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Preface 
 

Growing evidences and real-world changes convincingly show that humanity is driving force 
of global environmental change and anthropogenic activities are pushing the world in to the widely 
claimed new geological epoch- the “Anthropocene” and trigger the environmental crisis across the 
globe. In fact we are in the middle of environmental, economic and social crises having enormous 
repercussions on “Biosustainability” due to various destructive agents such as  environmental 
contamination through dumping of chemical pollutants, hither- to unknown health issues, climate 
change, rapid biodiversity loss, interferences with biogeochemical cycles, stratospheric ozone 
depletion, ocean acidification, declining global freshwater reserve, change in land use pattern, loading 
of atmosphere with aerosol, rapid rise in green house impact and many other detrimental tools of mass 
destruction. Such detrimental forces have gifted us multitudes of Biosustainability crises from 
molecular to organism levels across the globe and are having the potential to drive the biosphere to 
mass extinction 

Environmental pollution and degradation know no international boundaries but human race 
often forget it and are always leaping forward for material comforts, economical advantages and for 
the modern developmental tag. The offshoots of such activities are climatic furore, environmental 
disasters, highly increased health risks, food and water insecurities,, irreparable loss of biodiversity 
resources and uncertain biosustainability. Under this situation it is highly essential to find out sensible 
means to safe guard biodiversity and continue bio sustainability at the global level or else we may fast 
embrace the widely predicted sixth mass extinction soon. 

In such a critical situation concerted efforts are very much essential from various scientific 
communities cutting across disciplines or subjects to sensitise the general public about the impending 
dangers of wanton destruction of biodiversity as well as the importance of devising methods and 
technologies to conserve, protect and sensibly exploit the global biodiversity, which provides the most 
essential basic requirements for the perpetuation of biosustainability in the biosphere.  

In this context, the International Conference on “Recent Innovations in Biosustainability and 
Environmental Research-2019” (RIBER-2019) has facilitated a common platform for coming together 
a spectrum of experts, young and budding scientists belonging to various disciplines from various 
countries in addition to general public, who are all stake holders of the topic of the conference. The 
aim of the international event is to present, discuss and exchange their research findings and to 
innovate and devise new strategies for environmentally sound and sustainable development of the  
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society through conservation of biodiversity and ensuring biosustainability. From the numerous 
presentations offered by the delegates, the present volume entitled “Recent Innovations in 
Biosustainability and Environmental Research II”  comprises 41 selected articles. We hope that this 
book would be a resource material for all those who are engaged in studies and researches in the fields 
of biodiversity, biosustainability and environmental research. 

 

Editors 
Dr. V. I. Paul 

Dr. M. Muthulingam   
Dr. A. Elangovan    

Dr. J. Nelson Samuel Jebastin 
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CHAPTER - 1 

HARMFUL EFFECTS OF SOLAR UVB RADIATIONS AND HUMAN SKIN 

Umar Muzaffer and V. I. Paul 
Department of Zoology, Faculty of Science, Annamalai University, Annamalai Nagar, Tamilnadu 

INTRODUCTION 
The photosciences represent a dynamic multidisciplinary field which includes diverse subjects such 

as photobiology, photochemistry, and photo medicine covering even behavioral responses of single cells and 
cures for certain types of cancers. 

Ultraviolet (UV) radiation has both life-giving and life endangering effects involving chemical, 
physical and biological process. Discovery of UV radiation and its properties was a gradual process that 
spanned over three centuries and scientists from different countries (Luckiesch, 1920; Houston, 1938). In 
1614, Sala reported that sunlight turned silver nitrate crystals black. In 1777, Scheele found that paper 
soaked in silver chloride solution darkened when exposed to sunlight. In 1801, Ritter reported that invisible 
rays just beyond the violet (390 nm) end of the spectrum were even more effective in darkening paper 
soaked in silver chloride and named them as ‘‘deoxidizing rays’’ to emphasize their chemical reactivity and 
to distinguish them from the ‘‘heat rays’’ at the other end of the visible spectrum. In 1842, Becquerel and 
Draper independently showed that when sunlight was passed through a prism onto a daguerreotype plate (a 
gelatine emulsion containing silver iodide and was the first publicly announced photographic process), 
wavelengths between 340 and 400 nm induced a photochemical reaction (Rivera, 2010). This was the first 
indication of the spectral extent of UV radiation. In 1920, the existence of UV radiation, its properties and 
relationship with sunlight was well established (Jagger, 1967). 

The Electromagnetic spectrum 
Some of the most frequently recognized types of energy are heat and light. These, along with others, 

can be classified as a phenomenon known as electromagnetic radiation (Fig.1). Different types of 
electromagnetic radiations in the spectrum are identified according to their energy contents. Ultraviolet 
radiation (also known as UV radiation or ultraviolet rays) is a form of energy and a component of the 
electromagnetic spectrum. It is more energetic than visible radiation and therefore has a shorter wavelength 
(Rice, 2011). To be more specific, UV rays have a wavelength approximately between 100 nanometers and 
400 nanometers, whereas visible radiation includes wavelengths between 400 and 780 nanometers. UV 
radiations are shorter than that of visible light, but longer than X-rays (Fig.1). These frequencies are invisible 
to humans. Near-UV is visible to a number of insects like Bumble bees and birds (Kevan et al., 2001). 
Primary source of UV light is sun but is also emitted during the operation of welding equipment, lasers, 
tanning equipment, and specialized light sources such as mercury lamps and black lights. Other components 
of electromagnetic radiation are gamma rays, X-rays, visible light, infrared rays, and radio waves (Boscoe et 
al., 2006). 

The progression of electromagnetic radiation through space can be visualized in different ways. 
Some experiments suggest that these rays travel in the form of waves and the length of those waves (wave 
length) can be measured. It turns out that a smaller wavelength means more energy. At other times, it is more 
plausible to describe electromagnetic radiation as being contained and traveling in little packets, called 
photons. 
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Fig-1: Electromagnetic spectrum of natural sunlight and the light filtering effect of the atmosphere 

Ultraviolet Radiation 
Ultraviolet radiation belongs to non ionizing part of the electromagnetic spectrum and is categorized 

in to three distinct regions according to their wavelengths i.e., shortest wavelength UVC (200-280 nm), 
middle wavelength UVB (280-320 nm) and longest wavelength UVA (320-400 nm). Each spectrum has a 
characteristic limit of efficiency in penetrating the epidermal and dermal layers of human and murine skin. 

UVC (200–280 nm) spectrum: UVC radiation is completely absorbed by the stratospheric ozone layer and 
generally does not reach the surface of the earth. These wavelengths have enormous energy and are highly 
mutagenic in nature. 

UVB (280–320 nm) spectrum: UVB radiation constitutes approximately 5% of the total solar UV radiation 
and is mainly responsible for a variety of skin adverse reaction including        erythema, sunburn, 
inflammation immunosuppression, photoaging, nonmelanoma and melanoma skin cancers. UVB radiation 
can penetrate the skin to a depth of approximately 160-180 µm. It can cross the whole epidermis layer and 
also penetrate the dermis compartment of human skin to induce both direct and indirect adverse biological 
effects including the induction of oxidative stress, DNA damage, premature aging of the skin and multiple 
effects on the immune system (Matsumura and Ananthaswamy, 2010). UVB can also act as complete 
carcinogenic by being a tumor initiator, tumor promoter, and co-carcinogen (Bech-Thomsen and Wulf, 
1997). 

1UVA (320–400 nm) spectrum: Longer spectrum of UVA radiation comprises the solar UV radiation (90–
95%) and has been considered as the ‘‘aging ray’’. UVA penetrates deeply into the epidermis and dermis of 
the skin and depth of approximately 1,000 µm. The exposure to UVA induces the generation of singlet 
oxygen and hydroxyl free radicals, which can cause damage to cellular macromolecules, such as proteins, 
lipids, and DNA (Zhang et al., 1997). UVA is a significant source of oxidative stress in human skin, which 
causes photoaging in the form of skin sagging rather than wrinkling (Saraiya et al., 2004) and can suppress 
some immune functions (De Fabo and Noonan, 1983). 

Experimental evidences suggested that UVB and UVC radiations are most hazardous component to causing 
skin cancer (Rivas, 2015) (Fig.1). However, UVC radiation has been completely filtered by stratospheric 
ozone layer, and therefore, it has not much biological relevance to skin cancer (Zepp et al., 2010). Majority 
of solar UV radiation reaching the surface of the earth is UVA (90-99 %), and only 1-10 % is composed of 
UVB radiation. Earlier studies with animal models indicated the complete skin carcinogenic potential of both 
UVA and UVB radiations (Agar et al., 2004). However, higher rate of exposures are needed for UVA related 
photocarcinogenesis when compared to UVB in terms of both dose and duration, and former also has a 
longer tumor latency period, which is attributed to its weak tumor initiating potential (de Gruijl, 2002). 
Therefore, UVB exposure is the most clinically relevant form of UV radiation for the development of skin 
cancers. Since excessive exposure to solar UV radiation is the main reason for skin cancer, 
photocarcinogenesis is an area of extensive research and clinical significance. 

Ozone depletion and UV radiation 
In 1913, French physicists Charles Fabry and Henri Buisson discovered ozone layer in atmospheric 

earth. The ozone (O3) layer is located in the lower portion of the stratosphere (Fig.1) approximately 10 km to 
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50 km above the earth with relatively higher concentration of ozone (O3). This layer absorbs 93-99% of the 
sun's short wave length and energy rich ultraviolet light, which is potentially damaging to life on earth 
(Sivasakthivel et al., 2011). Compounds which contain bromine and chlorine molecules such as halons, 
methyl chloroform, and chlorofluorocarbons (CFCs) are stable and have atmospheric lifetimes long enough 
to be transported by winds into the stratosphere. When these ozone depleting substances (ODS) break down 
in the atmosphere they release bromine (halons and methyl bromide) and chlorine (chlorofluorocarbons 
(CFCs), hydrochlorofluorocarbons (HCFCs), carbon tetrachloride, and methyl chloroform) which destruct 
the concentration of ozone. Each bromine and chlorine atom reacts with ozone, continually combining with 
and breaking apart as many as 1,00,000 ozone molecules during its stratospheric life (Middlebrook and 
Tolbert, 2000). 

Increased amount of UVB exposure due to decreasing ozone amounts were observed during the year 
of 1980s and 1990s, particularly at high latitudes (>~60◦), where ozone depletion was more well defined. 
However, because of the success of the Montreal Protocol in reducing the ozone depleting substances 
(ODSs), ozone is no longer decreasing at high altitudes and at unpolluted sites (unaffected by changes in 
cloud cover). The increases in UV radiations have not continued in recent years (Corrêa, 2015). Based on 
this observation, a gradual recovery of ozone is expected in the decades ahead. Changes in other factors, 
such as clouds, air pollution (including aerosols), and surface albedo, are sometimes more important in 
determining the pattern of changes in UV radiation. This could also lead to future differences in urban and 
regional scales. In case of forest and aquatic environments, the UV transmission of canopy foliage and water 
respectively must also be considered. 

The ozone hole resulting from ozone-depleting chemicals like chlorofluorocarbons (CFCs) are most effective 
when they occur on the surface of ice crystals, in the stratosphere. Southern Hemisphere (Antarctica) is 
colder than the Northern Hemisphere (Arctic) (10 ᵒC difference) because the ratio of land to water is higher. 
Therefore ozone depletion over the South Pole is greater than in North Pole. 

Regions of high UVB exposure 
The ozone layer acts as Earth's sunscreen, filtering harmful ultraviolet radiation from the sun. 

However, in areas where the ozone layer is compromised, more UV rays hit the Earth, which means more 
skin damage from sun exposure. With its proximity to the South Pole's seasonal "ozone hole" Australia is the 
skin cancer capital of the world. High UVB exposures occur in nearby regions of equator. Exposures get 
especially high in regions of elevated altitude, such as in the Andes Mountains, and in places that are 
relatively free of clouds at certain times of the year, such as South Africa and Australia during their summer 
(December to February). In July, very high exposures appear over the Sahara, Saudi Arabia, southwestern 
United States and the Himalayan Mountain regions in northern India (comprising the whole region of Jammu 
and Kashmir mainly Ladakh region) as well as southern China. Global solar irradiance increases with 
increasing altitude above sea level. This increase is mainly due to a pronounced increase of direct irradiance, 
(Rautio and Tartarotti, 2010). The attenuation of direct irradiance due to extinction (following the Beer-
Lambert-Law) becomes smaller, when the amount of scattering and absorbing molecules and aerosols 
becomes smaller. The equatorial regions have their maximum exposure in the spring and autumn, with 
higher values during the autumn due to decreased cloud cover (Eastman and Warren, 2009). 

Human Skin 
The human skin is the largest organ of the body with about 3 kg weights for an average adult without 

subcutaneous adipose tissue. The skin fulfils several important vital functions as an outer barrier. It protects 
the body against pathogens as well as chemical, physical and mechanical impacts. Skin is having various 
sensory receptors that could sense mechanical stimuli, temperature etc. In addition, the skin prevents the 
uncontrolled loss of water and minerals and protects the human body against hypothermia also. Human skin 
consists of three main layers viz. epidermis, dermis, and hypodermis (subcutis). The epidermis is outermost 
layer of the skin, which is closely attached to the stratum corneum which prevents water loss from the body, 
and renders mechanical protection. This is in addition to the cell-cell junctions and the associated 
cytoskeletal proteins in the deeper layers providing important protection ability (Muroyama and Lechler, 
2012; Lawlor and Kaur, 2015). In adult epidermis, there is a balance of cell proliferation and cell 
desquamation with a renewal cycle of approximately 28 days (Lawlor and Kaur, 2015). The main structural 
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components of the dermis are collagen, elastic and extra-fibrillar matrix fibers (connective tissue) providing 
the skin its mechanical stability. 

 
Fig-Schematic representation of structure of human skin and UV penetration in to it 

The dermis also contains numerous lymphatic vessels and blood vessels, which nourish both dermal 
and epidermal cells and are important for waste removal. Various immune cells, such as macrophages, 
lymphocytes and mast cells, are also located in the dermis. The subcutis or hypodermis lies below the 
dermis. It attaches the skin to underlying bones and muscles and contains the bigger blood vessels and 
nerves. It consists of loose connective tissue and elastin. The main cell types are fibroblasts, macrophages, 
and adipocytes. Adipose tissue serves as thermal insulation, provides energy storage, and offers mechanical 
protection (Johnson and Greenwood, 1988). 

Burden of skin cancer in the world 
The skin is the organ that could probably get exposed to UV radiation from the sun light 

continuously leading to cancer, which is the most common malignancy worldwide. UVB radiation is the 
most important etiological factor in formation of skin cancer and accounts for about 80–90% of UV related 
skin cancer in humans (Moan et al., 2014; Leiter et al., 2014). Therefore, incidences of skin cancer caused 
by UVB radiation are on the rise. Epidemiological studies report that more than 5 million UVB induced skin 
cancer patients are treated annually in the USA alone, and that between 40 and 50 % of Americans are 
susceptible to develop skin cancer at least once by the age of 65 years (National Cancer Institute, 2016). 
These statistics clearly suggest that skin cancer is a major public health issue in view of the global warming 
and climate change. 

In India, skin cancers constitute about 1-2% of all diagnosed cancers. Basal cell carcinoma (BCC) is 
the commonest form of skin cancer worldwide, but various studies from India have consistently reported 
squamous cell carcinoma (SCC) as the most prevalent skin malignancy (Lal et al., 2016). Various cancer 
registries in India reported cumulative incidence of skin cancer varying from 0.5 to 2 per 100,000 
populations (NCRP, 1990). Although, the incidence of skin cancers in India is lower as compared to the 
Western world. Absolute number of cases is estimated to be significant because of a large population. 

The incidences of both cuteneous malignant melanoma (CM) and nonmelanoma skin cancer 
(NMSC) have been increased precipitously in fair skinned populations over the past 5 decades (Erdmann et 
al., 2013). Epidemiological and clinical studies reported that Australia and New Zealand witnessed highest 
incidences of skin cancer in the world mainly due to geographical locations and fair skinned populations who 
are exposed to intensive UV radiation (Lomas et al., 2012; Erdmann et al., 2013). According to an estimate 
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for last five years (before 2015) more than 230,000 new cases of skin cancer occurred globally, of which 
100,000 occurred in the whole Europe (Ferlay et al., 2013). On the other hand, the lifetime risk of skin 
cancer stands highest in New Zealand and Australia (3.6%) compared to other part of the world (Lomas et 
al., 2012). 

In Europe, incidence rates are particularly high in the Nordic countries, Switzerland, Netherlands, 
Czech Republic, and Slovenia. Mediterranean as well as the Baltic and Eastern European countries tend to 
have lower rates (Lomas et al., 2012). In most parts of Europe, the incidence rates are higher among women 
than among men. Recent findings indicate a uniformly increasing trend in European countries over the last 
few decades, with the strongest increases seen among older ages and with strong North-to-South and East-to-
West variations (higher incidences in the North and East). However, for Norway and perhaps also France 
and Iceland, indications of a leveling off in CM incidence rates are observed, most notably in young people 
aged 25-44 years. Nonetheless, incidence rates continue to rise irrespective of age in most European 
populations, and predictions suggest a continuation of this trend (Schüz et al., 2015). Incidence rates and 
time trends are difficult to estimate for NMSC, as they are often either not registered at all or incompletely 
covered by population-based cancer registries (Lomas et al., 2012). Of the specific NMSC types, SCC is included 
in relatively few cancer registries. 

UVB and ROS generation 
The biological effects of UVB-radiation are manifested through the generation of reactive oxygen 

species (ROS) and reactive nitrogen species (RNS). Upon UVB exposure, a cascade of photo-induced 
chemical and biological reactions takes place in the exposed tissue (Zhu and  Bowden, 2004). The 
endogenously occurring chromophores including porphyrins, flavins, DNA bases or amino acids and their 
derivatives like urocanic acid are considered to act as photosensitizing molecules in the skin (Haralampus-
Grynaviski et al., 2002). 

Two main interconnected pathways prove to underlie UVB-induced free radicals generation. The 
first one involves the production of ROS such as singlet oxygen (1O2), superoxide anion (O·̄2) and hydrogen 
peroxide (H2O2). The second pathway involves the formation of RNS such as nitric oxide (NO•) and 
peroxynitrite anion (ONOO¯). It has been shown that NO• can be generated through UVB induced 
decomposition of endogenous nitrite anion (NO2

¯) and nitrosothiols (RSNO) (Paunel et al., 2005). This 
pathway is connected to the ROS production. Indeed, O2

•¯
 rapidly reacts with NO• to produce ONOO¯, a 

highly reactive entity leading to oxidation and/or nitration of proteins, lipids and DNA (Pacher et al., 2005). 

Skin antioxidant defenses 
UVB radiation generates ROS in the skin leading to oxidative stress. Although skin possesses an 

elaborate antioxidant defense system as a safeguard against oxidative stress. Antioxidant systems are 
attenuating the toxic effects of free radicals and can reverse many of the events that contribute to epidermal 
toxicity and disease. Excessive free radical generation from UVB exposure can overwhelm the antioxidant 
defense capacity of the skin leading to oxidative stress and photo-damaging effects in the skin (Yuanqin et 
al., 2013). 

UVB-induced lipid peroxidation and depletion of antioxidant enzymes are important biomarker of 
oxidative stress in the skin. UVB induced lipid peroxidation have been linked to injurious effects such as 
inactivation of membrane enzymes, loss of fluidity, increased permeability to ions and eventually rupture of 
the cell membrane leading to release of cell organelles (Aristatile et al., 2010). The skin is equipped with a 
complex system of protective antioxidants. They include enzymatic antioxidants such as superoxide 
dismutase (SOD), glutathione peroxidase (GPx) and catalase, and non-enzymatic low molecular weight 
antioxidants such as reduced glutathione (GSH), vitamin C, vitamin E, uric acid, and ubiquinol (Pandel et 
al., 2013). The cellular antioxidants are contributed to the homeostasis of oxygen radicals in the skin 
(Bickers and Athar, 2006). SOD belongs to major antioxidant enzymes; dismutation of superoxide by SOD 
results in the production of hydrogen peroxide, which is subsequently converted to H2O and O2 through a 
reaction that is catalyzed by Catalase (Fukai and Ushio-Fukai, 2011). GPx is a selenoprotein that catalyses 
the conversion of UV-induced hydrogen peroxide into water and molecular oxygen using GSH as unique 
hydrogen donor (Black et al., 2008). GSH is a major non-protein thiol in living organisms, which plays a 
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central role in coordinating the body’s antioxidant defense process. GSH directly scavenges radicals by 
hydrogen transferring and acts as a cofactor for the enzyme glutathione peroxidase, this enzyme in turn 
scavenges peroxides and regenerates vitamins E and C (Carini et al., 2000). 

UVB mediated inflammation cascade 
DNA is not only damaged in a direct way by UVB, but also indirectly via free radicals or ROS 

induction. Moreover, these free radicals also damage proteins and membranes within the cell leading to 
inflammation. Continuous and repetitive exposure to UV radiation could damage biological macromolecules 
such as lipids, proteins and nucleic acids. Particularly UVB (280-320 nm) causes acute inflammatory skin 
reactions including production of pro-inflammatory mediators and infiltration of leucocytes in to the site of 
inflammation resulting in a number of diseases related to changes in the skin including erythema, oedema, 
hyperplasia, sunburn and inflammation, (Tsoyi et al., 2008). Chronic UVB exposure leads to premature aging 
and carcinogenesis in the skin (Afaq et al., 2005; Kundu et al., 2009). The inflammatory mediators are released 
from keratinocytes, fibroblasts, leukocytes, endothelial cells, and tumor cells. The mediators include the lipid 
mediators (prostaglandins (PGs), leukotrienes), plasma mediators (bradykinin, plasmin, fibrin) and inflammatory 
cytokines (interleukin-1 (IL-1), IL-6, COX-2 (cyclooxigenase-2) and tumor necrosis factor (TNF-α)). The lipid 
mediators and inflammatory cytokines are also activated by ROS (Athar et al., 2001; Wang et al., 2006). 

COX-2 is a rate limiting enzyme which participates in the conversion of arachidonic acid (AA) to 
prostaglandins (PGs). PGs are lipid mediated signaling molecules that play a central role in many normal and 
pathophysiological processes including inflammation (Afaq et al., 2003). Both UVA and UVB radiation 
have been shown to induce COX-2 protein expression in the skin (Athar et al., 2001). The induction of 
COX-2 enzyme and an elevated release of arachidonic acid by phospholipases in the skin result in increased 
PGs levels. Increased COX-2 expression contributes further to the uncontrolled proliferation of damaged 
cells that ultimately form tumors in the skin. In addition, level of COX-2 activity seems to increase with an 
invasive potential and seriousness of skin tumors and there by promoting its progression. Normal skin has 
very low levels of COX-2 and PGE2. Pre-malignant human PGE2 interacts with the cytokine cascade 
including IL-6 and IL-10, which are responsible for the UV-induced systemic immune suppression 
(Shreedhar et al., 1998). 

Inducible nitric oxide synthase (iNOS) mediates the production of nitric oxide from L-arginine. In 
UVB-exposed keratinocytes increased expressions of iNOS coupled with high rate of nitricoxide production 
were demonstrated (Chang et al., 2003). Higher levels of iNOS expressions stimulated by UVB radiation 
initiate more complex reactions promoting the skin carcinogenesis. UV radiation also participates in the 
activation of the enzyme ornithine decarboxylase (ODC), which decreases the activity of different 
polyamines regulating cell proliferation (Einspahr et al., 2006). The inflammatory process triggers ROS and 
RNS which generates peroxynitrite that triggers DNA deletion and rearrangement (Maeda et al., 1998; 
Coussens et al., 2001). The processes of DNA repair, cell cycle and apoptosis are altered to favor tumor 
progression. Further, UV radiation alters the expression of transforming growth factor- β (TGF-β), which is the 
predominant regulator of the matrix metalloproteinases that remodel the extracellular matrix for skin photoaging and 
carcinogenesis (Derynck et al., 2001). 

UVB induced apoptosis 
Apoptosis is an active biological suicidal mechanism that can participate to eliminate unwanted or 

potentially harmful cells. Skin cells may activate various protective mechanisms including antioxidants, repair 
systems, and apoptosis in response to environmental toxic insult like UVB. When damaged cells escape from 
apoptosis, they may become mutants and could lead to carcinogenesis. UVB induced p53 mediates 
mitochondrion dependent apoptosis through direct interaction with the mitochondrion itself and/or with 
members of the B-cell lymphoma 2 (Bcl-2) family of apoptosis regulating proteins (Assefa et al., 2005). The 
intrinsic pathway involved in UVB induced apoptosis results from DNA damage and cytochrome-c release 
from mitochondria (Lee et al., 2013). Permeation of the mitochondrial outer membrane and leakage of 
cytochrome-c into cytosol triggers a caspase cascade. Once released, cytochrome-c and apoptotic protease 
activating factor-1 (Apaf-1) together form the apoptosome, a protein complex that recruits and activates 
caspases (Assefa et al., 2005). The balance of pro-apoptotic (Bax, Bak and Bid) and antiapoptotic (Bcl-2 and 
Bcl-xL) members of the Bcl-2 protein family determine the initiation or the inhibition of apoptosis (Lee et al., 
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2013). Bcl-2 inhibits caspase-3 and caspase-8 activation, while Bcl-xL partially inhibits cytochrome c release 
(Van Laethem et al., 2004). As a response to DNA damage, p53 and its downstream targets, p21 and GADD45 
are activated in the affected cells (Zhan et al., 1996). The p53 acts as an important regulator of DNA repair. 
The p53 directly interacts with NER associated regulatory proteins. The mutations in the NER machinery can 
cause xeroderma pigmentosum (XP), an autosomal recessive disease with impaired DNA repair after UV 
radiation and early development of skin cancers (Hoeijmakers, 2009). 

Bax, a Bcl-2 family protein, functions as a death agonist within a common apoptotic pathway. Bax 
forms homodimers and also heterodimers with death antagonists, Bcl-2 and Bcl-xL. The Bcl-2 gene 
promotes cell survival by blocking apoptosis. The high levels of Bcl-2 promote cancer by inhibiting 
apoptosis, thereby prolonging cell survival (Kelly and Strasser, 2011). Bcl-2 protects against diverse 
cytotoxic insults; for example, γ and UV-irradiations (Afaq et al., 2007). Bax is induced in some cells as part 
of the p53-mediated damage response (Zhan et al., 1996). In addition, UVB-induced Bax expression is 
inversely correlated with Bcl-2 expression in apoptosis induced by UVB-irradiation and is most likely 
mediated by the p53 pathway, which involves upregulation of Bax and down-regulation of Bcl-2 (Abd 
Elmageed et al., 2009). 

UVB induced photoaging 
UVB radiation is a major causative agent for ROS generation, DNA damage, activation of cell 

surface receptor and transcriptional factors leading to photoaging. UVB mediated skin photoaging is another 
hallmark event for developing skin carcinogenesis. According to Wen et al., (2011), photoaging caused by 
UVB exposure is characterized by wrinkles, laxity and hyperpigmentation in the skin. Such skin photoaging 
principally manifests as degradation of extracellular matrix (ECM) proteins including elastin, collagens, 
proteoglycans, and fibronectin (Lu et al., 2011). The disarrangement and remodeling of these proteins 
accelerate the skin aging process. 

UV irradiation leads to the formation of ROS that activates cell surface receptor mitogen-activated 
protein kinase (MAPK) signaling pathway, which inturn induces the differential expression of matrix 
metalloproteinases (MMPs), namely MMP-1, -3, and -9 in human skin in vivo (Benhar et al., 2001; López-
Camarillo et al., 2012). It is generally believed that MMPs are involved in breakdown of collagen and 
remodeling of extracellular matrix. AP-1 is the major regulator of matrix MMPs which play important roles 
in matrix remodeling and tumor metastasis (Westermarck and Kahari, 1999). 

Molecular targets for photo-chemoprevention 
Activation of cell surface receptors by the exposure of UVB radiation stimulates signal transduction 

pathways involving MAPK family members such as extra cellular signal regulated kinases (ERK), c- Jun 
amino-terminal kinase (JNK) and p38, which lead to activation of the several transcriptional factors include 
AP-1 and NF-κB family members (López-Camarillo et al., 2012). Both AP-1 and NF-κB regulate the 
expression of a number of genes involved in the UVB response. AP-1 is the major regulator of MMPs which 
play important roles in matrix remodeling and tumor metastasis (Gong    et al., 2014). NF-κB is a key 
regulator of cytokines, which are important in immune responses (Lawrence, 2009). Both AP-1 and NF-κB 
have been implicated in the onset of skin carcinogenesis. 

The NF-kB, a redox-sensitive transcriptional factor is known to play a critical role in the 
pathogenesis of UVB-induced inflammation and carcinogenesis (Adhami et al., 2003). In general, NF-κB is 
located in the cytoplasm in an inactive state, bound to inhibitory protein κB (IκB). UVB radiation activates 
pro-inflammatory markers such as TNF-α, IL-6, and inflammatory protein COX-2 and there by initiates an 
intracellular signaling cascade, resulting in the phosphorylation and subsequent degradation of IκB by the 
26S-proteasome (Tanaka et al., 2001). The degradation of IκBα releases NF-κB, allowing it to translocate 
into the nucleus and to induce various pathophysiological changes including carcinogenesis (Li and Verma 
2002). 

Carcinogenesis is associated with many functional genes which are regulating important cellular 
functions (e.g., intracellular, cell-surface, or extracellular function). All signal transduction pathways relating 
skin carcinogenesis are prime targets for chemo-preventive agents (Bode and Dong, 2000). Skin carcinogenesis 
is a multistage process that can be activated by UV-radiation (especially, UVB-radiation). The alteration of 
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the signalling molecules regulating cell proliferation, differentiation and death are associated with UVB-
radiation induced skin cancer (Nichols and Katiyar, 2010). UVB-radiation is known to modulate the 
transcription factors  (e.g., AP-1, NF-kB), anti-apoptotic proteins (e.g., Bcl-2 and Bcl-xL), pro-apoptotic 
proteins (e.g., caspases), numerous protein kinases (e.g., ERK, JNK, p38 etc.), cell cycle proteins such as 
cyclins and cyclin-dependent kinases, cell adhesion molecules, inflammatory enzymes (e.g., COX-2), and 
growth factor signalling pathways (e.g., MAPKs, TNF-α etc.). 

The cellular signalling cascades mediated by NF-kB, AP-1, MAPKs and COX-2 have been 
considered to play pivotal roles in tumour initiation, promotion and progression processes. They could be 
promising molecular targets for designing drugs aimed at cancer prevention and/or therapy. The ability of 
naturally occurring antioxidants to modulate cellular signal transduction pathways through the 
activation/suppression of multiple redox-sensitive transcription factors has been claimed for their potential 
therapeutic use as chemopreventive agents. They can interfere with each stage of carcinogenesis to prevent 
cancer development (Bhattacharyya et al., 2014). 
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CHAPTER - 2 

YIELD MAXIMIZATION IN SUNFLOWER THROUGH INTEGRATED NUTRIENT AND WEED 
MANAGEMENT 

Kalaiyarasan, C., V. Vaiyapuri, S. Jawahar and K. Suseendran 
Department of Agronomy, Faculty of Agriculture Annamalai University, Annamalai Nagar 

ABSTRACT 
A comprehensive study was made in irrigated sunflower to optimise the integrated nutrient and weed 

management practices for augmenting sunflower productivity, at Annamalai University Experimental Farm, 
Annamalai Nagar, Tamilnadu, India. The experiment was laid out in split plot design with three replications. 
The details of the treatment in mainplots are M1-Control, M2-RDF(40:20:20 kg NPK  ha-1) + FYM @ 12.5 t 
ha-1, M3-RDF+ Vermicompost @ 5 t ha-1+seed treatment with Azospirillum (600 g ha-1)+ ZnSo4 @ 25 kg ha-

1+ foliar spray of 1% KH2PO4 (twice at 25 and 55 DAS), M4- RDF+ FYM @ 12.5 t ha-1+seed treatment with 
Azospirillum (600 g ha-1)+ ZnSo4 @ 25 kg ha-1+ foliar spray of 1% KH2PO4 (twice at 25 and 55 DAS) M5- 
RDF+ Vermicompost @ 5 t ha-1+seed treatment with Azospirillum (600 g ha-1)+ ZnSo4 @ 25 kg ha-1, M6- 
RDF+ FYM @ 12.5 t ha-1+seed treatment with Azospirillum (600 g ha-1)+ ZnSo4 @ 25 RDF+ FYM @ 12.5 t 
ha-1+seed treatment with Azospirillum (600 g ha-1)+ ZnSo4 @ 25 kg ha-1and the subplots are S1- Unweeded 
control, S2- Pre emg. Oxyflourfen @ 0.1 kg ha-1 + HW at 30 DAS, S3- Pre sowing fluchloralin @ 1 kg ai ha-1 
+ HW at 30 DAS, S4- Pre emg. Pendimethalin @1 kg ai ha-1+ HW at 30 DAS and S5- HW twice at 15 and 30 
DAS. The results of the study evidently proved that application of recommended NPK+  vermicompost 
+Azospirillum+ ZnSo4 + foliar spray of KH2PO4 along with fluchloralin + HW at 30 DAS (M3S5) as an 
agronomically efficient, eco-friendly and economically viable technology for improving sunflower yield and 
quality. This treatment (M3S5) combination registered lowest values for weed density, nutrient removal by 
weeds, weed biomass and maximum weed control index and maximum values for growth and yield attributes 
and yield of sunflower in both the crops. 

INTRODUCTION 
The cultivated sunflower (Helianthus annus L.) is an annual oilseed plant of compositae family. 

Sunflower has many advantages over other oilseeds crops. The crop is endowed with short growth period, 
photo-sensitiveness and presence of high degree of poly unsaturated fatty acid (PUFA) content. The 
sunflower oil has a pleasant flavour and excellent keeping quality when refined. Cholesterol lowering factor 
constitutes around 85-90% of the total fatty acid (Silver et al., 1984).Fertilizer application as the major input 
through which the productivity can be increased by exploiting varietal potential. Chemical fertilizers have 
had a substantial impact on yield increaments in the recent past and are today an indiapensable part of 
modern agricultural practices (Reddy and Raja Reddy, 2002). Integration of organic manures and 
biofertilizers with chemical fertilizers is more emphasised not only to boost the production of sunflower from 
limited land resource but also for its sustainability. There is need to promote use of organics in addition to 
inorganic fertilizers for sustained maintenance of soil fertility (Devidayal and Agarwal, 1999). Sunflower 
which grows slowly during its initial stage provides congenial environment for weed growth in abundance. 
The weeds cause drastic reduction in seed yield of sunflower upto 83% (Legha et al., 1992). The critical 
period of weed competition is upto 30 DAS in sunflower (Muthusankaranarayanet al., 1995). The most 
promising single approach to weed control in land reported is to combine manual, cultural and mechanical 
methods with herbicides (Yaduraju and Mishra, 2003). 

MATERIAL AND METHODS 
The field experiments were conducted to study the effect of integrated nutrient and weed 

management on sunflower at Experimental Farm, Department of Agronomy, Annamalai University, 
Annamalai Nagar (TN). The soil of experimental field was clayey loam with low in available nitrogen (212.4 
kg ha-1), medium in available phosphorus (28.3 kg ha-1) and high in available potassium (348.1 kg ha-1). The 
pH and E.C. were 7.5 and 0.45 dsm-1 respectively. The experiment was laid out in a split plot design with 
three replication. The details of the treatment in mainplots are M1-Control, M2-RDF(40:20:20 kg ha-1) + 
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FYM @ 12.5 t ha-1, M3-RDF+ Vermicompost @ 5 t ha-1+seed treatment with Azospirillum (600 g ha-1) + 
ZnSo4 @ 25 kg ha-1+ foliar spray of 1% KH2PO4 (twice at 25 and 55 DAS), M4- RDF + FYM @ 12.5 t ha-

1+seed treatment with Azospirillum (600 g ha-1)+ ZnSo4 @ 25 kg ha-1  + foliar spray of 1% KH2PO4 (twice at 
25 and 55 DAS) M5- RDF+ Vermicompost @ 5 t ha-1 + seed treatment with Azospirillum (600 g ha-1) + 
ZnSo4 @ 25 kg ha-1, M6- RDF+ FYM @ 12.5 t ha-1+seed treatment with Azospirillum (600 g ha-1) + ZnSo4 
@ 25 RDF+ FYM @ 12.5 t ha-1+seed treatment with Azospirillum (600 g ha-1) + ZnSo4 @ 25 kg ha-1and the 
subplots are S1- Unweeded control, S2- Pre emg. Oxyflourfen @ 0.1 kg ha-1 + HW at 30 DAS, S3- Pre 
sowing fluchloralin @ 1 kg ai ha-1 + HW at 30 DAS, S4- Pre emg. Pendimethalin @1 kg ai ha-1+ HW at 30 
DAS, S5- HW twice at 15 and 30 DAS. Recommended dose of 40:20:20 kg of NPK ha-1 was applied. N was 
applied in the form of urea while phosphorus and potassium were applied in the form of SSP and MOP 
respectively. Entire dose of P2O5, K2O and half of N was applied  as basal and remaining “N” at 30 DAS. 
Weed management practices were carried out as per the treatment schedule. The pre emergence herbicides 
(Pendimethalin, oxyflourfen and metalachlor) at required quantities were taken and sprayed at 3 DAS using 
the hand operated knapsack sprayer fitted with a flood a jet nozzle. A spray volume of 500 litres of water 
was used per hectare. 

RESULTS AND DISCUSSION 
Weeds (Table 1 and 2) 

The nutrient management treatments significantly influenced the weed characters in 
sunflower.Among the nutrient management practices tried, the treatment M3 
(RDF+vermicompost+azospirillum+ZnSO4+KH2PO4) recorded lower weed population (378.20 and 448.60 
m-2) and(390.00 and 462.00m-2), lesser weed biomass (97.23 and 107.26 kg ha-1) and(104.34 and 102.47 kg 
ha-1), higher weed control index (77.01 and 80.45 %) and (76.63 and 81.73 %) at 15 and 30 DAS in first and 
second crop respectively. This treatment also record lesser nitrogen removal by weeds (16.10 and 17.20 kg 
ha-1), phosphorus removal by weeds (4.03 and 4.20 kg ha-1), potassium removal by weeds (13.44 and 12.56 
kg ha-1) at 30 DASin first and second crop respectively.The reason for low weed population under these 
treatments might be due to better uptake of nutrients by the crop from the initial stage and did not provide 
enough time for the weeds to utilise the nutrients and other factors. Similar result was reported by Patel et al. 
(1995).This was followed by M4 (RDF+FYM+Azospirillum+ZnSO4+KH2PO4). Highest values for weed 
density, weed biomass and nutrient removal were recorded in M1(No NPK/ Organics). 

Profound influence on weed count was noticed due to weed management treatments.Among the 
different weed management practices tried, S3 (fluchloralin + HW at 30 DAS)  registered the lowest  weed 
count (263.83  and 279.16 m-2)  and (338.5 and 350.00m-2), lowest weed biomass (89.12 and 95.01 kg ha-1) 
and (79.21 and 85.2kg ha-1),highest weed control index (78.93 and 78.72%) and ( 85.56 and 81.79 %)at 15 
and 30 DAS in first and second crop respectively.S5 (HW twice at 15 and 30 DAS) recorded a lesser nutrient 
removal nitrogen removal by weeds (14.54 and 15.54 kg ha-1), phosphorus removal by weeds (3.70 and 3.70 
kg ha-1) and potassium removal by weeds (13.52  and 12.62 kg ha-1) at 30 DASin first and second crop 
respectively. It may be due to the efficiency of the sowing herbicide in supporting germination of weed 
seeds. This findings is in conformity with the studies of Rodriqueet al. (1982). The unweeded control (S1) 
treatment recorded higher weed density, weed biomass, poor weed and maximum NPK removal the  crops at 
all the stages. This is due to poor weed management. 

Significant interactions were noticed between the nutrient and weed management practices in both 
the crops. The Interaction between nutrient management (M3) with the weed management treatment (S5) 
proved efficiency by registering lowest weed density, biomass, nutrient removal by weeds and maximum 
weed control index. This might be due to the herbicidal effect of fluchloralin might be due to the inhibition 
of cell division through tubulin inactivation mechanism which might have curtailed the density and growth 
of weeds KrishneGowda et al. (1985). 
Crop Growth Attributes (Table 3) 

Among the nutrient management practices tried, the treatment M3 
(RDF+vermicompost+azospirillum+ZnSO4+KH2PO4) recorded maximum plant height (145.34 cm) at 
harvest stage, leaf area index (6.46) at flowering stage and dry matter production (4449.13 kg ha-1) at harvest 
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stage, root length (27,92cm), root volume (17.20 cm-3 plant-1). Lowest  plant height ,leaf area index and dry 
matter production recorded under M1 (control) in all stages of crop growth. 

Among the weed management treatments, S5 (HW twice  at 30 DAS)  recorded maximum plant 
height (141.37 cm) at harvest stage, leaf area index (6.22) at flowering stage and dry matter production 
(4006.97 kg ha-1) at harvest stage, root length (27.02cm), root volume (16.7cm-3 plant-1). This was followed 
by the treatment S3 (fluchloralin + HW at 30 DAS). The plant height,leaf area index and dry matter 
production recorded under S1( unweeded control) in all stages of crop growth.  

The Interaction effect between the nutrient and weed management on plant growth attributes is 
significant. Treatment M3 (RDF+ vermicompost+ azospirillum+ ZnSO4+ KH2PO4) with S5 (HW twice  at 30 
DAS)  maximum plant height, leaf area index (7.35) at flowering stage and dry matter production (4521.13 
kg ha-1) at harvest stage, root length (31.2cm), root volume (18.6 cm-3 plant-1). Lowest plant height ,leaf area 
index and dry matter production recorded under M1S1 (control) in all stages of crop growth. 

This might be due to the effective interaction between the nutrient and weed management treatments, 
which could have increased the availability of better nutrition from fromvermicompost and other components 
along with the efficient control of weeds by the respective treatments. Similar trend of results was reported 
by Patel et al. (1994). 

Yield Attributes (Table 4 and 5) 
Among the nutrient management practices tried M3 

(RDF+vermicompost+azospirillum+ZnSO4+KH2PO4) recorded maximum values for  head diameter 
(18.5cm),total number of seeds head-1 (866.2head-1), number of filled seeds head-1(513.7), seed filling 
percentage (94.8), test weight(7.73g), seed yield (1671kg ha-1) and stalk yield (5752kg ha-1) over other 
treatments. This was followed by  M4(RDF+FYM+azospirillum+ZnSO4+KH2PO4). M1 (control) recorded 
lower value for head diameter (14.03cm),total number of seeds head-1 (827.18.head-1), number of filled seeds 
gead-1(466.22), seed filling percentage , test weight(6.10g), seed yield (503kg ha-1) and stalk yield. 

Among the weed management treatments S5 (HW twice  at 30 DAS)  registered higher head 
diameter (18.7cm),total number of seeds head-1 (837.4 head-1), number of filled seeds head-1(786.4), seed 
filling percentage (93.5), test weight(7.60g), seed yield (1201kg ha-1) and stalk yield (5622kg ha-1) over other 
treatments. This was followed by S3 (fluchloralin + HW at 30 DAS). unweeded control (S1) recorded lowest 
head diameter, total number of seeds head-1, number of filled seeds head-1, seed filling percentage ,test 
weight, seed yield and stalk yield. 

The Interaction effect between the nutrient and weed management was significant. Treatment M3 
(RDF+vermicompost+azospirillum+ZnSO4+KH2PO4) with S5 (HW twice  at 30 DAS) registered higher head 
diameter (20.31cm),total number of seeds head-1 (946.21 head-1), number of filled seeds head-1(929.25), seed 
filling percentage , test weight(8.13g), seed yield (1901kg ha-1) and stalk yield (6225kg ha-1) over other 
treatments. This was followed by M3S3 and lowest yield was recorded by M1S1 head diameter, total number 
of seeds head-1, number of filled seeds head-1, seed filling percentage ,test weight, seed yield and stalk yield. 

These findings are in conformity with the findings of Babusasravanan (1992) in groundnut. These 
results indicated that integrated nutrient management under comparatively weed free environment can 
influence the sunflower yield components and seed yield significantly. 

Table-1: Effect of integrated nutrient and weed management practices on weed characters of sunflower 

Treatments Mean Weed population (M2) Weed biomass (Kg ha-1) 
I Crop II Crop I Crop II Crop 

Main Plot 15 DAS 30 DAS 15 DAS 30 DAS 15 DAS 30  DAS 15 DAS 30 DAS 

M1 
417.00 
(20.29) 

529.60 
(22.84) 

448.40 
(21.03) 

543.40 
(23.14) 387.7 435.7 384.8 436.5 

M2 
403.60 
(19.95) 

516.00 
(22.54) 

420.80 
(20.38) 

532.20 
(22.89) 345.9 386.6 343.1 388.25 

M3 378.20 448.60 390.00 462.00 97.23 107.3 104.3 102.5 
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(19.25) (20.97) (19.56) (21.30) 

M4 
386.00 
(19.47) 

456.60 
(21.18) 

401.00 
(19.86) 

469.00 
(21.47) 134.5 115.9 116.6 114.6 

M5 
394.00 
(19.69) 

486.20 
(21.84) 

411.00 
(20.12) 

495.20 
(22.04) 303.2 356.6 317.9 360.6 

M6 
397.40 
(19.79) 

503.40 
(22.23) 

414.80 
(20.23) 

517.80 
(22.56) 328.3 374.4 327.8 367.9 

SEd 0.038 0.41 0.55 0.05 3.90 1.95 4.88 3.96 
CD (P=0.05) 0.08 0.093 0.12 0.12 7.85 3.92 7.70 7.96 

Sub Plot         

S1 
505.83 
(22.49) 

695.16 
(26.36) 

524.16 
(22.90) 

710.66 
(26.55) 422.9 548.73 446.7 560.9 

S2 
393.00 
(19.81) 

573.66 
(23.94) 

422.16 
(20.50) 

588.66 
(24.25) 291.9 416.87 301.3 412.9 

S3 
263.81 
(16.24) 

373.33 
(19.50) 

279.16 
(16.71) 

386.00 
(19.63) 89.1 108.9 95.0 96.4 

S4 
310.83 
(17.64) 

469.66 
(21.67) 

326.33 
(18.07) 

481.00 
(21.93) 180.6 326.6 165.2 319.8 

S5 
506.66 
(22.51) 

338.50 
(18.39) 

519.83 
(22.80) 

350.00 
(18.70) 346.0 79.2 307.2 85.3 

S.Ed 0.05 0.05 0.073 0.005 2.76 1.38 3.45 3.26 
CD (P=0.05) 0.101 0.11 0.14 0.011 6.16 3.08 9.82  
* : Figures in parenthesis are arc sin transformed values. 

Table-2: Effect of integrated nutrient and weed management practices on weed control index (WCI) 
and Nutrient removal by weeds on Sunflower 

 WCI (%) Nutrient removal by weeds (kg ha-1) at 30 DAS 
Treatments I Crop II Crop I Crop II Crop 

Main plot 15 30 
DAS 15 30 

DAS N P K N P K 

M1 8.33 20.60 13.85 22.18 22.7 5.51 19.94 23.9 5.73 18.5 
M2 18.22 29.55 23.19 30.77 18.1 4.68 16.93 19.5 4.64 15.64 
M3 77.01 80.45 76.63 81.73 16.1 4.03 13.44 17.2 4.20 12.6 
M4 68.19 78.87 73.90 79.56 16.7 4.19 15.78 17.8 4.35 14.8 
M5 28.31 35.01 28.83 35.76 17.0 4.29 15.86 18.2 4.42 14.9 
M6 22.38 31.76 26.61 34.40 17.4 4.43 16.06 18.8 4.50 15.02 

S.Ed     0.078 0.09 0.0039 0.043 0.011 0.017 
CD 

(P=0.05)     0.157 0.019 0.007 0.086 0.023 0.0035 

Sub Plot           
S1 - - - - 28.7 6.72 25.09 29.9 6.86 23.7 
S2 30.97 24.03 32.55 26.37 17.1 4.56 15.45 18.7 4.66 14.2 
S3 78.93 30.16 78.72 82.81 14.8 3.76 13.72 15.9 3.92 12.8 
S4 57.29 41.047 63.01 42.97 15.0 3.85 13.90 16.1 4.0 12.9 
S5 18.19 85.56 31.22 84.79 14.5 3.70 13.52 15.5 3.76 12.6 

S.Ed     0.055 0.006 0.0027 0.030 0.008 0.0012 
CD 

(P=0.05)     0.123 0.015 0.006 0.067 0.018 0.0027 
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Table-3: Effect of integrated nutrient and weed management practices on  growth attributes of sunflower 

Treatments 

Plant height 
(cm) 

(At harvest) 

LAI  
(At flowering) 

DMP (Kg ha-1) 
(At harvest ) 

Root length 
(cm)  

(At 60 DAS) 

Root volume  
(Cm-3/ plant)  
( At 60 DAS) 

I II I II I II I II I II 
Main plot           

M1 103.0 79.9 4.15 4.06 3297 2954 20.5 18.2 13.7 12.9 
M2 125.8 105.0 5.41 5.28 3958 3637 25.1 22.8 15.9 15.4 
M3 145.3 124.9 6.46 6.31 4449 4103 27.9 26.2 17.2 16.9 
M4 138.6 118.6 6.10 6.03 4291 3953 26.4 24.5 16.6 16.4 
M5 135.6 116.2 5.95 5.88 4230 3898 26.0 24.2 16.4 16.2 
M6 131.7 112.1 5.75 5.65 4099 3756 25.6 23.9 16.2 15.9 

S.Ed 0.409 0.37 0.002 0.003 14.9 16.3 0.19 0.15 0.043 0.048 
CD 

(P=0.05) 0.91 0.84 0.051 0.01 29.8 32.7 0.39 0.32 0.088 0.098 

Sub Plot           
S1 111.8 88.9 4.69 4.64 3509 3250 22.3 20.8 14.7 14.1 
S2 121.9 101.7 5.27 5.15 3848 3481 24.2 21.9 15.4 15.1 
S3 139.1 118.9 6.08 5.98 4219 3951 26.5 24.8 16.7 16.3 
S4 135.9 116.4 5.93 5.81 4220 3879 26.2 24.4 16.5 16.1 
S5 141.4 121.3 6.22 6.09 4402 4006 27.0 25.4 16.9 16.5 

S.Ed 0.213 0.07 0.018 0.003 12.7 14.1 0.20 0.09 0.036 0.039 
CD 

(P=0.05) 0.42 0.15 0.037 0.001 25.5 28.3 0.40 0.19 0.073 0.079 

Table-4: Effect of integrated nutrient and weed management practices on yield attributes of sunflower 

Treatments 
50% 

flowering 
Head diameter 

(cm) 

Total no. of 
seeds  
head-1 

Number of 
filled Seeds 

head-1 
Seed filling (%) Test Wt. (g) 

I II I II I II I II I II I II 

Main Plot             

M1 56.0 58.5 14.0 13.8 578.7 479.8 466.2 365.6 79.5 78.8 6.10 6.07 

M2 51.8 52.8 16.4 16.2 753.7 643.5 683.5 574.7 90.4 89.1 7.29 7.28 

M3 50.2 50.9 18.5 18.2 866.2 774.0 513.7 721.2 94.8 93.7 7.73 7.70 

M4 50.8 51.5 18.1 17.8 826.1 734.3 770.9 676.5 93.0 91.8 7.58 7.56 

M5 51.0 51.7 17.8 17.4 814.0 718.7 753.2 651.8 92.6 91.3 7.51 7.48 

M6 51.4 52.3 17.2 17.0 785.6 678.9 723.7 614.4 92.0 90.1 7.41 7.39 

S.Ed 0.25 0.029 0.005 0.0057 3.82 3.44 2.29 1.48 0.058 0.054 0.020 0.019 

CD (P=0.05) 0.51 0.06 0.0112 0.0166 8.53 6.92 4.61 2.98 0.126 0.109 0.041 0.04 

Sub Plot             

S1 53.9 55.9 14.7 14.6 648.3 546.4 544.3 453.5 83.0 82.1 6.60 6.58 

S2 52.3 53.8 15.8 15.6 727.3 622.7 653.7 544.9 89.7 88.0 7.13 7.10 

S3 50.9 51.9 18.41 17.9 827.2 731.4 772.2 676.8 93.2 91.9 7.54 7.52 

S4 51.3 51.9 18.44 17.6 814.1 712.2 752.9 653.5 92.5 91.3 7.47 7.46 

S5 50.7 51.4 18.7 18.1 837.4 744.9 786.4 691.4 93.5 92.2 7.60 7.58 

S.Ed 0.19 0.024 0.004 0.0056 3.53 2.94 0.129 1.21 0.056 0.046 0.016 0.014 

CD (P=0.05) 0.39 0.05 0.009 0.0114 7.1 6.55 2.61 2.43 0.118 0.093 0.033 0.03 
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Table-5: Effect of integrated nutrient and weed management practices on  yield and quality of 
sunflower 

Treatments 
Seed yield  
( Kg ha-1) 

Stalk yield 
(Kg ha-1) 

Oil Content 
(%) 

Protein  
Content % 

I II I II I II I II 
Main Plot         

M1 503 489 4279 4121 37.30 37.31 18.26 17.14 
M2 826 817 5160 5054 38.48 38.34 18.63 17.61 
M3 1671 1591 5752 5536 39.18 39.03 18.82 18.04 
M4 1263 1212 5550 5368 38.83 38.81 18.75 17.90 
M5 182 1085 5471 5311 38.73 38.68 18.73 17.85 
M6 988 979 5326 5187 38.63 38.50 18.69 17.76 

S.Ed 22.96 16.37 17.46 83.94 0.0069 0.0029 0.0079 0.003 
CD (P=0.05) 46.24 32.91 34.97 19.93 0.014 0.006 0.016 0.006 

Sub Plot         
S1 833 801 4644 4544 37.79 37.74 18.45 17.27 
S2 1009 967 4987 4903 38.29 38.33 18.54 17.55 
S3 1169 1128 5546 5352 38.83 38.76 18.76 17.92 
S4 1116 1088 5483 5278 38.76 38.66 18.72 17.87 
S5 1201 1161 5622 5404 38.95 38.74 18.78 17.96 

S.Ed 15.57 15.35 15.94 17.40 0.0059 0.0019 0.071 0.002 
CD (P=0.05) 31.31 30.86 31.92 34.99 0.012 0.004 0.014 0.004 
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CHAPTER - 3 

EFFECTS OF INM PRACTICES IN RICE-BLACKGRAM RELAY CROPPING SYSTEM FOR 
SUSTAINABLE AGRICULTURE 

A. Balasubramanian and G.Murugan 
Department of Agronomy, Faculty of Agriculture, Annamalai University, Annamalainagar 

ABSTRACT 
Field experiment was carried out at the Experimental Farm, Department of Agronomy, Faculty of 

Agriculture, Annamalai University, Annamalainagar to study the productivity and sustainability of 
integrated nutrient management practices on rice - fallow blackgram relay cropping system and its 
economic advantage. The experiment was laid out in randomized block design with three replications. The 
treatments consists of integrated application of 75% recommended dose of N through fertilizer and 25% N 
through various organic manures (FYM, cow dung based vermicompost, cow dung and water hyacinth based 
vermicompost, enriched poultry manure compost, enriched coir pith compost, green manures and green leaf 
manures) with recommended dose of P and K were evaluated with farmers’ practice and absolute control. 
The effect of integrated nutrient management practices on yield attributes, yield of crops were critically 
studied under rice - blackgram relay cropping system. Among the different combinations, application of 75% 
RDN through fertilizer + 25% N through vermicompost (75% cow dung + 25% water hyacinth) recorded 
higher values on yield attributes, grain and straw yield and net return from rice. The residual effect of the 
above treatment on rice fallow blackgram resulted in higher yield attributes and yield of blackgram. From 
the results, it was concluded that INM practice with 75% RDN through fertilizer + 25% N through 
vermicompost (75% cow dung + 25% water hyacinth) applied to rice crop was found to be an agronomically 
sound, ecologically safe and economically viable and sustainable practice for obtaining higher productivity 
in the rice - blackgram relay cropping system. 

