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PREFACE
Plants provide many uses for humans. One of most important benefits traditionally is their medicinal
usage. It has been estimated that about 4 billion people worldwide rely on herbal medicine as
a primary source of healthcare. Herbal medicine (herbal pharmaceuticals, dietary supplements
and functional food) is expanding at a rate of about 6 % per year and it has been estimated that
their global sales may reach USD 130 billion by 2023. Herbal pharmaceutical has been the largest
component of herbal medicines. In addition to that, drugs derived from medicinal plants can serve
not only as new drugs but also as drug leads suitable for optimization by synthetic modifications.
Thousands of new molecular targets have been identified important in various diseases after the
sequencing of human genome. In this context, even when new chemical structures are not found
during drug discovery from medicinal plants, known compounds with new biological activity can
provide important drug leads. Because of this, phytochemicals have remained the most abundant
source of health care and life improvement since very long.
Every day world population is increasing not only in number but also in life expectancy. More and
more high value phytochemicals production will be required with reduced inputs in future. The
global market for phytochemicals has grown at the rate of 7% over 2016-2020 and it is projected to
reach a valuation of US$ 14.34 billion by 2031, rising at a CAGR of 9.8%. Farming of phytochemicals
from medicinal and aromatic plants may lead to income generation for stakeholders and also
for providing leads for improving the quality of life. Chemotype based farming, enhancement of
phytochemical content with converge of yield and combinatorial (designer) farming are some
of the emerging areas. The adoption of these areas may not only meet their current and future
demands but also may suggest strategies for relieving harvesting pressure from the wild population.
Accordingly, it becomes imperative to encourage the farming of species having high economic
potential and also ensuring the sustainability of ecosystem.
At ICAR-DMAPR, forty six new accessions of Tinopora species were collected, five elite germplasm
of Bacopa monnieri were registered, Andrographis paniculata genotypes suitable for early season
rainfed and mid-season rainfed conditions were identified, diversity assessment in Gymnema
sylvestre using SSR markers was carried out and comparative signature profiling of ten Desmodium
species based on HPLC-PDA and LC-ESI methods was carried out. Under the Agri-Business
Incubator (ABI) project efforts were made consistently for entrepreneurship development. It is
heartening for us to report that activities of ABI project at the Directorate got commendations in
one of the “Man Ki Baatt” programme of our Honourable Prime Minister. At AICRP-MAP&B centres,
a trait specific germplasm accession (INGR 021076) was registered in Piper betle, cultivation
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of Withania somnifera in non-traditional areas of Bihar has been promoted, IPM module for
management of Polytela pest in Glorisa superba and Cassia pod borer in Cassia angustifolia and
leaf webber in Gymnema sylvestre was developed. Linkages with CSIR institutes (CSIR-CIMAP
and CSIR-NBRI) was developed for validation of technologies.
I take this opportunity to place on record my sincere gratitude to Dr. Trilochan Mohapatra, Secretary
(DARE) and Director General, ICAR and Dr. A.K. Singh, Deputy Director General (Horticultural
Science), ICAR for their consistent guidance, support and encouragement for overall achievement
of vision and mission of this Directorate and its activities. I also express my heartfelt thanks to Dr.
Brijesh Kumar Pandey, Assistant Director General (HS-II) and Dr. Vikramaditya Pandey, Assistant
Director General (HS-I) for their keen interest and support in the research programmes of the
Directorate. I also acknowledge the valuable contributions of all the scientists of the Directorate
and AICRPMAP&B for bringing out this report. Efforts and support of my colleagues, Dr. Geetha,
K.A., Dr. R. N. Reddy, Dr. B. B. Basak, Dr. Raghuraj Singh, Dr. Samadhan Yuvaraj Bagul and Dr.
Manish Kumar Suthar are greatly acknowledged for timely compilation and editing of this report.
Special thanks to Mr. Suresh Patelia, PS (Director) and all the staff of administration and finance
for their great support for successful publication of this report.
Let’s Save the Plants that Saves Life
Jai Hind!
- Satyanshu Kumar
June, 2022
Anand
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ABBREVIATIONS USED
AAU

Anand Agricultural University/ Assam Agricultural University

AICRP - MAPB

All India Coordinated Research Project on Medicinal and Aromatic Plants & Betelvine

BAU

Bihar Agricultural University/ Birsa Agricultural University

BCKV

Bidhan Chandra Krishi Vishwa Vidyalaya

B:C ratio

Benefit cost ratio

CCSHAU

Chaudhary Charan Singh Haryana Agricultural University

cfu

Colony-forming units

CTAB

Cetyl trimethyl-ammonium bromide

DAP

Days after planting

DAS

Days after sowing

DAT

Days after transplanting

DST

Department of Science and Technology

DUS

Distinctiveness uniformity and stability

DMAPR

Directorate of Medicinal and Aromatic Plants Research

ETL

Economic Threshold Limit

FWB

Fresh Weight Basis

FYM

Farm Yard Manure

GAP

Good Agricultural Practices

GC-MS

Gas Chromatography and Mass Spectrometry

ha

Hectare

HPLC

High Performance Liquid Chromatography

HPTLC

High Performance Thin Layer Chromatography

IBA

Indole Butyric Acid

ICAR

Indian Council of Agricultural Research

ICM

Integrated Crop Management

ICT

Information and Communication Technology

IDM

Integrated Disease Management

IGKV

Indira Gandhi Krishi Vishwavidyalaya

IIHR

Indian Institute of Horticultural Research

IPR

Intellectual Proprietary Rights

ISSR

Inter Simple Sequence Repeat

IW/CPE

Irrigation Water/Cumulative Pan Evaporation

JNKVV

Jawaharlal Nehru Krishi Vishwa Vidyalaya
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KAU

Kerala Agricultural University

LC-MS/MS

Liquid Chromatography–Mass Spectrometry

LER

Land Equivalent Ratio

MAP

Medicinal and Aromatic Plants

MPKV

Mahatma Phule Krishi Vidyapeeth

N ha-1

Nitrogen per hectare

NAIP

National Agricultural Innovation Project

NDUAT

Narendra Dev University of Agriculture and Technology

NPK

Nitrogen-phosphorous-potash

OUAT

Orissa University of Agriculture and Technology

PDA

Photo diode array/Potato dextrose agar

Plant ha

Plant per hectare

PDI

Percent Disease Index

PDKV

Dr. Punjabrao Deshmukh Krishi Vishwavidyalaya

PE

Potential evaporation

PPV & FRA

Protection of Plant Varieties & Farmers’ Rights Authority

PSB

Phosphate Solubilising Bacteria

q

Quintal (100 kg)

RDF

Recommended Dose of Fertilizers

RAPD

Random Amplified Polymorphic DNA

RAU

Rajendra Agricultural University

RDF

Recommended Dose of Fertilizer

RIL

Recombinant Inbreed Line

RVSKVV

Rajmata Vijayaraje Scindia Krishi Vishwa Vidyalaya

SSR

Simple Sequence Repeats

t

Tonne (1000 kg)

TLC

Thin Layer Chromatography

TNAU

Tamil Nadu Agricultural University

TSP

Tribal Sub Plan

UBKV

Uttar Banga Krishi Vishwa Vidyalaya

UUHF

Uttarakhand University of Horticulture and Forestry

VAM

Vesicular Arbuscular Mycorrhiza

YSPUHF

Dr. Y.S. Parmar University of Horticulture and Forestry

YSRHU

Dr. Y. S. Rajasekhara Reddy Horticulture University
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SUMMARY
ICAR-DMAPR
ALOE (Aloe barbadensis)
Twenty-six aloe genotypes were used to study variability, inter-character association and to assess
direct and indirect effects of independent morphological traits on leaf yield and aloin content. It
was also found that number of leaves per plant, leaf length, leaf breadth, leaf thickness, leaf weight,
exudates dry weight and aloin content had significant positive association with leaf yield. Path
analysis revealed that leaf length had significant positive direct association with leaf yield.
ASHWAGANDHA (Withania somnifera)
One-hundred and twenty-two accessions of ashwagandha were evaluated and 12 accessions recorded
higher root yield.
F1 hybrids of various cross combinations were advanced to F2 to unravel the genetics of prostrate
plant type, dark and glossy leaves and environmentally sensitive male sterility in ashwagandha.
Three hundred and twenty-eight pure lines and other selections were evaluated for yield and quality.
Accumulation pattern of withanolides in different layers of root tissues was studied.
Physio-biochemical changes and yield loss assessment caused by Orobunche infestation were studied
in ashwagandha. The study showed that there was more than 80% reduction in leaf area as well as
total biomass in infected plants at 145 DAS in comparison to healthy plants.
BRAHMI (Bacopa monnieri)
Evaluation of 15 accessions showed that DBM 5 had superior fresh and dry herbage yields, DBM 4
had highest total bacosides content and DBM 3 had the highest bacoside A3 content.
Direct shoot organogenesis from leaf explant in bacopa was standardized.
Five elite germplasm stocks were registered at ICAR, NBPGR during the year.
CHAKODA (Senna tora)
One-hundred and twenty-seven accessions were characterized for various qualitative and quantitative
traits. Fifteen superior accessions were evaluated for various quantitative traits and seven promising
accessions were selected based on seed yield.
GILOE (Tinospora cordifolia)
HPLC based method was standardized for determination of major phytosterols viz., ecdysterone,
stigmasterol and β-sitosterol in giloe stem.
Effect of extraction solvents of different polarity on crude extract yield from stem of giloe was also
studied.
GUGGUL (Commiphora wightii)
Protocol was standardized for assured explant availability throughout the year. Tissue culture protocol
for efficient callus culture was also standardized.
Studies based on controlled pollination experiments and ploidy determination of endosperm resulted
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in the identification of pseudogamous genotypes in guggul.
ISABGOL (Plantago ovata)
Enriched compost prepared by recycling isbagol straw with natural minerals and nutrient mobilizing
microbes significantly improved seed yield (2.5%) and husk quality of isabgol in comparison to
conventional organics and chemical fertilizers.
KALMEGH (Andrographis paniculata)
Fourteen genotypes of kalmegh were exposed to soil moisture stress condition using automatic rain
out shelter (ROS). The study showed that the total biomass was reduced by nearly 12% inside ROS
as compared to the filed raised plants. However, andrographolide content in herbage increased (22%)
in ROS raised stressed plants.
Effect of stress created by foliar application of methyl jasmonate and salyscilic acid under control
and water deficit conditions tested in different morphotypes of kalmegh resulted in 12% deduction
in plant mean dry weight and 30% reduction in andrographolide content in plants subjected to
water deficit stress.
KOKKUM (Garcinia spp.)
Polyisoprenylated benzophenone (PIB) and xanthones were isolated from G. loniciroides by column
chromatography. The different fractions isolated were characterized by HPLC-PDA detection method.
Process for preparation of extracts enriched with xanthone and polyisoprenylated benzophenone
(PIB) from Garcinia species was standardized.
In vitro cytotoxicity of standardized extracts of two Garcinia species viz., GAS-2, GAS-3, GAS-4,
GAS-6 and GAL-4 was evaluated against five human cancer cell lines (breast (MDA-MB-231), colon
(Colo-205), cervical (HeLa), lung (Hop-62) and Hepatoma (Hep-G2) using SRB assay.
MADHUNASHINI (Gymnema sylvestre)
Level of genetic polymorphism was investigated through genomic SSR markers among 28 seed progenies
derived from genotype DGS 1. The highest divergence was found between parent (DGS 1) and seed
progeny S 17.
Variation in PS II efficiency related to five main pathways of photosynthesis was analyzed at
transcriptome level and 123 genes were identified.
SALAPARNI (Desmodium gangeticum)
Fifty-two accessions were characterized and accessions DDG 22-1 was identified as having dense
hairy leaves.
Effect of total phenolic content (TPC) in root samples of cultivated (one year old) and 32 wild grown
samples was estimated.
Total phenolic content (TPC) and antioxidant activity of methanol extracts of roots were compared
in ten Desmodium species.
HPLC-PDA detection method was developed for characterization of four phenolic acids (gallic, caffeic,
chlorogenic and sinapic acid) in the extracts.
Signature profiling was recorded for D. gangeticum samples collected from four locations.
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Senna (Senna alexandrina)
Two-hundred and thirty accessions were evaluated and morphotypes were identified viz., DCA 153
with light green plant type; DCA 84 with dark green plant type with ovate round leaf shape, hairy
leaves and small pod size and A16-18 for late flowering. Accessions with high total sennosides content
in leaf were identified as DCA 212 and DCA 216, while accessions DCA 240, DCA 244, DCA 245, DCA
218, DCA 250 and DCA 253 had high sennosides content in the pods.
Gene expression study of caEPSP gene in leaf, pod and flower buds of Sona, DCA-80 and DCA 149
genotypes revealed differential expression of caEPSP gene which was upregulated in pods and flower
buds while it was down regulated in mature leaves.
Combined application of crop residue and jivamrut effectively reduced 50% of chemical fertilizer
requirement, sustaining productivity and quality of senna.
Acreage of senna cultivation estimated in Bhachau taluka, kutch district during the year by ISODATA
clustering technique revealed 1380 ha of senna with 95% accuracy.
TULSI (Ocimum sanctum)
DNA fingerprinting was developed for accessions viz., Dedia P1 and DOS-1 in comparison to the
check Angana using SRAP markers.
Selected accessions of O. gratissimum were evaluated and DOGr 3 recorded maximum herbage with
highest share of eugenol (75%) and caryophyllene (12%) contents in herbage. DOGr 2 had maximum
phellandrene derivative and β-copaene contents (15 and 20%).
Nine accessions of O.x africanum were evaluated and maximum dry leaf weight, minimum seed index
(0.11g), maximum seed swelling index (16.83%) and maximum citral (A & B) content (89%) were
observed in DLB 7 as compared to farmers’ variety which was used as check.
OTHER EXPERIMENTS
Rhizosphere samples were collected from aswagandha and senna growing fields of ICAR-DMAPR
for studying bacterial diversity. Among the isolates screened, 20 isolates from aswagandha field and
14 isolates from senna field showed phosphate solubilisation activity and four isolates showed Zinc
solubilisation activity.
Front line demonstrations of Vallabh Ashwagandha 1 and Vallabh Isabgol 1 were done in the farmers’
fields of Andra Pradesh and Gujarat.
Biochemical characterisation of residual biomass of lemongrass, palmarosa, java citronella, mentha,
tulsi and basil was done to understand their use and scope to develop different suitable value-added
products. Cellulose, hemicellulose and lignin content varied from 30 to 38%, 13 to 27% and 9 to 18%,
respectively in the selected plants.
α-solanine and solasodine were characterized in 41 samples of Solanun species using HPLC-HPA
method. Swertiamarin content in mamejo (Enicostemma axillare) varied from 3.18± 0.18 to 26.25±
0.19 per cent during a storage period of six months under different kinds of packaging and storage
condition.
Patent application on “Extracts and purified phytochemicals from Garcinia species exhibiting
cytotoxicity against human colon cancer” was filed.
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AICRP MAP&B
ALOE (Aloe barbadensis)
At CCSHAU, Hisar, 25 genotypes were screened for aloin content and genotype HAV-04-1 had the
highest aloin content (20.70%). Among the organic treatments tested at CCSHAU, Hisar, application
of vermicompost @ 7.5 t ha-1 produced higher leaf yield (85153 kg ha-1) and gel yield (43859 kg ha-1).
At NDUAT, Ayodhya, wider plant spacing of 60 cm x 60 cm produced significantly higher number
of leaves (11.9 plant-1) and fresh leaf yield (151.7 t ha-1). Maximum fresh leaf yield (180 t ha-1) was
recorded with application of 20 t FYM ha-1. Soil application of FYM (1.0 kg m-2) enriched with
Trichoderma + Pseudomonas talc-based formulation each @ 2.0% at planting time and three sprays
of Pseudomonas fluorescence @ 2.0% of talc-based formulation and neem oil @ 300 ppm starting
from the onset of disease symptoms followed by 15 days intervals was effective in managing aloe
leaf spot disease at NDUAT, Ayodhya.
ASALIO (Lepidium sativum)
Fourteen germplasm lines of asalio were evaluated and oil content was highest (22.10 %) in MSL 10-21.
Significantly higher seed yield (1480 kg ha-1) on pooled basis was recorded with treatment receiving
FYM (10 t ha-1) + bio NPK at AAU, Anand.
At JNKVV, Jabalpur, it was found that crop combination of satavar (Asaparagus racemosus) + asalio
produced significantly higher seed yield (2010 kg ha-1) than the sole crop.
Maximum percentage of reduction (cumulative average of 65.12 % reduction) in mustard saw fly
(Athalia lugens proxima) population was observed after two sprayings of Beauveria bassiana @ 5 g
l-1 at MPKV, Rahuri.
ASHWAGANDHA (Withania somnifera)
At CCSHAU, Hisar, 10 genotypes were screened for withanolide A in the dried roots and genotype
HWS 215 had the highest amount of withanolide A (1671.45 μg g-1).
At MPAUT, Udaipur, different market samples tested for quality showed no adulterations among the
collected market samples.
At RVSKVV, Mandsaur, chemical evaluation and grading of different market samples of root were
carried out based on starch content, fiber content, alkaloid content and withanolide & withaferin-A
contents.
BASIL (Oscimum basilicum)
Advanced Evaluation Trial (AVT-II) across years and locations showed that entries DOB 5 and AOB
5 are high yielding entries for cultivation based on their stable performances.
In another AVT-II, based on consistent performances, entries MOB 13, DOB 1 and MOB 16 were
recommended as superior varieties for cultivation.
Transplanting of basil during 15th June with spacing of 60 × 45 cm recorded maximum fresh herbage
yield (12.54 t ha-1) and dry herbage yield (2.45 t ha-1) at MPKV Rahuri. At NDUAT Ayodhya, the
closest plant spacing recorded significantly higher yield (2385.19 kg ha-1 fresh herbage and 691.36
kg ha-1 dry herbage).
Application of 12 t FYM ha-1 recorded the highest fresh herbage i.e., 2686.55 kg ha-1 and dry herbage
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i.e., 784.33 kg ha at NDUAT, Ayodhya.
-1

For management of foliar disease in basil, soil application of FYM (1.0 kg m-2) enriched with
Trichoderma + Pseudomonas talc-based formulation each @ 2.0% at planting time; three sprays of
Tebuconazole + Trifloxystrobin @ 0.1% from the on the onset of disease symptoms followed by 15
days interval reduced the disease by 83.64% at BAU, Islampur.
BETELVINE (Piper betle)
Application of FYM 10 t ha-1 + vermicompost 5 t ha-1 + mustard cake 1 t ha-1 was suitable for obtaining
higher marketable leaves (86.10 vine-1) with B: C ratio of 1.84 at BAU, Islampur.
COLEUS (Coleus forskohlii)
At TNAU, Coimbatore, basal soil application (SA) of Bacillus subtilis @ 2.5 kg ha-1+ dipping cuttings in
0.2% B. subtilis+ SA of B. subtilis was found effective in managing Macrophomina root rot diseases.
GLORY LILY (Gloriosa superba)
Among the bioagents, foliar spray (FS) of B. subtilis @ 0.2% on 30 DAP+ FS of Streptomycene
geysiriensis @ 0.2% on 45 DAP + FS of B. subtilis @ 0.2% on 60 DAP recorded the leaf blight
intensity with least PDI (19.28) and reduction in disease (62.14% over control).
HRIVERA (Plectranthus vettiveroides)
At KAU, Trichur, two consecutive years study revealed that 25% shaded condition had higher root
yield (1370 kg ha-1) and oil content (1.84%). The highest root yield (1906 kg ha-1) and oil content
(1.93%) were recorded under black polythene mulch followed by organic mulching (1095 kg ha-1).
INDIAN VALERIAN (Valeriana jatamansi)
Four entries were evaluated at two locations viz., Solan and Kalimpong and the entry, KVJ 1 recorded
higher rootstock yield (49.69 g plant-1) , however, total valepotirates yield was higher in KVJ 2.
At UBKV, Kalimpong, maximum fresh (2.33 t ha-1) and dry (0.55 t ha-1) rhizome yields were recorded
under 75% shade intensity.
Three consecutive years study showed the highest fresh (3.09 t ha-1) and dry (1.1 t ha-1) rhizome
yields with treatment receiving FYM @ 5 t ha-1+ vermicompost @ 2 t ha-1 along with phosphate
solubilizing bacteria.
At UBKV, Kalimpong, minimum disease incidence (18.81%) with maximum percent disease reduction
of stem rot of the crop over control (51.43%) was recorded in the treatment consisting of soil
application of FYM (1.0 kg m-2) enriched with Trichoderma + Pseudomonas talc-based formulation
each @ 2.0% at planting time; dipping roots in Carbendazim @ 0.1% solution at the time of planting.
ISABGOL (Plantago ovata)
At NDUAT, Ayodhya, seed yield (734.7 kg ha-1) was obtained maximum with application of FYM
@ 20 t ha-1 followed by RDF (50:40:20 kg NPK ha-1) along with 10 t FYM ha-1. Maximum net
return (Rs. 33617 ha-1) and benefit cost ratio (1.59) were noted in combination of closer plant spacing
with RDF.
Soil application of FYM (500g m-2) enriched with Trichoderma harzianum @ 2.0%, 4-5 days prior to
sowing + seed treatment with metalaxyl 35 SD @ 8g kg-1 seeds and three foliar sprays with mancozeb
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64% + 8% metalaxyl @ 0.25% from the first appearance of disease symptoms followed by 15 days’
interval was found most effective for the management of downy mildew and wilt/ root rot and for
higher seed yield and mucilage content at Udaipur, Mandsaur and Ayodhya. Whereas, application of
Tebuconazole 25EC @ 0.10% was found more effective against wilt/ root rot at Udaipur, Mandsaur
and Ayodhya.
KALMEGH (Andrographis paniculata)
At BCKV, Kalyani, the seed sown in March and April recorded the highest dry herbage production.
At MPUAT, Udaipur, phytochemical screening of different market samples showed no adulterations
among the 20 market samples except for the samples collected from Udaipur.
At RVSKVV, Mandsaur storage stability of andrographolide was evaluated in dried samples of kalmegh
and during 8 months of storage period it was found that andrographolide content gradually decreased
(1.71-1.25 %) with increase in storage duration.
LAVENDER (Lavendula angustifolia)
At SKUAST, Kashmir, maximum plant height (54.50 cm), number of branches (15.30 plant-1), number
of splikes (47.50 plant-1), cymes (9.50 plant-1), flower (267.20 plant-1) were recorded in treatment
receiving FYM @15t ha-1.
LEMON GRASS (Cymbopogon flexuosus)
At IGKV, Raipur, application of 150 kg N ha-1 year-1 (1/2 N at Planting, 1/4 N at 1st Cutting and 1/4 N
at IInd Cutting) recorded maximum fresh herbage yield (307.61 q ha-1) and oil yield (158.87 kg ha-1)
with the highest gross return (Rs 1, 70523.11 ha-1), net return (Rs 93,411.21 ha-1) and B: C ratio (1.21).
At IGKV, Raipur, three consecutive years study in citronella (C. winterianus) revealed that application of six
irrigations per year recorded maximum fresh herbage yield (227.80 q ha-1) and oil yield (143.79 kg ha-1).
Application of 150: 60: 60 kg NPK ha-1 year-1 (100% inorganic) produced significantly higher fresh
herbage yield (250.43 q ha-1) and oil yield (148.48 kg ha-1).
MADHUNASHINI (Gymnema sylvestre)
At BCKV, Kalyani, cuttings treated with 250 ppm IBA solution and planted in the month of October
showed maximum sprouting (60%).
At BAU, Ranchi, studies revealed that the best time of planting was mid-September at a spacing
of 40 cm × 30 cm.
For maximum yield of leaves and stem, optimum doses of organic and inorganic fertilizer dose
standardized was application of 10 t ha-1 vermicompost+ 10 t ha-1 neem cake+ 5 t ha-1 KC +30: 40:
40 kg NPK ha-1.
At JNKVV, Jabalpur, significantly higher dry weight of leaves (317.3 kg ha-1) was recorded with
treatment receiving FYM @ 10 t ha-1 as compared to the recommended dose of chemical fertilizers.
IPM module for management of leaf webber (Bocchoris onychinalis) was developed at TNAU,
Coimbatore.
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MENTHA (Mentha arvensis)
Significantly higher herbage yield (180.04 kg ha-1) and oil yield (122.47 kg ha-1) were recorded with
application of 90:40:30 kg NPK ha-1 along with vermicompost (2.5 t ha-1) at BAU, Islampur.
NANNARI (Decalepis hamiltonii)
Colletotrichum leaf spot was controlled at YSRHU, Venkataramannagudem with spraying of
Pseudomonas flourescens @ 10 g l-1 which resulted in the lowest disease incidence and disease
index along with highest dry tuber yield.
NEEL (Indigofera tinctoria)
Multilocation trails showed that the entry, TCRIT 15 had the highest herbage yield (5761.71 kg ha-1),
however, indican yield was high in TCRIT14 (47.94 kg ha-1). At KAU, Trichur, study on different market
samples indicated that 89% of the samples were genuine.
OPIUM POPPY (Papaver somniferum)
At MPUAT, Udaipur, experiment conducted to study the performance of varieties and fertility level
for yield and quality showed significantly superior growth and yield in variety Chetak aphim and
application of 120 kg N + 60 kg P2O5 + 40 kg K2O ha-1 recorded the highest latex yield (21.71 kg
ha-1), seed yield (1086.45 kg ha-1) and husk yield (1123.19 kg ha-1).
At RVSKVV Mandsaur, maximum seed yield (1171.1 kg ha-1) was recorded in plant density having 7 lakh
plants ha-1. Application of nitrogen fertilizer @ 160 kg ha-1 recorded the highest seed yield (1095 kg ha-1).
Furrow application of FYM (500g m-2) enriched with Trichoderma harzianum +P. fluorescens @ 2.0%
4-5 days prior to sowing + seed treatment with Streptocycline sulphate @ 0.030% (300ppm) and
metalaxyl @ 2.5g kg-1 followed by spray of T. harzianum and P. flourescens @ 0.5% on appearance
of disease symptoms, second and third sprays with Streptocycline sulphate @ 0.030% (300ppm)
and metalaxyl @ 0.25% at 15 days interval, was found best in managing downy mildew and collar
/stem rot of opium poppy at Ayodhya, Udaipur and Mandsaur.
PATCHOULI (Pogostemon cablin)
Application of RDF: NPK @ 150:50:50 kg ha-1 recorded the highest fresh herbage yield (15.93 t ha-1),
dry herbage yield (5.37 t ha-1) and oil yield (62.90 l ha-1) at CAU, Pasighat.
PUSHKARMOOL (Inula recemosa)
Significantly higher rhizome yield of 10336.60 kg ha-1 was recorded when the crop was planted at
a spacing of 30 cm × 30 cm at SKUAT, Kashmir.
SARPAGANDHA (Rauvolfia serpentina)
At OUAT, Bhubaneswar, three consecutive years study revealed that application of FYM @ 20 t ha-1
recorded maximum dry root yield (1.20 t ha-1).
SATAVARI (Asparagus racemosus)
Study at IGKV, Raipur revealed that crop spacing of 60 cm × 60 cm with application of 20 t FYM
ha-1 and 80: 60: 50 kg NPK ha-1 produced the highest dry root yield (2.60 t ha-1). However, at JNKVV,
Jabalpur, integration of 50% recommended dose of NPK + 50% through FYM recorded the highest

10
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fresh root yield (4031.90 g plant-1) and dry root yield (716.60 g plant-1).
Infestation of red bug, Brachytes bicolor was observed on satavari during 29th met. week to 45th met.
week with its maximum incidence i.e., 211.2 bugs per vine during 37th met. week at MPKV, Rahuri.
SALAPARNI (Desmodium gangeticum)
Fresh root yield was higher (3675 kg ha-1) when FYM @15 t ha-1 was applied as basal dose at KAU,
Trichur.
SENNA (Cassia alexandrina)
Across locations and years, DCA 95 had high leaf yield (6816.64 kg ha-1) followed by A16-18 (6433.05
kg ha-1). The sennoside yield was high in DCA 95 (112.16 kg ha-1) followed by ALFT2 (109.60 kg ha-1).
Hence DCA95 and A16-18 were recommended as superior entries.
Damage intensity of pod borer, Etiella zinckenella on senna was estimated as 28.07% at TNAU,
Coimbatore. Eco friendly IPM module for management of the pod borer was also developed at
Coimbatore. Adoption of the IPM module was superior in terms of highest B:C ratio (2.91) when
compared to the farmers’ practice (1.10).
STEVIA (Stevia rebaudiana)
Application of vermicompost (N content equivalent to RDF) + RDF (60:45:30 kg ha-1) recorded
significantly higher fresh leaf yield (4.58 t ha-1), dry leaf yield (1.59 t ha-1), gross income (Rs 3,17,660)
and net income (Rs 25,145) with B:C ratio of 1.09 at YSPHUF, Solan.
TULSI (Ocimum sanctum)
Across seasons and locations, Black tulsi recorded maximum herbage yield (7371.81 kg ha-1) which
was followed by Green tulsi (7065.59 kg ha-1). Maximum essential oil yield was recorded in DOS
1 (28.50 kg ha-1). The entries Green Tulsi and Black tulsi were recommended as superior for leaf
purposes and DOS 1 for the oil purpose.
At MPKV, Rahuri, planting on 15th June recorded maximum fresh herbage yield (12.72 t ha-1), dry
herbage yield (3.27 t ha-1) as well as seed yield (2210 kg ha-1). Plant spacing at 60× 45 cm recorded
maximum fresh herbage yield (10.53 t ha-1). Interaction effect of plant spacing and time of planting
time was found non-significant.
At BAU Islampur, irrigation schedules with IW 30 mm/CPE= 1.0 exhibited maximum green leaf yield
(9956.10 kg ha-1) and dry leaf yield (2066.10 kg ha-1).
Maximum fresh herbage yield (14.93 t ha-1) and dry herbage yield (3.61 t ha-1) as well as B:C ratio
(4.97) were recorded with the application of NPK 50: 40: 30 kg +10 t FYM ha-1 at BAU, Islampur.
Application of RDF (NPK 120:60:30 kg ha-1) recorded significantly higher fresh biomass yield (10.26
t ha-1), dry biomass yield (2.61 t ha-1), essential oil content (0.33%), essential oil yield (20.22 kg ha-1),
GMR (Rs. 1,95,536.00 ha-1), NMR (Rs. 88,309.87 ha-1) and B:C ratio (2.12) at YSPUHF, Solan.
Crop loss due to the attack of Cochlochila bullita (Tingidae: Hemiptera) on tulsi crop at 30 days after
transplanting was estimated as 8.52% at BCKV, Kalyani, however, the crop loss was 12.52% due to
the pest infestation at RPCAU, Pusa.
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INTRODUCTION
The Indian Council of Agricultural Research (ICAR) established a National Research Centre for Medicinal
and Aromatic Plants at Anand, Gujarat in 1992 which was rechristened to ICAR-Directorate of Medicinal
and Aromatic Plants Research (ICAR-DMAPR) by backward linking of its outreach programme, the All
India Coordinated Research Project on Medicinal & Aromatic Plants and Betelvine (AICRP-MAPB).
The ICAR Directorate of Medicinal and Aromatic Plants Research has been in the forefront for sustainable
production and utilization of major agriculturally important MAP through its research and development
to meet the immediate demands and also to address future national and international challenges.
The ICAR-DMAPR continues to contribute in this sector in the very basic link of quality raw drug supply
by research using its core competent area of agriculture which is equally important as drug discovery.
Thus, quality raw drug supply sector demands research for varietal improvement, development of
good agricultural practices for assuring end quality, quality assessment, supply of quality planting
material, fixing of standards, certification, etc. The emerging challenges and opportunities demand
for an innovation driven research system using modern tools of ICT, biotechnology, molecular biology,
biochemistry etc., to link with all the stakeholders in the entire MAP supply chain.
Mandate
•

Basic, strategic and applied research on genetic resource management, crop improvement and
enhancing productivity of Medicinal and Aromatic Plants through Good Agricultural Practices and
organic farming technologies.

•

Identification, purification and synthesis of active biomolecules of Medicinal and Aromatic Plants.

•

Transfer of technology, capacity building and impact assessment of technologies.

•

Coordinate research and validation of technologies through AICRP on Medicinal and Aromatic
Plants.

Mandate crops
•

Aloe (Aloe barbadensis Mill.)

•

Ashwagandha (Withania somnifera Dunal)

•

Giloe [Tinospora cordifolia Willd. (Miers)]

•

Guggal [Commiphora wightii (Arn.) Bhandari]

•

Isabgol (Plantago ovata Forsk.)

•

Kalmegh (Andrographis paniculata (Burm. f.) Wall. ex Nees.)

•

Lemongrass [Cymbopogon flexuosus (Nees ex Steud.) W. Watson]

•

Palmarosa [Cymbopogon martinii (Roxb.) Wats.]

•

Safed musli (Chlorophytum borivilianum Sant. & Fern.)

•

Salaparni (Desmodium gangeticum (L.) DC.)

•

Satavari (Asparagus racemosus Willd.)

•

Senna (Cassia angustifolia Vahl)

14
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Outreach programmes
AICRP-MAPB is located at ICAR-DMAPR and the Director, ICAR-DMAPR is also responsible for
coordination and monitoring of research work of the project as Project Co-ordinator. The centres of
AICRP-MAPB are as follows:
1.

Anand Agricultural University (AAU), Anand

2.

Assam Agricultural University (AAU), Jorhat

3.

Bidhan Chandra Krishi Viswavidyalaya (BCKV), Kalyani

4.

Bihar Agricultural University (BAU), Islampur

5.

