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Agricultural loan waiver in India - A paradox 

Abstract 

 

Loan waiver is the waiving of the real or potential liability of a person or party who has 

taken a loan. The first ever nation-wide farm loan waiver in India, the Agricultural and Rural 

Debt Relief Scheme (ARDR), was announced in 1990 by the National Front government and the 

cost of this scheme to the exchequer was Rs. 10,000 crore. Thereafter, on 29
th

 February 2008, 

loan waiver of Rs.60,000 crore was given to farmersby the United Progressive Alliance 

government under the Agricultural Debt Waiver and Debt Relief Scheme (ADWDRS). In 2014, 

the governments of Telangana and Andhra Pradesh waived loans amounting to Rs. 17,000 crore 

and Rs. 22000 crore respectively, with the intention of providing support for farmers whose 

crops were severely damaged by the cyclone, ‘Phailin’. Similar loan waivers of Rs.5,780 crore in 

Tamil Nadu during 2016 and  Rs. 36,000 crore in Uttar Pradesh during 2017 were declared.  

There were several shortfalls in the implementation of the ARDR scheme of 1990. It took several 

years for the banks to clear off the loan accounts, the farmers who repaid loans before 

implementation of the scheme felt cheated and the beneficiaries as well as the subsequent 

borrowers expected write-off from time to time. In the ADWDRS, the entire eligible amount was 

waived for small and marginal farmers and debt relief was given for ‘other farmers’ with more 

than 2 ha, in which 25 per cent of the eligible amount was rebated, if the farmer pays balance 75 

per cent of the loan amount (GOI, 2008). This scheme did not address the indebtedness of 23 per 

cent households of the country having access to informal credit. Out of  9,334 accounts audited 

across nine states, it was found that 13.46 per cent accounts were eligible but not considered for 

the waiver. It was also found that out of the 80,299 accounts granted debt waiver and debt relief, 

8.5 per cent of beneficiaries were ineligible for the scheme (CAG, 2013). The Non-Performing 

Assets (NPAs) of agricultural loans in banks reduced to two per cent in 2008-09, due of the 

clearing up of bank books by the government. But the NPAs in agriculture rose to about 5 per 

cent by 2011-12 due to moral hazard in the repayment behavior of farmers (RBI, 2017). Salve 
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and Biradar (2014) reported that there were regional disparities in the distribution of benefit of 

ADWDR scheme as well as reduction in credit flow. 

 

       In June 2017, there were agitations and protests by the farmers of Madhya Pradesh, 

Maharashtra and Tamil Nadu due to fall in price of the agricultural commodities, liquidity issues 

related to demonetization and ban on cattle trade. Consequently, the farmers of these states 

demanded loan waivers and with the exception of Madhya Pradesh, all other state governments 

succumbed to this demand.  

 

         Loan waivers are temporary solution for the persisting agrarian distress in India. Moreover, 

it will affect the credit discipline and the national balance sheet. A better alternative to loan 

waiver is restructuring and rescheduling of the loans. The root causes of agrarian distress need to 

be addressed at the farm level which calls for proper administration of Minimum Support Price, 

better coverage of crop insurance across states and farmers, promoting the use of warehousing 

facilities and warehouse receipts as negotiable instruments for getting credit and strengthening of 

market intelligence and ICT enabled extension services.  

References 
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Demonetization and its impact on Indian agriculture 

Abstract 

         Demonetization can be defined as “the act of stripping off the currency unit of its status as 

legal tender”. Demonetization was introduced in India on 8
th

 November, 2016, with immediate 

withdrawal of high value denominations (500 and 1000 rupee notes) as legal tender” (Basu, 

2016). It was mooted as a move to unearth black money, remove counterfeit currency from 

circulation and to prevent terror financing. The demonetization experiments have been conducted 

across many countries in the world with the objectives of controlling inflation, curbing black 

money and black marketing, fighting against organized crime, preventing counterfeiting, fighting 

corruption, managing banking crisis and financing fiscal deficit. 

As a result of demonetization Rs. 15.28 lakh crore of the high-value currency returned to the 

banking system. This is around 99 per cent of the total value of the withdrawn currency at the 

time of demonetization (RBI 2017).The recent politico-economic experiment of demonetization 

has left a deep impression on the socio-economic activities of all the economic agents in the 

economy as well as sectors. This has resulted in increase in deposits of savings and current 

accounts of commercial banks which could be utilized further for lending purposes. 

Demonetization has thus enhanced the cash flow for the banks and markets. 

The shortage of cash has led to a decline in demand and there was disruption in production 

activity due to temporary loss of work in the unorganized sector. This has resulted in a decrease 
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in production leading to a fall in GDP growth(GOI 2017).Share prices of cash intensive sectors 

such as automobiles and real estate declined sharply in November and December 2016. There 

has been a significant improvement in the use of digital modes of payments post demonetization. 

Demonetization can affect agriculture directly in four ways. These include area sown, 

crop pattern, productivity and market. The trend and pattern in sowing and marketing of crops 

during the period following the announcement of demonetization provide useful indications to 

discern effect of demonetization on agriculture sector (Chand and Singh, 2017). As a result of 

demonetization there were disruptions and breaks in the supply chains which resulted in 

reduction in sales of agricultural goods. This move has the potential of bringing about 

transformational changes in the long run like better access to credit for farmers, elimination of 

middlemen, and direct transfer of subsidies to farmers and ultimately linking the Indian farmer to 

the global agricultural market.  

 

References: 

Basu, K. 2016. In India, Black Money Makes for Bad Policy. New York. Available: 

Times,http://www.nytimes.com/2016/11/27/opinion/in-india-black-money-makes-for-

bad-policy.html?_r=0 [27 Nov.2017] 
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http://niti.gov.in/content/agricultural-growthaftermath-demonetization [22 Oct 2017]. 

GOI [Government of India] 2017. Demonetization: To deify or demonize? Economic Survey. 

2016-17; (4), 53-81. 

RBI [Reserve Bank of India] 2017.  Macroeconomic Impact of Demonetisation - A Preliminary 

Assessment, Reserve Bank of India, Mumbai, pp.30-38. 
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Water quality issues in Kerala: socio-economic dimensions 

Abstract 

Water is a prime necessity for the survival of life. Despite abundant rainfall and water bodies in 

Kerala, the per capita availability of water is less than that of national average and shows continuous 

decline. Coupled with that, there are worrying reports on quality threats. Water quality is mainly 

decided by the physical, chemical and biological parameters, the desirable limits of which are fixed by 

BIS (Bureau of Indian Standards) in India. If these parameters go beyond the permissible limit, it leads to 

an adverse effect on plants, animals and human beings(BIS, 2016). 

Physical parameters of water quality are measured mainly through the colour, taste, odour 

and turbidity. However the appearance alone cannot be taken as indication of good quality. 

Chemical dimensions of water quality are measured mainly by the concentration of elements like 

fluoride, iron, arsenic, chloride, nitrate and heavy metals. In Kerala, fluoride content was 

detected above the permissible limits in Palakkad and Alappuzha districts. Fluorosis is the major 

health problem due to fluoride contamination (Karthick et al., 2010).  

Biological contamination, which is more commonly reported, is due to the presence of 

bacteria, virus, protozoa and algae, beyond the permissible levels. Diarrhoea, pneumonia, 

cholera, typhoid, hepatitis and gastrointestinal illness are the diseases associated with biological 

contamination. Raj and Kumar (2014) reported high level of coliform bacteria from 

Thiruvananthapuram district. Around 45,000 diarrhoeal cases are also been reported in 2016. 

Water related health damages often scale up to community level and are often reported from 

lower economic strata. The social cost for the population associated with such diseases are 

reported as high as Rs. 16.49 crores (Dasguptha, 2007). 
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There are several reports of contamination of water bodies in the state. The rivers are 

affected by pollutants from domestic, industrial and agricultural sectors. Periyar and Chaliyaar 

rivers are polluted due to industrial effluents. Almost 260 million litres of industrial effluents are 

dumped into the rivers every day. Heavy metals like mercury, copper, zinc, and lead were 

detected in the river water. Chalakkudy, Periyar, Muvattupuzha, Meenachil, Pampa and 

Achenkovil rivers are polluted mainly because of bacterial contamination (Chakrapani, 2014). 

Government of Kerala has taken up water quality monitoring programmes since 2000 in 

128 stations through the Kerala State Council for Science, Technology and Environment 

(KSCSTE) and Centre for Water Resources Development and Management (CWRDM). The 

programmes facilitate the efforts to check the level of pollution. 

Water quality concerns gain more significance in an era of water scarcity and fast 

economic development. The efforts to address the issue may be taken up at domestic and society 

levels through legal and policy mechanisms. Proper waste management forms the basis of the 

approach. 

References 

BIS [Bureau of Indian Standards] 2016. Drinking Water Specifications[on line]. Available: 

http://www.bis.org.in/sf/fad/FAD25(2047)C.pdf [18 Nov 2017]. 
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  production function approach. PhD (Econ.) thesis, Jawaharlal Nehru University, New 
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Karthick, B., Boominathan, M., Ali, S., and Ramachandra, T.V. 2010. Evaluation of the quality 

 of drinking water in Kerala state, India. Asian J. Water Environ. Pollut. 7: 39-42. 

 

Raj, D. and Kumar, R.B.B. 2014. Judgement of ground water quality around Trivandrum civil 

  station, Kerala, India: a GIS based approach. Nat. Env. Pollut. Tech. 14: 157-160. 
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Fertilizer policies and pricing of NPK fertilizers in India 

Abstract 

Fertilizer is one of the major inputs used in the agricultural production process.Total 

fertilizer consumption in India was found to be about 85.98 million tonnes. So the per hectare 

consumption of fertilizer in India is found to be 144 kg. This is less when compared to other 

countries (GOI, 2015). 

In an agrarian economy like India, government plays vital role in the development of 

agriculture sector in the form of input subsidies like fertilizers, seeds, electricity, irrigation, credit 

etc. For sustained agricultural growth and to promote balanced nutrient application, it is 

imperative that fertilizers are made available to farmers at affordable prices. With this objective, 

urea being the only controlled fertilizer, is sold at statutory notified uniform sale price, and 

decontrolled Phosphatic and Potassic fertilizes are sold at indicative maximum retail prices 

(MRPs). The difference between the cost of production and the selling price/MRP is paid as 

subsidy/concession to manufacturers (GOI, 2015). 

Several policies have been attempted by the government of India in the fertilizer sector 

starting from the 1940s. These timely and effective policies have made India one among the 

largest producers and consumers of fertilizer in the world. In future, some changes like subsidy  

intervention from the input side may improve the policy regime, since the availability of the feed 

stocks and raw materials are the major constraints faced by the industry. 
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Major problems faced by the fertilizer industry in India are price difference between 

phosphatic and pottasic fertilizers, gross under-budgeting for the fertilizer subsidy in the 

successive Union Budgets, imbalanced use of fertilizersetc. subsidy leakage is another major 

issue i.e., out of total allocation of subsidy to the fertilizer sector, only 35 per cent reaches the 

small farmers (Sharma,2009).This issues are solved by different Government policies like 

decanalization, rationalization of fertilizers etc. (FAI, 2014) 

Over the years the policy makers in India have adopted a wide range of strategies to 

ensure supply of fertilizers equitably by providing it at an affordable price. The major fertilizer 

policies implemented, including the retention price scheme, decontrol of prices, nutrient based 

pricing, nutrient based subsidy etc., could not ensure a steady balanced use of fertilizers. Hence it 

is important to trace the evolution of fertilizer policies and suggest some measures to improve 

the overall availability at affordable prices and at the right time to the farmers of our country. 

References  

FAI [Fertilizer Association of India]. 2008. Fertilizer Statistics 2007-08 and earlier issues                      

[on-line] Available:https://aijsh.com/shop/articlepdf/2017/09/15042513842abstract.pdf               

[7 Sept. 2017]. 

GOI [Government of India]. 2015. Subsidy on food and agriculture [on-line]. Available: 

www.indiastat.com/.../subsidy/.../subsidyonfoodandagriculture19762015[1 Nov. 2016].  

Sharma, V.P. and Thaker, H. 2009. Fertilizer subsidies in India: Who are the beneficiaries [on-

line].Indian Institute of Management, Ahmadabad working paper series no. 2009-07-01. 

Available:www.iimahd.ernet.in/publications/data/2009-07-01Sharma.pdf[01 Nov. 2016].   
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                                 Nanotechnology applications in insect pest management 

Abstract 

Feeding the ever growing human populations is a great challenge today which is further 

complicated by concerns about the risks of environmental pollution and human health associated 

with conventional pesticides. The indiscriminate use of pesticides has created an array of 

problems like pesticide residue in food, resistance development in pests and above all several 

health hazards to human beings and animals. Among the recent technological advancements, 

nanotechnology shows considerable promise to combat this challenge. Problems such as harmful 

solvents, poor dispersion, and drift losses. can be very well addressed by nanotechnological 

interventions. 

 Nanotechnology is defined as the branch of science which deals with the characterization, 

fabrication and manipulation of materials at nano scale ie., 1-100 nm (Hanford et al., 2014). It 

has wider application in various fields such as pharmaceutical industries, information technology 

and agriculture. Revolutionary changes in agriculture was made with the introduction of 

nanofertilizers, nanopesticides and nanosensors which improved crop production, resource 

utilization efficiency, safer application of pesticides and detection of pesticide residue. 

Nanopesticides are developed either through directly processing into nanoparticles or by loading 

pesticides with nano carriers in delivery systems (Ghormade et al., 2011). Important 

nanoformulations include nanoparticles, nanoemulsion, nano  encapsulation and nanogel. The 

treatment of hydrophobic silica nanoparticles (SNPs) with the seeds of pulse crops like red gram, 

Cajanus cajan (L.) Millsp. horse gram, Macrotyloma uniflorum (Lam) Verdc. and black gram 
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Vigna mungo (L.) Hepper aginst pulse beetle, Callosobruchus maculates (Fab.) infestation 

revealed a significant reduction in oviposition, and adult emergence (Arumugam et al., 2016). 

Higher mortality to Plutella xylostella (Linn.) was obtained when nanoparticles are used as 

carriers with extracts of Azadirachta indica A. Juss. (Forim et al., 2013). Nowadays, pesticide 

residue detection is a major concern of consumers and food safety experts and a rapid pesticide 

residue detection method is very much essential. Recent research conducted by Verdian, 2017 

developed an aptamer (an oligonucleotide) based nanosensor (aptasensor) for the residue 

estimation of acetamiprid. 

 As far as pest management is concerned, these novel nano agricultural products will 

provide multiple benefits such as reduced use of chemical pesticides, lower environmental 

pollution and pesticide residual contamination in food and other commodities. 

References 
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Egg dumping: survival mechanism in insects 

Abstract 

Egg dumping is a term that was originally used to describe the behaviour of females 

laying eggs in others’ nest. Dumping of egg by cuckoo in crow’s nest is a classical example. 

Egg dumping behaviour is not restricted to birds alone. A number of organisms such as 

amphibians, fishes and insects display egg dumping behaviour. Egg dumping in insects 

differs from avian egg dumping in being facultative and intraspecific in nature. 

Egg dumping involves two factors, namely dumping and guarding. Egg dumper 

places eggs under the care of conspecifics while egg guarder ends up protecting own eggs as 

well as that of dumper. Examples of egg dumping in insects includes the lace bug (Gargaphia 

sp.), the burying beetle (Nicrophorus sp.), the golden egg bug (Phyllomorpha laciniata), tree 

hoppers, subsocial bees and wasps. 

Egg dumping contributes to the fitness of the dumper, as it saves time and energy in 

guarding the eggs. It is also often beneficial to the guarder in reducing the chances of 

predation of the dumpers eggs. Such mutualistic egg dumping is exemplified in the lace bug 

Gargaphia sp. (Loeb, 2002). Egg dumping in the golden egg bug Phyllomorpha laciniata, 

however, is more of parasitic in nature (Kaitala et al., 2000). On the other hand Gargaphia 

sp. display kin selection in egg dumping (Loeb et al., 2000), which is considered as an 

evolutionary stepping stone to eusociality. 

  Egg dumping and guarding in the lace bug, Gargaphia solani can be manipulated by 

the exogenous application of juvenile hormones (JH) (Tallamy et al., 2002). High JH 

promotes egg production and egg dumping behaviour, while low JH titre terminates egg 

production and initiates maternal care. 

Venue      :                       Seminar hall 

Date         : 22/12/2017 

Time        : 10.00 a.m. 
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Another form of egg dumping is observed in seed beetles, Callosobruchus maculatus 

(F.), where they lay their eggs on unsuitable substrates, if preferred hosts are not available. 

This helps the insects to enhance their chances of survival and also to expand their host 

range. Tendency to dump eggs varies genetically within and between populations of C. 

maculatus (Messina and Fox, 2011).  

Several factors influence egg dumping. Nest architecture, nest aggregation, 

synchronous reproduction and maternal care in most of the insects, more often than not, serve 

as limiting factors for egg dumping. This could be why, in spite of its apparent benefits, egg 

dumping is few among insects. 
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Insects as bioindicators - doomsayers on six legs?  

Abstract  

A bioindicator is any species or group of species whose function, population or status 

can reveal the qualitative status of the environment in which they live. A wide range of 

species are known as potential bioindicators in both aquatic and terrestrial ecosystems 

(Burger and Gochfeld, 2001). Insects are the most widely used bioindicators, as they are more 

severely and quickly affected by changes in the ecosystem than other taxa.  

Insects respond to environmental changes by altering their morphology, physiology 

and histology. Osman et al. (2015) reported a decrease in population density, reduction in 

body weight as well as deformation of gonads and alimentary canal in Blaps polycresta 

(Coleoptera: Tenebrionidae) due to cadmium pollution in soil.  

Insect bioindicators can be grouped into three categories viz., environmental, 

ecological and biodiversity indicators. Environmental indicators detect the anthropogenic 

impacts on the environment. A study conducted at Pala municipality, Kottayam district 

revealed the potential of Odonata as a bioindicator of water quality, as indicated by the 

highest species richness in areas with highest water quality index (Jacob and Manju, 2016). 

On the other hand, presence of Chironomus larvae in Ayad river, Udaipur, in large numbers 

indicated contamination with sewage (Rawal, 2014).   

Ecological indicators indicate the impact of habitat disturbances and fragmentation on 

biota. Species richness, abundance and biomass of termites declined from protected forest to 

urban area as a result of land use intensification in Java, Indonesia (Pribadi et al., 2011). 

Biodiversity indicator is a group of taxa, whose diversity reflects the diversity of other taxa in 

https://en.wikipedia.org/wiki/Species
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a habitat. Thus, diversity of Ithomiinae (Nymphalidae) indicates the diversity of other 

forestdwelling neotropical butterflies (Beccaloni and Gaston, 1995).  

The diversity and abundance of natural enemies and pollinators can be good indices 

reflecting the ‘healthiness’ of agro-ecosystem services. Exposure of honey bees to residues of 

neonicotinoids, one of the widely used insecticides, was reported to cause colony collapse 

disorder at Boston, USA (Lu et al., 2014).  

Indicator insects can provide early warning of environmental damage. However, a 

strong understanding of insects’ responses to environmental disturbances is necessary to 

evaluate the consequences on ecosystems.  
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Information communication technologies for management of natural resources  

Abstract  

Deterioration and depletion of natural resources of developing countries which are 

being attributed mostly to the resource intensive development paradigm have become key 

concerns of our times. In this context, management of natural resources sustainably is 

considered to be the most important intervention to deal with degradation of productive lands, 

shrinking of forests, diminishing supplies of clean water, depletion of fish resources and 

alarming increase in carbon emission.   

Interventions to facilitate sustainable management of resources are information 

intensive and require careful management of data and information (Tongia et al., 2005).The 

complex nature of environmental systems and the socio-political dimensions involved in 

managing them have triggered wide use of Information Communication Technologies (ICTs). 

ICTs have the potential to improve the accessibility of environmental information. If properly 

applied, ICTs would be able to empower local people to make informed decisions regarding 

environmental issues, thus ensuring sustainable management of natural resources (Emmanuel 

and Lwoga, 2007).   

Ranging from worldwide interventions to local level applications,ICTs for natural 

resource management (NRM) involve sophisticated information systems, remote sensing, 

Geographic Information System (GIS), simulation tools and educational tools. For instance, 

remote sensing and GIS have been found to be highly beneficial for creating spatio-temporal 

information that can be applied in flood plain mapping, urban development, land use change 

analysis, wildlife and vegetation tracking, wildfire detection and fire risk zone mapping 

(Kingra et al., 2016).   

Several models of ICT enabled natural resource management experiences have been 

reported from across the world. The Forestry and Natural Resources Desktop Reference  
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Library (DRL) is a web-based, distance learning and information resource project developed 

to facilitate the transfer of research-based information on forest resource management 

(Bardon, 2003). Though differently employed,  ICTs in marine fisheries sector could help to 

gain considerable insights into the behavioural pattern of marine ecosystems and have 

changed the conventional fishing perception into  responsible fishing in Europe (EMCC, 

2003). There are also ICT applications to manage river ecosystems as in the case of the 

MekongInfo in Southeast Asia. In Australia, water resources are managed by the Australian 

Water Resource Information System (AWRIS), which has provisions to forecast stream 

flows, assess water data and water status. In Kerala, the Land Use Board has developed a 

Land Resource Information System (LRIS) for delientation of various land forms and 

monitoring the changes in land use pattern.   

Even though there are a large number of such applications, societal interface of these 

technologies is still in a stage too early to facilitate local level interventions. A robust ICT 

program should improve the knowledge and wisdom of communities to manage their natural 

resources scientifically with a futuristic perspective. Easy access to information on natural 

resources by the common man through grassroots level institutions must be an essential 

feature of any ICT application for sustainable NRM.   
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Organic farming and smallholder farmers: opportunities and challenges 

Abstract 

Agriculture is the principal source of livelihood for more than 58 per cent of Indian 

population. As per the economic survey 2015-2016, the sector shares17.4 per cent of Gross 

Domestic Product (GDP). 

