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ABSTRACT

Three local isolates of Beauveria (BbR1, BbR2 and BbR3), isolated from Punjab soils along with one standard 
strain MTCC 2028 (BbM1) were selected for molecular identification. All the isolates showed maximum growth on 
potato dextrose agar (PDA) for an incubation period of seven days at 28±2°C. Morphologically the shape of colonies 
was round, lightly raised with white powdery surface and smooth walled hyphae. The mycelia showed white powdery 
translucent radial growth. Molecular characterization was done based on internal transcribed spacer (ITS) region, 
a fungal barcoding region for species level identification. The ITS region amplified by PCR with specific primers 
resulted in 603bp amplicon in all examined Beauveria isolates. The BLAST analysis showed that amplified gene 
has 99-100% homology with B.bassiana thus confirming all isolates as B.bassiana. The phylogenetic tree exhibited 
no sequence diversity among Punjab isolates. However, Punjab isolates showed genetic variation of 0.63–1.47% 
from other Indian isolates based on ITS region. The phylogenetic tree developed, including isolates from other 
countries, resulted in two main groups.The first group includes all the three local isolates of  Punjab, one isolate 
from Chandigarh, standard BbM1 and 13 from other countries. The second group wasformed by 10 isolates from 
different states of India and 6 from other countries. The analyses indicated inter and intraspecific variations among 
B. bassiana isolates associated with diverse geographical origins.

Key words: Beauveria, Entomopathogenic fungus, ITS region, Molecular characterization, 
Phylogenetic analysis.

Entomopathogenic fungi, Beauveria (Balsamo-Crivelli) 
Vuill. are ubiquitous in nature and has the largest host 
range among the fungi imperfecti making itthe principal 
components of bioinsecticides (Xu et al. 2007). Beauveria 
are cosmopolitan, soil-borne insect pathogens, and are 
easily distinguishable at genus level, however, species 
identification often remains complicated because of the lack 
of distinctive morphological characters and taxonomic keys 
which are limited to cultural features, conidial shapes and 
sizes (Wang et al. 2005, Robene-Soustrade et al. 2015). 
Xiao et al.(2012) reported that genomic analysis of B. 
bassiana, as one of the best-studied and most widely used 
insect biocontrol agents. Imoulan et al. (2016) reported 10 
species of Beauveria representing divergence among species 
based on fungal barcode targeting ITS region. In India, a few 
studies have been reported on molecular taxonomy of genus 
and phylogenetic relationships of Indian isolates. Agrawal 
et al. (2014) reported ITS based phylogenetic relationships 

of B. bassiana and Beauveria-like isolates of Indian origin 
and Bala Naik et al. (2015) identified five local B. bassiana 
isolates from Rayalaseema region of Andhra Pradesh.

The International Sub-commission on Fungal Barcoding 
proposed the ITS region as the prime fungal barcode 
region for species identification (http://www.allfungi.com/
its-barcode.php). In addition, the recognition of ITS as the 
official DNA barcode marker for fungal identification has 
been established (Schoch et al. 2012,Raja et al. 2017). The 
entire ITS region of nuclear DNA (nrDNA) can be easily 
amplified using primers among all lineages of fungi and 
can be used to elucidate the phylogenetic relationships 
of fungal taxon (Rehner et al. 2011,Koljalg et al. 2013). 
There is no report on molecular identification of Beauveria 
species from Punjab, based on internal transcribed spacer 
(ITS) region. So, present study was planned to characterize 
Beauveria isolates and evaluate their sequence variability 
with available database. 