Birsa Agricultural University (BAU), Ranchi

6.

C. C. S. Haryana Agricultural University (CCSHAU), Hisar

7.

Indira Gandhi Krishi Vishwavidyalaya (IGKV), Raipur

8.

ICAR - Indian Institute of Horticultural Research (IIHR), Bengaluru

9.

Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV), Jabalpur

10. Kerala Agricultural University (KAU), Trichur
11. Maharana Pratap University of Agriculture and Technology (MPUAT), Udaipur
12. Mahatma Phule Krishi Vidyapeeth (MPKV), Rahuri
13. N. D. University of Agriculture and Technology (NDUAT), Ayodhya
14. Orissa University of Agriculture and Technology (OUAT), Bhubaneshwar
15. Dr. Panjabrao Deshmukh Krishi Vidyapeeth (PDKV), Akola
16. Dr. Rajendra Prasad Central Agricultural University (DRPCAU), Pusa
17. Rajmata Vijayraje Scindia Krishi Vishwa Vidyalaya (RVSKVV), Mandsaur
18. Tamil Nadu Agricultural University (TNAU), Coimbatore
19. Uttar Banga Krishi Viswavidylaya (UBKV), Kalimpong
20. Uttarakhand University of Horticulture & Forestry (UUHF), Bharsar
21. Dr. Y. S. Parmar University of Horticulture and Forestry (YSPUHF), Solan
22. Dr. Y. S. Rajasekhara Reddy Horticulture University (Dr. YSRHU), Venkataramannagudem
23. Central Agricultural University (CAU), Pasighat
Voluntary Centres
24. Agriculture University (AU), Jodhpur
25. Banda University of Agriculture and Technology (BUAT), Banda
26. Sher-e-Kashmir University of Agricultural Sciences and Technology (SKUAST), Kashmir
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Centres of AICRP on
Medicinal & Aromatic Plants and Betelvine
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1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

AAU, Anand
Dr. YSRHU, V.gudem
AAU, Jorhat
BCKV, Kalyani
BAU, Ranchi
CCSHAU, Hisar
UUHF, Bharsar
IGKV, Raipur
ICAR - IIHR, Bengaluru
JNKVV, Jabalpur
KAU, Trichur
MPUAT, Udaipur
MPKV, Rahuri

14. NDUAT, Ayodhya
15. OUAT, Bhubaneshwar
16. PDKV, Akola
17. BAU, Islampur
18. DRPCAU, Pusa
19. RVSKVV, Mandsaur
20. TNAU, Coimbatore
21. UBKV, Kalimpong
22. YSPUHF, Solan
23. CAU, Pasighat
24. AU, Jodhpur
25. BUAT, Banda
26. SKUAST, Kashmir

 ICAR-DMAPR, Anand, Headquarters
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BUDGET PROFILE FOR THE FINANCIAL YEAR 2021
Head

Expenditure (₹ in Lakhs)

ICAR Funded
Institute-DMAPR

1006.38

AICRP on Medicinal & Aromatic Plants and Betelvine

1187.95

ICAR Schemes/Projects

30.79

Externally Funded
Externally Funded Projects
Total

54.63
2279.75
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Research Achievements
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RESEARCH ACHIEVEMENTS
ICAR- DMAPR
ALOE (Aloe barbadensis)
Aloe belongs to family Asphodelaceae (formerly Liliaceae). The species is introduced from African
countries which was later naturalized in India. The plant is
perennial in habit with fleshy leaves and condensed stem.
Leaves contain mucilage (polysaccharides) and leaf exudates
contain aloin and aloe emodin which are commercially useful.
The mucilage has a cooling and moisturizing action and
hence used in cosmetic industries. Aloin and aloe emodin
are used as pain killer and purgative. The species flowers
during November to February. Flowers are having saffron
to orange yellow colour which attracts birds for pollination.
There is large-scale agricultural production of Aloe vera in Australia, Bangladesh, Cuba, the Dominican
Republic, China, Mexico, India, Jamaica, Kenya, Tanzania and South Africa, along with the USA to
supply the cosmetics industry. In India, the crop is under cultivation in Gujarat, Rajasthan, Madhya
Pradesh and Uttar Pradesh. Raw material is collected both from wild and cultivation for the industry.
The species is valued about $30-40 million in global sale annually. The demand for this plant may
likely to be increased due to increasing utilization of natural medicinal products throughout the
world. Suckers are mainly used for propagation.
Studies on genetic variability, correlation and path analysis for yield and yield attributing traits
Twenty-six aloe genotypes were used to study variability, inter-character association and path analysis
to assess direct and indirect effects of independent morphological traits on leaf yield and aloin
content. The results revealed substantial amount of variability in all morphological, chemical and
yield parameters. It was also found that IC 310623 is superior in terms of leaf yield, gel yield and
aloin yield with high aloin content and hence could be selected both for medicinal and cosmetic
purposes. IC 310618 was a superior accession based on leaf yield and gel yield and important for
cosmetic purposes. GUJ 1, NMRM 2 and IC 285629 were superior for better aloin production and
important for medicinal purposes.
High genotypic and phenotypic coefficient of variations were observed for leaf thickness, seeds per
capsule, capsule per inflorescence, number of inflorescences per plant, exudates dry weight, leaf
weight, dry gel yield, leaf yield, fresh gel yield and aloin yield. From the results of heritability and
genetic advance as percent of mean, it was found that these estimates were highest for plant height,
number of leaves plant-1, leaf breadth, leaf thickness, leaf rind thickness, spines per leaf, leaf weight,
exudates dry weight, number of inflorescence per plant, capsule number, seeds per capsule, suckers
per plant and aloin content, indicating the preponderance of additive gene action and thus, direct
selection for these traits would be effective. The results for character association analysis revealed
that the traits viz., number of leaves per plant, leaf length, leaf breadth, leaf thickness, leaf weight,
exudates dry weight and aloin content had significant positive association with leaf yield. Contrarily,
leaf rind thickness and suckers per plant exhibited significant negative association with leaf yield.
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Therefore, it could be suggested that selection of accessions with less rind thickness and less suckers
per plant are desirable. In addition, aloin content exhibited significant positive association with leaf
weight, leaf thickness and exudates dry weight. Therefore, these characters could be considered
during selection for improving the respective characters which simultaneously improves aloin content
in A. barbadensis.
The estimates of the genotypic path analysis revealed that leaf length (0.800) exhibited high positive
direct effect on leaf yield. Rind thickness (-1.163) and spines per leaf (-0.569) contributed high
negative direct effect to the leaf yield and had negative association with leaf yield indicating that
negative selection of these traits would be more rewarding for selection. Plant height (-0.252) and leaf
breadth (-0.219) had moderate negative direct effects. Number of leaves (-0.011) and leaf thickness
(0.086) had negligible direct effects.
Path analysis estimates in the present investigation revealed that leaf length and suckers per plant
had true relationship with leaf yield by establishing significant positive association and high positive
direct effect on leaf yield. Therefore, leaf length and suckers per plant should be given due importance
during selection program for enhancing leaf yield in A. barbadensis.
The results from path analysis for aloin content revealed that exudates dry weight had highest
direct positive effect (0.880) on aloin content followed by leaf thickness (0.431) whereas number
of leaves (-0.543) had the highest negative direct effect. Rind thickness (-0.105) had low negative
direct effect on aloin content. Leaf breadth (0.087), spines per leaf (0.037) and suckers per plant
(0.099) had negligible positive direct effect on aloin content. (Project 1: Collection, characterization,
evaluation and documentation of plant genetic resources of some important medicinal and aromatic
plants; Contributor: Dr. Geetha K. A.)
ASHWAGANDHA (Withania somnifera)
The plant belongs to family Solanaceae and is considered as wonder herb with multiple medicinal
properties. It is cultivated in North-western and Central India.
The species is an annual to perennial, branched, under shrub
to herb of about 30 cm to 120 cm height. Root is the major
medicinally important part in addition to leaves and seeds.
Roots are used in preparation of vital tonics. It is a stress
reliever and is used in treating senile dysfunctions. Its effect
on controlling anxiety, depression, phobias, alcoholic paranoia,
schizophrenia, etc., is clinically established by different tests.
The active ingredient that attributed to the medicinal
property is the alkaloids and steroidal lactones.
Germplasm evaluation
One-hundred and twenty-two accessions of ashwagandha were evaluated for morphological and
agronomic traits. Accessions, IC 0262392, IC 0281139, IC 0527323, IC 0399614, IC 0385204, IC
0449275, IC 0553933, IC 0510842, IC 0471753, IC 0278436, IC 0353520 and IC 0273842 recorded
higher root yield (more than 1500 kg ha-1). Co-efficient of variation was high for plant height (19.30%),
root length (17.60%), number of secondary roots (27.80%) and root yield (43.50%) indicating wide
variability for the traits. Significant correlation of plant height with root length (0.50**) and root
yield (0.74**) was observed.
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Seventy another set of accessions maintained were evaluated for yield and quality. Wide variability
was observed for plant height (45.2-70.0 cm), root length (18.7-38.0 cm), and root yield (1327-3625
kg ha-1). Accessions RAS 38 and RAS 143 recorded higher root yield (>900 kg ha-1). The Co-efficient
of variation was high for plant height (21.80%), root length (25.90%), number of secondary roots
(37.00%) and root yield (53.80%). Significant correlation of plant height with root length (0.48**) and
root yield (0.67**) was observed. (Project 1: Collection, characterization, evaluation and documentation
of plant genetic resources of some important medicinal and aromatic plants; Contributor: Dr. R.
Nagaraja Reddy).
Advancement of Hybrids
F1 hybrids of Vallabh Ashwagandha-1 (erect) x DWS 216 (prostrate type), DWS 204 (dark green and
glossy leaves) x DWS 216 (prostrate type), RVA 100 (erect) x DWS 216 (prostrate type), DWS 10 (EMS)
x Vallabh Ashwagandha-1 (normal) and DWS 10 (EMS) x DWS 204 (normal) were advanced from
F1 to F2 to unravel the genetics of prostrate plant type, dark and glossy leaves and environmentally
sensitive male sterility (EMS) in ashwagandha. (Project 02: Breeding of medicinal and aromatic plants
for yield and quality; Contributor: Dr. R. Nagaraja Reddy).
Evaluation of pure lines and selections
Three hundred and twenty-eight pure lines and other selections were evaluated for yield and quality.
Wide variability was observed for plant height (24.0-71.0 cm), root length (11.0-31.0 cm) and root
yield (375.00-2500 kg ha-1). Genotypes, DWS 57, DWS 80, DWS 145, DWS 157, DWS 169, DWS 171,
DWS 175, DWS 192, DWS 212, DWS 249, DWS 258 and DWS 293 recorded higher root yield (>1500
kg ha-1). The pure lines, DWS 420-7 also recorded thick (girth 18.33 mm), starchy (20-24%) and nonfibrous roots. DWS 208 had dark-green, stay-green and glossy leaves and DWS156-5-1 had yellow
leaves. Genotypes with high withanone IV: >0.3% (DWS 64, DWS 75, DWS 81), withanone V: >0.7%
(DWS 131), withaferin A: >0.4% (DWS 80, DWS 114, RAS 41, RAS 36) and 12-deoxywithastramonalide:
>0.5% (JA20, AS60, AS99, AS80, DWS96) in the leaf were identified. Similarly, genotypes with high
withanone IV: >0.2% (DWS 94, RAS 65, RAS 137 and IC 283942), withanone V: >0.40% (RAS 136, RAS
21 and RAS 53), withaferin A: >0.1% (AS 22, RAS 41, RAS 133, DNA 134), 12-deoxywithastramonalide:
>0.1% (Vallabh Ashwagandha-1, AS 22, DWS 281, DWS 229 & RAS 52) and withanolide A: >0.2% (DWS
256, MWS 141, DWS 281, AS 22) in the roots were identified. Withanolide A was present only in root.
(Breeding of medicinal and aromatic plants for yield and quality; Contributor: Dr. R. Nagaraja Reddy).

(a)

(b)

(c)

(a) DWS 420-7 with thick, starchy non-fibrous roots; (b) DWS 208 with dark-green, stay-green
and glossy leaves; (c) DWS 156-5-1 with yellow leaves.
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Accumulation pattern of withanolides in the root
Withanolides are bioactive compounds of ashwagandha produced in the root and leaves.
Accumulation pattern of withanolides viz., withanoside IV (WIV), withanoside V (WV), withaferin A
(WA), 12-Deoxywithastramonolide (12D) and withanolide A (WDA) in the root tissues was studied.
Withanolides content was maximum (0.3%) in root tips followed by root base and root middle portion
(0.2%). There existed a genotypic difference in the distribution of withanolides in the base, middle
and tip portions of the root. Similarly, the distribution of withanolides in the exodermis, cortex and
conjunctive tissue was studied. Maximum withanolides was found in exodermis (0.35%) followed by
conjunctive tissue (0.21%) and cortex (0.10). Genotypic difference in the distribution of withanolides
in the exodermis, cortex and conjunctive tissue was observed. (Breeding of medicinal and aromatic
plants for yield and quality; Contributor: Dr. R. Nagaraja Reddy).
Advancement of mapping population
In order to develop a recombinant inbred line (RIL) mapping population, a cross between AS 109
(wild type) x RVA 100 (cultivated type) was made and the progenies (240 individuals) were advanced
from F5 to F6 generation. Wide variability was observed for root length and root girth. Some of the
desirable selections for root characteristics were also made. (Breeding of medicinal and aromatic
plants for yield and quality; Contributor: Dr. R. Nagaraja Reddy).

AR 12
(Starchy roots)

AR 58-1
(Long root)

AR 13-1
(Starchy root)

AR 225-1
(Thickest root)

Physio-biochemical changes and yield loss assessment due to Orobanche infestation
Achlorophyllous holoparasitic angiosperm Orobanche is a root parasite living on a range of host plant
species. Devastating results of infestation of Orobanche species affecting biological yield and quality
were observed in several crop plants. Orobanche parasitism has reported to cause yield loss in crops
in a range between 20 and 100% depending on the severity of infestation. W. somnifera belongs to
Solanaceae family from which some other species have been reported to be the potential host of
Orobanche. Orobanche infestation was observed on ashwagandha and physiological and biochemical
parameters were studied under O. cernua infestation. At 40 days after above ground appearance
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of Orobanche shoot (i.e., 120 days after sowing), the net photosynthetic rate (PN) and stomatal
conductance (gS) in infected plants declined significantly as compared to healthy plants. There was
more than 80% reduction in leaf area as well as total biomass in infected plants at 145 DAS. The
infected plants could achieve only 32% of the root yield than that of the healthy plants. However,
total major withanoloide content was significantly improved in infected plants. (Project 04: Impact
of agro-ecological and input management practices in medicinal and aromatic plants; Contributor: Dr.
K. A. Kalariya).
BRAHMI (Bacopa monnieri)
The plant belongs to family Scrophulariacea. It is a creeping, succulent highly branched herb and is
commonly found in marshy places throughout India up to an
elevation of 1300 m. Brahmi was initially described in texts
such as the Charaka Samhita, Atharva-Veda, and Susrut Samhita
as a medhya rasayana- class herb taken to sharpen intellect.
The whole herbage is the source of Ayurvedic drug ‘brahmi’
which is an important ingredient of several Ayurvedic
preparations. It is considered as astringent, diuretic, laxative
and tonic for the heart and nerves and is used in Ayurveda to
improve memory. It is propagated through stem cuttings.
Bacoposide is considered as the major active ingredient in the plant. Raw drug is mainly collected from
the wild. It can be cultivated as a perennial crop. Stem cuttings are used for propagation. The herbage
portion including stem and leaves are harvested and shade dried and used for drug preparations.
Evaluation of germplasm for herbage yield and quality parameters
Morphological, chemical and genetic parameters of 15 accessions were studied and evaluated for
industrial uses. The evaluated accessions varied in quantitative, qualitative and molecular characters.
DBM 5 was identified as promising accession for maximum fresh and dry herbage yields as well as
maximum fresh and dry root yields. Under field condition, maximum total bacosides content was in
DBM 4 (5.27%), while maximum bacoside A3 content was observed in DBM 3 (0.81% W/W). It was
also found that bacopaside I, II, A, A3 and total bacoside content were in the leaf as compared to the
stem. (Project 1: Collection, characterization, evaluation and documentation of plant genetic resources
of some important medicinal and aromatic plants; Contributor: Dr. P. L. Saran).
Direct shoot organogenesis from leaf explant in bacopa
In-vitro culture of plants provides an efficient means for their conservation, multiplication and stress
related studies. Brahmi is used as neural tonic and memory enhancer putatively attributed by the
presence of bacosides. An in-vitro culture system was tried for the conservation, micropropagation
and stress related studies for brahmi. Initially, two accessions of brahmi (DBM 4 and DBM 12) and
different media along with different levels of phytohormones were used for the culture establishment.
The leaf segments of brahmi were used as explant for the culture initiations. Finally, a methodology
was developed for direct shoot organogenesis from the leaf explant using basal MS and Gamborg
B5 media. The leaf segments developed shoot organogenesis within 10 days on basal media having
only sucrose and agar. Also, elongated shoots formed roots and attained multiple branches. (Project
1: Collection, characterization, evaluation and documentation of plant genetic resources of some
important medicinal and aromatic plants; Contributor: Dr. M. K. Suthar).
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CHAKODA (Senna tora)
Senna tora (= Cassia tora) is a dicot legume in the subfamily Caesalpinioideae. It grows abundantly
in parts of India, Afghanistan, China, Pakistan, Nepal and
Bhutan. Its most common English name is Sickle Senna. The
whole plant and roots, leaves, and seeds have been widely
used in traditional Indian and South Asian medicines. The
plant and seeds are edible. Young leaves can be cooked as
a vegetable while the roasted seeds are used as a substitute
of coffee. The seeds and leaves are used to treat skin disease
and its seeds can be utilized as a laxative. This herb is used
in Ayurveda for treatment of swellings also.
Germplasm evaluation and characterization
One-hundred and twenty-seven accessions were evaluated for various quantitative traits. Thirty
accessions didn’t set seeds at DMAPR, Anand location during kharif season. Among those set seeds
(97 accessions), significant differences were observed for days to flowering (days; DF), plant height
(cm; PH), number of branches (NB), pod length (cm, PL), pod width (mm, PW), seed per pod (SPP),
number of pods (NP), test weight (g, TW) and seed yield (kg ha-1, SY). Wide variability (14-76% CV)
existed in the accessions for the characters studied. DF ranged from 46-86 days with a mean of 72
days with co-efficient of variation of 14.22%. PH ranged from 26-122 cm with a mean of 62cm and
CV of 33.83%. SY ranged from 103-1703 kg ha-1 with a mean of 455 kg ha-1 with 76% CV. Promising
accessions (DCT 8, DCT 16, DCT 27, DCT 49, DCT 53, DCT 58 and DCT 61) for seed yield (>850 kg
ha-1) were identified. Accessions with distinct morphological characters were also identified. (NMPB
Project: Breeding medicinal plants for improved yield and quality; Contributor: Dr. R. Nagaraja Reddy).
Evaluation of superior accessions
Fifteen superior accessions were evaluated for various quantitative traits. Significant differences were
observed for days to flowering (days), plant height (cm), number of branches, pod length (cm), pod
width (mm), seed per pod, number of pods, test weight (g) and seed yield (kg ha-1). Mean seed yield
(kg ha-1 ) was 595 and ranged from 50 to 1361 kg ha-1. The promising accessions viz., DCT 8 (1361.24),
DCT 16 (1318.45), DCT 12 (1255.90), DC T9 (1066.61), DCT 31 (836.17), DCT 14 (711.07) and DCT 44
(630.42) were selected based on seed yield. (NMPB Project: Breeding medicinal plants for improved
yield and quality; Contributor: Dr. R. Nagaraja Reddy).
GILOE (Tinospora cordifolia)
Giloe is a member of family Menispermaceae. It is a deciduous perennial climber and is distributed
throughout tropical india. the species produces a lot of
aerial roots. It is propagated by stem cuttings as well as
by seeds. The stem and leaves are medicinally used as raw
drug. Tinospora stem is a common constituent of a number
of ayurvedic vital tonics for the treatment of general debility,
dyspepsia, fevers and urinary diseases. Starch present in
the stem along with alkaloids is the active principle of the
species. The leaf also contains a number of alkaloids and are
used for the treatment of gout, jaundice and rheumatism.
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Raw drug is mainly obtained from the wild. The plant is not under regular cultivation and it is grown
as a climber on trees in the wild. One year old plants are ready for use as raw drug. The stem is
collected from the wild and dried and used for starch extraction.
HPLC based method development for determination of major phytosterols in giloe stem
A high-performance liquid chromatographic (HPLC) method was developed for determination of
major phytosterols (ecdysterone,
HPLC chromatogram of standards of (a) ecdysterone (b) stigmasterol and (c) β-sitosterol
stigmasterol and β-sitosterol)
present in stems of T. cordifolia.
The chromatographic separation
was
achieved
using
C-18
column as stationary phase
and combination of water and
acetonitrile as mobile phase.
The targeted compounds were eluted at retention time viz., 9.75 min (ecdysterone), 14.47 min
(stigmasterol) and 16.36 min (β-Sitosterol). (Project 6: Quality control, product development and postharvest management technology for medicinal and aromatic plants; Contributors: Mr. Rohan Sarkar
and Dr. Satyanshu Kumar).
Effect of extraction solvents of different polarity on crude yield extract from giloe stem
Dried and powdered stem samples of giloe were extracted using different solvents of varying polarity.
The yield of extract was obtained as 20.15, 39.99, 38.89, 76.54, 78.86, 101.65 and 137 mg g-1 (w/w
on dry wt. basis) from hexane, dicholomethane, choloroform, ethyl acetate, acetone, methanol and
water, respectively. (Project 6: Quality control, product development and post-harvest management
technology for medicinal and aromatic plants; Contributors: Mr. Rohan Sarkar and Dr. Satyanshu Kumar).
GUGGUL (Commiphora wightii)
The species belongs to Burseraceae family. The species is endemic to arid region of India and found
in wild form in the drier parts of Madhya Pradesh, Rajasthan
and Gujarat. It is a small tree or shrub grows up to 3–5 m
height. The gum is highly effective in the treatment of
obesity, arthritis and other diseases. The oleo-gum resin is
extracted from the main stem through a process known as
‘tapping’ by local people. Extraction of the oleo-gum resin
leads to certain death of the plant. The species is not under
cultivation and wild populations are the sole source of oleogum resin extraction. Hence the species survival is threatened
in its natural habitat and it is enlisted under the ‘critically endangered’ category in the IUCN Red
Data Book. It is propagated by either seeds or stem cuttings.
Development of methodology for the enhanced callus culture in guggul
Plant callus provides means to study plant metabolism and production of secondary metabolites
under controlled conditions. In-vitro callus system, especially of endangered plant species like guggul,
has become a potential means not only for the production of secondary metabolites but also for
the plant metabolism studies. Plant like guggul showing slow growth in field, callus provides an
efficient system for basic and applied research. Callus formation was studied in guggul using leaf
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and stem explants. Field grown leaf and stem explants either failed to produce callus or formed
small sized callus. A methodology was developed in which
guggul stem cuttings were allowed for bud break in liquid
media and leaves obtained from these cutting were used for
the callus production. By this method leaf explants can be
assured throughout the year. For efficient callus production
B5 and MS media along with different concentrations of 2,4D and NAA were used. (Project 03: Unraveling the metabolism
and biochemistry of active principles in medicinal and
aromatic plants; Contributor: Dr. M. K. Suthar).
Studies on reproductive behaviour in guggul
Guggul possesses a wide range of reproductive behaviour and genotypes of obligate sexual, obligate
apomictic, facultative apomictic/sexual were identified with evidences of autonomous endomitosis and
sexual endosperm formation in the species. Considering the wide variation in reproductive biology of
the species, a study was carried out in 53 female accessions collected from natural guggal habitats
of Gujarat and Rajasthan to find out the occurrence of pseudogamy in guggul. The endosperm
development pattern and analysis of endosperm ploidy level were studied by fruit set development
under bagged/open-pollinated conditions along with endosperm ploidy level checking by flow
cytometry. The study showed that 43 accessions had fruit set under bagged condition, whereas 10
accessions failed to set fruits. The latter 10 accessions were allowed open natural pollination and
developing fruits were collected. Flow cytometric study confirmed autonomous or sexual endosperm
development. It was observed that all the bagged fruits accessions showed 2x, 4x ploidy level as
expected in the cases of apomictic autonomous endosperm development, whereas open-pollinated
fruits showed ploidy level 2x, 4x along with 2x, 3x ploidy. Thus, it was confirmed that there exists
guggal genotypes with pseudogamy also, where presence of pollen grains requires for fruit set
initiation without participating in endosperm development. The identified genotypes may be used
for molecular and genetic analysis for pseudogamy reproduction in guggul. (Project 1: Collection,
characterization, evaluation and documentation of plant genetic resources of some important medicinal
and aromatic plants; Contributor: Dr. Geetha K.A.).
ISABGOL (Plantago ovata)
The species belongs to the family Plantaginaceae. It is a native of Persia and its distribution extended
to neighbouring tracts of West Asia. It is an annual herb
grown during the rabi season in India. Seed coat is known
as psyllium husk under trade. Seed coat constitutes about
25% of the seed weight. The swelling property of the seed
coat or husk after absorption of water is used in medicines
against constipation and gastrointestinal disorders. In
addition, it is used in food industries for the preparation of
ice creams, candy, etc. India is the only isabgol producing
country in the international trade. Country earns on an
average 300 million US $ annually from its export. It is widely cultivated in North Gujarat, adjoining
Rajasthan and Madhya Pradesh over an area of about 2, 50,000 ha. A number of high yielding
varieties, viz., GI 2, Niharika, HI 5, Vallabh Isabgol 1, etc., are available in the crop for cultivation.
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Comparative evaluation of enriched compost with conventional organics for improving yield and
quality
Enriched compost was prepared by recycling isbagol straw with natural mineral and nutrient
mobilizing microbes. Phosphate rock and silicate mineral (mica) powder were used as a natural
source of phosphorus and potassium, respectively, in the study. Cow dung slurry was used as a natural
decomposer while phosphate and potassium solubilizer were used a nutrient mobilizer. Performance
of the resulted bio-active compost (BAC) was evaluated as bio-organic fertilizer with conventional
organics (FYM, vermicompost) and chemical fertilizer (CF) by growing isabgol in field condition.
Composting with natural source of P and K along with the bio-inoculants enriched the total N (1.36
%), P (3.92%) and K (3.12%) content in the final product (BAC) than the compost prepared without
mineral powder and bio-inoculants. Application of BAC significantly improved seed yield (2.5%) and
husk quality of isabgol in comparison to conventional organics and CF. The BAC significantly boosted
economic yield of isabgol by improving husk recovery (1.6%) and mucilage yield (4.12%) over CF.
Furthermore, the BAC significantly improved the soil quality by increasing organic carbon, available
nutrients (N, P, and K), microbial biomass carbon and dehydrogenase enzyme activity. So, it can be
referred as zero waste technology where large quantity straw biomass can be recycled back to the
soil. Further, the BAC can be effectively utilized in organic agriculture where chemical inputs are
restricted. (Project 6: Quality control, product development and post-harvest management technology
for medicinal and aromatic plants; Contributor: Dr. B. B. Basak).
KALMEGH (Andrographis paniculata)
Kalmegh is a branched annual herb of family Acanthaceae and is of about 30-100 cm tall. The
species is distributed in India, Sri Lanka, Bangladesh and
Malaysia. The species is commonly known as ‘King of bitters’.
In India, it is found in the plains of Himachal Pradesh to
Assam and Mizoram and also in Peninsular India. The whole
herb is medicinally used. Andrographolide is the major active
principle having the therapeutic action. The herb is used for
treating diabetics, bronchitis, piles, jaundice and fever. It is
considered as a blood purifier and is used for the treatment
of skin diseases. It is cultivated as kharif season crop in
Gujarat, Uttar Pradesh, West Bengal, Madhya Pradesh, Orissa, Andhra Pradesh and Tamil Nadu. The
plant is propagated by seeds and it is cultivated as a transplanted crop.
Screening of kalmegh genotypes for rain-fed condition
Fourteen genotypes of kalmegh were exposed to soil moisture stress condition using automatic rain
out shelter (ROS). The soil moisture content (SMC) declined below 8% at 120 days of transplanting
of the crop. Mean plant height was 62.20 cm with maximum plant height in AP 127 (69.30 cm)
and minimum in AP 123 (54.70 cm). The plant height was increased under the ROS condition by
7.70%. The mean of the total biomass was 54.80 g plant-1 and the soil moisture condition inside ROS
had reduced it by nearly 12% as compared to the filed raised plants. The andrographolide content
in the herbage was 1.26% with maximum in AP 124 (1.96%) and minimum in AP 27 (0.82%). The
andrographolide content in herbage was increased from 1.13% in field raised crops to 1.38 % in ROS
raised stressed plants. (Project 04: Impact of agro-ecological and input management practices in
medicinal and aromatic plants; Contributor: Dr. K. A. Kalariya).
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Alleviation of water deficit stress through hormonal application in different morphotypes of
kalmegh
In a field experiment, effect of methyl jasmonate and salyscilic acid foliar application was tested
under control and water deficit conditions in different morphotypes of kalmegh. The plant height
was 57 and 52 cm in control and water deficit stressed plants, respectively. Water deficit stress
reduced total leaf area from 786 to 643 cm3. There was no significant variation in chlorophyll a, b
and total chlorophyll contents. The stress due to water deficit caused 12% deduction in plant mean
dry weight. The root: shoot ratio was a little lower in case of plants subjected to water deficit stress.
There was more than 30% reduction in andrographolide content in plants subjected to water deficit
stress. (Project 1: Collection, characterization, evaluation and documentation of plant genetic resources
of some important medicinal and aromatic plants; Contributor: Dr. K. A. Kalariya).
KOKKUM (Garcinia spp.)
Garcinia spp. belong to the family Clusiaceae (Guttiferae) are trees of about 5-15 m tall with rounded
crown and horizontal or drooping branches. G. cambogia and
G. indica are the two important species of the genus. Both
the species are distributed in semi-evergreen to evergreen
forests of Western ghats in Maharashtra, Goa, Karnataka,
Kerala and Tamil Nadu. G. cambogia is popularly known as
Bilatti amli or kokkam. In addition to G. cambogia and G.
indica, G. talbotti and G. lanceifolia are two underutilized and
less known species of the Genus. G. talbotti is a dioecious
medium sized tree distributed in the semi evergreen to
evergreen forests of Western Ghats. It produces fruit with sweet pulp and abundant yellow latex. It
grows up to 12 feet under the dense shade of other trees. The fruits and young leaves are eaten raw
and cooked as vegetables or made into pickles by the local people of Northeast India. The rinds of
the fruits extracted from the species are medicinally important and used for the treatment of ulcers,
inflammations, bleeding piles, diarrhoea, dysentery and indigestion.
Standerisation of processes for enriched extracts preparation
Process for preparation of extracts enriched with xanthone and polyisoprenylated benzophenone (PIB)
from different Garcinia species was developed by using carbon dioxide (CO2) as supercritical fluid.
Methanol was used as a co-solvent for process development. The extraction process was optimized

HPLC chromatograms of enriched extracts of Garcenia spp.