Organic farming stands for an ecologically managed production system that promotes 

and enhances biodiversity, biological cycles and soil biological activity. It is based on the 

minimal use of off-farm inputs and relies on management practices that restore, maintain and 

enhance ‘ecological harmony’ (USDA, 1995).  

The initiation of organic farming starts from 1940 onwards all over the world,because 

of the understanding that this practice had no side effects and is in harmony with nature too. 

Ramesh et al. (2010) observed that by opting for organic farming instead of conventional 

farming, cost of cultivation can be reduced and net returns can be increased. 

Smallholder is a marginal or sub marginal farmer who owns or cultivates less than 2 

hectares of land(Agriculture Census, 2010-2011). Government of Kerala defined smallholder 

farmers as those who own less than 1 acre. They are characterised by family focused motives 

such as favouring the stability of the farm household system, using mainly family labour for 

production and using part of the produce for family consumption. 

Gupta, (2015) pointed that no organic farmer has ever committed suicide in India and 

smallholders who take to organic farming are stably able to save their crops, despite vagaries 

of the weather and market instability.  
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The most ambitious programme undertaken by government of India as a step towards 

attainment of sustainable agriculture is National Mission on Sustainable Agriculture. It had a 

budget outlay of Rs. 130 billion in 12
th

 five-year plan (2012-2017) which constitute about 11 

per cent of the total agricultural budget of the country. It is small civil society and farmer lead 

initiative that is keeping the organic or sustainable agriculture movement alive.One such 

initiative is led by the Organic Farming Association ofIndia (OFAI).Some of the ongoing 

programmes for promoting organic farming are Paramparagat Krishi Vikas Yojana (PKVY), 

Mission for Integrated Development of Horticulture, National Project on Management of Soil 

Health and Fertility (NPMSHF) and Rashtriya Krishi Vikas Yojana (RKVY) (NPI, 2017). 

Benefits of organic farming in the context of small holders were biodiversity conservation, 

soil protection, energy efficiency, high environmental resilience against climate change, 

poverty reduction, providing price premium. Difficulties incurred in nutrient management, 

certification and market barriers, low access to market and low yield are the major 

challengesof smallholder organic farmers (Jouzi et al., 2017). 

Success stories of smallholder organic farmers around world are attaining much 

attention in the society and this motivates more persons to engage in organic farming, as a 

step towards sustainability. Research and policy should be tailored considering the 

opportunities and challenges of smallholders in organic farming.  
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WOMEN AGRIPRENEURSHIP : PROSPECTS AND CHALLENGES 

Abstract 

In India, women constitute nearly 50 per cent of the population, perform two-thirds of the 

work and produce 50 per cent of commodities. But they earn only one-third of remuneration and 

own only 10 per cent of the wealth (Singh, 2013). As per the UNDP report (2013), India ranks 

132
nd

 in Gender Development Index (GDI) among 187 countries. Thus women empowerment is a 

prerequisite for growth and development of our economy. 

Entrepreneurship has been visualized as one of the strategic development interventions to 

accelerate the development process in India. Agripreneurship is the practice of entrepreneurship in 

agricultural sector. Considering that two-thirds of the Indian population is employed in the 

agricultural sector, agripreneurship development is imperative for generating employment in the 

country. Also it has the potential to generate growth, diversify income, provide widespread 

employment and foster entrepreneurship opportunities in rural India (Bairwa et al., 2014). 

 Government of India has been actively undertaking promotion of women entrepreneurs 

through various schemes, incentives and promotional measures. Gender mainstreaming started 

from the 6
th

 five year plan onwards. Some of the ongoing centrally sponsored women 

empowerment programmes are Support to Training and Employment Programme for Women 

(STEPW), Rashtriya Mahila Kosh (RMK), Mahila Samridhi Yojana (MSY), National Mission for 

Empowerment of Women (NMEW), Trade Related Entrepreneurship Assistance and 

Development scheme for women (TREAD), Startup India scheme, Standup India scheme, 

Agri-clinic and Agri-business centres scheme (ACABC) and Pradhan Mantri Mahila Shakti 

Kendra scheme (PMMSK). 

 Major motivational factors influencing women to join agripreneurship are innovative ideas, 

abundant resources, market demand for specific products/services, willingness to help farming 

community, improvement in living standards, desire for empowerment and as an avenue for 

independence (Goswami and Thakur, 2015). 
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The emerging areas for women agripreneurship are agro food manufacturing units, 

horticultural processed products, input management and agro-service centres, agro-forestry based 

products, agri-tourism business, agri-clinics and agri-business centres. Many women agripreneurs 

are doing successfully in the areas of their choice. 

 Some of the national institutions promoting agripreneurship are EDI, IIE, MANAGE, 

SFAC, CIWA, MUDRA bank, NABARD, SIDBI and MSME. In Kerala Kudumbashree Mission, 

DICs, KSWDC, KIED and KAU are also doing lot of promotional activities. 

 Women who manage to start ventures have been cited as having challenges at the growth 

stages such as inadequate working capital, poor technical and managerial skills, lack of marketing 

techniques, lack of basic infrastructure, hostile business environments, poor project planning skills 

and lack of information on the available assistance programmes (Rathna et al., 2016).  

Women agripreneurship development leads to the empowerment of women in many ways 

such as socio-economic opportunities, property rights, political representation, social equality, 

personal right, family development, market development, community development and at last the 

development of national economy as a whole ( Bairwa et al., 2015). 
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Massive Open Online Courses (MOOCs) in Agriculture 

 

Abstract 

 Education is the foundation of any social system for the development of human 

resources. Technology has caused the fundamental changes in all aspects of our life, 

including the educational system. As technology developed as distance learning, in the 

information era online learning made education smooth and effective. As an improvement of 

online learning system, Massive Open Online Courses (MOOCs) took birth in 2008 from the 

University of Manitoba (Canada), to provide online courses with credit and certificate 

(Chatterjee and Nath, 2014). Aftermath of MOOCs will be a great revolution in higher 

education scenario. 

 MOOCs are online courses aimed at unlimited participation through internet devices 

that use traditional e-learning resources like video lectures, in-lecture quizzes, readings, 

weekly quizzes and assignments along with interactive user forums to clarify the concepts 

and enhance learning by providing a social learning experience to the students (Luaran, 

2013). 

 In 1960s, the early establishment of Agricultural Universities in India contributed a lot 

in boosting agricultural growth of the country and brought about the integration of education, 

research and extension. But as time advanced Agricultural Universities became inefficient 

due to shortage of faculty, use of traditional method of teaching, obsolete resource material 

and poor communication skills (Tamboli and Nene, 2013). MOOCs are becoming more 

popular due to their ability to reach unlimited number of students free of cost or with very 

minimal cost. Most Agricultural Universities are yet to explore and exploit these 

opportunities to enable the students’ access to research infused curricula and promote high 

quality faculty members. 

 India is the second largest participant after United States and the top private MOOCs 

provider Course area platform has more than ten million Indian participants (Malik, 

2015).The ‘Commonwealth of learning’s (COL) analysis shows that other than the University 

of Florida, no other agricultural universitys offering the MOOCs on topics relevant to 

agriculture, so that India has a great opportunity in this regard (Murthy, et al., 2016). A few 

government agencies like ICRISAT, MANAGE, NAARM etc. initiated MOOCs in the 

agricultural sector. 
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 Building skills, competencies and capacity of human resources on a mass scale is a 

matter of priority in addressing the multiple challenges facing Indian agriculture. Innovations 

in Information and Communication Technologies (ICTs) are playing an important role in 

bridging the digital divide and they could successfully be deployed for this purpose (Singh, 

2012). 

 The stakeholders in the agriculture domain such as students, extension officials, faculty 

members, educated farmers, entrepreneurs can exploit the potential of MOOCs according to 

their area of interest. At the same time, we must be equipped to face the challenges probable 

in implementing MOOCs in the agricultural education system such as the digital divide, lack 

of infrastructure, dishonesty through online education etc. It is time that the potential of the 

MOOCs in Indian agriculture is explored, especially in the context of the strong knowledge-

to-skill oriented approach. 
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                    Capacity Building for Agripreneurship: Methods and Techniques 

    Abstract 

India is an agro-based economy,where 61.5 percent of population dependon agriculture to 

earn their livelihood.Even though agriculture is the primary sector in the country, it is facing 

many challengesin achieving the improvementoffarming community.The major problems in 

agriculture sector include volatility of prices, occurrence of miss-match between the agricultural 

production and market demand.
 

Lack of technological support to address the production issue,would lead the producer to 

produce more than the self-sufficiency and distress continues.To matchthe agricultural 

production with market demand the solution lies in converting the produce in to the product.This 

is assured through the promotionof Entrepreneurship in agriculture called Agripreunership. 

Entrepreneurship is the process of identifying existing opportunities and utilizing available  

resources to convert an idea into the form of a productto market(Ray,1981).It generates 

employment,createswealth,which results in reduction of poverty and economic development of a 

nation.It is being used as a toolby the Ministry of Skill development and Entrepreneurshipto 

harness the potential of the youth.The ministry launched schemes for the entrepreneurship 

development and provides education,training andskills throughEntrepreneurship Development 

Institutions(GOI,2014). 

Agripreneurship is the process where farmer as an entrepreneur,who ispassionate about 

farming, is willing to take calculated risks and able to make their 

farmsprofitable(Kahan,2013).Agri-Institutions,Entrepreneurship Development Institutes 
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(EDIs)are involved in capacity building of agripreneurship through various methods and 

techniques including training,education and awareness programmes. 

Agri Business Incubators are the Institutions which are designed to create an entrepreneur 

friendly atmosphere and to provide platform for speedy commercialization of the technologies of 

agriculture(Pandey  etal.,2014).Start-Ups are newly emerged and rapidly growing businessunits 

aim to meet the market demand by offering an innovative product(Singh and Kaur, 2017). 

Farmer producer organisations like Tejaswini in Kannur,Entrepreneurship Development 

Institute(EDI) in Kalamaserry,Small Farmers Agri-Business Consortium (SFAC)in 

Thiruvananthapuram are the institutions in Kerala engaged in promotion of entrepreneurship and 

development of entrepreneurial spirit in the state. 

The main aim of these Institutions is to increase the efficiency of agripreneurs and strengthening 

the agripreneurship.They create platform for learning, to develop  entrepreneurial 

knowledge,attitude and skill in agripreneurs. It results in establishment of entrepreneurial 

ecosystemand making agriculture as a profitable job. 
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Weather forecasting through indigenous technical knowledge 

Abstract 

Weather, in spite of all the technological advances, remains an imperative factor as far as 

agricultural production is concerned. Since time immemorial, people had started observing 

changes occurring in the weather and their surrounding environment. The knowledge base that 

have been created among the farmers as a result of the vulnerability caused by the vagaries of the 

weather, helps people to overcome uncertainty and prepare for possible unfavorable events 

(Shankar et al., 2008).  

According to Greneirs (1998), indigenous technical knowledge (ITK) is the “unique, 

traditional, local knowledge that existed within and developed around specific conditions of men 

and women indigenous to a particular geographical area”. Farmers and elder community 

members are the best sources of ITK. So it is important to record this knowledge before it 

become extinct because ITK are usually not documented. 

 Babylonians were among the first to note short term weather changes as early as 650 BC.   

During 300 BC Chinese astronomers had prepared calendars by dividing the year into 24 

festivals, each representing different weather conditions. Another milestone was the book 

published by Aristotle named ‘Meteorologica’ during 340 BC. In India, Upanishads had 

accounts of processes of cloud formation and rain. Panchangs were in use from 1400 BC. 

Varahamihira in his book ‘Brihatsamhita’ and Kautilya in his book ‘Arthasaastra’ mentioned 

about different meteorological parameters (Sivaprakasam andKanakasabhai, 2009). 

Weather forecasting through ITK is largely based on biotic and abiotic methods. Abiotic 

indicators include those based on observations, theoretical calculations and planetary 
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configurations. Indication of fair weather by red eastern sky at night, indication of storm by red 

western sky at night, occurrence of rain followed by a hot sunny day are some of the 

observational methods of abiotic indicators. Panchang is an example of theoretical method. 

Common biotic indicators include animals, birds, insects and trees. Sparrows, swallows, and 

gray wagtails are the main birds which indicate rain. Insects like ants, termites, and dragon flies 

also indicate changes in weather by change in their activity pattern. In 2001, Kanani and Pastakia 

validated the ITK that Cassia fistula blooms fully before 45 days of the onset of monsoon. 

Work has been conducted at the Department of Agricultural Meteorology, Kerala 

Agricultural University for documenting and validating different weather related ITK. Proverbs 

prevailing in Kerala related to rainfall, wind speed and temperature were collected through 

survey and documented. 

Efforts are called for documenting and validating the available ITK before they are lost to 

us forever. ITK thus validated, could complement present scientific methods in ensuring more 

precise weather forecasts. 
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Topic: Impact of climate change on food quality 

Abstract 

            Change of climate is attributed directly or indirectly to human activity that alters the 

composition of the global atmosphere, in addition to natural climate variability observed over 

comparable time periods (UNFCCC, 2006). As agricultural production is going to be affected as 

a climate change consequence, it becomes quite important to examine the changes happening at 

different stages of crop growth and development and their impact on the production either in the 

form of quality or quantity. 

          Due to warming of the earth's system, the world is frequently experiencing many 

unprecedented changes in climate since the last five decades. Changes as well as various 

projections in current climatic variables was given in the fifth assessment report of 

Intergovernmental panel on climate change (IPCC, 2014 ). 

Wheat, rice, and maize are the most widely grown food crops in the world. Production of 

these crops accounts for over 40 per cent of global cropland area, 55 per cent of non meat 

calories and over 70 per cent of animal feed (FAO, 2008). Elevated temperatures have been 

found to cause lower amylopectin content and decreased milled rice per cent and reduce dough 

quality in wheat. Protein synthesis has also been found to be negatively affected by elevated 

temperature. 

 Demands for fresh fruits and vegetables all over the world has been increasing day by 

day . There are evidences of variations in climate, between years and regions which can have a 

strong effect on horticultural production worldwide. Increases in the temperature decrease 
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cauliflower curd weight and also causes physiological disorders  (Karthika, 2010). The study on 

performance of strawberry in different growing conditions showed that, the fruits harvested from 

high ranges had better appearance and colour compared to fruits obtained from central midlands 

(Kurian,  2012). 

             Poultry is the cheapest source of protein available for human consumption. Climate 

variation has become one of the major threats to poultry production. Elevated temperature 

showed an effect on body weight and feed gain of poultry (May et al., 1998). Milk being a very 

nutritious medium to almost all kinds of microorganism, gets spoiled very quickly when it is 

exposed to outside environment.   
             There are varied risks of climate change and thus there is a strong need for successful 

adaptation and mitigation strategies across different scales and dimensions of impacts depending 

upon crops and regions.  
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Bacteria mediated abiotic stress tolerance in plants 

 Abstract 

Plant abiotic stress refers to environmental conditions that reduce growth and yield below 

optimum level. Depending on the agro-ecological situation, abiotic stresses can be classified 

broadly as those of atmospheric origin(drought, extreme temperature, light stress) and of edaphic 

origin (salt stress, acidity, heavy metal toxicity and nutrient deficiencies) (Lal, 1987). 

Imbalance of abiotic factors in the environment can cause primary and secondary effects on 

plants. Primary effects directly alter the physical and biochemical properties of cells which then 

lead to secondary effects. 

Exploitation of plant-microbe interactions can result in the promotion of plant health and 

can play a significant role inlow-input sustainable agriculture. The plant growth promoting 

rhizobacteria (PGPR) that are used as biofertilizers,themselves act as bio-protectants against 

stress. Certain microbial species and/or strains enhance plant tolerance to abiotic stresses such as 

drought, salinity, nutrient deficiencies or excess (Yang et al., 2008), and high contents of heavy 

metals. Bacteria produce ACC deaminase, exopolysaccharides, volatiles and antioxidants and also 

enhance the production of plant growth hormones and expression of some genes such as ERD 15 and 

HKT1. 

The most important mechanism in many bacteria that directly stimulates plant growth is the 

production of the enzyme 1-aminocyclopropane-1-carboxylate(ACC) deaminase. Under stress 

conditions, this bacterial enzyme facilitates the growth of plants by reducing the level of 

ethylene,thus making the plant more tolerant to stress conditions in the environment(Glick, 

2005). 
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According to Manjesh (2016),Pseudomonas fluorescens was found to confer drought 

tolerance in rice (var. PTB 45).   Three nitrogen fixing bacterial isolates obtained from Wayanad 

(Paenibacillus, Microbacterium and Cellulosimicrobium)were found to impart drought tolerance 

in tomato plants under pot culture conditions (AINP, 2017).  

Introduction of specific genes responsible for the expression of particular enzymes like 

ACC deaminase from microbial species directly into crop plants has received great attention in 

the last few decades. However genetic manipulation of ACC deaminase trait in bacteria has not 

been much attempted (Glick, 2005). 

With the gamut of information available on the abiotic stress mitigate potential of microbes, it is 

important to intensify research efforts so that their potential can be unearthed to the maximum 

and the power of these tiny creatures can be utilized for the benefit of mankind. 
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Microbial pigments and their application 

Abstract 

Food colour is an important indicator of freshness and safety. In recent years, colouring 

of food with pigments produced from natural sources is gaining worldwide interest.  

Natural pigments are basically those colouring agent which are obtained from biological 

sources such as plants, animals and microbes. Among microorganisms, bacteria, algae and fungi 

produce a variety of pigments and therefore, are promising source of food colourants. The 

growth and pigmentation of microorganism is greatly affected by types of fermentation such as 

solid state fermentation and submerged fermentation. 

Velmurugan et al. (2014) were studied growth and pigment yield of Monascus purpureus 

in solid state fermentation at different soaking times, incubation temperature and initial substrate 

pH. Fungal growth was completely inhibited at pH 1 and 2. In this study, yield differed between 

pH 5 and 6. Maximum growth and pigment production was obtained at 30°C. According to Joshi 

et al. (2003), temperature, pH, carbon source, nitrogen source and incubation time affect 

microbial pigment production. Wong and Koechler (1983) modified the pigment from fungus 

Monascus purpureus using different solvents such as ethanol, amino acetic acid, aminobenzoic 

acid and gelatin.An important goal of food industry is to produce food with an attractive 

appearance. Some fermentation derived pigments, such as β –Carotene from Blakeslea trispora, 

Monascus pigments from Monascus spp., red pigment from Penicillium oxalicum, riboflavin 

from Ashbya gossypi, and lycopene from Fusarium sporotrichioides are being used in food 

industry at present (Kumaretal.,2015).Some microbial pigments could be used as function 
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aldyesin the productio of coloured anti-microbial textiles. Alihosseini et al. (2008) characterized 

the bright red prodigiosin pigment from Vibrio spp. and suggested that it could be used to dye 

many fibres including wool, nylon, acrylic and silk. 

Bio-pharmacological activities of microbial pigments includes anti-oxidant, anti- 

microbial, anti-cancer, immuno regulative, and anti-inflammatory. Many pigmented secondary 

metabolites of the microorganisms have significant potential in clinical applications and many 

research works are in progress for treating diseases like cancer, leukemia and diabetes mellitus 

(Kumar et al., 2015). Giri et al. (2004) tested the performance of a series of culture media and 

discovered that a novel seasame seed broth gave rise to a significant enhancement of prodigiosin 

production. 

Public perception of natural colours have increased due to eco-friendly nature. Moreover, 

at present, none of the microbial pigment can replace synthetic pigments. 
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Endophytic microorganisms in plant disease management  

Abstract  
The term ‘endophyte’ was first used to define bacteria, actinomycetes or fungi that 

occur within asymptomatic plant tissues. They live inside the plant tissues for a part of their 

life cycle or entire lifespan without showing any visible symptoms (Gupta et al., 2016). 

Endophytes display ecological plasticity with lifestyles ranging from symbiosis where both 

the partners were benefitted, to antagonism where one partner was suppressed for the other’s 

benefit and survival. In recent years, endophytes have emerged as promising biological 

control agents because of their ability to suppress plant diseases and impart fitness benefits.  

The potential to colonize internal host tissues for the benefit of crop growth and 

disease suppression have made endophytes an important component to improve crop 

performance. Several mechanisms may control this suppression, either directly on the 

pathogen inside the plant by antibiosis and competition for nutrients, or indirectly by 

induction of plant resistance response (M'Piga et al., 1997). In some cases, they can also 

accelerate seedling emergence and promote plant establishment under adverse conditions and 

enhance plant growth and development.   

Endophytes associated with plants may include bacteria or fungi that have colonized 

inside the plant tissues. The diversity of endophytic bacteria ranges from Gram-positive to 

Gram-negative bacteria, such as Achromobacter, Acinetobacter, Agrobacterium, Bacillus, 

Brevibacterium, Microbacterium, Pseudomonas and Xanthomonas(Sun et al., 2013). 

Bacterial endophytes are diverse in nature and are known to produce different bioactive 

metabolites that act as anti-microbial and anti-cancer compounds. Endophytic fungi such as 

Penicillium sp., Torreya sp., Fusarium sp., Pestalotiopsis sp.and Chloridium sp. are all 

known to produce strong anti-bacterial and anti-fungal drugs against numerous infectious 

agents (Jalgaonwala et al., 2017).  
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Several endophytes have been reported to support growth and improve the health of 

plants. Fungal pathogen in rice, for example, is inhibited by numerous endophytic bacteria 

and fungi, including several strains of Chaetomium globosum,Penicillium chrysogenum and 

Streptomyces sp. through the production of antimicrobial compounds (Shankar et al., 2006). 

