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lans'k

Hkkjrh; lH;rk Ñf"k fodkl dh ,d vkèkkj jgh gS vkSj vkt 
Hkh gekjs ns'k esa ,d lqn`<+ Ñf"k O;oLFkk ekStwn gS ftldk 
jk"Vªh; ldy ?kjsyw mRikn vkSj jkstxkj esa izeq[k ;ksxnku 
gSA xzkeh.k ;qokvksa dk cM+s iSekus ij] fo'ks"k :i ls 'kgjh 
{ks=kksa esa izokl gksus ds ckotwn] ns'k dh yxHkx nks&frgkbZ vkcknh ds fy, vkthfodk 
ds lk/u ds :i esa] izR;{k ;k vizR;{k] Ñf"k dh Hkwfedk esa dksbZ cnyko gksus dh 
mEehn ugha dh tkrh gSA vr% [kk|] iks"k.k] i;kZoj.k] vkthfodk lqj{kk ds fy, rFkk 
lekos'kh fodkl gkfly djus ds fy, Ñf"k {ks=k esa LFkk;h fodkl cgqr t:jh gSA

fiNys 50 o"kks± ds nkSjku gekjs Ñf"k vuqla/ku }kjk l`ftr dh xbZ izkS|ksfxfd;ksa ls 
Hkkjrh; Ñf"k esa cnyko vk;k gSA rFkkfi] HkkSfrd :i ls (e`nk] ty] tyok;q)] 
ck;ksyksftdy :i ls (tSo fofo/rk] gkWLV&ijthoh laca/)] vuqla/ku ,oa f'k{kk 
esa cnyko ds pyrs rFkk lwpuk] Kku vkSj uhfr ,oa fuos'k (tks Ñf"k mRiknu dks 
izHkkfor djus okys dkjd gSa) vkt Hkh ,d pqukSrh cus gq, gSaA mRiknu ds ifjos'k 
esa cnyko ges'kk gh gksrs vk, gSa] ijUrq ftl xfr ls ;g gks jgs gSa] og ,d fpark 
dk fo"k; gS tks mi;qDr izkS|ksfxdh fodYiksa ds vk/kj ij Ñf"k iz.kkyh dks vkSj 
vf/d etcwr djus dh ekax djrs gSaA

fiNyh izo`fÙk;ksa ls lcd ysrs gq, ge fuf'pr :i ls Hkkoh csgrj Ñf"k ifjn`'; 
dh dYiuk dj ldrs gSa] ftlds fy, gesa fofHkUu rduhdksa vkSj vkdyuksa ds 
ekWMyksa dk mi;ksx djuk gksxk rFkk Hkfo"; ds fy, ,d CywfizaV rS;kj djuk gksxkA 
blesa dksbZ lansg ugha gS fd foKku] izkS|ksfxdh] lwpuk] Kku&tkudkjh] l{ke ekuo 
lalk/u vkSj fuos'kksa dk c<+rk iz;ksx Hkkoh o`f¼ vkSj fodkl ds izeq[k fu/kZjd gksaxsA

bl lanHkZ esa] Hkkjrh; Ñf"k vuqla/ku ifj"kn ds laLFkkuksa ds fy, fotu&2050 dh 
:ijs[kk rS;kj dh xbZ gSA ;g vk'kk dh tkrh gS fd orZeku vkSj mHkjrs ifjn`'; 
dk csgrj :i ls fd;k x;k ewY;kadu] ekStwnk u, volj vkSj Ñf"k {ks=k dh LFkk;h 
o`f¼ vkSj fodkl ds fy, vkxkeh n'kdksa gsrq izklafxd vuqla/ku laca/h eqn~ns rFkk 
dk;Zuhfrd izQseodZ dkiQh mi;ksxh lkfcr gksaxsA

(jk/k eksgu flag)
dsUæh; Ñf"k ea=kh] Hkkjr ljdkj





Foreword

Indian Council of Agricultural Research, since inception in the year 
1929, is spearheading national programmes on agricultural research, 
higher education and frontline extension through a network of Research 
Institutes, Agricultural Universities, All India Coordinated Research 
Projects and Krishi Vigyan Kendras to develop and demonstrate 
new technologies, as also to develop competent human resource for 
strengthening agriculture in all its dimensions, in the country. The 
science and technology-led development in agriculture has resulted in 
manifold enhancement in productivity and production of different crops 
and commodities to match the pace of growth in food demand.

Agricultural production environment, being a dynamic entity, 
has kept evolving continuously. The present phase of changes being 
encountered by the agricultural sector, such as reducing availability of 
quality water, nutrient deficiency in soils, climate change, farm energy 
availability, loss of biodiversity, emergence of new pest and diseases, 
fragmentation of farms, rural-urban migration, coupled with new IPRs 
and trade regulations, are some of the new challenges. 

These changes impacting agriculture call for a paradigm shift in our 
research approach. We have to harness the potential of modern science, 
encourage innovations in technology generation, and provide for an 
enabling policy and investment support. Some of the critical areas as 
genomics, molecular breeding, diagnostics and vaccines, nanotechnology, 
secondary agriculture, farm mechanization, energy, and technology 
dissemination need to be given priority. Multi-disciplinary and multi-
institutional research will be of paramount importance, given the fact 
that technology generation is increasingly getting knowledge and capital 
intensive. Our institutions of agricultural research and education must 
attain highest levels of excellence in development of technologies and 
competent human resource to effectively deal with the changing scenario.

Vision-2050 document of ICAR-Directorate of Medicinal and 
Aromatic Plants Research (ICAR-DMAPR), Anand has been prepared, 
based on a comprehensive assessment of past and present trends in 
factors that impact agriculture, to visualise scenario 35 years hence, 
towards science-led sustainable development of agriculture.
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We are hopeful that in the years ahead, Vision-2050 would prove to 
be valuable in guiding our efforts in agricultural R&D and also for the 
young scientists who would shoulder the responsibility to generate farm 
technologies in future for food, nutrition, livelihood and environmental 
security of the billion plus population of the country, for all times to 
come. 

 

(S. AYYAPPAN)
Secretary, Department of Agricultural Research & Education (DARE)

and Director-General, Indian Council of Agricultural Research (ICAR)
Krishi Bhavan, Dr Rajendra Prasad Road,

New Delhi 110 001
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The ICAR-Directorate of Medicinal and Aromatic Plants Research under 
the aegis of the Indian Council of Agricultural Research, is marching 
towards  achieving the goal of “Health for all” by ensuring and assuring 
the quality of natural  raw materials for drug production through 
planning, coordinating, implementing and monitoring of research and 
development programmes on medicinal and aromatic plants (MAP). 

