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1 
MANAGEMENT OF ALTERNARIA LEAF SPOT OF ASALIO  

(Lepidium sativum Linn)# 

Poonam Kumari1*, Amit Trivedi2, Shailesh Godika1 
_________________________________________________________________________  
 

Abstract 
 
Asalio (Lepidium sativum Linn; Family: Brassicaceae) is a medicinal plant.Lepidium name 
derives from Greek word 'lepidion' means small scale probably it refers to the form of fruits 

and sativum is derived from 'serere' meaning to cultivate, to plant or to sow. It is known 
as “Common cress”, “Land cress”, “Haliv”, “Garden cress” or “Chandrasur” in some regions 
of India (Gokaviet. al., 2004). Asalio in local language is known as “Chandrasur” and 
considered as an important Rabi medicinal crop in India (Tiwari and Kulmi, 2004). Asalio is 
an upright, smooth herb, upto 45 cm in height, leaves are pinnatisect and wholly lobed. 
(Prajapati et. al. 2003). It is usually cultivated for its leaves, which are used in salad, 

sandwiches and seeds with high nutritional value can be exploited as a functional food 
ingredient (Eddoukset. al., 2005). It is an annual, erect, glabrous, herb growing up to the 
height of about 20-45 cm. It has raceme inflorescence, white flowers and the pods are 
round, elliptic, emarginated notched at apex and winged (Kumar, 2006). It contains good 
amount of vitamin E which is responsible for reducing risks of infertility, inflammation, 
cardiovascular diseases, neurological disorders, diabetes and certain types of cancers in 
humans (Kulieet. al., 2009). Hence, its commercial demand has increased many folds. 
November to January are the most suitable months of the year for sowing in a North 
Indian climate. It is cultivated for its medicinal value and edible oil is also exploitated from 
its seeds. The seeds and leaves of this plant are recommended in bronchitis, inflammation, 
rheumatism and muscular pain according to Unani system of medicine (Sharma and 

Agarwal, 2011). 
 
 
_______________________________________________________________ 
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Alternaria Leaf Spot 
 

elkania (1980) reported that Alternaria leaf spot on leaves of Asalio was caused by 
A. alternata. The first initiation of symptoms were small, discoloured oval lesions, 
irregular in shape which later increase in size and brown in colour. The initial 

infection starts when lower leaves of plant touch the irrigation channels. Later on these 
symptoms are also seen on the seed coat and stem. The disease is initially seed borne but 
the inoculum is also contributed by infected plant debris for reoccurrence of disease.  
 
Symptoms  

According to Singh and Upadhyaya (1971) the 
symptoms were produced by A. brassicae on Asalio are 
initiation of yellow, small, circular patches which later 
become necrotic, light brown in colour and having 2-6 
concentric rings (1-6 mm in diameter) on basal leaves. In 
later stage, spots cover larger area of leaf with distinct 
dark brown concentric rings. The severity of the disease 
gradually increases with times and reach maximum 
uptomid January. By the time, floral parts of plant and the 
stem also become infected. Finally, all aerial parts of plant 
show symptoms of the disease. Alternaria colonizes the 
xylem of plant, and finally, breaks down and blocks the 
xylem and produces leaf wilting, yellowing symptoms and 
finally the death of the plant. 

 
Epidemiology  

Humpersonet. al. (1983) observed that A. 
brassicaeneeded free water with 150C optimum 
temperature for infection on cabbage plants. This 
temperature is required for 16 hours minimum for initiation 
of infection and 50 to 70 hours for disease development. 
The fungus produces typical lesions at 100 C. While, (Sinha 
et. al., 1987) reported that maximum 300 C temperature 
and minimum 1.5 to 4.20 C with 94.75 per cent relative 
humidity are favorable for disease to occur. Maximum 
disease incidence occurs at minimum temperature 8.0 to 
12.670 C and maximum temperature 21.87 to 25.100 C, 
with 100 per cent relative humidity and about 51 mm 
average rainfall. Pleysieret. al. (2006) also reported that 
temperature had a significant effect on infection, with 
lesion development and expansion observed to increase 
from 15-250 C, declining between 30-370 C. Relative humidity (RH) also influenced 
infection with limited lesion development observed  at <=92% RH whereas incubation at 
98 and 100% RH resulted in large lesions.  

 

M 
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Management  
All the treatments were found to significantly suppress Alternaria leaf spot of 

Asalio over un-treated inoculated control.  
This treatment exhibited significant superiority over individual applications of test 

combi products, individual fungicides and untreated control. Among combi products tested 
Metiram 70% + Pyraclostrobin 20% WG -0.35 % followed by  Azoxystrobin 18.2% w/w + 
Difenoconazole 11.4% w/w SC - 0.07 %, were significantly superior in managing the 
disease over the individual chemicals and botanicals.  

Among the individual chemicals Difenoconazole 25 EC (0.06 % concentration)  was 
significantly superior in managing the disease followed by Azoxystrobin 23 SC (0.1% 
concentration).  

All the test chemicals as combi products or individually were found to manage the 
disease significantly better over botanicals and control. As for botanicals Neem oil - 0.5% 
was significantly more effective within test botanicals then Azadirachtin -0.5 % in 
managing Alternaria leaf spot of Asalio. ( Kumari, P. et al., 2019) 
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2 
GIANT RED VELVET MITE: AN ASTONISHING CREATUR# 

Satyapriya Singha, Deepa Samant a, Venkatesh Y. N.b, Pratap A. Divekar c, 
Anindita Paul d, Sujan Majumderc* 

 

 
Abstract 

 
Red velvet mite (RVM) is an arachnid arthropod, having bright red colour makes the 
creatures easy to attract. Among the mite species, it is one of the largest and grows up to 
15mm to 20 mm. A thick layers of glossy hairs, gives it a velvety appearance. Usually fore 
pair legs are used for sensations. Like other mites, the adults have 4 pairs of legs while the 
larvae have only 3 pairs (fig.1). This creature is not only famous for its bright red velvety 
body which looks beautiful but also known for its therapeutic usage in the treatment of 
paralysis and sexual dysfunction (Oudhia, 2003). Further, the deep red color indicates the 

warning behavior to its predators to refrain their consumption. Apart from this, it is graced 
with dozens of common names such as rain’s insect, scarlet fly, bride of the sea-farer, 
queen mite, rain mite, velvet bride, little old lady of monsoon and many more that are 
used invariably.  
 
 
 
 
 
 
 
 
 
_________________________________________________________________________ 
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Habitat 
           RVM is found all over the world, surviving freezing cold of Antarctica region to 
extreme heat of 50ºC in desert. In general, they are found up to depth of 33 feet.  Hence, 
this strange and fascinating organism is unique to its type. But, normally the occurrence is 
more at forest areas or fruit orchards. Adult velvet mites spend most of their lives in 
subterranean burrows in a diapause-like state waiting for a specific set of ecological 
conditions triggered by summer rains. They only emerge to the surface just after heavy 
rain (hence called rain bug) and may only forage for a few hours per year. Being diurnal, 
RVM is rarely seen at night at ever.  
 
Taxonomic Hierarchy 
 

Kingdom Animalia 
Phylum  Arthropoda 
Sub-phylum Chelicerta 
Class  Arachnida 
Order  Acari 
Family  Thrombidiidae 

Genus Dinothrombium 

Species:  Sp 

 
  Figure-1: Giant red velvet mite 

Biology 
          The RVM have very interesting life cycle. It has only one breeding cycle, during 
copulation, the male and female are involved in ‘mating dance’ which they encircle each 
other and tap with their forelegs. In general, male layout an intricate silken trail leading to 
a spermatophore (a protein capsule containing a mass of spermatozoa) in it. Thereafter, 
an intricate silken trail is laid out by the male for female to reach the love nest. With the 
arrival of female, the male breaks into specific body movements termed as ‘mating dance’. 
The female follows the trail all the way up to the spermatophore, takes it and fertilizes its 
eggs. Sometimes, males are found engaged in an unusual and interesting phenomenon of 
mating war wherein, another male follows the trail and eliminates the mating competition 
by way of destroying already provided spermatophore and replacing it with its own. After 
successful reproduction, the female lays the eggs which varies from 60-1, 00,000. The 
lifecycle (6 stages) sustain in ecosystem which having some characteristics features. 

Although the RVM is pretty good at keeping the pests off in agricultural crops, but 
they don’t rise above a bit of cannibalism also. 
 
RVM is friend or foe? 
             Although most of the mites are caused considerable losses to the agricultural 
sector, the RVM is known for its multi-spectrum benefits.  

1. Biological control: They are not ticks but mites which feed on other harmful insects 
and small arthropods such as termite eggs, nymphs of hemipteran insects, 
resulting in strengthening the natural biological control 
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2. Enhance soil fertility: They participate in the decomposition process within the soil 
matter 

3. Ethno-medicinal properties (George et al. 2011) 
 Treat paralysis 
  Enhance sexual desire i.e. acts as aphrodisiacs  
 Increase immune response  

In many parts of India, it is considered for business purpose i.e. unlikely pet. This is due to 
the brilliant colour where the sells price ranges between Rs. 2 to 5 each.  
 
                                    
  
 
 
 

 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Pictorial Diagram of Life Cycle of RVM 
 
Conclusion 
           The RVM are extremely important to environment. The vibrant arachnid not only 
bestowed with lavish beauty, but also has stringent characteristics in agricultural 
ecosystem as natural biological agent and has a vital role towards medicinal attributes. 

Egg 

Prelarvae & Larvae 

(6 legs, blood sucking parasites, i.e., attaching to insects 

like grasshoppers) 

 

Protonymph  

(6 legs, lives dormant like pupa) 

Deutonymph  

(8 legs: active, hungry and predatory) 

Tritotonymph 

(dormant or parasite, may be considered as mid-life crisis) 

Adult 

(absolute form, predators of small arthropods and eggs) 



   PLANTA – Vol.-3, 2021: 691 - 694 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 
 

Singh Satyapriya et. al., Giant Red Velvet Mite: An Astonishing Creatur | 694  

This amazed arachnid is having multiple benefits which need to be explored in more 
diverse manner. 
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3 
AGRICULTURAL WASTE TO WEALTH-A WAY FOR MARINE      

CONSERVATION# 

PRAVEEN KUMAR M.1 and Sarath Chandra Koppolu 
 

 
Abstract 

 
Once upon a time, student was running beside a road to school .Suddenly he had seen a 
damaged but fully ripened fruit on the way. He took the fruit and sown on the ground of 
the school and daily watered the seed and protected from birds and insects .After few 
years, the seed inside the fruit developed as a tree and provides shelter to the other 
students ,workers .He was very happy to see this visuals happening in school ground. After 
some time a man came to cut the tree but the student ask the reason for cutting ,man 
replied that tree polluting the environment by its dry leaves and waste of the ripened fruits 

,odour is not good and also the woody branches are good for furniture etc.Suddenly ,the 
student said that I didn’t allow you to cut the tree; because it provides food and shelter for 
those who are not have houses, even for birds and insects etc.actually you are going to kill 
whole environment in this area ,wastes comes from each and every portion of the tree 
used as different purposes –big leaves as plates , small leaves for spoon by insert stick as 
round ,dried leaves and stems for cooking  and not for cut and sell woods to get the 
money for the current purposes etc. After hearing all these, happy tears comes out from 
the eyes of man and said that like you students are the pioneer of agriculture and well-
being of the society: appreciated and wen off. Rang the bell ……..student run to home and 
share the visuals to his mum …..Mum said that you are my son, you can do anything in 
society but remember only one thing “Earth provides enough to satisfy every man’s 
needs, but not even one man’s greed.”-Mahatma Gandhi. 
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Introduction 
 

aste is defined as any substances which constitutes a scrap material or an 
efficient , or other unwanted surplus substances arising from the application of 
any process ( Environment Protection Act 1990).Waste can be broadly classified 

into different types in which the main categories (based on Decomposition of materials ) 
are –Biodegradable waste & non-biodegradable waste. 

Agriculture waste is a by-product produced as a result of various agricultural 
activities like pre-harvesting and post-harvest techniques. It includes residues from the raw 
agricultural products such as vegetables, fruits, and cereals, pulses, oils&fibres, sugar 
crops respectively and other waste from livestock. Most of the agro-waste are 
biodegradable in nature. The concentration of waste generated is depend upon the type of 
agricultural operation carried out. 

India is a developing country and the population is about 1.35billion(World 
Population Prospectus ,2017).As a result ,demand for basic needs like land , food,etc 
increasing time to time. So that by using short cut ways like deforestation, use of non-
biodegradable materials for day to day activities,application of excess fertigation into the 
field , burning of residues comes from  industry as well as other agricultural operations etc. 
in short period of time to achieve those needs ,without bothering about environment.As a 
result major problems like natural calamities,disasters,pollution increased and plant 
damage ,destruction of microorganisms, salt accumulation, leaching,reduction of soil 
fertility and there is a gradual decreases in yield &productivity ,economic value of 
agricultural products etc. 

Agricultural waste is the better measure to solve those problems . In India, total 
agricultural area is about 60.45% (world bank collection of development indicators ,2015) 
in which getting huge amount of agro-waste generated per annum. It plays an important 
role in agricultural field like increase the microbial activities in the soils, increase the 
fertility of soils and thereby increase the yield &productivity of agricultural products, resist 
runoff, conserve temperature &water holding capacity of soil (as mulches), development of 
healthy plants, resist insect and pest diseases etc. and also major component in compost, 
silage. 

Agro-wastes plays a vital role in other resources like industry(eg : production of 
bags,slippers,etc.from  plant residues) ,medical (eg : direct consumption of cow’s urine 
cures body pain) ,navy (eg : seaways are prepared from jute). By the proper processing 
and management of biomass in biogas plant produces methane gas ,used as a cooking gas 
instead of LPG  and recently the gas is used as a biofuel instead of petrol vehicles in Delhi 
to control pollution , as a  name of CNG (Compressed Natural Gas) and for the generation 
of electricity. The following are the some of the effective approaches towards wealth from 
Agro waste – 
 
Panchagavya  

Panchagauya is an bio-fertilizer prepared by mixing five ingredients like products 
(milk, curd, ghee) and by-products (dung, urine). It act as a growth regulator and balance 
the physiological activities of plants and thereby increase the shelf-life of vegetables, fruits 
and other products , increase the sugar content &aroma of fruits, reduce cultivation cost, 

W 
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reduce water requirements of plants etc. It increases the economic value of our 
country.For another example residues of corn like husk fibres act as an sound &thermal 
insulator by transforming into a local construction material.  

At present, ‘CHUK’ leading manufacturing company produces non-carcinogenic, 
eco-friendly products like plates, bags (FDA certified) etc. made from agricultural waste 
like finest sugarcane bagasse (residue obtained after sugarcane stalks are crushed to 
extract the juice). These products are microwaveable, freezable, ovenable and is 100% 
backyard compostable. 

 
Biochar  

Biochar is a fined grained residue produces by different methods but all of them 
involve heating cellulosic biomass with or without the presence of oxygen , leaving ‘carbon’ 
behind. This process is known as pyrolysis or gasification. This residue can initiate multiple 
cascade to optimize and recycle current materials ,energy&nutrient flow and used to 
improve water quality , reduce emissions of green house gases and nutrient leaching, 
irrigation &fertilizer requirements respectively. 

 
Vermicompost  

Vermicompost is the organic fertilizer made from the process of turning organic 
wastes/agro-waste into worm casting, which is rich in humus and nutrients and helps in 
the microbial activities &growth and development of crops.. It improves soil texture, 
structure, aeration and porosity. These are free from pest, diseases, weed seeds and toxic 
elements etc. Earthworms in this enhances the decomposition of decaying matter in soil 
.Therefore yield of crops is thrice higher by the application of this organic fertilizer in the 
field instead of applying inorganic fertilizers. 

The residues (straws) of rice, wheat etc. obtained after harvest and post-harvest 
techniques are used in compost making for the cultivation of mushroom. Mushroom 
contains different types of vitamins, minerals, carbohydrates etc. It contains medicinal 
properties and fight against cancer, diarrhoea, bone diseases etc. The cultivation cost of 
mushroom is cheap but economic value is very high. 

Nowadays, disposal of poultry waste is the one of the major problems in India 
specially in Kerala .Most of the wastes from the poultry throwing near the roads ,houses 
and even in the sea , rivers etc. Thereby polluting the environment as well as people living 
in the society. So that as per my point of poultry wastes are also one of the agricultural 
waste in which by adopting integrated poultry –fish farming in the areas where ponds and 
rivers are there or even we can make ponds in our area by taking help from the 
government or NGO’s. This kind of farming seen in majorities of the universities and 
colleges but not more than 1-2 in near the houses or pond, rivers etc. This kind of farming 
helps likes water in the river regulate the temperature of chickens and maintain health of 
chickens and the faecal matter comes out the poultry itself act as a feed/food for the 
fishes in the rivers and pond . The remaining waste materials from the poultry field as well 
as chicken shops used in biogas plant ,compost etc. Thereby agrowaste enhances the 
economic value of poultry, fishesetc.  

Agricultural waste act as 3-R ( Reduce ,Recycle ,Reuse) in a life cycleand these are 
potential resources in most of the areas rather than undesirable to avoid contamination of 
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water ,air &land resources and to avoid transmission of toxic materials and this is 
considered as wealth of countries in the world. It creates eco-friendly environment for the 
sustainable future and make India as a developed country in coming year to follow 
thought of Mahatma Gandhi “Weeding is as necessary to agriculture as sowing“ and to 

fulfill the vision of Dr . APJ Abdul kalam. 
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4 
STUDY OF FISH FAUNAL DIVERSITY OF UJANI RESERVOIR, 

NEAR BHIGWAN, DIST. PUNE# 
S.S. Patil1*and S. B. Patil2 

_____________________________________________________________ 
 

Abstract 
 
Fish is an essential part of the aquatic ecosystem which is a gilled aquatic vertebrate that 
loss of limbs with digits. Fish are divided mainly into two categories i.e. bony fish and 
cartilaginous fish. The present survey was conducted from Feb-19 to Jan-20, with a weekly 
visit to Ujani Reservoir near Bhigwan having geographical coordinates 
18°04′26″N75°07′12″E. In the present study total of 17 fish species belongs to 8 families 
and 5 orderswere investigated. The fish diversity of family Cyprinidae is more dominant 
than other familyand most of the species are found rarely and some exotic fish are mostly 
found in the fishery market of Bhigwan than indigenous fish. That is the need for the 
conservation of indigenous fish species in the Ujani reservoir near Bhigwan. 
 
Keywords: Ujani reservoir, Bhigwan, Fish diversity, Threat. 
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Introduction 
 

ater is an essential natural resource of all biotic factors; water is either freshwater, 
marinewater, or brackish water, and all over the world the human being depends 

on fish as a food.Unfortunately due to water quality and geographical conditions, 
fish diversity is different atdifferent locations. Western Maharashtra is rich in water 
resources. In the Pune district, thereare many resources of a freshwater ecosystem, which 
are naturally a part of fish diversity as well as the aquatic ecosystem.  River Bhima is 

originated from Bhimashankar hills of Sahyadri and runs through Maharashtra, Karnataka, 
and Andhra Pradesh states (Theurker, Patil & Ghadage, 2013). The Ujani dam was 
constructed on Bhima River in 1980, near Ujani gaon in Mahada Tehsil, Solapur district, 
Maharashtra. The backwater of this Dam spread in Indapur tehsil forming a large Ujani 

Reservoir, covering both the district, viz, Solapur,and Pune (YazdaniS. V. & Singh 2002). 
The selected study is ‘Bhigwan’, which is in Indapur Tehsil at Pune district. The Bhigwan is 
also popular for Bird sanctuary and Fish Market. Due to location, thepopulation depends on 
a water body, ecosystem, and diversity of birds & fishes, the study offish diversity of the 
Ujani reservoir is needed to be reviewed. It is also important to studyecologicalthreatsof 
fish diversity because some species have a very little population and they are indigenous 
(Kumbhar and Mhaske, 2012). 

Urbanization, Industrialization is the main aspect of water pollution, which is direct 
effects on fish diversity (Mule and Patil, 2006). Major Chemical industries are located 
around thisreservoir. These industries and huge populations are located around this 
wetland, and both the sea is dangerous to the aquatic ecosystem as well as water quality 

depletion. Bio-monitoring is very essential for conserving water resources (Bobdey A.D. 
2014). The presentstudy is included the Ichtyofounal diversity of the Ujani reservoir in 
Pune district spreading from Daund Tehsil to Indapur Tehsil (Sarwade J.P. 2010). That is 
why biological monitoring is very important for the conservation of this aquatic ecosystem 

as well as the bird sanctuary. 
 
Study Area 

Bhigwan is located near the border of the Pune and 

Solapur districts of Maharashtra in India.The Study area is 
at Bhigwan Bird sanctuary which is near this town and at 
backwater of Ujani Reservoir. The location is fully 
described in figure. 
 
Methodology 

The survey was conducted from February 2019 to 

January 2020, with a weekly visit at the sampling site of 
Ujani reservoir at Bhigwan having geographical co-
ordinates 18°04′26″N75°07′12″E. The reservoir was 
surveying from the bank of the bird sanctuary with the 

help of aboat as well as in the Market also. The fishes 
collected by local fishermen are also surveyedand photos 
have taken. Fish identification was done by using 

W 

https://en.wikipedia.org/wiki/Pune
https://en.wikipedia.org/wiki/Solapur
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standard literature like Talwar and Jhangran (1991), Masuda et. al (1984), Koumans 
(1953), Pethiyagoda (1991), Kottelat et.al. (1993) and Jayram (1999). 
 
Result and Discussion 

The fish fauna is a very important as pect of the water body; they are different 
according to the geographical and zoographical status of that aquatic body. In the present 
survey total of 16 fish species were observed at the Bhigwan site, according to Table No.1, 
the order Cypriniformes and Family Cyprinidae are observed as a dominant group with six 

species thanother fish species. A total of 8 families and 5 order fishes were observed in the 
given study area. In that Cyprinidae 6, Siluride 2, Bagridae 2, Claride 1, Channidae 2, 
Percidae 1, Cichlidae 1, and Mastacembelidae 1 was observed. The dominant fish species 
belongs to Cyprinidae family was also reported by researcher like, Kumbhar, Sheikh and 

Maske (2018), Ahirrae and Mane (2000), Meshram C.B. (2005), Khedkar (2005), and 
Sarwade and More (2018), and from other fresh water bodies Sarwade and Khillare (2010). 
 

Table 1: Species Observed in Ujani Reservoir near Bhigwan 
 

Sr.No Family Order Species 

1 Cyprinidae Cypriniforme LabeoCalbasu(Hamiton,1820) 

2 Cyprinidae Cypriniforme LabeoRohita(Hamiton,Buchanan,1822) 

3 Cyprinidae Cypriniforme CatlaCatla(Hamiton,Buchanan,1822) 

4 Cyprinidae Cypriniforme CirrhinusTririgala 

5 Cyprinidae Cypriniforme HypophthalmichthysMolitrise 

6 Cyprinidae Cypriniforme Ctenopharyngodonidella 

7 Siluridae Siluriformes Wallagoattu(Scneider, 1801) 

8 Siluridae Siluriformes Ompokbimaculatus (Bloch,1794) 

9 Bagridae Siluriformes Mystusseengtee(Day,1877) 

10 Bagridae Siluriformes MystusCavasiw(Hamilton-Buchanan,1822) 

11 Claridae Siluriformes Clariasbatrachus(Scopoli,1777) 

12 Channidae Perciformes Channastraita(Bloch, 1793) 

13 Percidae Perciformes Channamarulias (Hamilton-Buchanan,1822) 

14 Channidae Anabantiformes Channapunctata (Bloch,1793) 

15 Cichlidae Anabantiformes Oreochromismossambicus(peters,1852) 

16 Mastacembelidae Synbranchiformes Mastecembelusarmatus(Lacepede,1800) 

 
The Bhigwan site is a very important water body of Pune district; it is a very popular 
Birdsanctuary in this district. It is very essential to know that the fish diversity of this water 
body. In this reservoir, Cypriniforms are the dominant group off is that are seen but, the 

abundance of fish is very low because of the presence of some exotic fishes like Tilapi  and 
Mangur. These fishes are carnivores, they feed on other fishso other fishes are threatened, 
and also they are abundant. 
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The higher population of Tilapia and Mangur is dangerous to other fish species of the 
samewater body and it is the main reason for the threat of other species of carp and 
herbivoresfishes. So there is a need to control the population of this dangerous fish 
species. With that’s ever al water pollutants also affect on water body fish diversity (Lohar 

and Patil, 2008). 
 
Conclusion 

The study of the Ujani reservoir near Bhigwan has a rich diversity off is h fauna, 

but according to the survey it is seen that the availability of fish species in all-season varies 
withseasons. But Tilipia and Mangur are available throughout the year. The population of 
thesespecies affects the diversity of fish fauna which are herbivorous and corps. We have 
toconserve the indigenous fish species and endanger zone in the given area. So it is 

concludedthatthe ecologicalthreatto fishspecies needsto conserveinthegivenaquaticbody. 
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COMPREHENSIVE STUDY OF DIFFERENT AREAS OF 

PHYTOPLANKTON DIVERSITY OF BHIMA RIVER TALUKA KHED, 

DIST. PUNE# 
S. B. Patil1, S. S. Patil2* and D.N. Birhade1 

_____________________________________________________________ 
 

Abstract 
 
The Bhima river is largest river in Maharashtra, The River is originates at Bhimashankar on 
the western side of the Western Ghats near Karjat, at an altitude of 945 m above sea 
level. In order to study phytoplankton diversity in various sites of Bhima River at Khed 
Tahasil, dist. Pune. Based on sampling on various locations, it was found that the river 
stretches of Bhima River are polluted. The phytoplankton are very sensitive to water 
pollution, the phytoplankton diversity are correlated to one another. The sample collection 
was made at early morning. According to given study four groups of phytoplankton was 
observed. In that Chlorophyceae was abundant as compare to Bacillariophyceae, 
Myxophyceae and Euglenophyceae. The relation of Phytoplankton diversity and diversity 
indices was studied. 
 
Key words- Phytoplankton diversity and Diversity indices. 
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Introduction 
 

he Bhima River is one of the largest River in India as well as Maharashtra, (Kumar 
and Khanna,2006) The River is originates at Bhimashankar on the western side of 
the Western Ghats near Karjat, at an altitude of 945 m above sea level. It flows 861 

Km through Maharashtra, Karnataka and Telongana and then it enters in Krishna River. It 
is Major River in Pune District. The Khed tahasil is on the bank of Bhima River, a 
fertile agricultural area which is densely populated. The some Industrial waste water, 
sewage water has polluted all tributaries of Bhima River. In given study in order to 
phytoplankton diversity of different area of Bhima River. 

Phytoplankton diversity has related to productivity in ecology (Newall & Vallina, 
2011). The diversity Indices is used for habitat Characterization (Domitrotic & Cardsa, 
2012).Diversity index of phytoplankton varied from unstable to stable moderate. (Hefni 
Effendi& Kawaroe, 2016) The importance of Phytoplankton communities in these study 
area for conservation. We assumed that these are different dimensional distribution and 
diversity of phytoplankton in several sampling location. 
 
Material and Method 

The study was performed in Bhima River at Khed Tahasil, Distict Pune. 
The sample was collected from 4 sites. Plankton sampling was carried out by using 
plankton collecting net. The filtered water sample are stored in sample bottle and 
preserved in 10% Lugol solution. The samples are observed under binocular microscope 
and by using key of identification from slandered books. The abundance of plankton was 
calculated by diversity indices. 

The analysis approach was use to describe biological diversity can be 
quantifier=ed in different easy. The two main factors taken in to consideration are 
Richness and evenness which on Shannon and Simpson Diversity index with following 
formula- 
 
Simpson Diversity Index: This value range between 0 and 1. More will be value of 
index greater will be sample diversity. 

Simpson’s Diversity Index = 1 − 
∑ 𝑛(𝑛−1)

 
𝑁(𝑁−1) 

Where, 
n = number of individuals per liter 
N = Total number of individuals per liter. 
 
Shannon Diversity Index: This is another index which commonly used for characterize 
the diversity of species within sample. Like above Simpson index it shows both abundance 
and evenness of the species represent. 
 

Shannon Diversity Index H= ∑𝑠 
   ( 

𝑛𝑖 𝑛𝑖 𝑖=1 ln ) 𝑁 𝑁 

T 
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Where, 
n = number of individuals per liter N = Total number of individuals per liter. s = Species 
number, H=species diversity in bits of information per individual 
 
Species Richness: 
 

Species richness (SR) = 𝑠−1 
                              log𝑒 𝑁 

 
Where, 
 
N = Total number of individuals per liter. 
s = Species number 
 

Evenness of Equability index- 
 
Evenness Index (J) = 𝐻 

       log𝑒 𝑆 

 

Where, 
H=species diversity in bits of information per individual calculated above 
s = Species number 
 

Phytoplankton data were calculated using Diversity Indices to determine related 
between sampling station and phytoplankton diversity richness and eveness. 
 
Results and Discussion 

  
 Phytoplankton Diversity 

In present study from the study area is presented in Table 1. The total number of 
phytoplankton recorded in each of the four sites, Varied considerably. The phytoplankton 
consist of 23 species belongs to Chlorophyceae (9), Bacillariophyceae (6), Myxophyceae 
(5), and Euglenophyceae (3). The highest number of species was observed at site A & C 
as compare to site B & D.  

During the present investigation on Bhima River of the two year phytoplankton 
population, it was observed that the class Chlorophyceae is dominant in four classes of 
Phytoplankton. Seasonal fluctuation observed during study period shows that 
phytoplankton are abundant in summer season than Monsoon & winter season All these 
above noted results were similar with that of Chandrasekhar (1996), Chauhan Ramesh 
(1988),Chaudhary R. Pillai (2009), Jhingran A.G. (1989), Pradhan et al (2008), Manisha 
Giripunje (2013) and Monickam N (2014) . 

 
 Diversity Indices 

The plankton diversity is studied with Shennon method for Diversity and Simpson 
method for Dominance.  
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Table 1: Diversity of Phytoplankton in Bhima River 
 
 

No Class Site A Site B Site C        
Site D 

1. Pediastrum sp. +++ ++ +++ + 
2. Chlorella sp. ++++ ++ +++ + 
3. Scendesmus sp. ++ - ++ + 
4. Ulothrix sp.  +++ ++ ++ + 
5. Volvox sp.  ++ -- + - 
6. Spirogyra sp. ++++ ++           ++++       

++ 
7. Ankistrodesmus sp. ++ + ++ - 
8. Coelastrum sp. + - + - 
9. Tetraedron sp. ++ + + - 
10. Bacillariophyceae 
11. Navicula sp. ++ + + - 
12. Diatoma sp. ++++ ++ +++ ++ 
13. Cyclotella sp. ++ + ++ + 
14. Cymbella sp. ++ + + + 
15. Synedra sp. +++ + ++ ++ 
16. Gyrosigma sp. ++ + ++ + 
17. Myxophyceae 
18. Microcystis wesenbergii ++ ++ +++ ++ 
19. Microcystis elegans  ++++  ++             +++ ++ 
20. Anabaena sp. ++++ +++          +++             

+++ 
21. Merismopedi elegans +++ ++ ++++ ++ 
22. Nostoc sp. ++ + ++ ++ 
23. Euglenophyceae 
24. Euglena acus ++ + ++ + 
25. Euglena spirogyra ++ + ++ + 
26. Euglena ehrenbergii ++ + ++ + 

 
In the present study population of phytoplankton shows the high value of 

Shannon index(H) which was recorded as 3.070 for the site B and site D, followed by 
3.030 for the site A and 3.043 for the site C. It means that diversity index ‘Delta’ of site A, 

site B, site C and site D are categorized as moderate stable community. 
The Simpson index for Dominance (D) varies from 0.046 to 0048. The value D 

was highest at site A & site C as 0.048 followed by site B which ranges between 0.046 
and 0.047, and at site D it is 0.046. The index ranges from 0 to 1 so it shows moderate 
dominance since the value was less than 0.050. 
 

 
 
 



   PLANTA – Vol.-3, 2021: 704 - 709 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 
 

Patil et. al., Comprehensive Study of Different Areas of Phytoplankton  Diversity of Bhima River | 708  

 
Table 2: Phytoplankton Diversity Indices 

 

Site Station-Year Shennon Simpson Richness Evenness 

A 2017-2018 3.030 0.048 23 0.966 

 2018-2019 3.028 0.048 23 0.966 

B 2017-2018 3.070 0.046 23 0.979 

 2018-2019 3.063 0.047 23 0.977 

C 2017-2018 3.043 0.047 23 0.970 

 2018-2019 3.031 0.048 23 0.967 

D 2017-2018 3.070 0.046 23 0.979 

 2018-2019 3.066 0.046 23 0.978 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Phytoplankton Diversity Indices Variation among Four Sites for  
2017-18 & 2018-19 

 
At site A, B, C and D, four classes of Phytoplankton were recorded. Out of those 

four classes, Chlorophyceae was found to be dominant at all sites in the given study 
period. In the present study population of phytoplankton shows diversity index ‘Delta’ of 
site A, site B, site C and site D are categorized as moderate stable community. The 
Simpson index for Dominance (D) varies from 0.046 to 0048. The value D was highest 
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at site A & site C as 0.048 followed by site B which ranges between 0.046 and 0.047, 
and at site D it is 0.046. The index ranges from 0 to 1 so it shows moderate dominance 
since the value was less than 0.050. 
 
Conclusion 

Phytoplankton diversity is an biological indicator in environment. In Bhima River of 
Khed tahasil, district Pune, phytoplankton diversity is in normal status. Chlorophyceae is 
highly abundance as compare to Bacillariophyceae, Myxophyceae and Euglenophyceae. 
Diversity indices of phytoplankton varied from unstable to stable moderate. Diversity and 
aboundance of phytoplankton is most important for ecosystem. 
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    Abstract   
 

The materials which represents electric as well as magnetic nature together results 
in coexistence of ferro electricity and ferro magnetism. Due to coexistence of such 
property makes this class of materials as a key candidate for the technology. Currently 
research on multiferroic materials increased because most of the novel rare-earth oxides 
displays a coupling between electric as well as magnetic properties. The multiferroics 
materials plays an essential role in the growth of non-volatile memory devices and 
magnetic tunnel junctions. This present article focuses in brief about the multiferroic 

materials, applications and material preparation routes. 
 

Keywords: Multiferroics, Magneto-electric, Multiferroics, Experimental Techniques, 
Applications 
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Introduction  
 

agnetism is a complex and crucial quantum phenomenon that has been successful 
to improve our everyday lives. Multiferroicsare useful in information storage 
devices such as computer hard drives, magnetoresistive random access memory 

(MRAM). The spontaneous polarization of a material can be reversed in the vicinity of 
applied electric field in ferroelectric materials. The phase transformation from paraelectric 
into ferroelectric possesses by ferroelectric materials. The ferroelectric materials are the 
oxides with a perovskite crystal structure ABX3 [11]. These materials are useful in 
severalfieldslike capacitor, non-volatile memory, ferroelectric random access memory, 
electro-optic materials, switches, oscillators as well as filters. The spontaneous 
magnetization can be switched and saturated in the direction of applied magnetic field in 
ferromagnetism.  
 
