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ABSTRACT

Wheat is one of the most important staple grains in the world and the leading source of calories,
production is limited by biotic stress. There is a number of pathogen attacks on wheat crops,
depending on environmental conditions. In some cases, more than one crop pathogen attack leads
to higher damage or decrease susceptibility. There are very few studies in the field of multiple
pathogen interactions; in this study, we analyzed the co-infectionof wheat with fungal and bacterial
pathogens. Field isolated Xanthomonas translucens and Xanthomonas compestris bacteria have
been used against GM-322 and PDKYV varieties co-infected with Fusarium fungus spp. In our
experiment, we used Fusarium oxysporum, Fusarium graminearum, Fusarium equitus. Compared to
the combined effect of the fungus and bacteria, we measured the length and width of the infected
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leaf part. We have observed that there is more susceptibility to X. compestris and F. graminearium
in the GM-322 wheat variety. The second susceptible cvs was PDKV when we co-infected F.
oxysporum and then X. franslucens fungal and bacterial infected symptom analysis showed yellow
stripes on the leaf surface of the wheat crop. We observed head blight in wheat when it was infected
with F. graminearum and X. compestris. As a result, we concluded that varietal susceptibility also
depends on co-infection pathogen attacks and their synergetic interaction.

Keywords: Wheat; pathogen interaction; Xanthomonas translucens; Xanthomonas compestris;
Fusarium oxysporum; Fusarium graminearum.

1. INTRODUCTION

Wheat is one of the world‘s most important staple
grains and is the leading source of calories and
plant-derived protein in human food [1]. Wheat is
primarily a rabi (winter) crop, and production is
highly concentrated in the northern belt of Utter
Pradesh, Punjab and Haryana, which together
contribute 67% of total production and 55% of
area [2,3]. Nevertheless, future production must
increase as the global population is estimated to
exceed nine billion people by 2050. As such,
annual cereal production is expected to grow by
nearly one billion tons. In addition, increased
consumption of wheat products in many Asian
countries and changes in grain quality
requirements to meet the hidden hunger targets
require additional crop production [4]. Many
efforts are already underway in plant research in
different parts of the world, but they are not only
limited to improving crop production in crops
such as wheat and other cereals, but also
focused on basic plant science research with
other experimental plants to develop methods
that can then be applied to cereal crops with the
ultimate aim of improving crop production [5-14].
In India, wheat is affected by various diseases
such as rusts, powdery mild, loose smut, leaf
blight, and kernal blunt [15]. Amongst these,
kernal blunt is the major disease of wheat and
caused by the fungus,Tilletia indica (Syn
Nevovosia indica). It is the limiting factor in
increasing wheat yield [16,17,18,19]. It affects
mainly common wheat, durum wheat, ftriticale
and other related species. The disease reduces
seed quality, changes the chemical composition
of infected grains and makes seed inedible.
Wheat containing 3% bunted grains is unfit for
human consumption [20].

Blast is one of the most devastating diseases of
wheat. It is commonly referred to as leaf blast,
collar rot node blast, spike blast or rotten neck
blast depending on the portion of the infected
wheat. The disease is also known to occur in
triticale, barley and black oats. Fusarium head

blight, root rot and foot rot (crown rot) are
diseases that cause significant yield losses in a
number of crops worldwide, such as wheat,
maize, oat (Avena sativa L.) Rice (Oryza sativa
L) [21,22]. The losses caused by Bacterial leaf
streak as 40 percent have occurred in the most
severely diseased field in Idaho, United states,
although losses are generally 10 percent or less
[23]. Typically, symptoms on the leaf consist of
elongated, light brown lesions, several
centimeters long, which are initially distinct but
later coalesce to cover larger solid areas. Early
symptoms are characterized by translucent
stripes that are easily seen under incident light.
Initially, lesions are water-soaked and produce
honey like exudates giving a milky slime under
humid condition X. translucens pv. Undulosa
grows fastest in vitro at 28°C to 30°C. The
bacterium can be cultivated on common medium,
such as nutrient agar and Wilbrinks medium [24].
These culture media are not semi-selective and
can be used in a wide range of bacteria. Since
the bacterial leaf streak was first identified on
wheat, a number of names have been used for
X. Translucence strain isolated from small grains,
however, these strains have not always been
subject to differential host range tests for
pathogenicity. The pathogen is non-sporic, rod-
shaped, gram-negative and  single-polar
flagellum motile. X. translucens is oxidative and
there is no nitratereduction in nitrite. We further
analyzed the co-infection of these bacteria and
fungi to study their interactions [25,26,27].