Keywords: Rice, blackgram, integrated nutrient management, vermicompost, yield. 

INTRODUCTION 
Rice (Oryza sativa L.) is the most important staple food for more than half of the world’s population, 

including regions with high population density and rapid growth. Among the rice growing countries, India 
has the largest area (44 million hectares) and it is the second largest producer (131 million tonnes) of rice 
next to China (197 million tonnes). The rice productivity in India is 3.37 t ha-1 while the world average is 
4.25 t ha-1 (IRRI, 2011). To meet the food requirement of the growing population, India has to increase its 
rice productivity by three per cent per annum (Gulab Singh Yadav et al., 2009). Rice often surprises us with 
phenomenal adjustments to its environment perhaps that is the reason why it has become one of the world’s 
prime food crops. The green revolution had gradually turned into a “greedy revolution” as evident by the 
arbitrary use of inorganic inputs to attain higher productivity (Swaminathan, 2002). Highly intensified 
irrigated rice cropping system runs the risk of disturbing the established equilibrium among cropping system 
components and functions. 

The prerequisite for a sustainable agriculture is the balanced supply of plant nutrients. This can be 
achieved through integrated nutrient management approach, which involves the use of high value organic 
manures such as vermicompost along with inorganic nutrients for increasing the crop yield. Research 
evidences proved beyond doubt that the complementary use of organic and inorganic sources of plant 
nutrients can sustain the optimum crop yields and improve the soil health. 

The importance ascribed to sustainability at present is an appropriate attempt to promote organic 
manures, which can sustain soil health through improvement in physical, chemical and biological properties 
(Santhy et al., 2001). Farm yard manure (FYM) is the most commonly used organic manure. It supplies 
macro and micronutrients apart from improving physical conditions of the soil (Sengar et al., 2000). Water 
hyacinth, an aquatic and most problematic weed can be effectively utilized for the production of 
vermicompost (Sudhakar, 2000) when mixed with cow dung upto 25 per cent on dry weight basis (Renuka et 
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al., 2007). The resulted water hyacinth based vermicompost has an optimistic effect on the formation of the 
micro aggregates of the soil and cation exchange capacity which reflected on rice growth and yield (Shanjida 
Khan and Sarwar, 2002). 

Use of green manures, a rich source of nitrogen helps to keep soil quality and fertility enhancement 
as a whole meeting a part of nutrient need of crops. The pre-season green manuring and its in-situ 
incorporation had improved growth and productivity of succeeding cereals, particularly rice. There is ample 
scope to fit short duration pulse crop viz., blackgram (Vigna mungo L. Hepper) to a considerable extent in the 
rice fallows of Tamil Nadu. The beneficial effects of including a pulse crop in rice based cropping system 
have been well documented (Chinnusamy et al., 1997). 

MATERIALS AND METHODS 
Field experiment was carried out at the Experimental Farm, Department of Agronomy, Faculty of 

Agriculture, Annamalai University, Annamalainagar to study the productivity and sustainability of integrated 
nutrient management practices on rice - fallow blackgram relay cropping system and its economic advantage. 
The experimental field is situated at 11° 24’ N latitude and 79° 44’ E longitude at an altitude of +5.79 m 
above mean sea level. The climate of Annamalai nagar is moderately warm with hot summer months. 

The experiment was carried out in randomized block design with three replications. The treatment 
schedule consists of T1 – Absolute control (No manures and fertilizer application), T2 – 100% Recommended 
dose of fertilizer N (RDN), T3 - 100% RDN + FYM @ 12.5 t ha-1, T4 - 75% RDN + 25% N through 
vermicompost (100% cow dung – Cd), T5 – 75% RDN + 25% N through vermicompost (75% cow dung - Cd 
+ 25% water hyacinth - Wh), T6 - 75% RDN + 25% N through enriched poultry manure compost, T7 - 75% 
RDN + 25% N through enriched coirpith compost, T8 - 75% RDN + 25% N through Sesbania aculeate, T9 - 
75% RDN + 25% N through Crotalaria juncea, T10 - 75% RDN + 25% N through Gliricidia sepium, T11 - 
75% RDN + 25% N through Pongamia glabra. Based on the equal N basis, required quantities of 100% cow 
dung based vermicompost, 75% cow dung and 25% water hyacinth based vermicompost, enriched poultry 
manure compost, enriched coirpith compost, Sesbania aculeata, Crotalaria juncea, Gliricidia sepium, 
Pongamia glabra were incorporated in the soil as per treatment schedule one week before transplanting of 
rice. Water hyacinth based vermicompost was prepared by using 75% cow dung and 25% water hyacinth 
(Eichhornia crassipes) as substratum. Daincha (Sesbania aculeata) and sunhemp (Crotalaria juncea), the 
leguminous green manure crops, were raised as pre-season green manure crops with local varieties. The 
effect of integrated nutrient management practices on yield attributes, yield of crops were critically studied 
under rice - blackgram relay cropping system. 

RESULTS AND DISCUSSION 
The data pertaining to the yield attributes, grain and straw yield and net return from rice are given in 

table 1. The results of the experiments showed that significant variation on yield attributes, grain yield and 
straw yield. Among the different combinations, application of 75% RDN through fertilizer + 25% N through 
vermicompost (75% cow dung + 25% water hyacinth) (T5) recorded higher values of productive tiller m-2 
(324), filled grains panicle-1 (94.5), grain yield (6154 kg ha-1), straw yield (6680 kg ha-1) and benefit cost 
ratio (2.34) from rice. This was statistically comparable with application of 75% RDN through fertilizer + 
25% N through vermicompost (100% Cd) (T4). This might be due to higher concentration of macro and 
micronutrients in the water hyacinth based vermicompost which was attributed to high rate of N 
mineralization as a result of high cation exchange capacity, slow and gradual release of N could make the 
soil more productive over a longer period, thus enhanced the number of productive tillers m-2. 

The increased filled grains panicle-1 recorded with the application of inorganic fertilizer along with 
water hyacinth based vermicompost might be due to increased root length, root volume and increased 
photosynthetic efficiency. The constant release of N from organic manure, particularly from vermicompost 
supplemented with N fertilizer might have satisfied the nutritional need of the plant as opined by Mohandas 
et al. (2008). The vermicompost offered a balanced nutritional release pattern to plants, provided nutrients 
such as available N, soluble K, exchangeable Ca, Mg and P that could be taken readily by plants 
(Parthasarathi et al., 2008), efficient translocation of assimilates to the sink and greater soil microbial 
diversity and activity which resulted in higher grain and straw yield (Arancon et al., 2006). 
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Among the different INM practices, application of 75% RDN through fertilizer + 25% N through 
vermicompost (75% Cd + 25% Wh) (T5) recorded the higher benefit cost ratio. The enhanced nutrient 
availability in balanced manner by integration of inorganic fertilizer with water hyacinth based 
vermicompost resulted in improvement of yield attributing characters and yield. This ultimately led to 
increased net return and profitability. These findings are in conformity with the study of Suseendran (2011). 

The residual effect of INM practices on fallow blackgram are presented in table 2. The residual 
effect of 75% RDN through fertilizer + 25% N through vermicompost (75% Cd + 25% Wh) applied to rice 
(T5) exhibited higher number of pods plant-1, grain yield and haulm yield `and it was statistically comparable 
with 75% RDN through fertilizer + 25% N through vermicompost (100% Cd) imposed to rice (T4). The same 
trend was recorded for benefit cost ratio also. The efficient utilization of mineralized N from the water 
hyacinth vermicompost and fertilizer N would have increased the availability of N throughout the growth 
period and thereby increased the number of pods plant-1and grain yield of residual blackgram. Similar 
findings of enhancing the yield and yield attributes due to the residual effect of organics and inorganics 
applied to previous rice crop was reported Subramani et al. (2008). 

CONCLUSION 
Based on the result of the experiment, it can be concluded that application of 75% RDN through 

fertilizer + 25% N through vermicompost (75% Cd + 25% Wh) imposed to rice registered the highest values 
in most of the parameters like yield attributes and yield of crops and economics without affecting the soil 
fertility and thereby sustaining the crop production. However, this was comparable with 75% RDN through 
fertilizer + 25% N through vermicompost (100% Cd) imposed to rice. In nut shell, the results have proved 
sustainability in productivity and soil fertility under rice - rice fallow blackgram cropping system with 
integrated nutrient management practices using vermicompost as an organic manure. 

Table-1: Effect of INM practices on yield attributes, grain yield, straw yield and Benefit cost ratio of 
rice cultivation 

Treatments Productive tillers 
(No. m-2) 

Filled grains 
panicle-1 

Grain yield 
(Kg ha-1) 

Straw yield 
(Kg ha-1) 

Benefit 
cost ratio 

T1 – Absolute control (No 
manures and fertilizer 

application) 
186 59.0 2180 3905 1.26 

T2 – 100% Recommended dose of 
fertilizer N (RDN) 223 78.5 3497 4935 1.66 

T3 – 100% RDN + FYM @ 12.5 t 
ha-1 269 85.5 4593 5655 1.54 

T4 – 75% RDN + 25% N through 
VC (100% Cd) 316 93.2 5890 6570 2.12 

T5 – 75% RDN + 25% N through 
VC (75% Cd + 25% Wh) 324 94.5 6154 6680 2.34 

T6 – 75% RDN + 25% N through 
EPMC 298 90.4 5414 6220 2.02 

T7 – 75% RDN + 25% N through 
ECC 280 87.3 4883 5805 1.78 

T8 – 75% RDN + 25% N through 
Sesbania aculeata 276 86.9 4792 5795 1.95 

T9 – 75% RDN + 25% N through 
Crotalaria juncea 271 86.3 4670 5724 1.89 

T10 – 75% RDN + 25% N through 
Gliricidia sepium 241 81.3 3908 5185 1.62 

T11 – 75% RDN + 25% N through 
Pongamia glabra 249 82.6 4105 5250 1.72 

S.Ed 7.12 1.26 135.6 167.7 - 
CD (P = 0.05) 14.83 2.58 274.8 342.2 - 
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Table-2: Effect of INM practices on number of pods plant-1, grain yield and haulm yield and Benefit 
cost ratio of rice fallow blackgram 

Treatments No. of pods 
plant-1 

Grain yield 
(kg ha-1) 

Halum yield 
(kg ha-1) 

Benefit cost 
ratio 

T1 – Absolute control (No manures and 
fertilizer application) 4.86 355 1312 3.99 

T2 – 100% Recommended dose of 
fertilizer N (RDN) 5.58 402 1465 4.52 

T3 – 100% RDN + FYM @ 12.5 t ha-1 7.28 497 1755 5.59 
T4 – 75% RDN + 25% N through VC 

(100% Cd) 9.05 581 2025 6.54 

T5 – 75% RDN + 25% N through VC 
(75% Cd + 25% Wh) 9.24 602 2057 6.77 

T6 – 75% RDN + 25% N through EPMC 8.30 548 1917 6.17 
T7 – 75% RDN + 25% N through ECC 7.56 515 1806 5.79 

T8 – 75% RDN + 25% N through 
Sesbania aculeata 7.42 508 1782 5.72 

T9 – 75% RDN + 25% N through 
Crotalaria juncea 7.34 501 1770 5.64 

T10 – 75% RDN + 25% N through 
Gliricidia sepium 6.24 453 1605 5.10 

T11 – 75% RDN + 25% N through 
Pongamia glabra 6.56 465 1645 5.23 
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CHAPTER - 4 

STUDY OF INORGANIC AND ORGANIC SOURCE FOR THE FOLIAR SPRAY WITH BORON 
ON GROWTH AND YIELD IN TOMATO (Cv., PKM-1) 

N. Senthilkumar 
Department of Soil Science and Agricultural Chemistry, Faculty of Agriculture, Annamalai University 

ABSTRACT 
A pot culture experiment was conducted in clay loam soil at Department of Soil Science and 

Agricultural Chemistry, Faculty of Agriculture, Annamalai University. To study the effect of tomato to 
combined application of NPK with organic manures and boron during the year 2012-2013. The experiment 
soil was clay loam is texture, pH 7.85, Electrical Conductivity 0.75 dSm-1 and low in available N (195kg ha-

1) and p (16kg ha-1) and K (150kg ha-1) status. The treatment detail as follows T1 as control, T2 as 
recommended fertilizers NPK (75:100:50 kg ha-1) and T3 as recommended fertilizers NPK plus FYM 
@12.5tha-1 and T4 as recommended fertilizers NPK plus FYM plus Boron5.0 kg ha-1 and T5 as recommended 
fertilizer NPK plus FYM plus 0.1% boron as  foliar spray at 25, 50 and 75th DAT  and T6 as recommended 
fertilizers NPK plus FYM plus 0.2% boron as  foliar spray at 25,50 and 75th DAT day and T7 as 
recommended fertilizer NPK plus FYM plus 0.3% boron as  foliar  spray at 25, 50 and75 DAT. The 
inorganic fertilizer (half quantity of N and full quantity of P and K) and organic manures were given as 
basal dose in the experimental pots before transplanting. Boron (0.1, 0.2 and 0.3 per cent) was applied as 
foliar spray thrice viz., 25, 50 and 75 DAT. The experiment was laid out in CRBD with seven treatments in 
three replications.  The number of fruits and single fruit weight are the most important trails in determining 
the yield and these trails were greatly influenced by the application of certain organic and micronutrient 
along with weight was maximum (18.83, and 37.75g) in the treatment combination of FYM 12.5 t ha-1 RDF 
75:100:50 kg NPK ha-1 + 0.2% boron foliar spray (T6) which recorded followed by the values of (18.42 and 
37.52g) in T7. The minimum value was recorded in control T1. 

Keywords: Inorganic, Organic Sources, Boron, growth and yield tomato crop 

INTRODUCTION 
Tomato (Lycopersicon esculentum Mill) is one of the most important vegetable commonly grown 

crops of the world due to its wide adaptability under agro climatic conditions.  The effect of micronutrients 
like boron, and iron, if applied through foliar can also improve the vegetative growth and yield of crop. The 
conducted an treatments in the combination of boron 50ppm with the recommended dose of fertilizers was 
most effective for growth and yield. The role of boron which enhances the movement of sugar borate 
complex form the results of the fruit and increased fruit yield. Among the different kinds of vegetables, 
tomato find an important place in the human diet, because it is rich in ascorbic acid, sugar, calcium and 
vitamins. Organic manures play a vital role in improving the soil fertility and productivity of soil which has 
been acknowledged for generations. In recent years organic farming is becoming more popular in India. 
Because people are now aware about the disastrous side effects caused by chemical farming on health and 
environment and now prefer organically grown foods. The use of contain organics like farmyard manure, 
NPK and Boron partly substitute chemical fertilizer and also reduce the cost of production. Farmyard 
manure, NPK and boron, it has a significant role in providing resistance to pests and diseases and in 
increasing the overall yield. 

In India, it is grown in an area of 6.1 lakh hectares with an annual production of about 8.0 million 
tonnes (FAO, 2013) and in Tamilnadu, it is grown in an area of 0.46 lakh hectare with an annual production 
of 0.36 million tonnes (Namasivayam, 2014).The average productivity of tomato in India is only 17.5 t ha-1 
which is very low as compared to the world average production of tomato (25 t ha-1). For increasing the high 
quality and quantity it needs to apply high amount of fertilizers, it leads to affect the soil parameters and 
affect the soil health. 
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In recent years, adoption of high yielding varieties and use of high analysis NPK fertilizers led to 
decline in the micronutrient status in soil to below normal at which productivity of crops cannot be sustained 
(Kumar and Babel, 2011). Velu et al. (2008) reported that 67 per cent of the soils of Cuddalore district were 
deficient in available Zinc (Zn) which needed attention towards Zn management in crops. Copper (Cu) and 
Iron (Fe) were deficient to the extent of 4 and 26 per cent respectively. Hence, it is an imperative need to 
develop a technology which improves the yield of crop without affecting the quality of produces as well as 
soil health. In Tamil Nadu about 57 and 44 per cent of total area is deficient in Zn and B respectively. 
Growing of tomato in such nutrient deficient soil is also one of the reasons for low productivity. 
Micronutrient management especially the Zn and B assumes greater significance for tomato production by 
their specific role in growth and metabolic activities. With this background in view, the present investigation 
was undertaken to study the study of certain organics like Farmyard manure, NPK and Boron on growth and 
yield characters of tomato. 

MATERIALS AND METHODS 
An investigation was carried out in vegetable, field unit, Department of soil Science and Agricultural 

Chemistry, Annamalai University. Annamalai Nagar. To study the effect of tomato to combined application 
of NPK with organic manures and boron during the year 2012-2013. Annamalai Nagar is situated at 1120 N 
latitude and 79041’E longitude at an altitude of 5.79m above mean sea level. Experiment soil was clay loam 
is texture, pH 7.85, Electrical Conductivity 0.75 dSm-1 and low in available N (195kg ha-1) and p (16kg ha-1) 
and K (150kg ha-1) status. The treatment combined of application of organic manures like FYM and 
inorganic fertilizer like nitrogen (urea), phosphorus (single super phosphate) and potassium (Muriate of 
potash) along with boron. The treatment detail as follows T1 as control, T2 as recommended fertilizers NPK 
(75:100:50 kg ha-1) and T3 as recommended fertilizers NPK plus FYM @ 12.5 t ha-1 and T4 as recommended 
fertilizers NPK plus FYM plus Boron 5.0kg ha-1 and T5 as recommended fertilizer NPK plus FYM plus 
0.1% boron as  foliar spray at 25, 50 and 75th DAT  and T6 as recommended fertilizers NPK plus FYM plus 
0.2% boron as  foliar spray at 25,50 and 75th DAT day and T7 as recommended fertilizer NPK plus FYM plus 
0.3% boron as  foliar  spray at 25, 50 and75 DAT. The experiment was laid out in CRBD with seven 
treatments in three replications. The inorganic fertilizer (half quantity of N and full quantity of P and K) and 
organic manures were given as basal dose in the experimental plots before transplanting. The remaining half 
quantity of N was applied 30 days after transplanting. Boron (0.1, 0.2 and 0.3 per cent) was applied as foliar 
spray thrice viz., 25, 50 and 75 DAT. The biometric observation and sample were collected periodically and 
all the data should be analyzed statistically. 

RESULTS AND DISCUSSION 
Data presented in (Table 2) shows that the growth parameters viz., plant height, internodal length, 

number of branched, number of leaves and leaf area were significantly influenced by the application of 
certain organics or inorganic combination of boron  on tomato cv. PKM -1. The highest plant height at 120 
days (106.09 cm) was recorded in the treatment combination of recommended dose of fertilizer 75:100:50 kg 
NPK ha-1 + FYM 12.5 t ha-1 + 0.2% boron foliar spray at thrice  (T6) followed by (T7). Recommended dose 
of fertilizer 75:100:50 kg NPK/ ha-1 +12.5t ha-1 FYM + 0.3% boron foliar spray at thrice. Which recorded 
105.21cm, the minimum plant height, (90.09 cm) was recorded in the control (T1). Regarding the internodal 
length, it was maximum in T6 ( RDF 75:100:50 kg NPK ha-1 + 12.5 t ha-1 FYM + 0.2% boron foliar spray) 
which recorded 5.87 cm followed by T7    (RDF 75:100:50 kg NPK ha-1 + 12.5 t ha-1 FYM + 0.3% boron 
foliar spray) which recorded 5.38 cm the minimum value of 3.88 cm was recorded in the control (T1). 

The number of branches cumbers of leaves / plant showed significant variations among the various 
treatments. The maximum number of branches of leaves (28.65) were recorded in the treatment T6 (RDF 
75:100:50 kg NPK  ha-1 + 12.5 t ha-1 FYM + 0.2% boron foliar spray) at thrice where as the control (T1) 
recorded the minimum value for number of branches (3.65) of leaves (25.27). Regarding the leaf area T6 
(RDF 75:100:50 kg NPK ha-1 + FYM 12.5 t ha-1 + 0.2% boron foliar spray) at thrice recorded by the 
maximum value of 54.78 cm2 followed by T7 (RDF 75:100:50 kg NPK ha-1 + 12.5 t ha-1 FYM + 0.3% boron 
foliar spray) which registered a value of 53.07cm2 in T treatment the control (T1) registered the minimum 
leaf area 35.53cm2. 
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The results of the present study are in agreement with the findings of Mohamed Rafi et al., (2002) in 
tomato and Subbarao and Sankar (2001) in Brinjal. Organic manures improves the soil physical conditions 
and promotes microbial and soil organic matter, which in there produces organic acids, which inhibits IAA 
oxides enzymes, results in enhancing the promoting effect of Auxin- IAA, which has direct effect on plant 
growth (Lecopold, 1974). The increase in growth parameters due to application of boron may be due to the 
presence of growth substances and others essential nutrients (Bano et al., 1987). 

Data presented in table 2 shows significant variations among the various treatments. In the present 
study, plants supplied with organic manures viz., farm yard manure 12.5 t/ha + Recommended dose foliar 
spray 0.2% boron (T6) showed more number of flower cluster per plant (9.74) and more number of flowers 
per cluster (5.02) followed (T7) showed less number of flowers / plant (6.71) and less number of flower / 
cluster (3.13) respectively. This might be due to the better nutritional status of the plant, which was favored 
by this treatment. Subbarao and Sankar (2001) supported that application of FYM + boron resulted in earlier 
flowing and higher flower production. Which may be due to better aeration, adequate drainage and creation 
of favorable soil environment for deeper penetration of root and nutrient extraction will be higher from the 
soil. 

The number of fruits and single fruit weight are the most important traits in determining the yield 
and these trails were greatly influenced by the application of certain organic and micronutrient along with 
weight was maximum (18.83, and 37.75g) in the treatment combination of FYM 12.5 t ha-1 RDF 75:100:50 
kg NPK ha-1 + 0.2% boron foliar spray (T6) which recorded followed by the values of (18.42 and 37.52g) in 
T7. The minimum value was recorded in control T1. 

CONCLUSION 
Finally concluded  that from the results of present study that application of RDF + 12.5 t ha-1 FYM + 

0.2% boron foliar spray (T6) resulted in improving the growth and yield character in tomato followed by the 
(T7). RDF + 12.5 t ha-1 FYM + 0.3% boron foliar spray. 

Table-1a: Physical and chemical properties of the soil 
S. No PROPERTIES VALUES 

1 PHYSICAL PROPERTIES 
 Clay % 36.2 
 Silt % 15.3 
 Fine sand  % 33.3 
 Course sand  % 15.2 
 Texture class Clay loam 
2 CHEMICAL PROPERTIES 
 Soil reaction (pH) 7.85 
 Electrical conductivity (EC) dSm-1 0.75 
 Available Nitrogen (kg ha-1) 195.00 
 Available Phosphorus (kg ha-1) 16.00 
 Available Potassium (kg ha-1) 150.00 
 Boron (kg ha-1) 1.60 

Table-1b: Physical and chemical properties of FYM 
S.NO PROPERTIES FYM 

1 pH 8.38 
2 EC dSm-1 1.50 
3 Organic carbon (%) 10.80 
4 Total N (%) 0.95 
5 Total P (%) 0.35 
6 Total K (%) 0.60 



 

Recent Innovations in Biosustainability and Environmental Research II 

Eds., V. I. Paul, M. Muthulingam,  A. Elangovan, J. Nelson  Samuel Jebastin Page 26 

Table-2: Effects of organic and inorganic combination of boron on growth characters of tomato cv. PKM-1 

Treatments Plant height (cm) 
30 days 60 days 90 days 120 days 

T1 – Control 42.81 64.76 86.64 90.09 
T2 – Recommended dose of fertilizer 75:100:50 45.48 64.76 86.64 103.48 
T3 – Recommended dose of fertilizer 75:100:50               

        Kg NPK  ha-1 + FYM 12.5 t ha-1 46.67 65.84 89.59 102.51 

T4 – Recommended dose of fertilizer 75:100:50 Kg         
NPK  ha-1 + FYM 12.5 t ha-1 + Boron @ 5 kg ha-1 47.49 66.80 86.77 102.97 

T5 – Recommended dose of fertilizer 75:100:50 Kg 
        NPK  ha-1 + FYM 12.5 t ha-1 + 0.1% Boron                   

        Foliar spray at 25, 50 and 75th DAT. 
47.43 67.02 91.85 104.44 

T6 – Recommended dose of fertilizer 75:100:50             
        Kg NPK  ha-1 +FYM 12.5 t ha-1 + 0.1% Boron                 

        Foliar spray at 25, 50 and 75th DAT. 
48.72 71.07 94.23 106.09 

T7 – Recommended dose of fertilizer 75:100:50 Kg        
        NPK  ha-1 + FYM 12.5 t ha-1 + 0.3% boron               

        Foliar spray at 25, 50 and 75th DAT. 
47.62 68.64 92.70 105.21 

S.E.D 0.55 0.18 0.29 0.09 
C.D.(P=0.05) 0.78 0.25 0.41 0.13 

Table-2a: Effect of organic and inorganic combination of boron on growth characters of tomato cv. PKM-1 

Treatments Internodal 
Length (cm) 

Number 
branch Plant-1 

Number 
of leaves 

Leaf area 
(cm2) 

T 1 – Control 3.88 3.65 25.27 35.53 
T2 – Recommended dose of                          

fertilizer 75: 100:50 Kg NPK ha-1 4.38 4.04 26.11 46.67 

T3 – Recommended dose of fertilizer          
75:100:50 Kg NPK ha-1 +FYM              12.5 t 

ha-1 
4.56 4.35 26.33 49.82 

T4 – Recommended dose of fertilizer 
        75:100:50 Kg NPK ha +FYM 12.5 

        t ha-1 + Boron5.0kg ha-1 
4.93 4.88 27.43 50.72 

T5 – Recommended  dose of fertilizer 
        75:100:50 Kg NPK ha-1 +FYM 

        12.5t ha-1 + 0.1% Boron Foliar spray      
at 25, 50 and 75th DAT. 

5.07 5.31 27.88 52.61 

T6 – Recommended dose of fertilizer 
        75:100:50 Kg NPK ha-1 + FYM 12.5 

        t ha-1 +0.2% boron Foliar spray at 25, 
50 and 75th DAT. 

5.87 6.22 28.65 54.78 

T7 – Recommended dose of fertilizer         
75:100:50 Kg NPK/ha +FYM 12.5         t ha-1 
+0.3% boron Foliar spray at    25, 50 and 75th 

DAT. 

5.38 5.76 28.04 53.07 

S.E.D 0.06 0.08 0.04 0.02 

C.D. (P=0.05) 0.08 0.11 0.06 0.03 
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Table-2b: Effects of organic and inorganic combination of boron on yield character of tomato cv. PKM-1 

Treatments 

Number 
of flower 
cluster/ 
plant -1 

Number 
of flower/ 
cluster-1 

Number 
of fruit / 
plant -1 

Single 
fruit 

weight 
(gm) 

Ascorbic 
acid 

(mg/100g) 

Yield 
/ plant 
(gm) 

T1 – control 6.71 3.13 12.31 28.61 25.48 353.35 

T2 – Recommended dose of         
fertilizer 75:100:50                
        Kg NPK ha-1 

7.71 3.41 17.21 34.22 26.28 611.10 

T3 – Recommended dose of 
        fertilizer 75:100:50 Kg 

        NPK ha-1 + FYM 12.5t ha-1 
7.54 3.95 17.47 36.28 27.09 636.36 

T4 – Recommended dose of 
       fertilizer 75:100:50 Kg 
       NPK ha-1 + FYM 12.5         

       t ha-1 + Boron 5.0kg ha-1 

8.66 4.03 17.91 36.54 27.15 652.70 

T5 – Recommended dose of 
        fertilizer 75:100:50 Kg 
        NPK ha-1 + FYM 12.5 

        t ha-1 + 0.1% Boron    
        Foliar spray at 25, 50 and 

75th DAT. 

9.04 4.62 18.21 37.22 30.15 696.14 

T6  - Recommended dose of 
         fertilizer 75:100:50 Kg 
         NPK ha-1 +FYM 12.5 

         t ha-1 +0.2% boron   
         foliar spray at 25, 50 and 

75th DAT. 

9.74 5.02 18.83 37.75 39.63 712.81 

T7 – Recommended dose of 
        fertilizer 75:100:50 Kg 
        NPK ha-1 + FYM 12.5t    

        ha-1  + 0.3% boron foliar 
        spray at 25, 50 and 75th 

DAT. 

9.14 4.34 18.52 37.52 31.70 673.01 

S.E.D 0.03 0.02 0.02 0.03 0.02 2.13 
C.D.(P=0.05) 0.05 0.03 0.03 0.05 0.03 2.99 
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CHAPTER - 5 

SOLAR HEATING OF SOIL  FOR THE WEED MANAGEMENT IN CLUSTER ONION (ALLIUM 
CEPA L.VAR. AGGREGATUM DON) 

T. Uma Maheswari and P. Thanuja 
Department of Horticulture, Faculty of Agriculture, Annamalai University 

ABSTRACT 
The present investigation on “Solar heating of soil for the weed management in cluster onion” was 

taken up in a farmer’s field at Sandhapadugai, a village located 10 Km away from Chidambaram. Onion is 
one of the most important bulb vegetable crops grown in India and around the globe. The demand for onion 
is worldwide. It is used both in raw and mature bulb stage as vegetable and spices. It is rich in vitamin A, 
thiamine and riboflavin. Recently the demand for organically produced food is increasing considerably. The 
experiment was conducted to study the effect of solarization in bio amended soil for the eco friendly weed 
management in onion involving solarization with various amendments viz., bulky organic manures, 
concentrated oil cakes, along with biofertilizers and foliar organic nutrition.  The experiment was laid out in 
a randomized block design with 14 treatments replicated thrice. The treatments include a combination of 
solarization for four weeks with three different amendments viz., Vermicompost, Farm Yard Manure (FYM), 
and neem cake along with non solarized control and solarization without amendment. At the end of treatment 
period, inoculation with Consortium Bio Fertilizers was done for specific treatments. The results of the 
experiment revealed that solarization treatment with vermicompost and neem cake followed by solarization 
with FYM and neem cake were found to be effective in increasing the soil temperature in all depths and on 
all days of observation. Similarly the lowest weed population, weed bio mass and highest weed control index 
were registered in the treatment receiving solarization with vermicompost and neemcake 

Keywords: Solarization, cluster onion, weed management 

INTRODUCTION 
Onion is one of the most important bulb vegetable crops grown in India and around the globe. The 

demand for onion is worldwide. It is used both in raw and mature bulb stage as vegetable and spices. The 
pungency in onion is due to a volatile oil known as allyl-propyl disulphide. It is rich in vitamin A, thiamine 
and riboflavin. It also contains calcium 32 mg and protein 1.4 mg per 100 g of bulb. 

Solar heating of soil involves covering moist soil with transparent polyethylene sheet during hot 
months for sufficient time to raise the soil temperature to the levels lethal for soil borne pests such as weeds, 
insects, disease pathogen, nematodes, etc. Artificial soil heating or soil solarization is the only non-chemical 
soil disinfestation method which has been tested on a large scale under farming conditions. Combining 
organic amendments with soil solarization is a developmental approach for the control of soil borne plant 
diseases (Jeffschalan, 2003). Higher soil temperatures may be obtained with dark-colored nature of organic 
amended soils since they absorb more solar radiation than light-colored soils (Stapleton and Devay, 1986). 
Although the major benefit of solarization is reduction of soil borne pathogens by soil-heating effects, there 
are many other possible additional beneficial effects that can result in an increased growth response (IGR) of 
plants. Such additional effects include control of weeds and insect pests and release of plant nutrients 
(Stapleton, 1997). 

Based on the above said requisites an investigation was conducted to study the impact of solarization 
with organic amendments and bioregulators for the weed control process in cluster onion. 

MATERIALS AND METHODS 
The present investigation was taken up in a farmer’s field at Sandhapadugai, a village located 10 Km 

away from Chidambaram. The experiment was conducted to study the effect of solarization in bio amended 
soil for the eco friendly weed management in onion involving solarization with various amendments viz., 
bulky organic manures, concentrated oil cakes, along with biofertilizers and foliar organic nutrition.  The 
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experiment was laid out in a randomized block design with 14 treatments replicated thrice. The treatments 
include a combination of solarization for four weeks with three different amendments viz., Vermicompost, 
Farm Yard Manure (FYM), and neem cake along with non solarized control and solarization without 
amendment. At the end of treatment period, inoculation with Consortium Bio Fertilizers was done for 
specific treatments. The observations viz, soil temperature, weed population, weed biomass, weed control 
index were recorded after solar heating of the soil. 

RESULTS AND DISCUSSION 
The observations on soil temperature revealed that there was an increase in soil temperature at 

various depths on all days of observation due to solarization and the types of amendments used. The rise in 
soil temperature was the highest at 5 cm depth on all days of observation. At 5 cm depth, the treatment, T14 
(Solarization with vermicompost and Neem cake) recorded the maximum temperature of 45.22oC which was 
on par with the treatment T10 which recorded 45.05oC and followed by T12 (Solarization with FYM and 
Neem cake) recorded 44.81oC in order. The temperature of 42.83oC was recorded in non solarizaed control. 

At 10 cm depth, there was a slight decrease in the temperature in all the treatments when compared 
to 5 cm depth. Here also the same treatment, T14 recorded the highest temperature of 40.05o C, which was on 
par with the treatment, T10 (39.89oC) and followed by T12 (39.67oC) in order. The least value for temperature 
was recorded in non solarized control (38.74oC). 

Among the solarized treatments at 15 cm depth, the treatment, T14 recorded the maximum 
temperature value of 36.75oC which was on par with the treatment T10 (36.65oC) and followed by T12 
(36.49oC). T1 recorded the least value of 35.18o C ( Table 1). 

The moist soil covered with polyethylene sheet recorded higher temperature mainly due to 
prevention of evaporation; the solar energy which could have otherwise been used in evaporation of water 
from the soil was stored as sensible heat in the irrigated mulch soil. The formation of small water droplets 
initially attain water film  later on the underside of the polyethylene sheet increased  the transmittance of 
polyethylene sheet to incoming short wave solar radiation but prevented the escape of outgoing long wave 
radiation from the soil (Horowitz et al., 1983). The sudden rise in soil temperature under the polyethylene 
sheet is due to prevention of back radiation of solar long waves through transparent polyethylene films thus 
trapping and preventing the heat loss. The fluctuation in soil temperatures recorded at 5, 10 and 15 cm depths 
due to solarization with amendments followed a pattern. The highest value for temperature at 5 cm depth was 
recorded in the treatment, solarization with vermicompost and neem cake followed by solarization with FYM 
with neem cake when compared to other treatments. The same trend was followed on all days of observation. 
The probable reason for the increase in the temperature may be because of the dark colour of the soil 
(influenced by the application of amendments) that might have absorbed more solar energy and raised the 
soil temperature as reported by Clay Robison and Dirt (2006). This is also in accordance with the findings of 
Kaskavalci(2007). Increase in soil moisture and thermal conductivity in compost amended soil and on 
exothermic microbial activity are reported to be other possible reasons for the increase in soil temperature 
over non amended solarized soil (Gamliel and Stapleton, 1993).With increasing soil depths, maximal soil 
temperatures decreased. This is in accordance with the findings of Wajid et al. (1995). 

Data on the total number of weeds per square meter (Table 2) showed the existence of significant 
treatment differences when compared to control. Among the treatments, T14 recorded the desirable lowest 
value (15.32 m-2) followed by T10  (22.82 m-2), whereas the control recorded the highest value for weeds 
(107.41 m-2)   (Table 2). 

One of the objectives in using solarization is to provide adequate weed control in most of the freshly 
consumed vegetables in which no safe herbicide is available (Standifer et al., 1984).  Solarization with 
amendments produced two different complementary effects like foliar scorching of emerged plants under 
plastic cover and decreased weed emergence after removing the plastic sheets. This residual effect on weeds 
is considered as the principal benefit of the treatment. In this investigation, solarization with vermicompost 
and neem cake suppressed the weed population at higher level. The excess heat generated during the period 
of solarization with vermicompost might have contributed for suppressing germination of weed seeds as well 
as vegetative structures present in the upper layer of the soil. Studies by Herdricks and Taylorson (1976) 
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further revealed that heating weed seeds from 30 to 35oC modified the membrane permeability, which 
resulted in leakage of endogenous amino acid and simultaneous reduction in germination rate. In the present 
study also, the highest level of soil temperature attained over control in all days of observation resulted in 
efficient suppression of weed growth though not in complete elimination as reported earlier by Abu-Irmaileh 
(1991). 

Data on dry weight of weeds exhibited a desirably lesser value in T14 (7.12 g m-2) which was on par 
with T10 (11.12 g m-2). This was followed by T12 which recorded 15.81 g m-2 whereas 59.31 g -1 was recorded 
in non solarized control (Table 2). 

The effect of solarization with amendments in reducing the dry weight of weeds was almost similar 
to that in reducing the weed count. Specific environmental conditions such as light, temperature, carbon-di-
oxide, oxygen and other volatile compounds in the soil controls the process of weed seed germination (Rubin 
and Benjamin, 1984). Hence seeds located at a soil depth where the prevailing conditions due to solarization 
are not favourable for germination may remain dormant, but viable until the conditions change. However, 
when the temperature increases, seeds may die or otherwise increase in temperature in the deep layers 
probably may not be high enough to be lethal, but significant to break the dormancy and force the 
germination. Changes in carbon-di-oxide oxygen levels in soil under polyethylene mulch may also play an 
important role in partial or complete breaking of seed dormancy thus enhancing germination. Thus, during 
their emergence, the seedlings were killed by the temperature of hot upper layer. 

Data on weed control index, revealed that, T14 recorded the maximum weed control index (87.99) 
followed by T10 (81.25) (Table 2). Due to reduction in weed population and weed dry weight, there was 
considerable increase in the weed control index. In comparison with non solarized control and solarization 
without amendments, the highest weed control index was achieved in the treatment solarization with 
vermicompost and neem cake.  Weed emergence after solarization to a greater extent is the function of weed 
seed tolerance to solar heating. Levitt (1980) reported that dry weeds are resistant to higher temperatures 
(120oC) whereas the hydrated ones are killed at even lower temperature (< 50oC ). The process of solar weed 
control, according to Jacobson et al. (1980) involves biological process in addition to physical process which 
occur when soil temperature is raised, as discussed earlier (i.e.) sub lethal temperature may weaken the 
resting structures, thus rendering them more vulnerable to antagonists in the soil. 

Table-1: Effect of solarization in bio amended soil on Soil temperature at different depths after one 
month of Solarization 

Treatments 5 cm 10 cm 15 cm 
T1 42.83 38.74 35.18 
T2 44.04 38.92 35.99 
T3 43.03 37.96 35.32 
T4 44.24 39.10 36.12 
T5 43.23 38.15 35.44 
T6 44.43 39.30 36.25 
T7 43.44 38.34 35.58 
T8 44.62 39.48 36.37 
T9 43.66 38.55 35.74 
T10 45.05 39.89 36.65 
T11 43.64 38.52 35.71 
T12 44.81 39.67 36.49 
T13 43.85 38.73 35.87 
T14 45.22 40.05 36.75 

S.Ed. 0.09 0.09 0.06 
CD(p=0.05)* 0.19 0.18 0.12 
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Table-2: Effect of solarization in bio amended soil on weed population, weed dry weight and weed 
control Index 

Treatments Weed population m-2* Weed dry weight g m-2* Weed control Index** 
T1 107.41 (10.36) 59.31(7.70) - 
T2 57.42 (7.58) 33.15 (5.76) (44.23)41.69 
T3 99.21(9.96) 54.81 (7.40) (7.59)15.99 
T4 48.92 (6.99) 28.83 (5.37) (51.39)45.80 
T5 90.91 (9.53) 50.44 (7.10) (14.96)22.75 
T6 40.52 (6.37) 24.50 (4.95) (58.69)50.00 
T7 82.51 (9.08) 46.08 (6.79) (28.71)32.40 
T8 35.13 (5.93) 20.17 (4.49) (65.99)54.33 
T9 74.12 (8.61) 41.80 (6.47) (29.52)32.91 
T10 22.82 (4.77) 11.12 (3.33) (81.25)64.34 
T11 74.01 (8.60) 41.73 (6.46) (29.64)32.91 
T12 32.22 (5.68) 15.81 (3.98) (73.34)58.91 
T13 65.72 (8.11) 37.48 (6.12) (36.81)37.35 
T14 15.32 (3.91) 7.12 (2.67) (87.99)69.72 

S.Ed. 0.18 0.13 1.38 
CD(p=0.05)* 0.35 0.25 2.75 
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CHAPTER - 6 

EVALUATION OF RESISTANCE INDUCING CHEMICALS AGAINST BACTERIAL LEAF 
BLIGHT IN RICE 

C. Kannan 
Department of Plant Pathology, Faculty of Agriculture, Annamalai University 

ABSTRACT 
Rice, which is being cultivated for several years in our country, is not just a grain, but is the lifeline 

and the second most important crop next to wheat. India is one among the leading producer of rice in Asia. 
However, the rice production is constrained by diseases of fungal, bacterial and viral pathogens. Of these, 
bacterial leaf blight (BLB) caused by Xanthomonas oryzae pv. oryzae (Xoo) (Ishiyama) has become a  
serious problem and threat to rice production in both tropical and temperate rice growing regions due to its 
high epidemic potential. The disease occurs in the host plant at the seedlings, vegetative and reproductive 
stages but infection at the tillering stage causes severe blighting of leaves resulting in yield loss upto 80% 
depending on weather, location and particular rice cultivar. Resistant inducing chemicals are known as 
inducers of phytoalexins and/or elicitors of resistance in different plant species. The present study was 
undertaken to investigate the effective usage of resistance inducing chemicals for the successful management 
of paddy bacterial leaf blight. Among the various resistance inducing chemicals tested, the highest 
antibacterial activity was noticed salicylic acid @ 1500 ppm with an inhibition of 12.9 mm. 

Keywords: Resistant inducing chemicals, Salicylic acid, Bacterial leaf blight. 

INTRODUCTION 
In India rice is being cultivated for several years and the second most important crop next to wheat. 

India is one among the leading producer of rice in Asia. Rice bran is used as an excellent source of Vitamin 
B, minerals, proteins, amino acids, and carbohydrates. In India, rice crop is cultivated in an area of 433.88 
lakh hectares with a production and productivity of 104.32 million tonnes and 2404 kg/ha respectively 
(Annual Report 2016-17, Dept. of Agriculture, Cooperation and Farmers Welfare). bacterial leaf blight 
(BLB) caused by Xanthomonas oryzae pv. oryzae (Xoo) (Ishiyama) has become a  serious problem and 
threat to rice production in both tropical and temperate rice growing regions. The disease severity can cause 
a yield loss up to 80 per cent and is influenced by various crop stages, environmental conditions (28 to 
34°C) and degree of susceptibility of the genotypes (Noh et al., 2007). Bacterial leaf blight can be managed 
by the application of copper oxy chloride and streptomycin sulphate. However excessive chemical use has a 
detrimental effect in the environment and consumers health and also causes damage to beneficial predators 
and parasitoids. Hence, much attention is being focused on the alternative methods of pathogen control. 
Therefore, it has become necessary to adopt eco-friendly approaches for enhancing crop yield and better 
crop health. Induced resistance by chemicals may provide an efficient approach to plant protection. 
Resistant inducing chemicals are known as inducers of phytoalexins and/or elicitors of resistance in 
different plant species (Biswas et al., 2008; Shabana et al., 2008; Hadi and Balali, 2010). Several chemicals 
viz., Salicylic acid (Sarwar et al., 2011), Acibenzolar–S–Methyl (Bengtsson et al., 2008), Acetyl Salicylic 
acid (White, 1979), Nicotinic acid (Jaiganesh, 2005), Jasmonic acid (Cohen et al., 1993) and Oxalic acid 
(Toal and Jones, 1999) have shown induced resistance in various crops. 

MATERIALS AND METHODS 
Survey for occurrence of BLB caused by Xanthomonas orzyae pv.oryzae (Xoo) 

Field survey was conducted to find out the occurrence of per cent disease incidence (PDI) of rice 
bacterial leaf blight in Thanjavur, Thiruvarur, Nagapattinam districts of Tamil Nadu during the year 2013. In 
each district three villages were selected for survey and in each village five fields were selected. In each 
field, five plots of one square meter area were selected randomly. The disease intensity was recorded as per 
the Standard Evaluation System (SES) for rice (IRRI, 1980) as mentioned below. 
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Grade Description 
0 No lesions 
1 1% diseased leaf area (DLA) 
3 1-5% diseased leaf area (DLA) 
5 6-25% diseased leaf area (DLA) 
7 26-50% diseased leaf area (DLA) 
9 51-100% diseased leaf area (DLA) 

The per cent Disease Index (PDI) was then calculated using the following formula                  
(McKinney,1923) 

                                         Sum of numerical rating                     100 
PDI =  ------------------------------------------ × ----------------------------------- 

 Total number of leaves graded               Maximum disease grade 

ISOLATION AND IDENTIFICATION OF PATHOGEN 
The diseased leaves showing typical BLB symptoms were washed with tap water and air-dried. 

Samples were cut into small pieces of about 5×5mm in size and transferred to Petri dishes with sterilized 
distilled water for about 5 min. to let the bacterial cells streaming out from the diseased tissues. Using a 
sterilized needle the bacterial suspension was streaked onto Petri dishes containing nutrient agar medium 
(Karganilla and Natural 1973). The plates were incubated at room temperature for 48-72 h. light yellow 
bacterial colonies were transferred into slant as pure culture and used for further evaluation. 

Agar well method (Schaad et al., 2001). 
Bacterial  inoculum Xoo (1x106 CFU) were spread on petri plates containing nutrient agar medium. 

Wells were made on the agar surface with 5mm cork borer. Seaweed extracts and resistance inducing 
chemicals were poured separately into the well using sterile syringe at different concentrations viz., 2.5, 5, 
10, 15 and 20 per cent and 1000,1200,1300,1400 and 1500 ppm respectively. Streptomycin (100 ppm) was 
used for comparison. The plates were incubated at 28±2oC for 48 h. Three replications were maintained for 
each treatment. The plates were observed for the zone formation around the wells. The zone of inhibition 
was calculated by measuring the diameter of the inhibition zone around the well (in mm) including the well 
diameter. 

RESULTS AND DISCUSSION 
Survey on incidence of BLB incited by Xoo in different locality of Tamil Nadu 

A field survey was conducted during 2013 from major rice growing areas viz., Thiruvaiyaru, 
Thiruvidaimaruthur, Orathanadu, Papanasam (Thanjavur.D.t) Kuthalam, Sembanarkovil, Kathiramangalam 
(Nagappattinam.D.t) and Poondi, Mannargudi, Nannilam (Thiruvarur.D.t) of Tamil Nadu. The data 
pertaining to this study are depicted in the table 1. The results of the survey revealed that among the ten 
major regions, the maximum mean per cent disease incidence was recorded in Orathanadu (34.7%) at 
tillering stage followed by Nannilam (32.3%) and the minimum per cent disease index was recorded in 
Poondi (10.4%). 

The variation in the extent of the disease incidence might be due to the prevalence of the isolates of 
the pathogen differing in their virulence and the susceptibility of the host. Also, the results of the present 
study are similar to the findings of  Ou  (1985) who stated that the disease occurs in the host plants at the 
seedling, vegetative, and reproductive stages, but bacterial leaf blight infection at the tillering stage causes 
severe yield loss of up to 75% depending  on weather, location and particular rice cultivar. Bacterial leaf 
blight of rice is highly destructive, wide spread disease and is a threat to rice production in both temperate 
and tropical rice growing region due to its high epidemic potential  is particularly destructive in tillering 
stage (Mew, 1987). 

Isolation and identification of various isolates of Xoo from different parts of Tamil Nadu 
The Xoo isolates grown in nutrient agar medium showed variation in their colony characteristics 

(Table 2). The ten isolates of Xoo showed marked difference in colony colour and shape on nutrient agar 
medium. Colonies of the  Xoo were circular, flattened, slightly raised, convex with yellow to bright yellow colour. 
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The isolate Xoo 3 obtained from orathanadu showed bright yellow with circular raised glitering appearance and 
the isolate  Xoo 8 from poondi showed light yellow with flattened appearance. Infected leaf samples when plated 
gave yellow, circular, smooth, convex and viscous bacterial colonies on yeast extract dextrose calcium carbonate 
agar medium (Rukhsana et al., 2012). Similar colony characters were observed in the present study also. 

Evaluation of various resistance inducing chemicals against Xoo 3 under in vitro condition (Agar well 
method) 

In general the increased inhibition zone (mm) was observed with an increase in concentration of 
resistant inducing chemicals. Among the various resistance inducing chemicals tested for the efficacy against 
Xoo, salicylic acid at 1500ppm conc. recorded the maximum inhibition zone of 12.9 mm when compared 
with other resistance inducing chemicals. This was followed by Abscisic acid at 1500ppm which recorded a 
inhibition zone of 11.6 mm. Benzoic acid at 1500ppm was found least effective (8.9 mm) (Table 3). 

