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1 
IMPACT OF CORONA VIRUS PANDEMIC ON  

AGRICULTURE SECTOR IN INDIA# 
Shilpa Rani* 

_________________________________________________________________________ 

 
Abstract 

 
Since, COVID-19 is the most terrifying thing that is happening all over the globe, 

and it is really becoming unbelievable for us that we are really living in this “Corona Era”. 
So, COVID-19 stands for Corona Virus Disease-2019 as it penetrated its roots in late 

December, 2019, when its pandemic has caused a significant number of human cases 

related to respiratory infections and further deaths in China1. The outbreak of this deadly 
disease has first started from a small city of China, Wuhan which then has affected the 

whole world and India has started reporting its cases from January, 2020 onwards and it 
has led various curfews and whole countries’ lockdowns like it is currently going on in our 

India and National quarantines in country like Italy which is currently an epicenter of 

Corona outbreak2. We all are currently well-aware of this health crisis caused by the 2019-
nCOV, thanks to all awareness campaigns done by our Government and off-course social 

media platform, but we can’t ignore the fact that this epidemic has also affected our 
agriculture in the same way. Agriculture is the main root of Indian economy and most of 

our population is dependent on it for food. It provides income as well as employment to 

approximately more than half of our population and it plays an important role in providing 
basic raw materials to the processing industries. Although the share of agriculture, 

including forestry and other allied is decreasing, its contribution to national GDP was 
improved (15.87%) in 2019 as compared to previous years3. The country’s EXIM (Export-

Import) policy also plays a significant role in increasing our national GDP as it covers 
almost all regions of the world and in case of livestock, as we all know, India holds the first 

rank in producing milk all over the world4. In horticulture too, India has performed fairly 

well in the scenario of production of fruits, vegetables and flowers and this also plays an 
important part in country’s trade portfolio too.  

_________________________________________________________________________ 
#General Article  

* Department of Social Sciences, College of Forestry, Dr Yashwant Singh Parmar University 
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Introduction  

 
o, all this has led to raising of the most important question: Is this new Corona virus 

impacting agriculture supply and demand? The answer to this question is: Yes! The 
impact of this deadly disease has started affecting agriculture supply and demand 

side in real and its rippling effects are clearly visible on all food markets and other food-

related items. Every day, we all are listening, viewing and even facing the problems of 
Jamakhori  (huge stock of money or goods in secret) and Black marketing (trading of 

commodities at a higher price than usual)5.  
 

Current Scenario of This Problem 
However, according to current situation, most of the expert’s opinions on this 

matter remain very cautious and most of them are carrying a similar view, “The only thing 

we know right now is that nothing is certain at this moment.” As we all well-aware about 
this fact that India will soon entered in the “Third Stage” of this Corona transmission, so, 

the evolution of this deadly virus during coming days and weeks will be very crucial, and 
its impact on agriculture sector as well as our economy will depend on the duration of time 

required to stop its spread6. Hence, analyzing the impact of Corona virus on the agriculture 

sector is therefore not enough mature or more accurately we can say, “Pre-mature” and 
we can only stay speculative at this stage. We will also rely on this condition that how long 

this health emergency situation will going to last and various lock-downs in several states 
will remain in their places before everything can be resumed to normal. While these 

lockdowns and restrictions are necessary for reducing and controlling the spread of the 
disease, we can’t deny the fact that they also lead to disruption of the marketing channels 

and trading of agricultural/horticultural products, with the significant potential impacts on 

our farmers that depend on them for their livelihoods, food and nutritional security and in 
such cases, we all know that local economies are the “Worst hit” as the businesses remain 

shuttered and consumers remain locked down in their homes. The grape crops in 
Karnataka, papaya crops in Maharashtra, various vegetables in Uttar Pradesh, wheat in 

Punjab etc. are suffering due to lockdown, as they are unable to find consumers and most 

of the crops are left for rotting due to absence of sale7. Milk sellers in several states are 
pouring milk in the drains as no one is buying milk from them8. 

 
Relief Measures Taken by the Government 

 Further, this current pandemic is also happening in the aftermath of “Bird Flu” in 

2006 that had severely affected the poultry animals in the Maharashtra and in other parts 
of the country, and led to an increase in phobia among consumers about contamination of 

flu virus i.e. H5N1 virus and income loss among the poultry industry and similar was the 
case for “Swine Flu” in pigs9. But, this pandemic is much worse than that, hence to 

encounter its adverse effects in rural areas and even in urban areas too as population is 
more dense there, the Ministry of Agriculture is carefully evaluating the conditions of the 

farmers and has taken a series of steps to ease the stress on the farmers as the current 

problem, which the farmers facing right now is the deficiency of labour for the harvesting 
of rabi crops as most of these crops are ready for harvest, and second is the sale, how will 

they sell their produce in the markets amid lockdowns. So, some state government has 

S 
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announced that they will purchase from the farmers at suitable prices and even provide 

desired labour and sanitized instruments to them. Also, there was an announcement made 
by the Rajasthan Government that the date of return of crop loans for kharif season was 

extended to 30th June, 2020 without interest and if the conditions didn’t improve, the date 
will get extended, so that this will not create stress on the farmers10. Government has also 

provided the facility of getting information related to agriculture, animal husbandry, 

fisheries, sericulture etc. on Kisan Call Center (KCC) and during this period of lockdown, 
government has directed connected the farmers with agricultural scientists by diverting 

KCC’s number to their mobile number to solve their issues related to agriculture11. 
Government is also providing proper guidelines for effective procurement and storage of 

rabi harvest, cold storages and relief measures for the poultry industry. Some state 
Governments has even declared that if farmers can’t sell their produce in Mandis, they 

don’t need to worry; the Government itself will make arrangement to collect the produce 

from the farmers. So, what else our farmers would demand? Even the jamakhors and 
black-marketing traders are not spared; necessary legal actions are also taking place 

against them, if someone has filed complaint against them. 
 

Conclusion 

So, all this has led to the conclusion that our country is trying to do its best to 
fight the agriculture, poultry etc. related problems amid lockdowns and also providing 

various subsidies and other measures to reduce the income loss of the farmers caused due 
to Corona virus pandemic. Still most of the farmers in various states are suffering from this 

problem. Some of them have left their harvest for rotting due to lack of sale and others 
are facing the problems of transportation and labour. So, Government should focus on 

these areas and should try to tackle these problems because as we all know, Everything 

else can be managed in this lockdown, but we can’t live without food; food is nothing 
without agriculture and agriculture is impossible without farmers!  

 
So, at the end, Stay safe, stay home, fight Corona and flourish Agriculture! 
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IMPORTANCE & MAINTENANCE OF SOIL HEALTH FOR 

SUSTAINABLE CROP PRODUCTION# 
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_____________________________________________________________ 
 

Abstract 

 
Soil health is a state of dynamic equilibrium between flora and fauna and their 

surrounding soil environment In which all the metabolic activities of the former proceed 

optimally without any hindrance, stress or impedance from the latter. Healthy soil would 
ensure proper retention and release of nutrients and water, promote and sustain root 

growth, maintain soil biotic habitat, respond to management and resist degradation. An 
integrated approach recognizes that soils are the store house of most of the plant nutrients 

essential for plant growth and that the way in which nutrients are managed will have a 

major impact on plant growth, soil fertility, and agricultural sustainability (Gruhn et al., 
2000). The balanced use of fertilizers alone or in combination with organic manure result 

in sufficient build up of organic C and available N,P and S (Thakur et al., 2011). When 
evaluating soil health, it is therefore common to explore a range of soil physical, chemical 

and biological properties. Balanced and integrated application of nutrients holds a key to 
the better sustenance of the soil quality (Singh, 2010).These measures will contribute 

immensely in keeping Indian agricultural soil healthy. 
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Introduction 

 
oil is a thin layer of earth crust which serves as a natural medium for the growth of 

the plants. 
 

 
Soil Functions 
Major soil functions 

• Sustaining biological diversity and productivity 
• Regulating and partitioning water and solute flow 

• Filtering, buffering, degradation, immobilizing and detoxifying organic and 
inorganic materials 

• Storing and nutrients cycling  

 
Soil Constraints 

• Soil compaction 
• Poor aggregation and crusting 

• Weed pressure 

• High population of soil borne pathogen and root disease 
• Low water and nutrient retention 

 
Soil Health is a state of dynamic equilibrium between flora and fauna and their 

surrounding soil environment in which all the metabolic activities of the former proceed 

optimally without any hindrance, stress or impedance from the latter.  
 

• Maintenance of soil health is a pre-requisite for sustaining higher agricultural 
productivity.  

•  Healthy soil would ensure proper retention and release of nutrients and water, 
promote and sustain root growth, maintain soil biotic habitat, respond to 

management and resist degradation.  

 
 

S 
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Definition  

 
Soil health deals with the integration and optimization of the physical, chemical 

and biological properties of the soil for improved productivity and environmental quality. 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
Soil quality vs. Soil health 

 

Soil Quality  
 

Soil Health 
 

Soil quality includes both dynamic & 

inherent characters of soil  
 

Soil health includes dynamic characters  of 

soil  
 

Characterization of soil quality by scientists 
focuses on analytical/quantitative properties 

of soil with a separately defined quantitative 

link to the functions of soil quality.  
 

Characterization of soil health by farmers 
focuses on descriptive/qualitative properties 

of soil with a direct value judgment. 

 

 

 

Biological 

Chemical Physical 

Soil Properties 
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Characteristics of Healthy Soil 

 
1. Good Soil Tilth: Overall physical character of the soil for crop production. 

 
2. Sufficient Depth: Extent of soil profile to which roots are able to grow and 

function. 

 
3. Sufficient But Not Excess Supply of Nutrients: Supply of nutrient is 

necessary for optimal plant growth and for maintaining balanced cycling of 
nutrients. Excess nutrient can lead to leaching and potential ground water 

potentials, high nutrient runoff, greenhouse gas losses and toxicity to plant and 
microbial communities. 

   

4. Good Soil Drainage: After a heavy rain, healthy soil will drain more rapidly as a 
result of soil structure and an adequate distribution of different size pore spaces. 

 
5. Large Population of Beneficial Organisms: Soil microbes are important to the 

functioning of the soil. They help nutrient cycling, decomposition of organic 

matter, maintenance of soil structure, biological suppression of plant, pests etc. 
 

6. Low Weed Pressure: Weeds can interfere with stand establishment, block 
sunlight, and interfere with harvest and cultivation operations. 

 
7.  Free of Chemicals and Toxins that may Harm the Crop: Healthy soils are 

either devoid of harmful chemicals and toxins.  

 
8.  Resistance to Degradation: Healthy soil is more resistant to adverse events 

including erosion by wind and rain, excess rainfall, extreme drought etc. 
 

9. Resilience when Unfavorable Conditions Occur: Healthy soil will rebound 

more quickly after a negative event such as harvesting under wet soil conditions. 
 

Importance of Soil Health 
 

 Healthy soil is easy to work, friable, holds water and nutrients well and is free-

draining. 
 Allows healthy root growth and good crop    establishment.  

 Crops grown on healthy soils have less diseased.   
 Allow water to infiltrate. 

 Store and moderate water creating steady base flows. 
 Filter water by storing or degrading chemicals.                              
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Causes of Soil Health Decline 

 
 Wide gap between nutrient demand and supply. 

 

Nutrient Addition Removal Balance 

N  5.5  7.7  -2.2  

P2O5  1.5  3.0  -1.5  

K2O  1.0  7.0  -6.0  

Total  8.0  17.7  -9.7  

 
 Decline in organic matter. 

 Emerging deficiencies of secondary and micronutrients due to improper use of 

inputs such as water, fertilizers, pesticides, etc. 
 Development of adverse soil conditions such as heavy metal toxicity. 

 Disproportionate growth of microbial population responsible for soil sickness. 
 Natural and manmade calamities such as erosion, deforestation occurring due to 

rapid industrialization and urbanization.  
 

Components of Sustainable Soil Management Systems 

 
 Trees  

 To avoid erosion. 
 To recycle nutrients 

 

 For mulch 
 To maintain organic matter 

 To suppress weeds        
 

 Terracing and contour bunding 
 To control erosion 

 To remove excess water 

 
 Green manures 

 To provide nitrogen 
 To maintain organic matter 

 To minimize soil exposure  

 
 

 
 

 

 
 



PLANTA – Vol.-1, 2020: 05 - 20 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 
 

Meera Devi, Importance & Maintenance Of Soil Health For Sustainable Crop Production | 10  

 

 Animals 

 To transfer nutrients 
 To provide manure 

 
 Grassed contour strips 

 To control erosion 

 To provide animal feed 
 

 Tree windbreaks 
 To control erosion by wind 

 
 Irrigation and drainage 

 To supplement rainfall 

 To avoid salinity and water logging 
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Indicators of Soil Health 

 
 

 
 

 

 

 

Physical Indicators 
 

1. Texture: Texture is the proportion of sand, silt and clay. This proportion 
determines soil type and natural limitations of the soil. 

   

2. Penetrometer Resistance: Penetrometer resistance gives information on 
the strength and hardness of the soil. A spade or metal rod can be used on-

farm to check and compare penetration resistance. High resistance means the 
soil has poor structure; it is difficult to manage, dries and water logs quickly 

and has a restricted root zone.   
  

3. Bulk Density: Bulk density is a measure of the density and porosity of the 

soil. Usually soils with high penetration resistance also have a high bulk 
density.   

 
4. Aggregate Stability: Aggregate stability is another indicator that usually 

correlates with penetration resistance and bulk density. Soil that have been 

overworked, have low organic matter and/or sodicity are also likely to have 
poor aggregate stability.   

   
5. Water Holding Capacity or Plant Available Water: This measures water 

available to the plant and is an indicator of the porosity, density and overall 

structure of the soil.  
  

6. Infiltration: Measures how quickly water enters the soil and how quickly it 
can drain; it also is an indicator of soil structure.  

   
Chemical Indicators 

 

1. pH: Measure of acidity or alkalinity.  
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2. Cation Exchange Capacity (CEC): Reflection of soil fertility and structural 

stability. Soils with low CEC have a relatively low inherent fertility and may lose 
nutrients easily through leaching.  

    
3. Nutrient Analysis: Gives the concentrations of major plant nutrients such as 

Nitrogen , Phosphorus, Sulphur or Potassium and trace elements such as Zinc, 

Iron, Copper, Manganese and Boron   
  

4. Exchangeable Sodium Percentage (ESP): ESP indicates sodicity. The ESP is 
measured as part of CEC and may be reported as sodium (Na) % of CEC  

  
5. Electrical Conductivity (ECe): ECe indicates salinity. The ECe is measured from 

saturated soil. Most laboratories report the EC derived from a 1:5 soil solution. 

This EC is about 10x lower than ECe i.e. levels greater than 0.2-0.4 dS/m indicate 
potential salinity issues. Chloride levels above 200mg/kg are also a good indicator 

of salinity.   
 

6. Electrochemical Stability Index (ESI): ESI is an indicator of whether soils with 

high ESP will be prone to surface crusting and hard setting.     
 

Biological Indicators 
 

1. Soil Organisms: Include insects, worms, bacteria and fungi which reflect soil 
structure and chemical fertility. Biological health reflects soil health.  

    

2. Microbial Biomass C and N: Describes microbial catalytic potential and 
repository for carbon and nitrogen and provides an early warning of management 

effects on organic matter  
 

3. Potentially Mineralizable N: Describes soil productivity and nitrogen supplying 

potential. Provides an estimate of biomass. 
 

4. Soil Respiration: Defines a level of microbial activity. Provides an estimate of 
biomass activity. 

 

Soil Quality Assessment 
  

• Soil quality assessments are used to evaluate the effects of management on the 
health of the soil. It includes: 

1. Comparing the effects of different management systems on soil quality 
between two or more fields with similar soil map units (soil types). 

2. Monitoring trends in one or more fields over time to determine the impact 

of management on soil quality and to identify soil resource problems. 
3. Diagnosing causes of problem areas. 
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Steps in Soil Quality Assessment 

 
• Identify Problems and Opportunities: Identify general resource problems, 

opportunities, and concerns, and collect information about the producer’s general 
goals. 

• Determine Objectives-Assessing Soil Quality Goals: Define the producer’s 

objectives for soil quality. Since different producers will have different goals for a 
soil quality evaluation. Different goals: 

• Improve Soil Quality. 
• Maintain Soil Quality. 

• Stop or Reverse Soil Quality Degradation.  
• Inventory Resources - Assessing Soil Quality: Use the soil survey to provide 

information about the inherent properties of the soil(s).  

• This information will help integrate the impacts of the inherent properties of the 
site with past, current,and future management. 

• Analyze Resource Data-Evaluating and Integrating Results:  soil quality 
assessment is to provide information about the trend of soil quality (increasing, 

decreasing, or maintaining). Results obtained from the first soil quality assessment 

provide the baseline from which to evaluate future changes. 
• Formulate Alternatives-Implementing Steps to Improve Soil Quality:-

Formulate alternatives to help meet the goals of the producer, solve natural 
resource problems, and take advantage of opportunities to improve or protect 

resource conditions 
• Evaluate Alternatives: Consider any possible positive or detrimental side effects 

of each alternative. 

• Make Decisions: with the help of decision producer knows that the primary 
choices and final decision  

• Implement the Plan:  providing technical assistance  to the producer in applying 
any relevant practices in the conservation plan. 

• Evaluate the Plan: Evaluation is highly recommended to help ensure that the 

plan remains appropriate and continues to lead toward a successful outcome.   
 

Sustainability 
• Sustainable development is development that meets the needs of the present 

without compromising the needs of future generations to meet their own needs. 

• Sustainable system or process must be based on resources that will not be 
exhausted over a reasonable period. 

•  Sustainable system or process must not generate unacceptable pollution 
externally or internally  

 
Sustainable Crop Production  

 Sustainable crop production is a way of growing or raising food in an ecologically 

and ethically responsible manner.   
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 It includes adhering to agricultural and food production practices that do not harm 

the environment, that provide fair treatment to workers, and that support and 
sustain local communities.  

 
Sustainability Yield Index (SYI) for Various Treatments 

 

Site    Crop  Cont

-rol  

N  NP  100

% 
NP

K  

150

% 
NPK  

NPK + 

FYM  

NPK+ 

Lime  

Barrackpore  Rice 0.17 0.37 0.44 0.45 0.53 0.51 NA 

Wheat  0.14 0.41 0.48 0.52 0.64 0.54 NA 

Coimbatore  F. millet 0.05 0.12 0.48 0.47 0.51 0.55 NA 

Maize 0.05 0.07 0.40 0.43 0.45 0.50 NA 

Ranchi  Soyabean 0.14 0.01 0.21 0.47 0.45 0.62 0.61 

Wheat 0.05 0.01 0.21 0.41 0.41 0.57 0.55 

Jabalpur  Soyabean 0.18 0.20 0.38 0.44 0.38 0.57 NA 

Wheat 0.13 0.13 0.49 0.53 0.54 0.57 NA 

Palampur  Maize 0.01 -0.07 0.13 0.33 NA 0.51 0.45 

Wheat 0.03 -0.03 0.15 0.38 NA 0.58 0.58 

 

Sustainability yield index is the other way to assess the soil health and 
sustainability of the system. Data in Barrackpore indicates that the SYI value of 0.17 

observed in control plot increased to 0.37, 0.44, o.45 and 0.51 on application of N and NP 
indicates the soils are unable to supply N and P on sustainable basis      
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Principle of Sustained Crop Production 

 
 In Sustainable crop farmer’s focus on ensuring that their farming practices can be 

sustained over time and do not cause undue damage to the environment. 
 

Multi-cropping 

  
 Multicropping is an agricultural method of planting multiple species on one piece of 

land, either during the same growing season or in successive growing seasons.  
 

Multicropping can involve 
 

1. Crop Rotation: Practice of changing what is planted in a particular location on a farm 

from season to season.  
 

2. Intercropping:  Method of planting two or more crops of differing characteristics in 
close proximity to reduce weeds; to encourage plant diversity in order to avoid insect and 

pest infestation; and to provide shade, nitrogen fixation, or other benefits to the plants 

being grown.  
 

3. Increased Yields: Multicultural   practices such as crop rotation and the use of cover 
crops can increase yields by reducing pests, improving soil health, and increasing water 

retention.   
 

4. Decreased Pest Susceptibility: Multicropping reduces extreme vulnerability to a 

wide array of pests, including weeds, insects, fungi, and other organisms.  
 

5. Increased Biodiversity: Multicropped farms have a number of species that may 
interact in a meaningful way, such as providing shade for other crops, providing nitrogen 

fixation for the soil, or repelling pests.   

 
Types of Sustainable Farming 

 
 Organic farming 

 Permaculture 

 Agro ecological Systems 
 Low-input farming  

 
1. Organic Farming  

 
 Organic farming is the form of 

agriculture that relies on techniques 

such as crop rotation, green manure, 

compost and biological pest control. 
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 Organic farming uses fertilizers and pesticides but excludes or strictly limits the 

use of manufactured fertilizers, pesticides. 
 Organic agriculture is a production system that sustains the health of soils, 

ecosystems and people.  
 

2. Permaculture 

 
 It combines several agricultural 

principals, including agroforestry, 
intercropping, mulching, and rainwater 

catchment. 
 It is the harmonious integration of the 

landscape with people providing their 

food, energy, shelter and other material 
and non-material needs in a sustainable 

way.  
 

 3. Agroecological Farming 

 
 Agroecology farming is a scientific discipline that uses ecological theory to study, 

design, manage and evaluate agricultural systems that are productive but also 
resource conserving.  

 Agroecological research considers interactions of all important biophysical, 
technical and socioeconomic components of farming systems. 

 

4.  Low-input Farming 
 

 Alternative methods of farming that 
reduce the application of purchased 

inputs such as fertilizer, pesticides, and 

herbicides.  
  Goals of these alternative practices are 

to diminish environmental hazards while 
maintaining or increasing farm profits 

and productivity.  

 Methods include crop rotations and 
mechanical cultivations to control 

weeds; integrated pest management 
strategies.  

 
Soil Health Management 

 

 Soil chemical imbalances can be addressed through application of chemical 

management such as lime & fertilizers. 
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Four Main Strategies for Improving Soil Biological and Physical Health 

 
 Cover crops 

 Organic matter 

 Tillage 

 Crop rotation  

 

Cover Crops 
 

 Cover crops provides a canopy for seasonal soil protection & usually are grown for 
less than one year, cover crops are also referred to as green manure. 

 Cover crops have the potential for recycling nutrients. 

 Cover crops with shallow fibrous root systems, such as many grasses, rapidly build 
soil aggregation in the surface layer. 

 Leguminous cover crops can also fix atmospheric nitrogen for the benefit of the 
crop. 

 

Effect of Green Maturing on Yield of Paddy and Its Residual Effect on Wheat 
Organic Matter 

 

 It is critical for maintaining soil structure, & increasing water infiltration as well as 
water holding capacity. 

 It can also increase cation exchange capacity, nutrient retention, and microbial 

diversity. 
 Organic matter can be added through incorporation of cover crops as green 

manures as well as addition of composts, animal manures, and crop residues. 
 Addition of organic matter is important in vegetable production. 
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Other Sources of Organic Matters 

 
 Municipal wastes(Yard debris, biosolids) 

 Organic wastes from food processing industries 
 Organic waste from paper mills, timber industry etc. 

 Post consumer food wastes(home, restaurant and institutional)  

 
Tillage 

 
 Tillage reduces soil aggregation, resulting in crusting and soil compaction as well 

as often stimulating the microbial community that burns off organic matter quickly. 
 

 

 
     

 

 
 

 
Tillage System and Benefits 

 

Full- field tillage 

 

Tillage systems  Benefits  

Moldboard plow  Easy incorporation of fertilizers and less surface residues 

Chisel plow  More surface residues 

Disc harrow  Easy corporation of fertilizers and more surface residues 

Restricted tillage 

No-till  Little soil disturbances and low organic matter losses, low energy use. 

Zone till/ Strip till  Little soil disturbances and few trips over field 

Ridge- till  Easy incorporation of fertilizers and weed control ridges are built. 
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Management Practices for Soil Health Constraints 
 

Biological concerns  Short term Long term 

Low organic matter 
content  

Stable organic 
residues matter, 

crop high in lignin, 
cover &rotation 

crops  

Reduced tillage, rotation with 
sod crops.  

Low active carbon  Fresh organic matter  Reduced tillage  

Low mineralizable N  N-rich organic 
matter  

Cover crops, Manure, rotation 
with forage legume sod crops  

High root rot rating  Disease-suppressive 

cover crops, disease 
breaking rotation  

Integrated pest management 

practices.  

 

Crop Rotation 
 

 Crop rotation can be simple as rotating between two crops and planting sequence 

in alternate years. 

 Proper crop rotation can reduce insects and disease- causing pathogens as well as 
weed pressure by breaking their lifecycles through removal of a suitable host. 

 Crop rotation can also aid nutrient management through incorporation of  crop 
residues and improve  soil resiliency after a root crop such as carrot or potato. 

 Yield increases when crop in different families are  grown in rotations.  
 

Different cropping systems significantly affected the various Carbon pools & 

Carbon Management Index. Generally CT , CL , CNL,  LI and CPI were highest under grasses, 
followed  by soybean – wheat, maize – wheat and rice- wheat system.  

Management Practices  

Physical concerns  Short term  Long term  

Low aggregate stability Fresh organic 

materials  

Reduced tillage, surface mulch  

Low available water  Stable organic 

material  

Reduced tillage, rotation with 

sod crops  

High  surface density  Mechanical soil 
loosening, shallow 

rooted cover crops, 
fresh organic 

matters  

Shallow rooted cover crops, 
rotation crops, control traffic  

High subsurface density  Targeted deep 
tillage, deep rotted 

cover crops  

Reduced equipment  
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Conclusion 

 
• Our challenge is to manage soils in a sustainable fashion so that they will provide 

for human needs in the  future 
• Common ways to improve soil health include : reduced tillage, use of green 

manure, application of animal manures, crop rotations, strip cropping, use of cover 

crops, and other additions of organic materials and nutrients 
• Chemical fertilizers and organic materials are the most common amendments 

applied to soil to improve soil quality and crop productivity 
• Nutrient management in a proper perspective not only sustains the productivity 

but also improves chemical, physical or biological properties of  soil. 
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Abstract 
 

Genetic resources provide basic material for selection and improvement through 

breeding to ensure food security needs of the world‘s rapidly rising population. 

Conservation and utilization of plant genetic resources are important components of ex-
situ collections. Management of ex-situ collections requires creative and adaptive decisions 

tailored to operating conditions that are specific and continuously changing. Majority of the 
conserved accessions are of orthodox seed producing nature. The conserved germplasm 

has been characterized for important morpho agronomic characters and germplasm seed 

samples distributed to bonafide researchers for utilization in crop improvement programs 
all over the world. Participatory crop improvement (PCI) is a new approach in genetic 

improvement, first developed to respond to the demands for improved varieties from small 
farmers situated in poor or marginal areas, for whom conventional breeding had generally 

failed. The approach aims to deepen the involvement of farmers and other actors (in the 
crop‘s production chain) in the different stages of variety development (Ashby et al., 
1996). Moreover, the method has a decentralized approach; it takes into account the 

specific environmental conditions of targeted sites such as climate, soils and farming 
practices to better control the genotype-by-environment interactions that are frequently 

very strong in traditional, low-intensity, production systems (Ceccarelli et al., 1996). 
Exiguous use of germplasm has been observed in breeding programs mainly due to lack of 

information on economic traits. Core collections (10% of entire collection) and mini-core 

collections (10% of the core or 1% of entire collection) have been developed to enhance 
the use of germplasm in breeding programs. Core and mini-core collections have been 

used to identify genetically diverse trait-specific germplasm with resistance to abiotic and 
biotic stresses and for agronomic traits. These will be used in breeding programs to 

develop broad-based cultivars. This article describes the collections, genebank operations 
and practices from conservation to utilization perspectives Genomic characterization of 

these lines with haplotype map-based and SNP marker approaches revealed exotic specific 

imprints of 16.1 to 25.1%, which compares to theoretical expectation of 25% major 
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impact oriented pre-breeding effort at CIMMYT, resulting in large-scale development of 

PBLs for deployment in breeding programs addressing food security under climate change 
scenarios. 
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Introduction 

 
lant genetic resources (PGR) are the most important components of agro-

biodiversity. The PGR include primitive forms of cultivated plant species and 
landraces, modern cultivars, obsolete cultivars, breeding lines and genetic stocks, 

weedy types and related wild species (IPGRI 1993). Genetic diversity created in the 

farmers‘ fieldsover millennia, complemented by the diversity present in wild relatives of 
crops, provides the raw material for improving crop productivity through plant breeding. 

The PGR are finite and vulnerable to losses due to introduction of new crop varieties in 
agriculture, growing urbanization, natural hazards, etc. 

         The PGR contribute enormously towards achieving the Millennium Development 
Goals of food security, poverty alleviation, environmental protection and sustainable 

development. Over the years, genebanks have been established in a number of countries 

and the number of accessions conserved in about 1400 genebanks now exceeds six million 
(FAO 1998). 

          The mission of the Consultative Group on International Agricultural Research 
(CGIAR) is to achieve sustainable food security and reduce poverty in developing countries 

through research and development in the fields of agriculture, forestry, fisheries, policy 

and environment. Exploration, exchange and conservation of PGR is one of the main 
objectives of the CGIAR.  

             Genetic variation, once considered unlimited, is fast eroding as modern cultivars 
replace traditional cultivars over large areas, and natural habitats of wild relatives of 

cultivated species are being destroyed. Seed conservation has vital role in preservation of 
genetic variability as it is simple to handle, cost-effective and capable of maintaining 

genetic stability over long time periods. Thus, seed conservation is a popular and most 

efficient tool for germplasm conservation at the global level.  There are several 
components in managing the PGR ex-situ; the most important among them are collection, 

characterization, conservation, distribution and utilization. 
         An early additional priority was genetic resources training, thanks to the initiation of 

a prominent member of the Panel, Professor J.G. Hawkes, who established the now very 

well known course on genetic resources at the University of Birmingham, it proved of 
immeasurable value in providing the trained personnel for activities in developing countries 

which rapidly gained momentum in the mid-seventies. 
The catalytic role and assistance of the IBPGR (IPGRI) and the sister institutes in the 

Region, namely, International Rice Research Institute (IRRI) and International Crops 

Research Institute for Semi-Arid Tropics (ICRISAT) and the support of FAO and other 
international agencies, signalled a new era in plant genetic resources work. 

 
National Programme for Management of Plant Genetic Resources 

 
 Collection 

 Exploration &Collection 

 Charecterisation. 

 Evaluation 

 Multiplication & Regeneration. 

P 
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 Conservation: Insitu & Exsitu 

 Germplasm enhancement 

 Documentation 

 Utilization.:For Quality,Pest& disease resistance,Abiotic stress tolerance& Core 

collection 

 Case study 

 Conclusion & Future perspective. 

 
Collection 

 
Principles in Collection and Planning Collecting Mission 

 
There are some 250,000 plant species in the world today. It is difficult to predict which 

of these species will be able to fulfill future needs, or even what these needs might be. 

Therefore, the more plant diversity that is conserved and made available for use, the more 
likely that future needs will be met.  

The main reasons for collecting germplasm of a particular species from a particular 
area are:  

 

 Rescue Collecting - danger of genetic erosion or extinction of target species  

 Needed for Immediate Use - for breeding purposes, immediate planting, land 

management etc. .,, 
 "Gap Filling" - diversity missing from ex-situ collections e.g. missing taxa, 

genotypes and under-collected germplasm from particular areas  

 Research Purposes - more needs to be known about the target species  

 Opportunistic Reasons - fortuitous collecting - germplasm contains striking 

features or found under unusual circumstances  
 

Germplasm collecting is often called for in situations where there is a threat of 
genetic erosion in a particular area and in-situ conservation methods are 

inadequate or not possible. In such cases, collecting is often called rescue 
collecting. Genetic erosion can be caused by a number of factors including: 
  

 Agricultural change  

 Socio-economic change  

 Over-exploitation  

 Habitat loss  

 Competitors, predators and pests  

 Natural disasters/pollution 

 
 Collections for Immediate Use: These include forages, multipurpose trees, wild 

fruits, medicinal species and species important in land management and habitat 

restoration. Ex-situ collections are potential sources of germplasm collected from a 

particular region 
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 Collections for Future Use: Material not considered especially useful now may 

become vitally important in the future owing to changing agronomic problems and 

priorities and the need to rehabilitate ecosystems which may become threatened 
in the future.  

 Collection on Opportunistic Basis: Germplasm is sometimes collected on an 

opportunistic basis during a mission which was originally targeted on quite 
different species, characters or ecological conditions.  

 Collecting Mission: The character (or type) of a collecting mission is 

fundamentally influenced by the purpose of the collecting mission ie., multi-species 
collecting missions and species specific collecting missions and the strategy 

employed to collect the germplasm. Planning and execution of a mission is 

affected if it is decided to opt for a centralized approach to collecting (e.g. 
organized and run by a national genebank) or a decentralized approach (involving 

several groups, e.g. national agricultural infrastructure, NGO‘s and local people).  
 Multi-species Collecting Missions: Multi-species collecting missions are area 

driven, and commonly they are undertaken for conservation purposes rather than 

immediate use . ,multi-species collecting is often focused on a crop category e.g. 

‗forages‘, ‗root and tuber crops‘. 
 Species Specific Collecting Missions: Species specific (or gene-pool specific) 

collecting missions tend to be driven by the users of the material (e.g. breeders) 

and are usually less complicated to plan than multi-species collecting missions. 
 Single Visit vs Multiple Visit 

 Variation in Timing of Fruiting: - A single, short visit could miss early and late 

maturing material both in and between populations.  

 Year to Year Variation: The genetic variation recovered from a population can 

vary from year to year as a result of climatic and biotic factors such as rainfall or 
pest organisms. Some species have alternate flower type in successive years.  

 Exploration/Reconnaissance: For accurate species identification, a preliminary 

mission can be planned during the flowering period to locate target populations 

and collect herbarium specimens, the second mission actually collecting the target 
germplasm (e.g. root and tuber crops).  

 Genetic erosion: this can be monitored by on-going genetic diversity studies and 

by tapping indigenous knowledge.  
 

Centralized Collecting Missions  

 
A centralized collecting programme or mission is one that is centrally planned and 

executed by a formal sector institution such as national genebanks or 
national/international agricultural research centres. The focus of the programme is usually 

on priority crop species and their relatives. 

 
Decentralized Collecting Missions  

 
It is possible to organize effective collecting programmes that work with local 

organizations. It clearly makes sense to consider working alongside such local experts if 
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they can carry out collecting to the appropriate standards. Decentralized collecting 

programmes can be organized through:  
 

 Agricultural Research Infra-structure.  

 Government Support Services - e.g. agricultural extension services.   

 Non Governmental Organizations (NGOs) - ready-made networks of locally 

based people and sources of potential collectors.  
 Local People - through grass-roots organizations, federations or networks and 

national farmers' associations.  

       
Planning Collecting Mission  

 

Planning is essential to the success of all germplasm collecting programmes. 
Detailed information prior to any mission is required for:  

 Distribution of the target species  

 Genetic variation within target species  

 Breeding system  

 Fruiting time (and geographical variation)  

 Seed storage characteristics  

 Collecting techniques  

 Background information on physical, biotic and human environment  

  
Technical planning addresses the scientific issues involved in mounting a collecting 

mission. In particular it addresses the questions what, where, why and when:  

 What should be collected and in what form. 

 Where it should be collected from.  

 Why it should be collected.  

 When it should be collected.  

 
For the technical planning of a mission these issues will be dealt with in the 

following order and by asking the following questions:  
 Establish that Collecting is Necessary  

 Develop Sampling Strategy  

 Decide what Equipment and Techniques to Use  

 Decide what Documentation to Take  

 

Establish that Collecting is Necessary  
 

It is important from the very beginning to establish that collecting the target 

germplasm in the target region is necessary, that is, it can be justified scientifically 
 

Develop Sampling Strategy 
 

The usual purpose of collecting is to collect, in a series of accessions, a 

representative sample of the genetic diversity of a taxon that exists in a particular region. 
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In order to do this, a strategy needs to be developed which effectively captures this 

genetic diversity in the accessions collected. The strategy developed is called the sampling 
strategy.  
 
A basic sampling strategy consists of four components:  

 Decide how many populations to sample on the collecting mission  

 Decide how many plants to sample in each population  

 Decide how to choose the individual plants at the collecting site  

 Decide the kind and the amount of material to be sampled per plant  

 
Information on the Target Region 

 

The information required falls into two categories: 
 

1. Geographic/climatic Information - including topography, geology, soil, climate, 
vegetation, land use; and 

  
2. Socioeconomic Information - including population data, agricultural survey data, 
economic indicators, and information on the infrastructure. Analysis of this information will 

allow the collector to:  
 

Information on the Target Species 

  
 Distribution in the Target Region.. Passport data from such missions can be 

used to identify potential collecting sites and, together with any additional 

characterization and evaluation data, be used to pin-point the occurrence of 
specific traits and elucidate patterns of variation in the target region.  

 Reproductive Biology - including mating system, pollination mode and levels of 

morphological polymorphism.  
 Storage Behaviour - information here will also be used in logistical planning for 

deciding which equipment to take, the length of the mission etc.  

 Phenological Data - used to decide when to collect.  

 Identification of Distinct Areas within The Target Region for Sampling 

 Decide How Many Populations to Sample on the Collecting Mission and 

from Which Areas: A common starting point is to aim to collect a total of 50 

populations per species per region and modify this according to distribution data 
and knowledge of the reproductive biology of the target species.  

 Decide How Many Plants to Sample In Each Population: Commonly the aim 

is to collect from 50 individuals. This is usually increased if the sample is 
subsequently split or duplicated or if any loss is anticipated due to low seed 

viability or quarantine procedures etc.Generally, individuals are sampled at random 
from the collecting site. If the site contains distinct microenvironments, these are 

sampled separately. For many populations of wild species a sub-population 

structure can evolve, necessitating a random stratified sampling approach (i.e. a 
random sampling from different microsites). Any bias in the sampling should be 
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avoided - unusual or rare variants can be collected but should be processed 

separately from other material. 
 

Type: Vegetative Material or Seed 
 

In view of the difficulties encountered when collecting vegetative material, it is 

usually only performed when seed collecting is problematic or impossible. It is however 
carried out for vegetatively propagated crops (e.g. roots and tubers), where seed 

production is irregular and intermittent (e.g. many perennial species) and where seed is 
unavailable at the time of collecting. Seeds are generally easier to handle and store than 

vegetative material although recalcitrant seeds need special care. Pollen is collected and 
used in breeding programs, commonly to bridge the gap between male and female 

flowering.  

 
The Quantity of Sample 

 
Sufficient material should be collected per plant to ensure that the plant is 

represented in future duplicates. The basic strategy needs to be modified to take into 

account particular features of the distribution of the target species, its reproductive biology 
and life history. These can be summarized as follows:  

 
 Narrow Geographic Range - sample fewer sites with more individuals per site 

and more propagules per plant  

 Wide Habitat Diversity - species are more likely to diverge in different habitats 

so more populations should be sampled and fewer individuals per population 
taken.  

 Species is Rare - it can be difficult to reach a target of 50 individuals therefore 

sample fewer individuals but sample more sites and more propagules per plant.  

 Interpopulation Migration - where migration rates appear to be high, 

populations are more likely to share their alleles therefore sample fewer, but 
widely-spread, sites.  

 Reproductive Biology: These factors profoundly affect the sampling strategy as 

they determine to a large extent the distribution of genetic variation both between 
and within populations.  

 Mating System: Out Breeding Species - the number of populations sampled in 

an area can be reduced and the number of individuals per site increased because 

the genetic variation is more widely distributed in the population.  
 Mating System: Self-fertilizing Species - the number of sites should be 

increased with a reduction in the number of individuals sampled.  

 Pollination Mode - this can affect the genetic make up on progeny from a single 

fruit.  
 Decide what Equipment and Techniques to Use  

            The decisions made here will depend entirely upon:  



PLANTA – Vol.-1, 2020: 21 - 51 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 
 

Viqar un Nisa et al., Plant Genetic Resources Management and It‘s Utilization| 29  

 The type of Germplasm Collected (e.g. seeds, cuttings, pollen, embryos etc.) - 

specialized equipment may be needed to collect the material; subsequently the 

material must be packed and handled carefully to avoid any loss in viability.  
 The need to Process the Material in the Field (e.g. seed cleaning/drying) - 

certain species may require processing to minimize loss in viability or for 

quarantine purposes.  
 

Seeds 

 
Simple equipment is used in seed collecting, often only gloves, secateurs, trays 

and bags. For tree species, more specialized equipment is called for (e.g. climbing 
equipment, saws, safety equipment, tree measuring equipment etc 

Orthodox seeds are dried in the field only whenthe expected viability losses are 
unacceptable under the ambient atmospheric conditions; and it is not possible to reduce 

the time spent in the field in order to reach a base which has seed drying facilities. 

  
 Vegetative Material: Fairly simple equipment is used in vegetative collecting and 

depends on the type of material being collected (e.g. root/tuber, cutting, whole 

plant etc.) and the species. The equipment required comprises the following basic 
elements:  

 Harvesting tools - e.g. knives, trowels, secateurs etc.  

 Cleaning supplies - e.g. brushes, water, disinfectants, fungicides etc.  

 Packaging equipment - e.g. labels, paper bags, newspaper, polythene bags, soft 

packing material, trays, crates. For material that needs to be kept cool, insulated 

boxes and one or more refrigerators containing frozen gel-packs may be required.  
Compared with seed material, there is frequently a greater urgency to process the 

material after collecting and so a prompt return to base is often necessary.  
 

In Vitro Material  
 

The essential equipment used for collecting in vitro material is as follows:  

 Harvesting Tools - knives, scalpels, forceps, dishes, cork borers etc.  

 Cleaning/Sterilizing Supplies - sterilants (e.g. disinfectants, ethanol, fungicides), 

sterile water.  
 Culture Medium - appropriate liquid or solid culture medium and sterile plastic 

containers  

 Packaging equipment - e.g. labels, soft packing material, insulated trays/boxes, 

crates and refrigerated containers.  
 

Decide what Documentation to Take 

 
Generally, the less that is known about the target taxa and region, the more that 

needs to be taken in the form of documentation. This includes the following categories:  
 Environmental information - e.g. road maps, topographic maps, soil maps, 

vegetation maps and protected area maps;  
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 Identification aids - e.g. local/regional Flora, annotated checklists of target taxa, 

botanical keys, field guides, descriptions of pests and diseases;  

 Ethnographic information - e.g. language guides, annotated lists of local terms 

 
Logistical Planning 

 
An important decision that has to be made is which local organizations to involve 

(if any) and their collecting responsibilities. Potential partners could include any of the 

following:  
 

 Regionally based agricultural research stations  
 Government support services - e.g. agricultural extension services  

 Provincial universities and colleges  
 Non-governmental organizations (NGOs)  
 Local community organizations - grass-roots organizations, federations or 

networks and national farmers' associations.  
 

Collecting teams should contain suitable experts for the target taxa and region but 
should not be so large that they cause disruption of local life A typical collecting team 

comprises:  

 
 A Team Leader/Coordinator  
 An Experienced Driver - who is familiar with the target region and driving on 

difficult terrain  

 Other participants with the following expertise  

o Social scientist, specialist for the target taxon; Herbarium taxonomist,  
o Language fluency, Plant pathologist and Microbiologist  

 
Itinerary 

 

An itinerary is a useful planning tool if prepared early on as it focuses attention on 
what will be needed to carry out the mission. An itinerary consists of the following items: 

  
 A list of target areas to be visited  

 The route to be taken - which roads, rivers etc. will be followed  

 The timing of each visit  

 The overall duration of the collecting mission  

 

Characterization 

 
Germplasm characterization is the recording of distinctly identifiable 

characteristics, which are heritable. This needs to be distinguished from preliminary 
evaluation, which is the recording of a limited number of agronomic traits considered to be 

important in crop improvement. Germplasm characterization is carried out in precision 
fields by spaced planting under adequate agronomic conditions and plant protection 
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The major objectives of germplasm characterization are: 
 

 • Describe accessions, establish their diagnostic characteristics and identify 
duplicates; 

 • Classify groups of accessions using sound criteria;  

• Identify accessions with desired agronomic traits and select entries for more 
precise evaluation;  

• Develop interrelationships between, or among traits and between geographic 
groups of cultivars; and 

 • Estimate the extent of variation in the collection. 
 

A. Morphological Characterization 

 
After germplasm collecting or the introduction of a crop into the germplasm 

collection, there is a need for a systematic characterization, which is actually the 
description of the material or the accession in the collection.  

 Based on the descriptors the data collected for each accession fall into four categories: 

 
i. Passport data: It consists of information about a germplasm sample and the collecting 

site, recorded at the time of collecting. Such information is very useful for identification, 
helps in designating core collection, identifying duplicates as well as planning further 

collections. Important passport descriptors are the site of collection (village, state, 
country), longitude, latitude, collector‘s number, date of collection, botanical names, 

vernacular names, sample type (vegetative/ seeds), sample status (wild, weedy, landrace, 

cultivar, etc.), source (field, farm store, institute, etc.) and the site environmental 
characteristics such as altitude, topography and soil characteristics.  

ii. Characterization: It consists of recording those characters that are highly heritable 
and can be easily seen by the eye and expressed in all conditions or environments (Perry 

and Battencourt, 1997). These are usually qualitative and environmentally stable. 

Examples of characterization data are spike/panicle shape, flower colour, fruit shape and 
others. 

iii. Preliminary evaluation: Preliminary evaluation consists of recording a limited 
number of additional traits, which would help in identifying useful germplasm material, To 

properly evaluate these traits it is important to follow certain field plot techniques like soil 

heterogeneity, replication, randomization and local control. 
iv. Further characterization and evaluation: This consists of recording potential 

agronomic characters useful for crop improvement and requires a multidisciplinary 
approach involving physiology, pathology, entomology, agronomy, cytogenetics and 

biochemistry. 
 

B. Agronomic Characterization 

 
Generally, agronomic evaluation is part of characterization of plant germplasm 

where emphasis is given on performance characteristics. It is normally done at a later 
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stage after morphological characterization.The traits involved in agronomic characterization 

can vary according to plant species, especially between perennial and annual plant species. 
The following are the commonly evaluated traits in agronomic characterization: 

 
 Survival Rate: Survival rate is measured based on the number of plants survived 

over total number of plants planted. Data on survival rate are normally taken at 1–

4 weeks after planting and at maturity or harvest (for plants with short life cycles) 

by counting the number of plants that survive.  
 Plant Vigour: Plants with such characteristics are more vigorous and have the 

ability to compete with weeds and grow under stress environments. Differences in 

vigour, to a large extent, lead to differences in ability to produce more yields. 
Vigour can be measured using vigour ratings at different stages of the plant 

growth. For example, in sweetpotato vigour rating is taken at 60 and 90 days after 
planting using numerical scores of 1–5, with 5 = most vigorous or by taking shoot 

weight of sample plants (Rasco, 1994). 

 Maturity Period: Maturity period is defined differently for different categories of 

crops. For flowering tree plants such as fruit trees, coconut and oil palm, it is the 
period from planting to first flowering. In such perennial species, first fruiting 

becomes important as it indicates precocity. In the case of tuberous and root 
crops it is the period from planting to tuber / root initiation or harvest. Generally, 

in short-term crops maturity is the time taken to reach harvest date. 

 Stress Tolerance: Stress tolerance is an ability of the plant to stand adverse 

environmental conditions such as shade, water stress, salinity and low or high 
temperature.  

 Pest Resistance: Pest resistance can be measured based on the percentage of 

damages caused or using numerical scores such as a scale of 1–5, with 5 = the 
highest resistance. Again, accessions showing promise in such a preliminary 

evaluation in the field genebank could be tested later using appropriate 
techniques, including artificial infestation/inoculation to confirm the findings. 

 Yield and Yield Components: Depending on the type of crop plants involved, 

yield data can be taken at maturity based on per plot or per plant basis. Total yield 

per unit area can be calculated by taking into account the survival rate.. 
 

C. Biochemical Characterization 
  

Use of Genetic Markers: there is a great potential for the application of genetic markers 

in crop improvement. These applications can be divided into three major groups, namely 
genetic fingerprinting, quantification of genetic variation and marker-assisted selection. 

 
i. Genetic Fingerprinting: The inherent characteristics of genetic markers are more 

useful than the morphological traits in establishing the identity of a particular plant and 
tracing its relationship to other plants or taxonomical units. In general, genetic 

fingerprinting allows the identification and characterization of genotypes and species. It 

has an immediate value in breeding programmes including (i) quality control (e.g. checking 
of clonal identification), (ii) germplasm contamination, (iii) taxonomic studies, (iv) 
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investigation of mating systems, and (v) verification of true to type materials. The 

availability of genetic markers in accurately and objectively identifying genotypes and 
marking character traits would be very useful in the accurate dissemination of information 

in regional and global networks. The tracing of parentage in superior plants and the 
identification of superior populations are also the potential applications of genetic markers. 

 

ii. Quantification of Genetic Variation: The use of genetic markers in quantifying 
genetic variation is more useful than morphological traits such as vigour and form which 

are highly influenced and confounded by the environmental factors, and it is still not clear 
whether such effects are affected genetically or by external factors (Haines, 1994). 

 
iii. Marker Assisted Selection: The conventional breeding and assessment based on 

morphological markers can be a difficult and slow process. Moreover, breeding of plant 

species can be complicated with the existence of factors such as incompatibility, apomixis, 
dioecy, seedlessness, embryo maturity, heterozygosity and long juvenile period. Marker-

assisted breeding could be particularly useful for gene introgression (Moore and Durham, 
1992), breeding for multigene resistance, and resistance to diseases that have not yet 

invaded a region or country (Henry, 1996).  

 
Strategies and Evaluation of PGR Management 

 
Germplam evaluation 

 
Evaluation refers to screening of gemplasm in respect of morphological, genetical, 

economic, biochemical, and physiological, pathological and entomological attributes. 

Evaluation of germplasm is essential from following angles. 
 To identify gene sources for resistance to biotic and abiotic stresses, earliness, 

dwarf ness, productivity and quality characters.  

 To classify the germplasm into various groups  

 To get a clear pictures about the significance of individual germplasm line. 

 
Multiplication & Regeneration 

 

The imperative need for considering the strategies and tactics of regeneration are 
emphasized by Singh and Williams (1984) who quote reports of cases where up to 50% of 

germplasm samples from original collections have been lost, while the genetic fidelity of a 
sizeable proportion of other collections is often questioned. This raises the dual problems 

of the required frequency of regeneration coupled with regeneration methods.  
 

Population Structure and Behavior of Self Fertilized Crops: Complete selfing is the 

most extreme form of inbreeding, and rapidly results in the fixation of favourable allelic 
combinations into homozygous, true-breeding genotypes. This promotes very precise 

adaptation through the build-up and maintenance of multi-locus complexes (genotypes) 
specifically adapted to particular habitats. Internal population variability is also highly 

structured into multi-locus genotypes which are preserved intact over sexual generations. 
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Thus during regeneration the precise gene and genotype composition of the population is 

preserved within the limits of sampling and in the absence of selection.  
 