Furthermore, Harish et al. (2009) demonstrated a 52.4 per cent reduction in Banana bunchy 

top virus infection in the banana cultivar Virupakshi after the application of mixtures of 

rhizobacterial and endophytic bacterial isolates viz.,Pseudomonas and Bacillus spp. Similar 

studies were conducted by Wisnu et al. (2017) on control of Pseudomonas syringe pv. 

actinidiae (Psa) causing bacterial canker in kiwifruit using Pseudomonas strains isolated from 

manuka (Leptospermum scoparium). The endophytic bacteria were shown to inhibit the 

growth of bacterial plant pathogens through the production of phenazine, 2,4-DAPG, and 

hydrogen cyanide.  

Endophytes are a poorly investigated group of microorganisms that represent an 

abundant and dependable source of bioactive and chemically novel compounds with potential 

for exploitation in a wide variety of medical, agricultural and industrial arenas. The practical 

usage and commercialization of these endophytic microorganisms might provide new 

opportunities for a revolution in industry and agriculture.  
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Rhizosphere engineering for enhancing sustainable plant ecosystem 

Abstract 

 Rhizosphere is the soil compartment that is influenced by roots of growing plant. It is the 

most complex microbial habitat on earth, comprising of an integrated network of plant roots, 

soil and a diverse microbial consortium. It is referred as the second genome of the plant. 

Interactions between plant roots, soil and microbes change soil physical and chemical properties 

which in turn alter the microbial population in the rhizosphere. 

 There is an intimacy between plants and their environment which is essential for the 

acquisition of water and nutrients, also for beneficial interactions with soil microorganisms. Yet, 

this same intimacy may increase the vulnerability of plants to a range of biotic and abiotic 

stresses. Rhizosphere engineering is the manipulation of plants and their root associated 

microorganisms to improve plant health and productivity. Rhizosphere can be modified over 

short periods of a plant’s growth cycle by soil amendments. However, prolonged changes in the 

rhizosphere can also be generated with plant breeding and genetic engineering. 

 Continuous monoculturing of wheat in disease suppressive soils for several years 

controlled take-all disease caused by Gaeumannomyces graminis var. tritici. It is an example for 

natural engineering of microbial populations (Weller et al., 2007).  

 Rhizosphere engineering can be used for biostimulation of beneficial microorganisms. In 

Pectobacterium carotovorum, the virulence on potato plants and tubers is modulated by N-acyl 
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homoserine lactones (NAHL). Application of gamma-caprolactone (GCL) stimulated the growth 

of indigenous NAHL-degrading bacteria in the potato rhizosphere (Tannieres et al., 2011) 

 Rhizoligand application is a recent strategy to engineer the rhizosphere. Rhizoligand is an 

additive that increases the wettability of the rhizosphere and links the mucilage network to 

maintain intimate contact with the root surface. It helps the plant to improve tolerance to water 

shortage (Ahmadi et al., 2017). Fluorescent pseudomonads that produce biosurfactants with 

zoosporicidal activities, provided significant control over Phytophthora foot-rot and promoted 

plant growth in black pepper (Tran et al., 2007). Plants can be genetically engineered by 

manipulating H⁺  efflux using a gene encoding H⁺ -ATPase proteins (Ryan et al., 2009). 

 Rhizosphere engineering helps to improve plant growth and protect the plant and 

microorganisms from biotic and abiotic stresses. It enhances plant health, productivity and 

ecosystem functioning. Ultimately, it can reduce the dependence on agrochemicals in agriculture. 

Thus, rhizosphere engineering can be a potential strategy to enhance a sustainable plant 

ecosystem. 
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Deficit irrigation: Save each drop 

Abstract 

Improving crop growth and water productivity are major concern in water scarce regions. 

New irrigation strategies must be developed to use the limited water resource more efficiently. 

Deficit irrigation is one of the strategies to achieve the goal of reducing irrigation water use and 

at the same time maximizing water use efficiency. 

Deficit irrigation refers to the application of water below full crop water requirements 

(Fereres and Soriano, 2007). Main approaches in deficit irrigation are sustained deficit irrigation, 

regulated deficit irrigation, and partial root zone drying (Chai et al., 2015). Sustained deficit 

irrigation is through the application of certain degree of constant water stress throughout the 

growth period, while regulated deficit irrigation is application of water deficit only at specific 

growth stages. In partial root zone drying, only one part of root zone is irrigated. Three types of 

partial root zone drying are practiced namely alternate partial root zone drying (wetting and 

drying sides are altered at a preset frequency), fixed partial root zone drying (drying and wetting 

parts are always fixed) and sub-surface irrigation (above portion of root zone is kept dry while 

water is supplied from below by capillary action). 

 The main advantage of deficit irrigation is enhanced water productivity. In tomato under 

deficit irrigation, water productivity increased by 38-52 percent (Topcu et al., 2007). Deficit 

irrigation enhances root-shoot ratio, secondary root production and root biomass. Partial root 

zone irrigated and sustained deficit irrigated maize plants had shown increased nitrogen fertilizer 

recovery and the least residual mineral nitrogen in soil after harvest (Kirda et al., 2005).Deficit 
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irrigation techniques are found positively influencing fruit quality. In some cases, yield 

maintenance or even increased yield can also be achieved. The practice also increased net returns 

compared to fully irrigated plants both in water limiting and land limiting conditions (Ali et al., 

2007). 

Crop yield response factor (Ky) will help in determining whether a crop or crop growth 

stage is sensitive or resistant to water stress (Kirda, 2000). Ky value more than one means that 

crop or crop growth stage is not suitable for deficit irrigation. On relatively deep soils, with 

drought resistant varieties, deficit irrigation can be practiced without much yield reduction.  
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New Perspectives of Intercropping in Modern Agriculture 

Abstract 

 

Intercropping is a farming practice of growing two or more crop species or genotypes, on 

the same field. On the fringes of modern intensive agriculture, intercropping could be one route 

to deliver sustainable intensification by allowing genuine yield gains without increased inputs. It 

has the potential to increase long term sustainability in food production. While some of the 

mechanisms by which they deliver agronomic benefits are understood, new knowledge from 

ecology and breeding offer considerable potential to improve this system. Ecological advances 

include better understanding of the context- dependency of interactions, the mechanism behind 

disease and pest avoidance and links between above and below ground system. Selecting crop 

combination with traits that maximize positive and minimize negative interaction and breeding 

specially for combination of desirable traits are two approaches for improving intercropping. 

 Recent plant- soil interaction studies have highlighted possibilities for improving 

intercropping system. Roots of complementary plant species can  improve soil stability and soil 

structure, thereby improve resource acquisition (Hallet and Bengough, 2013).       The ideotype 

of a particular crop is different for monocropping and intercropping. In monocropping traits in 

chosen crop exploit the environment exclusively for that crop. By contrast, traits for a component 

of an intercrop are those that optimize complementarity or facilitation (White et al., 2013).Pest 

regulation in intercropping provide an excellent example which shows a positive co-relation 

between fundamental ecological processes and yield benefits. And the principle behind it is, by 
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providing a more complex habitat with a greater diversity of resources for beneficial organism 

(Wackers, 2004). 73 per cent of documented studies reported reduced disease incidence in 

intercropping system is in the range of 30- 40 per cent compared with sole cropping (Boudreau, 

2013). 

 Precision farming, conservation agriculture and climate smart agriculture constitutes the 

emerging modern innovative concepts in crop production, promoting crop diversification to build 

a climate resilient farming community. The biggest obstacle in adopting intercropping systems is 

to conceptualize the planting, cultivation, fertilization, spraying and particularly harvesting of 

more than one crop in the same field. Rapid improvements are also possible through the 

development of new agronomic practices, including mechanization of intercropping systems and 

improved nutrient management. 

 Applying all of these approaches will need a better exchange of information among 

ecologists, environmental scientists, agronomists, crop scientists, soil scientists and ultimately 

social scientists, so that the full potential of intercropping as a sustainable farming system can be 

realized. 
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Tillage system: a referee on weed seed bank 

Abstract 

Tillage is the oldest art associated with agriculture and one of its major objectives is weed 

management.Until the introduction of herbicides, it was the main method for managing weeds. 

Weeds are a major problem in agricultural fields, and the weed seed bank which is the reserve of 

viable seeds in the soil, is the main source of weeds. 

Tillage exerts a great influence on nature and growth of weed species. It influences the 

vertical seed movement in agricultural soils (Cousens and Moss, 1990).Mouldboard ploughing 

resulted in uniform distribution of seeds over soil depths(Yenish et al., 1992). In reduced tillage 

system, 85 per cent of all weed seeds were present in the upper 5 cm of soil, but only 28 per cent 

seeds were found in mouldboard system in the same zone (Pareja etal., 1985). 

Weed seed density was found to be highest in no tillage and generally declined as tillage 

intensity increased (Cardina et al., 2002). The diversity of weed species was slightly lower for 

mouldboard plough (17 species), compared to the shallow tillage (21 species),and direct drill 

treatments (22 species) (Carter and Ivany, 2006). 

Conventional tillage systems have been shown to favour annual broadleaf weeds, while 

no tillage system favours perennial weeds and species that can successfully germinate on the soil 

surface such as annual grasses (Moyer et al., 1994) 

Tilled soil offers better germination environmentsfor most seeds as it provides 

germination stimulus for weeds requiring light flashes, scarification, ambient CO2concentration, 
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and higher nitrate concentration to break dormancy.Careful use of tillage can both effectively 

bury weed seed and prevent or reduce its subsequent exhumation to shallower depths (Yenish et 

al., 1992).  

Differential tillage practices influence the herbicide effectiveness. Higher total weed seed 

densities in zero tillage system may be the result of reduced herbicide availability due to 

absorption by crop residues. The effect of residue on weed emergence is complex and controlled 

by several interacting factors including type and quantity of residue, allelopathy, seed depth in 

the soil and environmental conditions. 

Tillage practices need to be coupled with other weed management strategies for 

achieving better efficacy in weed management.Further studies should focus on themechanisms 

through which tillage systems affect seedling recruitment from the seed bank, and also on the 

fate of the weed seeds that fail to germinate under no tillage systems. 
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Nutrient dynamics in aquaponics 
 

Abstract 

 

Aquaponics is a symbiotic integration of aquaculture and hydroponics. Three groups of 

living organisms, namely bacteria, plants and fishes, make up an aquaponic ecosystem.  It is an 

integrated approach towards efficient and sustainable intensification of agriculture that meets the 

needs of water scarce situations. According to FAO (2012), due to recycling of water, aquaponics 

can reduce the water required to raise both crops and fish by up to 90 per cent. As the demand for 

protein and crop production increases over the coming years, aquaponics is an opportunity that 

provides an easy source for healthy foodwith minimal land requirements.  

The working principle of aquaponics is to provide nutrient-rich aquacultural water to a 

hydroponic plant culture unit, which in turn depurates the water that is then returned to the 

aquaculture tanks. The key to a successful aquaponic system is a healthy colony of beneficial 

bacteria. These bacteria convert fish waste into nitrate and other elements which are used by 

plants as they grow. Reconciling water quality parameters are essential for the survival and 

growth of plants, fishes and nitrifying bacteria. The recommended pH is between 6.5 and 7 to 

optimize the production in aquaponics  

 The main concept of the aquaponic system is to balance the nutrient load of the system 

with the density of the fish, feeding rate, and nutrient requirements of the plants, leading to 

optimization and better productivity of the system (Licamele, 2009). Nutrient dynamics includes 

estimation of biological processes occurring within the system. The nitrogen cycle is the most 

important process in aquaponics. Normally, aquaculture effluents contain sufficient levels of 
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nitrogen, phosphorus and other secondary nutrients, and micronutrients such as boron and copper, 

while levels of potassium, calcium, and iron are generally insufficient (Rakocy et al., 2006).  

 Most plant nutrients can be derived from fish feed through fish excretion and bio-filter 

nitrification, thus integrating nutrient flow. With respect to nutrient dynamics, the flow of each 

nutrient depends upon many factors including species, system design, bio-filter performance, re-

mineralization method and feed composition. Neto and Ostrensky (2013) reported that 55 per 

cent of the phosphorus that entered the system through fish feed accumulated in sludge.  

 Nutrient dynamics can be evaluated through mass balance, nutrient budgets or system 

models. It provides a quantitative methodology for designers to specify the nutrient and culture 

requirements of plants.  

 In the long run, this is of great relevance, due to rising fertilizer costs as well as the 

demand for no-emission systems and minimizing environmental impact. Balancing the aquaponic 

environment for optimum growth of the three component organisms is a subject for future 

research and refinement.  
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Resurrection plants: Survivors of drought 

Abstract 

Drought is the most widespread hydrometerological syndrome affecting natural 

resources, crop production, and people. Developing crop cultivars which can survive drought is 

accepted as a mitigation strategy under climate smart agriculture.   

Desiccation tolerance of an organism is defined as the ability of a living structure to 

survive drying to equilibrium with low (< 50%) RH and maintain low intracellular water 

concentrations. Thus desiccation tolerance is one of the mechanisms of drought tolerance and it 

is exhibited by resurrection plants. 

Resurrection plants are those plants which can tolerate almost complete water loss in 

their vegetative tissues. The desiccated plant can remain alive in the dried state for several years. 

Upon watering, the plants rehydrate and become fully functional within 12 - 48 hours. Most of 

the resurrection plant species are native to arid climates such as Southern Africa, South America, 

and Western Australia (Gaff, 1977; 1987). Around 330 resurrection plants have been identified, 

which include species from five families of pteridophytes (Actiniopteridaceae, Aspleniaceae, 

Pteridaceae, Selaginellaceae, and Sinopteridaceae), three families of dicotyledons (Gesneriaceae, 

Myrothamnacaeae, and Scrophulariaceae), and five families of monocotyledons (Boryaceae, 

Cyperaceae, Poaceae, Schizaeaceae, and Velloziaceae) (Porembski and Barthlott, 2000). 

The mechanism which contributes resurrection ability in plants includes morphological 

and metabolical changes. One of the most remarkable features of a resurrection plant is its ability 

to shrink during dehydration. It has been estimated that leaves of Craterostigma plantagineum 

drop to around 15 per cent of their original area and in Ramonda nathaliae, the volume of the 

central vacuole was seen to significantly decrease (Hartung et al., 1998). 
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During metabolic changes, sucrose is found to be the dominant carbohydrate 

accumulating and it helps in stabilizing membranes and proteins in the dry state. The level of 

Reactive Oxygen Species (ROS) undergoes significant rise in water stressed cells which causes 

protein and nucleic acid denaturation and destruction of subcellular structures. Based on the 

strategies to defend themselves against the oxidative stress arising upon dehydration, resurrection 

plants are classified as homoiochlorophyllous species, which retain chlorophyll on drying and 

poikilochlorophyllous species that lose chlorophyll on drying (Tuba et al., 1994). Production of 

Late Embryogenesis Abundant (LEA) proteins and involvement of plant growth regulators are 

the other metabolic changes that occur during dehydration. 

Information for desiccation tolerance is present in the genomes of all crops; however, it is 

switched on in the seeds alone and inorder to convey the property of resurrection, such genes are 

to be activated. The idea of transferring genes for desiccation tolerance into crop plants can be 

one of the steps in solving worldwide food shortage especially when global warming is posing 

threat to sustainable food production systems. Tobacco plants with LEA 4 group genes from the 

resurrection plant Boea hygrometrica conferred dehydration tolerance in transgenic tobacco (Liu 

et al., 2009). Studies are going on for imparting resurrection ability to food crops such as maize 

and teff grass at Cape Town University of South Africa.  
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Salt tolerance mechanisms in plants 

Abstract 

            Salinity is a soil condition characterized by a high concentration of soluble 

salts. According to standard definition, saline soils are those in which the saturation soil-paste 

extract has an electrical conductivity (EC) of more than 4 dS/m at 25 
0
C, which corresponds 

to approximately 40mM NaCl, and generates an osmotic pressure of approximately 0.2MPa 

(Munns and Tester, 2008). According to the FAO (2008), over 6 percent of the world’s land 

is affected by salinity which accounts for more than 800 million ha of land.  

 

 As a consequence of salt stress, plants undergo several detrimental effects like 

enzyme inactivation, nutrient imbalance, membrane dysfunction, oxidative stress and osmotic 

stress, and finally results in significant levels of yield reduction. Biphasic growth inhibition 

model describes the differential responses exhibited by plants under salt stress (Munns and 

Termaat, 1986).  

Depending upon the response to salinity, plants may be categorised as halophytes or 

glycophytes. Halophytes are the plants which can grow and reproduce under high salinity 

(>400mM NaCl), and glycophytes are those which cannot tolerate high salinity. Most of the 

grain crops and vegetables are glycophytes and are highly susceptible to soil salinity, even 

when the soil EC
 
is < 4 dS/m.     

Salt tolerance is the ability of plants to grow and complete their life cycle on a 

substrate that contains high concentrations of soluble salts. Plants develop various 

biochemical and molecular mechanisms to cope with salt stress. Under low salinity, selective 

accumulation or exclusion of ions takes place at root level to maintain the ion homeostasis. 
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At the elevated levels of ion accumulation, compartmentalization of ions occurs at both 

cellular and whole-plant levels. In addition, several halophytes exhibits morphological 

adaptations like salt glands, bladder cells and micro-hairs to avoid ion accumulation within 

plant.  

Plants tolerate saturated levels of ion accumulation by various mechanisms like 

synthesis of compatible solutes (proline, glycine betaine, polyamines polyols), shift in 

photosynthetic pathway (C3 to CAM), induction of anti-oxidative enzymes (SOD, peroxidase, 

catalase) and induction of plant hormones (ABA, jasmonic acid). Chattopadhyay et al. (2002)  

reported that exogenous application of polyamines reduced injury levels in rice grown under 

saline soil.  

The development of salinity-tolerant crops is the need of the hour to sustain 

agricultural production. This can be achieved through conventional breeding and genetic 

engineering.  Tritipyrum is a novel salt tolerant cereal developed through conventional 

breeding technique. Detrimental effects of salinity are more pronounced during the seedling 

stage in most of the crops. Seed priming is a seed enhancement method that might improve 

germination rate and performance of seeds under salinity stress conditions (Ibrahim, 2016). 

 Agronomic measures for managing salinity in the semi-arid regions of the world can 

also be adopted in order to sustain agricultural production.  
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Sprouted fodder - A revolution in livestock feed 

Abstract 

Green fodder is the most important and profound input in livestock diet. For economic 

and sustainable animal husbandry, fodder production round the year is highly essential. Small 

land holdings, scarcity of land, water and unavailability of quality seeds are some of the 

constraints faced by the farmers. Green fodder produced by growing seeds without soil but in 

water or nutrient rich solution is known as sprouted fodder or hydroponic fodder and it is an 

alternative to the conventional method of green fodder production. Compared to conventional 

methods, it requires less space and less labour, produces highly nutritious fodder. 

Hydroponic fodder production was started in India during the 1980s. Rice, wheat, 

barley, oats, maize, sorghum, pearl millet, minor millets and legumes like horse gram, cowpea, 

moth bean, alfalfa and lucerne can be used for this system. Farmers prefers fodder maize due to 

its easy availability and good biomass production (Naik et al., 2015). 

Hydroponic fodder can be produced under fully automated hydroponic fodder machine, 

hi - tech greenhouse and low cost greenhouse. It requires a frame work of shelves on which 

plastic trays are stacked. After soaking overnight, a layer of seeds is spread over the base of the 

trays.  During the growing period, the seeds are kept moist, but not saturated. Moisture is 

supplied through spray equipments. Holes in the trays facilitate drainage of excess water. 
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The seeds usually sprout within 8 to 12 hours after soaking and will reach to a height of 

20 to 25 cm within 8 days. The time required for germination was 7 hours for wheat and pearl 

millet, 14 hours for maize, 6 hours for barley and oats (Lamnganbi and Surve, 2017). 

Gebremedhin et al. (2015) recommended an optimum seed rate of 6 to 8 kg m
-2

 for fodder maize. 

According to Karaki and Hashimi (2011), hydroponic fodder requires only 3 to 5 per cent of 

water over conventional fodder. It is much more easily digestible, full of nutrients and enzymes 

so that the energy spent on digestion process would be far less and the resultant extra energy will 

be diverted to milk production and growth. Feeding of hydroponic maize and barley upto 40 per 

cent substitution of dry matter intake increased the digestibility and body weight of growing 

goats (Kide et al., 2015). According to Limba et al. (2017), hydroponic fodder maize improved 

the digestibility and could replace the concentrate mixture in lactating cows. 

    There is a great potential for developing hydroponics technology for sprouted fodder 

production. Though it cannot replace the green fodder and hay completely since it contains less 

fibre, it can be a better substitute for concentrate. 
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Stress management: cross- talk between membrane and storage lipids 

Abstract 

Plants are exposed to a plethora of biotic and abiotic stresses in natural environment. 

The reactions that help the organisms to adapt to stressful conditions follow a programmed 

series of events. When plants suffer from life threatening insults, they have their own 

mechanism for stress management.  

Plant lipids include fats, waxes, steroids, phospholipids, free fatty acids and their 

salts, etc. They are the major and vital constituents of a cell, as they provide structural basis 

for the cell membranes and energy stock for metabolism. Plasma membrane primarily 

perceives the stress stimuli and has a cross talk with membrane lipids and they undergo 

remodelling resulting in the generation of vital lipid signaling molecules. These signaling 

molecules will trigger different pathways producing different bio molecules and they in turn 

will develop an innate mechanism in  plants to manage stress. 

Major signaling molecules include lysophospholipids, fatty acids, phosphatidic acid, 

inositol phosphate, diacylglycerol, oxylipin, sphingolipid and N- acyl ethanolamine. Many 

scientists have studied the role of signaling molecules in response to various stresses. 

