

C. aloifolium

x

32

PBX-06-411 to 412

P. tankervilleae

(selfing)

√

33

PBX-06-465 to 466

P. tankervilleae

Arundina graminifolia

x

34

PBS-06-473

P. tankervilleae

(selfing)

√

35

PBX-07-21

Lycaste crueata

P. tankervilleae

X

36

PBX-07-22

P. tankervilleae

Lycaste crueata

x

37

PBX-09-01

P. tankervilleae

Lycaste crueata

X

38

PBX-09-02

Lycaste crueata

P. tankervilleae

x
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Table 1 List of crosses attempted in Phaius with other Orchids and pod set status
S. no

Cross code

Female parent

Male parent

Pod set

39

PBX-09-03

P. tankervilleae

P. teres

√/x

40

PBX-09-04

P. teres

P. tankervilleae

x

41

PBX-11-21, 22, 23

P. tankervilleae

P. flavus

√

42

PBX-11-24, 25, 26

P. flavus

P. tankervilleae

√

43

PBX-13-144

Lycaste crueata

P. tankervilleae

x

44

PBX-13-145

P. tankervilleae

Lycaste crueata

x

45

PBSx-13-146,
PBSx-14-208

P. tankervilleae

(natural selfing)

√

46

PBX-14-255

C. ‘Soul Hunt-I’

P. tankervilleae

x

47

PBX-14-256

P. tankervilleae

C. ‘Soul Hunt-I’

x

48

PBX-14-257

C. ‘PCMV’

P. tankervilleae

x

49

PBX-14-258

P. tankervilleae

C. ‘PCMV’

x

50

PBX-14-259

C. Unknown hybrid

P. tankervilleae

x

51

PBX-14-260

P. tankervilleae

C. Unknown hybrid

x

52

PBX-14-261

C. ‘Fire Storm Blaze’

P. tankervilleae

x

53

PBX-14-262

P. tankervilleae

C. ‘Fire Storm Blaze’

x

54

PBX-14-263

C. ‘Caripepper Peach Keen’

P. tankervilleae

x

55

PBX-14-264

P. tankervilleae

C. ‘Caripepper Peach Keen’

x

56

PBX-14-265

P. villosum (#2410)

P. tankervilleae

√/x

57

PBX-14-266

P. tankervilleae

P. villosum (#2410)

x

58

PBX-14-267

V. ‘Berniece Miller’

P. tankervilleae

x

59

PBX-14-268

P. tankervilleae

V. ‘Berniece Miller’

x

60

PBX-14-269

D. ‘Emma White’

P. tankervilleae

x

61

PBX-14-270

P. tankervilleae

D. ‘Emma White’

-

62

PBX-14-271

V. ‘Berniece Miller’

P. tankervilleae

x

63

PBX-14-272

P. tankervilleae

V. ‘Berniece Miller’

x

64

PBX-14-273

C. flaccida var cristata

P. tankervilleae

x

65

PBX-14-274

P. tankervilleae

C. flaccida var cristata

√/x

66

PBX-14-275

P. vandarum

P. tankervilleae

x

67

PBX-14-276

P. tankervilleae

P. vandarum

x

68

PBX-14-277

E. pubescens

P. tankervilleae

x

69

PBX-14-278

P. tankervilleae

E. pubescens

x

Total number of self pollinations (12 no.)

91.67%

Total number of cross pollinations (79 no.)

13.18%

Total number of crosses germinated (13 no.)

14.28%

Total number of crosses germinated excluding selfing (6 no.)

6.59%

Total number of pedigree germinated excluding selfing (2 no.)

2.19%

(√ - success of pod set, x - failure of pod set, √/x – success of pod set/no germination
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The hybridization was done by emasculation of female flowers
by removing anther cap and pollinia. Fresh pollinia were
collected from male parent and attached to stigma surface of the
column for pollination. Both direct and reciprocal crosses were
made using P. tankervilleae (Banks ex l’Heritier) Bl., and P.
flavus (Bl.) Lindl. at ICAR-NRC Orchids, Sikkim. One to two
flowers were crossed for each combination due to limitation of
flowering plants availability. Generally the stigmatic surface of
female plants was highly receptive and sticky; however the
pollen bags were used to cover the inflorescence to avoid cross
pollination with insects. Once the pollination succeeded, flower
colour changed in to dark and lip dries after 3-4 days and
success of pod set was presented in Table 1. Few crosses were
made by selfing using pollen of the same flower on stigma to
understand self compatibility among Phaius species.
2.3 Progeny development
Mature ellipsoid capsules were harvested after 10-11 months
from pod formation after crossing and seedlings were raised
using in-vitro techniques. The response of in-vitro studies will
be discussed in separate paper. Among the capsules obtained
from crosses, seedlings were obtained from selfed progenies and
crossed progenies from PBX-11-21 (direct cross) and PBX-1125 (reciprocal cross) series. Progenies of PBX-11-21 and PBX11-25 flowered in early 2017 and mid 2018 after four and five
years respectively after shifting seedlings for growing
conditions under normal greenhouses. All the standard package
practices for cultivation of Phaius progenies for growth were
followed using pots (Devadas et al., 2008). Morphological
characters are recorded at the full bloom stages and colour of
the flowers was recorded with the help of ‘Royal Horticultural
Society’ (RHS) colour chart (Simpson, 2011). The general
descriptions for the morphological characters were based on
quantitative data and expressivity of qualitative characters like
flower colour at Pakyong, Sikkim (Altitude 1,300 MSL)
location are recorded.
3 Results & Discussion
3.1 Success of hybridization
A total of 91 handmade pollinations were made that includes
self pollinations to study both cross compatibility and self
incompatibility nature in Phaius species. All 12 crosses
attempted for selfing in both species resulted 91.67% pod
setting. The status of pod setting with other species and genera
are presented in Table 1. Success of crossing at species and
genera level was recorded 13.18% pod formation, with success
rate of in-vitro seed germination at 14.28%. Crosses viz., PBX05-290, PBX-06-78, PBX-06-308, PBX-09-03, PBX-14-265,
PBX-14-274 resulted pod set, when P. tankervilleae was used as
Journal of Experimental Biology and Agricultural Sciences
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one of the parent in hybridization programme; however failed to
achieve germination of seedlings. Number of pedigree crosses
resulted viable seedlings, excluding selfed crosses is limited to
2.19% among crosses performed. Results indicate narrow genetic
behaviour of Phaius with limited scope for response to genetic
improvement through conventional hybridization programmes.
3.2 Incompatibility behaviour of Phaius
Sympodial orchids like Calanthe masuca, Lycaste crueata,
Paphiopedilum villosum showed only capsule development, when
used as female parents in the present study. Similarly, capsule
development was recorded in P. tankervilleae, when Calanthe
triplicata, Paplionanthe teres and Coelogyne flaccida var. cristata
were used as male parents. It indicates the possibility of pollen
influence due to presence of hormones on flower colour change as
an indication of pollination with capsule formation, without
producing viable seeds (Burg & Dijkman, 1967; Arditti et al.,
1971). High level of incompatibility was observed Phaius with
other Orchid genera, like sympodial orchid viz., Calanthe,
Coelogyne, Phalaenopsis, Lycaste, Dienia, Cymbidium, Thunia,
Paphiopedilum, Coelogyne, Eria and monopodial orchids viz.,
Paplionanthe, Dendrobium, Arundina and Vanda (Table 1). Both
the pre and post-zygotic barriers could be the reasons with Phaius
for reproductive isolation between species and the genera for
unsuccessful hybridizations (Edmands, 2002). The long journey
of pollen grains that usually stimulate ovule formation after
pollination, which is distinct in orchid reproductive system
(Arditti, 1992) and hurdles in pollen tube elongation after pollen
germination might operate among other incompatible crosses.
3.3 Self and cross compatibility in Phaius
In the present study the crosses viz., PBX-11-21 to 23 using P.
tankervilleae as female parent and P. flavus as male parent (direct
crosses) along with their reciprocal crosses (PBX-11-24 to 26)
yielded capsule/ pod formation with viable progeny development.
Similarly, except P. flavus the attempted self pollinations in P.
tankervilleae formed capsule development along with successful
progeny development. It is indicates the cross compatibility nature
of species among Phaius and self compatible nature within
species. The true hybridity of crosses was confirmed with F1
progeny testing and selfed progenies resulted female type of
plants only.
3.4 Description of novel of Phaius cross (PBX-11-22)
The data was collected on mature flowering plants (F1) of
Phaius cross (PBX-11-22) based on ‘Common Descriptors of
Orchids’ essentially required by Plant breeders (Table 2). The
comparative descriptions of hybrid with parental species for
demarcation of floral traits are shown in Table 3. The new hybrid
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Table 2 Description of Phaius F1 progeny of PBX-11-22
Character

Description of trait
sympodial nature, 76--80 cm height, spreading between 53 – 70 cm.

Plant
Pseudobulbs

9 x 3.5 cm, 3 to 5 number, conical to avoid shape, sheathed by leaf bases, 3 – 4 annual cicatrices in old bulbs.

Leaves

5 – 6, longest 80 x 8 cm, medium green colour (RHS 143C), spreading above pseudostem, narrow elliptic-lanceolate, acute,
plicate, petiole long, pseudostem with sheath base 20 cm long.

Inflorescence

1 – 2, emerge from base, erect, > 65 cm long, with 8 pedicellate flowers; peduncle stout, long, > 14 cm internodal length,
yellow-green colour (RHS 144B), smooth, 4 cm long, tubular, deep veined, sheathing bracts in medium yellow-green colour,
caducous;

Flowers

8 – 10, 7.5 – 9 cm, acropetal flower opening, colour dominated by Yellow-orange (RHS 17B/A) sepals & petals with faint
brownish shade, crimson colour on lip, moderately scented during shiny ward days with potted vase life of > 40 days.

Sepals

sub-equal, fleshy spreading; dorsal sepal 5 x 1.8 cm, narrow oblong, acute tip, 7 veins deep visible in same colour, yellow
colour (RHS 13B) on ventral side; lateral sepals elliptic oblong, inside margin slightly curved forward, median vein touchy
on ventral side.

Petals

size 5.2 x 2 cm, oblanceolate, acute, seven nerved, sub equal, colour same as sepals, shiny yellow on ventral side, margin
slightly reflexed.

Lip

5.5 x 2 cm, oblong, semi-concave, spreading, open type, mentum in yellow colour apprx. 1.2 cm, side lobes erect, yelloworange colour (RHS 17B/A); anterior lobe deflexed in middle, conchiform, corrugated; 3 obscure lamellae/calli become
prominent at disc, attractive with multiple crimson colour (RHS 175B) thick lines inside from base to tip of apical lobe,
crimson rich coloured at margin.

Column

2.5 x 0.52 cm, erect, incurved, white.

Anthers

dome shaped, pure white colour, 4 chambered and deeply seated in column, pollinia yellow colour and laterally compressed
in groups.

Table 3 Comparison of floral attributes of Phaius hybrid (PBX-11-22) with parents
Character

Phaius hybrid
(PBX-11-22)

P. tankervilleae (Banks ex l’Heritier) Bl. (♀
parent)

P. flavus (Bl.) Lindl.
(♂ parent)

Inflorescence length

long

long

medium

Flower colour

yellow-orange

brown-purple

yellow

Flower nature

spreading & erect

spreading & erect

erecto-petal

Sepal colour

yellow-orange

brown-purple

yellow

Petal colour

yellow-orange

brown-purple

yellow

Dorsal sepal shape

oblanceolate

elliptic-oblong

oblong-elliptic

Lateral sepals shape

elliptic-lanceolate

elliptic-lanceolate

oblong-elliptic

Sepal tip

acute

acute

obtuse tip

Petal shape

oblanceolate

oblanceolate

oblong-oblanceolate

Petal tip

acute

acute

obtuse tip

Lip shape

broad oblong

ovate

oblong

Lip nature

Semi-open

tubular

concave

Lateral lobes

erect

overlapping

erect

Median calli

present

present

present

Crimson

pink

Reddish-brown

Lip colour

# PBX-11-22 indicates pedigree code of Plant Breeding crossing register with year 2011 & cross 22
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Figure 1. Phaius primary hybrid (PBX-11-22/02)

Figure 2. Rachis of Phaius primary hybrid
(on 23.02.2017)

Phaius hybrid F1 flower (PBX-11-22)

Phaius tankervilleae
Phaius flavus (Bl.) Lindl.(♂ parent)
(Banks ex l’Heritier) Bl. (♀ parent)
Figure 3. Comparison of hybrid (PBX-11-22) with female and male parents

plant (Figure 1), inflorescence (Figure 2) and as well as flower
configuration along with lip differences was depicted in Figure 3
for identification of specific characters.
The floral configuration of novel Phaius hybrid progeny (PBX11-22) is compared on both front and ventral view to assess the
exact shape, size and colour of parts (Figure 4). The floral parts
of P. tankervilleae, which was used as one of the parent depicted
separately for trait comparison (Figure 5). Other parent, P. flavus
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(#Old NOAC 659) was lost during course of time from the active
collections, due to disease infection and limited population; but
morphological characters were compared from previous year’s
data. The reciprocal combination of same cross, where P. flavus
and P. tankervilleae were used as female and male parents (PBX11-25/01) flowered during July-Aug, 2018. The morphological
features of plants derived from reciprocal cross are similar to
direct cross, except smaller size of flowers and light tinge of pale
green colour on tips of sepals and petals (Figure 6).

Morphological description of novel Phaius primary hybrid

Figure 4. Frontal (R) and ventral (L) view of floral part of Phaius primary hybrid (PBX-11-22)

Figure 5. Frontal (R) and ventral (L) view of floral part of Phaius tankervilleae
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Figure 6. Phaius reciprocal cross (PBX-11-25/01) plant, flower & floral parts

Phaius flowers produced from both direct (PBX-11-22) and
reciprocal (PBX-11-25) crosses are found to be similar in flower
traits and colour. The characterization of progenies at F1 stage,
indicate the novel features with combined features of floral
characters from both parents. The flower colour found to be more
attractive due to rich yellow-orange colour, than the yellow
coloured P. flavus. The size of sepals and petals were found be
intermediate; but shape was similar to P. tankervilleae with
acute tip. Characters of lip found to be grand with distinct and
dark crimson colour with thick stripes starting adjacent to
three obscure calli extending up to tip of terminal lobe and
spreading all over anterior lobe on yellow-orange back ground.
Lateral lobes of lip were erect and semi-open covering above
column, similar to P. flavus and lip colour sometimes
extended towards the lower margin of lateral lobes. In case of
P. tankervilleae the lateral lobes were overlapped, which was
not found in any Phaius F1 progenies. A s imilar cross was
noticed as ‘Joan Hart’ by G. Coram from web reference
(http://orchids.wikia.com/wiki/Phaius_Joan_Hart;
Orchidwiz,
2013) with similar features, but morphological description of
plant was not available. In several other countries, Phaius
species ranked as endangered species (Harrison et al., 2004;
Simmons et al., 2017) and efforts were lacking to develop
hybrids through systematic breeding approaches. Hence, the
present novel Phaius breeding lines developed can serve as
model to develop new varieties.
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Conclusion
This scientific study could be useful for botanists and
taxonomist to reassess genetic diversity among species of
Phaius and associated gene flow. High incompatibility with
other orchid genera indicates narrow genetic base, but found
to be compatible within genera and also self compatible. The
new primary hybrid from indigenous species developed can
serve as an ideal reference material for taxonomical studies
and can useful as genetic stock for cultivation as terrestrial
plants with good adaptability in sub-tropical conditions.
Population development at F 2 generation may unravel the
genetic control of various traits and assist in construction of
classical genetic map in Phaius. Further improvement can be
done through markers, mutation breeding and hybridization
with its near relatives like Calanthe etc.
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Present study has been carried out to access the genetic variability and heritability between various cultivars
of Kashmir valley of India. In present study, 40 apple cultivars were selected and various characters like
fruit length, fruit diameter, fruit weight, fruit firmness, leaf blade length and width, petiole length, pedicel
length, TSS and acidity were measured using standard procedures. The results of study revealed a huge
genetic variation among the various studied characters. Highest heritability estimate (99.5%) was found for
fruit weight followed by fruit length (98.5%). Similarly expected genetic advance was highest for fruit
weight (55.84%) followed by acidity (42.69%) and least for TSS (13.13%). It was found that correlation
between fruit length and fruit weight was reported maximum, this was followed by fruit diameter, these
treatments were found statistically significant (p<0.05). While performing cluster analysis, it was found that
36 cultivars lie within cluster-I, 3 in Cluster-II and cluster-III was monogenic containing only one cultivar
i.e. Scarlet Siberian. Average intra and inter cluster distance (D2) value revealed that the cluster I had the
highest intra cluster distance (119.95) followed by cluster II (83.89). Inter cluster distance was maximum
between cluster I and Cluster III (1521.46) followed by cluster I and cluster II 9745.61).Cluster I had
maximum mean values for fruit length (67.48 mm), fruit diameter (72.47 mm), fruit weight (156.10 g) and
petiole length (28.83 mm). While the cluster II is characterized by highest leaf length (88.11 mm), leaf
width (55.00 mm), acidity (0.26%) and lowest fruit firmness (5.86 kg/cm 2), pedicel length (19.78 mm) and
TSS (10.97 ºBrix). Cluster III had maximum mean values for fruit firmness (9.43 kg/cm 2), pedicel length
(31.00 mm), TSS (14.23 ºBrix). Fruit weight was main factor contributing towards divergence (54.10%)
followed by acidity (12.30%) and least contributing factor was TSS (0.26%).
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1 Introduction
Apple is the most ubiquitous fruit in temperate regions and it has been
cultivated throughout Europe and Asia since antiquity (Janick et al.,
1996)). Apple was introduced into India by the British in the Kullu
Valley of Himachal Pradesh as far back as 1865, while the coloured
delicious cultivars of apple were introduced to Shimla hills in 1917.
Jammu and Kashmir contributes 75% of countries apple production
(NHB, 2017). It accounts for 43.30 per cent of total area under fruits
and 80.18 per cent of total fruit production in Jammu and Kashmir. It
is major cash crop and is the backbone of economy in the state. It is
grown in almost all the districts of Kashmir valley, in an area of 1.63
Lakh hectares with annual production of 18.6 Lakh MT with a
productivity of 11.4 T/Ha (Anonymous, 2018). Although farmers
grow only few varieties like Delicious strains, Maharaji, American
Apirouge, Chemura, Ambrietc, but there exists tremendous diversity
in apple germplasm in the departmental and university orchards that
remains to be exploited.
Maintenance of genetic diversity are important for future breeding
because genetic diversity gives the ability to adapt the changing
environments and provide the raw material to breed new cultivars via
hybridization (Doebley et al., 2006) or selection (Dzhangaliev, 2003).
Estimating genetic diversity and determining the relationships among
various germplasm collections enhances efficiency of its management
and genetic improvement (Geleta et al., 2005). Heritability estimate
provides information regarding the amount of transmissible genetic
variation to total variation and determines genetic improvement and
response to selection. It also suggests the relative role of genetic
factors in expression of phenotypes and acts as an index of
transmissibility of particular trait into its off springs however;
knowledge of heritability alone does not help in formulating concrete
breeding programme. Multivariate statistical techniques, which
simultaneously analyze multiple measurements on each individual
under investigation, are widely used in analysis of genetic diversity
irrespective of whether it is morphological, biochemical, or molecular
marker-based (Bhandari et al., 2017). Among the multivariate
techniques, cluster analysis and Principal Component Analysis (PCA)
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are most commonly employed (Mohammadi & Prasanna, 2003).
Multivariate analysis has been frequently used for genetic diversity
analysis in many fruit crops such as peach (Nikolic et al., 2010),
cherry (Bhat et al., 2017), plum (Bhat et al., 2018a), Strawberry
(Mishra et al., 2015), Almond (Sharma et al., 2012), Walnut (Dogra et
al., 2018) and Apple (Bhat et al., 2018b). Considering the importance
of apple in Kashmir, study of genetic diversity and information on
relationships among native old varieties and new types would be
desirable in order to allow for better management and preservation of
genetic resources and their utilization within plant breeding programs.
Therefore, present study has been carried out to explore the genetic
variability and heritability between various cultivars of Kashmir
valley of India.
2 Material and Methods
Forty apple cultivars were selected for the present study (Table 1).
The study sample consists of mixture of varieties comprising of old
cultivars (15), SKUAST-K released cultivars (7), newly
introduced cultivars (12) and scab resistant selections (6). The
characters like fruit length, fruit diameter, fruit weight, fruit
firmness, leaf blade length and width, petiole length, pedicel
length, TSS and acidity were measured using standard procedures.
2.1 Estimation of Genetic parameter estimates
2.1.1 Genotypic variance
Genotypic variance was calculated using the method suggested by
Johnson et al. (1955).
MSG  MSE
2
σ̂ g 
r

Where as
̂

2

g

MSG
MSE
R

=

Genotypic variance,

=
=
=

mean sum of squares due to genotypes,
mean sum of squares due to error and
number of replications

Table 1 Apple germplasm studied
Group

Cultivar

Total

Released cultivars of
SKUAST (K)

LalAmbri, Sunhari, Firdous, Shireen, Akbar, Shalimar Apple-1 and Shalimar
Apple-2.

7

Newly
introduced
cultivars of SKUAST
(K)

Wiltons Star, Fuji Zhen Aztec, Super Chief, Gala Redlum, Red Velox, Silver Spur,
Gala Mast, Mollies Delicious, Granny Smith, Braeburn, Oregon spur and Golden
Delicious Reinders.

12

Old cultivars

Red Delicious, Chamure, Maharaji, Cox Orange Pippin, American Apirouge,
June Eating, Lord Lambourne, Red Gold, Benoni, Golden Delicious,
Starkrimson, Yellow Newton, Scarlet Siberian, Ambri and Irish Peach.

15

ASP-1, ASP-3, ASP-4, ASP-10, ASP-12 and ASP-69.

6

Scab
selections

resistant

Total
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2.1.2 Phenotypic variance
Phenotypic variance was calculated as per the procedure given by
Johnson et al. (1955).

2
̂ p

=

2

2
̂ g

̂ e

+

GA =
Where as
GA =
2g =
2p =
K
=

Where as

̂ 2 p
̂ 2 g
̂ 2 e

=

Phenotypic variance

=

genotypic variance and

=

error variance

2.1.3 Phenotypic and genotypic co-efficient of variation
The magnitude of phenotypic co-efficient of variation (PCV) and
genotypic co-efficient of variation (GCV) existing in a trait was
worked out by the formula given by Burton (1952):

PCV 

2g
2p

× (2p) x K

Genetic advance of the trait,
genotypic variance of the trait,
phenotypic variance of the trait and
selection differential
(K= 2.06 at 5 per cent selection intensity)

2.2.3 Expected genetic gain (genetic advance as per cent of mean)
It was estimated as per the method suggested by Johnson et al. (1955).
Genetic gain =
Where as
G.A. =
x =

GA

x

× 100

Genetic advance of the trait and
mean of the trait

2
σ̂ p
x 100

2.3 Estimation of genotypic co-variances and correlation
coefficients

x

Where as

̂ 2 p
x

GCV 

=

Phenotypic variance and

=

mean of the trait studied

2
σ̂ g
x 100
x

Where as
̂

2

g

x

=

Genotypic variance and

=

mean of the trait studied

2.2 Estimation of heritability genetic advance and expected
genetic gain

It was estimated as per the procedure presented by Burton & De
vane (1953), Johnson et al. (1955) and Hanson et al. (1956).

Where as
h2 =
2g =
2p =

2.3.1 Genotypic correlation co-efficient
rxy (g ) 

2
σ̂ xy (g )
2
2
σ̂ x (g ) σ̂ y (g )

2.3.2 Phenotypic correlation coefficient

2.2.1 Heritability (broad sense)

h2 =

Covariance analysis followed the same pattern as the variance
analysis. The genotypic and phenotypic covariances between two
characters were obtained in the same fashion as corresponding
variances. Estimation of genotypic and phenotypic variances and
covariances were substituted by the formula suggested by Panse
& Sukatme (1985) to calculate correlation co-efficient between all
possible pairs of characters.

rxy (p ) 

2
σ̂ xy (p )
2
2
σ̂ x (p ) σ̂ y (p )

2g
2p

Genotypic and phenotypic correlation

rxy (g), rxy (p) = coefficients, respectively, between a pair of
characters x and y

Estimate of heritability in broad sense,
Genotypic variance and
Phenotypic variance

2.2.2 Genetic advance
Genetic advance at 5 per cent selection intensity was worked
out by using the formula given by Lush (1949) and Johnson et
al. (1955).
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Genotypic and phenotypic covariances,
2
2
σ̂ xy(g), σ̂ xy(p) = respectively, for a pair of characters x and y
Genotypic variance for characters x and y,
2
2
σ̂ x(g), σ̂ y(g) = respectively and
Phenotypic variance for character x and y,
2
2
σ̂ x(p), σ̂ y(p) = respectively.
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Table 2 Analysis of Variance (ANOVA) for various traits in various apple cultivars
S.
No.

Source of
variation

d.f

Fruit
length
(mm)

Fruit
diameter
(mm)

Fruit
weight (g)

Fruit
firmness
(kg/cm2)

Leaf
blade
length
(mm)

Leaf
blade
width
(mm)

Petiole
length
(mm)

Pedicel
length
(mm)

TSS
(oBrix)

Acidity
(%)

1.

Replications

2

1.40**

0.69**

1.43**

0.03**

7.75**

14.23**

8.40**

1.97**

0.31**

0.00036**

2.

Genotypes

39

376.98**

338.43**

4673.15**

2.44**

242.53**

131.26**

77.51**

70.60**

2.73**

0.0073**

3.

Error

78

1.87

2.87

7.52

0.083

9.56

5.70

5.22

1.65

0.194

0.000294

*Significant at 0.05 probability level; **Significant at 0.01 probability level

Table 3 Estimates of mean, range, phenotypic variance, genotypic variance, phenotypic and genotypic. Coefficient of variation, heritability (bs)
and genetic advance (as % of mean) for different quantitative traits in apple cultivars
S.
No.

Parameters

Mean

Range

Phenotypic
variance
(σ2p)

Genotypic
variance
(σ2g)

Phenotypic
coefficient of
variation
(PCV)

Genotypic
coefficient of
variation
(GCV)

Heritability
(h2 bs)

Genetic
advance
(%age of
mean)

1.

Fruit length (mm)

64.78

28.1-85.26

126.91

125.03

17.38

17.26

0.98

35.29

2.

Fruit diameter (mm)

69.93

30.03-85.06

114.73

111.85

15.31

15.12

0.97

30.75

3.

Fruit weight (g)

145.13

14.06-202.73

1562.73

1555.2

27.23

27.17

0.99

55.84

2

4.

Fruit firmness (kg/cm )

7.85

5.33-9.43

0.86

0.78

11.86

11.27

0.90

22.09

5.

Leaf blade length (mm)

86.21

58.66-101.00

87.22

77.65

10.83

10.22

0.89

19.86

6.

Leaf blade width (mm)

53.19

36.00-67.66

47.55

41.85

12.96

12.16

0.88

23.50

7.

Petiole length (mm)

28.52

17.66-40.33

29.32

24.09

18.98

17.20

0.82

32.13

8.

Pedicel length (mm)

26.67

15.00-38.00

24.63

22.98

18.60

17.97

0.93

35.76

9

TSS (oBrix)

13.02

10.76-14.93

1.04

0.84

7.84

7.07

0.81

13.13

10.

Acidity (%)

0.22

0.12-0.33

0.003

0.002

23.31

21.98

0.88

42.69

3. Results and Discussion
3.1Analysis of variance
Analysis of variance for various traits under study is presented in
Table 2. The data revealed significant variation among all the
cultivars for all the studied traits during the programme. Mean
sum of squares due to cultivars for all the traits was found highly
significant. Similar results were reported by Sarkar et al. (1991)
while estimating the genetic variability in litchi and the results
were also in agreement with Mir (2015) in wild apple.
3.2 Variability and genetic components of variation
The genetic variability estimates including genotypic mean, range,
genotypic variance (GV), phenotypic variance (PV), phenotypic
coefficient of variation (PCV), genotypic coefficient of variation
(GCV), heritability (broad sense) and genetic advance as a percent
of mean were estimated for each traits presented in Table 3.
Journal of Experimental Biology and Agricultural Sciences
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Perusal of Table 3 revealed that the estimates of phenotypic
variance were higher than the corresponding estimates of
genotypic variance. The magnitude of phenotypic and genotypic
coefficient of variation was low (<10 per cent) only for TSS
whereas it was moderate (10-30 per cent) for fruit length, fruit
diameter, fruit weight, fruit firmness acidity, leaf blade length,
leaf blade width, petiole length and pedicel length. Further,
phenotypic and genotypic variance was highest for fruit weight
(1562.73 and 1555.2 respectively) followed for fruit length
(126.91 and 125.03) and minimum for acidity (0.003 and 0.002).
Phenotypic and genotypic coefficients of variation were highest
for fruit weight (27.23% and 27.17% respectively) and lowest for
TSS (7.84% and 7.07%). Generally phenotypic coefficient of
variation and genotypic coefficient of variation are similar with
phenotypic coefficient slightly higher than genotypic coefficient
of variation which indicates environmental effect in the
expression of traits under observation. This was in agreement with
the study of Bandale et al. (2006) and Chattopadhay et al. (2011).
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3.3 Heritability and Genetic Gain
Heritability estimates (broad sense) and expected genetic gain were
calculated for all observed traits (Table 3). Estimates of heritability
were classified into three distinct classes with value >60.0 per cent
as high heritability, >30.0 ≤ 60.0 as medium and < 30.0 per cent as
low. Estimates were high for all the observed traits. Highest
heritability estimate (99 per cent) was found for fruit weight
followed by for fruit length (98 per cent) and lowest heritability
estimate was observed for TSS (81%). Genetic advance was
estimated at 5 per cent of selection intensity and converted into
expected genetic gain (per cent of mean). Estimates of genetic gain
were classified into three distinct classes with value >30.0 per cent
as high genetic gain, >10≤30 per cent as medium and < 10.0 per
cent as low genetic gain. The result revealed that the expected
genetic gain was high for fruit weight (55.84 per cent) followed by
acidity (42.69 per cent), pedicel length (35.76 per cent), fruit length
(35.29 per cent), petiole length (32.13 per cent), fruit diameter
(30.75 per cent) and medium for leaf blade width (23.50 per cent),
fruit firmness (22.09 per cent), leaf blade length (19.86 per cent) and
least for TSS (13.13 per cent).
Heritability (broad sense) estimates are more informative as they
indicate the relative importance of genotype and environmental
contribution to the variability exhibited. High heritability
accompanied with greater genetic advance revealed that these
characters had additive gene effect and therefore have more role
in proficient selection. The results were supported by Sharma et
al. (2004) who reported high heritability with high genetic gain
for different parameters in apple and Sharma & Sharma (2007)
who reported high heritability and genetic gain for Gala variety of
apple. The results of present study were also supported by Mir

(2015), Kumar & Mir (2012) and Hajnajari et al. (2012). However
in present study some traits have low heritability and genetic
advance which may be due to non-additive gene action associated
with epitasis and dominance because traits having high heritability
value together with high genetic advance are, by and large,
controlled by additive gene effects (Panse, 1957).
3.4 Correlation coefficient
Correlation coefficient for various traits was estimated and
presented in Table 4. The results revealed that fruit length had a
significantly positive correlation with fruit diameter, fruit weight,
fruit firmness, pedicel length, leaf length, leaf width, petiole
length, TSS and negative correlation of fruit length was observed
with acidity. Similarly fruit diameter had positive correlation with
fruit length, fruit weight, fruit firmness, pedicel length, leaf blade
length, leaf blade width, petiole length, TSS and negative
correlation with acidity. Fruit weight showed positive correlation
with fruit length, fruit diameter, fruit firmness, pedicel length, leaf
blade length, leaf blade width, petiole length, TSS and negative
correlation with acidity. Regarding the fruit firmness it was
observed that fruit firmness was positively correlated with fruit
length, fruit diameter, fruit weight, pedicel length, TSS, acidity
and negatively correlated with leaf blade length, leaf blade width
and petiole length, pedicel length was positively correlated with
TSS and other parameters excluding acidity with which it was
negatively correlated. Similarly petiole length was positively
correlated with pedicel length and negatively correlated with TSS
and acidity. Leaf blade length and width were positively
correlated. TSS and acidity were negatively correlated. Similar
correlation results between fruit length and diameter were
recorded by Kumar & Srivastava (1983). The significant positive

Table 4 Estimates of genotypic (above diagonal) correlation coefficients among different traits in various apple cultivars
S. No.

Parameters

1.

Fruit length (mm)

2.

Fruit diameter (mm)

3.

Fruit weight (g)

Fruit
length
(mm)

Fruit
diameter
(mm)

Fruit
weight
(g)

Fruit
firmness
(kg/cm2)

Leaf
blade
length
(mm)

Leaf
blade
width
(mm)

Petiole
length
(mm)

Pedicel
length
(mm)

TSS
(oBrix)

Acidity
(%)

-

0.9093**

0.9217**

0.2505*

0.2946*

0.2235*

0.3472**

0.3584**

0.2193*

-0.3060**

-

0.8641**

0.1794

0.2866*

0.2923*

0.3094**

0.2017*

0.1707

-0.1403

-

0.2966*

0.3171**

0.2307*

0.3638**

0.3346**

0.2901*

-0.2692*

-

-0.2996*

-0.0877

-0.0877

0.1160

0.4149**

0.0907

-

0.5242**

0.5009**

0.0766

0.0317

0.0011

-

0.1056

-0.2145*

0.0738

0.1539

-

0.2564*

-0.0038

-0.1177

-

0.2059*

-0.3223**

-

-0.4867**

2

4.

Fruit firmness (kg/cm )

5.

Leaf blade length (mm)

6.

Leaf blade width (mm)

7.

Petiole length (mm)

8.

Pedicel length (mm)
o

9.

TSS ( Brix)

10.