Salicylic acid (SA) is one of several plant hormones acting as an endogenous signal to trigger plant 
immunity responses and to allow the establishment of disease resistance. The SA pathway is primarily 
induced by and against biotrophic pathogens and is often hindered by various feedback loops and cross-talk 
with other phytohormones that modulate the SA signal, including jasmonic acid (JA) and ethylene (ET) 
(Pieterse, et al., 2012). Besides functioning in SAR, SA has also been shown to interfere with quorum 
sensing of bacterial pathogens (Joshi et al., 2016). SA has been shown to be a signaling molecule involved in 
both local defense reactions at infection sites and the induction of systemic resistance (Durner et al., 1997). 
Vechet et al. (2009) observed that foliar application of salicylic acid increased the resistance in wheat plants 
against powdery mildew pathogen. The present findings on the efficacy of resistance inducing chemicals are 
also in line with these earlier reports. 
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Table-1: Survey of disease incidence of BLB incited by Xoo in different locality of Tamil Nadu 

S. No District Locality Crop stage Variety 
Disease 

index (%) 
1. 

Thanjavur 

Thiruvaiaru Panicle intiation stage ADT 36 20.3 
2. Thiruvidaimaruthur Boot leaf stage ASD 16 19.7 
3. Orathanadu Maximum tillering stage ADT 38 34.7 
4. Papanasam Boot leaf stage CR 1009 18.4 
5.  

 
Nagappattinam 

Kuthalam Panicle intiation stage ADT 38 30.1 
6. Sembanarkovil Maximum tillering stage White ponni 17.8 
7. Kathiramangalam Boot leaf stage TKM 9 14.7 
8. 

Thiruvarur 
 

Poondi Panicle intiation stage Co 43 10.4 
9. Mannargudi Maximum tillering stage BPT 5204 19.8 

10. Nannilam Panicle intiation stage ADT38 32.3 

Table-2: Isolation and identification of various isolates of Xoo from different parts of Tamil Nadu 

S.No Isolates Locality 

Colonies of 
the 

bacterium 
(105cfu/ml) 

Colour Shape Appearance 

1. Xoo 1 Thiruvaiaru 78.50 Light yellow Circular Slightly raised 
2. Xoo 2 Thiruvidaimaruthur 80.00 Light yellow Circular Flattened 

3. Xoo 3 Orathanadu 128.50 Bright 
yellow Circular Raised, glistering 

4. Xoo 4 Papanasam 47.50 Dull white Irregular Slightly raised 
5. Xoo 5 kuthalam 90.50 Light yellow Circular Slightly raised 
6. Xoo 6 Sembanarkovil 66.25 Light yellow Circular Slightly raised 
7. Xoo 7 Kathiramangalam 57.00 Light yellow Circular Slightly raised 

8. Xoo 8 Poondi 49.25 Light yellow Circular to 
Irregular Flattened 

9. Xoo 9 Mannargudi 62.50 Light yellow Circular Slightly raised 
10. Xoo 10 Nannilam 88.75 Light yellow Circular Slightly raised 
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Table-3: Evaluation of various resistance inducing chemicals against Xoo 3 under in vitro condition 
(Agar well method) 

S. No Treatment 
sources 

Inhibition zone (mm) 
1000 ppm 1200 ppm 1300 ppm 1400 ppm 1500 ppm 

1. Salicylic acid 10.3 10.5 10.8 11.5 12.9 
2. Abscisic acid 9.1 9.3 9.9 10.8 11.6 
3. Nicotinic acid 7.8 7.8 8.1 8.8 9.3 
4. Benzoic acid 7.1 7.4 7.5 8.2 8.9 

5. Streptomycin 
(100ppm) 11.2 

6. Control 0.0 

Xanthomonas oryzae pv. Oryzae 

 
Evaluation of resistance inducing chemicals against Xoo 3 (Agar well method) 

 
Streptomycin 100ppm                     Salicylic acid 1500ppm 

 
                          Abscisic acid 1500ppm               Control 
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CHAPTER - 7 

EFFECT OF ORGANICS ALONG WITH AZOSPRILLUM (ROOT AND SOIL ISOLATE) ON 
GROWTH AND LEAF YIELD IN GYMNEMA (GYMNEMA SYLVESTRE R.Br) 

S. Madhavan 
Department Of Horticulture, Faculty of Agriculture, Annamalai University 

ABSTRACT 
The experiment on the effect of organics along with Azospirillum (Root and soil isolate) on growth 

and leaf yield in Gymnema (Gymnema sylvestre R.Br) was carried out at the Department of Horticulture, 
Faculty of Agriculture, Annamalai University, Annamalai Nagar. There were totally seventeen treatments 
viz., T1-Vermicompost (0.5kg) + Azospirillum (Root isolate),T2-Vermicompost (1.0kg)+ Azospirillum(Root 
isolate), T3- Decomposed coir pith (2.5kg) + Azospirillum (Root isolate),T4- Decomposed coir pith (5.0kg) + 
Azospirillum (Root isolate),T5- FYM (5.0kg)+ Azospirillum (Root isolate),T6-FYM (10.0kg) + Azospirillum 
(Root isolate),T7- Pressmud (2.5 kg)+  Azospirillum (Root isolate), T8- Pressmud (5.0 kg)+  Azospirillum 
(Root isolate),T9-Vermicompost (0.5kg) + Azospirillum (Soil isolate),T10-Vermicompost (1.0kg) + 
Azospirillum (Soil isolate), T11- Decomposed coir pith (2.5kg) + Azospirillum (Soil isolate),T12- Decomposed 
coir pith (5.0kg) + Azospirillum (Soil isolate),T13- FYM (5.0kg) + Azospirillum (Soil isolate), T14- FYM 
(10.0kg) + Azospirillum (Soil isolate),T15- Pressmud (2.5 kg)+  Azospirillum (Soil isolate), T16- Pressmud (5.0 
kg)+  Azospirillum (Soil isolate), T17-Control. There were established in the pot culture and observed for 
certain growth characters like Plant height, Number of laterals /plant, Number of leaves/lateral, Leaf length 
(cm),Leaf breadth(cm),Leaf area(cm2),Single leaf weight(gm.),100 Leaves weight(gm.),Fresh leaf yield/ 
plant(gm.) and dry leaf yield were recorded four months of planting. The Treatment T2-Vermicompost (1.0kg) 
+ Azospirillum (Root isolate(10gm.))recorded highest plant height (264.36), Number of laterals/plant 
(52.19), Number of leaves/lateral (110.13), Leaf length (7.88cm), Leaf breath (5.87cm), Leaf area 
(17.55cm2), Single leaf weight (0.44gm.), 100 leaves weight (44.18gm.), Fresh leaves yield/plant (3.86kg.) 
and Dry leaves/plant(2.91kg.). This was followed by T4- Decomposed coir pith (5.0kg) + Azospirillum (Root 
isolate 10 gm.). 

Keywords: Gymnema sylvestre, Organics, Azospirillum. 

INTRODUCTION 
Gymnema sylvestre R.Br Belongs to the family Aselepiadaceae. Gymnema is a woody perennial, 

vine like plant which climbs on bushes and trees. Gymnema having opposite, elliptic (or) ovate leaves and 
with small yellow flowers borne on umbellate cymes. It’s found in Deccan Peninsula extending to the part of 
northern and western India. The leaves possess active principle with properties of reducing blood sugar and 
are used as an anti-diabetics agent in Indian systems of medicine. Leaves when chewed are reported to 
destroy the taste of sweet (or) bitter substances because of their Gymnemic acid content, which explains the 
Hindi name Gurmar- “Destroyer of sugar”.  The great Indian physician, susruta, prescribed this plant as a 
destroyer of “Madumeha” (Glycosuria) and it’s capable of curing urinary disorders. The leaves are used for 
stomach ailments Prasand et al., (2002). According to Ayurveda, Gymnema is bitter, acrid, cooling, tonic, 
alternative, anthelmintic, alexeritic.It cures eye complaints, burning sensation, biliousness, bronchitis, ulcers, 
and asthma etc., The Gymnema leaves were also used for stomach ailments, constipation, water retention and 
liver disease. Gymnema is the major botanicals being administered for those suffering from boosting insulin 
levels + controlling healthy blood sugar levels. Because Gymnema molecular structure similar to sugar, it 
blocks and inhibits a large percentage of sugar. 

Gymnema can improve uptake of glucose into cells and prevent adrenaline from stimulating the liver 
to produce glucose, thereby reducing blood sugar levels. Water soluble acidic fraction of the Gymnema 
leaves (400mg/day) provides hypoglycernic actions. In type 2 diabetics, ongoing use for periods as long as 
18-24 months has proven successful. Regular use of Gymnema leaf powder 3-4 gm., over a period of 3-4 
months helped to reduce glycosuria (or) the appearance of carbohydrates in urine. 
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MATERIALS AND METHODS 
The experiment on the effect of organics along with Azospirillum (Root and soil isolate) on growth 

and leaf yield in Gymnema (Gymnema sylvestre R.Br) was carried out at the Department of Horticulture, 
Faculty of Agriculture, Annamalai University, Annamalai Nagar. The experiment was carried out in the 
principles of completely Randomized design. There were totally seventeen treatments viz., T1-Vermicompost 
(0.5kg) + Azospirillum (Root isolate),T2-Vermicompost (1.0kg) + Azospirillum (Root isolate), T3- 
Decomposed coir pith (2.5kg) + Azospirillum (Root isolate),T4- Decomposed coir pith (5.0kg) + 
Azospirillum (Root isolate),T5- FYM (5.0kg) + Azospirillum (Root isolate), T6- FYM (10.0kg) + 
Azospirillum (Root isolate),T7- Pressmud (2.5 kg)+  Azospirillum (Root isolate), T8- Pressmud (5.0 kg)+  
Azospirillum (Root isolate), T9-Vermicompost (0.5kg) + Azospirillum (Soil isolate),T10-Vermicompost 
(1.0kg) + Azospirillum (Soil isolate), T11- Decomposed coir pith (2.5kg) + Azospirillum (Soil isolate),T12- 
Decomposed coir pith (5.0kg) + Azospirillum (Soil isolate),T13- FYM (5.0kg) + Azospirillum (Soil isolate), 
T14- FYM (10.0kg) + Azospirillum (Soil isolate),T15- Pressmud (2.5 kg)+  Azospirillum (Soil isolate), T16- 
Pressmud (5.0 kg)+  Azospirillum (Soil isolate), T17-Control. 

RESULT AND DISCUSSION 
In the Indian scenario of agriculture, expenditure on fertilizers is a major recurrent expense for the 

farmers. Hence there is a need to develop sustainable practice which requires low fertilizer inputs. The 
continuous use of chemical fertilizers and pesticides in the cultivation of horticultural crops leads to 
decreased soil fertility, environmental degradation and also cause health hazards to human beings, in 
addition to degrading the quality of produces like fruits and vegetables as well as the medicinal plants when 
they are commercially cultivated. 

Organic cultivation is a conventional method without the use of chemicals and it keeps the soil alive 
and in good health without affecting the growth of the plants and also take care of ecological aspect. Organic 
inputs are the cheap source of nutrients which are available in enormous quantity as biological wastes. 

In the present day context of organic farming, application of biofertilizer finds an important place. 
Among the various biofertilizers, nitrogen fixing bacteria belonging to the genus Azospirillum is known to 
increase the yield by 5 to 20 percent with saving of N up to 40 per cent of the recommended dose (Dart, 
1986). 

The present investigation was aimed to study the combined effect of organic manures and 
Azospirillum isolated from root and soil. The growth of Gymnema in pots mainly depends upon the physical 
conditions and nutrient content of the growing medium ensures compact and profuse growth with larger 
leaves. The organic amendments in the growing medium are considered as a fertile source of nutrients to 
grow Gymnema in pots. 

GROWTH CHARACTERS 
The results of the present investigation had shown that there were significant differences on the 

growth of Gymnema viz., plant height, number of laterals vine-1, number of leaves lateral-1, leaf length, leaf 
breadth and leaf area due to application of vermicompost, coir pith, FYM and pressmud. 

Growth is one of the essential parameters which determine the yield attributes of any crop. The 
results revealed that plant height, number of laterals   vine-1, number of leaves per lateral-1, leaf length, leaf 
breadth and leaf area were significantly increased due to the application of different organic media when 
compared with control. Among the various organic media combination of decomposed coir pith 5 kg pot-1 + 
root isolate of Azospirillum recorded highest plant height of 268.18 cm at 120 DAP. This result was in line 
with findings of Arulnithi (2007) in Aloe. 

The reasons for the increased plant height might be due to the fact that FYM increased the soil 
organic carbon by 0.03 percent and improved the physical properties of the soil, (Khanna et al., 1975), 
Khiani and More (1984) observed that manuring with FYM appreciably improved the soil physical 
properties as well as chemical properties like available nitrogen, phosphorous and potassium. 

The Azospirillum apart from its role in nitrogen fixation from atmosphere might have been involved 
in the production of phytohormones like IAA, GA and cytokinin like substances (Reynders and Vlasak, 
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1982, Tien et al., 1979, Govindan and Purushothaman, 1984). Significant increase in plant height due to the 
above phytohormones produced by Azosprillum had also been reported in onion (Musmade and Konde, 
1986). The maximum number of laterals per vine and maximum number of leaves per lateral was recorded in 
the treatment T2 which received vermicompost @ 1 kg/pot + root isolate of Azosprillum (Fig.5a and Fig.5b). 
The increase in growth parameters due to application of vermicompost may be due to the presence of growth 
substances (Gavirilov, 1962), nitrogen fixers (Loquet et al., 1977), other essential nutrients (Bano et al., 
1987) and also due to higher N fertilization by an associative symbiotic nitrogen fixing bacteria Azosprillum 
as reported by Dart (1986). The results of the present study indicated that the leaf length, leaf breadth and 
leaf area was found to be maximum in the treatment T2 in which vermicompost @ 1 kg and root isolate of 
Azosprillum was incorporated. Incorporation of vermicompost promotes the lush growth of plants which 
may be due to the presence of plant growth promoters like auxins and cytokinins in vermicompost (Radha et 
al., 1986) which are responsible for the cell division and cell elongation. Jaya jasmine (1993) reported that in 
amaranthus cv. Co-2 and co-4 application of Azosprillum @ 2 kg ha-1 increased the plant height and leaf 
area. 

YIELD ATTRIBUTES 
Yield in general, is a highly complex parameter influenced by many factors (or) yield components 

and the ultimate goal of any crop management practice is to achieve increased yield. In the present study of 
Gymnema yield and yield attributing characters viz., single leaf weight, hundred leaves weight, fresh leaf 
yield plant-1 and dry leaf yield plant-1 were greatly influenced by the application of organic manures along 
with inoculation of root isolate of Azospirillum. The single leaf weight, hundred leaves weight, fresh leaf 
yield plant-1 and dry leaf yield plant-1 was higher in the treatment combination of vermicompost 1 kg pot-1 + 
root isolate of Azospirillum (Fig.6). The increased fresh and dry leaf yield of the plant was the result of better 
plant growth as reflected by increased plant height, more laterals, higher number of leaves and leaf area. 
Higher production of dry matter by the plant could be due to the fact that organic manures have high 
amounts humus, facilitate N-fixation by microbes, growth promoters (Krishnamurthi and Subramanian, 
1954). 

Regulate the nitrogen supply to the plant and also help in the production of plant. Higher yields due 
to application of vermicompost may be attributed to the high levels of nutrients along with growth 
stimulating substances excreted by earthworms into their casts. Tomati et al. (1988) emphasized the 
influence of microbial, hormone like substances on the plant metabolishm, growth and development by 
vermicompost. Increased yield due to inoculation of Azosprillum was reported by Sujaikumar (2001) in 
glory lily and Velayutham (2005) in Hybanthus enneaspearmus. 

EFFECT OF ORGANICS ALONG WITH AZOSPRILLUM (Root and Soil Isolate) ON GROWTH 
AND LEAF YIELD IN GYMNEMA (Gymnema sylvestre R.Br) 

Treatments Plant 
height 
(cm) 

No.of 
laterals 

/vine 

No. of 
leaves 
/lateral 

Leaf 
length 
(cm) 

Leaf 
breath 
(cm) 

Leaf 
area 
(cm2) 

Single 
leaf 

weight 
(gm.) 

100 
leaves 
weight 
(gm.) 

Fresh 
leaf 

yield 
/plant
(kg) 

Dry 
leaf 
yield 
/plant 
(kg) 

T1  
Vermicompo

st 0.5 kg + 
ARI 

245.26 47.33 

96.39 7.16 5.15 14.85 0.39 39.26 3.02 2.37 

T2 
Vermicompo
st 1.0 kg  + 

ARI 

264.36 52.19 

110.13 7.88 5.87 17.55 0.44 44.18 3.86 2.91 

T3 DCP 2.5 
kg + ARI 241.44 46.52 94.10 7.04 5.03 14.40 0.38 38.4 2.88 2.28 

T4 DCP 5.0 
kg + ARI 268.18 51.38 107.84 7.76 5.75 17.10 0.43 43.36 3.72 2.82 

T5 FYM 5 kg 222.34 42.27 96.39 6.44 4.43 12.15 0.34 34.34 2.18 1.83 
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+ARI 
T6 FYM 10 

kg +ARI 214.70 40.85 75.78 6.20 4.19 11.25 0.32 32.70 1.90 1.65 

T7 Pressmud 
2.5 kg +ARI 237.62 45.71 89.52 6.92 4.91 13.95 0.37 37.62 2.74 2.19 

T8 Pressmud 
5 kg +ARI 256.72 50.57 103.26 7.52 5.51 16.20 0.41 41.72 3.44 2.64 

T9 
Vermicompo

st 0.5 kg 
+ASI 

233.80 44.90 

87.23 6.80 4.79 13.50 0.36 36.80 2.60 2.10 

T1 
Vermicompo

st 1.0 kg 
+ASI 

260.64 48.95 

105.55 7.64 5.63 16.65 0.42 42.54 3.58 2.73 

T1 DCP 2.5 
kg + ASI 229.98 44.09 84.94 6.68 4.67 13.05 0.35 35.98 2.46 2.01 

T12 DCP 5.0 
kg + ASI 249.08 49.76 98.68 7.28 5.27 15.30 0.40 40.08 3.16 2.46 

T13 FYM 5 
kg +ASI 218.52 41.66 82.65 6.32 4.31 11.70 0.33 33.52 2.04 1.74 

T14 FYM 10 
kg +ASI 210.88 40.04 80.36 6.08 4.07 10.80 0.31 31.88 1.76 1.56 

T15 
Pressmud 2.5 

kg +ASI 

226.16 43.28 78.07 6.56 4.55 12.60 0.35 35.16 2.32 1.92 

T16 
Pressmud 5 

kg +ASI 

252.90 48.14 100.97 7.40 5.39 15.75 0.40 40.90 3.30 2.55 

T17 Control 207.06 39.23 73.49 5.96 3.95 10.35 0.31 31.06 1.62 1.47 
General 

mean 
237.61 45.69 96.34 6.91 4.91 13.95 0.37 37.61 2.18 1.83 

SED 1.80 0.29 1.09 0.03 0.04 0.11 0.03 0.30 0.04 0.03 
CD (0.05%) 3.70 0.70 2.18 0.07 0.09 0.34 0.06 0.70 0.09 0.06 

ARI – Azospirillum root isolate, ASI – Azospirillum soil isolate, DCP-Decomposed coir pith. 
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CHAPTER - 8 

EFFECT OF FOLIAR SPRAY OF MICRONUTRIENTS ON FLOWERING PARAMETERS OF 
TUBEROSE (POLIANTHUS TUBEROSA L.) VAR. PRAJWAL 

G. Sahana Priya1 and R. Sureshkumar2 
PG Scholar1, Floriculture and Landscape Gardening 

Assistant Professor2, Department of Horticulture, Faculty of Agriculture, Annamalai University 

ABSTRACT 
An experiment was carried out at, Floriculture Yard, Department of Horticulture, Faculty of 

Agriculture, Annamalai University, Chidambaram during the year 2017-18. The experiment consisted two 
levels each of Zn (Zn0 and Zn1), Ca (Ca0 and Ca1) and B (B0 and B1) which were sprayed on tuberose 
plant.The length of floret was significantly enhanced by the use of B (9.31) and Zn (9.25) while, effect of Ca 
was non-significant. Spray of calcium was found most effective in prolonging the longevity of spike (19.61 
days) as compare to control (15.79 days). Results obtained among, from the application of Zn, B and Ca and 
its interaction Zn exhibited most significant effect on various flowering parameters studied under the 
investigation. 

Keywords: Tuberose, zinc, calcium, boron, flowering parameters. 

INTRODUCTION 
Tuberose (Polianthus tuberosa L.) is one of the most important tropical bulbous flowering plants 

cultivated for the production of long lasting flower spikes. It belongs to the family Amarylliaceae and it is 
native of Mexico. Commercial importance of tuberose is due to beauty of the flower, longer vase-life of 
spikes and aromatic oil extracted from its fragnant white flower. The tuberose blooms throughout the year, 
florets are star-shaped, waxy and loosely arranged on spike that can reach up to 30 to 45 cm in length. There 
is high demand for tuberose concrete and absolute in international markets which fetch very good 
price.(Anonymous 2016).Tuberose which occupies place in ornamental horticulture is one of the 
commercially exploited flower crops. It produces attractive, elegant and fragnant white flowers. It occupies a 
very selective and special position to flower loving people because of its prettiness, elegance and sweet 
pleasant fragrance. It has a great economic potential for cut flower trade and essential oil industry (Alan et 
al., 2007). The flowers remain fresh for quite a long time and stand distance transportation and fill a useful 
place in the flower market (Patil et al., 1999). Tuberose is grown commercially in tropical and sub-tropical 
areas of world. The area under tuberose cultivation in country is about 7.95 lakh hectare. Whereas, it is 1529 
ha in Tamil Nadu(National Board of Horticulture 2016-17). The area under Tamil Nadu has increased due to 
urbanization and local demand of loose as well as cut flowers. 

The micronutrients play crucial and vital role in tuberose production as well as major nutrients in 
growth and development. The deficiencies of micronutrients create different abnormalities like chlorosis, 
rosetting and scorching etc. (Singh, et al., 2012). It required in small amount, Zn is essential for carbon 
dioxide evolution and utilization of carbohydrate and phosphorus metabolism and synthesis of RNA. Ca is 
the chief constituent of plants as calcium pectate of middle lamella of cell wall and is therefore an important 
part of plant structure. Ca is involved in formation of cell membrane (Hewitt, 1963). B is necessary for 
carbohydrate transport, cellular differentiation and development, nitrogen metabolism, fertilization, active 
salt absorption, hormone metabolism, water relation and photosynthesis within the plant and most of 
absorbed by the plants in undissociated boric acid (H3BO3) (Gauch and Dugger, 1953). Therefore, keeping in 
view the above facts a field trial was conducted to investigate the effect of zinc, calcium and boron on 
growth and flowering in tuberose cv. Prajwal. 

MATERIALS AND METHODS 
The present investigation was carried out at Floriculture Yard, Department of Horticulture, Faculty 

of Agriculture, Annamalai University. The bulbs of “Prajwal” variety of tuberose was procured from 
Sivagangai district.The experimental field had sandy loamy soil. Manure and fertilizers were given according 



 

Recent Innovations in Biosustainability and Environmental Research II 

Eds., V. I. Paul, M. Muthulingam,  A. Elangovan, J. Nelson  Samuel Jebastin Page 46 

to recommendation. The experiment was laid out in Factorial Randomized Block Design with three 
replications and 8 treatments two levels of each of zinc (0 and 0.75% indicated as Zn0 and Zn1, 
respectively), calcium (0 and 0.50% indicated as Ca0 and Ca1, respectively) and boron (0 and 0.20% 
indicated as B0 and B1, respectively) were treated by zinc sulphate 0.75%, calcium sulphate 0.50% and 
borax 0.20%, respectively. The treatments were randomized for getting equal chance in respect of fertility. 
The bulbs of uniform shape and size were selected for planting of bulbs planting was done on 2nd February 
2018 at planting distance of 25 x 25cm and bulbs were planted about 6 cm deep. Irrigation, weeding, hoeing, 
earthing up and staking operations were completed according to needs. The observations on each treatment 
were recorded on the growth and flowering characters. The analysis of variance was done as procedure given 
by Panse and Sukhatme, 1978. 

RESULT AND DISCUSSION 
Boron is an essential element found in the meristematic regions of plants such as root tips, emerging 

leaves and buds. Flowering of the plant is the reproductive phase of the plant life. It always comes after a 
defined number of days. However, this period can slightly be affected by the size of bulb, health of plant and 
climatic conditions prevailing those days. Health of plant is affected by the availability of nutrients to the 
plant. Number of florets per spike is a parameter for the judgment of quality of spike. The data presented in 
Table 1 indicate that the production of florets per spike was significantly affected Zn and B has significantly 
affected the number of florets per spike. Sharma et al. (2004), Jauhari et al. (2005) and Halder etal. (2007) in 
gladiolus have also reported similar results. 

Table-1: Effect of Ca, B and Zn on number of florets per spike 
B×Ca       
B Ca Ca0 Ca1 MEAN C.D (P=0.05)   
B0 16.43 17.74 17.08 B  0.298 
B1 18.18 20.56 19.37 Ca  0.298 

MEAN 17.30 19.15 18.22 B×Ca  0.421 
Zn×B       
ZnB B0 B1 MEAN C.D (P=0.05)   
Zn0 17.68 19.33 18.50 Zn  0.298 
Zn1 16.49 19.41 17.95 Zn×B  0.421 

MEAN 17.08 19.37 18.22    
Ca× Zn       
Ca Zn Zn0 Zn1 MEAN C.D (P=0.05)   
Ca0 17.21 17.40 17.30    
Ca1 19.80 18.50 19.15    

MEAN 18.50 17.95 18.22 Ca× Zn  0.421 
B×Ca×Zn       

 B0Ca0 B1Ca0 B0Ca1 B1Ca1 MEAN C.D (P=0.05) 
Zn0 16.31 18.11 19.05 20.55 18.50  
Zn1 16.56 18.25 16.43 20.57 17.95  

MEAN 16.43 18.18 17.74 20.56 18.22 B×Ca×Zn=0.596 

Improvement in yield due to these micronutrients application might basically be due to enhanced 
photosynthetic and other metabolic activities related to cell division and elongation. It is clear from Table 2, 
that the length of floret was significantly enhanced by the use of B and Zn. The effect of Ca was non-
significant. The longer florets (10.29cm) were found in the plants sprayed with boron followed by Zn 
(10.23cm). The effect of interaction was not impressive during the course of investigation. This finding is in 
consonance with Chaturvedi et al. (1986) Sharma, et al., (2004), Jauhari et al. (2005) and Halder et al. 
(2007) in gladiolus. 

Beauty of flower looks better on the plant itself. Therefore, any treatment which increases the 
duration of flowering on the plant will always be recognized universally. In this trial observation given in 
Table 3 indicate the spray of calcium was found most effective in prolonging the longevity of spike Ca 



 

Recent Innovations in Biosustainability and Environmental Research II 

Eds., V. I. Paul, M. Muthulingam,  A. Elangovan, J. Nelson  Samuel Jebastin Page 47 

(19.61days) while of control (16.79 days). B was also effective in prolonging the longevity of spike (18.69 
days) while of control (17.71 days) but zinc failed to enhance the longevity. The interactions were found 
non-significant. Similar beneficial results regard to longevity of spike on plant has been reported by Mostafa 
(1996) in carnation and Chaturvedi et al. (1986) in gladiolus. 

Table-2: Effect of Ca, B and Zn on length of floret (cm) 
B×Ca       
B Ca Ca0 Ca1 MEAN C.D (P=0.05)   
B0 9.63 9.81 9.72 B  0.372 
B1 10.22 10.36 10.29 Ca  NS 

MEAN 9.92 10.08 10.00 B×Ca  NS 
Zn×B       
ZnB B0 B1 MEAN C.D (P=0.05)   
Zn0 9.47 10.09 9.78 Zn  0.372 
Zn1 9.97 10.49 10.23 Zn×B  NS 

MEAN 9.72 10.29 10.00    
Ca× Zn       
Ca Zn Zn0 Zn1 MEAN C.D (P=0.05)   
Ca0 9.69 10.16 9.92    
Ca1 9.87 10.30 10.08    

MEAN 9.78 10.23 10.00 Ca× Zn  NS 
B×Ca×Zn       

 B0Ca0 B1Ca0 B0Ca1 B1Ca1 MEAN C.D (P=0.05) 
Zn0 9.42 9.97 9.53 10.22 9.78  
Zn1 9.85 10.47 10.09 10.51 10.23  

MEAN 9.63 10.22 9.81 10.36 10.00 B×Ca×Zn=NS 

Table-3: Effect of Ca, B and Zn on longevity of spike on plant (days) 
B×Ca       
B Ca Ca0 Ca1 MEAN C.D (P=0.05)   
B0 16.24 19.18 17.71 B  0.799 
B1 17.34 20.04 18.69 Ca  0.799 

MEAN 16.79 19.61 18.20 B×Ca  NS 
Zn×B       
ZnB B0 B1 MEAN C.D (P=0.05)   
Zn0 17.66 18.64 18.15 Zn  NS 
Zn1 17.76 18.74 18.25 Zn×B  NS 

MEAN 17.71 18.69 18.20    
Ca× Zn       
Ca Zn Zn0 Zn1 MEAN C.D (P=0.05)   
Ca0 16.75 16.83 16.79    
Ca1 19.55 19.67 19.61    

MEAN 18.15 18.25 18.20 Ca× Zn  NS 
B×Ca×Zn       

 B0Ca0 B1Ca0 B0Ca1 B1Ca1 MEAN C.D (P=0.05) 
Zn0 16.21 17.30 19.12 19.98 18.15  
Zn1 16.28 17.39 19.25 20.10 18.25  

MEAN 16.24 17.34 19.18 20.04 18.20 B×Ca×Zn=NS 
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Zinc is indispensable for proper growth and development of plants. Zinc is effective in plant 
nutrition for the synthesis of plant hormones and balancing intake of P and K inside the plant cells. The 
results obtained revealed that the foliar spray of Zn, B and Ca to tuberose plant was significantly influence 
the vegetative growth, flowering, longevity of spike as well as bulbs production. The foliar spraying of Zn @ 
0.75% to tuberose plants was most effective in influencing most of parameters rather than B and Ca. 
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CHAPTER - 9 

KNOWLEDGE LEVEL OF PADDY FARMERS ON ECO-FRIENDLY PEST MANAGEMENT 
PRACTICES 

Balamurugan V and Balakrishnan T 
Assistant Professor, Department of Agricultural Extension, Annamalai University 

ABSTRACT 
Paddy is an important food grain crop in India and stands first in area and second in total 

production. Green revolution is associated not only with higher productivity but also with several ecological 
and social consequences. Serious problems have developed where indiscriminate use of pesticides in excess 
with consequent failure to produce expected yield resulted in economic loss. These problems faced are 
balanced through eco-friendly pest management technologies in Integrated pest management. 

INTRODUCTION 
Paddy is an important food grain crop in India and stands first in area and second in total production. 

Green revolution is associated not only with higher productivity but also with several ecological and social 
consequences. Serious problems have developed where indiscriminate use of pesticides in excess with 
consequent failure to produce expected yield resulted in economic loss. These problems faced are balanced 
through eco-friendly pest management practices in Integrated pest management. Eco-friendly pest 
management is the integrated use of pest control strategies in way that reduce pest population to 
economically accepted level but it is sustainable and polluting. In this situation, it was felt necessary to study 
the knowledge level of paddy growers on eco-friendly pest managements technologies keeping these point in 
view, with the following objectives. 

1. To study the overall knowledge level of paddy growers on eco-friendly pest management technologies. 

2. To study the item wise knowledge level of paddy cultivators on eco-friendly pest management 
technologies. 

RESEARCH METHODOLOGY 
A study was conducted in Nagapattinam District of Tamil Nadu to explore the knowledge level of 

paddy farmers on eco-friendly pest management practices in IPM technologies. The sample size of 60 
trained farmers were selected from Kollidam block of Nagapattinam District. A teacher made test was 
developed to assess their knowledge level. 

FINDING AND DISCUSSION 
The findings on the over all knowledge level of trained growers on eco-friendly pest management 

technologies are presented in Table 1. 

Table-1: Knowledge level of paddy farmers on eco-friendly pest management technologies 

S. No. Category 
Trained farmers (n=60) 

Number Per cent 
1. Low 11 18.33 
2. Medium 30 50.00 
3. High 19 31.67 
 Total 60 100.00 

It could be noticed from Table 1 that 50.00 per cent of the trained farmers belonged to medium level 
category, followed by high (31.67 per cent) and low (18.33 per cent) levels of knowledge. This finding is 
line with the findings of Jayaraman (1988) and Santha (1992). 
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Table-2: Item wise knowledge of farmers on eco-friendly pest management technologies 

S. No. Particulars Trained farmers (n=60) 
Number Per cent 

1. Summer ploughing 50 83.33 
2. Digging rat burrows 57 95.00 
3. Rogue spacing 43 71.67 
4. Flooding the Nursery 35 58.33 
5. Light trap 55 91.67 
6. Passing the rope over canopy 40 66.67 

It was found table 2 that most of the trained farmers had above fifty percent knowledge on the eco-
friendly pest management technologies viz., Summer ploughing, digging rat burrows, rogue spacing, 
flooding the nursery, light trap and passing the rope over the canopy. This might be due to the fact that most 
of these technologies are traditional in nature and hence followed by farmers for a very long period. 

CONCLUSION 
Use of eco-friendly pest management is an important strategy to reduce pest problems, in reducing the 
pesticide cost and there by the ecology has been saved for the future generation. 
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CHAPTER - 10 

STUDY OF EFFECT OF INTEGRATED APPROACHES FOR WEED CONTROL IN HYBRID 
SUNFLOWER 

S. Kalaisudarson, A. P. Srinivasaperumal  and P. V. Arathi 
Department of Agronomy, Faculty of Agriculture, Annamalai University, Annamalainagar, Tamil Nadu 

ABSTRACT 
A field experiment was conducted at Annamalai University experimental farm, Annamalainagar to 

study the effect of integrated approaches for weed control hybrid in sunflower. The experiment was laid out 
in Randomized block design (RBD)with twelve treatments and replicated thrice viz., unweeded control (T1), 
Hand weeding twice at 15 and 30 DAS (T2), Pre–emergence application of pendimethalin 0.68 kg ai ha-1 

(T3), Pre – emergence application of pendimethalin 1 kg ai ha-1  (T4), Pre–emergence application of 
pendimethalin 0.68 kg ai ha-1  + one hand weeding (30 DAS) (T5), Pre–emergence application of 
pendimethalin 1 kg ai ha-1  + one hand weeding (30 DAS) (T6), Pre – emergence application of 
pendimethalin 0.68kg ai  ha-1 +Intercropping with blackgram (T7), Pre – emergence application of 
pendimethalin 1kg ai  ha-1+Intercropping with blackgram (T8), Pre–emergence application of pendimethalin 
0.68kg ai ha-1+Mulching with sugarcane trash at 21 DAS (T9), Pre– emergence application of pendimethalin 
1kg ai ha-1  + Mulching with sugarcane trash at 21 DAS (T10), Intercropping alone (T11), Mulching alone 
(T12).  Results of the experiment revealed that Pre–emergence application of pendimethalin 1kg ai ha-1 + 
Intercropping with blackgram was efficient and economically feasible management practice for weed control 
in sunflower. 

Keywords: sunflower, integrated weed management, total weed count and weed control index and yield. 

INTRODUCTION 
Sunflower (Helianthus annuus L.) is an important oil seed crop of India and a major source of 

vegetable oil in the world. USDA estimates that the world sunflower production in 2015-2016 will be 39.15 
million tonnes.  Sunflower production of 2015 were 40.12 million tonnes. This year 39.15 estimated million 
tonnes could represent with a decrease of 0.61 million tonnes or a 1.52 per cent in sunflower production 
around the globe. In India sunflower production in 2014-2015 was 390 million tonnes with a yield of 1.67 
tonnes ha-1. Sunflower with its versatile nature is expected to play a crucial role in the oil seed economy of 
the country. 

Among various factors responsible for low seed yield of sunflower, judicious weed management is 
the major aspect for limiting the seed production in sunflower. The losses caused by the weed exceed the 
losses from any other category agricultural pests. Weed competition is one of the biotic constrains in 
realizing higher sunflower productivity due to wider spacing and application of higher dose of fertilizers. 
Heavy weed infestation is the dominant reason for low yield of sunflower.  Uncontrolled weed growth 
reduced the seed yield of sunflower up to an extent of 55 per cent (Wanjari et al., 2000). Various weed 
management practices in sunflower aims, in part, to prevent infestation of species that are most difficult to 
control by stressing the use of multiple tactics that collectively address the cause of weed problems rather 
than simply reacting to infestations (Buhler, 2002). Continuous use of herbicides over a prolonged period 
leads to development of resistance in weeds making them difficult to control. The herbicides with 
mechanical and cultural weeding are effective in controlling major weeds. 

Although herbicides are fast replacing the traditional methods, hand weeding in india is still adopted 
by farmers as an effective weed control method.  Intercropping is very effective and cheap method of weed 
control in line sown crops. Intercropping can be manipulated to increase shading of the weeds by crop 
canopy to suppress weed growth and to maximize the crop yield (Borger et al., 2010). Hence, it is necessary 
to integrate the cultural, chemical and mechanical method of weed control which is eco friendly and 
economically viable. With this background, the present study was chosen. 
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MATERIALS AND METHODS 
A field experiment was conducted at Experimental farm, Department of Agronomy, Annamalai 

University, Annamalainagar to study of effect of integrated approaches for weed control in hybrid sunflower 
during 2015. The experimental farm is located at 110 24’ North Latitude, 79044’ East Longitude with an 
altitude of +5.79 m above mean sea level. The experiment was laid out in Randomized block design with 
twelve treatments and replicated thrice viz., unweeded control (T1), Hand weeding twice at 15 and 30 DAS 
(T2), Pre – emergence application of pendimethalin 0.68 kg ai ha-1 (T3), Pre–emergence application of 
pendimethalin 1 kg ai ha-1 (T4), Pre–emergence application of pendimethalin 0.68 kg ai ha-1  + one hand 
weeding (30 DAS) (T5), Pre–emergence application of pendimethalin 1 kg ai ha-1  + one hand weeding (30 
DAS) (T6), Pre–emergence application of pendimethalin 0.68kg ai ha-1 + Intercropping with blackgram (T7), 
Pre – emergence application of pendimethalin 1kg ai ha-1  + Intercropping with blackgram (T8), Pre–
emergence application of pendimethalin 0.68kg ai ha-1+Mulching with sugarcane trash at 21 DAS (T9), Pre–
emergence application of pendimethalin 1kg ai ha-1  + Mulching with sugarcane trash at 21 DAS (T10), 
Intercropping alone (T11), Mulching alone (T12).The observations on Total weed count, weed control  index 
and yield  were recorded. 

RESULTS AND DISCUSSION 
Total weed count 

Among the weed control treatments, the least total weed population m-2 was recorded in hand 
weeding twice at 15 and 30 DAS recorded 8.42 m-2 at 30 DAS. Pre-emergence application of pendimethalin 
1 kg ai ha-1 + Intercropping with blackgram recorded the total weed count of 8.64 m-2 at 30 DAS and was on 
par with each other. It might be due to efficient and prolonged weed control by herbicide, efficiently 
supplemented by smothering effect of intercropping for the control of late emergence weeds. Highest total 
weed counts were recorded in unweeded control. Application of pre-emergence pendimethalin checked the 
annual grassy and certain broad leaved weeds by inhibiting their shoot and root growth. The primary mode 
of action of pendimethalin is to inhibit microtubule formation in cells of susceptible monocot and dicot 
weeds which are an important part of cell division process. As a result of restricted cell division, growth of 
the emerging weed seeding is prevented, eventuating in death due to lack of food reserves (Prachand et al., 
2014 and Suryavanshi et al., 2015). 

Weed control index (WCI) 
Among the treatments, Hand weeding twice at 15 and 30 DAS found to be supreior as indicated by 

the weed control index of 93.40 per cent at 60 DAS. Pre-emergence application of pendimethalin 1 Kg ai ha-1 
+ Intercropping with blackgram recorded WCI of 93.37 per cent. This might be due to effective weed control 
achieved under these weed management treatments in terms of reduced weed biomass of weeds. Results 
were almost similar reported by Renukaswamy et al. (2012). 

Seed yield 
Among the weed control measures, Hand weeding twice at 15 and 30 DAS significantly registered 

the highest seed yield of 1981 kg ha-1. However, it was on par with pre – emergence application of 
pendimethalin 1 kg ai ha-1 + Intercropping with blackgram (1985 kg ha-1).  The unweeded control registered 
the least seed yield of 651 kg ha-1.  These treatments resulted in better control of weeds and provided 
weed tree condition for longer period of crop growth and resulted in increase all growth and yield parameters 
as well as it might be due to effective control of weeds. On the other hand, Pendimethalin 1 kg ai ha-1 had 
significantly controlled the dominant weeds and saved the crop efficiently from its infestation and it reflected 
in terms of significant increase in growth and yield attributes which ultimately resulted in to higher yield of 
crop. Similar findings were reported by Parmar et al. (2014). 

CONCLUSION 
Improved crop performance through efficient and cheaper weed control was responsible for higher 

returns with lesser cost of cultivation in treatment that offered weed control viz., pre–emergence application 
of pendimethalin 1 kg ai ha-1 + Intercropping with blackgram was efficient and economically, feasible 
package to manage the weeds in sunflower. 
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Table-1: Study of effect of integrated approaches for weed control in hybrid sunflower 
(Figures in parenthesis indicates the original value) 

Treatments Total weed count(m-2) 
at 30 DAS WCI Seed yield 

(Kg ha-1) 

T1- Unweeded control 12.51 
(156.06) - 651 

T2 – Hand weeding twice at 15 & 30 DAS 2.98 
(8.42) 93.40 1981 

T3 – Pre-emergence application of 
pendimethalin 0.68 kg ai ha-1 

11.17 
(124.34) 53.13 791 

T4 - Pre-emergence application of pendimethalin 1 
kg ai ha-1 

10.09 
(101.46) 70.79 918 

T5 - Pre-emergence application of pendimethalin 
0.68 kg ai ha-1+ one hand 

weeding(30DAS) 

7.20 
(51.34) 82.39 1298 

T6 - Pre-emergence application of pendimethalin 1 
kg ai ha-1+ one hand 

weeding(30DAS) 

6.03 
(35.96) 86.19 1424 

T7 - Pre-emergence application of pendimethalin 
0.68 kg ai ha-1 + 

Intercropping with blackgram 

4.83 
(22.86) 89.68 1547 

T8 - Pre-emergence application of pendimethalin 1 
kg ai ha-1+ Intercropping 

with blackgram 

3.02 
(8.64) 93.37 1985 

T9 - Pre-emergence application of pendimethalin 
0.68 kg ai ha-1+Mulching 

with sugarcane trash (21DAS) 

9.14 
(83.13) 74.70 1045 

T10 - Pre-emergence application of pendimethalin 1 
kg ai ha-1+Mulching with 
sugarcane trash (21DAS) 

8.17 
(66.27) 78.64 1171 

T11 – Intercropping alone 11.18 
(124.62) 52.80 789 

T12 –Mulching alone 11.19 
(124.79) 52.39 774 

S.Ed 
CD (p=0.05) 

0.16 
0.33  57.2 

118.5 
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CHAPTER - 11 

CHARACTERIZATION OF PULLULAN PRODUCTION FROM WASTE BEETROOT USING 
AUREOBASIDIUM PULLULANS 

K. Thirumavalavan, T. R. Manikkandan, R. Dhanasekar 
Department of Chemical Engineering, Annamalai University, Annamalai Nagar 

ABSTRACT 
The production of pullulan from waste beetroot from vegetable market by Aureobasidium pullulans 

in batch culture was investigated. Hydrolysis studies were performed on waste beetroot. The glucose yield 
was higher at 1% acid concentrations, achieving maximum yield of 0.87 g glucose/g beetroot for H2SO4, 
0.82 g glucose/g beetroot for HCl. The effect of initial pH, temperature, fermentation time, on pullulan 
recovery was investigated. The highest cell mass concentration of 91.2 g/L and pullulan concentration of 
90.5 g/L was obtained for a fermentation of period of 156 h with the initial glucose concentration equivalent 
to 100 g/L and pH 6.8. The chemical structure of the pullulan synthesized from beetroot exhibited was 
similar when it was compared using FT-IR spectroscopy with that of pullulan available commercially. 

Keywords: Pullulan, Aureobasidium pullulans, Beetroot, Characterization, FT-IR. 

INTRODUCTION 
Pullulan is an extracellular water-soluble polysaccharide from the yeast-like fungus Aureobasidiurn 

pulIulans. The primary structure of pullulan is as linear polymer of D-glucopiranose units which are linked 
with one (1→6)- α-D bonds and two (1→4)- α-D bonds. Pullulan is nontoxic, non-mutagenic, odorless, 
tasteless, and edible white powder readily soluble in hot and cold water, insoluble in organic solvents and 
non-hygroscopic in nature1. Its aqueous solutions are stable and show a relatively low viscosity as compared 
to other polysaccharides. It is moldable and spinnable, being a good adhesive and binder. The unique linkage 
pattern also endows pullulan with distinctive physical traits along with adhesive properties and its capacity to 
form fibers, compression moldings, and strong, oxygen impermeable films. This film forming characteristics 
not exhibited in other polysaccharides, In fact, pullulan films and fibers resemble certain synthetic polymers 
derived from petroleum. Although more expensive than these plastics, pullulan products are edible and 
biodegradable Consequently, pullulan and its derivatives have numerous potential for food, pharmaceutical 
and other industrial applications2,3. 

The cost of pullulan primarily depends on the raw materials, especially of carbon and nitrogen 
sources, which play a major role in the economics of EPS production. The sugars such as sucrose, glucose, 
fructose, maltose, starch, or malto oligosaccharides support pullulan production by A. Pullulans4-7. A number 
of complex carbon sources have been reported for pullulan production, including spent sulfite liquor, peat 
hydrolysate, cornmeal hydrolysates, corn syrup, fuel ethanol fermentation stillage, carob pod, grape skin 
pulp, olive oil and sucrose, beet molasses, hydrolyzed potato starch, spent grain liquor and jaggery8-21. 

Conformation of carbohydrate chains were obtained from the analysis of these compounds by IR 
spectroscopy. In the IR spectrum of pullulan, the absorbance bands in the carbohydrate fingerprint region 
were identified1.The co-existence of α-(1→4)- and α-(1→6)-glycosidic linkages in the pullulan structure can 
be established22-24. 

Organic waste such as kitchen waste, waste vegetables and waste fruits from market make serious 
environmental pollution in municipal sewage area. Because of high sugar, these waste sources can be utilised 
to economize the industrial fermentation. In the present work, waste beetroot (separated from vegetable 
waste from local market) was used as a carbon source, for the production of pullulan by Aureobasidium 
pullulans. The fermentation parameters, such as pH of the medium, temperature and fermentation period 
were optimized for waste beetroot medium. This is the first report using waste beetroot for the production of 
pullulan. 
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MATERIALS AND METHODS 
Micro organisms and growth conditions 

Aureobasidium pullulans MTCC, 2195 used in this work was obtained from MTCC, Chandigarh. 
The strain was maintained on agar slants at 4oC and subcultured for every fortnight time interval. The 
standard cultivation medium containing (g litre-1) sucrose, 60.0; K2HPO4, 5.0; yeast extract, 3.0; (NH4)2SO4, 
2.0; NaCl, 1.0 and distilled water l litre. When required, agar,(20 g litre-1)  was added to the cultivation 
medium. The medium was autoclaved for 15minutes at 121oC, cooled and the initial pH was adjusted to 7.0. 
A loop-full of culture was transferred to 250ml conical flasks containing 50ml culture medium. The flasks 
were incubated at 30oC for 36 h in a rotary shaker incubator at 200rpm. These cultures at a level of 5% (v/v) 
were then used to inoculate the production medium for the fermentations. 

Pretreatment of Waste Beet root 
Waste Beet root were obtained from a local market which is neglected. Batch Hydrolysis studies 

were conducted at 121oC using H2SO4 and HCl. The beetroot hydrolysate was prepared as follows. Portions 
(10 g) of crushed beetroot were taken with 100 ml of distilled water containing different dilute acid 
concentrations of  1% , 2% , 3%,  4%, and 5% (V/V) of H2SO4 and HCl separately and placed in an 
Autoclave at 121oC at 15 Psi for 1hr. After cooking the sample was cooled in a tap water and filtered through 
Whattman #2 filter paper. The filtrate was collected separately for all acid concentrations and it is taken for 
sugar analysis. 

Effect of pH 
In order to investigate the influence of pH on the kinetic aspects of pullulan fermentation from 

Aureobasidium pullulans utilizing hydrolysed beet root, the initial pH of the medium was adjusted to 4.0, 
5.0, 6.0, 6.4, 6.8, 7.0, 8.0 and 9.0, individually, using either 1 N HCl or 1 N NaOH and left uncontrolled 
during the fermentation. Five percent (v/v) of the inoculum was used to inoculate 50 ml sterile medium in a 
250 ml Erlenmeyer flasks and incubated on a rotary shaker (200 rev/min) for 156 h at 28 °C. The fermented 
broth was analysed for biomass, pullulan content, pH and residual sugar content. 

Effect of Temperature 
In order to investigate the influence of temperature for pullulan fermentation, Five percent (v/v) of 

the inoculum was used to inoculate 50 ml sterile medium in a 250 ml Erlenmeyer flasks and incubated with 
the temperatures of  25 oC, 26 oC,27 oC,28 oC,29 oC and 30oC,  individually using incubator for 156 h. 

Effect of Fermentation time 
The effect of fermentation time on the kinetics of pullulan production by Aureobasidium pullulans 

using beetroot hydrolysate as a medium was studied. The experiments were carried out for different 
fermentation times on the kinetics of pullulan production by Aureobasidium pullulans is conducted for the 
time intervals of 12 hr. The cellmass, pullulan and glucose concentrations were analyzed. 

Estimation of biomass & pullulan 
At specific time intervals, the flasks were removed and the fermentation broth was analyzed for 

biomass and pullulan. Dry weight of total biomass (mycelia and yeast cells) was determined by centrifuging 
the fermentation broth (after appropriate dilution) at 10000 x g for 20 minutes. The collected cell mass was 
washed twice with saline and distilled water and dried at 90oC till the mass reaches consistent weight. The 
first supernatant was combined with the washing, and the pullulan was precipitated using two volumes of 
ethanol at 4 oC for 12 h and filtered through a pre-weighed Whatman No.1 filter and dried at 90oC for 
constant weight. 

Estimation of total sugar 
Total sugar concentration was measured by phenol-sulphuric acid method based on reaction with hot 

acidic medium25. Glucose was dehydrated to hydroxyl methyl furfural and forms a green coloured product 
with phenol. Absorbance of the resulting solution was measured at 490 nm using Spectronic – 20D 
Spectrophotometer. 
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Pullulan characterization 
The characterization of EPS was carried out using IR spectroscopy. Fourier transform infrared 

(FTIR) spectra were recorded with a Perkin Elmer-Spectrum RX1 spectrometer (32 scans; resolution, 4 cm-1) 
over KBr pellet. Pullulan sample (2 mg) was manually well blended with 60 mg of KBr powder. These 
mixtures were then desiccated overnight at 50 oC under reduced pressure prior to FTIR measurement. 

RESULT AND DISCUSSION 
Effect of Acid concentration on hydrolysis of Waste Beetroot 

Maximum glucose yield from beetroot is compared in terms of acid concentration in Fig. 1.In the 
1%-5% range of acid applied in the study, the glucose yield was higher at 1% acid concentrations, achieving 
maximum yield of 0.87 g glucose/g beetroot for H2SO4, 0.82 g glucose/g beetroot for HCl. The yield 
decreased as acid concentration increased. The maximum glucose yield obtained from H2SO4 hydrolysis is 1-
5% higher than that from using HCl. This is in agreement with the results obtained by several 
researchers26,27. 

Effect of initial pH on biosynthesis of pullulan in batch culture 
An initial pH of the fermentation medium affects the morphology of an organism which influences 

pullulan synthesis. The effect of initial pH (4.0 to 8.0) on the kinetics of pullulan from Aureobasidium 
pullulans utilizing Beetroot extract is shown in (Fig. 2.) Pullulan concentration gradually increased with 
increasing initial pH up to 6.8 and then decreased. The relative concentrations of pullulan at pH 4 and 9 were 
21.6 g/L and 60.8 g/L respectively when compared to the pullulan concentration of 90.5 g/L of pH 6.8. A 
lower production of cell mass and pullulan was obtained at lower pH levels when compared to higher levels 
of pH. This is probably due to an influence of acidic pH on morphological character of the organism. 