ICAR - DMAPR ANNUAL REPORT 2021

31

by varying the extraction parameters such as co-solvent percentage, flow rate of supercritical fluid,
extraction time and extraction temperature. The optimized operating parameters of supercritical
fluid extraction (SFE) process was as follows: flow rate of CO2: 30g/min, co-solvent flow rate: 5g
min-1, extraction vessel temperature: 60ο C, extraction time: 120 min, ABPR= 100 bar. These extracts
were characterized for five reference compounds using HPLC-PDA method. (DBT-NER Project:
Inventorization, molecular identification and characterization of Garcinia species from northeast India
for isolation of polyisoprenylated benzophenones as taxol mimics; Contributors: Dr. Satyanshu Kumar
and Dr. Raghuraj Singh)
Column chromatographic isolation of polyisoprenylated benzophenone (PIB) and xanthones from
G. loniciroides.
Supercritical fluid extract of G. loniciroides was loaded on a silica gel (60-120 mesh). The column
was eluted with hexane- ethyl acetate in a gradient elution mode and fractions were collected. Seven
hundred and eighty fractions were collected. Based on TLC observation, fractions with similar pattern
were mixed together. Further, these fractions are being characterized by HPLC-PDA detection method.
(DBT-NER Project: Inventorization, molecular identification and characterization of Garcinia species
from northeast India for isolation of polyisoprenylated benzophenones as taxol mimics; Contributors:
Dr. Satyanshu Kumar and Dr. Raghuraj Singh)
In vitro investigation of standardised Garcinia extracts for development of cost-effective therapeutics
and chemoprevention agent
In vitro cytotoxicity of the standardised extracts of two Garcinia species namely GAS-2, GAS-3, GAS-4,
GAS-6 and GAL-4 was evaluated against five human cancer cell lines (breast (MDA-MB-231), colon
(Colo-205), cervical (HeLa), lung (Hop-62) and Hepatoma (Hep-G2)) using SRB assay. Adriamycin
(ADR) was used as a positive control. GI50 (concentration corresponding to 50% inhibition of cell
growth, µg ml-1) values of concentration of the extracts recorded from the growth inhibition curve
of the extracts were as follows: breast (MDA-MB-231) cell line: GAS-2 (15.3), GAS-3 (15.2), GAS-4
(19.4), GAS-6 (50.8), GAL-4 (11.5), ADR (<10) ; colon (Colo-205) cell line: GAS-2 (<10), GAS-3 (<10),
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GAS-4 (<10), GAS-6 (15.5), GAL-4 (<10), ADR (<10); cervical (HeLa) cell line: GAS-2 (<10), GAS-3
(<10), GAS-4 (<10), GAS-6 (>80.), GAL-4 (<10), ADR (<10); lung (Hop-62) cell line: GAS-2 (32.4),
GAS-3 (26.3), GAS-4 (27.1), GAS-6 (64.5.), GAL-4 (22.3), ADR (<10) and hepatoma (Hep-G2) cell line:
GAS-2 (18.2), GAS-3 (11.5), GAS-4 (13.5), GAS-6 (46.4), GAL-4 (<10), ADR (<10). (DBT-NER Project:
Inventorization, molecular identification and characterization of Garcinia species from northeast India
for isolation of polyisoprenylated benzophenones as taxol mimics; Contributors: Dr. Satyanshu Kumar
and Dr. Raghuraj Singh)
MADHUNASHINI (Gymnema sylvestre)
Gymnema sylvestre (Family: Apocynaceae) is commonly known as gudmar or madhunashini. The
leaves are having remarkable property of inhibiting the taste
of sweetness when the leaves are chewed, hence it is known
as ‘gudmar’. Gymnema sylvestre is native to India and widely
distributed in the tropical forests of Southern and Central
India and Sri Lanka. The species is naturally found in Banda,
Western Ghats and Deccan extending parts of Western
and Northern India. The leaves are saltish and acidic. It is
prescribed as antidiabetic medicine. The sugar constituent of
the species is found as mixtures of triterpine saponins which
are designated as gymnemic acids. The plant is propagated mainly by stem cuttings and also by seeds.
Assessment of polymorphism through genomic SSR markers
In the present study, the level of genetic polymorphism was investigated through genomic SSR
markers among 28 seed progenies derived from genotype DGS 1. The genomic SSR markers were
developed using Illumina Hiseq 2500 NGS platform. The 28 SSR primer pairs produced a total of 61
bands out of which 55 were polymorphic and 4 were unique. The number of polymorphic bands
ranged from 1 to 4. Maximum number of bands was generated by the primer Xdagsm SSR71 (4)
followed by Xdagsm 34, Xdagsm 60, Xdagsm 69, and Xdagsm 76 and showed 100% polymorphism.
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These primers except Xdagsm 34 are most valuable for the detection of polymorphism among the
progenies of G. sylvestre because these
primers produced unique banding pattern.
Coefficient value ranged between 0.56 and
0.92. A high similarity was found between
seed progenies S 12 and S 15 (92%) and also
between S 14 and S 15 (92%). Highest
divergence was found between parent (DGS
1) and seed progeny S 17. Among the seed
progenies tested, S 12, S 14 and S 15 were
most similar to the parent genotype DGS 1
and S 17 (56%) was the most distinct type
which could be used for selection and further crop improvement programs. The cluster analysis
based on the UPGMA dendrogram showed that seed progeny S 6 and S 25 together shared 100%
fragments. The progeny S 20 stood separate as compared to the other seed progenies. The study
indicated that considerable genetic variability existed among the progenies and some of the progenies
were unique over the parent DGS 1 due to diversity at the DNA level. Polymorphic markers identified
were Xdagsm 34, Xdagsm 60, Xdagsm 69, and Xdagsm 71 which were highly useful in the assessment
of polymorphism among the progenies and parent genotype of G. sylvestre and could be useful in
the future molecular breeding program. (Project 1: Collection, characterization, evaluation and
documentation of plant genetic resources of some important medicinal and aromatic plants; Contributor:
Dr. Akula Chinapolaiah).
Characterization of photosynthetic efficiency at transcriptome level
Variation in PS II efficiency encompassing five main pathways related to the photosynthesis was
analyzed at transcriptome level and 123 genes were identified. Sequences of important genes
related to photosynthetic pathway are published at NCBI’S nucleotide public domain with genes
with corresponding accession ID as GSpsbA- MT856046 & MT856047, GS-psbB -MT889432 &
MT889433, GS-psbC-MT889430 & MT889431, GS-psbD-MT856048 & MT856049, GS-rcbL-MT856050,
GS-rcbS-MT85605, GS-ZEPABA1-MT856052& T856053, GS-DENPQ-MT856054 & MT85605, GS-psbO
MT889434 and GS-psbS MT889435 & MT889436. (GSBTM Funded Project: Unraveling the biosynthetic
pathway of active ingredients in diabetes curing tropical medicinal herb madhunashini (Gymnema
sylvestre) through transcriptome analysis; Contributor: Dr. K. A. Kalariya).
SALAPARNI (Desmodium gangeticum)
It is a perennial shrub belongs to family Fabaceae and is an important member of laghupanchamoola
groups of plants coming under dasamoola group. The plant is
erect, branched shrub grows up to 1 meter in height. Flowers
white, purple or lilac found in elongated terminal or axillary
recemes. Fruits are multi-chambered and are grouped into
6-8 in number which are sticky in nature. When ripe, each
fruit separate into one seeded segments. The useful part is
the root and it is an important ingredient of more than 50
ayurvedic formulations. The drug is reported to be a good
cardio tonic. It is hot, sweet, diuretic, laxative and nervine tonic.
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It cures burning sensations, fever, cough, difficult in breathing, dysentery, thirst and vomiting. The plant
is rich in flavonoids, alkaloids and pterocarpanoids which are responsible for its therapeutic activities.
Germplasm evaluation and characterization
Fifty-two accessions were characterized for various morphological characters and distinct accessions
were identified. Accessions DDG 22-1 was identified as having dense hairy leaves. (Project 1: Collection,
characterization, evaluation and documentation of plant genetic resources of some important medicinal
and aromatic plants; Contributor: Dr. R. Nagaraja Reddy).
Screening of germplasm based on phenolic content
Total phenolic content (TPC) in root samples of cultivated (one year old) and 32 accessions of wild
collected salaparni was estimated. Significant differences in TPC was recorded for cultivated and
wild collected salaparni accessions (NMPB Project: Breeding of medicinal plants for yield and quality;
Contributor: Dr. Satyanshu Kumar and Dr. Raghuraj Singh).
Variation of extract yield and TPC of D. gangeticum accessions

Comparative chemical evaluation of Desmodium spp.
Dried root was used for the preparation of hydro alcoholic extract (methanol–water,1:4) of
ten Desmodium species
namely D. dichotomum, D.
gangeticum, D. heterocarpon,
D. laxiflorum, D. scorpiurus,
D. triangulare, D. triflorum, D.
triquetrum and D. velutinum).
Total phenolic content (TPC)
was estimated in extract of
the selected Desmodium
species
by
colorimetric
method. The antioxidant
activity of the extract was
determined by DPPH assay.
HPLC-PDA detection method was developed for characterization of four phenolic acids (gallic, caffeic,
chlorogenic and sinapic acid) in extracts of Desmodium species. Signature profiling was also recorded
and signature profiles of D. gangeticum samples collected from four locations were also compared.
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[Project 1: Collection, characterization, evaluation and documentation of plant genetic resources of
some important medicinal and aromatic plants & NMPB Project: Standard operating protocols of postharvest management for five selected medicinal plants (Desmodium gangeticum, Gymnema sylvestre,
Leptadenia reticulata, Phyllanthus amarus and Eclipta alba); Contributor: Dr. Satyanshu Kumar]
SENNA (Cassia angustifolia)
Senna belongs to family Caesalpiniaceae. There are two species of Cassia viz., C. angustifolia (Senna
angustifolia) and C. acutifolia (= C. senna= S. acutifolia) which
are together renamed as C. alexandina or S. alexandrina. It is
cultivated mainly in India and Pakistan. Leaves, tender pods and
flowers are medicinally important. The glucosides, sennosides
A and B are the major active principles responsible for the
therapeutic action of the crop. It lowers bowels, increases
peristaltic movements of the colon by its local action upon
the intestinal wall. It is used as expectorant, wound dresser,
antidysentric, carminative and laxative. It is also useful in loss
of appetite, indigestion and anaemia. The crop is propagated by seeds and cultivated as kharif crop.
Germplasm evaluation
Two-hundred and thirty accessions were evaluated for morphological, agronomic and quality traits.
Morphologically distinct accessions viz., DCA 153 with light green plant type and DCA 84 with dark
green plant type with ovate round leaf shape, hairy leaves and small pod size and A16-18 for late
flowering were identified. Sennoside content was estimated based on five (SA, SB, SC, SD and SA1)
marker compounds in RP-HPLC method using PDA detector. Accessions with high total sennosides
content in leaf were identified as DCA 212 and DCA 216, while accessions DCA 240, DCA 244, DCA
245, DCA 218, DCA 250 and DCA 253 had high sennosides content in the pods. (Project 1: Collection,
characterization, evaluation and documentation of plant genetic resources of some important medicinal
and aromatic plants; Contributor: Dr. R. Nagaraja Reddy)
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Characterization of EPSP synthase gene
The enzyme, 3-phosphoshikimate 1-carboxyvinyltransferase [EC:2.5.1.19] (EPSP synthase) is involved
in shikimate pathway of sennoside
biosynthesis. The gene encoding EPSP
synthase was cloned and characterised
using homology approach and named
as CaEPSP. CaEPSP gene has eight
exonic sequences with seven introns
compared to its orthologue Glyma.
03G027400 in the soyabean. The length
of the gene (CDS+introns) isolated was
approximately 3.5 Kb when compared
to its orthologue in soybean which was
about 8.22 Kb in size. The expression of
caEPSP gene in leaf, pod and flower buds of sona, DCA-80 and DCA 149 genotypes were studied.
The normalized expression of caEPSP gene was high in mature leaf of sona and DCA 149 while it was
high in leaves of DCA 80. The caEPSP gene was upregulated in pods and flower buds compared to
young leaves while it was down regulated in mature leaves indicating differential expression. However,
association of gene expression with sennoside content needs to be established to determine its role
in sennoside production. (Project 03: Unraveling metabolism and biochemistry of active principles in
medicinal and aromatic plants; Contributor: Dr R. Nagaraja Reddy).
Integrated nutrient management for improved yield and quality
The study was aimed to integrate manures, crop residues, microbes and biodynamic preparation and
to evaluate its nutrient supply and soil improvement performances as compared to recommended
doses of chemical fertilizers. The chemical fertilizer treatment was compared with crop residue,
farmyard manure, microbial consortia, jivamrut and their combination by growing senna in field
experiment. Treatment comprised of absolute control, 100% chemical fertilizer and 50% chemical
fertilizer supplemented with various combination crop residue (green gram) farmyard manure (FYM)
along with microbial consortia and jivamrut. Result showed that integration of crop residues, 50%
chemical fertilizer along with jivamrut in senna recorded equivalent herbage yield (8470 kg ha-1)
as compared to treatment receiving 100% chemical fertilizer (8580 kg ha-1). The highest sennoside
contents both in leaf (2.72%) and pod (2.95%) were also recorded in the treatment receiving crop
residue, 50% chemical fertilizer along with jivamrut. Thus, combined application of crop residue
and jivamrut effectively reduced 50% of chemical fertilizer requirement, sustaining productivity and
quality of senna. (Project 04: Impact of agro-ecological and input management practices in medicinal
and aromatic plants; Contributor: Dr. B. B. Basak).
Acreage estimation of Senna
Acreage of senna cultivation was estimated in Bhachau taluka, kutch district during the year.
Unsupervised classification with ISODATA clustering technique was applied to multi date sentinel
data. The estimated acreage of senna was 1380 ha with an accuracy of 95%. The actual area was
1500 and the overall accuracy was 92%. (Project: ISRO-SAC Work plans for Inventory of Medicinal
plants; Contributor: Dr. R. Nagaraja Reddy).
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Post-harvest studies on herbage
Harvested herbage of field grown senna was dried under sunshine and shade. The study showed
that the dry matter contents of the herbage were 29.23% and 30.00%, respectively under sunshine
and shade dried samples. The dried samples were stored in polythene bags with vacuum and
without vacuum packaging under light and dark places. The vacuum packaging was performed with
and without nitrogen gas flushing. The storage study will be continued. (Project 6: Quality control,
product development and post-harvest management technology for medicinal and aromatic plants;
Contributors: Raghuraj Singh and Dr. Satyanshu Kumar)
TULSI (Ocimum sanctum)
It is an erect highly branched aromatic perennial herb belonging to family Lamiaceae. Two plant types
are commonly available, one is with green leaves and the other
one is with purple leaves. The species is distributed throughout
India and is also under cultivation. Leaves, flowers and
occasionally the whole plant are medicinally used to treat
heart diseases, leucoderma, asthma, bronchitis and fever. The
leaves and tender parts of the shoots are economically
important and it yields essential oils. The essential oils obtained
have immense value in aroma industry. The chemical
constituents of the essential oils are monoterpenes,
sesquiterpines and phenols with their alcohols, esters,
aldehydes, etc. Propagation is mainly done by seeds. Seedlings are raised in nursery and are transplanted
at 4-5 leaf stage seedling at the onset of monsoon. Freshly harvested material is distilled for oil extraction.
DNA fingerprinting of tulsi accessions
DNA fingerprinting was developed for O. sanctum accessions using sequence-related amplified
polymorphism (SRAP) markers for idenditfying individual accession. Different M A DP1 M A DP1
accessions of O. sanctum (Dedia P1, DOS-1 and check: Angana) showed different
banding patterns. The SRAP marker combinations me3+em4, me3+em5, me1+em2
and me1+em6 were efficiently utilized for the generation of DNA fingerprinting.
ladder; A: Angana and
(Project 02: Breeding of medicinal and aromatic plants for yield and quality; M:DPDNA
1: Dedia P 1
Contributor: Dr. M. K. Suthar).
Selection of suitable chemotypes of Ocimum gratissimum for quality parameters
Ocimum gratissimum is popularly known as clove basil, serves as a condiment in food, and is used
for therapeutic properties. Selected accessions of O. gratissimum, was evaluated and it was found that
maximum herbage yield was in DOGr 3 which had leaves of light purple colored midrib as compared
to the other accessions having greenish colored midribs. The accession DOGr 3 showed a maximum
share of eugenol (75%) and caryophyllene (12%) contents in herbage. Maximum Phellandrene
derivative and β-copaene content (15 and 20%) were observed in DOGr 2 which would be very
useful for pleasant aroma for food products as compared to the other accessions (Project 1: Collection,
characterization, evaluation and documentation of plant genetic resources of some important medicinal
and aromatic plants; Contributor: Dr. P. L. Saran).
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Characterization of Ocimum africanum chemotypes for yield and quality parameters
Ocimum x africanum is a short duration crop (70-75 days after planting). Farmers also prefer to such
fast-growing crops for earlier harvesting for essential oil and aromatic compounds like natural citral
and geraniol. Nine diverse accessions of O.x africanum were collected from different parts of the
country during 2018-2019 and evaluated during 2020-21 to assess the morphological variation and
essential oil quality. Maximum dry leaf weight per plant (25.63 g), minimum seed index (0.11 g) and
maximum seed swelling index (16.83%) were observed in DLB 7. Maximum citral (A & B) content
(89%) was also observed in DLB 7 as compared to the farmers’ variety which was used as check
(49%). (Project 1: Collection, characterization, evaluation and documentation of plant genetic resources
of some important medicinal and aromatic plants; Contributor: Dr. P. L. Saran).
Other Experiments
Phosphate and zinc solubilizers from ahwagandha and senna rhizospheres
Rhizosphere samples were collected from aswagandha and senna growing fields of ICAR-DMAPR.
Samples were processed for isolation of bacterial diversity. Total 110 bacteria were isolated on three
different media viz., nutrient agar (NA), 1/100th
NA, Jensen’s media and Kings B media from
senna and aswagandha rhizospheres. The highest
numbers of bacterial isolates were obtained on
nutrient agar. Bacterial population of senna
rhizosphere was found highest (7x107 CFU g-1) on
NA medium while the lowest was observed on
1/100th NA (1.1x107 CFU g-1). Similarly, bacterial
population in ashawagandha rhizosphere was
observed as 5.5x107 CFU g-1 on King’s B medium
and the lowest on 1/100th NA (1.5x107 CFU g-1).
Isolated bacterial culture was purified and stored
Pure culture plates of bacterial isolates from
in a sterile 20% glycerol stock at -50°C
ashwagandha and senna rhizospheres
temperature. Isolates were screened for plant
growth promoting (PGP) activity on inorganic phosphate source (Rock phosphate and Tri-calcium
phosphate) and inorganic zinc source (Zinc oxide and Zinc Phosphate). Among the isolates screened,
20 isolates from aswagandha (AS 41, Axx, AS 8, AS 19, AS 13, AS 14, AK 14, AS 15, AS 23, AS 69,
ASx, J 13, JA 6, JA 7, JA 14, JA 16, KA 3, KA 4, KA 9, KA 10) and 14 isolates from senna (S 48, S
41, SS 3, SS 7, SS 30, SS 32, SS 40, SS 34, JS 7, JS 8, KS 1, KS 4, KS 7, KS 8) showed phosphate
solubilisation activity and four bacterial isolates (ASx, AS 4, KS 7, AS 14) showed Zinc solubilisation
activity. (Project 05: Good plant protection practices in medicinal and aromatic crops; Contributor: Dr.
Samadhan Yuvraj Bagul).
Seed production and Front-line demonstrations
True to the type seeds of Vallabh Isabgol 1 (500 kg) and Vallabh Isabgol 2 (50 kg) of Isabgol and
Vallabh Ashwagandha 1 (30 kg) were produced for their large-scale demonstration in the country
and supply to the farmers.
Vallabh Ashwagandha 1 a variety developed at the directorate was demonstrated to farmers
through frontline demonstration at Jorharpurum village of Andra Pradesh and Vallabh Isabgol 1 was
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demonstrated to farmers of Surendranagar district, Gujarat. (Project 02: Breeding of medicinal and
aromatic plants for yield and quality & Project 7: Improving knowledge and skill of stakeholders for
improving production of medicinal and aromatic crops; Contributor: Dr. R. Nagaraja Reddy)
Biochemical characterization of residual biomass of medicinal and aromatic plants
Biochemical characterisation of residual biomass of different medicinal and aromatic plants is
important to understand their use and scope to develop different suitable value-added products.
Residual biomasses of six aromatic plants (lemongrass-Cymbopogon flexuosus, palmarosa- C. martinii,
java citronella- C. winterianus, mentha- Mentha viridis, tulsi- O. sanctum and basil- O. basilicum)
and two medicinal plants (ashwagandha and isabgol) were selected for determination of cellulose,
hemicellulose and lignin. These contents were estimated by ethanol precipitation technique. Cellulose,
hemicellulose and lignin content varied from 30 to 38%, 13 to 27% and 9 to 18%, respectively for
different matrices used. Cellulose and hemicellulose contents were found highest in ashwagandha
biomass, whereas, lignin content was found highest in palmarosa biomass. These dietary fibre rich
plant matrices can be used or transformed into different suitable products based on their suitability

for industrial purposes. (Project 6: Quality control, product development and post-harvest management
technology for medicinal and aromatic plants; Contributors: Mr. Rohan Sarkar and Dr. B. B. Basak).
Chemical characterization of Solanum spp.
α-solanine and solasodine were characterized in 41 samples of Solanun species using HPLC-HPA
method. Although peaks could get identified on the basis of PDA spectra, quantification could not
be done because of spectral similarity of the peaks. (NMPB Project: Breeding of medicinal plants for
yield and quality; Contributor: Dr. Satyanshu Kumar)
Effect of storage conditions on swertiamarin content of mamejo herbage
Effect of various storage conditions on swertiamarin content in Enicostema axillare (Mamejo) herbage
was carried out. The stored samples were taken at an interval of three months for determination
of swertiamarin content. The herbage extracts were prepared for HPLC analysis. The swertiamarin
content varied from 3.18± 0.18 to 26.25± 0.19% per cent during a storage period of six months under
different kinds of packaging and storage conditions. (Project 6: Quality control, product development
and post-harvest management technology for medicinal and aromatic plants; Contributors: Dr. Raghuraj
Singh and Dr. Satyanshu Kumar)
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Institute Technology Management Unit (ITMU)
Elite germplasm registered
Following elite germplasm stocks of brahmi (Bacopa monnieri) were registered at ICAR, NBPGR
during the current year.
DBM 2 (INGR 21236): A chemotype having maximum total bacopaside 1 content with twisty leaf at
top of stolen and maximum size/area of basal leaf as a morphological marker of DBM 2.
DBM-4 (INGR 21235): A chemotype having maximum total bacosides content, bacoside-A content
and API quality parameters with maximum pedicel length.
DBM 5 (INGR 21237): A chemotype having maximum jujubogenin and bacopaside C content with
light purple flower colour.
DBM 10 (INGR 21238): A morphotype having maximum number of leaves with minimum leaf size.
DBM 13 (INGR 21239): A morphotype having light green leaf colour and purplish white flower colour.
(Project 1: Collection, characterization, evaluation and documentation of plant genetic resources of
some important medicinal and aromatic plants; Contributor: Dr. P. L. Saran).
Patent filed
Application/
Registration No.
202121059785

Name of Innovation/ Technology/
Product

Date of Filling/
Registration

Extracts and purified phytochemicals 21.12.2021
from Garcinia species exhibiting
cytotoxicity against human colon cancer

Name of the
inventors
Dr. Satyanshu Kumar,
Dr. Raghuraj Singh,
ACTREC, Mumbai

Agricultural Knowledge Management Unit (AKMU)
Directorate website
The website of the Directorate was updated regularly with Directorate news, training details,
thought of the day and all day to day information of our Directorate by event launcher, recruitment
advertisement, tender, bulletins,
annual reports, etc. Agricultural
Knowledge
Management
Unit (AKMU) developed and
maintained
MAPAI,
MediHub TBI, OAJMAP website.
Important website links viz.,
ICAR,
FMS/MIS,
OAJMAP,
NAIP, NMPB, National Portal,
Farmers’ Portal, ICAR E-mail,
AEBAS Dashboard, etc were
also provided in the website.
ICAR and DMAPR circulars,
office orders, forms, etc. were also e-published. Directorate website was maintained in bilingual
(Hindi- English) and received more than 54426 hits during the year.
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National Knowledge Networking:
Under this NKN Project, our Directorate received 100mbps internet connection which was managed
and shared with more
than 100 static IP and wifi
routers for sharing internet
connection in the ICARDMAPR Campus. It provides
full-fledged internet usage
for official purpose through
local area network and wifi
by server management.
ICAR-DMAPR is a partner of
National Knowledge Network
(NKN) Project with National
Informatics Centre (NIC),
Govt. of India, New Delhi for MAPAI website– Medicinal and Aromatic Plants Association of India
sharing research information developed and maintained by AKMU.
through online database and website. AKMU is broadcasting this high-speed internet facility at
Directorate’s active nodes of three floors of the Directorate main building and all the wings of staff
like scientific, technical, administration and finance sections for successful usage of internet facility.
Online Examination Center:
AKMU manages ICAR-DMAPR Online Examination Center with two IBM Server and 105 PCs with
internet facility for conducting online examination under ASRB. For power backup we have 180 kVA
Generator set and dedicated 20 kVA UPS. During this year, AKMU conducted one online examination
of ASRB in January, 2021.
IT Based application usages:
Paperless office management
was fulfilled by providing
computers, softwares and
internet facilities to all the
staff with high speed internet
facility by NKN Project. In
this direction, AKMU also
facilitated
e-accounting,
FMS/MIS,
PERMISNET,
e-office, GeM E-procurement,
e_bid, ERP, PMIS, etc.
More than 75 Computers
were managed securely by
security software in main Medi-Hub TBI is an Agri-Business Incubator looking at all aspects
building for the Directorate of technology management, business and Incubation in field of
staff through AKMU. All the medicinal and aromatic plants.
facilities of networking, internet, antivirus, hardware and software were provided through AKMU.
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AKMU maintained CCTV
cameras for security aspects
in the Directorate with 19
CCTV Cameras in main
campus entrance, building
entrance gates, lobbies etc
in addition to seven cameras
in four halls of online
examination center.
The AKMU maintained 51
intercom facilities provided
to the officers of the
OAJMAP – Open Access Journal of Medicinal and Aromatic Plants Directorate.
developed by AKMU and uploaded from ICAR website.
AKMU maintained Directorate
auditorium and provided full facility of audio and video for the functions organized. Photography
of all the events was covered and uploaded in Directorate the website with event section. It also
uploaded the briefs of the events in news section with documentation for mass media publication
of the events.
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RESEARCH ACHIEVEMENTS
AICRP MAP&B
ALOE (Aloe barbadensis)
Aloe belongs to family, Asphodelaceae (previously Liliaceae). The species is introduced from African
countries which was later naturalized in India. The plant is
perennial in habit with fleshy leaves and condensed stem.
Leaves contain mucilage (polysaccharides) and leaf exudates
contain aloin and aloe emodin which are commercially useful.
The mucilage has a cooling and moisturizing action and hence
used in cosmetic industries. Aloin and aloe emodin are used as
pain killer and purgative. The species flowers during November
to February. Flowers are having saffron to orange yellow
colour which attracts birds for pollination. There is large-scale
agricultural production of Aloe in Australia, Bangladesh, Cuba, the Dominican Republic, China, Mexico,
India, Jamaica, Kenya, Tanzania and South Africa, along with the USA to supply the cosmetics industry.
In India, the crop is under cultivation in Gujarat, Rajasthan, Madhya Pradesh and Uttar Pradesh. Raw
material is collected both from wild and cultivation for the industry. The species is valued about $30-40
million in global sale annually. The demand for this plant may likely to be increased due to increasing
utilization of natural medicinal products throughout the world. Suckers are mainly used for propagation.
Evaluation of promising genotypes for aloin content
CCSHAU, Hisar: A total of 25 genotypes of aloe were screened for aloin content. Genotype HAV-041 had the highest aloin content of 20.70 % (w/w), followed by HAV 6-1 (17.60 %), HAV-05-7 (16.70
%), HAV-1 (16.6 %), and HAV-05-1 (16.50%). Genotype IC-112520 had the lowest aloin content i.e.,
12.40 % (w/w).
Organic nutrient management practices
CCSHAU, Hisar: Field experiment was conducted during 2020-21 with different organic manures (FYM,
vermicompost and neem cake) to standardize organic nutrient management for optimum growth and
yield of aloe. Maximum plant height (61.25 cm), number suckers (4.2 plant-1), numbers of leaves per
plant (10.42 plant-1) and leave length (47.50 cm) were recorded with application of vermicompost @ 7.5
t ha-1, which was significantly higher than the control as well as treatment receiving neem cake (1.5 t ha1
). However, leaf yield was found significantly higher (85153 kg ha-1) with application of vermicompost
@ 7.5 t ha-1 that was statistically at par with application FYM @ 15 t ha-1 and vermicompost @ 5 t
ha-1. Gel yield was also found significantly higher (43859 kg ha-1) with application of vermicompost
@ 7.5 t ha-1 and it was statistically at par with application of FYM @ 15 t ha-1.
Effect of plant spacing and FYM applications
NDUAT, Ayodhya: Field study was conducted to evaluate plant spacing and manure levels on plant
growth and yield. It was found from the study that wider plant spacing of 60 cm x 60 cm produced
significantly higher number of leaves (11.9 plant-1), broader leaf (5.5 cm) and fresh leaf yield (151.7 t
ha-1) as compared to the other spacing treatments. Maximum number of suckers (11.23 plant-1) was
recorded with application of 20 t FYM ha-1. Similarly, maximum number of leaves (14.57 plant-1), leaf
length (52.1 cm), breadth (6.25 cm) and fresh leaf yield (180 t ha-1) were recorded with application
of 20 t FYM ha-1.
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Evaluation of bioagents and organics-based products for management of leaf spot and foliar diseases
NDUAT, Ayodhya: Different treatment combinations were evaluated for management of leaf spot and
foliar diseases of aloe. The study showed that minimum PDI (22.84) for aloe leaf spot was recorded
in plants received treatment combination of soil application of FYM (1.0 kg m-2) enriched with
Trichoderma+ Pseudomonas talc based formulation each @ 2.0% at planting time and three sprays
of Pseudomonas fluorescence @ 2.0% of talc based formulation and neem oil @ 300 ppm starting
from the onset of disease symptoms, followed by 15 days interval. However, treatment differences
were non-significant in the case soft rot disease.
ASALIO (Lepidium sativum)
The plant belongs to family Brassicaceae. The species is a native of Ethiopia and introduced to Europe and
Asia. Plants are of about 45-60 cm tall. Leaves are entire or
variously lobbed or pinnatisect. Flowers are small and white,
arranged in racemes. It is cultivated as winter crop in selected
parts of Rajasthan, Gujarat, M.P. and Tamil Nadu for seeds. The
seeds are galactagogue, laxative and diuretic. The mucilage
obtained from the seeds is used against intestinal irritations.
The leaves are also used as diuretic and to treat liver diseases.
It is also used as salad for treating anaemia. Seeds are used for
propagation.
Germplasm evaluation
MPUAT, Udaipur: Fourteen germplasm lines of asalio i.e. MSL 10-04, MSL 10-05, MSL 10-09, MSL
10-10, MSL 10-11, MSL 10-12, MSL 10-14, MSL 10-17, MSL 10-19, MSL 10-20, MSL 10-21, MSL 10-22, MSL
10-23, MSL 10-24 and MSL 10-25 were evaluated for oil content and fatty acid composition (palmitic
acid, stearic acid, oleic acid, linoleic acid, linolenic acid and total unsaturated fatty acid) of seed oil.
Oil content was found to be highest (22.10%) in MSL 10-21, whereas, palmitic acid, stearic acid, oleic
acid and linoleic acid were found higher, respectively in MSL 10-10 (11.31%), MSL 10-25 (4.10%), MSL
10-12 (26.10%) and MSL 10-05 (13.40%).
Effect of sowing dates and spacing on growth and yield
PDKV, Akola: Plant population of asalio showed non-significant results at different dates of sowing
but different plant spacings had significant effect and 30 × 10 cm spacing was superior than 30 ×15
and 45 × 10 cm spacing. Number of pods per plant was not influenced significantly due to spacing.
Seed yield was influenced significantly due to interaction between date of sowing and spacing. The
highest seed yield (1521.7 kg ha-1) of asalio was recorded with the sowing on 44th MW and at spacing
30 × 10 cm, followed by sowing on 45th MW at 30 × 10 cm spacing. Sowing of asalio on 44th MW
at 30 × 10 cm spacing recorded significantly higher grain yield per plant also.
Effect of organic nutrient management practices on yield and quality
AAU, Anand: Two consecutive years’ field experiments revealed that effect of different organic
manures and bio NPK microbial consortium on plant population, plant height at 60 DAP, days to
50% flowering and days to maturity was non-significant. However, number of branches per plant
at harvest was significantly higher (14.55) with treatment receiving FYM (10 tha-1) + bio NPK, which
remained at par with treatment receiving FYM (10 t ha-1), neem cake 1 t ha-1, and neem cake 1 t ha-1+
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bio NPK. Significantly higher seed yield (1480 kg ha-1) on pooled basis was recorded with treatment
receiving FYM (10 t ha-1) + bio NPK which was found at par with the rest of the treatments, whereas
the treatment differences in the case of straw yield, harvest index, oil content (%) and test weight
were found non-significant.
CCSHAU, Hisar: Field experiments were conducted for three consecutive years with different doses
of chemical fertilizers and bio-fertilizers in different combinations to study its effect on growth and
yield of asalio. The results showed that maximum plant height (105.60 cm), number of branches (17.70
plant-1), number of pods (1182.50 plant-1), seed yield (1269.30 kg ha-1), net return (Rs.22197/- ha-1) and
B: C ratio (1.4) were registered with application of treatment containing N: P 80: 40 kg ha-1+ PSB
+ Azotobacter. However, the treatment was found at par with application of N: P 80: 40 kg ha-1+
PSB and N: P 80: 40 kg ha-1+ Azotobacter. So, the treatment receiving N: P 80: 40 kg ha-1+ PSB
+ Azotobacter may be recommended for better growth yield and economical of asalio production.
Performance study of asalio as intercrop in fruit and medicinal plant species
JNKVV, Jabalpur: Experiment was conducted to study the performance of asalio as intercrop with
perennial medicinal plants. The results showed that the various treatments had marked influence
on plant height, number of branches, yield of crop and test weight. The plant height ranged from
71.40 to 89.10 cm), number of branches 9.40 to 11.20 plant-1 and seed yield 1600 to 2000 kg ha-1.
Among the various treatments, the treatment having combination of satavar (Asaparagus racemosus)
+ asalio was found to have maximum plant height (89.10 cm), number of branches (11.20) and seed
yield (2010 kg ha-1) which was at par with madhunashini (Gymnema sylvestre) + asalio. However,
minimum plant height (71.40 cm), number of branches (9.40) and seed yield (1600 kg ha-1) were
recorded with ber (Ziziphus mauritiana) + asalio.
Seasonal incidence of insect pests
BCKV, Kalyani: Two important insect pests i.e., mustard aphid: Lipaphis erysimi (Aphididae: Hemiptera)
and mustard saw fly (Athalia lugens proxima) (Tenthredinidae: Hymenoptera) were found infesting
asalio at Kalyani. The mustard aphid first appeared in the first week of January (1st Met. Week)
up to harvest of the crop. Heavy infestation started at the end of January and continued up to
mid-February. During this high infestation period, populations of aphids were to the tune of 1328 aphids per 10 cm tip of the stem when average maximum temperature was 23-29°C, average
minimum temperature was 8-15°C with an average RHs of 88-93% and 39-56% in morning and
evening, respectively.
The mustard saw fly larvae first appeared in the mid December (51 Met. Week) and found up to
harvest of the crop. High infestation started at mid of January (3 Met. Week) and continued up to
Ist week of February (6 Met WK). During this high infestation period, populations of mustard saw fly
were to the tune of 3.6-6.9 larvae per plant were to the tune of 13-28 aphids per 10cm tip of the
stem when average maximum temperature was 23-28°C, average minimum temperature was 8-12°C
with an average RHs of 88-93% and 39-57% in morning and evening, respectively.
Management of mustard sawfly using bio-pesticides and plant products
MPKV, Rahuri: Effect of different spraying treatments viz., Metarhizium anisopliae @ 5 g l-1. (2 sprays),
Beauveria bassiana @ 5 g l-1 (2 sprays), NSE @ 5% (2 sprays), neem oil 2% (2 sprays), azadirachtin
10000 ppm @ 2 ml l-1 (2 sprays), azadirachtin 10000 ppm @ 2 ml l-1. followed by Metarhizium
anisopliae @ 5 g l-1, azadirachtin 10000 ppm @ 2 ml l-1 followed by Beauveria bassiana @ 5 g l-1
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during peak infestation were compared along with untreated control for management of mustard
sawfly. At three days after the treatment, significant reduction in mustard sawfly population per plant
was observed in all the treatments as against 9.00 larvae per plant in untreated control. Maximum
reduction was observed in the treatment of azadirachtin 10000 ppm @ 2 ml l-1. At seven days after
treatments, significant reduction in mustard sawfly larvae per plant was observed in all the treatments
as against 8.93 larval per plant in untreated control whereas the maximum reduction was observed in
the treatment of azadirachtin 10000 ppm @ 2 ml l-1. At 14th day after treatment, significant reduction
in mustard sawfly per plant was observed in all the treatments as against 8.67 larvae per plant in
untreated control. Maximum reduction was observed in treatment of Beauveria bassiana @ 5 g l-1 i.e.,
3.07 larvae per plant. Maximum percentage of reduction in the pest population was observed after
two sprayings (cumulative average) i.e., 65.12% reduction in the treatment Beauveria bassiana @ 5
g l-1. Maximum seed yield (1859 kg ha-1) was recorded in the treatment azadirachtin 10000 ppm @
2 ml l-1, whereas seed yield of 1236 kg ha-1 was observed in the untreated control.
Post-harvest studies with respect to oil content, antioxidant activity and mucilage content in seeds
MPUAT, Udaipur: Effect of storage conditions and packing materials on quality of asalio seeds
were evaluated. After 12 months of storage, no significant loss in moisture content, oil content,
antioxidant activity and mucilage content were observed under both sun drying with open bag
condition and sun drying with air tight bag condition. However, under drying with open bag condition,
a gradual decrease in oil content (20.91-12.05%) was observed while the other contents remained
same (moisture content, antioxidant activity and mucilage content of around 6%, 30% and 15%). In
samples dried under sun and stored in air tight bags, all the parameters were observed to be similar
during the storage period (moisture content, oil content, antioxidant activity and mucilage content
of around 6%, 20%, 22% and 15%).
ASHWAGANDHA (Withania somnifera)
The plant belongs to family Solanaceae and is considered as wonder herb with multiple medicinal
properties. It is cultivated in North-western and Central India.
The species is an annual to perennial, branched, under shrub
to herb of about 30 cm to 120 cm height. The flowers are
small, green and bell shaped. The ripended fruit (berry) is red
to orange in colour. Root is the major medicinally important
part in addition to leaves and seeds. Roots are used in
preparation of vital tonics. It is a stress reliever and is used in
treating senile dysfunctions. Its effect on controlling anxiety,
depression, phobias, alcoholic paranoia, schizophrenia, etc., is
clinically established by different tests. The active ingredient that attributed to the medicinal property
is the alkaloids and steroidal lactones. In many countries it is sold as a dietary supplement.
Evaluation of various promising genotypes for withanolides content
CCSHAU, Hisar: Ten genotypes were screened for withanolide A in the dried roots. Genotype HWS
215 had the highest amount of withanolide A (1671.45μg g-1), followed by HWS 08-06 (1364.68µg
g-1) and HWS 126 (787.31µg g-1) while, withanolide A content in the control, JA 20 was found to
be 81.52µg g-1. Out of the ten studied genotypes, eight had higher withanolide A content than the
control JA-20.
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Effect of seed rate and phosphorus on growth and dry root yield
RVSKVV, Mandsaur: Field experiment was conducted to study the effect of seed rate and phosphorus
(P) on growth and dry root yield of ashwagandha. Results indicated that root growth parameters
were significantly improved by the application of different levels of P. The highest plant height (32.10
cm), root length (20.60 cm) and root diameter were recorded in the treatment receiving P @ 40 kg
ha-1. The lowest plant height, root length and root diameter were recorded in treatment receiving P
@ 80 kg ha-1. However, the highest root weight (422.5 kg ha-1) was recorded in treatment receiving
P @ 60 kg ha-1. The highest root yield (416.6 kg ha-1) was recorded at a seed rate of 20 kg ha-1 and
the lowest root yield (333.3 kg ha-1) was recorded at a seed rate of 30 kg ha-1.
Chemical evaluation and quality grading of different root samples available in the market
MPUAT, Udaipur: Better-quality roots considered by the industry are smooth, brittle (easily breakable)
and high in withanolide content. In the present study, ashwagandha roots available in the market were
collected and graded based on morphological viz., length, diameter, etc; physical viz., breakability,
root surface texture, etc., and chemical viz., starch and fibre parameters. The first-grade roots were
of smooth, starchy and creamy white which were easily breakable and the 5th grade were hard,
woody rough thick and very hard or resistant to easy breaks. The study showed that starch content
was found to decrease gradually from 24.60% to 9.30% from 1st to 5th grade roots. The fibre content
followed a reverse trend, it showed an increase from 1st to 5th grade (10.84-36.22%). The alkaloid
content was found less (0.232%) in 1st grade and high (0.375%) in the 5th grade roots. But withanolide
content and withaferin-A content were found highest (2.25% and 0.760%) in 1st grade and decreased
gradually up to 1.20% and 0.475%, respectively in 5th grade roots
MPUAT, Udaipur: About 20 market samples from local market of Thrissur, Coimbatore, Hisar, Mandsaur,
Bharsar, Akola, Solan and Udaipur were collected and tested. No adulterations were found among
the collected market samples.
BACH (Acorus calamus)
It is a member of family Araceae and is a small perennial aromatic herb grown naturally in marshy fields.
It is a native of Europe and now found distributed throughout
India specially in foot hills. The species is cultivated in some
parts of India mainly in Andhra Pradesh. The rhizomes are
used for medicinal purposes. The dried rhizomes constitute
the commercial raw drug ‘Calamus’. It is believed to improve
memory power and intellect. In southern parts of India the
rhizome is given to the newborn children alongwith honey to
improve brain development. It is also useful in the treatment
of diarrhoea, dysentery, abdominal obstructions and colic.
Recently, anti-carcinogenic property of the species has also been reported.
Organic nutrient management practices on rhizome yield
UBKV, Kalimpong: Experiment was conducted to study the effect of different sources of organic
manures like FYM, vermicompost and neem cake applied at various doses along with recommended
dose of chemical fertilizers on rhizome yield. The highest fresh (2820 kg ha-1) and dry (930 kg ha-1)
rhizome yields were recorded with treatment receiving neem cake @ 2.5 t ha-1 which was significantly
higher than the control. However other treatments did not show any significant difference among them.
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BASIL (Ocimum basilicum)
Basil belongs to family Lamiacea and is widely distributed throughout India. The species is believed to be
originated in India, Pakistan and Thailand. Basil prolifically
produces large green or purple leaves, measuring around 2 inches
in length, throughout the summer. Basil has the ability to
synthesize and convert phenyl propenes. The flavor and smell of
basil varieties is largely determined by their chemical components
presenting the essential oil. Basil varieties contain cinnamate,
citronellol, geraniol, linalool, methyl chavicol, myrcene, pinene,
ocimene and terpineol. Basil has been used as a folk remedy for an
enormous number of ailments, including, cancer and convulsion in
addition to its use in table purposes and aromatherapy.
Multilocation trials
Advanced Varietal Trial (AVT-II) with two entries from AAU, Anand and one entry from ICAR-DMAPR
with GAB 1 as check was conducted at Anand, Banda, DMAPR, Ayodhya, Islampur, Mandsaur, Pusa
and Rahuri from 2016-17 to 2020-21. Across locations and years, DOB 5 recorded the highest green
leaf yield (8119.31 kg ha-1) which was followed by GAB-1 (8089.31 kg ha-1), AOB 5 (8015.08 kg ha-1)
and AOB 4 (7479.37 kg ha-1). Entry DOB 5 recorded highest oil content (0.55%) which was followed
by AOB 4 and AOB 5 (0.44%). Essential oil yield was highest in DOB-5 (35.94 kg ha-1) which was
followed by AOB 5 (31.16 kg ha-1) and AOB 4 (30.34 kg ha-1). Based on stable performance across
years and locations, entries DOB 5 and AOB 5 were recommended as superior varieties for cultivation.
In another AVT-II, six entries (four from RVSKVV, Mandsaur and one entry each from DMAPR and
MPKV, Rahuri) were tested at Anand, Banda, DMAPR, Ayodhya, Islampur, Mandsaur, Pusa and Rahuri
during 2016-17 to 2020-21. Across locations and seasons, MOB 13 recorded highest green leaf yield
(7534.56 kg ha-1) which was followed by DOB 1 (7486.20 kg ha-1). Entry, MOB 16 (50.21 kg ha-1)
followed by DOB 1 (48.18 kg ha-1) and MOB 13 (47.71 kg ha-1) recorded high essential oil yield across
locations and seasons. Based on consistent performance, entries MOB 13, DOB 1 and MOB 16 were
recommended as superior varieties for cultivation.
Effect of dates of transplanting and spacing on herbage and oil yield
AAU, Anand: Field experiments were conducted for three consecutive years to study the effect of
date of transplanting and spacing on herbage and essential oil yields in basil. Significantly higher
total green herbage yield (41.69 and 41.66 t ha-1) of basil was recorded in planting during 3rd week
of July which was at par with planting during 1st week of August. Significantly higher green herbage
yield was found with spacing of 60 × 45 cm on pooled basis. Similarly, the highest green (46.1 t ha-1)
and dry (7.09 t ha-1) herbage yields were recorded with combination of planting on 3rd week of July
with spacing of 60 × 45 cm under Anand location. The highest oil yield (127.8 kg ha-1) on pooled
basis was recorded in planting during 3rd week of July with a spacing of 60 × 45 cm.
MPKV, Rahuri: Experiment conducted to study the effect of time of planting and spacing on plant
growth and herbage yield showed that transplanting of basil on 15th June recorded the maximum plant
height (95.7 cm), number of branches (16.90), fresh herbage yield (8.46 t ha-1), dry herbage yield
(3.94 t ha-1) and seed yield (6230 kg ha-1). Plant spacing of 60 × 45 cm recorded maximum plant
height (94.10 cm), fresh herbage yield (8.85 t ha-1), dry herbage yield (5.20 t ha-1) and seed yield
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(6850 kg ha ). Transplanting of basil during 15 June with spacing of 60 × 45 cm recorded maximum
plant height (106.20 cm) and dry herbage yield (5.87 t ha-1) followed by 1st July transplanting. The
results indicated that, 15th June to 1st July time was most suitable with spacing of 60 × 45 cm for
superior yield in basil.
-1