Acidity (%)
*, ** = Significant at 5% and 1% respectively
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correlation between different characters could be useful for
genetic improvement of various traits. Shin et al. (1986) observed
positive association with leaf characters i.e. leaf area, weight and
dry leaf weight. Klossowski (1976) between shoot length and
yield, Shin et al.(1986) for leaf area with fruit length, Lauri et
al.(1996) for fruit set and leaf area. Verma et al. (2002) observed
significant positive correlations for characters like tree height, tree
spread, fruit set, fruit weight and fruit size. Islam et al. (2010)
reported strong positive correlation between yield per plant and
individual fruit weight, stone weight, fruit length, fruit breadth
and pulp-stone ratio in ber. The varied positive and negative
correlations obtained in the present study may be attributed to the
genetic make-up of the studied cultivars, varied agro-climates
condition, site; orchard management practices individually or
collectively may have influenced the performance of cultivar and
the resultant correlations.
3.5 Cluster analysis
Based on the studied characters, whole set of apple germplasm
were grouped into 3 clusters (Table 5) as per Mahalanobis D 2
analysis employing Toucher’s method (Rao, 1952). Table 5
summarizes that maximum number of genotypes fall in cluster I
(36) followed by cluster II (3) and cluster III (1). In addition to

grouping of selections into different clusters, non-hierarchical
analysis was also performed to identify the diverse and desirable
selections in terms of inter cluster distance and mean performance
of clusters for various characters respectively. The average intra
and inter cluster distance (D2) values revealed that the cluster I
had the highest intra cluster distance value of 119.95 followed by
cluster II (83.89) (Table 6). The inter cluster distance was highest
between cluster I and cluster III (1521.46) followed by inter
cluster distance between cluster I and cluster II (745.61).
Therefore cluster I and III were most divergent with maximum
inter cluster distance.
The cluster means for different characters are given in Table 7.
Cluster I had maximum mean values for fruit length (67.48 mm),
fruit diameter (72.47 mm), fruit weight (156.10 g) and petiole
length (28.83 mm). Cluster II is characterized by highest leaf
length (88.11 mm), leaf width (55.00 mm), acidity (0.26%) and
lowest fruit firmness (5.86 kg/cm2), pedicel length (19.78 mm)
and TSS (10.97 ºBrix). Cluster III had maximum mean values for
fruit firmness (9.43 kg/cm2), pedicel length (31.00 mm), TSS
(14.23 ºBrix) and lowest mean value for fruit length (28.10 mm),
fruit diameter (30.03 mm), fruit weight (14.07 g), leaf length
(58.67 mm), leaf width (36.00 mm), petiole length (18.67 mm)
and fruit acidity (0.21%) (Table 7). The results clearly indicate

Table 5 Distribution of apple genotypes into clusters based on D 2 Statistics
S.
No.

Cluster

No. of
genotypes

Name of the cultivar

1.

I

36

Maharaji, ASP-12, Fuji Zhen Aztec, Firdous, Yellow Newton, Gala Redlum, Akbar, Mollies Delicious, Red
Delicious, Super Chief, Sunhari, Golden Delicious, Oregon Spur, Shireen, Golden Delicious Reinders,
Shalimar Apple-2,Wiltons Star, Starkrimson, Red Velox, Braeburn, Lord Lambourne, ASP-1, Shalimar Apple1, Silver Spur, Ambri, ASP-3, Granny Smith, Red Gold,ASP-4,ASP-10,Gala Mast, Chamure,
AmercianApirouge, Cox’s Orange Pippin, ASP-69, LalAmbri,

2.

II

3

June Eating, Benoni and Irish Peach

3.

III

1

Scarlet Siberean

Table 6 Average intra cluster (Diagonal) and inter cluster (Above Diagonal) Distance Values in various apple genotypes
S. No.

Cluster

I

II

III

1.

I

119.95

745.61

1521.46

2.

II

-

83.89

394.36

3.

III

-

-

0.00

Table 7 Cluster means for various characters in different clusters of various apple genotypes
Cluster

Fruit
length
(mm)

Fruit
diameter
(mm)

Fruit
weight
(g)

Fruit
firmness
(kg/cm2)

Leaf
blade
length
(mm)

Leaf
blade
width
(mm)

Petiole
length
(mm)

Pedicel
length
(mm)

TSS
(oBrix)

Acidity
(%)

1.

I

67.48

72.47

156.10

7.98

86.82

53.52

28.83

27.13

13.16

0.22

2.

II

44.67

52.89

57.23

5.86

88.11

55.00

28.11

19.78

10.97

0.26

3.

III

28.10

30.03

14.07

9.43

58.67

36.00

18.67

31.00

14.23

0.21

S.
No.
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Table 8 Per cent contribution of individual traits
towards total genetic divergence
Traits
Times ranked
Contribution
1st
(%)

1.

Fruit length (mm)

72

10.23

2.

Fruit diameter (mm)

43

6.51

3.

Fruit weight (g)

422

54.10

2

4.

Fruit firmness (kg/cm )

15

1.92

5.

Leaf blade length (mm)

31

4.17

6.

Leaf blade width (mm)

12

1.54

7.

Petiole length (mm)

9

1.15

8.

Pedicel length (mm)

60

7.82

9.

TSS (oBrix)

2

0.26

10.

Acidity (%)

96

12.30

that hybridization between the cultivars from cluster I and cluster
III can be utilized for getting the superior recombinants in segregating
generations. Cluster means for various morpho-taxonomic and quality
related characters revealed that substantial variability existed for all
the traits and identified the traits to be chosen for hybridization. The
results were in conformity with the Pereira et al. (2003), Saran et al.
(2007), Sharma et al. (2015) and Bhat & Dhillon (2015).
The per cent contribution of the traits towards total divergence (Table
8) revealed that fruit weight was the main factor contributing towards
divergence (54.10%) followed by acidity (12.30%), fruit length
(10.23%) and pedicel length (7.82%). The minimum contribution
towards divergence was from TSS (0.26%).The traits contributing
maximum towards the divergence should be given great emphasis for
deciding the clusters to be chosen for hybridization and the subsequent
selection of the parents from the clusters be based on their
performance (De et al. 1988).
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ABSTRACT

Himachal Pradesh

Present investigation was carried out with the aim of assessing the soil fertility status of Saproon Valley
soils of Himachal Pradesh. A total of 126 representative soil samples were collected from 0-15 and 1530 cm soil depths of 21 villages, spread over the whole valley. Results of study showed that soil pH
ranged from 6.16 to 7.94 while electrical conductivity varied from 0.09 to 1.02 and 0.11 to 0.49 dS m -1
in surface and sub-surface soils, respectively. The soil organic carbon varied between 5.70 to 32.60 g kg 1
(0-15 cm) and 0.30 to 20.5 g kg-1 (15-30 cm). With respect to, available soil N the soils of the valley
were medium extending from 254.02 to 542.53 and 203.84 to 435.90 kg ha-1 in surface and sub-surface
soils, respectively. The soils being high in available P content had its values ranging from 11.20 to
156.80 kg ha-1, though; K content went from 147.72 to 1915.20 kg ha -1. The neutral ammonium acetate
extractable Ca and Mg content ran from 1.53 to 7.11 and 1.10 to 3.67 [cmol (p +) kg-1], with mean
estimations of 3.98 [cmol (p +) kg-1] and 2.43 [cmol (p +) kg-1], independent of soil depth. From the results
it can be concluded, that intensive systematic study of soil fertility status is necessary to delineate areas
of probable nutrient deficiencies or toxicity within the Saproon Valley in North Western Himalayas.

Saproon Valley
Soil Fertility Status and
Sustainability
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Spatial Distribution of Available Macronutrients in Soils of Saproon Valley, North Western Himalayas of India

1 Introduction
The natural resources like soil, water and vegetation form an
integral part of Himalayan ecosystem, warranting due attention to
ensure ecological security and sustainable socioeconomic
development. Management of these natural resources in the
Himalayan region is critical as it concerns not only the inhabitant
of the hills but also the livelihood and prosperity of large
population in the down plains. The Saproon valley in Solan
district of Himachal is one such region which is famous for the
production of vegetable crops and has an estimated total area of
about 753 ha where off-season vegetable crops such as tomatoes,
peas, capsicum and cauliflower are prominently grown and their
production is obtained in the valley at a time when they are not
available in plains, therefore, fetch higher premium in the market.
Although, a few or the other essential nutrients like N, P and K
are routinely applied to the vegetable crops in Himachal Pradesh
and especially in Solan district but the amount of nutrients applied
do not with stand the amount removed in harvested crops,
resulting into exhaustive mining of nutrients from the soil and
increasing the nutrient related stresses and yield losses. The
fertility of soils is directly related to available nutrient in soils and
therefore, found to have direct role in sustaining crop production
and thereby, improving the soil functioning in a given ecosystem.
Thus, the study of the nutrient availability in soils under different
cropping systems is vital to understand for sustaining soil fertility
and productivity to improve soil quality (Wardle et al., 1999).
In the view of sustainable crop production, it is being strongly felt
that deficiency and sufficiency of nutrients must be assessed for
different crops and locations particularly in vegetable growing
areas of Himachal Pradesh. Thus, the knowledge about the
fertility aspects of soils such as status of available nutrients is
considered to be important, valuable and is essential to formulate
the future strategies for amelioration of such deficiencies, timely
and more precisely. Considering, the above expressed certainties,
it is important to consider most appropriate approach of nutrient
indexing or soil testing for enhancing the soil health and
supervising the availability of nutrients for best possible
productivity of vegetables. Accordingly, the present study was
undertaken to determine the status of available macronutrients and
their relationship with important soil properties.
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grey gypsiferrous and calcareous shales, are medium deep and
mostly sandy loam to sandy clay loam in texture (Pande, 1966).
Different farms under vegetables crops particularly under tomato
fields were identified from twenty one villages of Solan,
Himachal Pradesh, spread over the whole valley following the
random sampling technique, and their soil properties were studied.
Locations of different sampling sites are presented in Figure 1. A
total of 126 soil samples were collected from 0-15 and 15-30 cm
soil depths and were pooled to 42 representative soil samples
which were analysed for the variations in pH, electrical
conductivity (EC), soil organic carbon, available NPK and S
content and extractable Ca and Mg content in soils of Saproon
Valley.
2.2 Collection and processing of soil samples
The soil samples collected were representative of the area
sampled and a field was treated as a single sampling unit.
Randomly, three soil samples were taken to prepare one
composite sample. After the collection of soil samples,
representative soil samples of each location was air dried, ground
and passed through 2 mm sieve, and stored in bags with proper
identification tags for further analysis.
2.3 Methods of analysis of soil properties/parameters:
2.3.1 pH (1:2): The pH was determined in 1:2 :: soil: water
suspension using glass electrode (Jackson, 1967).
2.3.2 Electrical conductivity, EC (1:2): EC was measured in 1:2 ::
soil: water suspension using systronics conductivity bridge
(Richards, 1954).
2.3.3 Organic carbon: The soil organic carbon (OC) was
determined by wet digestion method of Walkley & Black (1934).
2.3.4 Available nitrogen: Available nitrogen in soil was
determined by micro-kjeldahl method (Subbiah & Asija, 1956).
2.3.5 Available phosphorus: Available phosphorus
determined using Olsen’s method (Olsen et al., 1954).

was

2.3.6 Available potassium: 1N ammonium acetate extracted
available potassium was determined by flame-photometer
(Merwin & Peech, 1951).

2 Materials and methods
2.1 Study area
The Saproon Valley is located between 30 055’ North latitude and
7709’ East longitude with an altitude ranging from 1390 to 1500
meters above mean sea level. It represents sub-humid to subtemperate climate with an average annual rainfall of 1300 mm
(Aneepu et al., 2017). The soils have been derived from red and
Journal of Experimental Biology and Agricultural Sciences
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2.3.7 Exchangeable Ca and Mg: Exchangeable Ca and Mg in the
ammonium acetate extract were determined by atomic absorption
spectrophotometer (Sarma et al., 1987).
2.3.8 Available sulphur: The available sulphur (SO4 ---S) in the
soils was extracted with 0.15% CaCl 2 solution (Williams &
Steinbergs, 1959) and determined by turbidity method of Chesnin
& Yien (1950).
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Figure 1 Map of study area

2.4 Soil Nutrient Indices:
In order to work out the availability status of each nutrient, Soil
Nutrient Indices (SNI) were determined by using the formula
proposed by Parker et al. (1951) as given below:
SNI =

NL X 1 + NM X 2 + (NH X 3)
NT

Where,
NL = number of samples falling in low category of nutrient status
NM = number of samples falling in medium category of nutrient
status
NH = number of samples falling in high category of nutrient status
NT = total number of samples analyzed for a given nutrient
2.5 Statistical analysis:
The data were subjected to statistical analysis by adopting simple
correlations to find out the extent of relationship between the soil
nutrient characteristics.
3 Results and Discussion
3.1 pH, EC and organic carbon:
Soil pH plays a crucial role in soil fertility, being the chemical
property which has direct impact on nutrient availability and plant
growth, with neutral pH being the most favorable one. The data of
Journal of Experimental Biology and Agricultural Sciences
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pH, EC and organic carbon of the soil samples collected from
different vegetable farms located at different villages of Solan
district is presented in Table 1. The soil reaction was reported
slightly acidic to slightly alkaline ranging from 6.16 to 7.94
(surface) (Figure 2) and 6.69 to 7.88 (sub surface) (Figure 3). The
results designate that soils have not been much leached and are
also quite young. The slightly acidic to slightly alkaline pH may
be attributed to the higher rainfall and lower temperatures
associated with increasing altitude results in lower pH (Logan et
al., 1985) and also to the reaction of applied fertilizer material
with soil colloids, which resulted in retention of basic cations on
the exchangeable complex of the soil (Sharma et al., 2002).
Moreover, results of present study are in agreement with those of
Chaudhary et al. (2005) and Aneepu et al. (2017) who categorized
soils of Himachal Pradesh as slightly acidic (pH 6.0) to mildly
alkaline (pH 8.3) and values increased with depth which might be
due to the decrease in organic carbon content. EC is a measure of
soluble salt concentration in the soil solution. The EC of soils
ranged from 0.09 to 1.02 and 0.11 to 0.49 dS m -1, with mean
values of 0.28 and 0.25 dS m-1 in the 0-15 (Figure 4) and 15-30
cm (Figure 5) soils, respectively. The EC values under normal
range (<1.0 dS m-1) may be ascribed to leaching of salts to lower
horizons of soil due its light texture, which firmly supported the
loss of salts. Higher EC values in surface soils may be attributed
to the addition of fertilizers and other nutrient management
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Table 1 Status of soil chemical properties in 0-15 and 15-30 cm depth at different locations
Village’s Name

pH

EC (dS m-1)
15-30 cm

OC (g kg-1)
0-15 cm
15-30 cm

0-15 cm

15-30 cm

0-15 cm

Saproon

6.43

6.74

0.38

0.33

18.00

6.60

Kailar

7.15

7.19

0.33

0.31

22.90

13.03

Bajrol Khurd

6.55

7.07

0.35

0.30

10.20

4.60

Lavi Khurd

7.44

7.56

0.28

0.27

20.13

15.00

Lavi Kalan

7.08

7.02

0.42

0.38

24.80

13.20

Bajrol Kalan

7.29

7.37

0.31

0.23

20.70

11.03

Sandrol

7.49

7.57

0.31

0.26

16.30

3.50

Sheel I

7.39

7.57

0.29

0.24

14.90

12.80

Sheel II

7.30

7.38

0.16

0.15

8.10

4.30

Bairtee I

7.66

7.58

0.18

0.22

12.97

9.60

Bairtee II

7.45

7.53

0.49

0.25

14.20

11.10

Kothi Deora I

6.95

7.02

0.25

0.30

7.30

3.50

Kothi Deora II

7.28

7.32

0.19

0.25

11.60

7.40

Top Ki Ber

7.37

7.39

0.35

0.27

22.30

14.40

Ghatti

7.52

7.54

0.27

0.23

22.80

17.70

Bhannat

7.52

7.52

0.30

0.21

7.20

2.20

Loharon

7.18

7.31

0.21

0.16

8.50

3.60

Jagaat Khana

7.00

7.27

0.18

0.24

14.80

13.50

Chakli

7.40

7.76

0.23

0.24

13.60

11.50

Deothi

7.47

7.54

0.20

0.19

16.10

10.70

Kiartoo

7.61

7.66

0.18

0.17

8.90

7.30

Figure 2 Spatial description of pH in 0-15

cm soil depth
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Figure 3 Spatial description of pH in 15-30 cm soil depth
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Figure 4 Spatial description of EC in 0-15 cm soil depth

Figure 6 Spatial distribution of OC (g kg-1) in 0-15 cm soil depth

practices which leads to accumulation of salts in the upper layer
of soil. Findings of present study are in agreement with the
findings of Singh et al. (2005) who detailed that EC changed from
0.16 to 0.35 dS m-1 in surface and from 0.09 to 0.22 dS m-1 in sub
surface soils of Uttaranchal and diminished with soil depth. The
results can also be corroborated with the study of Annepu et al.
(2017). Soil organic carbon (SOC) content at different locations in
tomato cultivated fields is presented in Table 1. The organic
carbon content of soils varied at all the locations. Organic carbon
content of the soils varied from 5.70 to 32.60 g kg -1 (surface)
(Figure 6) and 0.30 to 20.5 g kg-1 (sub-surface) (Figure 7) and the
mean soil organic carbon content at different locations varied
from 15.07 and 9.36 g kg-1, respectively in 0-15 and 15-30 cm
depth indicating that the soils of the Saproon valley have medium
to high organic carbon content. The prevailing low temperature
Journal of Experimental Biology and Agricultural Sciences
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Figure 5 Spatial description of EC in 15-30 cm soil depth

Figure 7 Spatial distribution of OC (g kg-1) in 15 -30 cm soil depth

results in suppression of microbial and enzymatic activities, which
results least soil organic matter decomposition and its
accumulation in surface soils (Bhattacharyya et al., 2008). The
persistent efforts of farmers in maintaining higher levels of
organic matter in their fields through the addition of organic
manures and higher amounts of leaf litter throughout the year
might have led to higher organic carbon content in surface layers.
Parallel to the present findings, Khera et al. (2001) also reported
the higher levels of OC ranged between 0.80-2.30 percent in the
Central Himalayan region. The higher OC in soils of this region
further supported by the findings of Pathak et al. (2010) who
reported in situ burning of 38.66 per cent of agro residues in the
states of Punjab and Haryana, whereas it was confined to 14.38
per cent in Himachal Pradesh, which indicates the proper
recycling of agro wastes in this region.
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Figure 8 Spatial distribution of N (Kg ha -1) in 0-15 cm soil depth
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Figure 9 Spatial distribution of N (Kg ha -1) in 15-30 cm soil depth

Table 2 Status of soil primary nutrients (kg ha -1) at different locations
Name of the
Village

N

P
Depth (cm)

K

0-15

15-30

0-15

15-30

0-15

15-30

Saproon

396.18

278.06

47.04

23.89

562.61

362.88

Kailar

429.63

371.09

74.67

56.00

750.77

641.76

Bajrol Khurd

327.19

278.06

50.77

24.64

534.99

379.31

Lavi Khurd

392.00

338.65

47.04

39.57

788.85

673.85

Lavi Kalan

430.68

316.74

88.85

50.03

783.05

548.43

Bajrol Kalan

407.54

357.50

135.89

76.16

1158.8

782.13

Sandrol

383.64

251.93

107.52

41.07

694.77

470.03

Sheel I

379.46

367.96

40.32

32.11

487.57

470.77

Sheel II

330.33

258.20

21.65

14.19

302.40

257.23

Bairtee I

340.78

338.87

33.60

31.36

484.59

457.33

Bairtee II

377.37

310.46

37.33

29.87

463.68

437.55

Kothi Deora I

288.51

271.79

24.64

17.92

255.36

212.80

Kothi Deora II

327.19

295.83

26.13

14.93

263.95

240.05

Top Ki Ber

400.36

375.28

33.60

39.57

568.59

490.56

Ghatti

412.91

396.18

44.80

51.52

579.79

499.52

Bhannat

327.19

215.34

41.07

31.36

352.05

296.05

Loharon

338.65

277.01

37.33

35.84

581.28

535.36

Jagaat Khana

378.41

361.69

34.35

31.36

405.07

365.87

Chakli

364.82

321.96

34.35

30.61

584.64

569.33

Deothi

385.59

343.92

28.37

30.61

367.36

382.67

Kiartoo

340.78

327.19

36.59

33.60

532.00

489.81

3.2 Available macronutrients
Available nitrogen (N) content in surface soil depth (Figure 8)
ranged from 254.02 to 542.53 kg ha-1 while it varied from 203.84
Journal of Experimental Biology and Agricultural Sciences
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to 435.90 kg ha-1 in case of sub-surface layers (Figure 9) (Table 2),
showing a decrease in the availability of available N with soil
depth. The nutrient index value (Table 4) of 1.89 with 89.00
per cent samples falling in medium range shows that the soils are
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medium in available nitrogen. Greater availability of available N
may be associated with the reduced rate of organic matter
decomposition at low temperature of the valley thus, temporarily
withholding the mineralization of nitrogen, which is closely
related to SOM build up (Mantovi et al., 2003). Additionally,
higher nitrogen content in the surface layers might be attributed to
the higher organic carbon content in the surface. The results are in
accordance with the results of Annepu et al. (2017).
A perusal of data on different nutrients given in Table 2 indicated
that available P content in soil varied between 11.20 to 156.80 kg
ha-1 in 0-15 cm depth (Figure 10 & 11) with 88.89 per cent of
samples high in P content (nutrient index value-2.83) (Table 4),
which may be due to high organic matter content and use of 1232-16 fertilizer by the farmers as a source of P in adequate
quantities. Secondly, presence of high organic matter in Saproon
valley leads to formation of organic acids during microbial
decomposition of soil organic matter which may solubilize native

soil P (Munda et al., 2013). Moreover, increased P content in soil
may also be contributed to decrease in phosphate-fixing capacity
of soil with the application organic manures, resulting from the
formation of a protective coating by applied organic residue on the
sesquioxides (Dari et al., 2016). Available K content in soil ranged
from 147.72 to 1915.20 kg ha-1 under surface soils (Figure 12) and
from 165.32 to 1377.60 kg ha -1 in sub surface soils (Figure 13)
(Table 2), with maximum samples (76.19 per cent) (Table 4), high
in K content due to the nature of parent material which according
to Pande (1966) has at one time acquired biotite and quartz
mineral assemblage. The work of Bhandari (1973) further
supports the contention as he has reported that clay complex of
Shimla hills is a mixture of illite, vermiculite, kaolinite and
chlorite. Similarly, beneficial effects of organic matter in terms of
reduced K fixation and increased CEC could be most probable
reason that has the potential to increase available K status of soil
(Chittamart et al., 2010). The neutral ammonium acetate derived
extractable Ca (Figure 14 & 15) and Mg content (Figure 16 & 17)

Figure 10 Spatial distribution of P (Kg ha-1) in 0-15 cm soil depth

Figure 11 Spatial distribution of P (Kg ha-1) in 15-30 cm soil depth

Figure 12 Spatial distribution of K (Kg ha -1) in 0-15 cm soil depth

Figure 13 Spatial distribution of K (Kg ha -1) in 15-30 cm soil depth
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Figure 14 Spatial distribution of Ca [Cmol (p) Kg-1]
in 0-15 cm soil depth

Figure 15 Spatial distribution of Ca [Cmol (p) Kg-1]
in 15-30 cm soil depth

Figure 16 Spatial distribution of Mg [Cmol (p) Kg-1]
in 0-15 cm soil depth

Figure 17 Spatial distribution of Mg [Cmol (p) Kg-1]
in 15-30 cm soil depth

extended from 1.53 to 7.11 [cmol (p +) kg-1] and 1.10 to 3.67 [cmol
(p+) kg-1], respectively, independent of soil depths (Table 3). The
higher nutrient index values i.e. 2.91 and 2.97 (Table 4) for Ca
and Mg, respectively, might be because of high amount of
calcium carbonate and around neutral soil pH. The available SO 4S (Figure 18 & 19) extended from 11.76 to 31.36 kg ha -1, with a
mean estimation of 20.04 kg ha-1, regardless of soil depth. The
nutrient index value (1.33) demonstrates that soils are insufficient
in available sulphur. This inadequacy can be ascribed to the low
temperature which restricted the rate of mineralization.
Comparable outcomes were worked out by Sharma et al.
(2001), who revealed that larger part of soils of Himachal
Pradesh are insufficient in S.
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3.3 Soil Correlation values
The soil correlation values are revealed in Table 5. The
availability of N (r=0.93**), P (r=0.56**), K (r=0.64**), SO 4--S
(r=0.56**) and exchangeable Ca (r=0.56**), are significantly and
positively influenced by organic carbon.
This is understandable as organic matter is one of the major
sources of nutrient supplies in the soil. These results clearly
suggest the need to manage optimum amounts of soil OC to
regulate adequate supplies of essential plant nutrients. There is a
definite relation of organic carbon with available N as organic
matter releases most of the mineralizable N in a proportionate
amount present in the soil (Mondal et al., 2015). Higher availability
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Table 3 Status of soil secondary nutrients at different locations
S (kg ha-1)

Ca [cmol (p+) kg-1]

Name of the
Village

Mg [cmol (p+) kg-1]

Depth (cm)
0-15

15-30

0-15

15-30

0-15

15-30

Saproon

24.64

19.60

4.12

4.15

2.22

1.18

Kailar

21.65

19.41

5.31

4.82

2.34

2.11

Bajrol Khurd

25.57

23.52

4.22

4.40

2.14

2.32

Lavi Khurd

25.76

21.84

4.66

5.14

3.56

3.44

Lavi Kalan

22.03

20.16

4.65

3.96

3.11

3.08

Bajrol Kalan

23.52

19.41

4.56

4.29

3.23

3.18

Sandrol

22.40

14.93

5.00

4.64

3.45

3.33

Sheel I

18.11

19.97

4.03

3.89

3.46

3.27

Sheel II

13.07

12.88

2.88

2.76

2.75

2.44

Bairtee I

18.85

16.05

4.93

5.04

3.76

3.55

Bairtee II

21.65

18.29

5.28

5.43

3.65

3.43

Kothi Deora I

19.23

17.17

2.70

2.60

3.66

3.24

Kothi Deora II

16.05

16.80

3.44

3.32

3.54

3.28

Top Ki Ber

22.21

20.16

4.34

3.90

3.12

3.04

Ghatti

23.15

22.03

5.60

4.94

3.64

3.43

Bhannat

16.43

16.80

3.59

3.58

3.28

3.11

Loharon

20.35

20.16

2.56

2.47

3.35

3.18

Jagat Khana

22.03

21.47

2.84

2.83

3.38

3.12

Chakli

21.84

23.71

3.98

3.60

3.19

3.08

Deothi

17.36

18.85

3.80

3.08

3.20

3.15

Kiartoo

21.10

21.28

3.04

2.56

3.27

3.16

Table 4 Overall Nutrient Indices of soils of Saproon Valley
Percentage of samples rating

Nutrient

Nutrient Index

Nutrient Status

-

1.89

Medium

5.00

89.00

2.83

High

-

23.81

76.19

2.76

High

Calcium

-

8.73

91.27

2.91

High

Magnesium

-

4.00

96.00

2.97

High

Sulphur

67.46

32.54

-

1.33

Low

Low

Medium

High

Nitrogen

11.00

89.00

Phosphorus

6.00

Potassium
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Table 5 Simple correlation coefficient (r) among different soil characteristics
Soil
Parameters

pH

pH

1

EC

-0.44**

1

OC

-0.03

0.44**

0.02

0.35

*

0.93**

0.39

*

0.56

**

0.55**

0.34

*

0.64

**

0.62

**

0.86**

0.56

**

0.44

**

**

N
P

-0.06

K

0.04

EC

0.52

OC

**

N

P

K

Ca

Mg

S

1
1

Ca

0.14

Mg

0.61**

-0.23

0.14

0.15

S

-0.23

0.44**

0.56**

0.53**

1
1
0.49**

1

0.03

0.03

0.04

1

0.43**

0.60**

0.31*

-0.08

0.44

1

** Significant at 0.01 level; * Significant at 0.05 level

Figure 18 Spatial distribution of SO4--- S (Kg ha-1)
in 0-15 cm soil depth

and solubility of exchangeable Mg at neutral pH might be the
reason for a significant and positive relationship among pH and
exchangeable Mg (r=0.61**). Availability of other nutrients such
as available P (r=0.55**), K (r=0.62**), SO 4-S (r=0.53**),
exchangeable Ca (r=0.44**) had an exceptionally positive and
significant correlation with available N which showed the
synergistic effects among the major nutrients.

Figure 19 Spatial distribution of SO4--- S (Kg ha-1)
in 15-30 cm soil depth

considered to be the safe limit for all soils. Consequently, it might
be inferred that majority of the area of the valley is insufficient in
sulphur and medium in nitrogen.Thus, addition of sulphur and
organics like FYM and N, P and K composts won't just make the
soil equipped for accomplishing the objective of sustainable
harvests yields but will also uphold the soil health in long term.
Conflict of interest

Conclusion
From the above results, it may be inferred that the soils of
Saproon valley are rich in organic carbon content while they are
categorized as medium in available N and high in available P and
K contents. Available S is found to be deficient in soils whereas,
Ca and Mg contents are in medium quantity. Soils are
characterized under slightly acidic to neutral in soil reaction (pH)
with less than one dS m-1 soluble salt content (EC), which is
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ABSTRACT

Transposable elements

Transposable elements (jumping genes) are the DNA sequences that jumps (or move) from one genomic
region to another. These are found in all living species and are genomically diverse due to their
mobility. These are active and can relocate themselves to different locations of the genome. Here, a
study has been carried out to identify transposable elements in Glycine max (soybean), Cajanus cajan
(pigeon pea) and Phaseolus vulgaris (common bean/green bean/French bean) using previously known
elements. In present study homology method of transposable elements identification was used. The
identified transposable elements have also been characterized using phylogenetic analysis. Different
tools such as Uniprot, BLAST, MSA and PHYLIP were used for this study. A total 12 TEs were taken
in G. max, C. cajan and P. vulgaris; these were selected from vicinity of Rpg1b on chromosome 13 of
G. max. NCBI BLAST was done for all 12 TEs. Out of 12 TEs 6 were copia, 5 are gypsy and 1 LINE. It
is found that copia and gypsy are closely related transposable elements. It is revealed that these TEs
have high sequence similarity with the transposons from C. cajan and P. vulgaris indicating that these
elements were present before the divergence of these three legumes.

Copia, gypsy
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Phylogenetic analysis
Glycine max
Cajanus cajan
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Comparative analysis of Transposable Elements from Glycine max, Cajanus cajan and Phaseolus vulgaris

1 Introduction
Transposable elements (TEs), also known as transposons or
mobile genetic elements, that can move from one position to
another in the genome. These are widely found in prokaryotes as
well as eukaryotes including both animals and plants (Kolade et
al., 2015; Grzebelus, 2018). Due to their mobility, they create
genomic diversity and therefore are useful for phylogenetic
analysis (Baranek et al., 2012; Nemli et al., 2015). They are not
only contributing in genome organization but also play an
important role in the regulation of gene expression (Kashkush et
al., 2003). These also generate raw materials for evolution of
novel genes and new genetic functions (Du et al., 2010).
Transposable elements have been used for crop improvement in
many plants viz. rice, tomatoes, maize and sorghum due to their
mobile nature (Staginnus et al., 2001; Wessler 2006). There are
various groups of TEs and their classification is the subject of an
ongoing debate. Finnegan (1989) proposed the classification of
TEs on the basis of transposition intermediate and their
mechanisms of transpositions in eukaryotes, accordingly TEs have
been classified into two types (Figure 1) namely Class 1 and 2, in
which Class 1 elements (Retrotransposons) moves by an RNA
intermediate, generated through reverse transcription and moves
in a “copy and paste” manner before it is inserted into the genome
(Wessler, 2006; Kolade et al., 2015; Jiang et al., 2015). The
Retrotransposons are traditionally divided into two sub- families;
the long terminal repeats (LTRs) and Non-LTR retrotransposons
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(Patil et al., 2015). In plants LTR retrotransposons especially
those consist of Ty1-copia and Ty3-gypsy superfamilies generally
constitute the major fraction of all plant TEs (Zhang et al., 2017;
Grzebelus, 2018). The Non-LTR retrotransposons are classified
into LINEs (Long Interspersed Elements) and SINEs (Short
Interspersed Elements) (Gao et al., 2014).
Class 2 elements (DNA transposons) transpose in a “cut and
paste” manner without an RNA intermediate (Kolade et al., 2015).
On the basis of their structural characteristics and transposase
resemblance, DNA transposons have been classified into 7 groups
namely Tc1/Mariner, Mutator, CACTA, Hat, miniature inverted
repeat TEs (MITES), Pong and PIF/Harbinger (Wicker et al.,
2007; Fedoroff, 2012; Zhao & Ma, 2017).
Soybean (Glycine max) is an important legume crop globally due to
its nutritional value and industrial importance. The current
availability of genome sequence of soybean (Schmutz et al., 2010)
has provided a remarkable chance for discovery and
characterization of transposable elements in this crop. In the last few
decade, functional characterization of soybean genes was done
successfully by utilizing TEs (Sandhu & Bhattacharyya, 2017).
Various endogenous TEs in soybean have been identified and
characterized (Zabala & Vodkin, 2008; Zabala & Vodkin,
2014, Xu et al., 2009). Among various identified TEs, Tgm9 is
the only active transposon used in gene tagging experiments

Figure 1 Transposable Elements and their types
(LTR, long terminal repeat; Non-LTR, non-long terminal repeat; LINE, long interspersed elements; SINE, short interspersed elements)
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(Xu et al., 2009; Sandhu et al., 2017).
Similar to Glycine max, current approaches in sequencing of
Cajanus cajan whole genome also have resulted in immense
increase in genomic resources for this crop (Singh et al., 2011;
Varshney et al., 2012). Sequencing of C. cajan genome unveiled a
large number of TEs that have contributed in its genome
organization (Wicker et al., 2007). It was reported that the total
size of transposable elements in pigeon pea is 63.95% of total
available genome sequence (Singh et al., 2011). In previous
studies, various strategies were practiced for identification of
retrotransposon sequences in un-sequenced plant genomes. Pearce
et al. (1999) designed a method based on PCR to identify
Ty/copia- LTR sequences in higher plants and isolation of new
LTR sequences from Pisum sativam, Vicia faba and Picea abies
(Patil et al., 2015). Only one such Panzeea Ty/copia like element
was described in pigeon pea before its whole genome sequence
was available (Lall & Upadhyaya, 2002). Patil et al., (2015)
showed that in-silico homology searching is much more efficient
for the identification and characterization of both homologous and
novel retrotransposon families in C. cajan genome.
Phaseolus vulgaris (Common bean) is also an essential legume
crop along with Glycine max (Soybean) and Cajanus cajan
(Pigeonpea) which is grown globally. Its plant genome contains
plenty of TEs that affect genetic variation and genome evolution
(Gao et al., 2014). P. vulgaris is considered to be closely related
to G. max and thus utilized for the study of domestication,
investigating polyploidy effects and evolutionary studies in legumes
(Lin et al., 2010; McClean et al., 2010; Gao et al., 2014).
Despite of the fact that various computational tools like BLASTER
suit, Censor, HMMER, LTR_FINDER, MAK, REPuter,
TRANSPO etc. have been developed which have advanced the
process of identification of transposons (Bergman & Quesneville
2007), annotation of these abundant elements is still a time taking
and challenging task (Gao et al., 2014). Transposon databases are
significant resources for plants fundamental as well as applied
research (Ouyang & Buell 2004; Du et al., 2010; Anderson et al.,
2019). These databases are beneficial for the annotation of
genomes and also for genome evolution study (Panaud, 2009). A
whole genome transposon annotation in P. vulgaris by using
homology methods was performed by Gao et al. (2014). A
soybean transposable element database (SoyTEdb) has been
established in the last decade (Du et al., 2010), that gives the
information and resources related to transposable elements in
soybean genome. Recently Jiang et al. (2015) developed a novel
bioinformatics tool, ITIS (identification of transposon insertion
sites) for localizing transposon insertion sites in a genome.
Here, in present study, author have identified few TEs in few
legumes crops such as soybean, pigeon pea and common bean
Journal of Experimental Biology and Agricultural Sciences
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using the homology methods and characterized these with the help
of phylogenetic (evolutionary) studies. These TEs are near
nucleotide binding – leucine rich repeats (NB-LRR) genes, which
can be used for developing disease resistance varieties in legume
plants and consequently helps to enhance yield as well as quality
of legumes. TEs also contribute in epigenetic changes, which
response to stress factors generating phenotypic plasticity that can
be subject to selection resulting in adaptation to changed
environment so this study will be useful for creating more tolerant
legume varieties to a range of abiotic stresses.
2 Materials and Methods
Different tools were used for this study namely UniProt for the
collection of functional information on proteins, UniProt BLAST
(https://www.uniprot.org/blast/) for finding regions of local similarity
between
sequences,
ClustalW
version
2.1
(http://www.clustal.org/clustal2/) is used for multiple sequence
alignment
(MSA)
and
PHYLIP
3.696
version
(http://evolution.genetics.washington.edu/phylip.html) was used for
the work. The calculation of the Jones-Taylor-Thornton distance
matrix, the phylogenetic analysis and bootstrapping (1000 cycles)
were performed with the programs PROTDIST, NEIGHBOR and
SEQBOOT, respectively, of the program package PHYLIP (3.696).
Data for the analysis of TEs were taken from already published paper
of Wawrzynski et al. (2008). A total twelve transposable elements of
G. max were taken for study and compared with C. cajan and P.
vulgaris. To find the best similar hits for these TEs, Uniprot BLAST
was performed. The best hits were taken for further analysis except
LINE. The best hits of BLAST include 13 and 8 unique sequences for
copia and gypsy respectively. These unique sequences were used for
phylogenetic analysis using PHYLIP. For making phylogenetic tree,
combination of unique sequences of copia and gypsy with
Arabidopsis thaliana copia sequence (Uniprot id: Q9C536) as
outgroup was used to make phylogenetic tree. The tree was
constructed using Neighbor joining (NJ) method and bootstrap
analysis was performed using 1000 replicates. All the combinations
are mentioned in Table 1.