2. MATERIALS AND METHODS

2.1 Collection of Infected Leaves and
Isolation of Bacteria

The infected field was analyzed for disease
symptoms and the infected plant sample was
collected by a small cut of the leaf tissue from the
edge of the lesion. Crush the sample in sterile
water with the help of forceps and scalpel. Small
aliquots were produced from this sample and
used to grow on plates, and the plates were




incubated upside down at 28°C for 1-3 days and
analyzed continuously. Pure bacterial culture
was obtained by further subculture and then
characterized by gram staining and maintained
by the preparation of slants.

2.2 Fungal Infection

Varieties of wheat seeds are planted in Petri
plates, and after one week the seeds are planted
in pots as control plants. Then we prepare PDA
media and grow fungus on it, such as F.
oxysporum (F.o), F. graminearum (F.g) and F.
equities (F.eq), incubation time of Fusarium
fungus growth is 4 to 5 days at 27°C incubator.
Take 10 ml of autoclave distilled water in the test
tube and then add the Fusarium fungus
suspension. Inoculate the seed in the Fusarium
suspension by deepening it with the help of
forceps. The inoculated seed was stored in Petri
plates for 4 to 5 days. Then the seeds were
transplanted into pots and the pots were labeled
with the name of the variety. Fungal infection
methodology previously described in Wagh et al.
2016a [28].

2.3 Bacterial Infection

The suspension of X. ftranslucens and X
campestris strain was spread to the peptone
agar medium and then cultivated in the dark
inside the chamber at 28°C for 48 hours. The
bacteria were collected by adding sterilized
ultrapure water and the concentration of the
bacteria was adjusted to 0.3 OD at 600 nm. For
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inoculation of wheat with X. translucens,
X.campestris detached leaves were wounded
with a needle and the wounded regions were
then covered with bacterial suspension. In
addition, the bacterial suspension (20 pl)
containing 0.05 per cent of Tween 20 fell to the
same wounded areas of the leaf surface at a
higher inoculation rate. After inoculation, the
samples leave w after 5 days, 50% of the leaf
part showed symp

toms of bacterial leaf blight. Increased length and
width of the lesions with the help of Vernier
Caliper, three lesions from three individual leaves
were analyzed in three replicates. Bacterial
infection methodology previously described in
Wagh et al. 2016a [28].

3. RESULTS
3.1 Isolation of Bacteria

First, the leaf spike rust infected wheat disease
sample was collected from Gandheli in the
Aurangabad region as shown in (Fig.1), followed
by characterization and symptom analysis of the
infected sample. We observed that it is a
bacterial Xanthomonas. Disease, after which we
isolated the pathogen causing the nutrient agar
media as shown in (Fig. 2, A and C). Two types
of colonies were observed after 24 hours in white
and yellow colonies. Isolated colonies under a
microscope are observed by gram staining, as
shown in (Fig. 2, B and D) Xanthomonas is a
gram-negative rod-shaped bacteria.

Fig. 1. Disease infected wheat sample
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Fig. 3. From left A.Fusarium graminearum, B. Fusarium oxysporum and C. Fusarium equitus
was grown on PDA media on plates

3.2 Preparation of Fungus Culture

Fungus spp., such as F. graminearum, F.
oxysporum and F. equitus, was grown in the
PDA media on plates as shown in (Fig. 3) and
incubated for 4 to 5 days at 27°C in the
incubator.

3.3 Inoculation of Seed with Fungus
Culture

The seed was inoculated with the fungus by
deepening the loop in 10 ml of distilled water and
the seeds were deep into the fungus water of
various varieties of wheat, such as GM322,
PDKV, F. graminearum, F. oxysporum and F.
equitus (Fig. 3). These fungus inoculated seeds
were transplanted into pots after 4 days and the

symptoms analysis was performed after 30 to 40
days when the leaves were grown enough to be
analyzed.