Similar results were obtained with these findings, a maximum polysaccharide concentration at an 
initial pH of 7.528and pH of 7.0 was optimal for pullulan production in batch culture29. A maximum 
polysaccharide concentration (6.5 g/L) in cultures of Aureobasidium pullulans grown in carob pod extract at 
an initial pH of 6.515, whereas, using synthetic medium, found optimum polysaccharide production at a pH of 
6.030. An initial culture pH of 2.0 supported almost no pullulan formation, while maximum yields were 
obtained at pH 5.531. 

Effect of Temperature on biosynthesis of pullulan in batch culture 
An initial Temperature of the fermentation medium is important in polysaccharide production by 

Aureobasidium pullulans. Initial temperature of the fermentation medium affects the morphology of an 
organism which influences pullulan synthesis. The effect of initial temperature (26oC to 36 oC) on the 
kinetics of pullulan from Aureobasidium pullulans utilizing Beetroot extract is shown in (Fig.3.) Pullulan 
concentration gradually increased with increasing initial temperature upto 30 oC and then decreased. The 
relative concentrations of pullulan at temperature 26 oC and 36 oC were 89 g/L and 26.1 g/L respectively 
when compared to the pullulan concentration of 90.5 g/L litre-1 of temperature 28 oC. Similar result was 
obtained with earlier reports32.A lower production of cell mass and pullulan was obtained at high temperature 
levels when compared to lower levels of temperature. This is probably due to an influence of temperature on 
morphological character of the organism. Optimal temperature for pullulan production varies slightly in the 
range of 24–30 oC, on strain-specific basis2. 

Effect of fermentation time on biosynthesis of pullulan in batch culture 
In order to find an optimum fermentation time for pullulan fermentation using beetroot extract as 

substrate, the experiments were carried out for different fermentation times. The effect of fermentation time 
on the kinetics of pullulan production by Aureobasidium pullulans is shown in (Fig. 4.) The pullulan 
concentration gradually increases when fermentation time increases and reaches a maximum for a 
fermentation period of 156 h. After which, the production starts to decrease, this may be due to the 
hydrolysis of pullulan by endogenous glucoamylase-A, which may be released by the organism at the latter 
stages of fermentation33. The highest concentration of pullulan (90.56 g/L) was obtained at a fermentation 
period of 156 hr. The results obtained in this study were twice higher than the value reported in earlier 
studies8-22.There may be several reasons for such variability in the production of pullulan including the type 
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of organism used, chemical composition of the substrate, fermentation system and conditions employed 
during the fermentation. 

Structural characterisation of pullulans 
FT-IR spectra for commercial pullulan (Sigma) used as a reference and those for crude pullulans 

obtained from the strains evaluated are compared in Fig. 5. The strong absorption at 3386 cm-1 indicated that 
all the pullulans had some repeating units of –OH as in sugars. The other strong absorption at 2928 cm-1 
indicated a sp3 C–H bond of alkane compounds existed in all the samples. In the specific area (1500–650 cm-

1) which is characteristic for the pullulan molecule as a whole, the spectra for commercial pullulan as well as 
those for evaluated samples exhibited similar features (Fig. 5). Such results confirmed the identical chemical 
structure of the samples. Strong absorption in 860 cm-1 is characteristic of the α-D-glucopiranosid units. 
Absorption in 755 cm-1 indicates the presence of α- (1 → 4)-D-glucosidic bonds, and spectra in 918 cm-1 
proved the presence of α-(1 → 6)-D-glucosidic bonds. Besides, in the areas for reference and evaluated 
samples the frequencies are the same34-36. 

Comparative infra-red spectroscopy data of EPS from different sources 

Assignment Pullulan Standard 
Wavenumber(cm-1) 

Pullulan from beetroot 

Wavenumber(cm-1) 

O-H str. 3432.4 3386 

C-H str. 2927.3 2929 

O-C-O str. 1639.7 1654 

C-O-H bend 1366.4 1342 

C-O-C str. 1154.6 1125 

C-O str. 1021.4 1032 

α-configuration 851.0 860 
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Fig-5: FT-IR spectra of pullulan made from waste beetroot 
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CHAPTER - 12 

ANTAGONISTIC ASSAY ON FISH PATHOGENS USING SELECTED SEAWEED EXTRACTS 

M. Thangaraj, P. Saritha, T. Ramesh, R. Kumaran and D. Annadurai 
Faculty of Marine Sciences, Centre of Advanced Study in Marine Biology, Annamalai University 

ABSTRACT 
The development of antibacterial, antiviral, antitumor, antihypercholesterolemic, anticoagulant, 

immunomodulating and immunosuppressive activities and antiulcer substances from seaweeds is still in a 
growing stage of research. Present study was undertaken to investigate the antibacterial activities of extracts 
of five seaweeds such as Sargassum tenerrimum, Spyridia hypnoides, Turbinaria ornata, Stoechospermum 
marginatum and Ulva fasciata against seven fish pathogenic bacteria such as Pseudomonas sp, Micrococcus 
sp, Halomonas sp, Exiquobacterium profundum, Enterobacter aerogens , Streptococcus sp and 
Flavobacterium sp. Crude extracts methanol and acetone showed activity against majority of the pathogens. 
Methanol was the best organic solvent than acetone for extracting the effective antibacterial substances from 
the seaweed species used. This fact clearly indicates that the strength of the active principle depends on the 
use of suitable solvent. The positive findings of this study give confidence to proceed further research on 
purification of the active principle of the seaweed and the mode of action on the fish pathogens. This may 
efficiently reduce the use of commercial antibiotic drugs in aquaculture industry. 

Keywords: Seaweed, methanol, acetone, fish pathogen, active principle 

INTRODUCTION 
Seaweeds are primitive non-flowering plants without root stem and leaves. They occur in the 

intertidal, shallow and deep waters of sea up to150cm depth and also in estuaries and backwaters. They play 
an important role in the economy of maritime countries as source of food, fodder, fertilizers, chemicals, 
drugs and various other commercial algal products such as Agar-Agar, Algin and carrageenan (Erulan et al., 
2009). Over the past several decades, seaweeds and their extracts have generated an enormous amount of 
interest in the pharmaceutical industry as a fresh source of bioactive compounds such as carotenoids, 
pigments, polyphenols, enzymes and diverse functional polysaccharides with immense medicinal potential 
(Vijayabasker and Shiyamala, 2011). The development of antibacterial, antiviral, antitumor, 
antihypercholesterolemic, anticoagulant, immunomodulating and immunosuppressive activities and antiulcer 
substances from seaweeds is still in a growing stage of research (Srivastava et al., 2010). 

As on date, in aquaculture industry, the farmers only depend on the commercial antibiotic drugs to 
treat their farmed aquatic animals. Most of the pathogenic bacteria of fishes are resistant to those antibiotics 
and it lead hazardous to health. The drug from a natural source will be suitable for treating the disease caused 
by pathogens. So, screening of antibacterial components for fish pathogens from a natural source is the need 
of the hour. Such study is very scanty in India so that the present study was undertaken to investigate the 
antibacterial activities of extracts of five seaweeds collected from Idinthakarai coast, Tamilnadu against 
seven fish pathogenic bacteria. 

MATERIALS AND METHODS 
Sample collection and identification 

Seaweeds were collected from the intertidal regions of the Idinthakarai coast, Gulf of Mannar. Five 
seaweeds were identified as Sargassum tenerrimum, Spyridia hypnoides, Turbinaria ornata, 
Stoechospermum marginatum and Ulva fasciata based on the standard monograph (CMFRI Bulletin, 1987). 
The sample was washed thoroughly with seawater to remove sand and epiphytes and then spread on blotting 
paper to remove excess water and shadow dried for few days. Then, they were dried on air and finally in an 
oven (35-40°C). The dried seaweeds were powdered by an electric grinder. The powdered sample was stored 
in room temperature for further use. 
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Solvent extraction 
Organic solvents like Acetone, Methanol were used to extract the active compounds from the 

seaweeds. Portions of the powdered samples (2g) were soaked in 20ml of the solvents and keep in waterbath 
for 2 hours at 40°C after that the solvents were kept in shaker for overnight. The resultants crude extracts 
were filtered by Watman filterpaper and then concentrated by airdry method at room temperature. The crude 
extracts were kept in temperature until testing. 

Isolation and identification of fish pathogen 
The fish pathogens were isolated from the infected marine fishes optioned from the marine aquarium 

in CAS in Marine Biology by swabbing and serial dilution method. The major colonies were sub cultured in 
plates and subsequently in broth without contamination. Genomic DNA was extracted from each broth 
culture by the standard protocol (Sambrook et al., 1989). DNA samples from each individual was diluted to 
about 25 ng/μl with deionized distilled water and used for PCR amplification. Polymerase chain reaction 
(PCR) was carried out using mitochondrial primer 16S rRNA gene (Eubac 27F 5’- 
AGAGTTTGATCCTGGCTCAG-3’, 1492RA 5’-GGTTACCTTGTTACGACTT - 3’) (Espejo et al., 1998). 
The cleaned up PCR products (16S rRNA gene) were sent for sequencing to the sequencing facility 
(Ramachandra  Innovis, Chennai). Based on the BLAST result the bacteria were identified as Pseudomonas 
sp, Micrococcus sp, Halomonas sp, Exiquobacterium profundum, Enterobacter aerogens , Streptococcus sp 
and Flavobacterium sp. 

Antibacterial assay 
Antibacterial tests of seaweed extracts were performed in vitro using the disc diffusion method 

(Bauer et al.,1966) in petridishes. 

Molecular identification of fish pathogens 
Based on the 16S rRNA gene sequence results the bacteria were identified as Pseudomonas sp, 

Micrococcus sp, Halomonas sp, Exiquobacterium profundum, Enterobacter aerogens, Streptococcus sp and 
Flavobacterium sp. 

Screening for crude compounds 
The crude extracts of acetone and methanol was tested against these seven fish bacterial pathogens. 

Among the two extracts, methanol exhibited maximum activity against six pathogens such as Pseudomonas 
sp, Micrococcus sp, Halomonas sp, Exiquobacterium profundum, Enterobacter aerogens, Flavobacterium 
sp, compared to crude extract of acetone. The zone of inhibition by acetone extract against different bacterial 
strains is given in Fig. 1. The zone of inhibition by methanol extract against different bacterial strains is 
given in Fig. 2. 

RESULT AND DISCUSSION 
Sargassum tenerrimum 

The extract obtained using acetone showed no activity against pathogens like Halomonas sp, 
Exiguobacterium profundum, Enterobacter aerogens, Streptococcus sp, Flavobacterium sp. whereas the 
maximum activity was observed against Micrococcus sp. The minimum activity was against Pseudomonas 
sp. (Fig. 1). Methanol extract showed no activity against Halomonas sp, Exiguobacterium profundum, 
Enterobacter aerogens and Streptococcus sp. The minimum activity was observed against Flavobacterium 
sp and the maximum activity was against Pseudomonas sp and followed by Micrococcus sp. (Fig. 2). 

Spyridia hypnoides 
The acetone extract showed no activity against pathogen Pseudomonas sp, whereas the maximum 

activity was against Halomonas sp, Micrococcus sp, Streptococcus sp and Flavobacterium sp. The minimum 
activity was against Exiguobacterium profundum and  Enterobacter aerogens. (Fig. 1). The minimum 
activity was observed in methanol extract against Halomonas sp, Micrococcus sp, Flavobacterium sp and the 
maximum activity was against Pseudomonas sp followed by Exiguobacterium profundum. Trace activity was 
observed against Enterobacter aerogens and Streptococcus sp. (Fig. 2). 
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Turbinaria ornata 
The acetone extract showed the maximum activity against Pseudomonas sp and Micrococcus sp. The 

minimum activity against Halomonas sp, Exiguobacterium profundum,  Enterobacter aerogens , 
Streptococcus sp and Flavobacterium sp was observed (Fig. 1). 

The extract obtained using methanol showed no activity against pathogens like Enterobacter 
aerogens and Streptococcus sp. The minimum activity was observed against Halomonas sp, Micrococcus sp, 
Exiguobacterium profundum and  Flavobacterium sp and maximum activity was against Pseudomonas sp. 
(Fig. 2). 

Stoechospermum marginatum 
The acetone extract showed no activity against pathogen Enterobacter aerogens. The maximum 

activity against Pseudomonas sp, Halomonas sp, Micrococcus sp, Exiguobacterium profundum and 
Flavobacterium sp. The minimum activity against Streptococcus sp was observed (Fig. 1). The extract 
obtained using methanol showed trace activity was observed against Exiguobacterium profundum and the 
maximum activity against Pseudomonas sp and Micrococcus sp. The minimum activity was observed in 
Halomonas sp, Enterobacter aerogens, Streptococcus sp and Flavobacterium sp. (Fig. 2). 

Ulva fasciata 
The extract obtained using acetone showed no activity against pathogen Halomonas sp, whereas the 

maximum activity against Micrococcus sp. The minimum activity against Pseudomonas sp, Exiguobacterium 
profundum, Enterobacter aerogens and Streptococcus sp was observed. Trace activity was found in 
Flavobacterium sp. (Fig. 1). Trace activity was found in Enterobacter aerogens, Streptococcus sp, 
Flavobacterium sp.  against the methanol extract and  maximum activity was observed against 
Flavobacterium sp and Pseudomonas sp followed by Micrococcus sp and Exiguobacterium profundum (Fig. 
2). 

In the present study, it was observed that methanol was the best organic solvent than acetone for 
extracting the effective antibacterial substances from the seaweed species used. Among the five tested 
seaweeds, the highest activity was shown by methanol crude extracts of Spyridia hypnoides (12mm), 
Stoechospermum marginatum (13mm) against Pseudomonas sp. The highest activity was observed by 
acetone crude extracts of Stoechospermum marginatum against Pseudomonas sp. The zone of inhibition was 
16mm followed by Sargassum tenerrimum (14mm) against Micrococcus sp. 

The best halo-zone produced was in the extract of S. ilicifolium in the ethanol extract. Similar results 
were obtained by different seaweeds collected from the Vedalai coast, Gulf of Mannar, Tamilnadu wherein, 
some commonly occurring green algae Codium adherens, Ulva reticulata and Halimeda tuna were evaluated 
for antibacterial activity (Karthikaidevi et al., 2009). Seaweeds belonging to red, brown and green algae 
exhibited inhibitory action against both Gram positive and Gram negative bacteria. The present study, 
highest antibacterial activity was noted in brown seaweed, but Kannapiran et al. (2002) noted the highest 
antibacterial activity was in Rhodophyta. In the present investigation, higher activity was recorded in acetone 
extract of Stoechospermum marginatum and Sargassum tenerrimum followed by Spyridia hypnoides and 
ulva fasciata. Caccamese et al., (1985) has reported that the brown seaweed extract showed higher activity 
than the extract of red seaweed. Thus, contrast the present investigation, confirmed the result brown seaweed 
extracts showed higher activity than red and green seaweeds. Antibacterial activity of five species of 
seaweeds belonging to brown, green and red seaweeds reveled that red and brown seaweeds had greater 
antibacterial activity than green seaweeds (Padmini Sreenivasa Rao, 1991). In the present investigation, 
Stoechospermum marginatum and Spyridia hypnoides showed higher activity followed by Sargassum 
tenerrimum and Turbinaria ornata in acetone extract. Maximum activity was observed in methanol extract 
of Stoechospermum marginatum and Spyridia hypnoides  followed by Sargassum tenerrimum and 
Turbinaria ornata. The less inhibitory effect was observed in Ulva fasciata the present study supported the 
previous reports. 

Martinez-Nadal et al. (1996) mentioned that benzene and diethyl ether were suitable solvents for 
extracting on antibiotic principle. Hornsey and Hide (1974) used acetone for extraction of an active principle. 
Parekh (1978) reported that seaweed extract prepared with chloroform showed less activity. The present 
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investigation is different to earlier investigation, here methanol extract showed a better zone of inhibition 
against seven bacterial pathogen compared to the acetone extract. In the present study the seven bacterial 
pathogens were used are Pseudomonas sp., Micrococcus sp., Halomonas sp., Exiguobacterium profundum, 
Enterobacter aerogens, Streptococcus sp. and Flavobacterium sp. Selvi et al. (2001) screened around twenty 
algae using methanol and ethanol which were collected along Idinthakarai Coast and they reported that 
Bacillus subtilis and staphylococcus aureus were highly susceptible to most of the algal extracts, which is 
supporting to the present study. In the present investigation, methanol showed higher activity and the acetone 
extracts showed less activity against Halomonas sp, Enterobacter aerogens, Streptococcus sp and 
Flavobacterium sp. 

During the present investigations, majority of the samples showed varying degrees (or) less (or) no 
activity against a few test organisms. This fact clearly indicates that the strength of the active principle 
depends on the use of suitable solvent to maximum and proper active substances. Again to choose suitable or 
desirable organic solvents would extract (or) dissolve the maximum antibiotic substances into it (Padmini 
Sreenivasa Rao et al., 1986a). Bansemir et al (2006) found that the cultivated seaweed extracts inhibits fish 
pathogens in contrast our results showed that the methanol extract of Spyridia species (red algae) inhibited 
the bacteria namely, Pseudomonas sp, Halomonas sp, Micrococcus sp, Exiguobacteriun profundum, 
Enterobacter aerogens, Streptococcus sp and Flavobacterium sp. Kannapiran and Nithyanandan (2002) 
noted highest antibacterial activity in Rhodophyta. The present investigation is also noted highest 
antibacterial activity in Red seaweed Spyridia hypnoides in methanol extracts, which is supporting the 
previous study. 

The present investigation has also proved that dry algal samples possess antimicrobial activity to 
achieve excellent result by inhibiting the growth of maximum pathogenic bacteria. Based on these results, it 
is fact that due to the presence of high water content in fresh sample the antibiotic principle is diluted leading 
to dissipated activity while dried samples accumulated (or) concentrated the antibiotic principle. It also 
indicates the degradation of active metabolites may not occur during shade drying. The positive findings of 
this study give confidence to proceed further research on purification of the active principle of the seaweed 
and the mode of action on the fish pathogens. This may efficiently reduce the use of commercial antibiotic 
drugs in aquaculture industry. 
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Fig-1: Inhibition zones of acetone extract against different bacterial strains 
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Fig-2: Inhibition zones of methanol extract against different bacterial strains 
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CHAPTER - 13 

EFFECT OF ORGANIC MANURES, INDUSTRIAL BY-PRODUCTS ON YIELD AND NUTRIENT 
UPTAKE OF SUGARCANE 

D. Venkatakrishnan and M. Ravichandran 
Department of Soil Science and Agricultural Chemistry, Annamalai University 

INTRODUCTION 
Sugarcane is a giant crop producing huge quantity of biomass and therefore its nutrient needs are 

high. A sugarcane crop of 100 t ha-1 of biomass exhausts 100 kg N, 60 kg P2O5, 225 kg K2O besides 3.4 kg 
Fe, 1.2 kg Mn, 0.6 kg Zn and 0.2 kg Cu from the soil. Higher cane and sugar yields cannot be produced and 
sustained without adequate amounts of fertilizer nutrients. At the same time, the cost of chemical fertilizer 
have increased and there is need to economize their use without affecting productivity. In the recent years, 
other sources of nutrients such as organic manures, Flyash and Humic acid etc. are used as supplemental 
sources of nutrition. The actual nutrient uptake may not indicate the actual quantities of the material to be 
supplied although fertilizer and manures as the crop requirement is met by the soil source also. Intensive 
sugarcane farming without adequate quantities of traditional manures has treated nutrition imbalance. In 
several regions farmers apply only nitrogen or excess of nitrogen. This has also created imbalanced nutrition 
affecting particularly juice quality. Therefore there is need to apply adequate quantities of nutrients in 
appropriate times to optimize nutrient use and maximize sugarcane yield and nutrient uptake on a sustainable 
basis. The present study was designed to find out the soil and nutrient management practices for increased 
cane productivity, NPK uptake and micronutrient uptake. 

MATERIALS AND METHODS 
Field experiment were conducted at Mamangalam, Chidambaram Taluk, Tamil Nadu adopting a 

split plot design to find out the effect of organic manures, Flyash and Humic acid on nutrient uptake of 
sugarcane cv. Co 86032. The soil of the experimental field were low in available nitrogen, medium in 
available phosphorus and low in available potassium, DTPA extractable Fe, Mn, Zn and Cu recorded 16.15, 
4.36, 0.60 and 0.84 mg kg-1. The treatment details are furnished below. Main plot treatments M1 – Absolute 
control, M2 – FYM 25 t ha-1, M3 – Seasoned pressmud 25 t ha-1 and M4 – Biocompost 5 t ha-1. Sub plot 
treatments S1 – 100% NPK, S2-S1 Lignite flyash 25 t ha-1, S3-S1 + Humic acid 50 kg ha-1 and S4-S1 + S2 + S3. 
The design followed was split plot design. A fertilizer schedule of 275:60:110 kg N, P2O and K2O 
respectively was applied to all plots. Organic manures, Flyash, Humic acid and fertilizers were applied as per 
the treatment. At maturity three randomly harvested canes of each treatment, from that sub samples for stem 
and tops and trashes were collected, dried at 80C in an electric oven and powdered. Nitrogen in plant parts 
was estimated by microkjeldhal distillation after digestion with diacid extract (Humphries, 1956), 
Phosphorus by vanadomolybdophosphoric yellow colour method and Potassium using flame photometer 
(Jackson, 1967). Micronutrients in plant parts was estimated by Atomic Absorption Spectrophotometer 
method (Lindsay and Norvell, 1978) Nitrogen, Phosphorus and Potassium uptake in stem, tops and trashes 
were computed by multiplying N, P, K, Fe, Mn, Zn and Cu per cent with biomass yield of respective plant 
parts. 

RESULTS AND DISCUSSION 
Cane yield 

The data on cane yield recorded after harvest are presented in Table 1. The organic manure 
treatments and industrial by-products had significant influence on cane yield. The treatment M3 (Seasoned 
pressmud @ 25 t ha-1) proved superior by recording maximum cane yield of 153.5 t ha-1. Industrial by-
products registered maximum cane yield in S4 (Lignite flyash @ 25 t ha-1 + Humic acid  
@ 50 kg ha-1 + Recommended dose of fertilizer) of 143.37 t ha-1. Treatment combination M3S4 (Seasoned 
pressmud @ 25 t ha-1 + Lignite flyash @ 25 t ha-1 + Humic acid @ 50 kg ha-1 + Recommended dose of 
fertilizer recorded highest cane yield of 162.3 t ha-1. The higher response of sugarcane due to the application 
of organic manures maybe attributed to the availability of plant nutrient in manifolds by the solubilizing 
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effect of the decomposing manures with steady release of plant nutrients over longer periods, resulted in 
higher cane yield. The appreciable increase in cane yield due to addition of seasoned pressmud is attributable 
for improvement in various growth and yield attributes such as height, weight and girth of millable cane at 
harvest. These findings are in accordance with the findings of Srivastava et al. (2006). Among sub plot 
treatment, Lignite Flyash @ 25 t ha-1 + Humic acid @ 50 kg ha-1 (S4) proved superior by registering 
increased cane yield of 10.16 per cent over control. The yield attributes were enhanced by Flyash which led 
to increase in cane yield as reported by Raghupathy (1988). Humic acid is believed to reduce the activity of 
IAA oxidase and thereby increased the level of IAA in the plant system. The beneficial role of humic acid in 
improving the sugarcane productivity had been highlighted by Sellamuthu et al. (2004). 

Nutrient uptake 
The data on nutrient uptake (N, P, K, Fe, Mn, Zn and Cu) by sugarcane estimated at harvest stage are 

presented in Table 2 and 3. All the treatments significantly influenced the nutrient (N, P, K) uptake.  Among 
the organic manure treatments the treatment M3 (Seasoned pressmud 25 t ha-1) recorded the highest N, P, K 
stem uptake of 86.42, 47.84 and 204.35 kg ha-1. Regarding tops and trashes uptake of highest NPK registered 
80.45, 38.89 and 147.04 kg ha-1.  The results are in accordance with Bokhtiar et al. (2002). Among the four 
major micronutrients the effect of treatments were well pronounced in respect by all parts sugarcane due to 
application of flyash and humic acid.  The different treatments had a remarkable effect on the stem and tops 
and trashes uptake of micronutrients. Regarding the compost treatments the treatment (S4) recorded the 
highest stem uptake Fe, Mn, Zn and Cu of 6.83, 2.27, 1.24 and 0.74 kg ha-1. The tops and trashes uptake of 
Fe, Mn, Zn and Cu of 5.95, 2.15, 1.01 and 0.66 kg ha-1 (Table 3). The organic manures during their 
decomposition the resultant secondary synthesis products and the nutrient released might have involved in 
the supply of sufficient amount of nutrients in the root zone which might have enhanced rooting behaviour of 
sugarcane thereby facilitating better uptake of nutrients from soil. Pressmud is the source of plant nutrients 
including micronutrients which are liberated in available form during mineralization. The results are 
confirmed with the findings of Ravikumar and Govindasamy (1992). 

Table-1: Effect of organic manures and industrial by-products an cane yield 
Main plot 

Sub plot 
Control  

(M1) 
FYM  
(M2) 

Seasoned 
pressmud (M3) 

Biocompost 
(M4) Mean 

RDF (S1) 117 132.1 146.47 127.1 130.4 

RDF + Lignite flyash (S2) 120.56 149.2 157.40 135.2 140.55 

RDF + Humic acid (S3) 119.0 134.0 148.2 130.0 133.33 
RDF + LFA + HA (S2) 

Mean 122.39 152.42 162.3 136.35 143.37 

 S.Ed. CD (P=0.05) 

M 2.52 6.17 

S 3.58 7.39 

M  S 6.7 NS 

S  N 7.17 NS 
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Table-2: Effect of nutrient management on NPK uptake kg ha-1 

 
K uptake 

Stem Tops and trashes 
M1 M2 M3 M4 Mean M1 M2 M3 M4 Mean 

140.77 171.17 193.75 161.08 166.69 109.73 129.32 138.25 123.57 125.22 
152.02 198.78 209.38 179.67 184.96 119.52 145.63 152.38 134.91 138.11 
142.98 174.00 197.81 167.87 170.67 111.57 134.15 142.16 127.09 128.74 
154.30 202.70 216.46 181.24 188.61 121.45 149.67 155.38 136.94 140.86 
147.45 186.66 204.35 172.47 177.75 115.57 139.69 147.04 130.63 133.23 

M S.Ed CD (p=0.05) S.Ed CD (p=0.05) 
S 3.63 8.88 2.33 5.72 

Mat S 4.95 10.22 3.43 7.09 
Sat M 9.31 NS 6.39 NS 

 9.90 NS 6.87 NS 

Table-3: Effect of nutrient management on micronutrient uptake kg ha-1 
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CHAPTER - 14 

SOIL MICROBES ENHANCEMENT WITH SUNFLOWER BY ENRICHED COMPOSTS, 
FERTILIZERS AND PHYTO-HORMONE 

S. Srinivasan and K. Dhanasekaran 
Department of Soil Science & Agricultural Chemistry, Faculty of Agriculture, Annamalai University 

ABSTRACT 
A field experiment was carried out to explore the effect of different combinations of enriched water 

hyacinth compost (EWHC), enriched farm yard manure (EFYM),  inorganic fertilizers, and NAA on 
sunflower in the Farmer’s field at Sivapuri Village, Chidambaram Taluk, Cuddalore District, Tamilnadu. 
Sunflower (Helianthus annuus L.) is a promising crop because of it require low water, nutrient and less 
labour intensive than other crops and it suits target farmers with weak financial capabilities. Enriched 
composts minimize the excess use of fertilizers for optimum yield and quality of crops without harming soil 
and environmental health. Soil health is the continued capacity of soil to function as a vital living system. 
The statistical design was RBD with ten treatments replicated thrice. After harvesting sunflower, the post-
harvest soil was analyzed for their microbes population with standard procedures. The highest bacterial 
(62.84×10-6), fungal (17.91×10-4) and actinomycetes population (6.54×10-5) were recorded in treatment T10- 
125% RDF (N: K2O) + 125% P2O5 (SSP) EWHC @ 1 t ha-1 + boron @ 0.2% + NAA @ 20 ppm. The soil 
microbial population increased in organically amended plots compared to inorganic and control plots which 
might be due to the addition of enriched composts that might have large impact on the activity of microbial 
population. 

Keywords: Sunflower, EWHC, EFYM, Fertilizers, NAA  and soil microbes 

INTRODUCTION 
Sunflower (Helianthus annuus L.) is a promising crop because of it require low water, nutrient and 

less labour intensive than other crops and it suits target farmers with weak financial capabilities. (Kallol 
Bhattacharyya et al., 2015). It is a hardy crop, superior to sorghum in drought tolerance. It also contains oil 
of high quality (unsaturated fatty acids as linolenic and linoeic acids (900 g kg-1), anticholesterol properties. 
The final product formed after composting is an amorphous, brown to dark brown humified material known 
as compost. It is a more stable, well rotten material containing high organic matter and major nutrients. 
Enriched composts minimize the excess use of fertilizers for optimum yield and quality of crops without 
harming soil and environmental health (Vipen bhadu et al., 2017). Soil health is the continued capacity of 
soil to function as a vital living system. It also deals with both inherent and dynamic soil quality. Soil quality 
is the capacity of soil to function within ecosystem and land use to sustain productivity and promote plant, 
animal health and environmental quality. With these background, the study aimed to assess the effect of 
integrated incorporation of enriched composts, fertilizers and phyto-hormone (NAA) on soil health interms 
of microbes. 

MATERIAL AND METHODS 
A field experiment was carried out to explore the effect of different combinations of enriched water 

hyacinth compost (EWHC), enriched farm yard manure (EFYM),  inorganic fertilizers, and NAA on 
sunflower during September – December, 2017  in the Farmer’s field at Sivapuri Village, Chidambaram 
Taluk, Cuddalore District, Tamilnadu. The experimental design adopted in the present study was randomized 
block design (RBD) with ten treatments replicated thrice. Recommended dose of N:P2O5:K2O for sunflower 
is 60:90:60 kg ha-1 respectively were applied in the form of urea, SSP and MOP, respectively. EWHC, 
EFYM, B @ 0.2% +  NAA @ 20 ppm were prepared and applied as per the treatment. Sunflower cv. 
Sunbred was grown as a test crop with proper cultural practices. After harvesting the sunflower, the post-
harvest soil was analyzed for their microbes population with standard procedures. The methodology adopted 
is given in table 1. 
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Table-1: Analytical methods of soil analysis 
S. No. Property Methodology Reference 

1 Bacteria Standard plate techniques (Soil microorganism) Subba Rao (1995) 

2 Fungi Standard plate techniques (Soil microorganism) Subba Rao (1995) 

3 Actinomycetes Standard plate techniques (Soil microorganism) Subba Rao (1995) 

RESULTS AND DISCUSSION 
Bacterial population (CFU×10-6) 

The effect due to application of different combinations of inorganic fertilizers, EFYM, EWHC and 
NAA on soil microbial population in post-harvest soil was statistically significant and are given in table 2. 
With regarding to bacterial population, highest value (62.84 CFU×10-6) was recorded in the treatment T10- 
125% RDF (N: K2O) + 125% P2O5 (SSP) EWHC + B @ 0.2% + NAA @ 20 ppm. The treatment T6- 25% 
RDF (N: K2O) + 125% P2O5 (SSP) EWHC registered the bacterial population of 62.49 CFU×10-6 was on par 
with T10. However, the lowest number of bacterial population was recorded in treatment T1 (47.15 CFU×10-

6). The treatments T9 (56. 94 CFU×10-6) and T5 (56.34 CFU×10-6) were on par with each other. 

Fungal population (CFU×10-4) 
Among the different treatments, application of 125% RDF (N:K2O) + 125% P2O5 (SSP) EWHC + B 

@ 0.2% +  NAA @ 20 ppm (T10) recorded the highest fungal population  of 17.91 CFU×10-4 and the 
application of 125% RDF (N:K2O) + 125% P2O5 (SSP) EWHC (T6 ) registered the fungal population of 
17.69 CFU×10-4  was on par with T10. The treatments T8- 100% RDF (N:K2O) + 100% P2O5 (SSP) EWHC + 
B @ 0.2% +  NAA @ 20 ppm (17.00 CFU×10-4) and T4- 125% RDF (N:K2O) + 125% P2O5 (SSP) EWHC 
(16.81 CFU×10-4) were on par with each other. However, the lowest fungal population (11.09 CFU×10-4) 
was recorded in control (T1) (100% RDF). 

Actinomycetes population (CFU×10-5) 
Actinomycetes population was significantly influenced by application of different combinations of 

inorganic fertilizers, EFYM, EWHC and phyto- hormone. Application of 125% RDF (N: K2O) + 125% P2O5 
(SSP) EWHC + B @ 0.2% + NAA @ 20 ppm (T10) recorded the highest actinomycetes population (6.54 
CFU×10-5), whereas the lowest actinomycetes population (5.08 CFU×10-5) was recorded in control (T1). 
Among the different treatments tried, T10 (6.54 CFU×10-5) on par with T6 (6.42 CFU×10-5) similarly T8 (6.21 
CFU×10-5) was on par with T4 (6.12 CFU×10-5). However, application of 125% RDF (N: K2O) + 125% P2O5 
(SSP) EFYM recorded the actinomycetes population of 5.85 CFU×10-5. 

The highest bacterial (62.84×10-6), fungal (17.91×10-4) and actinomycetes population (6.54×10-5) 
were recorded in treatment T10- 125% RDF (N: K2O) + 125% P2O5 (SSP) EWHC @ 1 t ha-1 + boron @ 0.2% 
+ NAA @ 20 ppm. It was also due to addition of enriched water hyacinth compost in soil creates conducive 
environment and promoted high microbes and high activities. The enhanced biological activities in the 
compost treated soil are evidenced by relatively high carbon content and enzyme activities. (Elliott and 
Lynch, 1994). 

CONCLUSION 
From the field experiment it is concluded that, soil health interms of soil organic carbon content and 

soil microbes were improved with the application of integrated application of chemical fertilizers (N,P,K & 
B) and enriched composts (EWHC,EFYM) with growth regulator. Among the different treatments tried, 
application of 125% RDF (N: K2O) + 125% P2O5 (SSP) EWHC + B @ 0.2% + NAA @ 20 ppm recorded 
significantly the highest soil organic carbon content and microbial population compared to control. 
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Table-2: Microbial population in the post-harvest soil of sunflower (cv. Sunbred) as influenced by N, 
P2O5, K2O & B-fertilizers, EFYM, EWHC and NAA 

T.No Treatment details Bacteria 
(CFU×10-6) 

Fungi 
(CFU ×10-4) 

Actino- 
mycetes 

(CFU ×10-5) 
T1 100% RDF ( Control) 47.15 11.09 5.08 
T2 125% RDF 49.65 11.68 5.27 
T3 100% RDF  (N:K2O) + 100% P2O5 (SSP) EFYM 52.88 14.56 5.52 
T4 100% RDF  (N:K2O) +100% P2O5 (SSP) EWHC 59.63 16.81 6.12 
T5 125% RDF  (N:K2O) +125% P2O5 (SSP) EFYM 56.34 15.46 5.85 
T6 125% RDF  (N:K2O) +125% P2O5 (SSP) EWHC 62.49 17.69 6.42 
T7 T3  + Boron @ 0.2% + NAA @ 20 ppm 53.13 14.74 5.63 
T8 T4 + Boron @ 0.2% + NAA @ 20 ppm 59.99 17.00 6.21 
T9 T5 + Boron @ 0.2% + NAA @ 20 ppm 56.94 15.61 5.93 
T10 T6 + Boron @ 0.2% + NAA @ 20 ppm 62.84 17.91 6.54 

 S.Ed 1.43 0.47 0.07 
 CD (P = 0.05) 2.87 0.98 0.16 
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CHAPTER - 15 

EFFECT OF INTEGRATED WEED MANAGEMENT ON GROWTH, ROOT YIELD AND 
ALKALOID CONTENT IN PERIWINKLE (CATHARANTHUS ROSEUS L.) IN THE COASTAL 

ECOSYSTEM OF CAUVERY DELTA REGION 

R. Sendhil Nathan, P. Karuppaiah, R. Suresh Kumar and M. Rajkumar 
Department of Horticulture, Faculty of Agriculture, Annamalai University 

ABSTRACT 
An experiment was conducted to find out the effect of integrated weed management on growth, root 

yield and alkaloid content in Periwinkle was carried out at medicinal plants unit, Department of 
Horticulture, Faculty of agriculture, Annamalai university, Annamalainagar were studied under in 
randomized block design with three replication of 12 treatments with and without the combination of three 
herbicides viz., Alachlor 1.5 kg ha-1, Pendimethalin 1.5 kg ha-1 and Fluchlorin 1.5 kg ha-1, sugarcane trash 
mulching @ 12 t ha-1 and hand weeding on 45, 90 and 120 DAT . The growth parameters viz., plant height 
(123.67 cm), number of branches plant-1 (22.38), number of leaves (446.12) and leaf area (19.06 cm2). The 
root yield parameters viz.,root length (29.36 cm), fresh weight of root per plant (49.47 g), dry weight of root 
per plant (16.02 g), dry weight of root per plot (1067.89 g), dry weight of root per hectare (1779.82 kg), total 
chlorophyll content (0.499 mg g-1), crop dry matter production (66.43 g plant-1), ajmalicine content 1.89 mg 
g-1 were registered to be the highest. From the experiment, application of Fluchlorin @ 1.5 kg ha-1 along 
with sugarcane trash mulching @ 12 t ha-1 and two hand weeding on 45 and 90  DAT could adjudged as the 
best treatment in improving the growth, root yield and alkaloid content of periwinkle. 

Keywords: Periwinkle, alkaloid, Pendimethalin, Fluchlorin 

INTRODUCTION 
Periwinkle [Catharanthus roseus (L.) G. Don] synonym (Vinca rosea L., Lochnera rosea Reich.) is 

a tropical plant native to Madagascar, belonging to the family Apocynaceae.  It is presently cultivated for the 
presence of valuable alkaloids in leaves and roots.  More than 100 alkaloids have been isolated and the total 
alkaloid content of the root varies from 2 to 3 per cent, whereas leaf contains one per cent and a very small 
amount was found in flowers (Barbara Lata, 2007).  The leaf alkaloids particularly vincristine and vinblastin 
possess anticancerous activities whereas the root alkaloids such as ajmalicine, serpentine and reserpine 
possess hypotensive, sedative and tranquilizing properties. Having gained handful information of the 
aforesaid medicinal crop, many progressive farmers have started diversifying their agriculture by 
undertaking the cultivation of Periwinkle on a large scale in India.  The need for improving the production of 
periwinkle crop has increased because of its valuable alkaloids. Owing to the above facts, it is an imperative 
need to ascertain and standardize the package of practices to improve the productivity of this crop, which 
include integrated weed management. These practices will certainly be contributed to improve production 
and productivity of this crop whereby the farming community can readily accept the cultivation of 
periwinkle which will fetch greater margin than other conventional crop. Beyond such attempts to improve 
the productivity, the scientists of the world are in constant search for new technology that may combat the 
constraints in crop production. In this view, weed control techniques in the field before and after planting 
through integrated approaches have claimed to be an integrated method of improving soil fertility, crop growth 
and yield (Anilkumar and Reddy. 2000). 

MATERIALS AND METHODS 
Field experiments were conducted at medicinal plants unit, department of horticulture, Faculty of 

agriculture, Annamalai university, Annamalai Nagar, Cuddalore district,TamilNadu. The experiments were 
laid out in a randomized block design with 12  treatments with and without the combination of three 
herbicides viz., Alachlor 1.5 kg ha-1 , Pendimethalin 1.5 kg ha-1 and Fluchlorin 1.5 kg ha-1 , sugarcane trash 
mulching @ 12 t ha-1 and hand weeding on 45, 90 and 120 DAT  and replicated thrice. The data were 
subjected to statistical analysis as suggested by Panse and Sukhatme, 1978. The treatment schedule was 
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presented in Table 1. The experimental plot was thoroughly ploughed and the clods were crushed, weeds 
were removed later than bunds and channels were prepared. Thirty six plots are formed with a plot size of 
1.30 x 1.90 m were formed. Uniform and healthy seedlings were transplanted at a spacing of 30 cm x 30 cm 
to the main field. The  inorganic nutrients were applied in the form of nitrogen was applied as urea, 
phosphorus was applied as a single super phosphate, while potassium was appilied as muriate of potash. half 
dose of nitrogen, full dose of phosphorus and potassium were applied in 90 days after planting. Application 
of organic manures viz., Vermicompost @ 3.75 t ha-1 were applied before planting. Plants were irrigated 
whenever necessary.  Five plants are randomly selected from each plot were tagged for the purpose of 
recording observations on growth and yield parameters. Data of three replications were averaged and 
recorded. 

RESULTS AND DISCUSSION 
Growth parameters 

Growth is one of the essential parameters which determine the yield attributes in any crop. The 
results of the present investigation revealed that significant differences were recorded on the growth 
parameters viz., plant height, number of branches, number of leaves and leaf area. It can be inferred from the 
data tabulated in table 2.  Among the different integrated weed management practices, integration of manual, 
chemical and accomplished by covering the soil by mulches is a process which is highly useful and 
beneficial in the production system of root alkaloid in periwinkle. Mulching suppresses weed growth and 
improves crop yield (Hossain, 2008).  Pre-emergence fluchloralin help to save the crop from severe weed 
competition at an early age. (Singh and Tripathi. 1988). All the weed management treatments significantly 
improved the growth characters over the unweeeded check The increase in growth parameters due to 
application of Fluchlorin @ 1.5 kg ha-1 along with sugarcane trash mulching @ 12 t ha-1 and two hand 
weeding on 45 and 90  DAT.  In these treatments, the effective control of weeds reduced the competition for 
nutrition and moisture which ultimately brought about increased plant growth characters. The growth 
parameters viz., plant height (123.67 cm), number of branches plant-1 (22.38), number of leaves (446.12) and 
leaf area (19.06 cm2). The increase in growth parameters is due to the effect of herbicide along with 
mulching. This was in accordance with the findings of  Anwar et al.,(2001) in Palmarosa and Hossain et 
al.,(2008) in turmeric 

Root yield parameters and alkaloid content 
 Yield is a complex phenomena which can be controlled both by morphological and physiological 
parameters and it can also be manipulated by either genetics factors or cultural operations. The major yield 
components of periwinkle are mainly roots and these components are directly related in increasing the total 
alkaloid content which are commercially used Fluchlorin, sugarcane trash mulching and hand weeding 
significantly influenced the root yield. In the present investigation, Table 3 shows the  higher root length 
29.36 cm,  fresh weight of root (49.47 g plant-1), dry weight of root (16.02 g plant-1 ), maximum root yield 
(1067.89 kg plot-1) and root yield (10.35 kg ha-1) were registered in the treatment which received the 
combined application Fluchlorin @ 1.5 kg ha-1 along with sugarcane trash mulching @ 12 t ha-1 and two 
hand weeding on 45 and 90  DAT. This may be attributed to fact that under increasing fertility levels by the 
application of inorganic fertilizers there would be luxuriant growth of the plant, which lead to production of 
more number of branches, leaves and ultimately resulting in higher root yield ha-1. Integration of cultural, 
mechanical and other weed control practices offers better management of all types of weeds. The results are 
similar to the findings of  Gill et al.,(2000) in Turmeric and Kajod Mal et al., (2005) in  Cauliflower. 

 The integrated weed management system is basically an integration of effective, dependable and 
workable weed management practices that can be used economically by the producers as a part of sound 
farm management system. It can be interfered from the data tabulated in table (3) that there were significant 
differences among the various treatments with regard to dry matter production, chlorophyll content, 
Photosynthetic rateand ajmalicine content. Incorporation of vermicompost promotes the lush growth of plants 
which may be due to the presence of plant growth promoters like auxins and cytokinins in vermicompost  
which are responsible for cell division and cell elongation. This was due to the positive role played by 
nutrients on growth and metabolic of plants, which increased the accumulation of dry matter content in the 
plant. Sugarcane trash mulching might have provided a continuous supply of moisture control of weeds 
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which might have enabled the leaf area duration to extend, thus providing an opportunity for the plants to 
increase the photosynthetic rates, which could have led to the higher accumulation of dry matter and 
chlorophyll content. Similar findings were also reported by Kiranjit Kaur et al (2008) in Turmeric and 
Hundal et al (2000) in Tomato. The highest alkaloid content  1.89 (mg g-1) was recorded in T12 . The 
ajmalicine content was minimum in the treatment T1 (control) which was registered 1.21 (mg g-1) 
respectively. The possible reasons for the acceleration in ajmalicine content due to application of optimum 
dose of nutrients along with integrated weeed management practices might be attributed to the higher dry 
matter which would have invariably determined the alkaloid content as it required metabolites to the filling 
sink. Further, the enhanced dry matter production would also have invariably determined the alkaloid 
content. Higher availability and uptake of nutrients would have enhanced the higher photosynthetic activity 
and accumulation of photosynthates at the sink, which in turn, correspond to the higher amounts of alkaloids. 
Similar findings were also reported by Vander Heijden et al (2004) and Patel et al .,(2004) in Green Chilli 

CONCLUSION 
Based on the present investigation, it can be concluded that the combined use of Fluchlorin @ 1.5 kg 

ha-1 along with sugarcane trash mulching @ 12 t ha-1 and two hand weeding on 45 and 90  DAT can be 
considered as the best integrated weed management practice for higher yield and alkaloid content of 
Periwinkle. 

Table-1: Treatment details 
 Treatment details 

T1 Unweeded check 
T2 Hand weeding thrice on 45, 90 and 120 DAT 
T3 Sugarcane trash mulching @ 12 t ha-1 
T4 Alachlor @ 1.5 kg ha-1 
T5 Pendimethalin @ 1.5 kg ha-1 
T6 Fluchloralin @ 1.5 kg ha-1 
T7 Alachlor @ 1.5 kg ha-1 + two hand weeding each on 45 and 90 DAT 
T8 Pendimethalin @ 1.5 kg ha-1 + two hand weeding each on 45 and 90 DAT 
T9 Fluchloralin @ 1.5 kg ha-1 + two hand weeding each on 45 and 90 DAT 
T10 Alachlor @ 1.5 kg ha-1 + sugarcane trash mulching @ 12 t ha-1 +  

two hand weeding each on 45 and 90 DAT 
T11 Pendimethalin @ 1.5 kg ha-1 + sugarcane trash mulching @ 12 t ha-1 +  

two hand weeding each on 45 and 90 DAT 
T12 Fluchloralin @ 1.5 kg ha-1 + sugarcane trash mulching @ 12 t ha-1 +  

two hand weeding each on 45 and 90 DAT 

Table-2: Effect of integrated weed management on growth parameters of periwinkle [Catharanthus 
roseus (L.) G. Don] cv. Rose-purple flowered 

Treatment 
no. 

Plant 
height 
(cm) 

Number of 
branches 

plant-1 

Number of 
leaves plant-1 

Leaf 
area 
(cm2) 

Chlorophyll 
content 
(mg g-1) 

Photosynthetic 
rate 

(µ mol CO2 m-2 s-1) 
T1 89.05 16.47 316.72 17.98 0.401 13.04 
T2 119.15 21.28 421.47 17.78 0.478 16.36 
T3 102.36 17.35 329.11 17.75 0.412 13.47 
T4 104.61 17.87 341.42 17.91 0.420 13.86 
T5 106.85 18.40 353.70 18.05 0.429 14.27 
T6 109.08 18.94 366.01 18.09 0.439 14.64 
T7 111.31 19.47 378.30 18.32 0.447 15.45 
T8 113.55 19.99 390.64 18.45 0.456 15.46 
T9 115.81 20.52 402.93 18.59 0.465 15.85 
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T10 116.93 20.75 409.14 18.66 0.469 15.97 
T11 121.41 21.80 433.76 18.91 0.487 16.76 
T12 123.67 22.38 446.12 19.06 0.499 17.21 

S.ED 1.11 0.17 6.13 0.06 0.008 0.19 
CD(P=0.05) 2.21 0.35 12.27 0.12 0.017 0.39 

 

Table-2: Effect of integrated weed management on root yield parameters and ajmalicine content  of 
periwinkle [Catharanthus roseus (L.) G. Don] 

Treatment 
no. 

Root 
length 
(cm) 

Fresh weight 
of root         

(g plant-1) 

dry weight of 
root   (g    
plant-1) 

dry weight 
of root      

(g plot-1) 

dry weight 
of root     

(kg ha-1) 

Fresh 
weight of 
plant     (g 

plant-1) 

Crop dry 
matter 

production 
(g plant-1) 

Ajmalici
ne 

content 
(mg g-1) 

T1 20.46 35.14 8.08 538.61 897.68 391.30 51.64 1.21 
T2 28.27 47.42 15.45 1029.89 1716.49 471.28 63.71 1.84 
T3 24.21 39.70 13.19 879.24 1465.40 401.69 53.49 1.87 
T4 24.78 40.74 13.47 897.91 1496.51 411.47 54.82 1.81 
T5 25.36 41.78 13.77 917.90 1529.84 421.29 56.17 1.86 
T6 25.91 42.80 14.07 937.90 1563.17 430.98 57.53 1.80 
T7 26.48 43.84 14.38 958.57 1597.61 444.70 58.83 1.85 
T8 27.04 44.86 14.69 979.23 1632.05 450.43 60.16 1.89 
T9 27.60 45.89 14.99 999.23 1665.38 464.85 61.52 1.86 
T10 27.73 46.40 15.42 1027.89 1713.16 470.10 62.37 1.81 
T11 28.82 48.45 15.72 1047.89 1746.49 488.52 65.04 1.85 
T12 29.36 49.47 16.02 1067.89 1779.82 498.31 66.43 1.89 

S.ED 0.27 0.50 0.22 9.41 16.97 4.86 0.66 0.02 
CD 

(P=0.05) 
0.54 1.01 0.48 18.82 33.94 9.73 1.34 0.04 
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CHAPTER - 16 

ANTIFUNGAL ACTIVITY OF MARINE ALGAE AGAINST FUSARIUM WILT IN TOMATO 

A. Praveen and C. Kannan 
Department of Plant Pathology, Annamalai University 

ABSTRACT 
Tomato (Lycopersicon esculentum Mill.) belongs to the family Solanaceae and it is considered one 

of the world’s most popular vegetables. It is the most important tropical vegetable crop widely used 
throughout the world. Tomato is a high-value dietary component, contributing to nutrition and livelihood of 
both rural and urban population the world over. Its production is, however, challenged by various 
constraints, among which are pests and diseases. Fusarium wilt, caused by Fusarium oxysporum f. sp. 
lycopersici (Sacc.) W.C. Snyder and H.N. Hans, is considered as one of the most important disease of tomato 
worldwide, which is characterized by wilted plants, yellowed leaves and minimal/reduced or even total 
loss/absent crop yield. Management of soil-borne plant pathogens is one of the single greatest challenges 
facing modern agriculture worldwide. Seaweeds are considered as a source of bioactive compounds as they 
are able to produce a great variety of secondary metabolites characterized by a broad spectrum of 
biological activities. The highest antifungal activity was noticed in S. wightii @ 20% conc. with an inhibition 
zone of 14.9 mm in agar well method and antifungal activity of the extracts of S. wightii @ 20% was found 
the minimal growth 10.5 mm in poison food technique. Such records are in agreement with the maximum 
activity recorded in the present observation with S.  wightii. 

Keywords: Fusarium wilt, Fusarium oxysporum f.sp. lycopersici, Seaweeds. 

INTRODUCTION 
Tomato (Lycopersicon esculentum Mill.) is economically the most important and popular vegetables 

throughout the world. Successful cultivation of tomato is hindered by various diseases (Neela et al., 2014). 
Tomato plant is attacked by various diseases that significantly affect its growth and yield. Out of which 
Fusarium wilt is one of the most serious diseases affecting its yield. This disease is caused by Fusarium 
oxysporum f. sp. lycopersici (Sacc.) and the yield loss due to this disease is 25.14 % - 47.94 % in Uttar 
Pradesh (Enepsa and Dwivedi 2014). Fusarium spp. are well established soil borne pathogens in all soil type 
throughout the world. Fusarium spp. are saprophytes and are able to grow on soil organic matter for a 
prolonged period. Marine macroalgae produce a wide spectrum of chemically active metabolites including 
alkaloids, polyketides, cyclic peptides, polysaccharides, phlorotannins, diterpenoids, sterols, quinones, lipids, 
and glycerols that have a broad range of biological activities against other organisms in their environment 
(Abdel-Raouf, et al., 2015). They have been applied as foliar spray, enhanced plant growth at freezing, 
drought and in salt habitats, showed a noticeable strong resistance to fungi, bacteria and virus and also 
improved the yield and productivity of several crops (Sharma et al., 2014). Management of soil-borne plant 
pathogens, is one of the single greatest challenges facing modern agriculture worldwide. Seaweeds were 
collected from Mandapam region, coastal areas of Tamil nadu have shown effective control of root rotting 
fungi like Macrophomina phaseolina, Rhizoctonia solani, and especially Fusarium pathogen (Sultana et al., 
2009). 