India has rich heritage of 15,000-20,000 medicinal plant species 
out of which 7,000-7,500 species are being used in Indian System 
of Medicines. The MAP contributes substantially to drug innovations 
and primary health care of human population across the globe. Today, 
about eighty per cent of the population in developing countries rely on 
traditional medicines largely based on plants. MAP is also significant 
source of livelihood for many rural communities’ especially forest-
dwellers, landless poor and marginalized farmers.

The MAP sector is facing several challenges. Examples are; loss 
of MAP ecotypes and ecology; non-availability of novel varieties with 
high yield, quality and tolerance to biotic and abiotic stresses; and 
lack of scientific, economic and safe standardized production and 
processing technologies. In addition, there is a lack of advancement 
in innovative extraction technologies for effecient isolation of high 
value bioactive molecules. Non-availability of standard and innovative 
medicinal products with compliance to International Conference on 
Harmonisation guidelines is a restraint. Since, diversity of bioactive 
chemicals in MAP is vast and remains untapped for its potential use as 
human, animal and plant health products. There is need to accelerate 
efforts for conservation of species and habitats, and development of 
technologies from production to finished products for sustainable supply 
of quality raw drugs. 

Current and upcoming improved research capabilities provide 
unique opportunities for enhancing and fostering new uses of plants 
for human health. Harnessing chemoenzymatic approaches may provide 
new routes to biosynthetic relationship for modified botanicals. The 
seamless merging of exploratory and translational research with advances 
in genomics, bioinformatics, combinatorial chemistry, smart and targeted 
delivery systems and innovative formulations will accelerate the pipeline 
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for new plants resilient to climate change and drugs produced from 
it for human health and well-being. The bioassay/genome-guided 
approaches will facilitate the determination and validation of anecdotal 
claims of medicinal plants/products as botanical drugs. Ayurgenomics 
based approaches may also lead to develop drugs for ameliorating 
diseases like cholesterol, Alzeimer’s, Parkinson’s, diabetes, cancer and 
HIV. The VISION 2050 document of the Directorate is a compilation 
of approaches to move from galenical to genomical era with the 
advancement in agricultural and basic sciences. Traditional knowledge 
supplemented with innovation and product development under GAP, 
GLP, GMP and QA/QC will be core principles of the Directorate 
in achieving the delivery of highest quality botanical products to the 
consumers.

I am extremely grateful to Dr. S. Ayyappan, Secretary, DARE 
and Director General, ICAR and Dr. N.K. Krishna Kumar, Deputy 
Director General (Horticultural Science) for their keen interest and 
much needed guidance in developing the VISION document of the 
Directorate in its present form. My thanks to Dr. T. Janakiram, ADG 
(Horticultural Science-I) for handling the matters of ICAR-DMAPR at 
the Headquarter and Dr. Satyabrata Maiti, Formerly Director, Dr. N.S. 
Rao, Dr. Ruchi Bansal and Dr. Vanita N. Salunkhe for contribution in 
bringing out the earlier version of VISION 2050.  I acknowledge the 
contribution of Dr. R.S. Jat, Dr. N.A. Gajbhiye, Dr. Vandana Tripathy, 
Dr. Smitha G.R., Dr. B.B. Basak, Dr. Nagaraja Reddy, Dr. Raghuraj 
Singh and Dr. Thania Sara Verghese for compilation of this document.

Jai Hind!  
Jitendra Kumar

Director
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Context

Medicinal and Aromatic Plants (MAP) have occupied an important 
position in the socio-cultural, spiritual and medicinal arena of 

rural and tribal lives of India. They have contributed immensely by 
producing diverse range of plant based intermediary compounds and 
value added down stream end products used in several applications; 
drug formulation, food flavouring, perfumery, culinary, toiletry, heath 
products, food supplements, cosmetics, incense and other anthropogenic 
applications and animal care products. MAP use has begun since time 
immemorial with the recognition that smelling, chewing, and/or eating 
of some plant materials could provide relief from nausea, pain, and/or 
other infirmities. With the advancement of knowledge led by scientific 
innovations the MAP are gradually gaining importance as;
• India is bestowed with 8% of world’s biodiversity on 2.4% of 

world’s geographical area and endowed with 45,000 plant species 
out of which about 15,000-20,000 plants are known to have 
medicinal properties, of which about 7,000-7,500 are being used 
in Indian System of Medicine (ISM). 

• Over the last two decades, there has been a tremendous growing 
interest in traditional systems of medicines mainly because of 
advantages that they are natural products, non-narcotic, have 
minimum side-effects, easily accessible at affordable prices, and also 
due to inadequacy of conventional medicines in the treatment of 
modern incurable diseases such as cancer, HIV, AIDS, rheumatic 
arthritis etc. 

• Preference of plant based drugs over the conventional medicines 
in the national and international market which still contains about 
25% plant derived compounds, is growing and will further grow 
with the rising global population from present 6.8 billion to 9.1 
billion by the year 2050.

• In the recent past changing concepts of consumers from ‘health 
to healthy living’ and balance between ‘mind and body’ have also 
grown the MAP demand and expanded the status from essentially 
unknown, minor forest products to the crops that many farmers 
consider worth producing as an alternative to conventional food 
and feed crops. 

• Besides, their role in prevention as well as curing of human health 
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problems and global market, MAP are also increasingly being 
recognized as a source of significant livelihood opportunities for 
many rural communities, especially, primitive forest-dwellers, landless 
poor and marginalized farmers.

• Inspite of scope, importance and awareness and several scientific 
innovations in the field of MAP, still more than half of the global 
population does not have access to the primary health care facilities.

National and International Status

Growing popularity of herbal medicines in health care systems and 
other uses, their demand is quite apparent at national and international 
level. 
• Medicinal plants and their by-products constitute an important part 

of the foreign trade showing continuous growth in export over 
import and thus, signify their importance outside the boundaries 
of the territory. 

• The estimated global herbal industry is valued over US$ 60 billion 
mainly in the form of pharmaceuticals (US$ 40 billion), spices 
and herbs (US$ 5.9 billion), natural cosmetics (US$ 7 billion) and 
essential oil (US$ 4 billion) and it is growing at the pace of 7% 
per year and is expected to reach US$ 5 trillion by the year 2050.