Lysophospholipids are formed by the action of the enzyme phospholipase C on glycerolipids. 

Application of a microbial elicitor on cultured cells of california poppy induced the 

production of the antimicrobial compound phytoalexin (Viehwegar et al., 2002).  

Phosphatidic acid is produced by the direct hydrolysis of phospholipids by the action 

of the enzyme phospholipase D and by the combined action of the enzymes phospholipase C 

and diacylglycerol kinase on inositol phosphates. Arisz et al., (2013), studied the 

phosphatidic acid accumulation in Arabidopsis as a result of cold stress. Formation of 

diacylglycerol occurs by two pathways that is, by the action of enzyme phospholipase C on 
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inositol phosphates and phospholipids. In Arabidopsis, during oxidative stress, diacyl 

glycerol is formed which in turn acts as the precursor of phosphatidic acid (Peters et al., 

2010). Oxylipins are formed from free fatty acids by the action of the enzyme 

phospholipases. Jasmonic acid is the best known oxylipin involved in the activation of 

various defense responses. Jasmonic acid dependent anti herbivore defense occurs in wild 

tobacco (Demkura et al., 2010). 

     Cuticular wax biosynthesis is activated as a result of cross talk between membrane and 

lipids directly without any intermediate signalling molecules which will directly take part in 

stress management. Lipidome is an emerging field that has been driven by rapid advances in 

technologies and can be coupled with the recognition of role of lipids in defense reactions. 

Also, the approaches of transgenics, coupled with lipidomics, can give valuable insights in to 

the role of these signaling pathways in defense mechanisms of plants. 
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It’s in the genes! - Unraveling plant resistance to insects 

Abstract  

Immune receptors in plants are encoded by resistance (R) genes, the vast majority of 

which belong to the NB–LRR family (Nucleotide-binding, leucine-rich repeat). Extensive 

rearrangements in gene expression occur in plants in response to herbivory. Resistance genes 

in plants, upon insect attack, activate various signaling pathways involving jasmonic acid 

(JA), salicylic acid (SA), ethylene (ET), calcium  (Ca
+2

 ) etc. (War et al., 2012).  

Earlier studies indicated that plant tissue damage from insect with chewing 

mouthparts elicits JA-based transcriptomes, whereas JA-SA-based transcriptomes are induced 

by insects with piercing-sucking mouthparts. However, JA-SA signaling induced by both 

types of  herbivory, as well as JA-SA cross-talk, has recently been demonstrated. The JA 

pathway regulates the production of secondary metabolites that deter feeding or inhibit 

digestion and induced plant volatiles that can repel herbivores and attract their natural 

enemies (Smith et al., 2009).  

Mir1, PRm3 and Mp1 gene of maize were reported to code for Mir1-CP, chitinase and 

maize protease inhibitor proteins which regulate JA pathway to produce resistance against 

armyworm. The transcription of PR1 and BGL2 genes, the marker genes of SA pathway, was 

up-regulated in tomato upon feeding by the bollworm, Helicoverpa armigera, leading to 

accumulation of high level of SA (Peng et al., 2004).  

Upon insect attack, ET related genes are activated in plant system which regulate 

many physiological processes in plants. ET is also an important modulator of plant responses 

to other hormones, including jasmonic acid (JA) and salicylic acid. Ethylene signaling 

pathway is associated with brown planthopper resistance in rice (Yujie et al., 2006). Calcium 

signaling is one of the early events in insect-plant interaction, where calcium acts as a second 
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messenger, which in turn mediates a number of plant signaling events such as, 

phosphorylation and transcriptional change.  

Molecular characterization of genes responsible for insect resistance involves reverse 

genetics and cloning based studies along with bioinformatics tools. Reverse genetics studies 

conducted in Allium sativum to characterize the mannose binding lectin gene, Blec1 showed 

that the gene had significant insecticidal property against aphids (Balogun et al., 2012).  

Genetic mapping of quantitative trait loci (QTL) offers a highly efficient molecular 

approach for working with quantitative traits.  Host plant resistance QTL have been identified 

in ten crop genera for resistance to 21 insect species from the orders Coleoptera, Hemiptera, 

Lepidoptera, Diptera and Thysanoptera.  

Progress has been made to identify the signaling pathways in host plants as well as the 

identification and characterization of host plant resistance gene. Extensive qualitative and 

quantitative high throughput analyses of temporal and spatial variations in gene expression, 

protein level and activity, and metabolite concentration will speed up not only the 

understanding of the overall mechanisms of defense, but also accelerate the identification of 

specific targets for enhancement of plant resistance for agriculture.  
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Designer organelle: peroxisome and its application in biotechnology Abstract  

Organelles are compartments performing specific functions, found within the cells of 

organisms. Designer organelles are the subcellular compartments created by tailoring an existing 

organelle, and thus giving them a new function. Subcellular compartmentalization is a fundamental 

process used extensively in eukaryotes to separate potentially incompatible biological reaction 

pathways and processes or  the segregation of harmful products. It also enables localization of high 

concentrations of key pathway components within the cell.   

The creation of a designer intracellular compartment would be highly desirable as it would 

enable non-natural pathways to be isolated from other cellular processes. Modification of existing 

organelles can be done by controlling the proteins that are entering into an organelle.Creating such 

designer organelles will provide the cell with new capabilities as they can act as customized 

compartments within the cell.  

Efficient and sustainable production of therapeutics and other synthetic compounds without 

compromising the cell’s native  activities, designing a novel waste management system for the cell,  

and increasing the efficiency of existing pathway by reducing metabolic cross-talks are a few potential 

applications of customised designer organelles.  

Though organelles such as chloroplasts, mitochondria and vacuoles are abundantly found in 

eukaryotic cells, peroxisomes are considered as one of the ideal organelles to create a designer 

organelle. Peroxisome matrix proteins are synthesized on free polyribosomes in the cytosol and are 

imported post-translationally. Their targeting to peroxisomes depends on short sequences known as 

peroxisomal targeting signal (PTS) Type 1 and Type 2 which are recognized by cycling cytosolic 

receptors Pex5 and Pex7 respectively (Kim and Hettema, 2015). By manipulating these signal- 

receptor interactions, control over peroxisome matrix protein import can be exercised. This in turn 

modifies the function of the organelle.  

  



 

56 

 

Designing peroxisomes has been done via tagging the protein sequence with PTS1 sequence, 

attaching the protein sequence with an enhanced PTS1 and by targeting proteins with the help of a 

modified PEX5*-PTS1* receptor signal pair. Lee et al. (2009) found that PTS1 was strong enough to 

overcome the carotenogenic enzymes inherent targeting program and send them to the peroxisomes. 

Targeting of synthetic pathways towards peroxisomes can increase the production of fatty acidderived 

alcohols, alkanes, and olefins (Zhou et al., 2016). DeLouche et al. (2016)  identified an enhanced 

PTS1sequence that can increase the efficiency of peroxisomal targeting.   

Cross  et al. (2017)  developed a mutated receptor and targeting signal pairing  that could be 

used to drive a switch in peroxisomal function, allowing import of user-specified proteins without 

competition from endogenous proteins. This switch in peroxisomal function could bring about a 

repurposing of the peroxisome within the cell for use as a novel intracellular compartment.  

A lot more research needs to be conducted to create efficient designer organelles that can exist 

alongside conventional versions of these organelles. Modifying the chemical environment of the 

organellar lumen to allow catalysis of reactions that would be infeasible in the cytosol is essential. 

These long-term goals could one day provide unprecedented control over the chemistry within the 

cell.  
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Molecular mechanism of virus - vector interaction 

Abstract 

Plants, being sessile organisms, are not significant transmitters of viruses except for a few 

instances of seed or pollen transmission. Thus, the great majority of plant viruses are dependent 

on so called vectors for their survival and spread. Thus, it is important to understand viral 

transmission by vectors that will result in diseases in agricultural crop plants.  

Viral transmission consists of three stages: first, acquisition of virions when the vector 

feeds on a suitable virus-infected plant, second, passage of virions through specific sites within 

the vector, and final, inoculation of the retained virions into a suitable recipient plant during a 

subsequent feeding. Proteins encoded by different plant viruses have been identified to 

specifically interact with the respective insect vectors and facilitate virus transmission (Whitfield 

et al., 2015). 

There are two basic interactions between viruses and their biological vector. They may be 

taken up internally within the vector, termed persistent, internally borne or circulative, or they 

may not pass to the vector’s interior, in which case they are termed non-persistent, externally 

borne, or non-circulative (Hull, 2009). 

For the viruses that are non-persistently transmitted, two forms of interaction have been 

identified: the capsid strategy and the helper strategy. The non structural HC-Pro protein of 

Potyvirus and P2 protein of Caulimovirus act as a bridge between vector receptor and capsid 

protein enabling virion retention inside the vector. Virions in aphid hemoceol exist in association 

with a GroEL-like protein called symbionin produced by a primary aphid endosymbiont 

Buchnera spp. (Van dee Heuvel et al., 1994). Propagative viruses’ outer CP P2 and a non 
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structural protein Pns10 are criticallyinvolved in intracellular spread in the leafhopper vector 

(Miyazaki et al., 2015).Transovarial transmission in an insect vector is related to vitellogenin 

(Vg),a female-specific protein synthesized and secreted into hemolymph, from where it is 

absorbed by the growing oocytes via receptor-mediated endocytosis (Tufail and Takeda, 2009). 

Not much work has been done in plant virus - non-insect vector relationships. However, 

the read-through domain from the coat protein of Beet necrotic yellow vein virus is implicated in 

the fungal transmission. It is suggested that in nematode transmitted viruses, the non-structural 

protein might be transmission helper components analogous to those in some aphid and 

leafhopper virus transmission system. 

For the majority of plant virus-vector interactions, viral components that are directly 

involved in virus acquisition are well defined. The route of viruses within the bodies of their 

vectors are well established, the actual molecular interactions between both remain poorly 

understood. The tedious processes of documenting viral proteins or protein domains that are 

responsible for specific recognition of the vector are being undertaken actively. 
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Elicitation for in vitro secondary metabolite production 

Abstract 

Low volume high value plant metabolites which are used as flavours, fragrances, 

cosmetics, insecticides and drugs are collectively called as secondary metabolites. Secondary 

metabolites are also known to play a key role in the acclimatization of plants to their 

surroundings. There is a great demand in the global market for production of plant secondary 

metabolites (PSM). However, production of these metabolites is very low (less than 1% dry 

weight) and depends greatly on the physiological and developmental stages of the plant. 

Research on plant secondary metabolites have been increased during last ten years. 

Plant cell and tissue culture constitute the most promising approach for sustainable 

production of PSM on commercial scale . Production of PSM by plant cell culture technology 

is still facing many biological and biotechnological limitations. One of the major obstacles is 

the low yield of PSM in cell and tissue culture. 

Elicitors are molecules which promote various kinds of defense in plant system and 

they also play a major role in enhancing synthesis of plant secondary metabolites (Rao and 

Ravishankar, 2002). On the basis of origin, elicitors can be classified as biotic and abiotic. 

Mihai et al. (2011) reported that biotic and abiotic elicitors stimulate biosynthesis and 

increase the production of resveratrol in Vitis vinifera callus cultures. The different 

concentrations of fungal extract (Aspergillus niger and Penicillium notatum), yeast extract 

and chitosan enhance the synthesis of psoralen in Psoralea corylifolia suspension cultures 

(Ahmed et al., 2012). 

 The main factors that affect the effectiveness of elicitation are the specificity of 

elictors, concentration, treatment interval, culture conditions, growth stage and media 

composition. When a plant cell culture is treated with an elicitor, elicitor signal is perceived 

by the receptors localized in plasma membrane. The action of secondary messengers will 

further amplify the signal for downstream reactions leading to transcriptional activation of the 



corresponding defense response genes which ultimately leads to the production of secondary 

metabolites. 

Precursor feeding along with elicitors is a useful strategy for increasing secondary 

metabolite production in plant cell cultures (Syklowska-Baranek et al., 2009). Despite the 

benefits of elicitor, use of higher doses of elicitors are known to have adverse effects on plant 

culture especially in hairy root culture (Furmanowa and Syklowska-Baranek, 2000). This 

limitation can be overcome by feeding growth nutrients into culture medium.The introduction 

of an in situ product removal mechanism, such as a solid adsorbent or an extraction solvent to 

the culture medium can often effectively induce product release from plant cells and increase 

the recovery of secondary metabolites (Choi et al., 2001).  

The elicitation approaches not only enhance the synthesis of secondary metabolites in 

the plant system, but also help in understanding and identifying the rate-limiting steps of 

complex biosynthetic pathways which can be utilized for metabolic pathway engineering. 

Understanding the signal transduction paths in elicitor - induced production of secondary 

metabolites is important for optimizing their commercial production. 
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Biotechnological interventions for artemisinin production 

 

Abstract 

 

 Malaria is a parasitic infection affecting millions of people and it is listed as the most 

significant causes of death worldwide (WHO, 2014). The major reasons for high persistence 

of malaria are resistance to antimalarial drugs, climate change, migration, and movement of 

drug resistant parasites across continents resulting in spread of resistant alleles. In this 

context, WHO in 2008 suggested the use of combination therapies to treat malaria. 

 The discovery of artemisinin, an antimalarial compound found in glandular trichomes 

of Artemisia annua (sweet wormwood), and its use in Artemisinin based Combination 

Therapy (ACT) has guaranteed as an effective approach for treatment of multidrug resistant 

strains of Plasmodium falciparum. Chemically, artemisinins are sesquiterpene lactones with 

an endoperoxide bridge. Pharmacological action of artemisinin is now no more restricted to 

treat malaria alone, but also other diseases like cancer, inflammatory diseases, viral, 

protozoan, helminthes and fungal infections (Ho et al., 2013). However, the drug is very 

expensive due to low artemisinin content in plants, i.e, less than 0.01 to 1.4 per cent of the 

plant dry weight (Liu et al., 2006). Hence, production of artemisinin cannot meet the 

increasing demand for ACTs.   

Various biotechnological strategies are used to enhance artemisinin production like in 

vitro cell culture and genetic engineering, metabolic pathway engineering, and biofarming. 

Feeding of precursors and elicitation have proved to be an effective way to enhance 

artemisinin production in plant cell cultures (Baldi and Dixit, 2008). Various environmental 

stresses in a moderate dose and duration can act as a potential elicitor for enhanced 

artemisinin production (Lulu et al., 2008). Hairy roots induced by Agrobacterium rhizogenes 

are more stable artificial roots for production of artemisinin (Majdi et al., 2015). 
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Manipulations of biosynthetic pathways to channelize the carbon flux for enhanced 

synthesis of a metabolite involved either upregulation of desired pathway or downregulation 

of competing pathways through overexpression and suppression of their respective pathway 

genes.  The expression of genes is largely regulated by specific transcription factors (TFs). 

Therefore, overexpression of TFs offers an alternative and complementary strategy to 

upregulate biosynthetic pathway genes. 

The use of genetically modified, fast growing organisms, such as genetically 

engineered yeast and E. coli, have arisen as a real alternative for production of artemisinin 

(Zeng et al., 2008). For cost-effective artemisinin production, metabolic engineering 

strategies are used in microbes by overexpressing artemisinin synthesis enzymes. As a 

consequence of the partial failure using microbial hosts, and considering that the last step in 

biosynthetic pathway is likely to be restricted to plants, a biofarming approach was 

introduced to overcome this limitation. To fulfil artemisinin’s global demand, integrated use 

of conventional and biotechnological techniques are reliable.  
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Robotics in plant phenotyping 

Abstract 

        A robot is a machine programmable by a computer, capable of carrying out a complex 

series of actions automatically. The word Robot comes from a Czech word, ‘robota’, 

meaning ‘forced labour’. Robots may be constructed to take on human form but most robots 

are machines, designed to perform a task with no regard to how they look. Recent advances 

in robotics and sensor technology make it possible to survey a large number of plants in a 

non-destructive and cost-efficient way.  The use of robotics in phenotyping is commonly 

referred to as ‘High-throughput plant phenotyping’ (HTPP). 

       The terms phenotype and genotype were coined by Dutch plant scientist Wilhelm 

Johannsen. The term phenotyping came into usage in the 1960’s and  is defined as the 

application of methodologies and protocols to measure a specific trait, ranging from the 

cellular level to the whole plant or canopy level related to plant structure and function. It is 

the key link in understanding environmental effects and gene function, thus playing an 

important role in crop breeding (Zhang et al., 2016). A major challenge for plant breeders is 

to predict the crop performance as a function of its genetic architecture. Availability of high 

quality phenotypic data is essential to understand the genotype to phenotype relationship. The 

genomics revolution and gene technology can provide solutions only when this information is 

comprehensively linked to phenotype under field conditions (Furbank and Tester, 2011). 

Currently, such data are not available and this is considered as a major bottleneck in genetic 

analysis. 

        Traditionally phenotype is recorded manually using various instruments. It is labour-

intensive, tedious, destructive and biased. This necessitated the use of automated technology 

to record observations. Moreover, it is possible to generate continuous data using automated 

technology which is not possible in traditional phenotyping. 

https://en.wikipedia.org/wiki/Machine
https://en.wikipedia.org/wiki/Computer


        High-throughput phenotyping systems contain mainly three components viz, sensor, 

phenotyping platform, and image processing and analysis system. Sensors are used to capture 

images at different wavelengths. Some of the commonly used sensors are RGB imaging, 

infrared imaging, chlorophyll fluorescence and hyper spectral imaging. Infrared imaging 

sensor was used to identify genotypes for salinity tolerance in barley (Sirault et al., 2009). 

        Various plant phenotyping platforms, including ground based and aerial based (manned 

and unmanned aerial vehicles) platforms, are available. Ground based platforms were 

developed for indoor observations (laboratory and greenhouse) with controlled environment 

and for field conditions. Many of these phenotyping platforms come with in-built image 

processing and analysis software which are useful for extracting meaningful information 

from the imaging data. 

       In India, HTPP facilities have been installed at IIHR, Bangalore, ICAR complex for 

NER, Meghalaya, IARI, New Delhi, and CRIDA, Hyderabad. The field of plant phenotyping 

is rapidly making progress. Image based plant phenotyping is beginning to prove its value in 

crop breeding by providing a quantitative basis for plant-environment interactions. Key to the 

success of this technology is the ease and applicability of modern image analysis approaches 

at all ontogenetical stages. Since the potential of image analysis in the context of plant 

breeding is far from being adequately exploited, the scientific field of plant phenotyping can 

be expected to continue prospering through the coming years (Klukas et al., 2014). 
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Passage through the plant circadian rhythm: Genetics decoded 

Abstract 

As the earth rotates on its axis, day and night occur. The metabolism, physiology, and 

behavior of most organisms change profoundly between day and night. These biological 

phenomena apparently oscillate to exhibit a diurnal rhythm. Even when deprived of 

exogenous time cues, many of these diurnal rhythms persist, indicating their generation by an 

endogenous biological clock. This internal awareness of time is often referred to as 

‘Biological clock’.  

The biological clock tends to set to environmental rhythms such as seasonal 

(circaannual), monthly (circalunar), tidal (circatidal) or daily (circadian) changes. 

According to Dunlap et al. (2004), ‘Circadian rhythms’ are the subset of biological rhythms 

with period, defined as the time to complete one cycle of 24 hours. In 1959, this defining 

characteristic had inspired Franz Halberg to coin the term ‘Circadian’, from the Latin words 

‘Circa’ meaning ‘about’ and ‘dies’ meaning ‘day’.  

Circadian rhythms are endogenously generated, self-sustaining, heritable and persist 

even under constant environmental conditions like light and temperature.  These 

environmental time cues, termed ‘Zeitgebers’ (meaning ‘time givers’ in German), entrain the 

endogenous timing system to a period of 24 hours, precisely corresponding to the exogenous 

period of the earth’s rotation. It is apparent that the clock regulates its own sensitivity to 

environmental stimuli. This varying sensitivity of the biological clock to environmental 

stimuli can be quantified and displayed as a phase response curve (Dunlap et al., 2004).  

The first mention of the circadian rhythm can be dated back to the fourth century 

BC. when Androsthenes described the daily leaf movements of the tamarind tree 

(Tamarindus indicus). Further, scientific research on circadian rhythms gained momentum 

in 1729 when the French astronomer de Mairan reported that the daily leaf movements of 

heliotrope plant (Mimosa pudica) persisted in constant darkness, demonstrating their 



 

64 

 

endogenous origin. The Nobel prize in Physiology or Medicine for the current year was 

awarded to Jeffrey C. Hall, Michael Rosbash and Michael W. Young, jointly for their 

elucidation of the molecular mechanisms controlling circadian rhythm. 

Unravelling the genetics of plant circadian rhythm can be dissected into three 

conceptual phases. It includes discovery of rhythmic output pathways, input-dependent 

pathways and input-dependent oscillator pathways. Initially, research efforts concentrated 

on deducing the factors that controlled the rhythmic occurrence of plant responses. This 

resulted in identification of a number of clock controlled genes (CCGs). Kloppstech 

(1985) observed circadian oscillation in mRNA abundance of chlorophyll binding protein 

gene (LHCB or CAB). The rhythemicity of LHCB mRNA abundance was proved through 

the cyclic light emission from Arabidopsis seedlings bearing the LHCB:LUC transgene 

(Millar et al.,1992).  

Later, the role of zeitgibers like light and temperature as entraining factors 

controlling the circadian rhythm in the input-dependent pathways was proved. That the 

rhythmic transcription of key clock genes is inhibited by nuclear transcription of their 

protein products was unravelled only in the recent past (McClung, 2001). With this, the 

role of the clock controlled genes as the central oscillator and the regulation of the 

expression of these genes by a negative feedback loop became evident (Inoue et al., 2017).  