MATERIALS AND METHODS
Fungal Isolates: Three isolates of Beauveria (BbR1, 

BbR2 and BbR3), isolated from Punjab soils along with 
one standard culture of B. bassiana (BbM1) (MTCC 
2028) procured from Microbial Type Culture Collection, 
Chandigarh (IMTECH) were used for present studies. The 

https://doi.org/10.56093/ijas.v89i9.93481

mailto:geetikabanta1@gmail.com
mailto:geetikabanta1@gmail.com
mailto:vikas_ento@pau.edu
mailto:vikas_ento@pau.edu
http://www.sciencedirect.com/topics/agricultural-and-biological-sciences/bioinsecticides
http://www.allfungi.com/its-barcode.php
http://www.allfungi.com/its-barcode.php
mailto:ento@pau.edu


1426 [Indian Journal of Agricultural Sciences 89 (9)

58

BANTA ET AL.

study was conducted at Punjab Agricultural University, 
Ludhiana (2016-17). For growth of the fungus in liquid 
culture, 50 ml of potato dextrose broth was inoculated 
with culture inoculum (preserved on slants) and incubated 
at 28±2°C in a BOD incubator (Dhar et al. 2016). Abit of 
mycelial growth with sporulating mass was surface plated 
on potato dextrose agar (PDA) and was incubated at 28±2ºC. 
The conidial suspension was prepared by scrapping the 
surface conidia from plates wetted with 0.3% of Tween 20 
using sterile loop. The conidial suspension was then filtered 
using muslin cloth to remove mycelial bits. The spore counts 
were taken using a haemocytometer and 107conidia/ml was 
prepared for each isolate for virulence assay. 

Assessing virulence of Beauveria culture: The virulence 
potential of local isolates was evaluated by exposing the 
second instar larvae of the wax moth, Galleria mellonella, 
to the conidial suspensions of isolates of Beauveria (BbR1, 
BbR2 and BbR3) (in Petriplates). The Galleria mellonella 
larvae were collected from spent combs of honey bee (Apis 
mellifera) infected with wax moth. Fifty individual larvae 
(20-25 mg weight, 1 cm length) were given heat treatment 
to prevent webbing. Five larvae were exposed to fungal 
infection by dipping the larvae in conidial suspension (108 

conidiophores/ml) for 30-40 sec. The treated larvae were 
kept in petriplates containing moist filter paper (Whatman 
No.1) with little ventilation holes and incubated at 28±2ºC 
in dark and observations were taken. Small bits of fungal 
growth emerging out of dead larvae were again inoculated 
onto PDA and were used for present study.

Morphological characterization: For morphological 
characterization freshly grown bits of mycelia with 
sporulating mass were suspended in 3.0 ml of sterile water 
by vortexing and 50μl of the same was plated on PDA 
media plates. The plates were incubated at 28±2ºC to allow 
growth of fungal colonies from single spores. The shape 
and pattern of colonies was observed under microscope.

Molecular characterization: The mycelial biomass 
was harvested and dried on filter paper. Total genomic 
DNA was extracted from the mycelial biomass (100mg) 
grounded to powdered in liquid nitrogen for each isolate 
using CTAB (cetyltrimethylammonium bromide) method 
(Doyle and Doyle 1987). The isolated DNA was run 
on (1.0%) agarose gel. The concentration of DNA was 
estimated using spectrophotometer at 260 nm (Eppendorf 
Bio Spectrometer).

Cloning of ITS Gene: To establish the molecular identity 
of isolates, internal transcribed spacer (ITS) region for 
each Beauveria isolate (BbR1, BbR2, BbR3, BbM1 
(MTCC 2028) was amplified using primer set, bbITS-F/
SR6RandbbITS-R/LR1 (Table 1). The PCR reaction 
mixtures consisted of 4μl of genomic DNA in 50μl reaction 
volume containing 5μL 10x PCR buffer, 10μL of 1mMdNTP, 
2μL each of forward and reverse primes (10μM), 2μL of 3U 
Taq DNA Polymerase. The PCR reaction was performed 
with initial denaturation for 4 min at 94ºC, followed by 
amplification for 35 cycles with following conditions: 1 
min at 94ºC, 1 min at 55ºC, 1 min at 72ºC and a final 10 

min extension at 72ºC. PCR product was detected on 1% 
agarose gel. The amplified PCR product was purified 
using ‘QIAquick Gel Extraction Kit’ (Qiagen) and cloned in 
pGEM-T easy vector using Promega kit. The recombinant 
clones were reconfirmed through restriction with EcoR1 
and again PCR amplified with specific primers and 
universal M13 primer. Two clones for each isolate were 
submitted to Xcelris, Ahmedabad for both directional 
nucleotide sequencing. 