Multiferroic Materials 

Multiferroicdisplays electric as well as magnetic nature together, which results in 
coexistence of ferroelectricity as well as magnetism in a single phase [1]. In this unique 
type of materials, there exists a strong coupling between electric and magnetic parameters 
which consequences into coexistence of magnetism and electricity in a single phase. 
Additionally, the interaction between electric as well as magnetic parameters, brings forth 
a unique phenomenon known as magneto-electric (ME)effect. In ME effect the 
magnetization can be switched using applied electric field and polarization can be changed 
by applying magnetic field. It gives an additional opportunity for spintronic, data storage 
devices, electromagnetic coupling, sensors [2], magnetoelectric devices, capacitors, non-
volatile logic [3], microwave devices, satellite communication, audio–video devices, digital 
recording [4], high tech magnetic tape, photovoltaics [5], actuators [6], ferroelectric 
random-access memories [7], optical filters, photo-electrochemical cells, photo-catalysis 
[8], photosensitizers [9] andsolar cells [10]. 
 
Magnetoelectric Multiferroics  

In ME effect the magnetization can be switched using applied electric field and 
polarization can be changed by applying magnetic field. These materials are very much 
convenient and the pillars for the design and fabrication of magnetoelectric devices. 

The ABO3 perovskite oxide families have been studied extensively to discover new 
exciting phenomena. They are known to possess a most diverse and interesting physical 
properties including electric, magnetic, ferroelastic, metallic, superconducting, insulating, 
dielectric as well as piezoelectric properties. This diverse set of physical properties can be 
achieved by structural and compositional modifications. The electrical properties of 
perovskite oxide materials are really sensitive with oxygen stiochiometry. For example, the 
stiochiometric SrTiO3 is an insulator but oxygen-deficient SrTiO3-x become conducting or 
even superconducting (Tc< 0.5 K) [11, 12], paraelectric SrTiO3 can be transformed to 
ferroelectric BaTiO3 or PbTiO3 by substitution of Sr with Ba or Pb. Some perovskite oxides 
such as YMnO3 [13] and BiFeO3 [14] are known as multiferroics because it simultaneously 
possesses ferroelectricity, ferromagnetism and ferroelasticity caused by coupling between 
electric, magnetic and structural order parameters. 

M 
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Synthesis Techniques 
The multiferroic materials are prepared in the form of bulk materials using various 

methods out of which some methods are described hereby.  
 

1. Solid State Reaction 
A solid state reaction is also known as conventional ceramic route method is a 

synthesis method used for the preparation of polycrystalline ceramic materials. The 
procedure for the production of materials through solid state reaction is as follows [15]. 

 The reactants are grinded, mixed and finally pelletized into pellets. 
 These pellets are then heated in a chosen atmosphere at higher temperatures, or 

close to molten point of the sample. 
 The heating and mixing is repeated until a homogeneous product formation is 

complete or when the crystallinity of the material is sufficient. 
The reaction rate is limited by nucleation of product phase and diffusion of ions 

through newly formed product layer. Therefore, the reaction is promoted by a large 
surface area which is increased by repeated grinding, mixing and by elevated 
temperatures. The following flowchart summarises the material synthesis procedure using 
solid state reaction.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Precipitation Route 
   In precipitation process, formation of solid in a solution during chemical reaction and 

the solid formed is known as precipitate. Due to reaction there is a formation of precipitate 
takes place in the solution reaction [16]. 

 
3. Hydrothermal Method 

Hydrothermal method also termed as hydrothermal synthesis. It is useful to synthesize 
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single crystal materials depending on the minerals solubility at pressure level in a hot 
water.To synthesize a materials using the above technique autoclave is required. The 
material we have to prepare by hydrothermal method must have an accurate known 
composition, homogeneous, pure and fine [17]. 

 
4. High Energy Ball Milling (HEBM) 

A ball mill is one of the type of grinder to grind a material into extremely fine powders 
used in paints, pyrotechniques and ceramics. It is cylindrical used in grinding or mixing 
such as ores, paints and ceramic raw materials. The flint pebbles, ceramic balls and steel 
balls is used to the ball mills as well as in mechanical alloy process [18,19]. 

 
5. Glycine-Nitrate Combustion Synthesis 

Take and weigh, the starting precursors in a desired stiochiometric proportions 
and mixed with fuel i.e. glycine. Add solvent to this mixed solution and gentle heating on a 
hot plate, a viscous gel method and finally the material ignites, froths and catches to fire 
thereafter a residue is formed. This residue is under calcinations and a final product is 
formed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. Microwave Synthesis 
These microwave techniques have been proved successfully to reduce the reaction 

times, improve product yields and able to enhanced the product purities by reducing 
unwanted side reactions compared to other conventional heating techniques.  

In this microwave – solid state synthesis (MW-SS) technique, samples are 
prepared by solid state reaction using microwaves and generally the synthesis is carried 
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out in a domestic microwave oven. The synthesis of inorganic materials by using such 
technique is very crucial for several applications [20]. In this technique, a reaction is 
accelerated due to the selective absorption of microwaves by materials and compounds 
[21]. Initially, solid precursors are taken and weighed in a desired stochiometric 
proportions, the reaction is carried out in a domestic microwave oven by providing 
microwaves with sufficient frequency and a powder material is formed which is our desired 
product. This powder is then ground, pelletized and sintered at higher temperature with 
particular time-temperature profile thereafter, carried out for advance studies. 

  
7. Sol-Gel Method 

It is also known as wet chemical method or chemical solution deposition. This 
method has been employed for the preparation of materials such as metal oxides starts 
from a chemical solution which reacts to produce colloidal particles (sol) [22]. A sol is the 
dispersion of solid particles (~0.1-1μm) in a liquid where only Brownian method suspends 
the particles. When both solids and liquids are dispersed uniformly then it becomes a gel.  

This sol-gel method consists of two distinct reactions such as hydrolysis of alcohol 
groups and condensation of resulting hydroxyl groups. The materials prepared by using 
this technique have several applications in the fields of optics, electronics, energy, space, 
biosensors, medicine and chromatography technology.This sol-gel technology is useful to 
prepare bulk, thin films and nano powders. 
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7 
CARBON NANOMATERIALS AND ITS APPLICATION IN  

PLANT BIOLOGY# 

S.V. Patil 
 

 
Abstract  
 

In today’s era, carbon nanomaterials and their unique properties are of very much 
importance as they are used in many applications in various fields like biomedical 
electronics, solar cells, high energy efficient renewable energy production, biosensors and 
many more.In recent years, application of carbon nanotubes in agriculture and 
plantresearch is of prime interest. This short review article aims to explore the range of 
carbon nanomaterials available or synthesized using different routes and the applications 
of carbon nanomaterials as biosensors, agricultural, applicationswith the status of research 

regarding the use of carbon nanomaterials on plant growth and development. 
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Introduction 
 

arbon the word that has a long history. From the ancient times, charcoal was used 
for water purification and many other applications. The various forms of the carbon 
nanomaterials are of interest due to their unique chemical and physical properties 

which results into variety ofapplications [1–2]. Carbon nanomaterials have many properties 
but most important properties are high thermal and electrical conductivity compared to 
other conductive materials [3]. There are physical and chemical methods to synthesis the 
carbon nanomaterials. The carbon nanoparticles can be synthesized by physical and also 
by simple and cost effective chemical methods. Along with the other applications of carbon 
nanoparticles they are widely explored in biotechnology.The carbon nanomaterials are 
used in water purification.Carbon nanoparticles have an ability to induce bio-stimulation in 
plants, which affects growth and development in plants [4].Elsy R. L. et. al.[5] reported 
that, seed priming with carbon nanomaterials induced favorable responses in the 
development of the tomato crop. His results indicated that the treatment of tomato 
seedswith carbon nanomaterials could be a good option to induce bio-stimulation.Zhang et 
al. [6] showed that the application of grapheme oxideincreased the incubation of tomato 
seeds. 
 
1. Different Forms of Carbon Nanoparticles and Methods of Synthesis 
 
1.1 Carbon Nanoparticles Classification 
 The carbon nanoparticles are of different types. In these particles carbon is the 
main content. They can be used in any of the form like graphene, carbon nanofibers, 
carbon black, carbon nanotubes (CNT’s) and fullerenes. 
 
1.1.1 Graphene 

The single layers of carbon atoms tightly packed into a two-dimensional (2D) 
honeycomb like crystal lattice is called graphene. It is highly conducting except the 
direction perpendicular to the single layers because of the weak Van der Waals forces. This 
name was introduced by Boehm, Setton, and Stumpp in 1994 , They obtained graphene in 
the form of small flakes of few micron using scotch tape [7]. On large scale and with 
fascinating properties the graphene can be synthesized using various methods like 
mechanical, chemical exfoliation, microwave assisted or chemical synthesis, chemical vapor 
depositions etc. The sizes, desired formscan be obtained by using these synthesis methods 
to get the different properties. In mechanical exfoliation, Adhesive tape when peeled off 
from surface of sample of graphite.The flakes of graphite that adhere to the tape are 
cleaved preferentially along the plane of the crystal [8]. 

 
1.1.2 Carbon Nanofibers (CNF) 
 The carbon nanofibers are nothing but fiber like structure whose dimensions are in 
nano size. The conventional carbon nanofibers are having dimensions in micrometers 
where as the carbon nano fibers have the dimensions in 50- 200 nm [9]. Depending upon 
size and the required properties CNF’s can be synthesized by using polyacrylonitrile, coal-
tar or petroleum pitches and by using carbon containing vapors accordingly they can be 

C 
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classified as PAN fibers,pitch-based fibers and vapor-grown carbon fibers[10]. These 
Carbon nanofibers have great potential as a resource material because of its fascinating 
properties like superior strength, durability, high conductivity and flexibility. However the 
synthesis of the CNF is quite complex and puts the limitations on its use [11]. Yuxia et al 
[12] synthesized carbon nanofibers using solid state carbon powder and chemically 
oxidizing it in the presence of metal catalyst.CNF’s can also be prepared by the 
decomposition of liquid organic waste as prepared by Ali and his co-worker[13]. The 
decomposition method is most common method used for the synthesis of carbon nano 
materials. The common sources that contain the carbon and can be used in decomposition 
are methane, ethylene, acetylene, or benzene, and carbon monoxide etc.[14] 
 
1.1.3 Carbon Nanotubes (CNT’s) 

Carbon nanotubes (CNT’s) are the tubes which are made up of carbon having 
diameter of the order of nanometers. They are of two types 
 
1.1.3.1 Single-Walled Carbon Nanotubes (SWCNT’s) 

The SWCNT’s consist of the single cylindrical layer of the order of few nanometers 
, depending upon the temperature at which they are prepared. Single-walled carbon 
nanotubes were synthesized by Anna Moisala et.al [15] using laminar flow reactor in the 
temperature range of 600-1300 0C. Zujin and his co-workers synthesized SWCNT’s by 
using arc-discharge method[16]. 
 
1.1.3.2 Multi-Walled Carbon Nanotubes (MWCNT’s) 

Multi-walled carbon nanotubes have many layers of graphene and having good 
strength as compare to SWCNT’s. The MWCNT’s can be synthesized using various 
methods. T. Arunkumar et al [17]. 
 
2. Application of Carbon Nanomaterials in Agricultural Field 
 Along with the applications of these carbon nanomaterials in various fields like 
solar energy, supercapacitor, automotive industry and many more, these carbon 
nanomaterials are widely used in biology fields. They can be used as soil improver, 
fertilizer , slow release fertilizer, pesticides or as a biosesnsor. Carbon nanoparticles in 
various forms (CNT’s, Grapheneetc) are widely used in agricultural industry to increase the 
productivity of crop by using plant growth promoters,fertilizers etc.Mariya K [18] reported 
the effective tomato seed germination and also faster growth of plant with the carbon 
nanotubes medium. Substantial seed germination and  post-germination growth is 
observed by Hanna B. et. al [19] with the water soluble carbon nanoparticles.The positive 
effect on growth of wheat plant is observed by the use of Biochar which contains the 
carbon nanoparticles [20]. Biochar is nothing but a charcoal which can be prepared by  
thermal decomposition of material in inert atmosphere or in absence of oxygen. So carbon 
nanoparticles can be used as fertilizer. Carbon nanoparticles induces the early flowering in 
plants like Arabidopsis thaliana as reported by Abhishek Kumar et. al.[21]. However, there 
are negative effects also SWCNT’s showed the negative effect on Arabidopsis and rice leaf 
protoplast [22]. 
 



   PLANTA – Vol.-3, 2021: 716 - 720 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 

Patil S. V., Carbon Nanomaterials And Its Application In Plant Biology | 719  

 
Conclusion 

Carbon nanomaterials can be synthesized by various methods to obtain in different 
forms. These materials have very fascinating physico-chemical properties and have great 
advantages for utilization inagricultural and other fields.  
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           8 
STUDY OF BIO-FERTILIZERS ON TRIGONELLA FOENUM-  

GRAECUM (FENUGREEK)# 

Kadam A. B.1, Powar P.S.2, Gaikwad S.V.3 
 

 
Abstract 

 
Present investigation was undertaken to study the efficiency of biofertilizers on growth and 
yield attributes of fenugreek .For this, a field experiment was carried out in pot with five 
replications. The experiment was conducted at the department of Botany of Dada Patil 
Mahavidyalaya, Karjat, Ahmednagar during July-August on sandy loam soil at Karjat. The 
results revealed that significantly greater values of growth parameters viz., plant height, 
number of branches, number and dry weight of root nodules, dry matter production, crop 
growth rate as well as yield attributes. 

 
Keywords: Biofertilizers, Yield, Fenugreek, Growth parameters.  
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Introduction 
 

iofertilizer the term refers to preparations containing living cells of efficient of N2 
fixing, phosphorous solubilizing or cellulolytic microorganisms which have the 
capacity to enrich soil fertility either as for living or in the association with the host 

plants. Simply the term biofertilizer denotes all the nutrient input of biological origin for 
plant growth. (Subba Rao, 1982). Biofertilizers are the preparation containing living cells or 
spores, which can supply one or few plant food elements on inoculation now a day’s 
farming community show’s much interest in the use of bio-inoculants in a single packet as 
Biomix of Azopusor Rhizopus, instead of supplying it as individual organisms several field 
studied on dual inoculation indicated the compatibility of N2 fixing and ‘P’ solubilizing 
microorganisms (Subba Rao,1982). 

The types of microorganisms as biofertilizers are available to the farmers in India: 
Nitrogen fixer, e.g. Rhizobium,Bradyrhizobium,Azospirillum, Azatobacter, Acetobacter, 
Azolla and BGA. Phosphorous solublizier e.g. Bacillus, Pseudomonas and Aspergillus, 
Phosphate mobilizer, e.g. VA- mycorrhiza (VAM) like Glomus.K-solubilizer, e.g. 
Frateuriaaurantia.Silicate solubilizer, e.g. Thiobacillusthiooxidans.Plant growth promoting 
biofertilizers, e.g. Pseudomonas sp. (Muratecdharan, 2010; Mishra and Arora,2016). 

Vermicomposting define as the growth of earthworms in organic wastes has been 
termed vermiculture and the processing of organic wastes by earthworms is known as 
vermicomposting. Vermicomposting, which involves the composting of organic waste 
through earthworm activity, has proven to be successful in processing sewage sludge and 
solids from waste water (Neuhouser et. al. 1998, Dominguez et.al. 2000) this vermiwash 
would have enzyme secretions of earthworms which would stimulate the growth and yield 
of agriculture crops and even develop resistance capacity in crop (Shivsubramanian and 
Ganeshkumar 2004).  
The drilosphere is the soil system influenced directly or indirectly by earthworm activities, 
whether in the gut of the earthworm (internal processes), or in its burrows and casts 
(external processes). As a Consequence, the entire soil invertebrate community plays an 
important role in degradation through its interactions with soil microorganisms. (Lavelle 
1988). 

Cow dung can be define as the undigested residue of consumed food material 
being excreted by herbivorous bovine animal species. (Garg and Mudgal. 2007; Randhwa 
and Kullar 2011). Cow dung in India is also used as a co- product in agriculture, such as 
manure, biofertilizer, biopesticides, pestrepellent and as a source of energy (Dhama 
et.al.2005a). Cow urine could be a potent source to improve soil fertility, Crop production 
and quality. This can also be a potential alternative for fertigation which is becoming 
common in most of the crops (Pathak and Ram,2013). 

The seed cake mechanisms involved in its tolerance and toxicity can lead to distinct 
responses in sequester and accumulate pb in the cell wall and / or vacuole, thus restricting 
its toxicity (Kopittke et. al, 2005; Meyers et. al 2008; Chandra & Kumar, 2017). In addition, 
antioxidant enzyme activity in plants cultivated under pb stress is reportedly a relevant 
defense mechanism against this element (Kumar et.al. 2012; Hamdouche et.al. 2012). On 
the other hand, plants susceptible to pb toxicity exhibit visual symptoms such as reduced 
dry matter production (Karimi et. al.2012).The plant selected is Trigonella foenu-gracum 

B 
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which having medicinal properties.Trigonella used as alternative source for 
contraception.(Kadam A.B.et al.,2014) 
 
Aim and Objective 
 
“Study of Biofertilizers on Trigonella foenu- graecum (Fenugreek)”. 
To study effect of various Biofertilizers on Trigonella foenum-graecum (Fenugreek). 
 
Material and Method 
Experiment Site 

Department of Botany, Dada Patil mahavidyalaya Karjat, Dist- Ahmednagar (MH). 
The present experiment was laid in the Department of Botany Dada Patil Maha Soil type; 
the soil of the experiment in use for a Black soil collected from Karegoan farm. 
 
Fenugreek Seed Variety 
 
The Fenugreek seed variety was collected from local market shop. 
 
Vermi Wash 
 
Vermiwash was collected from Zoology department in Dada Patil Mahavidyalaya, Karjat. 
 
Cow Dung 
 
Cow dung collected from karegoan. 
 
Ricinus communis (Errand Seed Cake Fertilizer) 
 
Errand seed cake fertilizer collected from Koregoan. 
 
Seed Germination Method (Fenugreek): 
 

Take Petri dishes and treatment in the water on fenugreek seeds by germinate in 
germination paper. 
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Sowing of Fenugreek Seeds 
 Take soil and add in pot about 6 seeds were sown in each pot and allowed to 
germinate.Add water daily. 
 
Treatment Details 
 
Table 1: Treatment of Vermiwash, Cow Dung, Errand Seed Cake, and V+CD+ESC 

Mixture on Fenugreek plant. The Ratio of Experiment is 3:4:8. 
 

  
 
 
 
 
 
 
 
 

 
 
 
Observations and Result 

Sampling was done at 30 days interval for growth parameter one plant was 
randomly selected from each treatment and replications for the study. 

 
Growth Parameter 

One plant were selected randomly and tagged in each pot for recording various 
morphological observations at 30 days after sowing. 
 
Plant Height (cm) 
 Height is randomly selected plants in each pot was measured byscale from the 
ground level of the plant to the tip of main stem of plant at 30days.Observation Table no: 
2. Effect of Various Biofertilizers on Plant Height (cm) of Fenugreek. 

Variety Treatment 
Vermicompost 

(V) 
Cow dung 

(CD) 
Errand seed cake 

(ESC) 
V+CD+ESC 

Gayatri 

T1-control V1-6gm CD1-6gm ESC1-6gm 

V1+CD1+ESC1
- 

6gm 

T2-control V2-12gm CD2-12gm ESC2-12gm 

V2+CD2+ESC2
- 

12gm 

T3-control V3-16gm CD3-16gm ESC3-16gm 

V3+CD3+ESC3

- 
16gm 

Treatment Control Vermi-compost CD ESE V+CD+ESC 

6gm 15 17 14 17 22 

12gm 12 16 17 15 18 

16gm 13 9 12 16 19 
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Graph 1: Effect of Various Biofertilizers on Plant Height (cm) of Fenugreek 
 

The result shows plant height at 30 days the data represent in table -no 2 and 
graph no.1 revealed that maximum plant height after 30 days was observed in the 
treatment (ESC+v+CO) and in treatment (ESC) plant height was moderate whereas 
minimum plant height was observed in control. 
 
Number of Branches per Plant 
 The number of primary branches arising on the main stem in one randomly 
selected and tagged plant were recorded at 30 days. The number of branches plants was 
worked out and expressed innumber. 

 
Table 2: Effect of Various Biofertilizers on Number of Branches Plant of 

Fenugreek 
 

Treatment Control Vermicompost CD ESC V+CD+ESC 

6gm 4 3 3 6 8 

12gm 3 4 6 7 7 

16gm 2 4 4 5 6 

 
The result shows numbers of branches of 30 days. The data represent in table –no 

3 and graph no 2 After 30 days the higher no. of branches was observed in the treatment 
(ESC+V+CD) and in treatment (ESC) no of branches was observed in control. 
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Graph 2: Effect Of Various Biofertilizers on Number of Branches Plant of 

Fenugreek. 
 
Number of Leaves per Plant 

The number of leaves arising on the branches in the randomly selected and tagged 
plants were recorded at 30 days.The number of leaves plant was worked out and 
expressed in number. 
 
Table 3: Effect of Various Biofertilizers An Number of Leaves Plant of Fenugreek. 
 

Treatment Control Vermicompost CD ESC V+CD+ESC 

6gm 13 12 12 17 26 

12gm 8 10 12 17 17 

16gm 8 9 8 15 18 
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Graph 3: Effect of Various Biofertilizers on Number of Leaves Plant of 

Fenugreek. 
 

The result shows number of leaves at 30 days. The data represent in table- no 4 
and graph no.3 after 30 days the higher no. of leaves was observed in the treatment 
(ESC+V+CD). And in treatment (ESC) no. of leaves was moderate. Whereas lowest no. of 
leaves was observed in control. 
 
Result and Discussion 

The study of Biofertilizers on fenugreek (Trigonella foenum graecum L.) variety of 
fenugreek is Gayatri. All the parameters like plants height, number of branches & numbers 
of leaves of fenugreek shows much more better result in mixture biofertilizers as compare 
to single fertilizers and lowest result was shown in the control as compare to both 
biofertilizer treatment. 

Hamad (2004) reported that by bio-fertilizers along with chemical N fertilizer 
(180kg.ha-application, the highest plant height, number of tillers and grain yield of rice 
(oryza sativa) were achieved. Boraste.A, et.al. (2009) conclude that bio-fertilizer almost 
alkaline in nature, after moisture estimation we conclude that biofertilizer have very good 
capacity to hold water, which give indication of standard bio-fertilizer. Mohammad K. and 
Yousef sohrobi (2012) concluded that Biofertilizer help in increasing crop productivity by 
way of increased BNF, increased availability or uptake of nutrients through solubilisation or 
increased absorption stimulation of plant growth through hormonal action or Antibiosis, or 
by decomposition of organic residues. 

K.S. Gomare, M. Mese and Y. shetkar (2013) concluded that the productivity and 
quality of fenugreek than gram seed can be substantially increased by Rhizobial seed 
coating inoculation for legume crops. Vyomendra chaturvedi and kumar Nikhil (2016) 
concluded that algal biofertilizers employ process. For adding nutrients in to the soil and 
thus has led to the decrease in the pollution and soil contamination. 
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Lopes et.al, (1996) reported significant increase in nodulation in cowpea with the 
application of vermicompost up to 10t/ha. Mathur (2003) observed that the application of 
20kg N/ha through vermicompost significantly increased number and dry weight of nodules 
per plant over rest of treatment in green gram. Prabhakaran (2003). Reported by the 
increase in yield with application of vermicompost in tomato. Kamaleshet et.al, (2006) 
reported by effect of vermicompost in grain yield of fenugreek. Swain et.al, (2012). Studied 
by the recent areas where caw dung microorganisms are being used are in promoting soil 
fertility to improve crop yield. Jandaik et.al, (2015) reported that the nutritional effect of 
cow urine on Trigenella foenum graecum (Methi) and Abelmoscbus esculentus (Bhindi) 
plants showed increased chlorophyll and protein content with increased concentration of 
urine as compared to control. Vakili et.al, (2015) observed that addition of cow dung to 
biomass generated from palm oil industries improves the physical and chemical properties 
including nutritional composition of compost. 

Radwanski and Wickens, (1981) seed cake not only provides nutrition to the plant, 
but increases the population of earthworms and produces organic acids, helps in the 
reduction of soil alkalinity. Parmar (1986) reported that seed cake exhibits insecticidal 
properties nitrification retordation and inhibitor of pesticide degradation. Singh et.al, (1986) 
observed that seed cake increased the number of branches, root length and dry matter 
weight of crops after ten months compared to the control. 

McCormick et.al, (2001), Compared growth, yield and nitrogen (N) inputs of 
fenugreek with field pea, faba bean, lentil, vetch and medic. Four fenugreek accessions 
flowered at a similar time to faba bean, but earlier that other species. Faba bean produced 
the highest grain yield. Nehara et.al, (2006) examined the response of fenugreek 
(Trigonella foenum-graecum L.) under different levels of phosphours. Significantly 
increased the yield – attributing characters; the seed, straw and biological yields; and the 
net returns of fenugreek. Verma et.al. (2013). Conducted an experiment during rabi season 
of 2011-2012 to study the effect of vermicompost and sulphur on growth yield and nutrient 
uptake of fenugreek and found that application of sulphur up to 40 kg ha-1 resulted in 
significantly higher plant height and branches / plant at 60,90 DAS Ramkishor et.al. (2015). 
Examined the effect of clay maxing, irrigation and sulphur on growth and yield of 
fenugreek. Jasim et.al. (2016). Studied the effect of 5 soil fertilization treatments on 
growth and yield of fenugreek and found that chemical fertilizer superior significantly 
compared to other treatment in plant height, number of leaves, leaf area and wet and dry 
weight, while urea spray was superior in plant height, leaves no. and soft weight. 
 
Conclusion 
 In current agriculture practices, chemical fertilizers have reduced the fertility of soil, 
making it unsuited for raising crop plants. Additionally, the excessive use of these inputs 
has also led to severe health and environmental hazards such as soil erosion, water 
contamination, pesticide poisoning, falling ground water table, water logging and depletion 
of biodiversity. Bio-fertilizers spontaneously activates the microorganisms found in the soil 
in an effective and eco-friendly way, thereby gaining more importance for utilization in crop 
production, restoring the soils fertility and protecting it against drought, soil diseases and 
thus stimulate plant growth.  
 Bio-fertilizers lead to soil enrichment and are suitable with long-term sustainability. 
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Further, they pose no danger to the environment and can be substituted with chemical 
fertilizers. The application of bio-fertilizers can minimize the use of chemical fertilizers, 
decreasing environmental hazards, enhance soil structure and promote agriculture. Bio-
fertilizers are cheaper and remarkable in affecting the yield of cereal crops.  
 Bio-fertilizers being important components of organic farming play a key role in 
maintaining long term soil fertility and sustainability by fixing insoluble P in the soil into 
forms available to plants, thus increasing their effectiveness and availability.  
 In context of both the cost and environmental impact of chemical fertilizers, 
excessive reliance on the chemical fertilizers is not a useful strategy in the long run due to 
the cost, both in domestic resources and foreign exchange; participate in setting up of 
fertilizer plants and maintaining the production. Biofertilizers are the alternative sources to 
meet the nutrient requirement of crops. Biofertilizer can also make plant resistant to 
unfavorable environmental stresses. 
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9 
STUDY OF HEAVY METAL CONTENT IN THE REGIONAL FRUITS 

USING SPECTROPHOTOMETER# 

Y.A.Pawara, D.B.Shindea, P.S. Desaia, A. P. Nikuma*  
__________________________________________________________ 

 
Abstract 

 
Vegetables have become an integral part of human’s diet due to their nutritional values 

thus any form of contamination especially by heavy metals is of great concern. As Konkan 
Region is rich in nature, due to the soil present in this are at here are several fruits, 
vegetables and the plants are present with the biodiversity, though the soil also contains 
many minerals and the presence of or are observed in this area. But day-to-day, the 
increase in the use do agricultural lands for mining due to this most of the agricultural 
lands are nearbyareas of mining. Fruit and vegetables are rich sources of vitamins, 
minerals, and fibers and also have beneficial antioxidative effects. However, the intake of 
heavymetal-contaminated fruit and vegetables may having a risk to human health; hencethe 
heavy metal contamination of foods are one of the most important aspects of food quality 
assurance. Therefore, to investigate the contamination of heavy metals in the fruits we 
have taken four major fruits which are widely available inthis region. i.e. Musa velutinas 
(banana), Cucumis sativus (Kakadi), Ananascomosus (Pineapple), Cucumis melon 
(Muskmelon) for the determination of Pb, Cd, Zn, Cu, Ni, Fe and Cr metals. As the above 
fruits are widely found in konkan region and they bearvery much quantity of water, so we 
decided to take this fruits for the studywhich have very much impact of the metal or 
minerals available in the soilor water. Those minerals and metals are present in very 
minute quantity sowe have been used spectrophotometer for the determination of such 

small quantity. There is growing awareness about the efficacy of essential elements in the 
maintenance of good health and prevention of diseases. Zinc plays a vital role in wound 
healing, immune system, reproductive system and nervous system. Zinc wades off oxygen 
free radicals and also a din metabolism of carbohydrates by assisting insul into function. 
Chromium lowers blood sugar and also works with insulin in metabolization of sugar, while 
copperis required for conversion of body’s Fe into hemoglobin. Copper lowers lowdensity 
lipoprotein (LDL) cholesterol, raises high density lipoprotein (HDL) cholesterol and prevent 
oxidation of low-density lipoprotein (LDL) cholesterol. Iron is necessary for production of 
haemoglobin, immune functioning and drug detoxification. Manganese aids in 
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maintenance of blood glucose level, synthesis of interferon, energy production and bone 
growth. In this study Pb, Cd, Zn, Cu, Ni, Fe and Cr in selected traditional fruits 
growing/found in Konkan region were determine during spectroscopy. 
 
Keywords: Fruits, Heavy metals, spectroscopy, konkan 
_________________________________________________________________________ 
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Introduction 
 

 metal of relatively high density (Specific gravity greater than about 5) or high 
relative atomic weight is defined as a Heavy metal. The term heavy metal is used to 
describe more than a dozen elements that are metals or metalloids e.g. Cd, As, Cr, 

Pb, Hg, Mn etc. heavy metals are naturally constituents of the earth’s crust, because they 
cannot be degraded or destroyed, heavy metals are persistent in all parts of the 
environments therefore, heavy metals can be described as any metallic element that has a 
relatively high density and is toxic or poisonous at low concentration. 

Human activities affect the natural geological and biological distribution of heavy 
metals through pollution of air, water and soil. Human are also responsible for altering the 
chemical forms of heavy metals released to the environment. 

Some heavy metals such as Hg and Pb are toxic metal that have no knownvital or 
beneficial effect on organism and accumulation over time in the bodies of animal can 
cause serious illness. In small quantities certain heavy metals are nutritionally essential for 

a healthy life. (e.g. Fe, Cu, Mn, and Zn). Some of these are referred to as the trace 
elements. These elements and some form of them are commonly found naturally in food 
stuffs, in fruits and vegetables, and in commercially available multivitamin products. Much 
research has been conducted on heavy metal contamination in soil from various 
anthropogenic source such as industrial waste, automobile emission and agricultural 
practices. 

Bioavailability is defined as the fraction of the elements from an ingested matrix 
such as soil, water or food that can be absorbed by an organism. Jaradat and Momani 
have been reported in 1998 that the bioavailability and environmental mobility of metals 
are dependent upon the form in which the metal is associated with the soil. Soon and  
Bates in 1982 have  been reported metal  distribution among specific  forms  varies based  
on  the  metal’s  chemical  properties  and  soilcharacteristic. Thus it is important to 
evaluate the availability and mobility of heavy metals to establish environmental guidelines 
for potential toxic hazards and to understand chemical behavior and fate of heavy metal 
contaminants in soil. 

Bernhard et al, 1986 have been reported the distribution of trace elements in the 
environment, their accumulation by organism, their bio availability and their toxicity to 

organisms (including humans) can be understood only in terms of trace element species. 
Soil consist of heterogeneous mixture of organic and inorganic solid component as well as 
a variety of soluble substances. Since the behavior of theelements in a soil-water-plant 

A 
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system depends on their chemical forms, single orsequential extraction is most useful in 
separating the different bound states. The procedure involve subject in gasolid sample 
(soil or sediment) to successive extraction with reagent possessing different chemical 
property (acidity, redox potential or complexing behavior) in which each extract includes a 
part of the trace metals associated with the sample. 

Experimental results are obtained by using spectrophotometer. In 
theseexperiments used fruits are widely found in Konkan region and they bear verymuch 
quantity of water, some decided to take this fruits for the study which havevery much 
impact of the metal or mineral available in the soil or water. Those minerals and metals 
are present in very minute quantity so we have been used spectrophotometer for the 
determination of such small quantity. 

Plants have inherent capacity to uptake toxic substances including heavymetals 
and radionuclides which may subsequently get transferred along the food chain (Rattan et 
al., 2005). Higher concentrations of heavy metals and radio nuclides in plant tissues may 
cause toxicity to human being or other livingspecies feeding on them (Alloway and Ayres, 
1997). The contaminants transfer from Agricultural soil to plant is the major pathway of 
human exposure to them as the soil is an important resource that is used for food 
production (Rattan et al., 2005). Accumulation of heavy metals in soils, their uptake by 
crop plants followed by their subsequent movement in food chainis of great concern. 

The Mining industry in India is amaj or economic activity which contributes 
significantly to the economy of India. Western Ghat area of Maharashtra, also known as 
the Konkan coast, is arugged section of the western coastline of India. In Konkan region 
there is hugeamount of biodiversity is present, in this region there are many types forests 
anddifferent types of Vegetation are found Konkan region is a naturally gifted withvarious 
rare biodiversity. Konkan is well known for its natural beauty as well astourism and it’s 
greenery, with clean beaches. As the point of natural sources, thesoil is also one of the 
significant natural resource, which contains various ores ofmost heavy metals such Fe, Mn, 
Cu, Al along with Au (gold). The soil of south konkan is mainly of alluvial and residual 
types as well as Lateritic soil are foundinthisarea. 

In Konkan region, there are so many fruits are cultivated such as Banana 
Cucumber, Pineapple, Muskmelon, Chikoo, Mango, Cashew etc. In the cultivation of such 
fruits this soil, the plants also absorb water, essential nutrients; minerals along with the 
heavy metals present in the soil though root system. Asaniye is a small village on the 
Konkan coast in Maharashtra, surrounded by thick forests of the Western Ghats. In this 
area mining of Mn, Iron or e are found. One of the firms operating in Redi, denied mining 
was causing health problems. Mining involves various activities for extraction of minerals 
and metals from the earth. The heavy metal content of these samples obtained from mine 
site to study the distribution pattern of trace metal due to mining activity. 

Results indicated that the soil samples have very high content of heavymetals, like 

iron being determined in the range of 2092-3106 mg kg-1 and highest concentration of it 

was 5284mgkg-1in blended hematite quarts soil sample. However, the concentrations of 
trace metals in water sample were still within the permissible limits according to the 
drinking water quality standard of WHO. This heavy metal is present in soil due to mining 
and plants are absorbed some heavy metals and minerals from soil. So plants and fruits in 
nearest mining area contain harmful heavy metal content. 
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Iron ore mines acts as an important source of major metals, mainly Fe and Mn 
and also contributes for trace metal into the environments. Mining and metal processing 
activities led to distribution of metals in surface environment. 