th

Plant spacing and organic nutrient source influenced growth and yield
NDUAT, Ayodhya: Experiment was conducted to study the effect of different doses of FYM and plant
spacing on growth and herbage yield of basil crop. Results revealed that closest plant spacing of
60 cm × 45 cm produced significantly taller plants (79 cm) and more fresh herbage (2385.20 kg
ha-1) and dry herbage (691.4 kg ha-1) yields followed by 75 cm × 45 cm, 60 cm × 60 cm and 75 cm
× 60 cm spacing. The treatment received 12 t FYM ha-1 recorded the highest plant height (80 cm)
and number of branches (18.50 plant-1), which was at par with treatment received FYM (9 t ha-1).
Similarly, treatment received 12 t FYM ha-1 recorded significantly higher fresh herbage (2558.6 kg
ha-1) and dry herbage (746.9 kg ha-1) yields.
Evaluation of bioagents and organic based products for management of leaf spot disease
BAU, Isalmpur: Leaf spot disease caused by Alternaria alternata is a major disease affecting basil.
The disease develops small, irregular shaped brown spot of 1-2 mm size on the leaves and stem.
First appearance of leaf spot incidence was noticed on basil after 2nd week of October and its
incidence reached up to 56.70% in January (2nd week) in control plot with 36.70% disease severity.
Seven different treatment combinations were studied to control the disease. The disease incidence
and disease severity were found low (15.0%, 6.0%) in treatment, soil application of FYM (1.0 kg m-2)
enriched with Trichoderma + Pseudomonas talc-based formulation each @ 2.0% at planting time, three
sprays of Bordeaux mixture @ 5000 ppm starting from the on onset of disease symptoms, followed
by 15 days interval as compared to the other treatments. Correlation of disease severity with weather
factors showed that PDI is positively correlated with rainfall and negatively correlated with other
factors like RH and Temperatures-min, max, and average. However, the treatment combination of soil
application of FYM (1.0 kg m-2) enriched with Trichoderma + Pseudomonas talc-based formulation
each @ 2.0% at planting time + three sprays of Tebuconazole + Trifloxystrobin @ 0.1% from the onset
of disease symptoms, followed by 15 days interval was found superior for management of leaf spot
diseases and reduced the disease by 83.64%. The green leaf yield and B:C ratio were also high in
the treatment (8440 kg ha-1, 1.77) as compared to the control (7140 kg ha-1, 1.31).
Study on damage intensity assessment caused by major pests
MPKV, Rahuri: Field experiment was conducted for damage intensity assessment of hairy caterpillar,
Spilosoma obliqua on basil. Two sprays of profenophos 50% EC @ 2 ml l-1 was given for the control
of hairy caterpillar in treated/protected plots. It was found that maximum dry foliage yield (1938
kg ha-1) was in protected plot. In the unprotected plots, the dry foliage yield was 1319 kg ha-1 and
hence yield loss of 31.94% was recorded by hairy caterpillar infestation on the crop.
Studies on seasonal incidence of insect pests on basil
Dr. RPCAU, Pusa: Study on seasonal incidence of lace bug, Cochlochila bullita on basil revealed that
pest population was at its peak (19.8 insects per plant) during 46th standard week with corresponding
weather parameters i.e., maximum, minimum temperature (⁰C), relative humidity (%) at 07 and 14
hrs and rainfall (mm) were 30.0, 18.6, 82, 51 and 0.0, respectively. The population started declining
from 47th standard week onwards and bug population was recorded (0.2 insects per plant) during
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3rd standard week. Similarly, study on seasonal incidence of leaf folder, Orphanostigma abruptalis
revealed that the pest population was at its peak (4.4 larvae per plant) during 46th standard week.
The population started declining from 47th standard week and larvae population was recorded (0.8
larvae per plant) during 51st standard week.
Evaluation of bio-efficacy of botanical products against lace bug and leaf folder
Dr. RPCAU, Pusa: A field experiment for evaluation of bio-efficacy of botanical products against
lace bug C. bullita was conducted. The initial population of lace bug on various experimental plots
including untreated control on one day before spray was found in the range of 13.60 to 15.80 per
plant. The post treatment count at 7th and 14th day after treatment revealed that NSKE @ 5% treated
plot recorded the lowest mean number of bug population (8.40 and 7.40). The highest per cent
pest control after spray at 14th day was recorded in treatment, NSKE @ 5% (53.16) was significantly
superior to the other treatments.
Similarly, evaluation of bio-efficacy of botanical products for management of leaf folder (Orphanostigma
abruptalis) showed that the initial population of larvae of leaf folder on various experimental plots
including untreated control one day before spray was found in the range of 2.67- 4.00 per plant.
The highest per cent pest control after spray at 14th day was recorded in treatment azadirachtin
1500 ppm @ 4 ml l -1 (41.75) which was significantly superior over the other treatments, whereas, the
least per cent control after spray at 14th day was recorded in Verticillium lecanii @ 4 ml l-1 (22.33).
BETELVINE (Piper betle)
It is a perennial evergreen dioecious climber, belonging to family Piperaceae. It is a native of Central and
Eastern Malaysia and has spread throughout tropical Asia and
Malaysia; Madagascar and East Africa at a later date. The plant
grows well in shady conditions having moderate temperature
with high humidity. The major cultivating countries are India,
Bangladesh, Srilanka, Pakistan, Malaysia, Thailand, Indonesia,
Maldives, Vietnam and Papua New Guinea. In India it is cultivated
in an area of about 50,000 ha. Fresh leaves are consumed along
with betel nuts. It is also medicinal and is used in Indian System
of Medicines to cure indigestion, stomach ache, flatulence and
to heal wounds, swellings, and gum disorders. Recent studies also revealed that the leaf improves immune
system and inhibits cancer growth.
Germplasm registration
IGKV, Raipur: Accession INGR 021076 was registered for leaf rolling trait at NBPGR, New Delh. It has
wavy leaf margin, deep concave shape leaves, dark green leaf colour and low eugenol content (27.57%).
Nutrient management practices for enhancing leaf production
BAU, Islampur: Three consecutive years’ field experiments were conducted to study the effect of
organic manures viz., FYM, vermicompost and neem cake on the growth and yield of betelvine. One
RDF as inorganic fertilizer was included for comparison. Magahi pan was taken for the study. Results
from the pooled data of 3 years’ experimentation revealed that application of 100% RDF through
inorganic fertilizer (200:100:100 NPK kg ha-1) produced highest marketable yield (94.1 leaves vine-1) and
benefit cost ratio (2.08) of betelvine. Based on benefit cost ratio and soil health data of the pooled

ICAR - DMAPR ANNUAL REPORT 2021

51

analysis, it may be concluded that application of FYM 10 t ha-1 + vermicompost 5 t ha-1 + mustard cake
1 t ha-1 was suitable for obtaining higher marketable leaves (86.1 vine-1) and return (B: C ratio 1.84).
CHIRAYITA (Swertia chirayita)
The plant belongs to family Gentianaceae. It is an erect annual herb which is distributed in temperate
Himalayas from Kashmir to Bhutan. The plant is propagated
by seeds. It grows well in moist, temperate forests of Himachal
Pradesh. Dried herbage portion is used as raw drug. Flowering
occurs in July to October and the raw drug is collected when
the capsules are fully formed. The drug is extremely bitter in
taste. Chirayita is also known as brown or white chirayita to
distinguish it from ‘green chirayita’ which is the dried herbage
of Andrographis paniculata. The bitter tonic made from the
raw drug improves bile secretion and used for the treatment
of bronchial asthma, liver disorders and anaemia. The active ingredient of the raw drug includes ophelic
acid, glucosides, etc. The crop requires cold temperate climate for its growth. Nursery raised seedlings
are used for propagation; however, its cultivation practices are not yet fully standardized.
Organic nutrient management practices for plant growth and yield
UBKV Kalimpong: Experiment was conducted to evaluate different sources of organic manures viz.,
FYM, vermicompost, neem and castor cake at various doses along with recommended dose of chemical
fertilizer for comparison. Result based on pooled data revealed that maximum plant height (123.50 cm)
was recorded in the RDF i.e., 50: 25: 25 N, P2O5 and K2O kg ha-1 and it was significantly better than the
other treatments except treatment received FYM 5 t ha-1 + vermicompost 2 t ha-1+ PSB. Maximum dry
aerial biomass (37.10 g plant-1) was recorded with the application of FYM 5 t ha-1+ vermicompost 2 t
ha-1+ PSB treatment which was followed by application of FYM 5 t ha-1+ vermicompost 2 t ha-1 (34.20
g plant-1). Both the treatments were found superior to the rest of the treatments.
COLEUS (Coleus forskohlii)
Coleus forskohlii (syn. Plectranthus barbatus) belongs to family Laminaceae and is grown mainly in South
India. It is propagated by stem cuttings. The roots are golden
brown in colour. The tuberous roots are of commercially
importance which produces a diterpenoid, froskohlin in
addition to rosmarinic acid, flavonoid glucuronides and
diterpenoids. Forskolin helps to lower blood pressure, dilates
the blood vessels. It is considered as a good heart tonic.
Although synthesis of forskolin was reported, but till now its
main source is roots of C. forskohlii either collected from wild
or cultivated. Coleus is used in Indian folk medicines and is a
traditional digestive remedy. Leaves are thick velvety which is used against stomach ailments.
Bio-suppression of Macrophomina root rot
TNAU, Coimbatore: A field trial was conducted in the farmers’ field at Saliyur, Dindigul district
for the management of root rot of C. forskohlii caused by Macrophomina phaseolina. Basal soil
application (SA) of bioagents and spot drenching of fungicides were done on 30 and 45 days
after planting. The disease intensity was recorded from 30, 45, 60, 75 and 90 days after planting.
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Yield parameters viz., number of tuberous roots per plant, tuberous root length and tuber yield
were recorded. The treatment with basal SA of Bacillus subtilis 2.5kg ha-1+ dipping cuttings in 0.2%
B. subtilis (Bs1)+ SA of B. subtilis and treatment with basal SA of B. subtilis (Bbv 57) 2.5 kg ha-1 +
dipping cuttings in 0.2% (Bbv 57) + SA of Bbv 57 at 90 DAP were at par and resulted in reduced
root rot disease incidence of 14.00 and 12.00% with reduction in disease incidence of 53.33 and
60.00 as compared to the other bio-control treatments and control (30.00%). The chemical check
i.e., dipping cuttings in carbendazim 0.1% for 10 minutes + soil drenching of carbendazim @ 0.1% on
30 and 45 DAP recorded 10.00% incidence on 90 days after planting with 66.67% reduction over
the control. Treatment of dipping cuttings in carbendazim @ 0.1% for 10 minutes + spot drenching
with carbendazim @ 0.1% on 30 and 45 DAP recorded the highest dry tuber yield of 2210 kg ha-1
as compared to the control (1762.50 kg ha-1).
GLORY LILY (Gloriosa superba)
The plant belonging to Liliaceae family is a climbing herb commonly found in the forests throughout India
up to 2000 m. It is distributed in tropical and southern Africa
and temperate and tropical Asia. It is naturalized and cultivated
elsewhere (Europe, Australia) and listed as weedy in Australia
and United States of America. This species is a perennial herb
growing from a fleshy rhizome. It is scandent, climbing using
tendrils, the stem reaching 4 meters long. The leaves are mainly
alternately arranged, but they may be opposite, as well.
Rhizomes are cylindrical, bifurcated usually V-shaped with two
limbs equal or unequal in length. It flowers with great profusion
in rainy season. The plant can be propagated sexually by seed or vegetatively by dividing the rhizome.
Problems during cultivation include inadequate pollination, fungal diseases such as leaf blight and tuber
rot and crop pests.
Management of foliar diseases with bioagents and fungicides
TNAU, Coimbathore: The results showed that among different treatments tested for management
of foliar disesaes in the crop, foliar spray (FS) of Tebuconazole+ Trifloxystrobin @ 0.05% at 30,
45,60 days after planting recorded maximum disease reduction over the control (71.85%). Among
the bioagents, foliar spray of B. subtilis @ 0.2% on 30 DAP+ FS of Streptomycene geysiriensis @
0.2% on 45 DAP + FS of B. subtilis @ 0.2% on 60 DAP recorded the least leaf blight intensity and
disease reduction (19.28, 62.14%) over the control). The growth and yield parameters were found to
be maximum in treatments involving spraying of biocontrol agents. The plant height and number of
flowers per plant were found to be maximum (118.75 cm, 37.30) in treatment with FS of B. subtilis @
0.2% on 30 DAP+ FS of S. geysiriensis @ 0.2% on 45 DAP + FS of B. subtilis @ 0.2% on 60 DAP
as compared to the control which recorded plant height of 93.50 cm with less number of flowers
per plant (22.30). Maximum number of seeds per pod (48.50) and seed yield (381.25 kg ha-1) were
recorded in treatment of FS of Tebuconazole+ Trifloxystrobin @ 0.05 % at 30, 45, 60 DAP with
30.49% increase in yield over the control.
Seasonal abundance of economically important insects and mites.
TNAU, Coimbatore: Seasonal incidence of pest dynamics on the crop was observed at weekly
intervals. Population of natural enemies was recorded in situ along with the pest count. Weekly pest
counts were summed up and converted into monthly pest count. During the experimentation period,
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weather data viz, maximum, minimum temperatures, relative humidity and rainfall were also recorded.
Occurrence of lily caterpillar, Polytela gloriosae was noticed from September which peaked during
October and November. Maximum of 11.0 larvae per plant was recorded during November. Population
of Thrips tabaci was observed during November, February and March with maximum population of
7 per plant. The incidence of Spodoptera litura was found for the first time with maximum number
of 10.0 larva per plant during November and 13.0 larva per plant during January.
Integrated pest management module developed
TNAU, Coimbatore: The experiment was carried at farmers’ field at Kallimanthayam, Dindigul District.
The population of Polytela was significantly low (1.27 larva per plant) in treatment, soil application
of neem cake @ 250kg ha-1, installation of light trap @ 1 per ha, growing cow pea as border crop to
encourage natural enemy activity, spraying of Bacillus thuringensis 750 g ha-1, spraying of azadirachtin
10,000 ppm (1%) @ 2 ml l-1, spraying spinosad 0.5 ml l-1 (need based– if damage rate crossed more
than 10%) on 14 DAT. The percent defoliation was also significantly lower in the treatment (4.35%)
when compared to the farmers’ practice (9.85%) as well as the untreated check (14.7%). The data
on seed yield also revealed superiority of the treatment (471 kg ha-1) as compared to the untreated
check and the farmers’ practice (320 kg ha-1 and 395 kg ha-1). It was also found that adoption of IPM
module was best in terms of highest B:C ratio (2.38) also in comparison to the farmers’ practice (1.21).
HRIVERA (Plectranthus vettiveroides)
Plectranthus vettiveroides (Syn. Coleus vettiveroides) belongs to the family Lamiaceae is an aromatic
herbaceous plant. Its roots are aromatic, leaves are not scented
and the lamina is very thin. The essential oil present in the
roots of this plant has been used for the preparation of more
than 75 different Ayurvedic formulations. Due to the
unavailability of the raw drug, the drug manufactures use
substitutes or adulterants for drug preparation. The plant is
endemic to South India and now it is very rare in the wild.
Roots fibrous, 30-90 cm long, form a tuft, slender, very thin,
easily cut-off, strongly aromatic, straw colour when fresh,
changing dark brown on drying. The root has bitterness, antipyretic, diuretic and trichogenous activity.
It has been used as anti-bacterial, deodorant, cooling agent and also used against eye burning, head
ache, diarrhoea, fever, intrinsic haemorrhage, hyperdipsia, strangury, leprosy, ulcer, vomiting, nausea,
skin diseases, genitourinary diseases, giddiness, insanity and quenching thirst. The essential oil extracted
from the root is preferred by the physicians as a herbal hand sanitizer.
Effect of growing condition and mulching on yield and quality
KAU, Trichur: Field experiment was conducted to study the growing condition and organic mulching
on yield and quality of P. vettiveroides. Growing under 25% shaded condition gave higher root yield
(1328 kg ha-1) and oil content (1.83%) followed by fully open condition (1216 kg ha-1). The highest root
yield (1843 kg ha-1) and oil content (1.91%) were recorded under black polythene mulch followed by
organic mulching (1029 kg ha-1). Interaction effect of growing condition and mulching was significant
with respect to biomass yield. The combination of open growing condition with back polythene
mulching recorded the highest biomass yield (1969 kg ha-1) and oil content (2.12%) followed by
mulching with black polythene sheet under 25 % shaded condition.
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INDIAN VALERIAN (Valeriana jatamansi)
It is a perennial herb, 15 -60 cm tall, velvet-hairy to hairy. Rhizomes are elongate, with fibrous roots.
Stems are 3-6 in number. Leaves at the base are heart-shaped
or ovate, toothed or wavy-toothed. Flowers are white which
are borne in flat-topped clusters on top of the stems. Upper
bracts are linear-lance shaped, about 3 mm long. Stigma is
3-fid. Seed-pods are velvety, shorter than the upper bracts.
The species is found throughout the Himalayas, from
Afghanistan to SW China, at altitudes of 1500-3600 m.
Flowering occurs during March to May. Roots of the species
are useful in diseases related to eye, blood, liver and spleen.
Leaves are used for the treatment of headache. Roots are also used in aromatic industry. Raw drug is
collected mainly from the wild since cultivation is not yet popularized. Since it is a temperate plant, it
requires cold weather for proper growth. The plant is propagated by seeds as well as by root stocks.
Multilocation trial
Four test entries i.e., two entries from solan (INGR 11036 and UHFVAL) and two entries from
Kalimpong (KVJ 1 and KVJ 2) were evaluated at two locations viz., Solan and Kalimpong from 201820 (24 months) with an objective to identify superior entries with high yield and quality. At solan,
KVJ 1 recorded high rootstock yield (49.69 g plant-1) which was followed by KVJ 2 (35.47 g plant-1)
and INGR 11036 (31.37 g plant-1). Total valepotirates yield (g plant-1) in the root stock was high in KVJ
2 (1.309) which was followed by UHFVAL (1.276) and KVJ 1 (1.218) at Solan.
Effect of shade on growth and yield
UBKV, Kalimpong: Field experiment was conducted to evaluate the effect of shade intensity on
growth and yield. Different shade intensities showed a significant difference in fresh aerial biomass
and underground biomass yields. Shade intensity of 75% showed a significant higher fresh rhizome
yield (2.33 t ha-1) and dry rhizome yield (0.55 t ha-1) than the other treatments. Therefore, it is
recommended to cultivate valeriana under shades of plantation trees or to use shade net of 50%
or 75%.
Organic nutrient management practices on rhizome yield
UBKV, Kalimpong: Two consecutive years’ field experiment was conducted to study different sources
of organic manures viz., FYM and vermicompost at various doses along with recommended doses of
chemical fertilizers on rhizome yield. Rhizome is the main economic part and the highest fresh (3.09 t
ha-1) and dry weight (1.10 t ha-1) were recorded with treatment receiving FYM @ 5 t ha-1 + vermicompost
@ 2 t ha-1 along with phosphate solubilizing bacteria (PSB) which was significantly higher than the
control as well as application of FYM @ 5 t ha-1 alone or in combination with vermicompost and
PSB.
Management of stem rot disease
UBKV, Kalimpong: An experiment with eight treatments was conducted to manage stem rot disease
(c.o.:-Slerotinia sclerotiorum). Result showed that minimum disease incidence (18.81%) with maximum
percent disease reduction over control (51.43%) was recorded under the treatment, soil application
of FYM (1.0 kg m-2) enriched with Trichoderma + Pseudomonas talc-based formulation each @ 2.0%
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at planting time; dipping roots in Carbendazim @ 0.1% solution at the time of planting. The highest
fresh and dry rhizome yields were also recorded in this treatment (1551.28kg ha-1, 536.78 kg ha-1).
Studies on valepotriates production in different plant parts
YSPUHF, Solan: The seedlings of valerian were raised under nursery followed by transplanting in the
field. After one year of transplantation, plants were harvested at monthly interval up to 36 months
age of plants and analysed for different types of valepotriates through HPLC. The dry rootstock
biomass, dry rhizome biomass and dry root biomass varied from 25.49 g plant-1 to 80.43 g plant-1,
10.53 g plant-1 to 49.80 g plant-1 and 7.30 g plant-1 to 37.13 g plant-1, respectively. The valtrate content
ranged from 2.237- 4.237% in roots, 1.112- 2.063% in rhizomes, 1.911- 2.963% in rootstock along with
growth and development of plant during 36 months. The acevaltrate content ranged from 0.1220.418% in roots, 0.082- 0.260% in rhizomes, 0.133- 0.419% in rootstock, whereas, the didrovaltrate
content ranged from 0.040- 0.304% in roots, 0.709- 1.288% in rhizomes, 0.495- 0.771% in rootstock.
The IVHD-valtrate content varied from 0.223- 0.763% in roots, 0.418- 0.878% in rhizomes, 0.2700.750% in rootstock, whereas, total valepotriates yield varied from 361.147- 1508.476 mg plant1 in the
roots; 327.805-2099.645 mg plant-1 in the rhizomes and 889.980-3608.121 mg plant-1 in the rootstock.
Impact of storage conditions on quality of rootstock
YSPUHF, Solan: After 24 months of storage study, the results showed that all the valepotriates
(monoene and diene type valepotriates) decreased in course of storage. However, minimum decrease
was recorded in root stocks stored in muslin cloth bags kept at 4-6ºC (36.06%), transparent poly
bags (sealed) stored at room temperature (14.52%) and black poly bags (sealed) stored at room
temperature for monoene and diene type valepotriates. Impact of storage of rootstock extract showed
minimum decrease in valepotriates in complete dry extract kept under freezing condition (-20°C).
ISABGOL (Plantago ovata)
The species belongs to the family Plantaginaceae. It is an annual herb grown during the rabi season. Seed
coat is known as isabgol husk under trade. The swelling property
of the seed coat or husk after absorption of water is used in
medicines against constipation and gastrointestinal disorders.
In addition, it used in food industries for the preparation of ice
creams, candy etc. India is the only isabgol production country
in the international trade. Country earns on an average ₹ 400
crores annually from its export. It is widely cultivated in North
Gujarat, adjoining Rajasthan and Madhya Pradesh over an area
of about 2,50,000 ha. A number of high yielding varieties are
available in the crop for cultivation.
Impact of plant spacing and nutrient management on growth, yield and quality
NDUAT, Ayodhya: Field experiment was conducted to study the impact of plant spacing and sources
of nutrients on growth, yield and quality of isabgol. Wider plant spacing (30 cm × 20 cm) produced
significantly higher number of branches (6.20 plant-1) and spikes (49.33 plant-1) as compared to
closer spacing. However wider spacing (30 × 20 cm) recorded significantly less seed yield (567.6
kg ha-1) as compared to closer spacing (30 ×10 cm) (604 kg ha-1). Maximum plant height (35.7 cm),
number of branches (6.7 plant-1) and number of spike (55.33 plant-1) were recorded with application
of 20 t FYM ha-1 followed by RDF (50:40:20 kg NPK ha-1). The maximum seed yield (734.7 kg ha-1)
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was recorded with application of FYM 20 t ha-1 followed by RDF (50:40:20 kg NPK ha-1) along with
10 t FYM ha-1. The maximum net return (Rs. 33617 ha-1) and benefit cost ratio (1.59) were noted in
combination of closer plant spacing with RDF.
Development of Integrated disease management module
MPUAT, Udaipur: An experiment on integrated disease management module against downy mildew
(Peronospora plantaginis) and wilt/root rot (Fusarium spp.) of isabgol was conducted under sick plot
and inoculation conditions. Among the different treatments, furrow soil application of FYM (500g
m-2) enriched with Trichoderma harzianum @ 2.0%, 4-5 days prior to sowing + seed treatment with
metalaxyl 35 SD @ 8g kg-1 seeds and three foliar sprays at 15 days’ interval with (Mancozeb 64% +
8% Metalaxyl) @ 0.25% after the first appearance of disease symptoms resulted in minimum downy
mildew (9.66%) and wilt/root rot (12.83%) with maximum disease control (76.71 and 57.23%). The
treatment gave higher seed yield (687.22 kg ha-1) with increased percentage of mucilage content
(10.5cc g-1). However, the treatment module comprising of furrow application of FYM (500g m-2)
enriched with T. harzianum @ 2.0%, 4-5 days prior to sowing and seed treatment with Metalaxyl 35
SD @ 8g kg-1 seeds followed by three foliar sprays at 15 days interval with Tebuconazole 25EC @
0.10% after first appearance of disease symptoms exhibited minimum wilt/ root rot incidence (9.16%)
with maximum disease control (69.47%).
RVSKVV, Mandsaur: At Mandsaur also, it was found that among the eight treatments, furrow
application of FYM (500g m-2) enriched with Trichoderma harzianum @ 2.0% 4-5 days prior to
sowing; seed treatment with Metalaxyl 35 SD @ 8g kg-1 seeds + three foliar sprays with Mancozeb
64% + 8% Metalaxyl @ 0.25% after the first appearance of disease symptoms followed by 15 days
intervals resulted in minimum downy mildew disease incidence (5.77%). In the case of root rot in
isabgol, among the eight treatments, treatment of furrow application of FYM (500g m-2) enriched
with Trichoderma harzianum @ 2.0%, 4-5 days prior to sowing; seed treatment with Metalaxyl 35 SD
@ 8 g kg-1 seeds+ three foliar sprays with Tebuconazole 25 EC @ 0.10% after the first appearance of
disease symptoms followed by 15 days intervals resulted in minimum root rot incidence (34.63%).
Seed yield was significantly higher in the former treatment (583.00 kg ha-1) which was statistically at
par with treatment combination of furrow application of FYM (500g m-2) enriched with Trichoderma
harzianum @ 2.0%, 4-5 days prior to sowing + seed treatment with Metalaxyl 35 SD @ 8 g kg-1 seed.
KACHOLAM (Kaemferia galanga)
The plant belongs to family Zingiberaceae and are distributed open areas of India, China, Indonesia,
Taiwan and widely cultivated throughout Southeast Asia. In
India, its distribution is limited to Western Ghats and parts of
Eastern India. It is a small, stemless perennial herb with
rhizomatous rootstock. The leaves are round and arranged flat
in a rosette on the ground soil level. The crop prefers moist
humid and hot climate and grows well in well drained, fertile
humus rich soils. Its curing property is mentioned in Indian
Systems of Medicines as well as in Chinese Medicines. The
plant is aromatic and roots are medicinally important to treat
dry cough, tooth aches, cold, fever, rheumatism, hypertension, etc. The rhizomes are used as spice also
in Indonesia, China, Thailand, etc. Cineol, borneol, 3- careen, camphene, kaempferol, kaempferide,
cinnamaldehyde and ethyl cinnamate are some of the important active ingredients of the species.
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Quality evaluation
KAU, Trichur: Essential oil was extracted from rhizomes and leaves of the plant separately and it
was found that the oil content was 1% in rhizome and 0.40 % in leaves. GC/MS analysis of rhizome
essential oil gave 35 compounds with cinnamic acid ethyl ester (23.62%) and n-pentadecane (21.83%)
being the major ones.
The harvested rhizomes were cleaned and cut into flakes of uniform thin sizes, dried and stored in
sealed plastic bags, in steel vessel, in glass bottle, in brown cover and in open condition as control
at ambient conditions. Among the drying methods, sun dried and shade dried rhizomes could retain
maximum essential oil content than cabinet dried samples. When drying methods were compared, it
showed that the oil content was more in shade dried samples. The storage study showed that when
stored in polythene cover and PET bottles, the reduction in galangin content was less compared to
other methods (6MAS). The effect of blanching on quality of rhizome powder was also studied. The
antioxidant activity, ash content, galangin content and essential oil yield were found more in the
powder prepared from unblanched rhizome flakes.
KALMEGH (Andrographis paniculata)
It is a branched annual herb of family Acanthaceae and is of about 30-100 cm tall. The species is
distributed in India, Sri Lanka, Bangladesh and Malaysia. The
species is commonly known as ‘King of bitters’. In India, it is
found in the plains of Himachal Pradesh to Assam and Mizoram
and also in Peninsular India. The whole herb is medicinally
used. Andrographolide is the active principle having the
therapeutic action. The herb is used for treating diabetics,
bronchitis, pile, jaundice and fever. It is considered as a blood
purifier and is used for the treatment of skin diseases. It is
cultivated as kharif season crop in Gujarat, Uttar Pradesh,
West Bengal, Madhya Pradesh, Orissa, Andhra Pradesh and Tamil Nadu. The plant is propagated by
seeds and it is cultivated as a transplanted crop.
Effect of time of sowing for optimum growth and yield
BCKV, Kalyani: The experiment was conducted to evaluate the performance of the crop growth and
yield under direct seeded crop sown at five different dates on monthly intervals between March
and July. The result revealed that the seed sown in March recorded highest dry herbage production
(9390 kg ha-1) which was at par with April sown (9280 kg ha-1) and significantly superior compared
to the other dates of sowing. The effect of different dates of sowing on the yield parameters also
showed that performance of individual plant was better under early sowing with respect to plant
height, number of primary branches and canopy spread. Seed sown on 1st week of March recorded
the highest plant height (115 cm), canopy spread (55.3 cm) and dry herbage yield (126.8 g plant-1).
Evaluation and identification of adulteration in market samples
MPUAT, Udaipur: Phytochemical screening for identifying adulteration of different kalmegh market
samples were done in terms of phenolics, alkaloids, steroids/terpenoids, flavonoids, glycosides and
quinone content. Twenty market samples from local market of Thrissur, Coimbatore, Hisar, Mandsaur,
Akola, Solan and Udaipur were collected. No adulterations were found in the different market samples
except for the samples collected from Udaipur.
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Accumulation of total andrographolide content under storage
RVSKVV, Mandsaur: This study was conducted to determine the storage stability of bioactive
ingredient andrographolide in dried samples of A. paniculata at different time intervals during 8
months of storage period. The dried samples were ground and kept in air-tight glass bottles at
room temperature. It was evident that andrographolide content gradually decreased (1.71-1.25%) with
increase in storage duration.
KASTHURI HALDI (Curcuma aromatica)
Curcuma aromatica is a member of family Zingiberaceae. The species is distributed in Southern parts
and Eastern Himalayas of India. The above ground foliage
shed during late autumn, with perennate rhizomes which
remains dormant up to the first shower during May to June.
The plant grows to a height of about 40 cm. The rhizomes
are cream in colour with strong aroma. It is highly valued for
skin care and used in many cosmetic herbal medicines. The
rhizomes are used limitedly for culinary purposes also. In
Chinese medicine, it is used for preventing and curing cancer.
The rhizomes are traditionally used for the treatments of
skin infections, gastro-intestinal problems, arthritic pains and insect bites. The bioactive compounds
extracted from the rhizomes are proved for anti-cancerous, anti-acne, antioxidant, anti-inflammatory,
antiallergic, antidiabetic and wound healing potentials. The species is in cultivation in South India
especially in Tamil Nadu and Kerala.
Characterization of essential oils
KAU, Trichur: Essential oil from C. aromatica was extracted and characterised by GC-MS. Essential oil
content was 1.2% on dry weight basis. Forty-six different volatile components were found. The major
components were curdione (14.31%), velleral (13.05%), camphor (9.52%), cineole (6.59%), isoborneol
(5.18%), eudesmene-4-ol (5.85%), germacron (5.19%), camphene (2.45%) and elemene (3.69%).
Evaluation and identification of adulteration in market samples
KAU, Trichur: Evaluation of 12 market samples were carried out based on HPTLC chromatogram and
two out of twelve tested samples were found to be genuine. The samples were found adulterated
with turmeric powder i.e., Curcuma longa.
LAVENDER (Lavendula angustifolia)
Lavandula (common name lavender) is a genus of 47 known species of flowering plants in the mint
family, Lamiaceae. It is native to the Old World and is found
from Cape Verde and the Canary Islands, Europe across to
northern and eastern Africa, the Mediterranean, southwest
Asia to southeast India. The most widely cultivated species,
L. angustifolia, is often referred to as lavender, and there is
a color named for the shade of the flowers of this species.
The leaves are covered with fine hairs or indumentum,
which normally contain the essential oils. Some 100
individual phytochemicals have been extracted from lavender
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oil, including major contents of linalyl acetate (30-55%), linalool (20-35%), tannins (5-10%), and
caryophyllene (8%). The relative amounts of these compounds vary considerably among lavender
species. It is also used as a spice or condiment in pastas, salads and dressings, and desserts.
Organic nutrient management
SKUAST, Srinagar: The experiment on organic cultivation of lavender was laid at the sloppy and
degraded terrain with three different plant spacing. After 3 years of plantation, maximum numbers
of flower (265 plant-1) were obtained at a closer spacing of 0.5 × 0.5 m and the number of flowers
decreased with the increase in plant-to-plant distance. Similarly, higher fresh herbage (2421 kg ha-1)
and dry herbage (1819 kg ha-1) yields were also obtained at closer spacing of 0.5 × 0.5 m and the
weight of herbage decreased as the distance from plant-to-plant increased. The highest essential
oil yield (117 liters ha-1) was recorded in spacing 0.5 × 0.5 m plantation on the southern slopes of
Kashmir valley.
LEMONGRASS (Cymbopogon spp.)
Lemongrass, which is commonly known as Nimbu ghass is an important aromatic grass of Indian origin.
The leaves and shoots of the plant is used to extract essential
oil which is rich in citral content (75-85%). Lemongrass oil is
one of the most important essential oil produced in the world.
The oil is mainly used in the manufacture of perfumes for
soaps, hair oils, scents and medicines. There are three types of
the lemongrass namely, the East Indian or true lemongrass (C.
flexuosus), West Indian lemongrass (C. citratus) and C.
pendulus (North Indian or Jammu lemongrass). The oil
obtained by the distillation of the grass of C. flexuousus is the
genuine oil of commercial importance. The essential oil has good demand in export and India exports
about 1800–2300 quintal oil annually which worth about US $ 3–4 million. The essential oils contain a
number of natural bioactive compounds of which Citral, a cyclic monoterpene, is the most important
constituent. Citral as such is used in perfumery for various grades of soaps detergents, cosmetics and
food flavouring agents.
Response of different varieties and nitrogen levels on growth, herbage and oil yields
IGKV, Raipur: Experiment was conducted to study the response of various nitrogen levels on different
varieties in terms of growth, herbage and essential oil yield of lemongrass. The highest plant height
(155.56 cm) was in Krishna. Similarly, Krishna variety produced significantly higher number of tillers
(91.3 plant-1), fresh herbage yield (32.51 t ha-1) and oil yield (172.3 kg ha-1) than Neema and Pragati
varieties. Application of 150 kg N ha-1 year-1 (1/2 N at planting, 1/4 N at 1st cutting and 1/4 N at 2nd
cutting) in Krishna variety recorded maximum fresh herbage yield (32.31 t ha-1) and oil yield (170.5
kg ha-1). The highest gross return (Rs. 1,70523.1 ha-1), net return (Rs. 93,411.2 ha-1) and B: C ratio (1.21)
were also obtained with application of 150 kg ha-1 nitrogen year-1 in Krishna variety.
Effect of water and nutrient management on growth, herbage and oil yield
IGKV, Raipur: Experiment was conducted to study the effect of water and nutrient management
practices on growth and economic yield of citronella (C. winteranius). Application of four irrigation
annually at 30 days interval produced highest plant height (122.20 cm). However, application of six
irrigations annually at 20 days interval recorded the highest fresh herbage yield (25.90 t ha-1) and