Table 1 Combination for making Phylogenetic tree
S.No.

Combination

Tree 1

Glycine max

Tree 2

Phaseolus vulgaris

Tree 3

Cajanus cajan

Tree 4

G. max + P. vulgaris

Tree 5

G. max + C. cajan

Tree 6

P. vulgaris + C. cajan

Tree 7

G. max + P. vulgaris + C. cajan

Comparative analysis of Transposable Elements from Glycine max, Cajanus cajan and Phaseolus vulgaris
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3 Results

TEs. Out of 12 TEs, 6 are copia, 5 are gypsy and 1 LINE.

These transposable elements (TEs) were selected from vicinity of
Rpg1b gene on chromosome number 13 of G. max. BLAST was
carried out for all the 12 transposable elements that were taken
from the literature. The results of UniProt Blast are shown in
Table 2. The results showed that 13 unique sequences for copia
and 8 unique sequences for gypsy are the best hits; which
demonstrate that these sequences are similar to already reported

The results revealed that these TEs have high sequence similarity
with the transposons from C. cajan and P. vulgaris; further
indicating that these elements were present before the divergence
of these three legumes. The best hits of BLAST were used for
further analyses. The multiple sequences were aligned using
CLUSTALW and trees were drawn using different combinations
as mentioned in Table 1.

Table 2 Details of different transposable elements in few legumes
S. No.

Accession no. with name

Type

Protein

Organism

Uniprot ID

Polyprotein

Glycine max

Q84ZV5

Transposon Ty3-I Gag-Pol polyprotein

Cajanus cajan

A0A151S548

Phaseolus vulgaris

NOT FOUND

Polyprotein

G. max

Q84ZV5

Retrotranspons Tf2

C. cajan

A0A151S3E7

P. vulgaris

NOT FOUND

Copia-type polyprotein

G. max

C0JJI2

Retrovirus-related Pol polyprotein from
transposon TNT 1-94

C. cajan

A0A151QUV8

Gag-pol polyprotein

P. vulgaris

Q69F89

Gag-protease-integrase-RT-RNaseH
polyprotein

G. max

B5U9F7

Retrovirus-related Pol polyprotein from
transposon TNT 1-94

C. cajan

A0A151QU04

Putative Ty-1 copia retrotransposon

P. vulgaris

A0A077SK66

Reverse transcriptase family member

G. max

Q1AKH8

Retrovirus-related Pol polyprotein LINE-1

C. cajan

Glycine max

1.

2.

3.

4.

5.

6.

7.

FJ198019.1
Retrotransposon
gmw1-52d1-re-3

FJ198017.1
gmw1-27d20-re-1

FJ198015.1
gmw2-129e12-re-3

FJ198011.1
gmw2-10n21-re-5

FJ402890.1
gmp1-95h18-re-1

FJ197993.1
gmp1-71h23-re-7

FJ197985.1
gmp1-125b19-re-9

Ty3/gypsy

Ty3/gypsy

Copia

Copia

LINE-1

Ty3/gypsy

Ty3/gypsy

A0A151SQ16

P. vulgaris

Not available

Polyprotein

G. max

Q84ZV5

Transposon Ty3-I Gag-Pol polyprotein

C. cajan

A0A151SMN1

P. vulgaris

NOT FOUND

Reverse transcriptase

G. max

Q946S9

Transposon Ty3-I Gag-Pol polyprotein

C. cajan

A0A151QTE7

P. vulgaris

NOT FOUND
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Table 2 Details of different transposable elements in few legumes

S. No.

Accession no. with name

Type

Protein

Organism

Uniprot ID

Copia-type polyprotein

G. max

C0JJI2

Retrovirus-related Pol polyprotein from
transposon TNT 1-94

C. cajan

A0A151QZS0

Polyprotein

P. vulgaris

A0A059QBK0

Copia-type polyprotein

G. max

C0JJI2

Retrovirus-related Pol polyprotein from
transposon TNT 1-94

C. cajan

Putative Ty-1 copia retrotransposon

P. vulgaris

A0A077SK66

G. max

NOT FOUND

Phaseolus vulgaris

8.

9.

10.

FJ402928.1
pva1-144m6-re-2

FJ402929.1
pva1-144m6-re-5

FJ402924.1
pva1-47b16-re-5

Copia

Copia

Ty3/gypsy

Transposon Ty3-I Gag-Pol polyprotein

C. cajan

Phytoalexin-deficient 4-2 protein

P. vulgaris

A0A151RYL1

A0A151SQK2
I7A4H7

Glycine tomentella

11.

12.

FJ402921.1
gtt1-296j12-re-1

FJ402920.1
gtt1-158p11-re-2

Copia

Gag-pol polyprotein

G. max

Retrovirus-related Pol polyprotein from
transposon TNT 1-94

C. cajan

Phytoalexin-deficient 4-2 protein

P. vulgaris

I7A4H7

G. max

Not available

Copia protein

C. cajan

A0A151RG27

Uncharacterized protein

P. vulgaris

V7CY32

Copia

To differentiate copia and gypsy transposable elements, trees were
drawn without combination. Figure 2 (a, b, c) depicts the
phylogenetic tree of transposable elements (copia and gypsy) for
Glycine max, Phaseolus vulgaris and Cajanus cajan, respectively.
3.1 Phylogenetic tree for Glycine max
The Neighbor Joining (NJ) method was used for constructing tree.
For that, tree bootstrapping was done, and for each sample, A.
thaliana was taken as an out group. All the five sequences were
compared 500 times to outgroup. As shown in Figure 2a,
C0JJ12_SOYBN was compared to all the four sequences. The
results showed that all the four sequences were grouped 969 times
together. It means this group may share common ancestors. In the
same way, the Q84VI4_SOYBN was compared with all the three
remaining sequence which showed that these sequences were
grouped (557 times) together. When the comparison of
Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

Q84VI4
A0A151SK87

B5U9F7_SOYBN was done with the remaining two sequences,
the outcome showed that these were arranged together. Similarly
the remaining sequences were compared. The figure 2a depicts
that three sequences viz., B5U9F7_SOYBN, Q84ZV5_SOYBN
and Q946S9_SOYBN are closely related. It is to be noted that in
bootstrapping only those group whose results were between 7595% were considered.
There are two major clades, clade I and clade II; clade I includes
copia while clade II includes gypsy elements. Within clade I, three
copia while in clade II two gypsy elements are present.
3.2 Phylogenetic tree for Phaseolus vulgaris
For P. vulgaris also, NJ method was used for constructing
phylogenetic tree. Bootstrapping was done in the similar way
as mentioned for Glycine max. It has been shown in the figure 2b
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(a)

CLADE I

CLADE II

(b)

CLADE I

CLADE II

(c)

CLADE I

CLADE II

Figure 2 Phylogenetic tree for Glycine max (a), Phaseolus vulgaris (b) Cajanus cajan (c). Organism symbols used for making phylogenetic tree:
SOYBN for Glycine max; PHAVU for Phaseolus vulgaris; CAJCA for Cajanus cajan and ARATH for Arabidopsis thaliana
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CLADE I

CLADE II

Figure 3 Phylogenetic tree for combination of Glycine max and Phaseolus vulgaris

that all the five sequences were compared with A. thaliana
sequence and were grouped together. Sequence of
Q69F89_PHAVU was compared 1000 times to all the four
sequences, results of study showed that all the four sequences
were grouped 344 times together. When A0A077SK66_PHAVU
was compared 1000 times with the remaining three sequences,
these were grouped 479 times together. Further, A0A058QBKO
was compared 1000 times with the remaining two sequences;
these were grouped 1000 times together. From these data, it looks
that these three sequences (AOAO59QBKO_PHAVU,
I7A4H7_PHAVU and V7CY32_PHAVU) were evolved together
and may share a common ancestor. It is clearly visible from the
tree (Figure 2b) that within clade I, four copia and in clade II one
gypsy elements are present.

3.4 Phylogenetic tree for G. max and P. vulgaris
As shown in Figure 3, for further characterization, a phylogenetic
tree for combination of G. max and P. vulgaris was drawn. The
tree shows the evolutionary relationship of copia and gypsy. The
study was carried out with 10 protein sequences of copia and
gypsy along with Q9C536- Arabidopsis thaliana (copia). The tree
has been constructed using the NJ method, with the bootstrap of
1000 replicates. Q9C536-Arabidopsis thaliana was kept as an
outgroup. Phytoalexin-deficient 4-2 protein "I7A4H7" showed a
close relationship with V7CY32, while Q69F89 of PHAVU
showed close relationship to Q946S9 and Q842V5 of SOYBN. It
is clearly visible in the tree that clade I contains six copia and in
clade II four gypsy transposons are present.
3.5 Phylogenetic tree for G. max and C. cajan

3.3 Phylogenetic tree for Cajanus cajan
NJ method was used for constructing tree of C. cajan using A.
thaliana as an outgroup (Figure 2c). When all the 11 sequences of
C. cajan were compared 1000 times together with the outgroup,
all the 11 sequences were grouped 1000 times together. The data
indicates that all these sequences which were compared 1000
times with the remaining sequences and also grouped together
1000 times are closely related sequences. For instance,
A0A151QU04_CAJCA
and
A0A151RYL1_CAJCA;
A0A151RG27_CAJCA
and
A0A151RG27_CAJCA;
A0A151SMN1_CAJCA and
A0A151S548_CAJCA.
The
phylogenetic tree showed that there are six copia elements in
clade I and five gypsy in clade II (Figure 2c). These are present on
the different chromosome in C. cajan.
Journal of Experimental Biology and Agricultural Sciences
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A phylogenetic tree of G. max and C. cajan was drawn (Figure 4).
Here, the evolutionary relationship of copia and gypsy was
studied with 16 protein sequences taking Q9C536- A. thaliana
(copia) as outgroup. The tree was constructed using NJ method
with the bootstrap of 1000 replicates.
FJ198015 Copia (A0A151QUV8_CAJCA) has been found closely
related to the gypsy in CAJCA and SOYBN. In addition,
FJ402928_Copia (A0A151QZS0_CAJCA) was found closely
related to FJ402921_Copia (Q84VI4_SOYBN), FJ402920_Copia
(A0A151RG27_CAJCA), FJ402921_Copia (A0A151RG27_CAJCA),
FJ402929_Copia
(A0A151RYL1_CAJCA),
FJ198011_Copia
(A0A151QU04_CAJCA) and FJ198011_Copia (B5U9F7_SOYBN).
It is clearly visible from the figure 4 that clade I contains nine
copia and in clade II seven gypsy elements.
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CLADE I

CLADE II

Figure 4 Phylogenetic tree for combination of Glycine max and Cajanus cajan

CLADE I

CLADE II

Figure 5 Phylogenetic tree for combination of Phaseolus vulgaris and Cajanus cajan

3.6 Phylogenetic tree for P. vulgaris and C. Cajan

clade II six gypsy transposable elements (both of P. vulgaris and C.
cajan) are present.

Another phylogenetic tree was constructed for the combination of P.
vulgaris and C. Cajan (Figure 5). The evolutionary relationship of

3.7 Combined phylogenetic tree for G. max, P. vulgaris and C. cajan

copia and gypsy was studied using 16 protein sequences along with
Q9C536 A. thaliana (copia). Phylogenetic tree was constructed using

For further characterization, a combined phylogenetic tree for all the

NJ method with the bootstrap of 1000 replicates, where Q9C536 A.
thaliana was taken as an outgroup. Here, Phytoalexin-deficient 4-2

three, G. max, P. vulgaris and C. cajan was constructed (Figure 6).
The evolutionary relationship of copia, gypsy and A. thaliana (copia)

protein "I7A4H7" revealed a close relationship with V7CY32. It is
clearly visible in the figure 5 that clade I contains ten copia and in

was inferred using the NJ method. The analysis involved resulting
protein sequences from the blast search of 12 transposable elements.
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CLADE I

CLADE II

Figure 6 Phylogenetic tree for combination of Glycine max, Phaseolus vulgaris and Cajanus cajan.

In the Figure 6, numbers on the branches refer the bootstrap values.
The "Q9C536" was kept as an outgroup. It was found that C0JJI2 was
more distantly related to all others. It is clearly visible in the tree that
clade I contains thirteen copia and in clade II eight gypsy transposable
elements are present.

G. max, P. vulgaris and C. cajan as described in table 2. A
multiple sequence alignment of soybean TEs and other legume
species followed by phylogenetic analysis revealed the genetic
relationship between different copia and gypsy elements. This
research aims the identification and characterization of TEs from
G. max, P. vulgaris and C. cajan.

4 Discussion
The evolution of TEs and their effects on genome evolution is
currently a dynamic field of study. Various studies have been
performed on the TEs evolution and their contribution (Anderson
et al., 2019). TEs are genetic mobile elements that have the ability
to alter their position within the genome and in few cases, to
produce new copies of them. As a result, TEs are valuable source
of mutations and they reported an essential part of all sequenced
genomes (Tenaillon et al., 2010). Genetic variability can be
generated within gene by using TEs. They can modify the
function of genes if they are inserted within the gene due to which
gene can become susceptible or resistant as per requirement. TEs
have various important functions, as they are a major component
of plant genomes and also affect genome structure. By altering
genes, TEs act as an essential source of mutations and thus having
important impact on genome evolution. It influences the gene
regulation as they can change gene expression by providing their
own regulatory elements (Contreras et al., 2015).
There are various tools that have been developed for the
identification and annotation of TEs in assembled genomes
(Bergmann & Quesneville, 2007 ; Jiang et al., 2015). This study
has provided information about the evolutionary history of TEs in
Journal of Experimental Biology and Agricultural Sciences
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The protein BLAST result of the TEs showed that they encode for
different products. The Ty3/gypsy codes for a polyprotein in G.
max while in C. cajan it codes for transposons Ty3-1 Gag-Pol
polyprotein. Similarly one of the copia (with Uniport IDB5U9F7) codes for a Gag-protease-integrase-RT-RNase H
polyprotein in G. max, is also found in C. cajan (A0A151QU04)
and P. vulgaris (A0A077SK66) where it codes for Retrovirusrelated Pol polyprotein from transposon TNT 1-94 and Putative
Ty-1 copia retrotransposons respectively. One of the copia in P.
vulgaris is V7C432 was found to code for an uncharacterized
protein. These finding will constitute a useful source of
information to the legume genome annotation.
For a bulky genome like soybean, in which genes composed only
a small part of whole genome, a transposon that has a preference
for a gene rich region is required for a successful mutagenesis
experiment. Tnt1 insertion site study showed that it transposes to
gene containing regions (Cui et al., 2013; Sandhu &
Bhattacharyya, 2017). Here in this analysis, a Tnt1 copia
transposons (as shown in table 2) is found, which would be
beneficial for tagging genes. Most of the TEs identified in this
study are near NB-LRR gene that can be utilized for construction
of disease resistance plants.

Comparative analysis of Transposable Elements from Glycine max, Cajanus cajan and Phaseolus vulgaris

The basic knowledge and genetic variation developed using TEs
will give means to enhance yield and quality in soybean for
acquiring a feasible supply of nutritionally essential crop. The
lifestyle of plants makes them susceptible to environmental stress,
the capacity for genetic adaption and development of novel
mechanism of resistance is thus essential for them to survive
(Grzebelus, 2018). As discussed above, TEs contribute in
epigenetic changes in response to stress factors, creating
phenotypic plasticity that can result in adaptation to changed
environment. Confronting the undeniable problems imposed by
global warming, this approach would be useful in creating more
tolerant legume varieties to a range of abiotic stresses.
Conclusion
The result indicates that these transposable elements (TEs) of G.
max have high similarity with the transposons from C. cajan and
P. vulgaris; further indicating that these were present before the
divergence of these three legumes (Glycine max, C. cajan and P.
vulgaris). All the copia elements grouped together from G. max,
C. cajan and P. vulgaris in clade I, similarly all the gypsy
elements grouped together in clade II. Our results will contribute
significantly to the improvement of legumes by providing
important genomic resource, as TEs are mobile elements so they
can be inserted within gene and thus will be beneficial in creating
genetic variability or genetic improved crops.
Acknowledgements
Authors acknowledge the facilities of the Department of
Biotechnology, Ministry of Science and Technology, Government of
India, New Delhi (DBT) under the Bioinformatics Sub Centre as well
as the golden jubilee research fellowship (GJRF) provided by School
of Biotechnology, Devi Ahilya University Indore. M.P. India.
Conflict of Interest
The authors confirm that they have no conflict of interest.
References

Contreras B, Vives C, Castells R,
impact of transposable elements
genomes: from selfish elements to
biology: Biodiversification from
Springer, Cham, Pp. 93-105.

176

Casacuberta JM (2015) The
in the evolution of plant
key players. In Evolutionary
genotype to phenotype ,.

Cui Y, Barampuram S, Stacey MG, Hancock CN, Findley S,
Mathieu M, Zhang Z, Parrott WA, Stacey G, (2013) Tnt1
retrotransposon mutagenesis: a tool for soybean functional
genomics. Plant Physiology, 161:36-47.
Du J, Grant D, Tian Z, Nelson, RT, Zhu L, Shoemaker RC, Ma J
(2010) Soy TEdb: a comprehensive database of transposable
elements in the soybean genome. BMC Genomics 11: 113.
Fedoroff NV (2012) Transposable elements, epigenetics, and
genome evolution. Science 338: 758-767.
Finnegan DJ (1989) Eukaryotic transposable elements and
genome evolution. Trends in Genetics 5: 103-107.
Gao D, Abernathy B, Rohksar D, Schmutz J, Jackson SA (2014)
Annotation and sequence diversity of transposable elements in
common bean (Phaseolus vulgaris). Frontiers in Plant Science 5: 339.
Grzebelus D (2018) The functional impact of transposable
elements on the diversity of plant genomes. Diversity 10: 18.
Jiang C, Chen C, Huang Z, Liu R, Verdier J (2015) ITIS, a
bioinformatics tool for accurate identification of transposon
insertion sites using next-generation sequencing data. BMC
Bioinformatics 16: 72.
Kashkush K, Feldman M, Levy AA (2003) Transcriptional
activation of retrotransposons alters the expression of adjacent
genes in wheat. Nature Genetics 33: 102.
Kolade O, Raji A, Fawole I, Ingelbrecht I (2015) Molecular
Characterization of Type II Transposable Elements in Cowpea
[Vigna unguiculata (L.) Walp]. American Journal of Plant
Sciences 6: 767.

Anderson SN, Stitzer MC, Brohammer AB, Zhou P, Noshay JM,
Hirsch CD, Ross-Ibarra J, Hirsch CN, Springer NM (2019)
Transposable elements contribute to dynamic genome content in
maize. BioRxiv 547398.

Lall I, Upadhyaya K (2002) Panzee, a copia-like retrotransposon
from the grain legume, pigeonpea (Cajanus cajan L.). Molecular
Genetics and Genomics 267: 271-280.

Baránek M, Meszáros M, Sochorová J, Čechová J, Raddová J
(2012) Utility of retrotransposon-derived marker systems for
differentiation of presumed clones of the apricot cultivar
Velkopavlovická. Scientia Horticulturae 143: 1-6.

Lin JY, Stupar RM, Hans C, Hyten DL, Jackson SA (2010)
Structural and functional divergence of a 1-Mb duplicated region
in the soybean (Glycine max) genome and comparison to an
orthologous region from Phaseolus vulgaris. The Plant Cell
22:2545-2561. doi: 10.1105/tpc.110.074229.

Bergman CM, Quesneville H (2007) Discovering and detecting
transposable elements in genome sequences. Briefings in
Bioinformatics 8: 382-392.

McClean PE, Mamidi S, McConnell M, Chikara S, Lee R (2010)
Synteny mapping between common bean and soybean reveals
extensive blocks of shared loci. BMC Genomics 11: 184.

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

177

Nemli S, Kianoosh T, Tanyolac MB (2015) Genetic diversity and
population structure of common bean (Phaseolus vulgaris L.)
accessions through retrotransposon-based interprimer binding
sites (iPBSs) markers. Turkish Journal of Agriculture and
Forestry 39: 940-948.
Ouyang S, Buell CR (2004) The TIGR Plant Repeat Databases: a
collective resource for the identification of repetitive sequences in
plants. Nucleic Acids Research 32: D360-D363.
Panaud O (2009) The molecular bases of cereal domestication and
the history of rice. Comptesrendus Biologies 332: 267-272.
Patil PG, Byregowda M, Agbagwa IO, Shashidhar HE (2015)
Characterization of Ty1/copia-like retrotransposon families from
pigeonpea genome. Genetics and Molecular Research 14: 5812-5822.
Pearce SR, Stuart-Rogers C, Knox MR, Kumar A, Ellis TH,
Flavell AJ (1999) Rapid isolation of plant Ty1-copia group
retrotransposon LTR sequences for molecular marker studies. The
Plant Journal 19: 711-717.
Sandhu D, Bhattacharyya MK (2017) Transposon-Based
Functional Characterization of Soybean Genes. In: The Soybean
Genome Springer, Cham, Pp. 183-192.
Sandhu D, Ghosh J, Johnson C, Baumbach J, Baumert E, Cina T,
Grant D, Palmer RG, Bhattacharyya MK (2017) The endogenous
transposable element Tgm9 is suitable for generating knockout
mutants for functional analyses of soybean genes and genetic
improvement in soybean. PloS one 12: e0180732.
Schmutz J, Cannon SB, Schlueter J, Ma J, Mitros T, Nelson W,
Hyten DL, Song Q, Thelen JJ, Cheng J, Xu D (2010) Genome
sequence of the palaeopolyploid soybean. Nature 463: 178.

Singh et al.

(2012) Draft genome sequence of pigeonpea (Cajanus cajan), an
orphan legume crop of resource-poor farmers. Nature
Biotechnology 30: 83.
Wawrzynski A, Ashfield T, Chen NW, Mammadov J, Nguyen A,
Podicheti R, Cannon SB, Thareau V, Ameline-Torregrosa C,
Cannon E, Chacko B, (2008) Replication of nonautonomous
retroelements in soybean appears to be both recent and
common. Plant Physiology, 148: 1760-1771.
Wessler SR (2006) Transposable elements and the evolution of
eukaryotic genomes. Proceedings of the National Academy of
Sciences 103: 17600-17601.
Wicker T, Sabot F, Hua-Van A, Bennetzen JL, Capy P, Chalhoub
B, Flavell A, Leroy P, Morgante M, Panaud O, Paux E (2007) A
unified classification system for eukaryotic transposable
elements. Nature Reviews Genetics 8: 973.
Xu M, Brar HK, Grosic S, Palmer RG, Bhattacharyya MK (2009)
Excision of an active CACTA-like transposable element from
DFR2 causes variegated flowers in soybean [Glycine max (L.)
Merr.] Genetics 184:53-63. doi: 10.1534/genetics.109.107904.
Zabala G, Vodkin L (2008) A putative autonomous 20.5 kbCACTA transposon insertion in an F3'H allele identifies a new
CACTA transposon subfamily in Glycine max. BMC plant
biology 8: 124.
Zabala G, Vodkin LO (2014) Methylation affects transposition
and splicing of a large CACTA transposon from a MYB
transcription factor regulating anthocyanin synthase genes in
soybean seed coats. PLoS One 9: e111959.

Singh NK, Gupta DK, Jayaswal PK, Mahato AK, Dutta S, Singh
S, Bhutani S, Dogra V, Singh BP, Kumawat G, Pal JK (2011) The
first draft of the pigeonpea genome sequence. Journal of Plant
Biochemistry and Biotechnology 20: 15.

Zhang Y, Fan C, Li S, Chen Y, Wang RR, Zhang X, Han F, Hu Z
(2017) The diversity of sequence and chromosomal distribution of
new transposable element-related segments in the rye genome
revealed by FISH and lineage annotation. Frontiers in Plant
Science 8:1706.

Staginnus C, Huettel B, Desel C, Schmidt T, Kahl G (2001) A
PCR-based assay to detect En/Spm-like transposon sequences in
plants. Chromosome Research 9: 591-605.

Zhao M, Ma J (2017) Transposable Elements. In The Soybean
Genome, Springer, Cham, pp. 171-181.

Tenaillon MI, Hollister JD, Gaut BS (2010) A triptych of the
evolution of plant transposable elements. Trends in Plant
Science, 15: 471-478.

Used Online Resource
https://www.uniprot.org/blast/
http://www.clustal.org/clustal2/

Varshney RK, Chen W, Li Y, Bharti AK, Saxena RK, Schlueter
JA, Donoghue MT, Azam S, Fan G, Whaley AM, Farmer AD

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

http://evolution.genetics.washington.edu/phylip.html

Journal of Experimental Biology and Agricultural Sciences, April - 2019; Volume – 7(2) page 178 – 185

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

ISSN No. 2320 – 8694

EFFECT OF COMPOST FROM DIFFERENT ANIMAL MANURES
ON MAIZE (Zea mays) GROWTH
Sifolo S. Coulibaly1*, Kouadio I. Kouassi2, Kouamé K. Koffi2, Bi I.A. Zoro2
1
2

Department of Biological Sciences, University “Peleforo Gon Coulibaly”, Korhogo, Côte d’Ivoire, BP 1328 Korhogo
University NanguiAbrogoua, Department of Natural Sciences, Laboratory of Fonctional Genomics and Breeding, 02 PB 801 Abidjan 02 (Côte d’Ivoire)

Received – February 01, 2019; Revision – March 04, 2019; Accepted – April 03, 2019
Available Online – April 10, 2019
DOI: http://dx.doi.org/10.18006/2019.7(2).178.185

KEYWORDS

ABSTRACT

Maize

Maize is one of the most important cereal used for people and animal alimentation in Côte d’Ivoire, but
its productivity is low. Compost, which is an organic amendment, is known for its efficacy on
agricultural productivity increase, but little is known about its influence on maize productivity in Côte
d'Ivoire. The present study aimed to evaluate the benefits of compost from pig and chicken wastes on
maize productivity. The field experiment was carried out under a randomized complete block design
with three replicates on a ferralitic soil during three season-cycles. The agronomic parameters such as
the number of leaves under the ear, the insertion height of ears, the plant height and yield attributes were
investigated. Results of the study showed that the tallest plant (169.56 cm) was obtained with pig
compost. The highest number of grains per row (30.87), the longest ear (17.59 cm), and the heaviest ear
(181.33 g) were obtained with pig compost. The highest numbers of row of grains per ear were obtained
with pig compost (13.50) and chicken compost (12.83). The highest weights of 100 grains were 13.51 g
and 12.70 g respectively with pig compost and chicken compost. The results of the study suggest that
pig and chicken manures could be used as fertilizer through composting to improve maize productivity
in Côte d’Ivoire.

Compost
Pig manure
Chicken manure
Ferralitic soil
Côte d’Ivoire
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1 Introduction
Maize or corn (Zea mays L.) is a crop originated from Mexico, from
where it has been spread all over the world. It is the most important
cereal crop in Sub-Saharan Africa and is an important staple food
for more than 1.2 billion people (Nuss & Tanumihardjo, 2010). In
industrialized countries, maize is largely used as livestock feed and
as a raw material for various industrial products such as starch,
sweeteners, oil, beverages, glue, industrial alcohol, fuel ethanol,
paper manufacture, etc. (Orhun, 2013).
Maize worldwide production is about 1,134 million tons and the
United States is the largest producer with 42% (ATLAS, 2017). Africa
produced 6.5% of the total production of maize and the largest African
producer is Nigeria with nearly 8 million tons, followed by South
Africa (ATLAS, 2017). Africa imports 28% of the required maize
from countries outside the continent (ATLAS, 2017). The average
worldwide yield is approximately 5.5 tons/hectare/year while the
production in Africa is around 2 tons/hectare/year and that has led to
an increase of the kg of maize grains (US $ 26.37/kg) (ATLAS,
2017).
In Côte d’Ivoire, maize productivity varied from 0.8 to 2 tons per
hectare and the annual production is about 967,000 tons for 278,
679 hectares when the annual human consumption is 1,026,000
tons per year (ATLAS, 2017). Consequently, Côte d’Ivoire still
imports about 42,000 tons of maize per year to meet the needs of
the populations (ATLAS, 2017).
Soil fertility has been described as one of the major causes of low
agricultural productivity (Zake et al., 2015; Panagos et al., 2018).
This is most likely due to unsustainable production systems
associated with continuous nutrient mining without sufficient
external inputs for soil fertility improving. Low soil carbon stock
is an indicator of adverse soil quality and fertility (Lal, 2005;
Feller et al., 2012). However, higher soil organic matter is a major
constraint to increased food production in Sub-Saharan Africa,
and to reduce poverty and food insecurity (Lal, 2005; Lal, 2008).
Therefore, it is imperative to proceed with soil amendment to
increase agricultural productivity. Chemical fertilizers are known
for their negative effects on soil properties and their high cost.
Thus, organic amendments remain one of the cost-effective
options to sustain long-term agricultural productivity
enhancement (Hartmann et al., 2014; Kumar et al., 2014).
According to Djiakariya (2004), large quantities of pig waste (five
thousand four hundred and fifty-four tons) and chicken waste (one
hundred tons) are produced per year in Côte d’Ivoire. These
wastes are not agriculturally used and most of the farmers throw
them away or use them to fill ravines. However, these two wastes
can be valorized in agriculture to improve soil fertility in
developing countries (FAO, 1980). In fact, animal wastes can
constitute a valuable source for improving soil structure,
increasing microorganism’s activity and maintaining soil humus
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(Albaladejo et al., 2000; Ipinmoroti et al., 2008). They also contain
macronutrients and micronutrients essential for plant growth and for
the improvement of physicochemical and biological properties of
the soil (N'Dayegamiye & Côté, 1996; Albaladejo et al., 2000;
Bresson et al., 2002) and cause reduction in the apparent density of
soils (Giusquiani et al., 1995). The application of manure has
contributed to increase the yield of various plants and was found
superior to the yield obtained with mineral fertilization (Bockman et
al., 1990; Soltner, 2003; Awodun, 2007). For example, in Burkina
Faso, Zougmore et al. (2003) have reported that the application of
animal manure on sorghum has increased the yield 20 to 39 times
higher than that obtained without amendment. Similarly,
N'Dayegamiye & Côté (1996) reported that animal manure intake,
at a low dose for long term, achieved same levels of maize
productivity as full mineral fertilization. In Côte d’Ivoire, Soro et al.
(2015) reported significant improvement in maize productivity with
chicken manure.
Despite the undeniable agronomic value of manure, its use in
agriculture has some disadvantages and limitations. Indeed, the
application of manure can cause serious environmental problems
such as the emission of odors, the contamination of groundwater
by metals, bacteria and nitrates (Elwell et al., 2001; Gay et al.,
2003; Kunz et al., 2009; Venglovsky et al., 2009). In addition,
while decomposing in the soil, manure is likely to release organic
compounds such as skatole, indole and other phenols which,
absorbed by plants, can give an abnormal flavor to the production
(Maheshbabu et al., 2008). Although manure is an effective
organic amendment, the unnatural flavor of the production and the
estimation of ecological risks associated with its use make its
treatment necessary before application. Among organic wastes
treatment methods, composting is the most common one which is
used by small scale farmers because its cost of achievement is
affordable, and the majority of Sahelian countries farmers have
adopted it (Danso et al., 2006; Folefack, 2008) as a source of
organic matter production to increase organic matter content of
poor soils. Composting is a biological aerobic transformation of
an organic by-product into a different hygienic organic product
that can be added to the soil without detrimental effects on crop
growth (Baca et al., 1992). Natsheh & Mousa (2014) found that
compost application is the best management for increasing soil
fertility, cucumber yield and decrease the cost of N mineral
fertilizers. According to Ehab & Ahmed (2015), compost
improves L. siceraria yield. It contains organic matter and
nutriments that enhance plant growth and biological substances
inhibiting diseases pathogens action (Liu et al., 2013; Cattelo et
al., 2014). Compost has numerous advantages in agricultural
productivity increase, but little is known about its efficacy in Côte
d’Ivoire. The objective of the present study was to evaluate the
effect of the compost from pig and chicken wastes on the growth
and yield of maize (Zea maize) in Côte d’Ivoire.
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2 Material and methods

2.4 Experimental design

2.1 Study site

The experimental design consisted of three randomized complete
blocks. Each block (15.8 m x 6.4 m) was corresponded to a type
of treatment and control and contained three plots separated each
another by an aisle of 1 m. The treatments were represented by
pig and chicken manure compost and the control. Seedlings of
maize were made three crop cycles. The sowing was carried out
on the same day for all treatments with 3 seeds per hole at a depth
of 2 to 3 cm at each cropping cycle. The lifting occurred 2 weeks
after the sowing and seedlings were thinned to keep only the two
strongest at each sowing point. Sixty plants were retained per plot.
A total of 1 kg compost was spread at each sowing point and
buried at 15 cm depth in the soil with a hoe to avoid leaching and
facilitate nutrients absorption by plant roots.