MATERIALS AND METHODS 
Collection and preparation of seaweed extracts ( Flora et al., 2012) 

Seaweeds were collected from Gulf of Mannar in mandapam coast, Tamilnadu. Samples of brown 
algae viz., Sargassum wightii, Dichtyota dichotoma and green algae viz., Caulerpa racemosa, Caulerpa 
scalpelliformis and Ulva lactuca were collected manually. After hand picking, the seaweeds were washed 
initially with sea water. The epiphytes and other extraneous matters were removed and washed with fresh 
water (4-5) times. The seaweeds were dried under shade. 100g of powdered seaweeds was mixed with 
distilled water in the ratio 1:20 ratio and autoclaved at 15 lbs pressure for 1h. The extracts were filtered 
immediately through a muslin cloth. All the extracts were measured, labeled and stored in bottles which were 
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kept in a refrigerator. The extracts thus obtained were taken as 100%  seaweed concentrate (SWC). SWC of 
different concentration was prepared with distilled water and used for the present study. 

Agar well method (Schaad et al., 2001) 
Spore suspension of the fungus was prepared with sterile distilled water from 7 days old culture of F. 

o. f.sp. lycopersici. Fifteen ml of PDA medium seeded with 3ml of spore suspension with adequate spore 
(1x106 spores/ml) was poured in each of the Petri plates allowed to solidify. Wells are cut equidistantly with 
the aid of the sterile cork borer. Desired concentration of seaweed extracts was prepared and the test extracts 
@ 0.1 ml were pipette out separately and poured into each well. Carbendazim 0.1% was used for comparison 
and a suitable control was maintained. Three replications were maintained each treatment. The plates were 
incubated at (28±2ºC) for 48 h. and the inhibition zone formed round each well was measured and recorded. 

Poisoned food Technique (Grover and Moore, 1962) 
The seaweeds extracts and fungicide were added separately to the autoclaved and melted potato 

dextrose agar media. The poisoned agar medium was poured into sterilized plates and allowed to solidify. 
Then the plates were inoculated with the test fungus by placing the uniform disc of 9 mm diameter from 4 
days old culture grow on potato dextrose agar medium. The diameter of the fungal colony was measured 
once in 24 h. The medium without fungicide and seaweed extracts served as control and the mean inhibition 
percentage was worked out. Three replications for each treatment were maintained at the laboratory 
temperature (28±1ºC). The per cent inhibition of the test fungi was calculated by the formula of Vincent 
(1927). 

 
Where,  I =  Percent inhibition of fungal growth 
            C = Control 
            T = Growth in treatment 
RESULT AND DISCUSSION 
Efficacy of various seaweeds tested against Fol. (Agar well method) 

In the present investigation the antifungal activity of seaweed extracts against Fol 9 were tested and 
presented in table 9. The zone of inhibition ranged from 11.5 to 14.9 mm. The highest antifungal activity was 
noticed in S. wightii @ 20% conc. with an inhibition zone of 14.9 mm, followed by Ulva lactuca @ 20% 
which recorded a mycelial inhibition zone of 13.7 mm, whereas Dictyota dichotoma was found as least 
effective (12.1 mm). 

Karabay-Yavasoglu et al. (2007) identified 40 different volatile compounds from red seaweed Jania 
rubens. It consists of n-docosan, n-eicosan and tetra triacontane and found that methanol and chloroform 
extracts (4 mg/disc) showed more potent antimicrobial activity. S. ilicifolium was effective at a concentration 
of 4 and 6mg/disc with inhibition zone of 8 and 10 mm respectively against Fusarium oxysporum. The same 
seaweed was effective against M. phaseolina and produced an inhibition zone of 10 mm (Vallinayagam et 
al., 2009). The aqueous extracts from G. chilensis contained active compounds which are able to reduce the 
growth of P. cinnamomi under invitro condition (Edra Jimenez et al., 2011). The water extract of padina 
tetrastomatica and ethanolic extract of Padina tertrastromatica and Sargassum tenerrimum showed activity 
against Fusarium solani and Fusarium oxysporum by well diffusion and disc diffusion method respectively 
(Asnad and Tanver Abbass, 2014). 

Efficacy of various seaweeds tested against Fol. (Poison food technique) 
Five different seaweed extracts were screened at various concentrations against Fol (Table 10). 

Antifungal activity of the extracts of S. wightii @ 20% was found the minimal growth 10.5 mm, followed by 
Ulva lactuca @ 20% conc. which records the 9.6 mm, whereas Dictyota dichotoma @ 20% conc. it shows 
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the maximum growth (15.9 mm) among the different seaweeds. Ibraheem et al., (2017) revealed that the 
application of padina gymnospora, sargassum latifolium and hydroclathrus clathratus powders as soil 
amendments decreased the % of root rotting diseases. In this study, the brown seaweed was found to be more 
active than the green and red seaweed. The results were similar with the study by Lavanya and Veerappan 
(2011) has been reported that the brown seaweed extracts showed higher antifungal activity than the red 
seaweed extracts. 

The efficacy of various seaweeds tested against Fol 
Sl. No Seaweeds Common name Antimicrobial properties Place of collection 
1. Srgassum wightii Brown seaweed Phenol Rameshwaram 
2. Dictyota dichotoma Brown seaweed Ethyl acetate Kanyakumari 

3. Caulerpa racemosa Green seaweed Benzene Mandapam 

4. Caulerpa scalpelliformis Green seaweed Benzene Pamban 
5. Ulva lactuca Green seaweed Acetone Tuticorin 

Evaluation of seaweed extracts against F.o. f.sp. lycopersici (Agar well method) 

 
Evaluation of seaweeds extract against F.o. f.sp. lycopersici (Poison food technique) 
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Different seaweeds extract 

 
(1) Saragassum wightii, (2) Caulerpa racemosa, (3) Caulerpa saclpelliformis, 

(4) Dictyota dichotoma, (5) Ulva lactuca 

Seaweeds extract against Fusarium oxysporum f.sp. lycopersici (Agar well method) 

 
(1) Saragassum wightii 20%, (2) Ulva lactuca 20%, (3) Caulerpa racemosa 20% 

(4) Dictyota dichotoma 20%, (5) Caulerpa scalpelliformis 20%, (6) Control 

Seaweeds extract against Fusarium oxysporum f.sp. lycopersici (Poison food technique) 

 
(1) Saragassum wightii 20%, (2) Ulva lactuca 20%, (3) Caulerpa racemosa 20% 

(4) Dictyota dichotoma 20%, (5) Caulerpa scalpelliformis 20%, (6) Control 
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CHAPTER - 17 

EVALUATION OF PHOSPHOROUS AND MYCORRHIZAL INOCULTATION ON YIELD, 
UPTAKE OF NUTRIENTS AND QUALITY OF GROUNDNUT GENOTYPES 

P. Kamalakannan and K. Subash Chnadra Bose 
Department of Soil Science and Agricultural Chemistry, Annamalai University 

ABSTRACT 
The field experiments was conducted during the winter season of 2016 November. to 2017 

Febrauary. at Vanniyarpalayam village, Cuddalore district of Tamilnadu to evaluate of phosphorous and 
mycorrizhal inoculation on yield, uptake of nutrients and quality of groundnut genotypes.The experimental 
soil at vanniyarpalayam belonged to vadalapakkam series (Typic Haplustalf) with sandy loam in texture 
having pH of 5.8 and EC 0.27 dsm-1. It was high in organic carbon (2.6 gkg-1), low in nitrogen (196 kg ha-1), 
phosphorus (9.5 kg ha-1) and medium in potassium (232 kg ha-1). Treatment comprised of four levels of 
phosphorus (0, 25, 50 and 75 kg P2O5 ha-1) combined with present and absent of AM fungi @ 10 kg ha-1. Totally 
eight treatment combination were registered. The experiment laid out in Factorial Randomized Block Design 
with three replications and Tested with groundnut crop var. VRI-2 and G-5. Application of phosphorus @ 50 
kg P2O5 ha-1 along with AM inoculation @ 10 kg ha-1 (P50V1) recorded highest, pod and haulm yields and 
uptake of nutrients by groundnut genotypes than other phosphorus and AM 
inoculation combinations treatment. The treatments control recorded considerably low pod and haulm yield 
among the combination treatments. Phosphorus use efficiency was also significantly influenced by their 
combined application of phosphorus dose with AM inoculation. Application of phosphorus @ 50 kg ha-1 
along with AM inoculation @ 10 kg ha-1 also proved in superiority in increasing the content and uptake of 
major nutrients. By considering all the benefits, application of phosphorus @ 50 kg ha-1 and Arbuscular 
mycorrhizal inoculation @ 10 kg ha-1 would greatly benefit the farmer to realize higher yield and profit in 
acid soils of Cuddalore district. 

Keywords: mycorrhizal, genotypes, phosphorus, AM fungi. 

INTRODUCTION 
 India is world leader in groundnut farming with 10 Million hectare in the year of 2013 (FAO, 2013) 
.Groundnut (Arachis hypogaea L.) is an important oil seed crop and  most important edible oil used in grown 
is an area of 55.27 lakh ha with production of 96.72 lakh tonnes and productivity of 1.76 t ha-1 (2015-2016) 
in India. Tamil Nadu ranks third in the country with and area of  3.42 lakh ha contributing of 6.48 % and 
production of 9.62 lakh tonnes sharing 14.12 % with an average productivity of 2.81 t ha-1. Phosphorus is 
second essential macro nutrient which is required to build important molecules such as nucleic acids and 
phospholipids which play prime role during energy transfer in processes like NADPH, ATP and regulation 
of enzymatic and metabolic reactions. Phosphorus is one of the essential plant nutrients making up about 0.2 
% of plant weight compared with other major nutrients, Phosphorus is so far least mobile and steadily 
available to plants in most soil conditions. Most of soils in cuddalore district have available phosphorus as in 
tri-calcium phosphate (TCP), ferrous phosphate (FP) or ferric hydroxyl phosphate and aluminum phosphate. 
As a result, the role of mycorrizhal association is of significant importance for the P supply since the fungal 
hyphae extents into the soil and allows roots to explore a larger soil volume (Smith and Read, 1997). 
Arbuscular mycorrhizal association is considered to be widely symbiotic association between specific soil 
fungi and a plant root (Schubler et al., 2001). Major part of the beneficial effect of AM fungi is attributed to 
its role in phosphorus uptake and translocation through the involvement of phosphatases in the transport of 
phosphorus. (Charitha devi et al., 2001). 

MATERIALS AND METHODS 
The field experiment were carried out Vanniyarpalayam village, Kullanjavadi Taluk, Cuddalore 

district, during November 2016 to February 2017. The Experimental  soil having sandy loam in  texture 
(Typhic Haplustalf ) with pH 5.8 and EC 0.27 dsm-1. The soil analysed high in organic carbon, low in 
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alkaline KMnO4-N, low in Bray-1-P and medium in NH4OAC–K. the treatment considered four levels of 
phosphorus viz., P0, P25, P50 and P75 kg ha-1. The treatments were evaluated both in the presence of AM fungi 
@ kg ha-1 (V1) and absence of AM fungi (V0). Totally 8 treatment computed. The groundnut genotypes 
namely VRI-2 (Vridhachalam-2) and G-5 (Gujarat-5) were grown as a test crop. The required quantity of 
phosphorus was supplied through as per the treatment schedule. A uniform N and K dose of 17:54 kg ha-1 
was applied through urea and muriate of potash. The experiment was conducted in Factorial Randomized 
Block Design with three replications. The biometric observations viz., plant height, DMP, LAI, Number of 
pods plant-1, 100 seed weight, pod yield, haulm yield and shelling percentage were recorded. The appropriate 
soil samples were collected at flowering peg formation and harvest stages and analysed for various 
parameters like pH, EC, Organic carbon and major N, P, K nutrients. The total uptake of individual nutrients 
was computed by multiply the respond nutrient content DMP.  At harvest stage, the pod and haulm uptake 
were also computed. 

RESULT AND DISCUSSION 
On both varieties, significant increase in pod and haulm yield, uptake of major nutrients and quality 

of groundnut was noticed in 50 kg of P2O5 ha-1 along with AM inoculation @ 10 kg ha-1. Regarding 
phosphorus levels pod yield (Table 1) differences found in different levels of P2O5 @ 50 kg ha-1 gives 
significant increase in pod yield of 2683 kg ha-1 in VRI-2 and 2409 kg ha-1 in G-5 genotypes. It was followed 
by P75 and P25 due to higher supply of phosphorus increase extensive root system facilitate to uptake  
of other major and minor nutrients. AM inoculation is superior to no inoculation. AM inoculated plots gives 
2483 kg ha-1 in VRI-2, and 2208 kg ha-1 in G-5 where un inoculated plots as 2217 kg ha-1 in VRI and 970 kg 
ha-1 in G-5. The inoculated plots higher root absorption the extra radicular hyphae promoting plant growth of 
mycorrizhal plants. On haulm yield application of P and AM inoculation showed the superiority of 50 kg 
P2O5 ha-1 with AM inoculation which registered a haulm yield of 4200 kg ha-1 in VRI-2 and 3198 kg ha-1 in 
G-5 genotypes due to helped in extensive root system increase uptake of nutrients on all the stages of crop 
growth. 

The application of phosphorus @ 50 kg ha-1 along with AM inoculation @ 10kg ha-1 (P50V1) increased 
pod yield compared with individual application of phosphorus and AM inoculation. The increased in growth 
and yield characters of groundnut with application of phosphorus @ 50 kg ha-1 reported by Sharma and Yadav 
(1997) and Gonbrah et al. (2006). 

Nutrient uptake increased significantly due to inoculation of AM fungi compared with control. 
Combined application of P2O5 @ 50 kg ha-1 along with AM inoculation had superior effect on nutrient uptake 
(Table 2, 3, 4, 5, 6 and 7) over their individual application. The increase in NPK uptake might attributed due 
to maximum mobilize of phosphorus and other ionic nutrients to roots. The obtained results confirmation 
with similar kinds of studies made by various researches (Giri et al., 2005; Sharma and Johri, 2002 and 
Singh & Adholeya, 2002). 

The increased protein and oil content  (Table 8) of groundnut kernels due to the application of 
different levels of phosphorus and AM inoculation was well in the present investigation. In overall 
improvement of quality viz., protein and oil content, the combined application of phosphorus @ 50 kg ha-1 
and AM inoculation @ 10 kg ha-1 (P50V1) treatment recorded higher protein content. The impact of  NPK 
addition play a Major role in enhancing the glycoside content which upon hydrolysis and esterification 
resulted in higher oil content of  kernels. The protein content was due to more nitrogen content of kernels. 
Similar results were observed by Srinivasa Rao et al (2004) and Tiwari et al. (2012). Higher nutrient 
availability resulted in greater accumulation of N in their kernel and hence crude protein content of the pod 
increased due to higher P level and AM inoculation  (Christopher Lourdraj, 1998). 
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Table-1: Effect of phosphorus fertilization and mycorrhizal inoculation on pod and haulm (kg ha-1) 
yield of groundnut genotypes 

AM 
Levels 

P 
Levels  

(kg ha-1) 

POD YIELD HAULM YIELD 

VRI - 2 G - 5 VRI - 2 G - 5 

V0 V1 Mean V0 V1 Mean V0 V1 Mean V0 V1 Mean 

P0 1849 2010 1929 1610 1780 1695 2514 2869 2691 2001 2182 2091 

P25 2112 2292 2202 1868 2008 1930 3012 3250 3131 2301 2468 2384 

P50 2378 2989 2683 2121 2698 2409 3390 4200 3794 2598 3198 2898 

P75 2532 2642 2587 2281 2348 2314 3594 3748 3671 2772 2907 2839 

Mean 2217 2483 2350 1970 2208 2087 3127 3516 3321 2418 2689 2553 

Factor V P V X P V P V X P V P V X P V P V X P 

CD 124.15 134 144 110.4 120 125.6 171 190.5 201.2 130.4 142.2 150.5 

SED 62.07 67 72.4 55.2 60 62.8 79.53 88.57 93.7 60.79 66.29 70.1 

Table-2: Effect of phosphorus fertilization and mycorrhizal inoculation on nitrogen uptake (kg ha-1) by VRI-2 
groundnut genotype 

AM              
Levels 

P 
Levels  

(kg ha-1) 

FS PFS Pod Haulm 

V0 V1 Mean V0 V1 Mean V0 V1 Mean V0 V1 Mean 

P0 30.12 32.78 31.45 48.85 52.76 50.80 53.90 58.12 56.01 46.21 49.91 48.06 

P25 34.52 36.98 35.75 55.80 59.82 57.81 61.80 66.32 64.06 53.02 56.70 54.86 

P50 38.90 46.98 42.94 63.01 75.79 69.41 70.02 84.25 77.13 59.61 70.48 65.04 

P75 41.28 42.98 42.13 66.89 70.02 68.45 74.49 78.20 76.34 63.41 66.48 64.94 

Mean 36.20 39.93 38.06 58.63 64.59 61.61 64.93 71.72 68.32 55.56 60.49 58.02 

Factor V P V x P V P V x P V P V x P V P V x P 

CD 1.95 2.09 2.18 32.29 3.47 3.69 3.58 3.81 4.1 3.02 3.25 3.44 

SED 0.90 0.97 1.01 15.05 1.61 1.72 1.66 1.77 1.91 1.40 1.51 1.60 

Table-3: Effect of phosphorus fertilization and mycorrhizal inoculation on nitrogen uptake (kg ha-1) by G-5 
groundnut genotype 

AM                    
Levels 

P 
Levels 
(kg ha-

1) 

FS PFS Pod Haulm 

V0 V1 Mean V0 V1 Mean V0 V1 Mean V0 V1 Mean 

P0 21.06 22.84 21.95 41.31 44.72 43.01 45.03 48.71 46.87 38.06 41.29 39.67 

P25 24.19 26.18 25.18 47.68 50.61 49.14 51.89 55.60 53.74 43.85 46.98 45.41 

P50 27.49 33.43 30.46 53.18 64.70 58.94 58.61 71.21 64.91 49.68 60.27 54.97 

P75 29.21 30.52 29.86 56.79 59.61 58.20 62.18 65.26 63.72 52.92 55.53 54.21 

Mean 25.48 28.24 26.86 49.74 54.91 52.32 54.42 60.19 57.30 46.12 51.01 48.56 

Factor V P V x P V P V x P V P V x P V P V x P 

C.D 1.42 1.53 1.67 2.74 2.94 3.15 3.00 3.24 3.46 2.55 2.74 2.93 

S.Ed 0.66 0.71 0.77 1.25 1.37 1.46 1.39 1.51 1.61 1.18 1.27 1.36 



 

Recent Innovations in Biosustainability and Environmental Research II 

Eds., V. I. Paul, M. Muthulingam,  A. Elangovan, J. Nelson  Samuel Jebastin Page 94 

Table-4: Effect of phosphorus fertilization and mycorrhizal inoculation on phosphorus uptake (kg ha-1) by 
VRI-2 groundnut genotype 

AM               
Levels 

P 
Levels 

(kg 
ha-1) 

FS PFS Pod Haulm 

V0 V1 Mean V0 V1 Mean V0 V1 Mean V0 V1 Mean 

P0 4.71 5.31 5.01 7.98 8.78 8.38 7.92 8.60 8.28 7.96 8.81 8.38 
P25 5.51 5.98 5.74 9.12 10.02 9.57 9.02 9.21 9.11 9.23 10.08 9.65 
P50 6.21 7.98 7.09 10.46 12.70 11.58 9.59 11.62 10.60 10.59 12.79 11.69 
P75 6.72 6.95 6.83 10.84 11.21 11.12 10.28 10.72 10.50 11.34 11.84 11.57 

Mean 5.78 6.55 6.16 9.60 10.67 10.13 9.20 10.04 9.62 9.78 10.87 10.32 
Factor V P V x P V P V x P V P V x P V P V x P 

C.D 0.31 0.35 0.35 0.51 0.5 0.57 0.52 0.53 0.57 0.53 0.58 0.62 
S.Ed 0.14 0.16 0.16 0.23 0.23 0.26 0.24 0.24 0.26 0.24 0.27 0.28 

Table-5: Effect of phosphorus fertilization and mycorrhizal inoculation on phosphorus uptake (kg ha-1) by 
G-5 groundnut genotype 

AM               
Levels 

P 
Levels 

(kg 
ha-1) 

FS PFS Pod Haulm 

V0 V1 Mean V0 V1 Mean V0 V1 Mean V0 V1 Mean 

P0 3.69 4.09 3.89 6.55 7.28 6.91 5.41 6.02 5.71 6.95 7.63 7.29 
P25 4.29 4.83 4.56 7.62 8.31 7.96 6.36 6.98 6.67 7.95 8.69 8.32 
P50 5.00 5.98 5.49 8.59 10.68 9.63 7.13 9.31 8.22 8.92 11.23 10.07 
P75 5.34 5.54 5.44 9.33 9.68 9.50 7.79 8.12 7.95 9.51 9.72 9.61 

Mean 4.58 5.11 4.84 8.02 8.98 8.5 6.67 7.60 7.13 8.33 9.31 8.82 
Factor V P V x P V P V x P V P V x P V P V x P 

C.D 0.25 0.27 0.28 0.44 0.48 0.50 0.38 0.41 0.43 0.46 0.50 0.51 
S.Ed 0.10 0.12 0.13 0.20 0.22 0.23 0.17 0.19 0.20 0.21 0.23 0.23 

Table-6: Effect of phosphorus fertilization and mycorrhizal inoculation on Potassium uptake (kg ha-1)  by 
VRI-2 groundnut genotype 

AM           
Levels 
P 

Levels  
(kg 

ha-1) 

FS PFS Pod Haulm 

V0 V1 Mean V0 V1 Mean V0 V1 Mean V0 V1 Mean 

P0 25.12 27.59 26.35 39.02 42.51 40.76 21.23 23.52 22.37 34.66 37.65 36.15 
P25 29.31 31.76 30.53 45.32 48.81 47.06 24.80 26.68 25.74 36.93 42.78 41.35 
P50 33.47 41.75 37.61 51.53 62.35 56.94 27.81 33.89 30.85 45.21 54.18 49.69 
P75 35.81 37.32 36.56 54.85 57.41 56.13 29.67 31.02 30.34 48.35 50.58 49.46 

Mean 30.92 34.60 32.76 47.68 52.77 50.22 25.87 28.77 27.32 42.03 46.29 44.16 
Factor V P V x P V P V x P V P V x P V P V x P 

C.D 1.70 1.81 1.98 2.62 2.84 3.03 1.43 1.54 1.64 2.31 2.41 2.67 
S.Ed 0.79 0.84 0.92 1.22 1.32 1.41 0.66 0.71 0.76 1.07 1.12 1.24 
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Table 7. Response of phosphorus fertilization and mycorrhizal inoculation on Potassium uptake by G-5 (kg ha-1) 
groundnut genotype 

AM           
Levels 

P 
Levels 

(kg 
ha-1) 

FS PFS Pod Haulm 

V0 V1 Mean V0 V1 Mean V0 V1 Mean V0 V1 Mean 

P0 22.33 24.28 23.30 36.2 39.36 37.78 18.00 19.58 18.79 31.01 33.59 32.30 
P25 25.81 27.89 26.85 41.89 44.63 43.26 20.66 22.28 21.47 35.65 38.36 36.00 
P50 29.35 36.28 32.81 47.08 57.31 52.19 23.41 29.12 26.26 40.44 49.92 45.18 
P75 31.39 32.95 32.17 49.84 52.19 51.01 25.03 26.19 25.61 43.08 45.21 44.14 

Mean 27.22 30.35 28.78 43.75 48.37 46.06 21.27 24.29 23.03 37.54 41.77 39.65 
Factor V P V x P V P V x P V P V x P V P V x P 

C.D 1.51 1.64 1.73 2.41 2.60 2.76 1.21 1.31 1.37 2.08 2.25 2.39 
S.Ed 0.70 0.76 0.80 1.12 1.21 1.28 0.56 0.61 0.63 0.96 1.04 1.11 
Table-8: Effect of phosphorus fertilization and mycorrhizal inoculation on oil and crude protein 

content (%) of groundnut genotypes 
AM           

Levels 
P 
Levels  
(kg ha-1) 

OIL CONTENT CRUDE PROTEIN 
VRI - 2 G - 5 VRI - 2 G - 5 

V0 V1 Mean V0 V1 Mean V0 V1 Mean V0 V1 Mean 

P0 47.17 47.66 47.41 44.17 44.61 44.39 25.45 25.51 25.48 25.07 25.39 25.23 
P25 48.02 48.33 48.17 45.18 45.57 45.37 25.72 25.96 25.84 25.76 26.00 25.88 
P50 48.99 50.71 49.85 45.81 47.35 46.58 26.15 27.16 26.65 26.14 26.50 26.32 
P75 49.28 50.14 49.71 46.19 46.72 46.45 26.27 26.84 26.55 26.21 26.39 26.30 

Mean 48.36 49.21 48.78 45.33 46.06 45.69 25.89 26.36 26.12 25.79 26.07 25.93 
Factor V P V X P V P V X P V P V X P V P V X P 

CD 2.46 2.49 2.50 2.30 2.34 2.35 1.31 1.33 1.35 1.30 1.31 1.32 
SED 1.17 1.18 1.19 1.09 1.11 1.12 0.62 0.63 0.64 0.61 0.62 0.63 
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CHAPTER - 18 

PHYTOTOXIC EFFECT OF CADMIUM (Cd) ON BLACK GRAM VIGNAMUNGO (L.) HEPPER 

S. Karuthamma1, T. Ravi Mycin2 and K. Prakash3 

Research Scholar1,3 and Associate Professor2, Environmental Biotechnology Lab, Department of Botany, 
Annamalai University 

ABSTRACT 
The present study deals with the effect of different concentration of cadmium (cd)on the growth, 

morphological parameter, biochemical, content of different varieties of black gram plant. The black gram 
plants were raised in pots containing the soil (2kg) with different concentrations of cadmium (cd) (control, 
2.5,5,7.5,10, 12.5 mg kg-1 soil).  Three replicates were maintained for each level. The plant samples were 
collected at15,30,45,60 and 75th DAS for the measurement of different growth parameters. The selection of 
morphological parameters such as root length, shoot length, number of leaves, number of nodules, total leaf area, 
fresh and dry weights ofblack gram were determined for all the sampling days. The biochemical 
componentsuch as chlorophyll ‘a’, chlorophyll ‘b’, total chlorophyll, content of black gramplants were 
estimated among the sampling days. All the parameters increased in control treatments, but 12.5 mg kg-1 

cadmium (cd) treatment decreased among the growth and biochemical parameters of black gram. 

Keywords: cadmium (cd), morphological parameter, biochemical content, 

INTRODUCTION 
Environmental pollution is one of the most serious problems facing humanity and other life forms on 

our planet today. Environmental pollution is defined as “the contamination of the physical and biological 
components of the earth/atmosphere system to such an extent that normal environmental processes are 
adversely affected.” Pollutants can be naturally occurring substances or energies, but they are considered 
contaminants when in excess of natural levels. Any use of natural resources at a rate higher than nature’s 
capacity to restore itself can result in pollution of air, water, and land.(Iyyanki 
V. Muralikrishna, Valli Manickam, in Environmental Management, 2017)  Cadmium is a metal with rather 
low boiling and melting points, and no known biological function. It is estimated that approximately 70 per 
cent of environmental Cd has been produced anthropogenically in the past 30 years. Natural occurrence of 
Cd is closely linked to ores of zinc, lead-zinc and lead-copper-zinc. Its presence is limited to metallic forms, 
as no organometallic compounds of Cd have been detected in environmental samples.The availability of Cd 
to organisms is greatly influenced by physico-chemical properties such as redox, pH, cation exchange 
capacity (CEC), type of soil, and organic matter content. Clays with high cation exchange capacity (e.g., 
montmorillonite) may protect organisms from Cd toxicity, and thus the toxicity of this particular metal is 
closely linked to the presence of clay minerals with this adsorption-exchange property (Thornton, 1981) 

MATERIALS AND METHODS 
Plastic cup Experiments 

The seeds Black gram (ADT6,T9,T6,VAMBAN-2,VAMBAN-3) was obtained from Tamilnadu 
Agricultural University (TNAU), Coimbatore and Tamilnadu. The uniform seeds are selected for the 
experimental purpose. Source of Cd (Cadmium chloride (CdCl2) stock solution prepared by dissolving the 
molecular weight of (Cd) and different concentrations viz., (Control2.5,5,7.5,10, 12.5 mg kg-1 soil) of (Cd) 
the solution were prepared freshly at the time of experiments. The plastic cups were filed with 1 Kg of 
garden soil, selected black gramseeds were sown in the plastic cup and one set of plastic cup irrigated with 
normal tap water was maintained as the control. 

Shoot length and root length (cm/seedling) 
Five plants from each plastic cup were randomly selected for 14th days of seedlings recorded the 

shoot length and root length of experimental plants. They were measured by using centimeter scale (Cm). 
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Total leaf area 
Five plant samples were collected at 14th day sampling seedlings and the length and breadth of the 

leaf samples were measured and recorded. The total leaf area was calculated by using the Kemps constant 
[10]. 

Total leaf area = L × B × K 

Where, L - length, B - breadth and K - Kemp’s constant (for dicot - 0.66). 

Fresh weight and dry weight (g/seedling) 
Five plant samples were randomly selected at 14th day seedlings. Their fresh weight was taken by 

using an electrical single pan balance. The fresh plant materials were kept in a hot air over at 80°C for 24 hr 
and then their dry weight were also determined. 

Vigour index 
Vigour index of the seedlings were calculated by using the formula proposed by [11].  Vigour index 

= Germination percentage × seedling length. 

Chlorophyll (Arnon, 1949) 
Five hundred mg of fresh leaf material was ground in a mortar and pestle with 10 mL of 80 per cent 

acetone. The homogenate was centrifuged at 800 rpm for 15 min. The supernatant was saved. The residue was 
re-extracted with 10 mL of 80 per cent acetone. The supernatant was saved and the absorbance values were 
read at 645 and 663 nm using a UV-Spectrophotometer (Hitachi). The chlorophyll ‘a’, chlorophyll ‘b’ and 
total chlorophyll contents were estimated and expressed in mg g-1 fresh weight basis. 
Chlorophyll ‘a’  =  (0.0127)  (O.D 663) – (0.00269)  (O.D 645) 
Chlorophyll ‘b’   =  (0.0229)  (O.D 645) – (0.00488)  (O.D 663) 
RESULT 

The seed germination percentage of Black gram varieties were recorded on 7th day after seed sowing 
which are given in Table-1. The maximum seed germination percentage of Black gram varieties was found 
in ADT6 as compare to others varieties of Black gram in all treatment concentrations. The lowest seed 
germination was found in T6 variety. 

An influence of cadmium on the shoot length of Black gram varieties was presented in Table-
2.Among Black gram varieties the highest shoot length was recorded in ADT6 with comparison of other 
varieties. The lowest shoot length was recorded in T6variety. The effect of cadmium on the root length Black 
gram varieties was shown in Table-3. The maximum root length was observed in  ADT6compare to other 
varieties. The minimum root length was observed in T6variety.The effect of cadmium on the no of leaves, 
fresh weight and dry weight of Black gram varieties is shown in Table-4,5 and 6. The variety ADT6was 
shown in better result in all analyzed parameters compare to other varieties. 

The influence of cadmium on different varieties of Cow pea of Vigour index, Tolerance index and  
Phytotoxicity are depicted in Table 7,8 and 9. The maximum Vigour index, Tolerance index and  
Phytotoxicity were observed in ADT6as compare to other varieties. The photosynthetic pigment such as 
chlorophyll a, b and total chlorophyll content of different varieties Cow pea are given in Table- 10,11 and 12. 
The highest photosynthetic pigment content was found in ADT6as compare to other varieties. 

DISCUSSION 
However, decline in water absorption and transport along with water stress tolerance (Barcelo et al., 

1988) resulting in lower plant growth and development. Moreover, reduction of germination under Cr (VI) 
stress, is probably due to increase of protease activity and decrease in a- and b- amylase activities (Zeid, 
2001; Parmar et al., 2002). The suppression of germination rate was only recorded at higher Cr 
concentration. This perhaps due to the disruption in seed coat permeability (Hou et al., 2014). The reduction 
in growth of shoot and root might be due to reduction in cell division, deleterious effect of Hg (II) on 
photosynthesis, respiration and protein synthesis (Vijayaragavan et al., 2011). Moreover, it may be suggested 
that the suppression in root growth may be due to inhibition of root cell division or elongation, or to the 
extension of the cell cycle (Ryan et al., 1997). 
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This decrease indicates that the chlorophyll synthesis system and chlorophyllase activity were 
affected by the exposure to high cadmium concentrations as suggested by (Assche and Clijsters, 1990)The 
present study concluded  that the seed and seedling of black gram has potential to counteract the deleterious 
effects of cadmium metal in soil. 

Table-1: Effect of Cadmium on seed germination percentage of Vigna mungo (L)Hepper. On 7th DAS 

Table-2: Effect of Cadmium on shoot length of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 
Treatments 

Shoot length 
T6 T9 ADT6 vamban-3 Vamban-3 

Control 12.0±0.36 12.8±0.384 14.2 ±0.426 13.1±0.393 13.4±0.402 

2.5 mg/kg 10.5±0.315 11.2±0.336 13.8  ±0.414 12.6±0.378 12.1±0.363 

5 mg/kg 8.0±0.24 9.4±0.282 10.2  ±0.306 9.6±0.288 10.0±0.3 

7.5 mg/kg 6.3±0.189 6.8±0.204 9.0 ±0.27 7.2±0.216 8.4±0.252 
10 mg/kg 3.2±0.096 4.5±0.135 7.5 ±0.225 5.3±0.159 5.2±0.156 
12.5 mg/kg 2.6±0.078 3.2±0.096 5.2 ±0.156 3.6±0.108 3.6±0.108 

 

Table-3: Effect of Cadmium on Root length of Vignamungo (L)Hepper. On 7th DAS 

Table-3: Effect of Cadmiumon Root length of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 

Treatments 
No. of Leaves 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 2±0.06 2±0.06 2±0.06 2±0.06 2±0.06 

2.5 mg/kg 2±0.06 2±0.06 2±0.06 2±0.06 2±0.06 
5 mg/kg 2±0.06 2±0.06 2±0.06 2±0.06 2±0.06 

7.5 mg/kg 2±0.06 2±0.06 2±0.06 2±0.06 2±0.06 
10 mg/kg 1±0.03 1±0.03 2±0.06 1±0.03 1±0.03 

12.5 mg/kg - - 10.03 - - 

cadmium 
Treatments 

Seed Germination Percentage (DAS) 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 92±2.76 92±2.76 98 ±2.94 95 ±2.85 93±2.79 

2.5 mg/kg 88±2.64 85±2.55 90 ±2.7 83±2.49 84±2.52 
5 mg/kg 75±2.25 70±2.1 82±2.46 78 ±2.34 76 ±2.28 

7.5 mg/kg 66±1.98 58±1.74 72 ±2.16 71 ±2.13 70 ±2.1 
10 mg/kg 32±0.96 30±0.9 61±1.83 62 ±1.86 60±1.8 

12.5 mg/kg 25±0.75 29±0.87 42 ±1.26 35±1.05 34±1.02 

Cadmium 
Treatments 

Root length 
T6 T9 ADT6 vamban-3 Vamban-3 

Control 4.5±0.135 4.7±0.141 6.1±0.183 4.3±0.129 4.3±0.129 
2.5 mg/kg 3.4±0.102 3.6±0.108 5.2 ±0.156 3.7±0.111 3.4±0.102 
5 mg/kg 3.1±0.093 3.0±0.09 4.0 ±0.12 3.0±0.09 2.8±0.084 

7.5 mg/kg 2.5±0.075 2.7±0.081 4.0 ±0.12 2.6±0.078 1.6±0.048 
10 mg/kg 1.8±0.054 2.3±0.069 3.4±0.102 2.0±0.06 0.8±0.024 

12.5 mg/kg 1.5±0.045 2.0±0.06 2.8±0.084 1.7±0.051 0.5±0.015 
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Table-4: Effect of Cadmiumon No. of leaves of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 

Treatments 
Fresh weight (g.fr.wt) 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 8.0±0.24 8.5±0.255 10.7 ±0.321 8.6±0.258 8.6±0.258 

2.5 mg/kg 5.2±0.156 5.7±0.171 8.1±0.243 6.8±0.204 7.2±0.216 
5 mg/kg 4.2±0.126 4.8±0.144 7.2 ±0.216 5.1±0.153 6.4±0.192 

7.5 mg/kg 3.0±0.09 4.1±0.123 5.4 ±0.162 4.2±0.126 5.2±0.156 
10 mg/kg 2.1±0.063 3.4±0.102 3.0 ±0.09 3.0±0.09 2.8±0.084 

12.5 mg/kg 1.3±0.039 2.0±0.06 2.8 ±0.084 1.5±0.045 1.9±0.057 

Table-5: Effect of Cadmiumon fresh weight of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 

Treatments 
Dry weight (g.dr.wt) 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 3.08±0.0924 3.15±0.094 4.90±0.147 3.19±0.095 3.24±0.097 

2.5 mg/kg 2.23±0.0669 2.58±0.077 3.77±0.113 2.68±0.080 2.74±0.082 
5 mg/kg 0.99±0.029 1.05±0.031 2.28±0.068 1.40±0.042 1.51±0.045 

7.5 mg/kg 0.76±0.0228 0.92±0.027 1.23±0.036 0.97±0.029 1.00±0.03 
10 mg/kg 0.52±0.015 0.59±0.017 0.69±0.020 0.61±0.018 0.69±0.020 

12.5 mg/kg 0.24±0.0072 0.28±0.008 0.31±0.009 0.22±0.006 0.28±0.008 

Table-6: Effect of Cadmiumon dry weight of Vignamungo (L) Hepper. On 7th DAS 
Cadmium 

Treatments 
chlorophyll ‘a’ (mg.fr.wt) 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 1.093±0.032 1.170±0.035 1.635±0.049 1.285±0.038 1.420±0.042 

2.5 mg/kg 0.789±0.023 0.802±0.024 0.978±0.029 0.880±0.026 0.904±0.027 
5 mg/kg 0.432±0.012 0.600±0.018 0.702±0.021 0.653±0.019 0.697±0.020 

7.5 mg/kg 0.192±0.005 0.213±0.006 0.536±0.016 0.302±0.009 0.386±0.011 
10 mg/kg 0.095±0.002 0.108±0.003 0.384±0.011 0.170±0.005 0.193±0.005 

12.5 mg/kg 0.035±0.001 0.046±0.001 0.179±0.005 0.095±0.002 0.106±0.003 

Table-7: Effect of Cadmiumon chlorophyll ‘a’ of Vignamungo (L)Hepper. On 7th DAS 

Cadmium 
Treatments 

 
chlorophyll ‘b’ (mg.fr.wt) 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 0.692±0.020 0.708±0.021 0.992±0.029 0.722±0.021 0.763±0.022 

2.5 mg/kg 0.574±0.017 0.612±0.018 0.870±0.026 0.645±0.019 0.690±0.020 
5 mg/kg 0.330±0.009 0.461±0.013 0.725±0.021 0.520±0.015 0.573±0.017 

7.5 mg/kg 0.284±0.008 0.305±0.009 0.462±0.013 0.409±0.012 0.312±0.009 
10 mg/kg 0.165±0.004 0.189±0.005 0.201±0.006 0.186±0.005 0.155±0.004 

12.5 mg/kg 0.083±0.002 0.102±0.003 0.160±0.004 0.115±0.003 0.128±0.003 

Table-8: Effect of Cadmiumon chlorophyll ‘b’ of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 

Treatments 
Total chlorophyll (mg.fr.wt) 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 1.785±0.053 1.878±0.056 2.627±0.078 2.007±0.060 2.112±0.063 

2.5 mg/kg 0.863±0.025 1.414±0.042 1.848±0.055 1.525±0.045 1.594±0.047 
5 mg/kg 0.762±0.022 2.061±0.061 1.427±0.042 1.173±0.035 1.27±0.038 

7.5 mg/kg 0.446±0.013 0.518±0.015 0.998±0.029 0.711±0.021 0.698±0.020 
10 mg/kg 0.26±0.007 0.497±0.014 0.585±0.017 0.356±0.010 0.348±0.010 

12.5 mg/kg 0.118±0.003 0.148±0.004 0.336±0.010 0.21±0.006 0.234±0.007 



 

Recent Innovations in Biosustainability and Environmental Research II 

Eds., V. I. Paul, M. Muthulingam,  A. Elangovan, J. Nelson  Samuel Jebastin Page 101 

Table-9: Effect of Cadmiumon Total chlorophyll of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 

Treatments 
Vigour index 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 1976±59.28 1990±59.7 2112±63.36 1982±59.46 1934±58.02 

2.5 mg/kg 1648±49.44 1692±50.76 1724±51.72 1670±50.1 1610±48.3 
5 mg/kg 992±29.76 1002±30.06 1310±39.3 1105±33.15 1096±32.88 

7.5 mg/kg 823±24.69 856±25.68 920±27.6 810±24.3 729±21.87 
10 mg/kg 349±10.47 390±11.7 482±14.46 402±12.06 486±14.58 

12.5 mg/kg 195±5.85 199±5.97 208±6.24 188±5.64 174±5.22 
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CHAPTER - 19 

EFFECT OF CHROMIUM ON GREEN GRAM (VIGNA RADIATA) 

Dr. T. Ravi Mycin1, K. Prakash2 and Karuthamma3 
Associate Professor1 and Research Scholar2,3, Environmental Biotechnology Lab, Department of Botany, 

Annamalai University 

ABSTRACT 
A laboratory experiment was conducted to determine the effect of [Chromium (Cr) Potassium 

dichromate (K2Cr2O7)] on seed germination and seedling growth of green gram [Vigna radiate (L.) Walp.]. 
The seeds were treated under control, 2.5, 5, 7.5, 10, 12.5 and 15 mg of Cr. Every treatment was replicated 
thrice in a randomized block design. Observations were complete on germination percentage, root and shoot 
length, number of leaves, total leaf area, fresh and dry weights of seedling and vigour index content of green 
gram seedlings at 15th days of seedlings. The results measured increase in Cr concentration under different 
treatments significantly leads to inhibition of seed germination and other growth parameters are recorded. 

Keywords: Potassium dichromate (K2Cr2O7), green gram, phytotoxicity, vigour index, morphological 
parameters, pigments content. 

INTRODUCTION 
Environmental pollution is one of the most serious problems facing humanity and other life forms on 

our planet today. Environmental pollution is defined as “the contamination of the physical and biological 
components of the earth and atmosphere system to such an extent that normal environmental processes are 
adversely affected.” Pollutants can be naturally occurring substances or energies, but they are considered 
contaminants when in excess of natural levels. Any use of natural resources at a rate higher than nature’s 
capacity to restore itself can result in pollution of air, water, and land. . Pollution has many forms, the air we 
breathe, the water we drink, the ground where we cultivate our food crops and even the increasing noise we 
hear everyday-all contribute to health problems and lesser quality of life, Metal pollution of agricultural soils 
by distinctive declaration or by discarding of industrial and sewage sludge constitutes a risk of each 
discharge of metals into the groundwater, The most dangerous are: cadmium, lead, mercury that can be 
harmful to human health even in very low concentrations, as well as being highly toxic and non-degradable. 
They accumulate in those organisms that occupy the highest levels in the food pyramid: mercury pollution in 
the sea provokes the concentration of this metal in fish and the organisms that eat the fish, including men. 
Mercury that derives from the dumping of industrial waste and that reaches the sea is ever lasting and 
continues its cycle by passing from one organism to another through the food chain. 

MATERIALS AND METHODS 
The present research work was to find out the effect of different concentrations of chromium on seed 

germination of green gram. 

Plastic cup experiments 
The seeds green gram (Vigna radiata) variety (Co-8) was obtained from Tamilnadu Agricultural 

University (TNAU), Coimbatore and Tamilnadu. The uniform seeds are selected for the experimental 
purpose. Source of Cr (Potassium dichromate (K2Cr2O7)) stock solution prepared by dissolving the molecular 
weight of (Cr) and different concentrations viz., (control, 2.5, 5, 7.5, 10, 12.5 and 15 mg) of Cr the solution 
were prepared freshly at the time of experiments. The plastic cups were filed with 1 kg of garden soil, 
selected green gram seeds were sown in the plastic cup and one set of plastic cup irrigated with normal tap 
water was maintained as the control. 

Shoot length and root length (cm/seedling) 
Five plants from each plastic cup were randomly selected for 14th days of seedlings recorded the 

shoot length and root length of experimental plants. They were measured by using centimeter scale (cm). 
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Root nodules 
Five plants from each plastic cup with intact roots were removed with the help of digging fork. The 

root nodules were carefully separated from the soil by gently pinching and washing the soil particles. The 
root nodules were counted and recorded. 

Total leaf area 
Five plant samples were collected at 14th day sampling seedlings and the length and breadth of the 

leaf samples were measured and recorded. The total leaf area was calculated by using the Kemps constant. 
Total leaf area = L × B × K Where, L - length, B - breadth and K - Kemp’s constant (for dicot - 0.66). 

Fresh weight and dry weight (g/seedling) 
Five plant samples were randomly selected at 14th day seedlings. Their fresh weight was taken by 

using an electrical single pan balance. The fresh plant materials were kept in a hot air over at 80°C for 24 h 
and then their dry weight were also determined. 

Vigour index 
 Vigour index of the seedlings was calculated by using 
the formula proposed by Abdul-Baki and Anderson (1973). 

Vigour index = Germination percentage × Length of seedling 

Cr 
Treatments 

G (%) Root 
length 
(cm) 

Shoot 
length  
(cm) 

Number  
of leaf 

Total 
leaf 
area 

Fresh  
weight    
(mg. fr. 

wt.) 

Dry 
weight  

(mg. dr. 
wt.) 

Vigour 
index 

Control 95±4.75 5.2±0.26 14.2±0.71 7±0.35 3.6±0.18 4.54±0.22 1.51±0.07 1349±67.45 
2.5 mg 88±4.4 4.8±0.24 12.5±0.62 6.2±0.31 3.5±0.17 3.41±0.17 1.13±0.05 1100±55 
5 mg 72±3.6 4.2±0.21 10.4±0.52 5.9±0.29 3.1±0.15 2.59±0.12 0.86±0.04 748±37.4 

7.5 mg 65±3.25 3.9±0.19 9.8±0.49 5.8±0.29 2.9±0.14 2.12±0.10 0.70±0.03 637±31.8 
10 mg 56±1.68 3.6±0.18 8.5±0.42 5.2±0.26 2.5±0.12 2.00±0.10 0.66±0.03 476±23.8 

12.5 mg 45±1.35 3.4±0.17 6.9±0.34 4.9±0.24 2.2±0.11 1.95±0.09 0.65±0.03 310±15.5 
15 mg 38±1.14 3±0.15 5.6±0.28 4.2±0.21 1.5±0.07 1.24±0.06 0.41±0.02 212±16.7 

RESULTS AND DISCUSSION 
Chromium (Cr) is one of several heavy metals that cause severe environmental contamination in soil, 

sediments and groundwater. Wastes coming from chromium related industries, such as tanneries, 
electroplating and mining activities contribute to most of the chromium contamination; however, in 
tamilnadu tanning industry is the main recognized Cr polluting industry. The present investigation has been 
carried out to find out the effect of chromium on seed germination, seedling growth, morphological 
parameters, of green gram plants. 

The germination percentage, seedling growth and fresh weight, dry weight,  no of leaf, total leaf area,  of 
green gram  seedlings increased in high level of chromium treatment. Reduction in seed germination 
percentage and growth at higher concentrations of metals might be due to the higher amount of toxicity, 
which caused changes in the osmotic association of the seed and water. 

The reduced germination of seeds under Cr stress could be a depressive effect of Cr on the activity 
of amylases and on the succeeding transport of sugars to the embryo axes. Protease activity, on the other 
hand, increases with the Cr treatment, which could also contribute to the reduction in germination of Cr-
treated seeds. Decrease in root growth is a well-documented effect due to heavy metals stress in crops. 
Decreased root length in plants was due to Cr stress and inhibited root cell division unable roots to absorb 
water. Present findings also agreed these documentations following inhibition in plant height comprising root 
and shoot length. It predicts stressed efficiency of plant growth hormones and abnormal longitudinal cell 
division due to increased osmotic pressure along Cr accumulation. Similarly at Cr concentration 2.5 mg 
chromium treatment, root length and plant growth was affected significantly. Reported that heavy metals 
could affect the density and distribution of beneficial Rhizobium leguminosarum at soil and plant level. The 
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most prominent effect of heavy metals in plants is the inhibition of growth because of the direct exposure of 
roots to heavy metals. Inhibition of growth is considered to be primarily the result of inhibition of cell 
elongation, at least in early stages of toxicity, while reduced cell division can obviously affect growth and 
leaf area in older stage. The appearances of the inhibited dry matter production were also observed in all 
parts of the plant at all growth stages at all levels of Cr. Likewise, Cr toxicity also interferes with the water 
relation and membrane permeability and causes the break of photosynthesis and resulted in a decrease in the 
growth of plants effected to metal stress. 
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CHAPTER - 20 

FIELD EVALUATION OF NEW FUNGICIDE MOLECULE (AMISTAR TOP 325 SC) AGAINST 
SUGARCANE RED ROT INCITED BY COLLETOTRICHUM FALCATUM 

R. Udhayakumar, K. Rajamohan, S. Sanjaygandhi, M. Thamaraiselvi and L.Vengadeshkumar 
Assistant Professor, Department of Plant Pathology, Faculty of Agriculture, Annamalai University 

ABSTRACT 
Red rot is one of the major constraints in the profitable cultivation of sugarcane in many states of 

India. This disease drastically retards the yield and considerably deteriorates the juice quantity and quality 
thus hitting both the cane growers and millers. Many good varieties have gone out of cultivation due to red 
rot.A new molecule of Amistar Top 325 SC was tried against red rot of sugarcane. Field evaluation for two 
season results revealed that, spraying Amistar Top 325 SC @1.25 ml/lit recorded the lowest PDI of 4.60 and 
5.20 per cent in first and second season respectively. This was followed by Amistar Top 325 SC @ 1.0ml/lit 
(5.00 and 5.50 PDI) as against 21.40 and 31.80 PDI in untreated check at 210 Days after planting. The 
standard checks viz., Carbendazim recorded 13.10 and 18.30 PDI and Mancozeb recorded 18.80 and 23.70 
PDI at 210 Days after planting. Similarly, Amistar Top 325 SC@ 1.25 ml/lit of water recorded significantly 
higher sugarcane yields of 89.3 and  93.45 t/ha as against 66.40  and 68.80 t/ha in untreated check at first 
and second season respectively. The yield parameters like Brix percentage, Sucrose, Commercial Cane 
Sugar (CCS) and NMC/clumps were also recorded higher values in all the doses of Amistar Top 325 SC 
followed by standard checks when compared with untreated control in both seasons. 

Keywords: Amistar Top 325 SC, sugarcane and red rot 

INTRODUCTION 
Sugarcane (Saccharum officinarum L.), one of the most important cash crop of India, plays 

enormous role in the economy of India. It is grown in the tropical and subtropical regions of the world. Due 
to its wide range of adaptability, it supplies more than 60% of world sugar and basic raw material for Indian 
sugar industry, which is second to textile industry in the country. Molasses are used for the synthesis of 
alcohol, bio-compost, etc., while bagasse is used as fodder for farm animals during the winter season, which 
helps alleviating the shortage of green fodder. Cane crushed material are used as fuel and its juice is very 
popular among the people during hot summer season. Among various factors responsible for low yield, 
diseases are the major cause. Over 100 fungi, 10 bacteria and 10 viruses and about 50 species of nematodes 
are pests of sugarcane in different parts of the world (Singh and Waraitch, 1981). More  than  100  diverse  
diseases  have  been  reported  in sugarcane  which  are  caused  by  fungi,  bacteria,  viruses, nematodes and 
pyhtoplasma (Bharti et al., 2012). A number of sugarcane diseases like whip smut, pokkah boeng, red rot, 
sugarcane mosaic virus, red and yellow stripes and rust are reported in Pakistan (Anwar et al., 2010). Among 
the diseases, red rot caused by fungus Colletotrichum falcatum is one of the most dreaded disease of 
sugarcane and losses due to red rot may range from 10-50 % depending upon the cultivars, environment and 
pathogen strain (Ghazanfar and Kamran, 2016). It cause severe losses in sucrose yield in many cane growing 
areas of the world (Singh and Singh, 1988, 1989). It is demonstrated by numerous references to its economic 
importance as the world has witnessed severe red rot epiphytotic at different times. It was first reported by 
Went in Java (Indonesia) in 1893 (Went, 1893) which was later on renamed as red rot by Butler in 1906. It is 
responsible for 5-10% yield,  30 to 87% juice,  28.5 to  82.7% cane weight reduction  and  30  to  74%  in  
expected  sugar  recovery (Ahmed et al., 1986). C. falcatum hydrolyses the stored  sucrose  by  producing  
the  enzyme  invertase  which breaks  the  sucrose  molecule  into  glucose  and  fructose resulting into 
increased molasses (Sehtiya et al., 1993). 