60

ICAR - DMAPR ANNUAL REPORT 2021

oil yield (142.90 kg ha ). Application of 150:60:60 NPK kg ha-1 produced significantly higher fresh
herbage yield (27.05 t ha-1) and oil yield (149.26 kg ha-1) over the other treatments. Application of
six irrigations annually with 150:60:60 NPK kg ha-1 was found superior over the other treatment
combinations in terms of oil yield. The highest gross return (Rs 1,57,180.83 ha-1), net return (Rs.
84477.80 ha-1) and B:C ratio (1.15) were obtained with six irrigations annually. Similarly, highest gross
return (Rs. 2,18,908.50 ha-1), net return (Rs. 1,22,710.68 ha-1) and B:C ratio (1.69) were obtained in
treatment receiving 150:60:60 NPK kg ha-1.
-1

LONG PEPPER (Piper longum)
It is a member of family Piperaceae. The plant is a slender aromatic perennial herb distributed in Central
Himalayas, Assam, Khasi hills, Bengal, Western Ghats and
Andaman and Nicobar Islands. Matured green fruits and roots
are used as the raw drug. India imports a large quantity of raw
drug from Malaysia and Singapore. The fruits are used as spice
also. It has a pepper like taste. Piperine and piplartine are the
two important alkaloids responsible for the therapeutic action.
In addition, the raw drug contains a number of essential oils.
Raw drug is collected both from the wild and cultivated areas.
The crop is under cultivation in parts of Maharashtra, Kerala,
Assam and Tamil Nadu. Stem cuttings are used for the propagation of the species. From 8th months
onwards, fruits are ready for harvesting and in the third or fourth year, the entire plants are uprooted
and thicker stem parts and roots are also harvested. The harvested products are sun-dried and used.
Evaluation of market samples
PDKV, Akola: Evaluation of market samples of Piper longum was conducted using different biochemical
parameters i.e., total ash value, water soluble extractives, alcohol soluble extractives, ether soluble
extractives, moisture content, piperine content and foreign matter content. Three formulations were
tested and all the three formulations showed bands corresponding to standard piperine, indicating
their genuineness.
MADHUNASHINI (Gymnema sylvestre)
It is a pubescent woody climber belonging to family Asclepiadaceae. Leaves are 2-5 cm long and 1.2-3.0
cm broad, usually elliptic ovate or ovate lanceolate, upper
surface dark green, shining, under surface pale green, shortly
pubescent at venation. It grows naturally in Western ghats,
Konkan area, Tamil Nadu, Madhya Pradesh and in some parts
of Bihar. The leaves are saltish and acidic and they suppress
the activity of taste buds of tongue for sweet taste hence the
name madhunashini or gudmar. It is prescribed as antidiabetic.
The sugar suppressing constituent of the species is found as
mixtures of triterpine saponins which are designated as
gymnemic acids. The plant is propagated mainly by stem cuttings and also by seeds.
Effect of planting time and spacing on growth and yield parameters
BAU, Ranchi: Experiment was laid out to study three transplanting times (Mid July to September)
and three spacing treatments (40× 30 cm, 50× 40 cm and 50× 50 cm) on growth and yield.
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Maximum fresh (75844.9 kg ha ) and dry (35156.8 kg ha ) biomass were recorded in mid-July
planting and 30 cm × 40 cm spacing treatments. Significant difference was observed in Mid-July with
respect to mid-August and Mid-September time of transplantation. Interaction of time of
transplantation and spacing levels was found non-significant. Maximum leaf yield (14137.6 kg ha-1)
was in the treatment combination of mid-September transplantation at a spacing of 30 cm × 40
cm. Hence, it can be concluded that the best time of planting time is mid-September at a spacing
level of 30 cm × 40 cm.
-1