Considerable evidences support existence of multiple oscillators in multicellular 

plants. These rhythms also provide adaptive fitness to plants by synchronization of an 

organism’s internal clock with the the diurnal cycles imposed by its environment. 

Although the  progress in unraveling the plant circadian clock mechanism is remarkable, 

much remains unfinished. An outline of the oscillator mechanism has emerged but remains 

incomplete. 
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Molecular farming for plant made pharmaceuticals 

                                                       Abstract 

Plants have been used as sources of natural medicaments for treating various 

ailments. However, synthetic drugs whose evolution started with the production of aspirin in 

1899, took the central stage in pharmaceutical production. Since the advent of genetic 

engineering in 1970s, living system such as bacteria, yeast and animal cells have been used as 

production systems. Due to the production constraints including low yield, poor quality, high risk 

of contamination and lack of post - translational process, development of plant based system has 

been well accepted as a promising cost - effective platform. 

Plant molecular farming (PMF) refers to the production of recombinant proteins 

including pharmaceuticals, industrial proteins and other secondary metabolites in plants. It 

involves cultivation/culture, harvesting, transporting, storage and downstream processing and 

purification of recombinant proteins (Wilde et al., 2009). The technology hinges on the genetic 

transformability of plants, which was first demonstrated by the production of recombinant plant-

derived pharmaceutical protein (human growth hormone) in tobacco.  

It has been proven over the years that plants have the ability to produce even more 

complex functional mammalian proteins with therapeutic activity, such as human serum proteins 

and growth regulators, antibodies, vaccines and enzymes (Lienard et al., 2007). Plant expression 

systems have several advantages over prokaryotic and eukaryotic cell system with regard to 

production speed, cost, safety and post-translational modifications. The plant transformation 
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types include stable nuclear transformation and stable plastid transformation. Transient 

expression system, seed based production system, plant cell culture, moss culture and algal 

culture form the PMF production platforms. Transient expression system is often considered as a 

robust approach compared to stable transformation, due to its rapid production capacity and high 

protein expression (Peyret and Lomonossoff, 2015). The major classes of plant derived 

recombinant proteins are vaccines, antibodies, therapeutics and neutraceuticals. Hepatitis B 

antigen, cancer vaccine, viral vaccine mixture and TGEV capsid protein are some of the PMF 

derived vaccines. CaroRX, DoxoRX, RhinoRX , Fv antibodies, IgG (ICAM1), Hepatitis B 

antibody and Gastric lipase, Lactoferon TM (α -interferon), Interleukin, Thrombolytic drug and  

Insulin includes antibodies and nutraceuticas respectively. 

 An edible vaccine could stimulate an immune response in humans. Transgenic 

potatoes containing enterotoxin against diarrhea caused by E. coli bacterium stimulated strong 

immune responses in animals (Gunn et al., 2012).    

In spite of the vast advantages of PMF over the established systems, the 

challenges of choosing the most suitable host plant, downstream processing as well as the 

biosafety issues are also being given attention. 
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                                      Centromere mediated speciation-revisited 

                                                                   Abstract 

Mitosis is the process by which a eukaryotic cell divides to produce two daughter 

cells, each containing the same number of chromosomes as the parent cell. As this definition 

suggests, the overall process of mitosis fails if the parent cell's chromosomes do not reach 

their correct destinations. One structure that plays a critical role in ensuring proper cell 

division is the centromere. The centromere was first described by German biologist Walther 

Flemming in the 1880s as the "primary constriction" of the chromosome. Scientists now 

appreciate that the centromere is a region of specialised chromatin that provides the 

foundation for kinetochore assembly and serves as a site for sister chromatid attachment. 

The chromosomes have been divided into four types based on the position of the 

centromere: metacentric in which the centromeres are present at the centre, sub – metacentric 

where the centromere is found a little away from the centre, acrocentric where the centromere 

is found at a place that is near to the end of the chromosomes and lastly, telocentric where the 

centromeres are found at the telomeric region of the chromosomes and normally this position 

of centromere is conserved within a species. The structure of the centromeres consists of 

mainly three parts: the centromeric chromatin, chromatin and nucleosome complex and 

centromeric proteins. 

Even though the main function of centromere involves segregation of chromosomes, 

their rapidly evolving nature has led to the differentiation of new species, hence playing an 

important role in evolution. Many factors in centromere contribute to the speciation in 

organisms such as the position of centromere, which includes centromere repositioning and 

formation of neocentromere. The change in the centromeric position in chromosome of 

cucumber and melon is considered as an important reason for species differentiation (Han et 

al., 2009).The formation of neocentromere is relatively a new subject. When the already 

existing centromere gets inactivated due to some reasons, a new region in chromosome 
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uptakes the activity of centromere and is known as neocentromere. It has been reported in 

many plant species (Zhang et al., 2014).Several other factors like protein-protein interactions, 

formation of holocentromere and changes in the tandem repeats also contribute to species 

formation (Melters et al., 2013). 

The phylogenetic relationship between different organisms can be explained by the 

detailed investigation of centromere. An evolutionary study carried out in Poaceae family 

revealed that rice, maize and bajra were evolved from a common ancestor. An 80bp motif 

was conserved in the centromeric region of many relatives of rice as well as in maize and 

bajra indicating the phylogenetic relation between them (Lee et al., 2005). 

             The best example for centromeric evolution is the comparison between human beings 

and chimpanzee. Although they belong to two different genera, majority of their genomic 

sequences are identical. The difference between their genome included nine pericentromeric 

inversions and one centric fusion which led to the evolution of man from chimpanzee, their 

closest ancestor. 

Although centromere plays an important factor in mediating speciation, the area of 

study has not been exploited enough. Therefore, more research has to be conducted as it can 

provide more insights into the mechanisms of how centromere can contribute to speciation 

and hence evolution. 
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Climate change effects on plant pathogens : genomes to ecosystems 

Abstract 

 Climate change is attributed directly or indirectly to human activity that alters the 

composition of the global atmosphere, in addition to natural climate variability observed over 

comparable time periods (UNFCCC, 2009). Agriculture being the primary sector affected by  

unprecedented changes in the climate and 30 per cent loss in agricultural production is being 

caused by plant diseases, the impact of climate change on plant pathogens and diseases needs 

to be addressed inorder to ensure global food security. 

 The major climate change parameters that influence plant pathogens are increased 

temperature, elevated levels of CO2, altered precipitation pattern and drought. Among these, 

elevated temperature is the most important factor that directly affect several aspects of 

biology of a pathogen. Temperature governs the rate of reproduction of many pathogens. 

Severe epidemics are often associated with more number of infection cycles especially in 

case of polycyclic pathogens. Das et al. (2017) reported that, Puccinia graminis tritici 

completes infection cycles more quickly under high temperature. Similarly, uredospore 

production by Puccinia substriata and zoospore release by Bremia lactucae  are found to 

increase with high temperature (Elad et al., 2014). Furthermore, high winter temperature 

enhances the survival ability of fungal pathogens in temperate regions. Variation in 

temperature causes a shift in the geographical distribution of pathogens. It has been predicted 

that, as temperature increases, many pathogens may spread to new geographical areas, where 

they may come in contact with potential hosts, thus providing an opportunity for pathogen 

hybridization and evolution (Bergot et al., 2004). 

 Elevated levels of CO2 can also influence plant disease epidemics by enhancing the 

aggressiveness of pathogens. Kobayashi et al. (2016) reported that severity of rice blast 
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caused by Pyricularia oryzae increases with increase in CO2 concentrations. Similarly, 

sporulation of Colletotrichum gloeosporioides is more at high CO2 concentrations.  

  Most fungi and oomycetes require leaf wetness for spore germination. Thus changes 

in quantity and pattern of precipitation influence the diseases which are incited by 

Phytophthora sp., Pythium sp. and the downy mildews. Though drought and change in ozone 

concentration cannot be directly correlated with plant diseases, changes in host phenology 

induced by these factors may alter disease severity. 

 Owing to their shorter generation time compared to plants, pathogen can evolve faster 

and adapt to changed climate through genetic alterations like mutation, hybridization, 

horizontal gene transfer and phenotypic plasticity. However, any attempt to generalize the 

impact of climate change on pathogens is a challenge because the effect of climate change 

will differ with pathosystem and geographical regions (Santhini and Ghelardhini, 2015). 

 In order to tackle the impact of climate change on plant diseases, it is essential to 

develop better management strategies as well as new forcasting models incorporating 

information regarding climate change.  
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Highways in the sky: atmospheric transport of plant pathogens 

Abstract 

 

Dispersal of pathogens is important not only for the spread of the disease in a 

population but also for the continuity of life cycle and evolution of pathogens. The living 

host or other organic substrates cannot indefinitely provide space and nutrition for the 

growing population of the pathogens. This compels them to move out to new uninhabited 

sites, otherwise, the pathogen would die of starvation. Based on the agents involved 

dispersal can be divided into active/ direct and passive/ indirect. Active dispersal involves 

the agency of soil, seed or other planting materials, whereas passive methods involve 

dispersal through man, insects, nematodes, water and air.  

Aerial dispersal of pathogens involves three steps viz., take off/ removal of spores 

from the crop canopy, horizontal transport and deposition. In the case of passive liberation, 

removal of spore will be affected by wind speed and wind direction. Aylor and Lukens 

(1974) observed that increased wind speed enhanced spore removal of Helminthosporium 

maydis in maize. High conidial concentration of the pathogen Pyricularia grisea was found 

on the leeward side of wind in rice blast disease (Greer, 2001). While in actively liberated 

spores, removal of spores is independent of wind and the concentration was found high 

during early to mid- morning period (Aylor et al., 2000). According to Prussin et al.( 2014), 

when the spores are carried to a distance more than 100 m from the source it is considered 

as long distance dispersal (LDD). Gustiness in wind, turbulence and vertical mixing of air 

column will aid in the better dispersal and transport of pathogens. Source strength, spore 
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liberation, vertical transport, horizontal transport, wind systems, tropical cyclones, 

dispersion efficiency and other associated weather conditions determine the efficiency of air 

borne spores. The final stage of aerial transport is deposition which is mostly affected by the 

rate of rainfall. 

 Various weather parameters determine the fate of survival of spores during LDD. 

Uredospores of soybean rust (Phakopsora pachyrhizi) were found to be sensitie to solar 

radiation and UV light during aerial transport (Isard and Dufault, 2006). Bashy and Aylor 

(2000) reported better survival of detached conidia of downy mildew pathogen Peronospora 

destructor, when exposed to low temperature and high humidity. Extent of aerial transport 

of plant pathogenic bacteria and viruses is very limited when compared to fungi.  

 Spread of air borne pathogens can be monitored using ground surveys, weather scans 

and meteorological data. The information on the aerial spread of pathogens should be made 

available to the farmers so that they can take appropriate measures. Common LDD routes of 

pests and pathogens should be critically analyzed to manage these air borne pathogens( 

Nagarajan and Singh, 1990). 
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Plant virus detection : Progress and challenges  

Abstract  

 Plants once infected by viruses cannot be cured and therefore, early detection and 

identification of viral pathogens is very important for devising management strategies which 

would save the crop from severe economic damage. In the recent years, progress in the field 

of plant virology has witnessed major breakthroughs resulting in the development of sensitive 

and effective detection techniques.   

The symptoms of viral diseases are often confused with those of abiotic stress, hence 

symptomatology is not a conclusive evidence for the presence of virus in plant. Earlier, 

biological indexing using indicator plants like Chenopodium sp. and Gomphrena sp. was used 

for virus detection and confirmation. The detection techniques were further improved with 

the invention of electron microscopy (EM) enabling the study of morphological features of 

the virus (Kausche et al.,1939). Later on, with the advent of immunosorbent electron 

microscopy (ISEM) which combined the technical advantages of EM with serology could 

detect even the low titre viruses (Derrick,1973).  

The development of enzyme-linked immunosorbent assay (ELISA) for the detection 

of Plum pox virus and Arabis mosaic virus by Clark and Adams (1977) was a breakthrough in 

virus detection ushering in the new era of serodiagnosis. ELISA was further upgraded to 

techniques like dot ELISA and immuno-tissue printing which allowed in situ detection of 

viruses. Furthermore, lateral flow immune assay devices (LFIA) developed based on the 

principle of ELISA is an inexpensive and user-friendly technology. Recently, sero-based 

nanobiosensors with higher sensitivity compared to conventional ELISA were also 

developed. The sensitivity of these immunoassays were further enhanced with the 

development of nucleic acid based techniques.  
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The most successfully exploited molecular technique is polymerase chain reaction 

(PCR) and reverse transcriptase PCR for detection of DNA and RNA viruses 

respectively.The constraints in conventional PCR were rectified in advanced variants like 

immunocapture PCR, multiplex PCR and nested PCR (Jeong et al.,2014). Nucleic acid 

hybridization methods like dot –blot technique and microarrays have also proved to be highly 

sensitive. Nevertheless, the requirement of skilled personnel for carrying out these techniques 

still remains a challenge.  

The development of real time PCR assays helped to avoid the risk of post-PCR 

contamination along with benefits of high reproducibility and accuracy. Non-thermal 

methods like loop-mediated isothermal amplification and recombinase polymerase 

amplification were found to be acceptable for poorly resourced laboratories and for in situ 

testing (Boonham et al.,2014).  

Next generation sequencing (NGS) is the most recent technology involving 

sequencing and bioinformatics analysis which has revolutionized the discovery of novel 

viruses (Yadav and Khurana, 2016). However, the challenge remains in the development of 

technologies that are costeffective and affordable to underdeveloped and developing 

countries.  
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Imaging sensors : a potential tool for detection of plant diseases 

Abstract 

 Plant diseases can cause economic loss in yield and quality of agricultural produce 

worldwide, thus affecting food safety and productivity. The common methods for detection 

and diagnosis of plant diseases include visual plant disease estimation by human raters, 

microscopic studies and advanced molecular, serological and microbiological diagnostic 

techniques (Bock et al., 2010). These time consuming methods demand experienced 

individuals. Tremendous research in this field has identified sensor based methods for the 

detection, identification and quantification of diseases. Now the most advanced imaging type 

of sensor is being used that detects and conveys the information and constitutes an image. 

Major types of imaging sensors are Red Green Blue (RGB), thermal, fluorescence and hyper-

spectral (Mahlein, 2016).  

One of the oldest and commonly used technologies for plant disease detection is the 

digital imaging in visible spectral region (400-700 nm) called RGB imaging. Image analysis 

can then be carried out with the help of softwares. ASSESS V2.0 is a popular image analysis 

software programme within the discipline of plant pathology and it is primarily aimed at 

measuring the plant disease. Infrared thermography is highly suitable for the detection of 

disease induced modifications in plant transpiration and water status. Thermographic 

assessment of scab disease on apple leaves was done by Oerke et al. (2011) and could 

identify the occurrence of disease at the pre-symptomatic stage. 

Infection by pathogens can affect the photosynthetic activity of the plants and there by 

change in chlorophyll fluorescence. The fluorescence imaging allows detection of small 



 

78 

 

change in fluorescence and thus help in the early detection of plant stress produced by the 

pathogens. Infection of Albugo candida on leaves of Arabidopsis thaliana was detected by 

fluorescence imaging even before the appearance of visual symptoms (Chou et al., 2000).  

Hyper-spectral imaging is a highly robust technique that provides rapid analysis of imaging 

data. Measuring spectral reflectance by hyper-spectral cameras can be used to inform plant 

health status as well as quantify the disease infected areas of plant. Mahlein et al. (2012b) 

identified the spectral signatures of sugar beet leaves on infection by Cercospora leaf spot, 

powdery mildew and rust which were found to be significantly different and disease specific.

  

The relevant areas of application of sensors are plant disease detection in field, 

resistance screening and assessment of plant defense reactions. Full potential of sensor based 

disease detection has still not been exploited. For future research it is indispensible to link 

complementary research fields such as plant pathology, sensor development, informatics and 

machine learning. Only a highly interdisciplinary approach with a close link to practical 

agriculture can give a powerful solution for disease detection. 
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Antiviral principles in plant disease management 

 

Abstract 

 

Plant viral diseases are always a great threat to crop production because they cause 

economic loss. An annual loss of 60 billion dollars is reported all over the world. The lack of an 

effective virucide is the major challenge for the management of viral diseases. However some 

antiviral principles (AVPs) are reported which shows some suppressive effects on plant viral 

diseases. 

Allard (1914) first reported the presence of an AVP against Tobacco mosaic virus in 

healthy Nicotiana glutinosa plant extract. Since then a number of AVPs have been reported, 

characterized and purified from several plants such as Phytolacca sp., Boerhaavia diffusa, 

Bougainvillea spectabilis, and Clerodendrum aculeatum. Most of the AVPs are basic proteins, 

having a molecular weight ranges between 20 to 32 kDa.  

The common extraction methods include maceration of plant material in a suitable 

solvent, followed by filtration and centrifugation ( Devi et al., 2004 ). And further purification by 

various methods like ion exchange chromatography, High Pressure Liquid Chromatography 

(HPLC) and Ultra high Pressure Liquid Chromatography (UPLC). 

Awasthi et al. (2016) reported the modes of action of AVPs based on an experiment on 

AVP from Boerhaavia diffusa roots against different viruses. These includes direct inhibition, 

ribosome inactivation and induction of systemic resistance.  
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 Venkatesan et al. (2010) reported increased activity of peroxidase, polyphenol 

oxidase, phenylalanine ammonia-lyase and increased content of phenol, in black gram plants 

treated with Mirabilis jalapa and Datura metel plant extracts which indicated induction of 

systemic resistance by plant extracts. 

  Elsharkawy and El-Sawy (2015) reported effectiveness of different plant extracts 

Plectranthus tenuiflorus, Clerodendrum inerme, Schinus terebinthifolius and Mirabilis jalapa on 

bean plant against Bean common mosaic virus (BCMV). Transgenic cucumber was developed 

successfully by transferring pokeweed antiviral gene (pacPAP) and it showed resistance against 

Cucumber mosaic virus both under field and greenhouse conditions (Cao et al., 2011). These 

studies indicate that it will be profitable to explore these natural plant products further for 

effective management of plant viral diseases.  
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                                        Eco- physiological significance of Cryptogamae 

Abstract 

Sub kingdom Cryptogamae comprises plants which reproduce by means of spores. The 

major divisions under the sub kingdom are Thallophytes, Bryophytes and Pteridophytes. The 

division Thallophytes mainly consists of algae. They are the most primitive autotrophic plants 

that lack true leaves, stem and roots. Their size ranges from the microscopic unicellular forms 

like Chlamydomonas sp. to multicellular forms like Macrocystis pyrifera.  Bryophytes include 

mosses, liverworts, and hornworts. They are the second largest group of land plants after 

angiosperms (Sathish et al., 2017). They can live both in water and land hence are known as 

“Amphibians of the plant kingdom”. Pteridophytes are seedless vascular plants, considered as the 

first true land plants that evolved after bryophytes and are known as “snakes of the plant 

kingdom”. 

  These primitive species can be used as a tool to understand ecosystem function and also 

to predict environmental changes. Shift in cryptogam component of vegetation composition can 

help to predict biogeochemical and climate changes, leading to large scale environmental 

changes. Moreover, they have a number of uses in agriculture and industry. Azolla sp. and 

Pediastrum duplex are excellent sources of nitrogen and can be used as components in clean 

cultivation (Berman and Chava, 1999).  

Cryptogams serve as indicators of soil, air and water pollution. Copper content in the soil 

can be detected by the presence of Scopelophila cataractae. Amblysregiun riparium and 



 

82 

 

Scapania spp. are the indicator of polluted water. SO2 content in the air can contribute to 

browning of capsules of Funaria hygromatica. (Singh et al., 2013) Biodiesel production from 

Chlorella sp. Can serve as an alternative for fossil fuel which would help in resource 

conservation and pollution control. Phytoplankton in water bodies release dimethyl sulfide 

(DMS) in the atmosphere, which plays an important role in cloud condensation and precipitation. 

In addition to these, many cryptogams have a number of uses in biomedicine and pharmaceutical 

industry (Lone et al., 2016). Physcomitrella patens is used for electricity generation.  

Despite their importance and abundance, the members of Cryptogamae have been 

neglected in the past. They have immense potential in bio-geoprospecting studies. A better 

exploitation of these plant species can help to mitigate many environmental problems. However 

scant information is available about their distribution and ecological requirements. The major 

risks to these plants are poor air quality and loss of critical habitats. Hence, effort should be made 

to conserve these primitive plant species.  
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Photorespiration in plants – Boon or Bane 

Abstract 

Photorespiration is an inevitable component of C  photosynthetic pathway. In earlier 

days it was described as “necessary evil” resulting in significant loss of recently assimilated 

carbon and considerable amount of previously captured energy. Recent studies have helped to 

unravel a number of beneficial aspects for the process. Photorespiration protects the system by 

consuming excess reducing equivalents and energy (ATP). It can mitigate oxidative stress under 

conditions of drought/water stress, salinity and chilling (Voss et al., 2013). Moreover essential 

amino acids such as serine and glycine are synthesized through photorespiratory pathway. 

Photorespiration can act as an effective electron sink in plants during drought stress. 

Studies in tomato indicated that photorespiration is one of the major mechanism by which the 

excess photosynthetic electron generated under stress condition is dissipated ( Haupt herting and 

Fock 2002). Salinity is another environmental factor limiting plant growth and productivity. 

Hydroxymethyltransferase an enzyme in photorespiratory pathway plays a critical role in 

controlling cell damage caused by salt stress (Moreno et al., 2005). In rice cultivar subjected to 

cold stress, the upregulation of enzyme catalase in photorespiratory pathway reduce the reactive 

oxygen species (Guo et al., 2006). 