The study was carried out at the experimental station of the
University Nangui-Abrogoua (Abidjan, Côte d’Ivoire) located in
Abidjan (latitudes 5°17 N - 5°31 N and longitudes 3°45W 4°22W). The climate of the city of Abidjan corresponds to that of
southern Côte d'Ivoire. It has a tropical humid climate (Durand &
Skubich, 1982) with four seasons including two rainy seasons and
two dry seasons. The big rainy season extends from April to July
(4 months) and the short rainy season lasts two months (October
and November). As for the big dry season, it covers 4 months
(December to March), while the short dry season lasts two months
(August and September) (Durand & Skubich, 1982). The average
monthly temperature varies from 24.54°C in August to 28.45°C in
March. The mean maximum precipitation is observed in the
month of June (330.25 mm) and the minimum value in January
(15.47 mm). The relative humidity is higher in September
(91.94%) and lower in April (85.41%). The soil of the
experimental station of the University Nangui Abrogoua is
ferralitic (ferralsol) (Yao-Kouamé & Allou, 2008). The pH is
more acidic at the surface than at depth, and the organic matter
content varies from 2 to 3% (Yao-Kouamé & Allou, 2008).
2.2 Biological materials
Large quantities of pig and chicken wastes are produced per year
in Côte d’Ivoire. These wastes were collected from different farms
of Abidjan. The excreta were constituted of a mixture of faeces
and urine without any bedding material. In order to facilitate their
manipulation and reduce the smell, the wastes were air dried
before use. The pH of pig and chicken wastes was respectively
5.28 and 8.52. The total carbon and the nitrogen of the collected
material were estimated, and it was reported 50.45% and 0.35%
for pig waste and 38.50% and 0.73% for chicken waste. Also, the
total phosphorus and potassium were reported respectively 0.50%
and 0.76% for pig waste and 0.81% and 1.75% for chicken waste.
The maize seed used in this experiment was a local variety called
“Boundiali”.
2.3 Preparation of compost
For compost preparation, 2 pits (1 m × 1 m × 1 m) were dug and
their bottoms were cemented to avoid nutriments loss. One pit
was filled with 50 kilos of pig dried manure while the second one
received 50 kg of chicken manure. The content of the different
pits was returned thrice according to the “Indienne Indore
method” (FAO, 1980). The moisture content of the pits was also
regularly adjusted to 50-60%. The pits were covered with some
coconut palm leaves to maintain humidity for three months.
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Vegetative, yield and biomass parameters were evaluated in this
study. The vegetative parameters were the number of leaves under
the ear, the insertion height of ears and plant height. Yield
attributes investigated were the diameter of ear, the number of
grains per row, the length of ear, the weight of ear, the number of
row of grains per ear and the weight of 100 grains. The fresh and
dried biomass of the aerial part of the plant and the roots were
also evaluated in this study.
Data were analyzed by factorial analysis of variance (ANOVA)
using the statistical software R. Least Significant Difference
(LSD) multiple range-tests procedure were used to separate the
means of the different treatments. Means were given as mean
followed by standard deviation (M ± SD). Significant differences
were determined at P ≤ 0.05.
3 Results and discussion
3.1 Effect of composts on vegetative parameters of maize
The vegetative parameters of maize with respect to the type of
fertilizer are presented in Table 1. The number of branches per
tassel varied from 16.2 to 29.83. However, the number of
branches per tassel differed significantly (P< 0.05) between the
used two types of fertilizers. The highest numbers of branches per
tassel were obtained with pig compost (17.0) and chicken compost
(16.2) and the lowest with the control (9.83).
The number of leaves under the ear was reported 6.43 for pig
compost, 7.25 for chicken compost and 6.23 for the control.
According to ANOVA test, the number of leaves under the ear
was similar despite the type of fertilizer.
Concerning the insertion height of ears, it varied significantly (P<
0.05) from one type of fertilizer to another. The highest insertion
height was obtained with chicken compost (66.97 cm) and it was
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followed respectively by those obtained with pig compost (64.03)
and the control (29.12 cm).
Statistically, plant height differed significantly at 45, 60 and 75
days respectively in function of the type of fertilizer. At 45 days,
the tallest plant (70.19 cm) was measured with the compost from
pig waste, followed by the chicken compost (51.4 cm) and the
shortest was noted with the control (22.45 cm). Similar trends
were reported at day 60 and day 75 from sowing. Among the
tested manure, pig compost show superiority over the chicken
compost and the control (Table 1). All the vegetative parameters
were more developed with the compost than with the control. This
can be linked to the efficacy of the different composts. Organic
amendments particularly composts significantly enhanced soil
organic carbon and thus had a considerable effect on soil microbes
and nutrient availability and uptake for plant (Baca et al., 1992). It
has been demonstrated that pig and chicken composts are rich in
micro and macronutrients that can increase plant growth (Warren
et al., 2006; Coulibaly et al., 2016). The efficiency of the compost
could be explained by its capacity to improve the organic matter
content, soil structure, nutrient retention, aeration, soil moisture
holding capacity and water infiltration for plants. Similarly, Ali et

al. (2003) had reported that the use of poultry manure increased
the height of maize because of the presence of macro and
micronutrients. Ridine et al. (2014) observed more developed
maize plant parameters when applying bat’s manure and NPK as
fertilizer. However, the plant height obtained in our study with the
composts was close to the 1.7 m reported by Ridine et al. (2014)
with the variety “IB” and lower than the 2 m with another variety
namely “TZEE-W”. These differences could be linked to the
maize variety and the initial composition of the different wastes.
3.2 Effect of composts on yield attributes of maize
The effect of the two composts on maize yield attributes are
presented in Table 2. The diameter of ears varied from 8.07 mm
to 13.44 mm. Ear diameters significantly varied from one type of
compost to another. Further, among the tested two composts, the
largest diameter of ears was obtained with pig compost (13.44
mm) and this was followed by the chicken compost (12.92 mm)
and the control (8.07 mm). However, the diameters of ears
obtained with pig and chicken composts were statistically equal
and were significantly different from the control.

Table 1 Effect of the type of fertilizer on maize growth parameters
Type of fertilizer

Vegetative
parameters

Pig compost

Chicken compost

Control

Number of branches per tassel

17.00±3.08a

16.20±0.98a

9.83±1.41b

a

6.43±0.51

Insertion height of ears (cm)

64.03±26.19a

66.97±5.4a

29.12±9.37b

0.021

Plant height at 45 days (cm)

70.19±16.22a

51.40±5.16b

22.45±1.70c

0.003

Plant height at 75 days (cm)

6.23±0.80

0.011

a

Number of leaves under the ear

Plant height at 60 days (cm)

7.25±1.49

a

P

147.51±65.08

a

154.30±10.64a

169.56±24.25

a

b

124.47±13.65

42.28±5.48

0.25

b

76.99±12.35

c

< 0.001
< 0.001

NB. Mean values denoted with the same letter in every row were not significantly different (P > 0.05).

Table 2 Effect of the type of fertilizer on yield growth parameters
Type of fertilizer

Statistical test

Yield
parameters

Pig compost

Chicken compost

Control

P

DE(mm)

13.44±0.32a

12.92±0.17a

8.07±2.37b

0.04

NG/R

30.87±2.83a

18.40±1.69b

9.57±5.44c

0.04

LE(cm)

17.59±0.47a

13.10±0.39b

8.85±3.39c

0.044

WE(g)

181.33±16.15a

82.84±9.22b

44.08±10.37c

0.044

NRG/E
W100(g)

13.50±0.36

a

13.51±0.72

a

12.83±0.29

a

12.70±0.90

a

7.25±3.46

b

0.042

5.12±2.14

b

0.096

DE: Diameter of ears. NG/R: Number of grains per row. LE: Length of ear. WE: Weight of ear. NRG/E: Number of row of grain per ear.
W100: Weight of 100 grains.
NB. Mean values denoted with the same letter in every row were not significantly different (P > 0.05).
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Concerning the number of grains per row, it ranged from 9.57
with the control to 30.87 with the pig compost. Similarly, Abd ElGawad & Morsy (2017) recorded 33.97 and 34.29 grains per row
respectively after an application of compost from sheep manure
and sheep manure mixed with urea. Laekemariam & Gidago
(2012) recorded 34 grains per row while combining compost and
urea. In the case of ear length, a significant difference (P<0.05)
was reported between the type of fertilizers used. The highest
length was measured with pig compost (17.59 cm) which was
followed by the chicken compost (13.1 cm) and the control (8.85
cm). The maximum length of ear in our study was higher than the
16.85 cm reported by Laekemariam & Gidago (2012) after
compost application. Higher values of ear length (19.42 cm and
18.83 cm) were recorded by Yigermal et al. (2019). The weight of
the ear varied from 44.08g to 181.33g. The decreasing order of
ears weight was 181.33g for pig compost, 82.84g for chicken
compost and 44.08 g for the control.
The number of grains’ row per ear and the weight of 100 grains
respectively varied significantly in function of the type of
fertilizer. The highest number of row of grains per ear (13.50) and
the maximum weight of 100 grains (13.51 g) were obtained with
the compost from pig manure. In case of chicken compost, the
number of row of grains per ear and the weight of 100 grains were
reported 12.83 and 12.7g respectively, and were significantly
higher than those obtained with the control (7.25 and 5.12 g
respectively). Laekemariam & Gidago (2012) counted 15 rows of
grains per ear after compost application. Similarly, Ayoola &
Makinde (2006) found an increase in maize yield attributes after
application of animal manures composts. According to
Satyanarayana et al. (2002) and Ayoola & Makinde (2006), the
efficiency of organic amendment on plant yield is due to more
availability plant nutrients, enzyme, vitamins and better soil
characters which helped the plant to uptake more soil nutrients
along with water. Our results are supported by those of Shah et al.
(2009), Achieng et al. (2010), who reported that number of grains
per cob, 1000-grain weight, and grain yield gave higher values,
when using organic amendments as sources of nutrients. Similar

results were revealed by Elamin & Elagib (2001), who reported
significant differences between non-treated and treated maize
plants with organic fertilizers.
Despite that yield attributes were higher with the composts than
those obtained with the control, there was a significant difference
between those observed with the different composts. That could
be explained by the initial characteristics of the manures. The
different nutrients in the pig compost might be more mobile than
those in the poultry manure and consequently more available.
3.3 Effect of compost on plant biomass
The different parameters relative to maize biomass and its
moisture content are registered in Table 3. Statistically, fresh and
dried biomass of the aerial part varied significantly with respect to
the used organic fertilizers. It appeared that the highest plant
aerial biomasses (307.41g for fresh) and (89.36g for dried) were
obtained from the pig compost while the lowest biomasses
(108.84g for fresh and 11.79g for dried) were reported from
control plots. In contrast, the highest moisture content (89%) was
obtained with the control which was followed in decreasing order
by that got with pig compost (71%) and chicken compost (69%).
Fresh roots biomass varied from 11.79g to 20.81g while in the
case of dried roots biomass it ranged from 2.67g to 6.57g. The
highest fresh roots biomass (20.81g) was obtained with pig
compost and the lowest fresh biomass (11.79g) was measured
with the control. The highest dried roots biomass (6.57) was got
with the chicken compost and the lowest (2.67±0.01) was
observed with the control. Concerning roots moisture content, the
decreasing order was reported for the control (77%), pig (73%)
and chicken compost (54%). The highest biomass obtained with
the composts could be explained by their nutritional qualities.
These results could also be explained by a higher increase of the
photosynthesis accompanied with an increase in plant
transpiration. In contrast, with the control, the photosynthesis was
weak and that also lower the transpiration. Consequently, the

Table 3 Effect of the type of fertilizer on maize parts biomass after harvest.
Biomass
FBAP(g)
DBAP(g)
MCAP

Pig compost

Type of fertilizer
Chicken compost

Control

307.41±107.12a

142.75±15.19b

108.84±2.121c

89.36±28.2
71.00±20

a

c
a

FRB(g)

20.81±3.34

DRB(g)

a

MCR (%)

5.56±0.18

73.00±4.00

b

51.41±7.53

b

69.00±8.00

b

14.67±3.98

b

6.57±0.87

a

54.00±1.00

c

Statistical test
P
0.044

11.79±2.12

c

0.004

89.00±1.00

a

0.012

11.79±2.12

c

0.01

2.67±0.010

b

0.043

77.00±4.00

a

0.006

FBAP: Fresh biomass of aerial part, DBAP: Dried biomass of aerial part, MCAP: Moisture content of aerial part, FRB: Fresh roots biomass,
DRB: Dried roots biomass, MCR: Moisture content of roots.
NB. Mean values denoted with the same letter in every row were not significantly different (P > 0.05).
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moisture content obtained with the control was higher than those
obtained with the composts. Organic manures, especially compost
from pig and chicken manure supply balanced nutrients to plant
roots and stimulate growth, increase organic matter content of the
soil including the humic substances that affect nutrient
accumulation and promote plant aerial part (Canellas et al., 2000).
Conclusion
Application of compost from chicken and pig manure had a
positive influence on maize growth, yield and yield components.
Among animal manures, compost from pig manure showed the
highest increase in maize growth compared to chicken manure.
However, the valorization of these two manures can be
recommended through composting to increase maize productivity.
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ABSTRACT

Azotobacter

Seventy five Azotobacter sp were isolated from rhizospheric soils of chilli grown in Raichur,
Koppal, Bellary, Yadagiri and Kalaburagi region (parts of Hyderabad Karnataka) and
characterized by using both morphological and biochemical tests. Compound Microscopic
observation showed that all the isolates were rod shaped and Gram-negative. These isolates were
capable of producing mildly heat and stress resistant cyst under nutrient deprivation and physical
stress conditions. Interestingly, light brown to dark brown pigmentation varying with isolate are
observed after 7 to 14 days after incubation at 37 0C. These isolates were capable of utilizing
Protein (gelatin), starch, tryptophan whereas, production of ammonia is observed at the end of
protein degradation. Most of the isolates were capable of reducing nitrate, a positive sign for the
fixation of free nitrogen.
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Isolation and Characterization of soil mending Azotobacter isolates isolated from Rhizosphere of Chilli

1 Introduction
Azotobacter is a Gram-negative bacterium belongs to family
Azotobacteracea. Most of the members of this family belongs to
gamma subclass of Proteobacteria and have capability of free
nitrogen fixation by utilizing nitrogenase enzyme (Komagata et
al., 2014). Member of the genus Azotobacter are pleomorphic
(bacillary to spherical shape) and their size ranges from 1.0 to 3.8
μm. Many of the Azotobacter sp produces exaggerated amounts of
pigments varying from black to brown (A. chroococcum), pinkish
(A. macrocytogenes), greenish fluorescent (A. vinelandii, A. agilis,
and A. paspali), grayish blue (A. insignis) and yellow (A.
beijerinckii) (Jiménez et al., 2011). This pigmentation protects
these bacteria from UV, desiccation, Superoxide radicals, and
drought. In addition, under adverse conditions member of genus
Azotobacter produces cysts, which are resistant to mild heat and
desiccation (Orville et al., 1961) and provides a comparative
advantage to compete in rhizosphere with pathogens. During the
process of encystment respiration rate is comparatively decreased
(Socolofsky & Orville, 1962) however, they can metabolize the
carbon (Orville et al., 1961).
Azotobacter sp. commonly dispersed in neutral to alkaline soils
(Aquilanti et al., 2004); widely grow at optimum temperature range
of 28- 32 °C. Roots are usually teeming with menagerie of
microbes; root colonization is one of the most important steps in the
interaction of bacteria and host plants (Narula et al., 2007). These
bacteria have proved to be beneficial for the plants by directly
nitrogen fixation, phosphate solubilization, antibiosis, inducing
systemic resistance, phytohormone production, lowering ethylene
concentration. In PGPR bacteria, Azotobacter have specific place
and frequently used to enhance the growth and yield of plants.
Chilli (Capsicum annum L.) is an important vegetable crop, and
its socio-cultural role is remarkable worldwide and it is an
indispensable condiment of Indian cuisine because of its
pungency, color, flavor and aroma. Continuous use of chemical
fertilizers disrupts soil ecology and environment; degrades soil
fertility, which leads to harmful effects on human and animal
health (Ayala & Rao, 2002); and contaminates groundwater
resources (Joshi et al., 2006). Further, the use of chemical
fertilizers and pesticides to control plant diseases and pathogens
has decreased fertility status of the soil and created unhealthy
environment. In response to this, researchers from worldwide
have focused their effort to develop alternative measures to
synthetic chemicals for promoting plant growth and yield. This
study aims to isolate and to characterize the Azotobacter isolates
from rhizospheric soils of chilli grown in HK region (Hyderabad
Karnataka regions of India). Characterization of isolated isolates
carried out by morphological and biochemical tests, which gives a
brief idea regarding prevalence of Azotobacter sp in dry land
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regions of Karnataka. It is imperative to understand the situation
before proceeding to solve the problem hence we tried to explore
the presence of beneficial organisms near rhizosphere as much as
possible.
2 Material and methods
2.1 Collection of soil samples
A total of one fifty (150) chilli rhizospheric soil samples were
collected from the different districts of HK regions (Hyderabad
Karnataka) including Raichur (16.18’23.3’N 77̊ 9’20’E), Koppal
(15.35̊ N 76.15̊ E), Bellary (15̊ 06’N76 ̊ 55’E), Yadagiri (16.77 ̊ N
77.13 ̊ E) and Kalaburagi (17.12 ̊ N 76.31 ̊ E). For soil sample
collection, top 15 cm of soil carefully collected by using sterile
soil scoop and packed immediately by using sterile polythene
cover. Samples placed in the deep freezer (below -15 0C) and
processed next day for isolation and characterization of
Azotobacter species.
2.2 Isolation of Azotobacter sp
Azotobacter sp were isolated from rhizospheric soils of chilli by
serial dilution plate technique. Soil samples serially diluted up to
10-4 as per the standard protocol, from 10 -4 dilution an aliquot of
0.1 ml of uniformly mixed soil suspension aseptically spread on
Waksman No.77 N-free agar medium (Mannitol: 10.0 g , CaCO3:
5.0 g, K2HPO4: 0.5 g, MgSO 4: 0.2 g, NaCl: 0.01 g, Agar: 20 g,
Distilled water: 1000 ml and pH: 7.0) (Allen, 1953). Thereafter
the inoculated plates incubated at 30 ⁰C for 4-6 days in standard
BOD incubator.
2.3 Morphological characterization of Azotobacter isolates
All the isolates of Azotobacter were examined for their cell
morphology, colony morphology and gram reaction as per the
standard procedures given by Cappuccino & Sherman (1992).
2.4 Cyst formation
The Azotobacter isolates cultured for 7 days on Waksman No. 77
(Nitrogen free) agar medium. Individual culture was picked
aseptically on to the clean grease and oil free slide and stained
with Violamine stain for 45 seconds followed by washing and
counter staining with crystal violet to observe the presence of
cysts (Winogradsky, 1949).
2.5 Biochemical characterization of Azotobacter isolates
Biochemical characterizations of Azotobacter sp were carried out
by employing the standard procedures given by Cappuccino &
Sherman (1992). Different biochemical tests performed for
Azotobacter sp are briefly outlined below.
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2.5.1 Catalase test

taken as positive for the test (Cappuccino & Sherman, 1992).

Azotobacter isolates aseptically inoculated on labeled nutrient
agar slants by streak and incubated at 30 0C for 24 h. After
incubation, the slants were flooded with 3-4 drops of 3 per
cent (%) hydrogen peroxide and examined for the production
of bubbles or foam (Cappuccino & Sherman, 1992).

2.5.5 Nitrate reduction

2.5.2 Starch hydrolysis
Organisms capable of hydrolyzing starch to maltose possess the
enzyme amylase. By this test, the presence or absence of this
enzyme in the organisms was ascertained. Azotobacter isolates
streaked on the starch agar plates and incubated at 37 ⁰C for 24
h, then iodine solution was flooded on plates for 5 to 10 min.
Plates showing halo clear zone near colonies are considered as
positive whereas plates without halo zone are considered as
negative for the test (Cappuccino & Sherman, 1992).

Azotobacter isolates inoculated in to the pre-sterilized
trypticase nitrate semisolid medium (supplemented with 1 %
KNO 3) and kept it for incubation at 37 ⁰C for 48 h. Addition
of three drops of α-napthylamine and one drop of sulphanilic
acid results in development of red color indicates positive for
the test whereas no color change for negative for the test
(Cappuccino & Sherman, 1992).
2.5.6 Ammonification
Pure culture of Azotobacter isolates were inoculated into tubes
containing 10 ml peptone water and incubated at 30⁰ C for 48
h. After incubation, Nessler′s reagent (0.5 ml) was added to
each tube (Cappuccino & Sherman, 1992) and the tubes were
observed for the development of yellow color.

2.5.3 Indole production test
3 Results and Discussion
Ability to hydrolyze tryptophan with the production of indole
is not a characteristic of all microorganisms and therefore
serves as biochemical marker. For this test SIM agar
supplemented with tryptophan is inoculated with individual
bacterial test culture in respectively labeled tubes thereafter
tubes incubated at 37 ⁰C for 48 h. Presence of indole is
detected by adding 1 ml of Kovac’s reagent to each tube,
formation of cherry red color ring on the top of the tube is
positive test.

3.1 Isolation of Azotobacter isolates
From the collected 150 rhizospheric soil samples, total of 75
overtly grown Azotobacter isolates were isolated from
rhizospheric soil of chilli after 4-6 days of incubation. All the
75 Azotobacter isolates showed small/medium, milky white,
round, raised colonies on Waksman No. 77 plates (Figure: 1)
during early growth. Colonies have slow growth up to 2 days
later on growth was very fast (Wu et al., 2006).

2.5.4 Gelatin liquefaction
3.2 Morphological characterization of Azotobacter isolates
Pre-sterilized nutrient gelatin deep tubes inoculated with
Azotobacter isolates and incubated at 28⁰ C for 24 h. After
incubation, the tubes were kept in a refrigerator at 4⁰C for 30
min. The tubes with Azotobacter isolates remained liquefied are

All the collected 75 Azotobacter isolates were taken for the
morphological characterization. Result of morphological
identification revealed Gram negative, rod shaped, forming white

Figure 1 Cultures of Azotobacter isolate on Waksman No. 77 plates
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raised, wrinkled edge colony on Waksman No. 77 medium.
Pigment production differs with individual isolate as dark brown
and light brown (Table 1; Figure 1) (Jacobson, 2000).These
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observations are in agreement with the characteristics of
Azotobacter described in Bergey’s manual of determinative
bacteriology (Brenner et al., 2005). The formation of brown insoluble

Table 1 Morphological and biochemical characteristics of Azotobacter isolates isolated from Chilli Rhizosphere soil of Hyderabad Karnataka region
Sl. No.

Isolate code

Cell shape

Motility

Colony color

Gram reaction

CT

SH

GL

NR

A

IT

1

AZT-J1

Rod

Motile

Light brown

Negative

+

+

+

+

+

+

2

AZT-J2

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

3

AZT-J3

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

4

AZT-J4

Rod

Motile

Brown

Negative

+

+

+

+

+

+

5

AZT-J5

Rod

Motile

Dark brown

Negative

+

+

+

-

+

+

6

AZT-J6

Rod

Motile

Dark brown

Negative

+

+

+

+

+

+

7

AZT-J7

Rod

Motile

Dark brown

Negative

+

+

+

-

+

+

8

AZT-J8

Rod

Motile

Dark brown

Negative

+

+

+

-

+

+

9

AZT-J9

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

10

AZT-J10

Rod

Motile

Light brown

Negative

+

+

+

+

+

+

11

AZT-J11

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

12

AZT-J12

Rod

Motile

Dark brown

Negative

+

+

+

-

+

+

13

AZT-J13

Rod

Motile

Dark brown

Negative

+

+

+

-

+

+

14

AZT-J14

Rod

Motile

Dark brown

Negative

+

+

+

+

+

+

15

AZT-J15

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

16

AZT-Y1

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

17

AZT-Y2

Rod

Motile

Dark Brown

Negative

+

+

+

-

+

+

18

AZT-Y3

Rod

Motile

Dark Brown

Negative

+

+

+

-

+

+

19

AZT-Y4

Rod

Motile

Light brown

Negative

+

+

+

+

+

+

20

AZT-Y5

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

21

AZT-Y6

Rod

Motile

Dark Brown

Negative

+

+

+

+

+

+

22

AZT-Y7

Rod

Motile

Brown

Negative

+

+

+

+

+

+

23

AZT-Y8

Rod

Motile

Brown

Negative

+

+

+

+

+

+

24

AZT-Y9

Rod

Motile

Light brown

Negative

+

+

+

+

+

+

25

AZT-Y10

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

26

AZT-Y11

Rod

Motile

Brown

Negative

+

+

+

-

+

+

27

AZT-Y12

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

28

AZT-Y13

Rod

Motile

Light brown

Negative

+

+

+

+

+

+

29

AZT-Y14

Rod

Motile

Dark Brown

Negative

+

+

+

+

+

+

30

AZT-Y15

Rod

Motile

Dark Brown

Negative

+

+

+

-

+

+

31

AZT-R1

Rod

Motile

Brown

Negative

+

+

+

-

+

+

32

AZT-R2

Rod

Motile

Brown

Negative

+

+

+

+

+

+

33

AZT-R3

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

34

AZT-R4

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

35

AZT-R5

Rod

Motile

Brown

Negative

+

+

+

-

+

+

36

AZT-R6

Rod

Motile

Light brown

Negative

+

+

+

+

+

+
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Sl. No.

Isolate code

Cell shape

Motility

Colony color

Gram reaction

CT

SH

GL

NR

A

IT

37

AZT-R7

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

38

AZT-R8

Rod

Motile

Dark brown

Negative

+

+

+

-

+

+

39

AZT-R9

Rod

Motile

Dark brown

Negative

+

+

+

+

+

+

40

AZT-R10

Rod

Motile

Dark brown

Negative

+

+

+

-

+

+

41

AZT-R11

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

42

AZT-R12

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

43

AZT-R13

Rod

Motile

Dark brown

Negative

+

+

+

+

+

+

44

AZT-R14

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

45

AZT-R15

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

46

AZT-G1

Rod

Motile

Dark Brown

Negative

+

+

+

+

+

+

47

AZT-G2

Rod

Motile

Brown

Negative

+

+

+

+

+

+

48

AZT-G3

Rod

Motile

Light brown

Negative

+

+

+

+

+

+

49

AZT-G4

Rod

Motile

Light brown

Negative

+

+

+

+

+

+

50

AZT-G5

Rod

Motile

Dark brown

Negative

+

+

+

-

+

+

51

AZT-G6

Rod

Motile

Dark brown

Negative

+

+

+

-

+

+

52

AZT-G7

Rod

Motile

Dark brown

Negative

+

+

+

-

+

+

53

AZT-G8

Rod

Motile

Dark brown

Negative

+

+

+

-

+

+

54

AZT-G9

Rod

Motile

Dark brown

Negative

+

+

+

-

+

+

55

AZT-G10

Rod

Motile

Dark brown

Negative

+

+

+

+

+

+

56

AZT-G11

Rod

Motile

Light brown

Negative

+

+

+

+

+

+

57

AZT-G12

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

58

AZT-G13

Rod

Motile

Dark brown

Negative

+

+

+

-

+

+

59

AZT-G14

Rod

Motile

Light brown

Negative

+

+

+

+

+

+

60

AZT-G15

Rod

Motile

Dark Brown

Negative

+

+

+

-

+

+

61

AZT-B1

Rod

Motile

Brown

Negative

+

+

+

-

+

+

62

AZT-B2

Rod

Motile

Light brown

Negative

+

+

+

+

+

+

63

AZT-B3

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

64

AZT-B4

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

65

AZT-B5

Rod

Motile

Dark Brown

Negative

+

+

+

-

+

+

66

AZT-B6

Rod

Motile

Brown

Negative

+

+

+

-

+

+

67

AZT-B7

Rod

Motile

Light brown

Negative

+

+

+

+

+

+

68

AZT-B8

Rod

Motile

Light brown

Negative

+

+

+

+

+

+

69

AZT-B9

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

70

AZT-B10

Rod

Motile

Dark Brown

Negative

+

+

+

+

+

+

71

AZT-B11

Rod

Motile

Brown

Negative

+

+

+

+

+

+

72

AZT-B12

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

73

AZT-B13

Rod

Motile

Light brown

Negative

+

+

+

+

+

+

74

AZT-B14

Rod

Motile

Light brown

Negative

+

+

+

-

+

+

75

AZT-B15

Rod

Motile

Dark Brown

Negative

+

+

+

+

+

+

CT-Catalase test, SH-Starch hydrolysis, GL-Gelatin liquefaction, NR-Nitrate reduction, A-Ammonification, IT-Indole test
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Figure 2 Presence of bubbling/ foaming after addition of
hydrogen peroxide in the nutrient agar slants inoculated with
Azotobacter isolates indicating positive for the catalase test
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Figure 5 Yellow coloration in peptone broth upon addition of
Nessler’s reagent inoculated with efficient Azotobacter isolates
indicating positive for ammonification process

pigments is characteristic of species A. chroococcum (Gibbs &
Shapton, 1968). All the isolates formed cysts under nutrient and
physical stress conditions. Earlier reports shows that Azotobacter
can survive in the form of cysts up to 24 years in dry soil
conditions and the formation of cyst is the unique identification
characters of genus Azotobacter (Hitchins & Sadoff, 1973; Page
& Shivprasad, 1991; Moreno et al.,1999).
3.3 Biochemical characterization of efficient Azotobacter
isolates

Figure 3 Motility test positive for Azotobacter isolates

All the Azotobacter isolates showed positive results for catalase
test, starch hydrolysis gelatin liquefaction, ammonification, and
indole test. Few isolates were negative for nitrate reduction. In
this manner result of present study are in agreement with the
findings of previous researchers (Juarez et al., 2005; Murumkar et
al, 2012; Jenifer et al., 2013; Kumar et al., 2014) (Table 1 and
Figure 2,3,4 and 5).
Conclusion

Figure 4 No formation of red color in nitrate broth inoculated
with efficient Azotobacter isolates up on addition of nitrate test
reagent indicating negative for the test
Journal of Experimental Biology and Agricultural Sciences
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Our study aimed in the isolation and characterization of isolates
from northern districts of Karnataka. Usually these districts fall
under dry lands or rain fed areas, which is a major deterrent for
the growth of crops, which require plethora of water and fertilizer.
Promotion of water conservation and limited fertilizer application
is impeccably practical. Most of the Azotobacter isolates can fix
nitrogen and conserves the moisture by producing excess
exopolysaccharides. In conjunction with this, these Azotobacter
sps., also promote plant growth by several other mechanisms like
phosphate
solubilization,
antagonism,
production
of
phytohormone, and degradation of toxic compounds. In the
present investigation, some isolates were able to reduce the nitrate
under anaerobic conditions, which may help the plant by fixing
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more nitrogen, or reduce the available nitrogen for the plant.
Ammonification by all the isolates was favorably enhancing the
plant growth. All isolates are producing cysts after the exponential
phase of growth or under adverse conditions due to the lack of
nutrients. Many of the isolates shown the production of copious
amounts of brown to black color pigmentation, there is an inclined
pigmentation was also observed as the maximum temperature
increases with location. Pigmentation serves as protective agent
against extreme heat and cold, UV, act as a cellular scavenger
against free radicals, Reactive Oxygen Species (ROS), drugs,
oxidents, xenobiotics and moreover melanized cells are resistant
to certain antifungal too.
Azotobacter species maintains the natural habitat of the soil and
increases crop yield by 20-30 %. It replaces chemical nitrogen and
phosphorus by 25 % in addition to stimulating the plant growth.
Finally, it can provide protection against drought and some soil
borne diseases.
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ABSTRACT

Bio-fortification

Rice is the staple food for half of the world‟s population, however, its edible grain part is deficient in
essential micronutrients, especially Fe and Zn. Breeding for micronutrient dense rice demands
exploration of available genetic diversity for grain Fe, Zn and β-carotene contents. In this study, we
analysed brown and polished grain samples of 26 traditional rice genotypes for Fe and Zn concentration.
Fe concentration varied from 13.23 ppm to 45.83 ppm and 1.10 ppm to 36.45 ppm in brown and
polished rice, respectively. Whereas, Zn concentration in brown and polished rice ranged from 18.67
ppm to 38.01 ppm and 5.86 ppm to 23.88 ppm, respectively. The landraces had higher Fe and Zn
contents than improved varieties and advance uniform lines. Significant positive correlation was present
between Fe and Zn concentration in brown (r = 0.694, P < 0.01) and polished rice (r = 0.533, P < 0.01).
Fe concentration was greatly reduced by the polishing process than Zn concentration and approved
varieties lost less Fe and Zn contents than advance uniform lines. Minimal levels of beta-carotene were
detected in rice genotypes indicating need for genetic modifications to enhance pro-vitamin A contents
in rice endosperm.
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Screening of rice genotypes for micronutrient densities

1 Introduction
Malnutrition or „Hidden hunger‟ affects at least 2 billion peoples
worldwide and 45% of deaths among children under 5 years of
age are linked to under nutrition (McGuire et al., 2015; WHO,
2015). In developing countries, micronutrient malnutrition,
particularly iron (Fe) and zinc (Zn) deficiency, is a continuing
public health issue. Global studies estimated that more than 30%
of the world‟s population is anemic due to iron-deficiency anemia
(IDA) (Brotanek et al., 2005; Stevens et al., 2013). IDA affects
productivity of women‟s along with other severe health problems,
including mental retardation, weakened immune system and
increased morbidity and mortality rates (Black, 2003). Zinc
deficiency is a major cause of stunted growth, male
hypogonadism, abnormal neurosensory changes and impaired
immune function (Maret & Sandstead, 2006). Vitamin A
deficiency (VAD) is also a major health concern and causes
xeropthalmia and night blindness (WHO, 2009).
In past, supplementation and fortification of food items have been
practiced, however, these interventions have not been able to
eradicate the problem, mainly due to the fact that these are not
economically sustainable (Meenakshi et al., 2010). For instance,
vitamin A supplementation programs in 103 priority countries has
stagnated at 58% success rate in ten years, with high year to year
fluctuation (Dalmiya & Palmer, 2007). Among different
approaches to mitigate malnutrition, biofortification is the most
cost effective and sustainable intervention. It is a process of
bolstering the nutritional value of edible parts of crop plants
through agronomic, breeding and transgenic techniques.
Rice (Oryza sativa L.) is one of the widely grown and most
consumed crops worldwide. Half of the world‟s population
depend on it to meet their daily calorie requirements (Meng et al.,
2005). However, its edible grain part (endosperm) contains
insufficient levels of Fe, Zn and β-carotene (pro-vitamin A) to
meet the dietary requirements. Therefore, biofortified rice with
enriched levels of essential nutrients can significantly improve
global human health. In order to provide 30%, 40% and 50% of
the dietary estimated average requirements (EAR), the polished
rice should contain 15 ppm of Fe, 28 ppm of Zn and 17 ppm of βcarotene (Bouis et al., 2011). Exploration of available genetic
diversity for Fe, Zn and β-carotene in economically important
parts of the crop plants is a first step towards developing the
nutrient dense crops (Bouis & Saltzman, 2017).
Germplasm has been screened for grain Fe, Zn and β-carotene
contents in many crops, including rice. Cai et al. (2009) evaluated
113 rice landraces, including japonica and indica accessions. The
variation in Fe ranged from 8.1 ppm to 19.9 ppm and japonica rice
contained significantly higher Fe contents than indica rice.
Banerjee et al. (2010) assessed genetic diversity in cultivated and
wild accessions of rice and found wide genetic variation in grain
Journal of Experimental Biology and Agricultural Sciences
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Fe, Zn and protein levels. Fe contents varied from 4.82 - 22.69
ppm and Zn contents varied from 13.95 - 41.73 ppm, respectively.
They also found high micronutrient densities in wild accessions of
rice. Anandan et al. (2011) found wide genetic variability in
traditional and improved rice genotypes and reported that Fe and
Zn contents were higher in traditional genotypes than improved
cultivars. Brar et al. (2011) assessed genetic diversity in a
collection of 220 rice genotypes. The Fe and Zn contents in brown
rice varied significantly from 5.1 - 441.5 ppm and 2.12 - 39.4
ppm, respectively. Anuradha et al. (2012) analysed Fe and Zn
concentration in brown rice of 126 accessions and reported that
wild accession had highest concentration levels. In wheat, genetic
variability for grain Fe, Zn and β-carotene contents had also been
assessed by Badakhshan et al. (2013). Based on two year‟s data,
concentration of Fe, Zn and β-carotene ranged from 41.36 to
67.67, 36.37 to 73.80 and 0.96 to 1.69 ppm, respectively. Roy &
Sharma (2014) evaluated 84 rice accessions and concentration of
Fe ranged from 0.25 - 34.8 ppm and Zn ranged from 0.85 - 195.3
ppm. Patil et al. (2015) screened 60 rice genotypes and found that
Fe & Zn contents in brown rice ranged from 3.38 - 36.99 ppm and
3.32 - 42.49 ppm, respectively. Umadevi et al. (2016) assessed
genetic variability in 57 rice genotypes for Fe and Zn contents in
brown rice. The Fe and Zn concentration varied from 7.45 - 29.85
ppm and 14.68 - 59.65 ppm, respectively.
Genetic diversity in local rice germplasm of Pakistan for
micronutrients and vitamins has not been assessed previously.
Therefore, we decided to explore it in approved varieties and
advance uniform lines for fast track development of nutrient dense
rice cultivars. The objectives of this study were to explore genetic
diversity in traditional rice genotypes for Fe and Zn contents in
brown and polished rice, as well as β-carotene levels in polished
rice; analyse association between Fe and Zn concentration in
brown and polished rice; examine losses in Fe and Zn contents
during polishing process and identify Fe and Zn donor parents for
their exploitation in nutrition breeding program.
2 Material & Methods
2.1 Experimental site, plant material and growth conditions
Present study was conducted at the Rice Research Institute, Kala
Shah Kaku (RRI, KSK), Pakistan. Twenty-six (26) rice genotypes
including twelve (12) approved varieties and fourteen (14)
advance uniform lines were used in this study and are listed in
Table 1. During Kharif season 2017, all genotypes were grown in
the experimental field of RRI, KSK under normal field conditions
and seed harvested from this trial was used for further analysis.
NPK and Zn fertilizers were applied at rates of 116:87:62 and 12
kg/ha, respectively. Standard agronomic and plant protection
practices were followed. Soil and water samples were also
collected and analysed for determination of physiochemical
characteristics (Table 2).
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Table 1 List of genotypes*

Sr. No.