In India it has caused extensive damage in recent past and got the status of the most destructive and 
an important hazard in the cultivation of sugarcane (Chaudhry et al., 1999). The role of fungicides in 
modernizing and changing the condition of agriculture is quite significant (Mehta,1971). Cultivation  of  
resistant  varieties  is  the  most  economical method  to manage  red rot  of sugarcane (Viswanathan  and 



 

Recent Innovations in Biosustainability and Environmental Research II 

Eds., V. I. Paul, M. Muthulingam,  A. Elangovan, J. Nelson  Samuel Jebastin Page 108 

Samiyappan, 1999:  Viswanathan  et  al.,  2009)  but  when disease  free seed  is  not  available farmers are  
left with  no option except sett  treatment with  some effective  chemicals. Chemical control is easy, direct, 
rapid action and helped to solve disease problems. The main objective of present studies was to find out 
comparative efficiency and specificity of the fungicides against the C. falcatum Wentto obtain economical 
control of this disease. 

MATERIALS AND METHODS 
A new formulation of Amistar Top 325 SC (Azoxystrobin 18.2% + Difenoconazole 11.4% SC) of M/s 

Syngenta India Limited, Pune – 45 was used for all studies in the present investigation. The new formulation 
was compared with two fungicides viz.,Carbendazim50 WP and Mancozeb 75 WP. Two field trials were 
conducted to test the bio-efficacy of Amistar Top 325 SC (Azoxystrobin 18.2%+Difenoconazole 11.4% SC) 
against Sugarcane Red rot disease by using the variety Co91017. 

The experiment was laid out in a randomized block design (RBD) with three replications and eight 
treatments with a plot size of100 SQM and each treatment was replicated three times. The fungicides were 
applied as sett treatment just before planting @ 400 lit/ha. The setts were soaked with different treatments for 15 
min and incubated for half an hour under shade condition before planting. Then the treated setts are planted 
at the spacing of 150 x 60 cm. The treatment comprised as follows. 

Trt.No. Treatments 

Dose rate 
g.ai/ lit of water 
(on w/w basis) 

Dose rate 
Product 
(ml/lit of 
water) 

T1 Untreated Check - - 
T2 Amistar Top 325 SC 

(Azoxystrobin 18.2%+Difenoconazole 11.4% SC) 
0.22 

(0.14 + 0.08) 
0.75 

T3 Amistar Top 325 SC 
(Azoxystrobin 18.2%+Difenoconazole 11.4% SC) 

0.30 
(0.18 + 0.11) 

1.00 

T4 Amistar Top 325 SC 
(Azoxystrobin 18.2%+Difenoconazole 11.4% SC) 

0.37 
(0.23 + 0.14) 

1.25 

T5 Amistar Top 325 SC 
(Azoxystrobin 18.2%+Difenoconazole 11.4% SC) 

0.75 
(0.46 + 0.29) 

2.50 

T6 Azoxystrobin 23% SC (Amistar 25 SC) 0.23 1.00 
T7 Difenoconazole 25 EC (Score 25 EC) 0.125 0.50 
T8 Carbendazim 50 WP 0.5 1.0 
T9 Mancozeb 75 WP 2.25 3.0 

The test fungicide Amistar Top contains Azoxystrobin 20% + Difenoconazole 12.5 % on w/v basis 
which is equal to Azoxystrobin 18.2 % + Difenoconazole 11.4% on w/w basis. Amistar contains 
Azoxystrobin 25% on w/v basis which is equal to Azoxystrobin 23% on w/w basis. Carbendazim50 WP and 
Mancozeb 75 WP were used as standard check chemicals and compared with untreated check. 

METHOD OF ASSESSMENT OF DISEASES 
The red rot disease was assessed based on the below rating scale at 150,180 and 210 Days after Planting 

Grade  Symptoms 

0 - No infection 

1 - vertical spread of the lesions up to 20 % of plant height 

3 - vertical spread of the lesions up to 21-30 % of plant height 

5 - vertical spread of the lesions up to  31- 45% of plant height 

7 - vertical spread of the lesions up to 46 -60% of plant height 

9 - vertical spread of the lesions up to >60 % of plant height 
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The per cent disease index (PDI) was calculated as under, 

       Sum of all ratings                                 100 
PDI=      -------------------------------------  × --------------------------- 

Total number leaves observed         Max. grade in scale 

Statistical analysis 
All the experiments were of Randomized Block design (RBD) and repeated twice. Data were 

subjected to analyses of variance and treatment means were compared by an appropriate Duncan’s multiple 
ranges test (P< 0.05). The IRRISTAT package version 92-1, developed by the International Rice Research 
Institute Biometrics Unit, Philippines, was used for analysis (Gomez and Gomez, 1984). 

RESULTS AND DISCUSSION 
Efficacy of Amistar Top 325 SC against Red rot disease in Sugarcane 

Fungicides are often a vital part of disease management as they control many diseases satisfactorily 
(McGrath, 2004).The role of fungicides in modernizing and changing the condition of agriculture is quite 
significant (Subhani et al., 2008). Fungicide acts by binding with b-tubulin polymers of pathogens which 
take part in a key role in nuclear partition and result in reticence of polymerizing activity of microtubules. 
These also cause barrier in diverse dictatorial cellular activities including mitosis, meiosis and cell form 
preservation etc. (Nene and Thapliyal, 1982). Horst, (2012) reported that fungicides have different kind of  
action on plants to retard fungal development such as  action on unspecific site, on cell membranes, on  
energy production, on nuclear division, on  metabolism of sterol and synthesis of chitin. Role of sett 
treatment for the management of primary source of red rot from setts have been established earlier (Malathi 
et al., 2016). 

Better crop stands have been achieved from enhanced germination obtained by treating seed pieces 
with a fungicide before planting. The organo mercurials like Aretan, Agallol (0.25%) for a 5-10 minutes dip 
helps in the eradication of superficial inoculum and not deep seated mycelium. Some antifungal compounds 
like thiophanate methyl with trade name Topsin-M are specific against the red rot pathogen C. falcatum 
(Satyavir, 2003). Subhani et al. (2008) who determined that red rot of sugarcane (C. falcatum) was 
controlled by twelve fungicides. The (100%) inhibition was also found in case of Tilt 250 EC at different 
concentrations. Similarly, Bhardwaj and Sahu (2014) reported that Carbendazim was found to be most 
effective against C. falcatum followed by Folicur. 

In the present study, the results indicated that all the fungicides tested, reduced the Colletotrichum 
rot disease significantly over untreated control in both the season. During the first season, Amistar Top 325 
SC @1.25 ml/lit recorded the lowest PDI of 4.6. This was followed byAmistar Top 325 SC @ 1.0ml/lit (5.00 
PDI) followed by Amistar Top 325 SC @ 0.75ml/lit (7.10 PDI) as against 21.40 PDI in untreated check  at 
210 DAP. The standard checks viz., Carbendazim recorded 13.10 PDI and Mancozeb recorded 18.80 PDI at 
210 DAP (Table 1). Similarly in second season also, Amistar Top 325 SC (Azoxystrobin 
18.2%+Difenoconazole 11.4% SC) @ 1.25 ml/lit recorded the lowest Red rot PDI of 5.20 at par with 
Amistar Top 325 SC @ 1.0ml/lit (5.50 PDI) followed by Amistar Top 325 SC @ 0.75ml/lit(8.30 PDI), 
Azoxystrobin 23%SC @ 1.0 ml/lit (8.30 PDI) and Difenoconazole 25 EC @ 0.5 ml/lit (17.50 PDI) as against 
31.80 PDI in untreated check  at 210 DAP. The standard checks viz., Carbendazim recorded 18.30 PDI and 
Mancozeb recorded 23.70 PDI at 210 DAP (Table 2). 

Influence of Amistar Top 325 SC onSugarcane yield 
Amistar Top 325 SC@ 1.25 ml/lit of water recorded significantly higher sugarcane yields of 89.3t/ha 

at par with Amistar Top 325 SC@1.0 ml/lit (88.7 t/ha) followed by Amistar Top 325 SC @0.75 ml/lit (83.2 
t/ha), Azoxystrobin 23SC@1.0 ml/lit (82.50 t/ha), Difenoconazole 25 EC @ 0.5 ml/lit (78.90 t/ha), 
Carbendazim 50 WP@1.0 g/lit (76.8 t/ha),and Mancozeb75 WP @ 3.0g/lit (74.30 t/ha)as against 66.40 t/ha 
in untreated check (Table 4). The yield parameters like Brix percentage, Sucrose, Commercial Cane Sugar 
(CCS) and NMC/clumps were also recorded higher values in all the doses of Amistar Top 325 SC followed 
by standard checks when compared with untreated control (Table3). 
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Similarly in second season also,the test fungicide, Amistar Top 325 SC@ 1.25 ml/lit of water 
recorded significantly higher sugarcane yields of 93.45t/ha at par with Amistar Top 325 SC@1.0 ml/lit (93.1 
t/ha) followed by Amistar Top 325 SC @0.75 ml/lit (90.1t/ha), Azoxystrobin 23 SC @1.0 ml/lit (87.40 t/ha), 
Difenoconazole 25 EC @ 0.5 ml/lit (80.40 t/ha), Carbendazim 50 WP@1.0 g/lit (78.2t/ha), and Mancozeb75 
WP @3.0g/lit(75.7 t/ha)as against 68.8 t/ha in untreated check. The yield parameters like Brix percentage, 
Sucrose, Commercial Cane Sugar (CCS) and NMC/clumps were also recorded higher values in all the doses 
of Amistar Top 325 SC followed by standard checks when compared with untreated control (Table4). 

Table-1: Efficacy of Amistar Top 325 SC on Redrot disease in Sugarcane : I season 

Trt.No. Treatments 
(ml/lit of water) 

Red rot (PDI)* 
 

Disease 
reduction over 

control (%) 150 DAP 180 DAP 210 DAP 
T1 Untreated Check 12.60e 

(20.79) 
16.70f 
(24.12) 

21.40f 
(27.56) - 

T2 Amistar Top 325 SC @ 0.75 ml 5.30b 
(13.31) 

6.00b 

(14.18) 
7.10b 

(15.45) 66.82 

T3 Amistar Top 325 SC@ 1.0 ml 3.40a 
(10.63) 

3.70a 
(11.07) 

5.00a 
(12.92) 76.63 

T4 Amistar Top 325 SC @ 1.25 ml 3.20a 
(10.30) 

3.40a 
(10.63) 

4.60a 
(12.36) 78.50 

T5 Azoxystrobin 23% SC @ 1.0 ml 5.40b 
(13.44) 

6.10b 
(14.30) 

7.40b 
(15.79) 65.42 

T6 Difenoconazole 25%EC @ 0.5 ml 8.70d 
(17.15) 

12.10d 
(20.36) 

16.50d 
(23.97) 22.89 

T7 Carbendazim  50 WP @ 1.0 g 7.20c 

(15.56) 
10.40c 
(18.81) 

13.10c 
(21.22) 38.78 

T8 Mancozeb 75 WP @3. 0 g 9.60d 
(18.05) 

14.10e 
(22.06) 

18.80e 
(25.70) 12.14 

 CD (0.05) 1.02 1.07 1.23 - 

* Mean of three replications, PDI - Per cent Disease Index, DAP-Days after Planting 
Values in the parentheses are arc sine transformed values. 
In a column, means followed by a common letter are not significantly different at the 5% level by DMRT 

Table-3: Influence of Amistar Top 325 SC on yield parameters in Sugarcane: I season (May’13 -Feb' 14) 

Trt.No. Treatments (ml/lit of water) Yield 
(t/ha) 

Brix (%) Sucrose 
(%) 

CCS (%) NMC/cl
umps 

T1 Untreated Check 66.40e 
 

18.60d 

(25.55) 
13.80c 

(21.81) 
10.10c 

(18.53) 10.04d 

T2 Amistar Top 325 SC @ 0.75 ml 83.20b 
 

20.40b 
(26.85) 

17.20b 
(24.50) 

11.00b 
(19.37) 12.45b 

T3 Amistar Top 325 SC@ 1.0 ml 88.70a 
 

21.00a 
(27.27) 

18.20a 
(25.25) 

11.50a 
(19.83) 

13.67a 

 
T4 Amistar Top 325 SC @ 1.25 ml 89.30a 

 
21.20a 

(27.42) 
18.30a 
(25.33) 

11.50a 
(19.83) 13.88a 

T5 Azoxystrobin 23% SC @ 1.0 ml 82.50b 
 

20.50b 
(26.92) 

17.30b 
(24.58) 

11.00b 
(19.37) 12.48b 

T6 Difenoconazole 25%EC @ 0.5 
ml 78.90c 

20.30bc 
(26.78) 

 

17.00b 
(24.35) 

 

10.80b 

(19.19) 
11.00c 

 
T7 Carbendazim  50 WP @ 1.0 g 

76.80c 
20.10c 
(26.64) 

 

17.10b 
(24.43) 

 

10.60b 

(19.00) 
10.87c 
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T8 Mancozeb 75 WP @3. 0 g 74.30d 
 

20.00c 
(26.57) 

17.00b 
(24.35) 

10.60b 
(19.00) 10.66c 

 CD (0.05) 2.15 0.23 0.31 0.38 0.85 
* Mean of three replications.Values in the parentheses are arc sine transformed values. 

DMRT 

In a column, means followed by a common letter are not significantly different at the 5% level by 

Table-4: Influence of Amistar Top 325 SC on yield parameters in Sugarcane: II season (May’14 -Feb' 15) 

Trt. No. Treatments(ml/lit of 
water) 

Yield 
(t/ha) 

Brix (%) Sucrose 
(%) 

CCS (%) NMC/clu
mps 

T1 Untreated Check 68.80f 
 

18.82d 

(25.71) 
13.20d 

(21.30) 
9.56d 

(18.01) 10.32e 

T2 Amistar Top 325 SC @ 
0.75 ml 

90.10b 
 

20.60b 
(26.99) 

16.65b 
(24.08) 

10.70b 
(19.09) 13.23b 

T3 Amistar Top 325 SC@ 1.0 
ml 

93.10a 
 

21.30a 
(27.49) 

17.70a 
(24.88) 

11.20a 
(19.55) 

14.03a 

 
T4 Amistar Top 325 SC @ 

1.25 ml 
93.45a 

 
21.32a 

(27.50) 
17.80a 
(24.90) 

11.30a 
(19.64) 14.12a 

T5 Azoxystrobin 23% SC @ 
1.0 ml 

87.40c 
 

20.60b 
(26.99) 

17.00b 
(24.35) 

10.60b 
(19.00) 13.02b 

T6 Difenoconazole 25%EC @ 
0.5 ml 80.40d 

20.38bc 
(26.84) 

 

16.40c 
(23.89) 

 

10.30bc 

(18.72) 
12.35bc 

 
T7 Carbendazim  50 WP @ 

1.0 g 78.20d 
20.32c 
(26.79) 

 

16.20c 
(23.73) 

 

10.10c 

(18.53) 
12.13cd 

 
T8 Mancozeb 75 WP @3. 0 g 75.70e 

 
20.21c 
(26.72) 

16.10c 
(23.66) 

10.00c 
(18.43) 11.47d 

 CD (0.05) 2.42 0.27 0.28 0.36 0.73 

* Mean of three replications. Values in the parentheses are arc sine transformed values. 

In a column, means followed by a common letter are not significantly different at the 5% level by DMRT 
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CHAPTER - 21 

FIELD EVALUATION OF NEW FUNGICIDE MOLECULE (AMISTAR TOP 325 sc) AGAINST 
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PG Scholar1, 4 and Assistant professor,2,3, Department of  Plant Pathology, Faculty of Agriculture, Annamalai 
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ABSTRACT 
Alternaria is one of the most common foliar disease of cotton and is associated with late season 

cotton development. This disease occurs in almost all the cotton growing countries of the world. Hybrids are 
more susceptible to this disease.  Disease infect on leaves resulting in suppression of plant growth and 
reduction of yield. High severity of the infection causes strong defoliation of cotton, sharp decrease of yield 
and crude fiber quality.A new molecule of Amistar Top 325 SC was tried against Alternaria leaf spot of 
cotton during 2013-2014 (I and II season)inexperiment plot, Department of Plant Pathology, Faculty of 
Agriculture, Annamalai University, Chidambaram. Field evaluation for two season results revealed that, 
spraying Amistar Top 325 SC @1.25 ml/l has recorded the lowest leaf spot (1.20and 2.80 %) incidence at 15 
days after second spray and correspondingly increases the seed cotton yield (17.50and 16.00q/ha). The 
results also showed that  Amistar Top 325 SC @1.25 and 2.50 ml/l did not show any phytotoxicity symptoms. 
These fungicide molecules even at higher doses do not manifest any phytotoxicity symptoms and also 
exhibiting an appreciable increase in seed yield of cotton. 

INTRODUCTION 
Cotton is a soft, fluffy staple fiber that grows in a boll, or protective case, around the seeds of the 

cotton plants of the genus Gossypium  in the mallow family Malvaceae. Cotton is a leading fiber crop and 
the most important commercial crop in India. It is interesting to note that India is known for fine cotton from 
time immemorial. India is the third largest cotton producing country in the world. The major cotton 
producing states in India are Punjab, Gujarat, and Maharashtra, Karnataka, Haryana, Tamil Nadu, Rajasthan, 
Andhra Pradesh and Madhya Pradesh. 

Cotton crop is affected by fungal, bacterial and viral diseases. Among fungal diseases, leaf 
spot/blight caused by Alternaria macrosporaZimm., is the most commonly occurring disease in Tamil Nadu 
(Prasadet al., 2018). 

Alternaria leaf spot or Alternaria blight caused by Alternaria macrosporaZimm. is the most 
common foliar disease of cotton (G. hirsutum and G. barbadense L.) and occurs in most cotton-growing 
regions of the world (Hillocks 1992; Shtienberg 1993). Alternaria macrospora is pathogenic on Gossypium 
barbadense and G. hirsutum but A. alternata is less significant, attacking G. hirsutum and, to a lesser extent 
in G. barbadense. Infected leaves often senesce and abscise prematurely. Severe infection can lead to 
premature defoliation of the plant, mainly on highly susceptible cultivars of  G. barbadense(Colson Hanks 
et al., 2000). Lesions caused by can occur on the cotyledons, leaves and bolls of cotton. The infected leaves 
often senesce and abscise prematurely (Shtienberg 1991). Severe infection can lead to premature defoliation 
ofthe plant, but this generally occurs only on highly susceptible cultivars (Hillocks 1992). 

Alternariamacrospora can cause leaf spot, stem cankers, defoliation and boll shedding in cotton 
(Ellis and Holliday, 1970) and it can occur on the cotyledons, leaves and bolls of cotton. Infected leaves 
become yellow and eventually drop off (shed). Leaf shedding is induced by spots occupying an average of 1-
3% of the leaf area. Shed leaves are rapidly replaced, but because the new leaves are small the leaf area in 
infected plants is smaller than in uninfected plants. The infected leaves often senesce and abscise 
prematurely (Shtienberg 1991). Severe infection can lead to premature defoliation of the plant, but this 
generally occurs only on highly susceptible cultivars (Hillocks 1992). Reduction in the photosynthesizing 
leafarea was the main reason for the 20-30% difference in yields recorded for fungicide-treated and untreated 
crops (Bashiet al, 1983; Rotemet al., 1988). 
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MATERIALS AND METHODS 
A new formulation of  Amistar Top 325 SC  (Azoxystrobin 20% + Difenoconazole  12.5%) of M/s 

Syngenta India Limited, Pune-45 was used for all studies in the present investigation. Two field trials were 
conducted during 2013 and 2014 at Department of Plant Pathology, Faculty of Agriculture, Annamalai 
University by using Cotton/variety-RCH-2. 

The  experiment was laid out in a randomized block design with three replication and eight treatment  
to assess the bio-efficacy of Amistar Top 325 SC (Azoxystrobin 18.2%+Difenoconazole 11.4% SC) on leaf 
spot and grey mildew diseases in Cotton. The plot size was 40 m2 and each treatment was replicated three 
times. Cotton/variety-RCH-2 were sown in the field at a spacing of  75-90 cm. The treatment comprised as 
follows. 

T1: Untreated Check 

T2:Amistar Top 325 SC @  0.75ml/ l immediately after first appearance of the disease symptom followed by 
second spray at 15 days interval. 

T3 :Amistar  Top 325 SC @ 1.0ml/ l immediately after first appearance of the disease symptom followed by 
second spray at 15 days interval. 

T4 :Amistar  Top 325 SC @ 1.25ml/ l immediately after first appearance of the disease symptom followed by 
second spray at 15 days interval. 

T5 :Azoxystrobin 23% SC @ 1.0ml/ l immediately after first appearance of the disease symptom followed by 
second spray at 15 days interval. 

T6 :Difenoconazole 25% EC@ 0.5ml/ l immediately after first appearance of the disease symptom followed 
by second spray at 15 days interval. 

T7 :Carbendazim 50 WP @ 0.5g/ l immediately after first appearance of the disease symptom followed by 
second spray at 15 days interval. 

All the foliar spray (treatments) were given as per their doses mentioned in protocol earlier. The 
required quantities of chemical of SC formulations weighed with micro-balance or pipetted out and suitably 
dissolved in a requisite quantity of water to get desired concentrations. Spraying was done after first 
appearance of disease. The same concentration was followed for second spray at interval with water sprayed 
plots served as control. The recommended package of practices was followed for the trial. The observation 
on the disease incidence was recorded before initiation of spray and after third spray. The intensity of 
Alternaria leaf spot was recorded by following 0-5 score chart and the Per cent disease index (PDI) was 
worked out using Wheeler’s (1969) formula , 

                     Sum of all ratings                        100 
PDI=         ----------------------------   x  --------------------------- 

     Total leaves observed            Max. grade in scale 

Phytotoxicity 
The fungicides (Amistar Top 325 SC ) was sprayed at the concentration of 2.0 g/lit and compared 

with untreated check. The phytotoxicity symptoms (leaf injury, wilting, vein clearing, necrosis, epinasty and 
hyponasty) were recorded as per CIB guidelines using a rating scale of 0-10. Cotton boll yield was recorded 
at each harvest and expressed as total boll yield in q/ha. 

Statistical yield 
All the experiments were of Randomized Block design (RBD) and repeated twice. Data were 

subjected to analyses of variance and treatment means were compared by an appropriate Duncan’s multiple 
ranges test(P< 0.05). The IRRISTAT package version 92-1, developed by the international Rice Research 
Institute Biometrics Unit, Philippines, was used for analysis (Gomez and Gomez, 1984). 
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RESULTS AND DISCUSSION 
Efficacy of Amistar Top 325 SC against Leaf spot disease in Cotton 

The results indicated that all the fungicides tested, reduced the Alternaria left spot disease 
significantly over untreated control in both the season. During the first season, Amistar Top 325 SC @ 1.25 
ml/lit recorded the lowest PDI of 2.50 at 15 days after second spray which was at par with Amistar Top 325 
SC @ 1.0 ml/lit (2.70 PDI) followed by Amistar Top 325 SC @ 0.75 ml/lit (3.67 PDI), Azoxystrobin 
23%SC @ 1.0ml/lit (4.0 PDI), Difenoconazole 25 EC @ 0.5 ml/lit (6.87 PDI) and Carbendazim 50 WP @ 
0.5 g/lit (12.0 PDI). The Untreated control plots recorded 20.76 PDI at 15 days after second spray. Amistar 
Top 325 SC @ 1.25 ml/lit and 1.0 ml/lit recorded 87.95 and 86.99 per cent disease reduction over check, 
respectively at par with each other significantly superior over standard fungicides (Table 1). 

In the second season also, all the chemical treatment were effective in reducing the PDI significantly 
at the end of the 2nd  spray (Table 2). Among the different concentrations of  Amistar Top 325 SC @ 1.25 
ml/lit recorded the lowest PDI of 3.57 at 15 days after second spray which was at par with Amistar Top 325 
SC @ 1.0 ml/lit (3.90 PDI) followed by Amistar Top 325 SC @ 0.75 ml/lit (5.20 PDI), Azoxystrobin 
23%SC @ 1.0ml/lit (7.20 PDI), Difenoconazole 25 EC @ 0.5 ml/lit (9.0 PDI) and Carbendazim 50 WP @ 
0.5 g/lit (17.13 PDI). Untreated control plots recorded 31.80 PDI at 15 days after second spray. Amistar Top 
325 SC @ 1.25 ml/lit and 1.0 ml/lit recorded 88.77 and 87.73 per cent disease reduction over check, 
respectively at par with each other significantly superior over standard fungicides. 

The results from first and second season trails clearly revealed that Amistar Top 325 SC @1.25 
ml/lit recorded the lowest incidence of leaf spot in cotton. Amistar Top 325 SC  is a powerful new fungicide 
mixture combining the strengths and performance of two outstanding and well proven active ingredients- 
Azoxystrobin and Difenoconazole. These two active ingredients have very different but highly 
complementary modes of action; and combined by Syngenta there is a synergistic effect that delivers 
exceptionally fast acting and reliable control of powdery mildew, leaf spots, rusts and many other important 
diseases. It works in three different and overlapping types of activity; an intelligent combination of contact, 
translaminar and leaf -systemic activity providing high reliable disease control. A unique combination of two 
completely different modes of action which enlarges the disease spectrum, improves activity and protects 
against Resistance build up too. 

The finding of this study is in agreement with that of Beard et al. (2004) who reported that 
application of fungicides can retard the rate  of disease progress. Hegdeet al. (2013) reported that among the 
various fungicides tested, hexaconazole gave good results with least per cent disease index(13.03%) of 
Cercosporaleaf spot in green gram and was at par with Difenconazole (13.18%). Foliar application with 
Tebuconazole(0.15%) gave best result and  reduced the late leaf spot intensity to 52.42% in groundnut 
(Chandra Nath et al., 2013). Ganeshanet al. (2011) reported that Triadimeton(25% WP) at 0.01% per cent 
followed by Myclobutanil (10% WP) at 0.04 per cent can be recommended for the management of chilli leaf 
spot disease. Palakshappaet al. (2012) reported that foliar application with Carbendazim @0.1% and Quintal 
@0.1% recorded lowest per cent disease index of leaf spot in sesame (48.45 and 44.41%, respectively). 
Beuraet al. (2013) reported that Difenconazole (0.05%) recorded 2.6% reduction in Cercosporaleaf spot in 
bhendi. 

Prasad et al.(2018) reported that carbendazim + mancozeb (100%) gave good results during in vitro 
screening followed by captan + hexaconazole(89.74%). Sanjeev et al., (2017) reported that among different 
fungicides tebuconazole showed significant reduction in mycelia growth of A. alternatain vitro.Among the 
different fungicides tested, thiram was found most effective against A. macrospora, with maximum growth 
inhibition (Gholveet al., 2014).Mancozeb and hexaconazole were the best fungicides for control of all the 
three species of A. alternata, A. macrosporaand A. gossypina (Meena and Ratnoo, 2014).Ghazanfar et al., 
(2016) reported that mancozeb significantly reduced the growth of Alternaria solani compared to other 
treatments. 
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Phytotoxic effect of Amistar Top 325 SC on Cotton crop 
The observations on the leaf tip/ surface injury, wilting, vein clearing, necrosis, epinasty and 

hyponasty were recorded during both the seasons. The observation revealed that Amistar Top 325 SC @ 1.25 
and 2.5 ml/lit did not show any phytotoxicity symptom on cotton plants. Nithya Meenakshi etal. (2006), the 
fungicides Azoxystrobin and difenconazole were generally non phytotoxicity t or below the rexcommended 
dose for the filed application (2.2 μga.i ml-1). But at higher concentration, both the fungicides exhibited 
concentration dependantphytotoxicity in Vigna catjungWalp. 

Table-1: Efficacy of Amistar Top 325 SC against Leaf spot disease in Cotton: I Season 

Trt. No.Treatments (ml/lit of water) 
Leaf spot (PDI)* Disease 

reduction over 
control (%) PTO 15 days after 

I spray 
15 days after 

II spray 
T1 Untreated Check 3.37 13.65e 

(21.68) 
20.76e 
(27.11) - 

T2 Amistar Top 325 SC @ 0.75 3.17 2.00b 
(8.13) 

3.67b 
(11.04) 82.32 

T3 Amistar Top 325 SC @ 1.0 3.20 1.23a 
(6.37) 

2.70a 

(9.46) 86.99 

T4 Amistar Top 325 SC @ 1.25 3.23 1.20a 

(6.29) 
2.50a 

(9.10) 87.95 

T5 Azoxystrobin 23% SC @ 1.0 3.30 2.32b 

(8.76) 
4.00b 

(11.54) 80.73 

T6 Difenoconazole 25% EC@ 
0.5 3.23 4.23c 

(11.87) 
6.87c 

(15.20) 66.90 

T7 Carbendazim 50 WP @ 0.5g 3.27 7.90d 

(16.32) 
12.00d 
(20.27) 42.19 

 CD (0.05) NS 0.98 1.14 - 

Table-2: Efficacy of Amistar Top 325 SC against Leaf spot disease in Cotton: II Season 

Trt.No. Treatments (ml/lit of 
water) 

Leaf spot (PDI)* Disease 
reduction over 

control (%) PTO 15 days after 
I spray 

15 days after 
II spray 

T1 Untreated Check 2.67 17.50f 
(24.73) 

31.80f 
(34.33) - 

T2 Amistar Top 325 SC @ 
0.75 2.50 4.00b 

(11.54) 
5.20b 

(13.18) 83.64 

T3 Amistar Top 325 SC @ 1.0 2.60 3.00a 
(9.97) 

3.90a 

(11.39) 87.73 

T4 Amistar Top 325 SC @ 
1.25 2.63 2.80a 

(9.63) 
3.57a 

(10.89) 88.77 

T5 Azoxystrobin 23% SC @ 
1.0 2.57 4.87c 

(12.75) 
7.20c 

(15.56) 77.35 

T6 Difenoconazole 25% EC@ 
0.5 2.67 5.90d 

(14.06) 
9.00d 

(17.46) 71.69 

T7 Carbendazim 50 WP @ 
0.5g 2.70 7.17e 

(15.53) 
17.13e 
(24.45) 46.13 

 CD (0.05) NS 1.11 1.48 - 

* Mean of three replications. PTO – Pre Treatment Observation. PDI - Per cent Disease Index. Values in the 
parentheses are arc sine transformed values. In a column, means followed by a common letter are not 
significantly different at the 5% level by DMRT 
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Table-3: Phytotoxic effect of Amistar Top 325 SC on Cotton crop: I and II Season 

Treatments 
(ml/lit) Symptom Pre-

count 

Post treatment observations* 
I spray(days after) II spray(days after) 

1 3 5 7 10 1 3 5 7 10 

Amistar Top 
325 SC @ 1.25 

Leaf injury 0 0 0 0 0 0 0 0 0 0 0 
Wilting 0 0 0 0 0 0 0 0 0 0 0 

Vein clearing 0 0 0 0 0 0 0 0 0 0 0 
Necrosis 0 0 0 0 0 0 0 0 0 0 0 
Epinasty 0 0 0 0 0 0 0 0 0 0 0 

Hyponasty 0 0 0 0 0 0 0 0 0 0 0 

Amistar Top 
325 SC @ 2.50 

Leaf injury 0 0 0 0 0 0 0 0 0 0 0 
Wilting 0 0 0 0 0 0 0 0 0 0 0 

Vein clearing 0 0 0 0 0 0 0 0 0 0 0 
Necrosis 0 0 0 0 0 0 0 0 0 0 0 
Epinasty 0 0 0 0 0 0 0 0 0 0 0 

Hyponasty 0 0 0 0 0 0 0 0 0 0 0 

Untreated 
Check 

Leaf injury 0 0 0 0 0 0 0 0 0 0 0 
Wilting 0 0 0 0 0 0 0 0 0 0 0 

Vein clearing 0 0 0 0 0 0 0 0 0 0 0 
Necrosis 0 0 0 0 0 0 0 0 0 0 0 
Epinasty 0 0 0 0 0 0 0 0 0 0 0 

Hyponasty 0 0 0 0 0 0 0 0 0 0 0 
* Mean of three replications. 
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CHAPTER - 22 

EFFECT OF ORGANICS AND ZINC ON RICE YIELD AND ZINC USE EFFICIENCY IN ZINC 
DEFICIENT SOIL 

Muthukumararaja, T and M. V. Sriramachandrasekharan 
Department of Soil Science and Agricultural Chemistry, Faculty of Agriculture, Annamalai University 

ABSTRACT 
A field experiments were conducted in a zinc deficient soil belonging to Vertisol (Typic Haplusterts) 

and Entisol (Typic Ustifluvents) during Rabi 2011-2012. The treatments consists of four levels of zinc viz., 0, 
2.5, 5.0 and 7.5 mg kg-1 and organic sources viz., no organics, FYM @ 12.5 t ha-1, green manure @ 6.5 t ha-

1, poultry manure @ 10 t ha-1 and vermicompost @ 5 t ha-1. The test crop was rice var.ADT 36. The results 
revealed that grain and straw yield was significantly enhanced on addition of zinc or organics or both over 
control in both the soils. The rice yield increased with zinc doses and maximum yields was noticed with 5 mg 
Zn kg-1 and declined at 7.5 mg Zn kg-1. While addition of poultry manure recorded the maximum rice yields 
and was on par with vermicompost. However the highest grain yield (6103, 6344 kg ha-1) and straw yield 
(8369, 8459 kg ha-1) was recorded with application of 5 mg Zn kg-1 and poultry manure in Vertisol and 
Entisol respectively. Zinc use efficiency was highest at 2.5 mg Zn kg-1 and declined with loading of zinc. Zinc 
use efficiency increased further in the presence of organics and the maximum ZnUE was noticed with 2.5 mg 
Zn kg-1 and poultry manure and was comparable with vermicompost. 

Keyword: Zinc, organics, rice, yield, ZnUE. 

INTRODUCTION 
Rice is grown in diverse soil and water regimes, consequently depletion and toxicity of 

micronutrients is encountered in many parts of India. Zinc deficiency is prevalent worldwide in temperate 
and tropical climate (Fageria et al., 2003). Zinc is a major component and activator of several enzymes 
involved in metabolic activities (Klug and Rhodes, 1987). Zinc deficiency continues to be one of the key 
factors in determining rice production in several parts of the country (Chaudhary et al., 2007). Zinc 
deficiency in soil is influenced by many factors which includes pH, concentration of Zn, Fe, Mn and P in soil 
solution, CaCO3 (Brar and Sekhon, 1976). Zinc deficiency is usually corrected by application of zinc sulfate 
and response of rice to zinc under flooded condition has been reported by many workers (Naik and Das, 
2007. Fageria et al., 2011). Integrated use of organics and zinc have been found to more effective in 
maintaining higher productivity and stability through correction of deficiency of zinc in the course of 
mineralization on one hand and favorable physical soil condition on other hand. Organic manuring improves 
rice yield and ZnUE when applied in conjunction with Zn fertilizer. Mirza et al., (2010) reported higher rice 
yield when organics was applied with ZnSO4 compared to Zn alone. Keeping in view of the importance of 
zinc nutrition and its use efficiency in rice and use of organics in maintaining soil fertility, field experiments 
were conducted in two soils deficient in zinc to study the effect of zinc and organics in lowland rice. 

MATERIALS AND METHODS 
Field experiments were conducted during Rabi 2011-2012 in Vertisol (Typic Haplusterts) and 

Entisol (Typic Ustifluvents). Before imposition of treatments, the soil used in the experiment had the 
following properties viz., pH-8.2, EC-0.49 dSm-1, organic carbon-4.65 g kg-1,  CEC-42.1 c mol(p+) kg-

1,CaCO3- 3.38%, KMnO4-N- 329 kg ha-1, Olsen-P- 31.2 kg ha-1, NH4OAc-K- 330.8 kg ha-1 and DTPA-Zn-
0.73 mgkg-1(Vertisol). Similarly soils of Entisol had pH-7.5, EC-0.73 dSm-1, organic carbon-5.36 g kg-1, 
CaCO3- 1.37%, CEC- 21.2 c mol( p+) kg -1, KMnO4-N- 296.3 kg ha-1, Olsen-P- 16.0 kg ha-1, NH4OAc-K- 
299  kg ha-1 and DTPA-Zn-0.0.59 mgkg-1. The treatments  consisted of four levels of zinc viz., 0,2.5,5.0 and 
7.5 mg kg-1  applied through ZnSO4 and organics viz., no organics, FYM- 12.5 t ha-1, green manure- 6.5 t ha-

1, poultry manure – 10 t ha-1 and vermicompost- 5 t ha-1. The design was FRBD with three replications. 
Twenty seven days old rice seedling var ADT 36 was transplanted in the main field. All the plots received 
uniform dose of 150 kg N ha-1, 50 kg P2O5 ha -1 and 50 kg K2O ha-1 applied through urea, SSP and muriate of  
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potash respectively. Grain and straw yield was recorded at harvest and expressed as kg ha-1. The plant 
samples were analyzed for zinc following standard procedure and uptake was computed. Soil was analyzed 
for DTPA zinc (Lindsay and Norwell, 1978). Zinc use efficiency was calculated following the formula 
proposed by Fageria (2009). 

RESULTS AND DISCUSSION 
Rice yield 

Analysis of variance( p=0.05) on rice yield showed that application of graded dose of zinc or 
organics or both significantly enhanced the grain and straw yield over control( Table1). Addition of 5 mg Zn 
kg-1 registered the maximum grain yield (5600, 5910 kg ha-1) and straw yield (7783, 7893 kg ha-1) which was 
about (15.6, 14.3%) and (20.7, 20.9%) greater than control (no zinc) in Vertisol and Entisol respectively. The 
rice yield declined at 7.5 mg Zn kg-1. The higher rice yield due to zinc is attributed to its involvement in 
many metallic enzymes system, regulatory function and auxin production (Hacisalihoglu et al., 2002), 
enhanced synthesis of carbohydrates and their transport to the site of grain production (Pedda Babu et al., 
2007). Slaton et al., (2005) observed 12 to 180% and Fageria et al.,( 2011) reported 97% increase in rice 
yield due to zinc fertilization. The argument on the enhanced rice yield by zinc addition was ably supported 
by the significant positive correlation observed in the present study between grain yield and DTPA-Zn(r 
=0.94**). Response of lowland rice to zinc addition has been reported widely (Fageria et al., 2011. Khan et 
al., 2012). Among organics, addition of poultry manure@ 10 t ha-1 reported the highest grain yield (5742, 
6039 kg ha-1) and straw yield (7951, 8084 kg ha-1) in Vertisol and Entisol respectively and was comparable 
with vermicompost. The percent increase due to poultry manure on grain yield (23.1, 22.0) and straw yield 
(22.2, 21.9) was noticed over control in Vertisol and Entisol respectively. This could be due to supply of 
nutrients especially macro and micronutrients which induce cell division, expansion of cell wall, 
meristamatic activity, photosynthetic efficiency, regulation of water into cells, conducive physical 
environment leading  to better aeration, root activity and nutrient absorption resulting in higher rice yield( 
Singh et al., 2001). In the present study, poultry manure contained higher nutrient content compared to other 
organics which caused higher rice yield. Higher grain yield due to poultry manure was reported by (Saidu 
Adami et al., 2012, Sangeeta et al., 2013). Interaction between zinc and organics was significant. The highest 
grain yield (6103, 6344 kg ha-1) and straw yield (8369, 8439 kg ha-1) was observed on addition of 5 mg 
Znkg-1 and poultry manure @ 10 t ha-1. It caused (18.2, 16.3%) and (25.1, 20.0%) increase in grain and straw 
yield over control. This is due to the fact that zinc availability was expected to enhance through 
complexation or chelation thereby prevent fixation in soil (Latha et al., 2001). 

Zinc use efficiency 
Zinc use efficiency (ZnUE) was significantly influenced by addition of zinc and organics (Fig.1). 

Agronomic efficiency, physiological efficiency, agro physiological efficiency, apparent zinc recovery and 
zinc utilization efficiency was highest at 2.5 mg Zn kg-1 and declined with Zn loading. It was due to inverse 
relationship observed between utilization and rate of application and also due to progressive decline in grain 
yield at highest level of zinc applied.( Fageria, 1992) Higher ZnUE at lower level of Zn in rice was reported 
by Fageria et al., (2011). Apparent zinc recovery was very low due to poor distribution from low rates 
applied and fertilizer reaction with soil to form insoluble products.(Mortvedt,1994). Brijesh Yadav et 
al.,(2013) reported higher recovery of zinc at lower level of zinc applied. Addition of organics also improved 
ZnUE over no organics and the maximum value was noticed with poultry manure and was comparable with 
vermicompost. Zinc use efficiency increased further when zinc was applied in the presence of organics 
compared to their absence and the highest ZnUE was noticed with 2.5 mg Zn kg-1 + poultry manure 
compared to other combinations. Zinc enriched organic manures improves the availability of zinc in soils by 
preventing their fixation and precipitation thereby enhances the use efficiency of applied zinc 
(Sathynarayana et al., 2002) 



 

Recent Innovations in Biosustainability and Environmental Research II 

Eds., V. I. Paul, M. Muthulingam,  A. Elangovan, J. Nelson  Samuel Jebastin Page 121 

Table-1: Effect of zinc and organics on grain and straw yield (kg ha-1 ) 
Organic 
sources 

Grain yield Straw yield 
Zinc levels(mg kg-1) 

0 2.5 5.0 7.5 Mean 0 2.5 5.0 7.5 Mean 
 Vertisol 

O1 - Control 4107 4536 4930 4806 4595 5824 6451 6874 6865 6504 
O2 – FYM @ 

12.5 t ha-1 
4506 4871 5295 5200 4968 6315 6929 7484 7419 7037 

O3-GM @ 
6.25 t ha-1 

4855 5270 5596 5502 5306 6753 7385 7940 7881 7490 

O4 –PM @ 10 
t ha-1 

5149 5678 6103 6058 5747 7299 7813 8369 8324 7951 

O5-VC @ 5 t 
ha-1 

5074 5623 6077 5818 5648 7151 7811 8246 8204 7853 

Mean 4738 5196 5600 5477  6668 7277 7783 7739  
  O Zn O xZn  O Zn O xZn   

SEd  58.05 66.85 116.11  50.48 54.06 120.88   
CD(p=0.05)  116.69 134.37 233.39  101.48 108.66 242.97   

 Entisol 
O1 - Control 4432 4880 5265 5210 4948 6559 6559 7013 6966 6633 
O2 – FYM @ 

12.5 t ha-1 
4785 5263 5675 5631 5338 6604 7106 7542 7510 7190 

O3-GM @ 
6.25 t ha-1 

5198 5670 6020 5955 5711 7044 7543 8020 7962 7642 

O4 –PM @ 10 
t ha-1 

5527 5990 6344 6297 6039 7474 8000 8459 8403 8084 

O5-VC @ 5 t 
ha-1 

5457 5915 6246 6195 5953 7342 7931 8433 8385 8023 

Mean 5080 5544 5910 5808  6891 7428 7893   
  O Zn O xZn  O Zn O xZn   

SEd  50.40 56.02 123.69  55.03 59.35 128.42   
CD(p=0.05)  101.31 112.61 248.62  110.63 119.31 258.13   

 

       
(A)       (B) 

    
(C)       (D) 
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(E) 

T1- No organics + 2.5 Zn(mg kg-1 )   T6- No organics + 5.0 Zn(mg kg-1 )  T11- No organics + 7.5 Zn(mg kg-1 ) 

T2- FYM + 2.5 Zn(mg kg-1 )              T7- FYM + 5.0 Zn(mg kg-1 )             T12- FYM + 7.5 Zn(mg kg-1 ) 

T3- GM + 2.5 Zn(mg kg-1 )                T8- GM + 5.0 Zn(mg kg-1 )                T13- GM + 7.5 Zn(mg kg-1 ) 

T4- PM + 2.5 Zn(mg kg-1 )                 T9- PM + 5.0 Zn(mg kg-1 )                 T14- PM + 7.5 Zn(mg kg-1 ) 

T5- VC + 2.5 Zn(mg kg-1 )                T10- VC + 5.0 Zn(mg kg-1 )              T15- VC + 7.5 Zn(mg kg-1 

Fig.1.Effect of zinc and organics on zinc use efficiency. A) Agronomic efficiency, B) physiological 
efficiency, C) Agro physiological efficiency, D) Apparent zinc recovery, E) Zinc utilization efficiency. 
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CHAPTER - 23 

STUDY OF DIFFERENT WEED MANAGEMENT PRACTICES ON GROWTH ATTRIBUTES 
AND YIELD OF MAIZE 
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Assistant Professor2,5, Department of Agronomy, Faculty of Agriculture, Annamalai University 

ABSTRACT 
Field investigation was conducted at Annamalai University Experimental Farm, to study the 

“Different weed management practices on growth attributes and yield of maize (Zea mays L)”. The 
experiment was laid out in Randomized Block Design with eight treatments and replicated thrice. The eight 
treatments viz., T1 - Unweeded Check, T2 - Hand weeding twice at 15 and 35 DAS, T3 - Atrazine @ 1.5 kg ha 
-1 (3 DAS) + One hand weeding, T4 - Tembotrione @ 100 g ha -1 (21 DAS) + One hand weeding, T5 - 
Topramezone @ 75 g ha -1 (21 DAS) + One hand weeding , T6 - Atrazine @ 1.5 kg ha -1 (3 DAS) + 
Tembotrione @ 100 g ha -1 (21 DAS), T7 - Atrazine @ 1.5 kg ha -1 (3 DAS) + Topramezone @ 75 g ha -1 (21 
DAS), T8 - Weed free plot. The treatments significantly influenced the weed biometrics, crop growth 
parameters and yield of maize. Treatment, T8- weed free plot has recorded the highest plant height (cm), 
DMP (kg ha-1), LAI and Grain yield (kg ha-1) which was on par with T6- atrazine @ 1.5 kg ha-1 (3 DAS) + 
tembotrione @ 100 g ha-1 (21 DAS). 

Keyword:  Plant height, DMP, LAI, Grain yield, Tembotrione 

INTRODUCTION 
Maize is one of the most important cereal crop grown all over the globe. Maize is very efficient in 

converting solar energy into dry matter and has very high genetic yield potential. Hence it is called as the 
‘miracle crop’ and also as “queen of cereal” (Ravisankar et al., 2017). In worldwide, maize is grown over an 
area of 185.54 million hectare with a production of 1074.76 million tonnes and with productivity of 5.79 
tonnes per hectare. In India, maize is cultivated in an area of 9.60 million hectare with the production of 26.26 
million tonnes and with productivity of 2.74 t ha-1. In Tamil Nadu, area under cultivation of maize was 0.2 
million hectare with a production of 1.0 million tonnes and 4.6 t ha-1 of productivity. 

Heavy market demand and resilience to the climate changes have increased area and production of 
maize in the country over the past decade (Kumar et al., 2015). Maximum crop productivity loss is caused by 
weeds and about one third of the potential production is lost due to weed competition. Among the various 
pests, weeds compete with crop plants for nutrients, water, sunlight and space. Presence of weeds reduces the 
photosynthetic efficiency, dry matter production and distribution to economical parts resulting in poor grain 
yield. Weeds alone deplete 30-40 per cent of applied nutrients from the soil (Mundra et al., 2003). Wider 
spacing in between crop plants provides enough opportunity for the weeds to emerge and offer severe 
competition. The growth of maize plants in the first three to four weeks is rather slow and during this period 
weeds establish rapidly and take competitive advantage over the crop. Pre-emergence herbicides ensure 
significant and promising weed control and save the crop from initial weed competition and nutrient drain. 
The post emergence herbicide also has a marked role in reducing the crop weed competition at the time of 
critical stage of the crop. 

MATERIALS AND METHODS 
The field experiment was conducted at Department of Agronomy, Annamalai University.  The soil 

of the experimental field was clay loam in texture. The experiment was laid out in a randomized block design 
with eight treatments and replicated thrice. The eight treatments viz.,  T1 - Unweeded Check, T2 - Hand 
weeding twice at 15 and 35 DAS, T3 - Atrazine @ 1.5 kg ha -1 (3 DAS) + One hand weeding, T4 - 
Tembotrione @ 100 g ha -1 (21 DAS) + One hand weeding, T5 - Topramezone @ 75 g ha -1 (21 DAS) + One 
hand weeding , T6 - Atrazine @ 1.5 kg ha -1 (3 DAS) + Tembotrione @ 100 g ha -1 (21 DAS), T7 - Atrazine @ 
1.5 kg ha -1 (3 DAS) + Topramezone @ 75 g ha -1 (21 DAS), T8 - Weed free plot. In hand weeding twice were 
taken up, one at 15 DAS and again at 35 DAS by hand hoeing of weeds. In herbicide treatment, required 
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quantities of herbicides were sprayed as per the treatment schedule. Hand weeding to supplement herbicides 
in treatments concerned was done on 35 DAS. The treatment weed free plot should free from weeds up to 60 
DAS. The fertilizer was applied @ 250 kg N, 75 kg P2O5, 75 kg K2O as per the recommendations were 
applied to the respective plots. 

RESULT AND DISCUSSION 
Growth attributes: (Table 1) 

The weed control treatments exert significant influence on plant height, DMP, LAI and it was 
observed at 60 DAS and at Harvest. 

Plant Height 
Adaptation of different weed management practices depicted distinct variations on the height of 

plants at all stages. Among the treatments, T8- weed free plot has recorded the highest plant height of 185.67 
cm, 222.63 cm at 60 DAS and at Harvest, which was on par with T6- atrazine @ 1.5 kg ha-1 (3 DAS) + 
tembotrione @ 100 g ha-1 (21 DAS). This might be due to better weed control throughout the growth stages 
of maize and better availability of all resources (Subashchandran, 2017). The unweeded check (T1) was 
recorded with lowest plant height of 112.06 cm, 129.14 cm at 60 DAS and at Harvest, The weeds suppressed 
the plant growth by competing for soil moisture and nutrients. 

Dry Matter Production (DMP) 
Different weed management practices depicted distinct variations on the DMP at all stages. Among 

the treatments, T8- weed free plot has recorded the highest DMP of 8916, 14640 kg ha-1 at 60 DAS and at 
Harvest, which was on par with T6- atrazine @ 1.5 kg ha-1 (3 DAS) + tembotrione @ 100 g ha-1 (21 DAS). 
The unweeded check (T1) was recorded with lowest DMP of 4714, 7355 kg ha-1 at 60 DAS and at Harvest. 
This observation was in accordance with the report of Khan et al. (2012). 

Leaf Area Index (LAI) 
The weed management practices showed distinct variations on the LAI at all stages. Among the 

treatments, T8- weed free plot has recorded the highest LAI of 7.89 at 60 DAS which was on par with T6- 
atrazine @ 1.5 kg ha-1 (3 DAS) + tembotrione @ 100 g ha-1 (21 DAS) recorded LAI of 7.70 at 60 DAS. Leaf 
area index was higher in less weed competition treatments (Gudapati Ashoka Chakravarthy, 2017). The 
unweeded check (T1) was recorded with lowest LAI of 5.04 at 60 DAS. This might be due to severe weed 
competition from the emergence of the crop which interfered with nutrient uptake and restricted the plant 
growth characters. 

Grain yield: (Table 1) 
Result of the study revealed that all the weed control treatments have a salutary effect on yield of 

maize over weedy check was observed at the time of harvest. Among the treatments, T8- weed free plot has 
recorded the highest, grain yield of 6376 kg ha-1 which was on par with T6- atrazine @ 1.5 kg ha-1 (3 DAS) + 
tembotrione @ 100 g ha-1 (21 DAS) recorded the, grain yield 6234 kg ha-1. The unweeded check (T1) was 
recorded with lowest, grain yield 2402 kg ha-1.This might be due to efficient weed control during the critical 
period of crop weed competition, higher LAI and sustained availability of nutrients for uptake of the crop 
contributed to higher post flowering photosynthesis might be reason for higher grain yield. Similar result was 
obtained by Subashchandran (2017). 