The aminotransferase enzyme present in the photorespiratory cycle is capable of improve 

the resistance of melon against downy mildew caused by Pseudoperanospora cubensis (Taler et 

al., 2003). Similarly shmt-1 gene shows resistance to Pseudomonas syringae in Arabidopsis 

plant (Moreno et al., 2005). 
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Current studies indicate that the adaptation to climate change may much more for C  

plants than C  plants (Streck, 2005). Photorespiratory cycle helps to optimize photosynthesis 

while protecting against oxidative stress and it also integrates the functions of chloroplast, 

peroxisomes, mitochondria and cytoplasm. The potential benefits of this cycle seen in these 

plants compel us to consider it as a bane rather than boon to the plants. 
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Longevity of recalcitrant seed: An enigma 

Abstract 

The need for the long-term preservation of plant genetic resources, particularly in the 

face of global climate change and habitat destruction, is indisputable. Plant genetic resources 

can be conserved in situ or ex situ. However, the most cost-effective way of conserving plant 

germplasm is through seed collections.  

Robert (1973) classified seeds based on their storage behaviour into orthodox and 

recalcitrant seeds. Seeds like those of cereals and pulse crops, that can tolerate desiccation 

(moisture content as low as 5%) and can be stored at sub-zero temperatures (-18
0
C to -20

0
C), 

were categorized as orthodox. Storage life span of high-quality orthodox seeds under these 

conditions may extend up to decades and possibly centuries, depending on the species 

(Berjak et al., 1969).  

Seeds that undergo no maturation drying at the final phase of development, tolerate 

very little post-shedding desiccation and are often chilling-sensitive (eg. seeds of mango, 

cocoa, coconut etc.) were grouped as recalcitrant. Plants that produce recalcitrant seeds, 

usually occur in habitats conducive for relatively rapid, if not immediate, seedling 

establishment (Roberts and King, 1980). In such environments, there is little selective 

advantage for maturation drying. Many of the extant species of tropical and sub-tropical 

distribution, have seeds that are apparently recalcitrant (Berjak, 1969). Later, in 1990, Ellis 

and co-workers discovered an intermediate class of seed that can tolerate limited desiccation 

but are chilling sensitive (eg. citrus, papaya and coffee). The major unresolved issue in 

conserving recalcitrant seeds is that no successful universal storage regime has been 
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established. Unlike orthodox seeds, the recalcitrant seeds remain metabolically active at 

harvest, leading to various metabolism induced damages. The high degree of free radical 

production owing to the ongoing metabolic activity, add up to the rapid loss of viability in 

these seeds.  

Several approaches at prolonging seed longevity in recalcitrant species have been 

attempted. The rate at which the seeds are dried is found to have profound influence on the 

rate of viability loss. Storage studies in Shorea robusta revealed that rapid drying of the seeds 

to their critical moisture content is more advantageous than the slow drying approach. This 

was because the duration of seed remaining in the aqueous based metabolism phase is 

reduced (Boby et al., 2004). 

Seeds of Hydrocaris dubia registered a high germination (60 %) after 180 days  

storage under moist and imbibed condition (Zhao et al., 2017). Apart from attempts to 

conserve recalcitrant seeds through moist and imbibed storage, partial dehydration and rapid 

cooling, and cryopreservation, the conventional in-situ conservation of recalcitrant species is 

also widely resorted to world over.   

Considerable variation exists among recalcitrant seeds with respect to their response to 

storage conditions. Hence, storage protocols will have to be elucidated on a species by 

species basis. This will help develop more precise storage technologies specific to each 

species and thereby, help conserve the seeds for future.  
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Automated computer imaging system- a boon to seed industry 

Abstract 

The use of high quality seed is the pre-requisite to sustaining high yield in crop 

production. The primary bases for defining seed quality are purity, germination and freedom 

from diseases. Seed quality assessment and distinguishing variety on the basis of classical 

approach is highly difficult as it is time-consuming, labour-intensive and expensive. With the 

advance of technology and engineering, scholars have focused their attention on developing 

rapid, accurate and non-destructive techniques for seed classification and identification. 

 Automated Computer Imaging System (ACIS) includes X-ray imaging, Machine Vision 

Technology (MVT), Near Infrared Spectroscopy (NIRS), and Hyperspectral Imaging System 

(HIS). Advancement in computer technology leads to the use of these potential non-destructive 

techniques in the domain of food and seed processing like grading, sorting, and quality 

inspection. 

 X-ray imaging is one of the most prominent medical diagnostic techniques. X-ray image 

is a transmittance projection of the material coming across the X-ray path.  In recent years, X-ray 

based systems (soft X-rays) have increasingly been used effectively as a research tool for the 

detection of internal defects in agricultural products. In seed industries, it is mainly used for seed 

analysis and sorting. Narvankar et al. (2009) used X-rays to detect fungal infection in wheat and 

achieved 92.2 to 98.9 per cent classification accuracy.  

 Machine vision technology is a computerized tool for image analysis. It refers to the 

acquisition of data (shape, size, etc.) via a video camera or similar system and the subsequent 
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computer analysis of these data following suitable processing (Dell'Aquila, 2004). It evaluates 

image features such as colour, size, shape, and surface texture of seeds for seed grading, variety 

classification and quality monitoring (Draper and Travis, 1984). 

Near infrared spectroscopy and hyperspectral imaging are the other potential non-

destructive techniques for seed quality assessment and classification. In NIRS, seed is irradiated 

with near infrared radiation, and the reflected or transmitted radiation is measured. The NIRS 

technique works on the principle that unique chemical composition causes molecules to absorb 

light in the near infrared region and vibrate at unique frequencies. The most attractive merit of 

NIRS is that it is a non-destructive approach to determine the chemical composition of seeds. 

Hyperspectral imaging integrates MVT and NIRS into a single system. This technique obtains 

both image and spectral information, thereby overcoming the limitations of MVT and NIRS 

(Ferrari et al., 2015). 

 Automated computer imaging system with its ability to handle visual data, is an 

important technology that will find many applications in modern varietal identification and seed 

certification. The unique features of each technique have a wide-ranging application in seed 

industry. 
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Plasma treatment and seed quality 

Abstract 

 

          Global food shortage is likely to escalate as a result of increase in population and 

urbanization. As it is difficult to increase the area under cultivation, the only way to address food 

shortage is by increasing the productivity. Use of quality seed alone is known to increase yield by 

20 per cent. Several seed treatment methods are used to enhance the quality of seeds. One such 

innovative technology used recently is plasma treatment. Plasma treatment is a physio-chemical 

method which has the potential to improve germination and crop yield (Sehrawat et al., 2017). 

             The term ‘plasma’ was first coined by chemist Irving Langmuir in 1920 and it is a Greek 

word meaning ‘moldable substance’. Plasma is the fourth state of matter. It is an ionized gas 

consisting of approximately equal number of positively and negatively charged electrons. It is the 

most abundant state of matter in the universe. More than 99.9 per cent mass of the solar system is 

in plasma state. Unlike the other three states of matter viz., solid, liquid and gas, plasma does not 

exist freely on the earth and can only be artificially generated by subjecting neutral gas to a strong 

electromagnetic field. 

             Devices such as Dielectric Barrier Discharge (DBD), Planar Rotating Electrode (PRE), 

Downstream Microwave Plasma (DMP), Hollow cathode discharge, Glidarc and Plasma torches 

are used to generate plasma. Among these, DBD is most commonly used for seed treatment.The 

source, intensity and duration of exposure of plasma determine the effectiveness of the treatment.  

           Several workers have reported positive effects of plasma treatment on seed characters like 

germination, vigour, enzyme activity, seed health, and storability. Mitra et al. (2013) reported 

enhanced germination and seedling growth in plasma treated chickpea seeds. Significantly higher 

dehydrogenase enzyme activity was observed in maize embryos isolated from the seeds treated 
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with plasma for 60 seconds (Henselova et al., 2012). The exposure of winter wheat to plasma for 

10 seconds reduced the frequency of fungal incidence (Kordas et al., 2015). 

Sehrawat et al. (2017) reported that plasma treated seeds retained higher germination up to 9 

months after storage over control in okra. 

             Plasma treatment has been found to increase the yield, productivity and stress tolerance in 

many crops.  Jiang et al. (2014) observed that plasma treatment increased the yield in wheat. 

Plasma treatment improved drought tolerance by improving antioxidant enzyme activities in 

oilseed rape (Li et al., 2015). 

            In India, plasma technology facilities have been established at Facilitation Centre for 

Industrial Plasma Technologies (FCIPTC), Institute for Plasma Research, Gandhinagar. The field 

of plasma technology is ecologically safe, cheap and highly effective for seed treatment. Apart 

from its application in seed industry, plasma technology plays vital role in several other industries 

like food, medicine, textile and automobiles. Further understanding of the principle of plasma-

biological interactions will help fine tune the application of this technology in field of seed quality 

enhancement. 
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Biophysical stimuli : Insights on germination and seedling growth 

Abstract 

Plant responses to stimulation have captured the imagination of biologists since Robert 

Hooke first discovered the touch-induced folding of leaves of the ‘humble plant’, Mimosa pudica 

as early as1665. 

Biophysics or biological physics is an interdisciplinary science that applies the 

approaches and methods of physics to study changes in the biological systems (Pearson,1892). A 

stimulus is a result of change in an energy source or force, such as light, sound or heat. A plant 

can perceive changes in internal mechanical forces like turgor pressure (state of hydration within 

a cell) and gravitropic signals (gravi-perception) and external stimuli like light, temperature, 

heat, mechanical loading by wind, snow, rainfall, touch, etc 

Unlike the mechanical stimuli, stimulation of plant system caused by physical factors 

such as ultraviolet (UV rays), gamma rays, ultrasound, ionized radiation, laser light, 

electromagnetic waves and magnetic stimulation, affects the dielectric characteristics of bio-

membranes of plant cell. The physical stimuli increase the energy account of the cell by 

initializing internal transformation of energy into electrical energy, thereby increasing the 

electro-potential of the cell membrane. Stimulation of plant system by thesephysical factors 

enables plants to vegetate at a higher energy level (Vasilevski, 2003). Thus, biophysical 

stimulation of the seeds, increases their energy balance and thereby intensifies the intra-cell and 

inter-cell exchange of materials resulting in activation of the growth and yield processes. 



 

92 

 

Iqbal (2016) found that pre-sowing magnetic field stimulation of bitter gourd seed 

resulted in higher germination, shoot and root growth and higher growth rate. Response of plants 

to magnetic stimulation with varying intensity and duration of magnetic field exposure has also 

been reported. 

Germination and seedling growth were found to be positively influenced by pre-sowing 

exposure to electric field in maize (Gatjenset al., 2017) and other crops. Similarly, germination 

and seedling growth were found to be stimulated by gamma irradiation, laser radiations, 

ultrasound wavesetc, in crops like okra and tomato (Norfadzrin et al., 2007). 

To sum up, the response in seed germination and its growth due to biophysical stimuli 

vary the dosage, exposure time and the crop grown. Enhanced germination and seedling growth 

on exposure to biophysical stimuli have been attributed to accelerated metabolism in plant 

system, improved ion movement across plasma membrane, increased biosynthesis of chlorophyll 

and carotenes, increased water uptake rate, changes of hormone concentrations, stimulation of 

enzyme functions and biochemical reactions. 

Elucidating the best stimuli to enhance seed germination and growth can be laborious and 

time consuming. Such discovery can, however prove advantageous in eliciting subtle or obvious 

responses in germination, crop growth and yield. Further research is needed to refine this 

technology before promoting it on a large scale. 
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Novel fertilizers for enhanced nutrient uptake 

Abstract 

Fertilizer is a vital input for the sustainable development of crop production and the rational 

fertilizer application is an efficient and important measure for increasing crop production. There 

is an urgent need for advancement of fertilizer technology to develop newer products that will 

resolve poor use efficiency and environmental issues. 

                  Enhanced Efficiency Fertilizers (EEFs) are a group of fertilizers that reduce the risk 

of nutrient loss to the environment and subsequently increase fertilizer use efficiency. These 

include slow release fertilizers, controlled release fertilizers, and stabilized fertilizers. Several 

studies indicated that the technologies utilized by EEFs are more effective in optimizing plant 

nutrient uptake when compared to non-EEF sources.Field trials showed that EEFs increased the 

rice yield in the range of 10-55 per cent over control and up to 17 per cent over conventional 

micronutrient fertilizers (Bandyopadhyayet al., 2014). Randall and Vetsch (2002) showed the 

effect of coated diammonium phosphate fertilizer in increasing yield of corn significantly. 

The term ‘Smart fertilizer’is coined for a group of compounds based on polymeric 

phosphate structures where the polyphosphate chain acts as a template and release nutrients on 

demand by the crop. Smart fertilizers have been developed for all the micronutrients, viz., zinc, 

iron, manganese, copper, boron and molybdenum. The molecules can be synthesized for single 

nutrient as well as multinutrients in any desired ratio. Unlike in products like chelates or 

coatings, there is no residual material build up in the soil.It increases the efficiency, reduces soil 
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toxicity, minimizes the negative effects associated with over dosage and also reduces the 

frequency of application.According to Ghosh (2015), field response of rice to smart zinc 

application (at 0.50 kg Zn ha
-1

) was to the extent of 7.0 t ha
-1

, whereas for zinc sulphate (at 5.0 

kg Zn ha
-1

) was 5.0 t ha
-1

. 

Nanomaterials loaded with plant nutrient(s), aimed at increasing plant-uptake efficiency 

of the nutrient(s) and/ or reducing the adverse impacts of fertilizer application are referred as 

nanofertilizers. Nitrogen use efficiency of conventional fertilizer and organobentonite modified 

nano fertilizer were studied by Subramanian and Rahale (2000). Conventional fertilizer recorded 

30 per cent nitrogen use efficiency, whereas 80 per cent was observed in nanofertilizer.  

Nano clay polymer composites (NCPCs), as emerging nanotechnology products have 

wide application in the field of fertilizers. Roy et al. (2015) reported that natural source of 

phosphorus in combination with organic acid loaded NCPC and phosphorus solubilizing bacteria 

is as effective as that of conventional water soluble P fertilizer and it can be used as an 

alternative for commercial fertilizer. 
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Bio-intervention of silicate minerals – an alternative source of potassium 

Abstract 

Potassium (K) ranks third among the essential plant nutrients. K exists in soil in different 

forms. Based on the availability to plant,soil K is categorized into four groups: water-soluble 

(solution-K), exchangeable, non-exchangeable, and mineral K. The major portion of the total soil 

K exists in the mineral fraction(92–98 per cent), which is not available to the plant.Bio-

intervention of silicate minerals has been found to improve plant K availability by solubilizing 

mineral K.The K-supplying power of soil depends on the content and nature of K-bearing 

minerals and the rate at which structural and fixed-K become available to plants. 

Application of silicate minerals as such is not effective as application of commercial K 

fertilizers. Some interventions are needed to speed up the K release rate. Inoculation of 

Potassium Solubilizing Bacteria (KSB) withK-feldspar powder could be a promising alternative 

to commercial K fertilizer and may help to maintain the availability of soil nutrients (Zhang and 

Kong, 2014). Mechanisms of K mobilization from silicate minerals are dissolution by organic 

acids, metal-complexing ligands and formation of biofilms.  

Setiawati and Mutmainnah (2016) isolated potassium solubilizers from sugarcane 

plantations andfound that all isolates produced organic acids like citric, ferulic and coumaric 

acids and were capable of solubilizing K from insoluble K bearing minerals source. Anjanadevi 

et al. (2015) isolated 36 rock inhabiting potassium solubilizing bacteria from Kerala, and found 

that K solubilizing efficiency increased with decrease in pH, increase in viscosity and viable cell 
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count. Based on the level of K solubilization, two potent isolates were selected and identified as 

Bacillus subtilis and Bacillus megaterium. 

Application of mica inoculated with bacteria (Bacillus mucilaginosus) significantly 

enhanced biomass yield, K uptake and per cent K recoveries by sudan grass than uninoculated 

one (Basak and Biswas, 2008). Fatima et al. (2014) also found that the application of KSB in 

maize has a significant effect on biomass yield and K uptake due to higher solubilization of K. 

An advancement of knowledge in this field will contribute to a better understanding of 

natural process of soil K fertility and will help to develop a new approach to utilize natural 

mineral resources for sustainable and eco-friendly agricultural practice. 
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Biological soil crust: a multifunctional principle in terrestrial ecosystems 

Abstract 

Drylands include arid, semiarid and dry sub humid ecosystems which constitute 

approximately 41 per cent of earth’s terrestrial surface. The vegetation cover in such areas is 

often sparse or absent. They are covered by a community of highly specialized organisms called 

biological soil crusts (BSCs).Biological soil crust is a complex mosaic of cyanobacteria, green 

algae, fungi, lichens, mosses, bacteria and other organisms. They are also known as micro floral, 

biogenic and cryptobiotic soil crusts or biocrusts. They constitute a specialized biotic community 

that exerts a strong influence on key ecosystem processes. 

Biological soil crusts play key roles in global carbon (C) cycles, in terms of both C 

uptake and its release back into the atmosphere (Elbert et al., 2012).The extracellular polymers 

secreted by crustal organisms also contribute to soil carbon. There is an increase of 300 percent 

in the content of soil polysaccharides and total carbon in biologically crusted soilthan crust free 

soil(Rogers and Burns, 1994). Cyanobacteria and cyanolichens present in the crusts are vital 

sources of fixed nitrogen in the desert soils. DeFalco (1995) reported that the presence of 

biocrusts increases the surrounding content of soil N up to 200 percent. It also increases the 

potentially available P content of the soil by solubilization and nutrient rich dust trapping. 

Proportions of labile and moderately labile organic P are higher in BSC than in crust free soil at 

the expense of residual P indicating weathering of Fe/Al species by crustal organisms (Baumann 

et al., 2017).Biologically crusted soil surfaces significantly alter the uptake of bioessential 

elements by associated vascular plants.This has positive effect on their establishment and 
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growth. Increase in N content increases the decomposition rates enhancing the flow of other 

essential nutrients to plants. 

Crustal organisms have a pronounced effect on albedo and soil temperature. They 

decrease albedo by absorbing more solar radiation. They have the ability to swell many times 

when wetted. This helps to reduce water and wind erosion. The formation of crust cover on the 

soil surface also protects the soil from wind and water transportation (Belnap and Gardener, 

1993).  

Biocrusts can be destructed by natural and anthropogenic disturbances. Grazing, fire 

accidents, annual plant invasion, recreational activities and burial destroy them. Crust disruption 

often destabilizes the underlying soil making it vulnerable to wind and water erosion. 

Thus biological soil crusts play  a major role in soil fertility, hydrological cycle andsoil 

stability which are critical to ecosystem sustainability. There is a need to carry out more research 

in biological soil crusts and conserve them to check the process of desertification. 
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Land configuration for the management of waterlogged-saline soil 

Abstract 

Waterlogging and soil salinity are serious environmental problems adversely affecting 

crop yield, soil health and socio economic conditions of farming community. Water 

logging affects plant growth by reducing soil aeration around the root zone where as 

salinization affects the crop by increasing osmotic potential of the soil solution. Damage 

to plant growth and yield is more serious when these processes occur simultaneously. In 

general, these soils can be classified into coastal saline waterlogged soils and inland 

saline waterlogged soils. Poor crop productivity and poor agricultural diversification are 

witnessed in areas where waterlogged saline conditions exist as predominant problem. 

Farmers struggle in utilizing these lands for crop production. 

Management of degraded land and water resources on sustainable basis offers an 

opportunity for horizontal expansion of agricultural area in the country. Land 

configuration techniques are one of the innovative technologies in managing salt affected 

waterlogged lands. Land shaping or configuration is the articulation of land arrangement 

so as to overcome certain hydrologic problems in agricultural area for potential crop 

cultivation. Major land configuration techniques include, raised bed and sunken bed 

technology, ridges and furrows, broad bed furrows, pond based integrated farming 

system, three tier land farming system, paddy cum fish culture etc.  

Velmurugan et al. (2016) found that in an island ecosystem as in Andaman and 

Nicobar, permanent raised bed and furrow system with 4m wide bed and 1m height could 

withstand the waterlogging and avoid the entry of significant amount of salts into the 

furrows. The raised beds also avoid the submergence during wet season. Over the years, 

significant reduction in the concentration of soluble salts in the raised beds was recorded. 
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According to the study conducted by Tomar et al. (1996), performance of soybean 

improved significantly when planted in raised and sunken beds instead of using the 

normal flat planting in deep vertisols of Madhya Pradesh during rainy season and thereby 

helped in reducing Kharif fallowing.  

Adoption of raised and sunken bed in alkali vertisols under waterlogged condition, 

reduced exchangeable sodium percentage by more than 60 percent over a period of 4-5 

years. Cost benefit was computed on the basis of investment and returns of first three 

years. The computation indicated some loss during first year due to high investment on 

gypsum but over a period of 3 years, it proved to be economically beneficial (AICRP, 

2003).Height of raised bed should be in a range of 1.0 to 2.0 m under waterlogged sodic 

conditions. Depth and width of sunken bed depends on its intended use (Vermaet al., 

2016).  In a study on rainwater management in Sundarbans delta, West Bengal, Ambast et 

al., (1998) suggested to convert 20 per cent of the farm area into an on farm reservoir to 

harvest excess rain water. In Andaman, ridges and furrows of 1.0-1.5 m width and height 

of up to 0.5 m were constructed in low lying paddy land and ridges were used for planting 

coconut, arecanut and banana (Ambast et al., 2011). 

These land shaping techniques help to improve drainage facility, salinity reduction, 

increase water use efficiency, rain water harvesting and improve the agricultural 

diversification to sustain agricultural production thereby ensuring livelihood security for 

the local population. 
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Pollination management in vegetable crops 

Abstract 

According to NSSO (2011), the per capita consumption of cereals has declined while that 

of horticultural crops like vegetables has increased. So, there is a projected demand - supply gap 

of 32 million tonnes of vegetables in the market by 2030. Hence, new strategies have to be 

adopted to boost the production of vegetables. In this context, pollination management has 

immense potential in augmenting vegetable production. 