Population Structure and Behavior of Cross Fertilized Crops: By contrast, sexual 
reproduction in outbreeders involves crossing, segregation, and recombination. Populations 

thus retain high levels of potential heterozygous and homozygous variability. Because of 

gene flow from neighbouring populations they are less sharply differentiated 
ecogeographically. They also show less distinct multi-locus structural organization within 

populations than inbreeders. Important adaptive allelic combinations are, however, 
preserved over sexual generations through chromosomal linkage while phenotypic 

correspondence is further secured by dominance and epistasis of the favoured alleles. In 
preserving the genetic integrity of populations during regeneration it will be important 

therefore to maintain the heterozygous/homozygous balance.  

 
Possible Methods of Seed Regeneration (Simmonds, 1979) 
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Regeneration of Heterogeneous Populations: Some Factors Causing Genetic 

Shift (Breese, 1989) 
 

Stage Factors Minimized by 

Germination Differential genotypic 

(i) Longevities 
(ii) Dormancy 

(i) Regenerate before germination 

falls to < 85% 
(ii) Artificially break dormancy 

Seedling and 
vegetative 

stage 

Differential genotypic survival 
due to: 

(i) interaction with climatic 
and soil factors 

(ii) susceptibility to diseases 
and pests 

(iii) competition 

(i) Regenerate in regions as close 
as possible to that of adaptation or 

under controlled conditions  
(ii) Protect by fungicides pesticides, 

etc. 
(iii) Grow at low densities (i.e. 

spaced plants) 

Reproductive 

phase 

Differential production of 

flowers, pollen and seed due 
to factors listed above 

(i) Maximize production from 

individual genotypes (see 
particularly (iii) above) 

(ii) Equalize inflorescences before 

pollen shed 
(iii) Store equal quantities of seed 

from maternal parents 

Harvesting, 
threshing drying 

and packaging 

Differential maturities and 
seed shattering 

Harvest (bag) heads individually at 
appropriate stage 

Storage of high 

quality seed 

Differential maturities may 

influence storage potential 
(longevity) 

Harvest (bag) heads individually at 

appropriate stage 

 
Conservation 

 
There are five actual and potential methods of conservation: 

 

                  (i)     long-term seed storage 
                  (ii)    freeze preservation of vegetative parts, 

                  (iii)   ex-situ living (field) conservation, 
                  (iv)    tissue culture in vitro conservation, and 

                  (v)     in-situ conservation. 
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In Situ Conservation of PGR 

 
As defined in the conservation on Biological Diversity ―in situ conservation means 

the conservation of ecosystems and natural habitats and the maintenance and recovery of 
viable populations of species in their natural surroundings and, in the case of domesticated 

or cultivated species, in the surroundings where they have developed their distinctive 

properties‖ 
 In situ conservation of plant genetic resources has a number of advantages: 

 It allows the possibility of conserving a large range of potentially interesting alleles and 

genotypes. 
 In allows natural evolution to continue, providing breeders with a dynamic source of 

resistance and other traits. 

 If facilitates research on species in their natural habitats. 

 It assures protection of associated species. 

 It is the only option for the recalcitrant species.  

 
Methods of In Situ Conservation 

 

a) Ecogeographic Surveys 
An ecogeographic survey is a process of gathering and synthesizing taxonomic 

geographic and ecological data to determine the type and distribution resources present in 
a particular region. There are three major components in most ecogeographic studies: the 

distribution of particular species in particular regions and ecosystems; patterns of 

intraspecific diversity; and the relationship between survival and frequency of variants and 
associated ecological conditions.  

b) Ecosystem Protection, Protected Areas  
A modified in situ concept of genetic reserves has been proposed as a strategy to 

maintain the population level genetic variation of one or more species in their natural 
range or habitat. It is important that a genetic reserve has a clearly defined conservation 

objective and management plan. 

c) Biosphere Reserves 
Biospehere reserves are ―areas of terrestrial and coastal / marine ecosystems, 

where, through appropriate zoning pattern and management mechanisms, the 
conservation of ecosystems and their biodiversity is combined with the sustainable use of 

natural resources for the benefit of local communities, including relevant research, 

monitoring, education and training activities‖. The UNESO has developed the man and the 
Biosphere (MAB) Programme as an interdisciplinary programmes of research and training 

intended to serve as the basis for the rational use and conservation of the resources of the 
biosphere, and for the improvement of the global relationship between people and the 

environment. 
d) On-farm Conservation 

On-farm management and improvement ―provides a mechanism by which the 

evolutionary systems that are responsible for the generation of variability are conserved. 
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State of In Situ Management 

  
1. Conservation in Protected Areas: Establishing protected areas is the primary means 

of conserving forest genetic resources, and some countries have identified selected stands 
as gene reserves. In Mexico, genetically unique wild populations of perennial maize, Zea 
diploperennis have been specifically targeted for conservation within a small section of the 

Sierra de Mannantlan Biosphre Reserve.  
 

2. On-farm Conservation: In Asia, there are several significant on-farm conservation 
programmes; particularly in the Philippines. Recently, the international Plant Genetic 

Resources Institute initiated the project ―Strengthening the scientific basis of in situ 
conservation of agricultural biodiversity on-farm in collaboration with nine countries: 

Burkino Faso, Ethiopia, Hungary, Mexico, Morocco, Nepal, Peru, Turkey and Vietnam. 

 
Major Needs for In Situ Management of PGR 

 
When farmers are involved from the first segregating generation (F2 or F3) and 

when selection is to be carried out in their own fields, PPB should necessarily be conducted 

with relatively few plants. That is, the number of either crosses or plants from the F2 
generation should be smaller than that used in a conventional programme on an 

experiment station.  
 
Ex Situ Conservation Approach:  

 

Ex situ conservation approach generally comprises the following methods: seed 

storage, field gene banks, in vitro storage, pollen storage, DNA storage and botanical 
gardens. 

 
1. Seed Storage: As opposed to common orthodox seeds, there are a number of species 

whose seeds cannot be dried to low levels for optimum storage, referred to as ‗recalcitrant‘ 

(Roberts and King, 1986). In such cases imbibed storage (at higher levels of seed 
moisture) may be of considerable importance. Very low temperature storage using liquid 

nitrogen, called cryo-preservation, also appears to be promising, with a more extended life 
span than seeds stored in currently what is described as long-term storage (–20‘C). 

Another area in which considerable work is required is on storage of ultra dry seeds (dried 

to seed moisture content of 2–5%) at room temperature conditions and in hermetically 
sealed containers (Zhou et al. 1995). However, more research will be necessary before 

ultra dry seed technology can be adopted (Zheng et al. 1998). 
        Storing orthodox seeds at low moisture content and at subzero temperature is the 

most convenient and widely used method of genetic conservation. The number of seed 
storage facilities has increased dramatically over the last two decades. Today, according to 

the WIEW – World Information and Early Warning System on Plant Genetic Resources for 

Food and Agriculture – databases of the FAO, there are 1320 national, regional and 
international germplasm collections in the seed form, 397 of which are maintained under 
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long- or medium-term storage conditions. Over 6.1 million accessions (including some 

duplication) have been conserved as seeds. 
Based on duration of storage, seed bank collects are classified into three groups. 

(1) Base collections. (2) Active collections and (3) Working collection. 
 

1. Base Collections: Seeds can be conserved under long term (50 to 100 years), at 

about -200e with 5% moisture content. They are disturbed only for regeneration. 
 

2. Active Collection: Seeds are stored at 0°C temperature and the seed moisture is 
between 5 and 8%. The storage is for medium duration, i.e., 10-15 years. These 

collections are used for evaluation, multiplication, and distribution of the accessions. 
 

3. Working Collections: Seeds are stored for 3-5 years at 5-10°C and the usually 

contain about 10% moisture. Such materials are regularly used in crop improvement 
programmes. 

 
 Field Gene Banks: Many important varieties of field, horticultural and forestry 

species are either difficult or impossible to conserve as seeds (i.e. no seeds are formed 

or if formed, the seeds are recalcitrant) or reproduce vegetatively. Hence they are 

conserved in field gene banks (FGB). Field gene bank has traditionally been used for 
perennial plants, including: 

 Species producing recalcitrant seeds; 

 Species producing little or no seeds; 

 Species that are preferably stored as clonal material; 

 Species that have a long life cycle to generate breeding and/or planting material. 

               
Field gene banks are commonly used for such species as cocoa, rubber, coconut, 

coffee, sugarcane, banana, tuber crops, tropical and temperate fruits, vegetatively 
propagated crops (e.g. wild onion and garlic) and forage grasses (e.g. sterile hybrids or 

shy seed producers). The site for a field gene bank should have a suitable climate and soil 

for the species and should have an adequate water supply. The site should be chosen in a 
location with little or no threat of pests, diseases, bush fire and vandalism. 

 
 In Vitro Storage: In vitro conservation uses tissue culture techniques for 

conservation. It is of common use for: 

 

• Vegetatively propagated species; 
• Recalcitrant seeded species; 

• Wild species which produce little or no seeds. 
 

Similar to seed conservation, two types of in vitro gene banks for conservation 
have been proposed, namely in vitro active gene bank (IVAG) and in vitro base gene bank 

(IVBG). In IVAG, the cultures are maintained under slow growth and in IVBG cultures are 

cryopreserved.  
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The IVAG is maintained through successive subculturing, which automatically 

renews the conserved material. For example, subculture frequency for clones of cassava 
(Manihot spp.) ranged from 8 to 17 months; this variability was attributed to genotypic 

effects.  
      Cryopreservation of plant material is the only option for IVBG. This involves 

storage at ultra-low temperature, usually at –196C in liquid nitrogen. cryopreservation 

could routinely be used across a range of genotypes for the following species or crops: 
Rubus,Pyrus, Solanum spp., Elaeis guineensis and Camellia sinensis. 
 

 Pollen Storage: Pollen storage was mainly developed as a tool for controlled 

pollination of asynchronous flowering genotypes, especially in fruit tree species 

(Alexander and Ganeshan, 1993). Pollen storage has also been considered as an 
emerging technology for genetic conservation (Withers, 1991).The pollen longevity 

of different species varies between minutes and years depending on the taxonomic 

status of the plant and on abiotic environmental conditions (Barnabas and Kovacs, 
1997). By controlling the storage temperature and relative humidity (0–10C, 10–

30% RH, depending on species), pollens of Citrus spp., Cocos nucifera, Fragaria 
sp., Olea europea,Pinus silvestris, Pistachio altantica, Pyrus malus and Vitis vinifera 
could maintain their viability for more than 1 year (Barnabas and Kovacs, 1997). 

 DNA Storage: The storage of DNA seems to be relatively easy and cheap. The 

progress in genetic engineering has resulted in breaking down the species and 
genus barriers for transferring genes (Council, 1993). Transgenic plants have been 

produced with genes transferred from viruses, bacteria, fungi and even mice. Such 
efforts have led to the establishment of DNA libraries, which store total genomic 

information of germplasm (Mattick et al., 1992).  
 Botanical Gardens: There are about 1500 botanic gardens and arboreta 

worldwide. It is estimated that there are between 17,000 and 15,000 threatened 

species currently maintained in botanical gardens and arboreta. The objectives of 

most of the gardens include (a) maintaining essential ecological processes and life 
support systems, (b) preserving genetic diversity, and (c) ensuring sustainable 

utilization of species and ecosystem.  
 

Advantages and Disadvantages of Ex Situ Conservation Methods 

 
Table 1. Advantages and Disadvantages of Ex Situ Conservation 

 

Advantage Disadvantage 

1. Greater diversity of target taxon can be    

conserved as seeds. 
2. Easy access for evaluation for resistance to     

pests and diseases. 

3. Easy access to plant breeding and other      
forms of utilization. 

4. Little maintenance once material is in long-     
term conservation. 

1. Freezes evolutionary development 

in relation to environmental changes.  
2. Genetic diversity is potentially lost 

with each regeneration cycle. 
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Among the ex situ conservation strategies each one having its own advantages 

and disadvantages which are presented in Table 2. 
 

Table 2. Relative Advantages and Disadvantages of the  
Ex Situ Conservation Methods 

 

Method of ex situ Advantage Disadvantage 

Seed storage • Efficient and reproducible. 

• Feasible for medium- and           

   longterm storage. 
• Wide diversity of each target 

   taxon conserved. 
• Easy access for characterization 

   and evaluation. 

• Easy access for utilization. 
• Little maintenance once materialis 

conserved. 
 

• Problems storing seeds of 

‗recalcitrant‘ species. 

•Freezes evolutionary 
development, especially, 

that related to pest 
anddisease resistance. 

• Genetic diversity may be 

lost with each regeneration 
cycle (but 

individual cycles can be 
extended to periods of 20–

50 years or more). 
• Restricted to a single 

target taxon per accession 

(no conservation of 
associated species found in 

the same location). 

Field gene banks • Suitable for storing material of 
‗recalcitrant‘ species. 

• Material is susceptible to 
pests, diseases and 

vandalism. 

In vitro storage • Relatively easy long-term 

  conservation for large numbers of 

‗recalcitrant‘, sterile or clonal 
species. 

• Easy access for evaluation and 
utilization. 

 

• Risk of somaclonal 

variation. 

• Need to develop 
individual maintenance 

protocols for most species. 
• Relatively high-level 

technology and 

maintenance costs. 

Pollen storage • Relatively easy, low-cost of 

  conservation. 

 

• Need to develop 

individual regeneration 

protocols to produce 
haploid plants; further 

research needed to 
produce diploid plants. 

• Only male genetic 
material conserved. 

DNA storage • Relatively easy, low-cost of 

  conservation 

• Regeneration of entire 

plants from DNA cannot be 
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 envisaged at present. 

• Problems with 
subsequent gene isolation 

in association with 

phenotypes.  

Botanical gardens • Easy access for characterization 

and evaluation. 
• Material can be evaluated while 

being conserved. 

• Easy access for utilization. 

• Involves large areas of 

land, but even then genetic 
diversity is likely to be 

restricted. 

• High maintenance cost 
once material is conserved. 

 

Modern Approaches in Germplasm Storage 
 

Theoretical Basis of Plant Cryopreservation 
 

Cryopreservation of biological tissues can be successful only if intra-cellular ice 
crystal formation is avoided, since this causes irreversible damage to cell membranes thus 

destroying their semi-permeability. In nature, some plant species adopted systems where 

ice crystal formation at sub-zero temperatures can be avoided through the synthesis of 
specific substances (such as sugars, proline and proteins) that lower the freezing-point in 

the living plant cells, resulting in ‖supercooling‖. 
Such ‗avoidance‘ of crystallization, while still maintaining a minimal moisture level 

needed to maintain viability, it is not possible when dealing with ultra-low temperatures of 

cryopreservation (-196°C). Crystal formation, without an extreme reduction of cellular 
water, can only be prevented through ―vitrification‖. Vitrification refers to the physical 

process of transition of an aqueous solution into an amorphous and glassy (i.e., non-
crystalline) state (Sakai, 2000). Two requirements must be met for a cell to vitrify: (i) rapid 

freezing rates, and (ii) a concentrated cellular solution. Rapid freezing rates (6°C/sec) are 
normally obtained by plunging explants enclosed in a cryovial into liquid nitrogen. Higher 

cooling rates can be obtained by enclosing the meristems in semen straws, resulting in 

cooling rates of about 60°C/sec, or using a ―droplet freezing protocol‖ where the material 
is placed on aluminium foil strips that are plunged directly into liquid nitrogen, giving rise 

to cooling rates of 130°C/sec. The cell cytosol can be concentrated through air drying, 
freeze dehydration, application of penetrating or non-penetrating substances 

(cryoprotectants), or adaptive metabolism (hardening). For a solution to be vitrified at high 

cooling rates, a reduction in water content to at least 20-30% is required. For dehydration, 
the following techniques are applied: 

 
 Air Drying: Usually, samples are dried by the sterile airflow of a laminar airflow 

cabinet. Doing so, there is not any control of temperature and air humidity, both 

influencing strongly the evaporation rate. More reproducible is the air-drying 

method that uses closed vials containing a fixed amount of silica gel (Uragami et 
al., 1990) 
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 Freeze Dehydration: Because plant cells rarely contain ice-nucleating agents, 

during slow cooling crystallization is initiated in the extra-cellular spaces. Since 

only a proportion of the water that contributes to the extra-cellular solution 
undergoes transition into ice, the remaining solution becomes more and more 

concentrated and thus hypertonic to the cell. To restore the osmotic equilibrium, 
cellular water will leave the protoplast, resulting in cell dehydration. Generally, 

freezing rates of 0.5 to 2°C/min. 

 Non-penetrating Cryoprotective Substances: Osmotic dehydration can be 

obtained through the application of non-penetrating cryoprotective substances, 
such as sugars, sugar alcohols and high molecular weight additives like 

polyethylene glycol (PEG). 
 Penetrating Cryoprotective Substances: Commonly used penetrating 

cryoprotective agents are dimethyl sulphoxide (DMSO) and glycerol. For many 

applications, DMSO is preferred because of its extreme rapid penetration into the 
cells. Where DMSO toxicity is a problem, glycerol or amino acids (e.g., proline) are 

often applied. 

 Adaptive Metabolism (Hardening): Hardening can result in a considerable 

increase of, for instance, proteins, sugars, glycerol, proline and glycine betaine 
which will all participate in the increase of osmotic value of the cell solutes. Most 

hydrated tissues, however, do not withstand dehydration to moisture contents 
needed for vitrification (20-30%) due to solution and mechanical effects. 

Exceptions are pollen, seeds and somatic embryos of most orthodox seed species. 

The key for successful cryopreservation is thus shifted from freezing tolerance to 
dehydration tolerance. This tolerance can be induced by chemical cryoprotection 

with substances like sugars, amino acids, DMSO, glycerol, etc. The mode of action 
of most of these substances is, however, still far from being understood.  

 Available Plant Cryopreservation Protocols: All cryopreservation protocols 

described in literature use the above-mentioned techniques or combinations. The 
most commonly applied protocols are: 

 Air Drying (flash drying, normal drying): This method is directly applicable to 

orthodox seed, zygotic embryos and pollen of many common agricultural and 

horticultural species. Some of these orthodox seeds can even withstand drying 
below 3% moisture content, without any damage and reduction of viability. Flash 

(or ultra-rapid) drying proved to be beneficial for recalcitrant zygotic embryos of 
some plant species  (Berjak et al., 2000) 

 Classical Slow-cooling (or slow-freezing) Protocol: It is based on slow 

cooling of specimens (at a rate of 0.5-2°C/min) in the presence of a cryoprotectant 

solution, generally containing DMSO at a 5-15% concentration. When during the 
slow-cooling process a temperature of about –40°C is reached, the intra-cellular 

solutions considered to be concentrated enough to vitrify upon  
 Encapsulation/Dehydration: In this method, developed by Fabre and 

Dereuddre (1990), explants (usually meristems or embryos) are firstly 

encapsulated in alginate beads (which can contain also mineral salts and 
organics), thus forming ―synthetic seeds‖ (―artificial seeds‖ or ―synseeds‖). Then, 

the synseeds are treated with a high sucrose concentration, dried down to a 
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moisture content of 20-30% (under airflow or using silica gel) and subsequently 

rapidly frozen in liquid nitrogen.  
 Vitrification: First reports on the use of a vitrification solution with plant tissues 

appeared in 1989 (Uragami et al., 1989). The technique relies on treatment of 

explants with a concentrated vitrification solution for variable periods of time (from 
15 minutes up to 2 hours), followed by a direct plunge into liquid nitrogen 

(―vitrification/one-step freezing‖). This results in both intra- and extra-cellular 

vitrification. The vitrification solution consists of a concentrated mixture of 
penetrating and non-penetrating cryoprotectant substances. The most commonly 

applied solution, named ―PVS2‖ (Plant Vitrification Solution n° 2), consists of 30% 
glycerol, 15% ethylene glycol, 15% DMSO (all v/v) and 0.4 M sucrose (Sakai et al., 

1990).  
 

Seven Different Vitrification-Based Procedures Can Be Identified: 

 
(i) encapsulation-dehydration; (ii) a procedure actually termed vitrification; (iii) 

encapsulation-vitrification; (iv) desiccation; (v) pregrowth; (vi) pregrowthdesiccation, and 
(vii) droplet freezing. 

 

(i) Encapsulation-Dehydration: procedure is based on the technology developed for 
the production of artificial seeds. Explants are encapsulated in alginate beads, pregrown in 

liquid medium enriched with sucrose for 1 to 7 days, partially desiccated in the air current 
of a laminar airflow cabinet or with silica gel down to a water content around 20% (fresh 

weight basis), then frozen rapidly. Survival rates are high and growth recovery of 
cryopreserved samples is generally rapid and direct, without callus formation. This 

technique has been applied to apices of numerous species of both temperate and tropical 

origins.  
(ii) Vitrification: involves treatment of samples with cryoprotective substances, 

dehydration with highly concentrated vitrification solutions, rapid freezing and thawing, 
removal of cryoprotectants and recovery. This procedure has been developed for apices, 

cell suspensions and somatic embryos of numerous different species.  

(iii) Encapsulation-vitrification: is a combination of encapsulation-dehydration and 
vitrification procedures, where samples are encapsulated in alginate beads, then subjected 

to freezing by vitrification.  
(iv) Desiccation: is the simplest procedure since it consists of dehydrating explants, then 

freezing them rapidly by direct immersion in liquid nitrogen. This technique is mainly used 

with zygotic embryos or embryonic axes extracted from seeds. It has been applied to 
embryos of a large number of recalcitrant and intermediate seeds. Desiccation is usually 

performed in the air current of a laminar airflow cabinet, but more precise and 
reproducible dehydration conditions are achieved by using a flow of sterile compressed air 

or silica gel. Ultra-rapid drying in a stream of compressed dry air (a process called ―flash 
drying‖) allows freezing of samples with a relatively high water content, thus reducing the 

desiccation injury. Optimal survival rates are generally obtained when samples are frozen 

with a water content of between 10 and 20% (fresh weight basis).  
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Documentation of Plant Genetic Resources: A documentation system is the way of 

storing and maintaining data. A documentation system can use manual methods (such as 
hand written records) and/or completely computerized methods of data storage and 

maintenance. The system is also designed for easy and effective information retrieval. 
 

The Need for a Documentation System: A genebank needs a constant supply of 

accurate, reliable and up to date information to function efficiently. Where can it get this 
information? The genebank would not use the human memory as the only source of 

information as it‘s not always completely reliable - people can easily forget facts or confuse 
details. In practice, the genebank will rely on a documentation system as a source of 

information to assist in the planning and operation of many genebank activities. However, 
a documentation system isn‘t only used for information retrieval. It is also used for: 

 

Data storage  
Data maintenance (updating existing data) 

Data processing and analysis 
Data exchange  

 

Germplasm Enhancement: Germplasm enhancement facilitates incorporation of useful 
genetic diversity from unimproved and unadapted   donors and broadening the genetic 

base of prebred lines. Prebreeding programs differ from routine cultivar development 
depending upon the issues concerned and include introduction of new characters, new 

cytoplasm and fertility restorer genes and enhancing yield potentials through wide crosses. 
A better understanding of the different gene pools and variations in trait homology that 

accompanied domestication is necessary to plan germplasm enhancement. 

 
Gene Pool: Gene pool is based on the taxonomical and evolutionary relationship between 

cultivated species and their wild allied species. Gene pool concept was proposed by Harlan 
and de Wet (1971) based on hybridization among species. Gene pool is totality of genes 

occurring in populations, cultigens and progenitor species and wild allied species.  

 
Primary Gene Pool (GP1):  consists of biological species and crossing within the gene 

pool is easy. The resulting hybrids are vigorous, exhibit normal meiosis, complete 
chromosome pairing and show high fertility and free gene exchange with normal genetic 

segregation. In subspecies A of GP1, cultivated races and in subspecies B, spontaneous 

races are included.  
Secondary Gene Pool [GP 2]: comprises related species and taxa and successful 

hybrids can be obtained between them with GP 1 showing low / poor fertility and gene 
transfer is possible but with difficulty. The GP2 in wheat, cotton and rice is  substantially 

large.  
Tertiary Gene Pool (GP3): is the extreme outer limit of potential genetic resource. 

Hybrids between GP1 and GP3 are difficult to produce, require in vitro technique and show 

non homology of chromosome and complete sterility. Sometimes the hybrids are inviable. 
In rice, GP 3 is very small. Soybean and barley have no GP 2 and GP 1 and GP 3 are very 

limited.  
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            Cytogenetics approaches for gene pools would indicate high degree of 

chromosome homology and gene exchange between members of primary gene pool, 
partial chromosome homology or homoeology between members of primary and secondary 

gene pool. Hybrids between tertiary gene pool and the primary and secondary gene pools 
invariably show often complete sterility and high degree of non homology of chromosome. 

Amphiploidy mediation is often effective to restore fertility for gene transfer. In general, 

introgression of trait by wide hybridization present difficulties that are not easily resolved. 
 

Homology: Homologous state of relationship between characters among the progenitors, 
wild relatives and species has been a subject of interest in tracing changes during 

domestication and crop development. Vavilov (1922) proposed law of homologous series 
when characters show similar variation in related species. Darwin (1868) proposed 

analogous parallel variation among related biological species when characters are similar 

due to convergent evolution. Besides, there are orthologous and paralogous characters 
with evolutionary significance.  

           Transfer by introgression of useful gene from alien species has been successful in 
many crops like rice, wheat, cotton, tomato, soybean and tobacco. Land races in these 

crops have also been improved by germplasm enhancement. In wheat improvement, as 

many as 24 species of Triticum and allied genera have been utilized so far in introgression 
of genes and chromosomes resulting in new genetic stocks with improved traits of 

economic importance.  
 

Techniques for Alien Gene Transfer 
 

1. Embryo rescue and in vitro techniques.  

2. Involving bridge species which are crossable with both the parental species.  
3. Application of exogenous plant growth regulators and immuno suppressors at post 

pollination stage.  
4. Backcrossing the  hybrids with  agronomically acceptable base as recurrent parent 

5. Chromosome doubling when genome non homology is present. (4n or 6n  

pathway ) and backcrossing 
6. Chromosome techniques such as translocations, alien additions lines [MAAL and 

DAAL], substitutions, homoeologous pairing and also irradiation to induce 
interchanges and gene transfer.  

 

Alloplasm Development: Transfer of cytoplasm (mt and cp genomes) from interspecific 
and intergeneric origin greatly enables the exploitation of CMS sterility – male fertility 

system. Contributions of cytoplasms of Triticum timopheevi, Gossypium harknessii, 
Helianthus petiolaris, O. nivara and Cajanus scarabaeoides in the development of 

cytoplasmic genic male sterility system (CMS) for harnessing heterosis are significant.  
 

Germplasm Utilization 

 
For Quality: The quality is of three main types, viz., 1. market quality, 2. industrial quality 

and 3. nutritional quality. The market quality refers to fineness of a product for marketing 



PLANTA – Vol.-1, 2020: 21 - 51 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 
 

Viqar un Nisa et al., Plant Genetic Resources Management and It‘s Utilization| 46  

like uniformity in shape, size, colour and texture in food grains and vegetable crops. The 

industrial quality refers to baking quality of wheat, milling quality of rice etc. The 
nutritional quality refers to the suitability of a plant product for human and animal 

consumption like high protein maize, vitamin A rich rice etc. There are four broad 
categories of rice quality: 

 

 1. Physical quality 
 2. Milling quality 

 3. Cooking, eating and product making quality and 
 4. Nutritional quality 

 
Dr. Ingo Potrykus and his team of researchers have inserted three genes into rice to allow 

production of B-Carotene in the rice endosperm.    Presence of carotene in the endosperm 

of this genetically modified crop imparts a golden colour to its grains and hence the name 
―Golden Rice‖. It is hoped that Golden rice will provide a good source of vitamin A.  It 

combines genes from plant phytoene synthase (psy) and lycopene B – lyclase (lcy) 
originating from Daffodil (Narcissus pseudonarcissus) along with Bacterial phytoene 

desaturase (crtl) from Erwinzia uredovora. Golden rice will provide at least 2µg/g of the 

provitamin A, (Dove. A., 2000). 
 

Plant Genetic Resources Utilization for Abiotic Stresses Tolerance 
 

Wild species possess highly desirable genes and hence can   be used in breeding and 
genetic engineering programmes.  

 

Genetic Resources for Drought Tolerance 
 

a) Rice : Direct and indirect economic loss in the agricultural sector due to drought is 
huge. Wild species of Oryza may serve as sources of superior drought tolerance alleles for 

cultivated rice.  Introgression has occurred between wild and cultivated rice plants and 

consequently the intrinsic nature of wild rice was gradually blurred by cultivar genes. Oryza 
glaberrima has several desirable traits, such as resistance to biotic stress and tolerance to 

drought, acidity and iron toxicity.  One of the important features of O. glaberrima is its 
strong weed competitive ability.  Thus the interspecific hybridization among Asian and 

African species offers tremendous potential for combining the high productivity of O. sativa 

with the tolerance to abiotic and biotic stresses of O.glaberrima &O. longistaminata has 
been reported to have genes for bacterial blight resistance high pollen production, long 

stigmas and drought tolerance (Khush et al., 1990). Oryza  barthri shows characteristics 
for drought resistance. 

 
b) Wheat:  Wild wheat (Triticum aestivum L.) relatives could represent a valuable source 

of genetic variation for improvement of abiotic stress tolerance in cultivated wheat. 

Interest has developed in recent years in exploiting Aegilops spp. as important genetic 
resources for wheat improvement Aegilops geniculata Roth is an annual, allo-tetraploid 

species   (2n = 4x = 28) with  MU genome represent a valuable reservoir of genes for 
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resistance to abiotic stresses,  grows in Mediterranean regions characterized by a dry 

summer season with high temperature and high irradiance. 
A list of Aegilops species considered as potential sources of drought tolerance is 

given on Table  
 

Table 1. Aegilops species considered as potential sources of abiotic stresses 

tolerance 
IHM - Option 

Abiotic stress Species Genome References 

Drought Ae. Tauschii 
Ae. sharonensis 
Ae. longissima 
Ae. kotdhyi 
Ae. geniculata 
Ae. Triuncialis 

D 
S1 

S1 
SU 

MU 

UC 
 

Damania et al 
(1992) 

Waines et al (1993) 
Rekika et al (1998b) 

 
Establishing Core Collections 

 

This definition readily extends to a collection that includes a group of related 
species, or to one that is the aggregate of several collections of the same taxa held in a 

network of cooperating genebanks.  The word ―core‖ suggests the central or innermost 
part, the heart and the most important part. A core collection will always be substantially 

smaller than the collection from which it is formed. Brown (1989b) suggested that it should 

be no more than 10% of the whole collection and always less than 2000 entries. In 
practice, most core collections are between 5% and 20% of the collections from which 

they were established and the largest to date is about 2000 accessions.   
 

Establishing a Core Collection  
  

A general procedure for the selection of a core collection can be divided into five steps, 

which are described in the following sections. 
 

1. Identify the material (collection) that will be represented. 
2. Decide on the size of the core collection.  

3. Divide the set of material used into distinct groups.   

4. Decide on the number of entries per group.  
5. Choose the entries from each group that will be included in the core 

 
Conclusion & Future Perspective 

 

Germplasm is basic to crop improvement programs for sustainable agriculture. 
Trait-specific genetically diverse parents for trait enhancement are the primary need of the 

plant breeder. Agronomically superior or similar lines are preferred by breeders to maintain 
the agronomic performance of breeding lines while improving the trait. Our strategic 
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research on core and mini-core collections, and identification of new diverse sources will 

enhance the use of germplasm in breeding programs, aimed at producing agronomically 
superior cultivars with broad genetic base. Molecular characterization of mini-core and 

traitspecific subsets will further reveal genetic usefulness of the germplasm accessions in 
allele mining. Another dimension of breeders‘ requirements is agronomic desirability of the 

germplasm lines. This helps them in maintaining or even improving the agronomic 

performance of breeding lines while enhancing the traits expression. Thus our aim is to 
identify the trait-specific genetically diverse and agronomically similar or better germplasm 

lines for use in the crop improvement programs to develop high-yielding cultivars with a 
broad genetic base. The easy and convenient evaluation of mini-core subset even for 

agronomic traits would help in identifying such lines. 
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Abstract 

  
 Hi-tech nursery management includes aspects of Hi-tech greenhouse, Micro-

irrigation, Fertigation, Hi-tech plant propagation and automation in nursery. Hi-tech 

nursery enhance physiological and physical activities due to which plant perform well it 
also enhance seed germination rate, higher germination percentage, increase grafting 

success, prolong the period of propagation, successful propagation is possible in extremely 
harsh and adverse climatic conditions and insect free planting material. Improving the 

availability of healthy planting material of improves or recommended verities supported by 

a network of regional nurseries equipped with distribution out fits will help in scientific 
development of horticulture. The infusion of latest technology has become essential for 

increased productivity. Unless uniform planting material of desired type is available, 
increased productivity levels cannot be achieved, so adaption of hi-tech nursery 

management is the basic need for preparation of quality planting material and supply to 
nurserymen across the country.  
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Introduction 

  
fter independence country has made considerable progress in horticulture. The 

productivity of fruits and vegetable has increased from 86 t/ha and 7.5 t/ha and 7.5 
t/ha (1950) to 11 t/ha to 16.1 t/ha (anon., 2009), respectively, besides other factor, 

the phenomenal growth in horticulture was mainly due to use of quality seed and planting 

material. The availability of genuine planting material at the doorsteps of the farmer is one 
of major bottlenecks that come in the way of horticulture development at commercial 

venture.  
 Present fruit production is 59.36 Million tonnes, where as projected demand of 

fruit for 2011-12 is 81 million tonnes    (Anon., 2008).to achieved this demand we required 
planting material 1414 millions in number. This can only be possible with the establishment 

of nurseries in the areas, where planting material are required there is a need to develop a 

long chain hi-tech nurseries coupled with trained manpower for mass multiplication of 
quality planting for fulfilling the demand of the end users, but not only planting material 

can fulfill our demand we required quality, disease and pest free planting material which 
can be produce in Hi-tech Nursery due to following reasons  

 

 Controlled over plant microclimatic parameter, irrigation and fertigation due to 

which physiological and physical activity of propagula get activated so that plant 
performs well in Hi-tech nursery. 

 Hi-tech nursery enhanced seed germination rate and higher germination 

percentage is obtained. 
 Hi-tech nursery increase grafting success and also prolongs the period of 

propagation.  

 High return per unit area is possible in Hi-tech nursery. 

 Successful crop propagation is possible even in extremely harsh and adverse 

climatic conditions in Hi-tech nursery.  
 Disease and Insect free planting material is obtained in Hi-tech nursery by 

adopting practices like soil Solarization, use of soil less media, strict supervision 

and timely control over disease and pest.   

 
Hi-Tech Nursery 

Nursery is the place where seedling, sapling or any other planting material are 
raised and sold for planting in the garden or orchard, Whereas, Hi-tech nursery is a place 

where plants are raised from seeds/other vegetative methods for production of new plants 

under protected and controlled conditions. All the operations starting from soil preparation 
to seedling packing in Hi-tech nursery are done with the use of technical knowledge and 

thus they are expected to deliver good success. Since the propagula get appropriate 
conditions for growth and development and the practical skill of the grower is assured, 

hence seedlings and plantlets perform well in Hi-tech nursery. Protected cultivation is 
intended to mean some level of control over plant microclimate to alleviate one or more of 

a biotic stresses for optimum plant growth. The microclimatic parameters are temperature, 

light, air composition and nature of root medium. Success in multiplication under protected 
conditions increase even in unfavorable agro climatic conditions than open field conditions. 

A 
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(Singh, H.P., Gorakh Singh., J.C. Samuel and R.K. Pathak (2003):Precision Farming in 

Horticulture.) 
Therefore, there is an urgent need for strengthening the concept of hi-tech 

nursery, where propagation is done under protected condition. Hi tech nursery 
management includes aspect of micro propagation, Micro-irrigation, fertigation, Hi-tech 

Greenhouse, Hi-tech plant protection, etc. 

 
Greenhouse  

A greenhouse is a framed or inflated structure covered with a transparent or 
translucent material in which crops could be grown under the conditions at least partially 

controlled environment and which is large enough to permit a person to work within it to 
carry out cultural operations. 

 

Historical Development of Greenhouses 
In the 1st century Cultivation of off season cucumber under transparent stone by 

the foe emperor. Tiberius is the earliest reported in protected agriculture. In the 16 th 
century glass lanterns, bell jar and hot beds covered with glass are used to protect 

horticultural crops against cold. In Japan Straw mats are used along with oil paper 17th 

century low portable wooden frame covered with an oiled translucent paper Were used to 
warm the plant environment, also use of glass on one side only as Slopping roof was 

started in this century. In 18th century Use of glass on both side as slopping roof was 
started along with the development of glass house in England. Protected agriculture was 

fully established with the introduction of polythene as a greenhouse cover in 1948, when 
Professor Emry Myers Emmert at the University of Kentucky, first time used the less 

expensive polythene as a greenhouse cover material in place of more expensive glass. 

Today in 20th century with the development of Hi-tech greenhouse. Almost every aspect of 
the production system is automated, with the artificial environmental control and growing 

system under nearly total computer control.  
 

Principle  

The productivity of a crop is influenced not only by its heredity but also by the 
microclimate around it. The components of crop microclimate are light, temperature. Air 

composition and the nature of the root medium. Which can be controlled under 
greenhouse and also known as the principle of greenhouse 

 

1) Light 
Light is the sole source of energy provided to plant to built tissue (i.e. to grow). 

Excess light is not a problem in itself but the excessive heat associated with the high 
radiant energy can cause high temperature problems. During these problem periods, 

shading of the greenhouse to be practiced. Shade cloth can be manually opened and shut 
or that can be operated automatically through some controller operating through some a 

pyranometer. Light is provided in the form of incandescent, tungsten, halogen, and 

fluorescent and high intensity discharge lamps (HID) during winter. 
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2) Temperature 

Temperature management is very important for successful greenhouse crops. 
Poorly controlled temperature regimes can increase disease and lead to poor quality 

planting material. Temperature control is achieved by the use of various systems including 
heating furnaces, exhaust fans, evaporative cooling pads, and shade cloths. .  

 

3) Humidity 
In order to maintain desirable relative humidity levels in greenhouses, efforts are 

made to use humidification or dehumidification. Humidification in summer can be achieved 
in conjunction with greenhouse cooling by employing appropriate evaporative cooling 

methods such as fan-pad and fogging systems. During rainy seasons the ambient relative 
humidity is high along with that of the greenhouse. In this situation the ventilation cannot 

lower the humidity of greenhouse air so Chemical dehumidification system are use which 

are technically feasible but expensive at present.  
 

4) Water and Nutrients 
Nursery plant in greenhouses requires ample amounts of water. Water is the 

universal solvent in plant cells and is involved in many biochemical processes. Drip or ring 

emitters are placed at the base of each plant to provide water and nutrients to the plants.  
 

5) Carbon Dioxide 
Research in northern climates has shown that raising the CO2 level from the 

normal ambient level of 350-1000 ppm often results in increased yield. Effective use of this 
technology requires that houses be closed for long periods each day.  

 

6) Pest, Disease and Plant Health Management 
Greenhouse sanitation and well-timed applications of properly selected pesticides 

are all important in managing pests and disease in the greenhouse. Hi-tech greenhouses 
have mechanism for effective monitoring of insect pest or disease attack on plants. 

Suitable equipment and chemical formulations are then employed to control the plant 

health related problems. In recent times, biological control systems have found more 
acceptances for plant protection in greenhouses. 

 
7) Control Systems 

In typical greenhouses, controls are a mix of manual adjustments, timed events 

and theoretically regulated actions but now a day‟s computerized environmental control 
allows integration of the different greenhouse components into an efficient and profitable 

system. Automatic control systems to provide consistent favorable environmental 
conditions. Automation of irrigation systems that are labour saving, allow precision in 

regulating the timing and amount of irrigation. In the same manner controllers has 
provided flexibility in regulating heaters, ventilation fans and wet pads. Computerized 

control systems can help the development of a grower's overall management strategy by 

providing consistent, detailed data about the greenhouse environment.  
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Different Protected Structure 

There are different protected structure varying from cloches, frames to Hi-tech 
greenhouse which are describe as fallows.  

 
1) Cloches 

Cloches provide congenial micro-climate which can be used to benefit plant at the 

same stage of life. Plant grown under cloches will make an earlier start to life and grow 
more quickly than if they grown completely unprotected out of doors.  

 
Types of cloches 

There are several types of cloches and whatever size or shape is used; they should 
always be anchored firmly to the ground. 

 

i) Glass or Plastic 
Most cloches used to be made of glass but, because of high risk of breakage, rigid, 

white translucent polypropylene sheeting is now often used instead. Thin plastic tubing or 
sheeting is also used. Glass also traps reflected long waves from the sun whereas plastic 

does not and this means that climate under glass cloches is warmer, on average than 

under plastic ones. 
 

ii) Tent 
These have two sheets of 24 gaze glass measuring about 22 x 60 cm2 (9 x 24 

Inch) clipped together by special galvanized wires. Such an arrangement only gives a 30 to 
38 cm (12 to 15 inch) width at the base and is very restrictive in cropping.  

 

iii) Barn 
These are shaped like a barn. Basically, two sheets of glass about 60 x 30 cm2 (24 

x 12 inch) from the roof, with two sheets 60 x 15 cm2 (24 x 6 inch) forming the sides. 
Again wires are used to clip the glass together. This design gives cloches with a width of 

60 cm (24 inch) and height in the center of 23 cm (9 inch) End section are generally 

available and extra side pieces can be fitted to some barn cloches to raise the height to 36 
cm (14 inch). 

 
iv) Plastic tunnel  

These are made by stretching clear plastic sheeting over wire hoops. The hoops 

are made of heavy gauge fencing wire cut into lengths of 150 cm (5 ft). An „eye‟ is made 
15 to 20 cm (6 to 8 inch) from each end and the hoop is bent into a semicircular. To make 

the cloche, space the hoops 60 cm (2ft) apart in a straight line. At both ends of the row 
drive a 38 to 45 cm (15 to 18 inch) long wooden stake into the ground at an oblique angle 

and about 40 cm (2ft) from the end hoops. Tie one end of a 120 cm (4ft) wide sheet of 38 
micron transparent plastic to one stake, loosely stretch the plastic over the hoops and tie it 

to the second stake. Hold the plastic in position at each hoop by threading light wire 

through the eyes. In windy position heap up the soil around the edge of the plastic 
sheeting. 
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2) Frames or Miniature Greenhouse 

Frames are like miniature greenhouses, they admit light and trap heat from the 
sun and are used to forward, produce and propagate plants from seed or cuttings. They 

may be used both out of doors and inside a greenhouse. These structures are often used 
for propagation. The base of a frame is usually made of wood, brick or metal alloy and is 

taller at the back than at the front. Dutch frame which measure about 155 x 63 cm (62 x 

25 inch) Dutch lights have a single sheet of 24 gaze glass held in a wood frame. The glass 
can be slid over the bottom rails and the top rail. It is held in position by a small spar 

secured by galvanized nails. There are no precise criteria for size of frame, although 150 
by 80 cm (5 by 2 ½) is usual. The base for frames can be made of brick, composition 

blocks, wood or asbestos. Brick and composition block walls provide better insulation than 
wood and should be used for frames which are to be heated for much of the year. The 

ideal height for the base for low –growing vegetable, Such as lettuce, flower crops and 

bedding plants is 30 cm at the back and 23 cm at the front. For taller growing plants 
height at the back 45 cm and at the front to 38 cm. A more ideal frame can generally be 

made by setting the angle of the light much more vertically To do this you need two lights 
one set at the ideal angle to catch the sun‟s rays and the other set horizontally at the top 

of the frame to increase its overall depth. It is usual to have frames facing south for most 

activities. The exceptional is when the frame is to be used exclusively for shade loving 
plants. 

 
3) Lean to Greenhouse 

Such types of greenhouses are attached to the side of a building and should be 
placed on the south side of the building. so that plant make the best use of sunlight and 

owner can minimizes the requirement of roof supports. The roof of the building is 

extended with appropriate greenhouse covering material and the area is properly enclosed. 
 

4) Tunnel Type of Greenhouse 
Whenever plants are to be protected from cold and frost for very short periods 

tunnels of about 6 feet height can be made by bending steel tubes or bamboo and 

covering with polyethylene sheets. The polythene cover can be removed once the weather 
conditions become favorable.  

 
5) Shade Net House 

This type of greenhouses is used to cut down solar radiation and prevent 

scorching and wilting of the leaves caused by marked increase in temperature and from 
strong sunlight. 

 
6) Quonset Type Greenhouse 

The roof of this type of greenhouse will be semi-round. The roof and sides can be 
covered with polythene, fiberglass or polycarbonate sheets. The ideal size of the 

greenhouse is 96-120 feet in length 29 feet wide 8 feet sides and 12 to 14 feet height at 

the centre. It is a detached greenhouse with a simple frame. The frame basically consists 
of pipe bent into an arc, forming the truss and Quonset outline of the greenhouse.  
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7) Even Span Greenhouse 

These kinds of greenhouse are constructed in plain regions of India. Such small 
sized greenhouse is designed when owner is to use leveled ground. In this type this 

greenhouse is constructed with the two roof slopes of equal pitch and width. These may 
be of several single and multiple span types. For single span in general, Varies from 5 to 9 

m, whereas the length is around 24 m. The height varies from 2.5 to 4.3 m. 

 
8) Uneven Span Greenhouse 

This type of greenhouse is constructed on hilly terrain. The roofs of the 
greenhouse are of unequal width, so that owner can make use of the side slopes of hill. 

They are well adaptable to the hilly regions. These are not adaptable to automation. 
 

9) Ridges and the Furrow Type Greenhouse 

This type of greenhouse consists of a number of structures joined together along 
the length of the eave. The eave serves as a furrow or gutter to carry rain and melted 

snow away. The side wall is eliminated between the greenhouses,  wwhhiicchh  rreessuulltt  iinn  aa  

ssttrruuccttuurree  wwiitthh  aa  ssiinnggllee  llaarrggee  iinntteerriioorr..  RRiiddggeess  aanndd  ffuurrrrooww  ggrreeeennhhoouussee  aarree  ccoommmmoonnllyy  uusseedd  iinn  

nnoorrtthheerrnn  ccoouunnttrriieess  ooff  EEuurrooppee  aanndd  iinn  CCaannaaddaa  aanndd  aarree  wweellll  ssuuiitteedd  ttoo  tthhee  IInnddiiaann  ccoonnddiittiioonnss..    

 
10) Saw Toothed Type Greenhouse 

These are also similar to the ridge and furrow type greenhouses, except that there 
is provision for natural ventilation. Specific natural ventilation flow path develops in a saw 

tooth type greenhouse. 
 

11) Naturally Ventilated Greenhouses 

This category of greenhouses does not have any environmental control systems 
except, the provision of adequate ventilation. The purpose of protecting the plant material 

from the untimely rain, frosts, hails, insects and diseases is served by these greenhouses  
 

12) Partially Environmental Controlled Greenhouse  

There is partial control over the plant micro climate. In this type of green houses 2 
or more than 2 microclimatic components are controlled by using various controlling 

systems. Example of this type of greenhouse is Mist house, Fan and pad type of 
greenhouse etc.  

 

13) Hi-tech Greenhouse 
These greenhouses consist of controlling system, sensor, computer control and 

operator as the name itself indicate that in this greenhouse advance new technologies and 
systems are employed depending upon the level of sophistication, the environment control 

system in a greenhouse may include partial or complete control of microclimatic 
parameters. For efficient management of the environmental control equipment.  
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A general list of equipment for greenhouse environment control is given in Table 

 

Component Parameter controlled/modified  

Lighting system   Supplemental light, photoperiod and temperature 
(indirectly) 

Fan-pad cooling system Temperature and humidity 

Air conditioners Temperature and humidity 

Shading/thermal screen system Temperature, light and photoperiod 

Fogging/misting system Temperature and humidity 

Heating equipment Temperature 

Humidifiers Relative humidity and temperature 

Fertigation equipment Moisture content and nutrient status of soil 

CO2 generators Air composition 

Controllers Operation of all other equipment 

 

It is assumed that a high tech greenhouse would include most of these equipment and 
controlling systems. 

Different protected structure 
 

         
    Glass Cloche   Tent    Barn 

         
Plastic tunnel        Frames                      Lean to type Greenhouse                        
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     Tunnel Greenhouse     Shade Net House           Even Span  

 

 

      
      Uneven Span Type               Ridges and Furrows               Saw Tooth Type 

          

      
   Naturally ventilated           Fan Type             Pad type    
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                           Mist house                     Hi-tech Greenhouse 

 
Different Equipments use in Hi-Tech Nursery 

 

      
           Co 2 Analyzer                   Lux Meter            Thermostat 
 

        
    Temperature Sensor             Oxygen Sensor           Co 2 Generator 
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Soil Moisture and Automatic Irrigation Dehumidifier Temperature Sensor 

Quality Measuring Device 
 

Plant Multiplication under Greenhouse Conditions 
Horticultural crop propagation is hampered by weather variations and occasional 

vagaries like storm, drought, floods etc. These tend to have adverse effect on production 

of the crop. Greenhouse technology is most modern and intensive form of mass 
multiplication of quality planting material. In our country ample scope exists for protected 

multiplication of horticultural crops. Round the year propagation can be practised for 
deriving higher financial benefits. At IARI, New Delhi, round the year propagation of fruit 

tree nurseries was attempted in a greenhouse. During April-June and July-August, kinnow, 

aonla, ber and lime cuttings were prepared, while during September-November seeds of 
papaya, mango and jackfruit were germinated. Again in February-March papaya cv. Coorg 

Honey Dew was germinated fairly well. The results of various research studies undertaken 
at different PFDCs for the last few years are as given below.  