Genotype

Status with release year

Type

1

Basmati 370

Approved Variety-1933

Aromatic

2

Basmati 198

Approved Variety-1972

Aromatic

3

Basmati Pak

Approved Variety-1968

Aromatic

4

Basmati 385

Approved Variety-1985

Aromatic

5

Super Basmati

Approved Variety-1996

Aromatic

6

Basmati 2000

Approved Variety-2000

Aromatic

7

Basmati 515

Approved Variety-2011

Aromatic

8

PK 386

Approved Variety-2013

Non- Aromatic

9

PK 1121 Aromatic

Approved Variety-2013

Aromatic

10

Kissan Basmati

Approved Variety-2016

Aromatic

11

Chenab Basmati

Approved Variety-2016

Aromatic

12

Punjab Basmati

Approved Variety-2016

Aromatic

13

PK 8892

Advance uniform line

Aromatic

14

PK 9194

Advance uniform line

Aromatic

15

RRI 3

Advance uniform line

Aromatic

16

PKBB 15-1

Advance uniform line

Aromatic

17

PKBB 15-6

Advance uniform line

Aromatic

18

PKPB 8

Advance uniform line

Aromatic

19

PK 10683

Advance uniform line

Aromatic

20

PK 10355

Advance uniform line

Aromatic

21

PKBB 15-116

Advance uniform line

Aromatic

22

PK 10029

Advance uniform line

Aromatic

23

PK 9966

Advance uniform line

Aromatic

24

PK 9533

Advance uniform line

Aromatic

25

PK 10161

Advance uniform line

Aromatic

26

PK 10967

Advance uniform line

Aromatic

* These genotypes are maintained at RRI, KSK.
Table 2 Physiochemical characteristics of soil and water samples
Soil characteristics
Sampling Depth (inch)

Water characteristics
0-6

-1

Electrical Conductivity (mScm-1)
2+

2+

1.3

Electrical Conductivity (mScm )

1.5

Calcium+Magnesium(Ca &Mg )

5.0

pH

8.1

Sodium (Na+)

6.0

Organic matter (%)
Available Phosphorus (mg/kg)

0.8
7.0

Carbonate (CO

3-)

3-

Bi-Carbonate (HCO )
-

5.2

Available Potassium (mg/kg)

146

Chloride (Cl )

2.6

Saturation (%)

42

Residual Sodium Carbonate

3.2

Texture

Loam

Sodium Absorption Ratio

4.1

Fe (ppm)

12.2

Fe (ppm)

1.12

Zn (ppm)

0.87

Zn (ppm)

0.96
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2.2 Sample preparation
Rice panicles were harvested and hand threshed to avoid any
metal contamination. For preparation of brown rice, the husk was
removed by using a paddy dehusker (Satake, Japan). Brown rice
samples were polished with a laboratory polishing machine
(Grainman 60M-250-50-DT Sheller, USA) for the same intervals
(40 s). The dehusker and polishing machine were thoroughly
cleaned after preparation of each sample by brushing the bran and
broken rice kernels. For estimation of Fe and Zn, whole grains
were collected, washed with double distilled deionized water
(d3H2O) to remove any metal contamination and oven dried at 70 o
C to bring the moisture level at 10-12 percent.
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using the spectrophotometer (T80 + UV/VIS spectrophotometer,
PG instruments Ltd., UK). β-carotene concentration was
calculated by putting the absorbance values in following
formulae.
βeta carotene (ppm) = 0.854(479 nm) - 0.312(645 nm) +
0.039(663 nm) - 0.005 (r = 0.992, SE = 0.0096 ppm).
Where,
r = correlation coefficient
SE = standard error
2.5 Data analysis

2.3 Estimation of Fe and Zn
Standard procedure was followed for estimation of Fe and Zn
contents (George et al., 2013). One gram of sample weighed
separately for each genotype, transferred quantitatively into 100
mL pyrex digestion tubes. Ten mL of di-acid mixture
(HNO3+HClO4, 2:1) was added to each tube and allowed to stand
overnight until the vigorous reaction phase was over. After
preliminary digestion, digestion tubes were placed in a cold-block
digester and temperature was raised to 150 0 C for 60 minutes until
all traces of HNO3 disappeared. Then, temperature was slowly
raised to 2350 C. When white dense fumes of HClO4 appeared,
digestion was continued for 30 more minutes, until white
precipitates settled down at the bottom of digestion tubes. d 3H2O
was added in small increments for dissolving the crystals and
washing of the tube walls. The contents were filtered through
Whatman No. 41/42 filter paper and 50 mL dilutions were made
with d3H2O. Finally, extract was fed to atomic absorption
spectrophotometer (200 Series AA, Agilent Technologies, USA)
available at Soil and Water Testing Laboratory, Thokar Niaz
Baig, Lahore for determination of Fe and Zn concentration. Each
digestion batch contained 11 samples and one blank (no plant
material). The analysis was repeated thrice for each genotype and
mean value is presented in results. Fe and Zn concentrations were
expressed in parts per million (ppm).

The one-way analysis of variance and Tukey HSD all pair wise
comparison tests were used to compare the mean values of Fe and
Zn contents in both brown and polished rice at probability level of
α ≤ 0.05. Statistical analysis was carried out using the SPSS
software (SPSS 16.0, Chicago, USA).
3 Results
Fe and Zn concentration was analysed in brown and polished
grain samples of 26 rice genotypes and significant genetic
variation was observed (Table 3). Wide genetic variation in Fe
concentration of brown and polished rice was found as compared
to Zn concentration. Fe concentration in brown rice ranged from
13.23 ppm (PK 10355) to 45.83 ppm (Basmati 370), while in
polished rice it ranged from 1.10 ppm (PK 10355) to 36.45 ppm
(Basmati 370). Whereas, Zn concentration in brown rice ranged
from 18.67 (PK 10967) ppm to 38.01 ppm (Basmati 370) and in
polished rice it ranged from 5.86 ppm (PK 9533) to 23.88 ppm
(Kissan Basmati). The mean value for Fe concentration in brown
rice was 25.21 ppm, whereas in polished rice it was 11.81 ppm.
Similarly, the mean value for Zn concentration in brown rice was
23.95 ppm, whereas in polished rice it was 12.69 ppm (Table 3).
Additionally, large variation in grain Fe contents was due to high
availability of this mineral to rice genotypes from the
experimental soil (Table 2).

2.4 Estimation of β-carotene
Standard procedure with little modification was followed for
estimation of β-carotene contents (Nagata, 2009). Polished rice
grains were grounded using a pestle and mortar. For each
genotype, accurately weighed 0.225 g powder was taken into 15
mL falcon tubes and 3 mL of 80% acetone solution was added to
it. After vertexing the mixture for 5 minutes, it was allowed to
stand overnight. Next day, the homogenous mixture was
centrifuged at 3000 RPM for 5 minutes and supernatant was taken
into newly labelled falcon tubes. Finally, the absorbance of extract
was measured at 479 nm, 645 nm and 663 nm wavelengths by
Journal of Experimental Biology and Agricultural Sciences
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Overall, all approved varieties had high Fe and Zn concentration
in both brown and polished rice when compared with advance
uniform lines. In approved varieties, Fe concentration in brown
rice ranged from 16.93 ppm (Chenab Basmati) to 45.83 ppm
(Basmati 370), with an average of 27.77 ppm. Whereas in
advance uniform lines, Fe concentration in brown rice ranged
from 13.23 ppm (PK 10355) to 39.32 ppm (PK 8892), with an
average of 23.01 ppm (Table 3). Similarly, Zn concentration in
brown rice of approved varieties ranged from 19 ppm (Punjab
Basmati) to 38.01 ppm (Basmati 370) with an average of 26.76
ppm, however, in advance uniform lines it ranged from 18.67 ppm
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Table 3 Fe and Zn concentration in 26 rice genotypes

Genotype

Brown Rice

Polished Rice

Fe (ppm)

Zn (ppm)

Fe (ppm)

Zn (ppm)

Basmati 370

45.83±0.0212a

38.01±0.0778a

36.45±0.0354a

11.69±0.0242j

Basmati 198

36.37±0.0354d

33.03±0.0495b

18.58±0.0566 f

18.87±0.0210e

Basmati Pak

27.80±0.0221

f

c

k

10.39±0.0230n

Basmati 385

41.65±0.0358b

27.09±0.0283c

21.08±0.0152d

22.27±0.0212c

m

h

Approved Varieties

26.71±0.2051

24.65±0.0232

10.80±0.0145

7.87±0.0424s

Super Basmati

20.13±0.0212

Basmati 2000

25.10±0.0360h

26.29±0.0424d

14.35±0.0210i

12.53±0.0778i

Basmati 515

21.95±0.0372j

23.36±0.0707 i

16.70±0.0140h

18.46±0.0265f

h

g

g

19.25±0.0354d

24.98±0.0141

5.20±0.0141

s

PK 386

25.17±0.0283

PK 1121 Aromatic

20.45±0.0216lm

26.78±0.0283c

11.65±0.0360j

e

d

24.75±0.0212

c

26.51±0.0512

17.73±0.0228

9.52±0.0141o
23.88±0.0157a

Kissan Basmati

30.75±0.0358

Chenab Basmati

16.93±0.0141p

24.72±0.0566gh

4.55±0.0200t

12.54±0.0283i

Punjab Basmati

21.15±0.0849k

19.00±0.0861o

7.55±0.0145o

8.94±0.0354q

Mean

27.77

26.76

15.78

14.68

Minimum

16.93

19.00

4.55

7.87

Maximum

45.83

38.01

36.45

23.88

Advance Uniform Lines
PK 8892

39.32±0.4808c

26.37±0.0217d

PK 9194

28.07±0.0495

f

n

RRI 3

22.98±0.0566i

19.18±0.0636o

10.63±0.0210l

10.82±0.0181m

PKBB 15-1

25.23±0.0212h

25.27±0.0778f

7.95±0.0919n

8.68±0.0768r

PKBB 15-6

27.15±0.0354

g

k

r

10.44±0.0432n

PKPB 8

25.33±0.0919h

21.77±0.0200k

6.70±0.0636p

10.35±0.0438n

kl

m

19.55±0.0390

21.92±0.0560

19.96±0.0283

26.40±0.0150b
5.68±0.0141

q

5.50±0.0225

11.31±0.0293k

9.37±0.0490p

PK 10683

20.85±0.0360

PK 10355

13.23±0.0210r

20.50±0.1556l

1.10±0.0653w

13.56±0.0220h

PKBB 15-116

19.67±0.1202n

25.90±0.0707e

3.00±0.0168u

16.54±0.0238g

o

j

n

10.88±0.0849l

PK 10029

17.97±0.0283

PK 9966

15.02±0.0570q

19.98±0.0428m

PK 9533

22.93±0.0424

i

m

20.80±0.1414

PK 10161

22.63±0.0241i

20.01±0.0454m

1.71±0.0156v

6.06±0.0283t

PK 10967

21.73±0.0374j

18.67±0.0283p

5.45±0.0354r

8.95±0.0345q

Mean

23.01

21.55

8.40

10.99

Minimum

13.23

18.67

1.10

5.86

Maximum

39.32

26.37

26.40

23.24

31.65

18.88

73.95

41.29

Coefficient of
variation (%)
Overall Mean

22.59±0.0350

10.30±0.0424

m

23.24±0.0424b

20.03±0.0420

7.90±0.0707

4.50±0.0140t

7.81±0.0636s
e

5.86±0.0280u

25.21

23.95

11.81

12.69

Overall Minimum

13.23

18.67

1.10

5.86

Overall Maximum

45.83

38.01

36.45

23.88

Standard Deviation
7.97
4.52
8.73
Mean ± standard deviation. Values sharing same alphabets in columns differ non-significantly (P>0.05).
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(PK 10967) to 26.37 ppm (PK 8892) with an average of 21.55
ppm. Similar Fe and Zn acquisition patterns were also observed in
polished rice, where concentration of Fe in approved varieties
ranged from 4.55 ppm (Chenab Basmati) to 36.45 ppm (Basmati
370) with an average of 15.78 ppm, however, in advance uniform
lines it ranged from 1.10 ppm (PK 10355) to 26.40 ppm (PK
8892) with an average of 8.40 ppm. Likewise, concentration of Zn
in approved varieties ranged from 7.87 ppm (Super Basmati) to
23.88 ppm (Kissan Basmati) with an average of 14.68 ppm,
whereas in advance uniform lines it ranged from 5.86 ppm (PK
9533) to 23.24 ppm (PK 8892) with an average of 10.99 ppm
(Table 3).
Fe and Zn contents were decreasing in rice grains with the
passage of time. Among all approved varieties, 7 varieties had
high Fe density (>25 ppm) in brown rice (Basmati 370, Basmati
198, Basmati Pak, Basmati 385, Basmati 2000, PK 386 and
Kissan Basmati) and almost all of these varieties also contained
high Zn density (>25 ppm) (Figure 1). However, only 5 advance
uniform lines showed high Fe density in brown rice (PK 8892, PK
9194, PKBB 15-1, PKBB 15-6 and PKPB 8) and just 2 out of
total 5 high Fe density advance uniform lines also contained high
Zn density. Furthermore, 3 approved varieties (Basmati 370,
Basmati 385 and Kissan Basmati) and only 2 advance uniform
lines (PK 8892 and PK 9533) contained high Fe density in white
rice (>20 ppm). Similarly, 2 approved varieties (Basmati 385 and
Kissan Basmati) and only one advance uniform line (PK 8892)
contained high Zn density in white rice (>20 ppm) (Table 3).
Significant positive correlations were observed between these two
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mineral elements and possibility for simultaneous improvement.
Grain Fe and Zn were strongly correlated in brown rice (r = 0.694,
P<0.01) and polished rice (r = 0.533, P<0.01). High Fe genotypes
(>25ppm) also contained high Zn (>25ppm) and vice versa
(Figure 1). Among 12 high Fe genotypes, 9 genotypes contained
high Zn contents in brown rice. Similarly, 9 genotypes, out of
total 10 high Zn genotypes also contained high Fe in brown rice.
Polishing process greatly reduced the Fe and Zn concentration in
polished rice. Loss in Fe concentration was greater than Zn
concentration. In approved varieties, less reduction in Fe and Zn
concentration was observed as compared with advance uniform
lines (Figure 2). Among approved varieties, maximum Fe was lost
in Super Basmati (74.17%) and minimum in Kissan Basmati
(19.51%), whereas maximum Zn was lost in Basmati 370
(69.26%) and minimum in Kissan Basmati (9.92%). Among
advance uniform lines, maximum Fe was lost in PK 10161
(92.43%) and minimum in PK 9533 (9.30%), whereas maximum
Zn was lost in PK 9533 (70.72%) and minimum in PK 8892
(11.86%). Overall, four genotypes (Kissan Basmati, Basmati 515,
PK 386 and PK 8892) were found to be least affected by the
polishing process and lost minimum Fe and Zn contents (Figure 2).
We also found significant positive correlations in Fe (r = 0.800,
P<0.01) and Zn concentration (r = 0.440, P<0.05) between
polished rice and brown rice.
Narrow genetic variability was present among studied rice
genotypes for β-carotene concentration that ranged from 0.000
(Basmati 198, PK 10029) to 0.055 ppm (PK 8892), with an
average of 0.012 ppm (Figure 3). Only 4 genotypes, including 2

Figure 1 Concentration of Fe and Zn in genotypes containing≥ 25 ppm Fe or Zn in brown rice.
Journal of Experimental Biology and Agricultural Sciences
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Figure 2 Effect of polishing on Fe and Zn concentration of all traditional rice genotypes

Figure 3 β-carotene concentration levels detected in all traditional rice genotypes

approved varieties (Basmati 2000, Chenab Basmati) and 2
advance uniform lines (PK 8892, PK 10355), contained ≥0.040
ppm β-carotene in polished rice indicating need for genetic
modification of the rice plant so that the grain accumulates higher
concentration of β-carotene.
4 Discussions and Conclusion
Biofortification is a process of increasing the concentration of
essential micronutrients and vitamins in a crop plant through
Journal of Experimental Biology and Agricultural Sciences
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agronomic practices, plant breeding or transgenic techniques.
Exploring the available genetic diversity for Fe, Zn and provitamin A in edible parts of the crop plants is a first step towards
developing the nutrient dense biofortified crops (Bouis &
Saltzman, 2017). The objectives of this screening are to identify
the donor parents for initiating the breeding programs and existing
varieties or pre-varieties in the release pipeline for “fast-tracking.”
Fast-tracking refers to commercializing the genotypes that
combine the desired micronutrient concentration without
compromising farmer preferred agronomic traits so they can be

Screening of rice genotypes for micronutrient densities

released without delay. Increasing Fe, Zn and pro-vitamin A
density in cereal grains is a high priority research area.
Exploration and exploitation of available genetic diversity in
cereal germplasm for Fe, Zn and pro-vitamin A is a basic
approach for alleviating the malnutrition of billions worldwide.
In rice, large genetic variation has been reported for grain Fe and
Zn concentration (Cai et al., 2009; Banerjee et al., 2010; Anandan
et al., 2011; Brar et al., 2011; Anuradha et al., 2012; Roy &
Sharma, 2014; Patil et al., 2015; Umadevi et al., 2016). In this
study, 26 rice genotypes including approved varieties and advance
uniform lines were screened for Fe, Zn and β-carotene contents in
rice grains. Significant genetic variation was present in brown
rice, as well as in white rice, for Fe and Zn concentration (Table
3), thus holding promise for further trait improvement. Among
screened genotypes, those which were released until 2000 (the
landraces), contained high Fe and Zn densities (>25 ppm) in
brown rice, except Super Basmati. However, those genotypes
which were released after 2000 or are in release pipeline,
contained lower Fe and Zn densities in brown rice (<25 ppm),
except Kissan Basmti, PK 8892 and PKBB 15-1 (Table 3). These
data indicate that landraces contains higher Fe and Zn densities in
their grains and may be used as donor parents in future rice
breeding programs. Previously, maximum Fe and Zn densities
have been reported in some landraces and /or distantly related
wild species (Anandan et al., 2011; Brar et al., 2011; Anuradha et
al., 2012; Roy & Sharma, 2014; Patil et al., 2015; Umadevi et al.,
2016), which support the consistency and accuracy of our data.
In previous studies, strong positive association between grain Fe
and Zn concentration has been reported (Baxter et al., 2013;
Moreno-Moyano et al., 2016). In this study, we also found strong
positive association between grain Fe and Zn concentration in
brown rice (r = 0.694, P<0.01), as well as, in polished rice (r =
0.533, P<0.01). Furthermore, high Fe varieties (> 25 ppm) also
had high Zn (> 25 ppm) and vice versa (Figure 1). This inherent
association between these two mineral elements suggest presence
of linkage between micronutrient accumulation genes or
pleotropic effects of these genes. Majority of the genes encode
metal transporter proteins and some of which transport multiple
metals (Qin et al., 2012). Thus, grain Fe and Zn can be improved
simultaneously.
Rice is mainly consumed worldwide as polished rice. The
polishing process is performed to improve the physical and
sensory attributes, as well as to increase the storage stability of
rice (Monks et al., 2013). However, polishing process diminishes
the overall nutritional value by removing the bran layers and germ
which are rich source of minerals, proteins, vitamins, fibers and
fats (Paiva et al., 2016). In this study, Fe and Zn concentration
was greatly reduced by the polishing process. However, loss in Fe
concentration was greater than Zn concentration. Moreover,
Journal of Experimental Biology and Agricultural Sciences
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advance uniform lines lost more Fe and Zn contents as compared
to approved varieties (Figure 2). These unequal losses in Fe and
Zn might arise due to high concentration of Fe, but not Zn, in
experimental soil (Table 2). We also found significant positive
correlations in Fe (r = 0.800, P<0.01) and Zn concentration (r =
0.440, P<0.05) between polished rice and brown rice. Wei et al.
(2012) investigated the effects of foliar iron applications on Fe
and Zn concentration in polished rice and demonstrated that
concentration of Fe, but not Zn, was greatly reduced in polished
rice. They also found significant positive correlation in Fe
concentration between polished rice and brown rice. Their
findings are consistent with our results and indicate predominant
deposition of Fe and Zn in bran layers and endosperm,
respectively.
In Asia, vitamin A deficiency is associated with the poverty
related predominant consumption of rice, which lacks pro-vitamin
A in endosperm (Paine et al., 2005). Minimal levels of β-carotene
are reported in rice endosperm (Beyer, 2010) and wheat
(Badakhshan et al., 2013). In this study, we also found narrow
genetic diversity among rice genotypes for β-carotene contents in
endosperm (Figure 3), suggesting use of transgenic techniques
rather than conventional breeding efforts for increasing the provitamin A concentration in rice endosperm.
In conclusion, wide genetic diversity exists in rice for grain Fe
and Zn concentration and narrow genetic diversity for β-carotene
concentration. Landraces contain higher Fe and Zn concentration
in their grains and are less affected by the polishing process, thus,
can be good sources of high Fe and Zn in future nutrition breeding
programs. Strong inherent associations between Fe and Zn in
brown rice and polished rice provide opportunity for simultaneous
improvement of both microelements.
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ABSTRACT

Mango

Fruit color in mango (Mangifera indica) is an important trait, but the mechanism of green color inheritance
is poorly understood at the molecular level. The present study revealed that in contrast with red mango
fruits (M. indica var. Guifei), less anthocyanin production was reported in green mango fruits (M. indica
var. Guiqi) during ripening, which was a result of reduced activity of the dihydroflavonol 4-reductase
(DFR) enzyme at the translational level. The sequences of the DFR gene in these two varieties are partially
similar, except for a single base-pair change at the 116th base position and an approximately 74-bp deletion
within the middle portion of the green color DFR gene. The sequence of the DFR protein showed different
lengths, consisting of 194 and 328 amino acids in ‗Guiqi‘, and ‗Guifei‘. The deletion mutation in the green
color DFR gene greatly reduced anthocyanin contents in green, ‗Guiqi‘ mango fruits.
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Effect of deletion mutation in the dihydroflavonol 4-reductase (DFR) on anthocyanin production in green color mango

1 Introduction
Anthocyanin biosynthesis and metabolism produces a great
number and variety of compounds (Winkel-Shirley, 2001; Park et
al., 2004). These molecules play important roles in many
fundamental processes of plants, such as the pigmentation of
flowers and fruits, signaling, heat exchange, UV resistance, pollen
fertility, defense to wounding and fungal attacks and
environmental stress responses (Shirley et al., 1995; Dixon &
Piava, 1995; Moyano et al., 1996; Weisshaar & Jenkins, 1998;
Harborne & Williams, 2000; Cominelli et al., 2005; Miller et al.,
2011)). The regulation of the anthocyanin pigments in plants are
particularly important in metabolic engineering applications
because these compounds act as visual signals that attract the
insects and animals for pollination of flower, seed production and
dispersal (Holton & Cornish, 1995). Anthocyanin biosynthesis
pathway is well established, and the central pathways in this
process are highly conserved in plants, such as Arabidopsis, maize
and flower plants, had facilitated a sound understanding of the
structural genes and transcription factors (structural genes that
encode the enzymes that directly participate in the anthocyanin
biosynthetic reactions, and transcription factors that regulate the
expression of these structural genes and the accumulation of
anthocyanin metabolites) involved and the assembly of the
relevant enzyme complexes such as PAL, CHS, F3H, DFR,
UFGT, MYB, WD40, b HLH etc (Winkel-Shirley, 2001; Shih et
al., 2006; Sui et al., 2011; Sun et al., 2015；Sun et al., 2016; Li et
al., 2016). The enzyme dihydroflavonol 4-reductase (DFR)
catalyzes the stereospecific reduction of dihydroflavonols to
leucoanthocyanidins (flavan-3,4-diol) using NADPH as a cofactor
(Heller et al., 1985; Kristiansen & Rohde, 1991; Rosati et al.,
1987; Martens et al., 2002). Depending upon the plant system,
leucoanthocyanidins could be utilized for the synthesis of
compounds such as flavan-3-ol [(+)-catechin] as the likely start
unit to oligomeric proanthocyanidins which were involved in
plant resistance to heat, light, pests and diseases, and regarded as
potential health-protecting food and feed (Harborne & Williams,
2000). DFR genes had been isolated from some higher plants such
as Malus domestica (Fischer et al., 2003), Pyrus communis
(Fischer et al., 2003), Medicago truncatula (Xie et al., 2004),
Lotus japonicus (Shimada et al., 2005), Citrus sinensis (Piero et
al., 2006), Camellia sinensis (Singh et al., 2009), Populus
trichocarpa (Huang et al., 2012)， Ipomoea batatas Lam (Wang
et al., 2013) and Ginkgo biloba (Cheng et al., 2013); recombinant
proteins produced from these plants had been well characterized.
Knowledge of DFR was important to understand various aspects
of flavonoid biosynthesis, especially how plants regulate
condensed tannins & composition and different stereochemical
features of flavan-3,4-diols and related compounds. DFR regarded
as central enzyme of the flavonoid pathway and opens
possibilities for metabolic engineering of the pathway (Forkmann
Journal of Experimental Biology and Agricultural Sciences
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& Martens, 2001). In order to study the difference color in
different mango fruits, especially whether the differences in
structural genes or whether theses the differences will affect the
formation of anthocyanins. In the present paper, we report on the
isolation of a DFR cDNA clone from different color mango peels.
The identity of the clones was different by comparison of the
nucleotide sequence and amino acids sequence.
2 Materials and Methods
2.1 Plant materials
Present study was conducted on 8 years old mango trees (M.
indica) cultivars ‗Guiqi‘ and ‗Guifei‘ from a commercial orchard
in the harvest season of 2010 year, in Hainan Island, China. All of
the experimental trees received similar cultural treatment
regarding fertilization, irrigation, and plant protection. Mature
green color (Guiqi) and red color (Guifei) mango fruit were
collected and immediately transported to the laboratory. The fruit
was sliced and frozen in liquid nitrogen.
2.2 Detection of total anthocyanins and total carotenoids in
different color mango peels
Ground peel of mango was mixed with acid-ethanol (0.1% HCl,
v/v) in 15-ml conical tubes, incubated in the dark for 10 hrs, at
4°C. The mixture was centrifuged for 15 min at 4000 rpm. The
supernatant was collected and transferred into 15 ml volumetric
flasks for measurement of anthocyanins yield. About 0.5g of the
peel sample was used for each treatment. The total anthocyanin
content was determined according to the pH-differential methods
(Lee et al., 2005; Yang & Zhai, 2010). Extraction of total
carotenoids from mango peel was conducted using a solvent
extraction system and ultrasonication was run at room
temperature. Briefly, triplicate samples of 1 g mango peels were
ground with 20 mL of cold acetone (4°C) in a mortar, this mixture
vacuum filtered through a funnel using no. 4 filter paper that was
10 cm in diameter (Whatman International Ltd). The filtrate was
transferred to a separation funnel together with petroleum ether
and water. The two layers were allowed to separate without
stirring and the lower layer was discarded. The upper ether layer
washed several times with water to eliminate residual acetone.
After the water was removed using anhydrous sodium sulfate, the
ether phase was transferred to a suitable flask and its volume was
adjusted to 10 mL with petroleum ether. The entire procedure was
executed under low light conditions in order to prevent carotenoid
degradation. Total carotenoid content of mango peels was
measured spectrophotometrically using a method described
previously by Davies (Davies, 1976). 2 mL mixture was placed in
a 3 cm cuvette to measure the absorbance using a UV-Vis
spectrophotometer (Thermo Scientific, USA) at 472nm and
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508nm. Absorbencies were recorded to obtain both isochromic
carotenoid fractions and total carotenoid.
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20 min. All these procedures were carried out at 4°C. The crude,
soluble protein extraction was test according Stafford (Stafford et
al., 1982; Stafford et al., 1984).

2.3 cDNA and DNA of DFR cloning
DNA was isolated from fresh mango leaves samples by CTAB
method (Stewart & Via, 1993), while the total RNA was isolated
from mango peel samples according to the method of Wan &
Wilkins (1994). Reverse transcription was achieved with oligo-d
(T)18 primers by using 5ug of total RNA isolated from mango peel
and the prime Script II 1st strand cDNA synthesis kit (TaKaRa).
To isolate partial cDNA clone, two oligonucleotides were
designed on the basis of conserved amino acid sequences of
several
available
DFRs:
forward
primer
(5‘GAATCCAAGGATCCYGAGAAYGA‘3); reverse primer
(5‘AAGTACATCCATCCAGTCATYTT3‘). The PCR reaction
was carried out using the following conditions: 94°C 3 min (1
cycle); 94°C 30s, 55°C 30 s,72°C 1min (30 cycles); 72°C 5 min (1
cycle). An amplification product of 260 bp and its identity was
confirmed by sequencing. The 3‘ RACE and 5‘ RACE of DFR
gene was used for the rapid amplification of cDNA ends (RACE)
reactions, according to 3‘-Full RACE Core Set ver.2.0 and 5‘-Full
RACE Kit (TaKaRa in Dalian, China). A genomic DNA sequence
was obtained using PCR-based methods. The reaction mixture
(20ul) contained 10ng DNA, 100 mM dNTPs, 0.5 mM of each
primer, 0.5U ExTaqTM DNA polymerase (TaKaRa), and 2ul
10×ExTaqTM PCR buffer. The PCR parameters were one cycle of
the following step program: 95°C for 3min, 56°C for 10 s, 72°C
for 2min, then 35 cycles of the following program step: 95°C for
30 s, 56°C for 10 s, 72°C for 2 min, and a final extension step of
72°C for 10 min. All PCR products were cloned into pMD-19T
(TaKaRa in Dalian, China), using the TOPO TA cloning method.
DNA sequence compilation, nucleotide and amino acid sequence
comparisons were performed using the LASERGENE DNA software
package (DNAstar, Madison, WI). Sequence similarity searching was
performed using the BLASTN and BLASTX, nucleic and protein
databases at NCBI (http://www.ncbi.nlm.nih.gov). The phylogenetic
analysis of DFRs from mango and other species was carried out by
alignment
with
the
bioEdit
software
(http://www.mbio.ncsu.edu/BioEdit/bioedit.html).