3.4 Fungal and Bacterial Infection to Leaf

First infection with the fungus occurred at the
early stage of the seedling with Fusarium spp.
Infected plant leaf we used for infection of X.
translucens and X. compestris after 35 days and
kept at 25°C. Vernier Caliper was performed
after 4 days of symptom analysis and the result
is shown in Fig. 4. By measuring length and
width with the help of Vernier caliper, we have
observed that the susceptibility is greater in the
GM-322 type of wheat when we co-infected first
with  F. graminearum and then with X
translucens in the GM-322 type of wheat. The



length was 1.2 inch and 0.8, the width was
measured as shown in the graph (Fig. 4). The
second resistance variety was PDKV, the length
and width measured with Vernier caliper and the
second observation is that the susceptibility to
PDKYV is greater in the wheat variety when we
co-infected F. oxysporum first and then X
tfranslucens in the wheat variety PDKV. The
length was 0.8 and the width was 0.6, as shown
in the graph. (Fig. 4).

3.5 Symptom Analysis after 35 to 40 Days

After 35 to 40 days symptom analysis was
carried out. Co-infection with X. translucens and
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F. oxysporum together it shows symptoms like
yellow colour stripe on leaf surface of wheat crop
as shown in (Fig. 5). It mean that fungus F.
oxysporum and bacteria X. franslucens shows
the synergetic effect on wheat crop as shown in
(Table 1).

Pathogen-Pathogen interaction in wheat, two
pathogen F. graminearum, Psudomonas
flurescens showed synergetic interaction as
shown in (Table 1). Similar result we observed in
our study, co-infection of F. graminearum and X.
translucens showed synergistic effect as shown
in (Table 1) and shows symptom of head blight in
wheat as shown in (Fig. 5).
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Fig. 5. Symptom analysis after 35 to 40 days
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Table 1. Examples of pathogen-pathogen interaction in plant and pathogen species

Pathogen species. Host  Co-infection Interaction References
type type
Fusariumoxysporum/Psuedomonas Wheat Snchronous Synergistic Notz et al.,
flurescens 2002 [29]
Zymoeseptoria tritici/Blumeria Wheat Synchronus/ Antagonastic Orton and
graminis tritici asynchronus Brown,2016
[30]
Fusarium oxysporum/ Wheat Synchronus Synergistic Our study
Xanthomonas translucens
Fusarium graminearum/ Wheat Synchronus Synergistic Our study

Xanthomonas campestris

4. DISCUSSION

Studies of plant—pathogen interactions have
historically focused on simple models of infection
involving single host-single disease systems.
However, plant infections often involve multiple
species and/or genotypes and  exhibit
complexities not captured in single host single
disease systems. Here, pathogen interactions
include: (i) Competition, in which competing
pathogens develop physical barriers or utilize
toxins to exclude competitors from resource-

dense niches; (ii) Cooperation, whereby
pathogens beneficially interact, by providing
mutual  biochemical signals essential for
pathogenesis, or through functional

complementation via the exchange of resources
necessary for survival; (iii) Coexistence, whereby
pathogens can stably coexist through niche
specialization [31]. Furthermore, hosts are also
able to, actively or passively; modulate niche
competition through defense responses that
target at least one pathogen [32,33]. Three key
interactions can cause damage in co-infected
plants: host— pathogen, pathogen—pathogen, and
host-multiple-pathogen complexes. Host—
pathogen interactions are well studied and are
generally detrimental to the plant resulting in
reduced fitness [24].

In  contrast, pathogen—-pathogen and host-
multiple-pathogen interactions are less studied.
These interactions can lead to various results:
antagonism, synergism, coexistence, mutualism,
or cooperation. The level of disease damage the
plant experience varies depending on the
outcome of the interactions and the
corresponding host responses.

In our present study of multi pathogen host
interaction in wheat, we observed that the effect
arising from the fungus was not so much toxic
than that, it means host pathogen interaction
between F. spp and wheat crop is antagonstic.
When we infect wheat crop with bacteria X.

translucens and fungus Fusarium spp. Together,
the together effect of bacteria and fungus is
greater than that of the individual effect of
Fusarium spp. It means host multiple pathogen
interaction shows synergetic effect of multiple
pathogen. When we co-infect F. graminearum
and X. ftranslucens together, we observed
Fusarium head blight symptoms in wheat [32].
Pathogen-pathogen interaction in wheat plant
two species co-infected F. oxysporum and
Psuedomonas flurescens it shows the synergetic
type of interaction. Similar result we observed in
our study when we co-infected F. oxysporumand
X. translucens it showed the synergistic effect. X.
franslucens is wheat pathogens. Despite the
demonstrated importance of bacterial species as
potential donors of virulence genes in fungal
cereal pathogens, currently limited genome
sequence information is available for cereal
infecting bacteria and this makers searching for
new such genes difficult. Lesions in the infiltrated
zone were observed after inoculations in this
species. These lesions expanded over time and
become water-soaked and necrotic, consistent
wheat description of X. translucens pathogenicity
on wheat.