                  
Enhancement seed germination of papaya under bamboo polyhouse 

 

Observation  Germination (per cent) 

Greenhouse Open  field 

Year  2000-01  2001-02 Mean 2000-01  2001-02 Mean 

No. of days for 
germination  

12 16 14 14 28 21 

Germination (%) 78.4 62.7 70.55 48.7 14.6 31.65 

Days taken to 
attain optimum 

height  

48 63 55.5 61 83 72 

Healthy seedlings 
before 

transplanting (%) 

90 74 82 71 32 51.5 

Source: Mishra 2001-02 Samstipur 
 



PLANTA – Vol.-1, 2020: 52 - 83 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 
 

Prashant Joshi, A Review on Hi-Tech Nursery Management of Horticultural Crops | 63  

Relative performance of mango grafting under greenhouse in comparison to 

open field condition at various PFDCs 
 

Months    
of grafting 
operation 

Success Percentage At Various Places 

Uttaranchal  
(Pantnagar) 

Orissa    
(Bhubneswar) 

Andhra Pradesh 
(Hyderabad) 

Green 
house 

Open 
field 

Green 
house 

Open 
field 

Green 
house 

Open 
field 

Apr, 2001 - 60 30 - - - 

May, 2001 46.67 24.47 50 35 - - 

Jun, 2001 64.47 33.33 60 50 - - 

Jul, 2001 100 100 100 100 - - 

Aug, 2001 97.80 93.33 100 100 - - 

Sep, 2001 93.33 51.13 90 80 100 80 

Oct, 2001 60.00 53.33 80 70 100 80 

Nov, 2001 44.70 31.13 75 50 100 80 

Dec, 2001 51.30 8.87 60 30 80 70 

Jan, 2002 60.00 8.87 60 30 80 60 

Feb, 2002 77.80 17.80 75 45 60 40 

Mar, 2002 75.53 28.87 75 40 40 10 

Apr, 2002 80.00 84.47 - - - - 

Source: Shukla, Mishra, Shankar; 2001-02; Pantnagar Bhubhneswar and 
Hyderabad 
 

Comparison of propagation of cashew nut, guava and pomegranate under 
greenhouse and open field conditions at Bhubaneswar and Hyderabad 

 
Month of 
Grafting  
Operation 

Crop-year  Of grafting  Operations  /sources 
percentage 

Cashew nut Guava Pomegranate 

April 2001 –

March 2002 

Sept2000-

March2001 

June 2000– 

March 2001 

Green 
house 

Open 
field 

Greenh
ouse 

Open 
field 

Green 
house 

Open 
field 

Apr 60 35 - - - - 

May 50 35 - - - - 

Jun 65 55 - - 90 85 

July 90 90 - - 100 80 

Aug 90 90 - - 100 80 

Sep 70 70 100 85 80 60 

Oct 80 60 90 85 70 50 

Nov 70 40 80 80 65 50 

Dec 60 30 70 70 60 45 

Jan 50 25 70 70 50 40 

Feb 70 50 65 65 40 20 

Mar 70 50 60 60 30 20 

Source:  Mahapatra ; Mishra 2001-02; Bhubneswar and Hydrabad 
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Advantages 

 
1) Uniformity and Purity of Propagated Plants 

The horticultural crops like mango, guava, litchi, papaya etc. are heterozygous and 
out crossing. Due to this, conventional seed propagation methodology result in 

multiplication of a large population of plants which lack the desirable attributes. Ironically 

the perennial nature and long gestation period of these trees make initial screening 
difficult. Similarly, due to strict control over edaphic and environmental conditions, layering 

and grafting of plantlets are more successful and losses due to mortality of seedlings can 
be avoided. The control over temperature of rooting medium and air temperature allows 

high rate of adventitious root formation thereby increasing number of propagated 
plantlets. The movement of cell sap accelerates the callus formation which after fusion 

forms cambium and intermingling of two cell lines (scion and rootstock). Accelerated 

vascular connection results in faster growth and bud emergence. Strict control over 
sanitary conditions allows for good growth, uniformity and purity of propagula. 

 
2) Genuineness of Planting Material 

The genuine planting material can be best supplied by the grower himself. Hence, 

adoption of hi-tech nursery for production of genuine planting material is gaining 
importance with passing time. The potential benefits of the planting material well tapped 

by knowing genetic makeup of the mother plant by the grower. Therefore, he may use 
only superior mother plants for production of nursery. Strict supervision and control can be 

well exercised in the greenhouse structures, which is otherwise not possible in the field 
due to which genuineness of planting material can be maintained. 

 

3) Acclimatization of Micro propagated Plantlets 
The transfer of micro propagated plants from culture vessel to soil requires a 

stepwise hardening procedure which requires protected or greenhouse facilities. Due to 
the control over microclimate, uniformity of planting material is brought about. The plants 

are protected from unpredictable weather conditions and they are more vigorous than 

plants grown under open field conditions. 
 

4) Economy 
The growing commercialization and consumerialistic tendency of society in 

globalized economy has made impact in traditional areas of nursery and plant propagation. 

In case of hi-tech nursery high input cost is easily overcome by huge productivity due to 
minimal mortality. The bulk production also minimizes the provisions for manuring, soil, 

irrigation etc. At Pantnager, it was found that cleft grafting percentage was higher in 
Polyhouse condition throughout the year in comparison to open field. The economic 

evaluation of plastic house for the year round grafting revealed that a net return of Rs 
39,295 from 75 m2 low-cost polyhouse is obtained in four months.  

 

5) Disease and Insect-free Planting Material 
Under protected cultivation the plants are raised under strict supervision and 

timely treatments to check the disease and insect infestation. Careful nurturing of plants 
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since very beginning is responsible for availability of vigorous and healthy plants in 

abundant quantity. 
 

B) Micro-Irrigation 
  Micro-irrigation refers to low-pressure irrigation systems that spray, mist, sprinkle 

or drip. The term “micro-irrigation” describes a family of irrigation systems that apply 

water through small devices. These devices deliver water into the soil surface very near 
the plant or below the soil surface directly into the plant root zone. Nursery growers have 

adapted micro-irrigation systems to suit their needs for precision water application. Micro-
irrigation is used extensively for greenhouses and nurseries. 

 
Micro-irrigation Systems Components 

Micro-irrigation components include pipes, tubes, water emitting devices, flow 

control equipment, installation tools, fittings and accessories. Irrigation pipeline systems 
are generally described as branching systems. Various branches are given names such as 

main, sub main, and lateral. Choosing the right size main, sub main, and lateral pipe to 
match the flow rates from the water source is important. Basic components can include a 

pump and power unit, a backflow prevention device if chemicals are used with water, a 

filter, a water distribution system, and some devices for controlling the volume of water 
and pressure in the system. If the water source is from a city/municipal/rural water supply, 

a direct connection is possible. The water distribution system is a network of pipes and 
tubes that can range in size from 1/2 inch to 6 inches in diameter. Water from the pump 

may be carried to the edge of the field by a single large main. Smaller sub mains may then 
carry the water to laterals and ultimately to the emitters. Control components the control 

portion may include a combination of the following devices: pressure regulator, valve, 

vacuum relief valve and timing clock or controller. A flow meter should be used to measure 
the amount of water. Pressure gauges monitor the water pressure at the pump and other 

locations. Equipment to inject fertilizers into the water line is also frequently used. 
Backflow prevention devices are used to prevent contamination of the water source. 

 

Emission Devices 
The emitter is a metering device made from plastic that delivers a small but 

precise discharge. The quantity of water delivered from these emitters is usually expressed 
in gallons per hour (gph). These emitters dissipate water pressure through the use of long-

paths, small orifices or diaphragms. Some emitters are pressure compensating meaning 

they discharge water at a constant rate over a range of pressures. Emission devices deliver 
water in three different modes: drip, bubbler and micro-sprinkler.  

 
In drip mode, water is applied as droplets or trickles. 

In bubbler mode, water „bubbles out‟ from the emitters. 
in micro-sprinkler mode Water is sprinkled, sprayed, or misted. 
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Drip Irrigation 

In this system water is applied as droplets or trickles. Depending on how the 
emitters are placed in the plastic polyethylene distribution line, the drip mode can be 

further classified as a line source type or a point source type. 
The line source type emitters are placed internally in equally spaced holes or slits 

made along the line. Water applied from the close and equally spaced holes usually runs 

along the line and forms a continuous wetting pattern.  
The point source type emitters are attached external to the lateral pipe. The 

installer can select the desired location to suit the planting configuration or place them at 
equally spaced intervals. Water applied from the point source emitter usually forms a 

round deep wetting spot. This is suited for widely spaced plants in orchards, vineyards, for 
landscape trees or shrubs. and for closely spaced row crops in fields and gardens. 

 

Bubbler Irrigation 
Water from the bubbler head either runs down from the emission device or 

spreads a few inches in an umbrella pattern. The bubbler emitters dissipate water pressure 
through a variety of diaphragm materials and deflect water through small orifices. Most 

bubbler emitters are marketed as pressure compensating. The bubbler emission devices 

are equipped with single or multiple port outlets. Most bubbler heads are used where deep 
localized watering is preferable. The typical flow rate from bubbler emitters is between 2 

and 20 gph.  
 

Micro-Sprinkler Irrigation 
In this system water is sprinkled, sprayed, or misted. Micro-sprinklers are emitters 

commonly known as sprinkler or spray heads. There are several types. The emitters 

operate by throwing water through the air, usually in predetermined patterns. Depending 
on the water throw patterns, the micro sprinklers are referred to as 1) mini-sprays, 2) 

micro sprays, 3) jets, or spinners.  
The sprinkler heads are external emitters individually connected to the lateral pipe. 

Which is very small (1/8 inch to 1/4 inch) diameter tubing. The sprinkler heads can be 

mounted on a support stake or connected to the supply pipe. The flow rates of micro-
sprinkler emitters vary from 3 gph to 30 gph depending on the orifice size and line 

pressure. 
 

                       
                   Drip irrigation                           Bubbler irrigation 
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Different Micro-Sprinkler Irrigation System  
 

Advantages of Micro-Irrigation 
 

1) Water Savings - Conveyance loss is minimal. Evaporation, runoff and deep percolation 
are reduced as compared to other traditional irrigation systems.  

2) Energy Savings - A smaller power unit is required compared to sprinkler irrigation 

systems. 
3) Weed and Disease Reduction - Because of limited wetted area from non-spray type 

of micro-irrigation, weed growth is inhibited and disease incidences reduced. 
4) Can be Automated - Fertilizers and chemicals can be applied with water through the 

irrigation system. Micro-irrigation systems can be automated which reduces labour 

requirements. 
5) Improved Production on Marginal Land. On hilly terrain, micro-irrigation systems 

can operate with no runoff and without interference from the wind. The fields need not be 
levelled. Pumps and power unit  

 
Micro Irrigation in Greenhouse and Nursery 

Plants under environmentally controlled conditions found in greenhouse and 

nursery systems generally require more water for growth. The widely used non soil mixes 
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quickly drain and require frequent watering. Manual watering is time consuming and may 

not be practical for large operations.  
 

Fertigation  
Application of fertilizer along with water is known as fertigation. Proper scheduling 

must be planned as to provide nutrients at a time when required by plants. Fertigation 

requirement water-soluble fertilizer All chemicals applied through irrigation system must 
avoid corrosion, softening of plastic pipe and tubing, or clogging any component of the 

system. It must be safe for field use, must increase or at least not decrease crop yield, 
must be soluble or emulisifiable in water and it must not react adversely to salts or other 

chemicals in the irrigation water. In addition, the chemicals or fertilizers must be 
distributed uniformly throughout the field. Uniformity of distribution requires efficient 

mixing, uniform water application and knowledge of the flow characteristics of water and 

fertilizer in the distribution lines.  To avoid clogging, chemicals are applied through micro 
irrigation systems to dissolve the deposits in drip lines. The solubility of some of the 

fertilizers are given in Table 1. 
 

Table 1. Fertilizer solubilities of conventional fertilizer (at 20°C) 

 

Fertilizer Solubility (g-1) 

Potassium chloride 340 

Ammonium sulphate 750 

Urea 1,060 

Potassium sulphate 110 

Potassium nitrate 320 

Mono ammonium phosphate 370 

Magnesium sulphate 250 

 

Equipment and Methods for Fertilizer Injection 
Fertilizers can be injected into drip irrigation systems by selecting appropriate 

equipment like pumps, valves, tanks, venturies and aspirators. 

 
Fertigation Injection System  

Pumping is the most common method of injecting fertilizer into a drip irrigation 
system. Injector energy is provided from electrical motors, internal combustion engines, 

water-driven hydraulic motors and pumps, and impeller driven power units. The positive 

injection pumps include single or multiple piston, diaphram, gear, and roller pumps. In 
case of two or more different types of fertilizers multiple pump units can be used to 

avoid/reduce precipitation problems 
 

1) Pressure Differential Injection System 

The PD unit takes advantage of the system's pressure-head differences. Pressure 
differences can be developed by valves, venturi, elbows, or pipe friction. The main 

advantage of the PD applicators is the absence of moving parts. They are simple in 
operation and require no electric and gasoline, or water powered pumps. The primary 
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disadvantage of the PD units is that the rate of application is not constant and changes 

continuously with time; thus, a uniform concentration of a nutrient cannot be maintained 
 

2) Venturi Injection System 
Some Venturi injection system allows fertilizer to be added directly into the system 

form open tanks without being diluted. A portion of the irrigation water is by passed 

through a Venturi, which functions as an aspirator to pull the solution into the system. 
Because of high pressure losses, larger venturis may require booster pumps. Solution 

injection rates are regulated by flow meters and valves.  
 

Application of Fertilizers 
 

Nitrogen: Nitrogen, the plant nutrient most commonly deficient for crop production, is 

often applied through micro irrigation system. Nitrate nitrogen moves readily in soil with 
irrigation water and can be applied separately or in mixture with such compound as 

ammonium sulphate, urea, calcium ammonium nitrate and ammonium nitrate. Calcium 
nitrate can also be used when bicarbonates are low. Anhydrous ammonia, aqua ammonia 

and ammonium phosphate in most instances cause clogging problems. Nitrogen source 

selection should be based on its possible reactions with the irrigation water and the soil 
Rolston and Boradbent found that little denitrification occurred in a clay loam soil, if the 

soil tension was higher, than 10 bars.  Miller et al. indicated that nitrogen is used more 
efficiently when applied through drip in tomato. 

 
Phosphorus: Phosphorus has not generally been recommended for application in drip 

irrigation because of its tendency to cause clogging and its limited movement in soil. If, 

irrigation water is high in calcium and magnesium precipitate of insoluble calcium and 
magnesium phosphate may result from the application of inorganic phosphate.  

Rauschkolb et al. applied phosphoric acid along with short pulses of sulphuric acid to keep 
the water pH low in drip irrigation system without precipitation or clogging problems. 

Organic phosphate will not participate unless compound is being hydrolyzed to inorganic 

phosphate in the water or the water pH is high. The orthophosphoric acid lowered enough 
the pH of irrigation water to minimize clogging problems from phosphate precipitation over 

3 and 24 days of irrigation period. 
 

Potassium: Common K sources are potassium sulphate, potassium chloride and 

potassium nitrate, which are readily soluble in water. These fertilizers move freely in soil 
and some of the potassium ions are exchanged on the clay complex and are readily 

leached away. However, Urei et al. were not able to demonstrate it but there was some 
movement after the potassium ions concentrated in soil near the emitter. 

 
Micronutrients: Micronutrients such as iron, zinc, copper and manganese can be applied 

as chelates or sulphate salts in drip irrigation system. Normal plant requirements for these 

nutrients are very low and their application through drip irrigation requires careful and 
precise metering. McElhoe and Hilton found that zinc EDTA applied through drip irrigation 
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for pecan trees cost less than foliar application but leaf concentration of zinc were 

generally lower with drip than the foliar applications 
 

Advantages of Fertigation 
 

1) Uniform Application of Fertilizer: In fertigation, fertilizer is applied along with 

irrigation water, i.e. through dripper. Normally, uniformity in drip irrigation system is above 
95 per cent and thus fertilizer application also achieves higher uniformity.   

2) Placement in Root Zone: Fertigation provides the opportunity to apply fertilizers/ 
chemicals in the root zone only as it is possible to have a control through drip irrigation 

system.  
3) Quick and Convenient Method: The fertigation is quick and convenient as it 

provides management of time and quality at control unit of drip irrigation. 

4) Saves fertilizer: The nutrients supplied through fertigation increases their availability, 
limit the wastage of their being leached out below rooting depth and consequently improve 

fertilizer-use efficiency. 
5) Frequent Application is Possible: Fertigation provides an opportunity to apply 

fertilizer more frequently than conventional methods. However, a mechanical spreader is 

costly, causes soil compaction, may damage the growing crop and always not accurate. 
6) Micronutrients Application along with NPK : Fertigation provides an opportunity 

to mix the required micronutrients along with conventional NPK and can be applied to 
soil/plant systems. 

7) Save Groundwater Pollution: The excessive use of fertilizer through conventional 
methods lead to the leaching of fertilizer material beyond the root zone depth. At a 

number of locations it has been observed that it pollutes the groundwater of the area.  

The fertigation provides an opportunity to prevent these environmental hazards. 
 

Hi-Tech Plant Propagation 
 

(A) Soilless Media: Use soilless media is used in Hi-tech nursery instead of soil base 

media due to following reasons. Soil base media have Contamination of pathogen, weed 
seed and Variable composition, CEC and Porosity and it is not easily sterilized 

 
Function of Media 

Media Provide Anchor, moisture, Permit air exchange, Provide nutrients 

 
Properties: 

Density, Porosity, Aeration, CEC are the properties of media  
 

Characteristics of Ideal Media: 
The media must be sufficiently firm to provide anchorage to seed or cuttings 

It should be decomposed material with high C/N ratio.  

It volumes must be fairly constant when either wet or dry. 
It should have better water holding capacity (45-65 %). 

It should be porous (Porosity 55-85 %) to drain excess water. 
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It should be free from weed seeds and harmful pathogens. 

It should be readily available, reusable and cheper  
Ideal media should have air space 10-30 %  

 
Components of Soilless Media 

 

A) Organic  
 

a-1) Peat Moss 
Peat consists of the remains of aquatic, marsh, bog or swamp vegetation which 

has been preserved under water in a partially decomposed state. There are three types of 
peat as classified by U.S.Bureau of mines moss peat, reed sedge and peat humus. Moss 

peat usually referred to in the market as peat moss and is derived from sphagnum or other 

mosses. It varies in color from light tan to dark brown. It has a high moisture holding 
capacity 15 times its dry weight, has a high acidity PH 3.2-4.5 and contains a small amount 

of nitrogen about 1 per cent but little or no phosphorous or potassium. Reed Sedge peat 
consists of the remains of grasses, reeds, sedges and other swamp plants e.g. Florida 

Peat. color, ranging from reddish brown to almost black. Peat humus is originate from 

either hypnum moss or reed sedge peat. It is dark brown to black in color with a low 
moisture-holding capacity but with 2.0 to 3.5 per cent nitrogen. 

 
a-2) Sphagnum Peat Moss 

Commercial sphagnum moss peat or sphagnum peat is the dehydrated young 
residue or living portion of acid-bog plants in the genus Sphagnum such as S. capillaceum 

and S. palustre. its high cost limits it commercial use. It is relatively pathogen free, light in 

weight, and has a very high water holding capacity, being able to absorb 10-20 times its 
weight of water. It contains small amounts of minerals, but plants grown in it for any 

length of time require added nutrients. Sphagnum moss has PH of 3.5-4.0. It may contain 
specific fungistatic substances, including damping off of seedling. 

 

a-3) Pine Bark – Soft Bark 
Pine bark is usually stripped from the trees, milled and then screened into various 

sizes. Composting bark involves moistening the bark, adding 1 to 2 pounds N/yd
3 

from 
either calcium nitrate or ammonium nitrate, forming a pile and then turning the pile every 

2 to 4 weeks to ensure proper aeration. Composting bark typically takes 5 to 7 weeks. 
Aging is a cheaper process, but aged bark has less humus and a greater nitrogen draw-

down in the container than composted bark.  

 
a-4) Composted Hard Wood Bark 

The pH of fresh hardwood bark is usually less acid (pH 5 to 5.5) than peat moss or 
pine bark. Composted bark may be rather alkaline (pH = 7 to 8.5). Hardwood bark 

typically contains toxic compounds and, for this reason, should be composted before use. 
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a-5) Sawdust 

These materials are by products of timber mils. They can be very well used in soil 
mixture. Nitrogen is added in sufficient amount by decomposition of saw dust. in general, 

sawdust or wood products are not recommended for a container media. The carbon to 
nitrogen ratio is extremely high, requiring adequate amounts of nitrogen and composting 

to avoid negative effects on plant growth. 

 
a-6) Coconut Coir 

The raw material, which looks like sphagnum peat but is more granular, is derived 
from the husk of the coconut fruit. The typical pH range for coir is 5.5 to 6.8, and the 

average dry bulk density is 4 lbs/ft
3
.It contains significant amounts of phosphorus (6 to 60 

ppm) and potassium (170 to 600 ppm) and can hold up to nine times its weight in water. 

Since coir contains more lignin and less cellulose than peat, it is more resistant to microbial 
breakdown and, therefore, may shrink less. Coir is easier to re-wet after drying than peat 

moss. 

 
B) Inorganic component 

 
b-1) Perlite 

Perlite, a gray-white silicaceous material, is of volcanic origin, mined from lava 

flows. Perlit holds three to four times it weight of water. It is essentially neutral with a ph 
of 6.0 to 8.0 but with no buffering capacity. It has no cation exchange capacity and 

contains no mineral nutrients. Leached out by watering heavily. It is most useful in 
increasing aeration in mix. Perlite in combination with peat moss, is a very popular rooting 

medium for cuttings. 
 

b-2) Vermiculite 

Vermiculite is a micaceous mineral that expands markedly when heated. 
Chemically, it is a hydrated magnesium aluminum- iron silicate. When expended, 

Vermiculite is very light in weight (90-150 kg per cubic meter) neutral in reaction with 
good buffering properties, and insoluble in water. It is able to absorb large quantities of 

water 40-54 liters per cubic meter. Vermiculite has a relatively high cation exchange 

capacity and thus can hold nutrients in reserve for late release it contains magnesium and 
potassium, but supplementary amounts are needed from other fertilizer sources. 

Horticultural vermiculite is graded to four sizes No 1 has particles from 5-8 mm diameter; 
No 2, the regular horticultural grade from 2-3 mm; No 3 from 1-2 mm; No 4 which is most 

useful as a seed germinating medium from 0.75 to 1 mm.  

 
b-3) Sand 

Sand consists of small rock particles, 0.05 to 2.0 mm in diameter, formed as the 
result of the weathering of various rocks, its mineral composition depending upon the type 

of rock. Quartz sand, consisting chiefly of silica complex, is generally used to propagation 
purposes. Sand is the heaviest of rooting media used, a cubic foot of dry sand weighting 

about 45 kg (100lb). Sand contains virtually no mineral nutrients and has no buffering 
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capacity, or cation exchange capacity (CEC). It is used mostly in combination with organic 

materials.  
 

b-4) Rock Wool (Mineral Wool) 
This material is prepared from various rock sources , such as basalt rock, melted at 

a temperature of about 1600 ̊c, then, as it cools, is spun into fibers, and pressed into 

blocks with a binder added. Horticultural rock wool is available in several forms Shredded, 
prills (pellets), Slabs, blocks, cubes or combined with peat moss as a mixture. Rockwool 

will hold a considerable amount of water, yet retains good oxygen levels. 
 

(B) Soil sterilization 
 

Steam Pasteurization  

Expose steam (212° F) for 30 to 45 minutes. All sections reach at least 180° F. 
involves blowing a mixture of steam and air through the media. Aerated steam (140° to 

175° F)  
 

Chemical Fumigation 

Chemicals methyl bromide and vapam are used commonly for fumigation  
 

Solarization  
 

Soil and bed condition-Loose and friable soil with no large clods or other debris on the 
soil surface 

 

Plastic Tarp-Clear, UV-stabilized plastic tarp of 0.5 to 4 mils thick. The tarp material 
stretch across the soil surface. Using two layers of thin plastic sheeting separated by a thin 

insulating layer of air increases soil temperatures and the overall effectiveness of a 
Solarization treatment. The edges of the sheets must be buried to a depth of 5 or 6 inches 

in the soil to prevent blowing or tearing of the tarp by the wind. 

 
Timing-Long, hot, sunny days are needed to reach the soil temperatures required to kill 

soil borne pests and weed seed. The longer the soil is heated, the better and deeper the 
control of all soil pests and weeds will be. 2-week trapping period proved only moderately 

effective 

 
(C) Micropropagation for Production of Disease-Free Planting Material  

Micro propagation plays a significant role in production of virus-free plants of 
horticultural crops. Most of the horticultural crops are multiplied asexually and therefore 

once the plant is infected with viruses, the disease is transmitted from one vegetative 
generation to other. Many methods are being used to recover virus-free plants, viz. 

meristem tip culture, nucellar embryogenesis, micro grafting and even chemo and 

thermotherapy. 
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a) Method’s of Micro Propagation for Production of Disease Free Planting 

Material 
 

1) Meristem Tip Culture 
The Meristem is a dome of about 0.1 mm in diameter and 0.25 mm long and 

protected by developing leaves and scales. The defoliated stem segments are first surface 

sterilized using good sterilant, e.g. ethanol, sodium hypochlorite. The Meristem dome is 
then dissected under a microscope inside laminar airflow. The exposed meristem tip, which 

appears as shiny dome, is then severed with the blade and transferred to liquid or solid 
medium. Murashige and Skoog is most commonly used medium for meristem culture of 

important horticultural crops due to high concentrations of potassium and ammonium ions 
and meso-inositol. The pH of the media may be a limiting factor for growth of meristem. 

The pH should range between 5.5 and 5.8. The technique of Meristem culture has 

successfully been used to obtain virus-free plants of a number of horticultural crops.  
 

2) Nucellar Embryogenesis 
Nucellar embryogenesis is another technique for mass production of virus-free 

plantlets in crops like citrus and mango, which are highly polyembryonic in nature. In 

citrus embryos arise from nucellus or integument adventively which is taken advantage for 
producing true-to-type plants. In citrus there are some species, which are highly 

polyembryonic and certain species are monoembryonic.  It was found that nucellus taken 
from fertilized ovules of all monoembryonic cultivars would not develop. Pollination and 

fertilization are essential for the induction of nucellar embryogenesis even though there 
are reports of success in induction of embryogenesis using unfertilized ovules. Nucellar 

embryoids were formed only in polyembryonic Trovita ovule in culture. About 8-10 weeks 

old ovule of Citrus reticulata have been found as best explant for initiating nucellar 
embryogenesis under in-vitro condition. MS medium fortified with malt extract and/or 

paclobutrazol was found to be best for induction of nucellar embryogenesis in citrus. The 
inorganic salts such as ammonium nitrate, calcium chloride, potassium phosphate and 

potassium iodide showed significant association with embryogenesis 

 
3) Thermotherapy 

Thermotherapy is especially useful in treating viral and mycoplasmal infection in 
fruit trees. This has been found to be extremely useful in case of fruit trees where 

meristem culture is difficult. The technique involves exposer of a branch to constant or 

alternating temperature of 37-38 ºC for 20-40 days. The potential virus-free bud is then 
excised and grafted on virus-free rootstock. Thermotherapy along with meristem culture is 

being practised in strawberry at commercial scale. The exact mechanism of virus-free plant 
production through thermotherapy is not known. However, it has been postulated that 

heat inactivates the virus present in the system, blocks the viral RNA synthesis and 
reduces translocation of viruses.  

 

4) Micro Grafting or In-Vitro STG 
Micro grafting or in vitro shoot tip grafting is being utilized to eradicate viruses 

from important woody perennial fruit trees. For the first time it was attempted in citrus. 
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Navarro et al. modified the technique in citrus. Citrus graft transmible diseases produced 

by virus, viroids, bacteria, spiroplasm and phytoplasm produce economic losses in most 
citrus growing areas. They causes declining loss of vigoour and short commercial life of 

trees, low yeilds and poor fruit quality, thus they are the potential to become primary 
limiting factor for production.The procedure used in the past include Nucellar embryony, 

Thermotherpy which are not useful due to some of their diadvatages in this situation, a 

method to recover citrus plants tree of all graft transimisible pathogen and without juvenile 
characters was required to  produce healthy trees for commerial plantings. 

The technique named shoot tip grafting In Vitro was developed by Navarro et al 
(1975)that allow a 30-50 per cent incidence of successful graft that were transplanted to 

soil with over 95 peer cent survival. The resulting plant did not have juvinile characters 
and most of them were free of graft transmible pathogen  

 

Techniques for Shoot Tip Grafting In Vitro It Includes the Following Steps 
  

1) Root Stock Preparation 
Seedling recovered by seed germination in Vitro are used as rootstock 

seeds are peeled, removing both seed coats, surface sterlized and sown in 25 × 

150 mm culture tube containing 25 ml of the plant cell culture salt solution of 
Murashig and Skoog (1962). Solidified with 1 per cent Bacto agar cultures are 

incubated at 27 ˚ C in continuous darkness for 2 week. The heighest rate of 
succeful grafts was obtained with 2 week old seedlings. Stem height 3-5 cm tall 

with diameter of 1.6 to 1.8 mm at the grafting. Troyer citrange is the most 
commonly used rootstock for STG. However fallowing rootstocks have been 

succesfully used for In- vitro STG, Rough lemong, sweet orange, soure orange, 

Rangpure lime and cleopatra mandarin.the rootstock seedling is recommended for 
the test tube under asceptic conditions and it is decapitated, leaving about 1.5 cm 

of the epicotyl. The root is cut to a length of 4-6 cm and the cotyledons and 
axillary buds removed.  

2) Scion Preparation 

Shoot tips can be excised from growing vegetative flushes of field or 
greenhouse plants or from budwood cultured in vitro also can be excised from 

dormant buds field trees have the disadvantage of the seasonal flushing and the 
lower rate of elimination of some pathogens. Greenhouse plants have the 

advantage that flushes can be induced when necessary and they can be subjected 

to warm pretreatment to improve the efficiency of elimination of pathogen. 
Budwood cultured in vitro at constant 32˚c and exposed 16 hr daily to 80 µm /m2s 

illummnation in culture medium Murashige and skoog an excellent source of shoot 
tip for STG 

3) Grafting  
Flushes 3 cm long or shorter are collected, stripped of larger leaves, cut to 

about 1 cm long and surface sterlized by 0.25 per cent sodium hypo chloride 

solution. Shoot tip composed of the apical meristem and tree leaf primordia and 
measuring 0.1 -0.2 mm in length are then excised with a razor blade. The shoot 

tip is placed inside the incision of the rootstock with its cut surface in control with 
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the exposed by the horizontal cut of the incision made at the top of the 

decapitated epicotyle size of the leaf primordium varies from 0.1 -0.2 mm gives a 
realistic degree of grafting success with highest possible number.  

4) Culture In-Vitro of Grafting Plants 
Micro grafted plants are cultured in a liquid nutrient medium composed of 

the plant cell culture salt solution of Murashige and Skoog / modified whites is 

distributed in to 25 × 150 mm test tube in 25 ml aliquotes. A folded paper 
platform, perforated at its center for insertation of the root portion of the rootstock 

is placed in the nutrient solution. These cultures are kept at constant 27 ˚C and 
exposed 16 hr daily to 40 – 50 µE/M2S illumination five days after grafting the 

callus was completely developed at graft union, Imitation of vascular 
differentiation was observed seven days after grafting. There was complete 

vascular connection 11 days after grafting 4-6 week after grafting the successful 

grafts are ready and they can be transmitted to soil. 
5) Transplanting to Soil 

Scion of successful grafts should have at least two expanded leaves before 
being transplanted to soil. This stage usually reached 4-6 week after grafting . 

 

Application of In-Vitro STG  
1) Control of graft transmissible pathogen. 

2) Sanitation programmes. 
3) Quarantine procedures. 

4) Regeneration of somatic hybrids. 
5) Regeneration of plants from irradiation shoots. 

6) Regeneration of haploid plants. 

7) Production of stable tetraploid plant of monoembryonic genotype. 
8) Regeneration of plants from somaclonal variation experiments of adult 

material. 
9) Regeneration of transgenic plants.  

10) The technique for micro grafting has also been developed in peaches, plum, 

cherries, apricot, grape, apple, mandarin orange, cashew, tea etc.  
 

Automation In Hi-Tech Horticulture  
 

a) Nursery Mechanization 

The necessary root media can be pulverized, mixed, pasteurized and filled in pots 
or trays but required equipment for the purpose needs development. The root media can 

be mixed in batches by modifying the concrete mixer. The pasteurization can be done by 
applying steam to rooting media by maintaining the media at 60-82oC for required 

duration. Portable steam generator should be used to generate steam and aerated steam 
may be passed through perforated pipes buried below the media beds. The potting media 

may be filled in seedling trays/pots for transplanting, using screw augur. The seeds can be 

sown using planters. A frequency domain sensor with 4 cm long electrodes was calibrated 
for measurement of volumetric water content and EC for use in growing media for 

horticultural crops. 
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Automatic pot filling machine fill up, fertilized 

and potted exactly 4800 pots per day at 
South Gippsland Victoria 

 

  
Grafting machines 

 

 b) Sowing and Transplanting 
Pricking out and replacing seedlings in trays is expensive in terms of experienced 

manpower. The development of automation in horticulture is briefly considered and a 
computer controlled machine for the automatic planting of seedlings in boxes was 

developed by Trentini. It lifts the seedlings with a plug of soil from the trays and 
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transplants them at the required spacing.  It can transplant 2,000 seedlings in a hectare 

with a single grip, and 5,800 when the actuator is fitted with 3 grippers. A worker 
manually picking and transplanting seedlings can handle 900-1,200 plants over an 8 hour 

shift. The transplanting of nursery in field is labour intensive.  The raising of seedlings in 
block and transplanting increase the accuracy and efficiency of transplanting.  

 

c) Soil Moisture Measurement 
The continuous and precise measurement of soil water content is often a key for 

the interpretation of results measured in field and greenhouse experiments.  This is 
especially true for studies on water consumption by plants and its role in the scheduling of 

irrigation. Several moisture-measuring devices are available including resistance block, 
tensio-meter and neutron moisture probe. A sensor which continuously monitors leaf 

thickness in field with an accuracy was developed and field tested over a period of six 

growing seasons. The suitability of three different electrical components was investigated 
as transducers of linear changes in leaf thickness to a measurable electrical signal. 

Concurrent research demonstrated that there is a linear and significant correlation 
between leaf thickness and leaf turgor potential (R2 > 0.9), which in turn has been shown 

to be an accurate and sensitive measure of plant-water status as it affects plant 

metabolism 
 

d) Irrigation 
The increase in understanding of soil-plant relationship has given rise to the 

concept that the best use of available water resources and optimum plant performance can 
be realized by prevention of moisture stress. Information on soil water potential to be used 

to automatically control the operation of a micro irrigation system. Granular matrix sensors 

may be used to provide soil-water potential data. A data-logger to be programmed to 
maintain soil water potential at constant level by high frequency irrigations (up to 8 

times/day) using controllers connected to solenoid valves. Soil-water potential 
measurements would provide the feedback necessary to automatically schedule high 

frequency drip irrigation. The feedback allows the maintenance of nearly constant soil 

water potential in root zone. Maintenance of constant soil-water potential in root zone 
could result in optimum crop growth with a low leaching potential. Over and above these, 

appreciable amounts of useful irrigation water could be lost due to percolation beyond the 
root zone. Automated irrigation equipment certainly appears to be a valid concept, given 

our shrinking water resources and the surface and groundwater pollution problems that 

could occur with excess water application. Farmers need to apply water only when it is 
needed and in the required amount. The concept of applying irrigation water at various 

rates in pockets of the field would further improve water-use efficiencies. Low lying areas 
usually do not require as much water as hilltops but our present technology applies water 

uniformly which need to be made site-specific Use of different sensors to collect data on 
soil parameters, weather, crop and fertilizer concentrations to assist in automation of micro 

irrigation system was advocated by Ehlert et al. An algorithm for preparing fertilizer 

solutions based on soil characteristics was suggested by Savvas and Adamidis. Benami and 
Offen (3) suggested some basics for possibility of different levels of automation of 

sprinkler irrigation. Micro irrigation systems have potential to register very high irrigation 
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efficiency up to 97 per cent. To achieve this precision control and automated operation 

through use of computers are required. Further emphasis will be to increase the 
production by accurate application of nutrients and irrigation water according to 

physiological growth of crop and prevailing agro climatic conditions. The know-how of 
production, operation and maintenance of automated micro irrigation systems is almost nil 

in India. This technology packages are bought at exorbitant costs from countries such as 

Israel and United States. In all such instances, the technical know-how is not revealed to 
Indian users. Therefore, efforts need to be made to develop indigenous automated micro 

irrigation system to supply the irrigation and nutrients on the basis of soil moisture 
distribution and level of nutrients concentration in plant root zone on real time basis. 

 
e) Fertilizer Application 

The technology for application of fertilizer is reasonably well-developed, at least 

from a hardware and software viewpoint. Perhaps the main missing link, at this time, is to 
develop the process for making a fertilizer recommendation based on each soil and crop 

type. Application of fertilizers through drip irrigation requires special fertilizer applicators so 
as to maintain specific concentration and application rates with respect to irrigation water 

and crop needs. Though venturi of ¾ inch size and fertilizer tanks are available in the 

country but there is a strong need to have more precise fertigation pumps for efficiently 
applying the fertilizers along with irrigation water. Appropriate concentration of nutrients 

may be mentioned in the root zone soil by way of application of required amount of 
nutrients through irrigation water.  

 
f) Insect Pest Management 

Mostly spraying is being done by manual sprayers. These operations is labour 

intensive and can be mechanized by using power operated sprayers. The detection and 
identification of insect pests is often carried out manually using trapping methods. 

However, recent advances in signal processing and computer technology have introduced 
the possibility of automatic identification species by several means including image analysis 

and acoustics. Insects can generate sound either deliberately as a means of 

communication or as a byproduct of eating, flight or other movement, which may be 
employed for detection and identification. Scientists at Hull University, Hull, UK, are 

investigating techniques for automatically identifying Orthoptera (grasshoppers and 
crickets) with time domain signal processing and artificial neural networks. Twenty-five 

species of British Orthoptera have been selected as a test set.  The preliminary results 

indicate very high classification rate approaching 100 with extremely low misclassification 
rates. The technique is widely applicable to many insect pests and other phyla such as 

birds. The electronic probe insect counter (EGPIC) system was developed to provide 
automated real-time monitoring of insects. Insect counts from an array of electronic grain 

probes distributed throughout a storage volume are transmitted to a central computer for 
display and temporal analysis. Thus, by providing early detection of emerging infestations, 

EGPIC system can allow managers to initiate targeted control measures on need basis but 

before substantial losses occur. 
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Economics of Hi-Tech Nursery 
 

Economic Estimation for Preparation Of 10,000 Santra Bud Grafts 
 

Sr.No  Input items Cost 

Required 
(Rs) 

1. Cost of Jamberi / Rangapur lime fruits  700.00 

2. Extraction of seed  150 

3. Raising of rootstock  

3a. 40-50 raised beds preparation cost 80 baskets F.Y.M. 

application and mixing 5 male @ Rs 22  

125 

80 

3b. Sowing of seeds and immediate hand watering (5 
female) @ Rs 25  125 

3c. Hand watering twice a day till germination upto 30 
days( 30 female)  

750 

3d. Weeding till transplanting and simultaneous soil stirring 

20 female  
500 

3e. 32 irrigation from November to June 32  male @ Rs 25 

each 
800 

4. Transplanting and after care  

4a. Preparation of nursery beds including land preparation, 
layout, addition of F.Y.M.20 male laborers   

500 

4b. Transplanting, Marketing, Holding, Pressing – 50 

laborers  
1250 

4c. Weeding 15 times @ 10 female per weeding. 10 times 

removal of sides shoots 10 female each time. Total 250 
female 

6750 

4d.  Irrigation from October to June, repairing beds, 

spraying, etc, one male throughout.  
6750 

5 Budding   

5a.  Budding charges for 20,000  1500 

5b. cost of Rs. 75 per @ 1000 polythene paper for tying  200 

5c. Bud stick charges 1000 

6 Other inputs  

6a. Cost of F.Y.M. for nursery beds  1000 

6b. Fertilizer, Urea, Insecticides 1500 

6c. Labour charges for spraying pesticides E 250 

6d. Electricity charges 800 

7. Lifting of grafts, packing, etc for sale from time to time 

@ Rs 20 for 100 grafts  
2000 

8. Uncovered items such as depreciation on machinery, 
tools, transport, taxes, etc. @ 10 of the expenditure. 

2650 

 Total expenditure 29,150 
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Unit cost for construction of low cost polyhouse (100' x 15' x 10') 

  
The design and cost estimation details of construction of a poly house covering an area of 

1500 Sq.ft (140 Sq.m) is given below. 
 

S. 
No. 

 

Material Physica 
l requirement 

 

Area(sq.m)/ 

length(m) 
/number/ 

volume(m3) 
 

Rate per 
sq.m or m 

or cubic m 

Cost (Rs.) 

1. Roof, front and back 312 Sq.m 35 10,920 

2. Agro-shade net for sides  130 Sq.m 25 3,250 

3 Bamboo  120 posts 50 6,000 

4  Rope  25 m 65 1,625 

5  Land levelling  240 m3 21 5,040 

6  Labour  40 man days 62 2,480 

7  Cost of making beds 
(bricks, sand and 

cement)    

 lumpsum 1,000 

8  Door with fittings       506 

9  

 

Foundation 

A.Earth work for 40 

posts 
B. Cement Concrete, 

1:3:6  

 

3.8 m3 
 

3.8 m3 

 

 

62.00 
 

1550.00 

 

 

236.00 
 

5890.00 

 

10  Storage tank  (1000 Lt 

Capacity) 
2.2 per ltr. 2,200 

11  Siphon tube  70' 1  

 Total   39,217 

  

Proposals of Government Departments / Public Undertaking / Universities in 
India for Hi-tech Nursery establishment 

 

Sr. 
No 

State Organization 

No of Hi-tech 

nursery 

Recommended 

Total Cost 

1. Mizoram FDA Aizawal 

FDA Lunglei, Mizoram  
Two 20,00,000 

3. Haryana Pinjore Research 
Nursery, Pinjore Forest 

Research Complex, 

Panchkula. 

One 10,00,000 

4. Haryana FDA Kaithal, Haryana. 

 

One 

 
10,00,000 
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5. Haryana FDA, Bhiwani, Haryana 
One 10,00,000 

6(a). Madhya Pradesh Conservator of Forest, 

R & E Circle,Gwalior( 

FDA Gwalior) 
One 10,00,000 

6(b). Madhya Pradesh Conservator of Forest, 

R & E 
Circle,Khandwa(FDA 

Khargone) 

One 
 

9,98,000 

6(c). Madhya Pradesh Conservator of Forest, 
R & E Circle,Bhopal 

(FDA Sehore) 

One 

 
10,00,000 

6(d). Madhya Pradesh Conservator of Forest, 
R & E 

Circle,Khandwa(FDA 
Khandwa) 

One 

 
10,00,000 

6(e). Madhya Pradesh Conservator of Forest, 

R & E Circle, 
Jhabua(FDA Dhar) 

One 

 
10,00,000 

6(f). Madhya Pradesh Conservator of Forest, 
R & E Circle, Betul 

(FDA Hoshangabad) 

One 
 

10,00,000 

6(g). Madhya Pradesh Conservator of Forest, 
R & E Circle, 

Ratlam(FDA Ujjain) 

One 

 
10,00,000 

6(h). Madhya Pradesh Conservator of Forest, 
R & E Circle, Sagar 

(FDA Panna) 

One 

 
10,00,000 

6(i). Madhya Pradesh Conservator of Forest, 
R & E Circle, 

Jabalpur(FDA Mandla 
East) 

One 

 
10,00,000 

6(j). Madhya Pradesh Conservator of Forest, 

R & E Circle, Gwalior 
(FDA Sheopur) 

One 
 

10,00,000 

6(k). Madhya Pradesh Conservator of Forest, 

R & E Circle, Jhabua 
(FDA Jhabua) 

One 

 
10,00,000 

6. Uttaranchal Ghadiwali, Shyampur 

Range, FDA Haridwar.  
One 10,00,000 
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Conclusion 

 
 Improving the availability of healthy planting material of improve or recommended 

verities supported by a network of regional nurseries equipped with distribution out fits 

will help in scientific development of horticulture. 
 The infusion of latest technology has become essential for increased productivity. 

 Unless uniform planting material of desired type is available, increased productivity 

levels cannot be achieved hence adoption of frontier technologies like Hi- tech nursery 

for raising plantlets has to be encouraged .  
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5 
A REVIEW ON HIGH DENSITY PLANTING IN FRUIT CROPS# 

Prashant Joshi* 
_____________________________________________________________ 

 

Abstract 
 

          In the Horticulture sector, fruits find a prominent position on account of their 
demand from all sections of society. India ranks 2nd in fruit with production of 61.8 million 

metric tonnes, accounting for about 10.3% of the total world fruit production. However the 
productivity of major fruit per hector (11.9 tones/ha) is far below compared to world 

average (25 tonnes/ha) . India is the largest producer of Mango, Banana, Grape and Litchi. 

However, the bulk of production is consumed domestically. Of the total global exports for 
fruits, India’s share is only 0.3%. Fruits account for about 11% of the total horticultural 

export from country.Grape and mango together constitute 60% of India’s exports of fresh 
fruits. Among fresh fruits citrus, banana, apple, grape, papaya and papaya are exported in 

maximum magnitude. Among the various biotic and a biotic factors responsible for low 

yield and quality is lack of knowledge about canopy management. Land is limiting factor in 
the production of fruits crop,so there is only solution is accommodation of maximum plant 

per unit area without compromising the quality of fruit crop is modern way of cultivation 
by maximum utilization of resources. 

 

Key Words: HDP,Fruit crops,biotic,a biotic,Land 
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Introduction  

        
t is the improved production technology to achieve the objective of enhanced 

productivity of Indian fruit industry. It is one of the most efficient method of hastening 
productivity per unit area of land. In fruit crops which are perennial in nature,HDP is 

more useful as it helps in efficient utilization of land and other resources,better canopy 

management, farm mechanization,convient spray of pesticides,harvesting high yield of 
improved quality and consequently in getting higher net return. 

 
Aim to Achieve Twin Requisites of Productivity 

 
1. Maintain the balance between vegetative and reproductive load without impairing the 

plant health. 

2. Is one of the most effective measures to increase productivity per unit area. 
3. Efficient method of orchard system 

3. Precocious, easily manageable, high yield potential with higher returns per unit area. 
4. More efficient way of harvesting radiant energy. 

  

History 
           HDP orchards first planted in Europe at the end of 1960s in undertaking apple 

plantation following the use of dwarfing rootstocks Besides Europe,HDP is in commercial 
practice to grow temperate fruit crops in Australia,America,Japan,New Zealand and in 

Israel.In India ,good success has been reported in HDP in fruit crops like 
apple,peach,pear,plum,sweet cherry,banana,papaya,guava,mango,citrus and pineapple 

and two-three times more yield has been realized. 

 However in plantation crops,like coconut and arecanut the concept of HDP is 
realized by opting to multi-crop species cropping system. Such type of cropping system 

favours accomodation of more number of plants, through of different crop species, per 
unit area of land. 

 

Definition 
               High Density Planting is the planting of small trees densly, controlling growth by 

pruning, chemicals, dwarfing rootstocks, harvesting by machines. 
 

Need of HDP 

India ranks 2nd in fruit with an production of 61.8 million metric tonnes ,accounting 
for about 10.3% of the total world fruit production. However the productivity of major fruit 

per hector(11.9 tonnes/ha) is far belown compared to world average (25 
tonnes/ha).Among the various biotic and abiotic factors responsible for low yield and 

quality is lack of knowledge about canopy management. Due to increase in population and 
limited land availability is has become necessary to increase our production target and it 

can be achieved through high density planting. 

       The underlying principle of HDP is to make the best use of Verticals and horizontal 
space per unit time and harness maximum possible return per unit of input and national 

I 
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resources. HDP offers high productivity per unit area both in short duration as well as 

perennial fruit crops. 
 

Techniques of Planting 
 

The system of fruit growing classified on the basis of density or intensity of planting as - 

 
Medium high density Planting (MHDP) 

Optimum     high density Planting (OHDP) 
Ultra high density Planting (UHDP)                 

               
Classification of these systems again made based on the shape, size and form of such 

trees as   

1. Bush 
2. Tatura trellis 

3. Pyramid 
4. Cordon 

5. Curtain 

6. Hedge row  
7. Meadow orchard 

 
Planting Intensities 

 In HDP, planting intensity is maintained many times higher than normal planting. 
Accordingly, it is named differently, as: 

 

 Semi-intensive    : 500 - 1,000 trees/ha 
 Intensive    : 1,000 - 10,000 trees/ha 

 Super-intensive/meadow orcharding : 20,000 - 1, 00,000 trees/h 
 

1) Medium High Density Planting 

 
1. Bush Orchard  

This is  semi-intensive or medium HDP system of fruit growing with planting 
Density 500-1500 trees/ha( as against 120-177trees/ha).In which  trees resemble a 

bush.Either a dwarf cultivar or dwarfing rootstock used to control tree height. Modified 

central leader or any other training system used. 
 

Advantages: 
1)   Low cost of orchard establishment 

2)   Useful where land availability is not limiting factor 
3)   Useful for cultivar not suitable for intensive system 

 

Disadvantages: 
1)  Take long time (4-5) year for Substantial return 

2)  Pruning, hand thining, and harvesting operation are more intensive 
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2) Optimum High Density Planting 

 
i) Intensive System: In this system plant population will be 1,500-10,000 trees/ha 

According to different shape, size, form different systems under this are  
 

a) Tatura Trellis: System was developed in Irrigation Research Institute, Tatura, 

Australia in 1973. Rows of ‘V’ shaped  running north-south. The main framework consists 
of Y – shaped leaders which are tied with the wires. Each tree has only two limbs grow 

east-west at angle <600.  Trials conducted with this system have shown early and high 
yield. 

 
b) Pyramid System: Fruit trees planted at densities upto 3000 trees/ha.Trees trained to 

central leader pyramid having height and maximum spread measurement of 4m. Benifial 

on less fertile soil. Suitable for trees that require no support and summer pruning. 
 

c) Cordon System: Firstly used in France for Peach by Du Brenil in 19th century using 
seedling as rootstock. Most common planting distance is 4x1 m (2500 trees/ha). Trees are 

4-5 m in height at an age of 5th .First two years of orchard life are important to remove the 

basal lateral which have tendency to become too strong and to leave the main vertical 
shoot, thus realizing the cordon shape. Fruit production begins in 2nd year and in 4th to 5th 

year achieved full bearing. 
 

d) Curtain System: System based on mechanization of harvesting and pruning 
developed in Hangary for Apple. Maximum height of tree is 3.2. The mechanization of 

Apple harvesting needed a tree with flexible yield holding twigs and as few as possible 

rigid skeleton. The skeleton of curtain system is a central leader with 1 or 2 pairs of 
horizontal scaffolds,180-220cm long in a tree density of 3000 trees /ha. 

The cropping twigs hang vertically to give hanging twig curtain which 
accommodate the horizontally vibrating fingers of the fruit harvester. 

Tree flexibility very important because of both fingers and fruit collecting device penetrate 

into the tree canopy. 
The Apple Curtain System with the use of Over-row harvester increases the 

efficiency in growing Apple without any loss in investment and yield. 
 

e) Hedge-row system: The hedge row (fruit wall or tree wall) most common modern 

system used in Apple Pear, and Peach production. 
 

Based on use of growth regulator combined with root competition to reduce the 
size of tree. It is designed primarily for mechanical harvesting by an Over–row harvester. 