Analysis of nucleotide sequence: Nucleotide sequences 
of the clones (plasmids) were compared with known 
sequences of isolates already present in GenBank. The 
sequences obtained were initially edited using DNA 
software CLC Sequence Viewer 6.5.4 (CLC bio A/S) 
andsubmitted to National Centre for Biotechnology 
Information (NCBI). Further the sequences were subjected 
to BLAST analysis to identify our sequences and compare 
the sequence data with known sequences already present 
in the NCBI database. Homology searches were performed 
using the GenBank server of the (NCBI) (http://blast.
ncbi.nlm.nih.gov/Blast.cgi) and the BLASTn algorithm. 
The ITS sequences of Beauveria bassiana available at 
NCBI GenBank database from different countries were 
downloaded and the phylogenetic tree was developed 
using maximum likelihood method based on the Tamura-3 
parameter model using MEGA6 programme.

RESULTS AND DISCUSSION
The BbR1, BbR2 and BbR3 isolates showed 86.67, 

93.33 and 86.67% mortality of G. mellonella larvae after 
seven days of inoculation, respectively. These results 
confirmed the pathogenecity of the isolates which was 
reported by Dhar et al. (2019). The profusely growing 
white cottony fungal mass wholly entrapping the dead larval 
mass was observed. B. bassiana isolates (BbR1, BbR2 and 
BbR3) when grown on potato dextrose agar (PDA) media 
showed characteristic like colonies were white in colour, 
with round shape, lightly raised powdery surface and the 
mycelia showed white powdery translucent radial growth. 
The conidiospores appear as densely clustered in whorls, 
smooth having globosely flask-like base. The colony of 
B. bassiana was swollen bowl-shaped lateral cells with 
smooth walled hyphae. It has been reported by Imoulan et 
al.(2017) that morphological features like shape and size 
of conidia get altered after culturing resulted in extensive 

Table 1	 Primer sequences for amplification of ITS region in 
Beauveria

Name of 
primer

Nucleotide Sequence 
5’ 3’

Source Reference

bb-ITS/
SR6R

AAGTATAAGTCGTA-
ACAAGG

Small 
subunit 
RNA (SR)

Lane et 
al. 1985, 
Vilgalys and 
Hester 1990bb-ITS/LR1 GGTTG-

GTTTCTTTCCT
Large 
subunit 
RNA (LR)

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
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overlap in conidial features as well 
as misidentification of species. Even 
though Glare & Inwood (1998) could 
distinguish Beauveria species using 
spore shape and size.The invention 
of molecular techniques provided 
strong evidence that the Beauveria 
species consist of a number of cryptic 
species that are independent lineages 
(Rehner et al. 2011, Uztan et al. 2016). 
Barcoding the ITS region in fungi has 
been extensively used in ecological and 
phylogenetic studies because it gives a 
high level of interspecific divergence. 
PCR amplification of ITS region in 
BbR1, BbR2, and BbR3 gave the 
desired amplicon of 603bp as observed 
on agarose gel electrophoresis and 
further obtained from sequencing. 
Same amplification was observed in all 
three isolates which is concordant to 
603bp of standard culture of B. bassiana 
(BbM1) (MTCC 2028). 

The results of BLAST analysis 
showed 99–100% homology to ITS 
region of B. bassiana already available 
in NCBI database, which confirmed 
that our isolates were B.bassiana. 
All the sequences were submitted 
to Barcode of Life database and 
GenBank, and assigned accession 
numbers MG670098, MG670100, 
MG670102 for BbR1, BbR2, and 
BbR3, respectively. The nucleotide 
sequences alignment revealed that all 
the isolates from present study displayed 
sequence similarity with each other as 
most of the isolates were collected from 
the same geographical area. 