• During the last four Five Year Plans period, total export of herbal 
products from India had increased from ` about 581 crore in 1995-
96 to ` about 1713 crore in 2010-11 showing a positive balance of 
trade despite the fact that overall balance of trade has been negative 
since 1996-97. 

• Despite a steady performance of MAP sector over the years, Indian 
share in the world’s herbal export is insignificant (1.6%) and largely 
(2/3) in the form of raw herbs.

• Essential oils derived from aromatic plants also have great potential 
in the global trade as they are extensively used in food and 
flavouring industry, perfumery, beverages, toiletries, pharmaceuticals 
and pesticide industry. India is in a leading position by producing 
essential oils of more then 30000 tones/annum and exporting 
essential oils worth around ` 6 billion. 
Thus, India is emerging as a major player in the global trade of 

plant based medicines. However, this require a good strategic plan, 
taking a holistic view of the entire situation to boost the export and 
minimize the import.
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Future Health Care System vis-a-vis MAP

In the world market, demand for medicinal and aromatic plant 
material will continue to rise into the foreseeable future with the 
changing demographics (age, culture, income, disease, and other human 
ailments), public concerns about healthcare (availability and expense), 
and familiarity with plant products (press reports, advertising, education, 
and scientific reports). 
• The Indian population is projected to reach to about 1760 million 

with the life expectancy of 89.2 and 92.3 years of male and female, 
respectively, and per capita income of about `  1,58,000/- at the 
current price by the year 2050. Simultaneously, there would be 
demand of 365 million tones of food grains from an average land 
holding size of 0.68 ha in the year 2050-51. Whereas export demand 
of herbal products are expected to rise to `  9,600 crores in 2050-51. 

• Under such a situation where population, life expectancy, per capita 
income, food grain and herbal products demand is increasing while 
land holding size is decreasing, the medicinal and aromatic plants 
sector has great challenges to grow and provide the health care 
facilities by the year 2050-51.

• Increasing demand for MAP has raised concerns about the 
conservation of their genetic diversity, habitat loss, quality in terms 
of clean (free from physical and chemical contaminants/adulterants), 
consistent (dependable production and bioactivity levels), and 
certified (identifiable for origin and history) products.

• Inconsistent product quality caused by genotypic variation within the 
plant species, environmental effects that alter chemical constituent’s 
level and distribution, and increased use of wild-simulated species 
is also a matter of concern in the use of medicinal and aromatic 
plants.

• In many instances, switching to the cultivation of MAP have raised 
concerns of duplicating the demanding environmental conditions 
for a particular species in the cultivated fields that may affect the 
quality of produce. 

• Climate change is another area of concern as it would cause adverse 
effect on total food production in general and MAP in particular, 
besides creating newer health concerns.

• Marketing of MAP is inefficient, informal, secretive and 
opportunistic. As a result, the raw material supply is shaky, 
unsustainable and exploitative. This results in depletion of resource 
base, exploitation of rural people (who are the real stewards of the 
resource), adulteration and non-availability of quality herbal drugs 
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for domestic consumption as well as for export.
• Despite the availability of plenty of resources (biological, human 

and financial), the MAP sector is facing the challenges like; 
inadequate quality standards for finished products, claim support 
studies, standards operating procedures of various products, scientific 
documentation, trade regulation, and intellectual property rights 
implementation. 

• Several constraints also exist due to inadequate awareness, insufficient 
investments in research and development, manufacturer-exporter 
dissonance, lack of quality and standardization norms, insufficient 
marketing and trade information. 

• The major drawback in global market of Indian MAP products are; 
inconsistent quality, dearth of scientific validity of claimed medicinal 
properties, and high price of the products. 
Thus, the future of medicinal and aromatic plants sector needs 

to assure the continuous supply of quality raw material, most likely 
produced by following the standard procedures (Good agricultural and 
collection practices, good laboratory practices and good manufacturing 
practices), uncontaminated by either synthetic pesticides or by genetically 
modified organisms and certified by accredited agencies. 

Even today, 80 per cent of the world’s population depends mainly on 
traditional health care systems for their primary health care need which 
are unfortunately either absent or insufficient at the most elementary 
level. In such a situation, domestication and cultivation of MAP provide 
an opportunity to millions to have access to low cost primary health 
care. However, harvest of MAP for subsistence or trade requires access 
and management of natural resources, and knowledge of product and 
processes. 

It is recognized that production, consumption and trade of MAP 
based drugs are growing at a significant rate and to harness its full 
potential, India needs to develop improved technologies for cultivation, 
post harvest processing, manufacturing and simultaneously patenting 
and marketing of MAP with the back-up of research, development, 
and extension activities. Good agricultural and collection practices 
(GACP), good laboratory practices (GLP) and good manufacturing 
practices (GMP) need to be developed to help the growers, collectors, 
and processors to produce and maintain the quality of medicinal and 
aromatic plants material. However, it require a holistic and strategic 
plan from sustainable utilization to economic development, conservation 
of vital biodiversity, crop diversification, quality raw material and 
marketing etc. Besides this, increase in resource use efficiencies “more 



5

Vision 2050

from less”, management of emerging biotic and abiotic stresses, quality 
assurance through accredited laboratories, and development of scientific 
infrastructure for harvest and post harvest operations are need to be 
addressed. 

MAP sector has a number of stakeholders having divergent interests. 
Each stakeholder is strengthening the specific aspects of his interest and 
ignoring overall development. This needs coordinated efforts of all the 
stakeholders together for the sustainable development and to boost the 
export of herbal formulations. Policy, legal and institutional supports 
should be extended to the sector for adopting standards, quality control, 
efficacy and effectiveness of herbal drugs. 

However, to be a global leader in herbal medicine production and 
supply, India needs to produce medicinal plants in a scientific, economic 
and safe way by adapting GAP, GLP and GMP; to ascertain quality, 
safety and uniformity; and protect and maintain IPR in the domains 
of herbals. 

The ICAR-Directorate of Medicinal and Aromatic Plants Research 
(ICAR-DMAPR) with its outreach programme of All India Coordinated 
Research Project on Medicinal and Aromatic Plants and Betelvine 
(AICRP-MAPB) is marching towards the targeted goal of “Health 
for all” to address the ever-increasing world population by ensuring 
quality raw drug production and supply through planning, coordinating, 
implementing and monitoring of research and development programmes.
This is being achieved through the development of new varieties, good 
agricultural practices and quality assessment methodologies using frontier 
cutting age technologies.