In India, there are many types of fruits are cultivated and exported in many 
countries. These fruits are used for many purposes and some fruits which also contains 
water, minerals, vitamin, protein but these contains in minute amount of heavy metals 
which are very harmful for the human body. 

There are many methods to determine or estimate the concentration of heavy 
metal in ppm level in fruit juice. There is a specific area which contains more amount of 
cultivation of specific types of fruits. In the local region, many varietiesof fruits are found 
in specific seasons likewise in rainy season particularly inkonkan region there are Banana, 
Pineapple, Coconuts etc. fruits are occurred. Inwinter season, there are Papaya Gava fruits 
are available. In summer season Mango, Watermelon, Muskmelon, Cucumber etc. high-
water content fruits are available. 

We all know fruits are grow in soil. Soil is thin covering on the land which supports 
the growth of plants. It is significant factor in determining the nature and type of 
vegetation. It helps in providing water and minerals to the land and plants. The soil in this 
region as well as soil which is near seashore or near river, also contain high amount of 
heavy metals. 

These heavy metals are very harmful for human being or other animals. The 
human consumes fruits or fruits juice which contains heavy metals are directly effects on 
their digestive, reproductive or respiratory system. Some heavy metals are harmful for 
small children, pregnant womenor those which have weakimmune system. The heavy 
metals are such as Hg, As, Cr, Cu, Fe, Ni, Zn, Pb etc. are toxic metals. The arsenicis 
generated from fossil fuel burning fertilizer plants 
Liquid effluents contain elemental arsenic ranging from 0.27to3.2mg/L. Arsenicis present 
in soil as well as fruit mostly in industrial area. 

In Konkan region chromium, copper, cadmium, iron, lead, zinc, nickel these heavy 
metals are generally occurs in the soil. The toxicity of Crtoaquatic life which also enters in 
the mammalian body i.e respiratory, digestive and dermal system which shows that only 
6% or less Cr compound were absorbed. The abundance of Cd in the earth crust with an 
average concentration of 0.2 ppm. The acute toxicitysymptoms of Cd poisoning are 
abdominal pain associated with Nausea, Vomiting, Diarrhea, Headache and Kidney 
damage. It also caused generalized cancers in laboratory animals and has been linked 
epidemiologically with certain human cancers. The permissible limits of Cd in drinking 
water is0.05 mg/L. 

Spectrophotometry is essentially a trace analysis technique and is one of the most 
powerful tools in chemical analysis. 1, 2-Dihydroanthraquinone-3-sulphonicacid, Sodium 
salt (AlizarinRed-S) has been reported as spectrophotometric agents for Arsenic. 

Lead is in trace amount is important industrially as a toxicant; biological nutrient, 
environmental pollution and occupational hazard. Lead is a serious cumulative body 
poison. Organic lead compounds such as Tetramethyl lead are highly poisonous because 
they are absorbed readily by the body through skin and mucus membrane. 1, 5-
Diphenylthiocarbazone (Dithiozone) is one of the mostwidely used photometric reagent 
and forms colored water insoluble complexwith large number of metal ion. The aim of the 
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present study is to develop asimpler direct Spectrophotometer method for the trace 
determination of lead inhuman fluid with dithizone in the presence of inexpensive cationic 
micelles suchas cetyltri methyl ammonium bromide (CTAB) in aqueous solution. Acute 
leadpoisoning in human causes severe damage in kidney, liver, brain, reproductive system 
and sometime causes death. 

Zinc is the 2ndmost abundant transition element in human body. zinc is found in 
rice, cereals, meat, liver, oysters and nuts in several enzymes and DNA binding proteins. It 
significant physiological role in human being in mammalian reproduction, gene 
transcription function, brain function and pathology. The symptoms of Zn deficiency leads 
to loss or decrease of fertility, sickle cell disease, high level of Zn cause Wilson’s disease 
etc. the determination of Zn at micro levels by several techniques such as 
Spectrophotometry, AAS, polarography, ICP-AES, Voltammetry and other technique. 
However, the methods are having stage like less selectivity and sensitivity, time are given. 
So there is great need to develop efficient and eco-friendly method for the determination 

of Zn (II). 
Nickel Atransition element, commonly exists in +2 oxidation state though +1, +3 

and +4 states are also observed in complexes of nickel. It is used in many industrial and 
consumer products like stainless steel, nickel brass, catalyst etc. Nickel plays important 
role in biological system as constituent of several enzymes. It is also present in soil and 
plants. The conc. of nickel in these applications varies widely, from trace quantities to 
being a major constituent. Di-methyl glyoxime (DMG) forms a red colored complex when 
treated with an alkaline solution ofnickel in presence of an oxidizing agents such as 
bromine. The red complex of Ni-DMG containsnickelin higheroxidation state. The complex 
absorbs atabout445 nm. 

Estimation of copper in solution and in a number of alloys and metals, asalso in 
semi-conductors has been the subject of recent interest. For this purpose series of 
reagents like Dithizone, Thiobenzamide, 2-Methyl-8-quinolinol, Nitrilotriacetic acid, Diethyl 
dithio carbamate, Ethylene diamine tetra acetic acid etc. have been developed for 
colorimetric estimation of copper. 

It is known that EDTA forms a soluble complex with copper using this properly, 
simple methods for estimation of copper in steel, bronze and o the ralloys have been 

developed. Malmstadt and Gohrb and trecorded the absorption of copper nitrate versant 
and copper versant solution in the ultraviolet regionand used the absorption at 320nm for 
estimation of copper with versant andvice versa. This method appeared useful on account 
of the possibility of using the characteristic absorption of copper in the visible region.(at 
630 µ) 
 

 Materials and Methods 
Preparation of stock solution of fruit juices: (General Method) 
 Take fruit and grind them in a mixer. After that take all the extraction beaker, add 
about 10-15 cm3 absolute alcohol, boil the solution in water bath for half an hour the solid 
separated and alcohol is evaporated, Filter the solution using cotton plug, boil the 

solutions Concentrate the solution add 10 ml of 2N Acetic acid in 100 cm3flask as a 
preservative and dilute the flask up to the mark with distilled water. This is stock solution. 
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Result and Discussion 
All the fruit samples are prepared and analyzed as per the said procedure and the 

n all the obtained results are calculated through least square method which are 
summarized as - From the obtained results, Banana fruit (Musa velutinas) have very 
muchamount of heavy metals like Cr, Fe, Pb, Zn, Cu, but Cd and Ni are less amount than 
other three fruit juice which is Cucumber (Cucumis sativus), Pineapple (Ananaspineapple) 
Muskmelon(Cucumismelon). 

In Cucumber Fruit (Cucumis sativus) contain only Pb is in high amount while other 
heavy metals like Cr, Fe, Zn, Cu, are in less amount. But Ni is very less quantity obtained. 
In Ananas fruit (Ananascomosus), Fe, Zn and Pb have very much amount 
isobtained.whileother metalslike Cr, Cd, Cu, Ni are in less quantity. The Muskmelon fruit 
contain Fe, Pb, Zn, Cu is in high amount. Whereas Cr, Cd are in less amount is obtained, 
but Ni is obtained in very less amount. 
 
All the obtain results are summarized here as: 

 
Comparison between Permissible Limit and Result Obtained 

Hence, from the discussion, we see that the Banana fruit have very much amount 
of Zn, Pb than the other fruits; where as the smallest amount of Nickel is present in all 
fruits. 

Whereas, all the fruit juice contains much more quantity of heavy metals above 
the permissible limit of WHO. According to this we conclude that: 

The permissible limit of Cr is 0.05ppm. all fruits are above the permissible limit of 
Cr. i.e. Banana fruit contain 6.11 ppm of Cr, which more in quantity than the other three 
fruits. Pineapple and muskmelon juice also contain more amount i.e. 1.13 and 4.76ppm. 

but in Cucumber juice contain less amount i.e. 0.6ppm than other fruits juice. Therefore, 
Banana fruits bear more quantity of heavy metal with reference to WHO. Hence, it is not 
suitable for eating purpose. 

The permissible limit of Fe is 0.80 ppm. All fruits juice are cross this permissible 
limit. Banana contains 13.26 ppm of Fe, which is high in amount than the other three 
juices. In these, also the Pineapple and Muskmelon juice contain 11.9 and 12.71 ppm, but 
Cucumber fruit are in less amount i.e.1.27 ppm than other fruits juice. 

The permissible limit of Pb is 0.1ppm. all fruits juice are also cross these 
permissible limit. Banana fruit contain 24.4 ppm of Pb, which is high amount than the 

   Fruit 

 
Cr 

 
Fe 

 
Pb 

 
Cd 

 
Zn 

 
Cu 

 
Ni 

nm ppm nm  ppm     nm    ppm    nm     ppm     nm   ppm    nm 
P  

ppm 
n
m 

   
pp
m 

Banana 
 

0.658 

 

6.11 

 

0.122 

 

13.26 

 

0.488 

 

24.4 

 

0.697 

 

4.05 

 

1.473 

 

43.32 

 

0.083 

 

5.92 

 

0.453 

 

2.07 

Cucumber 
 

0.065 
 

0.6 
 

0.012 
 

1.27 
 

0.134 
 

6.7 
 

0.275 
 

1.59 
 

0.079 
 

2.32 
 

0.033 
 

2.34 
 

0.189 
 

0.86 

Pineapple 
 

0.123 
 

1.13 
 

0.109 
 

11.9 
 

0.063 
 

3.5 
 

0.242 
 

1.40 
 

0.578 
 

17.00 
 

0.032 
 

2.28 
 

0.297 
 

1.36 

Muskmelon 
 

0.512 
 

4.76 
 

0.125 
 

12.71 
 

0.318 
 

15.9 
 

0.496 
 

2.88 
 

0.248 
 

7.29 
 

0.088 
 

6.28 
 

0391. 
 

1.79 



   PLANTA – Vol.-3, 2021: 732 - 741 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 

Pawar et. al., Study of Heavy Metal Content in the Regional Fruits | 738   

other three fruit juices. Cucumber and muskmelon are also in more quantity i.e.6.7 and 
15.9 ppm but in Pineapple juice, pb is less in amount i.e.3.5ppm. 

The permissible limit of Cd is 0.06 ppm all fruits are above the permissible limit. In 
these Banana fruit also contain high amount of Cd i.e. 4.05 ppm while Cucumber, 
Pineapple and Muskmelon contain 1.59 ppm, 1.40ppm, 2.88 ppm which is less in amount 
than banana juice.  

The permissible limit of Zn is 15.0 ppm. Here, all fruits juice are crossed the 
permissible limit of Zn. In these, Banana fruit are also in high amount i.e. 43.32 ppm 
then Pineapple juice is 17.00 ppm which is also in more amount then Muskmelon and 
Cucumber fruits, they are less in amount i.e.7.29 ppm and 2.32 ppm. 

The permissible limit of Cu is 0.1 ppm all fruits juice are above the permissible 
limit of Cu. Here, Muskmelon Fruit contain more amount of Copper i.e. 6.28 ppm whereas 
Banana juice is 5.92 ppm of Cu is found. But in Cucumber and Pine apple juice contain 
less amount of Cu i.e.2.34 and 2.28 ppm. 

The permissible limit of Ni is 0.14 ppm. Ni is very low amount in all fruit juice, but 
it is cross the permissible limit according to WHO. As compared to four juice Banana juice 
contain more amount of Ni, than other juices i.e. 2.07 ppm Pineapple and Muskmelon 
juice contain 1.36 and 1.79 ppm of Ni. Cucumber juice contain very low amount of Ni 
i.e.0.86 ppm. 

Hence, above experimental study we conclude that, Banana fruits contain all heavy 
metals in more quantity except Nickel, which harmful for human beings for eating 
purpose. The intake of heavy metal contaminated fruits may cause risk of serious health 
effects. 
 
Recommendations (Applicability) 

There is growing awareness about the efficacy of essential elements in the 
maintenance of good health and prevention of diseases. 

Zinc plays a vital role in wound healing, immune system, reproductive system and 
nervous system. Zinc wades off oxygen free radicals and also aid in metabolism of 
carbohydrates by assisting insulin to function. 

Chromium lowers blood sugar and also works with insulin in metabolization of 
sugar, while copper is required for conversion of body’s Fein to Haemoglobin. 

Copper lowers low density lipoprotein (LDL) cholesterol, raises high density 
lipoprotein (HDL) cholesterol and preven toxidation of low dnsity lipo protein (LDL) 
cholesterol. 

Iron is necessary for production of hemoglobin, immune functioning and drug 
detoxification. Manganese aids in maintenance of blood glucose level, synthesis of 
interferon, energy production and bone growth. 

In this study Pb, Cd, Zn, Cu, Ni, Fe and Cr in selected traditional fruits growing/ 
found in Konkan region were determine during spectros copy. 

After sometime cool the solution and pour in 100 cm3 standard measuring flask and 

filter it using filter paper. Add 10 cm3 2 N Acetic acid and dilute the solution to100cm3 

using distilled water. This is as to ck solution of Muskmelon juice. 
Iron is the most important mineral present in human body and also it is harmful even 

in excess amount for human being, the soil or plants also contain high amount of iron. The 
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iron is determined by spectrophotometric determination and measure the absorbance of 
solution at 520 nm against reagent blank. 10% 1, 10-phenanthrolin is used as reagent and 
10% Hydroxylamine hydrochloride is used to maintained pH and 2M Sodium acetate used 
in increasing amount. The red colored complex of Fe (III) is measured 
spectrophotometrically. Due to deficiency of iron causes anemia and if excess amount of 
iron causes death also metals are also present in Fruits in minute quantity. Though the 
presence of heavy metals in fruits is exceptable upto some level called as permissible level 
after that these metals may be hazardous to the animals which are dependent on the 
plants by in taking of leaves, grass, fruits We have been study in this project whether such 
local fruits have contained the heavy metals up to permissible limits or beyond the 
permissible limit which makes them in harmful category for the intake of human being as 
well as other animals. 

The aim of this study is to analysis of this heavy metal content present in the regional 
fruits. To estimate the content of heavy metal and to check it is present in permissible limit or 
out it. 

The Konkan region has various mining are as found. Geological survey of India 
reported incidence of less than 0.1 ppm gold in laterite and iron or es of Kalne area. Kalne 
is Maharashtra’s only major iron ore extracting mine for an important reason. It is located 
in Sindhudurg, a region estimated to hold 90% of the states reserves of iron or e. 
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Conclusion 

More recent findings globally have linked excessive bioaccumulation of heavy 
metals to numerous health abnormalities such as some forms of cancers, decreased 
intellectual capacity, and decreased reproductive health and cardio vascular diseases. In 
conclusion from this study the fruit species contained considerable nutritional value that 
may meet body needs. All the above findings (results) of fruit samples, are compared 
with the International Permissible Limit (IPL) of WHO as- 
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Abstract 
 

Pteridophyta form a conspicuous element of vegetation in the Himalayan region and acts 
as connecting link between Angiosperm (Higher flowering plant) and non-flowering plant. 
A detail study on the fern flora of Bhagirathi valley has been carried out which has proved 
to be very much importance to the flora of Uttarkashi. The present work deals with the 
systematic treatments of fern and result of two year of continuous exhausted exploration 
done in different season.  In the present study only 35 species of fern and fern-allies 
belonging to 30 genera of 12 families have been collected from the study area. The 

families with maximum representation of species were Dryopteridaceae, Pteridaceae and 
Polypodiaceae, and the family with representation of single species was Equisetaceae, 
Selaginellaceae, and Cryptogrammaceae.  Among the plants collected, genus Dryopteris 
had maximum, 4 species, followed by the genus Polystichumwith 2 species, Pteris with 5 
species, Asplenium with 2 species, Adiantum with 3 species, Polypodiodes with 1 species. 
Only 3 species of fern-allies like Equisetum diffusum, Selaginellachrysocaulos and 
Selaginellainvolvens.Pteriswallichiana was found to grow luxuriantly in a single patch in 
single locality. 
 
Key Words: Fern, flora, Bhagirathi Valley 
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Introduction 
 

he word “Pteridophytes” is derd from Greek words “Pteron” meaning feather and 
“Phyta” meaning plant, due to their feather-like leaves. The Pteridophytes represent 
the most primitive vascular plants having a simple reproductive system and lacking 

flower and seed. 
       The Pteridophytes consist of fern and fern-allies, which remain one of the most 
enigmatic groups of vascular plants even after centuries of work on their phylogeny and 
classification (Vasudeva, 2002). About 85% of the living Pteridophytes are ferns. In fact, 
there are probably about 12000 species of Pteridophytes in the world, most of these found 
in tropics.       
               There are over 12000 living species of ferns and 1000 species of fern-allies in 
the world, of which about 1200 species of ferns and fern allies are expected to occur in 
India (Manickam and Rajkumar, 1999; Chandra, 2000a),where they are mainly distributed 
in the Eastern Himalayas and the Western Ghats - two of the global hot spots of 
biodiversity (Koshoo, 1995). Pteridophytes constitute a sizable portion of the extant flora 
of India (5%of the total vascular plants), yet have not attracted good attention from plant 
scientists of the country (Bir, 1987).  

Himalaya, the abode of eternal icy mountains, is one among the biodiversity hot 
spots of the Indian subcontinent. The Himalaya serves as a rich repository of the floral and 
faunal wealth. As far as the diversity of fern are concerned, nearly two third of the total 
number inhabit the eastern Himalaya (Chandra 2000). The state of Uttarakhand is situated 
in northern part of India and is also known as Dev Bhumi (Land of God) due to the 
presence of many sacred and holy temples. The Pteridophytes  flora of this state, being 
most divers in western Himalayan has received many workers attention from time to 
time.Dixit and Kumar (2000) listed 426 fern specie belonging  to 101 genera, out of which 
12 species (2.8 %) are endemic to Uttarakhand (Western Himalaya). 

 
Study Site  

Present investigation was undertaken at Uttarkashi district, a border district of 
Garhwal Himalaya of Uttarakhand State. The area is very rich in plant diversity due to 
varied climate of this area (Behera SK &Khare PB 2014). The climate of Uttarkashi is warm 
and temperate. The summers are much rainier than the winters in Uttarkashi. The average 
temperature in Uttarkashi is 18.80c. June is the warmest month of the year. The 
temperature in June averages 25.80c. The lowest average temperatures in the year occur 
in January, around 10.10c. 

The Pteridophytic plants were collected from different localities of Uttarkashi 
district. The collection trips were organized during winter and summer months when most 
of the Ptridophyticfloras are found with spores.  The localities visited were Asi Ganga 
valley, Dayarabugyal, Nehru institutes of mountains, Chaurangikhal, Nachiketa Tal etc.  
Material and methods 

The Pteridophytes found during the collection trips were collected at reproductive 
stage, press, dried and mounted on herbarium sheet as proposed by Babu (1970), Gaur 
(1977). The collective and mounted plants were identified by matching the specimen at 
B.S.I. herbarium and photographs were taken by Sony DSC-150.The taxonomic description 

T 
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identified Pteridophyticplants were collected from BSI (Botanical survey of India) library 
and their references were made when and where needed. The most of the procedure for 
description of identified plants were taken from (Khullar SP (2000) and (1994). 
Results and discussion 

In the present study only 35 species of fern and fern-allies belonging to 30 genera 
of 12 families have been collected from the study area. The families with maximum 
representation of species were Dryopteridaceae, Pteridaceae and Polypodiaceae, and the 
family with representation of single species was Equisetaceae, Selaginellaceae, and 
Cryptogrammaceae.  Among the plants collected, genus Dryopteris had maximum, 4 
species, followed by the genus Polystichumwith 2 species, Pteris with 5 species, Asplenium 
with 2 species, Adiantum with 3 species, Polypodiodes with 1 species. Only 3 species of 
fern-allies like Equisetum diffusum, Selaginellachrysocaulos and 
selaginellainvolvens.Pteriswallichiana was found to grow luxuriantly in a single patch in 
single locality. 

The preliminary observation of the studied areas showed that the Uttarkashi is 
most diversified in terms although some genera had single representation of species. 
Chandra et al. (2008) was observed in one locality with single individual. The luxuriantly 
growth of PteriswallichianaJ. Agardh in a specific habitat show, it prefer to grow in open 
space with sufficient sun light at high altitude. And other growth of Equisetum 
diffusiumwas found luxuriantly at AsiGanga valley, near river flowing and calcarious and 
bouldry soil. The species belonging to the genera Dryopterisand Polystichumwere found 
maximum.  
 
 

S.N. Genus Family 

1 Selaginell achrysocaulos (Hook. ET Grev.) Selaginellaceae 

2 Selaginell ainvolvens (Swartz) Selaginellaceae 

3 Equisetum diffusum (D.Don) Equisetaceae 

4 Pteridium revolutum (Blume) Dennstaedtiaceae 

5 Adiantum philippense (Linn.) Adiantaceae 

6 Adiantum edgeworthii (Hook) Pteridaceae 

7 Adiantum incisum (Forssk) Pteridaceae 

8 Cheilanthes anceps (Blanf.) Pteridaceae 

9 Pteriscretica L. Pteridaceae 

10 Pteris wallichiana (Agardh.) Pteridaceae 

11 Pteris aspericaulis (Wall. Ex Hieron.) Pteridaceae 

12 Onychium contiguum (Wall ex Hope.) Cryptogrammaceae 

13 Asplenium dalhousiae (Hooker) Aspleniaceae 

14 
Asplenium yoshinagae var. indicum  
(Sledge) Ching& S.K. Wu.) 

Aspleniaceae 

15 Dryopteris cochleata (D. Don.) Dryopteridaceae 

16 Dryopteris wallichiana (Wall.) Dryopteridaceae 

17 Dryopteris stewartii (Fraser – Jenkins) Dryopteridaceae 
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18 Dryoptris juxtaposita (Christ.) Dryopteridaceae 

19 Hypodematium crenatum (Forssk.) Dryopteridaceae 

20 Polystichum squarrosum (D.Don.) Dryopteridaceae 

21 Polystichum piceopaleaceum (Tagawa) Dryopteridaceae 

22 Tactaria coadunate (J.Smith.) Tectariaceae 

23 Thelypterislevingei (C. B. Clarke) Ching Thelypteridaceae 

24 Christelladentata (Forsskal) Thelypteridaceae 

25 
Pseudocyclosorus canus (Bak.)  
Holtt. & Grimes 

Thelypteridaceae 

26 
Glaphyropteridopsis erubescens  
(Wallich ex Hooker) 

Thelypteridaceae 

27 Diplazium esculentum (Retz) Athyriaceae 

28 Drynaria mollis (Bedd.) Polypodiaceae 

29 Drynaria propinqua (Wallich ex Mettenius) Polypodiaceae 

30 Pterisvittata L. Polipodiaceae 

31 Polypodiodes lachnopus (Wall ex Hook) Polipodiaceae 

32 Phymatoptrisoxyloba (Wall. Ex Kunze) Polipodiaceae 

33 Polypodi astrumargutum (Wall. Ex Hook.) Polipodiaceae 

34 Lepisorus nudes(Hooker) Polipodiaceae 

35 Microsorum membranaceum (D.Don) Ching Polipodiaceae 
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Abstract 

 
There are many benefits of Herbal Medicine, to Stabilizes hormones and metabolism, 
Natural healing, Strength in immune system, fewer side effects. Considering the 
importance of immunity boosting measures during the COVID-19, it is very important to 
consume supplements in the form of immune nutrients such as vitamins, Zinc and copper 
that will support your body to fight against the COVID-19. Application of modern 
technologies and methodologies in herbal medicine research and development using the 
accepted Western scientific and ethical standards can have a significant impact on the 
scientific validity, quality improvement, and standardization of herbal medicines. 
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Introduction 
  

n Uttarkashi or  Himalayan region, oldest villager has a good knowledge on the use of  
medicinal plants due to their constant and close association with the Nature . These 
people use the medicinal plants for their effectiveness, lack of conventional health care 

facility and cultural preferences (Canigo & Siebert, 1998) and they have attained a quite 
good knowledge on both valuable and adverse effects of plants. However, this huge 
knowledge on medicinal plants verbally passed down from their ancestral generation is 
slowly diminishing and deteriorating due to changing socio-economic and cultural practices 
(Phondani, 2010) and shifting of young generation to urban areas. Several medicinal 
plants have been listed as endangered, vulnerable and threatened due to commercial over 
exploitation, unsustainable harvesting practice and climate change (Farooqee & Saxsena, 
1996; Ratha et al., 2012). The loss of traditional knowledge is irreversible just as the loss 
of species (Joshi et al, 2005). 

Hence there is an immediate need to document the various uses of the medicinal 
plants used by the tribe before some of them disappear from the areas or before switching 
over of the tribe to modern system of medicine.  

In the remote areas traditional customs and beliefs are still maintained and 
modem trends are yet to reach, which provide interesting scope of ethno-botanical studies 
(Tiwari et al., 2010a). Many works have been done on folk medicines and ethno-medicinal 
plants used by the inhabitants of Garhwal Himalayan region for various ailments (Singh 
and Bisht, 1993; Samant et al., 1996; Maikhuri et al., 1998; Tiwari et al., 2010bc; Rana et 
al., 2012, 2013; Ballabha et al., 2013b). 

The review of literature indicates that a lot of works has been done on the 
diversity and utilization of ethno-medicinal plants from the different parts of India including 
Uttarakhand Himalaya, but a little attention has been paid on the documentation of ethno-
botanical plants use by Bhotia (Jad) tribe of Uttarkashi district (Uttarakhand). Therefore, it 
has been aimed to document the ethno-botanical plants from the study area.  
 
Materials and Methods 

The present study was based on intensive and extensive field made during March 
2020 to August 2020 periodic field visits were made once in study area to collect detailed 
information about the diversity and utilization of medicinal plants. 
Two basic approaches adopted to study the ethno medicinal uses of plants by the tribe. 

- Firstly, interviews done based on their use of medicinal plants for various ailments 
were recorded. 

- Secondly an inventory-based approaches, in which plant specimens were first 
collected and then interviewing the informant for names and uses.  
Documentation of medicinal plants used by local people, literature and  the Jad 

tribe, where general information like local name of the plant, parts used, period of 
collection, uses, method of administration, local name of the indicated disease and the 
whole treatment, were discussed and documented by interviewing independently through 
an open ended interview and guided dialogue techniques. 
 
 

I 
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Aims and Objective of the Study 
The present study is an attempt to document 
 
(i) Information collection and identification of medicinal plants from study area of 
Uttarkashi against corona or  COVID-19. 
(ii) Ethno-botanical importance and indigenous knowledge related to plants used by local 
community inhabiting in different villages. 
 

After the different kinds of, data collection, interview internet knowledge following 
plant and their parts may reduce COVID-19 infection and increase immunity against 
COVID-19.  
 
1) Botanical name:   Allium stracheyi 

Vernacular name:  Jimbu (Ladu) 
Family:   Amaryllidaceae 
Medicinal uses:   Used in the stomach problem and leaves are also used for  

flavoring because of its garlic smell. 
 
2) Botanical name:  Angelica glauca 

Vernacular name:  Chora 
Family:   Apiaceae 
Medicinal uses:   Root powder given along with Luke warm water in  

abdominal pain, flatulence,cold-cough and vomiting.very 
useful against COVID protection And also used as 
condiment to enhance flavour of food and improves 
digestion.  

 
3) Botanical name:  Carum carvi 

Vernacular name:  Kala jeera/Chongsa jeera 
Family:   Apiaceae 
Medicinal uses    Roasted powder given orally with Luke warm water in  

abdominal discomfort, dyspepsia, flatulence, Indigestion 
and   infestation.  

 
4) Botanical name:  Dactylorhiza hatagirea 
      Vernacular name:  Hathjadi 

Family:   Orchidaceae 
Medicinal uses:   Roots decoction is useful in diahrea dysentry, chromic  

fever against Corona and paralytic affection.  
 
5) Botanical name:  Delphinium denudatum 
      Vernacular name:  Nirvishi 
       Family:   Ranunculaceae 

  Medicinal uses:   Seed oil is used in the tooth-ache, insecticide, skin  
eruption.  
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6) Botanical name:  Hippophae salicifolia 

Vernacular name:  Emli/Ameel 
Family:   Elaeagnaceae 
Medicinal uses:   Fruit juice is boiled then this paste is used in gastric,  

headache and other stomach trouble and good source of 
Vitamin C so very useful as immunity boosting.  

 
7) Botanical name:  Hyssopus officinalis 

Vernacular name:  Lavender/Chhabra 
Family:   Lamiaceae 
Medicinal uses:   Tea of Hyssop flower tops is highly useful in the treatment  

of respiratory problems and for easing cough, sore throat 
and for loosening phlegm. Lavender oil is obtained from 
leaves used in asthma, bronchial, throat inflammation and 
hoarseness.  

 
8) Botanical name:  Picrorhiza kurroa 

Vernacular name:  Kutki 
Family:   Scrophulariaceae  
Medicinal uses:  It is used in the chronic fever, corona fever, skin disorder, 

and diabetes.  
 

9) Botanical name:  Saussurea costus 
Vernacular name:  kut/kuth 
Family:   Asteraceae 
Medicinal uses:   Root decoction taken empty stomach used in treatment of  

various ailments, like asthma, inflammatory diseases, 
ulcer and stomach problem.  
 

10) Botanical name:  Saussurea ovallata 
Vernacular name:  Brahma-kamal 
Family:   Asteraceae 
Habitat:       Rocky slopes 
Habit:          Herb  
Medicinal uses:   Whole plant is treated as sacred plant apart from this it  

has medicinal value but not in general tribal practice. 
The entire plant is crushed and juice is given as liver 
tonic, urinary disorder and infection, it is bitter in taste. 
The flower rhizome or root is used for treatment of bone 
ache, intestinal ailments, cough/cold, and headache.   
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11)  Botanical Name:  Curcuma longa L 
 Vernacular name:  Haldi or Turmeric 
 Family:   Zingiberaceae 
Habitat:    Common Soil 
Habit:   Shrub 
Genus:    Curcuma 
Medicinal Uses: It possess 95% possess the properties like antioxidant, 

anti-inflammatory, anti-platelet, cholesterol-lowering 
antibacterial, antiviral and anti-fungal effects. It contains a 
mixture of powerful antioxidant phytonutrients known as 
Curcuminoids. Curcumin 95% inhibits microbe growth.  

 
12) Botanical name:  Tinospora cordifolia 

Vernacular name:  Giloy 
Family:   Menispermaceae 
Habitat:       Slopes 
Habit:          Creep 
Medicinal uses: Tinospora cordifolia is used for immunity boosting during 

COVID and also useful for  diabetes, high cholesterol, 
allergic rhinitis (hay fever), upset stomach, gout, lymphoma 
and other cancers, rheumatoid arthritis (RA), hepatitis, 
peptic ulcer disease (PUD), fever, gonorrhea, syphilis, and 
to boost the immune system.  

 
13) Botanical name:  Citrus lemon 

Vernacular name:  Nimbu or Lemon 
Family:   Rutaceae 
Habitat:                  Xerophytic 
Habit:                     Tree 
Medicinal uses: The health benefits of lemon are attributed to its vitamin 

C content that boost Immunity Kill Corona, encourages 
weight loss, improves digestion, and acts as a breath 
freshener. Lemons also help with the treatment of throat 
infections, fever, burns, respiratory disorders, and high 
blood pressure.  

 
14)   Botanical name:  Phylanthus embelica 

Vernacular name:  Amla 
Family:   Euphorbiaceae 
Habitat:                  Xerophytic 
Habit:          Tree 
Medicinal uses -   Emblica officinalis (Amla) is an herb which has all parts,  

including the fruits, used for preventative against 
CORONA and therapeutic purposes. It appears to be most 

https://en.wikipedia.org/wiki/Zingiberaceae
https://en.wikipedia.org/wiki/Curcuma
https://www.webmd.com/cholesterol-management/default.htm
https://www.webmd.com/allergies/rhinitis
https://www.webmd.com/allergies/ss/slideshow-allergy-attack
https://www.webmd.com/digestive-disorders/picture-of-the-stomach
https://www.webmd.com/cancer/non-hodgkins-lymphoma/default.htm
https://www.webmd.com/rheumatoid-arthritis/default.htm
https://www.webmd.com/hepatitis/default.htm
https://www.webmd.com/sexual-conditions/gonorrhea
https://www.webmd.com/sexual-conditions/sexual-health-syphilis
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used for regulating glucose metabolism and cardiac 
health, and may also be neuroprotective. 
 

15) Botanical name:  Oscimum sanctum 
Vernacular name:  Tulsi 
Family:   Lamiaceae 
Habitat:                  Mesophytic 
Habit:          Herb 
Medicinal uses: Whole plat parts  i.e leaves, stem, flower, root, seeds   

etc. of Ocimum sanctum Linn. have been recommended 
for the of CORONA or COVID  protection and treatment of 
bronchitis, malaria, diarrhea, dysentery, skin disease, 
arthritis, eye diseases, insect bites and so on. The O. 
sanctum L. has also been suggested to possess anti-
fertility, anticancer, antidiabetic, antifungal, antimicrobial, 
cardioprotective, analgesic, antispasmodic and 
adaptogenic actions.  

 
16) Botanical name:  Adhatoda vasica 

Vernacular name:  vasaca 
Family:   Acanthaceae 
Habitat:       Xerophytic 
Habit:          Shrub 
Medicinal uses: The leaves, roots and the flowers are extensively used in 

indigenous medicine as a remedy for cold, cough,  
bronchitis and asthma.   It gives unfailing relief, specially 
where the sputum is thick and sticky. It liquifies tilt 
sputum so that it is brought up more easily. For relief in 
asthma, the dried leaves should be smoked.  

 
17) Botanical name:  zingiber officinale 

Vernacular name:  Adrak 
Family:   Zingibreace 
Habitat:       Xerophytic 
Habit:          Herb/Plant  
Medicinal uses: Ginger is commonly used for many types of nausea and 

vomiting. It's also used for menstrual cramps, osteoarthritis, 
diabetes, migraine headaches, and other conditions, but 
there is no good scientific evidence to support many of these 
uses.  

 
18) Botanical name:  Aloe bera 

Vernacular name:  Ghritkumari 
Family:   Liliacea 
Habitat:       Xerophytic 
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Habit:          Succulent plant 
Medicinal uses: Plant is good for irritated or inflamed skin it helps repair your 

skin from the most tender of wounds. Aloe vera helps to kill 
the CORONA virus from body surface and speed the process 
of healing to burns and other wounds.  

 
19) Botanical name:  Cinnamonum tamala 

Vernacular name:  Tejpatta 
Family:   Lauracea 
Habitat:       Xerophytic 
Habit:          Tree 
Medicinal uses: Tejpatta (Indian Bay Leaf) is non-toxic and considerably safe 

when used in food. Its dosage less than 1 gram per day is 
also likely to be safe when used for therapeutic purposes. 
Very useful against CORONA and immunity boosting. 

 
20) Botanical name:  Urtica dioca 

Common Name:  Nettle leaf 
Vernacular name:  Kandali/Kaidi/ Sison 
Family    Urticaceae 
Habitat        Xerophytic 
Habit:          Herbaceous, perennial plant  
Medicinal uses: Nettle leaf or Kandali leaf has demonstrated significant 

anti-inflammatory activity. it is used for the treatment 
of rheumatoid arthritis, treat Enlarged Prostate 
Symptoms and allergic rhinitis, treat Hay Fever. This plant 
can increase immune of human so plant is very useful for 
corona Virus.  