In order to derive genetic relatedness 
amongst all the different isolates under 
study, multiple alignment data was 
used to derive phylogenetic tree for 
isolates from India and other countries 
(Fig 1). It was found that the Indian 
isolates form two major groups indicating high sequence 
diversity among Indian isolates. First group is formed by 
Punjab local isolates BbR1, BbR2, BbR3, standard BbM1, 
one from Chandigarh and isolates from Japan, Mexico, 
USA, Argentina, China, UK, Italy, Hungary, Vietnam, 
Morocco, Belgium, Turkey, Australia. The second main 
group formed by isolates from Himachal Pradesh, Madhya 
Pradesh, Chhattisgarh,Uttarakhand from India and isolates 
from Brazil, Turkey, Japan, China, UK and Canada. 
The genetic distance between the isolates from Punjab 
and from other state of India ranged from 0.63–1.47% 
with maximum (1.47 and 1.26%) from Andhra Pradesh 

isolate followed by Tamil Nadu, Himachal Pradesh, 
Madhya Pradesh, Chhattisgarh and Uttarakhand (Fig 
1). This genetic variation can be justified by the fact that 
Beauveria spp. is a haploid fungus with a predominant 
asexual reproduction, so most of its genetic variation is 
due to mutation as described by Castrillo et al. (1999). A 
high genetic similarity among the isolates from different 
climatic zones and hosts was observed by Devi et al. (2001) 
and Gaitan et al. (2002). We identified local isolates from 
Punjab as Beauveria bassiana using barcoding. The genetic 
variation among the isolates from different geographical 
regions showed that more local isolates should be isolated 

Fig 1	 Phylogenetic relationship among the three local isolates of Beauveriabassiana 
(BbR1, BbR2, and BbR3) inferred from maximum likelihood method for diversity 
analysis. The tree is drawn to scale, with branch lengths measured in the number 
of substitutions per site. The analysis involved 40 nucleotide sequences. All 
positions containing gaps and missing data were eliminated. There were a total 
of 476 positions in the final dataset.



1428 [Indian Journal of Agricultural Sciences 89 (9)

60

BANTA ET AL.

and evaluated for their efficacy against insect pests to find 
out some potential isolates of B. bassiana.

ACKNOWLEDGEMENTS
The authors acknowledge the finanacial support 

provided by Department of Biotechnology, New Delhi under 
the BioCARe scheme (BT/Bio-CARe/02/9917/2013-14). 
Authors are thankful to Head, Department of Entomology, 
Punjab Agricultural University, Ludhiana for providing 
neccessary facilities.

REFERENCES

Agrawal Y, Mual P and Shenoy B D. 2014. Multi-gene genealogies 
reveal cryptic species Beauveria rudraprayagi sp. nov. from 
India. Mycosphere 5: 719–36.

Bala Naik R, Murali Krishna T, Ramakrishna Rao A, Devaki K, 
Rajendra Prasad P and Bhaskara Reddy B V. 2015. Sequencing 
and identification of potential native strains of Beauveria 
spp. through internal transcribed spacer DNA (rDNA-ITS).
International Journal of Current Research 7: 18854–63

Castrillo L A, Wiegmann B M and Brooks W M 1999. Genetic 
variation in Beauveria bassiana populations associated with the 
darkling beetle Alphitobius diaperinus. Journal of Invertebrate 
Pathology 73(3): 269–75.

Devi K U, Padmavathi J and Sharma H C. 2001. Laboratory 
evaluation of the virulence of Beauveria bassiana isolates to 
the sorghum shoot borer Chilo partellus Swinhoe (Lepidoptera: 
Pyralidae) and their characterizationby RAPD-PCR. World 
Journal of Microbiology and Biotechnology 17: 131–7.

Dhar S, Jindal V and Gupta V K. 2016. Optimization of growth 
conditions and medium composition for improved conidiation 
of newly isolated Beauveria bassiana strains. Indian Journal 
of Experimental Biology 54: 634–43.

Dhar S, Jindal V, Jariyal M and Gupta VK. 2019. Molecular 
characterization of new isolates of the entomopathogenic 
fungus, Beauveria bassiana and their efficacy against the 
tobacco caterpillar, Spodoptera litura (Fabricius) (Lepidoptera: 
Noctuidae).Egyptian Journal of Biological Pest Control 29: 8 
https://doi.org/10.1186/s41938-019-0110-3.