Attempting preparation of a long term perspective plan is a difficult 
task in this fast changing environment of modern science where 
developments are happening at an exponential rate. However, we have 
tried our best to put the concerted efforts to address the challenges 
and research strategies in the domain of available environment and 
opportunities in the perspective of Indian agriculture in this document. 
It is expected that it would serve the purpose for which this vision 
document is prepared and to fulfill the goal, required support will come 
forth from the future policy makers. 

r



Challenges

The future challenges on present situation call for systematic and 
continued accelerative efforts in research on medicinal and aromatic 

plants in order to meet the stakeholders demand from sustainable 
quality production so that the socio-economic and ecological balance 
are maintained. The major challenges of the MAP sector in present and 
the forthcoming half century are summarized below:
1. Unscrupulous harvesting of natural population resulting into loss of 

species and habitat
2. Lack of novel high yielding plant varieties enriched in quality traits 

as well as biotic and abiotic stress tolerance
3. Limited information on genomics and secondary metabolites synthesis
4. Non-availability of quality seed and planting materials, and their 

standards 
5. Non-availability of standardized production and processing 

technologies (GAP, organic, GCP, GLP and GMP) for scientific, 
economic and safe utilization

6. Lack of post harvest technologies and value addition for better shelf 
life, quality, targeted delivery with enhanced bio availability and 
economic return 

7. Technological gap for judicious and time framed operations, and 
application of inputs for cultivation and post harvest processing

8. Lack of strategic approaches for production under changing climate 
scenario

9. Lack of economic and efficient technologies for extraction, 
characterization and isolation of bioactive molecules for high value 
standard products

10. Non-availability of national standard guideline and referral laboratories 
for monitoring the quality, adulteration and residues in raw drugs

11. Lack of coordination among different stakeholders for better 
production and marketing, IPR and legal issues at national and 
international level

12. Non-availability of databases on area, production, demand and supply 
and traditional knowledge 
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Research Strategies to Address the Challenges

Medicinal and aromatic plants sector needs a clear vision and research 
strategies to meet the challenges ahead, while addressing the present 
day constraints. The ICAR-Directorate of Medicinal and Aromatic 
Plant Research is focusing on the following research strategies for the 
sustainable development of medicinal and aromatic plants sector like;
1. Conservation of natural habitats and RET (rare, threatened and 

endangered) species and their sustainable utilization for maintaining 
ecological balance

2. Breeding for high yielding, pests and disease tolerant superior 
varieties with improved quality profile using conventional as well as 
biotechnological approaches (marker assisted selection, DNA finger 
printing, barcoding, sequencing etc.)

3. Standardization of mass multiplication techniques for the production 
of quality seed and planting material using frontier technologies

4. Understanding of biosynthetic pathway for manipulating secondary 
metabolites production 

5. Standardization of protocols for in vitro production of secondary 
metabolites 

6. Basic and applied research for developing good agricultural and 
collection practices (GACP) taking into account the agro-climatic 
suitability

7. Area expansion in MAP through crop diversification and cultivation 
on problematic, degraded and waste lands for sustainable development 
and to minimize the cost of production and risk factors

8. Standardization of post harvest technologies and value addition to 
improve quality and minimize the loss of bioactive compounds

9. Implementation of GAP, organic cultivation, GCP, GLP and GMP 
guidelines for the certification 

10.  Mechanization of cultivation and post harvest operations to improve 
quality, inputs efficiency and energy use 

11. Non-destructive analysis of quality using rapid FT-NIR method
12. Development of management strategies against pest and diseases 

under changing climatic conditions 
13. Standardization of state-of-art technologies for extraction, 

characterization and isolation of essential bioactive compounds and 
innovative formulations

14. Fixing of permissible limits and development of protocols for the 
assessment and monitoring of contaminants and residues in raw 
drugs 
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15. Development of bioactive natural drugs for challenging disease like 
cholesterol, Alzheimer’s, Parkinson’s, diabetes, cancers, HIV etc.

16. Application of smart technologies for nutrient and drugs delivery to 
targeted sites

17. Development of forecasting systems for disease and pest, and other 
information on area, production and trade

18. Use of information and communication technologies (ICT) for 
argo-ecological informations and species mapping, and technology 
dissemination to different stakeholders

q



Operating Environment

The Indian Council of Agricultural Research (ICAR) rightly 
recognized the potential of MAP sector and established National 

Research Centre for Medicinal and Aromatic Plants at Anand, Gujarat 
in 1992, which has been reorganized as ICAR-Directorate of Medicinal 
and Aromatic Plants Research (ICAR-DMAPR) in the 11th five year 
plan with backward linking of All India Coordinated Research Project 
on Medicinal and Aromatic Plants and Betelvine (AICRP-MAPB).

The Directorate has been working for enhancing sustainable 
production and utilization of major agriculturally important medicinal 
and aromatic plants through research and development to meet the 
present day demands and to address future national and international 
challenges. The ICAR-DMAPR is also aggressively working to bring 
more and more MAP under cultivation to assure quality supply of raw 
drug by encompassing research on various facets of cultivation such 
as varietal development through plant breeding and biotechnology, 
crop management through physiology, horticulture and soil science 
programmes, plant protection for managing pests and diseases as well 
as supply of quality raw material free from pesticide residues and heavy 
metals, quality assessment and control by its phyto-chemistry programme 
and supply of quality planting material, and finally to develop GACP 
protocol by integrating all the knowledge of various fields. 

The Directorate has well defined mandate and mandate crops for 
its basic, applied and strategic research at the head quarters at Anand, 
Gujarat as well as its out reach programme, AICRP-MAPB which is 
operating through its 23 centres distributed throughout the country in 
major agro-climatic zones for persuading research on location specific 
problems and contributing in downstream research activities and 
disseminating its knowledge to the growers and policy makers.