In addition, bacterial concentration increases
exponentially over time infiltrated wheat leaves,
consistent with the virulent interaction on the
species the pathogenicity of DAR61454 was also
tested in over 100 wheat which all produce water
soaked lesions inoculation this experiment
indicated that X. translucensis highly pathogenic
on wheat. F.g survival can be control by the
enhancement of decomposition process.
Agriculture practice are key factor for the control
of F.g survival. A suitable crop rotation and an
invasive tillage can limit the risk of Fusarium
head blight development. The symptoms was
seen in the infected area of wheat leaves, the
black colour spots were obtained in that area in
which  bacteria (X. compestris and X
translucens) and fungus (F.g, F.o & F.eq ) were



co-infected with the help of needle. Day by day
the lesions were slowly developed from the first
day to the fourth day, the complete development
of lesion was 1.2 inches in length and 0.9 cm in
width. And this length and width were measured
with the help of Vernier caliper and data was
collected. Future studies can be done by the use
of CRISPER-CAS9 technology [13,14].

Our present study multi-pathogen-host
interaction in  wheat suggest that the
susceptibility is more in the variety of GM-322 of
wheat when we co-infect first F. graminium and
then X. translucens in the variety GM322 of
wheat. The length was 1.2 inch and 0.8 width
was measured. The second susceptible variety
was PDKYV, the length and width measure with
help of Vernier caliper.The second observation is
that the susceptibility is more in the variety of
PDKV of wheat, when we first co-infect F.
oxysporum and then X. translucens in the variety
of wheat PDKYV, in contrast with Abdullah, et al.
2014 [33]. The length was 0.8 and 0.6 was its
width. When we co-infect F. oxysporum and then
X. compestris in the variety PDKV the length was
0.9 and 0.8 was its width. After 35 to 40 days
symptoms analysis was done for co- infection
with bacteria and fungus spp. Which shows the
yellow colour stripe on leaf surface. Co-infection
with F. graminearum and X. compestris shows
the symptoms head blight in wheat, the co-
infection can be reason of forming new deadly
disease combinations [35]. Such interactions can
be further studied in different types of cultivars
and different envorinations can be used for the
development of new pathogen resistant cultivars,
with RNAi and CRISPER technologies [36,37].
These combinations can be taken into
consideration for further breeding perspective.

5. CONCLUSION

The synergism observed between F. oxysporum
/ X. translucens and F.graminearum / X.
compestris leads to increased disease
susceptibility of both pathogens, increased
damage to plant physiology and productivity.
Hence, we concluded that varietal susceptibility
is also dependent on co-infection pathogen
attacks and interaction. These combinations can
also be taken into consideration for further
breeding perspective.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

Dandve et al.; BJI, 23(4): 1-9, 2019; Article no.BJI.52994

REFERENCES

1. Curtis BC, Rajaram S, Gémez MH. Bread
Wheat Improvement and Production.
Rome, Italy: FAO: Plant Production and
Protection Series; 2002.

2. Joshi AK, Mishra B, Chatrath R, Ortiz
Ferrara G, Singh RP.Wheat improvement
in India: Present status, emerging
challenges and future prospects. Euphytica.
2007;157:431-446.

3. Singh DV, Gogoi R. Karnal bunt of wheat
(Triticum spp.) — a global scenario. Indian
Journal of Agricultural Sciences. 2011;81:

3-14.

4. Shewry PR.Wheat. Journal of
Experimental  Botany.  2009;60:1537-
1553.

5. Pohare MB, Suryawanshi PP, Rathod HP.
In vitroMicropropagation of Banyan Tree
(Ficus benghalensis L.) through Shoot Tip
Culture. Research Journal of Agricultural
Sciences. 2012a;3(4):880-882.