All crop management practices may not yield desired results unless there is an effective 

pollination management strategy. Hence, pollination management may also be considered as a 

crop management practice. It is the sum total of all horticultural practices, which enhanced 

pollination of a crop to improve quality and yield by management of pollinators, pollenizers and 

pollination conditions (Paroda, 2004). 

Pollinator management enhances yield and quality of vegetables. Seventy per cent of 

vegetable crops are pollinated by honeybees. Honey bee pollination significantly increased fruit 

and seed yield in pumpkin (Walters and Taylor, 2006); organoleptic and nutritional quality of 

muskmelon (Huang et al., 2017); and fruit length and diameter in cucumber (Bui etal., 2017). 

In protected cultivation of vegetables, farmers are faced with the problem of lack of 

natural pollinators with the consequence of poor fruit set even in self-pollinated crops like 

tomato. Bumble bee pollination resulted in high fruit weight of tomatoes grown in greenhouses 

(Attalet al., 2003). They can also be used as a suitable alternative for honey bees for pollination 

of muskmelon in greenhouses (Dasganet al., 1999). Supplementary pollination techniques such 

as vibration pollination, hand pollination and pollination sprays are effective and widely used to 

improve fruit set of vegetables grown in protected structures (Abad and Monterio, 1989). 
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Pollenizer is a plant that serves as a source of pollen. In vegetables seedless watermelon 

and gynoecious cucumber hybrids depend on pollenizers for successful fruit set. Pollenizer 

management in terms of number of pollenizers and distance from the main crop is important. 

Distance and ratio between triploid plants and pollenizer influences the fruit yield in seedless 

watermelon (Nesmith and Duval, 2001). 
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Recent trends in the genetic improvement of onion 

 

Abstract  

Onion is the third most important crop of the world after potato and tomato. India 

ranks second in global onion production after China with an annual production of 20 million 

tonnes. However, India’s onion productivity is one of the lowest (15.86 t ha
-1

). To cater the 

requirement of ever increasing population, productivity needs to be increased.               

Commonly used methods of breeding in onion are, introduction, mass selection, 

selfing followed by massing, recurrent selection, backcross breeding, and heterosis breeding 

(Pradeepkumaret al., 2013). Biennial habit and high degree of natural cross pollination make 

this crop unattractive for plant breeders. The recent trends in the genetic improvement of 

onion include production of double haploids, adoptability breeding for non- traditional areas, 

production and characterization of non pungent onion, application of molecular markers, and 

breeding for low input farming. 

Being a cross pollinated crop, onion suffers from severe inbreeding depression on self 

pollination. Double haploid lines have been used to accelerate inbred line development. 

Anandhan et al. (2014) claimed a significant variation in gynogenic potential among Indian 

short day onion varieties. Onion is not suitable for cultivation in humid tropics.  However, 

with the advent of tropical varieties as well as adaptation of traditional varieties to climate 

change, the cultivation of cool season vegetables during winter season is gradually picking up 

in the plains also (Menon et al., 2016). 

Pungency in onion has been correlated with the production of lachrymatory factor, 

which is produced through the successive enzymatic reactions that occur upon tissue 
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disruption. Kato et al. (2016) reported the production and characterization of tear less or non 

pungent onion through mutagenesis.                      

Recognizing the potential of molecular markers, they are being widely used for 

diversity analysis and varietal identification, colour improvement, characterization of other 

quality traits, isolation of male sterile lines and genetic mapping in onion. Malik et al. (2017) 

reported the use of PCR based molecular marker (cob marker) for the isolation of male sterile 

and maintainer lines in onion. 

A massive amount of fertilizers is needed to grow onion because of their poorly 

developed root system. For organic or low input agriculture plants need to be good nutrient 

scavengers. According to Melo (2003), variation in the root traits of onion is limited and root 

traits of Allium fistulosum can be exploited for improvement of this character. 
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Breeding for nutritional quality improvement in vegetable crops 

Abstract 

Vegetables are considered essential for well-balanced diets since they supply 

vitamins, minerals, dietary fibre and phytochemicals. Each vegetable group contains a unique 

combination and amount of these phytonutraceuticals, which distinguishes them from other 

groups and vegetables within their own group (Dias, 2012). Antioxidants present in 

vegetables reduce the risk of chronic diseases by scavenging free radical and detoxification of 

carcinogens. In the daily diet, they are strongly associated with improvement of 

gastrointestinal health, good vision and reduced risk of heart disease, diabetes and some 

forms of cancer. 

Improving nutritional quality has recently become one of the major objectives in 

vegetable breeding due to the increasing awareness on benefits of neutraceutical 

compounds to human nutrition and health.At present, the consumers are more aware of 

health benefits due to nutraceuticals present in vegetable crops and hence, vegetable 

breeding programmes are oriented towards nutritional quality also. The success depends on 

enhanced nutritional content and its bioavailability.Quality refers to the suitability or fitness 

of an economic plant produce in relation to its end use and is classified as organoleptic, 

nutritional, biological and other quality traits. It is a complex character influenced by both 

genetical and environmental factors. Conventional and non-conventional breeding methods 

are employed for improvement of quality traits in vegetable crops. The choice of breeding 

method would be largely guided by the nature of gene action, relative magnitude of additive 

genetic variance, dominance variance and epistasis in a breeding population.Deyet.al (2006) 

screened bitter gourd accessions for ascorbic acid and carotenoid content and reported that 

DBTG-8 is highly promising for highnutritional qualities and fruit yield. Zewdie et.al (2000) 

studied the capsaicinoid inheritance in an interspecific hybrid of Capsicum annuum and 

C.chinense. They reported that due to significant additive gene action effects, improvement 



 

106 

 

through repeated backcrossing and selection of desirable recombinants from segregating 

population could be an effective way to increase the capsaicinoid content chilli.Hazraet.al 

(2012) reported that in tomato fruit carotenoid content and colour can be enhanced by 

different mutant genes viz., high pigment (hp), old gold crimson (og
c
) and anthocyanin (Aft) 

in Alisa Craig. The og
c
genotype increased the lycopene and beta carotene content in the fruits 

followed by the genotype with hp and Aft. Alisa Craigog
c
and two mutant x non-mutant 

hybrids Alisa Craig og
c
x Patharkutchi and Alisa Craig og

c 
x BCT 53 were superior over its 

parents for quality traits.The old gold crimson (og
c
) and anthocyanin fruit (Aft) mutant could 

effectively be employed in breeding tomato hybrids for improved fruit quality. 

Effect of ploidy number (2x, 3x and 4x) on TSS and Glutathione content in six 

polyploidy families of watermelon was studied byDavis et al., 2013. They reported that TSS 

was higher in autotetraploid than autotriploid and diploid fruit in all families (10.5%, 10.2% 

and 9.5% TSS respectively). Similarly, the mean GSH content was higher in autotriploid than 

in the diploid and autotetraploid fruits. It shows that selection of parents is very important to 

produce triploids with high TSS.Chakrabortyet. al. (2000) attempted to introduce 

nonallergenic seed albumin gene from Amaranthus hypochondriacus to potato and based on 

AmA1 expression level, showed an increase in all essential amino acids in pSB8 and pSB8G 

transgenic lines compared to wild-type A16 genotype. 
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Adulterants in spices 

Abstract 

Spices are low volume high value crops which are accepted worldwide as agricultural 

commodities. India, with its varied agro-climatic regions, supports the cultivation of around 63 

different spices and is a major spice exporting country. But recent data show that spices exported 

from India has the highest number of refusals among agricultural commodities in international 

trade. Nearly fifty per cent shipments of spices and flavours from India were refused by Food and 

Drug Administration (FDA) during a period of eight years from 2005 (Bovay, 2016). Adulteration 

is one of the important reasons for these refusals.  

Adulterant means any material which is or could be employed for making the food unsafe or 

sub-standard or mis-branded or containing extraneous matter. It may be synthetic chemicals, earthy 

materials or the products of plant origin. Black pepper, one of the major spices, is adulterated with 

many low cost and easily available materials, among which papaya seed is the most commonly used 

one. Adulteration alters the saponification value, iodine value and piperine content of black pepper 

oleoresin (Madan et al., 1996).  

In cardamom, an important commodity of international trade, the capsules, seeds and even 

seed powder are found to be adulterated. Capsules are adulterated with orange seeds, unroasted 

coffee berries, small pebbles and talc coated exhausted cardamom capsules. The seeds are 

adulterated with the seeds from wild species of cardamom (Ammomum aromaticum, A. subulatum 

and A. cardamomum) and seed powder is often adulterated with the powder from cardamom hulls. 

In chilli powder adulteration with artificial colours, synthetic pungent compounds, brick powder 

and even plant based materials are common (Dhanya and Sasikumar, 2010).  

Turmeric powder is often adulterated with starch of maize, wheat, rice and tapioca,                          

metanil yellow, lead chromate and powder from the wild species of turmeric (Curcuma zedoaria 
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and C. malabarica). Chemical fingerprints of curcuminoids or essential oils of each species serve as 

identification markers to detect the adulterants in turmeric (Li et al., 2011). In case of cinnamon 

(Cinnamomum zeylanicum), common adulterant used is cassia (Cinnamomum cassia). Adulteration 

of cinnamon inner bark oil with leaf oil can be recognized by an elevated concentration of eugenol.  

To harmonize the quality of spices, product-specific standards have been established. In 

India, the standards by FSSAI, BIS and AGMARK are adopted. According to the standards the 

products should be free from the adulterants or colourants. The analytical techniques to detect the 

adulterants include, physical, chemical and molecular methods. Physical methods consist of 

macroscopic and microscopic evaluation and difference in physical parameters of spice and its 

adulterants. Colour tests, chromatography, spectroscopy and E-nose technique are the important 

chemical methods. Molecular techniques like RAPD profiling and DNA barcoding are used to 

detect the plant based adulterants in spices like cinnamon, black pepper, turmeric and nutmeg 

(Swetha et al., 2017). 

Quality of spices is a major concern at present both in export and domestic trade. In order to 

maintain public health and to increase national economy through trade, new detection techniques of 

adulterants are to be exploited. 
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Herbal spices as healers 

Abstract 

Herbal spices play a pivotal role in day-to-day life of mankind flavouring agents in foods, 

beverages and also in pharmaceutical industry. Scientific research indicates that spices are loaded 

with unique health enhancing compounds, which contains more than that of fruits and vegetables. 

Studies of dietary patterns around the world confirm that spice consuming populations have the 

lowest incidence of life threatening illness like diabetes, cancer and heart disease. 

According to Shylaja and Peter (2004), herbal spices are classified based on botanical 

families, duration of crop and growth habit.The healing power of herbal spices isattributed to their 

antioxidant, anti-microbial, anti-inflammatory, anti-tumorigenic and anti-mutagenic and apoptotic 

activities. Lamiaceae family is the richest source of antioxidants and among herbal spices, 

rosemary exhibits highest antioxidant activity (Luminita, 2015). 

Cardiovascular diseases are caused by a great number of factors such as high cholesterol, 

hypertension and increased platelet aggregation. Herbal spices have inhibitory effect on human 

platelet aggregation (Okazaki et al.,1998). According to Arulselvan and Subramanian (2007) 

curry leaf possesses hypoglycemic effect, which can cause decreased blood glucose level and 

increased plasma insulin level.  

A number of in vitro and in vivo models indicated the potential of herbal spices in 

chemoprevention of cancer. Rosemary extract showed highest inhibition of cell proliferation on 

cervical epithelial carcinoma cell line (Berrington and Lall, 2012). 
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Aromatherapy is one of the complementary therapies which use essential oils as the major 

therapeutic agents to treat several diseases. Essential or volatile oil from herbal spices are widely 

used in aromatherapy to get relief from depression, anxiety, insomnia, muscular pain, memory 

loss and skin ailments. 

Herbal spices are considered as potential healer of variety of diseases and can be exploited 

for development of future drugs. Because of easiness in cultivation, cost effectiveness and 

response to organic management practices, herbal spices are preferred both in rural and urban 

living. These herbs will serve as a better alternative medicine in the future, as the cost and 

negative effects of modern drugs are increasing. 
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Flavour chemistry of cocoa and cocoa products 

Abstract 

Cocoa –‘The food of God’ has been considered as a divine drink from time immemorial. 

It is the only source of chocolate and is consumed for sensory pleasure and energy. The value 

and quality of cocoa is related to its unique and complex flavour. The characteristic flavour of 

beans is due to a very rich volatile fraction composed of a mixture of hundreds of compounds 

like carboxylic acids, aldehydes, ketones, esters and pyrazines (Magi et al., 2012).Currently 

more than 600 flavour compounds have been identified from cocoa beans and products. 

Flavour development in cocoa is influenced by both pre-harvest and post-harvest factors. 

The pre-harvest factors mainly include genotype and origin. Based on genotype the 

commercially exploited varieties are Criollo, Forestero and Trinitario. They differ in their 

morphological features of fruit, geographic origin and flavour (Ziegleder, 2009).The specific 

flavour of cocoa is also influenced by postharvest processing of beans like fermentation, drying 

and roasting. The formation of flavour precursors, reduction in bitterness and astringency as well 

as development of colour are initiated during fermentation (Afoakwa et al.,2008).During drying, 

phenol oxidase catalyses the transformation of polyphenols to quinones. This undergoes 

condensation with amino acid leading to brown polymers which imparts colour and flavour to 

beans (Ziegleder, 2009). Roasting, a crucial step in cocoa processing, involves development of 

typicalroasty and chocolate flavour through Maillard reaction. 
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Flavour profiling is a method of judging the flavour of foods by examination of a list of 

separate factors through which theflavour can be analysed.The profiling can be done in cocoa by 

sensory evaluation. 

The three primary products obtained after cocoa processing are nib, cocoa mass and 

cocoa butter. Among cocoa products, chocolate has pleasant, stimulant and euphorizing effects. 

The different types of chocolate like dark, milk and white are unique in preparation and flavour. 

In addition to widely enjoyed flavour, cocoa also has notable health benefits. High level of 

flavonoids in cocoa attributes to its cardiovascular health benefits. It also shows promising 

antioxidant, neuroprotective and chemo-preventive potentials (Andujaret al, 2012). 

Eventhough a lot of research has been done on the flavour components of cocoa, its role 

in flavour formation, sensory properties and sources, and mechanisms of action are not fully 

understood. So more study has to be done on compositional and sensory perspective. 
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                                                          Bio-colours from Spices  

         Abstract 

Colour is an important aspect influencing every moment of our life. It may be the clothes we 

wear, furnishings of our home, religious ceremonies and even the food we relish. Colour is a 

molecule that absorbs certain wavelengths of visible light and transmits or reflects others. It is added 

to food in order to replace the colour lost during processing and to minimize the batch variations. 

There are four different types of colours viz., natural colours, nature identical colours, synthetic 

colours and inorganic colours (Downham and Collins, 2000).  

The worldwide demand for natural colours is of great interest due to the awareness of their 

therapeutic properties. Bio-colour is a dye or pigment of biological origin (plants, insects, animals or 

microbes) that imparts colour when applied to food, drug, textiles or cosmetics (Pattnaiket al., 1997). 

Bio-colours are classified into five groupsviz., anthocyanin, betalain, carotenoid, chlorophyll and 

caramel. Anthocyanins, a group of water soluble pigments, impart red to blue colours (250-650nm). 

Betalains yield betacyanin (red) and betaxanthin (yellow) pigments. Carotenoid groups are 

responsible for the yellow and orange pigments (250-650nm). Chlorophylls are found in two forms: 

chlorophyll a (blue - green) and b (yellow- green). Caramel is obtained by heating carbohydrates, 

which imparts brown colour (Sharma, 2014).  

Spices are generally used for seasoning and flavouring. Some spices can also be used as 

biocolourants. The common spices used as colourants are turmeric (curcumin), paprika (capsanthin), 

saffron (crocin), tamarind (leucoanthocyanidine) and kokum (anthocyanin) (Mayavelet al., 2012).  

Maceration method of extraction yielded high curcumin from turmeric (Curcuma longa L.) as 

compared to other methods (Kadu et al., 2015). The red pigment and absorbance ratio in chilli 

(Capsicum annuum) were found to decrease with decrease in moisture content as the capsanthin is 

heat sensitive (Basavarajet al., 2008).  



114 

 

In saffron (Crocus sativus) apart from the stigma, floral waste can also be used as natural dye.  

The dye extracted by using the floral waste showed high colour strength value (1.98) at acidic pH 

(Raja et al., 2012). In red tamarind (Tamarindusindica L.), the colour was maximum at 90 days after 

fruiting and this red colour can be used as a food colourant (Mayavelet al., 2012). The red colour of 

Kokum (Garciniaindica) can also be used as a dye in textiles (Vasundharaet al., 2016). Use of colour 

is regulated by laws, such as U.S. Food and Drug Act (1906) and Food Drug and Cosmetic Act 

(1938). Food and Drug Administration prohibits the use of poisionous colours in food industry 

worldwide (FDA, 1960).  

Bio-colours have wide applications in pharmaceuticals, dairy, textiles, fisheries, food and 

confectioneries and in the printing industries. Although bio-colourants have potential benefits, the 

tedious extraction procedures, low colour value and instability during processing hinder their 

popularity. More detailed studies on the production and stability of bio-colours are necessary for their 

promotion in various sectors.  
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Rootstocks in fruit production: Making better the best 

Abstract 

 The current changes in the fruit production scenario have challenged the quality 

and quantity of fruits required for the vast population. Easiest and effective way of mitigating 

this behaviour is the proper scion selection. Eventhough better scions could only give 

promising yield, the present problems of stress and low quality can be tackled by using an 

effective rootstock to make “better scion the best”. 

 Generally, rootstocks can be classified into two types, seedling rootstocks and 

clonal rootstocks. Every rootstock to be utilized in propagation should possesscertain 

characteristics like high degree of compatibility with scion, well adaption to agro- climatic 

condition, resistance to diseases and pest, tolerance to adverse soil conditions and positive 

influence on growth(Hartmann et al., 2002).In fruit crops, rootstocks are multiplied by both 

sexual and asexual methods, viz.,zygotic or polyembryonic seeds, stooling, cutting, and 

micropropagation.  

The effect of rootstock on scion can be through, Stress management, canopy 

management and yield and quality improvement. 

Certain rootstocks have ability to survive and perform better under adverse soil 

conditions and incidence of pests and diseases. Pandeyet al. (2014) reported that the Olour 

variety of mango has high salt tolerant capacity as it impedes the uptake of chlorine 

ions.Tristeza virus is a devastating problem in citrus cultivation. The plants obtained by 

grafting sour orange on rough lemon were found to be free of citrus tristeza virus(CTV)         

( Abbas et al.,2008). 
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Canopy management of fruit trees refers to development and maintenance of tree 

structure in relation to their size and shape for maximum productivity and quality. It has been 

reported that the varieties Muvandan and Bappakai imparted vigour and Vellaikulamban 

imparted dwarfiness in Alphonso variety of mango (Reddy et al., 2003). 

Rootstocks have a positive influence on the yield and quality of fruits.Gill et al. 

(2014) reported that the guava cultivars Sardar and Allahabad Safeda produce more number 

of fruits per tree when grafted on Portugal rootstock. Paulson rootstock of grape yielded high 

ascorbic acid content, which further resulted in better shelf life of fruits when Flame Seedless 

was used as the scion (Loay and Khateeb, 2017). 

 Righteous qualities of rootstock will pave way for increased production of fruit with 

improved quality and will re-write the progression of fruit orchard establishment and 

management.   
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VALUE ADDITION IN ROSE: THE BLOOMING POTENTIAL 

Abstract 

Rose (Rosa sp.) is one of nature’s beautiful creations and is universally acclaimed as ދދqueen of 
flowersތތ. No other flower can be a better symbol of love, innocence and adoration. There are 
about 150 species and 18000 cultivars with exquisite shape, colour and fragrance in this genus. 

Apart from the ‘glam’ factor several nutritional, pharmacological and other beneficial properties 

of rose have been identified, providing opportunities for potential value addition in different 

fields.  

       Since ancient times roses were used in culinary preparations like sauces, salads and desserts 

in various countries. Rose petals are rich in carbohydrates, proteins, polyphenols, essential fatty 

acids and vitamins. Anthocyanins, identified as the major pigment present in rose petals, can be 

used as a natural colourant in food items. Rose hips, the fleshy fruits of rose, have been 

discovered to be rich in essential fatty acids, vitamin C, vitamin A, vitamin E and minerals. The 

nutritional benefits of petals and hips can be exploited for the preparation of several value-added 

products like jam, jelly, syrup and squash. Kumar et al. (2017) standardized a process to produce 

natural rose syrup using fresh rose petals and sugar. The product was rich in polyphenols, 

antioxidants, anthocyanins and scored a high overall acceptability among consumers.   

               Various phytochemicals present in petals and hips were found to have several 

pharmacological properties like anti-cancerous, anti-HIV, anti-migraine and anti-

diabetic.Gehricke et al. (2016) reported that rose hip oil loaded with Indole-3-carbinol had two 

times more anti- tumour effect than the conventional formulations. 

               Nature therapy is a kind of horticultural therapy aimed at achieving preventive medical 

effects through exposure to natural stimuli.  Ikei et al .(2014) reported that viewing of fresh pink 

roses by office workers for a brief period of time significantly increased parasympathetic 

nervous activity which in turn resulted in significantly more comfortable state compared to 

control. The essential oil of rose which contains volatile organic compounds is used in 

aromatherapy for the management of psychiatric disorders. 
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              Rose flowers are rich in phytochemicals which have potential antibacterial, antifungal 

and insecticidal properties. Antifungal activity of rose petal extracts against Penicilliumnotatum 

was reported by Zhang et al. (2011) and the compound responsible for the property was 

identified as ᵞ-sitosterol. These types of compounds can be used for designing eco-friendly 

antifungal formulations. 