Mandate

• Development  of  appropriate production,  protection  and 
processing technologies for important MAP through basic, strategic 
and applied research

• Germplasm enhancement of various MAP
•  To act as a National Repository of the genetic resources of selected 

MAP

9
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• To coordinate research under the All India Coordinated Research 
Project on Medicinal and Aromatic Plants and Betelvine

• To act as information data bank on MAP
• Transfer of technologies developed by the ICAR-DMAPR to the 

farmers through cooperation with the developmental agencies

Mandate crops 

(i) ICAR-DMAPR 

• Aloe (Aloe barbadensis Mill.) 
• Ashwagandha (Withania somnifera Dunal.) 
• Giloe [Tinospora cordifolia (Willd.) Hook F. & Thoms.] 
• Guggal [Commiphora wightii (Arn.) Bhandari] 
• Isabgol (Plantago ovata Forsk.) 
•  Safed musli (Chlorophytum borivilianum Santapau & Fernandes) 
• Senna (Cassia angustifolia Vahl.) 
• Lemongrass (Cymbopogon flexuosus Nees ex. Steud Wats.) 
• Palmarosa (Cymbopogon martinii Stapf. Var. motia) 

ICAR-DMAPR Mandate Crops

Aloe
(Aloe barbadensis)

Guggal
(Commiphora wightii)

Ashwagandha
(Withania somnifera)

Isabgol
(Plantago ovata)

Gilo
(Tinospora cordifolia)

Safed musli
(Chlorophytum borivilianum)
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Senna
(Cassia angustifolia)

Lemongrass
(Cymbopogon flexuosus)

Palmarosa
(Cymbopogon martini)

(ii) AICRP-MAPB 

• Aloe (Aloe barbadensis)
• Arjun (Terminalia arjuna)
• Asalio (Lepidium sativum)
• Ashwagandha (Withania 

somnifera)
• Ashoka (Saraca asoca)
• Atis (Aconitum heterophyllum)
• Babchi (Psoralia corylifolia)
• Bala (Sida cordifolia)
• Ban kakri (Podophylum 

hexandrum)
• Betelvine (Piper betle)
• Bhui Amlaki (Phylanthus 

amarus)
• Brahmi (Bacopa monnieri)
• Chirayita (Swertia chirayita)
• Coptis (Coptis teeta)
• Dodi (Leptadenia reticulata)
• Coleus (Coleus forskohli)
• Giloe (Tinospora cordifolia)
• Hypericum (Hypericum 

perforatum)
• Indian Valerian (Valeriana 

jatamansi)
• Isabgol (Plantago ovata)

• Kalmegh (Andrographis 
paniculata) 

• Kawach (Mucuna pruriens) 
• Kutki (Picrorrhiza kurroa) 
• LalChitrak (Plumbago rosea) 
• Lemongrass (Cymbopogon 

flexuosus)
• Long pepper (Piper longum) 
• Madhunashini  (Gymnema 

sylvestre) 
• Makoi (Solanum nigrum) 
• Mandukaparni (Centella 

asiatica) 
• Opium poppy (Papaver 

somniferum) 
• Palmarosa (Cymbopogon 

martinii) 
• Safed musli (Chlorophytum 

borivilianum) 
• Shankhpushpi (Convolvulus 

microphyllus) 
• Shatavari (Asparagus 

racemosus) 
• Senna (Cassia angustifolia) 
• Vach (Acorus calamus) 
• Tulsi (Ocimum sanctum) 

Achievements of ICAR-DMAPR

• Management of Plant Genetic Resources (PGR) is a prioritized 
activity with the effort  for collection, conservation, evaluation and 
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documentation of germplasm of medicinal and aromatic plants. The 
ICAR-DMAPR is maintaining 945 germplasm accessions of 13 
species of MAP including Aloe spp. (55), Andrographis paniculata 
(60), Asparagus spp. (88), Cassia angustifolia (50), Chlorophytum 
borivilianum (54), Commiphora wightii (150), Cymbopogon martini 
(7), Desmodium gangeticum (52), Gymnema sylvestre (43), Plantago 
ovata (84), Tinospora cordifolia (35), Urgenia spp.(12) and Withania 
somnifera (140). Besides this, 2712 accessions of 33 MAP species and 
278 accessions of Betelvine (Piper betle) are also being maintained 
and conserved in field gene bank of the AICRP centers

• The ICAR-DMAPR has established a Medicinal Plant Botanical 
Garden in an area of about 21 ha which maintains more than 100 
tree species, 65 shrubs, 51 creepers and about 167 herbs

• Developed 36 varieties of medicinal crops and 8 varieties of aromatic 
crops. It has also introduced many exotic species of MAP for 
cultivation

Ocimmum spp. in field gene bank   Guggal in field gene bank

• Nineteen elite germplasms; Chlorophytum borivilianum (INGR 04114 
and INGR 04113), Aloe barbadensis (INGR 06023, INGR 06024 
and INGR 13043), Hypericum perforatum (INGR 10074, INGR 
10075 and INGR 10076), Tinospora cordifolia (INGR 06025), 
Andrographis paniculata (INGR 07041 and INGR 13042), Centella 
asiatica (INGR 08105), Plantago ovata (INGR 08104 and INGR 
11035), Commiphora wightii (INGR 13044 and INGR 13045), 
Withania somnifera (INGR 11026 and INGR 13074) and Gymnema 
sylvestre (INGR 13041) were developed and registered with NBPGR, 
New Delhi

• ‘Vallabh Medha’, a high yielding cultivar of Centella asiatica was 
identified and released for its cultivation. It is superior in all the 
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morphological characters, herbage yield and asiaticosides content 
than the local cultivar

• Reproductive biology of some of the important medicinal plants viz., 
Aloe (Aloe barbadensis), Ashwagandha (Withania somnifera), Giloe 
(Tinospora cordifolia), Guggal (Commiphora wightii), Indian Gentian 
(Gentiana kurroo), Shankhpushpi (Convolvulus microphyllus), Aparajita 
(Clitorea ternatea), Senna (Cassia angustifolia) and Desmodium 
(Desmodium gangeticum) have been studied

• In Senna, for the first time many genes encoding enzymes involved 
in the biosynthetic pathways like; mevalonate, non-mevalonate, 
shikimate and menoquinone leading to production of anthraquinones 
were identified using next generation sequencing and transcriptome 
analysis.

• ‘Distinctiveness Uniformity and Stability’ (DUS) descriptors in 
Isabgol (Plantago ovata) has been developed and notified by 
PPVFRA. Work on identification of DUS descriptors in progress 
are Aloe (Aloe barbadensis), Ashwagandha (Withania somnifera) and 
Kalmegh (Andrographis paniculata)

Mass multiplication in tissue culture Liquid Chromatograph-Mass Spectrometer

• In-vitro  mass  multiplication  protocols  of Aloe (Aloe barbadensis), 
Safed musli (Chlorophytum borivilianum) and Liquorice (Glycyrrhiza 
glabra) have been standardized

• Developed more than 500 simple sequence repeats (SSRs) markers 
in Senna, Isabgol and Ashwagandha for applications in breeding 
programmes.