Trees are planted  at a spacing of 30 or 50 cm apart in row 3m between row Tree density 
range 2500 to 10000 trees/ha. Tree planted in single, double, or multirow system. Tree 

supported on wire and is trained as vertical cordon grown to a height of 2m. 
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3) Ultra High Density Planting 
 

1) Meadow Orchard 

            It is super intensive system, in which fruit trees are grown at density of 20,000-
1,00,000 /ha. This system designated to produce fruits on 2 year old plants which are 

chemically disciplined and regulated to produce a simpler and smaller structural framework 
rather than the traditional well branched. Ultimately harvesting is carried out by moving 

the orchard (hence termed meadow) with some form of combine harvester, which would 

separate fruits from shoot. 
However, orchard of small trees that can be handled from the ground has 

reasonable established and very precocious in cropping, attractive for small growers, 
harvest manually. 
 

1) Mechanical system: System developed for mechanical harvesting using a combine 

harvester that separate the fruit from cut canopy. Detach stem from tree at harvest, 
leaving short stump from which re-growth would begin. 

 

2) Intensive System: Pruning is separated from harvesting by delaying it until after the 
harvest. Tree trained to two main shoots rather than one as in mechanized system. 

 

One of the two shoot is headed back to stump, allow regeneration  of new growth 

and fruit bud formation in growing season.  Other shoot not pruned, it fruits and headed 
lightly after harvest to reduce the shading on adjacent growing shoot. Hence every shoot 

fruits every 2nd year. The main problems are: 
 

1) How to obtain new vigorous annual growth from shaded lower part of tree. 

2) How to prevent shading of lower part of developing shoot by                                
remaining uncut shoot 

 
High Density Planting in Banana 
 

Most banana growing regions, solar radiation is abunduntand thus productivity 

largely depends on efficient utilization of solar radiation. For this plant density needs to be 
designed to intercept solar radiation effectively. An ideal planting density is determined by 

a complex integration of factors,viz cultivar, soil fertility, management level sand  

economic considerations(B.M.C.Reddy and H.P.Singh) 
 

Table 1. Effect of various planting densities  on yield of Basrai banana(Kg/ha) 
 

Spacing (m) Total no. of plants / ha 1977-78 1978-79 Mean yield 

1.2 x 1.2  6944 58784c 71497d 65140d 

1.3 x 1.3 5917 50890b 54994c 50942c 

1.5 x 1.5  4444 38330a 48311b 43321b 

1.7 x 1.7 3460 37598a   44036b 40817b 

1.8 x 1.8 3086 36730a 30295a 33512a 

Mean  444466a 49827b  
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             Above table revealed that the highest yield was recorded in 1.2 x 1.2 m spacing 

which kept on decreasing with increase in space with minimum in 1.8 x 1.8 spacing. Yield 
was significantly higher in 1978-79 than 1977-78.  

 
High Density Planting In Mango  

 

Mango is the most important fruit crop of India and comes next to banana, apple 
and oranges on the basis of global acreage and production. India contributes about 60% 

(9.5 million t) in the world mango production (15.7 million t). Mango contributes 40% to 
national fruit production (22.168 million t) and occupies 42% of the total fruit area (24.87 

million ha) of the country. Indian mangoes are world famous and have great potential for 
export as compared to other fruits of the country. 

 In general, recomanded planting distance is 10-12 recomanded as per tree vigour  

and variety. This makes the mango orcharding unattractive particulary on small holdings 
because of long gestation period.High density orcharding makes maximum use of land to 

achieve high yields in early period of orchard life . 
 In general, 3m tree height and 10m circumference was maintained in high density by 

dehorning and pruning of branches and shoots, whereas unpruned shoots and branches of 

normal density trees grew upto 6m height and 20m circumference in 19 years.  
 

Table 2. Effect of high density planting system on fruit quality of ‘Amrapali‘ 
mango 

 

 1997-98 1998-99 

Treatment TSS 

(%) 

Acidity 

(%) 

Total 

sugar 

Reducing 

sugar 

TSS 

(%) 

Acidity 

(%) 

Total  

sugar 

Reducing 

sugar 

Square system 22.70 0.21 13.11 4.13 21.90 0.22 13.00 4.13 

Hedge 

Row system 
22.53 0.22 14.50 4.62 22.40 0.23 14.60 4.68 

Double hedge 

row system 
22.58 0.23 14.70 4.93 22.43 0.25 14.80 4.97 

Paired planting  22.49 0.23 14.20 4.58 22.00 0.24 14.39 4.62 

Cluster 

planting  
22.10 0.20 14.17 4.43 21.95 0.21 14.20 4.49 

LSD 
P=0.05 

NS NS O.23 0.26 NS NS 0.22 0.29 

 

Above table revealed that the quality of Mango fruits in  terms of TSS ,acidity,total 
sugar content and reducing sugar were estimated during 1997-99.Fruits from narrow 

spacing showed higher values of sugar .However there was no significant effect of 

different planting systems on acidity and TSS of fruit. 
 
 
 

 



PLANTA – Vol.-1, 2020: 84 - 98 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 
 

Prashant Joshi, A Review on High Density Planting In Fruit Crops | 90  

Ultra High Density Planting in Guava  

  
Guava largely cultivated in traditional system. Under this system difficult to achieve 

desired level of production /unit area. Also need high labour input. (Mohmmed et 
al.,1984;Araujo et al.,1999;Singh et al., 2003) Large tree take several years before they 

come into bearing and increased overall cost of production. Certain important strategies 

have been identified for enhancing guava production in India in order to be competitive in 
the world market. It involves adoption of modern, innovative and high-tech methods which 

includes high density planting. 
 Tree spacing is a method used for efficient and profitable land use for efficient and 

profitable land use. Its basic function is to confine the exploration zone of the plant with 
regard to light, water, and nutrients so that highest total yield potential can be reached in 

the smallest possible area (Boswell et al.,1982;Singh.2005).Studies on high density 

planting in guava have increased and considerable data has been published(Chapman et 
al.,1979;Singh et al.,1980;Lal et al.,1996;Singh.2004) 

 
Table 3. Influence of  planting density on yield of Guava cv. Allahabad Safeda 

 

Planting 
distance(m) 

Rainy season Winter season 

Total yield 

(Rainy and 

Winter season) 

 Yield 
kg/tree 

Yield/unit 
Area(kg) 

Yield 
kg/tree 

Yield/unit 
Area(kg) 

Yield 
kg/tree 

Yield/unit 
Area(kg) 

3 x1.5 

(2222 tree/ ha) 20.6 4.57 12.00 2.66 32.6 7.24 

3 x 3 (1111 tree 

/ha) 
24.1 2.67 16.9 1.87 41.0 4.55 

3 x 6 (555tree 
/ha) 56.00 3.10 23.5 1.30 79.5 4.41 

6 x 6(277 
tree/ha) 

48.6 1.34 21.2 0.58 69.5 1.92 

F test sig (*) CD 

(0.05) 
* 

6.89 

* 
.0.56 

. 

* 

4.17 

* 

0.38 

* 

9.84 

* 
0.79 

 

   

Above table revealed that the highest fruit yield was recorded from the tree 

planted at distance 3.0 x 6.0 m .It has been observed that the fruit yield decreased with 
the increases in planting distance and was minimum at spacing 3.0 x 1.5 m 
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Table 4. Influence of tree density on tree height, trunk circumference and 

canopy size of Guava cv. Allahabad Safeda 
 

Spacing (m) 
Tree height 

(m) 

Trunk 

Circumference 
(cm) 

Canopy area 

(m) 

N-S N-S 

3 x 1.5 

(2222 tree /ha) 5.76 35.00 4.46 4.31 

3 x3 

(1111 tree/ha) 4.81 
42.00 

 
5.10 4.64 

3 x 6 

(555 tree/ha) 
4.52 41.00 4.88 4.36 

6 x 6 

(277 tree/ha0 4.9 49.00 5.26 5.2 

F test sig(*) 

CD(0.05) 
*0.66 *0.15 *1.33 *0.93 

 

Above table revealed that the among different  tree densities,the highest one(2222 
tree /ha) had the maximum tree height  whereas it was lowest in the tree planted at 

spacing 6.0 x 6.0 m. Wider spaced tree had maximum trunk circumference than those 

planted at other densities.Tree density was maximum at planting distance 6.0 x 6.0 m in 
NS/EW direction whereas minimum canopy area was at 1.5 x3.0m followed by 3.0 x 6.0 m. 

 
Table 5.  Effet of high density planting system on vegetative  

growth of the aonla 

 

Treatment Annual extension of vegetative growth 

 
 

 

Plant 
height 

(cm) 

Root stock 
girth(cm) 

Scion 
girth 

(cm) 

Plant spread 
(m) 

 
 

 

2003 
 

 

2004 
 

 

2003 
 

 

2004 
 

 

2003    

2004 
 

 

 

2003 2004 

 

 
E-W N-S E-W N-S 

Square 

system 52.12 53.14 4.89 6.98 3.44 4.71 0.40 0.55 0.53 0.45 

Hedge row 
system 50.15 52.19 4.72 6.14 3.25 4.45 0.34 0.34 0.47 0.40 
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Double 

hedge row 
system 

51.19 56.14 4.63 6.16 3.20 4.40 0.35 0.43 0.40 0.35 

Cluster 

system 

48.17 54.15 4.54 6.18 3.30 4.40 0.38 0.47 0.45 0.40 

Paired 
system 

46.12 51.18 4.75 6.15 3.28 4.64 0.37 0.51 0.42 0.40 

C.D. at5% NS NS NS NS NS NS       NS NS NS NS 

  

Above table showed that the maximum growth extention i.e.rootstock girth,scion 
girth and plant spread were recorded in square system of planting during both the year of 

experimentation but the annual extention growth  i.e. plant height was recorded in square 
system of planting  and double hedgerow system in year 2003-2004,respectively. 

 
Table 6. Effect of High Density Planting System on Yield and Qualitative 

Parameters of Aonla Fruit 

 

 
Treatment 

Yield 

/ha 

(kg) 

Fruit 

Wt 

(g) 

Fruit 

Dia 

(cm) 

TSS 
(%) 

Acidity 
(%) 

Vitamin C 
(mg/100gm) 

Square 

System 
315.00 4.10 4.10 8.54 2.20 490.75 

Hedge 
Row 

System 

559.64 3.98 3.98 8.43 2.35 498.47 

Double 
Hedge 

Row 
System 

687.31 4.06 4.06 8.72 2.12 492.28 

Cluster 

System 
580.22 4.02 4.02 8.56 2.34 482.28 

Paired 

System 
403.21 4.00 4.00 8.71 2.17 489.33 

C.D. at 
5% 

15.21 NS NS NS NS NS 

 

Above table showed that total yield per hectare was recorded highest in double 
hedgrew system followed by cluster system,hedgrew system and it was recorded lowest in 

square system.Fruit weight,fruit diameter were recorded maximum in square system of 
planting 

 

Management of HDP Orchards 
       The successful management of HDP system depends upon maintaining a balance 

between vegetative growth and fruiting. The  High Density of fruit orchard generally 
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achieved by close planting which possible through control of tree size or planting system 

which accommodates more number of plants. 
 Manipulating tree size/vigour achieved by canopy management. 

 
Canopy Management 

Canopy in fruit tree refers to its physical composition comprising the stem, 

branches, shoots and leaves.The canopy density is determined by the number, length and 
orientation of branches and shoots. 

      Canopy management of fruit trees deals with the development and 
maintenance of their structure in relation to the size and shape for maximum yield quality. 

 
What Is Canopy Management and Why Is It Important?  

Canopy management is the manipulation of tree canopies to optimize the 

production of top quality fruit. It involves more than just pruning and tree training. It also 
includes the regulation of flowering and fruit growth. In many fruit crops, improved 

production and fruit quality has come from producing more fruit from smaller trees. This is 
because small trees are better at capturing and converting sunlight into fruit than large 

trees. 

 
Light Interception 

     Fruit production involves the capture and conversion of light energy into fruit 
biomass (dry matter). The main controlling factors here are the amount of incoming 

radiation, the percentage of that radiation which is intercepted by the tree, and how 
efficiently the tree converts that energy into fruit (Wünche and Lakso, 2000). Once trees 

have intercepted the incoming radiation, tree architecture will also influence the efficient 

conversion of this light energy into fruit. Put simply, the target is to have less wood and 
more fruit. Pruning trees to be shorter and with less structural wood can achieve this, as in 

the slender pyramid pruning systems. 
 

A) Use of Genetically Dwarf Scion Cultivar 

    The genetically dwarf cultivars offer  a great scope for close planting.Such varieties  are 
limited in number and available only in few crops as given below- 

 
Eg.  Mango           Amrapali 

       Papaya           Pusa Nanha 

       Banana          Dwarf Cavendish 
       Apple             Mc  Intosh , Nugget,Golden 

       Cherry            Meteor,North Star 
       Sapota          PKM1,PKM2 

 
B)    Use of Dwarfing Rootstock 

            Technology 1st adopted with use of rootstocks,spur bearing varieties and training 

and pruning,the choice of rootstock and dwarf varieties is limited in tropical and 
subtropical crops. Nevertheless it has been perfected for some of the fruits by planting 
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dwarf varieties (banana,papaya and mango) and dwarfing rootstocks(apple and citrus) and 

training and pruining(apple and peach).  
 

The dwarfing rootstock of major fruit crops are given below.  
 

Apple             M9, M26, M27, Bud.9, Bud.146, P-22 and Ottawa 3 

Ber                 Zizyphus rotundifolia 
Cherry            Colt, Charger and Rubira 

Citrus             Thomasville, Citrangequat 
Guava           P. pumilum, Chinese guava ,Pusa Srijan 

Pear               EM Quince A and C 
Plum               Pixy 

Mango            Vellaikolumban 

 
C) Pruning and Training 

 
Pruning establishes the structure of the tree, its shape and form, provides a 

framework to support the crop and facilitate 

mechanical operations. As trees age, pruning removes broken and diseased wood, 
stimulates new growth, and provides essential light distribution throughout the tree for the 

formation of strong fruit buds and acceptable fruit quality with appropriate fruit color, 
soluble solids, and ripeness. 

It is well known that the pruning has dwarfing effect on tree. Slow growing tree 
respond more favorably and be maintained at a given size and shape without sacrificing 

yield. Removal of apical portion results in compact and bushy tree through stimulation 

of lateral bud growth and suppression of apical dominance. Mango guava, litchi and 
most of the other fruit crops in India are evergreen and are seldom pruned. 

Particularly tree training and pruning, also affects the percentage of sunlight 
intercepted by the tree, as tree shape determines the presentation of the leaf area to 

incoming radiation. Generally a narrow tree that is wider at its base than its top will have 

the greatest area of leaves exposed to sunlight. 
 

 
 

 

 
Fig-Slender Spindle tree with 

a single pole or single stake 
suppor 
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Fig-Three wire support or 

individual tree stake in apple 
 

 
 

 

 
 

 
 

 

Pruning is also done to regulate crop in guava, ber and fig and rejuvetion of old 
orchards in mango. Tree size control through pruning limited in Grape, Apple, and some 

temperate crop. e.g. In Apple Spindle bush ,dwarf pyramid, espaliers, cordon, palmette  
training systems used. 

 
d) Use of Growth Retardant  

   Various growth retardants have been used to restrict vegetative growth of plant. 

Among them commercially adopted GR are AMO 1618, CCC, Ancymidal, Paclobutrazol,B-9 
and Chloramquat etc. Paclobutrazol has gained commercial application in crop regulation in 

Mango. 
 

e) Induction of Viral Infection 

Though not commercially adopted tree size reduced by viral infection. e.g. Citrus, 
Apple, In Apple virus free rootstock series EML more vigourous than their infected 

counterparts. 
 

f)  Use of Incompatible Rootstock 

Use of graft incompatible scion and stock induces dwarfness in composite plant. It 
is not commercial exploited. e.g. In Ber  Zizyphus rotundifolia  and Z.nummularia induces 

dwarfness due to graft incompability which can be exploited for HDP. 
 
g)  Nutrition Management 

        High amount of plant nutrients required in early years when they are directly 

related to the no. of trees. It was found that careful N control may be useful for controlling 

the tree vigour and encouraging fruiting, especially before or soon after heavy pruning. 
After first few years, low N fertilization desirable. When trees are planted more densly, the 
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contribution of N fertilization to productivity shifts from promotion of tree size by shoot 

growth to support flower initiation and possible fruit set under condition of drought. 
 

h) Irrigation and Fertigation 
         Frequent low doses of nitrogen fertilizers delivered at lst twice weekly through 

the trickle system (fertigation) for the first 12 weeks of the season will greatly improve 

tree growth during the first 2 years to speed the development of the canopy. 
  

Planting Systems 
Planting Systems and optimization of plant density is aim to achieve high 

assimilated production for its convertion into economic yield. Various planting systems   
square, trangular, quincunx, rectangular hexagonal, hedgerow, paired planting, cluster 

planting. Of these square and trangular systems – are followed for HDP in Mango, Banana, 

Papaya kinnow and hedgerow system in Apple and Pineapple in India. e.g. In Pineapple 
,planting in two row bed system  most productive. 

 

 
  

Layout of pineapple plot for population density of 43, 500 plants/hectar  
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Example of High Density Planting  
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Constraints of HDP 

 
 Lack of standardization of production technology in HDP of various fruit crops and 

extension of technical knowhow to the farmers. 

 High initial establishment cost of high density orchards. 

 Lack of promising dwarfing rootstock in mango, guava, sapota, peach and sweet 

cherry etc.  
 In apple, though dwarfing rootstocks were introduced in late fifties is restricted due to 

their poor anchorage, occurrence of slopy, shallow and rainfed lands and low fertility. 

 High incidence of some pest and diseases in HDP eg. Sigatoka leaf spot and finger tip 

in banana. 
 

Conclusion 

 
 HDP is the most efficient method of hastening productivity per unit area of land. 

 It offers high productivity per unit area both in short as well as perennial fruit crops. 

 HDP is to make the best use of verticle and horizontal space per unit time. 
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Abstract 

 
Agriculture is the backbone of our country. More than half of the population is 

dependent on agriculture for their livelihood. Food security is one of the major challenges 

faced by the Indian agriculture as the population of India is increasing at a very rapid rate. 
Fertilizers are one of the key input to increase crop productivity and in turn ensure food 

security for the growing population. But, the continuous use of fertilizers has affected the 
agricultural sustainability adversely. To overcome this challenge, the science of 

nanotechnology can be one of the solution. Nanotechnology deals with the particles or 

structures which are in the size range between 1 to 100 nm. Nanofertilizers are defined as 
the nanomaterials or nanoparticles with the help of which some essential or beneficial 

nutrients could be delivered to plants at the nano scale in order to enhance the plant 
growth and ultimately increase productivity. The synthesis of the nanofertilizers is done by 

fortifying nutrients singly or in combination to the adsorbents which are in nano 
dimension. These nanomaterials have an increased surface to volume ratio as compared to 

the bulk material. Due to this, they exhibit significantly novel and improved physical, 

chemical and biological properties and functions. As a result of being more reactive, they 
can penetrate through cuticle and ensure controlled release and targeted delivery of the 

nutrients.  Thus, the basic objective of use of nanotechnology in soil science is to reduce 
the usage of fertilizers, to reduce the nutrient losses by either leaching or run off, to 

increase nutrient uptake efficiency and to increase the yield of crops through optimal 

nutrient management. 
 

Key words: Nanofertilizer, agricultural, sustainability 
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Introduction  

 
griculture is a very important sector for the economy of developing countries. It is 

regarded as the backbone of our country. More than half of the population is 
dependent on agriculture for their livelihood. Food security is one of the major 

challenges faced by the Indian agriculture as the population of India is increasing at a very 

rapid rate. Fertilizers are one of the key input to ensure food security for the growing 
population. But, the continuous use of fertilizers affects the agricultural sustainability 

adversely. Excessive use of chemical fertilizers has caused eutrophication of the water 
bodies and also the crop yield has begin to decline now with additional doses of fertilizers 

used. The nutrient use efficiency for nitrogen is 30-35%, for phosphorus is 15-20% and for 
potassium is 35-40%. To overcome this challenge, the science of nanotechnology can be 

one of the solutions.  

The earliest discussion on nanotechnology is considered to be a speech given by 
Richard Feyman, who was an American physicist in 1959. It was titled as “There‟s plenty of 

Room at the Bottom”. Feynman discussed the importance “of manipulating and controlling 
things on a small scale” and how they could “tell us much of great interest about the 

strange phenomenons that occur in complex situations”. The term „nanotechnology‟ was 

used first by Japanese scientists Norio Taniguchi in 1974 paper on production technology 
that creates objects and features on the order of a nanometer. The term “Nano” is derived 

from the greek word nanos meaning „DWARF‟. 
Joseph and Morrison defined nano technology as the manipulation or self 

assembly of individual atoms, molecules or molecular clusters into structures to create 
materials devices with new or vastly different properties. Nanotechnology deals with the 

particles or structures which are in the size range between 1 to 100 nm. At such a nano 

scale, the properties of the matter are altered and are very different from those at 
macroscopic level. The reason of change in properties is reduced size and also because of 

changed molecular interactions (Nagula and Usha, 2016). 
The major objective of use of nanotechnology in agriculture is to reduce the use of 

fertilizers and pesticides, to reduce nutrient and economic losses in fertilization and to 

increase yields of crops through optimal nutrient management.  
 

Need of Nanotechnology in Indian Agriculture 
 

 Indian soils are exhausted heavily. 

 There is stagnation in the crop yield. 

 Organic matter content is declining. 

 Fertilizer response ratio of crops have declined drastically.  

 There is imbalanced fertilization of the crops. 

 Food security must be ensured for the rising population. 

 There is multinutrient deficiency in the soils. 

 Conjunctive use of organic and inorganic sources. 

 Climate change is yet another serious concern.  

 Crops are often exposed to abiotic and biotic stresses. 

 Shortage of resources. 

A 
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Application of Nanotechnology in Agriculture 

 
 Nano fertilizers for balanced crop nutrition and enhance nutrient use efficiency. 

 Zeolites for slow release and efficient dosage of water and fertilizers for plants. 

 Nano herbicides and nano pesticides. 

 Nano capsules for seed vigouration and insect repellents. 

 Nano sensors for soil quality, plant health monitoring and pest detection. 

 Biosensors to detect nutrient deficiency. 

 Nano magnets for removal of soil contaminants. 

 Nanobiotechnology 

 Nano food industry 

 Nanotechnology for environmental safety 

 Precision Farming. 

 

Nanofertilizers in Soil  
 

Nanofertilizers are defined as the nanomaterials or nanoparticles with the help of 
which some essential or beneficial nutrients could be delivered to plants at the nano scale 

in order to support the plant growth and improve its production (Chhipa, 2017). For a 

spherical particle, the ratio of surface area to volume is inversely propotional to the radius 
of particle r according to-  

 
SA/V = 3/r 

 

With the decrease in the radius, surface area to volume ratio increases. Therefore, 
nanofertilizers have an increased surface to volume ratio as compared to the bulk material. 

Due to this, nanofertilizers exhibit significantly novel and improved physical, chemical and 
biological properties, phenomena and functions. For instance, if rock phosphate is applied 

in nanofertiliizer form, the availability of phosphorus increases because it may prevent the 
fixation of phosphorus in the soil. This is as a result of small size of nanomaterials, which 

can be explained by the so called quantum effect. This quantum effect is dominant when 

the range is in nanometer size and does not come into play on going from macro to micro 
dimensions. The excess application of fertilizers is not desirable for plants as loss of these 

nutrients can occur as run off or leaching losses. The synthesis of the nanofertilizers is 
done by fortifying nutrients singly or in combination to the adsorbents which are in nano-

dimension. With the use of nanotechnology, slow release nanofertilizers are developed. 

These nanocoatings or surface coatings of nanomaterials on fertilizer particles hold the 
material more strongly due to higher surface tension as compared to bulk fertilizers 

(Manjunatha et al., 2019). 
Nanofertilizers being more reactive, they can penetrate through cuticle and ensure 

controlled release and targeted delivery of the nutrients. The pore size of cell wall ranges 
from 5 to 20 nm. Hence, nanoparticles with diameter less than the pore size of plant cell 

wall can easily enter through the cell wall and reach up to the plasma membrane. 

Nanoparticles are also engineered to enter through the stomatal pores. The nanoparticles 
which are foliar applied get transported from the site of their application to the cells and 
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carried via the phloem vessels likely through the cellular connections called 

plasmodesmata. The uptake of nanoparticles into plant cells can also occur by binding to 
carrier proteins i.e. aquaporins, ion channels, endocytosis or by forming complexes with 

membrane transporters. Foliar applied nanomaterials have the ability to enter from the 
atmosphere into the leaf stomata and then redistribute in the plant to the various plant 

parts (Ayman M. El-Ghamry et al., 2018) 

Polymer coated nanofertilizers have a matrix architecture which are composed of 
biodegradable polymers of either synthetic or natural origin. The most widely used 

synthetic polymers are polylactide, polylactide - polyglycolide copolymers, 
polycaprolactones and polyacrylates. Among the various natural polymers, alginate, 

albumin or chitosan have been widely explored (Pund and Joshi, 2017). 
 

How Nanofertilizers Can Help In Agricultural Sustainability? 

Sustainable agriculture involves farming techniques and agricultural practices that 
produce adequate amount of grains, meat, plants or any life form of agriculture products 

for meeting society's present needs and without compromising the needs of future 
generation, at the same time protect ecosystems, environment and human health. 

Nanotechnology is one of the innovative technique which helps in sustainable growth of 

the agricultural system and brings positive increases in crop productivity.  As the food 
crisis is rising, sustainable agriculture plays a pivotol role to overcome global food crisis. 

The rate at which population is increasing has surpassed the rate of crop production.  
Conventional farming practices that are in use are causing more harm to the environment. 

As the fertilizers are being used at a very fast rate, the world is facing the shortage of 
these resources.  Under such scenario, nanotechnology seems to be one of the most viable 

sustainable option. 

 
Preparation of Nanofertilizers  

There are two approaches for synthesis of nanoparticles namely top down 
approach and bottom up approach. In case of top down approach, there is division of a 

larger solid into smaller particles i.e. nanoparticles. This approach is practiced less as 

compared to the bottom up approach. Various methods which are used in top down 
approach are milling/ attrition, chemical methods, photo-lithography, electron beam 

lithograohy, X-ray lithograohy, etc.  In case of bottom up approach, there is gradual 
addition of atoms or molecules. There is condensation of atoms or molecules in gas phase 

or solution phase such that they grow in size and reach nanoscale size. It include methods 

like sol gel processing, chemical vapour deposition, plasma or flame spraying synthesis, 
laser pyrolysis and molecular condensation (Rattan et al., 2015). 

 
Achievements of Nanofertilizers 

 
Basically, there is improvement in three major areas of production – 

 Yield: Nano fertilizers increases yield of crops by an average of 20%. This implies 

that there is growth in leaf, biomass, fruit and grain separately. 

 Nutritional Value: Tests show that there is an increase of about 10% in 

both protein and sugar content of treated plant for most types of crops. 
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 Health: Overall health of the plant is enhanced, making it more resistant to severe 

weather and extreme atmospheric conditions. Immunological response is 

heightened allowing the plant to fight disease and also prevent infections.  
 

Table1: Methods Used for Production of Nanoparticles 
 

                                Methods Used for Production of Nanoparticles  

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
  Source -Prasad et al., 2012 

 

Fig.1: Effect of foliar application of lower dosage of nanoscale ZnO on the pod 
yield of peanut 

A - NPK + ZnSO4 (Chelated @ 30g/15 L), B - NPK + ZnO (Nano @ 2g/ 15 L) and  
C – Control 

Physical  

Methods 

Chemical  

Methods 

Biological 

Methods 

 Grinding  

 Thermal 

evaporation  

 Sputtering  

 Pulsed laser 

desoption 

technique 

 Sol – gel techniques  

 Co- precipitation 

 Microwave synthesis 

 Microencapsulation  

 Hydrothermal methods 

 Poly vinyl pyrolidene 

method 

 Sonochemistry  

Physico-

Chemical 

Method 

 Aerosol 

methods 

 Use of bacteria 

and fungi 

 Use of plants 

 Use of herbs  

 Microwave 

assisted 

biosynthesis  
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Indian Agro-Scientist Develops World's First Nano Fertilizer through 

Biosynthesis 
Indian agro-scientist developed world's first nano-fertiliser through biosynthesis. 

The new variant of fertiliser was developed by Dr. J.C. Tarafdar of the Central Arid Zone 
Research Institute under the Indian Agriculture Research Institute (IARI) on Mar 10, 2014. 

The fertiliser was prepared by developing a methodology to use microbial enzymes for 

breakdown of the respective salts into nano-form. Dr Tarafdar told ISJ that the newly 
developed fertiliser is 2-4 times less expensive compared to chemical fertilisers. While the 

cost of Nano Phosphorus per hectare is just Rs.352-396, depending upon the leaf size of 
the plants that of SSP is Rs. 480-640 and DAP is Rs. 1500-2000 (both after subsidy).   

“Since it is complete bio-source, nano fertilizer is eco-friendly and improves soil 
aggregation, moisture retention and carbon build-up. There is no health hazard and is 

suitable for all crop varieties including food grains, vegetables and horticulture,” said Dr. 

Tarafdar. 
 

IFFCO Introduces India’s First Nanotechnology Based Products for on Field 
Trials 

Indian Farmers Fertiliser Cooperative Limited (IFFCO) is one of India's biggest 

cooperative societies which is wholly owned by the Indian Cooperatives. On nov 2019, the 
fertilizer major developed its 'nano-technology' based products - nano nitrogen, nano zinc 

and nano copper for trial in the farmers field in order to reduce the dependency on 
chemical fertilizers and to boost farmers income. These products are environment friendly 

and introduced for the first time in India. They have the potential to reduce usage of 
conventional chemical fertilisers by 50 per cent besides raising crop output by 15-30 per 

cent. These nano products were launched at an event held at its unit in Kalol, Gujarat by 

Union Chemicals and Fertilisers Minister Sadananda Gowda. These products have been 
researched and developed indigenously at the IFFCO Nano Biotechnology Research Centre 

(NBRC) at Kalol Unit (www.krishijagran.com). 
 

Advantages of Nanofertilizers over Conventional Fertilizers 

Nanofertlizers use is one of the emerging technologies in the field of soil science. 
It has several advantages over conventional fertilizers: 

 Wastage of fertilizers is reduced as nutrient uptake efficiency is higher when 

nanofertlizers are applied. 
 Risk of environmental pollution will be less with the use of nanofertilizers. 

 There is controlled release rate and release pattern of nutrients in case of 

nanofertlizers as compared to conventional fertilizers. 

 There is a reduced risk of leaching and run off losses when nanofertilizers are 

used. 
 

Possible Hazards Associated With the Use of Nanotechnology 

 Nanofertilizers, nanopecticides or nanoherbicides, when they are air borne, they 

can deposit on above ground parts of plant and can create a barrier on stomata or 
stigma which prevents pollen tube germination. 
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 They can also enter the vascular tissues of plants and imair translocation of water 

and nutrients. 

 These particles can also enter the bloodstreams which causes inflammation and 

toxicity. 
 Nanopesticides may create new contaminants in the soil due to longer persisitence 

(Mahil and Kumar, 2019). 

 
Future Prospects 

 Research is underway to develop nano-composite to supply all the required 

essential nutrients in suitable proportion through smart delivery system.  
 The impact of nano-fertilizer products on physiological, biochemical, nutritional 

and morphological changes in plants and the fate of nano-products in soil and 

plant systems have to be studied.  

 In addition, the effects of nano-fertilizer products on rhizosphere microorganisms 

and biogeocycling of nutrients needs to be explored. 
Therefore more research and industrial setup should be emphasized in the field of 

Nanofertilizers.   
 

Conclusion  

Application of nanotechnology in agriculture is still in its initial stages and needs to 
be explored more. However, it has a lot more potential to reduce the dependency on 

chemical fertilizers, reduce the environment pollution and in turn ensure sustainable 
agriculture. Nano particles, because of its small size, reduces leaching losses, promotes 

rapid absorbtion by plants, increases nutrient use efficiency, improve crop growth, yield 

and also maintain soil health over long run. But there are also possible hazards associated 
with the use of nanotechnology which includes production of wastes toxic materials, 

respiratory disorders, carcinogenic effect and also reduces the translocation of nutrients 
and water in plants. Therefore, these nanofertilizers must be used cautiously and within 

defined limits. 
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Abstract 

 
Cyclotides are plant derived protein belongs to globular microproteins (≈ 25 to 30 

amino residues long) class with a cyclized head-to-tail backbone and its structure was 

stabilized by the presence of cystine knot by three disulfide bonds. Cyclotides withstand to 
biochemical degradation and heat resistant compared to other types of peptides. In addition, 

conserved amino acids in the region of cystine knot showed strong tolerance towards 
genetic errors. Interesting, their topology makes them suitable to oral administration and 

cellular membrane transportation via crossing cell membranes. All these characters shown 

cyclotides has been strongly potent candidate for designing anti-viral plant derived peptides 
to combat newly emerged and reemerged outbreaks and also making it has a natural 

scaffold for drug development template. From the recent reports, cyclotides have been 
genetically engineered to study protein-peptide interactions for targeted drug delivery 

methods. In this paper we are undertaking review on discovery, history, role of cyclotides in 

Plants defense mechanism, tools to characterization of cyclotides, Membrane binding 
efficiency of cyclotides, antiviral property, cyclotide scaffold designing. 

 
Keywords: Cyclotides, Plants defense mechanism, tools to characterization of cyclotides, 

Membrane binding efficiency, antiviral property, scaffold designing 
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Introduction  

 
eptides have diverse biological activities such as enzymatic reactions, receptor 

interaction, membrane channel transportation, intracellular and extracellular 
transportation from one cell to neighbour cells. Cyclotides are protein-encoded cyclic 

micro peptide which range of about 25 to 30 amino residues in length that formed by 

following transcription, translation, isomerization of disuphide due to the presence of cystine 
amino residues, protein transportation, cleavage and cyclization with the help of Vacuolar 

processing enzyme (VPE). The VPEs are belongs to Cysteine protease family which involved 
in cyclization step by the mechanism called proteolysis. The cyclization step by VPEs of 

cyclotides depend on short read recognition sequence of cyclotide domain within or flanking 
region [1-4].  

 

 
Reports from the past 20 years on Cyclotides discovered majorly in Violaceae, 

Rubiaceae, Cucurbitaceae, Fabaceae, Solanaceae, and Apocynaceaeplant families. The 

nucleotide sequence found in cystine knot and cyclization domain site are highly conserved, 
but variations in nucleotide sequences vary in loop regions by single amino acids variations. 

The Cyclotide nucleotide sequence are not targeting the genomic architecture of host plant 
and due to this reason, standard proteomics and genomics methods are not suited to 

Cyclotides sequencing [5].   

Cyclotides have six conserved cysteine residues which is a backbone of knot 
structure with three disulphide bonds formation [6]. These topologicalies making cyclotides 

towards attracted scaffold in molecular drug designing and protein engineering framework. 
It has been reported that monocots have no cyclotides and it lacks aspartate, asparagine 

residues which is a key amino residues for cyclotide cyclization mechanism [7,8]. The word 

P 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/violaceae
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rubiaceae
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cucurbitaceae
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/fabaceae
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/solanaceae
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/apocynaceae
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cysteine knot was derived to understand the structure of three-dimensional folding of 

cylotides. In native state, the disulphides bonds were formed between 6 cysteine residues 
with hydrophobic core and thereby forming a cystine knot [9]. Notably, cyclotides not 

undergo unfolding step from their native folding with the presence of disulphide bridges 
without undergoing cleaving or breaking of any one of disulphide covalent bonds.  

 

 

 
 

Fig. 1. Disulphide bridge analysis of Cyclotide psyleio D (Psychotria brachyceras) [38] 

 
 

Cyclotides are shown similarities with three subfamilies such as bracelet, mobius 
and trypsin inhibitor. All subfamilies shared similar cysteine structure with slight changes in 

loop conformations and amino acids sequences. The bracelet and mobius have similar 

cyclotide folds with difference in loop 5 [10]. Surprisingly 2/3 rd of naturally occurring 
cyclotides in plants are belongs to bracelet category and 1/3 rd belongs to mobius and only 

very small cyclotides are with trypsin inhibitor. Cyclotides display various biological activities 
against pathogens in order to show defense mechansism of plants such as protease activity, 

anti-microbial, insecticidal, cytotoxic activity and anti-HIV activity [11]. Cyclotides are 
classified into 3 types based on their applications which includes natural cyclotides, 

engineered or grafted cyclotides and single amino mutated cyclotides. Despite of sequence 

all cyclotides share the similar cystine knot motif. To date many cyclotides were reported in 
Rubiaceae, Vioalceae, Cucurbitaceae, Fabaceae and Solanaceae plant families [12-16].  
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Fig. 2. The flow chart represents the overall initial history and discovery of Cyclotides 
 

 

Role of Cyclotides In Plants Defense Mechanism 
The exceptional characters of cyclotides primary function in host plants to function 

in plant defense. The defense activity such as anti-helmintic, antagonistic molluscicidal, 
anti-nematocidal and anti-microbial activity. Plants express wide range variety of cyclotides 

and currently more than 50,000 cyclotides have been reported in Violaceae and Rubiaceae 

plant families [17]. The 180° twist in backbone of cyclotides is used to distinguish cyclotides 
categories (Mobius and bracelet). The trypsin inhibitor cyclotides has dissimilar sequence 

than Mobius and bracelet [18]. Studies reported that primary function of cyclotides in plants 
to inhibit the microbial growth and insects [19]. It is still unclear why an single plant species 

expressing wide range of cyclotides. This unique pattern of expressing cyclotides might have 
produced for counteracting individual foreign molecules for plant host protection. Not only it 

involved in antagonistic activity but have reported as signaling cascades and modulators of 

immune response. The reported cyclotides have role in plant defense such as kalata (B1, B2, 
B5), Cycloviolacin O14, varv A & F (Mobius subfamily), Circulin (A&B), Cycloviolacin (O2, Y1), 

vhl-1 (Bracelet subfamily) and MCoT-II (Trypsin subfamily) [19-37]. The mechanism of 
action by which cylotides under disruption of cellular membrane. To date, cyclotide showed 

limited genetic diversity and it contrast with other cyclotides includes stability, expression 

level and hydrophobic nature allowed them as ideal scaffold candidates. The insecticidal 
activity of cyclotides were reported in 2001 where kalata B1 demonstrated Helicoverpa 

larvae growth inhibition and concluded as potent anti-insect growth inhibitor. The 
insecticidal mechanism involved in larvae mid gut membrane disruption when cyclotides 

ingested (found in plant leaves) and studied using electron microscope [38,39].  
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Pomacea canaliculata(Golden Apple snail) reported as one of the major rice pest in 

South East Asia where cyclotides tested for antagonistic activity. Cycloviolacin O1, kalata (B1 
&B2) were reported potent toxic against golden apple snail than commercial molluscicide 

metaldehyde. The median lethal concentration of cyclotides (kalata B2) was 53 µM and 
metaldehyde133 µM [33]. The cyclotide kalata B2 showed low toxicity against Oreochromis 
niloticus(a control non-target fish in rice fields) when compared with rotenone (a commercial 

piscicidal compound). These studies suggested that cyclotides could be useful natural 
molluscicidal molecule. 

 Cyclotides kalata (B1, B2, B3, B5, B6 and B7) in-vitro studied against pest 
nematodes Hemonchus contortus and Trichostrongylus colubriformis egg, larvae and adult 

life viability. The results proved it has potent inhibitory action against larvae and adult worm 
motility activities and hence considered as to used for anti-helmintic molecule. Next study 

was carried out to study sequence effective in larvicial activity and mutation in alanine 

residue of kalata B1 reduced larvicial activity. The mutation analysis determined importance 
of alanine residue in cyclotide kalata B1 sequence [23,31,32].  

 
Tools to Characterization of Cyclotides 

The collected plant materials were extracted 50% acetonitrile (MeCN) and 1% 

formic acid (FA) for overnight at 4ºC. Then the extracted solution was proceeded to 
centrifugation and obtained supernatant was concentrated and lyophilized. The lyophilized 

sample was fractionated by solid phase extraction or liquid phase extraction. All eluted 
fractions were detected with MALDI-MS.Peptide-containing fractions were purified using 

RP-HPLC column.The peptides were isolated from plant materials and dissolved in 0.1 M 
NH4HCO3 buffer with pH of 8.0. The cyclotides cysteine amino acid rich short peptides and 

represented complex folding structure by forming disulphide bridges. For this complexity, 

cyclotides 3-D structure was reduced with DTT at optimum temperature for 20-30 minutes. 
Followed this alkylation was done with iodoacetamide for 30 min under nitrogen at room 

temperature. Then the prepared peptides were subjected to enzymatic denaturation 
overnight using trypsin, chymotrypsin, endoproteinase Glu-C, and a mixed trypsin and 

endoproteinase Glu-C at 37ºC and quenched with Formic acid , stored at 4 °C to 20 °C until 

further analysis [43]. 
 

MALDI−TOF and Peptide Sequencing 
The reduced/alkylated sample was analysed in MALDI-TOF analyser. MS 

experiments were performed using  α-cyano-hydroxyl-cinnamic acid matrix at a 

concentration of 5 mg mL-1 in 50 % (v/v) acetonitrile.The samples were mixed with matrix 
solution and spotted on target plate. Tandem mass spectra was obtained using 

Peptidomic analysis laser energy of 1 kV with and without the use of collision-induced 
dissociation. Then using sequence fragment assembly the cyclotides were analyzed. The MS 

spectra was examined and sequences based on N-terminal b-ion and C-terminal y-ion series 
assignment [44].  

 

Reverse Phase-High Performance Liquid Chromatography 
The purification of cyclotides were done by RP-HPLC using semi-preparative and 

analytical Kromasil C18columns (5 μm; 100 Å) with linear gradients of 0.1–1 % min−1 or 
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isocratic flow of 25–35 % buffer B (90 % acetonitrile in ddH2O, 0.08 % trifluoroacetic acid) 

at flow rates of 3 and 1 ml min-1. Reduction was carried out and stopped after incubation of 
30 min with the addition of concentrated trifluoroacetic acid. Immediately the samples were 

analysed in HPLC purification. Samples were aliquots in folding buffers (2.5–10 μM peptide, 
at final concentration of 2 mM reduced (GSH) and 0.1 mM oxidized (GSSG) glutathione) and 

freeze dried. The freeze dried aliquots were resolved with another folding buffers 25 and 

75 % isopropanol and 35 % DMSO/5 % dodecyl-β-maltoside (DBM) in 0.1 M 
NH4HCO3 buffer at pH 8.2. For experimental control purpose with cycloviolacin O2final 

concentrations of 2 mM GSH and 2 mM cystamine in 35 % DMSO/5 % DBM buffer and 
GSH/cystamine (2/2 mM) in 0.1 M Tris–HCl buffer (pH 8.5) at 4 °C and 20 °C as a final 

folding condition. The aliquots were performed at different time intervals such as 15 min, 1hr 
and 24 hr with after 20 °C. Samples were quenched with concentrated trifluoroacetic acid 

and analyzed for RP-HPLC. The different folding aliquots were analyzed for peak detection 

and folding kinetic graphs, rate constant calculations, half time by one-phase association fit 
were prepared with the help of  GraphPad Prism 5 software [44]. 

 

 
Fig. 4. Cyclotides isolation, extraction and characterization graphical chart [42] 

 
Structural Analysis by Nuclear Magnetic Resonance (NMR) 

Nuclear magnetic resonance spectroscopy is a compatible analytical technique for 

determining structures, molecules interactions and dynamics information for drug designing 
applications. Previously the NMR was used to characterize drug candidates in 
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pharmaceutical applications but recently they were also used for analyzing cyclotides. The 

purified cyclotides were dissolved in 90 % H2O, D2O at pH 6 to reach final concentrations of 
0.4 mM. A Bruker ARX 500,600 and DMX 750 modelwas used for analysis at 288-328 K. 

Phase-sensitive recording mode was used for spectra recording with time-proportional 
phase incrementation [45]. 2-D experiments were obtained by TOCSY [46] along with 80 ms 

mixing time, NOESY [47] with 200 ms mixing time, DQF-COSY [48], E-COSY [49] in 100 % 

D2O. TOCSY and NOESY experiments were undertaken by water suppression mode using 
modified WATERGATE sequence [50]. Lower power irradiation when relaxation delay used in 

DQF-COSY method [51]. 
 

Membrane Binding Efficiency of Cyclotides 
Membrane binding affinity was fully depend on hydrophobic nature of peptides to 

enter into the cellular membrane. Remarkably cyclotides are used as scaffold in 

pharmaceutical drug design and have intrinsic bio-activities. Cyclotides belongs to Mobius 
and bracelt subfamilies are reported to have ability of cross membrane barriers due to the 

presence of lipid-binding domains on their surface. The lipid-binding domain allowed 
cyclotides and it is very crucial for cell penetration. In contrast trypsin inhibitor cyclotides 

lack these lipid-binding domains and their cellular entering mechanism is different [52]. The 

biological mechanism of action of cyclotides mostly involves membrane interaction followed 
by cell penetration [53-56]. Trypsin inhibitor cyclotides follow cell penetration and 

Mobius/bracelet follows cell penetration at low concentration and cellular disruption there by 
cellular leakage at high concentration.  

One study reported that membrane specificity of cyclotides by surface plasmon 
resonance (SPR) method. The solution of cyclotides was injected over the surface of lipid 

layer and the dissociation rate was monitored. Control lipid mixtures were used to validate 

the dilineate calculation and lipid composition of cyclotides. Peptide-to-Lipid molar ratio was 
evaluated to understand the binding efficiency of cyclotides. The vesicle leakage created by 

cyclotides was checked and quantified by carboxyfluorescein (CF) dequenching [57].  
 

 
 

Fig. 3. Cyclotide psyleio D [Psychotria brachyceras] hydrophicity of peptide anaysis. Other 

analysis such as acidic (6.9 %), basic (3.45 %), Neutral (62.07%) 
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Anti-Viral (Cyclotides) Peptides 

The native role of cyclotides in host plant is defense against pathogens and pests 
[58,59]. However, the discovery of cyclotide kalata B1 was observed by its uterine 

contractions during delivery of women when it is ingested of decoction made from 
Oldenlandia affinis[60]. This fact rise the attention that plant peptide could resist to 

denaturation even at boiling temperature that led to the investigation of CCK motif 

importance in cyclotides [61]. Extensively, cyclotides exhibited anti-HIV activity [62] and 
further analysis reported that kalata B1 and varv Emembers of the Möbius subfamilies tested 

against HIV inhibitory activities [63,64]. The cycloviolacins O13, O14 and O24 inhibited 
HIV-1 infection in human T-lymphoblast (CEM-SS) cells culture. Circulin A, Circulin B, Circulin 
C, Circulin D, Circulin E, Circulin F, Cycloviolin A, Cycloviolin B, Cycloviolin C, Cycloviolin D, 
Cycloviolacin O13, Tricyclon A, Vhl-1, Cycloviolacin Y1, Cycloviolacin Y4, Cycloviolacin Y5 

belongs to bracelet subfamily. Kalata B1, Cycloviolacin O14, Cycloviolacin O24, Varv E 
belongs to Mobius subfamily were anti-HIV reported cyclotides [65].In two studies, 
cyclotides were biologically grafted to develop anti-cancer and anti-viral properties [66, 67]. 

 

 

Fig. 4. The pharmacological capability of cyclotides with regards to multiple sclerosis has 
been additionally investigated by joining peptide groupings from the MOG35-55 epitope onto 

the cyclotide kalata B1 [77]. 
 

Cyclotide Scaffold Designing 
The mechanism of action of Mobius kalata B1, involved in binding with cellular 

membrane by the presence of phosphatidylethanolamine phospholipids [68-70]. This action 

disrupting the membrane physical integrity and triggering pore formation on cell membrane 
along with significant cellular organelles leakage [71-74]. To date, Cyclotide MCoTI-I has 
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been designed for potent antagonistic activity against cytokine receptor [75]. Different 

mutations created on loop 1 and 6 of MCoTI-II for specific and susceptible against 
foot-and-mouth-disease (FMDV) 3C protease inhibitor [67]. All the more as of late, cyclotide 

MCoTI-II was likewise changed into a profoundly strong kallikrein-related peptidase 4 (KLK4) 
inhibitor (Ki ≈ 0.1 nM) that showed 100,000-overlay selectivity over related KLKs. This was 

practiced by joining a favored KLK4 cleavage grouping into circles 1 and 6 of cyclotide 

MCoTI-I [76].  
 

Conclusion Remarks 
This paper reviewed bioactivities of cyclotides, extraction strategies and 

characterization tools. It was found that hydrophobic nature of cyclotides plays a crucial role 
in membrane binding followed by bioactivity. Cyclotides belongs to Mobius and bracelet 

sub-families showed both hydrophobic and hydrophilic patches on their surface and 

resembling like amphipathic nature which can have anti-microbial properties. From the 
recent study the cyclotides mechanism of action is reported that cyclotides showed inability 

in inhibition of HIV reverse transcriptase enzymatic activity and suggested that virucidal 
activity happen before viral entry into the host cell. But however it is unclear whether 

cyclotides binding with cellular membrane of host cell or envelope of viruses or to the both. 

The unique characters of cyclotides making them as potent scaffold for novelpeptide based 
therapeutic purposes. As reported earlier, the CCK motif of cyclotides are exceptionallu high 

resistant and stable to biochemical degradations. In addition cyclotides also more tolerance 
to mutations and used them as a molecular framework peptide for grafting with bioactive 

short stretch amino acids to graft new bioactive peptides to combat outbreaks when no 
significant medicines available.   

Although cyclotides have unique properties bu not yet reached any human clinical 

trial process and still reports have mentioned bioactivities in animal models. It is anticipated 
that future grafting of viral antigen determinant epitopes on cyclotides may compete with 

other small therapeutics peptides in order to develop a immune response in humans.  
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TINOSPORACORDIFOLIA - A WONDER PLANT# 
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Abstract 
 

Tinosporacordifolia, commonly called as „Guduchi‟ is a deciduous woody climbing 
shrub and member of the family Menispermaceae. It is widely distributed in various parts 

of India, China, Africa and many other Asian countries. All parts of this plant are of great 
medicinal importance, thus called as a wonder plant. It consists of various active 

compounds such as alkaloids, steroids, glycosides, diterpenoids, lactones, polysaccharides 

etc. Due to its immunomodulatory properties it has been used for the treatment of cough, 
cold, fever, arthritis and diabetes. This paper combines a review on medicinal properties of 

this plant.  
 