CONCLUSION 
It can be concluded that efficient and economic weed control in maize could be achieved by 

application of atrazine @ 1.5 kg ha-1 (3 DAS) followed by early post emergence application of tembotrione 
@ 100 g ha-1 (21 DAS) in maize. 
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Table-1: Effect of different weed management practices on growth attributes and yields of maize 

Treatments 
Plant height (cm) DMP (kg ha-1) LAI 

60 DAS 

Grain 
yield 

(kg ha-1) 60 DAS Harvest 60 DAS Harvest 

T 1 - Unweeded Check 112.06 129.14 4714 7355 5.04 2402 
T 2 - Hand weeding twice at 15 and 

35 DAS. 173.17 205.48 8041 13593 7.22 5914 

T 3 - Atrazine @ 1.5 kg ha -1                    

(3 DAS)+ One hand weeding 152.06 171.76 7025 11686 5.72 4432 

T 4 - Tembotrione @ 100 g ha -1          

(3 DAS) + One hand weeding 163.71 190.64 7505 12594 6.42 5198 

T 5 - Topramezone @ 75 g ha -1            

(21 DAS) + One hand weeding 161.92 184.82 7375 12449 6.21 5118 

T6 - Atrazine @ 1.5 kg ha-1                          

(3 DAS) + Tembotrione @ 100 g ha 
-1 (21 DAS) 

182.29 216.57 8791 14454 7.70 6234 

T 7 - Atrazine @ 1.5 kg ha -1                   

(3 DAS) + Topramezone @ 75 g ha 
-1  (21 DAS) 

172.16 202.29 7913 13414 7.10 5860 

T 8 - Weed free plot 185.67 222.63 8916 14640 7.89 6376 
S.Ed 3.78 5.10 62.43 89.26 0.11 145.79 

CD(p=0.05) 8.09 10.93 133.62 191.02 0.24 312.00 
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CHAPTER - 24 

SYSTEM OF RICE INTENSIFICATION –A WAY FORWARDED TO SUSTAINABLE 
AGRICULTURE IN INDIA 

P. Ramesh and D. Vengatesan 
Assistant Professors, Department of Agricultural Extension Annamalai University 

ABSTRACT 
Paddy is the most important and extensively grown cereal food crop in India and it is the staple food 

for more than half of the world population. Tamil Nadu ranks 9th both in terms of area and in terms of 
production and 2nd in terms of productivity in India. System of rice intensification (SRI) is now gaining 
popularity as it is found to increase the productivity and to reduce the cost of cultivation. The SRI is an 
appropriate system aimed at reducing the cost of producing rice in sustainable way. It achieving higher yield 
in a sustainable way and greater profitability with fewer purchased inputs and it showing that the input 
dependence of modern agricultural practices is not necessary. This alternative system manages soil, water 
and nutrients differently in ways that increase the abundance and diversity of the soil biota. The study was 
taken up in Cuddalore districts of Tamil Nadu with 120 paddy farmers. The respondents were selected by 
proportionate random sampling procedure. Ex post-facto design was followed. Eleven independent variables 
and two dependent variables were selected for the study. The data were collected with the help of well 
structured and pre-tested interview schedule. The statistical tools used in this study were percentage 
analysis, mean, cumulative frequency method, zero- order correlation and multiple regression analysis. The 
respondents expressed their needs for sustainable way of cultivation through SRI method in paddy crop in 
five major subject matter areas viz., weed management, preparatory cultivation, seed rate, fertilizer 
management and seed treatment. This study attempted to analyze the prevailing situation with regard to 
training needs of paddy growers in sustainable cultivation regarding SRI in the area of investigation. The 
findings of the study would reveal the profile characteristics of paddy growers regarding SRI which may be 
of great help to the extension workers in formulating different training strategies and technological support 
as suited to different farming situation. 

Keywords: SRI, Paddy cultivation, Sustainable way and productivity. 

INTRODUCTION 
Paddy is the principal crop extensively cultivated in all the districts of the state having a unique 

three-season pattern vizkuruvai (april to july), thaladi (august to November) and navarai (December to 
march). Tamilnadu ranks 9th both in terms of area in terms of production and 2nd in terms of productivity in 
India. Paddy accounted for 34.00 per cent the total cropped area in the state during 2013-2014. System of 
rice intensification (SRI) is now gaining popularity as it is found to increase the productivity and to reduce 
the cost of cultivation, besides saving in water use. It is a system rather than a technology developed in 
Madagascar is nearly 1980’s by late Fr.Henri de laulanie. It can be adopted with suitable modifications to 
any eco-system. The practices of SRI are not aiming at maximum yield, but rather to promote the higher 
productivity of land,labour, capital and water in ways that benefit the farmers especially of resource poor 
Uphoff (1999). SRI achieving higher yield and greater profitability with fewer purchased inputs and it 
showing that the input dependence of modern agricultural practices is not necessary. This alternative system 
manages soil,water and nutrients differently in ways that increase the abundance and diversity of the soil 
biotaRandriamiharisoa and Uphoff (2002). 

Training can change knowledge, attitude and skill of the farmers, thereby enhance the rate of the 
adoption of improved agricultural practices on SRI paddy cultivation. In order to make these trainings more 
meaningful and effective, the training needs of the SRI paddy growers have to be established prior to the 
training programme. Major and specific subject matter areas of training could be determined on the basis of 
perceived needs of the farmers. So any attempt to design a suitable extension strategy, for increasing the SRI 
paddy productivity requires a through understanding of existing level of knowledge training needs of the SRI 
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paddy growers. This study attempted to analyze the prevailing situation with regard to training needs of 
paddy growers regarding SRI in the area of investigation.  With the following main objective: To identify the 
training needs of the paddy growers regarding SRI technologies. 

RESEARCH METHODOLOGY 
Large area under SRI paddy cultivation in Cuddalore district and presence of the KrishiVigyan 

Kendra (KVK) at Virudhachalam were considered for the selection of cuddalore district for the present 
study.There are eight taluks in Cuddalore District. Of the eight taluks, Kurinjipaditaluk has the maximum 
area under SRI paddy cultivation.The first six villages having the maximum area under  SRI paddy crop 
were selected for the study. The selected villages are Kothavacheri, Adoor, Agaram, Karunguli, Kolakkudi, 
Kalkunam and Arangamangalam. 

A sample size of 120 respondents was considered for the study. The number of respondents for each 
of the six villages were selected based on proportionate random sampling technique.Based on the rating by 
the judges, the mean and co-efficient of variation were worked out for all the independent variables. Thus, 
eleven independent variables were finally selected for the study were knowledge and training needs. The 
statistical tools used in this study were percentage analysis, mean, cumulative frequency method, zero- order 
correlation and multiple regression analysis. 

Training needs of SRI paddy farmers 
Training needs of SRI paddy farmers were assessed in major subject matter areas as well as in 

specific subject matter areas. The major subject matter areas were identified from the review of literature and 
based on discussion with the agricultural officers and scientists of KrishiVigyan Kendra and subject matter 
specialists. 

Measurement of training needs 
The training needs of SRI paddy cultivators in ten major subject matter areas were assessed by using 

the three point continuum. The method followed by Vasanthakumar (2014)  was adopted in this study. 

Category Score 

Most needed 3 

Needed 2 

Not needed 1 

The respondents were asked to indicate any one of the three responses against each major and 
specific subject matter areas depending upon their perceived level of training need. The responses for the 
specific subject matter areas, under each of the major subject matter areas were added up. The value, thus 
summed up, gave the total training need score for each of the major subject matter area.For achieving mean 
score for each subject matter areas with sub-items, the total mean scores of sub-items under each subject 
matter area were added and the total score, thus obtained was divided by the number of sub-items in that 
major area. The mean score obtained for subject matter areas with sub-items was called average mean score. 
The average mean scores were thus obtained separately for the selected nineteen major subject matter areas 
with sub-items.To make the analysis more meaningful, the training needs in a particular area was further 
classified by following the class intervals of the score assigned to the three points of the rating scale as 
follows. 

Sl. No Category of needs Score 

1. Most needed 2.25-3.00 

2. Needed 1.50-2.24 

3. Not needed 0.75-1.49 

Thus, the training needs hierarchy in the different major areas and sub-areas was developed based on the 
class interval mean score. 
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FINDINGS AND DISCUSSION 
Training needs of SRI paddy farmers on major subject matter areas 

As already discussed under methodology, each of the major subject matter area were taken based on 
the mean score values. The result on training needs of paddy farmers on major subject matter areas are 
presented in Table 1. 

 

 

Table-1: Training needs of SRI paddy farmers on major subject matter areas 
Sl. No. Major subject matter areas Mean score Rank 

1 Nursery management 1.24 VIII 
2 Seed rate 1.73 III 
3 Seed treatment 1.46 V 
4 Preparatory cultivation 1.87 II 
5 Transplanting 1.37 VI 
6 Irrigation management 1.30 VII 
7 Weed management 1.98 I 
8 Fertilizer management 1.57 IV 

It could be revealed from the Table 1, that the training needs for weed management (MS 1.98), 
preparatory cultivation (MS 1.87), seed rate (MS 1.73), fertilizer management (MS 1.57), seed treatment 
(MS 1.46), transplanting (MS 1.37), irrigation management (MS 1.30) and nursery management(MS 1.24), 
were perceived in the descending order of importance.It could be inferred that of the eight major subject 
matter areas, weed management, preparatory cultivation, seed rate, fertilizer management, seed treatment, 
were needed, as the mean scores for those areas ranged from 1.50 to 2.24. 

Training needs of SRI paddy farmers on specific subject matter areas 

Table-2: Training needs on various specific subject matter areas. 
Sl.No Items Mean score 
 NURSERY MANAGEMENT  

1 Measuring nursery area for 1 acre 1.12 
2 Farming nursery bed with recommended height 1.27 
3 Farming nursery bed with recommended width 1.34 
4 Basal application of DAP 1.26 

Average mean score 1.24 
 SEED RATE  

1 Use of recommended seed rate 1.73 
Average mean score 1.73 
 SEED TREATMENT  

1 Quantity of Pseudomonas flouresecenes 1.33 
2 Duration of soaking in fungicidal solution 1.60 

Average mean score 1.46 
 PREPARATORY CULTIVATION  

1 Leveling the field 1.79 
2 Forming drainage channel with recommended measurement 1.95 

Average mean score 1.87 
 TRANSPLANTING  

1 Recommended age of seedling 1.59 
2 Number of seedlings transplanted per hill 1.11 
3 Use of marker frame for spacing 1.77 
4 Transplanting at recommended depth 1.20 
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5 Following of recommended spacing 1.20 
Average mean score 1.37 
 IRRIGATION MANAGEMENT  

1 Maintenance of water level from transplanted to tillering stage 1.20 
2 Maintenance of water level after Panicle initiation till maturity 1.20 
3 Irrigating the filed with alternate wetting and drying 1.50 

Average mean score 1.30 
 WEED MANAGEMENT  

1 Deciding the number of weeding 1.64 
2 Deciding the stages for weeding 1.62 
3 Weeding with the conoweeder 2.69 

Average mean score 1.98 
 FERTILIZER MANAGEMENT  

1 Application of FYM/ acre 1.33 
2 Usage of leaf color chart 1.81 
3 Application of inorganic fertilizers 1.59 

Average mean score 1.57 

The table 2,reveals the perception of the respondents on training needs of SRI technologies with respect to 
each specific subject matter areas as follow: 

Training needs on nursery management 
The respondents have not expressed any training need for any of practices of nursery management. 

This clearly indicates that the respondents were already familiar with the nursery management practices. 

Training needs on seed rate 
The respondents expressed training need for use of recommended seed rate (MS 1.73). System of 

rice intensification reduce the input cost especially by reducing the seed rate. This might have made the 
respondents to learn more about the recommended seed rate. This findings is in line with the findings of 
Kathiresan (2013). 

Training needs on seed treatment 
The respondents expressed training needs for duration of soaking in fungicidal solution (MS 1.60), 

were as 30 percent of the respondents expressed as need for training on the quantity of pseudomonas 
flouresecens (MS 1.33). 

Training needs on preparatory cultivation 
The respondents perceived training need for farming’ drainage channel which recommended 

measurement’ (MS 1.95) followed by leveling the field (MS 1.79). 

Training needs on transplanting 
The respondents have expressed training need for use of marker instrument for spacing (MS 1.77) 

followed by recommended age of seedling (MS 1.59), use of marker instrument for spacing. Similarly the 
age of seedling in SRI is entirely different from conventional cultivation and it is very important also. These 
could be the possible reason for the expressed training needs and rest of the areas are comparatively less 
mean score possessed and they were transplanting at recommended death (MS 1.20), maintenance of 
recommended spacing(MS 1.20) and number of seedling transplanted per hill(MS 1.11). 

Training needs on irrigation management 
The respondents expressed no training need for any of the practices in irrigation management. 

Irrigation the field with alternate wetting and drying as irrigation management is practiced by the SRI paddy 
farmers traditionally, which might have made them to perceive that they are not at all needed any training in 
irrigation management. 
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Training needs on weed management 
The respondents have expressed training need for weeding with the conoweeder (MS 2.69). They 

have also expressed training need for ‘Deciding the number of weeding’ (MS 1.64) and deciding the stages 
for weeding (MS 1.62). this findings is in line with the findings of Vasanthakumar (2014). 

Training needs on fertilizer management 
Training need for use of leaf color chart (MS 1.81) ranked first followed by ‘application of inorganic 

fertilizer (MS 1.59) and application of FYM / acre (MS 1.33). It is clear from the above findings that the 
respondents preferred to learn more about the leaf color chart and apply inorganic fertilizers accordingly. 
Willingness to reduce the cost of cultivation might be the possible reason for the expressed training needs. 

CONCLUSION 
While organizing training programmes for the SRI paddy farmers, special emphasis should be given 

to impart training in the areas like weed management, preparatory cultivation, seed rate, fertilizer 
management and seed treatment.The training may be organized before cropping season. Peripatetic training 
proves to be more useful than the other types. So the training agencies may organized more number of 
peripatetic training.The training programmes on SRI paddy cultivation may be arranged once in a year, for a 
period of one day, preferably in their village. 
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CHAPTER - 25 

IMPACT OF PESTICIDE DIMETHOATE ON PROTEIN CONTENT IN THE OVARY, FATBODY 
AND HEAMOLYMPH OF CATACANTHUS INCARNATES (HEMIPTERA) 

S. Ravichandran 
Assistant Professor, Department of Zoology, Annamalai University 

ABSTRACT 
The effect of organophosphorus pesticide dimethoate on protein contents in tissues and hemolymph 

of the insect Catacanthus incarnates, were investigated. The amount of protein content and total free amino 
acid of ovary, fatbody and hemolymph of normal C.incarnatus, is found to be 4.2, 0.5 mg/g and 232.7µg/100 
µml of protein and 5.2, 4.1 mg/g and 12.6 µg/100 µml of amino acid respectively. After exposure to sublethal 
concentration of dimethoate, significant change in the content of protein and amino acid was observed. This 
suggests that the organophosphorus pesticide appears to interfere with protein metabolism. 

INTRODUCTION 
Organophosphate esters pesticides have relatively high acute toxicity, but limited residual nature 

Baron R.L.1981). Insecticides by themselves are not poisonous to the insects directly but are instrumental in 
the release of certain toxins which are likely to poison the insect (Sternburg J.G. and C.W.Kearns. 1952, 
Beament J.W.L.1958). Quantitative changes in the fatbody, hemolymph and ovarian proteins of different 
insects were studied after exposure to insecticides (El – Kazafy AT and Al – Kahtani SN (2013), Ellis JD, 
Zettel Nalen CM (2013),Prabhu V.K.K.and K.K.Nayar. 1992, Islam A. and M. Roy. 1983 Jayakumar C. 
1988, Ravichandran S. 1990).The present work was undertaken to investigate the effect of the pesticide on 
the protein and amino acids in the selected tissues of Catacanthus incarnates. 

METHODS 
The adult Catacanthus incarnates were collected from gardens in the Annamalai University Campus 

and they were reared in wooden cages at laboratory temperature of 29±1C with 12D: 12D photoperiod. They 
were fed daily with fresh leaves and flowers of Ixora and slices of Sechium edule. The LD50 values for 
dimethoate were calculated according to Litchfield and Wilcoxon (Litchfield J.R. and F. Wilcoxon. 1949) for 
experimental purpose. Female individuals were injected with sublethal concentration (4 x 104 mg) of 
dimethoate, using a sterilized hypodermic syringe mounted with 26 gauge needle. Each experimental insect 
received an injection of 0.01 ml of dimethoate (rogor). The control insect was injected with only distilled 
water. These insects were then dissected and the tissues of ovary, fat body and heamolymph were collected 
after 12 and 24 hours of exposure for biochemical estimation. The protein and amino acids were estimate by 
standard methods. 

Table-1: Protein amino acids content in the tissues (mg/g) and heamolymph (µg/100 µml) in Catacanthus 
incarnates exposed sublethal concentration of dimethoate. Each value is a mean of six individual 
observations ± SE standard error. Asterisks (*) indicate 5% level of significance; t 5% = 2.228. 

 
S 
Tissue 

Protein 
12H               24H 
Control       t-value           t-value 

Amino acids 
12H                       24H 
Control         t-value                  t-value 

 
Ovary 

4.2            6.7        9.26       14.5  
14.42 
± 0.07     ± 0.20                   ± 0.64 

5.2           0.5         22.19         0.3                 20.0 
± 0.17     ± 0.04                       ± 0.07* 
 

 
Fatbody 

0.5            7.8       51.71         8.0         
8.7 
± 0.03     ± 0.11                  ± 0.83 

4.1           0.8         12.88         1.5                  7.22 
± 0.25     ± 0.01*                      ± 0.12* 
 

 
Hemolymph 

232.7      51.3        20.80       19.7       
27.0 
± 7.33     ±1.39                    ± 0.58 

12.6         1.4           16.26        6.9                  
8.40 
± 0.58     ± 0.11*                     ± 0.09* 
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PROTEIN (Mg/g) 

 
(PROTEIN) Heamolymph (µg/100 µml) 

 
Amino Acid (Mg/g) 

 
Amino Acid ( HEAMOLYMPH)  (µg/100 µml) 

 
Figure-1: Protein and amino acid content in the ovary, fat body and hemolymph in the control and 

dimethoste treated insects Catacanthus incarnatus 

RESULT AND DISCUSSION 
Catacanthus incarnates exposed to sublethal concentration of dimethoate showed changes in the 

protein contents were 4.2mg/g, 0.5 mg/g and 232.7 µg/100 µml,respectively. The protein content increased 
in the tissues, while in hemolymph, the protein content decreased at 12 and 24 hours of exposure to sublethal 



 

Recent Innovations in Biosustainability and Environmental Research II 

Eds., V. I. Paul, M. Muthulingam,  A. Elangovan, J. Nelson  Samuel Jebastin Page 137 

concentration. The amino acid levels were decreased in tissues and hemolymph. The amino acid content in 
control ovary, fatbody and hemolymph were 5.2, 4.1 mg/g and 12.6 µg/100 µml respectively. 

Prabhu and Nayar treated Periplaneta Americana with JH analogue, farnesyl methyl ether and found a 
striking decrease in the serum protein within one day after synthesized from amino acids in the fatbody, 
where they are rapidly used to replace the loss of protein occurring during physiological demands (De Jong 
D, Da Silva EJ, Kevan PG and Atkinson JLS (2009). WigglesworthV.B.1979, Downer R.G.H. 1982). 
Moreover, protein helps to synthesize microsomal detoxifying enzyme which assists to detoxify the toxicants 
entered into the animal body (WILKINSON C.F. 1976). 

The decrease in protein level in exposed insects appears due to a diversion of energy, when animals 
were under toxic condition. Sabital et al(Sabital Raja S., S.S. Thakus, B. Kisher Rao and Amarjit 
Kaur.1986). has observed selective accumulation of hemolymph proteins by fatbody in Chilo partellus, who 
found a sudden decrease in the concentration of storage proteins in heamolymph, and a concomitant increase 
in the fatbody during larval pupal transformation. 

In the present study, it is evident that the changes are due to the functional impairment of protein metabolism 
in dimethoate treated. C.incarnatus. Since the insecticide is a neuroxin; it affects the neurohaemal organs and 
thus interferes with the protein metabolism. 
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CHAPTER - 26 

ANTIMICROBIAL ACTIVITY OF MEDICINAL PLANTS AGAINST CERTAIN HUMAN 
PATHOGENIC BACTERIA 

Santhana Bharathi. S, A. Arunachalam, D. Reetha and P. Sivasakthivelan 
Department of Agricultural Microbiology, Faculty of Agriculture, Annamalai University 

ABSTRACT 
The methanol, ethanol and aqueous extracts of six medicinal plants were evaluated for activity 

against medically important bacteria such as Serratia marcescens, Escherichia coli, Vibrio cholerae, 
Salmonella sp. The in vitro antimicrobial activity was performed by agar well diffusion method. The ethanol 
and aqueous extracts showed minimum antimicrobial activity when compared to methanol extracts. All the 
medicinal plant extracts used against the pathogenic organisms have showed varied degree of antimicrobial 
activity against the pathogens. The methanol extract of Azadiracta indica  showed the maximum activity 
against Escherichia coli and Salmonella sp. The use of plant extracts with known antimicrobial properties 
can be of great significance in therapeutic treatments. The phytochemical screening demonstrated the 
presence of different types of compounds which may contribute for the antimicrobial action of the above 
medicinal plants. 

Keywords: Medicinal plants, ethanol, methanol and aqueous extracts, human pathogens, Antimicrobial 
activity. 

INTRODUCTION 
During the last several decades, natural products with antimicrobial effect were investigated in order 

to eliminate the use of synthetic antibiotics which cause the resistance of microorganisms and can exhibit 
side effects to human health. Aromatic plants are known for a very long time and they are used in 
phototherapy and food preservation (Manton et. al., 2006). More so, many of these plants have been known 
to synthesize active secondary metabolites such as phenolic compound found in essential oils with 
established potent insecticidal and antimicrobial activities, which indeed has formed the basis for their 
applications in some pharmaceuticals, alternative medicines and natural therapies (Rhos et. al., 2005) 

The use of crude extracts of plants parts and phytochemicals of known antimicrobial properties can 
be of great significance in the therapeutic treatments. In recent years, a number of studies have been 
conducted in various countries to prove such efficiency. Many plants have been used because of their 
antimicrobial traits, which are due to the secondary metabolites synthesized by the plants. These products are 
known by their active substances like phenolic compounds which are part of the essential oils as well as in 
tanning. 

The screening of plant products for antimicrobial activity have shown that the higher plants represent 
a potential source of novel antibiotic prototypes (Afolayan, 2003). There has been an increasing incidence of 
multiple resistances in human pathogenic microorganisms in recent years, largely due to indiscriminate use 
of commercial antimicrobial drugs commonly employed in the treatment of infectious diseases. This has 
forced scientist to search for new antimicrobial substances from various sources like the medicinal plants 
(Duncon et. al., 1999) 

Azadirachta indica (Neem) is a tree in the mahogany family, native to India, Burma, Bangladesh, Sri 
Lanka, Malaysia and Pakistan, growing in tropical and semi-tropical regions. It blossoms in spring with the 
small white flowers. Several pharmacological activities and medicinal applications of various parts of Neem 
are well known (E Jacob et. al., 2006). 

Scientific investigations of medicinal plants have been initiated in many countries because of their 
contributions to health care. The primary benefits of using plant-derived medicines are relatively safer than 
synthetic alternatives offering profound therapeutic benefits and more affordable treatment. (Ahamed et. al.,( 
2001). 



 

Recent Innovations in Biosustainability and Environmental Research II 

Eds., V. I. Paul, M. Muthulingam,  A. Elangovan, J. Nelson  Samuel Jebastin Page 140 

MATERIALS AND METHODS 
Collection of medicinal plants 

There are six medicinal plants (Aloe vera, Phyllanthus emblica, Phyllanthus niruri, Cynodon 
dactylon, Azadiracta indica, Andrographis paniculata ) have been used in the present study and they were 
collected from farm lands at chidambaram, Tamilnadu, India. 

Processing of medicinal plants 
The whole plant or parts of plants were used to prepare extracts for the study. The plants collected 

were washed with water to remove the soil and dust particles. Then they were dried in thoroughly shaded 
place, blended to form a fine powder and stored in airtight containers. 

Human pathogenic bacteria species 
The human pathogenic bacteria such as Serratia marcescens, Vibrio cholerae, Salmonella sp, 

Escherichia coli were obtained from Annamalai university, Microbiology laboratory, Chidambaram, Tamil 
nadu and were maintained in Nutrient agar slant at 4oC for experimental studies. 

Preparation of extracts 
Plants were properly dried and grainded into a coarse powder. Each of 20g grinded powders was 

soaked in 60 ml ethanol 95 %, methanol and aqueous separately for one day (shaking occasionally with a 
shaker). After one day of dissolving process, materials were filtered (Whatman no. 1 filter paper). Then the 
filtrates were evaporated using vacuum dryer. At last 1.10 g of dried extracts were obtained and then stored 
at 40C in air tight container. 

Assay of Antimicrobial activity using Agar well diffusion method: 
The 15 ml of sterilized Muller Hinton Agar was poured into sterile petriplate, after solidification, 

100μl of fresh culture of human pathogens were swabbed on the respective plates. The wells were punched 
over the agar plates using sterile gel puncher at various concentration (15, 30, 45 and 60μl) of each plant 
extract were added to the wells. The plates were incubated for 24 hours at 370C (Mahalingam et. al., (2011).  
After incubation the diameter of inhibitory zones formed around each discs were measured in mm 
(millimeter) and recorded. 

RESULTS 
The antimicrobial activity of ethanol, methanol and aqueous extracts of six Indian medicinal plants 

were investigated using agar well diffusion method (fig: 1 – 3) against selected human pathogens such as 
Serratia marcescens, Escherichia coli, Vibrio cholera, Salmonella sp.  All the medicinal plant extracts used 
against the pathogenic organisms have showed varied degree of antimicrobial activity against the pathogens. 
The methanol extract of Azadiracta indica  showed the maximum activity against Escherichia coli and 
Salmonella sp. 

Antimicrobial activity of ethanol extracts 
The antimicrobial activity of ethanol extracts of Phyllanthus niruri on four different human 

pathogenic organisms using agar well diffusion method have showed maximum zone of inhibition (23 mm) 
(Fig.1) against E. coli. followed by Serratia marcescens (22 mm), Vibrio cholera  (21 mm) and Salmonella 
sp (21 mm). The collective analysis of antimicrobial activity of ethanol extract indicated that among the six 
medicinal plants used in the study Phyllanthus niruri, Aloe vera and Phyllanthus emblica have better impact 
ranged from 19 to 23 mm. 

Antimicrobial activity of methanol extract 
The antimicrobial activity of methanol extract using agar well diffusion method, Azadiracta indica 

showed maximum zone of inhibition against Salmonella sp (24 mm) and E. coli (25 mm). followed by Vibrio 
cholerae. (22 mm), Serratia marcescens. (23 mm) (Table 2). Similarly, the methanol extracts of A. vera and 
P. emblica have highest antimicrobial activity on E. coli (24 mm) respectively. Where as the C. dactylon 
have showed the minimum activity (18 mm) against Serratia marcescens and Vibrio cholera respectively. 
The overall observation indicated that (Fig.2) the methanol extracts of C. dactylon, Andrographis paniculata 
have lesser impact on the four different human pathogens when compared to other three species of medicinal 
plants (P. niruri, A. vera and P. emblica). 
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Antimicrobial activity of aqueous extracts 
In agar well diffusion method, the aqueous extracts of  Azadiracta indica  showed maximum zone of 

inhibition against Serratia marcescens (23 mm) followed by Vibrio cholera (21 mm), E. coli (20 mm) and 
Salmonella.spp(19 mm) (Fig.3)  Similarly the aqueous extract of P. emblica has high impact on the human 
pathogenic bacteria such as 22mm, 21 mm, 21 mm and 18 mm against Vibrio cholerae,  Serratia 
marcescens, Salmonella sp. and E. coli respectively. The extract of Andrographis paniculata showed 
minimum zone of inhibition against Vibrio cholerae (11 mm) and the extract of  Azadiracta indica   showed 
moderate rate of antimicrobial activity on all the four human pathogenic bacterial species ( Fig.3) 

Fig-1: Antimicrobial activity of Ethanol extracts 

 
Fig-2: Antimicrobial activity of Methanol extract 
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Fig-3: Antimicrobial activity of Aqueous extracts 

 
DISCUSSION 

The plants have traditionally provided a source of hope for novel drug compounds, as plant herbal 
mixtures have made large contributions to human health and well being. The use of plant extracts with 
known antimicrobial properties can be of great significance for therapeutic treatment (Duncon et. al.,1999). 

Azadirachta indica extracts had shown an antibacterial effect as presented in different graphs used in results 
interpretation, but the effect was seen on Staphylococcus spp  and E.coli was maximum affected the 
Azadiracta indica  methanol extract. 
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CHAPTER - 27 

EFFICIENCY OF SEAWEED EXTRACT AND BACTERIAL BIOCONTROL AGENTS FOR THE 
CONTROL OF SHEATH BLIGHT OF RICE CAUSED BY RHIZOCTONIA SOLANI [KUHN] 

M. Thamarai Selvi and R. Chandrika 
Department of Plant Pathology, Faculty of Agriculture, Annamalai University 

ABSTRACT 
Rice (Oryza sativa L.) is one of the most important cereals of the world next to wheat and is 

consumed by 70% of the world population, particularly in Asia which consumes and produces more than 
half of total world rice. However, rice production is seriously threatened by various diseases, which causes 
severe yield loss and most significant economic loss each year. The seed-borne diseases of rice are sheath 
blight (Rhizoctonia solani), stem rot (Sclerotium oryzae), brown spot (Bipolaris oyzae), sheath rot 
(Sarocladium oryzae),  and false smut (Ustilaginoidea virens) among which sheath blight of rice has become 
a major constraint to rice production during the last two decades. Bio-control agents induce systemic 
resistance thereby contributing to disease control. Biocontrol  P. fluroscensand B. subtiliswere isolated from 
soil,Nagapattinam district and were evaluated against R.solani.Plants as a source of potential antimicrobial 
substances are receiving considerable attention throughout the world. Five plant extracts/ botanicals were 
tested  for their fungitoxicity against R. solani,  by spore germination, paper disc, agar well 
method.Seaweeds provide a rich source of structurally diverse and biologically active secondary 
metabolites.Among the five seaweed extracts tested against R. solani, extracts ofSargassum wightii [brown 
seaweed algae]at a concentration  20 per cent was found to be the best in the reduction of spore germination 
(18.50 per cent) followed by Acanthopora spicifera [Red seaweed algae]at all concentrations (5, 10, 15 and 
20%). The leaf extracts of  Sargassum wightii[brown seaweed algae] at a concentration of 20 per cent 
concentration was found to maximally reduce, in both paper disc method and agar well methods and recorded 
48.64 and 45.70 per cent inhibition zone respectively. Acanthopora spicifera [Red seaweed algae]recorded a 
minimum per cent inhibition zone than all other extracts. The result revealed the supremacy of Sargassum 
wightii[brown seaweed algae].Eight, fungicides were tested against R. solaniby poison food technique. 
Among the eight fungicides, Hexaconazole (Contaf) @ (400 ppm) completely inhibited the mycelial 
growth of R. solani. 

INTRODUCTION 
Rhizoctonia solani kuhn  the causal agent of rice sheath blight, is one of the most serious rice 

diseases worldwide (Shahram naeimi et al., 2010). First reported in Japan in 1910, the disease became 
established in many oriental countries and as a result is often referred to as “Oriental leaf and sheath blight”, 
sheath blight, Pellicularia sheath blight, sclerotial blight and banded blight of rice (Dath and premalatha, 
1990).Presently, sheath blight disease management is mainly achieved through systemic fungicides (Pal et 
al., 2005). The resistance gained by pathogen to these systemic fungicides is of concern, thus demanding an 
evolution of newer fungicides and screening of certain commonly used fungicides before evolving a 
comprehensive and compatible organic formulations.Seaweeds provide a rich source of structurally diverse 
and biologically active secondary metabolites. The beneficial effect of seaweed extract application is as a 
result of many components that may work synergistically at different concentrations, although the mode of 
action still unknown (Fornes et al., 2002 and Shehata et al., 2011). The stimulative effects of seaweed extract 
on the plants are well documented. Using of seaweed extract improve Seeds germination, seedling 
development, increase plant tolerance to environmental stresses ( Xunzhong Zhang and  Ervin,  2007), and 
enhance plant growth and yield (Hong et al, 2007; Zodape et al, 2008; Khan et al., 2009; James S. Craigie, 
2011;  ManojKumaret al., 2012). Hence, it is practically proved that application of seaweed extract  
decreases the sheath blight disease in rice plant. Seaweeds are prolific producers of biologically active 
compounds. Such an ability were developed as defense against numerous organisms which coexist and 
interact in the same complex environment (Blunt 2006). According to Smit (2004) the discovery of 
metabolites with biological activity from algae increased substantially in the last three decades. These 
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substances exhibit an appreciable number of distinct biological activities such as antitumoral, antiviral, 
antifungal, insecticidal, cytotoxic, phytotoxic, and antiproliferative  actions (Machado, 2011; Kladi et al., 
2006). The majority of these compounds are terpenes and polyphenols (Blunt, 2006). 

METHODOLOGY 
Assessing the virulence of R. solaniisolates 

The top soil of 30 kilogram collected from Rice- growing field was steam pasteurized and filled in 
cement pot (30 × 15 cm). Thirty days old rice seedlings var. ADT 36 was transplanted @ 6 per plot. The 
spore suspension (1 × 106 ml-1) of R. solani was prepared  from 20 days  old  culture grown on PDA slants 
using sterile distilled water.  One month old seedlings were inoculated with a spore suspension of R. solani, 
one gram rice hull placed on basal leaves and covered with polythene bags and incubated in a growth 
chamber. After 15, 30, 45, 60 and 75 days of transplanting, they were observed periodically for the presence 
of disease. The intensity of sheath blight was calculated as per cent disease index  (PDI) as per the grade 
chart proposed by (Sriram et al., 2000). 

0 = No infection 
1 = less than 5 per cent of  the area of leaf sheath affected 
2 = 6-10 per cent of the area of leaf sheath affected 
3 = 11-25 per cent of the area of leaf sheath affected 
4 = 26-50 per cent of the area of leaf sheath affected 
5 = More than 50 per cent of  the area affected 
The per cent disease index (PDI) was calculated by the formula of McKinney (1923). 

PDI =
valuecategory  Maximum

100
observed tillers of number Total

ratings numerical of Sum
  

Evaluation of antagonistic potential of bacteria against R. solani, under invitro 
Dual culture technique (Dennis and Webster, 1971) 

P. fluorescens was multiplied on King’s ‘B’ medium (20 g pblightease peptone, 1.5 g magnesium 
sulphate, 1.5 g dipotassium hydrogen  phosphate, 15 g agar agar, 10 ml glycerol, 1000 ml distilled water and 
PH adjusted to 7.2). An 8 mm actively growing PDA culture disc of the pathogen was placed on PDA 
medium in sterilized petri dish at one side 1.5 cm away from the edge of the plate, and incubated at room 
temperature (28 ± 2°C). Forty eight hour later, actively growing 48-h-old cultures of the respective test 
bacteria were separately streaked onto the medium at the opposite side of the plate, 1.5 cm away from the 
edge of the plate. The inoculated plates were incubated at room temperature (28 ± 2°C). Three replications 
were maintained for each antagonist. Potato dextrose agar medium inoculated with the pathogen alone served 
as control. After 48 hrs, the radial growth of the pathogen was measured. The results were expressed as per 
cent growth inhibition over control (Vincent,1927) (plate 7). 

Y = C-T/C x 100 

Mycelial dry weight 
Potato dextrose broth was prepared in 250 ml Erlenmeyer flasks and autoclaved. Culture filtrates of 

P. fluorescens were added to 45, 40, 35 and 30 ml of broth in flasks so as to get the concentration of 10, 20, 
30 and 40 per cent of the filtrate in the broth.  All the flasks were inoculated with 9 mm culture discs of 
pathogen (R. solani) and incubated at 28±1°C for 10 days. Broth without any filtrate served as control. Three 
replications were maintained for each treatment. After the incubation period, the mycelial mat was harvested 
on a previously weighed filter paper and dried at 105°C for 12 h in a hot air oven, cooled in a desiccation and 
the mycelia weight was recorded and expressed at mg/50 ml/broth. 

Dual culture 
B. subtilis was grown on nutrient agar (peptone -5g, meat extract – 1g, yeast extract 2g, sodium 

chloride-5g, pH 7.0) medium. A 8 mm actively growing PDA culture disc of the pathogen was placed on 
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PDA medium in sterilized petri dish at one side, 1.5 cm away from the edge of the plate, and incubated at 
room temperature (28 ± 2°C). After forty eight hrs, actively growing 48-h-old cultures of the respective test 
bacteria were separately streaked on to medium at the opposite side of the plate, 1.5 cm away from the edge 
of the plate. The inoculated plates were incubated at room temperature (28 ± 2°C).Three replications were 
maintained for antagonist. Potato dextrose agar medium inoculated with the pathogen alone served as 
control. After 8 days, the radial growth of the pathogen was measured. The results were expressed as per cent 
growth inhibition over control. The most effective isolates of B. subtilis were used for the further study 

Mycelial dry weight 
PDA was prepared in 250 ml Erlenmeyer flasks and autoclaved. Culture filtrates of Bacillus subtilis 

@ 10 ml added to 40 ml broth in flask so as to get the final concentration of 20 per cent of the filtrate in 
broth. The flask was inoculated with 8mm culture disc of R. solani and incubated at 28± 10C for 10 days. 
Broth without any filtrate served as control. Three replications were maintained. After the incubation period, 
the mycelial mat was harvested on a previously weighed filter paper and dried at 1050C for 12 h in a hot air 
oven, cooled in desiccators and the mycelial weight was recorded and expressed in mg/50 ml/broth. 

EVALUATION OF PLANT EXTRACTS AGAINST R. SOLANI 
Spore germination assay (Macko et al., 1977) 

One drop of 5, 10, 15 and 20 per cent plant extracts were individually placed in cavity slides and 
were allowed to air dry. A drop of the spore suspension (1x106 spore ml-1) of R. solani prepared in sterile 
distilled water was added to each of the dried plant product and was thoroughly mixed. The spore suspension 
in sterile distilled water served as the control. Similar procedure has been followed for taking the spore 
germination assay as stated earlier. 

Paper disc assay (Saha et al., 1995) 
Spore suspension of the fungi was prepared from a ten days oldculture with sterile distilled water. Plant 

extracts at various concentrations @ 5, 10, 15and 20 per cent were prepared.Twenty ml of PDA medium was 
seeded with three ml of sclerotial suspension (1 x 106 sclerotia / ml) of the fungus and solidified. Sterile filter 
paper discs (10mm) were dipped separately in known concentration of treatments and placed equidistantly 
over the seeded medium. Three replications were maintained. The plates were incubated at 28±2ºC for 48 hr. 
The inhibition zone of the fungal growth around the treated paper discs was measured and recorded.The 
paper disc dipped in sterile distilled water served as control. 

Agar well method (Thongson et al., 2004) 
Plant extracts @ 5 per cent, 10 per cent, 15 per cent and 20 per cent were added individually (10 ml) 

were added to the sterilized potato dextrose agar medium and thoroughly mixed just before plating. Twenty 
ml of these mixtures individually were immediately poured into sterilized Petri plates and were allowed to 
solidify. A 9 mm of PDA disc was removed by using a cork borer to form wells; 1 ml of spore suspension 
was poured into a well. All these were carried out under aseptic conditions. The plates were incubated at 
28±2ºC for 10 days. Potato dextrose agar medium without natural products served as the control. Three 
replications were maintained. The radial growth of the colony was measured. The per cent inhibition of the 
growth was calculated. 

Evaluation of seaweeds extracts against R. solaniin vitro 
The efficacy of the various seaweeds listed in table was tested against R. solani 

Sl . No. S c i e n t i f i c  n a m e Anti microbial property Common name Collected from 

  S a r g a s s u m  w i g h t i i P h e n o l Brown seaweed Kanya ku mar i 

  Di ct yot a  d i ch ot om a E t h y l  a c e t a t e Brown seaweed P a m b a n 

  U l v a  r e t i c u l a t e Caccamese and azzolina  Green seaweed Gulf of mannar coast 

  G e l i d i e l l a  a c e r o s a D i m e t i c o n e R e d  s e a w e e d Gulf of mannar coast 

  Acanthopora spicifera  - - - - - - - - R e d  s e a w e e d Gulf of mannar coast 
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PREPARATION OF SEAWEED PRODUCTS 
Preparation of crude seaweeds extracts (Vallianayagam et al., 2009) 

Each 1 Kg of live, healthy and matured samples  of each seaweed (Brown seaweeds, Green seaweeds 
and Red seaweeds) collected along the Coast of Pamban (Rameswaram (9°14`N; 79°14`E), Kanyakumari, 
Pondicherry, Velankanni and Gulf of Mannar, Tamil Nadu, India) were washed thoroughly in sea water 
followed by tap water to remove extraneous particles and epiphytes. Then they were air dried under shade in 
laboratory for 3 days. The shade-dried samples were chopped and pulverized. Each 50 g powdered sample 
was separately extracted for 7 days, thrice in 500 ml of 1:1(v/v) chloroform: methanol using a 1 litre 
Erlenmeyer conical flask under dark condition. The extract were pooled and concentrated by using a flask 
evaporator under reduced pressure at 45°C, weighed and stored at 0°C. 

Spore germination assay (Macko et al., 1977) 
One drop of 5, 10, 15 and 20 per cent seaweed extracts individually were placed in cavity slides and 

were allowed to air dry. A drop of the spore suspension (1  106 spores ml-1) of R. solani prepared in sterile 
distilled water was added to each of the dried marine products and was thoroughly mixed. The prepared 
cavity slides were incubated in a moist chamber. Three replications were maintained for each treatment. The 
spore germination was observed and recorded after 48 h and the per cent germination was calculated. The 
spore suspension prepared in sterile distilled water served as the control. 

Paper disc assay (Saha et al., 1995) 
Spore suspension of the fungi was prepared from a ten days oldculture with sterile distilled water. 

Seaweed extracts at Various concentrations @ 5, 10, 15and 20 per cent were prepared.Twenty ml of PDA 
medium was seeded with three ml of sclerotial suspension (1 x 106 sclerotia / ml) of the fungus and 
solidified. Sterile filter paper discs (10mm) were dipped separately in known concentration of treatments and 
placed equidistantly over the seeded medium. Three replications were maintained. The plates were incubated 
at 28±2ºC for 48 hr. The inhibition zone of the fungal growth around the treated paper discs was measured 
and recorded.The paper disc dipped in sterile distilled water served as control. 

Agar well method (Thongson et al., 2004) 
10 ml of Seaweed extracts @ 5, 10, 15 and 20 % concentrations were added  individually to the 

sterilized potato dextrose agar medium and thoroughly mixed just before plating. Twenty ml of these 
mixtures individually were immediately poured into sterilized Petri plates and were allowed to solidify. A 9 
mm of PDA disc was removed by using a cork borer to form wells; 1 ml of spore suspension was poured into 
a well. All these were carried out under aseptic conditions. The plates were incubated at 28±2ºC for 10 days. 
Potato dextrose agar medium without seaweed extracts served as the control. Three replications were 
maintained. The radial growth of the colony was measured. The per cent inhibition of the growth was 
calculated. 

Mycelial dry weight 
Potato dextrose broth was prepared in 250 ml Erlenmeyer flasks and autoclaved. Seaweed extracts 

@ 2.5, 5, 7.5 and 10 ml concentrations were added to 47.5, 45, 42.5 and 40 ml broth in flasks so as to get 
final concentrations of 5, 10, 15 and 20 per cent of the filtrate in the broth. All the flasks were inoculated 
with 9 mm culture discs of pathogen [R. solani] and incubated at 28  1C for 10 days. Broth without any 
filtrate served as control. Three replications were maintained for each treatment. After the incubation period, 
the mycelial mat was harvested on a previously weighed filter paper and dried at 105C for 12 h in a hot air 
oven, cooled in a desiccator and the mycelial dry weight was recorded and expressed at mg/50 l/broth. 

Evaluation of fungicides against R. solani 

S l .  N o . C h e m i c a l  n a m e C o n c e n t r a t i o n  ( % ) T r a d e  N a m e 

1 . C a r b e n d a z i m  5 0 %  W P 0 . 1 B a v i s t i n 

2 A z o x y s t r o b i n  2 5  S C 0 . 3 A m i s t a r 

3 . D i f e n o c o n a z o l e  2 5 %  E C 0 . 1 S c o r e 

4 . C o p p e r  o x y  c h l o r i d e  5 0 %  W P 0 . 1 C o r p u s 
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5 . M e t a m i n o s t r o b i n  2 0  S C 0 . 1 M e t a m i n o s t r o b i n 

6 . T e b u c o n a z o l e  2 5 %  E C 0 . 1 T e g r o l 

7 . H e x a c o n a z o l e  5  S C 0 . 1 C o n t a f 

8 . P r o p i c o n a z o l e  5  S C 0 . 1 S p e c t a t o r 

Poisoned food technique (Schmitz, 1930) 
Eight fungicides, Hexaconazole 5% SC,Propineb 75% WP,Difenoconazole 25% EC, Tricyclazole 75% 
WP,Benomyl 50% WP,Azoxystrobin 25% SC,Iprodion + Carbendazim 50%  WP, Tebuconazole + 
Trifloxystrobin 75%  WG were used for the study. The effect of various fungicides on the radial growth of the 
pathogen was studied by poisoned food technique. Required quantity of fungicide solutions were mixed with 
PDA autoclaved and cooled just before pouring into Petri plates, so as to obtain the required concentrations 
viz.100, 200, 400 ppm. The medium was then dispensed uniformly into 90 mm diameterPetri plates and inoculated with 
9 mm mycelial disc of the pathogen from8 day old culture with their mycelial side down. Pathogen inoculated in 
unamended medium served as control. The growth of the fungus was monitored by measuring the radial 
growth in mm every 24 h, till the fungus covers the plate completely in the control plate. The per cent 
inhibition(PI) of the fungus over control was calculated using the following formula: 

PI = (A – B)/A x 100 

Where, A is colony diameter of the fungus in control plates (mm) and B is colony diameter of the fungus in treated 
plates (mm). 

Mycelial dry weight 
Required quantities of each fungicide was added to potato dextrose broths to have concentrations of 

100, 200 and 400 ppm and autoclaved. The Erlenmeyer flasks were inoculated with 9 mm mycelial discs 
obtained from the periphery of the fungal culture (8 days old). Similar procedure has been followed for taking 
the mycelial dry weight as stated earlier. 

Compatibility of seaweeds and plant extracts with P. fluorescens (Utpal Deyet al., 2015) 
The compatibility was determined for P. fluorescens, seaweed extract, and plant extracts,by using 

PDA and KB medium, respectively. The medium was mixed with the P. fluorescens each at 2 ml/18ml of 
PDA. Each milliliter of fungal and bacterial suspension contained 1×108 cfu/ml. the medium containing 
biocontrol agents were poured into Petri plates and immediately after solidification, two sterile paper discs 
were placed at equidistance to each other on the seeded medium.5 ml of the 20 per cent seaweed extract after 
passing through bacterial filters was added to first sterile filter paper disc and 5 ml of 0.01 ml of sterile 
distilled water was added to second filter paper disc as control, respectively. The plates were incubated at 
room temperature 72 h (P. fluorescens) and observed for the inhibition zone. Absence of inhibition zone 
around the disc indicates the compatibility with respective bacterial and fungal isolates and the presence of 
inhibition zone indicates the incompatibility 

Results 
In the present study, bacterial biocontrol agents, various seaweed extracts plant extracts and 

fungicides were tested individually and in combination for the compatibility, as well as management of 
sheath blight under in vitro andpot culture studies and the mechanism of induced resistance used against the 
disease were studied. The results of these experiments are summarized under here 

Table-1: Evaluation of various isolates of Pseudomonas spp against R. solani  in under  in vitro condition 

S.No I s o l a t e s 
Linear  growth of 

R.solani (mm) % Growth 
inhibitor 

M y c e l i a l 
dry weight (mg/50 ml/broth) 

Inhibition zone R.solani 1 0 % 2 0 % 3 0 % 4 0 % Mean 

1 . 
Pseudomonas 

fluorescens 
(P .f1) 

4 9 . 0 0 
(44.27) 

4 1 . 0 0 
(39.81) 6 4 . 6 0 a 2 6 0 2 1 0 1 0 0 2 0 1 4 7 a 

2 . P  . f 2 
4 7 . 5 0 
(43.56) 

4 2 . 5 0 
(40.68) 4 9 . 1 0 b 2 7 3 2 1 8 1 1 2 2 7 1 5 7 b 
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3 . P  . f 3 
4 6 . 5 0 
(42.99) 

4 3 . 5 0 
(41.26) 4 7 . 2 0 b 3 1 9 2 2 8 1 1 8 3 0 1 7 3 c 

4 . P  . f 4 
4 3 . 6 0 
(41.32) 

4 6 . 4 0 
(42.93) 4 4 . 5 0 c 3 4 0 2 4 0 1 2 3 3 2 1 7 9 d 

5 . P  . f 5 
3 7 . 3 2 
(37.65) 

5 2 . 6 8 
(46.53) 4 5 . 0 0 c 3 4 8 2 4 5 1 2 8 3 4 1 8 3 d 

6 . P  . f 6 
3 6 . 1 0 
(36.92) 

5 3 . 9 0 
(47.23) 3 7 . 7 0 e 2 7 8 2 2 3 1 1 7 2 8 1 6 1 b 

7 . P  . f 7 
3 4 . 2 7 
(35.83) 

5 5 . 7 3 
(48.29) 4 1 . 4 0 d 3 5 0 2 4 7 1 3 0 4 0 1 9 1 d 

8 . P  . f 8 
3 0 . 7 4 
(33.67) 

5 9 . 2 6 
(50.33) 3 3 . 6 7 e 2 6 2 2 1 7 1 3 9 2 4 1 5 2 b 

9 . P  . f 9 
2 9 . 5 0 
(32.89) 

6 0 . 5 0 
(51.06) 3 5 . 7 0 e 3 7 8 2 6 7 1 3 9 4 6 2 0 7 e 

1 0 . P  . f 1 0 
2 2 . 6 0 
(28.38) 

6 7 . 4 0 
(55.18) 3 0 . 1 0 f 3 5 6 2 5 5 1 4 2 1 3 4 1 9 6 d 

1 1 . C o n t r o l  9 0 . 0 0 
(71.56)       

* Values in the column followed by common letters do not differ significantly by DMRT (P=0.05) 

*Mean of 3 replications. 

*Figures in parentheses are arcsine transformed values 

Mycelial growth 
The mycelial dry weight of the pathogen was also recorded on 10, 20, 30 and 40 per cent 

concentration of culture filtrate of  the antagonists. All the treatments were found to be effective in reducing 
the growth of pathogen. However, among the different  treatments  P. fluorescens isolates  (P.f-1) showed 
minimum  mycelial growth recording 260, 210, 100 and 20 mg/50 ml broth at 10, 20, 30 and 40 per cent 
conc. respectively, followed by P. fluorescens isolate (P.f-8) and P. fluorescens  isolate (P.f-4) recording a 
vegetative growth of 262, 217,139, 24 and 340, 240, 123 and 32 mg/50ml/broth respectively (Table 1). 

The results of the experiment showed the superiority of P. fluorescens P.f-1 and hence the same was used for 
subsequent studies 
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Table-2: Evaluation of various isolates of Bacillus spp against R. solani under in vitro Condition 

S . N o I s o l a t e s 
Linear  growth of 

R.solani (mm) % Growth 
inhibitor

M y c e l i a l 
dry weight (mg/50 m/broth) 

Inhibition zone R.solani 1 0 % 2 0 % 3 0 % 4 0 % M e a n 

1 . Bacillus substilis  
(B.s1) 

6 4 . 0 0 
(53.13) 

2 6 . 0 0 
(30.65) 67 .88 a 2 0 0 1 6 0 8 0 2 7 1 1 7 a 

2 . B .  s 2 
6 2 . 6 0 
(52.29) 

2 7 . 4 0 
(31.56) 66 .66 a 2 2 4 1 6 2 8 2 2 9 1 2 4 b 

3 . B .  s 3 
6 0 . 4 0 
(51.00) 

2 9 . 6 0 
(32.96) 64.12 b 2 6 6 1 7 6 8 4 3 3 1 4 0 c 

4 . B .  s 4 
5 8 . 6 0 
(49.95) 

3 1 . 4 0 
(34.08) 61 .55 c 2 8 0 1 9 6 9 0 3 7 1 5 1 c 

5 . B .  s 5 
5 4 . 5 0 
(47.58) 

3 6 . 0 0 
(33.83) 57.44 d 2 9 4 2 1 8 9 7 4 9 1 6 5 d 

6 . B .  s 6 
5 1 . 7 0 
(41.57) 

3 8 . 3 0 
(38.23) 53.22 d 3 1 0 2 2 4 1 1 6 5 2 1 8 7 e 

7 . B .  s 7 
4 9 . 6 0 
(44.77) 

4 0 . 4 0 
(39.46) 50 .11 e 3 2 4 2 7 5 1 1 8 5 5 1 9 3 e 

8 . B .  s 8 
4 8 . 5 6 
(44.17) 

4 1 . 4 4 
(41.89) 4 9 . 35 f 3 4 7 2 9 0 1 3 6 5 9 2 0 8 f 

9 . B .  s 9 
4 5 . 4 0 
(42.36) 

4 4 . 6 0 
(41.89) 4 7 . 77 f 4 2 0 3 2 4 1 4 7 6 4 2 3 9 g 

1 0 . B .  s 1 0 
3 7 . 8 9 
(37.89) 

5 2 . 2 0 
(46.26) 44.69 g 4 6 7 3 6 0 1 6 8 6 6 2 6 5 h 

1 1 . C o n t r o l  9 0 . 0 0 
(71.56)  4 8 0 4 8 0 4 8 0 4 8 0 4 8 0 i 

* Values in the column followed by common letters do not differ significantly by DMRT (P=0.05) 

*Mean of 3 replications. 