• Good Agricultural Practices (GAP) for seven medicinal and aromatic 
plants were developed

• Screening method for resistance to soft rot of Aloe caused by 
Pectobacterium chrysantemi has been standardized

• Protocols for extraction and estimation of active principle components 
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from 10 MAP have been standardized
• Work on morphological and biochemical characterization and 

Improved Aloin extraction method Improved Guggal gum tapping

chemical finger printing has also been done for 10 species
• Two process patents were filed: (i) “Method of preparing aloin” in 

2008 which is a new aloin extraction method for preparation of 
pure aloin from Aloe (Aloe barbadensis), and (ii) “Improved gum 
tapping in Guggal” in 2009 which is a process of gum taping by 
using a bacteria which has not only improved the gum yield per 
plant but also improved the efficiency of tapping at any time period 
of the year

•  The ICAR-DMAPR has developed some useful software packages 
like “Digital Photo Library of Medicinal & Aromatic Plants” and 
“Digital Herbarium of Medicinal & Aromatic Plants in India”. A 
web based network on herbal garden in India has been created and 
hosted at www.herbalgardenindia.org by the ARIS (AKMU) cell of 
ICAR-DMAPR

• Developed GAP and Good Field Collection Practices (GFCP) 
certification national standards with the help of National Medicinal 
Plant Board (NMPB) and Quality Council of India (QCI)

• A good agricultural and collection practices (GACP) training tool 
kit for medicinal plants was developed in collaboration with Food 
and Agriculture Organization (FAO) which comprises of a) Trainer’s 
Manual, b) GACP video (c) Illustrated cause-effect training tool kit 
and (d) Illustrated booklet for the benefit of quality assurance of 
raw drug

• Organized trainings, awareness programmes, seminars and brain 
storming lectures to disseminate technologies and to find the future 
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researchable issues in MAP
•  The ICAR-DMAPR also helped the friendly neighbouring countries 

like Bhutan in developing strategic road map for research and 
development of medicinal, aromatic and dye plants

Since time immemorial human beings relied on innumerable 
plant species for health care and to improve the quality of their lives. 
Historically, the major consumption of MAP’s was related to local 
subsistence of the poorest of poor, dwellers in and around forest, 
and tribes. Continuous experimentation with various plant materials 
demonstrated the benefits of specific plants immediately available in 
the periphery for the treatment of ailments and food flavoring, and 
husbandry of these plants undoubtedly started. Although the collection 
of plants probably remained the primary source of medicinal and 
aromatic plants material for a considerable period of time. 

Further, human migration led to settlements within various 
ecosystems and the species having medicinal and aromatic properties 
specific to those regions were discovered, leading to a collection of 
plant materials with a variety of uses and initiated the trade among 
neighboring groups for unavailable plant materials. This initial exchange 
of plant material spread and with the passage of time led to overland 
and sea trade routes, including those that brought plant materials from 
other countries to meet the demand as medicines.

With the advancement of social status, consumers became more 
knowledgeable about the benefits of using medicinal and aromatic 
plants and thus, increased the demand tremendously in the near past. 
This demand was mostly met out from the forests which posed over 
exploitation of popularly traded species and forced exploitation of other 
alternative species making them endangered or threatened. 

This increased demand coupled with decreased supply from forests 
and certain regulations have forced the cultivation of the medicinal plants 
for its sustained availability. Further, MAP with the inherent advantages 
of requiring less inputs, less prone to pests and diseases and can be 
grown on degraded, eroded, problematic soils (saline, alkaline, acidic), 
their cultivation was a better option and farmers have already started 
it. However, commercial production of medicinal and aromatic plant 
species to meet the growing demand of national and international market 
depends on a number of critical factors like; sustainable utilization, 
supply of quality planting materials, good agricultural practices, nutrient 
management, harvest and post harvest management techniques etc.

By the middle of the 20th century, medicinal and aromatic plants 
occupied significant position in the modern pharmacopeia and at the 
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same time medical practitioners and consumers were demanding quality 
herbal products with scientific proof of efficacy.

With the increasing awareness and knowledge of consumers, demand 
of quality MAP produce has increased significantly. To meet out this 
demand research and development activities started for sustainable 
development of this sector. 

In the mean time, several national and international Acts and 
Regulations like; WTO, GATT, Biodiversity act etc. came into force 
to address these issues from conservation and cultivation to export. 
Government of India has set up some frontier institutions like; National 
Bureau of Plant Genetic Resources (NBPGR), Central Institute of 
Medicinal and Aromatic Plants (CIMAP), Indian Institute of Integrative 
Medicine (IIIM), ICAR-Directorate of Medicinal and Aromatic Plants 
Research (ICAR-DMAPR) as research institutes, and National Medicinal 
Plants Board (NMPB) as apex body to coordinate all activities of 
medicinal plants. Besides these organizations, there are some leading 
non-government and private organization that are playing crucial role 
in the development of this sector from production to consumption.

Still there are certain issues like cultivation know-how, availability 
of quality raw material, poor organizational capacity, support services, 
post harvest infrastructures, and market and trade services which need 
to be addressed with suitable policies with the emphasis on promotion 
and development on sustainable basis where every stakeholder can be 
benefited.

q



Opportunities & Strengths

The attraction for medicinal and aromatic plants as worthy farm crops 
has grown due to the demand created by consumer interest in these 

plants for culinary, medicinal, and other anthropogenic applications. 
The frontier cutting age technologies are expected to generate new 
opportunities to broaden the horizon of technology application in 
medicinal and aromatic plants production aspects.

Biotechnology and Biochemistry

These are very powerful tools for understanding the biochemical and 
molecular mechanisms of up and down regulating expression of genes and 
enzymes controlling the synthesis of metabolites. The field of genomics and 
proteomics helps in understanding the regulation of important biosynthetic 
pathways of the targeted plants and in identification, characterization 
and cloning of genes for metabolic engineering. In vitro synthesis of  
biomolecules will release the pressure on natural resources and save the 
species in their natural habitat. Application of biotechnology has shown 
the promise in the following areas:
• Mass multiplication of high value medicinal and aromatic crops 

where multiplication rate is low through conventional methods 
• Marker assisted breeding for developing varieties 
• DNA fingerprinting of MAP germplasm to protect the intellectual 

property rights (IPR) 
• Proper identification of species by molecular markers 
• Detecting adulteration in raw drug by PCR technique 
• In vitro production of active principle in cell lines 
• Bio-synthetic pathway engineering

Bioinformatics and Chemoinformatics

The traditional approaches towards discovery of plant based drugs 
is often time consuming and involves more expenditure. The data 
associated with medicinal plants are scattered and generally unlinked, 
which limits the potential to identify new sources for drugs. The use of 
high throughput technologies like bioinformatics and chemoinformatics 
can facilitate the identification of potential plant sources for future 
therapeutics and discovery of new drugs based on the Quantitative 
Structure Activity Relationship (QSAR) studies. Such techniques, can 

18
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help in analyzing and integrating the huge volume of data and infer 
the knowledge from a whole systems point of view. Bioinformatics 
approaches offer essential tools for the identification of genes and 
pathways that may be associated with important bioactive secondary 
metabolites from medicinal plants.