6. Pohare MB, Rathod HP, Shahakar SB,
Kelatkar SK, Suryawanshi PP. Effects of
UV radiations on morphological characters
in In vitro regenerated Polianthestuberosa.
Research Journal of Agricultural Sciences.
2012b;3:1307-1308.

7. Pohare MB, Batule BS, Bhor SA, Shahakar
SB, Kelatkar SK, Varandani SP. Effect of
gamma radiations on the morphological
characters in In vitro Regenerated
Polianthes tuberosa. Indian Horticulture
Journal. 2013;3:95-97.

(DI: 086-13-IHJ-0206-2013-24)

8. Rathod HP, Pohare MB, Bhor SA, Jadhav
KP, Batule BS, Shahakar SB, Wagh SG,
Wadekar HB, Kelatkar SK, Kulkarni MR. In
vitro micro propagation of blue passion
flower (Passiflora caerulea L.). Trends in
Biosciences. 2014;7(19):3079-3082.

9. Pohare MB, Akita M. Development of a
precursor in a soluble form for protein
import into chloroplasts. International
Journal of Bio-Technology and Research
(IUBTR). 2016a;6(5):9-18.

10. Akita M, Pohare MB. Chloroplastic Protein
Import Characteristics of Dihydrofolate
Reductase (DHFR) Fused Recombinant
Precursor Protein in the Presence of
Methotrexate. Biosciences Biotechnology
Research Asia. 2016b;13(4):2351-
2358.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Available:http://dx.doi.org/10.13005/bbra/2
405

Lokhande P, Kharche A, Wagh SG,
Manithe D, Harke S. Immune boosting
super food supplement from natural
resources. Journal of Pharmacognosy and
Phytochemistry. 2019;8(5):2108-2113.

Pawar KR, Wagh SG, Daspute AA, Avhad

GB, Choudharee PD, Harke SN.In
vitroregeneration of potato (Kufri Pukhraj).
Journal of Pharmacognosy and

Phytochemistry. 2019;8(5):515-518.
Pohare MB, Sharma M, Wagh SG.
CRISPR/Cas9 genome editing and its
medical potential. Advances in
Biotechnology and Biosciences. 2019;3:
71-90.

Wagh SG, Pohare MB. Current and Future
Prospects of Plant Breeding with
CRISPR/Cas. Current Journal of Applied
Science and Technology. 2019;38(3):1-
17.

DOI:10.9734/CJAST/2019/v38i330360

Juroszek P, Tiedemann AV. Climate
change and potential future risks through
wheat diseases: A review. European
Journal of Plant Pathology. 2013;136:21-
33.

Aggarwal R, Srinivas P, Srivastava KD,
Singh DV. Soil borne diseases of wheat
and their management. In: Naik, Rani D
(eds) Advances in Soil Borne Plant
Diseases. New India Publishing Agency.
2008;165-217.

Kumar A, Singh US, Kumar J, Garg GK.
Application of molecular and immune
diagnostic tools for detection, surveillance
and quarantine regulation of Karnal bunt (T.
indica) of wheat. Food and Agricultural
Immunology. 2008;19:293-311.

Shakoor MA, Khan MA, Arif MJ, Javed N,
llyas MB, Arshad M, Sahi ST. Incidence of
Karnal bunt disease of wheat in various
districts of Punjab during 2006 and 2007
crop years. Pakistan Journal of
Phytopathology. 2008;20:190-194.

Sharma RC, Sharma |, Kaur DJ, Bala R.
Disease free seed production of wheat in
Punjab: Achievements. Journal of Wheat
Research. 2011;3:27-29.

Ullah HMZ, Haque MI, Rauf CA, Akhtar LH,
Munir M. Comparative virulence in isolates
of T. indica and host resistance against
Karnal bunt of wheat. Journal of Animal
and Plant Sciences. 2012;22:467-472.

22.

23.

24.

25.

26.

27.

28.

29.

Dandve et al.; BJI, 23(4): 1-9, 2019; Article no.BJI.52994

Fernandez MR, Huber D, Basnyat P,
Zentner RP. Impact of agronomic practices
on populations of Fusarium and other fungi
in cereal and non cereal crop residues on
the Canadian Prairies. Soil Tillage Res.
2008;100:60-71.