-1

Integrated nutrient management on growth and yield parameters
BAU, Ranchi: A field experiment was conducted to study effect of integrated nutrient management
on growth and yield of madhunashini. Application of 10 t ha-1 vermicompost (VC)+ 10 t ha-1 neem
cake (NC)+ 10 t ha-1 karenjo cake (KC)+ 50:50:50 kg NPK ha-1 recorded maximum yield of dry leaves
(5208.33 kg ha-1) of madhunashini. Minimum yield of dry leaves (2580.98 kg ha-1) was recorded in
control. Significant difference in yield of dry stem was noticed in application of 10 t ha-1 VC+10 t
ha-1 NC+5 t ha-1 KC +30:40:40 kg NPK ha-1 from the grand mean. So, it can be concluded that for
maximum productivity of leaves and stem of madhunashini, optimum doses of organic and inorganic
fertilizer doses is 10 t ha-1 VC+10 t ha-1 NC+5 t ha-1 KC +30:40:40 kg NPK ha-1.
Standardization of PGR for root development of madhunashini cuttings
BCKV, Kalyani: Effect of plant growth regulators on rooting and sprouting in cuttings of madhunashini
was studied. The experiment was conducted with two growth hormones, each at four levels (500
ppm, 250 ppm 100 ppm & 50 ppm) & its combinations and pure honey, and compared with the
control. The results showed that cuttings treated with IBA 250 ppm gave the highest sprouting (70%)
followed by IAA 100 ppm, IBA 100 ppm and IAA+ IBA 100 ppm which gave about 50% (50.0053.30%) sprouting against 23.30% sprouting in the control treatment. IAA at higher doses (250 &
500 ppm) gave fewer sprouts almost similar to the control. Cuttings treated with pure honey did
not show any effect.
Organic nutrient management practices
JNKVV, Jabalpur: The experiment was conducted with objective to standardize suitable sources
and doses of nutrients for maximizing higher dry leaf yield in madhunashini. Maximum number of
leaves per plant (1480.20 plant-1) was recorded in treatment received FYM @ 15 t ha-1. However,
maximum fresh leaf weight (625.30 kg ha-1) was recorded with treatment receiving recommended
dose of chemical fertilizers as compared to the other treatments. Significantly higher dry weight of
leaves (317.30 kg ha-1) was recorded with treatment receiving FYM @ 10 t ha-1 as compared to the
recommended dose of chemical fertilizer.
IPM module developed
TNAU, Coimbatore: IPM module for management of leaf webber (Bocchoris onychinalis) was
developed. Soil application of neem cake @ 250 kg ha-1; first spray with NSKE 5% @ 2.5 ml l-1
followed by second spray with Beauveria basiana 5 g l-1; third spray with Bacillus thuringensis @ 5
g l-1 and growing cow pea as border crop to encourage natural enemy activity along with release
of Chrysoperla @10000 grub was found effective compared to conventional farmers’ practice
(Chlorpyriphos 2 ml litre-1) and control. The percent defoliation was significantly lower in this
treatment (3.10%) when compared to the check (14.10%).
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MENTHA (Mentha arvensis)
It is a herbaceous aromatic perennial herb belongs to family Lamiaceae. The species is native to the
temperate regions of Europe and western and central Asia,
east to the Himalaya and eastern Siberia, and North America.
It has a creeping root stock from which erect branches grows
up. The crop is cultivated for its essential oil which is widely
used in pharmaceutical, cosmetic and flavouring industries.
In India, Uttar Pradesh accounts for around 90% of Indian
production. In Ayurveda, mentha is considered as appetizer
and useful in gastric troubles. The chemical constituents of the
essential oils mainly include menthol, menthone, isomenthone,
neomenthol, limonene, methyl acetate, piperitone, beta-caryophyllene, alpha-pinene, beta-pinene,
tannins and flavonoids.
Integrated nutrient management for enhancing higher herbage and oil yields
BAU, Islampur: A field trial was conducted with objective to find out suitable integration of different
sources of nutrients for enhancing higher herbage and oil yields of mentha. Integration of organic
sources of nutrients (vermicompost or FYM) with different levels of inorganic fertilizers produced
comparatively higher growth parameters and herbage yield of mentha as compared to sole
application of either organic or inorganic sources of nutrients. Significantly higher plant height (64.27
cm), number of branches (19.47 plant-1), fresh herbage yield (180.04 kg ha-1) and oil yield (122.47 kg ha-1)
were recorded in plots where 90: 40: 30 kg NPK ha-1 was applied along with vermicompost (2.5 t ha-1).
NANNARI (Decalepis hamiltonii)
The species belongs to family Apocynaceae and is endemic to Peninsular India. It is a perennial woody
climber. The species is endangered due to its overexploitation
and habitat destruction. The roots grow up to 150 cm deep in
the soil. The aromatic, swollen roots are medicinally important
and possess strong vanillin like aroma. The roots are used in
Ayurveda to stimulate appetite, relieve flatulence, fever, skin
diseases, diarrhoea and as a general tonic. It is also a blood
purifier and are used as a substitute of Hemidesmus indicus.
The roots are also demulcent, diaphoretic and diuretic. The
drug also works for curing epilepsy and disorders related to
central nervous system. The plant can be propagated through seeds or by stem cuttings.
Organic management of Colletotrichum leaf spot
YSRHU, Venkataramannagudem: An experiment was conducted for management of Colletotrichum
leaf spot on Decalepis hamiltonii without chemicals. The data on Colletotrichum leaf spot was
recorded at 15 days after 3 sprays indicated that per cent disease incidence and per cent disease
index were significantly lowest (78.00, 31.79) in treatment with spray of P. flourescens @ 10 g l-1.
Pooled data analysis of the last two years also indicated that the lowest Colletotrichum leaf spot
per cent disease incidence (75.67) and disease index (39.38) with highest dry tuber yield of (5257
kg ha-1) were recorded with spraying of P. flourescens @ 10 g l-1 which was at par with spraying of
neem leaf crude extract @10%.
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NEEL (Indigofera tinctoria)
Indigofera tinctoria is a shrub belonging to family Fabaceae and grows to a height of about one to two
meters. It is annual, biennial, or perennial, depending on the
climate conditions in which it is grown. The leaves are pinnate
and flowers are pink or violet. The species was one of the
original sources of indigo dye. It has been naturalized to
tropical and temperate Asia, as well as parts of Africa, but its
native habitat is unknown. The plant is also widely grown as a
soil improving groundcover and to improve the soil in the
same way that the other legume crops. The dye is obtained
from processing of the plants’ leaves. The species also has
medicinal value especially for removing toxins from the body.
Multilocation trial: Four test entries i.e., TCRIT 14, TCRIT 15, TCRIT 2 and TCRIT 4 were evaluated at
three locations viz., Jorhat, Kalyani and Trichur with an objective to identify superior entries with
high yield and quality. Across locations, TCRIT 15 recorded the highest herbage yield (5761.71 kg ha-1)
which was followed by TCRIT 14 (5258.57 kg ha-1). Indican yield was high in TCRIT 14 (47.94 kg ha-1)
followed by TCRIT 15 (47.92 kg ha-1).
Quality studies
KAU, Thrissur: Market samples were collected from various raw drug markets of Kerala. Original genuine
Indigofera tinctoria leaf samples were collected from Dr. Viswanathan Memorial herbal Garden of KAU,
dried, powdered and used as reference sample. HPTLC chromatograms of genuine neel leaf powder
sample was developed and matched with that of the market samples to assess the genuineness of
the market samples. The results revealed that out of nine market samples studied, eight were found
genuine. In another study, freshly harvested neel leaves were shade dried at room temperature for 24
hours and stored under different containers in refrigerator to study the retention of its freshness and
quality. The material was kept in plastic airtight container, glass bottle, plastic sealed cover, polycotton
bag and in steal container and refrigerated. After one month, the quality of the leaves was studied.
The results revealed that the leaves kept in polycotton bags, retained better appearance as well as had
higher indican content. Similarly, indican content decreased on keeping for long time at open ambient
conditions; significant change started after 72 hours of storage. Indican content in the powder retained
with no change when stored in PET bottle even after 6 months storage under ambient conditions.
OPIUM POPPY (Papaver somniferum)
It belongs to family Papaveraceae. opium and poppy seeds are obtained from this species. The latex
collected from the capsule is otherwise known as opium and
is medicinally important. Seeds are also used for culinary
purposes. Opium is the source of many opiates, including
morphine, thebaine, codeine, papaverine and noscapine. The
Latin botanical name means, the “sleep-bringing poppy”,
referring to the sedative properties of the species. Opium
poppy is the only species of Papaveraceae that is an agricultural
crop grown on a large scale. It is a rabi sown crop and its
cultivation is restricted by the Narcotics Department under
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licensing system. Seeds of opium poppy are the source of poppy seed oil, a healthy edible oil that has
many uses. It is widely grown as an ornamental flower throughout Europe, North America, South
America and Asia.
Performance of opium poppy varieties under various levels of nutrients application
MPUAT, Udaipur: The experiment was conducted to study the performance of varieties and fertility
level for yield and quality parameters. Among the varieties, significantly superior growth and yield
parameters viz., plant height at harvest (117.00 cm), number of effective capsules (3.17 plant-1), capsule
diameter (47.73 mm), latex yield (26.43 kg ha-1), seed yield (1167.35 kg ha-1), husk yield (1265.76 kg
ha-1) and morphine content (11.98%) were observed in variety Chetak aphim followed by UOP 20
and UOP 80. On the other hand, application of 120 kg N + 60 kg P2O5 + 40 kg K2O ha-1 recorded
the highest latex yield (21.71 kg ha-1), seed yield (1086.45 kg ha-1) and husk yield (1123.19 kg ha-1).
RVSKVV, Mandsaur
Plant spacing and nitrogen levels on growth and latex yield
Field experiment was conducted to study the effect of plant density and nitrogen levels on growth
and seed yield parameters. The highest number of capsules (2.50 plant-1) and latex yield (36.30 kg
ha-1) were recorded in low plant density (4 lakh plant ha-1) as compared to the high plant density.
However, the highest seed yield (1166.60 kg ha-1) was recorded in higher plant density (7 lakh plant
ha-1). The highest latex yield was recorded (34.20 kg ha-1) in the treatment which received N @160
kg ha-1.
Evaluations of integrated disease management modules against major diseases
An experiment was conducted for integrated disease management modules against downy mildew
(Peronospora arborescens) and bacterial blight/collar root rot (Cylendrocladium spp.) diseases of
opium poppy. Among the nine different treatments/modules including control tested, furrow soil
application of FYM (500g m-2) enriched with T. harzianum +P. fluorescens @ 2.0%, 4-5 days prior
to sowing + seed treatment with Streptocycline sulphate @ 0.030% (300ppm) and metalaxyl @
2.5g kg-1 followed by one spray of T. harzianum and P. fluorescens @ 0.5% at appearance of disease
symptoms, followed by second and third sprays with Streptocycline sulphate @ 0.030% (300ppm)
and metalaxyl @ 0.25% at 15 days’ interval exhibited minimum downy mildew PDI (16.54%) with
average incidence (41.16%) and caused minimum collar root/stem rot mortality (9.15%) with maximum
control of downy mildew and collar root/stem rot diseases (74.70% and 64.90%). This treatment
yielded higher dry latex powder (28.70 kg ha-1), seed (708.33 kg ha-1) and capsule husk (1134.26 kg
ha-1) with higher morphine content (11.99%). However, it was at par with the treatment combination
of in-furrow application of FYM (500g m-2) enriched with T. harzianum+ P. fluorescens @ 2.0%,
4-5 days prior to sowing + seed treatment with Streptocycline sulphate @ 0.030% (300ppm) and
metalaxyl @ 2.5 g kg-1 at appearance of diseases symptoms and three sprays of Bordeaux mixture
@ 5000 ppm at 15 days’ interval.
NDKV, Ayodhya: At Ayodhya also, the same treatment combination i.e., furrow soil application of
FYM (500g m-2) enriched with T. harzianum +P. fluorescens @ 2.0%, 4-5 days prior to sowing + seed
treatment with Streptocycline sulphate @ 0.030% (300ppm) and metalaxyl @ 2.5 g kg-1 followed by
one spray of T. harzianum and P. fluorescens @ 0.5 % at appearance of disease symptoms, followed
by second and third sprays with Streptocycline sulphate @ 0.030% (300ppm) and metalaxyl @ 0.25%
at 15 days’ interval was found effective to delayed appearance of downy mildew (41 DAS), bacterial
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blight (67 DAS) and collar/ root rot (71 DAS) with minimum percent disease intensity (15.49), percent
disease severity (16.83) and percent disease incidence (51.90) of downy mildew. Percent disease
intensities of bacterial blight, root rot/ collar rot and capsule rot were observed minimum (4.95,
1.86, 14.87) in the treatment of three consecutive sprays of Streptocycline sulphate @ 0.030% (300
ppm) and metalaxyl @ 0.25% at 15 days interval on appearance of disease symptoms. However,
seed yield, husk yield and latex yield were highest (886 kg ha-1, 766 kg ha-1, 22.30 kg ha-1) in the
former treatment.
RVSKVV, Mandsaur:
Among the nine treatments, at Mandsaur also the treatment furrow soil application of FYM (500g m-2)
enriched with T. harzianum + P. fluorescens @ 2.0%, 4-5 days prior to sowing + seed treatment with
Streptocycline sulphate @ 0.030% (300ppm) and metalaxyl @ 2.5 g kg-1 and spray of T. harzianum
and P. flourescens @ 0.5 % on appearance of disease symptoms followed by second and third sprays
with Streptocycline sulphate @ 0.030% (300ppm) and metalaxyl @ 0.25% at 15 days interval recorded
minimum downy mildew disease incidence (19.13 %), root/ stem rot incidence (15.35 %), maximum
latex yield (44.78 kg ha-1), seed yield (632.67 kg ha-1) and husk yield (472.80 kg ha-1).
Study on post-harvest deterioration of quality in seeds
MPUAT, Udaipur: Effect of storage condition and packaging material over quality of seeds of opium
poppy were evaluated. After 12 months of storage, no significant losses in moisture content (~2%),
protein (~11%) and crude fibre (~22%) content were observed under both sun drying with open bag
condition and sun drying with air tight bag condition. However, under drying with open bag condition,
a gradual decrease in oil content (43.32-32.11%) was observed..
PATCHOULI (Pogostemon cablin)
The plant belongs to family Lamiaceae and is a perennial, branched, aromatic herb with soft,
opposite, serrated egg shaped leaves and square stems. The
plant grows up to 90-100 cm and flowers during the month
February to March. The leaves are covered with trichomes all
over the epidermis, which contains the essential oil. The oil
is obtained by steam distillation of shade dried leaves. The
oil extracted from the leaves has a fresh green slightly harsh
aroma, as the oil ages it may considerably become sweeter
and balsamic. Patchouli oil is used as a base in perfumery
industry, and it is gaining more importance in aromatherapy.
The world production of oil is around 800 t per annum. Java produces 2/3 of this quantity followed
by China and Malaysia. Cultivation in India has been meager but is picking up in the last 10 years and
is around 600 ha, producing 20 tonnes of oil per annum. In India the crop is cultivated in coastal
areas of South India, West Bengal, Assam, Karnataka and coastal regions of Gujarat.
Effect of different organic nutrients on growth and yield
CAU, Pasighat: Field experiment was conducted to study the effect of organic nutrient sources (FYM,
vermicompost and neem cake) on growth and yield parameters of patchouli. Result revealed that
RDF: NPK @ 150: 50: 50 kg ha-1 recorded the highest fresh herbage yield (15.93 t ha-1), dry herbage
yield (5.37 t ha-1) and oil yield (62.90 l ha-1). However, application vermicompost @ 7.5 t ha-1) was
the best treatment when compared to the other organic nutrients in terms of growth and yield. .
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PUSHKARMOOL (Inula racemosa)
The plant belongs to family Asteraceae is an aromatic perennial herb distributed in the temperate
regions of Uttarakhand, Kashmir and Himachal Pradesh. The
plant grows to a height of 150 cm with multiple branches
develop from the base of root stalk. Leaves are rough,
leathery with dense hairs on the lower surface. The leaves
are elliptical lanceolate with a size of 25-50 cm long and
10-12 cm broad. The flower heads are bright yellow in colour
arranged in raceme inflorescence. Temperate to sub-alpine
regions with well drained, clay- loamy soils are suitable for
its cultivation. The species can be multiplied by rootstocks
as well as by seeds, however, seeds are ideal for cultivation. The roots are therapeutically important
and has been used in Indian Systems of Medicines for a long time for cough, dyspnoea, asthma,
pleurisy, tuberculosis and chest pain. It is also used an adulterant of Saussurea lappa (kuth) because
of its similar action. The active ingredients of the species include isoalantolactone, alantolactone,
inunolide- germacranolide, β-sitosterol, etc. The leaves are also used in folk medicines for curing
infections in the respiratory tract. The fresh juice of the leaves is used for diarrhoea and dysentery.
It also has antiseptic and antiperiodic properties.
Biomass production under different spacing
SKUAST, Kashmir: The experiment on biomass production of Inula racemosa was conducted at with
three plant-spacings (30 cm × 30 cm, 30cm × 45cm & 30 cm × 60 cm). Significantly higher rhizome
yield of 10336.6 kg ha-1 was recorded when Inula racemosa rhizomes were planted at a spacing of 30
cm × 30 cm followed by rhizome yield of 8207.66 kg ha-1 at a spacing of 30 cm × 45 cm. However,
maximum rhizome diameter of (74.17 mm) was observed at a spacing of 30 cm × 45 cm followed
by 73.08 mm at a spacing of 30 cm × 60 cm.
ROSELLE (Hibiscus sabdariffa)
It is an annual or perennial shrub belongs to family Malvaceae. The plant grows to a height of
about 2-2.5 m with deeply serrated 3-5 lobbed leaves.
The flowers are white to pale yellow with dark red spot
at the base of the corolla. The calyx is persistent type and
becomes fleshy when the fruit matures. The crimson red
colour makes it a valuable food colourant. The useful parts of
plant include leaves, tender shoots, stems, calyx and seeds.
In folk medicine rosella is used as diuretic and laxative. In
India, it is also cultivated for its fibre as a substitute of jute.
The species is also commonly used to make jellies, jams
and beverages. The leaves and persistent calyx are also used for culinary purposes viz., pickles and
chutneys, etc. The anthocyanin pigments which develops the color are responsible for the wide range
of coloring in many foods. The corolla is both a good colorant and potentially a good source of
antioxidants. It is also rich in bioactive compounds such as anthocyanins and other flavonoids, organic
acids and polysaccharides which are responsible for its antioxidant, antibacterial, anti-inflammatory,
hepatoprotective and anti-cholesterol activities. Thailand and China are the largest producers of
rosella for the global requirement, however, the best quality of rosalla comes from Sudan and Nigeria.
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Effect of sowing dates on growth and yield
BCKV, Kalyani: The experiment was conducted to evaluate the performance of crop growth and yield
as influenced by dates of sowing. Early sowing during 1st week of April recorded significantly higher
plant height (236.00 cm), number of primary branches (21.00 plant-1), number of fruits (101.40) and
yield (624.40 g plant-1) per plant. Average individual fruit weight (6.15 g) was significantly higher
in the sowing dates of 1st week of April and lowest in the sowing dates of 1st week of August. The
first three sowing dates (1stweek of April, 1stweek May and 1stweek of June) were found better than
the remaining two sowing dates.
SARPAGANDHA (Rauvolfia serpentina)
It is a perennial under-shrub belongs to family Apocynaceae, distributed throughout India. The species
attain a height of about 75 cm to 1 m. Roots contain alkaloids
(reserpine, desrpidine and reseinamine) which are sedative
and used to control high blood pressure. It is also used for the
treatment of insomnia, asthma and acute stomach-ache.
Ruthless collection of the species from its wild habitats
developed stress to the plant stand in its natural habitats and
the Government of India has prohibited its collection from the
wild. The crop is under cultivation and propagated mainly by
seeds. Tropical humid climate is better for a good crop growth.
Seedlings are transplanted during the rainy season. The crop is ready for harvesting after about 18
months.
Effect of planting time and spacing on root growth and yield
BAU, Ranchi: Field experiment was conducted to study the effect of transplanting time and spacing
on growth and yield parameters. Maximum primary root length (74.00 cm) at harvesting period was
recorded from treatment combination of mid-May transplantation at a spacing level of 30 cm × 40
cm. The highest fresh root (7129.2 kg ha-1) and dry root (2844.0 kg ha-1) yields were recorded from
treatment combination of mid-May transplantation at spacing level of 30 cm × 40 cm.
Effect of integrated nutrient management on growth and yield
BAU, Ranchi: Field experiment was conducted to study the effect of different fertilizer treatments
on growth and yield parameters. Maximum primary number of branches (10.23 plant-1) and primary
root length (61.75 cm) were recorded in application of 10 t ha-1 vermicompost (VC) + 10 t ha-1 neem
cake (NC) + 5 t ha-1 KC + 30:40:40 kg NPK ha-1. Maximum root collar diameter (11.43 mm) and dry
root yield (1455.60 kg ha-1) were recorded in 7.5 t ha-1 VC+ 5 t ha-1 NC+ 7.5 t ha-1 KC +30: 40: 40
kg NPK ha-1. So, it can be concluded that the best combination of organic and inorganic fertilizer
application was 7.5 t ha-1 VC+ 5 t ha-1 NC+ 7.5 t ha-1 KC +30: 40: 40 kg NPK ha-1 for maximum
production of fresh and dry roots.
Effect of organic manures on growth and root yield
OUAT, Bhubaneswar: The field experiment was conducted to study the effect of different sources
of organic manures on growth and yield of sarpagandha. Application of FYM @ 20 t ha-1 (100%
substitution of recommended dose of nitrogen) in sarpagandha recorded maximum plant height,
primary branches and LAI at 12 months after planting. Maximum total dry root yield (1.20 t ha-1),
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primary root yield (1.08 t ha-1) and ratio of primary to secondary roots (8.56) were recorded in the
treatment receiving FYM @ 20 t ha-1.
SATAVARI (Asparagus racemosus)
The plant belongs to family Asparagaceae (previously Liliaceae). It is a woody creeper and is common
throughout India and the Himalayas. The species is distributed
at low altitudes in shaded areas tropical climate through out
Asia, Africa and Australia. Out of several species of Asparagus,
A. racemosus and A. adescendens are the two important
species reputed for medicinal uses. The roots are used in
Ayurvedic medicine, as an anodyne, aphrodisiac and
galactogogue. Satavari is considered to be a main Ayurvedic
rejuvenating female tonic for overall health and vitality. In the
Ayurveda, A. racemosus is commonly mentioned as a rasayana
drug which promotes general wellbeing of an individual by increasing cellular vitality or resistance. The
pharmacological activities of A. racemosus root extract include antidiarrhoeal, antiulcer, antioxidant and
antidiabetic and immunomodulatory activities. The reputed adaptogenic effects of satavari are
attributed to its concentrations of saponins. Cultivation of the species is very limited and under
cultivation, it is propagated through seeds. Fleshy roots are harvested, peeled and shade dried and used
for the drug preparations.
Effect of spacing and nutrient management on growth and root yield
IGKV, Raipur: The experiment was conducted for three consecutive years to study the plant spacing
and nutrient management on root growth parameters and root yield in satavari. Maximum fresh
root (18.50 t ha-1), dry root yield (2.28 t ha-1), gross return (Rs. 273150 ha-1), net return (Rs. 204354
ha-1) and B:C ratio (2.96) were obtained with a spacing of 60 cm × 60 cm. The highest number of
branches per plant (16.70), root length (53.50 cm), number of fleshy roots per plant (294) and fresh
root yield (1496.30 g plant-1; 16.36 t ha-1), dry root yield (2.02 t ha-1), gross return (Rs 2,42,000 ha-1),
net return (Rs. 1,66,899 ha-1) and B:C ratio (2.21) were found with application of FYM @ 20 t ha-1
and 80:60: 50 kg NPK ha-1 which was superior to the other treatments. The study revealed that crop
geometry of 60 cm× 60 cm with application of 20 t FYM ha-1 and 80: 60: 50 kg NPK ha-1 produced
the highest dry root yield (2.60 t ha-1).
Effect of integrated nutrient management on root growth and yield
JNKVV, Jabalpur: The experiment was conducted for three consecutive years to standardize a suitable
nutrient dose for maximizing high root yield in satavari. Results revealed that the treatment having
integration of 50% recommended dose of NPK + 50% through FYM recorded maximum number of
fleshy roots (279.50 plant-1), maximum root length (34.40 cm) and root diameter (15.63 mm), the
highest fresh root yield (4031.90 g plant-1) and dry root yield (716.60 g plant-1).
Study on seasonal incidence of red bugs on satavari
MPKV, Rahuri: Infestation of red bug, Brachytes bicolor was observed on satavari during 29th met.
week to 45th met. week. Maximum number of red bugs i.e., 211.2 bugs per vine was observed during
37th met. Week, when average maximum temp. was 29.7°C and average minimum temperature was
23.5°C and average morning relative humidity was 92 % and average evening relative humidity was
63% and average rainfall was 63.40 mm.
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SALAPARNI (Desmodium gangeticum)
FIt is a perennial shrub belongs to family Fabaceae and is an important member of laghupanchamoola
groups of plants coming under dasamoola group. The plant is
erect, branched shrub grows up to 1 meter in height. Flowers
white, purple or lilac found in elongated terminal or axillary
recemes. Fruits are multi-chambered and are grouped into
6-8 in number which are sticky in nature. When ripe, each
fruit separate into one seeded segments. The useful part is
the root and it is an important ingredient of more than 50
ayurvedic formulations. The drug is reported to be a good
cardio tonic. It is hot, sweet, diuretic, laxative and nervine
tonic. It cures burning sensations, fever, cough, difficult breathing, dysentery, thirst and vomiting.
The plant is rich in flavonoids, alkaloids and pterocarpanoids which are responsible for its therapeutic
activities.
Effect of organic manuring on root yield
KAU, Trichur: A field experiment was conducted to study the effect of organic manuring on fresh
root yield of the crop. Higher plant height (117.67 cm) was observed in the treatment with basal
application of FYM @15 t ha-1; however, it was at par (113.00 cm) with vermicompost to supply N
equivalent to FYM @10 t ha-1 and FYM 15 t ha-1 (111.00 cm). Fresh root yield was higher (3675 kg
ha-1) when FYM @15 t ha-1 was applied as basal. However, it was at par with basal application of
FYM @10 t ha-1 (3500 kg ha-1), coir pith compost equivalent to FYM @15 t ha-1 (3000 kg ha-1) and
vermi compost equivalent to FYM 15 t ha-1 (2883 kg ha-1).
SENNA (Cassia alexandrina)
It belongs to family Caesalpiniaceae. There are two species of Cassia viz., C. angustifolia and C. acutifolia
which are renamed to C. alexandrina or C. senna. It is cultivated
mainly in India and Pakistan. Senna is recognised by British
and US pharmacopoeias also. Leaves, tender pods and flowers
are medicinally important. The glucosides, sennosides A and B
are the major active principles responsible for the therapeutic
action of the crop. It is useful in habitual costiveness. It lowers
bowels, increases peristaltic movements of the colon by its
local action upon the intestinal wall. It is used as expectorant,
wound dresser, antidysentric, carminative and laxative. It is
also useful in loss of appetite, hepatomegaly, spleenomegaly, indigestion, malaria, skin diseases, jaundice
and anaemia. It is propagated by seeds and normally cultivated as post kharif crop.
Multilocation trial
Advance varietal trial II with four test entries and three checks (ALFT-2, Sona and KKM-01) was
conducted at three locations viz., Coimbatore, ICAR-DMAPR and Rahuri with an objective to identify
superior entries with high yield and quality. Across locations and years, DCA 95 had high leaf yield
(6816.64 kg ha-1) followed by A16-18 (6433.05 kg ha-1). The sennoside yield was high in DCA 95 (112.16
kg ha-1) followed by ALFT 2 (109.60 kg ha-1). Based the consistent performance of the entries, DCA
95 and A16-18 are recommended superior varieties for cultivation.
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Eco-friendly IPM modules for Cassia pod borer
TNAU, Coimbatore: Damage intensity of pod borer, Etiella zinckenella on senna was recorded as
545 kg dry leaves yield per ha in protected cultivation and 392 kg dry leaves per ha in unprotected
cultivation and the yield loss was 28.07%. Eco friendly IPM module for management of Cassia pod
borer (Etiella zinckenella) was developed at Coimbatore. The treatment combination of soil application
of neem cake @ 250 kg ha-1, installation of light trap @1 per ha, release of Trichogramma chilonis @
5 cc ha-1 at the time of flower initiation and twice at 15 days interval, raising pearl millet as border
crop, Ist spray NSKE @ 5% during flower initiation period, IInd spray with Bacillus thuringensis 5 g l-1
@15 DAF, spinosad 0.5 ml l-1 of water (need based- if damage rate crossed more than 10%) was found
effective over conventional farmers’ practice (Chlorpyriphos 2 ml l-1) and control (without treatment).
The economics of seed yield in senna over one year revealed that adoption of IPM module was best
with highest B:C ratio of 2.91 than the farmers’ practice (1.10).
STEVIA (Stevia rebaudiana)
Stevia is a South American native belongs to family Asteraceae and is popularly known as sweet leaf. The
plant is used fresh or dried to sweeten beverages or desserts or
can be commercially processed into powdered non-caloric
sweeteners. The leaves contain a number of sweet-tasting
chemicals known as steviol glycosides. Steviol glycosides,
particularly the chemicals stevioside and rebaudioside A, are
more than 300 times sweeter than table sugar and are nonglycemic. In the early 1970s Japanese scientists developed the
first commercial stevia-derived sweetener, which quickly gained
popularity in that country. After an initial ban because of
carcinogen concerns, specific glycoside extracts were approved by the U.S. Food and Drug Administration
(FDA) in 2008. The European Union approved stevia sweeteners in 2011 and in 2015 FSSAI of India allowed
the use of stevia in food items and beverages. Currently, India has about 30 million diabetic patients, which
is expected to increase to 80 million until 2025. In this way, the Indian farmers have also started to take
stevia cultivation to the next level trailing the huge demand for the diabetic market here. Presently India's
total annual production of stevia is about 600 tons. The weather conditions in many parts of India are very
good for stevia cultivation.
Evaluation and identification of adulteration in market samples
KAU, Trichur: Evaluation of different market samples were carried out based on HPTLC. Original
genuine stevia leaf samples were collected from Dr. Viswanathan Memorial herbal Garden of KAU,
dried and powdered and used as reference sample. Chromatograms were developed and compared
to assess the genuineness of market samples. All the six samples tested proved to be genuine when
chromatograms were matched.
Effect of nutrient management and harvesting time on growth and yield
YSPUHF, Solan: The experiment was conducted to study the effect of different organic manures and
fertilizers on growth and yield of Stevia rebaudiana. Results revealed that application of vermicompost
(N content equivalent to RDF) + RDF (60: 45: 30 kg ha-1) recorded significantly higher plant height
(60.67cm), number of leaves (309.78 plant-1), fresh leaf yield (4.58 t ha-1), dry leaf yield (1.59 t ha-1),
gross income (Rs 3,17,660) and net income (Rs 25,145) with B:C ratio of 1.09.
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TULSI (Ocimum sanctum)
It is an erect highly branched aromatic perennial herb belonging to family Lamiaceae. Two plant types
are commonly available, i.e., green and black tulsi. The species
is distributed throughout India and is also under cultivation.
Leaves, flowers and occasionally the whole plant are medicinally
used to treat heart diseases, leucoderma, asthma, bronchitis
and fever. The essential oils obtained have immense value in
aroma industry. The chemical constituents of the essential oils
are monoterpenes, sesquiterpines and phenols with their
alcohols, esters, aldehydes, etc. Propagation is mainly done by
seeds. Seedlings are raised in nursery and transplanted at 4-5
leaf stage seedling at the onset of monsoon. Freshly harvested material is distilled for oil extraction.
Multilocation trial
Advanced evaluation trial (AVT-II) with four test entries and one check (Angana) was conducted at
eight locations viz., Anand, Banda, ICAR-DMAPR, Ayodhya, Islampur, Mandsaur, Pusa and Rahuri with
an objective to identify superior entries with high yield and quality. Across seasons and locations,
Black tulsi recorded maximum herbage yield (7371.81 kg ha-1) which was followed by Green tulsi
(7065.59 kg ha-1) and Angana (6714.36 kg ha-1). Maximum oil yield was recorded in DOS 1 (28.50 kg
ha-1) which was followed by Green tulsi (22.79 kg ha-1) and Black tulsi (21.31 kg ha-1). Based on stable
performances, the Green Tulsi and Black tulsi were recommended for released for leaf purposes while
DOS 1 was recommended for release for oil purpose.
Effect of planting time and spacing on herbage yield
MPKV, Rahuri: The field experiment was conducted to study the effect of time of planting and plant
spacing on herbage yield of tulsi. Planting on 15th June recorded maximum fresh herbage yield (12.72
t ha-1), dry herbage yield (3.27 t ha-1) as well as seed yield (2210 kg ha-1) which was significantly
superior to the other treatments. Plant spacing at 60× 45 cm recorded maximum fresh herbage yield
(10.53 t ha-1). Interaction effect of plant spacing and time of planting time was found non-significant.
Influence of irrigation schedule on growth, yield and water use efficiency
BAU, Islampur: Field experiment was conducted to study the influence of irrigation scheduling with
different IW/CPE ratios on growth and yield attributes of tulsi. Irrigation schedules with treatment
receiving IW 30 mm/CPE= 1.0 exhibited maximum plant height (92.30 cm), number of branches (31.50
plant-1), number of leaf (1920.9 plant-1), plant spread (162.90 cm), green leaf yield (9689.60 kg ha-1)
and dry leaf yield (2010.80 kg ha-1) which was found superior to the control (rain fed condition).
Scheduling irrigation with different IW/CPE ratio had significant effect on the water use efficiency also.
Irrigation scheduling with IW 30 mm/CPE= 1.0 exhibited the highest value of WUE (1.70 kg ha-1 mm-1).
Integrated nutrients management on yield and quality
BAU, Islampur: Study was conducted for four consecutive years to evaluate suitable combination of
organic and inorganic nutrients for higher growth and herbage yields of tulsi. Maximum fresh herbage
yield (14.93 t ha-1) and dry herbage yield (3.61 t ha-1) as well as B:C ratio (4.97) were recorded with
the application of NPK 50: 40: 30 kg +10 t FYM ha-1 which was found at par with applications of
NPK 40: 30: 20 kg +10 t FYM ha-1; NPK 30: 20: 10 kg +10 t FYM ha-1 and NPK 50: 40: 30 kg +5 t
FYM ha-1. The study concluded that application of NPK 50: 40:30 kg +10 t FYM ha-1 resulted in higher
fresh and dry herbage yields but integrated application of NPK 50: 40: 30 kg + 5 t FYM ha-1 was
found best for economic yield of tulsi.
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YSPUHF, Solan: Field experiment was conducted for three consecutive years to study the comparative effect
of organic manures, bio-dynamic preparations and chemical fertilizers on yield and quality. Application of
RDF (NPK 120:60:30 kg ha-1) recorded significantly higher plant height (82.20 cm), number of branches
(27.20 plant-1), fresh biomass yield (10.26 t ha-1), dry biomass yield (2.61 t ha-1), essential oil content (0.33%),
essential oil yield (20.22 kg ha-1), GMR (Rs. 1,95,536.00 ha-1), NMR (Rs. 88,309.87 ha-1) and B:C ratio (2.12).
Study on damage intensity assessment caused by major pests
BCKV, Kalyani: A study was taken up for assessment of crop loss due to the attack of Cochlochila
bullita (Tingidae: Hemiptera) on tulsi crop at 30 days after transplanting. The loss was assessed by
comparing the yield of fresh herbage in treated and untreated plots. In the treated plot, Imidachloprid
(0.006%) was sprayed at an interval of 15 days during period of experimentation to keep the treated
pot free from bug infestation. The bug population was recorded in the untreated plots at fortnightly
interval. The data on fresh herbage yield per plant were taken from both treated and untreated plots
at 45 days after first treatment and compared. Results revealed that the unprotected plots recorded
an incidence of 8.8 to 15.5 adults and nymphs per plant during the period of experimentation with
a mean of 13.3 per plant. The protected plots harboured negligible (almost nil) number of bugs. The
yield data show that there was a reduction of 8.52% leaf yield in unprotected plot.
YSRHU, Venkataramannagudem: Sucking pest, whitefly (Besmisia tabaci) was noticed one month
after transplantation on tulsi crop; the spotted beetle, Monolepta signata and defoliator pests,
Helicoverpa armigera and Euproctis sp. were initiated at 45 days after transplanting; defoliator pests
and whitefly declined when crop reached flowering stage but the spotted beetle continued to feed
on leaves while, the two more sucking bugs viz., pentatomid bug (Agonoscelis nubilis) and seed
bug (Eusarcocoris capitatus) started during flower spike initiation and seed formation stage of crop
and remained to suck sap from tender seeds up to April.
Management of above insect species were taken up by sprayings of azadirachtin 10000 ppm @ 1 ml l-1
in the treated plots and the sprayings were repeated three times with fortnight interval as per the pest
incidence on tulsi plants. Data on insect species as well as predatory spiders were collected at weekly
intervals till the harvest of herbage and seed from respective plots. The incidence of seed bugs was
noticed to be more than that of the other pests on tulsi. It was found that mean incidence of all major
insect species such as whitefly, spotted beetle, pentatomid bug and seed bug were high in untreated
plots when compared to treated plots. Yield losses in fresh herbage and seed were found to be 11.23%
and 15.22%, respectively, due to infestation of sucking bugs, whitefly and spotted beetle. The mean
populations of insect species and spiders in treated and untreated plots were significantly low in treated
plots while the differences in spider population was non-significant between treated and untreated plots.
BCKV, Kalyani: Damage intensity of Cochlochila bullita (Tingidae: Hemiptera) was studied at Kalyani.
Unprotected plots recorded an incidence of 8.8 to 15.5 adults and nymphs per plant with a mean of
13.30% with a reduction of 8.52% leaf yield. The damage intensity on tulsi crop due to infestation
by C. bullita was assessed by comparing the yield of fresh herbage in treated and untreated plots
at 90 DAT. In the treated plot, prophenophos 50 EC @ 1 ml l-1 was sprayed at fortnightly interval.
In treated plot, the yield was 5755.50 kg ha-1 whereas in untreated plot, the yield obtained was
5034.80 kg ha-1. The per cent herbage yield loss was recorded as 12.52% due to the pest infestation.
The damage intensity on tulsi crop due to leaf folder (Orphanostigma abruptalis) infestation was
assessed by comparing the yield of fresh herbage in treated and untreated plots at 90 DAT. In the
treated plot, profenophos 50 EC @ 1 ml l-1 was sprayed at fortnightly interval. In treated plot yield
was 5755.50 kg ha-1 whereas in untreated plot yield obtained 5465.50 kg ha-1. The per cent herbage
yield loss was recorded as 5.03% due to leaf folder infestation.
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Germplasm of medicinal and aromatic plants maintained at ICAR DMAPR
Number of
Accessions

Species
Aloe spp.(Aloe)

108

Andrographis paniculata (Kalmegh)

130

Asparagus spp. (Satavari)

89

Bacopa monnieri (Brahmi)

22

Cassia angustifolia (Senna)

253

Cassia tora (Chakoda)

127

Chlorophytum borivilianum (Safed musli)

45

Commiphora spp. (Guggal)

225

Costus speciosus (Keukand)

35

Cymbopogon spp. (Palmarosa & Lemongrass)

33

Desmodium gangeticum (Salaparni)

129

Gymnema sylvestre (Madhunashini)

88

Hemidesmus indicus (Anantamul)

39

Ocimum spp. (Basil, Tulsi, etc.)

450

Plantago spp. (Isabgol)

151

Tinospora cordifolia (Giloe)

75

Withania somnifera (Ashwagandha)

275
TOTAL

2281

(Project 01: Collection, characterization, evaluation and documentation of plant genetic resources of
some important medicinal and aromatic plants; Contributors: Dr. Geetha K.A, Dr. P. L. Saran, Dr. N.
Reddy, Dr. Ganesh Khadke, Dr. Akula Chinapoliah and Mr. Manish Kumar Mittal)
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Germplasm of medicinal and aromatic plants maintained at different AICRP MAP&B centers
Crop
Aloe (Aloe barbadensis)

Centre

No. of accessions

Anand

20

Hisar

55

Bengaluru

30

Ayodhya

24

Akola

17

Raipur

12

Coimbatore

51

Aconitum species

Kashmir

3

Ashoka (Saraca asoca)

Thrissur

41

Asalio (Lepidium sativum)

Anand

34

Hisar

38

Mandsaur

40

Udaipur

15

Anand

144

Hisar

78

Bengaluru

126

Mandsaur

120

Udaipur

74

Raipur

95

Kalyani

02

Ayodhya

08

Pasighat

39

Raipur

04

Venkataramanagudem

38

Jorhat

30

Ashwagandha (Withania somnifera)

Bach (Acorus calamus)

Kalimpong

Basil (Ocimum basilicum)

7

Pasighat

40

Anand

13

Mandsaur

21
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Crop
Betelvine (Piper betle)

Centre

77

No. of accessions

Jorhat

21

Islampur

10

Kalyani

54

Bengaluru

109

Jabalpur

04

Rahuri

28

Pusa

62

Venkataramannagudem

62

Trichur

29

Pusa

14

Bengaluru

71

Bringraj (Eclipta alba)

Bengaluru

155

Charota (Cassia tora)

Raipur

50

Chitrak /Lal chitrak(Plumbago spp)

Thrissur

25

Coimbatore

42

Chirayita (Swertia chirayita)

Kalimpong

31

Curcuma spp

Anand

40

Jorhat

5

Kalyani

3

Pasighat

16

Trichur

33

Daruharidra (Berberis aristata)

Solan

6

Galangal (Alpinia spp.)

Trichur

22

Giloe (Tinospora cordifolia)

Anand

7

Kalyani

5

Hisar

34

Ranchi

30

Raipur

4

Coimbatore

30

Brahmi (Bacopa monnieri)

Glory lily (Gloriosa superba)
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Crop

Centre

No. of accessions

Anand

25

Gunj (Abrus precatorius)

Trichur

23

Harde (Terminalia chebula)

Ranchi

41

Henbane (Hyoscyamus niger)

Anand

5

Indian valeriana (Valeriana jatamansi)

Kalimpong

11

Solan

27

Anand

48

Hisar

93

Udaipur

31

Ayodhya

12

Mandsaur

80

Kali haldi (Curcuma caesia)

Pasighat

08

Kalmegh (Andrographis paniculata)

Bengaluru

51

Anand

65

Hisar

13

Ayodhya

20

Raipur

299

Kalyani

04

Kasni (Cichorium intybus)

Hisar

20

Kuth (Picrorhiza kurroa)

Bharsar

10

Lemongrass (Cymbopogon spp.)

Hisar

46

Raipur

08

Trichur

72

Ayodhya

16

Guggal (Commiphora wightii)

Isabgol (Plantago ovata)

Long pepper (Piper longum)

Thrissur
Jorhat

41

Bhubaneswar

51

Kalyani

04
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Crop
Madhunashini (Gymnema sylvestre)

Centre

79

No. of accessions

Jabalpur

07

Ranchi

15

Coimbatore

66

Jabalpur

7

Venkataramannagudem

45

Coimbatore

45

Anand

06

Jorhat

09

Pusa

12

Kalimpong

13

Kalyani

05

Bengaluru

27

Anand

20

Ranchi

30

Raipur

10

Bangalore

85

Mentha species

Anand

5

Neel (Indigofera tinctoria)

Trichur

19

Pashanbhed (Berginia ciliata)

Kalimpong

17

Opium poppy (Papaver somniferum)

Ayodhya

35

Udaipur

85

Mandsaur

235

Hisar

65

Akola

13

Pashanbhedh (Berginia ciliate)

Solan

5

Periwinkle (Catharanthus roseus)

Anand

06

Salaparni (Desmodium gangeticum)

Trichur

25

Makoi (Solanum nigrum)

Mandukaparni (Centella asiatica)

Mucuna (Mucuna pruriens)

Palmarosa (Cymbopogon martinii)
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Crop
Safed musli (Chlorophytum borivilianum)

Centre

No. of accessions

Anand

21

Hisar

12

Mandsaur

24

Akola

13

Bhubaneshwar

79

Raipur

07

Ranchi

34

Hisar

26

Anand

06

Raipur

15

Jabalpur

26

Rahuri

11

Ayodhya

24

Anand

17

Coimbatore

5

Jorhat

15

Pasighat

11

Sylibum (Silybum marianum)

Anand

10

Tulsi (Ocimum sanctum)

Hisar

17

Anand

9

Coimbatore

32

Solan

5

Kalimpong

3

Sarpagandha (Rauvolfia serpentina)

Satavari (Asparagus racemosus)

Senna (Cassia angustifolia)

Sugandhamantri (Homolemena aromatica)

Tagetes (Tagetes minuta)

Vetiver (Vetiveria zizaniodes)