Doyle J J and Doyle J L. 1987. A rapid DNA isolation procedure 
for small quantities of fresh leaf tissue. Phytochemical Bulletin 
19: 11–5.

Gaitan A, Valderrama A M, Saldarriaga G, Velez P and Bustillo 
A. 2002. Genetic variability of Beauveria bassiana associated 
with the coffee berry borer Hypothenemushampeiand other 
insects. Mycological Research 106(11): 1307–14.

Glare T R and Inwood A J. 1998. Morphological and genetic 
characterization of Beauveria spp. from New Zealand. 
Mycological Research 102: 250–6.

Horton T R and Bruns T D. 2001. The molecular revolution in 
ectomycorrhizal ecology: Peeking into the black-box. Molecular 
Ecology 10: 1855–71.

Imoulan A, Koraichi Ibnsouda S, and El Meziane A. 2016.
Molecular characterization and the effectiveness of native 

entomopathogenic Beauveria bassiana strains against adults 
of Mediterranean fruit fly (Ceratitis capitata). Journal of 
Bioscience and Biotechnology Discovery 1: 6–16

Imoulan A, Hussain M, Kirk P M, Meziane A E l. 2017. 
Entomopathogenic fungus Beauveria: Host specificity, ecology 
and significance of morpho-molecular characterization in 
accurate taxonomic classification. Journal of Asia Pacific 
Entomology20: 1204–12.

Kõljalg U, Nilsson R H, Abarenkov K, Tedersoo L, Taylor A F S 
[and 37 others]. 2013. Towards a unified paradigm for sequence-
based identification of fungi. Molecular Ecology 22: 5271–7.

Lane D J, Pace B, Olsen G J, Stahl D A, Sogin M L and Pace N 
R. 1985. Rapid determination of 16S ribosomal RNA sequences 
for phylogenetic analyses. Proceedings National Academy of 
Sciences USA 82: 6955–9.

Raja H A, Miller A N, Pearce C J and Oberlies N H. 2017. Fungal 
identification using molecular tools: A primer for the natural 
products research community. Journal of Natural Products 
80:756–70. 

Rehner S A, Minnis A M, Sung G, Luangsa-ard J J, Devotto L, 
and Humber R A. 2011. Phylogeny and systematics of the 
anamorphic, entomopathogenic genus Beauveria. Mycologia 
57: 84–98

Robène-Soustrade I, Jouen E, Pastou D, PayetHoareau M, Goble 
T, Linderme D, Lefeuvre P, Calmès C, Reynaud B, Nibouche S, 
and Costet L. 2015. Description and phylogenetic placement of 
Beauveria hoplocheli sp. nov. used in the biological control of 
the sugarcane white grub, Hoplochelus marginalis, in Reunion 
Island. Mycologia107:1221–32.

Schoch C L, Seifert K A, Huhndorf S, Robert V, Spouge J L, 
Levesque C A, Chen W and 142 authors. 2012. Nuclear 
ribosomal internal transcribed spacer (ITS) region as a universal 
DNA barcode marker for fungi. Proceedings National Academy 
of Sciences USA 109: 6241–6.

Uztan H A, Gunyar O Z, Yoltas A and Keskin N. 2016. Isolation and 
identification of entomopathogenic fungi Beauveria bassiana 
from Turkey. Fresinius Environmental Bulletin 25: 5180–5.

Vilgalys R and Hester M. 1990. Rapid genetic identification and 
mapping of enzymatically amplified ribosomal DNA from 
several Cryptococcus species. Journal of Bacteriology 172: 
4238–46.

Wang S B, Miao X X, Zhao W G, Huang B, Fan M Z, Li Z 
Z and Huang Y P. 2005. Genetic diversity and population 
structure among strains of the entomopathogenic fungus, 
Beauveriabassiana, as revealed by inter simple sequence repeats 
(ISSR). Mycological Research 109: 1364–72. 