 
21)  Botanical Name:  Hippophae  rhamnoides 

 Common Name:                Sea Buckthorn, Seaberry 
 Vernacular name:  Amil, Amesh or Imli 
 Family    Elaeagnaceae 
 Habitat        Xerophytic 
 Habit:          Shrub, perennial plant  
 Medicinal uses: Juice is very useful against CORONA infection and also 

increased oxygen level after using of these products. Very 
rich in vitamin C and vitamin A, they are too acid when 
raw for most peoples tastes, though most children seem 
to relish them[K]. Used for making fruit juice, it is high in 
vitamins and has an attractive aroma. It is being 
increasingly used in making fruit juices, especially when 
mixed with other fruits.   

 
  

https://en.wikipedia.org/wiki/Succulent_plant
https://en.wikipedia.org/wiki/Urticaceae
https://en.wikipedia.org/wiki/Herbaceous_plant
https://en.wikipedia.org/wiki/Perennial_plant
https://www.sciencedirect.com/topics/medicine-and-dentistry/rheumatoid-arthritis
https://en.wikipedia.org/wiki/Elaeagnaceae
https://en.wikipedia.org/wiki/Herbaceous_plant
https://en.wikipedia.org/wiki/Perennial_plant
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Conclusion  
It is concluded in this investigation, work on the use pattern of   medicinal plants 

by the local community of Uttarkashi, has been documented with regards to their use as 
food as well as interesting therapeutic value. Various plants proved to have promising   
medicinal properties against CORONA. During the survey, it was noticed that older people 
were better knowledge due to their personal experience of using the plants for a long 
period of time. We got to know that local inhabitants are still dependent on local plant 
resources for food and medicine. But their dependence is declining gradually due to lack of 
confidence of younger generation on these medicinal plants and migration to urban areas, 
where there is increasing use of allopathic medicine for their easy availability and instant 
efficacy.  
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NITROGEN METABOLISM IN SOME OF THE CROPS AT  

RATNAGIRI DISTRICT# 

Sonali Santosh Kadam 
 

 
Abstract 

 
In Konkan there is no rain after November though it receives 3500 mm to 4000 mm rains 
per year, particularly in the rainy seasons while water level decreases then after. The soil 
in Konkan area is made up of lateritic type, where the rate of percolation of water is very 
high. This results in lowering down the water level in the soil as summer enhances. Due 
to lack of irrigation facilities, vast land remains under uncultivated condition. The study 
of Nitrogen Metabolism will help in choosing significant crop as staple food for health 
beneficial to all over human being. In view of these three enzymes viz. nitrate reductase 

(NR), aspartate amino transferase (AspAT) and alanine amino tranferase (AlaAT)).  
 
Key words: Konkan, lateritic soil, nitrogen metabolism, nitrate reductase (NR), 
aspartate amino transferase (AspAT),alanine amino tranferase (AlaAT) 
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Introduction 
 

epending on the species of plant and the source of stress, plant will respond in 
different ways. After a certain tolerance level is reached, the plant will eventually 
die. A problem arises when the plants in question are crop plants. The two major 

environmental factors that currently reduce plant productivity are drought and salinity 
(Serrano et al., 1999), and these stresses causes’ similar reactions in plants due to water 
stress. Aminotransferases play a key role in the synthesis of amino acids, after the 
assimilation of nitrogen into glutamine and glutamate, its further distribution to many 
compounds takes place by the action of these enzymes (Givan, 1980).Nitrogen is one of 
the most important nutrient elements required for plant growth. Most plants entirely 
depend on nitrogen, which is absorbed from the soil mainly as nitrate and as ammonium 
for their growth. Supply of nitrogen affects plant growth by controlling photosynthetic 
activity and thus the production of carbon assimilates necessary for growth. 
 India is the country where large number of varietal crops are grown under 
different environmental conditions. There is wide range for climatic conditions and also 
for soil states which has affected the total productivity in the crop plants. Konkan 
receives 3500 mm to 4000 mm rains per year, particularly in the rainy seasons. There is 
no rain after November so there is decrease in the water level in the soil. The soil in 
Konkan area is made up of lateritic type, where the rate of percolation of water is very 
high. This results in lowering down the water level in the soil as summer enhances. Due 
to high rate of evaporation of soil water, there is water stress condition in many parts of 
Konkan region except river bank areas in certain areas. And also due to lack of irrigation 
facilities, vast land remains under uncultivated condition. Nitrate reductase is the first 
enzyme in the incorporation of nitrate to amino acids and is considered the main 
regulating enzyme of the pathway (Campbell, 1985) Nitrate reductase also influences the 
growth of plants. Among the various aminotransferases, stable and active reaction occurs 
between 2 -oxoglutarate and aspartate (AspAT) or alanine (AlaAT). Nitrate Reductase 
activity, in higher plants, is finely regulated in response to changes in physiological, 
environmental and other conditions (Guerrero et al., 1981). Light, nitrogen source, energy 
source, mineral nutrition, water stress, temperature, plant growth regulators, plant age 
and metabolic inhibitors are some of the factors which influence the synthesis, degradation 
and activity of Nitrate Reductase , (Beevers and Hageman1980; Naiket al., 1982). Nitrate 
Reductase activity depends directly on the supply of substrate, coenzymes and energy. 
The enzyme Nitrate Reductase substrate inducible (Sanderson and Cocking, 1964; Somers, 
et al., 1983) and undergoes rapid turnover (Oaks et al., 1972). Nitrate Reductase levels 
are generally maintained through a balance between synthesis and turnover of the enzyme 
(Lee and Stewart, 1978). 

The study of Nitrogen Metabolism will help in choosing significant crop as staple 
food which will be for health beneficial to all over human being. India is the country 
where large number of varietal crops are grown under different environmental 
conditions. There is wide range for climatic conditions and also for soil states which has 
affected the total productivity in the crop plants. 
 
 

D 
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Objectives 
1. The effect of environmental stress on the crop plants on the ion regulation 

mechanism. 
2. Some of the parameters like chlorophyll content, protein etc 
3. Stress affects various enzymes of Nitrogen metabolism. In view of these three 

enzymes viz. nitrate reductase (NR), aspartate amino transferase (AspAT) and 
alanine amino tranferase (AlaAT) 
 

Methodology and Plan of Work 
1. Survey 
2. Investigation in laboratory. 

 
Results and Discussion    
 
Chlorophyll Estimation 
 The chlorophyll content from the control and treated leaves was estimated by the 
method of Arnon (1949). One g of fresh material was homogenized in a mortar and pestle 
using 80 % acetone. The extract was filtered through Buchner funnel using Whatman No. 
1 filter paper. Residue was washed repeatedly with 80 % acetone. The filtrate was pooled 
and the volume of filtrate was made to 100 ml with 80 % acetone. The absorbance of the 
chlorophyll extract was read at 645 nm and 663 nm on a JASCO UV-Visible 
Spectrophotometer Model V530. 
 It has been observed that drought conditions affect to a lesser degree, the 
quantity of segments strongly bound with the lipo protein complex, particularly 
chlorophyll b. According to a study, the drought resistant plants are characterised by the 
least changes in the pigment content, but the nitrogen content of the leaves is not 
affected. Gill (1979) studied ultra-structural changes in the mesophyll and bundle sheath 
cells of maize leaves in response to water stress. He found that mesophyll cells are more 
sensitive to water stress than bundle sheath cells. It has been seen that, rapid leaf 
dehydration causes profound changes in the photochemical activity of thylakoid 
membranes in detached tobacco leaves. From the above discussion, it can be said that, 
in most plant species, water deficit has a profound influence on the photosynthetic 
apparatus and more specifically on the photosynthetic pigment system. In most cases, 
the chloroplast membrane is disrupted and degradation of chlorophyll takes place. 
 An absorption spectrum (plural spectra) displays the amount of light energy 
taken up or absorbed by a molecule or substance as a function of the wavelength of the 
light. The absorption spectrum for a particular substance in a nonabsorbing solvent can 
be determined by a spectrophotometer (Taiz and Zeiger).Fig.2 shows that Vari shows 
higher degree of absorption than the other two crops and also more absorption at 
420nm filter. Due to such higher quality of absorption, vari must be showing higher 
chlorophyll content. 
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Fig.1: Shows that there is more chlorophyll content in Vari than in Rice and abput 25% 

chlorophyll content is seen in Nagali compare to Vari. 
 

 
 
Protein Estimation 
 Proteins constitute about 30% of the total dry weight of typical plant cells. If we 
exclude inert materials, such as the cell wall and starch, which can account for up to 
90% of the dry weight of some cells, proteins and aminoacids represent about 60 to 
70% of the dry weight of the living cell. Cytoskeletal structures such as microtubules and 
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microfilaments are composed of protein. Proteins can also occur as storage forms, 
particularly in seeds. But the major function of proteins in metabolism is to serve as 
enzymes, biological catalysts that greatly increase the rates of biochemical reactions, 
making life possible (Taiz and Zeiger ,1991). 
 
Materials and Methods  
 Protein from the leaves of control and treated plants was estimated by the method 
of  Lowry et al.,  (1951).  Quantification was done by calibrating with standard graph using 
BSA as standard.  
  

 
 
Nitrate Reductase (NR) 
 Reduction of N03  to NH4 + is a two-step process, catalysed by the enzymes 
nitrate reductase and nitrite reductase. In the first step, NR reduces NO3  to N02  using 
two electrons. 
 
N03  + 2H + + 2e          > N02  + H2O. 
 
 NR is the first enzyme in the incorporation of nitrate to amino acids and is 
considered the main regulating enzyme of the pathway (Campbell, 1985) NR also 
influences the growth of plants. A significant positive correlation between NR activity and 
plant growth has been observed by many workers (Zieserl et al., 1963; Dykstra, 1974). 
NR is a large complex protein with high molecular weight. It contains flavin adenine 
dinucleotide (FAD), heme and molybdenum as the prosthetic groups. The enzyme is 
composed of two subunit proteins of approximately 115 kD each. There is a considerable 
argument concerning localization and regulation of the enzyme NR. Many scientists 
believe that NR is a cytoplasmic enzyme (Suzuki et al.,1981). 
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 Immunofluorescence studies by Vaughn et al., (1984) on the fixed tissue 
selection of soybean cotyledons, also suggested the localization of NR in the cytoplasm. 
However, there are reports indicating the presence of NR in chloroplasts (Losada and 
Guerreo 1979.). Recently, based on immunogold localization studies (Kamachi et al., 
1987) have shown that NR is specifically located in the chloroplasts of spinach.  There 
are some evidences suggesting the localization of NR in the plastids in roots (Miflin, 
1975; Layzell, 1990). 
 The reaction mechanism of NR is proposed to be a two site  ping pong model 
(Campbell, 1985). Reduced pyridine nucleotide donates 2 electrons to the first acceptor, 
FAD. Electron then passes through cyt b557 site to Mo cofactor site. Where they are 
donated to N03 which gets reduced to NO2 

 
NADH FAD      Cyt b (red)         Mo (oxi)       NO2 
  
 
 
 
 
NAD FADH2     Cyt b (oxi)         Mo (red)       NO3 
 
 The reductant for NR activity is generally believed to be NADH (Klepper et al., 
1971; Oaks et al., 1972). However, NR can also function with NADPH (Prakash et al., 
1984) FMNH2 ,FADH2 and reduced benzyl and methyl  viologens (Lee and Stewart, 
1978). 
 NR activity, in higher plants, is finely regulated in response to changes in 
physiological, environmental and other conditions (Guerrero et al., 1981). Light, nitrogen 
source, energy source, mineral nutrition, water stress, temperature, plant growth 
regulators, plant age and metabolic inhibitors are some of the factors which influence the 
synthesis, degradation and activity of NR (Beevers and Hageman1980; Naik et al., 1982). 
NR activity depends directly on the supply of substrate, coenzymes and energy. 
 The enzyme NR is substrate inducible (Sanderson and Cocking,1964; Somers, et 
al.,1983) and undergoes rapid turnover (Oaks et al.,1972). NR levels are generally 
maintained through a balance between synthesis and turnover of the enzyme (Lee and 
Stewart, 1978). The requirement of NO3as a substrate for the induction of NR is well 
documented (Filner et al 1969; Hewitt,.1975; Rajasekhar 1988).Light also has a strong 
influence on the appearance of NR (Canvin and Atkin,1974; Kapoor et al.,1987). 
According to Srivastava (1980) and Guerreo et al., (1981), NH4 and amino acids also 
regulate the activity of NR.  NH4 + the end product of NO3 reduction, is found to repress 
NR activity (Joy, 1969; Stewart, 1972; Stewart and Rhodes, 1977).  
 On the other hand, some scientists believe that NH4+ stimulates the activity of 
NR enzyme (Smith and Thompson 1971).The presence of Mo, as an essential factor in 
the NR activity, is universal as NR is a molybdoflavo protein. The association between Mo 
and NR was first recognized in Aspergillusniger by   Steinberg (1937). Since Mo is a 
component of NR molecule, NR activity is low in Mo deficient plants and increases rapidly 
when Mo is supplied exogenously (Afridi and Hewitt, 1964). 
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Materials and Methods 
 Reagents: Extraction and Assay buffer: 0.1M Tris   HC1 (pH 7.5’), KN03 0.1M, 
Sulphanilamide 1% in 1 N HCl, 1N (1 naphthyl ethylene diaminedihydrochloride 0.1%. 
Principle: NR catalyses the reduction of nitrate to nitrite. Sulphaniamide is used as an 
amino compound which is coupled with 1N (1 naphthyl ethylene diaminedihydrochloride 
(NEDD) in the presence of NO2 to form an azo dye. The amount of azo dye formed is 
proportional to the initial concentration of NO2. 
 Extraction of enzyme: Leaves from control and treated plants were harvested 
and cut into small pieces. Known weight of the leaves was used as a source of the 
enzyme. 
 
Assay 
 The in vivo activity of the enzyme NR was assayed by the method of Klepper et 
al., (1971). The initial 2.0 ml assay mixture contained 0.1M Tris- HCL buffer pH 7.5, 
0.005 M KNO3 and fresh plant material 50 mg 
 The assay mixture was incubated at 370C for 20 min. The reaction was 
terminated by adding 1.0 ml of sulphanilamide followed by by the addition of  NEDD. The 
pink colour doveloped was estimated colorimeterically at 525nm. The amount ofnitrite 
was estimated using, standard curve for nitrite. The activity of enzyme was expresed as 
mg NO2-/hour/gm fresh tissue. 
 Commonly grown crops in Ratnagiri of Maharashtra,a part of  Konkan grows 
sps(vari) in more quantity as these are the staple food of this coastal 
line.Oryzasativa(rice) ,Eleusinecoracana(nagali), Echinochloasps. Presence of enzyme 
nitrate reductase  is shown in the graph no.4  
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 The graph shows that NR activity in Oryzasativa(rice)and Echinochloasps(vari)is 
almost similar and higher than  Eleusinecoracana(nagali),Eleusinecoracana shows about 
50% depletion than the rice and vari. 
 
Asparate Aminotransferase (AspAT, EC 2.6.1.1) 
Reagents  
 Extraction buffer 0.1M Tris –HCl, pH  7.4  Assay  buffer  0.1M Tris HC1, pH 8.0, 
Aspartate –O.4 M, 2 - oxaloglutarate - 0.82 mM, Aniline citrate-1g citric acid/m1 of water 
+ equal volume of redistilled aniline, 2 4¬ dinitrophenyl  hydrazine – l mg/ml of 0.2 N 
HCl, NaOH  I N 0.4M 2- oxoglutarate and  enzyme. 
 The assay mixture was incubated at 37°C for 30 min.  The reaction was 
terminated by adding 0 1ml of aniline citrate which converts oxaloacetate to pyruvate. 
After 20min.1ml of 2 4 dinitrophenyl hydrazine was added followed by the addition of 5 
ml of NaOH. The colour developed by hydrazone in the alkaline medium was read at 525 
nm. The concentration of pyruvate was calculated with the use of standard curve for 
pyruvate. A soluble protein of the enzyme source was determined by the method of 
Lowry et al.,(1951). The enzyme activity was expressed as mM pyruvate/mg 
protein/30min. 
 
Alanine Aminotransferase (AlaAT EC 2.6.1 .2) 
Reagents 
 Extraction buffer 0.1M Tris –HCl, pH 7.4. Assay buffer 0.1M Tris HC1, pH 8.0, 
Alanine – O.4 M,  2 - oxoglutarate - 0.82 mM, , 2 4¬ dinitrophenyl  hydrazine –  l mg/ml 
of  0.2 N HCl, NaOH  1 N.  
 
Principle    
 Pyruvate formed from alanine and 2 –oxoglutarate forms hydrazone with 24 
dinitrophenyl hydrazine in alkaline medium. The coloured hydrazone is colorimetrically 
estimated. .  
 
Extraction  
The enzyme was extracted from the plant material in a similar manner as that for AspAT. 
 
Assay 
 The enzyme was assayed by the method of Reitman and Frankle (1957). The 
initial 2ml volume of assay mixture contained 0.1 M Tris   HCI buffer 
 
 0.1MAlanine 
 0.04mM 2- oxoglutarate enzyme  
 
 The assay   mixture was incubated for 30min. at 37°C. The reaction was stopped 
by adding 1ml of 2 4 di-nitrophenyl hydrazine. ¬ Thehydrazone formed was measured 
colorimetrically at 525 nm in alkaline medium. The concentration of pyruvate was 
calculated with the use of standard curve for pyruvate. 



 PLANTA – Vol.-3, 2021: 754 - 765 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 

Sonali Santosh Kadam, Nitrogen Metabolism in Some of the Crops at Ratnagiri District | 762  

 The amount of soluble proteins from the enzyme source was estimated by the 
method of Lowry et al., (1951). The enzyme activity was expressed as mM pyruvate /mg 
protein/30 min.Sharma and Garg (1985) reported increased AspAT activity in leaves. 
They observed increased AspAT activity only during grain filling stage. It has been 
suggested that the increase in AspAT and AlaAT activities under saline condition may be 
due to the de novo synthesis of enzyme protein, which may be true even  in the  present 
investigation. 
 When etiolated leaves are exposed to light, an increase in the activities of 
aminotransferases has been observed. According to study, AlaAT might be of some 
significance in the regulation of changeover from vegetative to reproductive condition. 
Hence variation in nitrogen metabolism may be received. Jha and Singh (1997), while 
studying physiological reponses of rice varieties to different levels of moisture stress, 
reported 60 to 70 % decrease in protein as well as in total free amino acids under 10 atm 
level of moisture stress. Jesudaset al., (1992) reported significant increase in soluble 
proteins in different parts of control plants of ragi variety under drought stress condition 
 

 
 

Fig. 5: Shows that comparatively there is more amount of ASpaT in both 
Eleusinecoracana(nagali), Echinochloasps (vari)  than in Oryzasativa(rice)  and also than 

enzyme AlaAT . While in Oryzasativa(rice)   variety Jaya shows about similar level of both 
the enzymes  i.e. 40% ALaAT and 39% ASpaT and also comparatively more amount of 

AlaAT than AspAT. 
 
Conclusion 
 Chlorophyll content inEchinochloa (Vari) is more than in Rice and about 25% 
chlorophyll content is seen in Eleusinecoracana(Nagali) compare to Vari. Echinochloa 
(Vari) shows higher degree of absorption than the other two crops and also more 
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absorption at 420nm filter. Due to such higher quality of absorption, vari must be 
showing higher chlorophyll content. Protein content in rice is more than in Echinochloa 
(nagali) (20%) but less than Echinochloa (Vari).NR activity in Oryzasativa (rice) and 
Echinochloasps (vari) is almost similar and higher than Eleusinecoracana (nagali), 
Eleusinecoracana shows about 50% depletion than the Oryzasativa (rice ) and 
Echinochloa (vari). Comparatively there is more amount of ASpaT in bothEleusinecoracana 
(nagali), Echinochloasps (vari)  than in Oryzasativa (rice)  and also than enzyme ALaaT . 
While in Oryzasativa (rice)   variety Jaya shows about similar level of both the enzymes 
i.e. 40% AlaAT and 39% AspAT and also comparatively more amount of AlaAT than 
AspAT. 
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Abstract 
 
The productivity of plant is greatly affected by various environmental stresses. Soil salinity 
is a major abiotic constraint affecting crop yield, much research has been conducted to 
developed plants with improved salinity stress impacts many aspects of a plants 
physiology, making it difficult to study, instead it is more tractable to dissect the plants 
response into traits that are hypothesized to be involved in the overall tolerance of the 
plant to salinity. In this present work the crop plant Celosia argentea L. leaf extract have 
been taken into consideration for estimation of proline as the indicator for salt stress. 
Plants from different locality were collected for the study and proline was used as the 
indicator for salt stress. Plants from different locality were collected for the study and 
proline was estimated by spectrophotometer. The difference in the two leaf extract 
concentration was significant. The plant from normal soil condition show optical density of 
0.182nm and the plant collected from sea shore show 0.346nm. There is considerable 
difference in the reading at 520nm. This shows the presence of salinity stress in the plant 
from sea shore. Proline indicates salinity stress. 

 
Key words: Abiotic stress, Salinity stress, Proline, Celosia argentea L., Crop Plant 
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Introduction  
 

lant stress refers to any unfavorable conditions that affect the plant metabolism, 
reproduction, root development or growth (Hartmut K. Lichtenthaler 1996). When 
under salt stress, plants maintain a high concentration of K+ and a low concentration 

of Na+ in the cytosol (Jian-Kang Zhu 2003). Salt stress, like many other abiotic stresses 
inhibits plants growth(Jian-Kang Zhu 2001). High concentration of salt cause ion imbalance 
and hyperosmotic stress in plant (JK Zhu 2003).When exposed to stressful conditions, 
plants accumulate an array of metabolites, particularly amino acids (Shamsul Hayat 2002). 
Proline, an amino acid plays a highly beneficial role in plants exposed to various stresses 
condition (Shamsul Hayat 2002). A large body of data suggests a positive correlation 
between proline accumulation and plant stress (Shamsul Hayat 2002). Proline 
accumulation has been reported during conditions of drought, high salinity, heavy metals, 
and oxidative stress (L Szabados et al.2010). Proline degradation can provide, carbon, 
nitrogen and energy source after stress. The celosia argentea plant is an edible in rural 
areas (G Szekely 2004).Plants constitute a major part of our nature and fulfill the human 
and animal need. 

Soil salinity restricts plant growth in deserts and also in many temperate regions of 
the world (Greenway and Munns, 1980). 
Salinity is the basic environment factor accounting for decreased crop productivity in many 
geographical areas, mainly in arid and semiarid region (Greenway and Munns, 1980). 
Problems of salinity arise when the concentration of chloride, sodium carbonate, sulphate, 
salts of sodium or magnesium are present in excess. Champman (1966, 1974) has 
suggested 0.5% of the salts in the soil solution as the limit where halophytic condition 
start.  
 
Materials and Methods  

Celosia argentea L. was collected from two different Ecological areas. One from 
the sea shore of Ladghar Tal Dapoli and another is the Botanical Garden at Dapoli Urban 
Bank Senior Science College Tal Dapoli.  
 
Details of the Garden Plant: 

On Aug. 2019 the plant Celosia argentea L. was collected from garden area.  
 
Details of the Sea Shore Plant: 

On Aug. 2019 the plant Celosia argentea L. was collected from Ladghar beach. 
Plant was located 45m away from the tidal area. 
 
Determination of Proline 

Proline was measured as described by Bates et al. (1973).  
 

1)  Extract 0.5gm of plant material by homogenizing in 10ml of 3% sulphosalicylic acid. 
2) 50µl plant extract was reacted with 2ml glacial acetic acid and 2 ml acid ninhydrin 
(1.25g Ninhydrin warmed in 30ml glacial acetic acid and 20ml 6 M Phosphoric acid until 
dissolved) for 1 hour at 100 °C and the reaction was then terminated in an ice bath. 

P 
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3)  The reaction mixture was extracted with 4 ml Toluene. 
4) The chromophore containing toluene was warmed to room temperature and its optical 
density was measured at 520 nm. 
5) The amount of proline was determined from a standard curve in the range of 20-100 
µg. 
 
Result 
 

0
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1

0 5 10

Standard 

Proline

Normal and 
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Discussion 

Salinity is one of the major limitations on crop productivity and quality in the 
world, Katerji et al.(1998) and Hoorn et al. (2002) has shown that the negative effects of 
salinity are reducing the growth rate, biomass reduction, shorter stature, smaller leaves, 
osmotic effects, nutritional deficiency as well as mineral disorders. Many plants accumulate 
proline as a nontoxic and protective osmolyte under saline conditions (Jain et al., 2001; 
Pujol et al., 2001; Parida et al.2002) .In this study the concentration of proline increased 
significantly. Wang et al. (2004) reported that proline accumulation in plants may be a 
symptom of stress in less salinity tolerance species. 
 
Conclusion 

When a plant is selected and tested in two ecological differences, it appears that 
the ratio between normal plant and stress plant which is a stress plant is higher than that 
of proline. The proline content increase in stress plant as compare to normal plant. 
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Abstract 
Cultivation of embryos can also represent the propagation of natural cultured organisms 
accustomed to the development of embryos from seeds and eggs through a nutrient 
medium. It interrupts seed dormancy, monitors their energy and produces rare species 

and haploid plants. It is a good technique used to shorten the reproductive cycle of plants 
by cultivating the remote embryos, and serves to reduce the long dormancy of seeds. 
Inbreeding hybrids of the economically important Jatrofa power plant are being 
successfully produced for the exact purpose of mass reproduction.The basic principle of 
this technique is surgical treatment of the embryos is aseptic and therefore the shifting of 
embryos to suitable growth media for development under optimal culture conditions. 
Embryos mature in a sterile environment of eggs, seeds, capsules or fruits; Therefore, no 
need to clean top of these parts.As with most processes, the genotype of the plant has a 
lot to do with success. Embryos of some species are easier to culture than others, and 
variations are common among closely related species. It has been recognized that small 
embryos are difficult to grow in vitro. Specialized techniques increase success rate. The 
use of the “nanny” reproductive structure involves the introduction of a hybrid embryo into 
a separate endosperm of a developing self-pollinated egg of one of the parental species or 
of a third species. to the surface of the substance. Embryo culture experiments have also 
clearly shown that physiological variation in the middle of variant genus is due to genetic 
differences.The process of raising embryos made it feasible to research very well in 
pericarp of seeds.Embryo culture is a tool for studying the effects of certain substances on 

the morphology of the embryo. 
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Introduction 
 

issue culture includes sterile in-vitro techniques of cells, conglomeration, organs, or 
whole plants undergoing governancestate of biological processes, sometimes 
associated with incubation to ensure the vegetative asexuality of the strains. The 

resulting lines are specific for the selected genotype. Controlled conditions create an 
environment for plants. grow and reproduce. These conditions include sufficient nutrients, 
moderate pH, correct temperatures, and the right environment for gases and liquids.The 
raising of saplings parts is usually required for large-scale plant propagation. 
Amalgamation to being used as a research tool, in recent years, the technique of growing 
parts of plants has acquired industrial importance in the discipline of plant procreation, 
disease control, and the creation of plant varieties associated with growing in nurseries. 
Small pieces of textile require for producing large batches and thousands of plants in an 
extremely continuous process. From a solitary keratinocyte, 1000’s of plants is often 
enlarged in a moderatelyless measured hour and grown belowgoverned climatic areas 
regardless the weather and annual climate. Endangered, vulnerable and rare species are 
grown, and their conservation is achieved through micropropagation because of its high 
capacity for continuous reproduction and less initial need for a great integer of saplings 
and spaces. In addition, the growing of natural objects is taken usually economical 
technology for improving crops by creating varieties of organisms and gametes of the 
body.Culturing of plant tissues techniques has great prospective to generate crops of 
extreme standard, useful non-infectious options in high-yielding genotypes that are fully 
resistant to disease and stress. Somatic clonal variation, resulting in improved forms of 
industrial value.Cultivation of embryos can also represent the propagation of natural 
cultured organisms accustomed to the development of embryos from seeds and eggs 
through a nutrient medium. It interrupts seed dormancy, monitors their energy and 
produces rare species and haploid plants. It is a good technique used to shorten the 
reproductive cycle of plants by cultivating the remote embryos, and serves to reduce the 
long dormancy of seeds. Inbreeding hybrids of the economically important Jatrofa power 
plant are being successfully produced for the exact purpose of mass reproduction. Body 
embryogenesis and plant regeneration are performed on the Jucara palm embryo material 
for rapid biological research and elite improvement. In addition, species preservation can 
be gain through aggressive embryo culture techniques. Recently, a general procedure has 
been created for in-vitro breeding of grandifoliols from pink dicotyledonous plants by 
separating embryos from mature seeds. Wood is used in large quantities for wood 
production and medicine. This method has important applications in biology, as it provides 
several ways to breed elite individuals in hard-to-select areas and grow natural 
populations. [8] 
 
History 

Embryo culture, commonly called as seed conservation, is an in-vitro technology 
that required for over a century to preserve a hybrid fertilization product when it is at risk 
of degradation.  A major success was achieved in 1904 by Hannig, who obtained viable 
plants from the mature embryos of two species of the dilleniides family, which had been 
sterilely isolated and grown in mineral salts with added sugars.In 1924, Marlene Dietrich 

T 
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was able to find out, with the help of adult and immature embryos of various plants, 
whether they can germinate without stopping partial dormancy. He reports that mature 
embryos develop immediately, avoiding hibernation.   Immature embryos germinate early 
without any embryonic development.Initially, the cultivation of embryos of cells isolated by 
Laybach for crossing was carried out in 1925. He discoveredthat the seeds of species-
specific hybrids Linum perenne L. x Linum austriacum L. can’t hold on; however, if the 
embryos were removed early in seed development and cultured in vitro, the abortion 
phenomenon would be overcome. An Overbeck later discovered in 1941 that small hybrid 
embryos of the genus Datura can grow large in a medium containing coconut milk. This 
discovery in the endguide to conception the significance of reduced nitrogen as an amino 
acid for embryo culture. Since the 1940s, embryo culture has become increasingly 
accustomed to recognizing the physical and nutritional needs of embryonic development, 
ignoring seed dormancy and delaying short reproductive cycles, checking seed viability, 
providing material for culturing of plant tissues and keeping pre-maturemix-breed seeds 
from irreconcilable hybrids. [5] 
 
Types of Embryo Culture 

Seed culturing is aseptic isolation that combines the upgradation of an immature 
or mature seed in-vitro with the goal of producing a viable plant. Typically, the term 
"embryo culture" known as culture of sexually generated embryos. There are 2 types of 
seed culturing: 

 
1) Mature embryo culture 

Mature embryos were isolated from mature seeds and grow in-vitro. Cultivation of 
mature embryos is carried out when the seed is in a very latent state for a long time, the 
embryo has a low viability in series to decrease reticence of seed germination or in some 
cases become sterile. Abeyance of seed is also associated with synthetic reticence or 
boldly reticence created with shape surrounding the embryo. As a result, they will be 
extending in a straightforward inanimateform with the addition of avitality origin to 
develop viable seedlings. This can be achieved because the mature embryo of the 
developing seed is the flora in nature.[1] 

 
2) Immature embryo culture (also called embryo rescue) 

Embryo culture involves growing pre-mature seeds to avoid losing them by 
immature or non-germinating hybrid seeds. This proceeds towardsthe usefulness to avoid 
dropping the seed and get a good sapling. Crossbreeding involves crossing two completely 
variable saplinggenus of the common/variablegenus, which often ends in failure. this will 
often be largely due to genetic barriers that traditionally impede the upgradation of 
zygotes and seeds. As a consequence, the hybrid albumin cannot develop and ends up in 
the aborted hybrid embryo.A poison that kills the fetus. Under normal conditions, the 
primary reproductive structures develop and provide alimentary help for the embryonic 
event. Consequently, most embryonic abortions are because of the failed upgradation of 
endosperm. Abortion is often prevented by cultured hybrid embryos without pressurization 
prior to abortion. The main important application of embryo rescue is the aggregation of 
wild plants and interspecific hybrids. [1] 
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3) Embryo-endosperm transplant 

Stages of implantation of reproductive structures for culturing immature embryos: 
Hybrid oocyte embryos at intervals in which endosperm cannot develop are removed by 
ablation. The other ovum normally develops along with the endosperm containing the 
selected embryo. This egg cell is complex, so the traditional embryo is expelled. The 
standard endosperm with the stoma remains. Hybrid embryos can now be inserted into the 
traditional endosperm through the stoma. This results in embryonic endosperm 
implantation, which can be difficult in a suitable environment. victims of transplantation of 
the endosperm of the embryo form several species between species and different species, 
such as legume hybrids. [1] 

 

 
 
Principles 

The basic principle of this technique is surgical treatment of the embryos is aseptic 
and therefore the shifting of embryos to suitable growth media for development under 
optimal culture conditions. Embryos mature in a sterile environment of eggs, seeds, 
capsules or fruits; therefore, no need to clean top of these parts. Consequently, all seeds 
or fruits containing the ovule are sterilized on the top, and thus the seed is then aseptically 
separated from the surrounding tissue. The top of hard-shell seeds is often disinfected, so 
they are soaked in sterile water for several days, so the embryos are often simply cut open 
to free the embryo.Although outside of embryos is disinfected before soaking, they must 
be disinfected a second time before removing the embryo. Seed division and implantation 
of seed directly into the nutrient medium are the only methods that can be performed with 
seeds. In relatively smaller inflexible embryos, they should be carefully detaching the 

oocyte intact. The best way to achieve this is through performing arts, working under a 
specially designed endoscope. In some instance of orchid seeds, whole seeds or ovules 
become civilized because the seeds contain morphologically uniform round embryos with 
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no useful reserve tissues such as reproductive structures. Plant organelles are reduced to 
membrane structures. Even if entire kernel contains undifferentiated embryos that are 
cultured, called culturing of seeds. The bark of each orchid contains between thousands 
and thousands of tiny seeds, so many specimens will only mature when the sterilized pods 
are removed from the surface. It is also necessary that the semi-containing loose particles 
do not dry out during the above operation. The usually essential feature of culturing the 
embryo work is important choice of the environment needed to care for the continued 
development of the seed.[2] 

 
 

This method also simultaneously cultivates embryos in solid and liquid media. The 
composition of the two media is different. Monnier also stresses the importance of 
obtaining healthy embryos by suspending them for uninfected cultures. Suspension is 
important for immature embryos. however, the workpieces selected by hand at a later 

stage do not need an attached hanger. In culture, the embryos are not called for callus 
formation, but they are allowed to germinate. After embryos have developed into seedlings 
in vitro, they are usually transferred to sterile or vermiculite soil and matured to maturity in 
a greenhouse. [2] 
 
Protocol for Embryo Culture 

The following embryo culture procedures depend on the procedure used for 
Capsella bursapastoris. With modifications, this basic procedure should be applied to 
normal embryo culture. 

 
1. Capsules at the desired growth stages were sterilized on the surface for 5-10 min in 

0.1% HgCl2 in a small enclosed space previously illuminated by an active radiation 
lamp or in an excess air flow. 
 

2. Rinse several times with sterile water. 
 
3. The following operations are performed under a specially designed cutting magnifier 

with approximately 90X magnification. The capsules are intact on a slide containing a 
few drops of liquid medium. 
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4. Exterior barrier of the cyst is removed through a thoracic incision in the placenta; The 
two halves are removed with a grater to indicate the egg. [2] 
 

 
 

 
5. A little silt in egg followed by light coercionaccompanied a dull pointer is sufficient to 

push the embryo out. 
 