2.5 Prokaryotic expression and enzyme activity determination
of the dihydroflavonol 4-reductase
In order to produce fragment for in vitro expression reactions, the
cDNA fragment of DFRs gene were amplified with common
primer, and inserted into the vector pET32a (Novagen). The
expression
vector
of
pET32a::DFR(Guifei)
and
pET32a::DFR(Guiqi) were obtained. The proteins were
synthesized according to the manufacture‘s instructions. Proteins
were analyzed by sodium dodesyl sulfate (SDS) polyacrylamide
gel electrophoresis on 12% gel. The cell of prokaryotic expression
were collected by centrifugation, with PBS suspension washing,
after centrifugation, resuspended in PBS solution (100ug/ml 0.1%
TritonX-100 with lysozyme, 30min, digestion at room
temperature), to break the cell in power under the condition of
200W, work 5S, stop 5S, 20 cycles, and repeated 3 times, the
liquid is full of enzyme solution. After centrifugation, the enzyme
solution was included broth supernatant enzyme solution, and the
precipitation enzyme solution. Polypeptide was purified by BPERTM 6×His Fusion Protein Column Purification Kit (Pierece).
The activity of the dihpdroflavonol 4-reductase (DFR) enzyme
was detected.
3 Results
3.1 Measurement of anthocyanins and carotenoids in two
different color mango peels
Anthocyanins and carotenoids were measured in two mango
phenotypes of peels (Guiqi, and Guifei). Peel obtained from both
mango phenotypes were examined for the presence of detectable
amounts of anthocyanin. Result of study suggested the
accumulation of 0.321mg/g FW anthocyanins in green mango peel
while this was reported0.982mg/g FW in red mango peel (Figure 1).
Simultaneously carotenoid accumulation in plant tissues was also

2.4 Extraction and assay of enzyme activity of DFR from
mango peels
1g mango peels were ground to a fine powder with a mortar and
pestle using liquid N 2. The powder was then extracted with 5ml
cold acetone then centrifuged at 12000g for 10 min, supernatant
was discarded. The sediment was added 4ml 100 mM
Na2HP04/NaH2P04 extraction buffer (pH 8.8), 18 mM
mercaptoethanol. This was then dialysed overnight against the
same buffer to give a partially purified extract that was used for
all enzyme assays. This fraction was centrifuged at 12000 x g for
Journal of Experimental Biology and Agricultural Sciences
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Figure 1 Total anthocyanins and carotenoids concentration in the two
different colors of mango peels
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Figure 2 Characterization of DFR genomic copy (Numbers refer to position relative to the first nucleotide of the start codon.
Intron was indicated by boxes, and exon was indicated by lines)

Figure 3 The cDNA structures of mango DFR gene in Guiqi and Guifei (Blue color line showed deleted region and mutation site,
deep blue color line indicates the nucleotide sequence identity of homologous regions in Guiqi and Guifei mango)

measured. The presence of carotenoids contents in the green peels
(Guifei) was reported higher than the red mango peels (Figure 1).
Thus, red-color mango contains higher concentrations of
anthocyanins than green-color mango. The red color of mango
was mainly because of higher anthocyanin content and
involvement of carotenoid content was not reported in red color.
3.2 Isolation of the DFR gene from mango peels
To obtain DFR from Guifei mango, the 260bp cDNA DFR
fragments was isolated with two oligonucleotides primers by RTPCR. The entire length of the DFR cDNA was obtained by the
rapid amplification of cDNA ends (RACE) reactions. The fulllength DFR cDNA of Guifei mango was 1,260 bp, and the open
reading frame was 987 bp, encoding 328 amino acids. The length
of DFR DNA was 3,022bp. Both sequences were observed in
cDNA and DNA from mango peel, and positions 136-251bp, 420511bp, 703-1482bp, 1647-2522bp, 2705-2807bp (from the
translational start site) of the genomic clones were determined to
be five introns (Figure 2).The cDNA and DNA were obtained
from 30 ng of total RNA and genomic DNA by using specific
primers amplification from mango peels (Guifei, and Guiqi).
Sequence analysis of DFR from different color mango peels, it
Journal of Experimental Biology and Agricultural Sciences
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was reported that isolation of a DFR gene from green mango var.
‗Guiqi‘, shared more than 92% nucleotide sequence identity with
the red mango var. ‗Guifei‘. The sequences of DFR in green and
red mangos were partially the same, except for a single base-pair
change at the 116th base position (C in var. ‗Guifei‘, T in var.
‗Guiqi‘) and an approximately 74-bp deletion within the middle
portion of the green color DFR gene (Figure 3). The sequence of
the DFR protein showed different lengths, consisting of 194 and
328 amino acids in the green and the red mango variety afore
cited, respectively; there was also one amino acid change at the
32nd base position (A in var. ‗Guifei‘, V in var. ‗Guiqi‘) and a
difference in amino acid sequence from positions 184 to 194
(FQHHKWSPVIP in var. ‗Guiqi‘, LVTLHPGLVIG in var.
‗Guifei‘) (Figure 4). Genomic DNA of DFRs in different color
mango did not show more difference in nucleotide sequence (data
not shown).
3.3 Enzyme activity of DFR in different color mango peels
In this study, DFR activity was detected in different color mango
peel. Result of present study revealed the presence of higher DFR
enzyme concentration in the red color mango (Guifei), and this
enzyme concentration was followed by the green color mango
(Guiqi) (Figure 5). In vitro activity assays of heterologously
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Figure 4 The amino acids structures of mango DFR protein in Guiqi and Guifei (Blue color line showed different amino acids sequence and
mutation site, deep blue color line indicates the acids sequence identity of homologous regions in Guiqi and Guifei mango)

expressed proteins were performed to investigate the biochemical
activity for DFR. The chimeric DFR proteins were purified using
affinity chromatography, and as a control the empty vector protein
extract was processed in the same manner. The observed activities
are consistent with the phenotypes of peels, was higher from the red
color mango and lower from the green color mango peel (Figure 6).
4 Discussion
Dihydroflavonol 4-redudase (DFR) played a crucial role in
producing common and condensed anthocyanins, with a pivotal
enzyme in the flavonoid synthetic pathway (Holton & Cornish,
1995). Single or multiple genes encoding DFR protein(s) from
plants had been reported for a few genomes (Tanaka et al., 1995;
Inagaki et al., 1999; Himi & Noda, 2004). An N-terminal NADPbinding domain that contains a highly conserved region is also
present in the DFR amino acid sequence. NAD as a cofactor was
from 8 to 251 amino acid sequence, dependent
epimerase/dehydratase family which used nucleotide sugar
substrates for a variety of chemical. 3beta-hydroxysteroid
dehydrogenase (3b-HSD) like, subgroup1, extended (e) SDRs (an
uncharacterized subgroup of the 3b-HSD like extended SDR
family. Proteins in this subgroup have the characteristic active site
tetrad and NAD (P)-binding motif of extended-SDRs) was from 7
to 128 amino acid sequence. Color variety in flowers and fruits is
mainly the result of mutations in the genes involved in the
anthocyanin biosynthesis pathway. Many genetic loci are well
known for affecting color change or colorless traits. Furthermore,
some of these have been revealed to be structural genes encoding
enzymes in the biosynthesis pathway (Holton & Cornish, 1995;
Bharti & Khurana, 2003), while others are regulatory genes
controlling whole or subsets of structural genes (Yamazaki et al.,
2003). Kim et al. (2004) reported that the lack of dihydroflavonol
4-reductase (DFR) transcription in yellow onions is responsible
for the color difference between yellow and red onions. The
mutant analyses demonstrated that in corresponding mutants of
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Figure 5 Assay of DFR activity in the green, and red mango peels
throughout the growing season (The values are means ±SD; n= 3)

Figure 6 In vitro expression of DFR proteins from different color
mango peels. (The values are means±SD; n= 3)

Effect of deletion mutation in the dihydroflavonol 4-reductase (DFR) on anthocyanin production in green color mango
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the DFR genes a consistent fruit and flower color phenotype could
be observed in plant. The generation of DFR mutants might be
functionally redundant in fruits and flowers. In general, random
generates mutations without losing gene function, such as inframe
mutations (multiple of -3 ntdeletion) or silent mutations (without
changes in the amino acid sequence). The deletion of amino acid
might result in the failure of forming stacked saturated and
aromatic rings, with lost enzyme activity. In present study,
isolation of DFR cDNA genome from different color mango peel,
and the successful invitro expression of DFR have been reported.
The mRNA of DFR was measured in two different color mango
peels, the levels consistence with the contents of anthocyanidin in
two different colors. Over expression of DFR was correlated with
anthocyanin accumulations in the mango peel. These results
indicate that DFR successfully interacted with anthocyanin
biosynthetic pathway in the mango peel. Further molecular study
is required to evaluate DFR activity and to identify other
biosynthetic genes which are involved in the anthocyanidin
synthase (ANS) and flavonoid synthesis pathway of mango.
Expression analyses of these genes would reveal the possible
reason of competition and/or blockage in the anthocyanin
biosynthesis pathway within mango. These results imply that,
although the boiosynthetic palthways share a majority, of
common reactions in plant species, there are some important
differences among the types of anthocyanin produced by each
species.

transcription factor regulates stomatal movements and plant
drought tolerance. Current Biology 15:1196–1200.
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ABSTRACT

Biodegradation

Decolourization and degradation of two dye house effluents (DHEs) have been studied using a
developed bacterial consortium. Batch experiments were optimized at shake flask level in terms of pH,
temperature, culture condition, carbon and nitrogen source. Bacterial consortium was found to be active
between pH 6-10 and temperature 25-40 C under static condition. Among different carbon and nitrogen
sources studied, addition of sucrose, fructose, glucose and beef extract were found to support the
degradation of both Effluent-2 and 3 (E-2, E-3). Decolourization and degradation profiles of E-2 and E3 DHEs were studied to optimize the treatment time. Reduction in BOD, COD and ADMI (American
Dye Manufacturers' Institute) values were more than 95%, which proved the treatment efficiency of the
developed consortium against both the DHEs Moreover, FTIR and HPLC spectral data analysis and
enzyme induction pattern confirmed biodegradation of all the DHEs. Intracellular azoreductase, NADH DCIP reductase and laccase played significant role in degradation. Phytotoxicity and microbial toxicity
were reduced in the range of 70-80% and 40-46%, respectively. This results indicated production of
non-toxic metabolites. The study gave significant information for the bio-treatment of DHEs containing
various heavy metals using a developed bacterial consortium.

Consortium
Decolourisation
Dye house effluent
Toxicity

* Corresponding author
E-mail: shaileshrdave@yahoo.co.in, srdave@gujaratuniversity.ac.in (S.R. Dave)

Peer review under responsibility of Journal of Experimental Biology and
Agricultural Sciences.

Production and Hosting by Horizon Publisher India [HPI]
(http://www.horizonpublisherindia.in/).
All rights reserved.

All the article published by Journal of Experimental
Biology and Agricultural Sciences is licensed under a
Creative Commons Attribution-NonCommercial 4.0
International License Based on a work at www.jebas.org.

Decolourization, degradation and detoxification of dye house effluents by bacterial consortium

1 Introduction
Water pollution is one of the major areas of concern since last few
decade as it has a major impact on all life forms along with aquatic
life. Among the major sources of pollutes, coloured waste water
generated from the dye houses and textile industries are the most
common one (Vikrant et al., 2018). Both these kind of industries
consume a huge amount of water and generate coloured effluents.
Tehrani-Bagha et al. (2010) reported that among all industrial
sectors, coloured wastewater generating industries are found to be
the most polluting. Wastewaters containing colours are easily
visible and hence pose aesthetic pollution problems. Dye house
effluents (DHEs) generally contain dark coloured water along with
heavy metals (chromium, copper, molybdenum, zinc, etc.), COD,
BOD, TOC, TDS and TSS (Patel et al., 2015). Such metal
containing pollutants are known to be hazarus for living beings (Li
et al., 2015). Moreover, some portion of dyes are not recovered
during the downstream processing and hence dye house wastes are
more concentrated as compared to the textile wastewater because
textile waste waters get diluted during the washing process of
clothes (Patel et al., 2015). Physical and chemical treatment
methods are not always possible as they are more costly and
practically ineffective. Generation of huge amount of sludge is
another problem in such physicochemical treatment methods
including advance oxidation process and other conventional
treatment methods (Vikrant et al., 2018). Biodegradation is an
attractive tool for the treatment of such wastes as it is cost effective
and ecofriendly in nature (Stolz, 2001; Shah et al., 2013; Cerron et
al., 2015; Raper et al., 2018). Use of various biological organisms
including bacteria, fungi, yeast, algae and plants have been studied
for their remediation potential (Dave & Dave, 2009; ZabłockaGodlewska et al., 2015; de Almeida & Corso, 2016; Alizadeh et al.,
2017; Ghosh et al., 2017; Swati et al., 2017). Use of consortial
system offer a great number of benefits including degradation
ability of more than one compound at a time along with cometabolic activities leading to mineralization of the pollutant
compound (Forgacs et al., 2004; Khehra et al., 2005; Sheth & Dave
2010; Bilal et al., 2018). Benefits of using consortium for
bioremediation are well reported in the literature (He et al., 2004;
Balapure et al., 2016; Patel et al., 2017a; Bilal et al. 2019).
Most of the research work has been focussing only on pure dye or
only one industrial effluent and that too mainly the textile
wastewater or simulated wastewater, but not the actual DHEs.
Different isolates and consortia are reported for degradation of
individual dyes or waste. DHEs contain high organic load, high
ADMI value, dark colour and presence of toxic metals (Patel et al.
2015). No data are available for treatment of more than one dye
containing wastes with developed single bacterial consortium.
Keeping these points in consideration bacterial consortium was
developed and investigated for decolourization and degradation of
two different diverse DHEs. Further, analysis of effluent
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detoxification was carried out to ensure the safty of the treatment
procedure. Present study would be the base for the development
of waste water treatment protocol for diverse group of dye
containing industrial effluents.
2 Materials and Methods
2.1 DHEs, media and chemicals
Two DHEs designated as E-2 and E-3 were procured from Apex
dye stuff industries located in Vatva GIDC industrial estate,
Ahmedabad, Gujarat, India. Both the effluents were containing
mixture of various azo dyes and metals as during that period, only
metal complex azo dyes were manufactured by the industry.
Treatment of DHEs was carried out in triplicates using 1:10
diluted DHE in Bushnell and Haas (BH) medium containing
(g/L): K2HPO4, 1.0; KH2PO4, 1.0; NH 4NO3, 1.0; FeCl3, 0.05;
CaCl2, 0.02; MgSO 4, 0.2 and 0.5% (w/v) yeast extract; pH 7.4±0.2
in a 100 mL Erlenmeyer flasks containing 50 mL of DHE system
comprising of 10% (v/v) activated inoculum (3x10 8 cells/mL).
The preparaed system was kept at 35±2 C temperature and static
incubation
condition.
ABTS
(2,2azinobis
(3ethylbenzothiazolin-6-sulphonic acid)), NADH (nicotinamide
adenine dinucleotide hydrogen), tartaric acid, n-propane, Ltyrosine and other chemicals used in the study were of analytical
grade from HiMedia Laboratories, India. Microbial cultures of
Azotobacter sp. and Pseudomonas aeruginosa were obtained from
the departmental culture collections.
2.2 Bacterial consortium
An indegeneous bacterial consortium was enriched from a dye
polluted site as described in the earlier report (Patel et al., 2017a)
and maintained in dye containing nutrient broth at 8±2C used for
further use. Bacteria isolated on nutrient agar plate from the
developed consortium were identified on the basis of 16S rRNA
gene sequence analysis at Chromous Biotech, Bangaluru, India.
All the five isolates were added in equal proportion.
2.3 Physico-chemical analysis of DHEs
Analysis of DHEs for pH, chemical oxygen demand (COD),
biochemical oxygen demand (BOD), total dissolved solids (TDS)
and total suspended solids (TSS) before and after treatment were
carried out according to standard methods for water and
wastewater analysis (Eaton et al., 1998).
2.4 Optimization of DHEs decolourization
Decolourization of DHEs was optimized using various parameters
such as pH (4-12), temperature (25-55C), culture condition
(static and shaking), carbon and nitrogen supplement in BH
medium with 0.5% (w/v) glucose, sucrose, lactose, maltose,
mannitol, fructose, starch, yeast extract, peptone and beef extract.
Decolourization profile of DHEs was studied at an interval of
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every 6 h until decolourization remained constant.
Decolourization rate was calculated in terms of percent
decolourization per hour (Patel et al. 2017b).

dual wavelength detector by the isocratic method using LC solutions
(Shimadzu, Japan). The mobile phase was methanol:water (70:30)
with a flow rate of 1.0 mL/min and with 15 min run time.

2.5 Analysis of colour removal

2.9 Phytotoxicity

Decolourization of DHEs was measured by ADMI value
calculation using Tristimulus filter method (Eaton et al., 1998)
and comparison of UV-Vis spectra of DHEs before and after
treatment. ADMI removal was calculated using Equation 1.

Phytotoxicity was carried out at ambient temperature using Phaseolus
mungo. Ten seeds were irrigated separately by providing 5 mL of
distilled water (as a control), untreated and treated DHEs. The effect
of individual treatment on growth was assessed by measuring percent
germination, plumule length and radical length after 10 days (Patel et
al., 2015).

% ADMI removal =

(Initial ADMI −Final ADMI )
Initial ADMI

× 100

(1)

Where initial ADMI value at 0 h and the final ADMI value after a
particular reaction time.
2.6 Cell free extract preparation
Cells from activated consortium were harvested by centrifugation at
8000 g for 10 min. The supernatant obtained after centrifugation was
directly used as a source of extracellular enzymes. The harvested cells
were homogenized after suspending in 50 mM potassium phosphate
buffer at pH 7.4, and sonicated (Sartrious, Germany) at an amplitude
of 70% with ten strokes each of 30 s with a 2 min interval at 4 C
followed by centrifugation at 10000 g for 20 min at 4 C to remove
the cell debris (Patel et al., 2017a). The extra- and intracellular
fractions were used as a crude enzyme for respective extracellular and
intracellular enzyme assays. Reading of triplicate experiments were
used for statistical analysis.
2.7 Enzyme assay
Oxidoreductive enzymes including lignin peroxidase (LiP), laccase,
tyrosinase, azoreductase (Azo) and NADH-DCIP reductase (NADHDCIP red) from intracellular as well as extracellular fractions were
studied for their induction pattern in decolourization of DHEs.
Azoreductase (Khan et al., 2014), NADH-DCIP reductase (Lade et
al., 2012), Laccase (Shah et al., 2012; Agrawal et al., 2014) and
Tyrosinase (Kadam et al., 2011) enzymes activities were determined
by standard protocole. One unit of reductive enzyme activity was
defined as the amount of enzyme required to reduce 1µM substrate
per minute. One unit of oxidative enzyme was defined as the amount
of enzyme to increase 1.0 absorbance unit under standard assay
conditions.
2.8 Analysis of biodegradation
The untreated and treated DHEs were centrifuged at 10,000 g for 10
min and supernatants were extracted using double volumes of ethyl
acetate, and dried on a rotary vacuum evaporator at 45 C. The
extracted metabolites were subjected to FTIR and HPLC analysis.
FTIR analysis was carried out in the range of 600-4000 cm-1 with 16
scan speed (Bruker, Germany). For HPLC analysis, extracted
metabolites were dissolved in spectroscopy grade methanol and
injected in a C18 column (250 mm × 4.6 mm, 5 mm) equipped with
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2.10 Microbial toxicity
The microbial toxicity of untreated DHEs and metabolites obtained
after treatment was carried out using Azotobacter sp. and
Pseudomonas aeruginosa (Patel et al., 2017b) and the mean of
inhibition zone after 24 h of incubation at 35±2C was recorded.
3 Results and Discussion
3.1 DHEs characterization
Characteristics of DHEs viz. E-2 and E-3 are shown in Table 1.
Wide range of diversity in terms of pH, TOC, COD, BOD, TDS,
Table 1 Physico-chemical characteristics of various DHEs.
Characteristics of DHEs
E-2
E-3

No.

Parameters

1

pH

5.74

5.79

2

TOC (mg/L)

8322

8202

3

COD (mg/L)

23400

26000

4

BOD (mg/L)

15757

15333

5

TDS (mg/L)

231420

236850

6

TSS (mg/L)

404

412

7

VSS (mg/L)

136

280

8

NVSS (mg/L)

268

132

9

NH3-N (mg/L)

868

854

10

Total nitrogen (mg/L)

952

882

11

Colour (cu)

1396000

1200000

12

ADMI

107066

420107

13

Metal (mg/L)
2.26

18.6

Zn

2.03

12.0

Fe

11.16

56.2

Cd

5.43

2.82

Cr

13.8

9.6

Ni, Co, Pb

ND

ND

Cu
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TSS, CU, ADMI and metal content was reported. The
pH of the samples was found to be 5.7 alongwith
narrow range of differences was observed for TOC,
COD, BOD, TDS and TSS in case of both the effluents.
However, samples were highly coloured and a
remarkable differences was observed in case of ADMI
value where ADMI value of 107066 and 420107 for E-2
and E-3, respectively. Both the effluents were orange
coloured. Metal content was found as 2.26 and 18.6,
2.03 and 12.0, 11.16 and 56.2, 5.43 and 2.82, 13.8 and
9.6 for Cu, Zn, Fe, Cd and Cr metals in E-2 and E-3,
respectively. The BOD:COD ratio of untreated DHEs
were 0.7 and 0.6 for E-2 and E-3, respectively. As per
the literature, BOD:COD indicates the biodegradability
of waste water (Dhall et al., 2012, Dave et al., 2015). If
the BOD:COD ratio is >0.5, the waste is considered
amenable to biodegradation, whereas, the ratio <0.3
indicates the presence of toxic compounds and hence
needs to be stabilized prior to treatment. The obtained
characterization of DHEs indicated the presence of
coloured compounds and extent of biodegradability of
samples.
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A developed bacterial consortium showed the presence
of Pantoea ananatis (KM502538), Bacillus fortis strain
E4
Pb3
(KM502537),
Alcaligenes
faecalis
(KM502541), Brevibacillus parabrevis strain GRG
(KM502542) and Bordetella trematum (KP751929) on
the basis of 16S rRNA gene sequencing of cultivable
bacterial species. Sequence of the identified cultures are
deposited and obtained Gen Bank accession numbers
are mentioned with each organism in parenthesis (Patel
et al., 2017b).

% ADMI removal

3.2 Identification of Bacteria from the consortium

3.3 Optimization of DHEs decolourization
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Influence of various parameters on decolourization is
presented in Figure 1 A-D. The pH in the range of 6-10
was found to be the pH of choice for the study as the
decolourization was more than 80%. The developed
inoculum showed considerable activity even at pH 5 and
10 (Figure 1A). Effect of various incubation
temperatures on biodecolourization of both the DHEs
are shown in Figure 1B. The ADMI removal was found
to be more than 96% for both the effluents at 35-40±2
°C temperature. Both the DHEs showed 4 to 26 fold
higher rate of % ADMI removal at static incubation
condition as compared to shaking condition (data not
shown). This might be due to reduced air penetration at
static condition than the shaking condition. The results

100

80
60
40
E-2
E-3

20
0
0

(D)

6

12 18 24 30 36 42 48 54 60 66 72 78 84

Contect time (h)

Figure 1 Effect of (A) pH (B) Temperature (C) Carbon and nitrogen source (D)
Contact time on decolourization of DHEs. (90 mL waste, 10 mL consortium,
incubation at static conditions at 32±2 °C)
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are in coordination with Pandey et al. (2007), where nonspecific
reduction of azo dyes leading to colour removal under anaerobic
conditions is explained.
Influence of addition of various carbon and nitrogen sources was
also investigated and results are described in Figure 1C. The
influence was found to be quite distinct in terms of DHEs under
study. Addition of maltose was found to be the best for E-2;
whereas, glucose was favouring the decolourization of E-3. The
observed variation in the influence of added sugar could be
explained based on the influence of particular effluents and
presence of indegenous flora in the effluents. Addition of beef
extract was found to be the choice as compared to yeast extract
and peptone in the medium.
Decolourization profile in terms of incubation time showed more
than 90% decolourization within 42 h (Figure 1D) for both the
effluents. The average decolourization rates of first 42 h of
treatment for E-2 and E-3 were 3.0 and 3.9 % ADMI removal/h,
respectively. Both the effluents showed fastest ADMI removal in
first 6 h with 4.2 and 6.9 % ADMI removal/h. Even in case of
textile effluent 48 h are required to achieve 89% ADMI removal
when BL-GG consortium was used (Kurade et al., 2012; Saratale
et al., 2012).

Moreover, the treatment also resulted in 87 and 62% TOC
reduction along with 95 and 84% COD reduction for E-2 and E-3,
respectively. More than 98% BOD removal was observed from
both the DHEs. Dissolved solids reductions were 87 and 78% for
E-2 and E-3, respectively. Apart from this, the consortium showed
>99% metal removal as none of the metals was detected in any of
the treated DHEs. In literature, reduction in high COD, ADMI and
metal is reported for industrial effluent using bacterial consortium
system by Patel et al. (2015). Decrease in COD, BOD, TOC,
ADMI values of textile effluent was recorded after treatment
using consortium AP (Lade et al., 2012) and the same parameters
including reduction in solids is also documented in soil when
plant and/or bacterial augmentation combinations were used. In
the reported study, the presence of both plant and bacterial
augmentation resulted in maximum 50-80% reduction (Khandare
et al., 2013). Zhang et al. (2012) observed 40 and 84% of colour
and COD reduction after anoxic-oxic treatment of a textile
wastewater. Kurade et al. (2012) and Saratale et al. (2012) have
observed 68 and 74% of BOD and COD reduction of a textile
effluent, respectively though the initial BOD (890 mg/L) and
COD (3400 mg/L) values were far less than the values in present
effluents under study. More reduction in initial COD indicates the
high rate of mineralization (Hassan & Hawkyard 2002).
3.5 Enzyme analysis

3.4 Analysis of treatment efficiency
Treatment efficiency of the consortium for both the DHEs was
studied in terms of COD, BOD, TOC, TDS, TSS and ADMI value
reduction and results are listed in Figure 2. The DHEs showed
increase in pH, which rose from 7.4 to 8.4 after treatment.

All the studied enzymes were significantly induced both in
intracellular and extracellular fractions (Figure 3) in case of both
treated and untreated DHEs. Intracellular enzyme induction was
more as compared to extracellular enzymes. The two enzyme
families, azoreductases and laccases, showed a great potential in

Figure 2 Percent reduction in TOC, COD, BOD, TDS, TSS and ADMI due to biological treatment of DHEs.
(90 mL waste, 10 mL consortium, incubation at static conditions at 32±2 °C)
Journal of Experimental Biology and Agricultural Sciences
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Figure 3 Induction of various enzymes by different DHEs. (90 mL waste,
10 mL consortium, incubation at static conditions at 32±2 °C)
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Figure 4 UV-Vis spectra of untreated (UT) and biodegraded (BD) DHEs.

decolourization and degradation of azo dyes (Singh et al., 2015).
In the present study reductive enzyme activity and laccase enzyme
activities were found higher as compared to other enzymes.
3.6 Biodegradation analysis
UV-Vis spectra of untreated and treated (biodegraded) DHEs
showed disappearance of peaks in the visible region of the
spectrum, indicated degradation of DHEs (Figure 4). Results of
FTIR (Figure 5; Table 2) and HPLC (Figure 6; Table 3) analysis
Journal of Experimental Biology and Agricultural Sciences
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revealed that both the DHEs were decolourized with simultaneous
degradation.
The FTIR spectra of DHEs, before and after degradation showed
differences in the peaks (Figure 5; Table 2). Shifting of major
peaks was found in biodegraded metabolite fractions of DHEs as
compared to non degraded DHEs confirmed changes in the
structural configuration of organic molecules present in the DHEs.
Peaks at 3417 and 3433 cm-1 were found, which represent -OH
stretching in untreated E-2 and E-3, respectively. This confirmed
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(E-2)UT

(E-2)BD

(E-3)UT

(E-3)BD

Figure 5 FTIR spectra of effluents. Untreated (UT) and Biodegraded (BD).

Table 2 FTIR spectral results of untreated (UT) and biodegraded (BD) DHEs.
E-2

E-3

UT

BD

UT

BD

Peak (cm-1)

Bond

Peak (cm-1)

Bond

Peak (cm-1)

Bond

Peak (cm-1)

Bond

3417.6

OH Str

3402.2

OH Str

3433.1

OH Str

3434.9

OH Str

1569.9

N=N Vib

2920.0

C-H Str

1584.2

N=N Vib

2923.9

C-H Str

1510.2

NO2 Str

1448.4

CH3 Def

1415.7

C-N Str

1643.2

C=O Str

1421.4

C-H Vib

1404.1

C-N Str

1041.5

S=O Str

1425.3

CH3 Def

1224.7

C-N Str

1340.4

S=O Str

927.7

C=C Def

1392.5

C-N Vib

1041.5

S=O Str

1305.7

N=N-O Str

765.7

C-H Def

833.2

C-H Def

669.3

OH Def

1228.6

C-N Str

719.4

OH Def

547.7

Ring Def

565.1

Ring Def

1108.9

C-OH Str

511.1

NO2 Band

511.1

NO2 Band

493.7

NO2 Str

833.2

C-H Def

472.5

NO2 Str

476.4

NO2 Str

474.5

NO2 Str

700.1

OH Def

449.4

C-N-C Band

461.3

C-N-C bend

437.8

C-N-C Band

574.7

Ring Def

Def: Deformation; Vib: Vibration; Str: Stretching; Bend: Bending

the presence of phenolic compounds in the DHEs. Moreover,
removal of azo bond and change in spectrum profile of all five
DHEs, before and after degradation confirmed the degradation of
both the DHEs. Disappearances of azo bond representative peaks
Journal of Experimental Biology and Agricultural Sciences
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from 1569 and 1584 cm-1 confirmed the cleavage of azo bond in
E-2 and E-3 after degradation, respectively. Appearance of peak at
1108.9 cm-1 in the degraded metabolite fraction of E-2 suggests
generation of aliphatic alcohol formation. Aliphatic -CH3
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(E-2)UT

(E-2)BD

(E-3)BD

(E-3)UT

Figure 6 HPLC spectra of effluents. Untreated (UT) and Biodegraded (BD).

Table 3 HPLC elution profile of untreated (UT) and biodegraded (BD) DHEs.
HPLC Peaks
Peak number

E-2

E-3

UT

BD

UT

BD

1

1.576

1.526

1.554

1.566

2

2.066

2.006

2.153

1.828

3

2.318

2.682

2.634

2.008

4

2.904

2.278

5

3.295

2.690

6

4.351

2.956

7

3.135

8

3.640

9

4.151

10

4.593

11

5.415
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Table 4 Phytotoxicity and microbial toxicity study of untreated (UT) and biodegraded (BD) DHEs.

Germination (%)

Phytotoxicity
Phaseolus mungo
Root length (cm)

Shoot length (cm)

0

-

-

19.0±0.2

18.1±0.1

BD

70

6.9±1.0

8.6±2.4

11.0±0.2

10.0±0.1

UT

0

-

-

22.2±0.2

26.0±0.2

BD

80

5.7±1.7

12.2±2.2

14.1±0.2

12.1±0.3

-

100

6.0±1.6

13.0±3.2

NI

NI

DHEs

Treatment

E-2

UT

E-3

Control

Microbial toxicity
P. aeruginosa
Azotobacter sp.
Zone of inhibition (mm)

NI: No inhibition, 10 seeds were dipped in 10 mL of UT and BD effluents and allowed to germinate at 32±2 °C temperature for 10 days. Further,
5 mL effluent was added on 4 th and 7th day.

deformation peaks at 1448 to 1425 cm-1 and aromatic ring
deformation peaks at 574 and 547 cm-1 frequencies were found in
degraded metabolite fractions suggested aromatic ring
deformation to aliphatic molecules of E-2 and E-3, respectively.
Removal of metal and cleavage of azo bond followed by aromatic
ring breakage to aliphatic one could be the intermittent important
steps during degradation mechanism as both the DHEs were
originated while manufacturing of metal complex dyes.
HPLC elution peaks of untreated and biodegraded DHEs were
compared, which showed considerable differences in peak profile
after degradation of DHEs (Figure 6; Table 3). Peaks of treated
DHEs fractions were different in terms of number, height and area
than the untreated DHE. Disappearance of major peaks with
emergence of new peaks with different retention time was observed
in case of both the DHEs. Major peaks were found at 1.57 and 1.55
RT in case of untreated E-2 and E- 3, respectively whereas treated
DHEs showed differences in peak profile and majority of them were
at higher RT than the peaks of untreated DHEs.
3.7 Toxicity study
Toxicity on plant was studied and none of the untreated DHEs
showed any germination, whereas after treatment there were 70
and 80 germination with E-2 and E-3, respectively (Table 4).
Reduced toxicity was observed on root and shoot lengths after
treatment, irrespective of DHEs used in the study. Khandare et al.
(2013) have reported reduction in phytotoxicity on P. mungo in
terms of seed germination, length of plumule and length of radical
after treatment of textile effluent.
Microbial toxicity study was carried out with Azotobacter and P.
aeruginosa and results are shown in Table 4. Microbial toxicity
was found to be reduced in the range of 40-42% and 44-46% in
case of E-2 and E-3, respectively with both the test organisms.
Reduction in phyto and microbial toxicity at a considerable extent
represent the treatment efficiency by the developed consortium for
such a recalcitrant industrial waste.
Journal of Experimental Biology and Agricultural Sciences
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Conclusion
The study proved the efficiency of the developed consortium
towards the biodegradation of both the dye house wastes of quite
diverse and complex nature. Considerable reduction in ADMI,
BOD, COD, TOC, solids and metals suggested the possible use of
the developed single consortium for treatment of different dye
house wastes. The probable mechanism was cleavage of azo bond,
deformation of aliphatic compounds and aromatic rings which
resulted in degraded, decolourized, less toxic effluents, which can
be released safely. Moreover, after microbial treatment, toxicity of
original DHEs was considerably decreased on plants and bacteria.
It also showed reduction in organic load in the DHEs. Such single
consortial system increases the applicability of bioremediation
strategy as single treatment machinery and could be scaled up for
the treatment of a wide range of DHEs.
Acknowledgement
Authors are thankful to Department of Science and Technology
(New Delhi) for providing financial support under DST WOS-A
Scheme grant [Number SR/WOS A/LS-461/2013] for the
proposed study and University Grants Commission (UGC) under
UGC Emeritus Professor Fellowship [Number F.6-6/201517/EMERITUS-2015-17-GEN-7433 /(SA-II)] to senior author.
Conflict of interest
No potential conflict of interest was reported by the authors.
References
Agrawal S, Tipre D, Patel B, Dave S (2014) Optimization of
triazo Acid Black 210 dye degradation by Providencia sp. SRS82
and elucidation of degradation pathway. Process Biochemistry 49:
110-119 doi:10.1016/j.procbio.2013.10.006.
Alizadeh N, Shariati S, Besharati N (2017) Adsorption of Crystal
Violet and Methylene Blue on Azolla and Fig leaves modified

Decolourization, degradation and detoxification of dye house effluents by bacterial consortium

with magnetite iron oxide nanoparticles. International Journal of
Environmental Research 11: 197-206 doi:10.1007/s41742-0170019-1.
Balapure K, Jain K, Bhatt N, Madamwar D (2016) Exploring
bioremediation strategies to enhance the mineralization of textile
industrial
wastewater
through
sequential
anaerobicmicroaerophilic process. International Biodeterioration and
Biodegradation 106: 97-105 doi:10.1016/j.ibiod.2015.10.008.
Bilal M, Adeel M, Rasheed T, Zhao Y, Iqbal H (2019) Emerging
contaminants of high concern and their enzyme-assisted
biodegradation: A review. Environment International 124: 336353 doi:10.1016/j.envint.2019.01.011.
Bilal M, Rasheed T, Iqbal H, Li C, Wang H, Hu H, Wang
W, Zhang X (2018) Photocatalytic degradation, toxicological
assessment and degradation pathway of CI Reactive Blue 19 dye,
Chemical Engineering Research and Design 129: 384-390
doi:10.1016/j.cherd.2017.11.040.
Cerron LM, Romero-Suarez D, Vera N, Ludena Y, Villena GK
(2015) Decolorization of textile reactive dyes and effluents by
biofilms of Trametes polyzona LMB-TM5 and Ceriporia sp.
LMB-TM1 isolated from the Peruvian rainforest. Water, Air &
Soil Pollution 226: 235 (1-13) doi:10.1007/s11270-015-2505-4.
Dave SR, Dave RH (2009) Isolation and characterization of
Bacillus thuringiensis for Acid red 119 dye decolourisation.
Bioresource
Technology
100:
249-253
doi:10.1016/j.biortech.2008.05.019.
Dave SR, Patel TL, Tipre DR (2015) Bacterial degradation of azo
dye containing wastes. Microbial Degradation of Synthetic Dyes
in Wastewaters, Environmental Scinece and Engineering,
Springer International Publishing, Switzerland. doi:10.1007/9783-319-10942-8_3.
de Almeida EJR, Corso CR (2016) Acid Blue 161: Decolorization
and toxicity analysis after microbiological treatment. Water, Air
& Soil Pollution 227: 468(1-8) doi:10.1007/s11270-016-3042-5.
Dhall P, Kumar R, Kumar A (2012) Biodegradation of sewage
wastewater using autochthonous bacteria. Scientific World
Journal 2012: 1-8 doi:10.1100/2012/861903.
Eaton AD, Clesceri LS, Greenberg AE, Franson MAH (1998)
Standard methods for the examination of water and wastewater.
19th ed. Washington, DC: American Public Health Association.
Forgacs E, Cserhati T, Oros G (2004) Removal of synthetic dyes
from wastewaters: a review. Environment International 30: 953971 doi:10.1016/j.envint.2004.02.001.
Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

220

Ghosh A, Dastidar MG, Sreekrishnan TR (2017) Bioremediation
of chromium complex dyes and treatment of sludge generated
during the process. International Biodeterioration and
Biodegradation 119: 448-460 doi:10.1016/j.ibiod.2016.08.013.
Hassan M, Hawkyard C (2002) Ferral-catalyzed ozonation of aqueous
dyes in a bubble-column reactor. Catalysis Communications 3: 281-286.
He F, Hu W, Li Y (2004) Biodegradation mechanisms and
kinetics of azo dye 4BS by a microbial consortium. Chemosphere
57: 293-301 doi:10.1016/j.chemosphere.2004.06.036.
Kadam AA, Telke AA, Jagtap SS, Govindwar SP (2011)
Decolorization of adsorbed textile dyes by developed consortium
of Pseudomonas sp. SUK1 and Aspergillus ochraceus NCIM 1146 under solid state fermentation. Journal of Hazardous
Materials 189: 486-494 doi:10.1016/j.jhazmat.2011.02.066.
Khan Z, Jain K, Soni A, Madamwar D (2014) Microaerophilic
degradation of sulphonated azo dye e Reactive Red 195 by bacterial
consortium AR1 through co-metabolism. International Biodeterioration
and Biodegradation 94: 167-175 doi:10.1016/j.ibiod.2014.07.002.
Khandare RV, Kabra AN, Kadam AA, Govindwar SP (2013)
Treatment of dye containing wastewaters by a developed lab scale
phytoreactor and enhancement of its efficacy by bacterial
augmentation. International Biodeterioration and Biodegradation
78: 89-97 doi:10.1016/j.ibiod.2013.01.003.
Khehra M, Saini H, Sharma D, Chadha B, Chimni S (2005)
Decolorization of various azo dyes by bacterial consortium. Dyes
and Pigments 67: 55-61 doi:10.1016/j.dyepig.2004.10.008.
Kurade MB, Waghmode TT, Kagalkar AN, Govindwar SP (2012)
Decolorization of textile industry effluent containing disperse dye
Scarlet RR by a newly developed bacterial-yeast consortium BLGG.
Chemical
Engineering
Journal
184:
33-41
doi:10.1016/j.cej.2011.12.058.
Lade HS, Waghmode TR, Kadam AA, Govindwar SP (2012)
Enhanced biodegradation and detoxification of disperse azo dye
Rubine GFL and textile industry effluent by defined fungalbacterial consortium. International Biodeterioration and
Biodegradation 72: 94-107 doi:10.1016/j.ibiod.2012.06.001.
Li H, Liu F, Zhu M, Feng X, Zhang J, Yin H (2015) Structure and
properties of Co-doped cryptomelane and its enhanced removal of
Pb2+ and Cr3+ from wastewater. Journal of Environmental
Sciences 34: 77-85 doi:10.1016/j.jes.2015.02.006.
Pandey A, Singh P, Iyengar L (2007) Bacterial decolorization and
degradation of azo dyes. International Biodeterioration and
Biodegradation 59: 73-84 doi:10.1016/j.ibiod.2006.08.006.