Nanotechnology

Nanotechnology is another promising frontier area for future 
research. It has potential to advance medicinal and aromatic plant 
productivity through genetic improvement, delivery of genes and 
drug molecules to specific sites, early detection of pathogens and 
contaminants, smart delivery systems for agrochemicals (pesticides and 
fertilizers), herbal products processing and packaging etc.

Information and Communication Technology (ICT)

Development of Information and communication Technology (ICT) 
based decision support system could be used for crop scheduling, 
and weed, nutrient, water and pest management for increasing the 
productivity per unit time and area.

Geographic Information System (GIS) and Global Positioning System (GPS)

Geographic Information System (GIS) and Global Positioning 
System (GPS) play a pivotal role for research and development in 
production, protection, development and management of medicinal 
and aromatic plants. Remote sensing and GIS technologies help in the 
mapping and conservation (especially the endangered species), species 
diversification and simulation modeling of the medicinal and aromatic 
crop. Precise applications of GPS play a role in identification of the 
location specific agro-ecological conditions.

Mitigating the Effects of Climate Change

Use of MAP in managing the adversity of climate change would 
be a better option than the traditional crops, since a large number of 
species of MAP have diverse climatic requirement. Besides this, MAP
• are largely tolerant to extreme weather conditions from drought to 

floods 
• have low incidence of pest and disease attack 
• are low input crops as compared to the traditional crops
• are suitable option for crop diversification and also overcome 

economic loss caused due to adverse climatic conditions 
• can be grown on marginal, sub-marginal and degraded lands
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Furthermore, in the production and utilization of medicinal 
and aromatic plants quality assurance has always been a focal issue. 
Various national and international bodies/organizations are engaged 
in the elaboration of guidelines and regulations that contribute to the 
availability of validated scientific data on quality, safety and efficacy. 
Appropriate policies and legal frameworks to guide the protection, trade, 
and applications of medicinal and aromatic plant materials are also being 
elaborated (GAP, GCP, GMP, etc.). A set of regulations shared at the 
global level is crucial to guarantee high quality standards for medicinal 
plants. The legislative framework should establish the basic parameters 
to guarantee quality and safety in the use of phytotherapeutic products.

q



Goals and Targets

ICAR-Directorate of Medicinal and Aromatic Plant Research is 
marching ahead to face the complex challenges and to harness the 

opportunities for the welfare of stakeholders engaged in medicinal and 
aromatic plants collection, cultivation, trade or raw drug production. 
The effort should be made towards becoming a leading institute at the 
national and international level and take the responsibility to meet the 
ultimate goal of health for all. ICAR-DMAPR in its future research and 
development programmes would focus on the following major targets.

Crop Improvement

• Collection and ex situ conservation of medicinal and aromatic plants 
in the field gene bank and botanical garden

• Characterization, evaluation and utilization of germplasm for various 
traits of interest

• Enhancement for germplasm for traits of importance
• Breeding for high yielding chemo types resistance to pests and 

diseases, adaptable to the changing climate and possessing other 
novel traits

• Standardization of quality seed and planting material production 
technologies in different crops

Biotechnology

• Development of biotechnological methods for rapid and mass 
multiplication of quality planting materials

• Elucidation and engineering of biosynthetic pathways of various 
active principle compounds of MAP

• In vitro production of active principle compounds of MAP

Crop Production

• Development of good agricultural and collection practices for MAP
• Intensification and diversification of the cultivation of MAP in 

different cropping and land use systems 
• Enhancement of input use efficiencies (nutrient, light and water)
• Certification of MAP produces complying WHO GAP and GACP 

guidelines

21
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Quality Management

• Development of advanced analytical processes and technologies for 
quality assessment and certification

• Monitoring the quality (active compound, nutritional value, pesticide 
residue and heavy metal contamination and species adulteration) of 
MAP produces

• Development of chemical fingerprint and establishment of accredited 
laboratories

• Isolation of newer high value bioactive compounds to address the 
challenging disease in present and future

Crop Protection

• Standardization and development of various pest management 
strategies

• Development of pest and disease forecasting models
• Screening of medicinal plants for their bio-efficacy against pest and 

diseases

Post Harvest Management and Mechanization

• Standardization of post harvest management practices like drying, 
sorting, grading, packaging, storage and transportation

• Value addition, by-product development from processing waste, and 
functional foods from finished and semi-finished products

• Systematic approach for mechanization of different cultivation 
operations and post harvest processing in MAP

• Development of sensors based precise inputs and drugs delivery 
technologies

Linkages and Transfer of Technology

• Establishment of coordination and partnerships between different 
MAP stakeholders from producers to consumers.

• Innovative extension approaches to disseminate the technologies to 
ultimate users.

ICT and Knowledge Management

• Documentation and management of medicinal plants database and 
indigenous traditional knowledge

• Creation of highest level of communication, network and computing 
technologies for dissemination of MAP information

• Use of latest information technologies in developing infrastructure 
and software tools
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Expected output

Crop improvement

• Conservation of MAP species for future use
• Germplasm of MAP for specific traits of high yield and quality and 

resistant to biotic and abiotic stresses
• Novel varieties of MAP with specific targeted character
• Standards for better quality seed and planting material of MAP
• Technologies for mass multiplication of planting material
• Technologies for enhanced biosynthesis and production of active 

principle compounds of MAP

Crop production and processing

• Cultivation of MAP will reduce their over exploitation, fulfill the 
demand and conserve the natural species and habitats

• GAP for all important MAP to improve the productivity and quality 
and to fetch better economic returns 

• Technologies for efficient utilization of resources such as land, water, 
nutrients, sunlight, labour etc.