6. The removed embryos were transferred with a micropipette or spatula into a normal 
10 cm Petri dish containing 25 thousand standard coagulation mediums. Usually, sixty-
eight embryos are predetermined in Petridis. 
 

7. Cover the Petri dish with tape to prevent the seed from drying out. 
 

8. The cultures were kept in a culture chamber at 25 ± 1 ° C for 16 hours. cool white 
fluorescent lamps. 

 
9. Cultivation in modern media takes about four weeks.  [2] 
 

In case of soaking fresh or dried seeds in water, the schedule changes slightly, 
embryos are peeled with Teepol 5% (liquid detergent) for 10 minutes and soaked in 70% 
ethanol for 60 minutes, then the surface The surface is sterilized at 0.1% HgCl2. Rinse 
with sterile water, then degrease the seeds with a keen cutter, and thus the embryos are 
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transferred to a solid nutrient medium. In occurrence of orchid seeds, following the 
planned treatment order, the fruit is removed and thus the dirt is gently rolled out on the 
stand. [2] 
 
Techniques 

In most cases, embryos are placed in a sterile egg atmosphere and surface 
sterilization of the embryos is not required. Instead, the top of entire egg or ovary is 
disinfected, leaving the embryo sterile in association to surrounding tissues. Well, 
protected by the surrounding fabric, stringent procedures are often followed to clean the 
surface. Therefore, the techniques of culturing embryonic nerve fibers is often simplified. 
like grass (Festuca spp.), corn kernels (Zea mays L.) and dogwood (Cornus spp. L.). 
Removing the embryo will cause many problems. Massive embryo removal is not difficult. 
However, small embryos require the microanalysis instruments and dissecting microscopes 
to be free and not damaged.The seed is definitely broken once generative construction is 
cut; It is supreme that the cut embryo does not dry out during cultivation. The mode of 
embryogenesis varies from species to species. However, an incision can usually be made 
inside the head of gametophyte hole and pressure is appeal to opposite end to push the 
embryo through the hole. If the reproductive structure is loosely surrounding the embryo, 
the pressure it creates will damage delicate tissue if left unchecked. after the central stage 
is formed and the young embryo, it is essential to keep up state of the insect's suspended 
state. [5] 
 
Composition of the Medium 
 

i) Inorganic elements of MS, B5 or White medium are sufficient. 
 

ii) Sucrose is the most commonly used energy source. 
 

iii) Nitrates are your favourite source Nitrogen. 
 

iv) Sometimes hydrolysed casein is used, which is rich in various amino acids. 
 

v) Naturally, natural plant extracts with embryonic release will facilitate the 
cultivation of embryos, as, for example, in the book Caring for the Liquid 
Reproductive Structure of Coconut Milk. It is believed that the embryonic factor 
provides a variety of amino acids, sugars, growth regulators, etc. [3] 

 

vi) In general, growth regulators are not needed because they induce callus 
formation. 
 

vii) The embryo develops well in the pH range of 57.5. 
 

viii) Feeding bundle. Incubation temperatures of 24 to 26 ° C are good. 
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ix) Subsequent embryonic development was determined in the dark, then transferred 
to sunlight for germination. 
 
Under cultivation conditions, embryos develop into seedlings, which then shift to 

infecundearth’s dust for full development to maturity.[3] 
 
Nutritional Needs for Embryo Cultures 
 
1) If the seed is heterotrophic: nutrients depend mainly on reproductive structures &on the 
distaff sideconglomeration. 
 
2) Autotrophic embryo: the embryo has the metabolic ability to synthesize the substances 
necessary for its development, slowly making it liberated the supply of nutrients at this 
stage often fluctuates, mainly plant species. The constitution of culture medium for an un-
developedseed is much more developed than that of an adult embryo, which enlarge in 
simple inorganic media. Moreover, the shifting of seeds from one environment to some 
other place is often necessary to gain complete embryonic development. [1] 
 
Requirements for Success 

The development of the embryonic palm depends on several factors. As with most 
processes, the genotype of the plant has a lot to do with success. Embryos of some 
species are easier to culture than others, and variations are common among closely related 
species. It has been recognized that small embryos are difficult to grow in vitro. 
Specialized Techniques Increase Success. The use of the “nanny” reproductive structure 
involves the introduction of a hybrid embryo into a separate endosperm of a developing 
self-pollinated egg of one of the parental species or of a third species. to the surface of the 
substance. Modified versions of germ albumin, such as implantation or embryo transfer, 
are adapted to different species. save embryos from abuse, the success rate is 30 to 40% 
which also was achieved with a cross-tenth success rate, while embryonic structural graft 
was not achieved. Small or immature embryos that are aborted early in development are 
often difficult to isolate. The organic needs of juvenileseedsdifferentiatemuch& there is 
also a high likelihood of injury to the embryo. In such a situation, the loss of the workpiece 
can be avoided. Ovulate or plant eggs. The ovaries were removed during fertilization and 
petal, corolla, and stamens were thus removed.Exterior region of embryo sterilized and 
cleaned using the cutting culmination of stalk, placed in a nutrient medium. If all goes 
well, the ovary may develop into a fruit with fully developed seeds. For the raising of eggs, 
the sterilized ovary is opened, the animal is detached and transferred to the peak of 
substance. The cause for reintroduction of a cross-breed palm from an ovarian or egg 
culture rather than from an embryo culture may be connected to organic processes and 
physical factors and thus to caring for the embryos by maternal tissues or sporangia. 
Lightweight & inversion, 2 environmental factors that are of great interest for embryo 
culture. [5] 

Embryos usually develop best when they are not destroyed in the dark in the 
course of solitary 12 weeks of culture, after which they are exposed to light weights to 
allow chlorophyll to form. over a wider temperature range than intact seeds. The optimum 
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temperature depends on the plant species, but a high temperature of 250C to 30°C is 
usually used. Some embryos of species such as Lilium require lower temperatures, i.e., 
17°C, etc. To wake up from hibernation requires 40 C cold treatment. When cultivating 
embryos, the growing conditions of producegreenery are taken into account. Reproductive 
structures and seed leaves can be further developed if the mother plant is grown under 
well controlled conditions, thereby promoting embryonic development. [5] 
 
Culture Technique for Embryo Rescue 

Isolation of immature embryos is often difficult. Embryos isolated under aseptic 
conditions are usually cultured in suboptimal media. Typically, a flower environment is 
required for crops involved in the preservation of the embryo at regular intervals. 
immature embryos, people use the method of implantation of the reproductive structures 
of the embryo. [1] 
 
Applications of Embryo Culture 
The points highlight the top 6 applications of embryo culture which are as follows: - 

 

1) Rescuing Embryos from Incompatible Crosses  
Consequently, in the middle or middle course, traditional fertilization is possible, 

however, the abortion of seeds ends in the emergence of non-viable seeds. In nearly each 
casestudied, poor or abnormal upgradation of generative structures led to starvation of the 
seed&, ultimately, spontaneous abortion. in these cases, hybrid embryos are also shed 
prior to abortion and may appear at regular intervals in the pericarp cells of any parent or 
endosperm victim of any secondary species, three of which are relevant. close relatives. 
This method is called the seed and pericarp technique.Hybrid embryos are analyzed at an 
immature stage, that is, before abortion, and their in-vitro cultivation overcomes strong 
postzygotic barriers. Breeding spare cross-breed by preserving embryos from irreconcilable 
hybridization, the main typical application of embryo culture. With the development of 
embryo culture methods, many species-specific and interspecific hybrids have been grown. 
[4] 

 

2) Overcoming Dormancy and Shortening Breeding Cycle  
Prolonged dormancy of seeds will delay the reproduction of plants and crops. The 

requirement of embryo cultivation methods makes it possible to control the sleeping phase 
of seeds. Abeyance of embryo usually due to some kind of metabolic inhibitor produced 
between the seeds, or because of complex sperm. In these cases, the upgradation of a 

mature embryo is the easiest, since it exceeds the latency phase of embryo. however, 
once the reason of abeyance of embryoremains unknown, immature embryos are carefully 
excised and carried out to prevent seed dormancy. [4] 

 

3) Overcoming Seed Sterility 
In early maturing varieties, the seeds do not germinate due to the immaturity of 

the embryos. The method of cultivation of microbial embryos allows you to get seedlings 
from sterile seeds of early ripe fruits. [4] 
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4) Embryo Callus has Organogenic Potential  
Embryonic callus is rumoured to be extremely regenerative compared to callus 

derived from mature organs such as leaves, stems, and roots. The age of the embryo 
affects the ability to regenerate connective tissue. Of course, there is no difference 
between calli obtained from mature embryos, however immature cell embryos can 
certainly be useful for callus assembly and can also be used as a good explant for initiating 
vegetative regeneration through organogenesis. To create calli with morphological 
potential, excised embryos were placed on agar membrane upside down in the presence of 
only 2,4D or together with cytokinin.[4] 

 

5) Production of Monoploids and Diploids 
Embryonic culture technologies are used to grow haploid barley wherever 

fertilization occurs between barley and H. bulbosum; however, during the resulting 
development, one set of chromosomes is lost. removed, resulting in haploid angiogenesis 
in the vasculature, which can be retained by the embryo. culture. When a tetraploid and a 
diploid species cross to produce a seed polyploid (as in the case of citrus fruits), it is 
important to culture the embryos while keeping them immature. [4] 
 
 

6) Biotechnological Application  
The claretlaminate of a dry embryo sometimes has large pores. Mature embryos 

under ablation conditions will be immersed in an extremely high-resolution medium 
containing a deoxyribonucleic acid vector with the necessary cloning current, will penetrate 
within dungeon and will be reproduced in the developing cell. Another method is a biolistic 
approach, that is, with the help of a seed gun, a copy of hereditary is usually pushed into 
tissue can simply be transformed, and the cloned plant is often cloned. [4] 
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Importance of Embryo Culture 
 
1) Embryo culture experiments also facilitate classification of those intricate in abeyance 

of seed after mature counterpart has also completed some degree of embryo 
upgradation. 
 

2) Embryo culture experiments have also clearly shown that physiological variation in the 
middle of variant genus is due to genetic differences. 

 
3) The process of raising embryos made it feasible to research very well in pericarp of 

seeds. 
 

4) It has delineated that cross can be tolerated between different diploid plants of 
common species. As an exemplar, Iris and Zea. 

 
5) In certain instances, hybrids are obtained between specific genus, exemplar 

Gossypium, genus Datura, Lycopersicon. 
 

6) Many crosses have been made between lines, for example Hordeum and Secale, 
between Datura and Brugmansia, between Liliopsis and Elymus, etc. 

 
7) The developing embryos shorten the breeding cycle and give 2 generations a year. 

 
8) Embryo culture is a tool for studying the effects of certain substances on the 

morphology of the embryo.[7] 
 

Conclusion 
As demand for legumes increases, availability and yield increase. To meet 

demand, it is essential to grow crops and increase production. Structural farming has 
benefited advanced breeders / farmers as they get almost all their harvest in a minimal 
area. An analysis of the increase in the hereditaryburden of legumes for the species of 
dicotyledon was conveyed. Overall, it was concluded that embryo rescue technology is 
extremely good and should be used as a complementary measure to reproduce clearly 
interspecific hybrids. this can take part as essential in economies of countries like India, 
where the majority of the population is career in farming.The simplest desire is to provide 
farmers with quality seeds earlier than, whenfeasible in sufficient quantities at an 
affordable price. The requirement of this technology not only ensures the manufacture of 
quality seeds of mixed varieties, but also provides timely profits to farmers throughout the 
year. It has an essential part in maintaining food affluenceand nutrition. [6] 
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Abstract 
 

Organic Farming is nowadays gaining wide impetus due to the minimum adverse effect on 
the soil health and the ecosystem. However, it has reversibly impacted the seed quality 

and the development of seed borne diseases. Several Seed treatment methods are 
available which can reduce the losses due to the various biotic factors affecting seed 
quality and vigour. This will not only increase the yield per se but also improve the health 
of human beings. 
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Introduction 
 

he universal need for a sustainable agriculture stimulates the researchers as well as 
producers to go for an alternative production method “The Organic Farming”. The 
important aspects of organic crop production are abandoning the chemical crop 

protectants, use of organic manures instead of chemical fertilizers and certification of the 
organic production system. The latter is important for consumers in justification for paying 
higher prices for organic products. Many states in India have laid down the regulations for 
organic production methods spelling the measures that are allowed for production and 
certification of the produce. A prerequisite for organic farming is that seeds or other 
propagation materials should also be produced under organic farming situations. 
Organically produced planting material is quite easy in the case of vegetables like potato 
and tomato but it is very difficult to produce organic seeds of same standard as in 
conventional farming in other vegetables especially biennial types like Cole crops, carrot, 
radish, onions etc. and arable crops or ornamentals.  The vegetable crops needing two 
seasons for seed production are more prone to the risk of contamination of pathogens as 
compared to short duration crops. In many vegetable crops, germination of organic seeds 
is lower than the conventional seeds due to high fungal contamination in former. In case 
of cereals, often low emergence was recorded in organic seeds of wheat because of higher 
Fusarium infection (Steven et al., 2004) and other seed-borne diseases (Borgen, 2004).  

The organic seed production is often more expensive than conventional seed 
production varying from a few percent to three fold due to losses during seed production 
or insufficient quality of some seeds (van der Zeijden, 2003). Strategic research is essential 
to tackle the problems associated with organic seed production and seed treatment 
measures. The first fundamental problem organic farmers frequently face during seed 
production is risk of contamination with weed seeds and seed-borne pathogens as use of 
chemical pesticides is avoided and secondly sowing of seeds in soils with organic manures 
that has slower mineralization rate at low temperature resulting in slower growth of root 
system of the newly borne seedlings and as such stronger competition from weeds may 
require a high seed vigour and seedlings with a faster developing root system. Increased 
risk of seed contamination with seed-borne pathogens might theoretically also increase the 
risk of crop contamination with mycotoxin producing fungi.  These challenges need to find 
out solutions by developing adequate methods for detection of pathogens during seed 
production and determination of critical control points for monitoring activities and 
treatment of the seed crop. The techniques of seed sanitation and treatment need to be 
developed as alternatives for the present use of fungicides. The treatments need not only 
be effective in elimination of pathogens but should also maintain the viability of the seeds. 
Novel seed sorting techniques may also be developed to sort out diseased seed from 
contaminated lots or discarding less vigorous seeds. Collaborative efforts of seed 
industries, research workers, organic farmers and policy makers may combat such 
problems. Some examples of researches on maintaining the health and vigour of organic 
seeds are presented here. 
 
 
 

T 
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A. Seed Treatment 
Seeds have been contributing a paramount part in survival, transmission, 

dissemination and migration of pathogens world-wide in crop plants. Seed-borne diseases 
cause a serious loss in production and some times cause a total failure of the crops 
(Borgen, 2004). Seed treatment practices in the conventional farming system involve 
extensive use of synthetic crop protectants such as fungicides, insecticides and antibiotics 
in different forms and formulations to eliminate seed-borne pathogens and to protect 
emerging seedlings from soil– and air-borne pathogens and insects. For organic 
agriculture, many of modified methods should be practiced to overcome the numerated 
problems. 

 
1. Hot Water Treatment  

As a result of omission of chemicals n organic farming system the crops are more 
prone to occurrence of diseases until the producers avail resistant varieties. In practice, as 
long crops are exposed in the field condition, as much risk of occurrence of diseases and 
insect-pest and contamination of seed is there. There should be a threshold describing the 
link between measured seed contamination level of the pathogen and the potential disease 
risk in practice. In vegetable crops many diseases are identified to be caused by seed-
borne pathogens. For example, Alternaria leaf spot in carrot and radish (Alternaria dauci 
and A. radicina), black rot of Cole crops (Xanthomonas compestris), Fusarium wilt of 
legumes and Cucurbits (Fusarium oxysporum). In field experiments of carrot (Daucus 
carota L.), Groot et al. (2004) used basic seeds of six different cultivars with various levels 
of A. radicina to raise crop in organic conditions. Disease transmission was studied in all 
stages of seed production chain, from seed to seed. The disease transmission thorough 
highly contaminated basic seeds could be noticed by blotter or malt agar method (ISTA, 
2003) in the form of poor emergence and occurrence of symptoms in seedling stage and 
leaf stems but slight seed infection resulted in non-violent latent infection in crown part of 
roots which become visible as a black rot either at high temperature (>200 C) i.e. during 
maturation or cool storage as identified through ARSA method (Prior et al., 1994). Such 
latent infections result in infected flowers and diseased seeds and form a source inoculum 
for secondary infection of seeds developing from healthy plants. 
The organic seed production crop requires a high degree of sanitation i.e. disease freedom 
of basic seed, rouging in any stage of plant development and a stringent isolation of 
production fields from other Umbelliferae. Hot water treatment of basic seeds of the same 
varieties exhibited a high level of disease free flowering plants (only 0-5% infected plants) 
as compared to non-treated seeds (25-55% infected plants). 
 
2. Seed Treatment with Natural Compounds  

In organic production system, merely physical treatment of seeds e.g. hot water 
involves the risk of seed damage. A combination therapy, involving mild hot water 
treatment followed by treatment with compounds with natural origin viz., thyme oil, 
ascorbic acid, Neem oil, etc. proves to be more effective in view of low risk of seed 
damage and efficient elimination of pathogens. Within this concept, different essential oils 
and organic acids have been tested by Groot et al. (2004) in context of activity against 
important seed transmittable plant pathogenic bacteria and fungi in vitro conditions. Out of 
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30 essential oils, they found highest inhibiting activity of thyme oil against Xanthomonas 
compestris pv. compestris and Clavibacter michiganensis subsp. michiganensis. Thyme oil 
also showed an inhibiting activity against Botrytis aclada and Alternaria dauci. Application 
of chelator and natural detergent resulted in strong synergistic effects of this oil in 
eliminating the pathogens. Treatment of cabbage seed for 0.5 h with 0.25% thyme oil 
resulted in a drastic decrease of seed associated bacteria (>99%) and saprophytic fungi. 
However, a negative effect on germination was found with oil concentration exceeding 
0.25% when applied for at least 4 h. 

Ascorbic acid in a concentration of 2.5% also resulted in a decrease of seed 
associated bacteria without affecting seed germination. 
Seed dressing with vinegar has been proven to be effective against common bunt (Tilletia 
tritici) and leaf stripe (Pyrenophora graminea) in wheat (Borgen and Nelsen, 2001). 
Use of natural oils, organic acids or compounds should be in accordance of national and 
international regulations for crop protectants, even if they are already used in food 
products. The products not registered for use as crop protectants need submission of new 
dossiers often requiring costly toxicological studies that are not feasible for small market of 
organic seed treatment.  
 
3. Seed Treatment with Mustard flour 

In Germany, seed dressing with mustard flour called ‘Tillecur’ was found  very 
effective against common bunt (Tilletia tritici) in wheat (Borgen and Kristensen, 2001) 
although in Denmark, use of mustard flour as seed dressing is not permitted as it is not 
listed in Annex II b in the EU Regulation on organic farming. 

 
4. Seed Treatment with Bioagents 

Biological treatment of seeds and seedlings with bacteria or fungi are a potential 
mean of controlling seed- and soil-borne diseases. Different products of bioagents like 
Trichoderma viride, Pseudomonas chlororaphis (Cedomon) etc can be used in organic 
farming. Although, EU Regulation on Organic Farming looks use of bioagents parallel to 
problems related to pesticides. The use of bioagents is pesticide-free control measure that 
promotes beneficial life-forms rather than actively kills pathogens. Nevertheless, this 
method of control of pathogens in organic agriculture implies a dilemma as it involves use 
of a single or very limited number of micro-organism which may disturb the existing 
balance in the soil flora and the use of non-indigenous species not already present in the 
local soil is certainly questionable in organic agriculture. It is just analogous to the 
problems raised against use of single chemical compound isolated from plants although 
plant juices can be used in plant protection in organic agriculture (Borgen and Davanlou, 
2000). 

Milk powder is also found effective for partial control of common bunt (Tilletia 
tritici) but full control can only be reached at doses where germination and vigour of seeds 
are reduced (Borgen and Kristensen, 2001). However, milk powder in combination with 
bio-control agents exhibit synergistic effect (Borgen and Davanlou, 2000).   
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B. Seed Priming 
The release of nutrients in organic soils depends on the microbial activity which 

leads to decomposition of organic matter. The latter is temperature dependent. Nutrients 
form inorganic fertilizers are more readily available as compared to organic manures used 
in organic farming system because of low microbial activity at low temperature during 
winter season. In winter season vegetable crops, vigorous seedlings with fast growing root 
system are more competent in drawing minerals and improve establishment of the crop 
escaping the weed competition for nutrients and light. Manual and mechanical weed 
removal is more cost-intensive in organic farming as compared to application of weedicides 
in conventional farming system. Therefore, healthy and vigorous seedlings are desirable 
for organic farming of vegetable crops. Seed priming is found to be resulting in more 
healthy and vigorous seedlings in onion and carrot in organic soils as compared to non-
primed seeds (Groot et al., 2004). Although, workers here mentioned did not found 
significant difference in ultimate yield of the crops from primed and non-primed seeds 
however, seed priming is assumed to result in higher yield particularly in circumstances 
favouring disease and insect infestation in the crop. 

  
C. New Seed Sorting Technologies to Improve the Health and Quality of Seed  
Lots 

For organic farmers, seed lot with a high vigour is more important than for 
conventional farmers. Commercial seed lots are composites of seeds harvested over 
different periods of time and differing in quality. A major cause of the heterogeneity is the 
variation in maturity, resulting in a seed lot with an overall lower seed quality. During 
maturation, seeds reach optimal physiological quality. Seeds, which are not completely 
mature have slow germination, produce less normal seedlings, can have higher 
contamination levels with pathogens, and can be more sensitive to diseases. In this 
respect seed maturity has a large influence on seed vigour. After filling of the seeds has 
completed, colour changes from green to a colour variable with species or cultivar due to 
chlorophyll breakdown so called ‘degreening’ process. The latter correlates with seed 
maturation. The maturation, one of the parameters of seed vigour is distorted by poor 
plant nutrition, poor weather conditions, presence of pathogens or an early harvest. The 
colour sorter used for upgrading the seed lots is based on absorption of wavelengths 
related to chlorophyll as well as other pigments occurring in seeds due to cultivar and 
production conditions. The Chlorophyll Fluorescence (CF) sorting methods analyses the 
amount of chlorophyll pigment in the seed by measuring the CF signal in a very sensitive 
manner (Jalink et al., 1998).  Thus, based on intensity of chlorophyll florescence signals 
individual seed/seed lots can be categorized in to various classes of performance.  

Cabbage seeds with lowest amount of CF and hence most mature provided indeed 
the highest percentage of germination, a higher speed of germination, a more uniform 
germination, a higher percentage of normal seedlings and lower amount of pathogens. 
Seeds from the high CF fraction, involving less mature seeds, showed a lower germination 
capacity and were more heaviy infected than the seeds from low CF fraction (Jalink et al., 
1998). Similar relationship was also established between the CF signal and the level of 
contamination with Fusarium spp and Cochliobolus sativus pathogens in barley 
(Konstantinova et al., 2002). However, Olvang (2004) observed maximum seed kernal 
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infestation particularly by Bipolaris sorokiniana(the causal agent of Kernel Bunt) occurred 
during a three week period before harvest of spring barley and wheat in Uppasala, Sweden 
and suggested that a harvest 15 days earlier than normal would improve the health of 
seed for organic farming. It is therefore, comprehensive to study the ecological conditions 
in which there is maximum occurrence of different diseases in a particular crop. The same 
theory was also advocated by Olvang and Person (2002)  
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                                                             Abstract 
 
Wood is a valuable material used by mankind from ancient time. Demand for wood has 
increased nowadays for various end uses. This increased demand of timber has promoted 
illegal logging and trading of timber. Illegal timber trade is a serious threat to global 
biodiversity. Different governing bodies (like CITES, TRAFFIC etc.) are working for 
regulating the trade of wild fauna and flora (including timber) to avoid over-exploitation of 
these resources. Accurate identification of wood species and its origin is a serious problem 

faced by different law enforcement agencies regulating the timber trade. The problem is 
more serious when the wood species being traded has similarities with some other species 
of same and different genera.Researchers from all over the world has worked upon 
different techniques like wood anatomy, spectroscopic techniques, stable isotope analysis 
etc. for definite identification of wood species and its geographical origin.An integrated 
approach using these different techniques is required to be developed for wood forensic 
studies. This article provides a brief introduction aboutsome of these techniques and their 
potential application in the field of wood forensic studies. 
 
Key Words: CITES, Wood anatomy, Spectroscopic techniques, Wood species. 
 
 
 
 
 
_________________________________________________________________________ 
#General Article  

Wood Properties and Uses Division,Institute of Wood Science and Technology, 
18th Cross Malleshwaram, Bangalore - 560003, India 
Email: mishrakamal008@gmail.com 

mailto:mishrakamal008@gmail.com


 PLANTA – Vol.-3, 2021: 788 - 798 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 

Mishra and Bisht, Potential Techniques for Identification of Wood Species | 789  

 
Introduction 
 

ood is a natural entity obtained from trees. Wood obtained from different tree 
species have different properties (mechanical, physical etc.). Based upon these 
properties, timber can be utilised for different end uses.Nowadays, trade of 

illegally harvested timbers is increasing which is a serious threat to global biodiversity. 
Illegal harvesting of timber causes revenue losses to the timber producing countries and is 
a threat to survival of different timber species which are being over exploited. Convention 
on International Trade in Endangered Species of Wild Flora and Fauna (CITES) and Trade 
Record Analysis of Flora and Fauna in Commerce(TRAFFIC) are the main governing body 
dealing with the regulation of international timber trade. CITES has three appendices 
(Appendix I, Appendix II, Appendix III) into which different species are classified 
depending upon the level of threat these species are facing. Law enforcement agencies 
dealing with the regulation of the timber trade (customs, police, forest department etc.) 
face problems in determining the true identity(species) and geographical origin of illegally 
traded wood. Wood identification of protected species is of great importance for CITES 
enforcement (Koch et al., 2011). Therefore, Accurate identification of wood is important 
from conservation and utilization point of view.  

Traditionally, wood anatomy has been used as a tool for wood identification. 
Generally, wood identification to genus level can only be achieved through qualitative 
wood anatomy (He et al., 2020). The application of wood anatomy becomes more 
problematic when the wood sample to be examined is in processed form like powder, small 
chipsetc. But nowadays many other techniques (stable isotope analysis, near infrared 
spectroscopy etc.) are being employed for timber identification. These techniques have 
potential for providing reliable information, which can supplement in accurate identification 
of wood.These different techniques have been explored by a number of researchers for 
their potential in identifying the geographical origin of timber. A brief overview of these 
techniques is being presented here in this article. 
 
1. Wood Anatomy 

Wood anatomy is a specialized field of study which deals with wood identification 
based upon the macroscopic and microscopic features present in the wood.Macroscopic 
features (wood porosity, arrangement of vessels, arrangement of axial parenchyma etc.) 
are those features which can be visualized by naked eye or using a hand lens.Macroscopic 
features are observed on transverse, tangential and radial sections for wood identification. 
CITESwoodID database have descriptions of CITES listed timbers and their similar timber 
species and it is a tool for wood identification based on macroscopic features (Koch et al., 
2011). Detailed study of wood anatomical features for identification purposeis done as 
perInternational Association of Wood Anatomists(IAWA) list of microscopic features for 
hardwood and softwood identification. Different woods are broadly classified into two 
categories i.e. hardwoods and softwoods.Hardwoods are produced by angiosperms 
(flowering plants with broad leaves and covered seed) whereas softwoods are obtained 
from gymnosperms (mainly conifers with needle like leaves and naked seeds).Anatomical 
features present in hardwoods differ significantly from those found in softwoods. 

W 
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Hardwoods possess a specific type of cell called, vessel element which is absent in 
softwoods.Anatomical structure of hardwoods is more complex in nature as compared to 
softwoods because of presence of a number of different cell types and wide variability 
between these cell types (Wiedenhoeft, A., 2010). A brief about structural elements 
present in hardwoods and softwoods is given below. 

 
(A)  Hardwoods (Porous Woods) 

The structural composition of hardwoods consists of different cells or tissues 
mainly vessels, parenchyma, rays and fibers. A brief description about major anatomical 
features present in hardwoods is as follows: 

 
I. Vessels 

Vessels are vertically oriented specialized cells for conduction of water and 
minerals within a tree. They appear as small holes or openings when viewed in cross 
section and are referred to as pores. Species in which earlywood vessels are of larger size 
as compared to latewood vessels, are called ring-porous wood whereas species with 
vessels of uniform size distributed uniformly throughout the growth rings are called 
diffuse-porous wood. Different features like pore size, their number, arrangements etc. are 
of immense importance for hardwood identification. Vessels often contain some 
depositions like tyloses, coloured deposits etc. which are of diagnostic value for hardwood 
identification. 

 
II.  Parenchyma 

These are rectangular shaped cells with thin wall and acts as storage units. 
Hardwoods mainly contains two types of parenchyma cells depending upon their 
association with vessels. When the parenchyma is found in association with vessels, it is 
called paratracheal parenchyma. It is further divided into vasicentric, aliform and confluent 
types. Whereas, when the parenchyma cells are not associated with the vessels it is called 
as apotracheal parenchyma.It is further divided into diffuse, diffuse in aggregates and 
banded type(Wiedenhoeft, A., 2010). 

        
III. Rays 

Rays are group of parenchymatous cells with orientation in radial direction (from 
pith to periphery). Their main purpose is radial conduction and storage. Ray cells have 
different appearance in different surfaces like spindle shaped in tangential surfaces, as fine 
lines in transverse section and ribbon shaped in radial surface. Ray parameters (width, 
distribution and frequency) are of significant importance in wood identification as they vary 
from one wood to other. 
        
IV.  Fibres 

These are vertically aligned thick-walled cells and provides mechanical strength to 
the wood. Density and mechanical properties of hardwoods is significantly affected by the 
thickness of fibre wall. Species with thin fibre wall have low density as compared to 
species with thick fibre wall. 
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Other than these abovementioned features, few hardwoods possess some other 
features like radial canals, vertical canals, included phloem etc. These features are of 
diagnostic value for reliable identification of particular timbers. 
 
(B) Softwoods (Non-Porous Woods) 

  The structural composition of softwoods consists of different cells or tissues mainly 
tracheids, rays etc. A brief description about major anatomical features present in 
softwoods is as follows: 
 
I. Tracheids: They are long slender cells serving dual function of conduction and 

providing mechanical strength to the wood. More than 90% volume of softwoods is 
composed of tracheids.        

II. Rays: These are brick shaped cells having approximate size 150-200 µm, 10 µm 
and 15 µm (L*W*H). Rays mainly functions as units for storage and radial transport 
of biochemicals.          

III. Resin canals:These are intercellular structures present in both axial and radial 
directioncontainingresin or resinous material. Resin canals are important feature 
present in Indian conifers (pine, deodar etc.) whereas they are absent in fir, yew 
etc.   Resin canals are an important feature as far as softwood identification is 
concerned, as they vary in their size and arrangement in different timbers (ICFRE, 
2020). 

IV. Axial parenchyma:These are rectangular prismatic or brick shaped cells having 
orientation in vertical direction. Axial parenchyma is either absent or found very 
sparsely in softwoods comprising less than 1% of total volume.  
 
Wood identification is done with the help of diagnostic keys (dichotomous keys, 

multiple entry keys). Both macroscopic and microscopic analysis can be performed but for 
definite identification, study of microscopic features is usually required (Dormontt et al., 
2015).Wood anatomy in combination with multivariate statistical analysis has been used by 
researchers (Gasson et al., 2010; MacLachlan, I. R., and Gasson, P. 2010) for 
differentiating between several similar timber specieswhich shares similar features with 
each other. Nowadays, machine vision technology has emerged as a promising tool for 
wood identification. Itis a new system which involves image capturing using camera under 
controlled conditions and matching these pictures with high quality reference images for 
wood identification (Bergo et al., 2016).Like for example, xylotronis a machine-vision 
system for imaging and wood species identification with the help ofxyloscope,a digital 
imaging device for capturing wood macroscopic images (Hermanson et al., 2019). 
 
2. Infrared Spectroscopy 

Infrared (IR) spectroscopy measures the interaction between matter and IR 
radiation.It is used to study the functional groups present in solid, liquid and gaseous 
materials. IR region is divided into near infrared region (14000-4000 cm-1), mid infrared 
region (4000-400 cm-1) and far infrared region (50-400 cm-1). Molecules when subjected to 
infrared radiation absorbs radiation because of quantized changes in vibrational and 
rotational energy. Spectrophotometers are used for IR spectroscopy. Major components of 
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double beam IR spectrophotometer includes, a radiation source, sample and reference 
cells, attenuator and comb (photometer), monochromator, detector,amplifier and recorder 
whereas,electrically heated Nernst filament or globar (rod of silicon carbide) are used as 
radiation source (Yadav, L., 2005).  IR spectra is recorded as a plot between wavelengths 
or wavenumbers of radiation against the intensity of absorption in terms of transmittance 
(T) or absorbance (A)  

 
A. Near Infrared Spectroscopy (NIRS) 

Near infrared spectroscopy (NIR) is a rapid and non-destructive analytical 
technique which provides physical and chemical information about a matrix. NIR 
region falls in the wavelength range of 750-2500 nm in electromagnetic spectrum. 
Components of a NIR spectrometer includes a radiation source, a monochromator, 
sample holder and detector (for measuring transmittance and reflectance). Tungsten 
halogen lamps are most widely used light sources. Various types of detectors are 
being used in NIR spectroscopy like lead sulfide (PbS) and indium gallium arsenide 
(InGaAs) detectors (Kawata, S., 2002). Lead sulfide (PbS) detectors are slow and 
sensitive in region of 1100-2500 nm and provides good signal to noise properties. 
Silicon detectors are highly sensitive in wavelength regions between visible range to 
1100 nm and faster than PbS detectors (Reich, G., 2005). NIR spectroscopy has 
been employed for studying multiple aspects of wood science, like for wood density 
prediction, for estimation of wood properties etc. Research on developing NIR based 
models for wood species identification and origin determination has been done by a 
number of researchers (Abe et al., 2020; Adedipe et al., 2008 etc.).They found that 
NIR spectroscopybased approach combined with chemometric methods can be 
potentially applied for identification of wood species and origin. 