221

Patel et al.

Patel DK Tipre DR, Dave SR (2017b) Enzyme mediated bacterial
biotransformation and reduction in toxicity of 1:2 chromium
complex AB193 and AB194 dyes. Journal of Taiwan Institute of
Chemical Engineering 77: 1-9 doi:10.1016/j.jtice.2017.02.027.

Sheth NT, Dave SR (2010) Enhanced biodegradation of Reactive
Violet 5R manufacturing wastewater using down flow fixed film
bioreactor.
Bioresource
Technology
101:
8627-8631
doi:10.1016/j.biortech.2010.06.106.

Patel DK, Tipre DR, Dave SR (2017a) Selection and development
of efficient consortia for decolorization of metal complex dyes.
Toxicological and Environmental Chemistry 99: 252-264
doi:10.1080/02772248.2016.1178264.

Singh RL, Singh PK, Singh RP (2015) Enzymatic decolorization
and degradation of azo dyes - A review. International
Biodeterioration
and
Biodegradation
104:
21-31
doi:10.1016/j.ibiod.2015.04.027.

Patel TL, Patel BC, Kadam AA, Tipre DR, Dave SR (2015)
Application of novel consortium TSR for treatment of industrial
dye manufacturing effluent with concurrent removal of ADMI,
COD, heavy metals and toxicity. Water Science and Technology
71: 1293-1300 doi:10.2166/wst.2015.073.

Stolz A (2001) Basic and applied aspects in the microbial
degradation of azo dyes. Applied Microbiology and
Biotechnology 56: 69-80.

Raper E, Stephenson T, Anderson D, Fisher R, Soares A (2018)
Industrial wastewater treatment through bioaugmentation. Process
Safety and Environmental Protection, 118, 178-187,
doi:10.1016/j.psep.2018.06.035.
Saratale RG, Gandhi SS, Purankar MV, Kurade MB, Govindwar
SP, Oh SE, Saratale GD (2012) Decolorization and detoxification
of sulfonated azo dye C.I. Remazol Red and textile effluent by
isolated Lysinibacillus sp. RGS. Journal of Bioscience and
Bioengineering 6: 65-667 doi:10.1016/j.jbiosc.2012.12.009.
Shah MP, Patel KA, Nair SS, Darji AM (2013) Environmental
bioremediation of dyes by Pseudomonas aeruginosa ETL-1
isolated
from
final
effluent
treatment
plant
of
Ankleshwar. American Journal of Microbiological Research 1:
74-83 doi: 10.12691/ajmr-1-4-3.
Shah PD, Dave SR, Rao MS (2012) Enzymatic degradation of
textile dye Reactive Orange 13 by newly isolated bacterial strain
Alcaligenes faecalis PMS-1. International Biodeterioration and
Biodegradation 69: 41-50 doi:10.1016/j.ibiod.2012.01.002.

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

Swati M, Sinha SS, Singh M (2017) Microbial decolorization and
detoxification of emerging environmental pollutant: Cosmetic hair
dyes. Journal of Hazardous Materials 338: 356-363
doi:10.1016/j.jhazmat.2017.05.034.
Tehrani-Bagha A, Mahmoodi N, Menger F (2010) Degradation of a
persistent organic dye from colored textile wastewater by ozonation.
Desalination 260: 34-38 doi:10.1016/j.desal.2010.05.004.
Vikrant K, Giri BS, Roy K,Kim KH, Rai BN, Singh RS (2018)
Recent advancements in bioremediation of dye: Current status
and
challenges.
Bioresource
Technology
253:
10.1016/j.biortech.2018.01.029.
Zablocka-Godlewska E, Przystas W, Grabinska-Sota E (2015)
Dye decolourisation using two Klebsiella strains. Water, Air &
Soil Pollution 225: 1846 (1-15) doi:10.1007/s11270-014-2249-6.
Zhang W, Liu W, Zhang J, Zhao H, Zhang Y, Quan X, Jin Y
(2012) Characterisation of acute toxicity, genotoxicity and
oxidative stress posed by textile effluent on zebrafish. Journal of
Environmental Sciences 24: 2019-2027 doi:10.1016/S10010742(11)61030-9.

Journal of Experimental Biology and Agricultural Sciences, April - 2019; Volume – 7(2) page 222 – 232

Journal of Experimental Biology and Agricultural Sciences
http://www.jebas.org

ISSN No. 2320 – 8694

INHIBITION OF SOME HUMAN BACTERIAL PATHOGENS USING Streptomyces sp.
SD5 OBTAINED FROM SOIL SAMPLE FROM JEDDAH
Samyah Jastaniah 1, Sawsan Dawalibi1, Reda Amasha1, Magda Aly1,2
1
2

Biological sciences Department, Faculty of Sciences, King Abdulaziz University, Jeddah, Saudi Arabia
Department of Botany, Faculty of Science, Kafrelsheikh University, Egypt

Received – February 16, 2019; Revision – March 30, 2019; Accepted – April 04, 2019
Available Online – April 10, 2019
DOI: http://dx.doi.org/10.18006/2019.7(2).222.232

KEYWORDS

ABSTRACT

Antibiotics

For decades, antibiotics are wonder drugs which treat different microbes and human pathogens such as
pneumonia, tuberculosis and gonorrhea which are harder and difficult to treat. Due to miss use of
antibiotics in agriculture and animal husbandry, antibiotics are becoming less effective and microbes
became more resistant. This resistant increased every second, thus this study aimed to produce active
antibiotic from soil actinomycetes which might play a highly significant role in medicine. About 15
bacterial isolates were obtained on starch nitrate agar medium from different soil samples. They were
screened for antibacterial production against 5 different human pathogens, Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Enterococcus faecalis and Methicillin-resistant Staphylococcus
aureus (MRSA). The most active isolate was SD5 which showed the highest inhibition against E. coli,
E. faecalis and MRSA was morphologically examined and characterized. Using molecular identification
technique, it was reported that isolate SD5 belonging to genus Streptomyces and was similar to
Streptomyces geysiriensis with 97% similarity and to Streptomyces sp. JSM147777 with 95% similarity.
Maximum production of the antimicrobial agent was determined by measuring the diameter of
inhibition zone using starch nitrate broth, prepared at pH 6.5 and incubation temperature at 30°C for 5
days. The antimicrobial agent was extracted by using three different organic solvents (ethyl acetate, n Butanol and Petroleum ether). The best solvent was ethyl acetate which gave maximum inhibition
against E. faecalis, E. coli and Methicillin-resistant S. aureus. In conclusion, actinomycetes especially

Actinomycetes
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genus Streptomyces obtained from soil still contained new isolates with excellent antimicrobial
activities. Ethyl acetate is a good solvent for antimicrobial agent extraction (MIC ranged from
75-100 µg/ml) and no toxicity was recorded for all tested organic extracts at the different
concentrations using Artemia salina as test organism. Purification and characterization of the
antimicrobial agent must be carried out to obtain new material active against Methicillin-resistant
S. aureus.

1 Introduction
Bacterial infection and antibiotic resistance are major health
problems that cause human death. It is very important to use
antibiotics in a rational manner to improve patient outcomes and
minimize the appearance of antimicrobial resistance. Several
reasons made the inappropriate use of antibiotic is costly because
it was inefficacy, increased morbidity and mortality, extra drugs
are used unnecessarily for long period of time and increased rates
of resistance in bacteria (Luna et al., 2010). Antibiotic
consumption is correlated with the level of bacterial resistant. In
recent years, Methicillin-resistant S. aureus (MRSA) became
resistant to almost all antibiotic, thus cause serious skin and
underlying tissue infections (Peacock & Paterson, 2015).
Alternative therapies with new antibiotics from natural sources are
needed to solve these problems. One of the most famous
antibiotics is Streptomycin, produced from Actinomycetes, played
a significant role in drug discovery programs and often leads to
discoveries of newer antimicrobial agents from different isolates,
versatility and immense economic value (Berdy, 2005). Further, it
was reported that the most promising resource for antibiotics is
actinomycete groups which undoubtedly considered as important
resources of active by products (Agwa et al., 2000). Scientist
considered Actinomycetes, especially genera Streptomyces and
Micromonospora as the most economically and biotechnologically
useful microorganisms (Torsvik & Ovreas, 2002; Pandey et al.,
2004; Frieden, 2013). They are extremely noteworthy and
considered a sustain supply of new antibiotics that kill pathogens
without disturbing the host cells (Ghanem & Aly, 2003; Aly &
Sabbagh, 2004; Amer et al., 2006). These antibiotics have
different mode of action and poses antibacterial, antifungal
antitumor and wound healing properties and each one has unique
mode of action (Amer et al., 2006; Rabbah et al., 2006; Rabbah et
al., 2007; Jiao et al., 2013; Janardhan et al., 2014). More than two
hundreds of antibiotics such as Beta-lactam peptide antibiotics,
macrolide, tetracyclines, aminoglycosides, daptomycin and
tigecycline were used and half of them are obtained from
actinomycetes (Kekuda et al., 2010; Naine et al., 2011; Kaur &
Narayan, 2014; Kaur & Chate 2015). Actinomycetes act as
factory microbes for production of many important antibiotics,
different vitamins, enzymes, enzyme inhibitors, and siderophores
in addition to many secondary products with pharmaceutical and
clinical applications (Koehn & Carter, 2005; Aly et al., 2013;
Tork et al., 2018). The discovery of new antibiotics for bacterial
Journal of Experimental Biology and Agricultural Sciences
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resistance especially to MRSA, which caused serious public
health problem, has continued in many countries. This paper
aimed to isolate an antibiotic from actinomycetes with emphasis
on the isolation source, extraction and antimicrobial activity.
2 Materials and Methods
2.1 Soil sample collection
Ten different soil samples were collected from hospital, house and
University gardens, located at Jeddah, Saudi Arabia. These soil
samples were dried and used to isolate some actinomycetes on
starch nitrate agar (Shirling & Gottlieb, 1966) at 30°C.
2.2 Tested bacterial pathogens
Standard bacterial isolates that are known for being involved in
the pathogenesis of human were collected from King Faisal
Hospital and Research Center, Jeddah, Saudi Arabia. These
bacterial isolates were E. feacalis, S. aureus (MRSA), P.
aeruginosa, E. coli and K. pneumonia.
2.3 Isolation of actinomycetes from soil samples:
From collected soil samples, different actinomycete isolates were
obtained on starch nitrate agar (SNA) medium. One gram of the
soil sample was suspended in 9.0 ml of distilled water, the
obtained suspension was mixed well and serial dilution was
carried out up to the 10-3. From this suspension, 0.5 ml of
suspension was spread on plates of medium. All plates were
incubated at 30°C for 4 days. All the obtained colonies were
purified on the same medium until pure colonies were obtained.
All the purified colonies were transferred to slants of starch nitrate
agar and refrigerated at 4ᵒC to preserve the isolates from 3 to 6
months. For longer preservation (more than six months), the
selected pure isolates were kept in Tryptic soy broth with glycerol
and stored in deep freezer at -80ᵒC until used.
2.4 Screening of Actinomycetes isolates for antibacterial
activities on solid medium
Screening of actinomycete isolates for antibacterial activities was
done by agar disc diffusion method on Mueller Hinton agar,
obtained from Sigma-Aldrich, (Hindler & Inderlied, 1985). A 7
mm diameter disk of the tested actinomycete isolate was bored by
cork- borer from the SNA medium that were incubated at 30 oC for
4 days. This disc was placed on MHA plate which was previously
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inoculated with the tested bacterium. Then, all plates were incubated
at 37oC for 24 hrs. After incubation of the Mueller Hinton agar plates,
the obtained inhibition zone was measured three times in mm and
mean value was recorded for each bacterium. The isolates of
actinomycetes that gave the largest inhibition zone were selected and
grown in starch nitrate broth medium for 4 days and culture filtrates
were tested for any antimicrobial activates against the tested bacterial
pathogens Westley et al. (1979).
2.5 Preparation of the preculture
Preculture was used to inoculate the main medium with a constant
number of the tested bacterium. Starch nitrate broth medium was used
as preculture medium for the growth of bacterial isolates. In 250 ml
Erlenmeyer flasks containing 50 ml of the fresh sterile starch nitrate
broth, 2 ml of the selected bacterium suspension were added. The
flasks were incubated at 30oC on shaker incubator for 4 days. Each 2
ml of the preculture was used to inoculate each flask containing 48 ml
of the prepared medium.
2.6 Bacterial growth in liquid medium
All bacterial isolates were named and numbered, SD1 to SD15, then
all isolates were screened for antibacterial agent production and isolate
SD5 was the most active. Each flask of starch nitrate broth was
inoculated with the selected isolate SD
5 and the flasks were incubated
at 30̊C for a period of 4 days on shaking incubator (120 rpm). Cells
were collected after centrifugation at 5000 rpm for 15 min. the culture
filtrate was sterilized using 0.22 bacterial filter and its antibacterial
Activity was determined using agar well diffusion assay.
2.7 Determination of the Antibacterial Activity of chosen
isolate SD5
Cells of all tested bacterial pathogens were suspended in sterile
normal saline, adjusted at 0.5 McFarland turbidity standards and 100
µl of this suspension was used to inoculate on MH agar plates using
sterilized cotton swabs. More than one well was done in each plate
using sterile cork borer and 100 µl from the culture filtrate of the
isolate SD5 were added to each well (7 mm diameter holes cut by cork
borer in the MH agar). All plates were incubated at 37°C for 24 h. After
incubation, bacterial growth was observed and inhibition zone
diameter was measured and recorded in mm.
2.8 Determination of minimum inhibitory concentration
(MIC) by Broth microdilution method
The minimum inhibitory concentrations (MICs) were determined
using Broth microdlution method as described by Bonnavero et al.
(1998) with some modifications. This test was carried out to
determine MIC of the tested cultured extract against the selected
bacteria pathogens. Nutrient broth was used to grow the bacteria
overnight and the growth was diluted to approximately 10 4 cfu/ml
and 7 drops of phenol red as a colorimetric indicator was added to
Journal of Experimental Biology and Agricultural Sciences
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clarify the end point by color change from yellow to pink. Nutrient
broth with some drops of phenol red indicator was added into 12
wells in a micro titer plate (125µl/well), then 125µl of the selected
culture extract along with DMSO was added to well no. 1 and the
mixture was mixed. For serial dilution, about 125µl of the well no.1
was transferred to well 2 and so on and keep diluting the mixture, in
this manner through well no. 11. No culture extracted mixture was
transferred to well no. 12 (control). Three replicates were prepared
and the microtiter plate was incubated at 37ᵒC overnight. MIC was
determined by the concentration (µg/ml) changing in color of the
broth from yellow to pink (NCCLS, 2002).
2.9 Measuring of bacterial growth in liquid medium
Detection of bacterial growth in culture filtrates by measuring the
optical density at 520 nm using UV spectrophotometer by adding
3 ml from the fresh filtrate in sterile cuvette. All observations
were carried out in triplicate and averages were calculated.
2.10 Optimization factors of culture conditions and producing
of antimicrobial activities
Growth estimation (determined by the optical density at 625 nm
using UV spectrophotometer) and antibacterial activities
(measured by agar well diffusion method on MH agar plates) were
determined in the end of study. Effect of different broth media,
pH value, temperate and incubation time on growth and
antibacterial production was determined (Agwa et al., 2000). The
tested medium was prepared in 250 ml flasks with 50 ml of the
selected medium and inoculated with 2 ml of the prepared
preculture of SNB and incubated in shaking incubator (120 rpm).
Three replicates were maintained for each factor. Effect of
different culture media such as starch nitrate broth (Shirling &
Gottlieb, 1966), GBA-3 broth medium (Agwa et al., 2000),
Emerson medium (Agwa et al., 2000), Omura medium (Omura et
al., 1982), yeast extract starch peptone medium (ATCC 435) and
Nutrient broth on microbial growth or antibiotic production was
detected. The effect of different initial pH values, (pH 5, 5.5, 6.
6.5, 7 and 7.5) different incubation temperatures (20-45ᵒC) and
different incubation periods (2-7 days) on biomass and production
of antimicrobial activity was determined.
2.11 Extraction of the antibacterial compound produced by
the selected isolate
Extraction of the antimicrobial compound from the supernatant
with equal volumes of different solvents (Ethyl acetate, Petroleum
ether or n-Butanol) was carried. The solvent was evaporated, the
resulting material was dissolving in one ml of DMSO and the
antimicrobial activity against of gram-positive and gram-negative
bacteria was determined using agar well diffusion assay. The
antibacterial activities of DMSO (negative control) and
Ampicillin (positive control) were also determined.
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2.12 Identification of the selected bacterial isolate SD5
2.12.1 Morphological and physiological characterizations of
the bacterial isolate SD5
The best antibacterial activities was selected and identified. The selected
bacterial isolate SD5 was cultivated on Starch nitrate agar and identified
according to morphology, physiology and biochemical characters. The
cellular morphology of the bacterial isolate SD5 was examined under
light microscope and scanning electron microscope. Cell shape, colony
color and spore shape were recorded (Aly et al., 2013).
2.12.2 Isolation of genomic DNA and PCR amplification of
16S rRNA
The DNA of the isolate SD5 was extracted by the method given by
Otsuki et al. (1996). For this, a loop full of cells from SD5 bacterial
colony grown on an overnight LB agar plate (Hi media) at 37°C was
transferred to 1.5 ml eppendorf tube with 200 μl sterile distilled water.
It was boiled for 20 min, frozen and thawed twice centrifugation was
performed at 12,000 rpm for 5 min. Crude DNA extract of cells
(fresh preparation) from this strain was obtained and subjected to PCR
amplification using DNA thermal cycler (Perkin Elmer, USA).
The primers were designed based on the highly conserved
region of 16S rRNA from various bacteria (Weisburg et al.,
1991). The following primers 5′- AGTTTGATCATGGTCAG-3′
and 5′-GGTTACCTTGTTACGACT 3’ were used to amplify 16S
rRNA gene. The purified PCR product of 1,517 bp was sequenced
and analyzed by using DNA sequencer ABI PRISM 310 genetic
analyzer (Perkin Elmer, USA). The DNA sequence was compared to
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the Gen Bank database in the National Center for Biotechnology
Information (NCBI) using the BLAST program.
2.13 Cell toxicity using Artemia salina as test organism
Toxicity of the culture filtrate was determined against Artemia
salina (test larva). The toxicity of the obtained extract in DMSO
was conducted using larvae of a microcrustacean species, A.
salina as test organism as described by Sangian et al. (2013). Eggs
of A. salina were suspended in sterile sea water (pH 8.5). Eggs
were allowed to hatch under light at 25ºC with continuous
aeration. After 48 hr of cyst hatching, ten living larvae were
collected and put in different concentrations of the tested material
and every treatment was prepared three times. DMSO was used as
negative control while 0.1% solution of CuSO4 was used as
positive control. The percentages of surviving or dead larvae
were determined after 8 hr and lethal dose (LD50) was determined
according to Meyer et al. (1982) and Aly & Gumgumjee (2011).
2.14 Statistical analyses
The statistical data are expressed as means plus standard deviation
and one-way ANOVA was used for statistical to compare the
results. Tukey test (t- test) was considered significant at p ≤ 5%.
3 Results and Discussion
Out of ten soil samples, 15 isolate of actinomycetes were obtained
from soil of the hospital garden, house garden and university
garden, located in Jeddah, Saudi Arabia (Table 1). These isolates
have different colors and produced different pigments. The growth

Table 1 Source, color, growth and pigment production of the actinomycete isolates, obtained on starch nitrate agar medium
Pigment

Antimicrobial activities
(E. coli)

Heavy

Black

+

Heavy

No pigment

+

Off white

Heavy

Pink

-

Hospital garden

Off white

Heavy

Dark pink

-

SD5

Hospital garden

Gray

Moderate

Orange

++

SD6

Hospital garden

Gray

Heavy

Orange

+

SD7

Hospital garden

Gray

Moderate

yellow

+

SD8

University garden

White

Light

No pigment

++

SD9

University arden

Gray

Heavy

White

-

SD10

Hospital garden

Gray to pink

Heavy

Dark pink

+

SD11

Hospital garden

black

Heavy

Bright green

++

SD12

Hospital garden

Dark gray

Heavy

Green

-

SD13

Hospital garden

white

Moderate

Light yellow

-

SD14

House garden

Orange

Heavy

Yellow

+

SD15

House garden

White

Moderate

Dark pink

++

Isolate

Source

Colony color

Growth

SD1

Hospital garden

Gray to white

SD2

Hospital garden

White to gray

SD3

Hospital garden

SD4

-: no inhibition, +: Moderate inhibition (8-10 mm), ++: Good inhibition (11-21 mm)
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Table 2 The antimicrobial activities of 4 isolates of Actinomycetes against different bacterial pathogens
Tested
isolate

Mean diameter of inhibition zone measured by mm
Escherichia coli

Klebsiella
pneumoniae

Pseudomonas
aeruginosa

Enterococcus faecalis

MRSA

SD5

20±0.22*

14±1.23*

13±0.29*

21 ±0.42*

19 ±0.29*

SD9

11±0.42*

11±0.67*

11±0.89*

12±0.44*

14±1.34

SD11

15±0.27*

14±0.99*

14±0.77*

11±0.67*

11±0.79

SD15

14±1.02*

11±0.45*

12±0.46*

11±0.88*

11±1.95

Ampicillin (control)

39±0.44

34±1.21

43±0.20

29 ±0.31

11 ±0.11

*: significant results at p < 0.05 compared to control, MRSA: Methicillin-resistant Staphylococcus aureus

E. faecalis

E. coli

A

B

Figure 1 The effect of the selected culture filtrate of the isolate
SD5 on two human bacterial isolates, E. coli and E. faecalis

of the isolated microorganisms on starch nitrate agar was heavy,
moderate or poor. In many clinical microbiology laboratories,
agar disk-diffusion method is the official method used for routine
antimicrobial susceptibility testing. The disk diffusion method
was used where agar disc of heavy growth was transferred to a
solid medium, inoculated with the test pathogen, appearance of an
inhibiting growth halo around the disc, meaning positive results.
The diameter of the inhibition zone is proportional to the activity
of the tested isolate in antibiotic production (Salami, 2004). Ebadi
et al. (2018) used the same technique for isolation of active
actinomycetes in antibiotics productions. The isolates SD 5, 9, 11
and 15 showed excellent antibacterial activities against the five
tested bacteria (Table 2). The isolate SD5 was the most active
isolate against E. coli, E. faecalis K. pneumoniae, P. aeruginosa,
and MRSA. Figure 1 showed the activities of the isolate SD5
against E. coli and E. faecalis. The selected actinomycete was
identified using morphological and physiological characteristics.
Isolated microorganism was Gram positive filamentous
bacterium, bearing aerial and substrate mycelia, grew well on
starch nitrate medium (Figure 2). It belongs to the grey series
Journal of Experimental Biology and Agricultural Sciences
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C

Figure 2 The selected actinomycete SD5 under scanning electron
microscope (A), Light microscope (B) and on starch nitrate agar (C)
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Figure 3 Phylogenetic tree of the selected isolate SD5 with the most related genera

Table 3 Effect of different culture media, medium pH, incubation temperature and incubation period on the growth (A 520nm) of Streptomyces SD5
Media

Biomass
(A520nm)

pH

Biomass
(A520nm)

Temp.
(ᵒC)

Biomass
(A520nm)

Incubation period

Biomass
(A520nm)

Yeast extract starch peptone

1.29±0.06

5.0

1.16±0.06

20℃

0.768±0.06

2 days

0.22±0.36

GBA-3

1.70±0.12*

5.5

0.97±0.16*

25℃

0.911±0.30*

3 days

1.54±0.41*

Emerson

1.67±0.25*

6.0

1.26±0.26*

30℃ (control)

1.90±0.64

4 days (control)

1.85±0.33

Omura

0.81±0.23*

6.5

1.80±0.11

37℃

0.916±0.09*

5 days

1.63±0.21*

Starch nitrate

1.85±0.26*

7.0 (control)

1.85±0.42

40℃

0.828±0.08*

6 days

1.49±0.04*

Nutrient broth (control)

1.05±0.56

7.5

1.17±0.11*

45℃

0.928±0.17*

7 days

1.38±0. 63*

*: significant results at p≤0.05

actinomycetes. It was identified as species belong to genus
Streptomyces. Results of molecular identification revealed that the
identified was very similar to Streptomyces sp. SCC120, S.
minutiscleroticus, S. viridosporus, S geysiriensis, Streptomyces sp.
JSM 147777, Streptomyces sp. SHXFF-2 and S. rochei (Figure 3).
Aliero et al. (2018) used molecular characterizations for
identification of actinomycete isolates with antimicrobial activities.
The unique group of gram-positive, spore forming bacteria with
abilities of mycelia formation which named actinomycetes is the
richest reservoir of secondary metabolites especially medicinal
antibiotics (Ebadi et al., 2018). The most important antibiotics,
streptomycin, gentamycin, rifamycin and erythromycin are obtained
from these bacteria and many pharmaceutical and agricultural
industries are depending on these well established antibiotic drugs
(Kumar et al., 2010). These actinomycetes were mainly isolated
from soil, wastes and waters (Jeffrey, 2008; Aly et al., 2012; Aly et
al., 2013; Aly et al., 2015). The best genus of soil actinomycetes for
antibiotics production is genus Streptomyces where all species of
this genus produced potent secondary metabolites.
Journal of Experimental Biology and Agricultural Sciences
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Factors affecting growth and antibiotic productions were studied
for optimization the growth conditions for maximum antibiotic
production. The growth of the selected bacterium was determined
in different media, incubation temperature, pH values and
incubation period. At the end of the growth period, the growth
was determined by the absorbance at 520 nm (Table 3). High
growth was recorded in starch nitrate broth, GBA-3 broth,
Emerson medium and yeast extract starch peptone medium while
poor growth was recorded in Omura medium and moderate
growth was observed in nutrient broth medium. It was found that
the selected bacterium showed maximum growth on starch nitrate
medium at pH 6.5 and pH 7 and incubation temperature at 30°C
for incubation period of 4 days (Table 3).
Similarly, the antimicrobial activities of the isolate SD5,
determined by the diameter of the inhibition zone (mm) on the
agar plate, previously inoculated of the selected bacterial
pathogen, was affected by growth conditions. The growth
inhibition was recorded against E. coli, E. faecalis (Gram
negative) and MRSA (Gram positive). It was well reported that E.
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Five different growth medium were tested but starch nitrate broth
medium was the best medium for antimicrobial agent production
by the isolate SD5 against the three tested bacterial pathogens,
MRSA, E. faecalis and E. coli (Figure 4). Previous study
suggested that starch nitrate broth medium enhanced enzyme and
antimicrobial production against many pathogens (Agwa et al.,
2000; Tork et al., 2018). Aliero et al. (2018) reported that
optimization of culture conditions including medium components,
initial pH value, incubation temperature and time are important
for the production of antimicrobial agents from actinomycetes
obtained from soil of Western Uganda. Using shake flask cultures
and eight different media, modified nutrient broth supplemented
with soluble starch and glycerol supported bioactive compound
production by actinomycetes. Aqueous and ethanol extracts gave
optimum bioactive activity for all the three organisms. The
identification of 16SrDNA gene showed that, the three isolates
belong to phylum actinobacteria into the genus Streptomycetes.
This study showed that media compositions, cultural conditions
and solvents for extraction play an important role in bioactive
compound production in these actinomycetes isolates.
Journal of Experimental Biology and Agricultural Sciences
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It was found that the best initial pH value was pH 6.5 at which
the highest diameter of inhibition zone was recorded against the
three tested bacterial pathogens (Figure 5). Throughout the growth
period, pH value of the medium was changed while the best
growth and antibiotic production are noticed at initial pH 7.0
which became pH 5.9 or pH 9.75 depending to the strain (Wang et
al.,
2011).
Isaacson
&
Webster
(2002)
noticed
that Xenorhabdus sp. RIO showed the best growth in culture broth
at pH 7.07 which decreased to pH 6.89 during the first few hours
of growth and the best pH value for growth varied from 6.5 to 8.5.
Similarly, Yang et al. (2001) establish that initial pH value played
an important role in the antibiotic production by Xenorhabdus
nematophila. Moreover, incubation of the flasks at 30°C showed
the best growth inhibition of the three tested bacterial pathogens

25
E. coli

Enterococcus faecalis.

MRSA

20
15
10
5
0
Medium1

Medium2

Medium3

Medium4

Medium5

M1: Yeast extract starch peptone, M2: GBA-3, M3: Emerson medium,
M4: Omura Medium, M5: Starch nitrate
Figure 4 Effect of different culture media after 4 days of incubation on
production of antimicrobial agent by Streptomyces SD5 against three
tested bacterial pathogens

Inhibition zone diameter

faecalis considered as predominant species but now in many US
hospitals 90% of clinical isolates were reported to cause
nosocomial and healthcare associated infections (Laverde Gomez
et al., 2011). Infection with E. coli usually associated with
bacteraemia and is the common cause of urinary tract infections
which may cause tachycardia, fever, tachypnoea and delirium
(Lee et al., 2018). Although, E. coli infections in some cases cause
uremia, liver failure, acute respiratory infections, coma and death,
endotoxin led to intravascular coagulation and death (Madappa,
2014; Woodward, 2015; Zaman et al., 2015). Similarly, MRSA
is a potent bacterial infection caused many pneumonia cases
which were acquired during hospital and healthcare stay. Initial
empiric therapy considered MRSA as possible etiologic agents
(American Thoracic Society, 2005; Shittu et al., 2009). MRSA
may cause Healthcare-related pneumonias, hospital-acquired
pneumonia and ventilator-associated pneumonia. Strains of S.
aureus have resistance against some commonly used classes of
antibiotics including penicillins and cephalosporins, which used to
treat both clinic and hospital patients (Moran et al., 2006; Hyun et
al., 2009). For the treatment of MRSA, the current arsenal of
antibiotics available are limited and used intravenously. In Latin
American hospitals between 2003 and 2008, Sader et al. (2009)
studied the resistant pattern of antibiotic among Gram-positive
bacteria obtained from bloodstream, skin and infected soft tissue. The
antibiotic, mupirocin inhibited synthesis of protein and ribonucleic
acid (RNA) in cells of bacteria prolonged and intense use of
mupirocin (including for decolonization purposes) has resulted in
certain MRSA strains developing resistance to this antibiotic (Shittu et
al., 2009). According to Helmi et al. (2013), discovering new agents
for MRSA resistant isolates is very important.
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Figure 5 Effect of different pH value on the production of
antimicrobial activity by the selected bacterium Streptomyces SD5
against three tested bacterial pathogens
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Figure 6 Effect of different incubation temperatures on production
of antimicrobial activity by Streptomyces SD5 against
three tested bacterial pathogens

Figure 7 Effect of incubation period on antimicrobial agent
production by Streptomyces SD5, used against three
tested bacterial pathogens.