Keywords: Tinosporacordifolia, medicinal importance, arthiritis 
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Introduction 

 
inosporacordifolia popularly known as Amrita, Guduchi and Giloye  belongs to the 

family Menispermaceaeis a deciduous climbing shrub found under Tropical & 
sub-tropical climatic conditions[1].  It consists of variety of 

phytoactivecomponents like alkaloids, steroids, diterpenoid lactones, aliphatics, and 

glycosides[2]. These compounds can be isolated from the different parts of the plant body, 
like root, stem, and leaves. This plant can also be called as a wonder plant as it has cure 

for many problems like cough, cold, fever,anaemia, inflammation, jaundice, urinary 
disorders, skin diseases, arthritis and diabetes. Beside this,it  isalso useful in the treatment 

of helminthiasis, heart diseases, leprosy , support the immune system, the body's 
resistance to infections, supports standard white blood cell structure, function, and levels 

[3].In this review article, we focus our attention to various medicinal properties of 

Tinosporacordifolia which can serve mankind in curing different ailments through natural 
means. 

 
Growth Requirement 

Guduchior Amrita can be cultivated under tropical and sub-tropical conditions. The 

plant is very hardy and can be grown under different types of soil but it prefers clack soil. 
Due to its more demand &less availability in cities, it can also be grown in containers in the 

balcony for regular use. The size of container should be large as it spreads extensively and 
the area should be slight sunny. Best planting time is the start of Rainy season. 

 
Medicinal Properties 

The medicinal properties of this wonder plant are mainly due to various 

phytoactive compounds present in different parts of plant. An effort is made to compile 
them by going through various research publications in different journals. The uses for 

mankind can be summed up as below: 
 

1) Arial Parts  

 
 The Terpenoids present in stem are used to cure various infections in the 

respiratory tract[4] 

 The extract of stem is useful against skin diseases[5] 

 Anti-hyperglycemic properties are also due to terpenoids in stem[6] 

 Alkaloids extracted from stem have Anti-cancer property & Antioxidant activity[7] 

 Steroids derived from Arial parts of stem also possess anti-stress activity[8] 

 The bark of stem acts as Anti-allergic[13] & Anti-spasmodic. 

 The stem is bitter, stomachic, diuretic, stimulates bile secretions, allays thirst, 

enriches the blood and cures jaundice.[15] 
 

2) Roots  
 

 Lignans present in the roots have Anti-neoplastic property and Anti-oxidant 

activity[9] 

T 
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 The root is also known for its anti-stress and anti-malarial activities [15].  

 

3) Whole Plant 
 

 Different phytoactive compounds serves as Antidote to snake bite & sting of 

poisonous insects.[10] 
 It is also Analgesic, Antipyretic and anti-lepritic[11] 

 It can also be used to cure Diabetes, Gout , Cancer.[12] 

 It is also responsible for decreasing the tissue damage caused by radiation, the 

side effects of some forms of chemotherapy and speeding healing of diabetic foot 

ulcers [14] 
 The plant is also used in the treatment of wounds, pneumonia, asthma and cough. 

 

Conclusion  

Traditional use of Tinosporacordifolia  as herbal cure for many diseases is very 
common. To promote the use of this plant & to determine its potential as a source for 

medicine, researches were conducted which proved that phytochemicals present in this 
plant is cure for many problems. Traditional forms of medicine that were derived from this 

plant is being used in different parts of World.[16]The most important advantage of using 

this plant for various ailments is its safety beside being effective, economical and easy 
availability. This plant has great potential for prevention and treatment of many diseases. 
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_____________________________________________________________ 

 

Abstract 
 

Sweet potato (Ipomoea batatas [L.] Lam)is cultivated in more than 100 countries 
as a valuable source of human food, animal feed and industrial raw material. The plant 

bears medium-sized sympetalous flowers in herbaceous perennial vine, and alternate 
heart-shaped or palmately-lobed leaves. The edible tuberous root is long and tapered with 

a smooth skin. It is valued for its short growing period of 90 to 120 days, high nutritional 

content, and its sweetness. The color of the smooth skin of the root tuber ranges between 
yellow, orange, red, brown, purple, and beige. Flesh ranges from beige to white, red, pink, 

violet, yellow, orange, and purple. Sweet potato varieties with white or pale yellow flesh 
are less sweet and moist than those with red, pink, or orange flesh. Varieties developed in 

India are usually grouped either as white or red type.   
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Sweet potato, which originated in Central America, is now widely cultivated and 

consumed throughout the world. European explorers introduced the crop to Africa and 
India by the early 1500s. Sweet potato ranks seventh among almost all food crops 

worldwide, with an annual production of 115 million metric tons. Approximately 92% of 
world’s sweet potato supply is produced in Asia and the Pacific Islands: 89% of which is 

grown in China. In India, area under Sweet potato cultivation is 0.1 million hectares with 

production of 1.4 million tonnes. It is widely cultivated throughout India except Jammu 
and Kashmir.  The main growing states of sweet potato are Bihar, Orissa, Uttar Pradesh, 

Madhya Pradesh, West Bengal, Karnataka and Maharashtra. 
 The plant has significant medicinal importance and various parts of the plant are 

used in traditional medicine. The leaves are used to treat type 2 diabetes by Akan tribes of 
Ghana, and in the treatment of inflammatory and/or infectious oral diseases in Brazil. In 

regions of Kagawa, Japan, a variety of sweet potato has been eaten raw to treat anemia, 

hypertension, and diabetes. The stems of sweet potato were used for treatment of 
prostatitis. The Monpa ethnic groups of Arunachal Pradesh, India, use the tubers of sweet 

potato as a staple food and the leaves as fish feed. 
In many states, farmers are switching over sweet potato as it is very easy to grow; 

it’s also a short duration crop with low input cost and high yield, it is also climate resilience 

(drought and heat tolerant) and has few pests or diseases. The sweet potato is also very 
nutritious and low in calories.  

According to the USDA's national nutrient database, one medium, baked sweet 
potato with skin (2 inches in diameter, 5 inches long, approximately 114 grams) provides: 

103 calories with 0 grams (g) of fat, 24 g of carbohydrate, including 4 grams of fiber and 7 
grams of sugar, 2.3 grams of protein. One medium sweet potato will provide well over 100 

percent of your daily needs for vitamin A, as well as: 25 percent of vitamin C, 25 percent 

of vitamin B6 and 12 percent of potassium. You'll also find small amounts of: calcium, iron, 
magnesium, phosphorus, zinc, vitamin E, thiamin, riboflavin and folate. 

Sweet potato roots can be termed as a ‘3-in-1’ product, as it integrates the 
qualities of cereals (high starch), fruits (high content of vitamins, pectin etc.) and 

vegetables (high content of vitamins, minerals etc.).  Also, it has its advantages of high 

yielding, drought tolerance, and wide adaptability to various climate and farming systems 
over the world. Sweet potato’s tubers have anti-diabetic, anti-oxidant and anti-proliferative 

properties due to the presence of valuable nutritional and mineral components.  
Despite its high carbohydrate content, sweet potato has a low glycemic index due 

to low digestibility of the starch making it suitable for diabetic or overweighed people and 

consumers with an insulin resistance, because they have a low glycemic index. Knowledge 
of the glycemic index (GI) diet for diabetes may help to predict their daily diet in order to 

control a blood glucose level. In addition, some varieties of sweet potatoes contain colored 
pigments, such as β-carotene, anthocyanin, and phenolic compounds. Beta-carotene is 

converted into retinol or vitamin A by your body, and vitamin A contributes to optimal eye 
health, vision, a critical micronutrient for pregnant women and undernourished children. 

While taking vitamin A in large doses can be toxic, receiving it from beta-carotene is 

considered safe due to your body's ability to regulate its vitamin A production. Sweet 
potatoes can also contribute to skin health. Vitamin A, which is a natural anti-

inflammatory, can help get rid of acne-causing bacteria. 

https://ndb.nal.usda.gov/ndb/foods/show/3208?fgcd=&manu=&lfacet=&format=&count=&max=50&offset=&sort=default&order=asc&qlookup=sweet+potato&ds=Standard+Reference&qt=&qp=&qa=&qn=&q=&ing=
https://www.medicalnewstoday.com/articles/161547.php
https://www.medicalnewstoday.com/articles/248958.php
https://www.medicalnewstoday.com/articles/286839.php
https://www.medicalnewstoday.com/articles/287677.php
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Few cultivars are currently used for commercial production are: Pusa Safed and Pusa Red 

(Bihar and U.P.), Rajendra Sakarkand-5 (Bihar), H-268 (Maharashtra), Kanhangad Local 
(Kerela), H-41, H-42, H-268 and S-30(Andhra Pradesh).  

 
Popular Varieties 

 

Co 3, Co CIP 1, Sree Kanaka ( high carotene sweet potato), SreeNandini, 
SreeVardhini, Kiran, SreeBhadra, SreeRathna, Gouri, Sankar, OP-1,,H-260, Cross-4, V-35 

and Kalmegh.  
Therefore, it is concluded that sweet potato can significantly improve the 

nutritional status and its tuberous roots, stems and leaves can be consumed and 
can solve food, energy, resource and environmental problem.  
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Abstract 

 
Plants are seen in the drug business for their wide helper goodassortment similarly as their 

wide extent of pharmacological activities. The normally powerful blendspresent in plants 

are called phytochemicals. These phytochemicals are gotten from various bits of plants, for 
instance, leaves, blooms, seeds, barks, roots and pulps. These phytochemicals are usedas 

wellsprings of direct remedial masters. They fill in as an unrefined material base 
forelaboration of progressively complex semi-producedsubstance blends. This paper in a 

generalsense deals with the grouping of plants, the extraction ofdynamic blends from the 

various bits ofplants, emotional and quantitativeexamination of the phytochemicals. 
 

Keywords: Phytochemicals, Chromatography, Spectroscopy. 
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Introduction  

 
hytochemicals are the synthetic compounds that present normally in plants. Presently 

a-days these phytochemicals become increasingly well known because of their 
innumerable therapeutic employments. Phytochemicals assume a crucial job against 

number of maladies, for example, asthma, joint inflammation, malignant growth and so 

forth not at all like pharmaceutical synthetics these phytochemicals don't have any 
reactions. Since the phytochemicals fix illnesses without making any damage people these 

can likewise be considered as "man-accommodating meds". This paper fundamentally 
manages assortment, extraction, subjective and quantitative investigation of 

phytochemicals. 
 

Steps Involved In Plant Collection  

 
Collection of Plants  

Plants under consideration may be collected either from wild forests or from 
herbariums. When plants are collected from wild, there is a risk that they have been 

incorrectly identified. The major advantage of wildlife plants is that they will not contain 

any pesticides. After the plants are collected from wild or from herbarium they have to be 
processed for cleaning in order to prevent the deterioration of phytochemicals present in 

plants.  
 

Cleaning of Plants  
After plants collection they have to be cleaned properly. The cleaning process may 

involve the following steps. Cleaning, washing, peeling or stripping leaves from stems. 

Cleaning has to be done by hands in order to get better results.  
 

Drying  
The main purpose of drying is to remove the water content from plants so that the 

palnts can be stored. Plants have to be dried immediately as soon as the plants collection 

or this will lead to spoilage of plant materials. The drying consists of two methods. Drying 
can be done either by natural process or by artificial process.  

 
Natural Process  

Natural process includes sun- drying. Sometimes plants are placed on drying 

frames or on stands, to be air-dried in barns or sheds. But this may take few weeks for 
complete drying. The time depends on temperature and humidity. 

 
Artificial Drying  

Artificial drying can be done with the help of artificial driers. This process will 
reduce the drying time to several hours or minutes. The common method that is followed 

in drying medicinal plants is warm-air drying. In this process plants are placed in the plates 

of drier on which warm air is blown. This method is mainly applicable to fragile flower and 
leaves and this requires large number of workers since loading and unloading of plants has 

to be done manually.  

P 
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Powdering  
After complete drying of plants they have to be powdered well for further analysis  

 
Methods of Extraction  

 

Plant Tissue Homogenization  
Plant tissue homogenization in solvent has been widely used by researchers. Dried 

or wet, fresh plant parts are grinded in a blender to fine particles, put in a certain quantity 
of solvent and shaken vigorously for 5 - 10 min or left for 24 h after which the extract is 

filtered. The filtrate then may be dried under reduced pressure and re-dissolved in the 
solvent to determine the concentration. Some researchers however centrifuged the filtrate 

for clarification of the extract (Das K, Tiwari RKS et al., 2010).  

 
Serial Exhaustive Extraction  

It is another common method of extraction which involves successive extraction 
with solvents of increasing polarity from a non polar (hexane) to a more polar solvent 

(methanol) to ensure that a wide polarity range of compounds could be extracted. Some 

researchers employ soxhlet extraction of dried plant material using organic solvent. This 
method cannot be used for thermolabile compounds as prolonged heating may lead to 

degradation of compounds (Das K, Tiwari RKS et al., 2010).   
 

Soxhlet Extraction  
Soxhlet extraction is only required where the desired compound has a limited 

solubility in a solvent, and the impurity is insoluble in that solvent. If the desired 

compound has a high solubility in a solvent then a simple filtration can be used to separate 
the compound from the insoluble substance. The advantage of this system is that instead 

of many portions of warm solvent being passed through the sample, just one batch of 
solvent is recycled. This method cannot be used for thermolabile compounds as prolonged 

heating may lead to degradation of compounds (Nikhal SB et al., 2010).  

 
Maceration  

In maceration (for fluid extract), whole or coarsely powdered plant- drug is kept in 
contact with the solvent in a stoppered container for a defined period with frequent 

agitation until soluble matter is dissolved. This method is best suitable for use in case of 

the thermolabile drugs (Ncube NS et al., 2008)  
 

Decoction  
This method is used for the extraction of the water soluble and heat stable 

constituents from crude drug by boiling it in water for 15 minutes, cooling, straining and 
passing sufficient cold water through the drug to produce the required volume (Remington 

JP et al.,)  
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Infusion  

It is a dilute solution of the readily soluble components of the crude drugs. Fresh 
infusions are prepared by macerating the solids for a short period of time with either cold 

or boiling water (Remington JP et al.,)   
 

Digestion  

This is a kind of maceration in which gentle heat is applied during the maceration 
extraction process. It is used when moderately elevated temperature is not objectionable 

and the solvent efficiency of the menstrum is increased thereby (Remington JP et al.,)   
 

Percolation  
This is the procedure used most frequently to extract active ingredients in the 

preparation of tinctures and fluid extracts. A percolator (a narrow, cone-shaped vessel 

open at both ends) is generally used. The solid ingredients are moistened with an 
appropriate amount of the specified menstrum and allowed to stand for approximately 4 h 

in a well closed container, after which the mass is packed and the top of the percolator is 
closed. Additional menstrum is added to form a shallow layer above the mass, and the 

mixture is allowed to macerate in the closed percolator for 24 h. The outlet of the 

percolator then is opened and the liquid contained therein is allowed to drip slowly. 
Additional menstrum is added as required, until the percolate measures about three- 

quarters of the required volume of the finished product. The marc is then pressed and the 
expressed liquid is added to the percolate. Sufficient menstrum is added to produce the 

required volume, and the mixed liquid is clarified by filtration or by standing followed by 
decanting (Handa SS et al., 2008)   

 

Sonication  
The procedure involves the use of ultrasound with frequencies ranging from 20 

kHz to 2000 kHz; this increases the permeability of cell walls and produces cavitation. 
Although the process is useful in some cases, like extraction of rauwolfi a root, its large-

scale application is limited due to the higher costs. One disadvantage of the procedure is 

the occasional but known deleterious effect of ultrasound energy (more than 20 kHz) on 
the active constituents of medicinal plants through formation of free radicals and 

consequently undesirable changes in the drug molecules (Handa SS et al., 2008)  
 

Qualitative and Quantitative Analysis of Phytochemicals  

 
Preliminary Qualitative Analysis  

 
Test for Alkaloids  

 
a. Mayer’s Test  

To a few ml of plant sample extract, two drops of Mayer‟s reagent are added 

along the sides of test tube. Appearance of white creamy precipitate indicates the 
presence of alkaloids (Evans.W.C 1997)   
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b. Wagner’s Test  

A few drops of Wagner‟s reagent are added to few ml of plant extract along the 
sides of test tube. A reddish- Brown precipitate confirms the test as positive (Wagner.H 

1993)  
 

Test for Amino Acids  

The extract (100 mg) is dissolved in 10 ml of distilled water and filtered through 
Whatmann No. 1 filter paper and the filtrate is subjected to test for Amino acids 

(Harborne.J.B 1998) 
 

a. Ninhydrin Test  
Two drops of ninhydrin solution (10 mg of ninhydrin in 200 ml of acetone) are 

added to 2 ml of aqueous filtrate. Appearance of purple colour indicates the presence of 

amino acids. (Yasuma. A at el., 1953) 
 

Test for Carbohydrates  
 

a. Molish’ s Test  

To 2 ml of plant sample extract, two drops of alcoholic solution of α- naphthol are 
added. The mixture is shaken well and few drops of concentrated sulphuric acid is added 

slowly along the sides of test tube. A violet ring indicates the presence of carbohydrates 
(Harborne.J.B 1998) 

 
b. Benedict’s Test  

To 0.5 ml of filtrate, 0.5 ml of Benedict‟s reagent is added. The mixture is heated 

on a boiling water bath for 2 minutes. A characteristic coloured precipitate indicates the 
presence of sugar (Harborne.J.B 1998) 

 
Test for Fixed Oils and Fats  

 

a. Spot Test  
A small quantity of extract is pressed between two filter papers. Oil stain on the 

paper indicates the presence of fixed oils (Harborne.J.B 1998) 
 

b. Saponification Test  

A few drops of 0.5 N alcoholic potassium hydroxide solution is added to a small 
quantity of extract along with a drop of phenolphthalein. The mixture is heated on a water 

bath for 2 hours. Formation of soap or partial neutralization of alkali indicates the presence 
of fixed oils and fats (Kokate,C.K 1999) 

 
Test for Glycosides  

For 50 mg of extract is hydrolysed with concentrated hydrochloric acid for 2 hours 

on a water bath, filtered and the hydrolysate is subjected to the following 
tests(Harborne.J.B 1998) 
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a. Borntrager’s Test  

To 2 ml of filtered hydrolysate, 3 ml of choloroform is added and shaken, 
choloroform layer is separated and 10% ammomia solution is added to it. Pink colour 

indicates presence of glycosides (Evans.W.C 1997)   
 

b. Legal’s Test  

50 mg of extract is dissolved in pyridine, sodium nitroprusside solution is added 
and made alkaline using 10% NaOH. Presence of glycoside is indicated by pink colour 

(Harborne.J.B 1998) 
 

Test for Phenolic compounds and Tannins  
 

a. Ferric Chloride Test  

The extract (50 mg) is dissolved in 5 ml of distilled water. To this few drops of 
neutral 5% ferric chloride solution are added. A dark green colour indicates the presence 

of phenolic compound (Mace.M.D 1963) 
 

b. Gelatin Test  

The extract (50 mg) is dissolved in 5 ml of distilled water and 2 ml of 1% solution 
of Gelatin containing 10% NaCl is added to it. White precipitate indicates the presence of 

phenolic compounds (Evans.W.C 1997)  
 

c. Lead Acetate Test  
The extract (50 mg) is dissolved in of distilled water and to this 3 ml of 10% lead 

acetate solution is added. A bulky white precipitate indicates the presence of phenolic 

compounds.  
 

d. Alkaline Reagent Test  
An aqueous solution of the extract is treated with 10% ammonium hydroxide 

solution. Yellow fluorescence indicates the presence of Flavonoids (Harborne.J.B 1998) 

 
e. Magnesium and Hydrochloric Acid Reduction  

The extract (50 mg) is dissolved in 5 ml of alcohol and few fragments of 
magnesium ribbon and concentrated hydrochloric acid (drop wise) are added. If any pink 

to crimson colour develops, presence of flavonol glucosides is inferred (Harborne.J.B 1998) 

 
Test for Phytosterols 

  
a. Libermann - Burchard’s Test  

The extract (50 mg) is dissolved in of 2 ml acetic anhydride. To this, 1 or 2 drops 
of concentrated sulphuric acid are added slowly along the sides of the test tube. An array 

of colour change shows the presence of phytosterols (Finar,I.L 1986) 
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Test for Proteins  

The extract (100 mg) is dissolved in 10 ml of distilled water and filtered through 
Whatmann No. 1 filter paper and the filtrate is subjected to test for proteins (Harborne.J.B 

1998) 
 

a. Millon’s Test  

To 2 ml of filtrate few drops of Millon‟s reagent are added. A white precipitate indicates 
the presence of proteins (Rasch. E. et al., 1960) 

 
b. Biuret Test  

2 ml of filtrate is treated with 1 drop of 2% copper sulphate solution. To this 1 ml of 
ethanol (95%) is added, followed by excess of potassium hydroxide pellets. Pink colour 

ethanolic layer indicates the presence of protein (Gahan. P.B. et al., 1984)  

 
Test for Saponins  

The extract (50 mg) is diluted with distilled water and made up to 20 ml. The 
suspension is shaken in a graduated cylinder for 15 minutes. A two cm layer of foam 

indicates the presence of Saponins (Kokate,C.K 1999)  

 
Test for Gum and Mucilages  

The extract (100 mg) is dissolved in 10 ml of distilled water and to this 2 ml of 
absolute alcohol is added with constant stirring. White or cloudy precipitate indicates the 

presence of Gums and Mucilages (Whistler.R.L. et al., 1993) 
 

Test for Volatile Oil 

For volatile oil estimation 50 mg of powdered material (crude drug) is taken and 
subjected to hydro- distillation. The distillate is collected in graduate tube of the assembly, 

wherein the aqueous portion automatically separated out from the volatile oil (James.E et 
al., 1996) 

 

Qualitative and Quantitative Analysis 
Qualitative and quantitative analysis of phytochemicals can be done using Gas 

Chromatography- Mass Spectroscopy (GCMS). GCMS can be applied to solid, liquid and 
gaseous samples. First the samples are converted into gaseous state then analysis is 

carried out on the basis of mass to charge ratio. High Performance Liquid Chromatography 

is applicable for compounds soluble in solvents. High performance thin layer 
chromatography is applicable for the separation, detection, qualitative and quantitative 

analysis of phytochemicals (Fang Liu et al., 2018) 
 

Gas Chromatogrophy 
Gas chromatography is applicable for volatile compounds. In this method, species 

distribute between a gas and a liquid phase. The gas phase is flowing and the liquid phase 

is stationary. When the sample molecules are in liquid phase they are stationary. The rate 
of migration depends on how much of chemical species is distributed into liquid phase. 

Higher the percentage of material in the gaseous state faster will be the migration. The 
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species which distributes itself 100% in the stationary state will not migrate. If a sample 

distributes itself in both phases, it will migrate at an intermediate rate. This gas 
chromatography gives the total amount of vapour. Thus it is most widely used for 

quantitative analysis (Hariharan et al., B 2013) 
 

High Performance Liquid Chromatography (HPLC) 

HPLC is also known as High- Pressure Liquid Chromatography. This separates 
compounds on the basis of their interaction with solid particles of a tightly packed column 

and the solvent of the mobile phase. High pressures of up to 400 bars are required to 
elute the analyte through the column before they pass through detector. HPLC is useful for 

compounds that cannot be vapourised or that decompose under high temperatures. HPLC 
provides both quantitative and qualitative analysis in a single operation (Keline Medeiros 

de Araújo et al., 2014) 

 
High Performance Thin Layer Chromatography (HPTLC) 

High Performance Thin layer Chromatography is a modified version of thin layer 
chromatography. High Performance Thin layer Chromatography is planer chromatography 

where separation of sample components is done on high performance layers with 

detection and acquisition using an advanced work- station. These high performance layers 
are pre-coated with a sorbent of particle size 5-7 microns and a layer thickness of 150-200 

microns. The reduction in the thickness of the layer and the particle size results in 
increasing the plate efficiency along with nature of separation. HPTLC is suitable for 

qualitative, quantitative and micro-preparative chromatography (Rehana Banu, H. et al., 
2014) 

 

Optimum Performance Laminar Chromatography (OPLC) 
OPLC combines the advantages of TLC and HPLC. The system separates about 10-

15 mg samples, with simultaneous processing of up to 4 or 8 samples at a time depending 
on the model. In OPLC a pump is used to force a liquid mobile phase through a stationary 

phase, such as silica or a bonded-phase medium. The OPLC column housing structure 

allows flat planar columns to be used in the same way as cylindrical glass or stainless steel 
ones. The flat column is pressurized up to 50 bars, and mobile phase is forced through it 

at constant linear velocity via a solvent delivery pump. The work station includes all of the 
modules required for effective separation of the compound sample of interest, including 

two 96- well plate sample holders and automated sampling system that withdraws a 

sample from each well and places it on the OPLC planar sorbent bed, a solvent delivery 
system including a mobile phase degasser and pump, OPLC purification unit, a four 

channel diode array detector to monitor the eluent and fraction collector to six 96- well 
plates to hold the separated compounds (Nathan Brysonet al., 2004) 

 
Methods of Detection 

Spectroscopy is used in the detection of phytochemicals. The following are 

frequently used in the study of phytochemicals. UV- To find out whether the system is 
conjugated( the coloured compounds such as ¥â- carotene, crocetin are in system of 

extensively conjugated pi-electrons). IR - To identify the functional groups that are present 
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in the compound. MS - To determine the molecular weight of the compound and to 

identify the presence of isotopes patterns for Cl and Br. 13C- NMR - To identify how many 
types of carbon atoms are present in the compound. 1H- NMR - To find out how many 

types of hydrogen atoms are present in the compound and to find out how the hydrogen 
atoms are connected. 

 

TLC 
TLC is the chromatographic system of widest application in phytochemistry (see 

Chapter 1, Section 1.3) since it can be applied to almost every class of compound, except 
to very volatile constituents. It can be applied to crude plant extracts in a preliminary 

survey for the presence of most compounds. In the same operation, it provides a means of 
separation and preliminary detection. The major reference to TLC procedures remains the 

book edited by E. Stahl (see p. 35), but there is also an excellent guide to the TLC of drug 

plants (Wagner, H., Bladt, S. and Zgainski, E.M. (1983) Drogen AnalYse, SpringerVerlag, 
Berlin) which includes many colour illustrations of TLC separations of plant constituents 

(Rehana Banu et al., 2014) 
 

UV Spectroscopy 

Ultraviolet and visible spectroscopy is the measurement of the attenuation of a 
beam of light after it passes through a sample or after reflection from a sample surface. 

Ultraviolet radiation is energetic enough to promote outer electrons to higher energy level 
and UV spectroscopy is usually applied to molecules or inorganic complexes in solution. 

This results from transition between the electronic energy levels. Measuring the 
absorbance at some wavelength by applying Beer- Lambert.s law can determine the 

concentration of the analyte solution. It is useful to characterize the absorption, 

transmission and reflectivity of a variety of important materials such as pigments and other 
compounds from plants. This qualitative application requires recording atleast a portion of 

the UV- Visible spectrum for characterization of the optical or electronic properties of 
materials (Fang Liu et al., 2018) 

 

IR Spectroscopy 
IR spectroscopy is used to determine the functional group present in the sample. 

Infrared absorption spectroscopy is the measurement of the wavelength and intensity of 
the absorption of mid-infrared light by a sample. Mid-infrared light is energetic enough to 

excite molecular vibrations to higher energy levels. The wavelength of many IR absorption 

bands are characteristics of specific types of chemical bonds, and IR spectroscopy finds its 
greatest utility for qualitative analysis of organic and organometallic molecules. IR 

spectroscopy is used to confirm the identity of a particular compound and as a tool to 
determine the newly synthesized molecule (DR.Abbas. D. Matter Al-Maliki 2011) 

 
Mass Spectroscopy 

Mass spectroscopy is a powerful tool for the identification of materials. Mass 

spectrometry has become one of the most important tools in the biochemical sciences with 
capability ranging from small molecule analysis to protein characterization. Mass 

spectrometry is a powerful analytical technique that is used to identify unknown 
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compounds, to quantify known compounds and to elucidate the structure and chemical 

properties of molecules. The molecular weight of sample can be determined from MS 
Spectrum. Structural information can also be generated from certain types of mass 

spectrometers. This procedure is useful for the structural elucidation of organic 
compounds,for peptide or oligonucleotide sequencing and for monitoring the existence of 

previously characterize compounds in complex mixtures with a high specificity by defining 

both the molecular weight and a diagnostic fragment of the molecule simultaneously (Ana 
Plazonić 2009) 

 
Nuclear Magnetic Resonance Spectroscopy: (NMR) 

Nuclear Magnetic Resonance Spectroscopy gives physical, chemical and biological 
properties of matter. Chemists to study chemical structure using simple one-dimensional 

techniques routinely use NMR spectroscopy. Two dimensional techniques are used to 

determine the structure of more complicated molecules. These techniques are replacing X-
ray crystallography for the determination of protein structure. Time domain NMR 

spectroscopic techniques are used to probe molecular dynamics in solutions. Solid state 
NMR spectroscopy is used to determine the molecular structure of solids.13C- NMR is used 

to identify the types of carbon are present in the compound. 1H- NMR is used to find out 

types of hydrogen are present in the compound and to find out how the hydrogen atoms 
are connected (Catherine Deborde et al., 2019) 

 
X-Ray Crystallography 

X-ray crystallography is an experimental technique that exploits the fact that X- 
ray are diffracted by crystals. X-rays have the proper wavelength( in the Angstrom range 

10-8) to be scattered by the electron cloud of an atom of comparable size. Based on the 

diffraction pattern obtained from X- Ray scattering off the periodic assembly of molecules 
or atoms in the crystal, the electron density can be reconstructed. Additional phase 

information can be extracted either from the diffraction data or from supplementing 
diffraction experiment to complete the reconstruction. A model is then progressively built 

into the experimental electron density, refined against the data and the result is a quite 

accurate molecular structure (Areej M. Al-Taweel et al., 2017) 
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OPEN AND OVER GRAZING LOOSING BIODIVERSITY AND 

INTRODUCING NEW WEEDS AT UTTARKASHI DISTRICT OF 
UTTARAKHAND STATE# 
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Abstract 

 
Grazing ecology that refers to analysis of biotic and abiotic influences on the grazing 

process is an upcoming discipline of ecology, moving out of the shadows of the overall range 
of grassland ecology (Shankar and Singh, 1996). Grazing usually refers to the process of 

complete or partial removal of the living or dead aboveground parts of herbaceous plants 
(Hodgson, 1979), and grazing ecology aims at ‘understanding interactions and inter-

relationships of the plant-animal interface’ (Heady and Child, 1994). Considering the 

recycling of minerals in the grazing ecosystem, the linkage with the soil assumes crucial 
importance. Hence, it is desirable to bring soil-plant-animal interactions in to the fold of 

grazing ecology. Grazing ecology also derives strength from the concept of co-evolution of 
pasture plants and herbivores (McNaughton, 1985; Heady and Child, 1994). 
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Introduction  

 
ncontrolled grazing is highly detrimental to grassland regeneration. Trampling, 

grazing and browsing kills most of the seedlings. Uncontrolled grazing has done the 
maximum damage to the Indian grasslands particularly to their regeneration. 

Grazing compacts the soil, reduces aeration, and upsets the soil water regimes, increases 

run off and risk of erosion. It throws the succession back several stages of retrogressive 
deterioration. Grazing tends to make excessively moist area drier. Bor (1942) has rightly 

pointed out that excessive grazing by goats, sheep and cattle may not only destroy the 
forest crop but converts the area in the barren ground. 

Plant body structure, primary productivity and the conservation of energy are 
greatly influenced by chemical composition of soil and its type. The studies of mineral 

cycling have practical bearing on forestry and agriculture where the recommendations 

need to be based on precise knowledge of amount of the element involved in the life cycle 
of plant and their subsequent fate, till return to the soil (Agrawal, 1989). Shankar et al. 
(1975) studied the pattern of interspecific association in Sehima- Heteropogon grasslands 
under three different system of management. They reported burning as a factor that can 

change the nature of correlation of plant species in tropical grassland, opined that negative 

association can be considered as differential habit requirement in which one species tends 
to exclude the other. Vegetation is not a random assemblage of individuals rather they are 

distributed in some characteristic pattern and have definite structure and composition. This 
is due to interaction between the species and also due to similar response of plants to the 

some microclimate. The plants growing in such communities may exhibit interspecific 
association or may be distributed independently. Many of the behavioral characteristics of 

any species are social in nature and cannot be observed in a single individual isolated from 

others of its own kinds. Such characters are concerned with interspecific relationship and 
occur only when species are growing together. Thus, the concepts of association and 

correlation have been used as a tool for understanding the biological relationship among 
species (Sundriyal and Joshi 1992). 

Four factors are especially important: density, timing, size and chemistry. For 

instance, at very high densities, green foxtail plants tend to compete strongly with each 
other and thus remain very small. These small plants probably have little competitive effect 

on the crop even when there are many of them. At medium densities, green foxtail plants 
grow larger and can severely reduce crop yields. In this example, a reduction in weed 

numbers may actually increase the weed problem. 

 
Material and Methods 

Uttarkashi district is located in the catchment of two major river system of India 
i.e. Ganga,Yamuna and tributaries. The district lies between N 300 27’ latitude and E 780 

54’ to 790 25’ longitude and has a total geographical area approximately 8016 sq. km. 
Among of which 21% land are used fr Agriculture or Horticulture.  So traditional crop like 

cereal plants are Tritium vulgare (wheat), Oryza sativa (rice) and that make about 75% of 

total cereals of Uttarkashi rest Zea maiz (Maize). The minor cereal plants viz Elusine 
corsicana (samak) and pseudo cereals like Fagopyrum esculentum (kutu), Amaranthus 
causation (Ramdana) etc are included in remaining 25% of cereals. More than eight 

U 
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species of family Papilionaceae viz.  Dolichos lab lab (Sem), Glycine max (soybean), Pisum 
sativum (matar), Lens esculentum (masoor), Phaseolus munga (urd), Phaseolus radiatus 
(moong), Vigna sinensis (Rajama) etc were produced by organic methods except Rice and 

Wheat.  
After heavy grazing and infestation of chemical, fertilizer, insecticides, fungicides 

and seeds from outer agencies, it has been observed by us weeds  crops drastically 

increased however production of the crops increases in the area through the support of 
hybrid seed, chemical, fertilizer, insecticides, fungicides etc. 

 
Result 

During the survey at Uttarkashi villages i.e Gainwla ( Barshali), Chinyali, Matli , 
Dhrashu etc following weeds were observed either fields  and nearby area of  farming 

fields during Ravi, Khariff and Jayad session. Following weeds replace our natural grasses 

of the area .  

S.

N 
Botanical name 

Local    

Name 
Life Span Habit Family 

1 Amaranthus viridis Junga-li 

chaulai 

Jan-Dec Erect Amaranthaceae 

2 Avena fatua L. Jawatu Apr-May Erect poaceae 

3 Chenopodium album Bathua Jan-Dec Erect Euphorbiaceae 

4 Coronopus didymus L. 
Smith 

Jungle 

ajwan 

Mar-Oct Erect Brassicaceae 

5 Convolvulus arvensis Heyranpatu Sep-April Climber Convolvulaceae 

6 Cleome viscose L. Jakhya Jul-oct Erect Cleomaceae 

7 Cynodon dactylon L. 
pers 

Dubla Apr-Jul Grass Poaceae 

8 Cyperus compressus L. Murya Jul-Nov Sedge Cyperaceae 

9 Cyperus rotundus L. Motha Jul –Dec Grass Cyperaceae 

10 Eclipta prostata 
L.Mant. 

Bhangiri Mar-Sep Prostrate Asteraceae 

11 Eleusine indica L. 
Gaertn 

Jharnpriya-
kodu 

Jul-Nov Grass Poaceae 

12 Euphorbia 
heterophylla L. 

Dudhya Feb- Aug Erect Euphorbiaceae 

13 Euphorbia hitra L. Chota-dudya Sep- Oct Erect 

decumbent 

Euphorbiaceae 

14 Lantana camera L. Kuri  
Ghas 

Jan- Dec Erect Verbenaceae 

15 Malva parviflora Soncheli Jan-June Prostrate Malvaceae 

16 Medicago polymorpha Ghadu Aug-Sep Decumbent Fabaceae 

17 Melilotus alba Medikus Safed senji Aug-Oct Erect Fabaceae 

18 Melilotus indica(L) Ban methi Aug- Oct Erect Fabaceae 
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Conclusion 
It can be concluded from the present study that open grazing disturbs the species 

distribution in the studies grasslands, communities. The most palatable species get 

eliminated from the area due to heavy grazing and less palatable species took places of the 

Allioni 
19 Oxalis latifolia Humb. Bilmoria Jan- Oct Erect Oxalidaceae 

20 Polygonum plebeium Dondya Jan-Dec Erect Polygonaceae 

21 Rumex hastatus Almoro Feb-Oct Erect Polygonaceae 

22 Solanum nigrum Makoi Aug-Sep Annual Solanaceae 

23 Tridex procumbens Kanphuli Jan-Dec Erect Asteraceae 

24 Anagallis arvensis Billi booti Feb-Oct e Erect Primulaceae 

25 Asphodehus 
tenuifolius 

Bhokat piazi Jan-Dec Erect Asphodeliace 

26 Achyranthes bidentata Chicheree Jan-Dec Annual/ 
Erect 

Amaranthaceae 

27 Asparagus racemosus Satrawar April –October  Perennial A.racemosus. 

28 Centella asiatica Brahmi butti April -October Prostate Asteraceae 

29 Carthamus oxycantha Pohli,Kandiar

i 

April -

September 

Annual 

weed 

Asteraceae 

30 Fumaria indica  Shahtra, 

Pitpapra 

Jan-Dec Semi erect, 

Annual 
weed 

Fumariaceae 

31 Glium aparine Wambooti Jan- Dec Annual/ 

erect  

Rubiaceae 

32 Lathyrus aphaca Dokanni Annual Jan -May Papiolanaceae 

33 Lathyrus sativus Kurri, Chraal 

,Kasseri 

Annual Dec- May Papiolanaceae 

34 Lepidium sativum Halon Annual  Dec -Jan Brassicaceae 

35 Phalarish minor Dumbi sittee Annual Jan-July Poaceae 

36 Saponaria vaccaria Takla Annual July -Dec Caryophyllacea

e 

37 Spergula arvensis  Van dhaniya 
Kalri booti 

Annual Dec - Jan Spergulaceae 

38 Stelleria media Stelphullan 

booti 

Annual July - 

March 

Caryophyllacea

e 

39 Eupatorium 
adenophorum 

Kala bansa/ 

Bhangu 

Annual Erect Astraceae 

40 Ageratum 
houstonianum 

Fulmundya/
pardeshi 

ghas 
/ flossflower 

Annual Semi Erect Asteraceae 

http://en.wikipedia.org/wiki/Amaranthaceae
http://en.wikipedia.org/wiki/Asteraceae
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eliminating species. The green biomass of the species was also observed reducing due to 

excessive grazing and trampling of the grazing animals. The correct capacity of the grazed 
plot was also get affected due to open free grazing. Thus, open free grazing practice for 

the temperate grassland is found to have negative effects on the studies parameters. It 
has been observed by author’s 20% new weed species invaded and 10% old species 

replaced by new weed species and most of new species are occurred from outside seeds, 

nomads (Shepherded/Gujjars). These Shepherded and Gujjars comes here every march of 
the year from plain area with their sheep, goats, buffalo, horse , cow and bullock etc. 

carrying with  different kinds of weeds through their animals external organs i.e  hair, tail, 
horns,  foot  etc.  Weeds are attached to their external organs and reached till grater 

Himalaya (above 4000Mtrs). Authors suggested that nomadic grazers should clean their 
extremities’.  It has also been obserbes after using chemical, fungicides, the numbers of 

weed increases and our traditional crops are almost weed less.   
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12 
EVALUATION OF ANTIRRHINUM MAJUS L. SELECTIONS FOR SEED 

PRODUCTION UNDER PROTECTED CONDITION# 
Pooja Kaintura* 

_________________________________________________________________________ 
 

Abstract 

 
An investigation for Evaluation of Antirrhinum majus L. selections for Seed parameters 

under protected condition was carried out at experimental farm of the department of 
Floriculture and Landscaping, Dr. Y.S. Parmar University of Horticulture and Forestry, 

Nauni- solan (H.P). Twenty one selections were transplanted in Randomized Block Design 

under naturally ventilated polyhouse. Observed parameters should variation for plant 
height (104.21 cm to 35.17cm), total number of pods per spike (27.53 to 7.33 per 

spike), and percentage of seed filled pods to total pod per spike varied (58.77 % to 
36.52 %). 
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Introduction 

 
ntirrhinum majus L. (Huxley et al., 1992) is a flower with curious shape and 

magnificent colours. It is commonly known as Snapdragon or dog flower.  It is an 
erect,   herbaceous plant having cultivars with wide range of colours. It blooms in 

spring, producing spikes having florets of different colours and shades such as white, 

cream, yellow, rose, salmon, pink, mauve, red, magenta and bicolours. It can be easily 
grown without any specific cultural requirement. It has high cost benefit ratio and a short 

crop cycle. Medium and tall varieties of Antirrhinum having height of 75 to 150 cm are 
highly suitable for cut flower purpose. It can also be used in various landscape plans, 

rockeries and herbaceous borders. The dwarf varieties are bushy and are very useful for 
edging, window and pots whereas the trailing types are used for hanging baskets. 

            Antirrhinum is propagated through seeds so its seed are highly demand at 

International market. Thus present study was conducted under naturally ventilated 
polyhouse for evaluation of different genotypes for preferred seed production related 

parameters which could provide useful information to growers willing to cultivated 
Antirrhinum for commercial seed production.  

 

Materials and Methods   
              The investigation entitled “Evaluation of Antirrhinum majus L. selections for 

vegetative and flowering characters under protected condition” was carried out at 
experimental farm of the department of Floriculture and Landscaping, Dr. Y.S. Parmar 

University of Horticulture and Forestry, Nauni- solan (H.P). Seeds of twenty one Selections 
were sown in plug trays. These trays which were filled with growing media comprising of 

vermiculite, cocopeat and garden soil in a ratio of 1:2:1, respectively. Before sowing, the 

growing media was drenched with 2 percent Bavistin and Dithane M-45 for 24 hours. Plug 
trays were then kept under protected conditions for germination. The regular spraying of 

tap water was ensured to maintain the optimum level of moisture in plug trays. Weeding 
was done at regular interval of time. Bavistin and Dithane M-45 was sprayed at weekly 

interval to prevent the damping off in seedlings. Seedlings were ready for transplanting 45 

days after sowing.  
               The experiment was laid out in a Randomized Block Design with 3 replications 

each consisting of 25 plants under naturally ventilated polyhouse of 200 m2. Plants were 
transplanted in prepared field. Immediately after transplanting, crop was irrigated. A basal 

dose of well rotten FYM (5 kg/m2) along with 15 g/m2 N, 20 g/m2 P2O5 and 20 g/m2 K2O 

were applied. The water soluble fertilizers having N: P: K at the ratio of 19:19:19 was also 
applied at weekly interval upto the stage when plants started flowering. Crop was irrigated 

twice a week during vegetative growth and flowering, there after irrigation was reduced to 
enhance maturity of seeds. Manual weeding and hoeing was performed as and when 

required. This not only helped in control of weed population but improved soil aeration as 
well. There was no incidence of any disease and pest in the crop, but a schedule spray of 

Dithane M-45 (0.2%) and Bavistin (0.1%) was done at fortnight interval as a 

precautionary measure.  
 

 

A 
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Result and Discussion  
The data presented in Table reveals that selected selection exhibited 

significant variation in terms of plant height. Plant height ranged from 104.21 cm to 
35.17 cm. The difference between maximum and minimum plant height was 75.85 cm 

(Table1).  Plant height is an important criteria for seed yield parameters as it has influence 

on rachis length , spike length, number of seed pods on the spike. 
 

Table1. Performance of Different Selections for Seed Production Related 
Parameters 

 

Name of 
genotype 

Plant 
height 
(cm) 

Total 
number 
of pods 

per spike 

Number of 
pods with 

seed 
per spike 

% of 
seed 

bearing 
pods per 

spike 

Test 
Weight 
(mg) 

Number of 
seeds per 

pod 

Selection 1 104.21 21.87 10.73 49.09 203.50 182.47 

Selection 8 99.41 18.87 8.47 44.88 209.50 98.53 

Selection 7 93.73 23.73 8.67 36.52 240.20 130.47 

Selection 10 90.97 17.87 8.13 45.52 233.50 185.40 

Selection 9 86.92 20.00 8.27 41.33 198.20 139.73 

Selection 3 84.91 17.13 7.80 45.53 209.80 148.73 

Selection 6 82.49 15.67 9.13 58.30 192.80 138.33 

Selection 21 73.58 27.53 14.40 52.30 217.20 168.53 

Selection 15 71.59 18.33 8.53 46.55 206.90 114.47 

Selection 12 71.27 18.20 9.27 50.92 220.10 71.73 

Selection 20 70.93 17.73 8.47 47.74 201.30 150.93 

Selection 5 69.64 18.33 8.60 46.91 205.80 248.67 

Selection 17 65.20 17.00 7.93 46.67 229.40 177.40 

Selection 4 61.92 7.33 2.93 40.00 272.90 98.67 

Selection 2 61.79 15.40 6.87 44.59 217.40 137.20 

Selection 11 58.15 9.60 4.00 41.37 245.00 131.40 

Selection 16 55.57 14.40 7.73 53.70 210.00 91.47 

Selection 13 42.19 9.13 4.53 49.64 211.30 110.20 

Selection 19 37.84 7.60 4.47 58.77 243.70 121.27 

Selection 14 37.14 8.20 4.53 46.55 225.20 101.07 

Selection 18 35.17 9.13 5.93 64.96 201.70 130.47 

CD0.05 8.87 3.30 1.26   2.45 

 

Total number of pods per spike was varied from 27.53 to 7.33 per spike. But 
out of total number of pods only very few pods were having seeds. The data 

presented in Table 1, reveals that significant difference for total number of pods per 
spike were observed in different Selections. Maximum number of total pods per spike 

(27.53) was observed in Selection 21. In contrast, minimum total number of pods per 
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spike (7.33) was observed in Selection 4 which was further at par with Selection 19 

(7.60) , Selection 14 (8.20), Selection 18 (9.13),Selection 13 (9.13) and 
Selection11(9.60). 

The data in Table reveals that there was wide variation in terms of number of 
pods per spike having seeds. Maximum number of pods with seeds per spike (14.40) 

was in Selection 21 which was statistically at par with Selection 1 (10.73). In contrast, 

minimum number of pods with seeds per spike (2.93) was in Selection 4 which was 
further at par with Selection 11(4.00). On the basis of it, maximum percentage  (58.77 

%) of pods per spike having good number of seeds were observed in Selection 19 
whereas Selection 7 was having minimum percentage (36.52 %) of pods having 

seeds. Similar results were obtained by Singh and Jauhari (2005), Singh and Martolia 
(2006). 

               It is apparent from Table that significant difference for number of seeds per 

pod was observed in different Selections. Maximum number of seeds per pod (248.67) 
was observed in Selection 5. However, minimum number of seeds per pod (71.73) 

was observed in Selection 12. Maximum test weight (272.90 mg) was observed in 
Selection 4 whereas minimum test weight (192.80mg) was observed in Selection 6. 

This variation may be due to the genetic constitution of Selections. Variations Singh 

and Martolia (2006); Singh and Jauhari (2006). 
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HARNESSING POTENTIAL OF PLANT BIOTECHNOLOGY FOR 
SUSTAINABLE DEVELOPMENT OF AGRICULTURE IN INDIA 
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____________________________________________________ 

 

Abstract 
 

Agriculture productivity is important for economic development of India as still 
more than seventy percent of our population directly or indirectly depends on it for 

livelihood. After the green revolution era, during early nineties it was realized by the Indian 

policymakers that enhancing the productivity as the cost of environment will have adverse 
effect on Indian agriculture which could pose a challenge for sustaining agriculture 

production and productivity throughout the country in future.  Sustainable Farming with an 
integrated system of plant and animal production practices focusing on site specific 

application with an aims to provide food and fuel security to the people in a healthy 

environment over a long term has been suggested as an option by the visionaries involved 
in agriculture to address this issue. The term „sustainable‟ comes from the word sustain 

which means to maintain or to endorse so, for practicing sustainable farming there is need 
of technologies which are socially viable as well as environmentally safe.(FAO,2006). As 

per the researchers working in the field of agriculture, for sustainable farming various 

technologies has to be evolved and applied with an integrated approach to enhance 
productivity along with vigilant environment protection approach.  Agriculture 

biotechnology has established as one of the important tool that could significantly 
contribute to make agriculture production sustainable without adversely effecting the 

environment. Agriculture biotechnology refers to application of biotechnological tool and 
technologies including genetic engineering, molecular markers, molecular diagnostics, 

plant tissue culture etc., to modify plant, animal and any microorganism directly or 

indirectly involved in agriculture production system and thus could enhance quality or 
quantity of agricultural produce. (Hansson and Joelsson, 2013) Keeping in view these facts 

various technique related to agriculture biotechnology has been discussed here. 
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Application of Transgenic for Sustainable Agriculture  
 

enetic engineering is a technique to incorporated desired traits in an organism 
through genetic modification of an organism by inserting gene for a particular 

character in one organism from other organism. Thus use of genetic engineering 

allows selection of those traits that would not be possible through conventional plant 
breeding method. It has been used to develop various transgenic varieties having resistant 

to salinity, drought, disease as well as nutrient efficient which could be utilised to meet the 
challenge of fulfilling food, fodder and fuel requirement of increasing population.   

 
Reduction in Use of Chemical Pesticides Using Transgenic Plants  

Transgenic crops has been developed for  insect resistance (GM IR), in the various 

crops for major pests such as fruit and shoot borer of brinjal, stem and stalk borers, 
earworms, cutworms and rootworm in maize (eg, Ostrinia nubilalis, Ostrinia furnacalis, 
Spodoptera frugiperda, Diatraea spp, Helicoverpa zea and Diabrotica spp), 
bollworm/budworm in cotton and pod borer (Helicoverpa armigeru) in chickpea. GM crops 

with desired traits have contributed significantly in reduction of adverse environmental 

impact associated with indiscriminate use of insecticide and herbicide by the farmers. 
                Initially developed transgenic varieties which were permitted for cultivation in 

developed countries like USA and Canada included cotton, soyabean, corn and canola, 
were resistant to herbicide and insect pests. These transgenic varieties have significantly 

contributed for the cause of sustainable agriculture as they give higher yields along with 
efficient pest suppression resulting in reduced application of chemical. Thus it is reducing 

the cost of cultivation of crops along with protecting our environment from harmful 

chemicals. In last few decades, development of transgenic crops such as Bt cotton, canola, 
corn etc has significantly contributed in reduction of use of pesticides which reduces 

number of sprays per hectare area.  As per the International Service for the Acquisition of 
Agri-Biotech Applications (ISAAA), in 2007 alone use of GMO crops resulted in a reduction 

of pesticide use of over 77,000 metric tons of active ingredients which is as per the group 

was equivalent to using 18 percent less pesticide on farmers' fields. (James, Clive. 2007) 
In India, cotton is the only crop for which transgenic has been permitted for 

commercial cultivation. The development of transgenic cotton varieties popularly known as 
Bt cotton are resistant against bollworm thus increasing the yield as well as reducing the 

reliance on insecticide. It has also contributing in   reducing green house gases which was 

being emerges out during chemical sprays on the crops thus making the soil healthier. 
(James, Clive (2009),) 

In India several transgenic varieties has been developed but has not been released 
for cultivation. DMH (Dhara Mustard Hybrid)-11 is one such genetically modified variety of 

mustard developed by Centre for Genetic Manipulation of Crop Plants at Delhi University. It 
is developed by using three genes viz., barnase, barstar and bar from Bacillus 
amyloliquefaciens for hybrid seed production. The barnase gene confers male sterility to a 

plant in which it is inserted and barstar gene/s restore the fertility to produce fertile hybrid 
plants and seeds. The third gene bar synthesize an enzyme call PAT, which is responsible 

for tolerance to glufosinate in the plant. Glufosinate is a broad spectrum herbicide, which 

G 
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indiscriminately eliminates weeds and any plant that does not have the bar gene. 