 
B. Fourier Transform Infrared (FTIR) Spectroscopy: 

FTIR spectroscopy is used for obtaining infrared spectrum of absorption or 
emission of a solid, liquid or gaseous material (Song, K. 2017). Main components of 
a FTIR spectrometer are an interferometer, a radiationsource, and a detector. An 
interferometer consists of a beam splitter, a fixed mirror, and a moving mirror. The 
mirrors are aligned perpendicular to each other. The radiation source generates heat 
because of resistance to the flow of current. This resistance heats up the source 
(above 8000C) making it to emit IR radiation. Ceramic or nichrome wire are used as 
radiation source. Beam splitter, splits and recombine the infrared radiation in the 
interferometer. Beam splitters are made by sandwiching a coating of a semi-
transparent material between IR-transparent substrates. The light intensity received 
by detector is transduced to electric signal. Deuterated triglycine sulfate (DTGS) and 
mercury cadmium telluride (MCT) are commonly used as detectors (Subramanian, 
A.,and Rodriguez-Saona, L. 2009).Raw data (interferogram) is converted into 
infrared spectrum using process called Fourier transform (FT). FTIR analysis of wood 
extractsand solid wood samples has been performed for wood species identification 
and for differentiating between similar wood species by manyresearchers (Huang et 
al., 2008; Liu et al., 2020; Sharma et al., 2020 etc.). 
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C. Fluorescence Spectroscopy:  
Fluorescence is the phenomena of absorption of energy at a particular wavelength 

by a molecule and its remission at different (usually longer) wavelength. Two types 
of spectra viz. excitation and emission spectra are usually recorded. These spectra 
are also referred to as fluorescence fingerprint of a compound and different 
compounds have unique fluorescence signature (Naresh, K., 2014). Fluorimeter is 
the instrument used to measure fluorescence. Main components of a fluorimeter 
consist of a light source, monochromators and a detector. Different light sources 
mainly used are lasers, xenon lamp etc. A fluorimeter illuminates the sample with 
light of a particular wavelength and records the intensity of light emitting from the 
sample. Fluorescence of heartwood portion of wood and its extracts is often 
examined for identification purpose.  Fluorescence spectroscopy has been reported 
as a potential tool for wood identification byPandey et al., (1998); Dawson-Andoh, 
B., and Adedipe, O. E. (2012). 

 
D. Mass Spectrometry 

Mass spectrometry is a technique which deals with measuring mass-to-charge ratio 
of ions. Ion intensity as a function of mass-to-charge ratio is plotted in a mass 
spectrum. Elements of a mass spectrometer includes an inlet for introducing the 
sample to be analysed, an ionization source for producing ions from the analyte, 
mass analysers to separate ions based on their mass-to-charge ratios and a 
detector to detect the ions coming out of analyser and to measure its abundance. 
In conventional mass spectrometry systems, sample preparation is a time-
consuming process (Cody et al., 2012).  Therefore, developments have been made 
in the field of open-source techniques, to reduce the time duration and steps 
involved in sample preparation like for example Direct Analysis in Real Time 
(DART). Heartwood portion of different timbers contains deposition of 
phytochemicals known as extractives. Mass spectrometry can be utilized for 
assessing these phytochemicals or extractives for generating chemical profiles and 
these chemical profiles or fingerprints can be statistically optimized for wood 
species identification (Dormontt et al., 2015). DART-Time of Flight Mass 
Spectrometry (DART-TOFMS) has been reported as an effective tool for wood 
species identification (Carmona et al., 2020; Espinoza et al., 2015; Cody et al., 
2012;). Mass spectrometry combined with chromatographic techniques like gas 
chromatography, liquid chromatography etc. is being utilised for better separation 
and identification of compounds. GC-MS has been utilised for wood species 
differentiation by Zhang et al., (2019), whereas Kite et al., (2010) described LC-MS 
based approach for identification of Dalbergia nigra wood. 

 
3. DNA Barcoding 

DNA barcoding is a technique which uses a short DNA sequence as a marker (DNA 
barcode), for rapid, accurate and automatic identification of plant and animal species 
(Hebert,P. D., and Gregory, T. R. 2005). It is being utilised for identification of both plant 
and animal species.For animals, gene region of mitochondrial cytochrome oxidase (CO1) 
has been selected as standard (Dormontt et al., 2015) whereas, two plastid DNA regions 
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of maturase K (matK) and ribulose-bisphosphate carboxylase (rbcL) are recommended as 
standard barcodes for plants (CBOL Plant Working Group, 2009). DNA barcoding process 
involves isolating DNA from a given sample, amplifying the target barcode region using 
polymerase chain reaction (PCR), sequencing of PCR products and finally comparing the 
resulting sequences with reference databases to find out the matching species. The quality 
of DNA extracted from wood is poorwhich is a major constraint associated with utilising 
DNA barcoding as a tool for wood identification (Dormontt et al., 2015).However, DNA 
barcoding combined with other techniques like wood anatomy can be utilised as a 
potential tool for wood species identification (Jiao et al., 2020).Possibilities of DNA 
barcoding for timber identification has been explored by a number of researchers (Hassold 
et al., 2016; Nithaniyal et al., 2014, Jiao et al., 2020). 
 
4. Stable Isotopes Analysis 

Isotopes of an element have nucleus with equal number of protons in their 
nucleus but difference in number of neutrons. Stable isotopes of an element have non-
radioactive (non-decaying) nature. Living organisms during their life cycle incorporates 
multiple elements into their system and the stable isotopic pattern of these elements (C, H, 
O, N etc.) differs from one organism to other, depending upon the environment in which 
they live. Stable isotope ratio of a sample is the ratio of number of atoms of heavy isotope 
to number of atoms of lighter isotope relative to that of some certified reference 
material.Its unit of expression is permill (‰) and is denoted by delta (δ) notation (Kelly et 
al., 2018).Isotopic composition of a sample is measured using isotope ratio mass 
spectrometer(IRMS)developed by Neir, 1940. The instrument consists of an ion source, 
mass analyser and ion detector (Rees, G.O., 2015)The instrument works by converting the 
sample into gaseous forms like H2, N2 etc. and these gas molecules are ionised by 
bombarding them with stream of electrons. The mass spectrometer than separates the 
stream of charged ions as per their mass to charge ratio (m/z). The ion beams flow 
towards the detector and on colliding with the detector, the faraday cup or multiplier 
detector measures the charge of individual ion beam.  Stable isotope ratios analysis has 
been utilised for various purposes like for authenticating the origin of food products (Wang 
et al., 2020; Zhao et al., 2020), human provenancing (France et al., 2014; Warner et al., 
2018), ecological studies (Raffalli-Delerce et al., 2004; Poussart, P.F. and Schrag, D.P., 
2005)etc.Very less work has been done in the field of utilising IRMS for wood forensic 
studies as compared to its application in other fields. It has been well recommended that 
stable isotopic ratio analysis can be used as an effective approach for verifying the 
geographical origin of timber (Rees, G.O., 2015, Horacek et al., 2009; Lee et al., 2015).  

 
Conclusion 

Illegal timber trade is one of the seriousproblem and a matter of great concern as 
far as global biodiversity is concerned. CITES is the main governing body regulating the 
trade of flora and fauna including timber to protect them from over-exploitation. The major 
problem faced by law enforcement agencies is accurate identification of wood species and 
determination of its geographical origin. Some of the time, conventional method of wood 
anatomy alone is not sufficient for authentic wood identification at species level. Therefore, 
need for complementary techniques arises which can assist in fast and reliable 
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identification of wood species. A number of techniques has been explored by different 
researchers for their efficiency in identifying wood species and their geographical origin 
like wood anatomy, chemical methods (NIRS, DART-MS, FTIR, stable isotope analysis etc.) 
andgenetic methods (DNA barcoding and DNA fingerprinting). Although these techniques 
are capable of addressing issues related to forensic wood identification but no single 
technique is capable of answering all wood forensic related questions.For example, wood 
anatomy can quickly identify genus of a timber but can identify wood species occasionally. 
Similarly, stable isotopic analysis can provide information about geographical origin of 
timber but cannot provide information regarding genus and species of wood. Therefore, 
need for integration of these techniques arises so that they can complement each other for 
accurate identification of wood species and its origin. Future work should involve analysing 
greater number of authentic/reference samples covering vast number of locations for 
developing large databases and models which can be helpful for correct identification of 
wood. 
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ABSTRACT 
 
Agroforestry may be an area of analysis begun in the 1970’s by pioneering researchers associated 
with theICRAF. These initiatives include an extensive scale of existing farming practices that have 
traditionally evolved from empirical evidence from local crops farmers tying trees, crops and livestock 
in different spatial structures. Agroforestry refers to very different systems, & isolated plants in 
agricultural fields, closed farmland, small forests adjacent to fields, abandoned trees in systems. It 
can meet the demand for food, fodder, firewood and timber amid continuing depletion of aqua & 
Terra Fauna assets, hence the threat of temperature changes. For current purposes, future analysis 
may focus mainly on reality that forestry-based farming automation are essential in critical areas 
such as associated semi-arid regions and desirable ecosystems such as mountain ranges and coastal 
ecosystems to support these higher productivity areas and natural resourcescontrol. These studies 
should also demonstrate facts and demonstrate the requirement of forestry-based farming models 
with markets to upgrade the fecundity and advisability of smallholder farmers.In Republic of India, 
despite the rich diversity of climates, there are many agroforestry systems with many different forms 
and types of linkages. Accurately assessing the world of different agroforestry systems is difficult. A 
large number of researchers and agencies are constantly involved in developing an accurate estimate 
of the range and gaps for agroforestry systems.The program has collected a large amount of MPTS 
genetic material, evaluated in a very diverse edaphon nursery; About 20 tree species used in 
agroforestry have gone through completely different stages of selection and breeding, many of 
which have been tested in multiple locations; Many agroforestry systems have been developed as 
models for different types of agriculture, and many older agroforestry techniques have been 
improved with improved planting materials and techniques. Several sections have been combined to 
design different agroforestry systems. 
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Introduction 
 

groforestry may be an area of analysis begun in the 1970s by pioneering researchers 
associated with the International Centre for Agroforestry (ICRAF) such as P.K. Nair. 
These initiatives include an extensive scale of existing farming practices that have 

traditionally evolved from empirical evidence from local crops. farmers tying trees, crops 
and / or livestock in different spatial structures Agroforestry refers to very different 
systems, & isolated plants in agricultural fields, closed farmland, small forests adjacent to 
fields, abandoned trees in systems. Mountain farming, desert oases, trees in savannas and 
forests are agricultural activities.   Agroforestry is defined as “forest garden”, “home 
forest”, “rural forest” or “park” depending on its specific purpose and construction process. 
they are shaped by indigenous biological, social, economic and political conditions. Analysis 
on this topic comes from domain approaches. Related disciplines include environmental 
anthropology, ethnography, human geography, economics, historical and political ecology, 
scientific agroforestry, ecology, and genetics. Agroforestry has evolved since the inception 
of agriculture on all inhabited continents and in most biological and social contexts 
wherever agricultural communities move. for a good or brief about the ecology and habitat 
where plants grow.   Agroforestry depends on a variety of biological resources, as well as 
wild plants, animals, or fungi cultivated or managed, and disturbs the agronomic scheme, 
often distinguished as separate fields from gathering and hunting. [2] 

People rely on agroforestry, the increasing collection of wild food, medicine, fuel 
and technical goods needed for the food security, health and livelihoods of native human, 
in amalgamation to disrupting biological science methods whose primary purpose is timber 
production. Harnessing the interaction in the middle of wild and cultural factors besides be 
a key feature of agroforestry. all parts of the inhabitant’s tree. Trees at totally at 
supervariable level of development imitate forest ecosystems, including cultivated areas. 
Farmers use native and exotic plants. Indigenous plants introduced into agroforestry 
include, for example, figs in the Perejil region, durian in the geographic region, cocoa in 
Central America, sometimes Ethiopia, or grapefruit in the Pacific Ocean.  However, it is not 
the origin of the trees that seems more important, not the farmers who introduced them to 
agroforestry after the historical transformation of their territory.   Farmers develop local 
ecological dynamics with the support of agroforestry and agroforestry, in line with 
opportunities to improve food security or produce various goods for local needs or the 
market. For example, the damar resinous tree, a giant related tree in the forests of 
Sumatra, was widely introduced into agricultural forests during the first 20th century due 
to the growing demand for commercial damar resin, traders and resource-exploiting 
farmers.  Dammar resin resources from natural forests are dwindling day by day. A prime 
example of the use of non-native trees is the rubber tree introduced by farmers from Brazil 
to geographic areas where it forms rubber-infused agroforestry plots with rattan 
interspersed. [2] 

A 
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Figure1: Sketch drawing of a dense multi-layered agroforest, with rubber, tree legume, 
Moluccan nuts, and cinnamon in the understorey, in Kerinci, Sumatra, 1993. 

 
History 

Growing hot plants in close tap ties can be a historic culture applied to farmers. 
Meanwhile, according to Imnon's bioscience story, the target, the forest at systematic 
interlude, the epoch-making center, and distant food crops are shaved off to select multi-
period stages in the same house. Planting and planting are the last job. Once this 
"agricultural system" is no longer common in Europe. however, at the dusk of an era, it 
drained European countries to a large extent and was fully adopted. Nevertheless, the 

formation of forests and agricultural farms is an essential goal of supporting elusive 
forestry. First, it is not designed to regulate stress. In 1806, Taungya, Tibet Burma 
(Taungya says that "Taungya" was awarded not only as a consequence of the 
distinguished Royal National Base, but also thanks to the Buddhist singer Brandis). 
widespread. It was fully introduced to South Africa in 1887. At that count it was an Asian 
country, and in 1890, in the captivity of science between land and land. The philosophy of 
the laws of the Taungya system discovered a forest farm after combining black and blue. 
class idol or earth. [6]In line with the FDA's commitment to forests, the most important 
analysis of these mixed systems is to confirm the following:   

 
• No injury to forest species.    
• Growth rates of tree species were not too distant due to competition with other crops.    
• Confirm the optimal timing and sequence to set up one tree or crop for planting survival 
and growth.    
• Forest paper is resistant to competition from regulated agricultural species.    
• Confirm the optimum crop spacing for the next crop increase.  [6] 
It was provided with a brief bioinformatic analysis of industrial history, climbers performing 

and performing the analysis are likely to create a system as a regional contribution or a 
system for agricultural development, as a result they may not represent the system. 
potential building as a department management system. [6] 
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We tend to be the people with the oldest records in agroforestry. The Government 
of India presented this policy for the city's major agricultural forests at the World Congress 
in February 2014. India has become a world leader thanks to its life sciences policy. 
Associate degrees in agriculture are awarded to members of the association. on the same 
land to improve yields and environmental performance. We have written texts on 
agricultural productivity, which is being constrained by the constant decline in the share of 
farmland ownership due to rapid growth and, consequently, seasonal decline in agricultural 
activity. Another aspect of the requirement for supervision, agriculture and forestry is the 
lack of woodlands and trees in Asian countries. As stated in 2019 by Asian National Forest 
Census, the country has 8.7 million forest trees per unit region, reckon for 24.56% of the 
country's total geographic area; however, in the national forest policy, the third forest 
(33.3%) is covered with forest trees. [1] 
 
Traditional Agroforestry Systems (TAFS) 

Agroforestry has a long tradition in the south-eastern region, where crops are 
being integrated into crop and livestock systems in accordance with modern sciences and 
different conditions. Certain crops, rhizomes, pineapples, coffee, tea and vegetables are 
grown entirely using certain fruits and other plants, such as pine, pear, plum, apple, areca, 
orange, guava, coconut, jackfruit, banana, cardamom, dicotyledonous witch hazel, genus 
Schima wallichii, arboreal species, genus magnoliopsid, genus spp., Genus rosid dicot spp., 
Terminalia spp. and so on in many agricultural regions. Several systems with high 
production potential have been identified through the ongoing AFS diagnostic and 
evaluation study. These methods, if implemented, will increase yields per unit area and 
encourage farmers to cultivate land on sloping land systems. 

 
Table 1: Estimated Annual Return from Different Components under Various AFS 

 

S. 
No. 

Crops/Yield 
Yield 

(kg/plant) 
No. of 

plants/ha 
Yield/ha 

Input 
(Rs/ha) 

Output 
(Rs/ha) 

Net 
Return 
(Rs/ha) 

01. Arecanuts (nuts) 200 (7) 1000 
1,80,000 
nuts 

6,500 18,000 11,500 

02. Banana (bunches) 1.0 (2-7) 500 
400 
bunches 

3,500 10,000 6,500 

03. 
Betel vine (leaves 
bundle) 

41.2 (2-7) 1000 800 kg 3,500 8,000 4,500 

04. 
Coffee 
(Dried kg) 

0.55 (3-7) 1000 800 kg 11,000 24,000 13,000 

05. 
Black pepper 
(Dried kg) 

1.23 (5-7) 1000 1000 kg 11,000 30,000 19,000 

06. Pineapple 0.56 (2-7) 43,500 25,000 kg 7,500 20,000 12,500 

07. Ginger (green) 0.25 (1-7) 16,000 4,000 kg 9,000 16,000 7,000 

08. Turmeric (Cured) 0.18 (1-7) 10,000 1,800 kg 10,500 18,000 7,500 
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S. 
No. 

Crops/Yield 
Yield 

(kg/plant) 
No. of 

plants/ha 
Yield/ha 

Input 
(Rs/ha) 

Output 
(Rs/ha) 

Net 
Return 

(Rs/ha) 

09. Potato -  -  15,000 kg 12,800 22,500 9,700 

10. Cauliflower/Cabbage -  10,000 8,000 kg 6,500 16,000 9.500 

11. Plum 16.7 (6-7) 300 5,000 kg 6,000 15,000 9,000 

 
One of the most productive ancient practices of the temperate tropical lowlands is 

the cultivation of areca and black pepper, which can generate a profit of Rs 43,000 / ha / 
year when planted for six years. In particular, the yield of black pepper is about Rs 30,500 
per hectare per year. Mixing black and rare pepper with Terminalia myriocarpa gives a net 
yield of Rs 32,000 / ha / year. In addition, in temperate and foothill climates, planting 
plums and potatoes yields a net yield of Rs 19,700 per hectare per year. 
 
Agroforestry Practices in the Country 

To analyse the going work Forestry-based farming techniques are in working in 
many regions of the nation-, each center conducts periodic diagnostic and assessment 
studies (D & D) around the world within its jurisdiction. The survey shows the great 
prospective of forest base farming in agricultural life as they provide eating materials., 
animal feed, fruits, vegetables, firewood, timber, medicines, fibers, etc. at common land 
and at coinciding not only satisfy the desires of people, but also improve their socio-
economic status and living standards. supported the project survey (D & D), listed the 
beset forestry-based farming in many agricultural regions of nations. The most important 
forestry-based farming systems are agroforestry in seven agroforestry area come after 
agriculture in six agroforestry regions and a forestry-based techniques in two agroforestry 
regions. Specialized systems such as Jhum (shift farming) over time in the Japanese 
Himalayas, energy plantations in the lower river basins, tree plantations in the eastern 
highlands and hills and plateaus in the center and on the hills, a residential area in the 
center of the Ganges delta, plateau orchards and hilly geographical area, plains and islands 
and islands of the geographical area as a protective belt in the highlands and hills, as well 
as in arid regions in the west. and environmental or socio-economic criteria. In 
documented agroforestry practices, trees act as windbreaks and shelters, delimiting 
boundaries and providing shade, decoration and isolation around residential areas. They 
supply not only supplies, timber and fuel, but also cash crops, fodder, fruits and nuts, 
dyes, gums, plastics, fibers and medicines are rare. [8] 
 
Development of Agroforestry Systems 

Based on identity verification and analysis of promising plants and subsequent 
studies of existing systems, improved chemicals and systems are being introduced into 
alternative pesticide applications. maximum chemical area. The event or distinction of a 
home garden, farm, energy farm, shelter, and the same development or cultural change 
that is part of a growing qualifying agricultural system. Here lists of 20 active pesticide 
systems used in other agricultural areas of the Asian country, and there are of them: [8] 
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1. Culture of agricultural silica; 
2. Border farm; 
3. Block Farm; 
4. Energy Farm; 
5. Alley Cropping; 
6. Agri-horticulture; 
7. Agri-Silvi-horticulture; 
8. Agri-Silvi-pasture; 
9. Silvi-olericulture; 
10. Horti-pasture; 
11. Horti-olericulture; 
12. Silvi-pasture; 
13. Forage-Forestry; 
14. Shelterbelts. 
15. Wind brakes. 
16. Live fence. 
17. Silvi or Horti-sericulture. 
18. Horti-apiculture; 
19. Aqua-forestry. 
20. Homestead. 
 

Agricultural techniques have been developed and standardized to collect promising 
MPCs against annual crops. So, acacia support the defense of the poplar maintained in the 
Aonla and Henri area. Soils grown due to moisture cannot be measured. Kerala and other 
coastal workers contribute to food security and select and provide basic needs for food, 
firewood, fodder, medicine and cash income from small farms. The bamboo-based 
agricultural aster system is important to other parts of the country. In six chemical areas 
of the nation, suitable bamboo genus is called for capability to integrate into agroforestry 
systems. The AICRP systematically studied biofuel research in 2003, with a focus on the 
dicotyledonous genera Rosid and Pongamia in 2003. In addition, agricultural management 
techniques are included in the programs. Various processes such as land reclamation, 
restoration, degradation and replacement of land, such as land reclamation, degradation 
and other earthly lands. Improved Agricultural Analytics for Adhoc Cess application. The 
ADHOC investigation has been intensified. The Agricultural Technology Expansion Project 
is being implemented by a hub at the Westland Development Center (MOEF). This 
reinforces the precedent of agricultural technology for farming agricultural technologies. 
[8] 
 
Agroforestry & Climate Change 

From last 20 years, the agrometeorological variation has moved from discussing 
whether the globe is warming up or not to the determines aim of “Connecting in Nursing” - 
the simplest way to minimize and adapt to its impact. After conducting a comprehensive 
review of this literature on natural forcing tests, the organization of the I Fourth evaluation 
analysis of the IPCC for 2007 concluded that the variation in agrometeorological system is 
evident, as current observations show, due to an increase in the sphere mean. Wind & the 
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waving water inversion, all around unfreeze of ice and snow, and increasing sphere’s mean 
temperatures. The scientific evidence is now irrefutable; Temperature change poses very 
serious international risks. The medical staff needs an urgent global response. Developing 
countries depend mainly on agriculture for their livelihoods and rural development. 
However, farming administration in upgrading nations are affected by soil pressure and 
temperature changes, all of which threaten food production. Unsuccess growth due to land 
degradation exacerbate food insecurity, although the relative success of intensive 
agricultural systems is being encouraged in various regions of the sphere. The various 
environmental impacts of agricultural intensification and food production, with pessimistic 
collision on soils and biodiversity, lead to negative impacts on climate, food security and 
financial well-being from agricultural imports at the local level. Before the revolution, most 
of the world's subsistence agriculture consisted of mixed species, often consisting of tree 
products. The drive to increase production has pushed obsolete agriculture towards 
monoculture. Essentially, however, subsistence agroforestry systems continue. 
Agroforestry has come back to the fore as the analysis increasingly recognizes the need to 
include food planning services. Recognizing the ability of agroforestry systems to address a 
variety of challenges and deliver multiple benefits, the IPCC Third Assessment Report on 
Natural Disasters clearly states that agroforestry captures carbon and brings a range of 
economic, environmental and socio-economic benefits. For example, trees on agroforestry 
farms improve soil fertility through prevailing erosion, maintain earth’s dust natural 
material and physical properties, increase atomic number 7, and absorb nutrients from 
gaping earth’s dust surface. promotes an additional closed nutrient cycle.  Agroforestry 
could be a favourable solution to the alternative problem of acquiring and using 
agricultural land, as it would increase carbon stocks and increase agricultural productivity. 
This text can discuss very different forms of adaptation and mitigation to adapt to natural 
impacts through agroforestry. [3] 
 
1) Soil and Water Conservation through Agroforestry 

Climate has a strong influence on various soil processes that hand out to soil 
degradation, changes in temperature will inevitably change these processes and, 
consequently, the circumstances of the earth’s dust. There is an approach in which 
international meteorological variation is land degradation. during the assimilation of less 
organic matter in earth’s dust over time, resulting in poor soil structure, less freshwater 
infiltration and rise in runoff and erosion, predicted that an increase in the frequency of 
extreme rainfall would adversely affect severity, frequency and degree of wear. Solely, 
actinic and organic conditions are needed to prevent degradation and restore the fertile 
potential of the earth’s dust. The benefits of forestry-based farming systems are their 
capability to promote beneficial change under three conditions.  Agroforestry systems such 
as reclamation of fallows, border fencing and alternative systems that include permanent 
cover layers play an important role in preventing and reversing soil degradation through 
flexibility to provide consistent mulch, increase organic carbon, improve soil structure, 
increase permeability, increasing fertility and biological activity. Permanent forest cover 
holds up and upgrade earth’s dust fitness through a diversity of functions. Shady trees 
shield the earth’s dust from getting erode. Trees have the ability to reduce transport 
through 5 processes, namely, blocking the resulting precipitation through the tree canopy, 
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preventing surface runoff through the trunk, mulching the upper layer of earth’s dust, 
promoting water infiltration, and forming a giant soil structure that resists erosion. The 
physical properties of earth’s dust are supported by the presence of natural material and 
therefore by the activity of the roots. The biological properties of earth’s dust are improved 
by adding a extend variety of qualities. Vegetation because of the contribution of a mixture 
of woody and non-woody materials & root residues. Agroforestry can suppress positive 
temporal changes in the abundance, diversity and productivity of soil organisms through 
their impact on the soil as a habitat for food crops. [3] 
 
 

 
 

Figure 2: Planting crops in the middle of trees rows.. 
 
2) Biodiversity Conservation through Agroforestry 

Biodiversity is under ultimatum around the world, and despite some progress 
made by indigenous peoples, the speed of ecological reduce does not show to be slowing 
down. Hence, preventive investments are needed to manage landscape biodiversity. 
Support provides more than system services. The literature on the role of agroforestry in 
biodiversity conservation is growing rapidly. a large think tank in the Republic of India 
suggests 5 main functions of agroforestry in biodiversity conservation. [3] 

 
(i) Agroforestry provides abode for genus that may tolerate disturbances to some extent 
elsewhere in farming system. [3] 
(ii) Agroforestry helps to conserve genetic material of socially beneficial and socially related 
species. [3] 
(iii) Agroforestry contributes to reducing the standard of transformation of the natural 
environment by providing various goods and services to ancient forestry-based farming 
practices which linked with the demolition of the nature, habitats of nature. [3] 
(iv) Agroforestry provides functions and acts as a foothold, forming passage in the middle 
of remaining habitats and thus protecting biota & wildlife sensitive to the area. [3] 
(v) Agroforestry helps conserve variety as long as alternative systemic services like eroding 
jurisdiction and aqua replenishment, thereby preventing degradation and decrease by 
nearby habitats. [3] 
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Agroforestry is associated with rural production system of many related assets, 
rather than a scale of farming alternatives that have been refined and offer communal, 
profitable and natural welfare, a wider user field. Earth uses the least number of bit levels. 
While agroforestry does not completely decrease cutting down of the trees. In various 
aspects it acts as an economic buffer against deforestation. These systems also provide a 
haven for variety when disruptive events such as fires occur. Agroforestry systems, in 
some cases, support up to 50–80 % of the ecological of comparable natural systems, and 
participating alumni also create buffer zones for parks and reserves. Establishing and 
managing an agroforestry system for conservation purposes will need to operate within 
the circumstances of the landscape and apply less intensive cultural practices for optimal 
results. [3] 
 
3) Tree Selection and Improvement through Agroforestry 

Among the various bamboo species that are assessed for growth, yield and 
compatibility in agroforestry, Bambusa vulgaris bamboo is considered usually the 
encouraging in farming fields. Amalgamation to the project introduced Paulownia fortunii 
in the geographic area and in Uttarakhand. ICFRE, namely IFGTB, Coimbatore paid for the 
transplant of teak, equisetifolia, C. junghuhniana, Eucalyptus, dubia., Ailanthus, Gmelina 
arborecka, Nemipollum, Calvin Klein, Calvin Klein. Meus indica and Corymbia. ICFRE also 
implemented an international root replacement initiative in partnership with CSIRO 
Australia and modified new genetic material from casuarina, male eucalyptus, silk oak, 
mangia and metaxylem trees from Australia, and teak from Thailand. These are important 
elements of agroforestry and are required by the industry, however, this program has not 
achieved the expected success in extreme weather conditions (minimum 1525 years for 
species in the medium term), large investments, trials over large and large areas. Less soil 
heterogeneity, stability of qualified scientists (at least 10-15 years in one plot), frequent 
changes in species preferences, lack of planting by breeders for some species, and lack of 
a coordinated national tree improvement program for all species. [8] 
 
Adaptation-Mitigation in Agroforestry 

The combination of adaptation and alleviation has been acknowledging as an 
essential in upgrading nations, especially in the area of AFOLU (agriculture, life sciences 
and various land uses). This often increases the profitability of farms by increasing and 
diversifying production per unit area of crops / crops / livestock, by protecting from wind 
or water, and by introducing new complementary goods to provide diversified financing 
and agribusiness flexibility. However, agroforestry refers to activities that increase 
greenhouse gas emissions, such as shift tillage, plantation maintenance by burning, gas 
fertilization, and agriculture. more comprehensive management measures are needed to 
maximize profits and reduce negative climate impacts. [3] 
 
Agroforestry Based Adaptation and Mitigation Strategies 

Agroforestry systems include an extensive, interconnected list of land management 
practices as well as crop diversification, long-term crop rotation systems for soil 
conservation, garden houses, border plantations, and perennials., intermediate fences, 
hedges, improved layers, or agroforestry. Well-managed agroforestry will play a much-
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needed role in building resilience to climate uncertainty through the following 
interventions. annual change in global temperature: [3] 

 
1) Creation of favourable microclimatic conditions for plants and animals. [3] 
2) Its deep system can explore even more soil to provide water and nutrients, which can 
create favourable conditions during a drought.   [3] 
3) Increases soil porosity, reduces runoff and increases soil cover, which leads to increased 
infiltration and water retention at the soil surface, which can reduce water stress in years 
with low rainfall. [3] 
4) Crop production systems with much higher instance speed than line batch or rangelands 
keep up oxygenate earth’s dust state by driving surplus moisture content from the soil 
surface faster than alternative production systems. [3] 
5) Forestry-based farming outcomes can greatly contribute to the profitable upgradation of 
various miserable cultivators by improving supply of food and reducing poverty.  [3] 
6) Agroforestry systems tend to produce more expensive crops than row crops, so 
diversification of production systems includes most of the crop, making it easier to mitigate 
the risk of financial gain from international climate change. [3] 
 

Adaptation 

Mitigation 

Positive 

Positive Negative 

Soil carbon sequestration, 
improved water holding 

capacities, use of manure, 
mixed agroforestry for 
commercial products, 

income diversification with 
trees reduced nitrogen 

fertilizer, fire management 

Dependence on biomass 
energy, overuse of ecosystem 

services, increased use of 
mineral fertilizers, poor 

management of nitrogen and 

manure, over extraction of 
nontimber products, timber 

extraction 

Negative 

Integral protection of 
forest reserves, limited 
rights to agroforestry 

trees, forest plantation 
excluding harvest 

Use of forest fires pastoral 
and land management, tree 
exclusion in farming lands 

 
Table 2: Examples of positive or negative implications of agroforestry practices for 

adaptation or mitigation to climate change (Adapted from Mbow in 2014). 
 
Agroforestry Challenges in India 

Forestry based agricultural administration are solitary the few ancient practices 
known and play an essential part in reducing vulnerability, increasing the resilience of 
agricultural systems and protecting ecosystems, households from climate-related risks; 
however, many problems arise from forestry-based farming in our nation. Improved 

materials and varieties only 10% of the scatter matter of the highest quality, the rest are 
not of guaranteed quality. it is not enough to consider forestry-based farming satisfactory 
for very different agro-meteorological areas; for native and polymorphic species or for the 
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tamed genus, consequences the over-importance for some species such as poplar, 
eucalyptus, kadam, etc. relatively small areas and / or laboratories. At the system or 
landscape level, there has been very little or no research, and usually the research has 
been relatively short. The sale of infrastructure for agroforestry goods is not offered 
nationally, with the exception of a few states, so it is mainly a buyer's market and 
intermediaries account for the bulk of the profit. It seems to be realizing its potential due 
to the lack of knowledge of economic and technical data on various agroforestry models. 
In addition, there are cumbersome, expensive and ugly regulations related to harvesting, 
transporting, processing and selling that play an important role in the mindset of farmers 
looking to go into agroforestry. In addition, taxes are required at completely different 
stages of processing by different organizations. Therefore, domestic products of 
agroforestry are losing their positions more and more in comparison with foreign raw 
materials. Therefore, it is necessary to remove these regulatory restrictions. could not 
reach farmers who lacked support. '' Link a custom or custom extension system. Moreover, 
large landowners may benefit more from agroforestry-related programs than small 
farmers. Therefore, it is necessary to introduce agroforestry programs specifically for 
marginalized smallholders, as two thirds of Indian farmers are marginalized smallholders, 
an attempt was made to eliminate most of the problems, but the biggest problem was 
switching politics from newspapers to the general public. In addition, there are some gaps 
between policymakers, such as lack of data on pumpkin crops; there is no mechanism for 
checking nurseries and planting material; it does not support the mixing of biofuels with 
diesel and the creation of a dedicated agroforestry expansion system; and less pressure on 
unique high-tech agroforestry systems such as life sciences and fisheries. [5] 
 
Extent of Agroforestry in India 

In the Republic of India, despite the rich diversity of climates, there are many 
agroforestry systems with many different forms and types of linkages. Accurately assessing 
the world of different agroforestry systems is difficult. A large number of researchers and 
agencies are constantly involved in developing an accurate estimate of the range and gaps 
for agroforestry systems. Dhyani, Dagar and CAFRI estimate that this agroforestry area in 
India is 25.31 million hectares, or 8.2% of the country's jointly declared geographic area. 
The FSI estimate shows lower prices because it not contains various agroforestry systems 
such as outpost plantations. The agroforestry space is bearing a calculated physiological 
zone. Maharashtra, Gujarat and Rajasthan are the states with the highest total 
agroforestry area of any state. [5] 

 
Opportunities and Challenges of Agroforestry System In India 

As stated by the Lundgren and Raintree, 1982, “Forestry based agriculture is the 
complete name for land-use administration and automations in which bugbane (trees, 
shrubs, palms, bamboos, etc.) are managed by forests. agricultural land. and / or 
creatures in anonymous stage of dimensional disposition, and there are ecological and 
economic inter-connection in the middle of the various elements. " Forestry based 
agriculture is an ancient type theory, although in an Asian country it has been run through 
for integers of decades on farming Terra Fauna with various role like food, feed, fruit, and 
firewood. Medicinal plants, biological fertilizers, non-metallic forest products (NTFP), roofs. 
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thus, etc. Forestry based agriculture is an innovative approach that combines centuries of 
information with fashionable science through a small system of thinking and concepts to 
achieve the desired results. For food, food and feed, natural resource degradation and 
global climate change, an administration that can produce food from subtropical 
agriculture requires to be put in place. The primer has the ability to keep up and improve 
the standard of the installation environment. Agroforestry is the only option because of its 
good potential, & an economically and environmentally viable option for farmers and rural 
communities to diversify on a large-scale amalgamation to agriculture. Add fuel, fodder, 
fruit and fibre aside and stabilize the system and 40 gain; on the other hand, covering 
trees, collecting timber and other wood products reduces the load on the forest. [5] 
 
Some Methodological Challenges in Agroforestry Research 

Methodological issues are common to most land use systems; however, they are 
more prevalent in AFS than in agricultural systems due to the integrative nature of AFS, its 
relative novelty and low speed of analysis on this topic. those obtained from Forestry-
based farming analysis vary considerably; therefore, the sets of information available are 
usually at odds with and frequently unique and inconclusive. Some of the common 
problems are: [6] 
 
1) Surface biomass in AFS & woodland systems are usually biometric equations that can 

be calculated. however, accurate correlation equations do not seem to be available for 
many tree species used in AFS, mainly in the tropical, leading to imprecise and broad 
generalizations. [6] 

2) Most soil research is limited to earth’s dust with a depth of eight to thirty centimetres. 
Sampling at the up to a point culmination of the earth’s dust surface is important when 
studying tree systems such as agroforestry, not just because the roots are located in 
deeper soil layers. However, apart from this, due to the part of the earth’s dust layer 
underground. with long-term dynamics and firmness of organic processes C. [6] 

3) As in environmental and biological science research, sites already exist in agroforestry 
research and are usually used in agroforestry. the same contiguous experimental unit, 
although there were no physical copies of treatments. The mathematical comparisons 
used between treatments in these studies would not have mattered. Although this 
would be statistically indisputable, the replication structure should be considered 
throughout the discussion. In this clear classification, we have things in which re-
treatments on hundreds of hectares of land are considered fake copies, and the pots 
are organized in blocks so that greenhouses are considered a copy. Some have 
suggested that in large-cell studies, the abstraction of nested replication, in addition, 
using a systematic type, may be used to reduce potential pseudo-problems in 
research: biological rescue. it can happen. Forest researchers have used artificial 
specimens of giant experimental units as clones when working with land-use systems 
as a faster and more efficient processing method. In the broadly applied mathematical 
sense of the degree of association, the fixed effects model implies that inferences are 
limited to the treatments in the study; The results cannot be used to draw conclusions 
about alternative agroforestry systems. [6] 
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4) The fixed effects model also applies to problematic repeated measurements, requiring 
advice from measurements taken over time or at home on an identical or similar 
object or objects. experimental incense, plant, or some dirt. For example, in 
agroforestry experiments, we typically require soil samples from increasing depths 
from identical locations or from cross-sections at a specified horizontal distance from 
trees. Once carefully thought out, the treatment will not be considered random; Depth 
/ distance increments are considered repeated measurements, not complete 
measurements. The non-random nature of repetitive measurement types often leads 
to a violation of the assumptions required for legitimate one-dimensional analysis. 
However, anyone can apply applied mathematical procedures. Satisfy the constraints 
of the model, for soil depth at the same location, each will be stratified, so the depth is 
counted separately when treating each site as a duplicate. [6] 

5) Studies to see changes in nutrient content when sorted by soil carbon generally 
support the notion that changes in carbon content and nutrient availability are 
definitely linear over time. this may not be entirely correct. Besides, in the case of C, 
obscure whether the period of isolated C. in a completely different system is 
completely different from the period of isolated C. after that. agroforestry activities. 