• Technologies for cultivation of MAP in different cropping systems 
and on the problematic soils to increase the area and generate 
additional income to sustain livelihoods

• Post harvest technologies to reduce losses of harvested produce 
during processing, storage, transportation and to improve the 
nutritional quality and shelf life of the produce 

• Mechanization to reduce man power requirement and human 
drudgery involved in the cultivation of MAP

Quality management

• Technologies to detect various adulterants and monitor the quality 
of the produce

• Protocols to assess the quality and certification of products
• Information on safe waiting period/pre harvest interval for the 

pesticides application
• Technologies to extract high value compounds of industrial demands

Crop protection

• IPM modules for effective management of pests and diseases of 
MAP

• Models for forecasting the outbreak of pests and diseases
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• Information on potential botanical pesticides for ecofriendly 
management of pests and diseases

Linkages and transfer of technology

• Establishment of effective partnerships between different MAP 
stakeholders

• ICT tools to disseminate the information and technologies to the 
users

• Knowledge management of MAP will be generated and maintained
• Database on MAP status will be available for researchers, traders 

and policy makers
q



Way Forward

This vision is focusing the ability to see how the country can leverage 
the goodness of MAP in a manner that benefits the Indian public 

and also gives us global recognition. The situation demands that massive 
attention needs to be paid to GAP, GMP, testing of heavy metals 
and impurities, and effective strategies and innovative programmes of 
significant size and scale. The ICAR-DMAPR is committed to bring 
a change in the vast canvas of availability of quality raw drugs free 
from pesticide residue, heavy metal and mycotoxin by using demand 
driven, technology-led, environmental friendly production technologies.  
Framing of regulatory standards and traceability of products from source 
to supply through supply chain management, use of non-destructive 
techniques and bar coding will assure the quality of the drugs. Isolation 
and extraction of pure bioactive molecules for standard products and 
development of smart delivery system with enhanced bioavailability will 
add to the efficacy and potency of the drugs. Implementation of GACP 
and certification of GACP will not only transform the future supply 
scenario of quality ISM medicines, but also generate employment in 
the rural sector for the educated youth. ICAR-DMAPR will take a lead 
role in the development of location specific, species-wise protocol for 
production and processing technologies and dissemination of the same 
through its forward and backward linking with AICRP-MAPB and other 
government and non-government organizations. 

In this sector involvement of private organizations is negligible 
and the stakeholders are mainly looking forward to the ICAR-SAU 
system for the technology generation to fulfill their aspiration. The 
ICAR-DMAPR will develop strategies in a participatory mode with 
the industries and other organizations by introducing a culture of 
responsibility, accountability and integrity to respond to the demand of 
every stakeholder and uplifting the status by MAP sector. 

We hope that the present document will create better understanding 
of the subject and facilitate for further action on sustainable development 
of medicinal and aromatic plant resources, encourages the stakeholders to 
make timely interventions and boost the exports resulting in enhanced 
socio-economic benefits to the cultivators/collectors/extractors/exporters.

25
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Road map/strategies to achieve the goal/target by the year 2050

Programme Approach Performance measure

Ex-situ conservation of 
MAP

Establishment and maintenance of field 
gene bank and botanical garden

Number of RET species conserved

Evaluation of germplasm Identification, characterization and 
evaluation of germplasm for different 
traits

Number of germplasm accessions 
identified for specific traits of high yield 
and quality and resistant to biotic and 
abiotic stresses

Management and 
enhancement of 
germplasm for novel traits

Breeding for higher yield and quality, 
and tolerant to pests and diseases 
using conventional as wells as 
biotechnological approaches

Number of novel genotypes/varieties of 
MAP developed for targeted characters

Production of quality seed 
and planting material

Standardization of mass multiplication 
techniques for production of quality 
seed and planting material through the 
use of frontier technologies

Technologies for mass multiplication of 
planting material, and development of 
standards for quality seed and planting 
materials

Elucidation and 
engineering of biosynthetic 
pathways of various active 
principle compounds 

Understanding of biosynthetic pathway 
and in vitro production of active 
principles for targeted use

Technologies for enhanced 
biosynthesis, and production of active 
principle compounds

Development of good 
agricultural and collection 
practices 

Basic and applied research for 
developing GACP taking into account 
the agro-climatic suitability

GACP technologies developed for MAP

Cultivation of MAP in 
different cropping and land 
use systems

Intensification and diversification 
the cultivation of MAP in the existing 
cropping systems and on problematic 
and degraded waste lands for 
sustainable development

Technologies for cultivation of MAP in 
different cropping systems and on the 
problematic, degraded and waste lands

Enhancement of input use 
efficiencies (nutrient, light 
and water)

Integration of management practices 
with the use of modern technologies

Technologies with better input use 
efficiency

Certification of MAP 
produces

Standardization of certification protocols 
complying WHO GAP and GACP 
guidelines

Protocols developed for certification of 
MAP produces

Quality assessment of raw 
drugs

Development of advanced analytical 
processes and technologies for quality 
assessment

Standard operating protocols, chemical 
fingerprint and fixing of parameters for 
quality assessment

Isolation of high value 
bioactive compounds

Isolation of important high value 
compounds to address the challenging 
diseases in human and for plant health

State of art technologies for extraction, 
characterization and isolation of high 
value compounds and innovative 
formulations

Management of pests and 
diseases 

Development of management strategies 
against pests and diseases under 
changing climatic conditions

IPM modules for effective management 
of pests and diseases of MAP

Pest and disease 
forecasting

Development of pest and disease 
forecasting models

Decision support systems for 
economically important pests and 
diseases in MAP
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Programme Approach Performance measure

Identification of promising 
biopesticide molecules 
from MAP

Screening of medicinal plants for their 
bioefficacy against pests and diseases

New promising botanical pesticides 
from MAP

Standardization of post 
harvest and value addition 
technologies to improve 
quality and economic 
return

Development of post harvest 
management practices and value 
addition, by-product development from 
processing waste, and development of 
functional foods from finished and semi-
finished products

Post harvest technologies for improved 
quality and shelf life of the produce and 
newer value added products of MAP

Mechanization of 
cultivation and post 
harvest operations

Mechanization of different cultivation 
operations and post harvest processing 
in MAP

Mechanization methods developed for 
cultivation and post harvest processing

Linkages between different 
MAP stakeholders

Establishment of partnerships between 
different MAP stakeholders from 
producer to consumers

Partnerships/linkages developed 
amongst MAP stakeholders

Transfer of 
technologies to the 
end users

Technology dissemination 
through the use of ICT tools and 
extension approaches

Technologies related to MAP 
disseminated

Creation of highest level 
of communications, 
documentation and 
management of databases 
and indigenous traditional 
knowledge

Development of ICT/applications and 
their management

Number of ICT/applications developed

q
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