Xiao G, Ying S H, Zheng P, Wang Z L, Zhang S, Xie X Q, Shang Y, 
St Leger R J, Zhao G P, Wang C andFeng M G. 2012. Genomic 
perspectives on the evolution of fungal entomopathogenicity 
in Beauveriabassiana. Scientific Reports 2: 483–92.

Xu Y, Zhan J, Wijeratne E M, Burns A M, Gunatilaka A A and 
Molnar I. 2007. Cytotoxic and antihaptotaticbeauvericin 
analogues from precursor-directed biosynthesis with the insect 
pathogen Beauveria bassianaATCC 7159. Journal of Natural 
Products 70: 1467–71.

https://doi.org/10.1186/s41938-019-0110-3

	Farmer's Varieties in India- Factors affecting their preferential 
prevalence and the current status of their legal protection
	R P SINGH1 and R C AGRAWAL2
	Farmer producer organisations: innovative institutions for 
upliftment of small farmers

	Vinayak Nikam1, Premlata Singh2, Arathy Ashok3 and Shiv Kumar4
	Integrated nutrient management in jute (Corchorus sp) based 
cropping system: A review

	B MAJUMDAR1, A R SAHA2, S PAUL MAZUMDAR3, S SARKAR4, R SAHA5 and D K KUNDU6
	Fertilizer nitrogen and global warming – A review

	RAJENDRA PRASAD1 and YASHBIR SINGH SHIVAY2
	Impact of biotechnology and nanotechnology on future bread 
improvement: An overview

	S GOEL1, S GREWAL2, K SINGH3 and N DWIVEDI4
	‘Mera Gaon, Mera Gaurav’ policy: A source of hypothesis for 
the co-production of adaptive agricultural knowledge

	RANJAY K SINGH1, ANSHUMAN SINGH2, PARVENDER SHEORAN3, D K SHARMA4 and P C SHARMA5
	Species composition, diversity and traditional uses of homegarden in 
Kumaun Himalaya, India

	VIBHUTI1, KIRAN BARGALI2 and S S BARGALI3
	Yield and quality of hybrid sunflower (Helianthus annuus) as affected by 
irrigation and fertilization

	A ALIPATRA1, H BANERJEE2, K BHATTACHARYYA3, P BANDOPADHYAY4 and K RAY5
	Molecular characterization of Beauveria isolates from 
Punjab based on ITS Region

	GEETIKA BANTA1 and VIKAS JINDAL2
	Improvement in yield and fruit quality of mango (Mangifera indica) with organic amendments

	R A RAM1, ATUL SINGHA2 and VINOD KUMAR SINGH3
	Battery assisted four-wheel weeder for reducing drudgery of farmers

	MUKESH K SINGH1, S P SINGH2, M K SINGH3 and UTPAL EKKA4
	Integrated approach for management of root-knot nematode (Meloidogyne incognita) in 
bitter gourd (Momordica charantia)

	SATYENDRA SINGH1
	Physiological analysis of drought tolerance of cucumber 
(Cucumis sativus) genotypes

	MOHAMED IBRAHIM FARAG1, TUSAR KANTI BEHERA2, ANILABH DAS MUNSHI3, CHELLAPILLA BHARADWAJ4, GOGRAJ SINGH JAT5, MANOJ KHANNA6 and VISWANATHAN CHINNUSAMY7
	Fodder productivity and profitability of different maize and legume intercropping systems

	DEVENDRA SINGH GINWAL1, RAKESH KUMAR2, HARDEV RAM3, SUSANTA DUTTA4, MALLIK ARJUN5 and P S HINDORIYA6
	Assessment of genetic diversity in West Coast Tall coconut (Cocos nucifera)

	R SUDHA1, V NIRAL2, Y DIWAKAR3, M K RAJESH4 and K SAMSUDEEN5
	Acaricide resistance in Tetranychus urticae on cucumber (Cucumis sativus) 
under protected cultivation

	PARAMJIT KAUR1 and MANMEET BRAR BHULLAR2
	Effects of endogenous abscisic acid on fruit growth and ripening of 
coloured capsicum (Capsicum annuum)