Glufosinate herbicides contain the active ingredient phosphinothricin, which kills plants by 
blocking the enzyme responsible for nitrogen metabolism and for detoxifying ammonia, a 

by-product of plant metabolism. Its commercial release has been put on hold by the 
Environment Ministry (Lakshmikumaran, 2019). 

 

Increase in Carbon Sequestration Using Transgenic Plants 
In past few decades, there is increased concern to stabilizing the atmospheric 

concentration of CO2 and other GHGs to mitigate the risks of global warming. Atmospheric 
enriched level of GHGs can be moderated through processes controlling human emissions, 

or sequestering Carbon in plant biomass or the soil.  Carbon sequestration refers to the 
process by which atmospheric carbon dioxide is fixed in plant issue by trees, grasses, and 

other plants through photosynthesis and stored as carbon in biomass (trunks, branches, 

foliage, and roots) as well as in soils in such a manner that it is not re-emitted into the 
atmosphere for a long duration. (Kane, 2015).Thus any form of vegetation whether it is  

agriculture crop, weed, forest tree or any other plant, it act as a sink of carbon 
sequestration which ultimately helps to equalize sources of carbon dioxide to the 

atmosphere, such as deforestation, forest fires, and fossil fuel emissions. Thus by adopting 

sustainable agriculture practices we can increase the ability of agriculture to sequester 
atmospheric carbon while enhancing other ecosystem services, such as improved soil 

health and water quality.  
Transgenic plants has been developed to have inherit ability with enhance 

photosynthesis and thus result in increased biomass yield.  They also increased pest 
resistance thus need less chemical application throughout the growing process. Thus they 

perform better “no-till” and “reduced-till” farming systems. Infact these production systems 

have increased significantly with the adoption of GM HT crops as the GM HT technology 
facilitates farmers to manage competing weeds efficiently, reducing unnecessary tillage 

practices just to reduce weeds.  
GM crops requires less application of weedicide and insecticide compared to 

traditional crop, thus it contribute in reduction of fuel used for crop cultivation. The fuel 

savings associated with making fewer spray application relative to conventional crops, and 
the shifting to conservation, reduced and no-till farming systems, resulted in effective 

reduction in carbon dioxide emissions. 
It has also been reported that in North and South America, crop production using 

GM HT crops (especially in soybeans) resulted in better management of weeds, thus 

reducing the need for intensive tillage and seed-bed preparation. Thus GM technology has 
facilitated shifting from conventional to RT/NT production systems by the farmers in both 

North and South America Brookes and Barfoot (2018). The largest reductions in carbon 
dioxide emissions associated with reduced fuel use have come from the adoption of GM HT 

technology in soybeans (about 85% of total savings) and particularly in South America. 
There is 5-fold increase in carbon sequestration have been recorded with GM herbicide 

tolerant (HT) soybeans in Argentina account for 95% of the no -till soybean area. It has 

concluded that  this soil carbon saving is based rapid adoption of RT/NT farming systems, 
for which the availability of GM HT technology was a  promoting factor which result in 

adoption of  this system by many farmers. Thus GM HT technology has been an important 
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contributor to this increase in soil carbon sequestration, but is not the only factor of 

influence.   
 

Biofuel Production Using Transgenic Plants 
Biofuel has the potential to reduce environmental pollution by decreasing the 

reliance on petroleum products.  This can be achieved by using genetically engineered 

plants to produce cellulases and hemicellulases, that will reduce the need for pretreatment 
processes through lignin modification. There are other effective ways also to solve this 

problem, together with strategies, such as increasing plant polysaccharide content and 
overall biomass. Therefore biotechnology has proved as a enabling technologies for yield 

increase and conversion process for fuel crops like corn ethanol, soya biodiesel 
(Sticklen,2008).  

 

Application of Molecular Markers for Sustainable Agriculture   
Molecular markers are powerful tools to estimate genetic diversity and to generate 

information to better understand the genetics of any crop as they are accurate, abundant 
and not affected by the environment. Molecular marker tools have been used recently for 

addressing problem of food security and environmental conservation by utilizing it various 

research directly. Molecular marker technique is directly applied for molecular diagnosis of 
diseases and pests, Marker Assisted Selection (MAS), Gene Assisted Selection (GAS) and 

Genome Assisted Breeding (GAB) related for betterment of Agriculture. In Agriculture and 
allied field molecular marker based technique has been used for enhancing qualitative and 

quantitative traits of l crops, animals and forestry species. 
Molecular markers associated with important agronomic traits could significantly 

reduce the time and cost involved in developing new varieties because they help in 

selecting the best parents and accelerating the rate of genetic gain in the breeding 
program. Association mapping has become widely used to identify DNA markers associated 

to important traits in many crops (Lammerts et al.,,2010). 
 

Application of Plant Tissue Culture for Sustainable Agriculture  

Micropropagation refer to propagation technique where minute section of plant 
(cell,tissue etc)is used for large scale propagation of plant. It is popularly known as Tissue 

culture. Scientifically it a type of large-scale clonal propagation. It can be also considered 
as first major and widely accepted practical application of plant biotechnology. 

Technically it is described as the in vitro propagation where culturing of plant 

tissue is done under control and sterilized condition in a lab. As the plant tissue 
differentiation is completed and a plantlet is produced in tissue culture setup, these 

plantlets are transferred for ex vitro establishment in the soil in fully controlled polyhouses. 
During last few decades in vitro techniques for plant propagation has progressed as 

technique has been simplified a lot ( Aladele,2012).  
Plant tissue culture is an important agricultural biotechnological tool that 

contributes in the production of crops with improved food, fiber, fuel and feed. It is one 

way towards commercialization to face the food availability challenge in developing 
countries and allow to cope with their fast growing population in restricted area of land. In 

addition, plant tissue culture enables rare and nearly extinct species to be rescued and 
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propagated. In this way plant improvement as well as in vitro production of metabolites 

and plant secondary products can be achieved throughout the year under disease free 
environment. 

 
Conclusion 

                  From the above context it has been proved that plant biotechnology has 

played an important role in modern agriculture to boost production and productivity of 
agricultural commodities and strengthen our economy. In order to increase production and 

productivity of commodities, there is need of time to focus on development and adoption 
of technologies such as genetically modified crops, tissue culture for large scale plantation. 

Government should make policy to consider allowing GM crop for crop cultivation under 
strict monitoring. Farmer‟s should be educated about tissue culture plants, transgenic 

varieties and their advantages. Tissue culture plants should be easily available to the 

farmers. We all should agree that technically driven and efficiently managed precision 
farming is the ultimate option to feed our ever increasing population while ensuring 

sustainability at ecological, environmental and community level. 
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Abstract 

 
Bamboo is a versatile and renewable resource, described by high quality and low 

weight, and is effectively worked utilizing basic instruments. The almost 1,500 described 

species of bamboos are ordered into three tribes: Arundinarieae (temperate woody 
bamboos, 546 species), Bambuseae (tropical woody bamboos, 812 species), and Olyreae 

(herbaceous bamboos, 124 species). Bamboo is the world's fastest growing woody plant. 
It is broadly perceived as one of the most important non-timber forest products because of 

the high financial advantages of bamboo based items. Bamboo grows three times faster 

than most different species. Bamboo has many natural advantages which have made it a 
most loved green building material. The review considers not only the ecological aspects 

when bamboo is utilized as a structure material but also its social and financial 
perspectives, to understand its maintainability way. A look at the realities uncovers that 

reasonable and economical usage of bamboo will open up a plethora of chances 
particularly for the rural poor. Preceded with technological, headway and research have 

placed bamboo into an ever increasing number of employments and as a crude material 

for a few modern. A need requirement for tackling its economical aspects potential is draw 
up a very well planned multilateral methodology. 

 
Keywords: Environmental aspects, nontimber forest, renewable, socioeconomic, sustaina

bility. 
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Introduction 

The "Green Gold" of the 21st  Century and generally known as "Poor man’s timber" 
bamboo assumed a significant role in human culture and society since days of yore and 

today it adds to the resource needs of over a billion people around the world. India is the 
second biggest producer of Bamboo in the world after China. The yearly bamboo 

production in the country is assessed at around 3.23 million tons. In Asia, bamboo is the 

most incorporated part of the culture of life and is utilized as a substitute for woods. It has 
been generally utilized as fuel, food, for rural housing and shelter, fencing, tools, and 

different purposes. In modern days, it is being utilized as industrial raw material for pulp 
and paper, development and designing materials, board items, etc. India is extremely 

lucky to be honored with acceptable bamboo resources. Also, the bamboo shoots are 
devoured as food and are viewed as an acceptable good source of nutrition. 

The north eastern states are the most bamboo producing states in the country. 

The North Eastern locale, a landmass of eight states, spread over a zone of 262179 km2 
speaking to around 8% of the all out a geological region of the nation with a population of 

about 39'04 million is an area which is plentiful in bamboo resources. The locale houses 
about two thirds of the bamboo resources of the nation spreading over and territory of 

about 3.10 million hectares where 89 types of bamboos are accessible. The bamboo is 

usually joined by lashing with vines, split bamboo or rattan (Larasati et al. 2013), although 
there are around 136 species of bamboo that exist in the country, still only some of them 

are commercially feasible. To address agricultural necessities, it is more suitable to apply 
agroforestry methodologies that advance the intercropping of cash crops with existing 

bamboo stands. Such systems infer the protection, the executives, and supportability of 
the bamboo forest while making opportunities for income generation through agroforestry. 

Rather than clearing whole regions from bamboo woods, corridors inside the bamboo 

resource can be cleared for farming. Such corridors would likewise fill in as firebreaks and 
transport courses. Under such an administration plot, bamboo timberland spread can be 

held while supporting agroforestry exercises. 
 

The Nutritive Value of Bamboo Shoots 

 
 

 

Propagation of Bamboo 
Regularly, the bamboos are propagated through the culms cuttings or rhizomes. 

Be that as it may, they can likewise be spread through the infrequently accessible seeds. 
Bamboo seedlings are raised on nursery beds and for a year or so they are permitted to 

develop on poly pots. Later the seedling is moved into the primary field. In the rhizome 

planting strategy, a little consideration is required. Here, culms of 1 year alongside roots 
should be dug and cut into 1 meter estimate and be planted in the rainy season. 

 

S.No. Nutrient Value (%) 

1. Carbohydrate 4.5 

2. Protein  2.6 

3. Fat  0.3 

4. Ash  0.9 
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Bamboo Nursery 

Setting up a bamboo nursery is a handy answer for keeping up a regular supply of 
planting material for plantation and forest service ventures. The nursery doesn't require 

high investments. An essential tool for manual activities can be utilized. 
 

Site Selection for Bamboo Nursery 

Many factors should be considered in selection of a site for a bamboo propagation 
nursery. Like communication and transport, land use, rainfall, marketing, etc.  

 
Size and Layout 

The size of the nursery relies upon its 
planned production limit and on the size and 

time of plants to be developed. A nursery 

committed to the production of young liners 
or seedlings which are to be conveyed to 

different nurseries will require less space than 
a nursery which develops and stocks more 

established and bigger plants. Overall, the 

measure of time bamboo seedlings needs to 
stay in the nursery ranges from 8 to 12 

months. As a rule, at least 5000 m² should be 
allocated for every 10,000 seedlings or 

youthful plants that will be raised yearly. The 
shape or layout of the nursery should be 

approximately square to minimize the length 

of the perimeter. The area needed for paths, 
roads, irrigation, ditches, and buildings should 

also be taken into consideration and 
represents additional space requirements to the entire nursery unit. Having more land than 

initially required provides an allowance for future expansion of the nursery production 

area. 
 

Location and Accessibility 
If conceivable, the nursery ought to be situated close to a thruway or open street 

to encourage tasks, correspondence and transport. Preferably, the nursery site ought to be 

as close as conceivable to ranch zones. This will include less vehicle time and expenses in 
conveying plants to the field. Plants will experience less worry during transport the quicker 

they can be conveyed to the field. 
 

Water Supply 
This is a basic part of a bamboo propagation nursery. The nursery should be 

situated in a zone where there is a bountiful and all time supply of water. On the off 

chance that the supply of water during the dry seasons is insufficient, a capacity tank 
should be developed. The measure of water required relies on the nursery size, watering 
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recurrence, precipitation and climatic conditions, the species to be raised, the number of 

propagation materials, and the strategy for watering to be utilized.  
Topography: Local topography is a vital factor and in a perfect world, the site should 

incline delicately to about 5° so water can run off without causing disintegration. By and 
large, peaks and valley bottoms are unacceptable; areas on center to bring down inclines 

are best. 

 
Soil 

Nursery production requires very much depleted and ripe soil with a medium to 
light texture. 

 
Sun and Shade 

Plants in a nursery need a decent parity of daylight and shade. Locales that are 

vigorously concealed for the day ought to be maintained a strategic distance from. 
Fractional concealing is attractive in the exceptionally dry zones to forestall unreasonable 

day temperature. Parched territories with drying up conditions are not appropriate for a 
bamboo nursery. 

 

Potting  
Potting of propagates should be done carefully to ensure a high survival rate at 

the nursery. Polythene tubes or polybags are commonly used in potting containers. 
Polybags with a size of 40 cm x 50 cm are suitable for small bamboo plants and generally 

provide sufficient space for the development of roots, rhizomes, and new shoots. 
 

Hardening  

After being transplanted or potted, the seedlings and cuttings are kept under 50% 
shades. But as soon as transplants have recovered and commenced growth, they should 

be exposed to lighter and gradually hardened. Hardening is achieved by progressively 
exposing the plants to more adverse weather conditions similar to those in the planting 

field. By the time seedlings and cuttings are ready to be planted out in the field, their roots 

should be well developed and have healthy green foliage, which are prerequisites for shoot 
development. At least, one month before planting out, they should be bared to full sunlight 

and moved to the open field nursery where they are maintained up to the time they are 
taken out of the nursery and transported to field planting sites. Fertilizer should not be 

applied during the hardening period, especially two months before field planting, to 

prevent the development of succulent tissues. 
 

Transport of Planting Material 
Plants that are used for planting in the field should be hardened at the nursery 

before transporting them to the planting site. Plants that are very young and delicate have 
a lower chance of survival in the field. It is important to select plants that have well 

developed roots and rhizomes. Such plants will be able to absorb nutrients from the soil 

and will be able to adapt to the harsher conditions of the field more easily than plants 
which are still developing roots. 
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Plants at the nursery which have very long stems may be trimmed down to a height of 50 

cm. It is however essential to ensure that the plants have sufficient foliage. Smaller plants 
with vigorous roots will require less energy for surviving in the field than taller plants. 

 
Planting Procedure for Nursery Plants 

While choosing the plantation site, check the quality of the soil. Bamboo can 

develop well on most soil; however profound permeable rich soil with high dampness 
content and a pH of 5.5 is ideal. Most soil waste is significant. Check that the land isn't 

inclined to flooding. Bamboo doesn't perform well on waterlogged soils. It is in this manner 
best for the ranch to be arranged on moderate slants. Plan the exercises with the goal that 

the planting design is finished in any event fourteen days before planting. The planting 
gaps ought to be situated in a north-south direction. This will give an ideal circulation of 

daylight to all the plants. Planting openings with a measurement of 1m and a profundity of 

60cm ought to be uncovered and equally divided by the plant separating of 7m x 7m. 
Planting ought to match with the beginning of the blustery season. 

 
Replanting 

Not all relocated seedlings and cuttings will endure the field condition. The site 

ought to along these lines be visited normally to keep an eye on the growth of plants. 
Dead seedlings and cuttings ought to be supplanted. Replanting ought to be done quickly 

toward the beginning of the blustery season. 
 

Cultivation of Bamboo 
 

Climate Requirement 

The bamboo plantation grows well in hot to warm temperate climatic conditions. 
But it must be remembered that it doesn’t require temperature below 15 0C in the 

summers. Since the bamboo has thin roots as well as ample growth, you must make 
provisions to protect it from strong winds. Also, areas that receive cold winds are just not 

apt for bamboo cultivation as the winds kill the tips of bamboo leaves. 

 
Soil Requirement 

Bamboos can be developed and developed on a wide assortment of soils aside 
from rock-tossed soils. The Bamboo ranch additionally requires all around depleted sandy 

soil to dirt soil that ought to have a pH scope of 4.5 to 6.0. On the off chance that we talk 

about India, at that point, the Barack Valley locale is most appropriate for bamboo 
development because of the best soil and immaculate atmosphere conditions. 

 
Manuring and Fertilization 

For high growth and best yield, composts are utilized. Compost and treatment are 
significant when the seedling is relocated in the principle field. As the bamboo plants are 

overwhelming feeders, even the most extravagant soil will get cleaned out following not 

many years, if manures are not applied to them. In any case, it is constantly 
recommended to apply compost in the wake of collecting and past to inundating the 

plants. Potassium and Nitrogen are indispensable segments of the compost because of 
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which the bamboo trees react and develop well. Likewise, you should apply green 

excrements, natural fertilizer, wood debris and synthetic fertigation. 
 

Irrigation 
Irrigation must be done consistently while the bamboos are grown on nursery 

beds. Prompt water should be given at the hour of relocating seedlings from nursery to 

primary field. It must be noticed that bamboo trees are touchy to water logging 
consequently you should deplete out the dirt particularly during overwhelming precipitation 

or flooding. You can likewise embrace the trickle irrigation system framework for better 
use of water. 

 
Weeding 

Weeds rival bamboo plants by retaining supplements, water, and sunlight. Weeds 

have rhizomes that sprout again if not expelled. Measures to control weeds incorporate an 
exhaustive arrangement of the dirt before planting and the utilization of planting media 

and fertilizer which are free from weed seeds. A territory inside a sweep of 60 cm around 
each plant ought to be freed from all weeds and vegetation. Weeding ought to be done 

completely, efficiently and consistently. When removing weeds from the soil, no bit of the 

root system should be deserted. 
 

Bamboo Insect Pests 
 

 Bamboo Shoot and Culm Borers 

 Bamboo Shoot Wireworms 

 Shoot-Boring Noctuids 

 Bamboo Shoot Weevils 

 Bamboo Leaf Defoliators 

 
Bamboo Diseases 

Potentially serious diseases of bamboos in Asia include culm blight caused by 

Sarocladium oryzae in the village groves in Bangladesh and in the coastal areas of Orissa 
state, India; rot of emerging and growing culms of industrially important bamboo species 

in India caused by Fusarium spp.; witches’ broom incited by Balansia spp. 
 

Control of Bamboo Pests and Diseases 

Various control methods including cultural control, biological control, physical 
control, and chemical control against bamboo pests and diseases have been reported in 

the bamboo plantation area; however, the use of compound pesticides is the most 
dominating measure utilized regularly. Other than contaminating the earth, the extreme 

utilization of wide range bug spray likewise slaughtered the common foes which bring 
about obstruction and resurgence of pest. Therefore, IPM program for bamboo is required: 

 

- Cultural control  - Physical control 
- Biological control  - Chemical control 
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Clump Management  

The best possible upkeep of the clump improves the efficiency as well as facilitates 
the activity of the plantation worker. Clump management is mostly an upkeep task and 

incompletely a consequence of harvesting. As an upkeep activity, it includes evacuating 
undesirable culms to prevent clump congestion. Expulsion of old and spoiling culms is 

additionally important to advance the sound development of shoots and new culms. 

Unique consideration should be put on rotting in the stubs of culms that have been 
harvest. 

 
Controlling the Spread 

One of the significant parts of growing bamboo is controlling the spread of the 
rhizomes. There are two fundamental kinds of bamboo called runners, and clumpers. 

Runners are species of bamboo which spread out rapidly with long rhizomes underground 

that sprout a few new culms (or stems) all at once. Clumpers are bamboo plants that 
spread gradually around where they are originally planted. When managing attempting to 

control the spread of plants, pruning is normally the main alternative. By cutting old 
branches just as some new ones, bamboo can be etched to develop in littler spaces, 

regardless of whether you're utilizing clumpers or sprinters. Doing this an excess of can 

murder the plant also, or influence the size of the bringing plants back. 
 

Harvesting 
The harvesting can be started from 

the fifth year onwards. Then again, if there 
should be an occurrence of commercial 

cultivating, harvesting must be done from 

the 6th year. In the first harvest the sixth 
year, 6 culms can be harvested followed by 

7 culms in the seventh year and so on. 
 

Drying and Seasoning 

Drying culms is normal in the 
handling of bamboo culm for most uses. 

Culms are likewise exposed to seasoning 
before machining, handling, and finishing 

products that are durable, stable and of  

high quality.Bamboo culms can be air-dried 
with or without sunlight or they might be 

furnace dried. Air-drying is more normal 
than oven drying since it is more prudent. 

Bamboo culms might be part of equal parts 
to accelerate drying activities. Bamboo 

culms might be altogether air-dried in very 

much ventilated shade for half a month. 
Drying requires flat stacking of culms on 

racks. In drying enormous amounts, the 
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butts and highest points of the culms are put on the other hand then tied in groups to 

prevent bending. Fixing green culms without the utilization of warmth requires several 
weeks. This is done under the shade, either by suspending the newly cut bent culm by the 

tip and connecting a load at the opposite end, or by laying the green culm on a level 
surface and applying adequate weight over the culm during the time of drying and setting. 

 

Uses of Bamboo 
 Soil adjustment, wind break, urban waste water treatment and decrease of 

nitrates pollution. 

 Creating a fire line in conventional backwoods because of the high substance of 

silica.  
 Removing barometrical carbon-bamboo can catch 17 metric huge amounts of 

carbon per hectare every year, adequately than some other species.  

 The shoots are palatable.  

 Building and development.  

 Small scale and house ventures, for painstaking work and different items.  

 New age items as wood substitutes  

 Industrial items  

 Transportation industry-truck bodies, railroad carriages and so forth.  

 Boards and furniture  

 Medicine  

 Paper and pulp industry  

 Long time wellspring of biomass for industry  

 Fuel source-fit for producing 1000-6000 cal/g-for family units and little ventures is 

a deep rooted, proceeding with training. 
 

Advantages of Bamboo 

 Light, versatile and strong 

 Environment friendly 

 Accessible to the poor 
 Self renewing resource 

 Fast growing 

 Highly productive 

 

Limitations of Bamboo 

 Requires conservation  

 Shaped by nature  

 Durability–bamboo is exposed to assault by parasites, bugs; hence, untreated 

bamboo structures are seen as impermanent with a normal existence of not over 5 
years.  

 Jointing–albeit many jointing procedures exist, their basic effectiveness is low.  

 Lack of plan direction and codes.  

 Prone to burst into flames exceptionally quick by the grinding among the culms 

during wind, and causes fire. 
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Role of Bamboo 

 
Bamboo-based Construction Aspect 

Bamboo has been utilized as a development material because of its simple 
accessibility, simplicity of functionality and its quality. it relies upon the age, measurement, 

divider thickness, position of burden an outspread situation from outside to inside and 

levels of water (Mahdavi et al. 2011). Regularly the joints are worked, in vernacular 
settings, all through with tied ropes or by entry points of the bamboo, easy to 

acknowledge yet not appropriate to send the whole bearing limit of the bamboo 
components (Sassu et al. 2016). 

 
Environmental Aspect 

Life Cycle Analysis (LCA) is the main device for evaluation of the effect that items 

and administrations have on nature. Since there have been just eight LCA-based 
investigations for bamboo development materials (Escamilla and Habert, 2014), including 

the reference article, rather than the LCA impact categories, this review following at the 
accompanying natural parts of bamboo-based development material. Bamboo has an 

extremely quick development rate, so it has been viewed as reasonable for afforestation 

(Basumatary et al. 2015). 
 

Economical Aspects 
The practical part of bamboo-based materials studied so far comprise of the 

expense of the material and the salary openings it makes. These jobs remember 
customary agricultural employments basic for developing regions just as higher-talented 

occupations required to process the bamboo raw material into esteem included items, for 

example, furniture, housing, composites, and so on (Dagilis, 1999). 
 

Conclusion 
Bamboo is one of the commercially cultivated crops in India and it is additionally 

considered as 'a poor man’s timber'. Since time immemorial, bamboo has assumed an 

important role in the improvement of mankind. It is utilized for a wide range of day to day 
purposes, both as a woody material and as food. It has been the foundation of a 

significant part of the world's rural life and will remain so as the population increments. 
The properties as top level structure material and expanded accessibility of bamboo in our 

nation make it conceivable to utilize, bamboo in the field of development widely. Its high 

esteemed use advances the economical development of events, yet additionally spares 
forest resources to secure our ecological condition as a wood substitute. By thinking about 

the recipients of each progression from planting and harvesting of bamboo, to its 
processing in industries and finally, in development, the income generation opportunities 

for each socio-economic strata of society can be remembered for any advancement 
undertaking of bamboo and a maintainable financial and social development, 

environmental maintainability is a fundamental requirement.  
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Abstract 

 
Agroforestry’s potential to improve soil quality has been widely recognized as a 

major benefit since its inception as a scientifically recognized discipline and practice 

(Young 1989; Nair 2011). Agroforestry practices have been promoted for decades both in 
the tropics and temperate regions of the world for their perceived benefits of not only 

improving soil quality, but also providing other ecosystem services (Jose, 2009). Many of 
the environmental benefits and ecosystem services expected from agroforestry would not 

be materialized unless these practices improved the capacity of soils to be productive and 

healthy over the long term.  
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Introduction 

Soil health has received renewed interest in recent years as land managers have 
become aware of the importance of the resilience of the soil for future sustainability and 

for long-term human survival. Soil health is critical for plant and animal production, 
ecosystem services delivery and human health/well-being. Long-term sustainable soil use 

is vital for human health as these systems can suppress disease-causing soil organisms 

and influence the quantity and quality of the food we consume, the air we breathe and the 
water we use (Wall et al., 2015). Healthy soil is arguably one of the most critical resources 

for the health of natural and agro ecosystems, so that they can sustain food production as 
well as provision of ecosystem services. Although the term ‘soil health’ has been used 

synonymously with soil quality, The formal definition of soil quality from the Soil Science 
Society of America is ‘the capacity of a soil to function within ecosystem boundaries to 

sustain biological productivity, maintain environmental quality, and promote plant and 

animal health’ (Soil Science Society of America, 2008). The USDA-NRCS defines soil quality 
or soil health as ‘the capacity of a specific kind of soil to function, within natural or 

managed ecosystem boundaries, to sustain plant and animal productivity, maintain or 
enhance water and air quality, and support human health and habitation. In short, the 

capacity of the soil to function’ (USDA-NRCS, 2017). While soil quality is used in the 

context of both natural and managed ecosystems, soil health is primarily used in the 
context of managed ecosystems, primarily agroecosystems (Lal and Stewart, 2011). 

Agroforestry can play a significant role in improving soil health for future 
sustainable production and ecosystem services (Gold and Hanover, 1987). Agroforestry’s 

role in improving soil properties on the landscape for agroecosystems can influence soil 
health. Sustaining future plant and animal production is critical for the future of humans 

due to anticipated population growth (Godfray et al., 2010). Agroforestry will play a vital 

role in sustaining this future by improving soil health. 
Soil and nutrient loss is considered a major challenge for maintaining agricultural 

productivity (Yost et al., 2016; Conway et al., 2017). Some land managers view that 
restoring native perennial plants to the landscape will restore the soil to a healthy state; 

however, significant soil erosion thus the loss of valuable topsoil prevent the soil from 

returning to its native condition (Chandrasoma et al., 2016). This issue must be considered 
in evaluating soil health. Increased demand for food, fibre and fuel will necessitate 

maintaining and improving productivity and is a significant challenge for agriculture 
(Godfray et al., 2010; McLaughlin and Kinzelbach, 2015). Future sustainable production 

requires conservation of natural resources in order to prevent the loss of productive soil. 

Agroforestry buffers have been shown to be a significant conservation tool (Akdemir et al., 
2016). Conservation buffers, including agroforestry buffers, are considered a good strategy 

to reduce water runoff and associated soil erosion (Evans and Sadler, 2008). 
A land management system which utilizes trees and/or shrubs as well as 

traditional row crop and pasture crops simultaneously in the landscape for economic and 
environmental benefits is agroforestry (Nair, 1993; Gold and Hanover, 1987). Conservation 

buffers, which include agroforestry buffers, have been shown to improve soil health 

through the enhancement of levels of organic matter as well as improved soil microbial 
activity (Paudel et al., 2012). 
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Buffer conservation strips are narrow strips of permanent vegetation widely prescribed to 

increase water infiltration and reduce surface runoff (Schmitt et al., 1999). These 
conservation buffer systems include agroforestry buffers as well as grass buffers, which 

have perennial plants to decrease soil erosion from land under row crop production (Seobi 
et al., 2005). The influence of perennial root systems from shallower grass roots and 

deeper tree roots provide soil quality benefits from these buffer systems. 

The purpose of this chapter is to review how agroforestry practices improve soil health. 
Several studies are reviewed in this presentation to illustrate how soil health can be 

improved using agroforestry. 
 

Process of Soil Improvement  
In agroforestry system nutrient addition takes place through leaf litter, pruning of 

woody compounds and atmospheric fixation. Some nutrients otherwise considered 

unavailable to crop because they are below the rooting zone of the annual crop, might be 
brought into the system from deeper layers in the soil with the help of tree roots. Trees 

able to return nutrients through dead organic matter (leaf, branch, twig, fruits and flower) 
and thus helps in enrichment of top soil layer, available for the agriculture crops. Thus 

most important beneficial effect of the trees on the soil can include improvement of soil 

structure availability of nutrients ( Nair, 1993).  
The objective, designing agroforestry system is to modify cycling in such a way as to 

make more efficient use of the nutrients whether these originate from natural removal 
process or from fertilizer. Trees in agroforestry system promote more closed nutrient 

cycling than pure agriculture systems. The process of soil improvement under agroforestry 
systems is recognized through: 

  

 Increasing inputs viz., organic matter, biological nitrogen fixation and atmospheric 

fixation.  
 Reducing losses of nutrient and organic matter.  

 Improving soil physical properties and water holding capacity by organic additions.  

 Recycling of nutrients.  

 

Biological Nitrogen Fixing 
Agroforestry trees, particularly leguminous trees, enrich soil through biological 

nitrogen fixation, addition of organic matter and recycling of nutrients. Some trees such as 

Leucaena species, Acacia species and Alnus species has been reported to fix as much as 
400-500 kg, 270 kg and 100-300 kg nitrogen per hectare per year respectively (Mishra, 

2011). The fixed nitrogen may benefit symbiotically to the crops growing in its association 
and helps in soil fertility improvement. 

The amount of nitrogen added from the legumes or pruning of trees species taken 
up by the first crop is reported quite low and large portion is left in the soil organic matter 

indicating a long term nitrogen benefit than immediate. Different tree components viz., 

leaf, twigs, fruit and wood have different decomposition rates which helps to distribute the 
release of nutrient over time. Some important nitrogen fixing plant species are given in 

Table 1. Biological nitrogen fixation takes place through symbiotic and non-symbiotic 
means. Symbiotic fixation occurs through the association of plant roots with nitrogen-fixing 
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microorganisms. Many legumes form an association with the bacteria Rhizobium while the 

symbionts of a few non-leguminous species belong to a genus of actinomycetes, Frankia. 
Non-symbiotic fixation is effected by free-living soil organisms, and can be a significant 

factor in natural ecosystems, which have relatively modest nitrogen requirements from 
outside systems (Nair, 1993). 

 

Table 1. Important N2 Fixing Plant Species 
 

Botanical Name Family 
Nitrogen fixed 
(kg N/ha/yr) 

Acacia mearnsii  Mimosoideae  200 

Casurina equisetifolia  Casuarinaceae  60-110 

Erythrina poeppigiana  Pipilionaceae  60 

Gliricidia sepium  Fabaceae  13 

Inga jincicuil  Mimosoideae  34-50 

Leucaena leucocephala  Mimosoideae  100-500 

Alnus nepalensis  Betulaceae  - 

Vicia faba  Fabaceae  68-88 

 
Nutrient Pumping 

Tree root systems are involved in some favorable effects on soils such as carbon 

enrichment in soil through root turnover, the interception of leached nutrients, or the 
physical improvement of compact soil layers. Trees have deep and spreading roots and 

hence are capable of taking up nutrients and water from deeper soil layers usually where 

herbaceous crop roots cannot reach. This process of taking up nutrients from deeper soil 
profile and eventually depositing on the surface layers through litter-fall and other 

mechanisms is referred to as 'nutrient pumping' by trees. This process is mainly depends 
on characteristics of tree species and other soil, climatic and topographic factors. Trees of 

low moisture content soils have deep root systems and helps in nutrient and water 

pumping as compared to high moisture soils (Makumba et al., 2009; Schroth and Sinclair, 
2003). 

 
Role of Agro Forestry in Maintaining Soil Fertility  

Soil fertility is the capacity of soil to support the growth of plants, on a sustained 
basis, under given conditions of climate and other relevant properties of land. The 

inclusion of a sustained basis in this definition refers to the capacity for continuing support 

for plants. Some initially productive soils have unprotected stores of nutrients and rapidly 
lose their fertility if transferred from natural vegetation to managed ecosystems. Others, 

notably nitosols on basic rocks, possess natural recuperative powers, enabling them to 
restore nutrients from rock weathering. 

Soil fertility depletion is the fundamental cause of food insecurity and low income 

of farmers in Africa. The loss of nutrients due to continuous cropping gradually renders the 
soil less fertile, resulting in poor yields. The magnitude of nutrient losses from agricultural 
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soils is huge with annual average loss of 22 kg N, 2.5 kg P, and 15 kg K for the whole of 

Africa region (Stoorvogel and Smaling, 1990). 
The role of agro forestry in enhancing and maintaining long-term soil productivity 

and sustainability has been well documented. The incorporation of trees and crops that are 
able to biologically fix nitrogen is fairly common in tropical agro forestry systems. Non N-

fixing trees can also enhance soil physical, chemical and biological properties by adding 

significant amount of above and belowground organic matter and releasing and recycling 
nutrients in agroforestry systems. A large body of literature, comprised of both original 

research and synthesis articles, has described the effects of agro forestry on soils in the 
tropics (e.g. Nair and Latt, 1997; Young, 1997; Buck et al., 1998; Schroth and Sinclair, 

2003). 
 

Effects of Trees on Soils  

According to Nair (1984), the association between trees and soil fertility is 
indicated by the high status of soils under natural forest, they relatively closed nutrient 

cycles, the soil-restoring power of forest fallow in shifting cultivation, and the success of 
reclamation forestry. More detailed evidence is provided by comparisons of soil properties 

beneath and outside tree canopies. Trees maintain or improve soils by processes which: 

 
 Augment additions of organic matter and nutrients to the soil. 

 Reduce losses from the soil, leading to more closed cycling of organic matter and 

nutrients. 

 Improve soil physical conditions. 

 Improve soil chemical conditions. 

 Affect soil biological processes and conditions. 

 
Parkland is random scattering of trees in fields with crops grown under storey. 

Management of trees in this system requires pruning of branches and the tops to reduce 
shading. The trees provide valuable products such as fuelwood, charcoal, construction 

materials and fodder for livestock. The service functions of trees include improving soil 

fertility, conserving soil moisture and improving micro-climate resulting in increased crop 
yields. 

 
Processes by which Trees Maintain or Improve Soil Fertility 

 

(A) Processes, which augment additions to the soil 
 

 Maintenance or increase of soil organic matter through carbon fixation in 

photosynthesis and its transfer via. litter and root decay. 
 Nitrogen fixation by some leguminous and a few non-leguminous trees. 

 Nutrient uptake: the taking up of nutrients released by rock weathering in deeper 

layers of the soil. 

 Atmospheric input: the provision by trees of favourable conditions for input of 

nutrients by rainfall and dust, including via through fall and stem flow. 
 Exudation of growth-promoting substances by the rhizosphere. 
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(B) Processes that reduce losses from the soil 

 
 Protection from erosion and thereby from loss of organic matter and nutrients. 

 Nutrient retrieval: trapping and recycling nutrients which would otherwise be lost by 

leaching including through the action of mycorrhizal systems associated with tree 

roots and through root exudation. 
 Reduction of the rate of organic matter decomposition by shading. 

 

(C) Processes that affect soil physical conditions 
 

 Maintenance or improvement of soil physical properties (structure, porosity, moisture 

retention capacity and permeability) through a combination of maintenance of organic 

matter and effects of roots. 
 Breaking up of compact or indurate layers by roots. 

 Modification of extremes of soil temperature through a combination of shading by 

canopy and litter cover.  

 
(D) Processes which affect soil chemical conditions 

 

 Reduction of acidity, through addition of bases in tree litter. 

 Reduction of salinity or sodicity. 

 
(E) Soil biological processes and effects 

 
 Production of a range of different qualities of plant litter through supply of a mixture 

of woody and herbaceous material, including root residues. 

 Timing of nutrient release: the potential to control litter decay through selection of 

tree species and management of pruning and thereby to synchronize nutrient release 
from litter decay with requirements of plants for nutrient uptake. 

 Effects upon soil fauna. 

 Transfer of assimilate between root systems. 

 
Agro Forestry Practices for Erosion Control 

Many countries, however, have begun to adopt agroforestry practices in erosion 

control, on a trial, demonstration or extension basis. In some cases these attempts are not 
based on controlled experimental data, whilst in others there may be unpublished local 

station records. In many small-scale demonstrations, there is no monitoring of erosion 

rates. However, observations on the apparent success of these developments, even if only 
qualitative, give an indication of the range of practices available. 

There is a distinction between supplementary and direct use of trees and shrubs in 
erosion control. In supplementary use, the trees and shrubs are not the primary means of 

checking runoff and erosion, but fulfil the functions of stabilizing conservation structures 
and making productive use of the land with these occupy. This applies mainly to the 

practice here called 'trees on erosion-control structures'. In direct use, the trees, shrubs or 

hedgerows are in themselves a major method of reducing erosion. This applies particularly 
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to the practices of plantation crop combinations, multi-story tree gardens, hedgerow 

intercropping, windbreaks and shelterbelts, and reclamation forestry with multiple use 
(Aina, et al., 1979). 

 
Effect Of Agroforestry on Soil Properties 

 

The major effect of agroforestry on soil health can be categorized into (Fig-1) the following 
properties  

 
a) Soil physical properties 

b) Soil chemical properties  
c) Soil biological properties 

 

(a) Soil Physical Properties 
  

For the restoration of soil structure from any destructive factors, water stability of 
soil aggregates is very important (Franzluebbers, 2002). Improvement of soil structure 

depends on the amount of organic matter present to the soil which in turn increases the 

microbial properties of the soil. Improvement of soil organic matter also depends on the 
biomass returns from the tree species and the crop which are growing in the field. So, 

choosing the right species of trees following with the crop to be grown with is very 
important (Franzel et al., 1996). After improvement of the Soil organic matter only, the 

microbial and mega faunal (earthworm) of the soil will increase. Certain symbiotic 
association of higher plants with microbes present in the soil will improve nutrient 

efficiency which ultimately improves the structural stability of the soil (Lambers et al., 
2009). With the increase of earthworm population in the soil the decomposition rate of the 
organic matter will increase and the lining of mucigel or any organic material in the soil is 

very much important for the structural stability (Oades, 1993). It has been reported that 
the mean weight diameter (MWD) of the soil under agroforestry systems increases (Hosur 

and Dasog, 1995). Long term agroforestry plantation system has 2.4 times higher MWD 

than the soil of agroforestry of only 1 year. With increase in the year of the plantation the 
soil structure increases. As comparison with the agricultural soil, the MWD of agroforestry 

soil is higher than agriculture (Gupta et al., 2009). Due to certain mechanical manipulation 
of soil in agriculture and its intensive cultivation makes the soil degrade. The impact of rain 

drops during the fallow period of the soil makes low structure stability. The improvement 

of aggregate stability in agroforestry systems is more in loamy sand than the sandy clay 
soil. The root penetration in agroforestry reaches up to deeper layer which is the reason 

for higher MWD of soil in the subsurface soil than the surface soil agroforestry systems. 
Decomposition of older root biomass in the subsurface soil is also can be the reason 

(Sanchez, 1987). A strong positive correlation lies between the litter falls in the soil with 
the MWD of the soil (Gupta et al., 2009). Surface soil aggregate is more than the 

subsurface. The biomass return from the tree species and crop is more in the surface soil 

than the subsurface which makes the surface soil more stable (Paul, 2001). Bigger size 
aggregates are more confined to the surface soil due to more leaf litter in agroforestry 

than agriculture cropping systems (Yadav and Banerjee, 1968). 



PLANTA – Vol.-1, 2020: 166 - 179 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 
 

Nayak et.al., Agroforestry: A Land Use System for Improving Soil Health | 173  

 
Fig.1. Effect of Agroforestry on Soil Health Attributes 

It is well documented that with increase in the percent slope, the erosion rate of 

the soil will increase. Especially in hilly region the main problem face is the soil erosion, 

landslide, mudslide etc. which directly or indirectly affect the socio economic development 
of the region as well the health of the population. With the introduction of the agroforestry 

system it is known that the roots of the tree species has the ability to binds the soils 
reducing the flow of surface soil from top to the bottom of the undulating topography. The 

erosion rate of the soil depends directly on the physical condition of the soil. Soils with 

higher amount of organic matter will have good soil physical properties. Agroforestry with 
high biomass return both in surface and sub-surface will improve the structural stability of 

the soil. Increased organic matter makes the soil low in bulk density with concomitant 
increase of pores (both micro and macro pores) in the soil. With high pores in the soil the 

infiltration capacity and permeability of the soil increases making low surface erosion and 
landslide. 

 

(b) Soil Chemical Properties  
Out of the chemical soil health attributes, soil organic carbon (SOC) is known to be 

the most important soil properties (Krull et al., 2004). With the introduction of 
agroforestry, biomass returns of both above and below ground to the soil increases in the 

form of leaf litter and root litter which in turn increases SOC. As compare to sole crop in 

agriculture the agroforestry tree species will provide huge amount of litter to the soil which 
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makes the soil high in soil organic matter (Meetei et al., 2020). The introduction of organic 

matter in the soil through biomass return from leaves and roots will be a source of food to 
the microorganism in the soil. Different microorganisms multiply with the presence of the 

carbon (C) substrate from the litter fall or root biomass (Jacoby et al., 2017). So, with 
sufficient species microbes (bacteria, fungi and actinomycetes) the nutrient cycle of the 

soil increases. The nutrient cycling is generally defined as the transfer of nutrients in the 

soil from unavailable form to available with the process of mineralization which is 
accelerated by the microorganism in the soil (Yang, 2019). Again the available nutrients in 

the soil can be converted into non available by the process call as immobilization (Hartwig, 
1996). Certain microbes also have the ability to convert the nutrients into gas which is lost 

to the atmosphere through the process of volatilization, denitrification in case of nitrogen. 
The primary source of nutrients to the soil is considered to be SOM (Lehmann and Kleber, 

2015). With increase in SOM content, other available nutrients such as nitrogen, sulphur 

and other micronutrients increase. In agroforestry system the soil-plant system of 
nutrients transfer is a dynamic process (Isaac and Borden, 2019). Plant takes up nutrients 

from the soil and utilized for their metabolic processes. Again these nutrients are returns to 
the soil as a biomass return through roots or leaves. The returned plant parts are 

decomposed by the certain microorganisms in the soil and release the nutrients to the soil 

through mineralization (Nair et al., 1999). In other sense nutrient cycling is the continuous 
transfer of nutrients within different ecosystem through the process of weathering, 

decomposition, mineralization activities of soil biota. 
Agroforestry ecosystem represents self-sustaining and efficient nutrient cycling 

systems. Naturally there are close and open nutrient cycling system. In close nutrients 
cycling which is mainly for natural forest where the nutrients are relatively little lost or gain 

of most of the actively cycling nutrients. In agroforestry systems there is both close and 

open nutrient cycling. Thus the land use systems play a pivotal role in cycling nutrients 
from the soil and to the plat from the soil (Nair et al., 2009). The potential of agroforestry 

systems to increase the soil structure have the ability to control both wind and water 
erosion. With the inclusion of agroforestry there is reduction in loss of organic matter and 

other nutrients from the soil (Jose, 2009). Soil organic matter has certain role in the soil. It 

maintains the physical properties of soil, including water holding capacity, with higher 
mean weight diameter of the soil. Physically strong soil is favorable for certain microbes. 

So, with microbes in the soil with physical stability the loss of nutrients through wind or 
water erosion is reducing. It is predicted that the agroforestry system have the ability to 

maintained the soil fertility in an optimum level due to the contribution from the high 

biomass return (roots, twigs and leaves) with multiple number of microbes in the soil. With 
tree species the pH of the soil increases which is mainly govern by the organic matter in 

the soil also there is substantial enrichment of cations like Ca, Mg and K on surface of the 
soil which depends on species to species. 

The rate of mineralization, especially available nitrogen increases with increasing 
the tree canopy promoting microbial activities in organic matter breakdown and 

consequently released more mineralized nutrients to the soil for understory growth (Nair 

and Rao, 1977). Certain tree based land use systems have fertility restoration capacity 
making good soil health for sustainable production (Singh et al., 1994).  
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(C) Soil Biological Properties  

Soil is dynamic systems with physical, chemical and biological properties prevail. 
Presently, different scientist has focus on the biological properties of the soil for its 

important role in improving the quality of soil (Bonmati et al., 1991). Different microbial 
attributes are there which will improve the soil health. Of these soil enzymatic activities 

with the respiration of soil provides the most reliable index for activity of microbes in soil 

(Casida, 1977). The soil microbial biomass is also plays a certain role for its source and 
sink of nutrients. Any change in this can predict the effect of soil ecosystems (Rice et al., 
1997). The activities of soil enzymes play a vital role in improving fertility of the soil (Dkhar 
and Mishra, 1983). Among the enzymes the role of dehydrogenase activity in soil is well 

known which is the enzymes of respiration pathways of microorganisms with both aerobic 
and anaerobic (Wolinska and Stepniewska, 2011). Both the microflora and microfauna in 

the soil conducted different metabolic reactions and interaction which is called as the 

microbial activity (Nannipieri et al., 1990). For different reactions in soil, microorganisms 
play a very important role. Microorganisms take part in different nutrients mineralization 

process also the organic matter transformation which is the physical architecture of the soil 
structure (Patiram and Choudhury, 2010). The primary and secondary decomposers in the 

soil include the microbial biomass which is an important component in the cycling of 

nutrients in the soil and help in the breaking down of certain forms of organic matter and 
other nutrients mineralization. Due to the leaf litter returns to the soil of the agroforestry 

systems the microbes are mostly confined to the surface soil. The dense and deeper 
network of fine roots of tree species in agroforestry systems increases the nutrients cycling 

from the deeper layer to shallow. With the abundant of micorrhizal association the 
absorbing capacity as well as the nutrients availability in the soil increases to the 

understory of crops. Different land use systems have different soil biological properties. 

Microbial biomass carbon and dehydrogenase activity in the soil increases in the 
undisturbed forest soil and also in the agroforestry systems when compared with the 

agriculture soil and jhum cultivation in the hilly ecosystem on north east India (Meetei et 
al., 2020). The soil microbial biomass carbon is the labile fraction of carbon with its 

potential to increase the fertility of soil. It takes part in the transformation of organic 

material with concomitant increase in the plant nutrients especially available nitrogen 
content in the soil. It plays N cycling in the soil making more nitrogen availability and 

mineralization (Robertson and Groffman, 2007). Microbial biomass C, N and P were found 
to be highest in soil with tree species than any other land use systems like agriculture, 

shifting cultivation (Arunachalam, 2002). 

Beyond the soil microbial community there lays another type of community that 
covered a range of soil functions (Anderson, 2003). The microfauna (nematodes, rotifers, 

protozoa) act as secondary consumers. They feed largely on fungi and bacteria, which help 
to increase the speed of the turnover rate of the microbial biomass and ultimately increase 

in the availability of the nutrients. Collembol and the Enchytraeidae belong to mesofauna 
and they are omnivores, they feeds on the microflora and fauna, also on other mesofauna, 

which increase the organic matter turnover in the soil by fragmenting plant residues. 

Those organisms in the soil with size greater than 200 nm belong to macrofauna which 
includes earthworm, ants and termites. They have a profound effect on the soil structure. 

Earthworms are considered as the engineer to the farmers increasing the structural 
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stability to the soil. Earthworms are found everywhere and are an indicator of healthy soil. 

Soil degradation due to different anthropogenic activities like, deforestation, land use 
changes, conventional tillage etc. leads to the reduction of population of different 

microflora as well as macrofauna which leads to deterioration of soil (Curry and Good, 
1992). Population of soil flora and fauna is an indicator of the condition and the fertility 

status of the soil. Most of the soil organisms both flora and fauna population is high in the 

land use systems where tree species is deliberately combined with other horticultural crops 
as compared to other land use systems. The populations of these micro and macro 

organisms are related with the lignin content of the leaf litter from the trees species. 
 

Conclusion 
Agroforestry is an ecologically based, natural resources management system that 

sustains production and benefits all those who use the land by integrating trees on farms 

and in the agricultural land scape. In addition to provide timber, fodder, fuelwood, 
medicines, etc., it conserves soil and enhances soil fertility. With the adoption of 

agroforestry and proper selection of tree species, the physical, chemical and biological 
properties of the soil increases. The biomass returns, both surface and sub-surface 

increase the organic matter to the soil making good soil structure for proper infiltration and 

permeability. With high permeability the erosion rate of the soil decreases with the 
increment of fertility capacity of the soil. Organic matter also acts as a source of food for 

the beneficial microorganisms which helps to decompose and transformation of different 
minerals and nutrients in the soil. Mineralization process of the soil increase with the 

availability of certain beneficial microbes (both macro and micro) making good soil health. 
So, agroforestry is the most important soil health management strategy for sustainable 

agriculture production. With high amount of C returns to the soil through C sequestration it 

is also have a positive effect on environmental sustainability. Different tree species with 
capability of N-fixing from the atmosphere will also increase the fertility of the soil. So, as a 

management strategy for improving soil health, adoption of agroforestry system is very 
important.  
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Abstract 
 

To proper management of our resources for the protection of food security, 
natural resources and energy security by the involvement of human beings.  The   effect of 

biodiversity in health   area   of   human, their social interaction and the preference of 
their need. The involvement of human beings in the ecosystem it really creates a magic in 

their surroundings. It can easily understand that if we increase the food production 

automatically it reduced the water availability. There are numeral things such as fisheries, 
to supply the water and save the natural resources and indirectly save  our ecosystem.  