 
Future of Agroforestry in India 

Agroforestry has an essential part in coming time, not only because of its 
importance for food availability and livelihoods, but also because of its role in solving 
environmental problems, the market, and the limited size of the nation. it cannot be 
extended. according to CAFRI 2015, by 2050 the demand for animal feed will increase 1.5 
times; twice the maximum amount of grain and firewood; and a triple tree. Agroforestry 
can meet the demand for food, fodder, firewood and timber amid continuing depletion of 
aqua & Terra Fauna assets and hence the threat of temperature changes. For current 
purposes, future analysis may focus mainly on reality that forestry-based farming 
automation are essential in critical areas such as associated semi-arid regions and 
desirable ecosystems such as mountain ranges and coastal ecosystems to support these 
higher productivity areas and natural resourcescontrol. In addition, these studies should 
also demonstrate facts and demonstrate the requirement of forestry-based farming models 
with markets to upgrade the fecundity and advisability of smallholder farmers. The 
government should develop a national agroforestry policy in line with the 2014 national 
forestry-based farming strategy to organize, disseminate and form an agroforestry action 
plan in harmony with the national agroforestry policy, national agroforestry policy adapted 
to each agroforestry region aiming on improving analysis and operations through 
productive public-private partnerships, environmental development and economically 
viable agroforestry models for all farmers. Future goals of agroforestry should focus on 
increasing biomass productivity per unit of space and time through agroforestry activities; 
Improved wood, post-harvest and other valuable; improve the environment, protect 
resources, reduce performance and manage stress; and egalitarian upgradation of 
agroforestry, HRD, technology selection and transfer models. Long-term promotion of 
large-scale monopolistic agroforestry practices will only be achieved through amalgamation 
of proactive state agricultural policies, sector participation, support services, etc., support 
from NGOs and the inclination of farmers to grow. The main role of agroforestry in the 
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coming time is to supply environmental services such as mitigation measures (carbon 
sequestration), vegetation restoration, basin protection and biodiversity conservation. 
However, this may require the creation of a mechanism that rewards poor farmers for the 
environmental services they provide to society. [5] 
 
Constraints of Agroforestry Research 
 

1)  Land Use and Land Tenure Systems  
 

Although agriculture is the dominant land use sector, for historical reasons, 
agriculture in the region remains underdeveloped and underdeveloped. The right to own 
and use Terra Fauna in the Red Plains is completely different from the various 
mountainous regions of the country. As a consequence, there are 3 main types of rights in 
the territory:  
    
• Land under the general management of the villagers.    
• The Terra Fauna is in the hands of the head of the rural people.   
• Land in private ownership.   
 

Of these, the type occupies usually the territory. On average, over 70% of the 
cultivators in the range are smallholders and smallholders. Cultivation is carried out at 
different levels of slope, regardless of the depth of the soil. Thus, agricultural activities in 
hilly areas, especially on steep mountain slopes, are of concern because they have glass 
straighteners to drag, reduced fertility, decreased of flora and fauna. wild animals. Due to 
lack of land or permanent land tenure, communities of social groups cannot apply large-
scale agroforestry methods. [4] 
 

2) Population Pressure and Land Use 
Probably in all areas in the NEH region, with the exception of Tripura, the 

population has nearly doubled in solitary 50 years since the turn of the century. In Tripura 
State, this range has quadrupled, because of the influx of people from the plains. As stated 
in 1995 census, 44, 33, 336 families are involved in Jhum agriculture and is probably 
extend 7, 66, 000 families in a century at a rate of 24.0 to 30.0% per decade. Important, 
can be accomplished by applying advanced automation like traditional agroforestry. and 
especially growing crops with MPT. [4] 

 

3) Soil Erosion 

The growing demand for food as consequence of continued population growth is 
putting pressure on the limited water resources assigned to productive land. Poverty and 
inequality forced farmers to expand agriculture on marginal, vulnerable land. Therefore, 
erosion can become a serious environmental disadvantage threatening food manufacturing 
in areas. In addition, intensive coalmines in regions also leads to environmental 
fluctuations over a large area of land, soils directly influenced by quarry activities are being 
recovered in new habitats called coal mines, completely devoid of background structure. 
Agricultural fields that are not directly affected by the mining industry are prone to carbon 
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deposition from wind and water seepage.  Severe soil loss, shallow soil, low underground 
pH, Al toxicity, poor organic matter, phosphorus and chemical deficiency. This is known as 
the main obstacle to the earth’s dust. At the same time, nitrogen, metals and metals can 
limit the production capacity of plants.  The requirement of unmanned aerial vehicles has 
very little effect on soil and forest erosion until the population becomes scarce and, 
moreover, the coercion on the ground is negligible. [4] The jhum cycle was revised from 
50 to 60 years, however, due to the spread of humanity, the jhum cycle was shortened to 
thirteen years, which made the land less economical and led to soil degradation. and 
imbalance with the socio-economic settlement of the village. community. According to one 
estimate, growing jhum on the slopes is a respectable 6070%, which gives a yield of 146.6 
t / ha / year. and 170.2 t / ha / year. lost land in years 1st& 2nd, respectively. Moreover, 
the region of the abandoned jhum is 30.2 t / ha / year. Loss of land in the middle of the 
main year, therefore, over the entire area of 176.53 thousand hectares, 58.61 thousand 
hectares are a problem. In each state, 26,6249.0% of the kingdom degraded due to shift 
cultivation and other means. Migration agriculture alone provides sporting status for 
26.33% of the total geographic area. [4] 
 

S.No. State 
Total 

Geographical 

area (in km2) 

Loss due 
to 

erosion 

Land 
degradation 

Total 
% Of 

problematic 

area. 

01. 
Arunachal 
Pradesh 

83.58 22.44 2.10 26.54 31.75 

02. Manipur 22.36 3.74 3.60 7.34 32.83 

03. Meghalaya 22.49 8.37 2.65 11.02 49.00 

04. Mizoram 21.09 4.21 1.89 6.10 28.92 

05. Nagaland 16.53 4.05 0.77 4.82 29.16 

06. Tripura 10.48 1.67 1.12 2.79 26.62 

Total 176.53 46.48 12.13 58.61 33.20 

 
Table 3: Problematic areas of soil erosion (km2) in hilly states of NEH Region (in lakhs ha) 
 
Future Strategies to Strengthen Agroforestry Research:  

Agroforestry analysis is increasing in the NEH space, taking into account the 

technical experience accumulated by the Institute, which is also the result of knowledge / 
practice inherent in people belonging to a social group. To strengthen agroforestry 
practices, the following work structure has been developed: [4] 

 
• Social, scientific, communal & profitable analysis with specific links to marginalized tribal 
communities, marginalized and landless.    
• Rehabilitation of degraded or abandoned land in Jhum through agroforestry.    
• Record old forestry-based farming system and prepare management practices that will 
be applied to achieve return on assets.    
• Encourages the optimal combination of trees and crops.    
• Improvement of some local tree species.    
• Research on plant-plant interactions in vertical agricultural systems.    
• Diagram of biomass consumption at cutting height.    
• Dumping, composting and soil nutrient dynamics in agricultural systems.    
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• analysis of old and improved agroforestry systems.   
• Introducing healthy plants and orchids into agroforestry systems.[4] 
 
Retrospection 

After three decades of organized analysis of agroforestry in India, new research 
shows that significant progress has been made in many regions in shaping nurse-driven 
agroforestry practices. a lot of agroforestry; The program has collected a large amount of 
MPTS genetic material, evaluated in a very diverse edaphon nursery; About twenty tree 
species used in agroforestry have gone through completely different stages of selection 
and breeding, many of which have been tested in multiple locations; Many agroforestry 
systems have been developed as models for different types of agriculture, and many older 
agroforestry techniques have been improved with improved planting materials and 
techniques. Several sections have been combined to design different agroforestry systems. 
Network analysis results used in the event. and restoration of degraded lands and 
wastelands in various regions of nations results of the project study were accepted and 
published in line with recommendations of the state government and various agencies, 
including Punjab, Haryana, Maharashtra, Karnataka, Uttarakhand and Madras, which they 
took on the initiative. Supported by the recommendations, farmers have introduced large-
scale poplar-based forestry-based farming administrations and have achieved high 
profitable returns, especially in Haryana and Punjab. The consequences of large scale of 
trees outside the forest (TOF) increasing over time. Recently, new initiatives have emerged 
such as spatial chart using geo-scientific automation, the prospective of forest-based 
farming administration to sequester carbon and therefore the environment.At this stage, in 
connection with the execution of the National Agroforestry Policy, which requires a 
dynamic attitude in farming and therefore the latest challenges, an analysis of the work 
already done is needed. It is required to recognize and define new directions of analysis 
and development in agroforestry. The level to which rust in the atmosphere over time due 
to warming affects agricultural livelihoods. Indian agriculture faces many challenges and 
constraints due to growing population pressures, rising call for food, food, pulp, forage and 
timber, decline, decline, decomposition of typical assets and worldwide meteorological 
temperature change. The challenge facing the country today is to test food security and 
upgrade the status of life for people by providing better jobs, financial gain and preserving 
opportunities. Over time, the landscape reduces productive land for agriculture, degrades 
land and water resources, increases the risk of pollution and threats to the environment 
and ecosystems from warming and temperature changes. New approaches are required to 
encounter the demand for food, feed, fibre, fuel and wood. The results of an organized 
agroforestry analysis showed that agroforestry has a high potential in protective and 
productive ecosystems, generating great economic results, increasing income and raw 
materials. the main characteristics of the rural population. In addition, agroforestry will 
protect typical assets and at the coinciding increase the country's forest cover. land use. 
changing of the climate. [8] 
 
Conclusion 

Agroforestry offers farmers the opportunity to encounter their organic process and 
energy needs by providing a extend scale of economically valuable food and crops, & 
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wood, fruits and bats, seeds and oils. the economic benefits that farmers can derive from 
capturing water and nutrients that penetrate the maximum root depth of plants and the 
abuse of seasonal rainfall. about the balance between trees and annuals, and they need 
tools and training. try.  Other task, like harvesting biofuels from forestry-based farming, a 
by-product of farming and not the primitive motive of these Terra Fauna use 
administration. Products made with energy are much lower in useful minerals than wood 
products. nonetheless, it is essential to check the right balance between the exhaustion of 
short supply nutrient reserves in the soil and an adequate supply of mineral nutrients in 
human organic phenomena. [7] 

Forestry-based farming an important pathway for farmers and villagers to prosper, 
leading to job creation and financial returns; food security and nutrition; satisfy various 
basic human desires in a rights-based approach and help farmers avoid the pain of 
temperature changes. forests and trees. However, it can only be improved with good 
investment and collaborative efforts in research, education, advisory services and 
acceptable national policies. agroforestry interventions in the Republic of India by 
addressing most of the problems faced by farmers and villagers, however difficult they 
may be. A great alternative is to move agroforestry policy from the national to the local 
level. [5] 
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Abstract 
 
In recent era, applications of natural antioxidants from numerous plants and 
microorganisms are amplified extensively due to harmful effects of synthetic compounds in 
the natural environment. A large community of microorganisms are isolated from diverse 
parts of flora, as an instance, Azotobacterspp., Actinobacterspp., Lactobacillus spp. and 
Plant Growth Promoting Rhizobacteria. Plant extracts, traditionally used for their flavoring 
characteristics, often have strong H- donating activity which makes them extremely 
productive antioxidant. Some of them are phenolic compounds, flavonoids, volatile oils and 
some plant pigments like anthocyanin. Antioxidants are worked on the principle to 
scavenge free radicals and protect organisms from its noxious effects. Scavenging capacity 
of antioxidants are analyzed by using diverse kind of assay techniques such as DPPH 
Scavenging assay, GC-MS assay,Cupric Iron reducing antioxidant capacity assay (CUPRAC 
assay) etc. Now a days, antioxidants are largely exploited in therapeutical, medicinal and 
food industries to improve human health and life-style. Many researches in novel aspects 
of antioxidants are on-going and may be in nearer future it will be expanded in its next 
level. 
 
Key Words: Antioxidants, Scavenging activity, ROS and RNS, Ascorbic acid 
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Introduction 
 

he development of antioxidant field is escalated day by day largely due to the fact 
that oxidative stress is widely connected to the origination of plethora of diseases 
including diabetes, cancer, various aging related and central nervous system 

disorders. Recently, the 18th International Congress of the International Society of 
Antioxidants and Health (ISANH), held in Beirut on 3-4 May 2017 to discuss about the 
problem of the onset and role of oxidative stress (OS) in very serious diseases. During 
rigorous oxidative processes, various free radicals are produced which can be potent 
precursors of systemic cell and tissue damage. To protect the body from free radicals and 
harmful chain reaction, antioxidants act as an inhibitor of oxidation process by removing 
free radical intermediates such as Reactive Oxygen Species (ROS) and Reactive Nitrogen 
Species (RNS) and oxidize themselves.Even though they are present in minute 
concentration, they can perform assorted physiological functions in the body to stop the 
harmful oxidation reaction. Antioxidant is not a new terminology, since ancient times 
herbal plants are considered as good antioxidants. Most widely studied antioxidants in the 
field of Medicine and Pharmacology are tocopherol, ascorbic acid and flavonoids because 
of their anticancer, antimutagenic and antitumor activities. 
 
Classification of Antioxidants 

Antioxidants can be bifurcated into two major categories such as Natural and 
Synthetic. The main focused site of these free radicals damage and defensive approach of 
antioxidants in the body is at the cellular level. Based upon this, these antioxidants can 
also be classified as enzymatic and non-enzymatic antioxidants. Antioxidants are also 
classified into microbial, fruit & vegetables and medicinal plant antioxidants based upon 
sources. A detailed classification and subclassification has been displayed in figure. 

 

 
 

Figure 1: Classification of Antioxidants 
 
 

T 
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Antioxidants from Herbal and Medicinal plants 
All parts of plants such as seeds, nuts, leaves, roots and barks contain many of the 

antioxidants but phenolic compounds and carotenoids are major once. Medicinal and 
Herbal plants have large impact on pharmaceutical and therapeutical industries because 
they produce various secondary metabolites which are largely contributed in control of 
diseases. As an example, clove, turmeric, ginger etc. 
 

Table 1: Some important plants having antioxidant constituents 
 

No. Common Name Scientific Name Antioxidant compounds 

1 Turmeric Curcuma longa Curcumin 
2 Ginger Zingiber officinale Gingerol, Shogaol 
3 Clove Syzygiumaromaticum Eugenol 
4 Mint Mentha arvensis Rosmarinic acid 
5 Cumin Cuminum cyminum Cuminaldehyde 
6 Black pepper Piper nigrum Piperine 
7 Lemon Citrous limon Limon 

 
Antioxidants from Fruits and Vegetables 

Fruits and vegetables are potent source of vitamins A, C (ascorbic acid), E(α-
tocopherol), β- and α-carotene and glutathione. Alkaloids, terpenoids, sulfur containing 
compounds, phenolic and polyphenolic compounds are other antioxidants present in them, 
which reduced oxidative damage by neutralizing activities of free radicals. Carotenoids, a 
significant bioactive present in fruits and vegetables are mainly effective at inhibiting the 
oxidation caused by single oxygen. Fruits and vegetables possess a number of flavonoid 
compounds including anthocyanin, anthocyanidins, flavonols, flavones and flavonones 

which have properties of anticarcinogenic, anti-inflammatory and antimutagenic. 
 

Table 2: Some important fruits having antioxidant constituents 
 

No. Commonname Antioxidant Compounds Health functions 

1 Apple Ascorbic acid, β-carotene, 
Polyphenols, Mangiferin, 

Anthocyanins, Protocatechuic acid 

Protect human cells against 
damage, helps to combat 

degenerative diseases like cancer 
and heart disease. 

2 Grapes Phenolic acid, Stilbenes, 
Flavonols, Flavanols, Viniferin and 

Anthocyanins 

Reduction of low-density 
lipoprotein, inhibition of platelet 

aggregation and antifungal agent 
3 Guava Vitamin C, Polyphenols Normalizes body blood pressure 
4 Pineapple Epicatechin, Ferulic acid, Gallic 

acid, Catechin, Sterols 
Anti-inflammatory, anti-invasive, 
anti-metastatic and anti-tumor 

5 Mango Ascorbic acid, β-carotene, 
Polyphenols, Catechins, 

Mangiferin, Anthocyanin, Gallic 
acid, Rhamnetin 

Protect human cell against damage, 
helps to combat degenerative 
diseases like cancer and heart 

disease. 

 
 



 PLANTA – Vol.-3, 2021: 816 - 829 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 

Meghani Sonali et. al.,  Classification, Mechanism and Assay of Antioxidant Compounds | 819  

Table 3: Some important vegetables having antioxidant constituents 
 
No. Common Name Antioxidant Compound Health Functions 

1 Allium (onions & 
garlic) 

Diallyl sulfide and allyl methyl 
trisulfide 

Inhibit LDL oxidation, cell 
proliferation and growth, enhance 

the immune system, alters 
carcinogenic activation, stimulate 

detoxification enzyme. 
2 Beet root Betalains, Polyphenols Inhibition of LDL oxidation 
3 Carrot β- carotene, linolenic acid and 

vitamin-A 
NA 

4 Spinach Polyphenols Inhibition of LDL oxidation 
5 Tomato Vitamin-A, C, E, β-carotene, 

Lycopene, Potassium flavonoids, 
Folic acid 

Prevention of cancer and heart 
diseases, act as prooxidant in a 

lipid environment 
6 Cruciferous 

vegetables 
Glucosinolates and S-

methycysteine sulfoxide 
Cancer chemo-preventive effects, 
prevention of lipid peroxidation. 

 
Antioxidant from Microorganisms 

Generally, microorganisms which are intracellularly or intercellularly associated 
with various parts of plants (endophytic microorganisms)are capable of producing different 
types of antioxidant compounds like alkaloids, glycosides, phenolic acids, xanthones, 
steroids, terpenes, tetralones, coumarins and quinones. Such bioactive metabolites have a 
vast application in agrochemicals like insecticidal and growth promoting chemicals, 
pharmaceutical and therapeutical industries. As an example, 
Methylobacteriumradiotoleransisolated from Combretum erythrophyllum seeds can produce 
a class of fatty acids (9-octadecene, 3-eicosene, 11- tricosene, hexadecane) and several 

phenolic compounds which are utilized as antioxidants. Other microorganisms such as 
Paenibacillus alvei which was isolated from Curcuma longa rhizome, also have capability to 
produce commercially important antioxidant compounds. Other than endophytes, 
Lactobacillus rhmnosus which is present in yogurt, kefir and other fermented dairy 
products is also a good source of antioxidant compounds. 
 
Basic Mechanism of Antioxidants 

In human body, antioxidants conduct actions as a second line of defense against 
the origination of free radicals through oxidative chain reaction processes. Free radicals 
have a potential to trap molecules that can donate electron to free radicals which are able 
to trap other molecules wandering in the cells to cause harmful effect to biomolecules and 
ultimately damage the genetic material. Antioxidant compounds act through some specific 
mechanism: Hydrogen Atom Transfer (HAT), Single Electron Transfer (SET) and the ability 
to chelate transition metals. Mechanism of some of the commercially important antioxidant 
compounds is mentioned here. 
 
Mechanism of Phenolic Compounds 

Phenolic compounds have hydroxyl groups in their structures. Thus, they are able 
to transfer their hydrogen atom to reduce or inhibit free radicals. The reaction mechanism 
of a phenolic compound with a peroxyl radical (ROO·) involves a continuous transfer of the 
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hydrogen cation from the phenol to the radical, constructing a transition state of an H-O 
bond with one electron. The antioxidant capacity of the phenolic compounds is strongly 
reduced when the reaction medium consists of a solvent prone to the formation of 
hydrogen bonds with the phenolic compounds. For example, alcohols have a double effect 
on the reaction rate between the phenol and the peroxyl radical.Leopoldini et al. 
conducted a theoretical study to identify the dissociation energy of OH bonds and the 
adiabatic ionization potential of phenolic compounds of different structures. Some of them 
aretocopherol, tyrosol, hydroxytyrosol, gallic acids and caffeic acids.HAT mechanism was 
observed highest in tocopherol, followed by hydroxytyrosol, gallic acid, caffeic acid and 
epicatechin. On the other hand, kaempferol and resveratrol follow SET mechanism. 
 

 
 

Figure-2: Phenolic compounds which follow HAT mechanism 
 
 

 
 

Figure-3: Phenolic compounds which follow SET mechanism 
 
Mechanism of Carotenoids 

High capacity of electron donation is associated with antioxidant properties of 

carotenoids. Carotenoids follow all the three basic mechanisms of antioxidants. Everett et 
al. discovered that β-carotene reacts with NO₂·by following SET mechanism. In the 
carotenoids studies with benzyl peroxyl radical which has low reactivity involved SET 
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mechanism. Chemical structure of carotenoids also affects the reactivity towards free 
radical. Carotenoids with withdrawn electron groups are more resistant to oxidation than 
carotenoids substituted with electrons. Order of reactivity study of carotenoids with 
phenoxy radicals is lycopene > β-carotene > zeaxanthin > lutein> echinenone > 
astaxanthin. 
 
Mechanism of Ascorbic Acid 

Ascorbate being a reducing agent, produce ascorbate radical and dehydroascorbic 
acid by losing two electrons in two subsequent reactions. Due to delocalization of unpaired 
electron by resonance, the ascorbate radical is comparatively stable. Plasma of healthy 
humans possesses 10 µg/ml concentration of ascorbic acid. At these concentrations, 
vitamin-E is co-antioxidant with ascorbate to protect LDL from peroxyl radicals. The 
ascorbate radical is poorly reactive and can be reduced to ascorbate by reductase 
dependent NADH and NADPH. Alternatively, ascorbate radical can undergo a 
disproportionation reaction that depends on h, and forms ascorbate and dehydroascorbic 
acid. 

 

 
 

Figure 4: Mechanism of Ascorbic acid 
 
Methods for Antioxidant Analysis 

Desired plant material is collected from various medicinal plants and then 
microorganisms are isolated from it to check antioxidant activity. To assay antioxidant 
analysis, different types of assay methods are performed. 
 
DPPH Free Radical Scavenging Assay 

This method was developed by Blois (1958) by taking it in mind to determine the 
antioxidant activity by using a stable free radical α, α-diphenyl-β-picrylhydrazyl (DPPH). 
DPPH is stable free radical that display maximum absorbance at 517nm. When DPPH 
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radicals come across proton (hydrogen) donating substrate such as antioxidant, free 
radical should be scavenged and absorbance would be reduced. The decreased in the 
absorbance is taken as measure for “Radical Scavenging action”. After 30 minutes of 
incubation free radical scavenging property with sample is compared with Ascorbic acid as 
control. 95% scavenging activity of 0.02mg DPPH was achieved by 1mg/ml Ascorbic acid. 
Generally, 50µl of sample extract in methanol is mixed with 100µl of DPPH solution and 
850µl methanol, by making final volume 1ml. Methanol is used as blank and distilled water 
+ DPPH solution is used as control. Percentage of scavenged DPPH radical is calculated by 
using following formula: 

 

 
 

 
Where, A0 = Absorbance of control, A1 = Absorbance of sample 

 
Figure 5: DPPH Reaction Mechanism 

 
Ferric Ion Reducing Assay 

Ferric reducing ability of plasma (FRAP) assay is based on the principle of 
reduction of ferric tripyridyl triazine (Fe3+-TPTZ) complex to ferrous tripyridyl triazine (Fe2+-
TPTZ) by the antioxidants of the sample at low pH. At absorption maximum 593 nm end 
product, Fe2+-TPTZ gives blue color and the change in absorbance is related to the 
antioxidant capacity of the plasma. 

 

 
Figure 6: FRAP Mechanism 
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Here, mentioned method was reported by Jayanthi et al. (2011) using trichloro 
acetic acid and ferric chloride solution. Ascorbic acid is used as standard. Sample extract is 
mixed with 2.5 ml phosphate buffer (0.2M, pH-6.6) and 2.5 ml potassium ferricyanide 
(1%w/v). 
 
Nitric Oxide Radical Scavenging Assay 

Nitric oxide (NO-) radicals are measured by the method of Marcocci et al. (1994). 
The basic principle behind this procedure is at physiological pH in aqueous solution sodium 
nitroprusside spontaneously generates nitic oxide which directly interacts with oxygen to 
produce nitrite ions which are measured by Griess reagent. To reduce production of nitrite 
ions, nitric oxide scavengers compete with oxygen. Higher amounts of NO-may lead to 
tissue damage. 1ml sample extract with various concentrations mixed with 0.5 ml of 10mM 
sodium nitroprusside in phosphate buffer saline. Incubation is done at 25⁰C for 180 
minutes. After incubation, an equal amount of freshly prepared Griess reagent is added. 
Control is prepared using buffer in place of sample extract. As positive control, Ascorbic 
acid is used. Absorbance is measured at 546nm on UV visible spectrophotometer.  
 
% Scavenging /reduction =  
[Absorbance of control – Absorbance of test sample/Absorbance of control] × 100 
 
Cupric Iron Reducing Antioxidant Capacity Assay (CUPRAC assay) 

In this assay, Cu2+-Neocuproine (Cu2+-NC)is reduced into Cu+-Neocuproine (Cu+-
NC)by the action of the non-enzymatic antioxidants presented in the sample. Cu+- NC is a 
stable complex which has maximum absorbance at 450 nm.  The assay used for CUPRAC 
in the present study was based on the method described by Apak et al. (2008) with some 
modifications. 

In this procedure, 1ml of sample extract in ethanol is mixed with 1ml of 7.5×10-3M 
Nc solution, 1ml of 1×10-2M CuCl2 solution, 1ml of ammonium acetate buffer and 1ml of 
water. Mixture is incubated at 25⁰C for 30 minutes and absorbance is measured at 450nm. 
Ascorbic acid is used as standard. 

 

 
 

Figure 7: CUPRAC Assay Mechanism 

 
 
 



 PLANTA – Vol.-3, 2021: 816 - 829 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 

Meghani Sonali et. al.,  Classification, Mechanism and Assay of Antioxidant Compounds | 824  

 
GC-MS Analysis and Identification 

Gas chromatography – Mass spectrometry analysis of sample extract is performed 
on GC system fitted with various types of columns (Rtx-5MS capillary column) 
accompanied with MS. As a carrier gas, a constant flow rate of 1ml/min of ultra-high purity 
helium gas (99.99%) is used. The ionizing energy at 70eV is maintained. The injection, 
transfer line and ion source temperatures are set at 290⁰C. Initially, oven temperature is 
set at 60⁰C for 2 minutes and then increased to 280⁰C. The sample extract is diluted by 
using appropriate solvent and then filtered to prepare particle free diluted sample extract 
solution. After that, prepared sample is injected using a syringe into the injector with a 
split ratio 30:1. For collecting the full-scan mass spectra, 40-550 amu scan range is used. 
A percentage of peak area is calculated to evaluate percentage composition of sample 
extract constituents. Based on GC retention time, the identification and characterization of 
chemical compounds are expressed. The data is compared with thestandards available in 
mass spectrum libraries. The database of National Institute Standard and Technology 
(NIST) is utilized to interpret Mass-Spectra of GC-MS. 
 
Statistical Analysis 

All data of extracts which are analyzes by above methods are expressed as mean 
± Standard Deviation of mean. The mean values are statistically analyzed using One-way 
Analysis of Variance (ANOVA) using the graph pad instant software package. Comparison 
among mean values is made by Least Significance Difference (LSD). 
 
Potential Applications of Antioxidants 
Medicinal applications of Antioxidants 
Antioxidants as anti-cancerous agents 
 

i. Flavonoids are considered as free radical scavengers. That’s why they are used as 
anticarcinogenic agents. Almost 28 naturally occurring and synthetic flavonoids 
have been identified as novel antileukemic compounds. They are also beneficial as 
anti-inflammatory, anti-allergic and anti-viral agents.  

ii. Lycopene have ability to prevent heart diseases and protect the skin against the 
sun damage and they are widely used in diverse types of cancers such as 
pancreas, colon, oral cavity, esophagus, ovaries etc. Lycopene significantly 
decreases the risk of prostate cancer in men. 

iii. Glutathione is a tripeptide thiol compound which is a major intracellular antioxidant 
in the body. 

iv. Selenium is present in very small amount in the body, but it is one of the most 
important mineral antioxidants for the endogenous enzymes. It controls the heart 
failure. 
 

Antioxidant and Nervous system 
Antioxidants maintain the wellness of cerebellum by curing oxidative damage and 

they are also considered as therapeutic agents for acute nervous system injury. 
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Antioxidant and Red Blood Cells 
RBCs are damaged by Reactive Oxygen Species (ROS) as they are daily 

encountered with them. Antioxidant enzymes such as Cu Zn Superoxide Dismutase 
(CuZnSOD) and catalase get accumulated at RBC membrane as first line of defense against 
oxidative stress. 
   
Role in Food 

Some antioxidants are maintaining the texture, flavor and color of the food 
products during storage. Nutritional and dietary antioxidant supplements and functional 
foods possess antioxidants like α-tocopherol, vitamin-C and some other plant derived 
phytochemicals such as lycopene, lutein, isoflavones, green tea extracts and grape seed 
extracts have a large impact on current market potential. 
 
 

 
 

Figure 8: - Applications of Antioxidants 
 
 
Role of Antioxidants in Diabetes 

Concentration of free radicals are increased and antioxidant potential is decreased 
in Diabetes mellitus which cause oxidative damage of cell components such as proteins, 
lipids and nucleic acids. Glucose autooxidation is a widely responsible for production of 
free radicals and ultimately cause oxidative stress. Apart from that, higher amount of some 
prooxidants including ferritin and homocysteine is also responsible for oxidative stress. 
Deficiencies of glutathione, ascorbate and superoxide dismutase have been reported in 
diabetic people.  
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Role of Antioxidant in Premature Infants 
Enzymatic and/or non-enzymatic antioxidants are useful for infants by reducing injury from 
excess production of ROS, significantly in disorders such as bronchopulmonary dysplasia, 
retinopathy of prematurity, periventricular leukomalacia and necrotizing enterocolitis. 
 
Therapeutic Applications of Antioxidants 

Fruits and vegetables are considered as a good source of antioxidants which are 
used to treat neurodegenerative diseases such as Alzheimer’s disease, Parkinson’s disease 
and amylotrophic lateral sclerosis. It can also reduce the risk of rheumatoid arthritis, 
cardiovascular disorders, ulcerogenesis and acquired immunodeficiency. It has been found 
that antioxidant supplement therapy as an adjuvant therapy is useful in the patients with 
stress induced psychiatric disorders and generalized anxiety disorders.  

 
Future Prospects of Antioxidants 

The use of antioxidants in various industries is progressively escalated and that’s 
why great research is required to revolutionize current perspectives. In antioxidant 
therapy, biomarkers should be employed to measure the oxidative stress. Good biomarkers 
are required for that. Single type of antioxidants is not be able to completely neutralize the 
damage produced in different macromolecules and tissues. Thus,combination of 
antioxidants might have synergistic effect and may be able to cure the diseases, which are 
not curable earlier. Mitochondrial targeted delivery of antioxidants is a new electrifying 
field of research that seeks to concentrate antioxidants in the inner membrane of 
mitochondria to protect the body from mitochondrial oxidative stress and is also helpful for 
atherosclerosis. For the identification and modulation of disease specific redox sensitive 
signaling pathways, molecular targeted therapy might be used in near future. To overcome 
availability of antioxidant at its target sites antioxidant gene therapy has also recently been 
proposed as a treatment strategy. Some enzyme has a function to produce ROS, one of 
them is NADPH oxidase. Inhibition of such an enzyme may be reduced risk of many 
diseases. Antioxidant drugs possess advantage over other types of drugs due to their 
effectiveness against oxidative stress related diseases as well as other pathologies. As an 
example,edaravone is an antioxidant drug. 