Wagh SG, Kobayashi K, Yaeno T,
Yamaoka N, Masuta C, Nishiguchi M. Rice
necrosis mosaic virus, a fungal transmitted
Bymovirus: Complete nucleotide sequence
of the genomic RNAs and sub-grouping of
bymoviruses. J Gen Plant Pathol
2016b;82:38-43.
Available:https://doi.org/10.1007/s10327-
015-0618-7

Forster RL, Mihuta-Grimm, L, Schaad NW.
Black chaff of wheat and barley. Current
Information.1986;784:2.

Sands DC, Mizrak G, Hall VN, Kim HK,
Bockelman HE, Golden MJ. Seed
transmitted bacterial diseases of cereals:
epidemiology and control. Arab J. Plant
Prot. 1986;4:127-125.

Forster RL, Schaad NW. Evaluation of
seed ftreatments for eradication of
Xanthomonas campestris pv. translucens
from wheat seed. Phytopathology. 1985;
75:1385.

Forster RL, Schaad NW. Tolerance levels
of seed borne Xanthomonas campestris pv.
translucens, the causal agent of black
chaff of wheat. Proc. 6th Int. Conf. Plant
Pathogenic Bacteria, Maryland, USA. 1987;
974-975.

Forster RL, Schaad NW. Longevity of
Xanthomonas campestris pv. translucens
in wheat seed under two storage
conditions. In Z. Klement, ed. Proc. 7th Int.
Conf. Plant Pathogenic Bacteria, Budapest,
Part A.1990;329-331.

Wagh SG, Alam MM, Kobayashi K, Yaeno
T, Yamaoka N, Toriba T, Hirano HY,
Nishiguchi M. Analysis of rice RNA-
dependent RNA polymerase 6 (OsRDRG6)
gene in response to viral, bacterial and
fungal pathogens. J Gen Plant Pathol.
2016a;82:12-17.
Available:https://doi.org/10.1007/s10327-
015-0630-y

Notz R, Maurhofer M, Dubach H, Haas D,
Défago G. Fusaric acid-producing strains
of Fusarium oxysporum alter 2,4-
diacetylphloroglucinol biosynthetic gene
expression in Pseudomonas fluorescens
CHAO in vitro and in the rhizosphere of



30.

31.

32.

33.

wheat. Appl. Environ. Microbiol. 2002;68:
2229-2235.

Orton ES, Brown JK. Reduction of growth
and reproduction of the biotrophic fungus
Blumeria graminis in the presence of a
necrotrophic pathogen. Front. Plant Sci.
2016;7:742.

DOI: 10.3389/fpls.2016. 00742

Abdullah AS, Moffat CS, Lopez-Ruiz FJ,
Gibberd MR, Hamblin J, Zerihun A. Host—
multi-pathogen warfare: Pathogen
interactions in co-infected plants. Frontiers
in Plant Science. 2017;8:1806.

Fakir GA, Rahman MH, Rahman GMM.
Survey on the prevalence of black point
fungi of wheat in Bangladesh. Bangladesh
J. Plant Pathol. 1989;5:19-29.

Abdullah SK, Atroshi HIM. New records of
fungi on wheat grains from Iraq. J. Univ.
Zakho.2014;2:256-265.

34.

35.

36.

37.

Dandve et al.; BJI, 23(4): 1-9, 2019; Article no.BJI.52994

Brown, JK. Durable resistance of crops to
disease: A Darwinian perspective. Annu.
Rev. Phytopathol. 2015;53:513-539.
DOI:10.1146/annurev-phyto-102313-
045914

Bhattacharya S. Deadly new wheat
disease threatens Europe‘s crops. Nature.
2017;542:145-146.

Wagh SG, Daspute AA, Akhter SM, Bhor
SA, Kobayashi K, Nishiguchi M.
Relationship between resistance to Rice
necrosis mosaic virus and expression
levels of rice RNA dependent RNA
polymerase 6 (OsRDR®6) in various rice
cultivars, JARQ. 2019. (In press).

Wagh SG. Comparative updates on Host-
Induced Gene Silencing and CRISPR-
Cas9 Utilization for Improved Disease
Resistance in Crops, Research Journal of
Biotechnology. 2019.(In press)

© 2019 Dandve et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/52994