 
Keywords: Human need, tools, agriculture, earth etc. 
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Introduction 

Most of the people who lives in the earth but they did not realize the application 
and importance of the biodiversity. There is a dependent relationship among the human 

and the nature so if we want to live long on the earth we must save our environment. 
There are most of the factors which is responsible for the nature balance such as land area 

and their applications.  Now the query was raised that how can we improve the 

biodiversity on the earth. There are several tools such as education, awareness and 
preserving method of it safety. 

Biodiversity defines the importance and role of their work in human life. The 
environment of the human makes our life simple, clean and maintain the balance of the 

human beings but if we aware the people about the environment and their close 
relationship with the nature on time we definitely safe it. The biodiversity defines the role 

and its value which is very much importance to human life.(Morton & Hill 2014)  

On the basis of economics we defined that the production and consumption both are 
interrelated things. The farmer of our country, timber workers etc are depending upon the 

biodiversity. 
In human life oxygen plays a very important role which supports their circle by 

cleaning the air, decrease the water pollution and recycle the water by treatment it.  

There are following methods which are helpful for these aspects:  
 

 Recreation  

 Bird watching  

 Cultural 

 Scientific  

 
There are loss or any decrease in the biodiversity level through which human effects. On 

the global basis there is display the relationship between the human and the biodiversity. 
There are several parameters such as material welfare, security of the communities, 

resilience of local economies and human health.(Morton & Hill 2014): 

 
 Provisioning services— It relates to the production of food, fibre and water 

 Regulating services— It helps to the control of climate and diseases 

 Supporting services— There are plan to manage  nutrient cycling and crop pollination 

 Cultural services— To provide the knowledge  as spiritual and recreational benefits. 

 

Importance of Biodiversity  
The variety of life which depends upon the earth and their method is called as 

biodiversity.On the evaluation by the natural process and its effect on the 

human.(Secretariat, 2000).In this involvement of species among the species and their 
ecosystem.  (Frequently, 2005). There are numerous factor either spatially and 

temporally.(Climate, 2005). Due to dependence on the food,water resources, 
oxygen,detoxification of waste and recycled the substances,  medicine, opportunities for 

recreation and tourism, and many more things (Secretariat, 2000).  
 

  

https://soe.environment.gov.au/theme/biodiversity/topic/2016/importance-biodiversity#biodiversity-4978
https://soe.environment.gov.au/theme/biodiversity/topic/2016/importance-biodiversity#biodiversity-4978
https://www.goshen.edu/bio/Biol410/bsspapers05/Trishahostette.htm#Secretariat
https://www.goshen.edu/bio/Biol410/bsspapers05/Trishahostette.htm#Frequently
https://www.goshen.edu/bio/Biol410/bsspapers05/Trishahostette.htm#climate
https://www.goshen.edu/bio/Biol410/bsspapers05/Trishahostette.htm#Secretariat
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Study about Extinct Species  

The biodiversity explains about the species existence. At present 1.75 million 
species were indentified but among them 10 million are present on the earth. (Eldredge,  

2000). If we study we are really feel that losses are more about the rate of extinction. 
There are mostly some features which are studied such as habitat loss, degradation and 

fragmentation. (Noss et al, 2005). These all are directly or indirectly related to the human. 

 
Role of Human  

It is not a direct impact that a human link to the biodiversity. There are many 
aspects which are very important such as to prepare a land which is productive and to 

supply the water which is a very essential to the nature.  (Wackernagel et al., 2002). The 
role of human which involve in the biological diversity. The economical, sociopolitical, 

scientific and technological, and cultural and religious factors.  The external inputs such as  

harvesting, air and water pollution, and climate change (Climate, 2005). 
 

 
 

Fig.1. Linkages between Nature, Biodiversity, Ecosystem Services, and 

Human Health and Well-Being 

 
The role of human which has substantially changed one-third to one-half of the 

world’s surface (Frequently, 2005). Due to growth in population and in the consumption of 
natural resources . (Mapping, 2005). There are the methods which are required to 

measure the environmental exposure, temperature and  air humidity have a power to the 

different dimensions of biodiversity. 
 

The Impact of Human Health  
More research is needed to assess the health impact of emerging nature-based 

solutions. Among others, the following interventions merit special attention: 

https://www.goshen.edu/bio/Biol410/bsspapers05/Trishahostette.htm#Eldredge
https://www.goshen.edu/bio/Biol410/bsspapers05/Trishahostette.htm#Noss
https://www.goshen.edu/bio/Biol410/bsspapers05/Trishahostette.htm#Mackernagel
https://www.goshen.edu/bio/Biol410/bsspapers05/Trishahostette.htm#climate
https://www.goshen.edu/bio/Biol410/bsspapers05/Trishahostette.htm#Frequently
https://www.goshen.edu/bio/Biol410/bsspapers05/Trishahostette.htm#mapping
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Urban Blue Infrastructure- blue landscape elements in cities contribute to improved 

urban water cycles and generates a number of health benefits related to the regulation of 
the urban climate. More research is needed on the potential impacts of blue infrastructure 

on vector-borne diseases.  
City Trees- city trees have potential impacts on air quality (both positive and 

negative) and temperature and may have implications for the prevalence and severity of 

respiratory and cardiovascular diseases. Urban trees can also be sources of allegenic pollen 
and the allergenicity of tree species must be considered in urban green planning.  

Green School Playgrounds- school playgrounds equipped with green infrastructure may 
increase early life exposure to beneficial urban soil microbiota and reduce the incidence of 

NDD.  
Wildlife Provisioning- increasing wildlife populations in the vicinity of people by 

providing resources for wildlife, such as bird feeding stations, may stimulate human-nature 

interactions and generate indirect health benefits.  
Forest Bathing- ‘Shinrin-yoku’ (therapeutic forest walks) and other nature-based 

therapies are increasingly popular but lack scientific validation so far.  
Finally, most studies on biodiversity and human health have focussed on the short-term 

effects of exposure to biodiversity and often lack proper experimental design. Further 

research on short-term exposure effects should preferentially adopt randomized controlled 
trial designs. In addition, few studies acknowledge that the effects of exposure do not 

necessarily overlap with the timing of exposure. Therefore, additional studies need to take 
into account the various time lags that could occur in nature dose–health response 

relationships. Longitudinal studies, such as birth cohort studies, rather than cross-sectional 
studies, seem to be most appropriate to validate the long-term benefits of biodiversity on 

human health. 

One way that the humans have been able to sustain their growth is by converting 
natural habitats to fields where foods can be produced. At least 23 percent of the earth’s 

land is being used for agriculture (31 percent of all land is unfarmable). In the United 
States there is a direct relationship between the losses of forests to the increase in 

cropland (Dobson, 1996). Internationally, there is half a hectare of tropical forest 

disappearing to farmland every second. One of the potential dangers of decreasing the 
amount of natural habitats remaining is that species will no longer be present on earth. 

This directly affects agriculture because many of the species that are being destroyed for 
croplands may have been used for genetically enhancing crop products (Frequently, 2005). 

In this manner, the increase in agricultural land actually harms our agricultural future. 

Human actions have also played a role in climate change, which is also causing 
great danger for biodiversity. The change in climate is due to increased atmospheric 

concentrations of carbon dioxide, which causes increased land and ocean temperatures, 
and changes in precipitation and sea level rise. With the change in climate also comes a 

change in species. Climate affects the timing of reproduction and migration, the length of 
growing seasons, species distributions and population size, and the frequency of pest and 

disease outbreaks. It is also expected that the change in climate in the 21st century will 

have a much higher rate than the past 10,000 years and create an even bigger impact on 
biodiversity (Climate, 2005). It is expected that 80 percent of biologically rich regions will 

suffer great losses of plant and animal species because of global warming. The rate of 

https://www.goshen.edu/bio/Biol410/bsspapers05/Trishahostette.htm#Dobson
https://www.goshen.edu/bio/Biol410/bsspapers05/Trishahostette.htm#Frequently
https://www.goshen.edu/bio/Biol410/bsspapers05/Trishahostette.htm#climate
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change of habitats is expected to increase up to ten times due to global warming 

(Sherbinin, 2002).  
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Abstract 

 

Eclipta alba belongs to family Asteraceae usually known as Bhringraj. It was found 
in highlands, low land and damp places. It was native to Asia widely spread in Tropics, 

subtropics and temperate region. The whole pant was medicinally important. It was used 
for rejuvenating, improve strength, immunity, fertility, headache. So proper scientific 

cultivation, management, extraction and utilization was the need of the hours for the 

conservation of this important medicinal plant for sustainable fulfilling the need. 
 

Keywords: Bhringraj, headache, rejuvenating, tropics.  
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Introduction 

Eclipta alba is usually known as False Daisy, Trailing Eclipta. The Sanskrit name is 

Bhringraja and Tekarajah. It is one of the ten auspicious flowers, mentioned in the 
Ayurveda which has been used for ages for hair and skin problems. It forms one of the 

ingredients used in black hair dye. In Java, the leaves of the plant are used as a food item. 
In China and Brazil, the plant is used as anti-venom for snake bites. It is a common weed 

that grows all through India on waste grounds. It is also grown in Thailand, Brazil and 
China (Rao, 2000).  

Table.1. Plant Description 

 

Botanical Name(s) Eclipta alba 

Kingdom Plantae 

Division Magnoliophyta 

Class Magnoliopsida 

Order Asterales 

Family Asteraceae/Compositae 

Genus Eclipta 
Species  alba 

Common name False daisy, Bhringraj 
 

 
Habitat/Occurrence 

It grows under each upland and lowland conditions. It is widespread in damp 
places (heavy soils with consistent and considerable water supply are preferred), in 

ditches, and close to rivers and swamps. It is a not common weed of rice. However, 

its prevalence in lowland rice fields may be decided totally by water management. In 
many parts of India, it's far grown commercially as a medicinal crop. 

 
Distribution 

It is a local of Asia, now extensively distributed with inside the tropicals, 

subtropicals and warm temperate regions. It is abundantly found in India, China, Brazil, 
and United states and sparsely in Africa, Europe, and Oceania etc. It is found in many 

nations of Asia like Afghanistan, Bangladesh, Bhutan, Indonesia, Iraq, Japan, Korea, 
Malaysia, Pakistan, Philippines, Saudi Arabia, Sri Lanka, and Thailand. 

Four species have been reported to this point in warmer parts of America, Africa, 

Asia and Australia. Roots, seeds, seed oil and the whole plant are used for medicinal 
purposes. Propagation via seeds 3 Kg/ha . In India, Bhringraj is grown organically. No 

chemical inputs are used, only 15–20 tones farmyard manure/ha on the time of sowing are 
applied. Maturity obtained in 3–3.5 months after sowing. Average yield 5 tonnes dry 

herbage/ha. 
 

Botany of the Plant 

Botany of the Plant Bhringraj is a slender, diffuse or sub-erect herb. A much-
branched, variable, prostrate, ascending or erect, tough-bushy annual herb, as much 

as 90 cm tall with slender, reddish stems covered with short, stiff hairs, rooting at 
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the lower nodes. It is a quantitative short-day plant. The plant 

grows commonly in moist places everywhere in the world, as a weed.   

  
Leaves: Opposite, simple, rough, dull green, ovate to oblong-lanceolate, 2-10 cm long, 1-

3 cm wide,apex acute or blunt, base attenuate, margin entire or barely serrate, 
pubescent, commonly sessile, the decrease leaves sometimes quick petioled, basally 

swollen hairs on every surface, veins prominent (Sharma et al. 2001). 
 

Inflorescence: Flower heads up to 1 cm in diameter, a cluster of sessile white flowers, 

in higher axils or terminal, solitary or heads together. Peduncle, thickened at the top, 
variable in length, 0.5-7 cm long, hairy. Involucral bracts 5-6, green, ovate, in rows, outer 

ones 4 -6 mm long, internal ones typically shorter, prominent, and hairy. 
Ray flowers marginal, pistillate, fertile, corolla white, ligulate, 2-3 mm long. 

Disk flowers numerous, central, perfect, fertile, corolla whitish, tubular, minute, 1.5-2 mm 

long. Stamens five, separated filaments, anthers coalesced to form a tube around 
the style. 

 
Flowering Time: October to December in Indian situations is the flowering time 

 
Fruit: Achene. 

 

Seed: light-brown to black, laterally-flattened achenes, wedge-shaped, 2-3 mm long, 
0.9 mmwide. Apex with short, normally white hairs which might be easily broken off howe

ver horns like projections often stay  pappus absent. The rest of the achene is glabrous an
d covered with many small warts. 

 

Seedling: Stems are pale green, rarely purple, with fine, small hairs. Primary or 
cotyledonary leaves appear spongy and are opposite, elliptical to egg shaped, with 

a smooth marginand often with short, pointed, randomly dispersed hairs on the lower side 
(Rout et al. 2020). True leaves are up to 6 mm prolonged, 3 mm huge and opposite. Later 

leaves seem like the number one actual leaves and feature fine, translucent marginal hairs. 

They are as much as 12 mm lengthy and 5 mm huge, sessile, lanceolate or linear 
lanceolate and complete or shallowly toothed, and each surface is tough with scattered, 

stiff hairs (Annon). 
 

Chromosome Number: 2n= 22. 
 

Plant Chemicals 

Major chemical constituents of Bringraj are Ecliptic, Wedelolactone, Des-methyl 
wedelolactone, stigmasterol, polyacetylenes, polypeptides, steroids, thiophene derivatives, 

and flavonoids. The extract obtained from Bhringaraj plant contains an alkaloid called 
ecliptine. This extract is resinous. The leaves of the plant contain a rich amount of protein. 

The chief constituents of Bhringaraj are coumestan derivatives like wedolol actone [1.6%], 

demethyl wedelol actone, desmethyl-wedelolactone-7glucoside and other constituents are 
ecliptal, ß-amyrin, luteolin-7-O-glucoside, hentriacontanol, heptacosanol, stigmasterol 
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(Khare, 2004).  It is known for its anticancer, anti-leprotic, analgesic, antioxidant, anti-

myotoxic, anti-haemorrhagic, anti-hepatotoxic, antiviral, antibacterial, spasmogenic, 

hypotensive and ovicidal properties (Sharma et al. 2008).  
 

Bhringraj Juice  
It is administered for rejuvenation, for a long period time. During its 

administration, the patient is made to eat only cooked rice with milk. This helps to improve 
strength, immunity, fertility and life expectancy. 

 

Dosage 
 

Fresh Juice- 5-10 ml 
Powder – 250 mg to 2 g in divided per day, or as advised via way of means of Ayurveda 

doctor. 

 
Uses  

 
Therapeutic use of Eclipta Alba 

Medicines made out from Eclipta alba are used for relieving ringworm, alopecia, 
spleen and liver enlargement, jaundice and hepatitis and additionally as a preferred tonic. 

It is likewise effective in controlling cough, cataract, indigestion, haemorrhage, vertigo, 

toothache and giddiness. It has antiseptic properties and works as a wound relieving 
agent. The root of the plant is used as a purgative and emetic and the paste of the 

leaves is strong to relieve scorpion sting.  
It has alexipharmic, anthelmintic and sour properties. Bhringraj is 

the principle herb for hair care and cirrhosis in Ayurveda (Khare, 2004). It 

is idea to preserve and rejuvenate hair, teeth, bones, memory, sight, and hearing. It works 
to rejuvenate kidneys and liver. Like oil, it treats greying and balding, makes the hair 

darker, and promotes deep sleep. It additionally improves complexion. In Ayurveda, the 
root powder is used for treating hepatitis, enlarged spleen and pores and skin disorders. 

Mixed with salt, it relieves burning urine sensation.  

Mixed with a little oil and implemented to the head, the herb relieves headache. B
hringraj is also applied to prevent repeated miscarriage and abortion. It is likewise used to 

relieve post-delivery uterine pain. The leaves of this herb are used to reduce uterine 
bleeding. The extract taken of its leaves is blended with honey and given to infants, for the 

expulsion of worms. Bhringraj is also given to children in case of urinary tract infections. 
Fumigation with Bhringraj is considered to result in relief in piles. Bhringraj oil has anti-

ageing residences, as it has a rejuvenating impact at the body. It is also given as 

a favoured tonic in instances of debility. Bhringraj is used extensively through Ayurvedic 
practitioners, for treating pores and skin illnesses and eye infections. Due to its anti-

inflammatory properties, the herb is likewise used for treating hyperacidity (Jadhav et al. 
2009). 
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Other Uses 

 

Antimicrobial Effects 
Extracts of Eclipta alba is used for relieving infections. It fights against all micro 

organisms which cause boils, infections and inflammations. 
 

Anticancer Properties 
Extraction of Eclipta alba is useful in inhibiting the growth of cancer cells. 

 

Insecticide Properties 
The extracts of Eclipta alba are effective as an insecticide 

and provide an opportunity tochemical pesticides. Pest control can be performed in an eco-
friendly way. 

Eclipta alba juice is used to make hair oil which is powerful in controlling several problems 

related to hair like dandruff, hair falling and hair thinning etc. The juice of the leaves is 
used to make Kajal which is useful in relieving ailments related to eyes. In 

Siddha medicine it is used to relieve several diseases. Popular liver tonic with 
the name Liv.52 contains this herb. A black dye that is obtained from the plant is used for 

tattooing and hair dyeing. 
 

Side Effects in using Eclipta alba 

There are no or limited known facet effects with the use of Eclipta alba. But any 
herb or 

medicinal formulation should be used as per the given dosage. Over indulgence may cause
 complications. It is better to consult a practitioner earlier than consuming any herb or for

mulation. It may cause genital itching and dryness. Eclipta alba has allelopathic effects on 

seed germination and seedling growth of other weed plants and crop plants. 
Competitive effects of it on the growth of container grown plants. 

 
Conclusion 

Eclipta alba is a popular miraculous herb. It is a traditionally important medicinal 

plant, but unscientific management was a threaten to the plant. So it was recommended 
the proper conservation and cultivation by farmers. More training can be imparted by the 

KVK and Department of Agriculture for its scientific cultivation  
 

References 
 

1. Jadhav. V. M., R. M. Thorat, V.J. Kadam. And N. S. Sathe(2009). Journal of Pharmacy 

Research 2(8):1236-1241 
2. Khare, C. P.(2004).Encyclopedia of Indian Medicinal Plants,( Springerverlag Berlin 

Heidelberg, New York. 197-198. 
3. Rao, E. V.(2000). The Eastern Pharmacist, 5: 35-38. 

4. Sharma, S. and Sikarwar,M. S., Wound healing activity of ethanolic Journal of 

Pharmacy Research Vol.2.Issue 8.August 2009 V. M. Jadhav et al. / Journal of 
Pharmacy Research 2009, 2(8):1236-1241 1236-1241 Source of support: Nil, Conflict 



PLANTA – Vol.-1, 2020: 185 - 190 
(Research Book Series – www.pgrindias.in) 

 

____________________________________________________________________________________________ 
 

Kar et.al., Eclipta Alba - An Immunity Booster Plant- An Overview | 190  

of interest: None Declared extract of leaves of Eclipta alba, Pharmacognosy Magazine, 

4 (13) : 2008, 108-111. 

5. Sharma,P. C., Yelne, M. B. and Denn’s,T. J., Database on medicinal plants used in 
Ayurveda, Vol-2, (Central council for research in Ayurveda and Siddna, New Delhi, 

2001), 112. 
6. The Ayurvedic Pharmacopoeia of India, Part-I, 1st Edition, Vol-II, ( The controller of 

publications civil lines, Delhi), 21-22. 
7. Rout, S, Beura, S, Nayak, S and Kar, S(2020).Influence of Gibberellic Acid (GA3) 

Different Concentrations on Seedling Growth of Bael (Aegle marmelos L.) Indian 

Journal of Pure and Applied Biosciences.(Accepted). 



PLANTA – Vol.-1, 2020: 191 - 197 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 
 

Shashi Bala et.al., Potential Role of Underexploited Leafy Vegetables | 191  

18 
POTENTIAL ROLE OF UNDEREXPLOITED LEAFY VEGETABLES FOR 

FOOD SECURITY AND BETTER NUTRITION 
1Shashi Bala, 2Kamlesh Kumar Gautam and 3Mamta Sahu 

_____________________________________________________________ 
 

Abstract 

 
India has great reservoir for large number of non -traditional and underutilized 

minor vegetable crops. It has a rich biodiversity of cultivated and wild vegetables due to 

different agro-ecological/ phyto- geographical regions but the development of standard 
varieties were limited. These crops are also rich in nutrition along with various medicinal 

properties. Most of the minor vegetables are enriched with nutritional and medicinal value, 
and can be grown even in wastelands without much care. Therefore, it is worthwhile to 

look into the organized cultivation and improvement of minor group of crops like chayote, 

ivy gourd, purslane, sorrel, agathi etc. so that their production can be maximized. 
Wasteland such as marshy, ravines, acidic, marginal and sandy that are unfit for the 

cultivation of commercial and high input demanding crops. Such land can be exploited for 
growing local low input demanding  leafy vegetable crops in order to diversify the present 

agricultural system, fulfill demand of local people and reducing the depletion of natural 
resources. Identification and conservation of the rare vegetable should be requiring as 

they have great potential for improving the socio economic status of the people. Hence, 

more focus on research related to nutritional and medicinal benefits should be given along 
with better crop improvement technology. 

 
Keywords: purslane, under exploited vegetable, leafy vegetable, agathi etc. 
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Introduction 

Vegetables are the rich source of nutrient, vitamins & minerals and play an 
important role in human balance diet. It contributed 58.75% in total horticulture 

production of India but the high production does not fulfill the nutritional adequacy. The 
production contributed by the development of improved varieties, hybrids and their 

protection measures of some vegetables. India is a diverse land of wide ecosystem and 

has different ago climatic conditions which allow to grow a various wild horticultural crops 
beside the commercial cultivated crops (Janardhanan K, 2003). The underexploited 

vegetables are not known economically but they have great potential for nutrition, 
medicinal values and a source of income generation. They also known as wild edible 

vegetable, rare vegetables, minor vegetables  etc. some common underutilized vegetables 
are Oxalis corniculata, Portulaca oleracea, Polygonum plabium, Dioscorea bulbifera (Aerial 

yam, Air potato), Vigna umbelata (Rice bean), Vigna angularis (Adzuki bean), 

Psophocarpus tetragonolobus (Winged bean) , Parkia roxburghii (Tree Bean) , Mucuna 
pruriens (Velvet bean), Sechium edule (Chow-Chow), Sauropus androgynus 
(Chekurmanis), Sesbania grandiflora pers (Agathi), Portulaca oleracea (Common Purslane), 
ivy gourd, Alternanthera sessilis (Ponnanganni Greens, Gudrisag) etc.  

 

 Leafy Vegetables 
Cultivation of leafy vegetables or herbs is an old as human civilization. These are 

the excellent component of daily diet in various countries. These are naturally wildely 
growing plants and a good sources of proteins, vitamins, minerals (including 

micronutrients), phytonutrients  such as antioxidants, bioflavonoids  etc (Jana , 2007). 
These vegetables are very rich in nutrient as compared to the commercially cultivated 

vegetables. They not only supply the nutrient but add a variety to monotonous diet. 

Moreover, some of the plants are reported to have anticancerous antimicrobial, 
haepatoprotective anti-inflamatory properties and more.  Due to their medicinal values, 

they are used as natural healers by the tribes and nomadic peoples. They have alternative 
taste, pleasing aroma and used to cure the problem of Fe deficiency or anemia and has 

various health benefit. In most cases, sowing seeds or planting once provides repeated 

harvest for long duration. Somewhere just maintenance in its natural habitat is also 
sufficient for collection in a huge amount (Gurumoorthi, 2003). Thus, cultivation of these 

plants in their locality is helpful for upliftment of socio economic status of small and 
marginal farmers. The high nutritional qualities indicate that the cultivation and 

consumption of these crops may be helpful in overcoming the nutritional deficiencies 

predominant in many rural areas of the country. Few are discussed below: 
 
Portulaca oleracea (Common Purslane) 

It is a common annual herb found up to an altitude of 1500m in Himalayan region 

as a weed. Traditionally the local people of that particular area where it is found utilize it 
as a vegetable. It is also known as Purslane, Kurfa or hog weed belongs to the family 

Portulaceae (Shazia Syed et al., 2016). It is rich in Vitamin C (26.6mg), beta- carotene 

(1.9mg), folic acid , essential fatty acids  along  with antioxidant property.  From the 
medicinal point of view, it is astringent and diuretic in nature and can be useful in thirst 

relief, headaches, crushing of bladder stones, stoppage of bleeding, and reduction of 
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coughing and irritation of urethra, bladder and used as a health food for patients with 

cardiovascular diseases (Fasuyi AO,2005). 
 
Sauropus androgynus (Chekurmanis) 

It   is popularly known as “Multi vitamin Green” due to its high nutritive value as it 

is a rich source of carbohydrate, vitamin and minerals. Chekurmanis is a perennial   shrub 

grown widely in S-E Asia belongs to the family Euphorbiaceae It is mainly propagated by 
semi hard wood stem cutting. It juice is used against the eye diseases as the leaves of this 

plant is rich source of protein, and Vitamin A, B and C[8]. It is a popular tropical leafy 
vegetable originated from the Indo Burma region. Its high nutritive value yet not 

recognized in commercial scale by the people. It was introduced in India in 1953 and 
cultivated in Malabar region of North Kerala. It was then used for research purpose in 

Agricultural Research Station, Tamil Nadu. It is a rich source of carbohydrate (11.6g), fat 

(3.2g), Vit A (9510 IU) and Vit C (200mg ) per 100g of edible portion. 
 

Curry Leaf (Morraya Koinigii) 
Curry leaf (Morraya Koinigii) is an important leafy vegetable used in cooking for 

flavouring the foodstuff. Leaves have pungency, bitterness and acidic nature even after 

drying. It is native to India, Sri lanka, Andaman Island and Bangaldesh. It is found in 
forest and wasteland of Indian subcontinent belongs to the family Rutaceae. It normally 

attain a height of 2.5 m, leaves are bipinnately compound, 20-25 leaflet, reticulate 
vination. Pinene, sabinene, caryophyllene, cardinal are the major constituent responsible 

for aroma and flavour.  It is rich source of Ca, Fe, Vit A, Vit B, Vit C, Vitamin B12 and 
antioxident  properties, It used as a effective medicine in treating nausea, morning 

sickness, skin burn, kidney pain etc. 

 
Agathi  (Sesbania grandiflora)  

Agathi or Sesbania grandiflora L. belongs to the family Leguminaceae is a well 
known legume plant having  small, loosely branching, tree that grows up to 8- 15 m tall 

and 25-30 cm in diameter. It is a cultivated in Tropical Asia such as Malaysia, Myanmar, 

Indonesia, Philippines including India. It is resembles to Sesbania formosa, an Australian 
species. Agathi is not a very well known crop it is cultivated for its leaf and flowers that are 

not sold like other vegetables in the market. Agethi is able to produce ripe pods 9 months 
after planting and the large-flowered hermaphroditic species appears to be pollinated by 

birds. The tree has a life span of about 20 years and mainly propagated by seed. Its 

leaves, flower and fruit are rich in vitamin A and minerals beside the medicinal properties 
i.e., why it valued as a vegetable or mixed with curries in many recipies (Funk VA et al.,, 2005). 

Bakery products like biscuits and cookies are high in carbohydrate, fat, calories, but low in 
fiber content. Therefore, addition of bakery products with potentially nutritive ones likes 

Agathi leaves, wheat flour and palm jaggery would be beneficial to improve the nutritional 
quality of baked product. Due to the lack of a seed coat, if viability is to be maintained, the 

species should be stored in sealed containers at a temperature of 4 deg. C or less and mc 

of less than 10%. Viability can also maintain for 2 years in open storage at room 
temperature. Seed weight is 17 000-30 000 seeds/kg. 
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Basella alba L 

Basela alba is native to south Asia and commonly found in tropical region of the 
world, belongs to the family Basellaceae. It is synonymous to cordifolia Linn., Basella 
lucida linn., Malabar spinach, Indian spinach, cylon spinach, poi saga and vine spinach etc. 
It is fast growing perennial stemmed plant can attain 10m length. Both succulent stem and 

tender leaf can be used as a vegetable. It is rich in flavonoids,  caroteniods, saponin, 

amino acids and organic acids besides   ca, fe, vit A and C. It has ethano medicinal 
properties and used to cure irritation, anemia, bleeding piles, digestive disorder, skin 

disease, wooping cough, leprosy etc.    
The leaves contain a high level of calcium and are rich in vitamins like A, C, 

thaimine, riboflavin, niacin, and betacyanin, oxalic acid, flavonoid like acacetin, 4,7- 
dihydroxy kempferol and 4‟-methoxyisovitexin and also phenolic acids like vanilla, syringic 

and ferulic acid.Dried leaves (per 100 gm) contains, protein 20%, fat 3.5%, carbohydrate 

54%, fibre 9%, and ash 19%.. The fruit contains betacyanins and gomphrenin. The juice 
of the plant is used as a dye for official seals, as a rouge on the facial skin and food 

colouring  
 

Lettuce (Lactuca sativa L.) 

Lettuce is a member of compositeae family that are thought to be the largest 
known family of the plant and originated from Mediterranian region from the wild species 

(Argyris et. al., 2005). Formally, cultivated lettuce is   grouped into seven different types:   
 

Cos (or. Romaine) - This type having oblong upright rigid leaves and a  midrib having dark green 
leaves  

Cutting (or. Leaf) - The Cutting group forms no firm heads but instead produces a dense mass of leaves 

in the center of the plant  
Stalk (or Asparagus) - both the leaves and stem may be eaten, and this group does not form heads 

and has prominent thickened fleshy stems and upright ovate leaves. 
Butter head - this group is  widely used in Europe and was second in commercial    importance in the early 

twentieth century in the US  

Crisp head (. Iceberg or Cabbage) - The leaf is crispy and the veins are prominent , this group forms 
tight, dense heads  which are comprised of spherical leaves folded upon each other. Leaf color varies 

from deep green to light green, with some genotypes containing anthocyanin Crisp head lettuce is the 
most popular lettuce type in the US, although the market share of Cos and Cutting types have 

markedly increased in recent years. 

Lettuce type - leaves of the Latin group are thick, have entire margins, and are green, It forms a poorly 
organized rosette that is similar in appearance to the Butter head group. The lettuce type is cultivated in the 

Mediterranean region including North Africa and in South America  
Oilseed -The Oilseed group is typified by a multi stemmed upright growth habit with green leaves  

 
Red-pigmented lettuce contains higher phenolic compounds than green lettuce. 

Baby green romaine was especially high in vitamin C. Lettuce has a high water and low fat 

content, which makes it ideal for dietary plans (Caldwell,2003). It is valued for its 
organoleptic properties and is considered an important source for health-promoting 

metabolites (carotenoids, chlorophylls, macro and trace elements, phenolics, and 
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vitamins), which are crucial in human nutrition.  Scientists recommend that people should 

consume fruits and vegetables daily, because they satisfy 11%, 35%, 7%, and 24% of the 
daily intake of P, K, Ca, and Mg, respectively (Shazia Syed et al.,2016). These 

macronutrients help against certain diseases, such as blood pressure imbalances, 
hypertension (K), and osteoporosis (P, Ca, and Mg) . For lettuce, several authors reported 

potassium content between 48-72 mg g −1, phosphorus 4-6 mg g −1, magnesium 1.4-

2.8. Compounds such as phenols, carotenoids, flavonoids and vitamin C, represent the 
defensive power both in plants and humans, because they have the ability to block free 

radicals, which are harmful to proteins, lipids and DNA in the cells. They have been shown 
to be beneficial for treating a variety of diseases and illnesses such as diabetes, 

inflammation and some types of cancer. 
 

Amaranthus spp.  

Amaranthus belongs to family amaranthaceae is very rich nutrient pseudo cereal 
consumed since ancient times. The name „Amaranthus‟ derived from the greek word 

„Amaranthus‟ which means eternal flower and considered as super food.  
Amaranthus is the leafy vegetable of Africa and Asia, it‟s mostly species have edible leaf 

and used as a pot herbs.  They have several edible species, which have edible leaves, 

spinach like flavour and high yielding such as Amaranthus. blitum L.; sin. Amaranthus. 
lividus L., Amaranthus. viridis L.; sin. Amaranthus. gracilis Desf. and Amaranthus tricolor L.; 

sin. Amaranthus gangeticus L.) 
Its seed has high nutraceutical values such as unsaturated oil (omega 3 and 

omega 6), dietry fibre, phenolic compound, flavonoid vitamin and minerals ( a, Mg, Mn, 
etc.) (Cui X, Xu, 2005). Its consumption is good for a person having glutin intolerance i.e. 

celiac disease and helps to avoid disease caused by inflammation. Seed contain more Ca 

than other cereals, which prevent the bones from osteoporosis, its oil reduces the bad 
cholestrol and affect cholesterol metabolism. It also regulates the sugar level and prevents 

diabetes(Kumar , 2002).      
 

Chenopodium album  

The Chenopodium album Linn. (Chenopodiaceae) a originated from  Western Asia, 
also falls in under the explored category and its multipurpose use for humankind 

generated interest worldwide.  The genus Chenopodium has a worldwide distribution and 
contains about 250 species. In India, it is represented by about 21 species, of which some 

are cultivated for vegetable and a few for the seed (Cooper DA, 2004). C. album have also 

been reported to grow naturally as weed in the fields of   mustard, gram, wheat, barley 
and other crops. The weed is slow growing while the cultivated plants are tall and leafy. 

The whole young plant has to be reported as food and herbal medicine. C. album is known 
by various synonymous names, viz. Parupukkirai (Tamil), Pappukura (Telgu) and Katu, 
Bathua sag (Hindi), Chandan betu (Bengali). 

Bathua is an excellent source of protein, sugar, vitamin and minerals, it consumed 

as a cereals that remove the food scarcity. It has inadequate scientific knowledge 

regarding their nutritional and medicinal properties .The plant is used as blood purifier, 
sedative, diuretic and have hepatoprotective properties.  
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Conclusion 

Most of the minor vegetables are enriched with nutritional and medicinal value, 
and can be grown even in wastelands without much care. The potentiality of processed 

products from some minor fruits and vegetables in the country is still unfocussed. 
Therefore, it is worthwhile to look into the organized cultivation and improvement of minor 

group of crops like chayote, ivy gourd, purslane, sorrel, agathi etc. so that their production 

can be maximized. There is always demand from consumers for new, delicious, nutritious 
and attractive food products. To satisfy this demand, there is a constant effort to develop 

products from diverse sources. Identification and conservation of the rare vegetable should 
be requiring as they have great potential for improving the socio economic status of the 

people. Hence, more focus on research related to nutritional and medicinal benefits should 
be given along with better crop improvement technology. However, efforts have been 

made by various researchers for the development of value added products from 

underutilized fruits and vegetables Identification and quantification of the species which 
having the anti nutritional factors is also required. Government should include cultivation 

of underutilized leafy vegetables in different community development programmes at 
village level. All these will certainly have positive effect on the different socio-economic 

aspect, especially on the large malnourished population in different ethnic communities. 

It reflects the feasibility for the development of some diversified value added 
products from some of the minor horticultural crops grown in India in order to minimize 

the wastage, to promote these products as export items and to uplift the nutritional and 
socio-economic status of the vulnerable communities of country. 
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Abstract 

 
Global climate change and increasing population are most serious challenges 

facing us today. Agriculture is considered to be one of the most susceptiblesectors to 

climate-change.Salt stress are major constraints for crop yield, food quality and global food 
security. A number of parameters such as physiological, biochemical, molecular of plants 

are affected under stress condition. Salts have detrimental effects on plants such as 
damage to photosynthetic machinery, growth retardation and ultimately yield loss. 

However, the rhizosphere of plants harbours a diverse community of microbes which have 

the potential to cope with salinity problem. These microbes assist plants to withstand the 
increased concentration of salts by the production of antioxidants, secondary metabolites, 

volatile organic compounds(VOC), EPS and osmotic adjustment in plants. These 
microorganisms have the potential to work as defensive agents of plants by enhancing 

growth, productivity, tolerance and defence system under saline environments. In this 
review, we have attempted to explore about the stress tolerant beneficial microorganisms 

and their modes of action to enhance the sustainable agricultural production. 

 
Keywords: Plant Growth Promoting Rhizobacteria, plants, Salt stress, Salt stress 

tolerance, Microorganisms. 
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Introduction 

 
oil salinity has emerged as a serious problem for global food security. Increasing 

human population and reduction in land available for cultivation are two threats for 
agricultural sustainability (Shahbaz and Ashraf, 2013). Many research studies have 

reported that environmental stresses are a serious global threat to future of food security 

(Battisti and Naylor, 2009), while the world human population is projected to reach from a 
current estimated 7 billion approximately to 9.9 billion by 2050 (Singh et al., 2011).  As 

highlighted in 2018 Global Agricultural Productivity (GAP) Index the current growth rate of 
agricultural production is not enough to meet the projected food demand of  10 billion 

people in 2050 (GAP Report, 2018). The report also stated that under such circumstances 
GAP must be increased by 1.75% annually.  Due to increasing climate variations, 

population and reduction in soil health for crop cultivation are major threats for agricultural 

sustainability. It can become more extensive in coming future due to these climate change 
and extensive agricultural practices (Wassmann et al., 2009). it is becoming very difficult 

for farmers and agricultural scientist to produce such large amounts of food to fulfil the 
needs of growing population. In addition, the extensive use of chemical fertilizers, 

pesticides, weedicides etc. in agriculture causes extreme loss of beneficial microbial 

diversity from the soil. 
Salinity stress is  the foremost vital abiotic stresses which results in significant 

damages of agricultural production, particularly in arid and semi-arid areas of the world. 
The soil with excessive amount of salt affects the productivity of plant and is known as 

salt-affected soil. In the root area, the saturation extract of saline soil has the electrical 
conductivity (ECe) more than 4 dS m−1 or 40 mM NaCl. The yield of many crops decreases 

at this electrical conductivity (Jamil et al., 2011). Two types of salinity occur in the soil; 

primary salinity occurs naturally when soil material is the main source of insoluble salts, 
whereas secondary salinity is caused by anthropogenic activities such as poor irrigation 

organization, unsatisfactory drainage, rotations, inappropriate cropping patterns, chemical 
contamination and vegetation sheath, which change the ecosystem of water balances 

(Singh, 2009). The key soluble salts in soil are cations: K+, Na+, Ca2+, Mg2+ and the 

anions Cl−,    NO3 –  and  HCO3–) (Rengasamy, 2006). Salt-affected soils can be divided 
into saline, sodic and  saline-sodic depending in type of salts,  salt amounts, amount of 

sodium present and soil alkalinity. Each type of salt-affected soil will have various 
characteristics, which will also determine the way they can be managed. Salts in saline 

water accumulate in soil gradually increase concentration of soluble ions and decrease 

water level Thus, salt level increase at the surface of soil resulting in the appearance of a 
saline soil. High concentration of salts in the soil also disturbs various soil processes and 

the level of sodium at the interchange complex of the soil (sodicity) that affects the 
mechanical strength of soil. However, the harmful effects of salts depend on various 

factors e.g. Type of plant, climatic conditions, and soil-water regulation. Due to an 
increase in the soil salinity, there is a great need to find out the solution to this serious 

problem. The world population is increasing and world salt affected area will not be 

cultivable which would lead to  global scarcity. 
It is estimated that salt affected area including sodic and saline soil about 6% 

irrigated and 20% of world‟s total cultivable land is under the influence of salinity. Salinity 

S 
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problem is caused by the various natural and anthropogenic activities and increasing 

terribly with time. It is estimated that currently about 62 million hectares or 20 percent of 
the world‟s irrigated land is affected by salinity. It is also estimated that 50% of the 

cultivable land will affect due to salinity by 2050. 
 

Global Distribution of Salt Affected Area 

Although, it has been realized that all regions on the globe are facing the problem 
of soil salinity (Figure 1) yet accurate estimation of the locations and distribution of saline 

soils is missing. The Food and Agriculture Organization (FAO), United Nations Educational, 
International Society of Soil Science (ISSS) and Scientific and Cultural Organization – 

United Nations Environment Programme (UNESCO-UNEP) are the leading world agencies 
that paid attention in gathering data on quality of soil across the world. The Soil Map of 

the World (FAO, 1971– 1981) documented that a total area of 953 Million hectares (mha) 

is salt-affected worldwide. According to the report of FAO on “Status of the World‟s Soil 
Resources” soil of more than 100 countries with an estimated area of approximately one 
billion hectares is afflicted with the problem of salinity (FAO and ITPS, 2015). Due to very 

high amount of soluble salts (NaCl and Na2SO4) the Electrical Conductivity (EC) of these 

soils exceeds 4 dSm−1. At present, the soil classification system is driven by the World 
Reference Base for Soil Resources (WRB) which is authorized by the International Union of 

Soil Sciences (IUSS) and it replaced the FAO/UNESCO Legend for the Soil Map of the 

World. Probably, salinity is one of the leading problem in the coming decades due to global 
increase in salt-affected area by 1 to 2% every year (Kasim et al., 2016).It is reported that 

agricultural land will lose its capability of cultivation due to degradation by extensive use of 
man-made fertilizers, the salinity of soil, physical and chemical weathering (Ladeiro, 2012, 

Paul et al., 2003). 
 

 
 

Graph 1. Global Distribution of Saline and Sodic Soil, Source: FAO and ITPS, 2015 
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Impact of Salinity on Plant 

Salinity affects the soil properties and equilibrium of the area and reduces the yield 
of crops, thus it plays role in reducing commercial earnings. Different research studies 

reported that salinity effects plants in many ways as reduced growth and development, 
germination, and vegetative growth,  reproductive development, reduction in delayed 

spike, spikelet per spike, development and fertility, which leads to low grains (Munns and 

Rawson, 1999). The harmful impact of salinity occurs in cell cycle and cell differentiation 
due to the decrease in the action of cyclins and expression of cyclin-dependent kinases, 

which causes the less cells growth in the meristem followed by the growth inhibition 
(Seckin et al., 2009). Salt affected soil causes ion toxicity, oxidative and osmotic stress in 

plants and nutrient deficiency which restrict the uptake of water from soil. The elevated 
levels of sodium, chlorine, and boron have particular harmful effects on plants. Various 

salts are present in nutrients of plant; their increased salt concentration in the soil can 

disturb the equilibrium of nutrient or affect the nutrient uptake by plant. Under salt stress, 
the metabolism and plant growth is severely affected by increased uptake of Na+. Ion 

toxicity can change concentration of K+ ions in chemical responses, which produce 
conformational variations in amino acids. High K+ level is imprtant for tRNA binding with 

ribosomes and synthesis of amino acids (Zhu, 2003). The high accumulation of Na+ in 

plants defeats the photosynthesis and produces reactive oxygen species (ROS), which 
cause DNA damage, protein degeneration and membrane injury (Islam et al., 2015). The 

cell walls with the increase of sodium causes cell death and osmotic stress (Ashraf, 2004). 
Salinity also interrupts photosynthesis mostly by decrease in chlorophyll content, leaf area, 

stomatal conductance, and reduced efficiency of photosystem II efficiency. Disturbance in 
osmotic equilibrium causes damage of turgidity, cell dryness, and finally the death of cells. 

Osmotic stress and ion toxicity can result in metabolic inequality, and resulting  into 

oxidative stress. Plants possess various natural tolerance mechanisms to protect the 
damages due to the salt stress (Netondo et al., 2004). 

Soil salinity has an overall negative effect on plant‟s health. Salinity affects 
flowering and fruiting pattern, abnormality in reproductive physiology, which ultimately 

influences crop yields and biomass. Salinity may leads up to 50% reduction in flowering of 

pigeon pea (Promila and Kumar, 1982). In tomato, high salt concentration (150 mm NaCl) 
is reported to affect flowering transition time and causes delay in the first in florescence 

along with reduction in the growth of shoot and root In chickpea (Cicer arietinum L.), Salt 
Overly Sensitive (SOS) pathway is a chief defence pathway involved in Na+ extrusion and 

maintaining ion homeostasis at the cellular level (Zhu et al., 1998; Zhu, 2003; Ji et al., 

2013). There are many reports where both SOS and photoperiodical and circadian clock 
switch proteins related with flowering are deactivated by salt stress( Parketal. 2016; 

Ryuetal.,2014). 
Salt stress remarkably affects plant reproductive physiology. Ghanem et al. (2009) 

reported that in tomato the exposure of salinity stress results into Na+ accumulation in 
style, ovaries, and anther intermediate layers which caused an increase in the rate of 

flower abortion and reduction of pollen number and viability of the plant. The extreme 

effect of salt stress can be seen in terms of yield loss. The primary effects related to crop 
yield can be in terms of germination which either decreases or sometimes terminates 

under extreme saline conditions. A study by Ali Khan et al. (2012) showed that under 
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saline conditions growth, yield and biomass of pearl millet is negatively affected in terms of 

germination percentage, leaf area, plant height, total biomass and grain yield plant. 
Impact of salinity on pea was also found to negatively affect growth, yield and biomass. 

Wolde and Adamu, 2018; Farooq et al. 2017 also reviewed the effects of salt stress on 
grain legumes, and they described that in various legumes salinity may reduce crop yield 

by 12–100%.  Salt tolerance of black cumin (Nigella sativa L.) and its effect on seed 

germination, emergence and yield were studied by Faravani et al. (2013). According to 
them an increase in salinity level from 0.3 to 9 dS m−1 reduced the average seed and 

biological yield.  
 

Plant Response Against Salt Stress 
In plants, different stress recognition and signaling pathways interact with one 

another in various ways by producing stress tolerance hormones, production of poly 

amines, ion homeostasis, activation and synthesis of antioxidant enzymes/compounds, and 
production of osmoprotectant (Groß et al., 2013). Several genes such as SOS1 were 

associated with the abiotic stress response in tomato seedling (Huang et al., 2012, 
Koussevitzky et al., 2008). During salt stress condition Ca2+ signaling pathway is triggered 

due to the expression of salt sensitive gene (SOS1) (Hrynkiewicz et al., 2015). These 

genes protect cells from damage by producing several vital metabolic proteins. 
Downstream signaling of the stress pathway is identified by receptors of plasma 

membrane, which produces unique secondary messengers as inositol phosphates inducing 
oxidative bursts due to increased ROS level. The resulting SOS1 genes help plant to 

survive during salt stress condition (Martínez-Atienza et al., 2007). Elevated ROS level 
damages nucleic acids, Lipids and proteins (Halo et al., 2015). Plants respond to toxic level 

of ROS by producing antioxidants enzymes that results into ROS detoxification and protect 

cells from its harmful effects by producing secondary metabolites like phenolic compounds. 
Ultimately, phenolics act as defensive agents under salt and drought stress condition 

(Miller et al., 2010). Several approaches have been established to reduce the damaging 
effects of salinity on plant both by genetic engineering and through the use of PGPR 

(Wang et al., 2003). The beneficial microorganisms inhabit the plant rhizosphere and 

stimulate plant growth via several direct and indirect mechanisms (Upadhyay et al., 2012). 
Recent studies shows that microbial communities were also helpful to mitigate the plant 

stress responsive genes and plants showed enhanced growth, yield, and development 
under stress conditions.  

 

Role of PGPR in Salt Stress Tolerance 
PGPR are Rhizospheric and endophytic bacteria that colonize root interior or 

exterior. According to previous reports, bacteria belong to different genera such as 
Microbacterium, Pantoea, Pseudomonas, Rhizobium, Bacillus, Paenibacillus, Enterobacter, 
Achromobacter Burkholderia, Methylobacterium, Azospirillum, and Variovorax, etc. provide 
tolerance to host plants during abiotic stresses (Shahid et al., 2018). These bacteria are 

useful in agricultural fields and can alleviate many abiotic stresses such as drought, 

salinity, heavy metal toxicity etc.  (Ashraf, 2004, Banaei-Asl et al., 2015). Several studies 
reported that stress tolerance is enhanced in plants by these microorganism through 

different mechanisms as producing indole acetic acid, gibberellins and some unidentified 
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elements that results in increased root surface, root tips,  root length area and most 

importantly enhance nutrient content, thus improving the health of plant under salt stress 
(Shahid et al., 2018). Growth of different plants was improved by PGPR such as canola 

tomato, lettuce, bean and pepper in salt stress conditions. Many PGPR can produce 
cytokines; accumulate abscisic acid (ABA) and antioxidants that can detoxify ROS. Several 

parts of plant are ethylene-dependent, thus production of ethylene is essential for post-

transcriptional and transcriptional modifications that are regulated during salinity stress 
(Barassi et al., 2006). Under stress condition the ethylene hormone also controls plant 

homoeostasis (Tewari and Arora, 2014). ACC deaminase which is produced by bacteria 
degrades plant ACC for acquiring energy and nitrogen. Moreover, it also decreases the 

harmful effect of ethylene, by enhancing stress tolerance and promoting growth of plant. 
Bacteria also produce exopolysaccharides (EPS), which show the mitigating effects against 

salinity and water pressure to enhance the structure of soil. Cations containing Na+ bind 

to EPS thus Na+ cations are inaccessible to plants in saline environment (Timmusk et al., 
2014, Tewari and Arora, 2014). Expression of proBA gene in Arabidopsis thaliana increased 

concentration of free proline which is responsible to enhance osmotic tolerance of these 
genetically modified plants (Chen et al., 2007). Inoculation of Pseudomonas and 
Rhizobium in Zea mays increases proline concentration, reduce electrolyte leakage and 

selection of K+ ions enhance the salt tolerance (Vardharajula et al., 2011). Inoculations of 
specific PGPR help to encourage salt stress tolerance of plants via induced systemic 

tolerance (IST) which causes many biochemical and functional changes (Yang et al., 
2009). 