                Roses are included in cosmetics for their ability to rejuvenate and replenish skin. Rose 

water, essential oil, concrete and absolute are the main products obtained from roses which act as 

base material for the preparation of cosmetics. Kim et al. (2014) tested the efficacy of a shampoo 

containing extracts of R. centifolia petals and found to be as effective in treatment of dandruff as 

that of shampoos available in the market. 

Value addition in the form of floral crafts can increase the consumer appeal and economic value 

of floricultural commodities. Nowadays floral crafts are widely used in special occasions. 

Farmers can set up small enterprises using different value-added products of rose flowers like 

bouquets, garlands, flower arrangements in containers and dry flower making. 

              Value added products open up new markets, offer new returns and is the ultimate way to 

rescue flowers from huge post-harvest losses. The enormous chances of rose can be effectively 

exploited so as to enhance grower’s business and to offer them a steady income even during off 

season. 
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Floral waste management 

Abstract 

Environmental degradation is a major threat confronting the world. The primary cause of 

environmental degradation could be attributed to the rapid growth of population, over utilization 

of environmental resources which adversely affect the natural resources and environment. India 

is on the brink of massive waste disposal crisis ,lot of studies are being taken up to solve the 

problem of waste management. Despite  various notions about the utilization of this waste 

materials, they are being utilized for the production of value added products as well as for bio 

energy generation . According to Kimenju and Groote(2008)waste is considered as discarded 

tangible products of human activities that are regarded as unwanted and useless. Flower waste is 

a portion of biodegradable waste. Every year 8-10 lakh tonnes of flower waste is being dumped 

in Indian rivers.  Flowers come as waste from markets,gardens,temples,churches and various 

cultural ceremonies. 

Waste management is the process of collection, separation and final disposal of waste in 

a sustainable manner. Various types of waste utilization methods can be employed for utilization 

of floral waste.Composting is a sustainable method of waste disposal. It acts as a remunerative 

source of organic manure.The pot culture studies of Rosa damscena using vermicompost 

prepared from the flower waste showed good growth enhancement in terms of plant height and 

number of flowers/plant (Gaurav and Pathade,2011).Biogas which is a renewable source of 

natural gas has been adopted as one of the best alternative for fossil fuel. Ranjitaet al.,2014 

reported that flower waste showed higher biogas yield (16.69g/kg) and shorter degradation 
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period (4days) when compared to that of vegetable waste which yielded a low  proportion of 

biogas (9.089g/kg) in a longer duration (6 days). 

Other value added products from floral waste are essential oil, Natural dye, cosmetic 

cream, liquid hand wash, poultry feed, bio ethanol, biochar, herbal incense sticks and hand made 

papers. Rose flowers collected from the temple waste were used to extract essential oil by steam 

distillation method (Perumalet al.,2012). Marigold flower waste was successfully utilized for the 

production of cosmetic products like creams and hand wash.  

The leutin present in marigold flower waste helps in enhancing the egg yolk colour. 

According to Jyothi (2008) the dye extracted from Tageteserecta flower waste showed good dye 

strength (1.17) light fastness and wash fastness. A large quantity of incense stick made using 

synthetic colours is burnt in worship places and during religious functions and this contributes to 

air pollution to some extent. This problem can be solved by making herbal incense sticks using 

waste flowers.Handmade papers made from flower waste has not only the advantage of being 

wood free but also that it is free from all chemicals and leaves no harmful by-products during 

manufacturing.                       

Floral waste management and utilisation of this waste for bio-energy and value added 

products contributes to a cleaner, healthier environment and creates livelihood for many people.   
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Flowering and fruiting cycle management in fruit crops 

Abstract 

India is the second largest producer of fruits in the world after China, having an annual 

production of 68.46 million tonnes from an area of 6.10 million hectares (NHB, 2015). However 

in productivity (11.2 MT/ha), India stands at the eighth position (FAOSTAT, 2015). One of the 

main reasons for low productivity is the unscientific management of the orchards. For scientific 

management of the orchards, knowledge regarding the flowering and fruiting cycle of fruit crops 

is very essential.  

The differentiation of vegetative primordia to reproductive primordia (floral transition) is 

the first step during the reproductive phase which determines the blossom intensity and yield 

capacity. The mechanisms regulating floral transition is more complex in perennial fruit crops, as 

they are constantly exposed to environmental cues and can be well elucidated by flowering 

model systems. The model explains different floral initiation pathways viz., long day, 

autonomous, vernalization and GA pathways (Coen and Meyerowitz, 1991).  

The main aim of flowering and fruiting cycle management is to get uniform and early 

flowering, ultimately leading to high yield and quality, which is possible through cultural and 

chemical methods. The cultural methods such as pruning, bending, girdling, withholding 

irrigation, rejuvenation and bahar treatment are followed in fruit crops. Current trend is to adopt 

high density planting or meadow orcharding in fruit crops which leads to high yield and quality 

fruit production.  
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Nowadays plant growth regulators and chemicals are widely used for inducing flowering 

and improving fruit set and quality of many fruit crops which include paclobutrazol, ethrel, 

gibberellins and naphthalene acetic acid. 

Drenching the soil basin with paclobutrazol reduced the days taken for flowering in 

mango (Singh and Ranganath, 2006). Application of plant growth regulators is being done 

commercially in pineapple and mango orchards for flower induction (KAU, 2016). Summer 

pruning in guava reported highest yield and quality fruits in winter season crop compared to 

rainy season crop which in turn induced the off season fruit production (Prakash et al.,2012). 

Samantet al. (2016) reported thatbranch bending in guava resulted in higher yield and quality 

than shoot pruning.  

Since the efficiency of flowering and fruiting cycle management varies with climatic 

conditions and fruit crops under cultivation, the technique are to be standardized for each crop 

under different agro-climatic conditions before they are exploited commercially. 
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  Less is better: Strategies and prospects of seedless fruits 

Abstract 

Seedlessness is appreciated by consumers both for fresh consumption (e.g., grape, citrus, 

and banana) as well as in conserved or processed form. Evidence that seedless forms of Vitis 

vinifera grapes have been prized for many centuries asdried fruit is provided by Greek 

philosophers such as Hippocrates, Platon and in the writings of ancient Egypt of 3000 BC. 

In most plants, early fruit development can be divided into three phases. Phase I: Ovary 

development, Fertilization, and Fruit Set, Phase II: Cell division, Seed formation, and Early 

embryo development and Phase III: Cell expansion and Embryo maturation. A different scenario 

of chemical and genetical manipulation is occurring in seedless fruits were hormonal and signal 

transduction alteration mainly is case growth regulators gibberellins, cytokinin and synthetic 

auxin, and parthenocarpic gene(George et al., 1984). These hormonal changes mimic the normal 

fruit development and result into fruit without seed. One of the classical case of seedless is the 

parthenocarpy, majorly 3 types of parthenocarpy exist they are vegetative parthenocarpy, 

stimulative parthenocarpy and stenospermocarpy. 

Seedlessness in could be due to many reasons include certain environmental conditions, 

such as low or high temperatures, chemical treatments, chromosomal aberrations leading 

controlling meiosis and certain minor factors like self-incompatibility and age. There are many 

techniques for induction of seedlessness in fruits some of the major and relevant techniques are 

growth regulator application, ploidy breeding, mutation breeding, endosperm culture, 

biotechnological and transgenic approaches.Growth regulator such as gibberellins, cytokinin and 

auxin are having profound effect, in that gibberellins is found to be more successful and widely 

used. Increase in concentration of the gibberellins application to the grape flower has resulted in 

increase in production of seedless fruit (Dass and Randhawa, 1968). Gibberellin application to 

the facultative parthenocarpy citrus cultivar resulted in seedless fruit. Moreover, it has increased 

the ovary weight and fruit set (Mesejo et al., 2016). Cytokinin has shown to abort seed in the 

fruits of family Rosaceae and increase the fruit set (Zhang et al., 2008).Ploidy manipulation is 

found to another effective technique in fruits like citrus and grape. In these crops tetraploid when 
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crossed with diploid cultivars resulted in triploids and further it has been rescued through embryo 

rescue technique (Alezae et al.,2012). Mutation have also shown to be successful technique and 

resulted in considerable reduction of seeds in the citrus (Goldenberg et al.,2014). 

Biotechnological and transgenic approaches are picking up the momentum in this field somatic 

hybridization, suicidal gene incorporation and manipulating hormone which regulate the fruit set 

is a promising technique. 

Seedless fruit have many advantage over seeded, possibility of year-round production 

without the worry of pollen is profound. Moreover, it has gustatory and fruit quality advantage. 

Biochemical analysis also revealed that clear cut superiority of seedless fruit over 

seeded(Bermejo et al., 2011;Hamza etal., 2016).Further consumer preference and needs of 

processing industry also revels the significance of seedless fruits. Limitation including small and 

malformed fruit and stability of gene expressing could be effectively handled by emerging 

technologies. 
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Role of Volatile Organic Compounds (VOCs) in fruit crops 

Abstract 

Volatile compounds act as a language that plants use for their communication and 

interaction with the surrounding environment. A total of 1700 volatile compounds have been 

isolated from more than 90 plant families. These volatiles, released from leaves, flowers, and 

fruits into the atmosphere and from roots into the soil, defend plants against herbivores and 

pathogens or provide a reproductive advantage by attracting pollinators and seed dispersers. 

Plant volatiles constitute about one per cent of plant secondary metabolites and are mainly 

represented by terpenoids, phenylpropanoids/benzenoids, fatty acid derivatives, and amino acid 

derivatives. 

Due to the complex nature of the volatile profiles, volatile composition is continuously 

changing in fresh fruits. Many factors affect volatile composition including the genetic makeup 

of the fruit, its maturity, environmental conditions during production, postharvest handling, and 

storage. 

The biosynthetic pathways lead to the emission of plant Volatile Organic Compounds 

(VOCs). The precursors for plant VOCs originate from primary metabolism. The three major 

biosynthetic pathways areshikimic acid, mevalonic acid andMethyl Erythritol Phosphate (MEP) 

pathways (Dudavera et al., 2013). 

In general, the measurement of plant VOC emissions consist of three steps- collection of 

plant-emitted VOCs,separation of the plant-emitted VOC-blend and quantification of the 

separate VOCs (Jansen et al., 2011). Various types of detectors are available on the market to 

identify and quantify plant emitted VOCs. The most popular detectors in use are the Flame 
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Ionization Detector (FID) and the Mass Spectrometer (MS). Electronicnoses (E-noses) are also 

widely used to detect plant-emitted VOCs in air. 

Functions are attraction of pollinators (Pichersky and Gershenzon, 2002) and dispersers 

of seed, above ground defense against herbivores, protection against pathogens(Song and Ryu, 

2013)and plant toplant signaling (Cellini et al., 2015). In addition, they protect plants against 

abiotic stresses such as high light, temperature and oxidative stress(Vieira et al., 2016)and VOCs 

can be exploited for marker assisted selection. 

Studies have been conducted to know the influence of VOCs in abiotic and biotic stress 

defense mechanism. Both individual and blended VOCs are important in plant communication 

(Ueda et al., 2012). Thelimitations of VOC mediated plant communication are the rapid 

evaporation rate of VOCs andnarrow rangecommunication. 
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Taste the diversity of fruit wines 

Abstract 

India is the second largest producer of fruits in the world. Due to improper post- harvest 

handling and inadequate processing facilities, nearly 25 to 30 per cent of horticultural production 

goes waste. The fruit and vegetable preservation industry in India utilizes less than 2 per cent of 

the total fruits produced. 

Alcoholic fermentation is considered as one of the best methods of preservation. Wine is 

one of the oldest, fermented, traditional, convenient alcoholic beverages of the mankind (Das et 

al., 2012). Fruit wines are made from fruits other than grapes and are often named after the fruits 

as in mango wine, pineapple wine. Wines are classified into different types depending upon the 

various attributes such as colour, alcohol content, use, presence or absence of carbon dioxide, 

and sugar content. 

Many tropical and subtropical fruits yield good amounts of juice on extraction. Reddy 

and Reddy (2009) studied production, optimization and characterization of wine from ten mango 

varieties (Mangifera indicaLinn.) and concluded that Banganapalli, Totapuri and Alphonso were 

the most suitable cultivars for mango wine production on the basis of physio-chemical properties 

and sensory characteristics. Banana fruits yield high amount of wine when fermented with 

baker’s yeast and tannin content in the wine was found to increase from 0.009mg 100ml
-1 

to 

0.022mg 100ml
-1

 during storage (Saritha, 2011). The fermentation of jackfruit was very fast and 

12-14 per cent alcohol content was achieved in two weeks, which rose up to 19 per cent on 21
st
 

day (Nirmal et al., 2013). 

Most of the minor fruits are rich in vitamins, antioxidants, organic acids, and phenolics 

and thus suitable for wine making. Premet al. (2016) studied the overall acceptability of wine 

prepared from three minor fruits namely bilimbi, goose berry, and Java apple and concluded that 
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the overall acceptability was very high for goose berry followed by bilimbi and Java apple.Fruit 

wine made from Cricket ball variety of sapota was found to be superiortoKalipatti variety and 

itsover all acceptability was higher at a pH level of 3.5 and at 6% inoculum level of fermenting 

yeast (Sreenivasulu, 2004). Jamun is a fruit which is universally accepted for its medicinal 

property and is rich in anthocyanin. Choudhary and Ray, (2007) reported that the jamun wine 

contained high concentration  anthocyanin and tannin (60± 4.5 and 1.40 ± 0.75mg 100 ml
-

1
)respectively than grape wine. Phenol content of sweet lovi- lovi wine increased during storage 

which witnessed 0.22mg 100 ml
-1 

initially and 0.33mg 100ml
-1

 three months after storage 

(Sebastian, 2017). 

 Fermentation is a viable and easy method of food preservation and every fruit has good 

fermentation capability. This should be exploited in order to increase the shelf life of fruits by 

reducing the post harvest losses. 
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Smart packaging for quality and safety  

Abstract 

 Packaging is one of the main processes to preserve the quality of food products during 

transportation and storage helping in efficient marketing and distribution by reducing food 

spoilage. The basic functions of packaging are containment, protection, convenience and 

communication. 

 Active packaging is the system of packaging in which subsidiary constituents have been 

deliberately included in the packaging material or the package headspace to enhance the 

performance of the package system (Robertson, 2012).Intelligent packaging or smart packaging 

is the system that monitors the condition of packaged foods to give information about the quality 

during transport and storage (Ahvenainen, 2003). It can be used to check the effectiveness of 

active packaging systems (Kerry et al., 2006). The three important technologies used for smart 

packaging are indicators, data carriers and sensors. 

  Indicators indicate the presence, absence or concentration of another substance or degree 

of reaction between two or more substances by characteristic changes (Kerry et al., 2006).Mainly 

three categories of indicators are used viz. temperature indicators, freshness indicators and gas 

indicators. Temperature indicators respond with visual changes by the melting of a solvent at 

temperature higher than critical temperature (Lorite et al., 2017).  

Data carriers provide information on automation, traceability, theft prevention or 

counterfeit protection rather than quality status of the food. Barcode labels and RFID tags are the 
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important data carrier devices. By connecting the critical temperature indicator to a RFID tag, the 

visible response is converted to a remotely readable signal which can be applied to monitor and 

trace the supply chain (Lorite et al., 2017). 

A sensor is used to detect, locate or quantify energy or matter, by giving a signal to the 

device which responds (Kress-Rogers, 1998). Biosensors and gas sensors are important sensors 

available in food industry. Active and smart biodegradable packaging material has been 

developed. Thermo-plastic starch films (TPS) with tea extract (TPS-T) showed significant 

antioxidant property and with basil extract (TPS-B) showed colour change at different pH. Both 

films have fast degradation and excellent thermal properties (Medina-Jaramillo, 2017). 

Adoption of novel and advanced packaging technologies in food industry is useful not 

only to extend the shelf life and improve quality, but also to provide information about the 

product safety. Research works on smart packaging technologies going on in and around the 

world helps to ensure food and nutritional security.  
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Food based strategies for polycystic ovary syndrome (PCOS)  

                                                              Abstract 

Women face many health related challenges throughout her life. Polycystic Ovary 

Syndrome (PCOS) is the most common endocrine disorder among women today. It is 

characterised by chronic anovulatory dysfunction and hyperandrogenism with a significant 

psychological burden throughout the life. Sedentary life style coupled with unhealthy eating 

habits has turned it as a life style disease.  

PCOS is defined as a hormonal disorder characterised by the presence of atleast one 

polycystic ovary accompanied by ovulatory dysfunction and excessive secretion of androgen 

(Vijaya et al., 2009). PCOS is a leading cause of infertility among women (Snehalatha et al., 

2013) and was prevalent in 116 million women (3.4%) worldwide in 2012 (WHO, 2016). 

Hyperandrogenism is a characteristic feature of PCOS and is detected in 60 – 80 per cent of 

PCOS patients. Insulin resistant PCOS and non insulin resistance PCOS are the major types of 

PCOS. The risk factors of PCOS are sedentary life style, obesity, stress, endocrine disorders, 

family history and dietary habits. Dandruff, male pattern baldness, excessive facial hair growth, 

masculine features, dark patches, acne, weight gain are the physical implications of PCOS. 

There are many consequences like, infertility, complications in pregnancy, miscarriage, 

gestational diabetes, pregnancy induced hypertensive disorder and increased endometrial 

hyperplasia. Obesity, weight gain, insulin resistance, hyperglycemia, cardio vascular diseases 

and metabolic syndrome are the major metabolic implications of PCOS.                                                                                                                                      
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 The strategies for management of PCOS involve dietary management, exercise and stress 

management. Weight management is the prime important objective of diet management in 

PCOS. Low carbohydrate, low cholesterol, high fibre, low saturated fat diet is suggested for 

PCOD patients (Nair et al., 2015). Restriction of high glycemic foods and a high intake of 

whole grains, fibre rich vegetables, fruits and green leafy vegetables is also suggested (Farshi et 

al., 2007). Antioxidant rich foods have greater role in PCOS to reduce oxidative stress. High 

vitamins and minerals supplementation is recommended to boost immunity among PCOS 

patients.  

           Polycystic Ovary Syndrome (PCOS) is a multifaceted disease which is closely linked 

with diabetes and obesity. Strategies to reduce body weight and to improve insulin resistance 

have to be adopted from the early stage of detection.  Dietary management, exercise and life 

style modifications can effectively manage PCOS among women. 
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Modified starches and their applications 

Abstract 

Starch is the principal food reserve polysaccharide of the plant kingdom. It occurs in 

cereal grains, pulses, tubers, bulbs and fruits in varying amounts. It is one of the most 

abundant carbohydrate in nature and these starchy substances constitute the major part of diet 

for human as well as for many other animals. Starch consists of two types of molecules 

namely, amylose and amylopectin. Amylose is a linear chain molecule and amylopectin 

contains both linear and branched chain molecules. It is not only the primary source of food 

for the humans, but can also be regarded as renewable resource that can be utilized in 

industrial and therapeutic food applications.  

Singh et al. (2010) reported that unprocessed native starches are structurally weak and 

functionally restricted for applications in pharmaceutical, food and non-food technologies. 

Modifications are necessary to improve qualities which add a range of functionality. Several 

quality attributes of starches can be greatly improved and some characteristics like paste 

viscosity, gel strength and paste stability can be tailored by starch modification. When starch 

is modified, the molecules are chemically or physically engineered into a new structure that 

gives the desired property. Modified starches are typically used in food industries around the 

globe.  

One or more of the original characteristics of food starches altered by various 

treatments in accordance with good manufacturing practice, are referred to as modified 

starches. Modification can be chemical, physical and enzymatic. Chemically modified 

starches include cross linked starch, oxidized starch and acid hydrolysed starch. Physically 

modified starches include pregelatinised starch, thermally modified starch and also starches 

modified by means of ultra-high pressure, microwaves and ultrasound. Enzyme modification 

can be done by hydrolysis using enzymes like α-amylase and cyclodextrin glycosyl 

transferase [CGTase] (Neelam et al., 2012). 
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Resistant starches are a typical example for physically modified starch. These are the 

starch and products of starch digestion that are not absorbed in the small intestine of healthy 

individuals. Resistant starches have wide application in therapeutic and food industry (Baby, 

2014). Resistant starches are abundant dietary sources of non-digestible carbohydrate and are 

produced by thermal modification of starch. Instant starches or pregelatinised starches are 

prepared by cooking the slurry, roll drying or spray drying or by extrusion process (Singh et 

al., 2010). Instant starches are widely used in instant food mixes, soup mixes, textiles and 

paper industry.   

Oxidized starches are obtained by reaction with sodium hypochlorite or peroxide. 

These are mainly used as surface sizing agent, coating agent, flavour encapsulating agent, etc. 

Acid hydrolysed starches are also known as thin boiled starch. Fragmentation of granules, 

low paste viscosity, high gelatinisation temperature are the characters of acid hydrolysed 

starch. It is used in food and pharmaceutical industries. Maltodextrin is a starch derivative, 

produced from various starch sources like cassava and corn starch by enzymatic hydrolysis 

with α-amylase. It is widely used as fat replacer, anticaking agent and bulking agent in food 

industry. Cyclodextrins are oligosaccharides produced by enzyme hydrolysis using CGTase 

(Singh et al., 2002). They are flavour protecting agent and also in processed foods to mask 

off odours (Valle, 2003). 

 Several studies with various modified starches gave negative results to toxicities 

including carcinogenesis and hence it is generally recognised as safe for human consumption. 

Starch has a major role in the food industry not only for its nutritional value, but also for its 

broad spectrum of functional applications. 
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