Hisar

50

Ayodhya

12

Coimbatore

15

Total

4760
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GENERAL ACTIVITIES
International Women’s Day celebration
ICAR-DMAPR celebrated International Women’s Day (IWD) on March, 8. “Women Leadership in
Agriculture:
Entrepreneurship,
Equity and Empowerment” was
the theme selected by the ICAR
for IWD celebration 2021. A
function was organized by the
Women Cell, ICAR-DMAPR. Dr.
Vidhi Bapna, Professor and Head
of the Department, Department of
Dravyaguna, J.S Ayurveda College,
Nadiad, Gujarat was the Chief
Guest of the function. Six selected
women entrepreneurs / farmers
were felicitated to commemorate
this year’s Women’s day. Smt. Sudha Patel, India’s youngest elected blind female sarpanch; Smt. Riki
Rinkal Patel, Lab Technician, COVID frontline worker; Smt. Darshanaba Rathod, Vikalp foundation;
Smt. Zareena Khalifa, a differently-abled entrepreneur, Smt. Seema Vyas, a journalist who stands for
women issues & a member from DMAPR family and Smt. Parul Purohit, Senior Technical Officer, ICARDMAPR were selected for the felicitation. Furthermore, 14 lady farmers/entrepreneurs from nearby
villages were also invited for the celebrations. Different entertainment programmes/competitions viz.,
writing competition, races, musical chair, etc. were also organized and women members of DMAPR
participated enthusiastically. The DMAPR lady staff members were also given yoga training in relation
to the Women’s day celebrations.
The formal function was organized in the auditorium of DMAPR under the Chairmanship of Dr.
Satyajit Roy, Director (Acting), ICAR DMAPR. Dr. Geetha K.A., Chairperson welcomed the guests
formally. Smt. Parul Purohit gave a presentation on importance of balanced nutrition considering
the Covid-19 scenario to the audience. Dr. Roy and Dr. Bapna presented the prizes to the winners
of various entertainment games. Dr. Vidhi Bapna, the Chief Guest in her special lecture, gave an
informative lecture on ayurvedic tips to boost immunity against Corona virus, followed by a video
presentation for enlightening the audience for combating Corona virus efficiently. Dr. Roy in his
presidential address narrated the importance of the occasion and he acknowledged the house about
the role of women in framing up an efficient human society. The function ended with vote of thanks
delivered by Smt. Priya Phogat, ICAR-DMAPR.
Vigilance awareness week
Vigilance Awareness Week 2021 was organized at the Directorate from October 26th to
November 1st, 2021 with an awareness program on “Independent India @75: Self Reliance with
Integrity”.
International day of Yoga
International day of Yoga was organized on June 21, 2021 at ICAR-DMAPR in a hybrid mode due to
the prevailing COVID guidelines.
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Shri Kailash Choudhary, Union Minister of State for Agriculture & Farmers’ Welfare visited ICAR-DMAPR
Shri Kailash Choudhary, Union Minister of State for Agriculture and Farmers’ Welfare visited ICARDMAPR on October 8, 2021. Dr. Vikaramaditya Pandey, Assistant Director General (HS-1), ICAR, New
Delhi welcomed the union minister and presented an overview of the Directorate. Shri Choudhary,
released an extension folder entitled “Waste to wealth: Potential of Medicinal and Aromatic Plants
Waste Biomass” prepared by the
Directorate. In his address, Shri.
Choudhary stressed upon the
need for effective dissemination
of technologies in medicinal and
aromatic plants for benefit of the
farmers. Shri Choudhary, felicitated
Smt. Sai Sudha Chebrolu, a
woman entrepreneur working on
innovative herbal formulations of
Medicinal plants and owner of
M/s Bilvam Jaganmaata Herbals,
Anand, who was incubated at
Medi-Hub, Technology Business Incubator of the Directorate. Shri Amar Ram Chaudhary, Ex-Minister,
Government of Rajasthan; Dr. K.B. Kathiria, Vice Chancellor, Anand Agricultural University, Anand and
Dr. Satyajit Roy, Director (Acting), ICAR-DMAPR, Scientists and Staff of the Directorate were present
in the meeting. At the end, Dr. Roy proposed the vote of thanks.
Foundation day celebration
The 30th foundation day of ICAR-DMAPR was celebrated on November 24, 2021. Dr. K.B.
Kathiria, Vice Chancellor, Anand
Agricultural University, Anand was
the Chief Guest. Dr. K.C. Dalal,
Formerly Director, DMAPR (the
then NRCMAP) was the Guest of
Honour. Dr. Roy, Director (Acting),
in his welcome address presented
brief achievements, growth and
progress of the Directorate. Dr.
Dalal, in his address appreciated
the development of the Directorate
and its services to the MAP
stakeholders. He said that there
was a need for value addition in MAP to get more returns. Dr. Kathiria, in his address emphasised
the need for accelerated development of varieties and hybrids in MAP. He suggested to take up
translational research for benefit of the MAP stakeholders. Awards for best scientist, best research
paper and best workers in technical, administrative and skill supporting staff categories were also
presented during the occassion. Certificates of appreciation was distributed to the staff members
who completed 25 years of service in the Directorate. In the end, Dr. R. Nagaraja Reddy, Senior
Scientist, proposed vote of thanks.
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Annual group meeting of AICRP-MAP&B
The 29th annual group meeting of All India Co-ordinated Research Project on Medicinal and
Aromatic Plants & Betelvine
(AICRP-MAP&B) was held virtually
during December 02-04, 2021.
Dr. A. K. Singh, Deputy Director
General (Horticulture Sciences),
ICAR presided over the inaugural
function. Dr. Vikramaditya Pandey,
Assistant Director General (HS I),
ICAR; Dr. Brijesh Kumar Pandey,
Assistant Director General (HS II),
ICAR; Dr. Satyajit Roy, Director
(Acting), ICAR-DMAPR & Project
Co-ordinator, AICRP-MAP&B and
Dr. R. Nagaraja Reddy, Nodal Officer, AICRP-MAP&B were present on this occasion in addition to the
research scientists from the 26 AICRP-MAP&B centres. Dr. Roy presented the research achievements
of the AICRP-MAP&B for the past one year and also highlighted the actions taken report for the
implementation of the technical programme of the project. Dr. Pandey, in his address said that there
was need for creating awareness on health benefits of MAP. Dr. A. K. Singh, in his presidential address
highlighted the importance of Good Agricultural Practices for ensuring the quality of herbal drugs.
He emphasized on research programs to be aligned with the developmental missions of the country.
During the 3-days deliberations, research achievements of AICRP-MAP&B were reviewed and technical
programme for the next year was finalised in different technical sessions such as Crop Improvement,
Crop production, Crop protection and Phytochemistry in addition to a special session on interaction
with intergovernmental development agencies. Fifteen publications from various AICRP MAP&B
centres were released during the group meeting. Bihar Agricultural University, Islampur bagged the
best AICRP-MAP&B centre award for the year for its significant research contributions. The workshop
was attended by more than 70 participants across India. In the end, Dr. B. B. Basak, Senior Scientist,
ICAR-DMAPR proposed the vote of thanks.
Swachchh bharat mission/abhiyan
Swachchh Bharat Mission initiated by the ICAR and Government of India continued its functioning at
the ICAR-DMAPR during the year
also. Various activities related to
these programmes were taken up
by the ICAR-DMAPR. Swachhata
Pakhwada was observed from
December 16 to 31, 2021. Swachhata
pledge was taken by all the staff of
the Directorate on 16th December
followed by discussion on the
importance of Swachhata Abhiyan
and scheduled the activities to be
organized during the pakhwada
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period. Under the Swachhata Pakhawada, a lecture on “Meditational Discourse on Health and
Mental Wellness” by Acharya Pravin Ji, Coordinator and Head of Art of Living Foundation, Vasad
was organized on December 21, 2021 for DMAPR staff member. The programmes were successfully
implemented by the the Directorate with the participation of the staff.
COMMITTEE MEETINGS
Institute Research Committee (IRC)
Institute Research Committee meeting was held during January 04-05, 2021 and on December 09,
2021 at ICAR- Directorate of Medicinal and Aromatic Plants Research.
Research Advisory Committee (RAC)
The 28th RAC meeting of ICAR-DMPAR was held on 22nd and 23rd November, 2021 under the
Chairmanship of Dr. S. P. S. Khanuja,
Ex-Director, CIMAP, Lucknow. Dr.
Vikramaditya Pandey, ADG (HSI),
ICAR, New Delhi; Dr. Satyajit
Roy, Director (Acting), ICAR
DMAPR; Dr. N. Ramachandran,
Former Head (Plant Pathology),
ICAR-IIHR Bengaluru; Dr. Suresh
Walia, Ex. Principal Scientist,
Division of Agricultural Chemicals,
IARI & Ex. Emeritus Scientist,
ICAR New Delhi; Dr. J. C. Rana,
Country Representative, Biovarsity
International, New Delhi and Dr. Geetha K.A., Principal Scientist, ICAR-DMAPR, Anand were the other
RAC members who attended the meeting. On 22nd November, meeting was held at ICAR-DMAPR
wherein ongoing research programmes were thoroughly discussed and recommendations for further
improvement were made. The proceedings of the meeting started with the welcome address by Dr.
Geetha K. A., Member Secretary, followed by floral welcome of the members by Dr. Roy. Thereafter,
the member secretary presented a brief report on DMAPR profile projecting the research mandates
of the Directorate. Dr. Khanuja, Chairman, RAC in his introductory remarks, highlighted the growing
importance and the thrust put by Govt. of India on Indian medicinal and aromatic plants and the
importance of DMAPR in the present scenario. He encouraged the scientists to take up new challenges
and frame up megaprojects to solve the grassroot level problems in farm to pharma channel. He also
advised the scientists to make target-driven performance indicators for themselves at micro-level,
defining the milestones for self-assessment and periodical path corrections. After the introductory
remarks of the RAC, the member secretary presented the actions taken on recommendations made
during the last RAC meeting. Thereafter, the Director, ICAR-DMAPR presented an overview of the
Directorate including the Institute’s progress for the last one year. After his presentation, individual
scientists presented salient research achievements made by them in various institute and external
funded projects. The RAC members had exhaustive discussion with all the scientists who presented
the work and projects outcome. The members suggested several useful points for improvement and
strategic way forward. The RAC emphasised on research prioritization based on plants to be studied
for long term as well as short term projects for clients and funding agencies including industry based
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on demand of the stakeholders. On 23rd November, 2021, the RAC visited farmers’ field in Narmada
district who were growing MAP under DMAPR technical intervention.
OFFICIAL LANGUAGE COMMITTEE
हिन्दी चेतना मास
भाकृअनुप -औषधीय एवं सगंधीय पादप अनुसध
ं ान निदेशालय, बोरीआवी, आणंद में हिन्दी चेतना मास का आयोजन किया
गया। जिसके अन्तर्गत हिन्दी के प्रयोग
को बढ़वा देने हेतु कई कार्यक्रमों का
आयोजन किया गया। इस दौरान हिन्दी
कार्यशाला और हिन्दी प्रश्नोत्तरी, हिन्दी
टंकण, सामान्य हिन्दी ज्ञान, वाद-विवाद
व काव्यपाठ प्रतियोगितायें आयोजित
की गईं। हिन्दी चेतना मास का समापन
समारोह 30 सितंबर, 2021 को मनाया
गया। इस अवसर पर श्रीमती कनक
त्रिपाठी, हिन्दी अध्यापिका, व्रजभूमि
विद्यालय, आणंद को मुख्य अतिथि के
रूप में आमंत्रित किया गया। निदेशालय
के निदेशक एवं राजभाषा कार्यान्वयन
समिति के अध्यक्ष डॉ. सत्यजित रॉय ने समापन समारोह की अध्यक्षता की। श्री बृजश
े कुमार मिश्र, हिन्दी अधिकारी ने
अध्यक्ष महोदय एवं मुख्य अतिथि महोदया का स्वागत करते हुए हिन्दी चेतना मास समापन कार्यकम के बारे में जानकारी
प्रस्तुत की। स्वागतीय भाषण के पश्चात व्याख्यान व काव्यपाठ प्रतियोगिताओं का आयोजन किया गया, जिनका संचालन
व मूल्यांकन मुख्य अतिथि महोदया ने की। प्रतियोगिता के पश्चात सभी प्रतियोगिताओं में विजेता रहे प्रथम, द्वितीय व
तृतीय प्रतिभागियों को पुरस्कृत किया गया। पुरस्कार वितरण समारोह के उपरान्त मुख्य अतिथि महोदया ने ई लर्निंग:
फायदे और चुनौतियॉ पर अपने विचार व्यक्त करते हुए हिन्दी के प्रयोग पर जोर दिया। निदेशक डॉ. सत्यजित रॉय ने
अपने अध्यक्षयी भाषण में हिन्दी एवं विभिन्न भाषाओं के शब्दों का उदाहरण देते हुए हिन्दी में सरल शब्दों के प्रयोग
पर बल दिया। समारोह का संचालन श्री सुरेश पटेलिया, निजी सचिव द्वारा किया गया तथा समारोह का समापन डॉ.
समाधान युवराज बागुल, वैज्ञानिक द्वारा धन्यवाद ज्ञापन के साथ हुआ।
हिन्दी कार्यशालाएं
भाकृअनुप -औषधीय एवं सगंधीय पादप अनुसध
ं ान निदेशालय में वर्ष 2021 के दौरान तीन हिन्दी कार्यशालाएं आयोजित
की गई। प्रथम कार्याशाला दिनांक 31
मार्च, 2021 को “प्रशिक्षण कार्यक्रमों का
राजभाषा हिन्दी के प्रसार में योगदान ”
विषय पर आयोजित की गई। कार्यशाला
के प्रारं भ में डॉ. आर. पी. मीना, हिन्दी
अधिकारी ने कार्यशाला से संबधि
ं त
जानकारी प्रस्तुत की। कार्यशाला में
किसान प्रशिक्षण कार्यक्रमों से जुड़े
निदेशालय के कार्मिकों ने अपने विचार
व्यक्त किए और प्रशिक्षण के दौरान
राजभाषा के प्रसार में आने वाली
कठिनाइयॉ दूर करने के सुझाव भी दिए।
अध्यक्षयी भाषण के दौरान निदेशक डॉ.
रॉय ने अपने विचार व्यक्त करते हुए कहा कि प्रशिक्षण कार्यक्रम में हमें सरल एवं सहज भाषा का प्रयोग करना चाहिए,
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जिससे किसानों को आसानी से समझ में आ जाए और इसके लिए ज्यादा से ज्यादा प्रयास किया जाना चाहिए।
अंत में डॉ. राम प्रसन्न मीना, वैज्ञानिक व हिन्दी अधिकारी ने सभा में उपस्थित सभी का आभार व्यक्त करते हुए धन्यवाद
ज्ञापन प्रस्तुत किया। द्वितीय कार्याशाला: हिन्दी दिवस के अवसर पर दिनांक 14 सितंबर, 2021 को “राजभाषा नीति
नियम ” विषय पर आयोजित की गई। कार्यशाला की शुरूआत आईसीएआर गीत के साथ हुआ। तत्पश्चात श्री बृजश
े
कुमार मिश्र, हिन्दी अधिकारी ने मुख्य अतिथि एवं वक्ता सुश्री उमा जनागल, राजभाषा प्रबंधन एवं सदस्य सचिव
नराकास, आणंद का स्वागत किया और निदेशालय के कामकाज में हिन्दी के बढ़ते चलन पर पूर्व हिन्दी अधिकारियों
का धन्यवाद एवं आभार व्यक्त करते हुए माननीय कृषि एवं किसान कल्याण मंत्री महोदय का एक प्रेरणाप्रद संदेश
सभा के समक्ष प्रस्तुत किया और
कार्यशाला से संबधि
ं त जानकारी प्रस्तुत
की। इस अवसर पर डॉ. सत्यांशु कुमार,
ने हिन्दी कार्यशाला की अध्यक्षता की
और मुख्य वक्ता सुश्री उमा जनागल का
फूलों के गुलदस्ता द्वारा स्वागत किया
तथा सभागार में उपस्थिति सभी कार्मिकों
को “राजभाषा प्रतिज्ञा ” दिलवाई। इस
कार्यशाला में निदेशालय के सभी श्रेणी
के कार्मिकों ने भाग लिया। कार्यशाला की
मुख्य वक्ता सुश्री उमा जनागल ने
माननीय गृह मंत्री महोदय का एक
प्रेरणाप्रद संदेश प्रस्तुत किया और
“राजभाषा नीति नियम ” विषय पर प्रकाश डालते हुए “विविध नियम और अधिनियम ” के बारे में विस्तृत जानकारी प्रदान
की।
डॉ. सत्यांशु कुमार ने अपने अध्यक्षयी भाषण में कहा की हिन्दी भाषा देश की सबसे अधिक बोले जाने वाली भाषा है जो
देश की प्राचीन भाषा है तथा विदेश में भी इसका चलन बढ़ा है। यह भाषा अन्य भाषाओं की अपेक्षा अधिक समृद्ध, सरल
और वैज्ञानिक भाषा है। उन्होंने कार्यालय में हिन्दी के प्रति लोगों की बढ़ती रूचि की सराहना की। कार्यक्रम का संचालन
श्री सुरेश पटेलिया, निजी सचिव ने किया। कार्यक्रम के अंत में श्री बृजश
े कुमार मिश्र, तकनीकी अधिकारी द्वारा धन्यवाद
ज्ञापन प्रस्तुत किया गया तथा राष्ट्रगान के साथ कार्यशाला का समापन हुआ। तृतीय कार्यशाला दिनांक 30 दिसंबर,
2021 को “मोबाइल में हिंदी टाइपिंग ” विषय पर आयोजित की गई। कार्यशाला के प्रारं भ में श्री बृजश
े कुमार मिश्र,
हिन्दी अधिकारी ने मंचासीन डॉ. सत्यजित रॉय, निदेशक और वक्ता डॉ. प्रिंस चोयल, वैज्ञानिक, भाकृअनुप -औषधीय एवं
सगंधीय पादप अनुसध
ं ान निदेशालय, बोरीआवी, आणंद का स्वागत किया और कार्यशाला से संबधि
ं त जानकारी प्रस्तुत
की। कार्यशाला के मुख्य वक्ता डॉ. प्रिंस
चोयल ने मोबाइल में हिंदी टाइपिंग
विषय पर प्रकाश डालते हुए हिन्दी
टाइपिंग से संबधि
ं त विस्तृत जानकारी
प्रदान की। तत्पश्चात डॉ. गीता के. ए.,
प्रधान वैज्ञानिक, भाकृअनुप -औषधीय
एवं सगंधीय पादप अनुसध
ं ान निदेशालय,
बोरीआवी ने द्विभाषी रूप (हिन्दी व
अंग्ज
रे ी) में सामान्य ज्ञान प्रश्नोत्तरी
प्रतियोगिता का संचालन किया। जिसमें
निदेशालय के सभी कार्मिकों ने भाग
लिया। कार्यक्रम के अध्यक्ष डॉ. सत्यजित
रॉय द्वारा प्रतियोगिता में विजेता रहे
प्रतिभागियों को प्रथम व द्वितीय पुरस्कार तथा सभी प्रतिभागियों को प्रोत्साहन पुरस्कार प्रदान किए गए। कार्यक्रम का
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संचालन श्री सुरेश पटेलिया, निजी सचिव द्वारा किया गया और श्री बृजश
े कुमार मिश्र, हिन्दी अधिकारी द्वारा धन्यवाद
ज्ञापन के साथ कार्यक्रम का समापन हुआ।
पुरस्कार
निदेशालय में मूल रूप से हिंदी में कार्य करने हेतु प्रोत्साहन योजना के अंतर्गत श्रीमती प्रिया फ़ोगाट, सहायक एवं श्री
रघुबीर प्रजापति, वरिष्ठ लिपिक को प्रथम पुरस्कार तथा श्री बृजश
े कुमार मिश्र, तकनीकी अधिकारी एवं श्री सुनील यू.
व्यास, सहायक को द्वितीय पुरस्कार प्रदान किया गया। हिन्दी चेतना मास के दौरान आयोजित सभी प्रतियोगिताओं
के विजेता प्रतिभागियों को प्रथम, द्वितीय और तृतीय पुरस्कार दिया गया तथा नराकास, आणांद द्वारा आयोजित
प्रतियोगिताओं में श्री सुरेश एस. पटेलिया, निजी सचिव को द्वितीय व तृतीय पुरस्कार प्राप्त हुआ।
उपलब्धियॉं
•
•
•
•

निदेशालय
निदेशालय
में करने के
निदेशालय
निदेशालय
गया।

की राजभाषा कार्यांवयन समिति द्वारा हिन्दी दिवस का आयोजन किया गया।
के सभी प्रविणता प्राप्त कार्मिकों को नियम 8(4) के अंतर्गत अपना शत प्रतिशत सरकारी कार्य हिंदी
लिए विनिर्दिष्ट किया गया।
ने नगर राजभाषा कार्यांवयन समिति की सभी बैठकों में भाग लिया।
द्वारा हिंदी और स्थानीय भाषा में विभिन्न विषयों पर किसान प्रशिक्षण कार्यक्रम का आयोजन किया

संविधान दिवस समारोह
•

संविधान दिवस समारोह 26 नवंबर, 2021 को निदेषालय के सभागार में मनाया गया।

EXTENSION ACTIVITIES
Entrepreneurship orientation programs on MAP organised
Online 15-day Entrepreneurship Orientation Program on MAP (EOPMAP) was organized by ICARDMAPR under Medi-Hub Technology Business Incubator from 4-18th January, 2021. The main purpose
of the EOPMAP was to accelerate business development in MAP sector. Fourty five participants
having innovative business ideas participated in the EOPMAP. There were two expert lectures per
day covering various aspects of MAPs such as cultivation, post-harvest management, value addition,
machinery, marketing, incubation, enterpruneship development and business plan development. The
valedictory function was held on 18th January, 2021 and was chaired by Dr. Satyajit Roy, Director
(Acting), ICAR-DMAPR, Anand. In the end, Dr. R. Nagaraja Reddy, Senior Scientist and PI, ABI, ICARDMAPR proposed Vote of Thanks.
Another 21-day Entrepreneurship Orientation Program in Medicinal and Aromatic Plants-III (EOPMAPIII) was organized by the ICAR-DMAPR under Medi-Hub TBI Agribusiness Incubation (ABI) centre
from 19th July to 8th August 2021 with an objective to accelerate business development in Medicinal
and Aromatic plants (MAP). Dr. S. K. Chakrabarti, Vice Chancellor, Uttar Banga Krishi Viswavidyalaya,
Cooch Behar, West Bengal was the chief Guest of the inaugural function. Eighty-one participants
which included students, entrepreneurs, researchers and others participated in the virtual training
program. The Valedictory function of EOPMAP was held on August 08, 2021.
TSP scheme
In the calendar year 2021, five one-day training programmes, one field day and three FLDs were
conducted benefiting 430 individual farmers from Panchmahals district. Dr. K.A. Kalariya, Nodal Officer,
TSP, ICAR-DMAPR, briefed about the TSP scheme and highlighted the importance of medicinal plants
in day-to-day life during these programmes. Attempts were made to promote MAPs cultivation by
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explaining the importance of cultivation of several MAPs in livelihood support of tribal population.
Participants were benefited by experts, namely Dr. P.L. Saran, Principal Scientist; Dr. R.P. Meena,
Scientist; Dr. B.B. Basak, Scientist; Dr. Prince Choyal and other state department officers covering
various aspects of MAPs cultivation. During these programmes hand sanitizers, face mask, training
kits and other inputs were distributed by the Director and other resource persons.
NEH scheme
Two-day training programme on “Promotion of medicinal plants cultivation in tribal areas of NEH
Region” was organized by the Directorate at College of Horticulture and Forestry, Central Agricultural
University, Pasighat, Arunachal Pradesh during 26-27, March 2021. Various topics were covered during
the two days programme on GACP for MAP, viz., principles of GACP, potential of MAPS cultivation
in Arunachal Pradsesh, INM in MAPs, improved irrigation techniques, organic cultivation of MAPs,
high value medicinal plants of Arunachal Pradesh, value addition, quality seed and planting material
production and the status of marketing and supply chain. In this programme farm implements and
bio fertilizer kits were distributed to 50 registered participants.
ICAR showcased in Pre-vibrant Gujarat Summit 2021
ICAR showcased technologies and Agri-Business Incubation (ABI) services in the pre-vibrant Gujarat
summit 2021 held with the theme
“Agro and Food Processing:
entering a new era of co-operation”
at Anand Agriculture University,
Anand, Gujarat during December
14-16, 2021. Hon’ble Prime Minister
Shri. Narendra Modi virtually
addressed the Pre-Vibrant Gujarat
Global Trade Show on December
16, 2021. Hon’ble Union Home
Minister Shri. Amit Shah; Hon’ble
Union Minister of Agriculture and
Farmers' Welfare Shri. Narendra
Singh Tomar; Hon’ble Governor Shri Acharya Devvrat and Hon’ble Chief Minister of Gujarat Shri.
Bhupendra Patel along with several senior ministers participated in the event. ICAR DMAPR showcased
the latest technologies, varieties, DMAPR Medi-Hub, Technology Business Incubator (TBI) with its six
incubates, live depicts of over 100 medicinal and aromatic plants, etc in the exhibition.
ICAR DMAPR’s Medi-Hub TBI received PM’s commendation
Medi-Hub TBI is an agri-business incubator (ABI) guiding the business aspirants in technology
management, business and incubation in field of medicinal and aromatic plants (MAPs) at Anand
received accolades from Prime Minister of India in Mann Ki Baat Program on 26th November, 2021.
First of its kind to cater start-ups needs in MAP, the incubator commissioned in the year 2020 with
the financial support from National Agricultural Innovation Fund (NAIF) of ICAR. Medi-Hub TBI is
hosted at the ICAR-DMAPR. Honorable PM highly appreciated the entrepreneurial initiative of Smt.
Sai Sudha Chebrolu from Anand, Gujarat for her herbal farm- M/s Bilvam Jaganmaata Herbals Pvt.
Ltd. and Smt Subashree from M/s ATRI Products from Chennai being incubated at Medi-Hub, TBI.
Medi-Hub TBI encourages the budding Entrepreneurs to promote the growth of MAP sector. Medi-
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Hub TBI’s vision is to commercialize innovations and startups in Medicinal and Aromatic plants
with best-in-class support system for entrepreneurs. So far 15 incubatees having novel business
idea in medicinal and aromatic plants were supported under Medi-Hub of which two were women
entrepreneurs. Medi-Hub TBI incubation program was designed to help start ups grow in a seamless
fashion by providing them the technology and business support system in medicinal and aromatic
plants said Dr. R. Nagaraja Reddy, Senior Scientist and Principal Investigator, Medi-Hub, TBI.
Farmers’ day celebrated
ICAR-DMAPR celebrated the Farmers’day on 23rd December, 2021. Thirty farmers from Nadiad
village of Gujarat participated the
function. Dr. Satyajit Roy, Director
(Acting) gave an opening remark
on how the MAPs are important
in the present-day agriculture.
Dr. P. L. Saran, Principal Scientist
discussed about the major MAP
and their value addition to get
maximum profit to the growers.
Dr. R.P. Meena gave a glimpse on
recycling farm waste to reduce the
cost of cultivation in farming.
Trainings organised
Date

Number of
participants

Promotion of medicinal plants cultivation in Gorada
Panch Mahals areas of Gujarat (TSP)

08.01.2021

50

Medicinal and Aromatic Plants for Enterprise Development at
College of Agriculture, UAS, Hassan

25.02.2021

50

Medicinal and Aromatic Plants for Enterprise Development at
College of Horticulture, UAHS, Mudigere

26.02.2021

50

Promotion of medicinal plants cultivation in Jesawawada,
Dahod, Gujarat (TSP)

17.03.2021

100

Promotion of medicinal plants cultivation in Chelawada,
Panchmahals of Gujarat (TSP)

20.03.2021

100

Biotech Kishan hub training at Dhamarda, Dahod.

01.04.2021

50

Promotion of medicinal plants cultivation for livelihood, health
security of poor farmers (SCSP scheme)

02.07.2021

94

Promotion of medicinal plants cultivation for livelihood, health
security of poor farmers (SCSP scheme)

03.07.2021

106

Promotion of medicinal plants cultivation for livelihood, health
security of poor farmers (SCSP scheme)

05.07.2021

100

Title and details
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Date

Number of
participants

Promotion of medicinal plants cultivation for livelihood, health
security of poor farmers (SCSP scheme)

06.07.2021

100

Promotion of medicinal plants cultivation for livelihood, health
security of poor farmers (SCSP scheme)

07.07.2021

100

Promotion of medicinal plants cultivation for livelihood, health
security of poor farmers (SCSP scheme)

08.07.2021

100

Promotion of medicinal plants cultivation for livelihood, health
security of poor farmer (SCSP scheme)

09.07.2021

90

Promotion of medicinal plants cultivation in Ambakhut,
Ghoghamba, Panchmahals (TSP)

10.08.2021

100

Promotion of medicinal plants cultivation in Gorada, Tal.
Ghoghamba, Dist. Panch Mahals (TSP).

18.08.2021

30

Promotion of medicinal plants cultivation for livelihood, health
security of poor farmers (SCSP scheme)

19.08.2021

50

Promotion of medicinal plants cultivation in tribal areas of
Gujarat (TSP).

28.09.2021

50

Nutritional Garden Companion and Tree Plantation at Jariya,
Kevariya, Narmada

17.09.2021

43

Title and details

Demonstrations/FLD/Input supplied
Title of the FLD

Number

Inputs

FLD on Cultivation of brahmi in low laying area

03

Planting material (1 lakh cuttings)

FLD on Cultivation of ashwagandha

16

Planting material (140 kg seed)

FLD on Cultivation of tulsi

03

Planting material (2 kg & 1.0 lakh seedlings)

FLD on Cultivation of palmarosa

02

Planting material

FLD on Cultivation of satavari

05

Planting material (5 kg seed)

Webinars organized under Medi-Hub TBI
Date

Number of
participants

EDP-VIII: Nanotechnology for business development in
medicinal and aromatic plants

22.01.2021

70

SIIE-SRISTI BioNEST Global Bio-India road show 2021:
immense potential of medicinal & aromatic plants for
entrepreneurship development

26.02.2021

200

EDP-IX: Medicinal mushrooms for business developmentnu-prana LLP journey

03.04.2021

75

EDP-X: Ayurveda for business development

19.06.2021

70

Program
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Date

Number of
participants

03.07. 2021

57

Enterpruneship orientation program in medicinal and
aromatic plants-III

19.07.2021 to
08.08.2021

81

EDP-XII: Exploring medicinal properties of banana for
business development

18.09.2021

56

EDP-XIII: Opportunities in horticulture for business
development

25.09.2021

83

EDP-XIV: Grassroot innovations in agriculture for
business development

16.10.2021

87

EDP-XV: Business with agri waste

30.10.2021

63

EDP- XVI: Financing agri start-ups

27.12.2021

75

Program
EDP-XI: Business opportunities in hydroponics,
aeroponics and VEGFAST systems

Webinar lecture series organized under Azadi ka Amrut Mahotsav during 2021
Topic

Speaker

Date

Medicinal plants: leads for drug discovery

Dr. Satynashu Kumar, Principal
Scientist, ICAR-DMAPR, Anand

31.08.2021

 edicinal plants cultivation for doubling
M
farmers income

 r. P. L. Saran, Principal Scientist,
D
ICAR-DMAPR, Anand   

09.09.2021

 xploring medicinal properties of banana for
E
business development

 K. N. Shiva, Principal Scientist,
Dr.
ICAR- NRCB

18.09.2021


Revolution
in the cultivation of medicinal and
aromatic plants in India-Role of ICAR”

Dr. R. Nagaraja Reddy, Senior
Scientist, ICAR-DMAPR

01.10.2021

Grass root innovations in agriculture for
business development

Mr. Ramesh Patel, SRISTI
foundation, Ahmadabad

06.10.2021

 ustainability through formulation
S
technologies

 r. Jiendra Kumar, Director,
D
Institute of Pesticide Formulation
Technology, Gurgaon

26.10.2021

 ioethanol scenario in India: Prospects and
B
policy

 r. Anju Arora, Senior Scientist,
D
CCUBGA, IARI, New Delhi

17.11.2021

 mallholder agriculture in India –
S
opportunities, challenges, and sustainability

 r. Partha R DasGupta, Advisor
D
Emeritus, Syngenta Foundation for
Sustainable Agriculture

07.12.2021
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TRAINING AND CAPATITY BUILDING
Training and Conference/Seminar/Symposium/Workshops attended
Name

Details

Date

Training
Scientific Staff
Dr. P. L. Saran

Training workshop for “Vigilance officers of ICAR August 16-18,
Institutes” organized at ICAR-NAARM, Hyderabad 2021
(Online)
Training workshop on “Priority Setting, Monitoring October 25-30,
and Evaluation (PME) of agricultural research 2021
projects” organized at ICAR-NAARM (Online)

Dr. A. C. Polaiah

Enhancing research skills and refinement of January 18-20,
technology by a scientist at ICAR-IIHR, Bengaluru
2021
Health and mental wellbeing of ICAR-staff for February 25-27,
enhancing proficiency at ICAR-IIWBR, Karnal.
2021

Dr. R. N. Reddy

Training workshop on analysis of multi-location October 28-30,
experiments at ICAR-NAARM, Hyderabad.
2021

Dr. K. A. Kalariya

Training on Reservation in service organized at ICAR- June 28-30,
NAARM, Hyderabad (Online)
2021

Technical staff
Mrs. P. M. Purohit

Training programme on ‘’Appropriate sampling tech- August 02-07,
nique including sample prepration and preservation 2021
for soil, water, plant and air samples for various analysis’’ organized at ICAR- IARI, New Delhi (Online)

Administration, finannce and account staff
Sh. N. J. Ganatra

Training programme on administrative and finance
June 24-26,
management organized at ICAR-NAARM, Hyderabad 2021
(Online)

Mrs. Priya Phogat

Training programme on administrative and finance
June 24-26,
management organized at ICAR-NAARM, Hyderabad 2021
(Online)
Training on income tax practitioner at MSME

Sh. Mangal Singh

Technology Centre, Bhopal (Online)

July 10-11,
2021

Training on Reservation in Services organized at
ISTM, New Delhi (Online)

August 02-05,
2021.

Training programme on implications of new labour
codes, 2020 for ICAR at ICAR-NAARM, Hyderabad
(Online)

September 06-08,
2021
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Name

Details
Training programme on establishment rules at ISTM,
New Delhi (Online)

Sunilkumar Vyas
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Date
November 22-26,
2021

Training on budget utilization procedure for adminis- August 09-11,
trative and finance officers of ICAR at ICAR-NAARM, 2021
Hyderabad (Online)
Training programme on accural accounting at ICSeptember 20-24,
AR-National Rice Research Institute, Cuttack (Online) 2021
Workshop on noting and drafting at ISTM, New Delhi October 11-12, 2021

Participation in Conference/Seminar/Symposium/Workshops/Lecture delivered
Name
Dr. Satyanshu Kumar

Programme

Date

Webinar on NAHEP-CAAST project scope and future January 09, 2021
prospects of medicinal and aromatic plants
BIRAC-SRISTI BIIS-8 Online Workshop, 2021 (Biotech January
innovation ignition school webinar)
25-February 14,
2021
Emerging trends in medicinal chemistry – March 18-19,
2021 (ETMC-2021) at the Department of Chemistry, 2021
S. V. National Institute of Technology (SV NIT), Surat

Dr. Raghuraj Singh

Webinar on NAHEP-CAAST project scope and future January 09,
prospects of medicinal and aromatic plants
2021
55th Annual convention of Indian Society of November 23-25,
Agricultural Engineers and International symposium 2021
organized (Online) jointly by ISAE, New Delhi;
RPCAU, Pusa and BAM& ETI, Patna at Patna (Online)
Pre-Vibrant Gujarat event at AAU, Anand (online)

Dr. R. Nagaraja Reddy

December 14-16,
2021

Webinar on GAP, processing and value addition of January 12,
isabgol organised jointly by APEDA; SBAC; ICAR- 2021
DMAPR and Government of Rajasthan
Agroeconomics Research Center (AERC) diamond July 13,
jubilee webinar series - Pathways for sustainable and 2021
equitable agriculture and rural prosperity in India’
(Online)

Dr. B.B. Basak

National e-workshop and stakeholders meet on August 06,
medicinal plant in Eastern India: Constraints and 2021
prospects during at ICAR Research Complex for
Eastern Region, Patna (Online)
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Name

Programme

Date

Nature Conference on Waste management October
valorization for sustainable future, Seoul, Korea 2021
(Online)

Dr. Samadhan
Bagul

26-28,

85th National Seminar on Development of soil science November
2021 organized by Indian Society of Soil Science, 2021
Visva-Bharti, Santiniketan (Online)

16-19,

Yuvraj 6th Annual International E-Conference of Indian November
network for soil contaminated research
2021

15-18,

Awards and recognitions
•

Dr. P. L. Saran was bestowed with “Fellow” of Indian Society for Arid Horticulture, C/O. ICARCIAH, Bikaner, Rajasthan for the year 2021

•

Dr. B. B. Basak bestowed with Best Research paper award 2021 by ICAR-DMAPR

•

Dr. B. B. Basak received NAAS Associateship from the National Academy of Agricultural Sciences
(NAAS), New Delhi in 2021.