Table 4 Antibacterial activities (diameter of inhibition zone, mm) and Toxicity (LD50, µg/ml) of the different
organic extracts obtained from the selected isolate Streptomyces SD5
Tested extract

MRSA

Enterococcus faecalis

Escherichia coli

33.00*

25.33*

19.33*

>400

10.67*

13.67*

19.33*

>400

Petroleum ether extract

-ve

-ve

20.00*

>400

Control antibiotic (Ampicillin)

-ve

43

33

ND

CuSO4 (1%)

ND

ND

ND

Ethyl acetate
extract
n- Butanol
extract

Toxicity (LD50, µg/ml)

400

ND: not detected, -ve: negative results *: Significant results, MRSA: Methicillin-resistant Staphylococcus aureus

while at higher or lower temperature, the activity decreased
(Figure 6). Similarly, the effect of incubation period on
antibacterial activity of the culture filtrate of the selected isolate
SD5 was shown in Figure 7. After 5-6 days maximum inhibition
was recorded against the three tested bacterial pathogens. The
bioactive metabolite production started only after 48 hrs of growth
and reached a maximum inhibition zone (19-20 mm) against E.
coli, E. faecalis and MRSA after 5-6 days. Effect of incubation
period on antibiotic production was statistically significant where
increasing time enhancing the antibacterial activity up to 6 days,
then there was significant decreased in the antibacterial activity
and biomass. Aliero et al. (2018) reported that incubation of the
culture in shaking incubator at temperature range of 30-35ᵒC, pH
(7.0-7.5) and incubation period (168 hr) were the best conditions
for bioactive compound production. For extraction of the active
material, laboratory scale production (1500 ml) was prepared
using starch nitrate broth which enhanced antimicrobial
production by the isolate SD5 against MRSA, E. faecalis and E.
coli. In 30 Erlenmeyer flasks (250 ml), each contained 100 ml of
Journal of Experimental Biology and Agricultural Sciences
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the growth medium with optimum pH 6.5; these flasks were
inoculated with the tested bacterium SD5 and incubated at the
optimum temperature, determined from the previous experiment
(30°C) for 4 days. The culture filtrate was collected and extracted
with the same volume of the different organic solvents (ethyl
acetate, n-butanol or Petroleum ether). Extraction with ethyl
acetate was the best where it gave the highest inhibition compared
to n-butanol or petroleum ether (Table 4). From the tested strains,
MRSA, E. faecalis and E. coli have been inhibited more than
other tested isolates. Dhanaskaran et al. (2005) isolated
Actinobacteria from soils of different regions of India with
antimicrobial activities which were extracted with ethyl acetate,
aniline, chloroform and pyridine but ethyl acetate extract was the
best for bacterial pathogen inhibitions which was in accordance
with the results of the current study. No toxicity was recorded up
to 400 µg/ml for the different extracts obtained (Table 4)
compared to the control, CuSO4 solution, which showed acute
toxicity at 400 µg/ml. Previous experimental analysis by
Gamakaranage et al. (2011) reported the toxicity of CuSO4 at all
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Table 5 Minimal inhibitory concentration of the extracted material
from Streptomyces SD5 using ethyl acetate and compared to control.
Solvent

MRSA

Enterococcus
faecalis

Escherichia
coli

SD5

75*

75*

100*

Control antibiotic
-ve
5
5
(Ampicillin)
-ve: negative results *: Significant results, MRSA: Methicillinresistant Staphylococcus aureus

tested concentrations against animal cells and added that copper
sulphate cause intravascular haemolysis, acute kidney injury and
rhabdomyolysis. The lethal dose can be as small as 0.1 g/kg. A.
salina was used as the test animal. Lucas et al. (2019) used A.
salina and the same method to determine the toxic effect of some
plant extracts and their results proved that this technique is the
best for toxicity experiments. The detected MIC was ranged from
75-100 µg/ml while it was 5 µg/ml for the standard antibiotic
(Table 5). Furthermore, species of genus Streptomyces produced
80% of the total used antibiotics and plant pathogen inhibitors
(Oskay et al. 2004; Jeffrey, 2008; Arifuzzaman et al., 2010).
Actinomycetes present in any specific soil and their numbers were
influenced by the soil type, geographical location, cultivation and
organic matter (Arifuzzaman et al., 2010). Various studies have
been done by scientists to isolate actinoacteria for antibiotic
discoveries. Although actinomycetes occurred widely in nature,
only a small numbers of actinomycetes have been screened for
antibiotics productions (Kumar et al., 2010). Many antibiotic
producing actinomycete strains were generally isolated from soil.
In conclusions, resistance to antibiotic is increased and
actinomycetes is excellent source of new and active antibiotics
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ABSTRACT

Awassi ewes

A comparative study was conducted to examine the capacity of rumen-protected methionine and
calcium-salts to enhance milking performance of Awassi ewes when fed barley straw to be comparable
with those ewes fed Alfalfa hay. Aqueous ammonia and yeast culture were also tested for their further
ability to promote animals performance when fed straw. Forty-four Awassi ewes were randomly
assigned into four dietary treatment groups in a completely randomized design. Ewes were fed with 1
kg/head/day concentrate ration supplemented with alfalfa hay (CON) or either ammonia treated
(ASTRW) or untreated barley straw (STRW) supplemented with calcium-salts and rumen protected
methionine at a level of 50 g and 5 g/head/day respectively. In the fourth diet, 30 g/head/day of yeast
culture was added to ammonia treated supplemented straw (AYSTRW). The experiment started after
weaning and lasted for 70 days thereafter. Milk yield, milk composition, body weights, feed intake, milk
fatty acids and some blood parameters were studied as production variables. There were no significant
differences (p>0.05) between ewes in milk and energy corrected milk production, feed consumption,
weight increase, feed efficiency, milk fat, milk fatty acid composition, milk and blood urea and blood
Serum triglycerides. The current results indicated that supplementing barley straw with rumen -protected
methionine and calcium salts was sufficient for Awassi ewes produced modest milk production to
maintain milk yield and quality without any detrimental effects on animal performance comparable with
ewes fed alfalfa hay as a source of forage.

Barley straw
Aqueous ammonia
Calcium-salts
Rumen-protected methionine
Yeast
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Effect of feeding rumen-protected methionine with calcium salts and yeast on productive performance of lactating ewes

1 Introduction
Awassi sheep breed is fat-tailed breed found extensively in southern
Turkey, Iraq, Syria, Jordan and other countries in the Mediterranean
area (Haile et al., 2017). It is used mainly for meat and milk
production and, in fewer manors, for wool. It is well adapted to hot
and dry conditions. Awassi sheep production is based on a semiintensive system characterized by low prolificacy but high milk
production (Haile et al., 2017).
Ruminants including sheep have the unique capacity to utilize forages
of various qualities. They can make use of forages nutrients and
digesting their relatively high contents of fibers with the assistance of
the microorganisms that are endemic to the digestive system, mainly
the rumen (Huws et al., 2018). Therefore, these animals can transform
relatively low quality dietary nitrogen into high quality animal protein
(i.e. meat and milk). Due to that, forages make up half or more of the
diet of sheep profoundly affect energy and carbohydrate intake
(Kendall et al., 2009).

of 61 ± 9 kg (M ± SD) and aged between 46-50 months. Ewes
care and handling complied with the EU legislation for the
protection of animals used for scientific purposes (Directive
number 2010/63/EU). The Scientific Research Council of the
University of Jordan also approved the experimental protocols.
Ewes were randomly assigned to one of four dietary treatment
groups and each ewe in the treatments were housed in individual
pen (1.5 m x 1 m) to get accurate individual data per single ewe
and to minimize the experimental error.
2.2 Feedstuffs
All animals in the four treatment groups (11 ewes /group) werefed concentrate mixture at a level of about 1.0 kg dry
matter/head/day (Table 1). Type of roughage was the treatment of
each group. Animals, which were fed alfalfa, was given about 1.0
Table 1 Chemical composition of concentrated ration used in feeding
Awassi ewes during the experiment with its ingredients composition

Cereal straws are carbohydrate-rich residues representing a large
potential source of dietary energy for ruminants. It has been well
recognized that wheat and barley straws have poor nutritional value
because of their low nitrogen and high fiber content (Tang et al., 2008).

700

Soybean meal

150

Wheat bran

130

Di-calcium phosphate

5.0
a

10

Salt

2.0

Sodium bicarbonate
Vitamins & minerals mix

2.0
b

1.0

Chemical composition

2 Materials and Methods
a

DM

930

CP

162

Ether extract

17

NFE

588

CF

37

NDF

229

ADF

154

Ash

126

GE (Mcal/kg)

3.66

ME (Mcal/kg)

2.9 c

Dicalcium phosphate (28 % Ca, 19 % P);
The composition of each gram of mineral and vitamin premix were
as follows: vitamin A 3000 I.U.; vitamin D3 500 I.U.; vitamin E 2
mg; Potassium iodine 500 µg; Cobalt sulphate 50 µg; Sodium
selenite 75 µg; Copper sulphate 3 mg; Ferrous sulphate 20 mg;
Magnesium sulphate 20 mg; Manganese oxide 20 mg; Zinc
sulphate 5 mg and Dicalcium phosphate (24 % Ca, 18 % P) 20 mg;
c
Calculated according to NRC (2007)
b
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Barley grains

Limestone

The objective of the present study was to examine the capacity of
rumen-protected methionine and calcium-salts to enhance milking
performance of Awassi ewes when fed barley straw as sole forage
source in feeding dairy Awassi ewes post-weaning to be comparable
with those ewes fed Alfalfa hay. Using aqueous ammonia and yeast
culture were also tested for their further ability to promote ewes
performance when fed barley straw.

The experiments were conducted in the Agricultural Research
Station that belong to the University of Jordan in Jordan Valley,
which located at 32° 10’ N latitude and 35° 37’ E longitudes with
an elevation of –244 m below sea level. Forty-four dairy Awassi
ewes were used in the experiments with an average body weight

DM (g.kg-1)

Ingredients

Low quality straws are widely used for ruminant feeding, especially in
regions of highly cereal production, because of high cost and limited
availability of good quality forages. However, the nutritive value of
straws is relatively low due to its high ligno-cellulosic content, low
crude protein (CP) content, poor palatability, and low organic matter
(OM) digestibility (López et al., 2005). Increasing the nutrient
availability for better utilization of crop residues has been a primary
focus of research in ruminant livestock nutrition. In this direction,
various methods have been tested such as physical processing,
physicochemical processing, biological treatment, and use of feed
additives (Sundstøl & Owen, 1984).

2.1 Location and Animals
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kg dry mater/head/day, whereas the other animals who fed

2.4 Feed, milk and blood sampling

barley straws, were given lower amount at a level of 0.6 kg dry
mater/head/day due to the difference in density between alfalfa

Composite feed samples were taken every week after feed

hay and straw (barley straw have lower density and larger size

preparation and kept frozen (–20°C) for chemical analysis. Milk

than alfalfa). Control group of ewes was fed alfalfa hay (CON)

samples were randomly taken from different ewes in each

while the second group was fed barley straw. Straw was

treatment group (at the middle and the end of the experiment).

supplemented with rumen protected fat (calcium salts of palm

Milk samples were collected and preserved in sealed plastic jars

fatty acids) and rumen protected methionine (48% of DL-

with adding 10 drops of potassium permanganate (0.01N) and

methionine MetiPEARL from KEMIN) at a level of 50

stored at −4 C˚ for further analysis. Samples were analyzed for

g/head/day (Manso et al., 2006) and 5 g/head/day (Yang et al.,

composition of crude protein (Kjeldahl), fat (Gerber), casein,

2010) respectively (STRW). In the third group, ewes were fed as

total solids contents and milk urea using the standard procedure

those ewes in-group two with the difference that the barley

of AOAC (2006). Blood samples were randomly taken from

straw was previously treated with aqueous ammonia (ASTRW).

different ewes in each treatment group (only at the end of the

In group four, ewes were fed as those ewes in group three but

experiment). Blood samples were collected three hours after

with the addition of yeast culture (Saccharomyces cerevisiae 1.5

morning feeding from the jugular vein (Bassert et al., 2017) into

x 10 9 CFU) at a level of 30 g /ewe/day (Degirmencioglu et al.,

heparinized vacuum tubes and centrifuged at 3000 xg for 15

2013) (AYSTRW). All feed additives (protected fat, protected

min. The obtained plasma was stored at -20 C˚ until further

methionine and yeast culture) were added directly to the feeders

analysis. Three blood samples were analyzed for ammonia, urea,

of ewes.

serum

cholesterol

and

triglycerides

using

enzymatic

colorimetric methods (Biolabo/ AMMONIA enzymatic method,
The amounts of concentrate and roughages, which were offered

Linear/ UREA Berthelot, Linear/ CHOLESTEROL MR and

to the animals, were calculated to provide them with the

Linear/ TRIGLYCERIDES MR respectively).

nutritional

requirements

according

to

the

NRC

recommendations for sheep (National Research Council, 2007).

2.5 Chemical analysis

Rations were mixed twice weekly and were offered for all
animals twice a day at 7:00 a.m. and 2:00 p.m. Clean drinking

Frozen feed sample were collected and ground through a 1 mm

water was continuously provided for all animal. The experiment

screen and analyzed for crude protein, ether extract, ash and

was conducted after weaning (at 2 months post-lambing) and

nitrogen free extract according to AOAC (2006) procedures. In

lasted for 70 days. Individual feeding was the style of feeding

addition, neutral detergent fibers (NDF) and acid detergent

for each pen, and each ewe was individually milked by hand.

fibers (ADF) were analyzed according to Goering & Van Soest
(1970) using Ankom fiber analyzer (Ankom220, Ankom

2.3 Measurements of milk production and feed consumption

Technology, Macedon, NY, USA). Gross energy was analyzed
using bomb calorimeter (IKA C200), whereas, metabolizable

Animals were weighted individually three times during the
experiment to estimate body weight change. Weight gain were
examined for once, while daily milk production, daily dry
matter intake and feed efficiency (kg milk produced/kg feed
consumed) were measured twice a week during the experiment.
During estimating daily feed consumption, excess feed was
applied to the feeders and the residual feeds were measured to
estimate exactly the correct daily feed intake of the animal.
Energy corrected milk (ECM) (a milk with 3.5% fat and 3.2 %
protein) was determined following the equation of Flores et al.
(2009) as follows:

energy were calculated according to NRC (2007). For milk fatty
acid analysis, fat was separated following the Roese-Gottlib
method (AOAC, 2006), trans esterified into fatty acid methyl
esters by methylation at room temperature with KOH (2M) in
Methanol, and analyzed by gas chromatography (Třinacty et al.,
2006) using a Shimadzu 2010 (Shimadzu Corp., Kyoto, Japan)
equipped with flame ionization detector. The GC conditions
were column oven temperature was 70 °C for 1 min, increased
to 165 °C at 20 °C/min and kept at 165 °C for 8 min, then
increased to 180 °C 1 °C/min and then increased to 220 °C at 3
°C/min and kept at this temperature for 10 min. The carrier gas

ECM (kg/d) = [milk (kg/d) × 0.327] + [fat (kg/d) × 12.86] +

was Helium. Injector and detector temperatures were 250 °C and

[protein (kg/d) × 7.65]

helium flow rate was 1.1 ml/min.
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2.6 Aqueous ammonia treatment

3 Results

Barley straw that used in the third and fourth dietary treatments

3.1 Chemical composition of roughages used

of the experiment were treated with aqueous ammonia, in which
a rate of 120 L of aqueous ammonia (25 % w/w) was sprayed on
one ton air-dry (91 %) straw (Hadjipanayiotou et al., 1993). The
aqueous ammonia solution was sprayed onto a stack of whole
straw bales (mechanically baled straw; each bale weighing
approximately 20 kg). Plastic sheet was used underneath
weighted straw bales. The treated stack was then covered tightly
to prevent leaking of ammonia gas for almost twenty days.

The data illustrated in Table 2 shows that there is a quite
difference between alfalfa hay and barely straw in crude protein
content (186 and 43 g.kg-1 respectively), neutral detergent fiber
(464 and 789 g.kg-1 respectively) and acid detergent fiber (433
and

695

g.kg-1

respectively).

This

was

reflected

on

metabolizable energy, which was also high for alfalfa hay
compared with straw of barley (2.1 and 1.6 Mcal/kg
respectively). Treating straw with aqueous ammonia improved

Straw was air ventilated one week before used in feeding

the crude protein content from 43 to 72 g.kg -1 and decreased the

animals.

ADF percentage from 695 to 670 g.kg-1. Subsequently, ME was
increased about 50 kcal/kg of treated straw (calculated by

2.7 Statistical analysis

equation of Donker, 1989).

The effect of different sources of roughage on studied variables

3.1 Milk Production, composition and Blood parameters

were analysed using general linear model (GLM) procedure of
SAS v. 9.4 (SAS Institute Inc., 2013) in a completely

Animal performance were evaluated depending on amount of

randomized design. The analysis model includes treatment as

milk production, body weigh change, composition of milk and

independent variables. Dry matter intake, milk yield, and its

some blood parameters including blood ammonia, urea, serum

composition were analysed in a repeated measures design.

cholesterol and triglycerides.

Initial body weight of ewes was taken as covariates for final
body weight while Initial milk production and age of ewes was
used as covariates for average daily milk production. Least
square means were separated for significances (P<0.05) using
Fisher protected LSD test.

Average daily milk production, energy corrected milk
production, weigh change, daily feed consumption and feed
efficiency data for ewes consumed alfalfa hay showed no
significant differences compared to that produced by others
ewes (Table 3). Figure 1 illustrate the average daily milk

Table 2 Chemical composition of Alfalfa hay and barley straw that used as roughage for feeding Awassi ewes during the experiment
Alfalfa hay
(CON)

Barley straw
(STRW)

Ammonia treated straw
(ASTRW)

DM

922

914

912

CP

186

43

72

Ether extract

19

8.0

8.0

NFE

317

336

328

CF

294

399

401

NDF

464

789

766

ADF

433

695

670

Ash

107

127

103

GE (Mcal/kg)

3.86

3.56

3.69

ME (Mcal/kg)

a

a

Item (g.kg-1)

a
b

2.1

Calculated according to NRC (2007);
Calculated according to equations of Donker (1989)
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1.6

1.65 b
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Table 3 Average daily milk yield, energy corrected milk, weight change during the experiment, daily feed consumption and feed efficiency for
Awassi ewes that fed four different roughage sources
Alfalfa hay
(CON)

Barley straw
(STRW)

Ammonia treated
straw (ASTRW)

Ammonia treated straw +
Yeast (AYSTRW)

Significance

0.75 ± 0.1

0.53 ± 0.1

0.55 ± 0.08

0.69 ± 0.08

ns

1.2 ± 0.2

0.9 ± 0.2

0.94 ± 0.13

1.2 ± 0.14

ns

Weight change (kg)

9.5 ± 4.1

5.0 ± 6.8

5.0 ± 0.9

7.8 ± 1.8

ns

Daily feed consumption (kg)

2.0 ± 0.09

1.8 ± 0.05

1.8 ± 0.08

1.9 ± 0.02

ns

0.6 ± 0.1

0.4 ± 0.1

0.5 ± 0.07

0.6 ± 0.06

ns

Forage type
Average Daily milk yield (kg)
Energy corrected milk (kg/day)

Feed efficiency (%)

2

1

Mean ±Std. Error
Means in the same row with different superscripts differ significantly (P<0.05)
ns: not significant
1
Energy corrected milk (kg/d) = [milk (kg/d) × 0.327] + [fat (kg/d) × 12.86] + [protein (kg/d) × 7.65]
2
feed efficiency =kg milk produced/kg feed consumed

Figure 1 Average daily milk production of ewes fed four different roughage sources during the whole experiment interval.

production of ewes fed the four different forage sources during
the whole experiment.
Results of milk chemical analysis is illustrated in Table 4. Milk
total solids of ewes fed STRW and ASTRW was significantly the
highest (p < 0.05) value (17.4 %) while milk protein for ewes fed
AYSTRW was significantly the highest value (6.0 %). However,
Milk fat and urea values exhibited no significant differences
between treatments.
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Blood ammonia concentration (Table 5) showed significant
differences between ewes fed AYSTRW and other ewes fed
either STRW or ASTRW but not CON while blood urea
illustrated no significant differences between treatments.
Despite serum cholesterol of ewes fed AYSTRW is significantly
higher than ewes fed CON (71.0 and 57.7 mg/100 ml
respectively; p<0.05) serum triglycerides showed no differences
between treatments (p>0.05).
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Table 4 Milk composition of Awassi ewes fed the four different roughage sources
(%)

Alfalfa hay
(CON)

Barley straw
(STRW)

Ammonia treated
straw (ASTRW)

Ammonia treated straw
+Yeast (AYSTRW)

Significance

Milk Fat

6.7 ± 0.09

7.2 ± 0.3

7.3 ± 0.17

7.5 ± 0.5

ns

Milk protein

5.7 ± 0.04 b

5.9 ± 0.07 a

5.5 ± 0.06 c

6.0 ± 0.06 a

*

Milk Casein

4.7 ± 0.04 ab

4.8 ± 0.05 a

4.5 ± 0.07 b

4.8 ± 0.07 a

*

Milk total solids

16.4 ± 0.1 b

17.4 ± 0.2 a

17.4 ± 0.24 ab

17.0 ± 0.41 b

*

Milk Urea
32.0 ± 0.7
28.5 ± 1.6
30.8 ± 1.4
(mg/100ml)
Mean ±Std. Error
Means in the same row with different superscripts differ significantly (P<0.05)
* P < 0.05, ns – not significant

28.6 ± 1.2

ns

Table 5 Blood sample composition of Awassi ewes fed the four different roughage sources
Concentration
(mg/100ml)

Alfalfa hay
(CON)

Barley straw
(STRW)

Ammonia treated
straw (ASTRW)

Ammonia treated straw +
Yeast (AYSTRW)

Significance

Blood Ammonia

24.7 ± 1.9 ab

32.7 ± 3.9 a

26.7 ± 3.3 a

16.5 ± 1.8 b

*

Blood Urea

13.8 ± 1.0

16.3 ± 1.2

14.3 ± 1.3

20.5 ± 3.0

ns

Serum cholesterol
Serum triglycerides

57.7 ± 5.2
54.7 ± 7.2

b

70.3 ± 4.1

ab

55.7 ± 6.2

68.0 ± 3.2
61.0 ± 1.5

ab

71.0 ± 1.5

a

61.3 ± 4.4

*
ns

Mean ±Std. Error
Means in the same row with different superscripts differ significantly (P<0.05)
* P < 0.05, ns – not significant

Regarding to Milk fatty acid composition, no changes were found
either in the concentration of short chain fatty acids (C4-C10), or
in that of medium chain fatty acids (C12-C14) or long chain fatty
acids (C16-C20) by different sources of roughage (Table 6). Fatty
acids used to synthesize the milk triglycerides arise from two
sources included plasma lipids and de novo synthesis in the
mammary gland. De novo synthesis generally involves shortchain fatty acids (C4:0–C14:0) and some C16:0 (Alichanidis et
al., 2016). The plasma lipids are derived from diet and from
storage in body tissue. For ruminants, biohydrogenation in rumen
results in reduced impact on the diet on the final fatty acid profile
(Alichanidis et al., 2016).
4. Discussion
4.1 Milk production of Awassi ewes
The Local Awassi is a hardy, low-prolific, and low milkproducing breed that is well adapted to the extensive and harsh
production conditions of the Middle East (Gootwine, 2011),
where environmental constraints, such as food availability and
climate, are the rate-limiting factors for production. Awassi ewes
raised at experimental station, where the experiment was
conducted, produced milk from as low as 0.3 kg/ day up to 1.3
kg/day in their med lactation period (week 8 to 18) and for single
lamb production. According to Talafha & Ababneh (2011), these
levels classified flock of present study as traditional and improved
Journal of Experimental Biology and Agricultural Sciences
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breed of milk producers. They reviewed that the amount of
suckling milk in traditional production system ranged between 68
and 90 kg during a period of 81–93 days, while the improved
Awassi milk yield ranging from 97.5 to 360 kg over 95 to 222
days lactation period. However, at government research stations
(at different locations in Jordan), Awassi ewe produces 40–60 kg
of milk per 150-day lactation period under traditional (extensive)
production system and 70–80 kg under improved (intensive)
production system (Talafha & Ababneh, 2011) These levels do
not include the suckling period when milk is left for lambs. These
levels of milk production are attached with results of present study
and further conclusions. On the other hand, the improved Awassi
is probably equal to or somewhat superior to the East Friesian in
milk yield. Average milk was reached up to 524 kg in 214 days
(Thomas & Haenlein, 2017). In that level of production, it is
supposed that results and conclusions of present study will not be
convenient.
4.2 Calcium salts, methionine and yeast
Feeding ruminants with rumen protected fat as calcium salts were
examined in many experiments. Most of results are in agreement
with the results of current study, where using protected fat in
combined with methionine increased the nutritive value of straw
and it was able to supply animal with its needs compared with
alfalfa hay.
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Table 6 Milk fatty acid composition (% of milk fat) of Awassi ewes fed different roughage sources

Fatty Acid
(% of milk fat)

Alfalfa hay
(CON)

Barley straw
(STRW)

Ammonia treated
straw (ASTRW)

Ammonia treated straw +
Yeast (AYSTRW)

Significance

C4

2.40 ± 0.25

2.33 ± 0.1

2.49 ± 0.29

2.48 ± 0.21

ns

C6

2.24 ± 0.15

2.21 ± 0.06

2.22 ± 0.21

2.42 ± 0.21

ns

C8

2.19 ± 0.11

2.28 ± 0.09

2.67 ± 0.26

2.43 ± 0.26

ns

C10

7.93 ± 0.3

8.17 ± 0.44

9.83 ± 0.83

8.94 ± 0.55

ns

C12

4.45 ± 0.16

4.65 ± 0.29

5.41 ± 0.38

4.96 ± 0.23

ns

C14

12.81 ± 0.28

12.55 ± 0.27

13.08 ± 0.38

12.70 ± 0.36

ns

C16

36.72 ± 1.1

35.04 ± 1.17

33.94 ± 1.01

35.16 ± 0.96

ns

C16:1

1.64 ± 0.12

1.61 ± 0.07

1.47 ± 0.09

1.66 ± 0.37

ns

C17

0.61 ± 0.1

0.60 ± 0.03

0.67 ± 0.06

0.74 ± 0.16

ns

C17:1

0.47 ± 0.1

0.43 ± 0.03

0.40 ± 0.02

0.40 ± 0.03

ns

C18

7.50 ± 0.38

8.07 ± 0.12

7.32 ± 0.33

7.86 ± 0.65

ns

C18:1

17.63 ± 0.68

19.26 ± 0.46

17.09 ± 1.07

17.13 ± 0.41

ns

C18:2

2.08 ± 0.16

2.06 ± 0.05

2.26 ± 0.22

1.92 ± 0.07

ns

C18:3

0.21 ± 0.04

0.15 ± 0.02

0.22 ± 0.04

0.30 ± 0.15

ns

C20

0.26 ± 0.06

0.22 ± 0.02

0.21 ± 0.03

0.21 ± 0.02

ns

C20:1

0.37 ± 0.05

0.30 ± 0.03

0.34 ± 0.03

0.28 ± 0.03

ns

C22

0.07 ± 0.01

0.06 ± 0.01

0.22 ± 0.11

0.10 ± 0.04

ns

C24

0.11 ± 0.03

0.10 ± 0.03

0.13 ± 0.03

0.11 ± 0.03

ns

77.29 ± 0.93

76.26 ± 0.51

78.19 ± 1.34

78.12 ± 0.48

ns

22.39 ± 0.81

23.81 ± 0.47

21.77 ± 1.31

21.67 ± 0.56

ns

1

SFA

2

USFA

Mean ±Std. Error
Means in the same row with different superscripts differ significantly (P<0.05)
* P < 0.05, ns – not significant
1
Saturated fatty acid
2
Unsaturated fatty acid

Ganjkhanlou et al. (2009) evaluated the production response of
early lactating cows fed alfalfa hay (as forage) to rumen-protected
fat (Ca-PFA). They found that supplementation of early lactating
diet with decreased feed intake but without altering milk
production, milk composition and body weight, thus improved
milk efficiency. Other studies indicated that cows that were fed
corn and alfalfa silage with Ca-PFA produced more milk than
cows fed control diet or diets with hydrogenated triacylglycerides
from palm oil (HPO) due to higher digestibility of long chain fatty
acids from Ca-PFA, which increases the concentration of
digestible energy in diets, compared to HPO (Weiss & Wyatt,
2004). Adding 200–300g supplemental Ca-PFA in wheat straw
based diets fed to buffaloes to increase its energy density without
adversely affecting DM intake and digestibility was proposed by
Naik et al. (2009).
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Regarding feeding of ewes and does with Ca-PFA, a study was
carried out to evaluate the effect of feeding a dry fat source with
alfalfa hay and cereal straw as roughage to seasonal ewes and
does on their postpartum reproductive performance. It was
reported that supplemental fat to ewes at 3% during their
postpartum period could improve their milk production and affect
live weight change during that period with no effect on weaning
weight or litter weight of lambs (Titi et al., 2008). Moreover,
Ca salt supplementation can improve milk production of lactating
ewes, growth rate of their lambs, and produce healthy quality
value milk (Titi & Obeidat, 2008). Furthermore, addition of
Ca-PFA to the diet of dairy ewes fed alfalfa hay, rice hulls and
soybean hulls as roughages increased milk fat content over the
entire lactation period, and milk fat yield in the first half of
lactation. The relative milk fat yield response from dietary
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Ca-PFA to milk varied by feeding level and stage of lactation
(Casals et al., 2006). Adding of Ca-PFA in the concentrate
fraction of diets for lactating goats fed alfalfa hay as roughage
gives rise to a good digestive utilization of the diet together with
improved N and metabolizable energy utilization for milk
production (Sanz et al., 2002).
Reddy et al. (2003) examined the effect of using protected fat as a
supplement source of energy in straw-based diets for small
ruminants. It was found that inclusion of Ca-PFA at 0.10 level in the
diet of sheep improves the nutrient utilization without affecting the
dry matter intake from straw-based diets in Deccani sheep.
Supplementation of rumen-protected methionine improved dairy
performance and promoted amino acid utilization in lactating
cows. The optimal level of rumen-protected methionine (RPMet)
in the diet was 42 g /cow/ day (Yang et al., 2010). Furthermore,
RPM addition to diets increased production of total milk protein,
whereas, dry matter intake and milk fat percentage were slightly
decreased, whereas milk production was slightly increased
(Patton, 2010). In another research, it was reported that
methionine improved metabolic protein utilization, followed by
the lowest plasma, urine and milk urea levels in the supplemented
low protein diet. Supplementation of methionine may nevertheless
be useful in rations with particularly low protein content fed to
early lactating cows in order to prevent negative long-term effects
(Kröber et al., 2000). However, other investigators found that high
producing dairy cows fed a diet that was adequate in CP
responded to rumen protected lysine and methionine primarily
with increased production of milk protein and fat throughout the
full lactation (Robinson et al., 1994).
Related to usage of a combination of two types of feed additives
(Ca-PFA and RPMet), a study assessed their adding effects on dry
matter intake, milk yield and composition and on selected
reproductive parameters starting two weeks post-partum through
week seventeen of lactation. Overall results suggest that the use of
700 g of calcium salts of CA-PFA/cow/day in the concentrate
supplement improves major reproductive indices and milk yield of
high producing dairy cows during early lactation, and that adding
rumen protected methionine (40 g/cow/day) to Ca-PFA not only
helps alleviate the milk protein depression commonly observed
with added fat, but further improves the performances of cows
(Ben Salem & Bouraoui, 2008).
Effect of yeast culture (Saccharomyces cerevisiae) inclusion in
ruminant rations (dairy cattle, sheep, goats, lambs and calve) on
their performance was studied by many researchers (Callaway &
Martin, 1997; Ahmed & Salah, 2002; Guedes et al., 2008; Marden
et al., 2008; Lascano & Heinrichs, 2009). The three main effects
that have been identified are; improvement of rumen maturity by
favoring microbial establishment (Callaway & Martin, 1997),
Journal of Experimental Biology and Agricultural Sciences
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stabilization of ruminal pH and interactions with lactatemetabolizing bacteria (Guedes et al., 2008; Marden et al., 2008),
and increase of fiber degradation and interactions with plant–cell
wall degrading microorganisms (Chaucheyras-Durand et al.,
2008; Guedes et al., 2008). Some studies suggested that yeast
culture provides soluble growth factors (i.e., organic acids, B
vitamins, and amino acids) that stimulate growth of ruminal
bacteria that utilize lactate and digest cellulose (Callaway &
Martin, 1997). The positive effect of adding yeast was obvious in
present study in reducing significantly blood ammonia of ewes
fed AYSTRW, which may be related to improving rumen culture
and ecology. However, additional cost of adding yeast as feed
additive was not covered by convenient increase in milk
production and or weight increase.
4.3 Aqueous ammonia for enhance barley straw
Many attempts have been conducted to improve the nutritive
value of cereal straw using aqueous ammonia. Kiangi et al. (1981)
investigated the effectiveness of aqueous ammonia (NH 4OH) for
treating maize stover, rice and wheat straws. They found that
NH4OH had a similar effect as anhydrous NH 3 in improving dry
mater and organic matter in-vitro digestibility of maize stover,
rice and wheat straws. In another study, chopped cereal straw was
treated with NH4OH (12 liters of 25% NH 3 by weight/100 kg
straw) and that increased significantly the in vitro organic matter
digestibility (53.9% versus 40.2% of the control) and the content
of N x 6.25 (104 versus 37 g.kg-1 dry matter (DM) of the control)
(Hadjipanayiotou et al., 1993). Oji et al. (2007) investigated
changes in chemical composition and nutritive value of maize
residues treated with urea and aqueous ammonia. They found that
treatment improved (P < 0.05) intake and digestion coefficients
for N, DM, NDF, ADF and OM but there were no differences (P >
0.05) between aqueous NH 3 and urea treatments.
Conclusion
The current results indicated that feeding barely straw as roughage
supplemented with calcium salts and protected methionine is
sufficient for Awassi ewes produced modest milk level, without
any detrimental effects on animal performance and with maintain
milk production and quality. The application of these results will
contribute to sustainable sheep farming in hot dry areas by
decreasing feeding cost and increasing overall profit in case of
lack of alfalfa hay availability. Further studies are needed to
examine the effect of the complementary method of enhancing
straw in feeding highly milk producer ewes with average daily
milk exceed 1.5 kg per day including improved Awassi ewes.
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