 
Conclusion 

The researchers from all over the world are decidedto use of synthetic compounds 
should be reduced to safe level. By taking it in a mind, they extracted more natural 
compounds from the medicinal and herbal plants for beneficial implementation and more 
convenient use. Antioxidants being a one of them, reduce the level of free radicals from 
the body and act as anti-carcinogenic, anti- inflammatory, anti-ageing and reduce 
occurrence of harmful diseases. In future, antioxidants may be widely used as drugs and 
antioxidant gene therapy. 
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EXTRACTION OF ESSENTIAL OIL FROM VARIOUS PLANTS AND 

THEIR ANTIMICROBIAL ACTIVITY# 
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Abstract 
Scientists have shown that methods such as hydro distillation, solvent-extraction, Soxhlet 
extraction, cold-pressing method developed for extraction of valuable components from 
plants have been successfully used. Essential oils are complex volatile compounds, 
naturally synthesized by various parts of the plant during the secondary metabolism of 
plants. A wide range plants having the medicinal properties have been explored and used 
for the extraction of oils worldwide due to their antimicrobial properties against the 
bacterial, fungal and viral pathogens. The presence of a large number of alkaloids, 
phenols, terpenes derivatives compounds and other antimicrobial compounds makes the 
oils more précised in their mode action against the ample variety of pathogenic 
microorganisms. Thus, the essential oils could be used as better supplements or chemical 
components or medicinal drug or alternatives against the pathogenic microorganisms. 
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Introduction 
 

here are many plants have the ability to inhibit the growth of pathogenic 
microorganisms due to presence of essential oils. Many plant-oils have been 
extracted from complex mixture of volatile molecules produced by the secondary 

metabolism of plants. Secondary metabolism produces a large number of specialized 
compounds that do not aid in the growth and development of plants but are required for 
the plant to survive in its environment. Primary metabolism governs all basic physiological 
processes that allow a plant to grow and set seeds, by translating the genetic code into 
proteins, carbohydrates, and amino acids. Specialized compounds from secondary 
metabolism are essential for communicating with other organisms in mutualistic (e.g. 
attraction of beneficial organisms such as pollinators) or antagonistic interactions (e.g. 
deterrent against herbivores and pathogens). Some of the plants have ability to produce 
essential oils or chemical compounds from it and shown the antimicrobial effect against 
pathogens.  Essential oils are natural, volatile liquid, complex compounds characterized by 
a strong odor, rarely colored, soluble in lipid and organic solvents. Essential oils can be 
extracted from all plants or different parts of the plant like bark, leaves, roots, wood, seeds 
or fruits, flowers, burgeons, branches. Essential oils are plant-based volatile oils with 
strong aromatic components that are made up of different chemical compounds. For 
example, alcohols, hydrocarbons, phenols, aldehydes, esters and ketones are some of the 
major components of essential oil. Essential oils generally have 2-3 major components at 
fairly high concentrations (20-70%) compared to other components present in trace 
amount. For example, Carvacrol (30%) and thymol (27%) are the main components of the 
Origanum compactum essential oil (Betts, 2001). The majority of essential oils are 
composed of terpenes and terpenoids and other aromatic and aliphatic constituents, all 
characterized by low molecular weight. Terpenes are the major group of plant natural 
products characterized by an extensive variety of structural types and the most valuable 
compounds (Degenhardt et al., 2009). The terpene compounds are hydrocarbons of 
general formula (C5H8)n formed from isoprene units. The chemical profile of essential oils 
varies in the number of molecules, stereochemical properties of molecules, and also 
depends on the type of extraction.  

The extraction products may vary in quality, quantity and in composition according 
to climate, soil composition, plant organ, age and vegetative cycle stage (Masotti et al., 
2003; Angioni et al., 2006). Essential oils or some of their constituents are indeed effective 
against a large variety of organisms including bacteria and viruses (Duschatzky et al., 
2005), fungi (Hammer et al., 2002) and protozoa (Monzote et al., 2006). The essential oils 
are known for their bactericidal, virucidal, fungicidal activity due to their medicinal 
properties against the wide range of pathogenic microorganisms. Use of synthetic 
chemicals for the control of pathogenic microorganisms is limited because of their 
carcinogenic effect, acute toxicity and environmental hazards. The use of essential oils to 
combat with the infectious microorganisms and to control epidemic multi-drug resistant 
microorganisms is the promising approach (Mulyaningsih et al., 2010). 
 
 

 

T 
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Figure 1: Structures of the Plant-oil’s  chemical components. A) Patchoulol; B) p-cymene; 
C) Limonene; D) Pogostone; E) Germacrene D; F) Caryophyliene; G) Caryophyliene; H) 

Geranyl acetate; I) Geraniol; J) Eugenol; K) Carvacrol; L) Thymol. 
 

 
Antimicrobial Activity of Essential Oils 

Various types of essential oils have been used in  various types of medicinal 
applications because of their antimicrobial activity. The antimicrobial activity of plant-
derived essential oils is the basis of many applications, especially in food preservation, 
aromatherapy, medicinal and so on. Cowan (1999) reported that approximately 3,000 
essential oils are currently known so far. Out of which 300 are of commercially important 
and widely used in the pharmaceutical, agronomic, food, sanitary, cosmetic and perfume 
industries (Hajhashemi et al., 2003; Perry et al., 2003). 
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Table 1: Effect of some Plant-oils on the Pathogenic microorganisms 
 

Plant source Chemical compound Inhibited organisms 

Thymus vulgaris (Arial part) Thymol, 
Linalol, 
Carvacrol 

L. monocytogens, 
E. coli, 
S. typhimirium, 
S. aureus 

Origanum vulgare (Arial 
part) 
 
 
 
 

Carvacrol, 
Thymol, 
γ-Terpinene 

L. monocytogens, 
E. coli, 
Adeno virus, 
Polio virus 
 

Cymbopogon (Fruit) 
 
Allium sativum (Bulb) 

Ethanolic compounds 
 
Isothiocynate 

Enteriobacteriacae, 
S. aureus 
Enteriobacteriacae,  
Candida spp. 

Syzygium  

Aromaticum (Flower bud) 

Eugenol, Eugenylacetate Eneriobactericae, 
A. fumigatus, 
Candida spp., 

Zingiber officinale 
(Rhizomes) 

Ethanolic compounds Adeno virus, 
Polio virus 
Enteriobacteriacae 

 
Antibacterial Actions of Essential Oils 

Conner (1993) found that cinnamon, clove, pimento, thyme, oregano, and 
rosemary plants has inhibitory effect on some of the pathogenic organism.  It has been 
found that oils extracted from some plants had the antibacterial effects against all food 
borne pathogens due to presence of phenolic compounds such as carvacrol, eugenol and 
thymol (Kim et al., 1995). However, Ramos-Nino et al., (1996) found that benzoic acids, 
benzaldehydes and cinnamic acid were able to inhibit the growth of Listeria 
monocytogenes. Similarly, Ouattara et al.,(1997) observed the antibacterial activity of 
selected spices on the meat spoilage bacteria. Arora and Kaur (1999) analyzed the 

antimicrobial activity of garlic, ginger, clove, black pepper and green chilli on the human 
pathogenic bacteria viz. Bacillus sphaericus, Enterobacter aerogenes, E. coli, P. aeruginosa, 
S. aureus, S. epidermidis, S. typhi and Shiguella flexneri and stated that amongst all the 
tested spices, aqueous garlic extracts was sensitive against all the bacterial pathogens. 
Similarly,effect of clove extracts on the production of verotoxin by enterohemorrhagic 
Escherichia coli O157:H7 was investigated by Sakagami et al., (2000) and it was evident 
from the study that the verotoxin production was inhibited by clove extract. 
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Antifungal Actions of Essential Oils 
Essential oils and their chemical components have been used against fungi 

especially moulds. The essentials oils extracts from many plants such as basil, citrus, 
fennel, lemon grass, oregano, rosemary and thyme have shown their considerable 
antifungal activity against the wide range of fungal pathogens  (Kivanc, 1991). Arora and 
Kaur (1999) observed the sensitivity essential oil of spices against some fungal pathogens 
and concluded that garlic and clove extracts had the strong ability to inhibit the growth of 
various candida spp., Rhodotorula rubra, S. cerevisae and Trignopsis variabilis. 

 
Antiviral Actions of Essential Oils 

There are many antiviral activities of plant extracted oil has been done so far. The 
antiviral activity of plant oils were tested against many enveloped  DNA as well as RNA 
viruses, such as herpes simplex virus (DNA viruses), dengue virus (RNA virus), and 
influenza virus (RNA virus). However, essential oils extracted from oregano and clove were 
also tested against non-enveloped RNA and DNA viruses, such as adenovirus type 3 (DNA 
virus), poliovirus (RNA virus), and coxsackievirus B1 (RNA virus) (Wagstaff et al., 1994).  
 
Methods for Extraction Of Essential Oils From Plants 

Essential oil is a highly concentrated hydrophobic volatile chemical compounds, 
generally liquid in form and sourced from different plants. These essential oils have their 
unique aromatic componential compounds. Distillation is the main method through which 
these essential oils are generally extracted from plants. 
 
A. Classical (Traditional) and Conventional Methods for Extraction 
 

I. Hydrodistilation  
a. Water distillation  
b. Water and steam distillation  
c. Direct steam distillation  

II. Solvent Extraction  
III. Soxhlet Extraction  
IV. Cold pressing method 

 
B. Modern (Nontraditional) Methods For Extraction  

Traditional methods of extraction of essential oils have been discussed and these 
are the methods most widely used on commercial scale. However, with technological 
advancement, new techniques have been developed which may not necessarily be widely 
used for commercial production of essential oils but are considered valuable in certain 
situations, such as the production of costly essential oils in a natural state without any 
alteration of their thermosensitive components or the extraction of essential oils for micro-
analysis. These techniques are as follows:  

 
I. Headspace trapping techniques 

II. Static headspace technique   
III. Vacuum headspace technique 
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IV. Dynamic headspace technique  
V. Solid phase micro-extraction (SPME) 

VI. Supercritical fluid extraction (SFE) 
VII. Phyto sol (phytol) extraction  

VIII. Protoplast technique  
IX. Simultaneous distillation extraction (SDE) 
X. Microwave distillation  

XI. Controlled instantaneous decomposition (CID) 
XII. Thermomicrodistillation 

XIII. Microdistillation 
XIV. Molecular spinning band distillation 
XV. Membrane extraction 
 
I. Hydro Distillation  

 First to isolate essential oils by hydro distillation, the aromatic plant material is 
packed in a still and a sufficient quantity of water is added and brought to a boil; 
alternatively, live steam is injected into the plant charge.  Due to the influence of hot 
water and steam, the essential oil is feed from the oil glands in the plant tissue. The vapor 
mixture of water and oil is condensed by indirect cooling with water. From the condenser, 
distillate flows into a separator, where oil separates automatically from the distillate water. 

 
a. Water Distillation  

In this method, the material is completely immersed in water, which is boiled by 
applying heat by direct fire, steam jacket, closed steam jacket, closed steam coil or open 
steam coil. The main characteristic of this process is that there is direct contact between 
boiling water and plant material. 

 

 
Figure 2: Essential oil recovery by water distillation Method 

(https://www.shutterstock.com/image-illustration/distillation-apparatus-diagram-full-
process-lab-604669949) 

 

https://www.shutterstock.com/image-illustration/distillation-apparatus-diagram-full-process-lab-604669949
https://www.shutterstock.com/image-illustration/distillation-apparatus-diagram-full-process-lab-604669949
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The plant material in the still must be agitated as the water boils, otherwise 
agglomerations of dense material will settle on the bottom and become thermally 
degraded. water distillation possesses one distinct advantage, i.e. that it permits 
processing of finely powdered material or plant parts that, by contact with live steam, 
would otherwise form lumps through which the steam cannot penetrate. The main 
disadvantage of water distillation is that complete extraction is not possible and is used 
only in cases in which the plant material by its very nature cannot be processed by water 
and steam distillation or by direct steam distillation. 

 
b. Water and Steam Distillation 

In water and steam distillation, the steam can be generated either in a satellite 
boiler or within the still, although separated from the plant material. Like water distillation, 
water and steam distillation is widely used in rural areas. Moreover, it does not require a 
great deal more capital expenditure than water distillation. Also, the equipment used is 
generally similar to that used in water distillation, but the plant material is supported 
above the boiling water on a perforated grid. Steam and water distillation is faster than 
water distillation, so it is more energy efficient. Many oils are currently produced by steam 
and water distillation, for example lemongrass is produced in Bhutan with a rural steam 
and water distillation system. 

 
Figure 3: Essential oil recovery by water and steam distillation method 

(https://www.google.com/search?q=i.pinimg.com/originals/e7/f8/e6/e7f8e65a4f4d0bcaf16318a3d051c82.+jpg&cl

ient=ms-android-samsung-garev1&prmd=isnxv&sxsrf=AOaemvKPNT80bOnke04cDR-
XPuTheXdhA:1632999449277&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjBkN6AxabzAhU_gtgFHRtJBOIQ_AU

oAXoECAIQAQ&biw=412&bih=812&dpr=2.63#imgrc=d2BbrdiJlB9hWM) 
 

https://www.google.com/search?q=i.pinimg.com/originals/e7/f8/e6/e7f8e65a4f4d0bcaf16318a3d051c82.+jpg&client=ms-android-samsung-garev1&prmd=isnxv&sxsrf=AOaemvKPNT80bOnke04cDR-XPuTheXdhA:1632999449277&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjBkN6AxabzAhU_gtgFHRtJBOIQ_AUoAXoECAIQAQ&biw=412&bih=812&dpr=2.63#imgrc=d2BbrdiJlB9hWM
https://www.google.com/search?q=i.pinimg.com/originals/e7/f8/e6/e7f8e65a4f4d0bcaf16318a3d051c82.+jpg&client=ms-android-samsung-garev1&prmd=isnxv&sxsrf=AOaemvKPNT80bOnke04cDR-XPuTheXdhA:1632999449277&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjBkN6AxabzAhU_gtgFHRtJBOIQ_AUoAXoECAIQAQ&biw=412&bih=812&dpr=2.63#imgrc=d2BbrdiJlB9hWM
https://www.google.com/search?q=i.pinimg.com/originals/e7/f8/e6/e7f8e65a4f4d0bcaf16318a3d051c82.+jpg&client=ms-android-samsung-garev1&prmd=isnxv&sxsrf=AOaemvKPNT80bOnke04cDR-XPuTheXdhA:1632999449277&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjBkN6AxabzAhU_gtgFHRtJBOIQ_AUoAXoECAIQAQ&biw=412&bih=812&dpr=2.63#imgrc=d2BbrdiJlB9hWM
https://www.google.com/search?q=i.pinimg.com/originals/e7/f8/e6/e7f8e65a4f4d0bcaf16318a3d051c82.+jpg&client=ms-android-samsung-garev1&prmd=isnxv&sxsrf=AOaemvKPNT80bOnke04cDR-XPuTheXdhA:1632999449277&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjBkN6AxabzAhU_gtgFHRtJBOIQ_AUoAXoECAIQAQ&biw=412&bih=812&dpr=2.63#imgrc=d2BbrdiJlB9hWM
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c. Direct Steam Distillation 

Direct steam distillation is the process of distilling plant material with steam 
generated outside the still in a satellite steam generator generally referred to as a boiler. 
As in water and steam distillation, the plant material is supported on a perforated grid 
above the steam inlet. A real advantage of satellite steam generation is that the amount of 
steam can be readily controlled. Because steam is generated in a satellite boiler.  The plant 
material is heated no higher than 100° C and, consequently, it should not undergo thermal 

degradation. Steam distillation is the most widely accepted process for the production of 
essential oils on large scale. A big sized steel container is taken in which the raw plant 
material is kept and steam is added to it. By an open inlet, steam is inserted through the 
same plant material containing the target essential oils, releasing the aromatic bio-
molecules and converting them into form of vapor. Then the vaporized different 
compounds from the plant materials move to the condenser. Here, two individual pipes are 
used, one to exit the hot water and another to enter cold water across the condenser. This 
technique cools back the vapor into liquid form. The aromatic by-product liquid drops 
slowly from the condenser and are collected inside a receiver, known as separator present 
underneath it, now the essential oil which floats on the top of the water is siphoned off 
and collected (Kaufmann & Christen, 2002). 

 

 
 

Figure 4: Essential oil recovery by direct steam distillation method 
(https://www.newdirectionsaromatics.com/blog/articles/how-essential-oils-are-made.html) 

https://www.newdirectionsaromatics.com/blog/articles/how-essential-oils-are-made.html
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II. Solvent Extraction 
 Solvent extraction, also known as Liquid–liquid extraction or partitioning, is a 

method to separate a compound based on the solubility of its parts. This is done using two 
liquids that don't mix, for example, water and an organic solvent. In the Solvent-Extraction 
method of Essential Oils recovery, an extracting unit is loaded with perforated trays of 
essential oil plant material and repeatedly washed with the solvent. Solvent extraction is 
used in the processing of perfumes, vegetable oil, or biodiesel. Solvent extraction is used 
on delicate plants to produce higher amounts of essential oils at a lower cost (Chrissie et 
al., 1996). The most frequently applied sample preparation procedure in plant material 
analysis. The quality and quantity of extracted mixture are determined by the type of extra 
heat applied because of the method is limited by the compound solubility in the specific 
solvent used. Although the method is relatively simple and quite efficient, it suffers from 
such disadvantages as long extraction time, relatively high solvent consumption and often 
unsatisfactory reproducibility (Dawidowicz et al., 2008). 

 
Figure 5: Essential oil recovery by solvent Extraction method 

(https://www.embibe.com/exams/solvent-extraction/) 
 
 
 
 

https://www.embibe.com/exams/solvent-extraction/
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III. Soxhlet Extraction  
Soxhlet extractor was first designed by Ritter Von Soxhlet in 1879 (Soxhlet 1879) 

mainly for the extraction of lipid. But now it is widely used for extracting the bioactive 
constituents from various herbal materials. Soxhlet extractor consists of three parts:1.Flask 
containing boiling solvent. 2. Soxhlet extractor in which the oil to be extracted is packed. It 
has a side tube which carries the vapors of the solvent from the flask to the condenser and 
a siphon tube which siphons off the extract from Soxhlet extractor to the flask..3. A 
condenser in which the vapors of the solvent condense back into the solvent . 

In this method, a finely divided herbal sample is placed in a porous bag or 
“thimble” made of strong filter paper in an extraction chamber, which is placed on top of a 
collecting flask, beneath a reflux condenser. A suitable solvent is added to the flask, and 
the setup is heated under reflux. When a certain level of condensed solvent has 
accumulated in the thimble, it is siphoned off into the flask beneath. The main advantage 
of this method is that it is a continuous process and is carried out until the last drop of 
solvent from the siphon tube leaves the residue. In addition, a large amount of crude oil is 
also extracted with a much smaller amount of solvent. In terms of time, economy, energy, 
and financial inputs, it becomes much more viable when converted into a continuous 
extraction procedure in small to medium batches or on a larger scale. This method cannot 
be used for thermolabile compounds as prolonged heating may lead to degradation of the 
compounds. 

 
 

Figure 6: Essential oil recovery by soxhlent method 

(https://www.researchgate.net/publication/251753895) 
 
 

https://www.researchgate.net/publication/251753895
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IV. Cold Pressing Method  
Cold pressed method or expression method is only used in the production of citrus 

oil. Expression refers to the physical process, in which the essential oil glands in the peel 
are crushed against a hard object which was placed under a large natural sponge or by 
bending the peel into the sponge to release the oil. The oil emulsion was removed from 
the sponge by squeezing in to another container. This oil retains the characteristics fruit 
odour than the oil produced by other methods. The term cold pressed the erotically means 
that the oil is expeller-pressed at low temperatures and pressure. Cold pressed method is 
one of the best methods to extract essential oils. This process is used for most carrier oils 
and many essential oils. This process ensures that the resulting oil is 100% pure and 
retains all the properties of the plant. It is a method of mechanical extraction where heat 
is reduced and minimized throughout the batching of the raw material. The cold pressed 
method is also known as scarification method. Cold pressed method is mainly used for 
extracting essential oils from plants, flower, seeds, lemon, tangerine oils (Arnould et al., 
1981). In this process, the outer layer of the plants contains the oil are removed by 
scrubbing. Then the whole plant is pressed to squeeze the material from the pulp and to 
release the essential oil from the pouches. The essential oil rises to the surface of the 
material and is separated from the material by centrifugation. 
 

 
Figure 7: Essential oil recovery by cold pressing method 

(https://www.newdirectionsaromatics.com/blog/articles/how-essential-oils-are-made.html) 
 
 
Mechanism of Action of Essential Oils against Pathogenic Microorganisms 

The antimicrobial properties of essential oils depend on their chemical constituents 
and compounds (F. Nazzaro et al.,2013). Through a series of molecular interactions 
chemical compounds are secreted under specific biotic/abiotic stress conditions (F. Nazzaro 
et al.,2013),(R. A. Holley et al., 2006).In the bacterial cell the mechanism of antibacterial 
action is mediated by a series of biochemical reactions, which are dependent on the type 

https://www.newdirectionsaromatics.com/blog/articles/how-essential-oils-are-made.html
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of chemical constituents present in the essential oil (F. Nazzaro et al.,2013).The 
antibacterial activity of essential oils also differs because of different bacterial architecture, 
such as Gram-positive and Gram-negative bacteria, which differ in their cell membrane 
compositions (K. A. Hammer et al.,2011;J. S. Raut et al., 2014). 

 
Effects on Bacterial Cell Wall 

Antimicrobial actions of essential oils lead to the leaking of cell membrane and 
increased the membrane permeability (Lambert et al., 2001; Oussalah et al., 2006).The 
loss of ions and reduction in membrane potential, collapse of the proton pump and 
depletion of the ATP pool are directly associated with permeabilization of the cell 
membranes  (Di Pasqua et al., 2006; Turina et al., 2006).The disruption of the cell 
membrane  may assist various vital processes such as energy conversion processes, 
nutrient processing, the synthesis of structural macromolecules, and the secretion of 
growth regulators (M. Oussalah et al., 2006).The essential oils affect both the external 
envelope of the cell and cytoplasm (F. Nazzaro et al.,2013 ; J. S. Raut et al., 2014). 
Essential oils pass through the cell wall and cytoplasmic membrane may disrupt the 
structural arrangement of different polysaccharides, fatty acids and phospholipids layers 
(Burt, 2004; Long bottom et al., 2004).It also coagulate in the cytoplasm and damage 
lipids and proteins layers (Burt, 2004).The antimicrobial effect of essential oil components 
such as thymol, menthol and linalyl acetate might be due to bacterial plasma-membranes 
perturbation of the lipid fractions, which might be affected the membrane permeability and 
leakage of intracellular materials (Trombetta et al., 2005). The disruption of the cell 
membrane by essential oils help in various processes such as energy conversion processes, 
nutrient processing, synthesis of structural macromolecules, and secretion of  growth 
regulators(Oussalah et al., 2006). 

 
 

Figure 8: Antimicrobial mechanisms of essential oils on microbes. 
 
 



 PLANTA – Vol.-3, 2021: 830 - 849 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 

Mistry  Parth R. et. al., Extraction of Essential Oil from Various Plants | 842  

Effects On Fungal Cell Wall 
The essential oils have the ability to penetrate and disrupt the fungal cell wall and 

cytoplasmic membranes, permeabilize them and damage mitochondrial membranes 
(Akthar et al., 2014). The changes in electron flow through the electron transport system 
inside the mitochondria damage the lipids, proteins and nucleic acid contents (Arnal 
Schnebelen et al., 2004) of the fungal cells.In yeast cells, essential oils establish a 
membrane potential across the cell membrane and disrupt the production of ATP, which 
leads to cell membrane damage (V. Aleksic et al., 2014).The essential oils could also 
disrupt the depolarization of the mitochondrial membranes by affecting ions channels, 
especially Ca2+ions, proton pumps, reduce pH and ATP pools, and therefore decrease the 
membrane potential (Swamy et al., 2016). This change in the fluidity of membranes may 
cause electrolyte leakage and hinder cytochrome C pathways, proteins metabolism, and 
calcium ion concentrations. Therefore, the permeabilization of inner and outer 
mitochondrial membranes may result in the cell apoptosis or necrosis leading to cell 
death(H. S. Yoon et al., 2000). 

 
Effects on Virus Cell Wall 

At present, various essential oils may be a promising alternative against viral 
infections (K. Bohme et al., 2014). Essential oils might interfere with virion envelopment, 
designed for entry into host cells (Swamy et al., 2016).For instance, the sesquiterpene 
triptofordin C-2 was reported to suppress the synthesis of viral proteins and inhibit the 
early gene expression process of the HSV-1 virus (K. Hayashi et al., 1996).Schnitzler et 
al.,2011 investigated the antiviral activity of star anise essential oil as well as compounds 

such as eugenol, trans-anethole, farnesol, 𝛽-eudesmol, 𝛽-caryophyllene, and 𝛽-
caryophyllene oxide against HSV-1. They found the direct inactivation of HSV-1 particles, 
which is also reported in another study where eugenol was used (K. Hayashi et al., 
1996).Isoborneol (monoterpene) affected the glycosylation process of viral proteins, which 
inhibited the growth of HSV-1 [M. Armaka et al., 1999).Similarly, essential oils of ginger, 
thyme, hyssop, and 
sandalwood were able to inhibit acyclovir-resistant HSV-1 (P. Schnitzler et al., 2001). 

 

Applications of Essential Oils Extracted from Medicinal Plants 
Nowadays, essential oils are most widely used as an alternative medicine in 

different industries like pharmaceutical, agricultural, sanitary and food industries due to 
their antibacterial, antifungal, antiviral, anticancer, antioxidant activity. Cown (1999) 
reported that approximately 3,000 EOs are currently available so far,out of which only 300 
are of commercially Importance (Hajhashemi et al.,2003; Perry et al.,2003). 

 
Essential Oils as Antibacterial Agents 

Nowadays, many EOs are investigated for their antibacterial activities, as well as 
their inhibitory effects against several Gram-positive and Gram- negative bacteria (Swamy 
et al.,2016).For examples,(1) Tea tree essential oil having capacity to inhibit respiration in 
Escherichia coli.(2) Lemon essential oil having capacity to inhibit both Gram-positive and 
Gram-negative bacteria like Escherichia coli and Staphylococcus aureus.(3) peppermint 
essential oil having capacity to inhibit the growth of  listeria spp., Salmonella spp. and 



 PLANTA – Vol.-3, 2021: 830 - 849 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 

Mistry  Parth R. et. al., Extraction of Essential Oil from Various Plants | 843  

Staphylococcus aureus ,a bacteria that causes skin infections, pneumonia, meningitis and 
more.(4) cedarwood essential oil having capacity to inhibit the growth of Bacillus cereus, 
Bacillus subtilisand Escherichia coli. 
 
Essential Oils as Antifungal Agents 

The essential oils which are derived from many medicinal plants such as fennel, 
lemon grass, citrus, basil, oregano, rosemary and thyme have shown their antifungal 
activity against broad range of fungal pathogens (Kivanc, 1991).For examples,(1) Arora 
and Kaur (1999) reported that garlic and clove extract had the strong capacity to inhibit 
the growth of Candida albicans, C.apicola, C.catenulata, C.tropicalis,  Rhodotorula rubra, 
saccharomyces cerevisiae.(2) Oregano essential oil may be a more powerful antifungal 
than any other commercial medicinal plantproducts that are available and can treat fungal 
skin infections, including athlete’s foot and ring worm.(3) Antifungal activity of EOs has 
been studied by Juglal et al.,(2002) on viable cell count, mycotoxin production capacity of 
molds and mycelia growth and concluded that among all the EOs Which are derived from 
medicinal plants clove, cinnamon and oregano essential  oils are most effective against 
some fungal species like Aspergillus parasiticus and Fusarium moniliforme. 

 
Essential Oils as Antiviral Agents 

The essential oils have been most widely used as antiviral agents for treatment of 
several viral diseases in human (Koch et al.,2008) and it has also used as alternative to 
synthetic antiviral drugs (Baqui et al.,2001, Primo et al., 2001)For examples,(1) Oregano 
oil extracted from Origanum vulgare most widely used for inhibit the growth of Adeno 
virus(DNA virus) and (RNA virus).(2) The essential oils extracted from Artemisa 
arborescens most widely used to inhibit the growth of Herpes simplex virus-1 (HSV-1,DNA 
virus) which is the cause of most common viral infections in humans like herpetic 
encephalitis and herpetic keratitis.(3) The essential oils extracted from Zingiber officinale 
most widely used for inhibit the growth of Adeno virus and Polio virus which are 
responsible for causation of sever viral infections in humans like polio or poliomyelitis, sore 
throat, bronchitis, pneumonia, diarrhea, cold like symptoms and fever. 

 
Essential Oils as Antioxidant Agents 

Oxidation is one of the major causes of food deterioration and shelf-life reduction 
in food industry. The oxidation process results in decrease in the nutritional quality, colour, 
flavor, texture and safety of food. Moreover, oxidation generate some free radicals which 
contribute to several diseases in humans like cancer, cardiovascular, diabetes, Alzheimer’s 
and heart diseases).One of the best and effective way to reduce oxidation process by 
generating some EOs from medicinal plants instead of synthetic additives because of 
serious health issues. For examples,(1) Oregano essential oil having antioxidant activity 
because it contains thymol and carvacrol, added to several foods like peanut products, 
dairy beverages, meat and cheese as a food preservative.(2) Clove oil having much 
strongest antioxidant activity and free radical scavenging activity compared to cinnamon, 
oregano, thyme, basil EOs (Tomaino et al.,2005). 
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Essential Oils as Anticancer Agents 
Cancer is a generic term for a large group of diseases that can affect any parts of 

the body. Other terms used are malignant tumors and neoplasms. Cancer is the rapid 
creation of abnormal cells and which can then invade adjoining parts of the body and 
spread to other organs; the latter process is referred to as metastatic. metastases are the 
primary cause of death from cancer. 

The malignant cells have the potential to be metastatic, which require urgent 
treatment like chemotherapy and radiation but this type of treatments are most 
challenging and cause extreme side effects which can’t tolerate by patients who suffering 
from cancer. So, many alternative ways which are easiest and safe for human health have 
been developed like production of several EOs from medicinal plants which showing 
Anticancer activity due to several phytoconstituents like curcumin, thymol, rosmarinic acid, 
allicin, gingerol perform. Among the alternative traditional approaches in which various 
medicinal plant products classified as alkaloids, saponins, triterpenes, glycosides and 
polyphenols shown very promising Anticancer activity both in vitro and in vivo. There are 
more than one thousand plants which showing significant Anticancer activity. Vineristine, 
vinblastine, colchicine, ellipticine, taxol, camptothecin, lepachol are classical examples of 
plant derived compounds which are found to have wide range of applications in cancer 
therapeutics. 

Among the plant derived products EOs from aromatic plants have been reported to 
consist Anticancer activity. EOs have also been reported to improve the quality of life of 
the cancer patients by lowering the level of their agony. For examples,(1) Inhibition of 
primary liver cancer done by curcuma longa ( turmeric ). (Koo et al., 2004 and Manosroi et 
al., 2006).(2) Prostate cancer : EOs of Hypericum hircinum having antiproliferative activity 
on human prostatic adenocarcinoma (PC3).(3) Glioblastoma cancer  : EOs of Hypericum 
hircinum had antiproliferative activity on human glioblastoma tumor cells (T98G).(4) 
Melanoma cancer : EOs of Afrostyrax lepidophyllus and Scorodophloeus zenkeri exhibited a 
strong growth inhibitory effect on human malignant melanoma A375 cell line.(5) Breast 
cancer : EOs of A.lepidophyllus and S.zenkeri also inhibited the growth of human breast 
adenocarcinoma MDA- MB231 cell line.(6) Colon cancer : A.lepidophyllus and S.zenkeri 
exhibited a strong growth inhibitory effect on human colon carcinoma HCT116 cell line. 
Geraniol, a monoterpene found in EOs of various fruits and herbs has been most widely 
used as agents for chemoprevention, as it has antiproliferative activity on colon cancer 
cells.(7) Protection against colorectal cancer : Olea europaea ( olive oil ) (Gill et al.,2005). 
 
Essential Oils as Antidiabetic Agents 

Diabetes mellitus (DM) generally known as diabetes is a group of metabolic 
disorders characterized by high blood sugar (glucose) levels, that results from defects in 
insulin secretion, or action, or diabetes was first identified as a disease associated with 
“sweet urine”, and excessive muscle loss in ancient world. Blood glucose levels are tightly 
controlled by insulin, a hormone produced by the pancreas. There are two main types of 
diabetes shown in humans (1) Type – 1 : insulin dependent diabetes mellitus (IDDM) (2) 
Type – 2 : non- insulin dependent diabetes mellitus ( NIDDM). 

Nowadays, several medicinal plants are the potential sources of the drugs to treat 
diabetes with little side effects , low cost , easy and wide availability  and experimentally 
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evaluated in comparison to any synthetic compounds and therapy. For examples, (1) 
Fenugreek (Trigonella foenum-graecum) may also increase the number of insulin receptors 
in red blood cells and having potential antidiabetic effects both on pancreas and other 
sites.(2) Turmeric (Curcuma longa) increase the regulation of liver function.(3) Karela/ 
Bitter melon (Momordica chinensis) contain another bioactive compound i.e, lectin that has 
insulin like activity.(4) Cinnamon (Cinnamomus zeylanicum) exhibit insulin like activity in 
cells, animals and people with type- 2  diabetes.(5) Amla (Emblica officinale) fruit was 
evaluated for anti-hyperglycaemic and lipid lowering properties in humans. 
 
Essential Oils as Insect Repellents 

Insect repellents are an alternative to the insecticides. Insecticides (used to kill 
insects like mosquitoes, ticks, cockroaches,etc. ). It is commonly known as bugspray. An 
individual can be protect from insects bites by using this types of insect repellents by 
applied to the skin surface or clothing. Nowadays , a natural insect repellent isa spray or 
lotion, applied to the skin for the prevention of insects bites instead of synthetic / chemical  
insect repellents. Natural insect repellents were preferred over chemical insect repellents 
because they are causing concerns regarding human health and environmental pollution.  
Natural insect repellents are most widely derived from several medicinal plants especially 
essential oils. EOs are volatile and complex mixtures of hydrocarbons (monoterpenes and 
sesquiterpenes) also contain different functional groups like (alcohols, aldehydes, ketones, 
ethers, esters, phenols For examples,(1) EOs from Eucalyptus camaldulensis, Pimpinella 
anisum most widely used against Culex pipiens ( Edler et al.,2006 ).(2) EOs from Mentha 
piperita exhibit insecticidal properties against some insects like  Anopheles annularis, 
Anopheles Culicifaciens, C. quinquefasciatus ( Ansari et al., 2000 (3) EOs from 
Cinnamomus zeylanicum produce natural insect repellents which actively against 
Anopheles stephensi, A. aegyptiand C. quinquefasciatus ( Prajapati et al., 2005 ). 

 
Conclusion 
       Essential oils (EOs) are natural products which contain wide range of volatile 
molecules such as terpenes and terpenoids , phenol derived aromatic and aliphatic 
compounds. This component having Antibacterial, Antiviral, Antifungal, Anticancer, 
Antioxidant activity. They have been used for several applications in cosmetic, 
pharmaceutical, agricultural,etc. EOs attack directly the cell membrane of the pathogenic 
microorganisms by causing an increase in permeability and leakage of vital intracellular 
components and finally disrupt the cell respiration and microbial enzyme system. EOs 
derived from medicinal plants are  used as an alternative for discovery of new and safe 
drugs. 
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	Bio-fertilizers lead to soil enrichment and are suitable with long-term sustainability. Further, they pose no danger to the environment and can be substituted with chemical fertilizers. The application of bio-fertilizers can minimize the use of chemi...
	Bio-fertilizers being important components of organic farming play a key role in maintaining long term soil fertility and sustainability by fixing insoluble P in the soil into forms available to plants, thus increasing their effectiveness and availab...
	In context of both the cost and environmental impact of chemical fertilizers, excessive reliance on the chemical fertilizers is not a useful strategy in the long run due to the cost, both in domestic resources and foreign exchange; participate in set...
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