•

Dr. B. B. Basak was featured in Stanford University’s Top 2%Most Influential Scientist list for the
year 2020. (https://insights2techinfo.com/indian-researchers-in-stanford-universitys-top-2-mostinfluential-scientists-list-for-the-year-2020). (Published in the year 2021

ICAR-DMAPR awards for 2021
Best performers of the Directorate for the year 2021 were selected from the staff and were felicitated
on the Institute Foundation day on 24th November, 2021.
Category

Name

Scientist

Dr. Ram Prasanna Meena,

Research paper

Dr. Biraj Bandhu Basak

Technical

Mr. S. R. Patel

Administrative

Mrs. Priya Phogat

Skilled and Supporting Staff

Mr. Laljibhai Talpada

ICAR-DMAPR RESEARCH PROJECTS
Institute funded projects
Project 01: Collection, Characterization, Evaluation and Documentation of Plant Genetic Resources
of Some Important Medicinal and Aromatic Plants.
Principal Investigator (PI): Dr. Geetha, K. A., Principal Scientist (Plant Breeding); Co-PIs: Dr. Satyanshu
Kumar, Principal scientist (Organic Chemistry); Dr. P. L. Saran, Principal Scientist (Horticulture); Dr.
R. N. Reddy, Senior Scientist (Plant Breeding); Dr. Ram Prasanna Meena, Senior Scientist (Plant
Pathology); Dr. K. A. Kalaria, Senior Scientist (Plant Physiology); Dr. Ganesh N. Khadke, Scientist
(Spices, Plantation and Medicinal & Aromatic Plants- SPMAP); Dr. Akula Chinapolaiah, Scientist
(SPMAP); Mr. Manish Kumar Mital, Scientist (Economic Botany and PGR); Dr. Manish Kumar Suthar,
Scientist (Agricultural Biotechnology); Mr. Shiva Kumara, K. T. (Agricultural Entomology) and Mr.
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Rohan Sarkar, Scientist (Agricultural Chemicals)
Project 02: Breeding of Medicinal and Aromatic Plants for Yield and Quality.
PI: Dr. R. N. Reddy, Senior Scientist (Plant Breeding), Co-PIs: Dr. Satyanshu Kumar, Principal Scientist
(Organic Chemistry); Dr. Geetha K. A. Principal Scientist (Plant Breeding); Dr. P. L. Saran, Principal
Scientist (Horticulture); Dr. Akula Chinapolaiah, Scientist (SPMAP); Mr. Manish Kumar Mital, Scientist
(Econ. Botany & PGR); Dr. Prince Choyal, Scientist (Plant Physiology); Dr. Manish Kumar Suthar,
Scientist (Agricultural Biotechnology) and Mr. Shivakumara, K.T., Scientist (Agricultural Entomology)
Project 03: Understanding the Metabolism and Biochemistry of Active Principles in Medicinal and
Aromatic Plants
PI: Dr. R.N. Reddy, Senior Scientist (Plant Breeding). Co-PIs: Dr. Satyanshu Kumar, Principal scientist
(Organic Chemistry); Dr. Manish Kumar Suthar, Scientist (Agricultural Biotechnology) and Mr. Rohan
Sarkar, Scientist (Agricultural Chemicals)
Project 04: Impact of Agro-Ecological and Input Management Practices in Medicinal and Aromatic
Plants.
PI: Dr. B. B. Basak, Senior Scientist (Soil Science). Co-PIs: Dr. Satyanshu Kumar, Principal scientist
(Organic Chemistry); Dr. P. L. Saran, Principal Scientist (Horticulture); Dr. K. A. Kalariya, Senior
Scientist (Plant Physiology); Dr Ram Prasanna Meena, Senior Scientist (Plant Pathology); Dr. Prince
Choyal, Scientist (Plant Physiology); Dr. Ganesh N. Khadke, Scientist (SPMAP); Dr. Akula Chinapolaiah,
Scientist (SPMAP); Dr. Samadhan Yuvraj Bagul, Scientist (Ag. Microbiology); Mr. Shivakumara K. T.,
Scientist (Agricultural Entomology) and Mr. Rohan Sarkar, Scientist (Agricultural Chemicals)
Project 05: Good Plant Protection Practices in Medicinal and Aromatic Plants.
PI: Dr. Ram Prasanna Meena, Senior Scientist (Plant Pathology). Co-PIs: Dr. Satyajit Roy, Principal
Scientist (Plant Pathology); Dr. Samadhan Yuvraj Bagul, Scientist (Agricultural Microbiology); Mr.
Shivakumara K. T., Scientist (Agricultural Entomology) and Mr. Rohan Sarkar, Scientist (Agricultural
Chemicals)
Project 6: Quality Control, Product Development and Post-harvest Management Technology for
Medicinal and Aromatic Plants.
PI: Dr. Satyanshu Kumar, Principal Scientist (Organic Chemistry). Co-PIs: Dr. Geetha, K. A., Principal
Scientist (Plant Breeding); Dr. B. B. Basak, Senior Scientist (Soil Science); Dr. R. R. Singh, Scientist
(Farm Machinery and Power-FMP) and Mr. Rohan Sarkar, Scientist (Agricultural Chemicals.)
Project 07: Dissemination of improved agro-technologies to enhance quality production of Medicinal
and Aromatic Plants.
PI: Dr. P L Saran, Principal Scientist (Horticulture). Co-PIs: Dr. Geetha K. A., Principal Scientist (Plant
Breeding); Dr. R. N. Reddy, Senior Scientist (Plant Breeding); Dr. K. A. Kalariya, Senior Scientist
(Plant Physiology); Dr. Ram Prasanna Meena, Senior Scientist (Plant Pathology); Dr. Ganesh N.
Khadke, Scientist (SPMAP); Dr. R. R. Singh, Scientist (FMP); Dr. Samadhan Yuvraj Bagul, Scientist
(Microbiology) and Dr. Manish Kumar Suthar, Scientist (Agricultural Biotechnology).
Project 08: Flagship Programme- Development of Organic Nutrient Management Practices for
Economically Important Medicinal Plants
PI: Dr. B. B. Basak, Senior Scientist (Soil Science). Co-PIs: Dr. Samadhan Yuvraj Bagul, Scientist
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(Agricultural Microbiology); Mr. Rohan Sarkar, Scientist (Agricultural Chemicals) and Dr. A. P. Trivedi
(Senior Technical Officer)
Externally funded projects
1.

PPVFRA- Development of DUS guidelines and strengthening of DUS Test Centres for laboratory
and field facilities (2006 onwards). Principal Investigator: Dr. Geetha K. A.
2. NMPB- Standard Operating protocols of post harvest management of five selected medicinal
plants (Desmodium, Gymnema, Leptedenia, Phyllanthus and Ecalipta alba) Principal Investigator:
Dr. Satyanshu Kumar; CoPI - Dr. Raghuraj Singh
3. NMPB- Investigation of Taverniera cuneifolia (Roth) Ali, as a sweetener for substitute of Glycyrrhiza
glabra L. in herbal formulations (2018-2022) PI : Dr. Satyanshu Kumar; Co-PI: Dr. Raghuraj Singh.
4. NMPB- Breeding of medicinal plants for improved yield and quality (2018-2023) PI:- Dr. R. N.
Reddy; CoPIs:- Dr. Satyanshu Kumar
5. DST-SERB- Molecular characterization and biological study on virus and virus like pathogen
infecting medicinal and aromatic crops of India (2018-2021) PI: Dr. R. P. Meena
6. DBT-NER Project: Inventorization, molecular identification and characterization of Garcinia species
from northeast India for isolation of polyisoprenylated benzophenones as taxol mimics (20192022) PI: Dr. Satyanshu Kumar, Co-PI: Dr. Raghuraj Singh
7. ISRO-SAC- Work plans for inventory of Medicinal Plants (2019-2021) PI:- Dr. R. N. Reddy; CoPIs:Dr. P. Manivel and Dr. B. B. Basak
Transfers
•
•
•
•
•

Mr. Manjesh G.N., Scientist (Spice, Plantation & Medicinal & Aromatic Plants) was transferred to
ICAR-DCR, Puttur on January 18, 2021.
Dr. N.A. Gajbhiye, Principal Scientist (Organic Chemistry) was transferred to ICAR DFR, Pune on
January 23, 2021
Mr. Shivakumara K.T., Scientist (Agricultural Entomology) was transferred to ICAR NBAIR,
Bangalore on September 29, 2021
Mr. Mangal Singh, Assistant Finance and Account Officer was transferred to ICAR NCIPM, New
Delhi consequent upon his promotion as Finance and Accounts Officer on November 09, 2021
Mr. M. A. Hayat, Lower Division Clerk was transferred to ICAR IIOPR, Pedavegi on October 11, 2021

Promotions
•
•
•
•
•
•
•
•
•

Dr. Ram Prasnna Meena, Scientist was promoted to Senior Scientist w.e.f. 11.05.2020
Dr. Kuldeepsingh A. Kalariya, Scientist was promoted to Senior Scientist w.e.f. 11.05.2019
Dr. Biraj Bandhu Basak, Scientist was promoted to Senior Scientist w.e.f. 24.04.2019
Dr. Manish Kumar Suthar Scientist was promoted to Research Level-11 w.e.f. 01.01.2020
Dr. Raghuraj Singh, Scientist (Farm Machinery & Power) was promoted to Research Level-11 w.e.f.
20.04.2016
Shri Brijesh Kumar Mishra, Senior Technical Assistant (T4) was promoted to Technical Officer
(T5) w.e.f. 01/03/2019
Shri Hasanali M. Khatri, Senior Technical Assistant (T4) was promoted to Technical Officer (T5)
w.e.f. 29.06.2021
Smt. Subhadra Hari Nair, Senior Technical Assistant (Computer Assistant, T4) was promoted to
Technical Officer T5 w.e.f. 01.01.2020
Shri Sureshbhai B. Prajapati, Senior Technical Assistant (T4) was promoted to Technical Officer
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(T5) w.e.f. 16.02.2021
Shri Shankerbhai R. Patel, Senior Technical Assistant (T4) was promoted to Technical Officer
(T5) w.e.f. 19.02.2021
Shri Raghuveer Prajapati, Lower Division Clerk was promoted to Upper Division Clerk w.e.f.
21.01.2021

New Joining
•
•
•
•

Mr. Rohan Sarkar, Scientist (Agricultural Chemicals) joined ICAR DMAPR on 12th January, 2021
Dr. Samadhan Yuvraj Bagul, Scientist (Agricultural Microbiology) joined ICAR DMAPR on 15th
February, 2021
Dr. Khadke N. Ganesh, Scientist (SPMAP) joined ICAR DMAPR on 11th October, 2021
Shri Ram Pal Verma, Administrative Officer joined ICAR DMAPR on 26th November, 2021.

Superannuation
•
•

Dr. Satyajit Roy, Principal Scientist (Plant Pathology) & Director (Acting) superannuated on 31st
December, 2021
Mr. Hasanali M. Khatri, Technical Officer (Driver) superannuated on 31st December, 2021

Distinguished visitors at ICAR-DMAPR during the year 2021
•
•
•
•
•
•
•

Shri Kailash Choudhary, Hon'ble Minister of State (Agriculture & Family Welfare), Government of
India, New Delhi
Sh. Amra Ram Choudhary, Formerly Revenue Minister, Government of Rajasthan
Dr. K. B. Kathiria, Vice Chancellor, AAU, Anand
Dr. Vikramaditya Pandey, ADG (HS I), ICAR, New Delhi
Dr. S. P. S Khanuja, Formerly Director, CIMAP, Lucknow and Chairman, RAC, ICAR-DMAPR
Dr. Suresh Walia, Former Emeritus Scientist, ICAR, New Delhi & Member, RAC, ICAR-DMAPR
Dr. J. C. Rana, Country Representative, Biovarsity International, New Delhi& Member, RAC, ICARDMAPR

PUBLICATIONS
ICAR-DMAPR
Research papers
Basak B. B., Sarkar B. and Naidu R. 2021. Environmentally safe release of plant available potassium
and micronutrients from organically amended rock mineral powder. Environmental Geochemistry
and Health, 43: 3273-3286.
Basak B. B., Saha A., Sarkar B., Kumar B. P., Gajbhiye N. A. and Banerjee A. 2021. Repurposing
distillation waste biomass and low-value mineral resources through biochar-mineral-complex for
sustainable production of high-value medicinal plants and soil quality improvement. Science of
The Total Environment, 760: 143319.
Fular A., Sharma A. K., Upadhaya D., Nandi A., Nagar G., Bisht N., Shakya M., Kumar S., Kumar S.,
Kumar R. and Ghosh S. 2021. Evaluation of acaricidal resistance status of Rhipicephalus microplus
ticks from the hilly state (Uttarakhand) of India and evaluation of efficacy of a natural formulation
for the management of resistant ticks. Experimental and Applied Acarology, 85: 355-377.
Gajbhiye N. A., Kalariya K. A., Meena R. P., Thondaiman V., Saran P. L. 2021. Impact of shade intensities
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on rhizome yield and quality of Costus speciosus: A viable option as an intercrop. Journal of
Plant Physiology and Pathology, 9(8): 260-264.
Gupta P. C., Kar A., Sharma N., Singh P. K., Goswami N. K. and Kumar S. 2021. Protective effect
of standardized fruit extract of Garcinia cowa Rox. Ex Choisy against ethanol induced gastric
mucosal lesions in Wistar rats. Annals of Medicine, 53: 1696-1708.
Jat R. S., Basak B. B. and Gajbhiye, N. A., 2021. Organic manures and biostimulants fostered soil
health and increased the harvest quality of the medicinal herb, Ashwagandha. Agronomy Journal,
113(1): 504-514.
Kavane A., Bishoyi A. K., Sharma A., Gajbhiye N., Geetha K. A. 2021. variability in starch granular
morphology of Tinospora cordifolia–an important species of Indian Systems of Medicine
(ISM). Vegetos, DOI: 10.1007/s42535-021-00286-y.
Kavane A., Bishoyi A. K., Geetha K. A. 2021. Assessment of facultative apomixis in Commiphora
wightii (Burseraceae): A detailed study by controlled pollination followed by histology and flow
cytometry.  Flora, 281(4):151854. DOI: 10.1016/j.flora.2021.151854.
Kavane A., Bishoyi A. K., Sharma A., Geetha K. A. 2021. Premature degeneration of tapetum cells
causes monogenically controlled environmentally stable male sterility in psyllium (Plantago
ovata Forsk.). Crop Science, 61(1): 20574. DOI: 10.1002/csc2.20574.
Kumar S., Singh R., Nagar P. S. and Dwivedi M. 2021. Morphological, anatomical characterization and
profiling of laxative principles sennosides in fifteen species from genus Casssia, Chamaecrista
and Senna. Annals of Phytomedicine, 10: 33-44.
Kumar S., Nagar P. S., Beena C., Nalina L., Bishnoi S. K., Hussain T., Gupta M., Kumar R., Mirgal
A., Deshmukh A.G., Vineeta, Dhanani T. and Singh R. 2021. Variation of diterpene lactone
andrographolide, neoandrographolide and andrograpanin in Andrographis paniculata from
different locations of India and their content in herbal formulations using HPLC-PDA method.
Medicinal Plants, 13: 434-441.
Kumar S., Sharma A. K., Kumar B., Shakya M., Patel J. A., Kumar B., Bisht N., Chigure G. M., Singh K.,
Kumar R., Kumar, S., Srivastava S., Rawat P. and Ghosh S. 2021. Characterization of deltamethrin,
cypermethrin, coumaphos and ivermectin resistance in populations of Rhipicephalus microplus in
India and efficacy of an antitick natural formulation prepared from Ageratum conyzoides. Ticks
and Tick-borne Diseases, 12, 101655.
Nampoothiri L., Sudra P., Dey A., Dhadhal S., Kureshi A. A., Kumar S., Dhanani T., Singh R. and
Kumari P. 2021. Fruit juice of Garcinia indica choisy modulates dyslipidemia and lipid metabolism
in cafeteria diet-based rat model. Annals of Phytomedicine, 10: 78-85.
Saha A., Basak B.B., Manivel P. and Kumar J. 2021. Valorization of Java citronella (Cymbopogon
winterianus Jowitt) distillation waste as a potential source of phenolics/antioxidant: influence of
extraction solvents. Journal of Food Science and Technology, 58: 255-266.
Saran P. L. and Patel R. B. 2021. Field marker character for essential oil content in green herbage
through leaf colour intensity in holy basil (Ocimum sanctum L.). Vegetos, 34: 889–897.
Saran P. L., Damor H. I. and Kalariya K. A. 2021. Physiologically diverse morphotypes of Bacopa
monnieri l. Pannell. Journal of Plant Development Sciences, 13(10): 779-784.
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Saran P. L., Meena R. P. and Kalariya K. A. 2021. Traditional knowledge and field marker development
for essential oil content using peltate gland trichome and leaf colour in basil (Ocimum basilicum
L.). Indian Journal of Traditional Knowledge, 20(4): 1075-1083.
Saran P. L., Patel R., Christian H., Kalariya K. A. and Meena R.P. 2021. Impact of shade net intensities
on herb, essential oil yield and quality in holy basil, Ocimum tenuiflorum L. elite germplasm
INGR18044. Indian Journal of Experimental Biology, 59 (12): 899-905.
Saran P. L., Singh S., Solanki V. H., Choudhary R. and Manivel P. 2021. Evaluation of Asparagus
adscendens accessions for root yield and satavarin IV content in India. Turkish Journal of
Agriculture Forestry, 45: 475-483.
Shivakumara K. T., Keerthi M. C., Polaiah A. C., Yogeesh K. J., Venkatesan T., Suthar M. K. and
Saran P. L. 2021. First report of Bihar hairy caterpillar, Spilarctia, obliqua Walker (Lepidoptera:
Erebidae), infesting sweet basil in India, International Journal of Pest Management, DOI:
10.1080/09670874.2021.2014078.
Shivakumara K. T., Venkatesan T., Keerthi M. C., Shashank P. R., Pradeeksha N., Polaiah A. C., Reddy R.
N., Saran P. L. and Manivel P. 2021. Occurrence of Pyrausta panopealis on sweet basil (Ocimum
basilicum) in India. Journal of Environmental Biology, 42: 265-270.
Abstract Published/Research Paper Presented in Conference/Seminar/Symposia, etc.
Abstracts
Singh R., Kumar S., Dhanani T. and Patel J. 2021. Development of mathematical models for variation
of sennoside content in senna leaves under different drying methods and storage conditions. In:
Souvenir of 55th Annual Convention of Indian Society of Agricultural Engineers & International
Symposium. ISAE, New Delhi, RPCAU, Pusa and BAM& ETI, Patna at Patna during November
23-25, 2021. pp. 105-106.
Kumar S. 2021. Supercritical fluid extraction of medicinal plants. In: E-proceedings: Virtual International
Conference on Emerging Materials in Medicinal Chemistry (ETMC-2021) at Department of
Chemistry, SVNIT, Surat during March 18-19, 2021, p p.18.
Book chapters
Basak B. B., Smitha G. R., Chinchmalatpure A. R., Patel P. K. and Kumar P. 2021. Aromatic plants as
a tool for phytoremediation of salt affected soils. In: Bioremediation Science: From Theory to
Practice, 676(239.28), CRC Press, Boca Raton, pp.138.
Basak B. B., Ray P. and Biswas D. R. 2021. Emerging threat of potassium mining in Indian soils:
Harnessing the potential of low-grade mica minerals through microbial intervention. In: Biofertilizers:
Advances in Bio inoculants, Woodhead Publishing, Science Direct, pp. 289-299.
Kar A., Goswami N. K., Saharia D., Singh R. and Kumar S. 2021. Scope for value added product(s)
from Garcinia species of Assam, India. In: Bio-resources and Sustainable Livelihood of Rural India
(Editor: Prof. C.R. Deb), Mittal Publications, New Delhi. pp. 75-83.
Singh R., Tripathi V. K. and Kumar S. 2021. Farm equipment for crop cultivation practices. In: Handbook
of Agriculture, Environment and Biotechnology (Editor: A. Rakshit, H.B. Singh, A.K. Singh, P.C.
Abhilash, B.K. Sarma, V.K. Tripathi and H.P. Parewa), Association of Agriculture, Environment and
Biotechnology, New Delhi, India . pp. 137-171.
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Popular articles
Saran P. L. and Damor H. I. 2021. Morphogenetic diversity in DBM-4 accession of jal brahmi. Indian
Horticulture, May-June, 14-15.
Manjesh G. N., Chinapolaiah A., Shivakumara K. T. and Roy S. 2021. Medicinal and aromatic plants:
A treasure house of bioactive compounds. Agriculture and Food E-Newsletter, February 2021,
3(2): 488-492.
Manjesh G. N., Chinapolaiah A., Shivakumara K. T. and Roy S. 2021. Propagation of medicinal and
aromatic plants: An overview. Agriculture and Food E-Newsletter. February 2021, 3(2): 493-496.
Shivakumara K. T., Keerthi M. C., Polaiah A. C., Manjesh G. N. and Roy S. 2021. Bio-rational pesticides: A
novel approaches for insect pest management. Food and Scientific Reports. February 2(2): 33-37.
Reddy R. N. R. 2021 Medi-Hub TBI: Agribusiness incubator for business ventures. Agro India, October,
2021 issue: 20-21.

AICRP MAPB
Bihar Agricultural University (BAU), Islampur
Research paper published in Conference/Seminar/Symposia, etc.
Das S, Pandey A.K., Kumar P., Kumar R. and Kumar A. 2021. E-Charak App for marketing of medicinal
and aromatic plant products. In: Lead Lectures Proceedings Book of the National Conference
and Webinar on Doubling Farmers Income for Sustainable & Harmonious Agriculture. pp. 31-35.
Book chapter
Das S., Kumar R., Kumar P., Pandey A.K., Ranjan R.D., Kumar R., Kumar S., Kumari S. and Azmi N.Y.
2021. Aushdhiye Poudhe Tulsi ki Vybsayik Kheti evm E-chark App dwara yubayon me Rojgar
srijan. In: Smarika “Unnat Krishi Prodhougiki dwara yuba Sashktikaran, BAU, Sabour, pp. 182-185.
Ranjan R.D., Das S., Kumar A., Roy C., Kumar S., Shashikant, Pal A., Ranjan T.r and Kumar S. 2021.
Aushdhiye Poudhe ki Kheti: Rojgar srijan ka Naya Aayam. In: Smarika “Unnat Krishi Prodhougiki
dwara yuba Sashktikaran,” BAU, Sabour, pp. 165-167.
Technical bulletin
Das S., Pandey A.K., Kumar P. and Ojha M.D. 2021. Ashwagandha, Kalmegh and Tulsi cultivation. BRC,
Islampur during Kisan Mela February 20-22 2021.
Birsa Agricultural University (BAU), Ranchi
Technical bulletine:
Kumar, K. 2021.Giloy (Tinospora cordifolia) ki vyawsaik kheti avm prasanskaran (Hindi). FPU Technology
Bulletin No. 3/2021, Birsa Agricultural University, Ranchi.
Bidhan Chandra Krishi Viswavidyalaya (BCKV), Kalyani
Talukder B. and Das B.K. 2021. Description of a new soft scale insect of the genus Pulvinaria Targioni
Tozzetti (Hemiptera: Coccomorpha: Coccidae) from India. Zootaxa, 4941(3): 434–442.
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C.C.S. Haryana Agricutural University (CCS HAU), Hisar
Research papers
Arya R.K., Vandana, Dahiya G.S., Kumar R., Sutaliya J.M., Kumar P. and Kumar M. 2021. Studies on
the seed yield performance of isabgol (Plantago ovata Forsk) elite genotypes under semi-arid
conditions of Haryana. Ekin J. Crop Breeding & Genetics 7(2): 145-152.
Kumar M., Arya R.K., Kumar M., Gaur R.K. and Sharma S. 2021. Evaluation of aonla varieties under
semi-arid conditions of Haryana. Ekin Journal of Crop Breeding & Genetics 7(2): 139-144.
Book chapter
Koli G.S., Arya K., Nimbal S., Kumar D. and Kumar D. 2021. Genetic improvement for immunity
boosting traits in medicinal plants In: Adavances in Medicinal Sciences Vol. II, 1st edn. (Kumar A.
& Jondhale A.S. (ed)), Integrated Publications, New Delhi, pp. 59-73.
Popular article
Arya R.K., Kumar P. and Sutaliya J.M., 2021. Haryana me Japani paudine ki kheti. Harayana Kheti.
March. 2021, 54(3):19-20.
Singh S., Chhabra A.K. and Arya R.K. 2021. Korona ke khilaf rog partirodhakk shamata badhane me
maddagar hanosdhiya paudhe. Patkpaksh 12 August 2021. Hisar.
Indira Gandhi Krishi Vishwavidyalaya (IGKV), Raipur
Research papers
Ekka A., Tirkey A. and Kujur N. 2021. Cluster and PCA in ashwagandha (Withania somnifera (L.) Dunal)
for root traits. International Journal of Chemical Studies, 9(1): 3012 and 3016.
Kumar H., Joshi P. K., Tirkey A., Khokar D.and Mehta N. 2021. Study of genetic variability in velvetbean
(Muccuna Pruriens L.). Journal of Pharmacognosy and Phytochemistry, 10 (2): 1443-1445.
Kujur N., Tirkey A. and Singh T. 2021. Genetic variability and association analysis of morphological
and biochemical traits in Ashwagandha (Withania somnifera (L.) Dunal). The Pharma Innovation
Journal, 10(5): 1412-1422.
Kujur N., Tirkey A. and Ekka A. 2021. Assessment of genetic parameter of variation for root yield and
quality traits of Ashwagandha (Withania somnifera (L.) Dunal). The Pharma Innovation Journal,
10(4): 444-448.
Popular Article:
Tirkey A., Toppo P., Tirkey T. and Tandon A. 2021. Chhattishgarh mei paan ki vyavasayik kheti. Kissan
world,.pp. 31-33.
Toppo P. and Tirkey A. 2021. Ashwagandha ki vyavasayik kheti. Kissan world, pp. 16-17.
Tirkey A. 2021. Genda awasadhi gun evam kheti. Kissan world, pp. 18-19.
Toppo P. and Tirkey A. 2021. Sarpgandha ki vyavasayik kheti. Kissan world, pp. 7.
ं त पौधो के लिए नर्सरी कैसे तैयार करें ,
Kuruwanshi V.B., Rajput G.S., Dewangan Y.K. 2021. औषधीय एवं सुगधि
पेज - 24 से 25, कृषि वर्ल्ड मैगजीन, जनवरी 2021, 2582-4392.
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Indian Institute of Horticultural Research (IIHR), Bengaluru
Research Papers:
Chinapolaiah A., Hima Bindu K., ThondaimanV., Manjesh G. N., Rao N. H., Kumar S.S. and Reddy R.
N. 2021. Variability of L-Dopa and its association with morphological growth and yield traits of
Mucuna pruriens (L.) germplasm. Legume Research, 44(1): 8-14.
Manjesh G. N., Hima Bindu K., Mallikarjuna Gowda A. P., Chinapolaiah A. and Halesh G. K. 2021.
Elemental composition in male and female genotypes of betel vine (Piper betle L.). Journal of
Pharmacognosy and Phytochemistry, 9(6): 1144-1146.
Smitha G. R., Kalaivanan D. and Sujatha S. 2021. Influence of shade and organic nutrition on growth, yield
and quality of memory enhancing herb, Brahmi (Bacopa monnieri L.). Medicinal Plants, 13 (1): 72-90.
Smitha G. R. and Manivel P. 2021, Genetic improvement of palmarosa (Cymbopogon martinii var.
motia) for herbage and essential oil yield through polycross method of breeding. Electronic
Journal of Plant Breeding, 12(1): 207 – 215.
Silpa S. G., Smitha G. R. and Ranjitha K. 2021. Drying and packaging methods impact the bacoside
profile and microbiological quality of Brahmi herb (Bacopa monnieri L.) during storage. Industrial
Crops and Products, 159: 113064.
Popular article
Rohini M. R and Himabindu K. 2021. Gymnema sylvestre: The sugar destroyer. Agro India, May 2021: 28-29.
Kerala Agricultural University (KAU), Thrissur
Research paper
Daly G., Sindhu P. V. and Meera V. M. 2021. Effect of harvesting time and height of harvest on
performance of Tulsi (Ocimum tenuiflorum L.) under shade and open condition. Journal of
Medicinal Plants Studies, 9(2): 110-114.
Mahatma Phule Krishi Vidyapeeth (MPKV), Rahuri
Research paper
Mali R. S. and Pawar B. Y. 2021. Seasonal incidence and management of leaf eating caterpillar,
Catopsilia pyranthe (L) on Indian senna, Cassia angustifolia (Vahl). Journal of Entomology
and Zoology Studies, 9(1): 2275-2280.
Thigale P. S. and Pawar B. Y. 2021. Biology of mustard sawfly, Athalia lugens proxima (Klug) on Haliv,
Lepidium sativum. The Pharama Innovation Journal, 10(9): 243-247.
Maharana Pratap University of Agriculture and Technology (MPUAT), Udaipur
Research papers
Dhaka B., Dadheech A., Padiwa N. K. and Choudhary R. R. 2021. Correlation studies in Ashwagandha
[Withania somnifera (L.) Dunal]. Current Journal of Applied Science and Technology, 40(20): 58-64.
Banshiwal H., Choudhary R. S., Choudhary R., Jat G. and Bunker R. N. 2021. Effect of varying fertility
lavels on performance of varieties of opium poppy (Papaver somniferum L.). Indian Journal of
Fertilisers, 17(8): 780-783.
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Abstract published/Research paper presented in Conference/Seminar/Symposia, etc.
Bunker R. N. 2021. Management of downy mildew (Peronospora plantaginis) and leaf spot/blight
(Alternaria alternaria) of Isabgol through organic module. In: 41th ISMPP -Annual Conference and
National e- Symopsium on “Innovative Approaches in Plant Health Management” during January
28-30, 2021 at University of horticulture Science, Bagalkot, Karnataka.
N.D. University of Agriculture and Technology (NDUAT), Ayodhya
Research paper
Mishra R. S. 2021. Evaluation of FYM and inorganic nitrogen on root rot disease and herbage yield
of Kalmegh (Andrographis paniculata). Journal of Phamacognosy and Phytochemistry, 10(2):
1515-1516.
Teccnical bulletin
Ojha C. M. 2021. Poorvanchal Ki Pramukh Aushadheeya Phasalon Ki PrasanskaranTakneek. College of
Horticulture and Forestry. N.D. University of Agriculture and Technology, Kumarganj, Ayodhya.
Orissa University of Agriculture and Technology (OUAT), Bhubaneshwar
Booklets
Swain S. C. and Kumar S. 2021. Production technology of satavari (in Odia). AICRP on MAP and
Betelvine, OUAT, Bhubaneswar, pp. 06.
Swain S.C. and Kumar S. 2021. Production technology of lemon grass (in English). AICRP on MAP
and Betelvine, OUAT, Bhubaneswar, pp.14.
Dr. Panjabrao Desmukh Krishi Vidyapeeth (PDKV), Akola
Research paper
Tapre V., Deshmukh S. D., Muradi B. M., Deshmukh A. G., Pawar A.R. and Rathod D.L. 2021. Performance
of Safed Musli (Chlorophytumborivilianum L.) under different intercropping systems. Journal of
Pharmacognosy and Phytochemistry, 10 (1): 742-744.
Book chapter
Tapre V., Deshmukh S. D., Muradi B. M. and Deshmukh A. G. 2021. Medicinal Plants: Importance and post
harvest processing. In: Recent Trends of Horticulture, Learning Media Publication, Meerut, pp 191-199.
Dr. Rajendra Prasad Central Agricultural University (RPCAU), Pusa
Popular article
Rai D. 2021. Giloy; Corona kaal ki sanjivani. Directorate of Extension, RPCAU, Pusa Samastipur, Adhunik
Kisan, January-February 2021, Kisan Mela Visheshank, pp. 55-56.
Rajmata Vijayraje Scindia Krishi Vishwa Vidyalaya (RVSKVV), Mandsaur
Research paper
Patidar B. K. 2021. Effect of foliar spray of nutrients and plant growth regulator on vegetative,
reproductive growth, physical character and leaf cholorophyll content of Acid lime (Citrus
aurantifolia swingle). Frontiers in Crop Improvement, 9: 995-999.
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S. K. University of Agricultural Sciences and Technology of Kashmir (SKUAT), Kashmir
Abstract published/Research paper presented in Conference/Seminar/Symposia, etc.:
Gangoo S. A., Singh A. and Malik A. R. 2021. Production technology of lavender as frontline cash
crop for Kashmir valley. In: International Conference cum Buyers Meet for Medicinal Plants Used
in Lifestyle Products during February 08-10, 2021 at Jadavpur University, Kolkata.
Tamil Nadu Agricultural University (TNAU), Coimbatore
Research paper
Boomiga M., Suresh J., Nalina L. and Rajamani. K. 2021. Taxonomy, crop improvement, chemical
composition and in vitro approaches of yellow berried nightshade (Solanum surattense Burm.
F): A comprehensive review. Medicinal Plants, 13 (2): 229-236.
Popular article
Nalina L., Rajamani K. and Suresh. J. 2021 Manathakkaali CO.1.Uzhavarin, Valarum Velanmai, 12(8):
12-13.
Uttar Banga Krishi Vishwavidyalaya (UBKV), Kalimpong
Popular article
Thapa B., Sharma P. and Baskey S. 2021. Swertiachirayita: An endangered medicinal herb of the
Himalayas. Agri-India Today, 01 (02): 6-9.
Uttarakhand University of Horticulture & Forestry (UUHF), Bharsar
Research paper
Chauhan R.S., Tewari D., Nautiyal B. P., Rana V. S. and Tava A. Essential oil composition of rhizomes
of Valeriana wallichii DC. grown in temperate zone, Uttarakhand, India. Journal of Biologically
Active Products from Nature. (In Press)
Dr. Y. S. Parmar University of Horticulture and Forestry (YSPUHF), Solan
Research papers
Sharma S., Parasher K., Mukherjee P. And Sharma Y. P. 2021. Cryopreservation of a threatened
medicinal plant Valeriana jatamansi Jones using vitrification and assessment of biosynthetic
stability of regenerants. CryoLetters (Accepted, in press)
Sharma R., Burang G., Kumar S., Sharma Y. P. and Kumar V. 2021. Optimization of apricot (Prunus
armeniaca L) blended Aloe vera (Aloe barbadensis M) based low calorie beverage functionally
enriched with aonla juice (Phyllanthus emblica L). Journal of Food Science and Technology.
(Accepted, in press)
Marpa S., Samant S.S., Paul S. 2021. Diversity Distribution, Indigenous uses and Conservation of
Medicinal plants in Naina Devi Sacred shrine and surrounding Bilaspur, Himachal Pradesh, North
Western Himalaya. Journal of Non-Timber Forest Products. (Accepted, in press)
Dr. Y. S. Reddy Horticulture University (YSRHU), Venkataramannagudem
Research paper
Sushmitha R. J., Madhavi M., Aparna D., Suneetha R. S. S. and Swamy D. V. 2021. Effect of plant
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growth regulators and chemicals on seed germination and seedling growth of swollen root
(Decalepis hamiltonii Wight & Arn.). International Journal of Chemical Studies, .9(1): 1519 –1526.
Popular Article:
Ravindra Babu M., Aparna D. and Rama Devi P. 2021. Vesavi lo aaku koorala saagu. Annadata. March
2021, pp.32 – 33.
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