The diazotrophic salt-tolerant bacterial strains of Klebsiella, Pseudomonas 
Agrobacterium and Ochrobactrum isolated from the roots of a halophytic plant, 

Arthrocnemum indicum showed salinity tolerance ranging from 4 to 8% NaCl and improved 

the productivity of peanut in saline as well as in control conditions (Sharma et al., 2016). 
Planococcus rifietoensis, an alkaliphilic bacterium is reported to enhance growth and yield 

of wheat crop under salt stress (Rajput et al., 2013). Upadhyay et al. (2009) explored the 
genetic diversity of ST-PGPR isolated from the wheat rhizosphere. They found that most of 

the isolates were able to tolerate up to 8% NaCl and belong to the genus Bacillus. The 

diversity of salt-tolerant bacteria isolated from paddy rhizosphere in Taoyuan, China was 
reported by Zhang et al. (2018). They isolated 305 bacterial strains, and among them, 162 

were tested for salt tolerance up to 150 g/l NaCl concentration. Phylogenic analysis of 74 
of these salt-tolerant strains showed that they belong to orders Bacillales (72%), 

Actinomycetales (22%), Oceanospirillales(4%) and Rhizobiales(1%). Most of the isolates 

also showed their potential in improving salt tolerance, growth, and yield of rice under 
salinity stress condition. ST-PGPR strain Bacillus licheniformis SA03 isolated from 

Chrysanthemum plants grown in saline-alkaline soil of China conferred increased salt 
tolerance in Chrysanthemum (Zhou et.al. 2017). The diversity of salt-tolerant bacilli was 

also deciphered in the soil of eastern Indo Gangetic plains of India by Sharma et al. 
(2015). They isolated 95 bacterial strains and among them, 55 showed plant growth 

promoting characteristics and salt tolerance to more than 4% NaCl. Several researchers 

also report the diversity of ST-PGPR in the coastal areas of the world. For example, in 
Tsunami affected areas in Andaman and Nicobar Islands of India, 121 bacterial strains 

were isolated, and among them 23 showed salt tolerance up to 10% NaCl with PGP 
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characteristics including production of indole acetic acid (IAA), siderophore, extracellular 

enzymes and phosphate solubilization (Amaresan etal.,2016).The study revealed that the 
majority of isolates were Bacillus spp. and rest were Enterobacter sp., Alcaligenes faecalis, 
Microbacterium resistance, Lysinibacillus sp. 
 

Mechanisms of PGPR to Tolerate Salt Stress 

The PGPR have indirect (antioxidant defence, VOC, EPS, osmotic balance) and 
direct (phosphate solubilization, nitrogen fixation, IAA synthesis etc.) mechanisms for 

improving plant growth and enhancing tolerance against salinity stress. Many bacterial 
factors are involved in enhancing IST such as IAA synthesis, exopolysaccharide production 

activity of ACC deaminase,  VOCs and siderophore production (Yang et al., 2009).  
 

Antioxidants 

Normally, ROS is produced in less quantity during cellular metabolism of plants. 
However, under various stress conditions, ROS increases which changes redox state, 

denature membrane bounded proteins, DNA damage, reduce membrane fluidity, changes 
the protein formation, damage the enzymatic actions and homeostasis of cell, which can 

damage the cell and finally cell death (Halo et al., 2015). During salt stress lipids are main 

targets of ROS that affects phospholipids (poly-unsaturated fatty acids) of membrane and 
start peroxidation of lipid (Miller et al., 2010). Enzymatic antioxidants as mono dehydro 

ascorbate reductase, catalase (CAT) superoxide dismutase (SOD),  ascorbate peroxidase 
(APX), glutathione reductase (GR), and non-enzymatic antioxidants as, tocopherols, 

cysteine, ascorbate and glutathione are involved in degrading ROS and promote tolerance 
against oxidative stress (Kim et al., 2014).Several PGPR are reported to tolerate the 

oxidative stress with the help of antioxidants enzymes. APX activities increased under salt 

stress in inoculated tomato seedling by Enterobacter spp. (Sandhya et al., 2010). 
Inoculation of PGPRs to gladiolus plant showed higher the CAT, and SOD as compared to 

control (Damodaran et al., 2013). Still, Inoculation gladiolus plant with PGPRs showed 
higher CAT and SOD as compared to control (Kim et al., 2014). 

 

EPS 
Rhizobacteria produce EPS, which are in the form of homo or hetro 

polysaccharides that bind to the surface of the cell like a capsule and form a biofilm 
(Upadhyay et al., 2011). Polysaccharide composition differs between different species but 

some common monomers contain glucose, galactose. and mannose. Neutral sugars 

(galacturonic), Amino sugars (N-acetylamino sugars), uronic acids, (fucose and rhamnose), 
pyruvate ketals, and ester-linked substituents are EPS constituents. The PGPR inoculated 

plants have increased potential to mitigate the oxidative stress (Miller et al., 2010). PGPR 
that produce EPS show important role in growth of plant during salinity stress conditions 

by forming hydrophilic biofilms (Rossi and De Philippis, 2015). Rhizobacteria producing EPS 
have potential to fight against salt stress by producing rhizo-sheaths around the roots of 

plants by attaching the EPS with Na+ ions. Attachment of EPS to Na+ ions reduces the 

toxicity of Na+ making it unavailable for plants. It was reported that inoculation of Bacillus 
subtilis to Arabidopsis thaliana reduces the influx of Na+ through down regulating the 

expression of HKT1/K+ transporter (Zhang et al., 2008). In another research study, 
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inoculation of Pseudomonas aeruginosa to Helianthus annuus reduced the salt stress by 

producing the EPS, thus resulting in enhanced yield, growth and development (Tewari and 
Arora, 2014). 

 
Volatile Organic Compound (VOCs) 

Rhizobacteria-oriented VOCs are lipophilic fluids having high vapor pressures. They 

are species-specific and communicate between organisms through cell signaling in order to 
promote growth. The VOCs promote biosynthesis of glycine betaine and choline  which 

improves plant tolerance against osmotic pressure. The VOCs of Bacillus subtilis trigger 
tissue specific gene regulation of HKT1/K+ transporter that inhibits sodium ions influx 

through roots in order to eliminate the salinity stress (Zhang et al., 2008). The VOCs 
produced by Bacillus subtilis encourage the synthesis of glycine betaine and induce less 

uptake of Na+ through roots and also improve nutrients transport from root towards shoot 

during salt stress. The level of VOCs is low in plants and it is higher under various stress 
conditions. The high level of VOCs is a sign to activate self-protective response against salt 

stress (Timmusk et al., 2014). 
 

Osmotic Adjustment 

Increase of compatible solutes to retain the cell turgidity within borderline that is 
important for regular cell functions is called osmotic adjustment. It is chief cellular 

machinery in plants that reduces osmotic stress produced due to salt stress (Gill and 
Tuteja, 2010). In salinity stress, PGPR produce compatible osmolytes to help plants for 

promoting their growth. During stress condition, glycine betaine and proline are 
accumulated in plants; however, plants lack the production of organic osmolytes such as 

trehalose. Proline is the key of osmolytes that formed in plant by the hydrolysis of proteins 

to reduce osmotic stress (Krasensky and Jonak, 2012). Under salt stress conditions proline 
play multifunctional role like proteins maintenance, regulating cytosolic acidity, decrease 

lipid peroxidation and ROS scavenging. Rhizobacteria inoculation in plants showed 
improved proline levels under salt stress. Inoculation of ProBA gene to A. thaliana resulting 

into regulated by 35 S promoters stronger of cauliflower mosaic virus and produce proline 

(Wang et al., 2016). It is involved in the osmotolerance of transgenic plants, synthesis of 
trehalose which protect the plants when inoculated with PGPR and maintains proteins and 

membrane integrity (Chen et al., 2007). Additionally, trehalose also acts as osmoprotectant 
under stress conditions like osmotic stress, high salt stress, drought and low temperature 

(Liu et al., 2016). The quaternary compound glycine betaine, found in different animals, 

plants and microorganisms is involved in inducing tolerance against stressful conditions 
(Cho et al., 2008). Glycine betaine is not only protecting the plants against various stresses 

but also protects several stress-relieving enzymes by forming proteins quaternary structure 
and other macromolecules (Ahmad et al., 2013). Several salt tolerant bacteria have 

enormous number of genes to survive under salt stress including sodium/hydrogen 
(Na+/H+) antiporter genes etc. These genes are involved in maintaining the cells by Na+ 

detoxification, adjustment of cell volume, formation of Na+ electrochemical gradient and 

homeostasis of cellular pH. The Escherichia coli and many Enterobacter spp. have Na+/H+ 
antiporter gene that plays role the ion homeostasis mechanism with the help of nhaA 

gene. NhaA is necessary for adaptation of plants in high salinity due to its distinctive 
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capacity for „sensing‟ the environmental signals given by Na+/ H+ and maintains cellular 

homeostasis. NhaA gene is identified in Enterobacter ludwigii (Padan, 2008), to tolerate 
the salt stress as shown in (Padan, 2008). 

 
Agricultural and Industrial Application of Stress Tolerant Microorganism 

 

Bio Protection 
Many root colonizing bacteria which have been shown to provide protection 

against different types of biotic stresses can also enhance a plant's tolerance to various 
abiotic stresses. For example Pseudomonas putida UW4, P. fluorescens TDK1, Bacillus sp. 
and Arthrobacter sp. have been shown to enhance resistance against various soil borne 
pathogens, and also mitigate salt, as well as drought stress in different plants (Mayak et 

al. 2004, Haas & Defago 2005). 

Bacillus subtilis is widely recognized for its biocontrol properties (reviewed in 
Kloepper, Ryu & Zhang 2004) and has recently been shown to enhance tolerance to iron 

toxicity (Asch & Padham 2005; Terre et al. 2007). Similarly, siderophore production by 
beneficial bacteria, which protects plants against pathogenic bacteria through better 

competition for iron, has also been shown to be able to protect plants from metal induced 

oxidative stress. Ideally, in future commercially available biocontrol agents should 
simultaneously provide cross protection against various stress factors, making agricultural 

systems environmentally and economically more sustainable by reducing the need for 
pesticides, chemicals, irrigation and other ecologically problematic and costly crop 

management strategies. 
 

Biofertilizers 

 Biofertilizers are formulation product of variety of living microbes having ability to 
provide nutrient from unusable to usable through biological process. Due to their ability to 

enhance plant growth under the biotic and abiotic condition they may be used as a 
potential bio fertilizer. Microbes which are used as biofertilizers have ability to convert 

atmospheric nitrogen in to ammonia and phosphate solubilization in plant rhizosphere. 

Biofertilizers are substances containing living organism, which when inoculated with seed 
or plant enhance plant growth and development. Stress tolerant PGPM actively participate 

in mainly in nutrient mobilization and fix atmospheric nitrogen (Kantachote et al., 2016). It 
is a potential substitute for inorganic fertilizers and pesticides. Most common bacteria such 

as Acetobacter, Azospirillum,  Azotobacter, and Pseudomonas are some active microbes. In 

addition Bacillus spp and Pseudomonas spp act as potent biocontrol and plant growth 
promoting strains under stress condition. They provide protection and disease resistance to 

plants from pathogens. These microbes improve the nutrient availability, competition for 
nutrient and induced systemic resistance. Biofertilizers are commercially used across the 

globe. Therefore, inoculating stress tolerant microbes in agriculture field as multifunctional 
biofertilizer is potential substitute for inorganic fertilizer and pesticides. Finally, the 

beneficial effect of biofertilizers include promotion of plant growth, nutrient mobilization, 

yield quality, soil health and reduced susceptibility to disease due to environment change. 
Therefore, the selection of efficient microorganism and formulation biofertilizers for 

changing environment can be beneficial in upcoming years. 
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Industrial Application 

Microbes play a key role in resolving environmental problems. The greater 
diversity of beneficial microorganism in soil may facilitate ecosystem sustainability. It may 

enhance the efficient microbial diversity in degraded land and maintain functional 
equilibrium. The loss of beneficial microbial diversity in soil significantly declines soil 

fertility and crop quality and crop production. To enhance soil productivity people are 

expending huge money on fertilizers and pesticides. The PGPR initially recognized as a 
microbial agent that has capacity to tolerate stress and promote plant growth. 

Microorganism from the vital living components of soils are contributing ecosystem 
sustainability due to their cosmopolitan survival, catabolic versatility, massive efficient 

genetic pool and stress tolerance potential. In addition, bioethanol has been used as 
sustainable alternative biofuel to replace traditional fossil fuel. Lignocellulose based 

production of bio-ethanol; an eco-friendly energy source is an alternative to progressive 

depletion of non-renewable energy sources. Thermophilic or Thermotolerant microbes are 
used for the production of bio ethanol through the fermentation process. Such 

thermotolerant microbes are Clostridium thermowell, Clostridium thermosaccharolyticum, 
Clostridium thermohydrosulfuricum, Caldicellulosiruptor sp., Thermotoga sp., 
Thermoanaerobium brockii, Thermoanaerobacter ethanolicus, T. thermal-hydrosulfuricus, 
T. mathranii (Salim et al., 2015). The coconut milk, pineapple juice, and tuna juice, use to 
promote the synthesis of bioethanol by yeast Saccharomyces cerevisiae CDBB 790. 

Additionally, phytoremediation of heavy metals from soil helps in sustainable crop 
production and positive effect on soil. Metals accumulation in the agricultural food product 

causes many skin and blood-related diseases in human. Microorganism helps to remove 
these toxic heavy metals from soil and reduce their uptake by plant. 

 

Conclusion 
Under salt stress conditionssalt tolerant PGPR and soil microflora play a vital role in 

the amelioration of physiological abnormalities induced by salts in plants. Salt tolerant 
PGPR are involved in inducing the salt tolerance in various plants to help them survive 

under salt stress conditions and followed by improvement in their morphological 

parameters. They can easily withstand at high salt stress through various mechanisms 
such as efflux systems, production of antioxidants, Exopolysaccharides, Volatile Organic 

Compound and osmotic adjustment in plants, formation of ROS, secondary metabolites 
and other means. Several genes and metabolites are involved in maintaining the cell 

integrity and plant-microbe interactions under salinity stress. Still a lot is yet to be explored 

at biochemical level and molecular level on how the salt tolerant PGPR support themselves 
and their symbiotic partner under salinity stress which has multi-dimensional impacts on 

the cell of both plant and bacteria. So, considering a current scenario, future research is 
needed to identify potential stress tolerant PGPR. Certainly, diversity of microbial strains 

should be tested to formulate effective microbial consortia to overcome the negative 
impact of changing the environment.In future, the salt tolerant PGPR can be utilized as 

biofertilizer to ameliorate salt stress and increase crop production in an economically 

sustainable manner. 
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Abstract 

 
A large number of food crops are produced in India, including cereals, pulses and oilseeds. 

Unsystematic application of a wide variety of chemical fertilisers, holding the health factor 
at bay, is practised in the name of expanded production. Therefore, in addition to 

providing protection against any prospective health issue, an alternative method of 

agriculture is of urgent need that could fulfil the wishes of increased food production. 
Organic farming has been shown to solve both of those problems as a strategy. Therefore, 

in a country like India where agriculture is highly influenced by the vagaries of various 
biotic and abiotic influences, organic farming is adequately capable of offering financial 

protection to mediocre farmers as well, because the need for pre-specifications for organic 

farming is much less compared to chemical farming. The 'Clean Agriculture' movement is 
the only way to nurture the land and stimulate the soil by returning to our traditional 

farming system, i.e. free of chemicals, pesticides and fertilisers. This is a likely step for 
sustainable development by opting not to allow sufficient use of chemicals, manufactured 

products, pesticides and growth hormones to supply food of excessive nutritional quality. 

This paper offers an overview of organic farming, its present situation in India, the core 
principles of organic farming and the constraints faced by the practise of organic farming 

in India. Organic farming has been argued to be inventive and sustainable, but there is a 
need for robust help in the form of subsidies, agricultural extension services and study. 
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Introduction 

 
griculture is the backbone of the Indian economy backed by the fact that agriculture 

meets the threshold for satisfying the desires of India's improving population by 
almost 67 percent of our population and 55 percent of the total workforce relying on 

agriculture and various related activities (Chandrashekar, 2010). It has been estimated 

that agricultural growth of around 4 percent or more is needed for India to reach a double-
digit GDP growth rate (Chandrashekar, 2010). Agriculture faces various constraints, such 

as land collapsing, low productivity and conversion of agricultural land to non-agricultural 
uses, despite having this kind of ability to aspire to fulfil the needs of the ever growing 

population boom. For more than a decade, sustainable improvement has stuck creativity 
and motion across the globe. To achieve the goal of sustainable growth, sustainable 

agriculture is important. Sustainable agriculture is, according to the Food and Agriculture 

Organization (FAO), "the effective management of agricultural assets to fulfil changing 
human needs while preserving or improving the quality of the environment and preserving 

natural resources." Both concepts of sustainable agriculture put great emphasis on 
sustaining the rate of growth of agriculture, which can meet the food demand of all living 

things without draining the fundamental resources. Over the past four decades, industrial 

agricultural farming practises using illogical use of chemical inputs have contributed to a 
loss of herbal ecosystem balance and soil health. In addition, threats such as soil 

depletion, decreased groundwater level, soil salinization, and fertiliser and pesticide 
contaminants, genetic, depletion, unwell environmental consequences, decreased excellent 

meals and extended cultivation value are the opposite severe manifestations that can be 
correlated with the irrational use of chemical inputs (Ram, 2003). As a result, farmers no 

longer find agriculture a possible proposition and suicides are committed by those who still 

practise it in the event of any natural calamity added to those woes (Deshpande, 2002). 
The substantially excessive rate of factory-made outside inputs and the slow withdrawal of 

investment by the government as well as market interventions and, more substantially, the 
change from subsistence farming (mainly with home-grown inputs) to business-related 

farming (mainly with purchased inputs) are other elements included in this tragedy. In 

other words, modern strategies have wiped out and replaced local indigenous farm 
practises, resulting in an unviable and unsustainable farm enterprise. Finally, as an option 

of utmost importance, the need for alternative farming techniques and strategies for 
cultivating vegetation was considered. This is due to the many benefits of organic farming 

over modern farming methods that attract the interest of farmers around the world. 

Essentially, without the involvement of inorganic solutions such as pesticides or 
biotechnological measures such as genetically modified organisms, it's a farming device 

that involves supportive organic techniques. Productive and sustainable organic agriculture 
(Reganold et al. 1993; Letourneau and Goldstein, 2001; Mader et al. 2002). As a result, 

several state-supported organisations, NGOs and individuals employ methodologies using 
organic food processing techniques. 

The most widely accepted concept of organic farming is: 'Organic farming is a 

holistic method of production management that promotes and complements the health of 
the agro environment, including biodiversity, ecological cycles and organic activity of the 

soil (Reddy, 2010). In preference to the use of off-farm inputs, it highlights the use of 

A 



PLANTA – Vol.-1, 2020: 213 - 231 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 
 

Gyanaranjan Sahoo et.al., Organic Farming In India: Status, Issues and Challenges – A Review | 215 

control practises, taking into account that nearby circumstances require locally tailored 

systems (Reddy, 2010). This is achieved with the assistance of the use of agronomic, 
organic and mechanical techniques, wherever possible, to satisfy some precise 

characteristic inside the unit, in preference to the use of artificial materials (FAO, 1999; 
Reddy, 2010). On the opposite,' conventional farming' refers to a production device that 

uses a wide range of pre- and post-plant tillage methods, synthetic fertilisers and 

pesticides (i.e. plough, disc plough, and cultivator). This is characterised by the use of an 
unnecessary crop specialisation diploma. Natural farming, on the other hand, is 

characterised by the use of a variety of vegetation. One of the various techniques 
observed to achieve the goals of sustainable agriculture is organic farming. Many methods 

used in natural agriculture, such as intercropping, mulching and crop and farm animal 
integration, are not foreign to different agricultural systems, including traditional 

agriculture practised in ancient countries such as India. Organic farming, however, is 

based on different laws and certification schemes, which restrict the use of virtually all 
synthetic inputs, and the core theme of the process is soil health. 

 
What is Organic Agriculture?  

Organic farming is a holistic method of production management that supports and 

improves the health of the agro-ecosystem, including biodiversity, biological cycles, and 
biological activity of the soil. Organic production systems are based on accurate and 

specific production criteria aimed at achieving ideal agro-ecosystems that are socially, 
ecologically and economically sustainable. 

Organic agriculture is described by IFOAM as: a system of production which 
sustains the health of soils, ecosystems and people. Instead of the use of inputs with 

harmful consequences, it depends on ecological processes, biodiversity and cycles adapted 

to local conditions. In order to support the shared environment and foster equal 
relationships and a good quality of life for those concerned, organic agriculture 

incorporates tradition, creativity and science. The International Federation of Organic 
Agriculture Movements (IFOAM) has formulated comprehensive natural farming principles 

that are the primary roots for the growth and advancement of organic agriculture in a 

global context. 
 

There are: 
1. Health Principle: Organic farming should conserve and improve land, plant , 

animal, human and planetary health as one and indivisible. The wholeness and dignity of 

living systems is wellbeing. It is not just the lack of disease, but the protection of physical , 
emotional , social and ecological well-being. 

2. Principle of Ecology: Ecological balance can be achieved through organic 
agriculture through the design of agricultural systems, the development of ecosystems and 

the preservation of genetic and agricultural diversity. The common ecosystem, which 
includes landscapes, climate, habitats, biodiversity, air and water, should be preserved and 

benefited by those who grow, process, trade or consume organic goods. 

3. Fairness Principle: Organic farming should draw on partnerships that ensure 
fairness in terms of the common environment and opportunities for life. Fairness, both 
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among people and in their relationships with other living beings, is characterised by 

equality, respect, fairness and stewardship of the shared environment. 
4. Principles of Care: To protect the health and well-being of current and future 

generations and the climate, organic farming should be handled in a precautionary and 
responsible manner. By embracing suitable technologies and avoiding unpredictable ones, 

such as genetic engineering, major risks should be avoided. 

The key theory of organic agriculture 
 

Natural farming’s core criteria are as follows: 
 Paintings as a good deal inside a closed structure as possible, and draw on 

resources from the neighbourhood. 

 To retain the soil's long-term fertility. 

 This could end up arising from farming methods to stay away from all kinds of 

contaminants. 
 To produce nutritious and adequate amounts of excessive dietary foods. 

 To-the use of fossil electricity to a minimum during agricultural activities. 

 To provide lifestyle circumstances for cattle that support their physiological needs. 

 To make it possible for agricultural producers to obtain housing through their 

paintings and increase their human potential. 

 

 Natural farming's main pillars are: 
 Standards for organic thresholds 

 Reliable certification and regulatory affairs mechanisms 

 Bundles of technology 

 Effective and potential network of marketplaces 

 

Debated Issues on Organic Agriculture  
 

Can Organic Farming Produce Enough Food for Everybody?  
There is no doubt that several studies conducted in many parts of the sector show 

that organic farms can be almost as successful as conventional farms (in developed 

countries) and often even more effective (in developing countries in particular). It is well 
known that our demand for food production is growing and that land resources, on the 

other hand, are dwindling. Therefore, in all habitats and regions, we should not put an 
effort into organic farming. Rather, we can rationally presume and pick only those regions 

that have remained organic by nature. In particular, hill regions in general and north-east 

regions can be easily converted to organic food production areas, primarily in order to 
meet domestic and global demand and higher farm incomes. 

 
Is Organic Farming Labour Intensive than Conventional Farming?  

It is true that organic farming is also more labor-intensive than conventional 
farming. Organic agriculture, for example, promotes the conservation of soil fertility by 

approaches that are labour intensive. These activities are usually carried out by hand or 

with minimal technology in developing countries, which implies the availability of sufficient 
labour. In certain parts of the world, however, the limiting factors are land and capital 
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(rather than labour). Labour appears to be cheaper than chemical inputs in developed 

countries at peak rate. In fact, there are a wide variety of technologies and methods for 
labour saving that can be introduced in growing countries. These include the use of cover 

crops to manipulate and defend weeds against soil erosion, the use of direct crop residue 
mulching, and reduced tillage. 

 

Is it Possible to Meet the Nutrient Requirement of Crops Entirely from Organic 
Sources?  

It is not possible to fulfil the entire requirement for crop nutrients from organic 
sources in intensive cropping areas. But the case for North Eastern Hill Zone FYM along 

with crop residue recycling is sufficient for a yield close to the recommended NPK from the 
second / third year onwards in the extensive cultivation area. Are there any major benefits 

to the ecosystem from organic agriculture? It can be well founded that organic farming has 

major environmental benefits. In organic farming, not only nutritious foods are created, 
but also much emphasis is put on the protection and preservation of the environment. 

 
Is the Food Produced by Organic Farming Superior in Quality?  

Data from the European Union sponsored organic farming project (10 years) 

showed that there are 40 percent more beneficial compounds in agricultural produce and 
90 percent more in milk compared to industrial chemical-based farming (Munda et al., 

2010). It is understood that organic produce is richer in micronutrients, vitamins and other 
parameters of quality. 

 
Is Organic Farming Economically Feasible?  

In areas where resources are available within the farm and are least dependent on 

external resources, organic agriculture is economically feasible. In addition, organic 
produce is supposed to be priced at higher rates (at least 25%) and should therefore be 

economical for poor farmers. 
 

Is it Possible to Manage Pest and Disease in Organic Farming?  

Pest and disease control is the most daunting job in organic farming so far. 
However, the issue of pests and diseases can be largely controlled with the knowledge and 

selection of resistant species, cultural traditions, the use of plant-based formulations, etc. 
The farmer's interpretation of ITK can also be used effectively. 

 

Role of Organic Farming in Indian Rural Economy  
 It is possible to emphasise and exploit the role of organic farming in the Indian 

rural economy in order to deal with the issue of the ever growing problem of food security 
in India. With a large rise in the industrialization of rural land, agriculture has been in 

crisis. In addition, the issue of extreme importance with the hangover about the Malthus 
theory of population boom and insufficient supply of resources was food sufficiency. In 

addition, the unnecessary and indiscriminate use of inhibitors for plant growth, pesticides 

and fertilisers for the faster boom of agricultural products has a detrimental effect on 
human health and the environment as a whole. The notion of the introduction of organic 

farming is therefore a good opportunity to address the problem. The organic farming 
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technique requires the use of naturally occurring and decomposable matter for growth and 

the direct or indirect provision of resistance to unique crops to particular pathogens. It is 
not because organic farming has not been carried out days in advance. Since time in 

memory, the use of naturally occurring matters for enhanced efficiency, disease resistance, 
and pest control has been in constant use. Special significance in Rigveda has been given 

to the idea of organic farming. In India, the use of many natural products and by-products 

such as cakes, cow dungs, neem leaves, turmeric, etc. remains practised to avoid pests 
and to have the capacity to be used as preservatives. In the late 1850s, the use of 

chemical fertiliser for high productivity began. 
The main reasons why organic farming should be encouraged in India rural 

economy are as follows:  
 Organic fertilizers are completely safe and do not include the production of harmful 

compounds as intermediates.  

 Organic fertilizers are in generally consumed in a much less quantity as compared to 
the chemical fertilizers.  

 Moreover, chemical fertilizers require huge quantities of water to activate its 
molecules whereas these conditions are not a prerequisite in case of organic 

fertilizers.  

 Furthermore, chemical fertilizers always have an adverse effect either on the farm 
produces or on the environment which is long- lasting.  

 Chemical fertilizers always have the potential to react with the chemicals used to get 
rid of various pests and diseases and producing harmful chemical compounds as an 

outcome of the cumulative action of the combination. But this situation is ward off in 
case of organic fertilizers. 

 

Organic Farming in India: Present Status and Future 
Among 172 countries practising organic agriculture, India holds a unique position: 

6, 50,000 organic farmers, 699 processors, 669 exporters and 7, 20,000 hectares under 
cultivation. But the industry has a long journey ahead, with just 0.4 percent of total 

agricultural land under organic cultivation (Bordolo, 2016). India developed approximately 

1.35 million MT (2015-16) of certified organic products comprising all food product 
varieties, namely sugar cane, oil seeds, cereals & millets, cotton, pulses, medicinal plants, 

tea, fruit, spices, vegetables, coffee, etc. Production is not limited to the edible market, 
but organic cotton fibre, functional food products, etc. are also made. 

India is home to 30 per cent of the total organic producers in the world, but 

accounts for just 2.59 per cent (1.5 million hectares) of the total organic cultivation area 
of 57.8 million hectares, according to the World of Organic Agriculture 2018 report. Thus, 

amongst the regions with the largest areas of organically managed agricultural land, India 
ranked 9th. 

Organic farming has the potential to change the face of agriculture in India today. 
Currently, we have 1.2 million ha of land under organic production, which comprises only 

0.7% of total area under cultivation. This produces around 1.24 million tons 

of organic produce. With the increase in global health consciousness, organic food is set to 
knock every door and make its way in healthy kitchens worldwide. 

 

https://www.downtoearth.org.in/news/30-per-cent-of-world-s-organic-producers-are-in-india-59748
https://shop.fibl.org/CHen/mwdownloads/download/link/id/1093/?ref=1
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Table 1: Export of Organic Agricultural Commodity from India (2014-15 to 2016-17) 

 

Organic   

Non- 

    

Fruits / Agricultural 

Basmati Other Fruits & Pulses Processed Commodity Basmati Vegetable 

(Source :  Rice Rice cereals Vegetables  Items Seeds 

APEDA)         

2014- 

Qty        

(MT) 3702284 8225564 6425297 3212091 222104 721622 12498 

15 Rs.        

 (Cr.) 

27598.71 20336.00 10233.02 12434.95 1218.10 12195.93 124.98 

2015- 

Qty 

(MT) 4044833 6374172 1522707 2982038 255602 728224 10684 
16 Rs.        

 (Cr.) 22714.37 15085.38 2561.24 12719.60 1655.44 12738.80 106.84 

2016- 

Qty        

(MT) 3999722 6813397 1000640 5155810 137177 1320527 11680 
17 Rs. 

21605.13 17121.08 1868.49 16138.49 1281.63 13121.44 116.80  (Cr.) 

 
Source: APEDA        

 

The renewed interest in organic farming in India is mainly attributable to three 
main reasons: the decrease in agricultural yields in some areas as a result of the 

unsustainable and indiscriminate use of chemical inputs, the decrease in soil fertility and 
environmental concerns. Promoting organic farming using organic waste and Integrated 

Pest Management (IPM) and Integrated Nutrient Management (INM) activities (GOI, 2001) 

was advocated by the 10th Five-Year Plan. The 9th Five-Year Plan also stressed the 
promotion of organic crops, spices and seasonings using organic and bio-based inputs for 

the conservation of the environment and the promotion of sustainable agriculture. 
Many states and private agencies are currently engaged in promoting organic 

farming in India, including many ministries and departments of government at the central 
and state levels. The Government of India also initiated the National Organic Production 

Programme (NPOP) in 2001. The European Commission and Switzerland have recognised 

the NPOP criteria for the development and accreditation framework as similar to the 
criteria of their countries. Similarly, the United States Department of Agriculture (USDA) 

has accepted accreditation procedures for NPOP compliance evaluation as being equivalent 
to those in the US. The Indian organic products duly certified by the approved certification 

bodies of India are recognised by the importing countries through these recognitions 

(Reddy, 2010). 
India currently ranks 33rd in terms of total organically grown land and 88th in 

terms of organically grown agricultural land in terms of total agricultural area. According to 
the Agricultural and Processed Food Commodity Export Production Authority (APEDA), 



PLANTA – Vol.-1, 2020: 213 - 231 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 
 

Gyanaranjan Sahoo et.al., Organic Farming In India: Status, Issues and Challenges – A Review | 220 

there are approximately 2.8 million hectares of cultivated land under certification (2007-

08), which covers one million hectares under cultivation and the remainder under forest 
(wild collection). However, an estimated 69 million hectares are historically cultivated 

without the use of chemical fertilisers and may be suitable for certification or with limited 
modifications under current practises. However, it remains a challenge to certify these 

farms, as many of these farms are small farms (almost 60% of all farms in India are less 

than one ha). Small-scale farmers and resource-poor farmers may not be able to afford 
certification costs, are illiterate and unable to keep the required records, or may be using 

indigenous farming systems that are not recognised in organic certification systems. These 
farms mainly produce for home consumption and supply, in the event of irregular 

surpluses, to the local markets. These challenges make it impossible for farms to enjoy the 
possible advantages of organic certification (Reddy, 2010). 

In order to satisfy the increasing demand of organic products the organic farming 

sector in India has substantially increased over the course of year. 
India ranks 33rd in world in terms of area under organic farming. India rank 88th in terms 

of the ratio of agriculture land under organic crop to total farming area. Madhya Pradesh 
has highest area under organic farming (1.1 mha or 52%). Maharashtra is at second (0.96 

mha or 33.6%). Orissa is at third (0.67 mha or 9.7%). Uttrakhand and Sikkim is 

recognized as the organic states. 
 

World Scenario of Organic Farming 
According to the new FiBL report on certified organic farming worldwide, 

Australia's most organic agricultural land (22.7 m hectares), led by Argentina (3.1 m 
hectares) and the United States (2 m hectares), accounted for 50.9 million hectares of 

organic farmland in 2015. With the exception of Latin America, there has been a rise in 

organic agricultural land in all areas. In several African countries, such as Kenya, 
Madagascar, Zimbabwe and Côte d'Ivoire, a large relative increase in organic agricultural 

land has been observed (Willer and Lernoud, 2017). 
 

Some Key Points 

 
• 50.9 million hectares of agricultural land are under organic (Share of total agricultural 

land increased from 0.2 % in 1999 to 1.1 % in 2015). 
• Oceania has highest 45 % share of total organic area, out of which 97 % are grassland.  

• Increase of organic producers from 0.2 million in 1999 to 2.4 million in 2015 with 

highest number of producers in India (about 24 percent). 
• Apart from agricultural land, 39.4 million ha represent wild collection with 3rd highest 

area in India (3.71 mha). 
• Cereals comprise highest area under organic cultivation (3.89 mha) followed by fodder 

(2.51 mha), oilseeds (1.24 mha), fruits (0.99 mha), coffee (0.90 mha), olives (0.67 mha), 
textile crop (0.45 mha), nuts (0.41 mha), pulses (0.40 mha) and vegetables (0.35 m ha). 

 

Source : Willer and Lernoud , 2017 
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Prospects for Organic Farming in India  
India has various forms of naturally viable organic nutrients in various regions of 

the world that would be useful in organic crop cultivation (Butterworth et al., 2003; Reddy, 
2010b). This will greatly assist in the sustainable production of crops. In the atmosphere 

and eco-system, there is a wide diversity. With innovative farmers, vast drylands and the 

least use of chemicals, India has a strong traditional farming system. In fact, subsistence 
agriculture has been practised for a long time in the rainfed tribal, northeastern and hilly 

regions of the country where negligible chemicals are used in agriculture; such areas are 
organic by nature. 

A combination of crops, trees, animals, and grasses is historically used by farming 
systems in drylands due to climatic variability. Such diversified schemes, the fundamental 

goals of organic farming, have been found to be successful in nutrient recycling and soil 

fertility restoration; they minimise the occurrence of pests as well. In addition, traditional 
Indian farmers have a rich body of knowledge relating to soil fertility and pest control 

management based on long observation and practise; this can be used to improve organic 

Fig 1. Distribution of Organic       

Land as per Use type 

Fig 2. Percent share of organic 

over total agricultural land 
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systems (Sharma and Goyal, 2000; Adolph and Butterworth, 2002; Butterworth et al . , 

2003; Reddy, 2010b). These two factors would also support the rapid development in 
these areas of more effective, more profitable organic farming systems. Drylands are very 

rich in local resources in terms of input supply, which are ideal for promoting organic 
farming. 

 

Special Benefits of Organic Farming in the Dry lands of India  
In dryland regions, organic farming has also assumed enormous significance. 

These marginal lands, with their marginal soils, do not respond properly to intensive 
farming practises, making them specifically ideal for organic agriculture in soil and climatic 

situations in India's drylands. In reality, they are best suited to low-input agricultural 
systems that make extensive use of biodiversity (Sharma, 2000; Pionetti and Reddy, 

2002). In turn, organic farming, which focuses primarily on preserving and improving soil 

quality, avoiding pollution and relying on local inputs and labour, may make a significant 
contribution to the economic and ecological health of the drylands, as well as to the people 

who live there. In addition to natural matter, semiarid and arid dryland soils usually have 
low water-keeping capability (Sharma, 2000). The depth of the soil is another restricting 

problem for agricultural production in certain areas. The inclusion of organic matter, a 

corner stone of organic farming practises, will not dramatically improve the physical 
situation of these dryland soils, but will also dramatically improve their ability to provide 

balanced nutrients for plants. There is over-exploitation of natural resources in drylands 
(Reddy, 2000), largely due to inadequate technologies for improving productivity (Dhir, 

1997). Tractor use, for example, increases wind erosion and harms the natural growth of 
trees and grasses. Water logging and salinity may be caused by over-use or excessive use 

of canal irrigation. In tube-well-irrigated areas, excessive groundwater pumping has 

significantly reduced the groundwater table. Soil fertility is declining in many countries in 
which intensive input agricultural systems are followed, and some serious pests are 

becoming resistant to synthetic pesticides (Butterworth et al., 2003). These are all signs of 
inappropriate land use, contributing to desertification; implementing dryland-appropriate 

organic farming practises will help to mitigate these conditions. 

 
Policies of Government of India for Promotion of Organic Farming 

 
Table 2: Government Initiatives to Promote Organic Farming 

 

Programmes Highlights 

National Project on Organic Farming (NPOF)   Central sector scheme, implemented 

during the 10th FYP with an outlay of 

Rs. 57.04 crores.  

 Expanded in the 11th FYP with an 

outlay of Rs. 101 crores.  
 Objective: to encourage the organic 

food production and promote 

manufacture and usage of organic 
and biological inputs, such as organic 
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manure, bio-control agents, and 

biologically produced fertilizers and 
pesticides.  

 Provides financial aid up to Rs. 63 

lakhs (33% of the capital cost) for 

constructing fruits and vegetables 
waste compost units, through 

NABARD.  
 Provides subsidy up to 40 lakhs (25 

% of the capital cost) for the 

construction of biofertilizer or bio-
pesticide production unit, through 

NABARD. 

National Project on Management of Soil 
Health and Fertility (NPMSF) 

 Implemented during the 11th FYP 

with an outlay of Rs. 429.85 crores.  
 Objective: to promote the judicious 

and balanced use of fertilizers and 

organic manure on the basis of soil 

test results.  
 Provides financial assistance of Rs. 

500/hectare for promoting the use 

of organic manure 

Network Project on Organic Farming  Initiated by ICAR in the 10th FYP at 

the Project Directorate for Farming 

system Research at Modipuram.  

 Objective: to develop package of 

practises for different crops and 
farming systems for organic farming 

in different agro-climatic conditions 
of India.  

 Package of practises have been 

developed for: basmati rice, rain fed 

wheat, maize, red gram, chickpea, 
soybean, groundnut, mustard, 

isabgol, black pepper, ginger, 
tomato, cabbage and cauliflower 

National Horticulture Mission (NHM) and 

Horticulture Mission for North East and 
Himalayan State 

 Centrally Sponsored Scheme, 

launched in 2005-06.  

 Aim: to strengthen the growth of the 

horticulture sector comprising of 
fruits, vegetables, roots and tuber 

crops, mushroom, spices, flowers, 
aromatic plants, cashew and cocoa.  

 Provides subsidy of 50 % for 

establishing vermi-compost units 
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and HDPE vermi-beds.  

 Provides assistance for organic 

certification of Rs. 5 lakh for a group 
of farmers covering an area of 50 

hectares.  

 Provides Rs. 30,000 per beneficiary 
for adopting organic farming. 

Rashtriya Krishi Vikas Yojna (RKVY)  Provides assistance to the projects 

formulated and approved by the 

state for decentralized production 
and marketing of organic fertilizers. 

National Mission for Sustainable Agriculture 

(NMSA) 

 100 % assistance by the state 

government for setting up of 

mechanization of fruit/ vegetable 
waste.  

 100 % aid for setting up of quality 

control laboratory for testing bio-
fertilizers, up to Rs. 85 lakhs 

Paramparagat Krishi Vikas Yojana (PKVY)  Provides Rs. 20,000 the farmers up 

to 3 years for performing organic 

farming.  
 Procuring packaging material, 

preparation of labels, holograms, 

printing and branding of organic 

produce at Rs. 2,500/acre  
 Provides financial aid for a cluster of 

50 acres, to the tune of Rs. 1,20,000 

for transporting organic produce to 
the market place.  

 In order to motivate and support 

marketing facilities, financial 
assistance of Rs. 36,330/cluster is 

provided to organize an organic fair. 

 
Policy Support  

 For a long time, policies have concentrated on generating external options for the 

needs of farmers. Dependence on external inputs has been promoted, although they are 
more expensive, environmentally harmful, and thus economically inefficient compared to 

resource-conserving options (Jules, 1995). Reddy (1988) stressed that modern farming is 
like a broken earthen pot that can no longer be put to good use. New policies need to be 

able to establish development conditions focused more on the resources available locally 

and local expertise and knowledge. Policymakers would have to find ways to develop 
dialogues and partnerships with other players in order to promote the farmers' own 

assessments and express their coordinated needs. Dialogue and correspondence will 
provide immediate feedback, allowing policies to be alternatively adapted. Agricultural 
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policies should then focus on having the most accessible social and biological tools to be 

used by individuals and professionals. 
Despite serious efforts of some NGOs, it appears that India is lagging far behind in 

the adoption of organic farming. For laying the spadework for the spread of organic 
agriculture in the country, certain issues require attention at the government policymaking 

levels. These include 

 
(a) Substantial financial support by the governments which is absolutely necessary to 

promote organic farming;  
(b) Market development for the organic products which is a crucial factor to promote 

domestic sales; 
(c) Government support to the producer and consumer associations to market the organic 

products;  

(d) Simplification of the process of certification; and  
(e) Reduction in certification cost.  

 
To raise consciousness of both farmers and consumers, a concerted campaign to 

highlight the advantages of organic farming against the traditional method is crucial 

(Narayanan, 2005). In the National Agricultural Policy, there is no mention of organic 
agriculture. Organic farming provides an alternative production process that can be 

appropriately used for the benefit of certain segments of farmers (Chand, 2003). However, 
if it is connected with high documentation, monitoring, organisational and bureaucratic 

effort, certification of organic goods becomes questionable (Julia et al. 2008). The 
government has been promoting the cultivation of medicinal, aromatic and colouring plants 

in Chhattisgarh through various initiatives, apart from agricultural and horticultural 

products. There is a great deal of potential for promoting organic farming, being an herbal 
state. Some of the state government agencies promoting organic cultivation of agricultural, 

horticultural, medicinal and aromatic crops (Rao and Larja, 2005) are the Chhattisgarh 
Vanoushadhi Board or the Medicinal Plants Board, the Departments of Horticulture and 

Agriculture and the Chhattisgarh State Minor Forest Produce Federation. 

Even in places where organic farming is facilitated without any direct government 
initiative, the state may still have some important roles to play for the following reasons: 

  
(1) NGOs may not always have the necessary business skills to succeed in 

marketing. Under such situations, collaborations between NGOs and governments may be 

effective. 354 Agricultural Economics Research Review Vol. 23 July-December 2010.  
(2) Companies involved in contract farming arrangements with organic farmers 

need to be extremely effective and skilful at reaching organic markets. However, there 
may be a trade-off involved between the profit motives of the private companies and the 

best interests of the farmers. Hence, it is extremely important for the state to create an 
appropriate legal framework that enforces contracts and provides for a trustworthy and 

effective arbitration in the best interests of the resource-poor and unorganised farmers.  

(3) Formation of farmers’ organizations has been found to be extremely beneficial 
for upholding the farmers’ interests. However, it requires considerable support on a 
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number of levels, including start-up costs, operational expenses, training and marketing. 

The state government or the NGO sector may assist in these respects.  
(4) Organic agriculture may also flourish under direct government involvement. 

While it has suffered downright neglect by the central government, a number of state 
governments have already made significant strides in organic farming.  

 

Major measures have been undertaken by the governments of the mountain states 
of Sikkim, Mizoram and Uttarakhand to make their states totally organic. In Karnataka, 

Madhya Pradesh, Arunachal Pradesh, Meghalaya, and Punjab, state government initiatives 
have also been adopted in some form. A multi-pronged strategy, the organic model, has 

been promoted not only as an agricultural technology but also as an integral part of many 
rural development projects in the "Uttarakhand Organic" initiative. Furthermore, although 

exports are not beyond the reach of this initiative, significant emphasis has also been put 

on the growth of the domestic market. Although it is too early to comment on this 
programme, it appears that the project might become a role model for state-driven organic 

growth in India if successfully implemented (Kasturi, 2007). 
 

Major Advantages of Organic Farming as Per Indian Rural Economy 

  Although there are many advantages to converting from traditional farming 
techniques to organic farming, given the Indian rural economy, all the advantages might 

not be possible. Ultimately, it is imperative to shed some light on the benefits that are 
really realistic enough to be regarded as benefits for Indian farming conditions. Here are 

some of the benefits in this respect that are important. 
 

(a) High Premium: Since the organic food is norm whose ally priced 20 - 30% higher 

than conventional food, there is ample scope for a mediocre farmer whose income is 
just sufficient to feed his/her family with one meal to get a high premium so that he 

has a chance to flourish.  
(b) Low Investment: In comparison with conventional chemical farming techniques, the 

capital cost for organic farming is not so large. There is also no need for any 

advanced techniques for organic fertiliser production. Furthermore, because it is 
possible to manufacture organic fertilisers and pesticides locally, the annual costs 

incurred by farmers are also low. Since agriculture is highly influenced by multiple 
external factors such as climate, pests, diseases, and also depends on multiple 

climatic factors such as rain, small farmers practising organic farming have to suffer 

less as their investments are low in cases of natural calamity, pest or disease attack, 
and erratic rainfall when there is a crop failure (Thongney et al. 2018). 

(c) Less Dependence on Money Lenders: In India, suicides committed by farmers as 
a result of a huge debt are widely recognised. Therefore, since chemical inputs that 

are too costly are not needed in organic farming, farmers are not reliant on money 
lenders. As a consequence, crop failure does not cause a drastic action to be taken by 

the farmer. 

(d) Synergy with Life Forms: Organic farming involves synergy with various plant and 
animal life forms. Small farmers are able to understand this synergy easily and hence 

find it easy to implement them.  
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(e) Traditional Knowledge: The traditional knowledge that the farmers have can be 

exposed to organic farming so as to get fruitful outcomes in terms of successful 
methodologies in organic farming. Further, in the case of organic farming, small 

farmers are not dependent on those who provide chemical know-how. 
 

Constraints in Practicing Organic Agriculture 

 
The major problems faced while practicing organic agriculture are: 

 
 Lack of Awareness: Lack of awareness among the government policy makers and 

the practicing farmers is the major cause of restricting the growth of organic 

agriculture. The lack of awareness among the consumers about organic food products 
also holds back the growth.  

 Marketing Problems: It is found that their marketability must be ensured before the 

start of production of organic crops and that they must also be guaranteed at a 

premium over conventional goods. The inability to obtain a premium price would be a 
setback, at least during the time necessary to achieve the degree of productivity of 

conventional crops. Organic wheat farmers in Rajasthan have been found to have 
lower prices than traditional wheat. 

 Shortage of Manure: Organic manure (Biomass) availability is less than the required 

quantity also the available nutrient is less than the conventional manure.  

 Less Yield Production: The production availability of organic farms is less as 

compared with farm producing products by using conventional methods. the 
conventional farming system (Khare et al. 2016).  

 High Input Cost: The costs of the organic inputs are higher than industrially 

produced chemical fertilizers and pesticides, including other inputs used in the 
conventional farming system.  

 Inadequate Supporting Infrastructure: Despite the adoption of the NPOP 

(National Program on Organic Production) in 2000, policies and a reliable mechanism 
to enact them have yet to be formulated by state governments. Just four accreditation 

organisations exist and their expertise is limited to fruit and vegetables, tea , coffee 

and spices. The certifying agencies are insufficient. 
 

Suggestions and Recommendation 
 

 The farmers’ should be made aware with the scientific information about organic 

agriculture.  
 Government should provide subsidies in organic produce to the farmers and facility 

of easy credit with lower rate of interest.  
 Higher prices should be determined by the government for organic produce than the 

conventional produce.  
 Agriculture universities should encourage the research in the field of organic 

farming.  

 Government, NGO’s and extension workers should organize various workshops, 
seminars, conferences, etc. with the help of subject matter specialist for farmers.  
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 Private companies should invest in the project of producing organic food products 

free from harmful chemicals.  
 At an individual level, should promote the use of organic produce by going for 

organic agriculture in their kitchen garden, buying organic products available in the 
market. 

 

Future of Organic Farming in India 
With a rising domestic market, India is poised for faster growth. Success of 

organic movement in India depends upon the growth of its own domestic markets. With 
the sizeable region under organic / default organic cultivation, India has enormous 

potential to organically grow crops and emerge as a major supplier of organic goods in the 
organic market worldwide. With this increasing demand, more and more technological 

advances such as IRF Technology and their implementation in the field of farmers will 

ensure economically viable organic farming and enable the popular farmers to embrace it, 
even without any subsidy scheme or guaranteed premium prices. In view of the 

understanding of food safety and quality, long-term system sustainability and the 
accumulation of evidence that organic farming is equally efficient, organic farming has 

emerged as an alternative farming system that can not only resolve the issues of quality 

and sustainability, but also ensure a debt-free, profitable livelihood choice (Yadav et al. 
2019). 

 
Conclusion  

Ecologically and economically viable organic farming is a prerequisite for 
facilitating broader adoptability, safeguarding livelihoods and ensuring market affordability. 

The literature review has shown that organic farming reviews are divergent, most of the 

experts in particular. Profitability disagreements and yield increases in organic farming are 
serious, but there is a clear consensus on its eco-friendly nature and intrinsic ability to 

protect human health. Organic agriculture is a holistic method of food production that 
operates through the sustainable use of herbal resources that are available regionally. A 

holistic approach to the promotion of organic farming needs to be implemented by 

collaboration between all stakeholders, environmentally sustainable technology, marketing 
infrastructure and economic support for the production of organic food in terms of quality 

and quantity. In particular, there are strong views against organic farming because of the 
feeding potential of a billion people, its financial and economic feasibility, the availability of 

organic inputs and the dissemination of know-how. Many studies have shown, however, 

that organic farming is efficient and sustainable. There are also individuals who support a 
conservative conversion of farms into organic farming when accepting organic farming, so 

that yield loss is taken care of to the extent possible. In order to make conversion to 
organic popularity less difficult or cheaper, there is currently a shortage of government 

subsidies or funding. Questions about the yield and financial feasibility of organic farming 
are critical and there is no empirical study that compares the economic and ecological 

returns of natural farms to conventional farms in the Indian context. Given the right 

encouragement, natural agriculture, especially in the drylands of the country, will grow 
incredibly in India, taking advantage of the different soil and climate conditions. 
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Perceptions of organic agriculture are very divergent. There is, however, a clear 

consensus on its eco-friendly qualities and its intrinsic ability to protect human health. 
Within developing countries, organic food production prices are better because organic 

farming is labour intensive and labour is highly priced in these countries. But organic 
farming is an excellent possible solution to the problem created by the chemical farming 

system for the environment and human health in a country such as India, where labour is 

very extensive and relatively inexpensive. The Government of India has made efforts to 
inspire organic agriculture on an overall basis. Even numerous organisations for the 

promotion of organic farming goods were installed. In addition to the policies adopted by 
the Indian authorities to promote the export of organic agricultural products, the growing 

call for organic food products within the advanced nations are the driving factors 
responsible for the uprising of the Indian organic food industries that have the potential to 

improve the Indian economy as well as the health standards of the Indian masses. 
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