	Uma Prajapati1, Ram Asrey2 and R R Sharma3
	Effect of varieties and nutrient management on quality and zinc biofortification of wheat (Triticum aestivum)

	MOHD ARIF1, L N DASHORA2, J CHOUDHARY3, S S KADAM4 and MOHAMMED MOHSIN5
	Pruning and integrated nutrient management for growth and yield of guava (Psidium guajava)

	DALIT KUMAR JAYSWAL1, D P SHARMA2, A K DWEVEDI3 and T R SHARMA4
	Effect of fertility levels and biofertilizers on agrophysiological 
performance, productivity and quality of chickpea (Cicer arietinum)

	GAURAV VERMA1, DEEN DAYAL YADAV2, VINOD KUMAR SHARMA3, AMIT KUMAR4, 
RAMESH KUMAR SINGH5, PRAVIN KUMAR UPADHYAY6 and GAURENDRA GUPTA7
	Flower strip farmscaping to promote natural enemies diversity and eco-friendly pest suppression in okra (Abelmoschus esculentus)

	ANIL MEENA1, R K SHARMA2, S CHANDER3, D K Sharma4 and S R SINHA5
	Restoration of ecosystem services through afforestation on degraded 
sodic lands in Indo-Gangetic plains

	YASH PAL Singh1, GUrbachan Singh2, Vinay K Mishra3, Sanjay Arora4, 
Bajrang Singh5 and Ravindra K Gupta6
	Influence of exogenous ascorbic acid on vase life and biochemical constituents of chrysanthemum (Chrysanthemum × morifolium.)

	VARUN M HIREMATH1, RITU JAIN2 and NIVEDITA SINHA3
	Microbial priming for in situ management of paddy straw and its effects on soil microbiological properties under rice-wheat cropping system

	AJAY KUMAR1, SURENDER SINGH2, YASHBIR SINGH SHIVAY3, SHRILA DAS4, 
MADAN PAL5 and LATA NAIN6
	Herbicidal weed management in dual purpose tall wheat (Triticum aestivum)

	MEENAKSHI SANGWAN1, V S HOODA2, JAGDEV SINGH3 and ANIL DUHAN4
	Effect of high planting densities and cultivars on productivity of 
rainfed maize (Zea mays)

	PERMENDRA SINGH1, ANIL KUMAR2, VIKAS GUPTA3, JAI KUMAR4 and BRINDER SINGH5
	A viable mathematical model for seed moisture prediction 
in multiple species

	Sherry R Jacob1, Girish K Jha2, Gajab Singh3 and Arun Kumar M B4
	Morphological characterization of Indian pummelo (Citrus maxima)

	A K DUBEY1, R M SHARMA2, O P AWASTHI3, NIMISHA SHARMA4 and ANJANA KHOLIA5
	Effect of natural safe rock minerals on growth, yield and quality 
of rice (Oryza sativa) in rice-wheat cropping system

	SANTOSH RANVA1, Y V SINGH2, NEELAM JAIN3, RAMESH C BANA4, R S BANA5 and 
DEWA RAM BAJYA6
	Mortality of air-layered plants of litchi (Litchi chinensis) and 
histopathology of affected roots in Bihar, India

	VINOD KUMAR1, AMRENDRA KUMAR2 and AJIT KUMAR DUBEDI ANAL3
	Effect of calcium sprays on fruit quality and shelf-life of 
apple (Malus × domestica)

	J S Chandel1, Sanjeev Sharma2 and Pramod Verma3
	Studies on cross compatibility in Jasminum spp. 

	PAVITHRA S1, DHANANJAYA M V2, SUJATHA A NAIR3, Rajiv KUMAR4, YOGEESHA H S5, MUNIKRISHNAPPA P M6, DEVAPPA V7, HALESH G K8 and KALAIYARASI A9
	Relative resistance of indigenous and exotic accessions of 
apple against woolly apple aphid (Eriosoma lanigerum)

	K C NAGA1, R K SHARMA2, S SUBRAMANIAN3, M K VERMA4, K K PRAMANICK5 and J KUMAR6