*Figures in parentheses are arcsine transformed values 

Mycelial growth 

The mycelial dry weight of the pathogen was  recorded on 10, 20, 30 and 40 per cent concentration 
of culture filtrate of the antagonists. All the treatments were effective in reducing the vegetative growth of 
pathogen. However, the treatment with  B. subtilis  isolate 

(B.s-1) showed minimum of  vegetative growth recording 200, 160, 80 and  27mg/50 ml broth at 10, 20, 30 
and 40 per cent conc. Respectively, followed by B. subtilis isolate (B.s-2 ) and B. subtilis isolate (B.s-3) with 
the growth of 224, 162, 82, 29 and 266, 176, 84, and  29mg/50ml/broth respectively (Table 2). 

The results of the experiment showed the superiority of B. subtilis B.s-1 and hence the same was 
used for subsequent studies. 

In vitro evaluation of various plant extracts against  R. solani 
Spore germination 

Among the five plant extracts tested against R. solani, extract of Hennaleaf at 20 per cent 
concentration  was found to be the best in the reduction of spore germination (3.00 per cent). It was followed 
by  Neem @ 20 per cent inhibiting spore germination by 22.40 per cent. The rate of reduction was 
corborated with its concentration in case of all the tested plant extracts. Henna leafand of neem leafsignificantly 
reduced the spore germination than other  plant extracts in all the concentrations. Nerium leaf extract at different 
concentration (5, 10, 15 and 20%) recorded 65.30, 52.10, 38.40, 27.70 and  per cent reduction in spore 
germination respectively (Table 
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Table-3: Evaluation of various plant extracts against R. solani under in vitro condition. 

S. No Plant Extracts Spore germination(% ) I n h i b i t i o n  z o n e  ( m m ) 

P a p e r  d i s c  m e t h o d A g a r  w e l l  m e t h o d 
5 % 1 0 % 1 5 % 2 0 % M e a n 5 % 1 0 % 1 5 % 2 0 % M e a n 5 % 1 0 % 1 5 % 2 0 % M e a n

1 . Henna 25.40 20.00 7.40 3.00 13.95a  44.60 48.50 53.10 55.30 5 0.44a 37.80 42.70 48 .9 0 54.50 45.97a 

2 . Neem 57.00 45.40 30.10 22.40 38.72b  43.00 46.40 51.40 54.10 4 8.72b 35.40 40.40 46 .7 0 52.00 43.62b 

3 . Bougainvillea 58.40 47.00 34.40 23.60 40.85c  42.60 43.50 49.40 48.00 4 5.87c 34.50 38.10 45 .5 0 50.10 42.05b 

4 . Eucalyptus 60.20 49.20 36.00 25.10 42.62c  40.40 42.10 48.00 47.80 4 4.57c 33.10 36.40 44 .2 0 48.70 40.60c 

5 . Nerium 65.30 52.10 38.40 27.70 45.88d  26.40 28.00 36.10 40.50 1 8.25d 30.60 34.10 40 .2 0 46.80 37.92d 

6 . Control 96.00 96.00 96.00 96.00 96.00e  0.00 0.00 0.00 0.00 0.00 0 .00 0.00 0 .0 0 0.00 0 .00 
* Values in the column followed by common letters do not differ significantly by DMRT (P=0.05) 

Paper disc method and Agar well method 
Various plant extracts were selected and evaluated for the antimicrobial activity by two methods, such as 

paper disc and agar well method. The leaf extracts of Hennaat  20 per cent concentration  showed  maximum 
inhibition zone in both paper disc method and agar well method and recorded 55.30 and 54.50 per cent inhibition 
zone respectively. It was followed by   Neem leaf  (20% conc.)which recorded 54.10 and 52.00 per cent 
inhibition zone in paper disc method and agar well method respectively. All the concentrations of Nerium leaf 
extractrecorded a minimum per cent inhibition zone than all other extracts (Table 3). 

The result of the experiment revealed the superiority of henna leaf extract. Hence the same was used 
for further studies 

In vitro evaluation of various seaweed extracts against R. solani 
Spore germination 

Among the five seaweed extracts tested against R. solani, extracts ofSargassum wightii [brown 
seaweed algae]at a concentration  20 per cent was found to be the best in the reduction of spore germination 
(18.50 per cent). It was followed by a  concentration (20%) ofDictyota dichotoma [brown seaweed algae] 20 
per cent concentration  recorded 34.00 per cent. The rate of reduction was coroborated with its concentration 
in case of all the tested  seaweeds extracts.  Sargassum wightii and Dictyota dichotomasignificantly reduced 
spore germination than other seaweed products in all the concentrations. Acanthopora spicifera [Red seaweed 
algae]at all concentrations (5, 10, 15 and 20%) recorded the least reduction in spore germination respectively 
(Table 9 and Plate 5). 

Table-4: Evaluation of various Seaweed extracts against R. solani under in vitro condition. 

S. No Seaweed Extracts Spore germination (%) I n h i b i t i o n  z o n e  ( m m ) 

Paper disc method Ag ar  we l l  met ho d 
5 % 1 0 % 1 5 % 2 0 % M e a n 5 % 1 0 % 1 5 % 2 0 % M e a n 5 % 1 0 % 1 5 % 2 0 % M e a n

 
1. S a r g a s s u m w ig h t i i  (B ro wn   s ea we ed  alg a e)  48.10 41.50 20.00 18.50 32.02a  35.00 40.27 46.00 48.64 41.22a  29.70 34.63 39.15 45.70 37.29a  

. 
2. Dict yo ta d i ch oto ma  (B ro wn  s eawe ed  alg ae)  64.70 60.40 51.65 34.00 52.68b 20.00 21.40 26.50 28.20 24.02b 17.10 20.40 22.10 25.94 21.38b  

. 
3. Ulva reticu lata ( Gree n seawe ed algae)   

79.10
 

65.10
 

53.28
 

44.40
 

59.72
 

12.25
 

14.40
 

18.70
 

27.00
 

18.08
 

10.55
 

10.82
 

15.10
 

17.00
 

13.12
 

4. Gelidiella  acerosa (R ed seaweed algae)  80.00 74.55 62.00 53.20 67.43c  12.20 14.20 16.26 19.62 15.54c  10.50 10.40 14.00 16.00 12.84d  

5 . A ca nth o po r a s p i cif er a (R ed  s ea weed  alg ae)  84.60 76.40 68.38 56.28 71.42d 12.00 13.60 16.00 19.50 12.28d 10.00 10.20 12.40 14.16 14.86c  

6 . C o n t r o l 95.00 95.00 95.00 95.00 95.00e  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
* Values in the column followed by common letters do not differ significantly by DMRT (P=0.05) 
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Paper disc method and Agar well method 
Various seaweed extracts were evaluated for the antimicrobial activity by paper disc and agar well 

method. The leaf extracts of  Sargassum wightii[brown seaweed algae] at a concentration of 20 per cent 
concentration was found to be the  maximally reduced in both paper disc method and agar well methods and 
recorded 48.64 and 45.70 per cent inhibition zone respectively. It was followed by a highest concentration (20%) of 
Dictyota dichotomawhich recorded 28.20 and 25.94 per cent  inhibition zone in paper disc method and agar well 
method respectively. All the concentrations of Acanthopora spicifera [Red seaweed algae]recorded a minimum 
per cent inhibition zone than all other extracts (Table 4 and ). 

The result revealed the supremacy of Sargassum wightii[brown seaweed algae]. Hence the same was used 
for further studies. 
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In vitro evaluation of various fungicides against R. solani 
Mycelial growth 

In the present study eight, fungicides were tested against R. solani and presented in Table 10. All the 
tested fungicides registered appreciable inhibition in colony growth and mycelial dry weight. Among the eight 
fungicides, Hexaconazole (Contaf) @ (200 ppm) completely inhibited the mycelial growth of R. solani. 
Propiconazole, Metaminostrobin, carbendazim, Azoxystrobin, copper oxychloride, difenconazole, 
Tebuconazole @ 400 ppm recorded 0.00mm, 0.00mm, 2.70mm, 5.35mm, 16.84mm and 22.15mm and 26.00mm  
radial growth of the test pathogen respectively. Hexaconazole was significantly superior in comparison to the other 
fungicides inhibiting the mycelial growth. 

Mycelial dry weight 
Under in vitro condition, all the eight fungicides inhibited the growth of mycelial biomass of R. solani. 

Among the fungicides, Hexaconazole showed the highest level of inhibition and recorded 47.3 mg mean  
mycelial dry weight. It was followed by Propiconazole which recorded 72.9 mg of mycelial dry weight. In all 
in vitro experiments conducted, the level of efficacy of Hexaconazole was superior to that of other fungicides 
(Table 10). 

The result of the experiment revealed the superiority of Hexaconazole. Hence the same was 
used for further studies 

Table-5: Evaluation ofvarious fungicides against R. solani under in vitro condition 

F u n g i c i d e s Mycelial  growth of R.solani (mm) Mycelial dry weight (mg/50 ml broth) 
100 ppm 200 ppm 400 ppm M ea n 100 ppm 200 ppm 400 ppm M ea n 

Carbendazim 50%  WP 27.20 10. 50 2 . 7 0 10.13c 260.0 117.0 5 8 . 0 8 9 . 6 b 

Azoxystrobin 23%  Sc 30 .00 13 .00 5 . 3 5 16.28c 281.0 140.0 107.0 176.0c 

Difenconazole 25% EC 58.50 28 .00 22 .15 33.21d 328.0 178.0 139.0 209.3d 

Copper oxy Chloride 50% WP 57 .10 27 .10 16 .84 33.68d 327.0 174.0 137.0 212.6d 

Metaminostrobin 20 SC 20.00 8 . 7 0 0 . 0 0 9 . 5 6 b 200.0 104.0 5 5 . 0 119.6b 

Tebuconazole 25% EC 60.10 31 .00 26 .00 37.03e 330.0 180.0 142.0 214.0d 

Hexaconazole 5  SC 6 . 1 0 0 . 0 0 0 . 0 0 2 . 0 3 a 130.0 7 . 5 4 . 5 4 7 . 3 a 

Propiconazole 5 SC 15.20 4 . 5 0 0 . 0 0 6 . 5 6 b 145.0 59 .84 1 4 . 0 7 2 . 9 b 

C o n t r o l 88 .00 88 .00 88 .00 88.00f 390.0 390.0 390.0 390.0e 

* Values in the column followed by common letters do not differ significantly by DMRT (P=0.05) 
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DISCUSSION 
Sheath blight of rice caused by Rhizoctonia solani is one of the most important fungal diseases 

affecting rice plant and assuming greater importance all over the rice growing areas. In India, Yield losses 
due to sheath blight infection ranges from 8 to 50% depending on severity of the disease, stage of the crop at 
which it was infected by the fungus and overall environmental conditions (Savary et al., 2000; Singh et al., 
2004). Hence this study is carried out to assess the yield loss due to infection and formulate the effective 
scope of organic formulation management practices. 

The results of the various experiments conducted in vitro and in vivo are discussed here under. 

Evaluation of bacterial antagonist against R. solani 
Ten isolates of P. fluorescens were isolated from different parts of Nagapattinam district and tested 

for their efficacy against R. solani. The present study revealed that among the ten isolates P.f-1  (TNAU)  
maximally inhibited the growth of   R. solani, in vitro  in dual plating technique. This may be due to the 
production of an array of antifungal antibiotics such as 2,4-diacetylphloglucinol, oligomycin, phenazine, 
pyoluteorin, pyrolnitrin and pyocyanin by P. fluorescens (Gupta et al., 2002). A similar result was observed 
by several workers (Seema and Devaki, 2012 and Suryadi et al., 2013). Similarly, antifungal compounds 
such as pseudobactin, HCN, salicylic acid and hydroxyl phenazine produced by  Fluorescent pseudomonads 
suppressed plant pathogenic fungi (Ongena et al., 1999; Gupta et al., 2002; Anita Pandey et al., 2006 and 
Reddy et al., 2008) 

Evaluation of Bacillus subtilis against R. solani 
The present investigation was taken under to study the effect of bacterial bioinoculant (Bacillus 

subtilis) against sheath blight disease incidence. Ten isolates  of Bacillus sp were isolated from soil and 
sediments tested for their efficacy against R. solani. The present study revealed that among the ten isolates 
Bacillus subtilis recorded were maximum inhibition  of R. solani in dual plating technique. A similar result 
was observed by (Tasiwal et al., 2009). They reported that B. subtilis effectively inhibited the growth of P. 
grisea in dual culture technique. This may be due to an antifungal protein, designated bacisubin compounds 
produced by culture filtrate of B. subtilis, which exerated inhibitory activity to mycelium growth of several 
plant pathogenic fungal species. The antifungal protein caused lysis and morphological alteration in hyphae 
(Liu et al., 2009 and kavitha et al., 2005; Guetsky etal., 2002). 

Evaluation of plant extracts against R. solani 
The results of the experiment revealed  that  under in vitro condition, all the plant extracts inhibited 

the mycelial growth of R. solani (radial growth and mycelial biomass) when compared to control. Among 
these, Henna leaf extract exhibited the highest level of inhibition of R. solani even at very low concentration 
(20%). Similarly Debjani Choudhury et al. (2017), reported that  the Plant extracts showed significant 
inhibition of radial growth  and hence  found to be most effective against rice sheath blight pathogen. 

Evaluation of seaweed extracts against R. solani 
Generally, all marine products inhibited the mycelial growth of pathogen in the present study. Of 

which,Sargassum wightii [Brown seaweed algae], Ulva reticulata [Green seaweed algae], Gelidiella acerosa [Red 
seaweed algae] @ 20 per cent concentration exhibited the highest level of inhibition of R. solani. This statement has 
been confirmed by several workers. Sultana et al., (2007), reported that brown, green and red seaweeds were 
highly effective against R. solani in vitro and in vivo conditions. Several workers  have  reported  the 
efficacy of seaweed extracts against fungal pathogens (Norrie et al., 2002; Jayaraj et al., 2008). The 
brown seaweeds show high antifungal activity when compared to red and green algae. The brown seaweeds 
contain high amount of flavonoid and phenolic compounds which could be the reason for antifungal activity 
(Ambika and Sujatha, 2014). This may be due to higher levels and early accumulation of phenolics 
and phytoalexins (Garcia-Mina et al., 2004).The above results lends support to the present findings. 

Evaluation of fungicides against R. solani 
The results of the present study revealed that, all the  eight fungicides tested inhibited the mycelial 

growth of the pathogen when compared to the control. Of these, hexaconazole exhibited the highest level of 
inhibition of R. solani even at very low concentration (200 ppm). Similarly, Brown et al. (1989) reported that 
hexaconazole was highly effective against R. Solani by way of inhibiting mycelial growth and conidial 
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germination at lower concentrations in in vitro and in vivo conditions. Dubey and Toppo (1997), Lore et 
al. (2012) also reported that hexaconazole was most effective in reducing the rice sheath blight disease 
intensity and increased the yield. There are several works reported on the efficacy of hexaconazole against R. 
solani (Dinakaran et al., 2012; Vishal Gupta et al., 2013; Johnson et al., 2013). This may be due to 
demethylation of C-14 during ergosterol biosynthesis that leads to accumulation of C-14 methyl sterols. The 
above results lend support to the present findings. 
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CHAPTER - 28 

EFFECT OF GRADED LEVELS OF N AND P ON GROWTH PARAMETERS OF GLORY LILY 
(GLORIOSA SUPERBA. L) 

M. Gayathiri 
Assistant Professor, Department of Horticulture, Faculty of Agriculture, Annamalai University 

ABSTRACT 
An experiment was conducted to study the effect of graded levels of N and P on growth parameters 

of glory lily. The treatment consists of application of graded levels of major nutrients like nitrogen (90, 120, 
150 kg ha-1), phosphorus (37.5, 50, 62.5 kg ha-1) with a constant dose of potassium (75 kg ha-1). One third 
nitrogen along with entire dose of phosphorus and potassium was applied as basal and the remaining two 
third nitrogen was applied 60 days after planting. The experiment was laid out in Randomized Block Design 
with ten treatments and three replications. The results revealed that the growth parameters viz., plant height 
(124.38 cm), number of primary branches (8.36),  secondary  branches (11.18), number of leaves (149.63) 
and leaf area (11.42 cm2) were recorded the highest in the treatment which received the application of 150: 
50 kg NP ha1. 

Keywords:  Glory lily, growth parameters, graded levels and fertilizers 

INTRODUCTION 
Glory lily (Gloriosa superba .L) is an important medicinal crop. It is native to tropical Asia and 

Africa and found growing throughout tropical India up to an altitude of 2500 m. Tubers are used as tonic, 
antihelmintic and also against snake bites and scorpion stings. It is sometimes used for promoting labour 
pains and conversely also as an abortifacient. The medicinal properties of the glory lily are due to the 
presence of alkaloids, chiefly ‘colchicine’ and ‘gloriosine’. Colchicine present in seeds and tubers is also 
capable of inducing polyploidy in plants and is used in drugs for treating gout and rheumatism (Satyavati et 
al., 1976) and for cancer control (Amoroso, 1935) Nutrition plays an important role in the overall 
improvement in growth and yield in many medicinal and aromatic plants and any interruption in plant 
nutrition even for a short period has a negative effect on yield. Considering the above facts, the present 
investigation was carried out to study the effect of graded levels of N and P on growth parameters of glory 
lily. 

MATERIALS AND METHODS 
A field experiment was conducted in a farmer’s field at Kachiperumal village in Jayankondam taluk 

of Ariyalur District. The experiment was laid out in Randomized Block Design with ten treatments and three 
replications. The treatment consists of application of major nutrients like nitrogen (90, 120, 150 kg ha-1), 
phosphorus (37.5, 50, 62.5 kg ha-1) with a constant dose of potassium (75 kg ha-1). Uniform sized tubers 
weighing around 70 g were planted in the field at a spacing of 60 x 45 cm. One third nitrogen along with 
entire dose of phosphorus and potassium was applied as basal and the remaining two third nitrogen was 
applied 60 days after planting. The fertilizers were applied in the form of urea, super phosphate and potash. 
Irrigation and weeding were done as per the requirement of crop.  The observations on growth parameters 
like plant height, number of primary branches per plant, number of secondary branches per plant, number of 
leaves per plant and leaf area were recorded and analyzed statistically (Panse and Sukhatme, 1978) 

RESULTS AND DISCUSSION 
The results pertaining to the effect of graded levels of N and P on plant height showed significant 

differences among the various treatments (Table 1). Plant height was highest (124.38 cm) with the 
application of N and P @ 150:50 kg ha-1 followed by the treatment which received the application of N and P 
@ 150: 62.5 kg ha-1

 which recorded 119.11 cm. Similar findings on the increase in plant height due to 
application of higher dose of N and P fertilizers were reported by Kumaraswamy et al. (1994) in glory lily. 
Increased plant height due to application of higher levels of nitrogen may be attributed to the fact that N, 
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being the chief constituent of protein is essential for the formation of protoplasm, which leads to cell division 
and cell enlargement resulting in increased plant growth (Bakley, 1974) 

It was observed from the present study that increasing levels of nitrogen and phosphorus consistently 
enhanced the number of branches per plant (Table 1). It was found that application of N and P @ 150:50 kg 
ha-1 recorded the highest number of primary (8.36) and secondary (11.18) branches. The results are in 
conformity with the findings of Birbal et al. (1995). The increase in the application of higher levels of N and 
P fertilizers may be attributed to the increased meristematic activities in the plant and also due to the 
enhanced photosynthesis as reported by Medhi and Borah (1993) 

Maximum number of leaves (149.63) and leaf area (11.42 cm2) were observed when N and P were 
applied @ 150: 50 kg ha-1. Upadhyay and Mishra (1999) suggested the possible reason for maximizing the 
leaf production could be due to increase in chlorophyll content and availability of higher quantity of 
nutrients.  Watson (1952) concluded that the leaf area was highly related to crop yield, since it provided 
room for the photosynthetic system. Any treatment which influenced leaf area could have a control on 
economic yield of the plant. Further, the acceleration in leaf area could be attributed to the level of auxins, 
carbohydrates and other organic compounds produced as a result of application of inorganic fertilizer. 

CONCLUSION 
Based on the present investigation, it can be concluded that the application of N and P @ 150:50 kg 

NP ha-1 resulted in improving the growth parameters of glory lily. 

Table-1: Effect of graded levels of N and P on growth parameters of glory lily 
Treatment Details Plant 

height 
(cm) 

Number of 
Primary 

branches-1 

Number of 
secondary 
branches-1 

Number 
of leaves 

Leaf 
area 
(cm2) 

T1- 90: 37.5 kg NP ha-1 87.61 5.19 7.02 101.34 8.61 
T2- 90: 50  kg NP ha-1 93.24 5.64 7.54 107.45 9.28 
T3- 90: 62.5 kg NP ha-1 98.56 5.79 8.06 113.29 9.39 
T4-120: 37.5 kg NP ha-1 100.04 6.24 8.58 118.62 9.80 
T5- 120: 50 kg NP ha-1 106.24 6.78 9.10 124.81 10.21 

T6-120: 62.5 kg NP ha-1 111.63 7.23 9.62 130.74 10.62 
T7- 150: 37.5 kg NP ha-1 112.87 7.49 10.14 136.69 10.69 
T8- 150: 50 kg NP ha-1 124.38 8.36 11.18 149.63 11.42 

T9- 150: 62.5 kg NP ha-1 119.11 7.91 10.66 143.71 11.02 
T10-Control (Without fertilizers) 71.24 4.13 6.50 84.52 6.16 

S.Ed 2.57 0.19 0.23 2.42 0.19 
CD(p=0.05) 7.16 0.38 0.45 4.84 0.38 
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CHAPTER - 29 

AN IN SILICO DERIVED PUTATIVE MODEL OF RNA INTERFERENCE PATHWAY 
COMPONENTS IN THE FRESHWATER PRAWN, MACROBRACHIUM ROSENBERGII –

IMPLICATIONS IN IMMUNITY AND DISEASE MANAGEMENT 

Rajat Kumar Nayak1, Snigdha Baliarsingh1, Hongray Howrelia Patnaik2, Subhasmita Panda1, S. Sahul 
Hameed3, Jyotirmaya Mohanty4, Yeon Soo Han2, Bharat Bhusan Patnaik1* 

1School of Biotech Sciences, Trident Academy of Creative Technology (TACT), F2-B, Chandaka Industrial 
Estate, Chandrasekharpur, Bhubaneswar  

2School of Applied Biology, College of Agriculture and Life Sciences, Chonnam National University, 
Yongbong-ro, Buk-gu, Gwangju, KOREA, 

3Aquatic Animal Health Laboratory, C. Abdul Hakeem College of Arts & Sciences, Melvisharam, Vellore 
Dt. Tamilnadu 

4ICAR-Central Institute of Freshwater Aquaculture, Kausalyaganga, Bhubaneswar 

ABSTRACT 
Shrimp aquaculture has become a global industry with over 85% of worldwide farmed shrimp 

produced in Asia. RNA interference (RNAi) is a useful approach to identify fitness traits associated with 
immunity and defense of shrimp infected with microorganisms. In this approach, an in vivo gene-silenced 
model is constructed by administering sequence-specific dsRNA targeting genes of the pathogen and/or the 
host. The process involves host RNAi components including the Rnase III and Argonaute (Ago) family 
proteins involved in processing and cleaving of the dsRNA target. In this study, we used bioinformatics 
approach to unravel the putative model of RNAi in the freshwater prawn, Macrobrachium rosenbergii. 
Among the RNAi components, the Rnase III and Ago sub-family proteins arewell defined.The PIWI sub-
family proteins and Rnase III-binding cofactors associated in small RNA processing are absent. Further, a 
systemic RNAi component ‘sid-1’ was available for the species.In the proposed model of RNAi, the miRNA 
and siRNA pathway are regulated by Dicer1-Argonaute1 and Dicer2-Argonaute2 protein complexes, 
respectively.Additionally, crosstalk of Dicer1 processed miRNA with Dicer2/Argonaute2 protein complex 
cannot be ruled out. In conclusion, the successes of understanding the regulatory signaling pathway in 
shrimps would be more substantial after deciphering of associated RNAi components. 

Keywords:M. rosenbergii; RNA interference; Shrimp Health; Microorganisms; siRNA; miRNA; Systemic 
RNAi 

INTRODUCTION 
Shrimps lack an adaptive immune system unlike vertebrates. This significantly impacts shrimp 

disease management in farms as they cannot be vaccinated. The major disease outbreaks such as the White 
tail disease (WTD), Yellow head disease (YHV), White-spot syndrome virus (WSSV), Hepatopancreatic 
parvovirus (HPV), Taura syndrome virus (TSV) or the Early Mortality Syndrome (EMS) cause significant 
burdens to the shrimp farm management and are always considered as major events in the shrimp industry. 
However, lack of specific immunity (pathogen-specific memory) in shrimps is well supplemented by a 
robust non-specific immune mechanism (innate immunity). This generic response works against everything 
that is “non-self” and improves resistance against bacterial and viral infections by activating phagocytic cells 
or by regulating the production of antimicrobial peptides (AMPs). Furthermore, early indicators of trained 
immunity (some form of adaptive features) in the brine shrimp model (Artemia) showed the occurrence of 
memory and partial discrimination (Norouzitallab et al., 2016). Overall, shrimp defense fights infections and 
sustains itself in a stressed condition. 

RNA interference (RNAi) is a natural cellular mechanism that endogenously regulates gene 
expression in a sequence-specific manner. The mechanism facilitates a wide array of cellular functions 
including homeostasis of the cellular environment (Teleman & Cohen 2006), differentiation (Bodak et al., 
2017), and immunity (Sioud 2007; Labreuche and Warr 2013). Small regulatory RNAs such as siRNA 
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(short-interfering RNA), piRNA (piwi-interacting RNA), and miRNA (microRNA) are endogenously 
produced by sequential action of distinct Rnase III endonucleases and loaded onto the RNA-induced 
silencing complexes (RISCs) for degradation or translational inhibition. Essentially, RNAi in the cellular 
context is completed in three major steps. In the miRNA biogenesis pathway, the primary miRNAs (Pri-
miRNA) are processed into the precursor miRNAs (pre-miRNAs), followed by the cleavage of pre-miRNAs 
into small RNAs (miRNA and siRNA). Following small RNA sorting, the RISC multimeric complex directs 
the small RNAs to induce post-transcriptional gene silencing of potential target mRNAs. While miRNAs can 
bind to partially complementary mRNAs, siRNAs almost can match to full complementary mRNAs for 
translational repression. The RNAi mechanism is conserved across eukaryotes and orthologs to many RNAi 
pathway components have been identified and characterized. The most conserved Rnase III endonucleases 
family comprises of Drosha and Dicer proteins those that sequentially cleave the pri-miRNA to pre-miRNA 
and excise the mature miRNA from the pre-miRNA, respectively. Generally, two Dicer proteins distinctly 
regulate the cleavage of miRNA and long dsRNA. While Dicer-1 (Dcr-1) binds to dsRNA binding domain-
containing cofactor, Loquacious (Loqs) to convert pre-miRNA to a miRNA duplex, Dicer-2 (Dcr-2) cleaves 
the long dsRNA to produce siRNA duplexes (Bernstein et al., 2001; Saito et al., 2005). These miRNA and 
siRNA duplexes are sorted into functionally distinct argonaute (Ago) protein complexes containing the 
effector Ago-1 and Ago-2 proteins. Hence, a cross-talk between the miRNA and siRNA pathways is 
possible. 

dsRNA-induced silencing of mRNA transcripts has been reported in penaeid shrimps and 
experimental results signifying the antiviral defense mechanismshave been established (Su et al., 2008; 
Wang et al., 2012).In Litopenaeus vannamei, Ago-2 (LvAgo-2) interacts with LvDcr2 and Transactivating 
response (TAR) RNA-binding protein (TRBP) complex and LvAgo-1 interacts with LvDcr-1 in the miRNA 
pathway, suggesting the tight coupling of small RNA biogenesis and RISC assembly components (Chen et 
al., 2011; Labreuche & Warr 2013). The Ago-biasing stems from the fact that miRNA duplexes produced by 
Dcr-1 contain several mismatches, and this promotes passive unwinding of the duplexes and subsequent 
degradation of the miRNA strand. For Ago2-loading machinery, small RNA duplexes with complete base-
pairing (especially in the central region) are recognized by Dcr-2 and its co-factor R2D2. This tightly 
coupled model of small RNA processing and translational repression is understood in Drosophila 
(Forstermann et al., 2007; Czech & Hannon 2011). In penaeid shrimps, the independent model of small RNA 
biogenesis and RISC assembly complexes is still a case for further study. It is yet to be known whether 
LvDcr1 can process long dsRNA to the miRNA-biased LvAgo1 complex and whether the small RNAs 
produced can be sorted into distinct Ago proteins. The identified components of RNAi pathway in shrimps 
are near-similar to that of insects (Tomoyasu et al., 2008). 

In this study, we have proposed a putative model for RNAi in the freshwater prawn, Macrobrachium 
rosenbergiiusing in silico identification and characterization of RNAi pathway components. We find that the 
characterization of RNAi pathway components in M. rosenbergii is still at a primitive stage with no 
identified homologs of PIWI subfamily Ago proteins, dsRNA binding domain containing cofactor and 
Arsenite resistance genes (Ars2).With increasing focus on prawn health and sustainable 
managementpractices, RNAi studies to elaborate on immunity and defense is advancing in the recent years. 
With the knowledge of the M. rosenbergii Transcriptome (Jung et al., 2011) and anticipated results of female 
Macrobrachium genome assembly, the definition of RNAi machinery would become more robust in the 
coming years. This would enhance the RNAi-based therapeutics for improving the immune status of the 
bloodstocks and practice sustainable prawn production. 

MATERIALS AND METHODS 
Manual curation of Macrobrachium genes 

M. rosenbergii homologs of RNAi pathway components were retrieved from National Centre for 
Biotechnology Information (NCBI) protein browser using the string ‘Protein name [Macrobrachium 
rosenbergii]’. The FASTA formatted protein sequences of homologs were saved for in silico analysis. 
Tribolium homologs were retrieved from the T. castaneum Genome Project browser at the Baylor College of 
Medicine (http://www.hgsc.bcm.tmc.edu/projects/tribolium/). Multiple alignments of these sequences with 
Drosophila and P. monodonorthologs were made using ClustalX2 (Larkin et al., 2007). 
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Phylogenetic analysis 
The alignments were curated in the multiple sequence alignment editor and shading utility (GeneDoc 

version 2.7.000). The alignment file was further curated in MEGA Version 7.0.26 (Kumar et al., 2016). The 
maximum likelihood method based on the JTT model was used for inferring the evolutionary history. 
Bootstrapping was conducted using 1,000 replicates. MEGA7 Tree-Explorer was used for tree visualization. 
Neighbor-joining analysis with 1,000 replicates using standard settings were also explored for evolutionary 
analyses. Both types of analysis essentially resulted in similar relationships among the representative 
sequences. For Dcr, the tree was constructed based on the full-length proteins, while for Ago alignment, only 
the conserved PIWI domain was considered. For systemic RNAi defective protein1 (sid-1), transmembrane 
regions 2 to 11 were used for the evolutionary tree analysis and two conserved regions of N-terminal 
sequence for multiple sequence alignment. 

Domain analysis 
For understanding the domain architecture of Dicer proteins, we used the ScanProsite tool at 

ExPASy bioinformatics resource portal (https://prosite.expasy.org/scanprosite/). The ScanProsite scores for 
each protein domain are presented as similarity scores produced by a PROSITE pattern and profile search. 
As of release 2019_01 of 16-Jan-2019 the PROSITE database contains 1,310 patterns and 1,232 profiles. 
The curated protein sequences were used as queries to search the PROSITE protein domain database. In 
PROSITE analysis, an alignment with a similarity score higher than the cut-off value indicates motif 
occurrence and any value less than 8.5 is not acceptable. Further, we used TMHMM version 2.0 hosted at 
Denmark Technical University Bioinformatics (http://www.cbs.dtu.dk/services/TMHMM/) for the prediction 
of transmembrane helices in M. rosenbergii sid-1. 

Results and Discussion 
RNAi components in M. rosenbergii 

We identified the core components of RNA-mediated gene-silencing in the freshwater prawn M. 
rosenbergii, to explainthe putative model ofmiRNA/siRNA biogenesis and systemic RNAi. Although the 
core components are usually conserved across species, the level and degree of conservation varies. Further, 
we believed that the understanding of the species transcriptome would have assisted in the identification of 
several components of dsRNA-induced silencing complex (Jung et al., 2011). Indeed, it was surprising to 
note that the transcriptome information was notsufficient in the detection of core components of RNAi 
machinery,even though gene-silencing was already established in the species. Further, in penaeid shrimps a 
putative model for RNAi was known with the identification of genes encoding Dcr and Ago proteins (Su et 
al., 2008; Dechklar et al., 2008; Labreuche & Warr 2013). The curation of M. rosenbergii genes in the 
present study identified Dcr (MrDcr-1 and MrDcr-2) and Ago (MrAgo-1, MrAgo-2 and MrAgo-3) protein 
families. Further, a candidate factor for systemic RNAi, called ‘sid-1’ was also identified from the curation 
results.The identification of sid-1 homolog, makes Macrobrachium more amenable to systemic RNAi like 
the Tribolium model that is enriched with sid-1-like genes, such as SilA, SilB, and SilC (Tomoyasu et al., 
2008). The sid-1 protein was also known from the penaeid shrimp, L. vannamei contributing to the cellular 
import/export of dsRNA by the formation of transmembrane channels (Feijo et al., 2015). The most striking 
observation in the present study was the lack of sequence information on the PIWI subfamily Ago proteins 
and the dsRNA binding domain containing co-factors of Rnase III. Lack of genome-wide approaches might 
have restricted the inventory of Macrobrachium homologs of genes involved in RNAi pathway. The 
identified homologs of RNAi pathway components in M. rosenbergii is detailed in Table 1. 

Domain analysis and phylogeny of Dicer family 
Further, a ScanProsite search was conducted to retrieve the conserved domains in MrDcr-1 and 

MrDcr-2. The domain architecture of Dcr proteins from Penaeus, Tribolium and Drosophila in comparison 
to Macrobrachium Dcr proteins has been shown in Figure 1. As expected, MrDcr-1 showed the amino-
terminal helicase domains, dicer dsRNA-binding fold domain, PAZ (Piwi, Argonaute, Zwille) domain, 
tandem ribonuclease III family domains, and the Carboxy-terminal dsRNA binding domain (dsRBD). In this 
context, MrDcr-1 show similar domain organization as PmDcr-1 and TcDcr-1. However, ScanProsite results 
did not show a first helicase domain in D. melanogaster Dcr-1 (DmDcr-1). MrDcr-2 lacks the dsRBD 
domain like PmDcr2 and TcDcr-2 but seems to carry a truncated PAZ domain. However, DmDcr-2 shows 
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the dsRBD domain but lacks a complete PAZ domain (the ScanProsite score is much lower). Considering the 
observations, it is suggested that MrDcr-1 could contribute to RNAi and miRNA pathways as in the case of 
TcDcr-1 and Caenorhabditis elegans Dcr-1 (CeDcr-1). However, DmDcr-1 is only involved in RNAi 
pathway.Mutational studies have established distinct roles for DmDcr-1 and DmDcr-2 in miRNA and siRNA 
silencing pathways (Lee et al., 2004). Multiple alignment analysis revealed 74% identity of MrDcr-1 with 
PmDcr-1 and only 29% identity with MrDcr-2 (Figure 2A). The level of identity within MrDcr-2 and 
PmDcr-2 is less and stands at 51%. The phylogenetic analysis of full-length dicer proteins showed close 
evolutionary relationships between MrDcr-1 and PmDcr-1 and MrDcr-2 and PmDcr-2 (Figure 2B). Another 
closer alignment was between DmDcr-1 and TcDcr-1 as they clustered together. Clear orthology was also 
noticed for DmDcr-2 and TcDcr-2, while CeDcr was shown as an outgroup.The GenBank accession numbers 
of the protein sequences used for the analysis is shown in Table-2. The co-factors of Rnase III are required 
for stabilizing Dcr proteins and loading of small RNA molecules to the RISC complex. In the penaeid 
shrimps, transactivating response (TAR) RNA-binding protein (TRBP) and Loquacious (Loqs) are known to 
associate with Dcr-2 and Dcr-1 and process the maturation of siRNA and miRNA, respectively. Moreover, 
these co-factors are responsible for conferring specificity to Dcr proteins as in the case of Loqs mutant that 
allows MrDcr-1 to process siRNA instead of miRNAs (Leuschner et al., 2005). Having said that, the 
orthologs of such proteins were not yet defined in the Macrobrachium species. 

Domain analysis and phylogeny of Argonaute family 
Argonaute proteins form the essential components of RISC complex that ensures target cleavage by 

siRNA and/or miRNA-based silencing. As understood, the Ago proteins could handle the different small 
RNAs after sorting of the same to miRNA or siRNA biogenesis pathways. These proteins bear domains of 
distinctive function such as the PAZ domain and the PIWI domain involved in dsRNA binding and Rnase 
activity, respectively (Parker & Barford 2006). The Ago proteins have been classified to four groups- the 
Ago-1 proteins belong to the miRNA pathway, Ago-2 proteins belong to siRNA pathway, PIWI subfamily 
proteins belong to transcriptional silencing pathway, and the secondary argonautes. This has been best 
demonstrated in the Tribolium model through an elegant analysis of the phylogenetic tree (Tomoyasu et al., 
2008). The maximum likelihood tree of Ago proteins (exclusively considering the conserved PIWI domain) 
in the present study showed similar distribution of Ago proteins (Figure 3). However, the distribution was 
abrupt for MrAgo-2 and MrAgo-3 due to their unsolved position as a separate clustering group in the 
phylogenetic analysis. MrAgo-1 was clustered with PmAgo-1 and other orthologs from Tribolium, 
Drosophila, and C. elegans.Secondary argonautes such as the PPW (PAZ/PIWI-domain containing protein), 
SAGO, and ERGO (Endogenous RNAi deficient Argonaute) are richly populated in C. elegans (Yigit et al., 
2006) but conspicuously absent in Drosophila,Tribolium, and Macrobrachium model. The PIWI subfamily 
proteins involved in transcriptional silencing was also found undefined in M. rosenbergii. An expansion of 
Ago proteins is justified reflected by the presence of TcAgo-2a/TcAgo-2b (paralogs) in Tribolium, Ago-
3/Ago-4 in P. monodon, and Ago-3 in M. rosenbergii, respectively. Among the conserved motifs spanking 
the PIWI domain, are the 5’-phosphate anchoring site for small RNAs destined for degradation and the 
catalytic triad (DDH motif) (Supplementary Figure 1). The regulatory function of these motifs has already 
been reported in the context of PmAgo-3 and yellow head virus (YHV) challenge (Phetrungnapha et al., 
2013). Further, MrAgo-1 showed 99% identity with PmAgo-1 followed by 95% and 92% with TcAgo-1 and 
DmAgo-1, respectively. Considering that the identity analysis was based on the conserved PIWI domain, the 
results are appropriate. However, MrAgo-2 and MrAgo-3 showed only about 70% and 56% identity, 
respectively with PmAgo-2 and PmAgo-3, respectively (Supplementary Figure 2). 

Characterization of sid-1 phylogeny 
C. elegans is an enriched model for a better understanding of the systemic spread of dsRNA upon 

ingestion or injection of dsRNA. The candidate factors recognized are the sid-1-like proteins, rsd gene 
homologs, endocytosis components, and scavenger receptors (Tijsterman et al., 2004; Hunter et al., 2006). 
The best characterized are the sid-1-like proteins that have orthologs in insects such as Bombyx mori, Apis 
mellifera, Nasonia vitripennis, Schistocerca Americana, and T. castaneum with systemic RNAi observed in 
larvae as well as adults (Tomoyasu et al., 2008; Huang et al., 2007). Further, in Dipterans, there is a lack of 
sid-1-like genes as evidenced from Drosophila and mosquito species (Anopheles gambiae and Aedes 
aegypti). Among the penaeid shrimps, L. vannamei harbors a sid-1 homolog (LvSid-1) that participates in the 
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inhibition of infectious myonecrosis virus replication (Feijo et al., 2015). Hence, we were curious to identify 
the homologs of sid-1-like genes in M. rosenbergii. In fact, MrSid-1 protein is known with 11 
transmembrane (TM) regions and its expression was increased after administration of dsRNA (Shpak et al., 
2017). In this study, we have performed multiple alignment of two short stretch of sequences and constructed 
phylogenetic tree considering TM2-TM11 regions of the protein (Figure 4). At the sequence level, the 
amino-terminal is less conserved and the carboxy-terminal (comprising of TM regions 2-11) highly 
conserved. However, within the less conserved amino-terminal region the short stretches of sequences shared 
by vertebrates and insects are similar (Figure 4A). C. elegans sid-1 (CeSid-1) showed minor variations in the 
short stretches of sequences. The maximum-likelihood tree shows a clear orthology among insect sid-1-like 
proteins. The Tribolium sid-1-like proteins, especially TcSilA and TcSilB were closer and formed a distinct 
cluster than TcSilC that appeared as a separate branch. MrSid-1 was distinctive and did not cluster with 
LvSid-1 (Figure 4B). 

Putative model of RNAi in M. rosenbergii 
With the help of in silico profiling, we were able to define a putative model of RNAi in the 

freshwater prawn, M. rosenbergii (Figure 5). Of course, this model does not account for RNAi components 
that are yet defined in the species. We propose that in the miRNA biogenesis pathway, primary miRNA 
would be processed to pre-miRNA by yet to be defined factor. The pre-miRNA in the cytoplasm will be 
cleaved by MrDcr-1 into mature miRNA duplex. These are then incorporated into the MrAgo-1 dependent 
miRISC complex for translational repression. Alternately, the long dsRNA will be processed by MrDcr-2, 
and subsequently the siRNA duplex will be loaded onto MrAgo-2 dependent RISC complex. Having said 
that, we speculate that miRNA produced by MrDcr-1 could also be loaded into MrAgo-2. Although, 
conclusive evidence is lacking to prove this cross-talk in Macrobrachium, compulsive evidence in 
Drosophila has suggested that miRNAs produced by Dcr-1 can indeed be loaded into Ago-2 RISC 
complexes (Forstermann et al., 2007). The specialization needed for cross-talk, especially the co-factors such 
as TRBP and Pasha are not known in Macrobrachium. This poses additional pressure to sustain the alternate 
model wherein it is proposed that the small RNAs are sorted to distinct Ago compartments depending upon 
the sequence complementarity of RNA silencing molecule and its cognate target (Tijsterman & Plasterk 
2004). At this point the cross-talk or degree of cross-talk between miRNA and siRNA pathways in penaeid 
shrimp and freshwater prawn is still a relatable debate that needs further investigation. This study will 
support an extensive investigation on the elucidation of RNAi pathway components in M. rosenbergii and 
other farmed Macrobrachium species. Moreover, it could assist molecular immunologists to understand the 
cellular signaling pathways relevant in mediating effector functions during host-pathogen interactions. 

ACKNOWLEDGEMENT 
This work is supported by grant from Department of Biotechnology, Government of India 

(BT/PR12710/AAQ/03/713/2015) under Aquaculture and Marine Biotechnology Category. 

Figure 1. Domain architecture of Dicer proteins. A ScanProsite search was conducted with representative 
Dicer proteins from M. rosenbergii, P. monodon, T. castaneum, and D. melanogaster to retrieve the 
associated domains. The ScanProsite scores are shown below the graphical representation of each domain. 
The first helicase and DS_RBD in DmDcr-1 and TcDcr-2, respectively are not annotated by ScanProsite. 
MrDcr-1 domain structure is similar to PmDcr-1 and TcDCR-1, which is involved in RNAi and miRNA 
pathways. MrDcr-2 also lacks a DS_RBD domain like PmDcr-2 and TcDCR-2 and unlike DmDcr-2. 
ScanProsite domains for Dicer proteins are abbreviated as follows: HELICASE_ATP_BIND_1, PS51192, 
Superfamilies 1 and 2 helicase ATP-binding type-1 domain; HELICASE_CTER, PS51194, Superfamilies 1 
and 2 helicase C-terminal domain; DICER_DSRBF, PS51327, Dicer double-stranded RNA-binding fold 
domain; PAZ, PS50821, Piwi Argonaut and Zwille; RNASE_3_2, PS50142, Ribonuclease III family 
domain; DS_RBD, PS50137, Double stranded RNA-binding domain. 
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Figure-2: Sequence identity and Phylogenetic analysis of Dicer proteins. (A) Percentage identity and 
distance matrix of representative Dicer proteins from M. rosenbergii, P. monodon, T. castaneum, D. 
melanogaster, and C. elegans. MrDcr-1 and MrDcr-2 show low identity at the amino acid level. MrDcr-1 
shows the highest identity with PmDcr-1 and MrDcr-2 with PmDcr-2. (B) Maximum-likelihood tree analysis 
to solve orthology of M. rosenbergii Dicer proteins. The Macrobrachium and Penaeus Dcr-1 and Dcr-2 
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cluster together. Clear orthology is also marked for TcDcr-1 and DmDcr-1. The evolutionary analysis was 
conducted using MEGA7 and numbers on nodes indicate bootstrap applications (1000 replications). 

 
Figure 3: Phylogenetic analysis of Argonaute proteins. The maximum-likelihood tree based on the alignment 
of conserved PIWI domains of argonaute proteins. The structure places argonaute proteins into four 
independent clusters: the miRNA pathway, the RNAi pathway, the transcriptional silencing machinery, and 
the secondary argonaute proteins. MrAgo-1 is clustered with Ago-1 proteins of Penaeus, Drosophila, 
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Tribolium and Alg orthologues in C. elegans. The orthology of MrAgo-2 is less resolved and forms a 
separate clade close to the miRNA and RNAi clusters. The M. rosenbergii secondary argonautes and 
transcriptional silencing is yet to be defined. The tree was analyzed using the Tree Explorer interface of 
MEGA7. The JTT-matrix model with 1000 replications were used for deciding on the evolutionary positions. 

 
Figure 4: Sid protein alignment and phylogenetic analysis. (A) Two conserved regions of the extracellular 
domain of Sid proteins. Shrimp and insect Sid proteins are more or less conserved but not the C. elegans Sid-
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1. (B) Evolutionary history of Sid-1 like proteins using maximum-likelihood method. Only the carboxy-
terminal TM2 to TM11 sequence regions were used for phylogenetic analysis. MrSid-1 formed a distinct 
line. The insects Sid-1 and T. castaneum SilA, SilB clustered together. The tree is based on the JTT matrix-
based model and branch lengths measured in the number of substitutions per site. Bootstrap values from 
1000 replicates are indicates at the nodes. 

 
Figure 5: The putative model for RNA interference in the freshwater prawn M. rosenbergii. In the prawn, 
two models for the miRNA and siRNA silencing pathways can be proposed. In one model, small RNA 
production and loading into Ago-protein complexes are tightly coupled wherein the MrDcr-1 could sustain 
the miRNA biogenesis by cleaving the precursor miRNAs (Pre-miRNA) into mature miRNA and load on to 
the MrAgo-1-dependent RISC assembly. In the siRNA pathway, MrDcr2 would process dsRNA to siRNA 
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duplex and subsequently load the same to the MrAgo-2 dependent RISC complex leading to dsRNA-
mediated silencing of target mRNAs. In the alternative model, small RNA production and RISC assembly 
can be independent. Herein, it is possible that miRNA produced by MrDcr-1 could be sorted by MrDcr-2 to 
the MrAgo-2 based RISC complex. Supposedly, the Ago-2 based RISC complex is more robust and can 
direct multiple RNA cleavage. At this point, the primary miRNA processing components and the 
transactivating response (TAR) RNA-binding proteins for dsRNA processing in siRNA pathway is not 
defined in the freshwater prawn M. rosenbergii. 

 
Supplementary Figure 1: Supplementary Figure 1. Multiple sequence alignment of Ago proteins. The PIWI 
domains from MrAgo proteins were aligned with representative Ago proteins using Clustal X2 and presented 
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using GeneDoc visualization program. Identical and similar amino acid residues are highlighted in black and 
gray, respectively. Dashes indicate gaps in the alignment. The 5’-phosphate anchoring site is boxed and the 
catalytic DDH motif is indicated by an arrow. The GenBank accession numbers of the representative 
sequences is shown in Table-2. 

 
Supplementary Figure 2: Supplementary Figure 2. Percentage Identity and Distance Matrix of Ago proteins. 
Clustal X2 was used to find the identity and distance between a pair of sequences. Numbers in bold shows 
the identity and distance specific to MrAgo proteins (MrAgo-1, MrAgo-2, and MrAgo-3). 
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Table-1:  RNA interference (RNAi) pathway components in the Nematode, Caenorhabditis elegans, Fruit fly, 
Drosophila melanogaster, Red flour beetle, Tribolium castaneum, and Giant Tiger Prawn, Penaeus monodon. 
The identified homologues in the Giant freshwater prawn, Macrobrachium rosenbergii are shown. 

 
Abbreviations: RISC, RNA-induced silencing complex; miRNP, micro-RNA ribonucleoparticles; siRNA, 
short-interfering RNAs; piRNA, piwi-interacting RNA; Dcr, Dicer; Alg, Argonaute-like; Ergo, Endogenous 
RNAi deficient Argonaute; Prg, piwi-related gene; Pash, PASHA (Partner of Drosha); RDE, RNAi-deficient-
4; Eri-1, Exoribonuclease 1; Ago, Argonaute; Aub, Aubergine; Loqs, Loquacious; Piwi, P-element induced 
wimpy testis; Snp, Snipper; TRBP, transactivating response (TAR) RNA-binding protein; ppw, PAZ/PIWI 
domain-containing, Piwi-like protein 

*Partial protein sequence; ND: No available data; #Litopenaeus vannamei. GenBank accession numbers are 
presented in parenthesis; C. elegans does not show the whole inventory (27 Ago proteins have been 
identified), only some representatives are shown without GenBank accession numbers. 

Table-2: Proteins used for multiple sequence alignment and phylogenetic analysis 
Species Proteins Abbreviations Accession numbers 

Penaeus monodon Argonaute PmAgo ABC68592 
 Argonaute-1 PmAgo-1 ABG66641.1 
 Argonaute-2 PmAgo-2 AHB63227.1 
 Argonaute-3 PmAgo-3 AGC95229.1 
 Argonaute-4 PmAgo-4 AIE15914.1 

Penaeus vannamei Systemic RNAi defective 
protein 1 

PvSid-1 ROT74464.1 

Macrobrachium rosenbergii Argonaute-1 MrAgo-1 ASU89913.1 
 Argonaute-2 MrAgo-2 ASU89914.1 
 Argonaute-3 MrAgo-3 ASU89915.1 
 Systemic RNAi defective 

protein 1 
Mr-Sid-1 ASU89918.1 

Tribolium castaneum Argonaute-1 TcAgo-1 ABX72049.1 
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 Argonaute-2a TcAgo-2a ABX72050.1 
 Argonaute-2b TcAgo-2b ABX72051.1 
 Argonaute-3 TcAgo-3 EFA02921.1 
 Systemic RNAi defective 

protein A 
TcSilA ABU63672.1 

 Systemic RNAi defective 
protein B 

TcSilB ABU63673.1 

 Systemic RNAi defective 
protein C 

TcSilB ABU63674.1 

Drosophila melanogaster Argonaute-1 DmAgo-1 AAF58314.1 
 Argonaute-2 DmAgo-2 AAF49619.2 
 Argonaute-3 DmAgo-3 NP_001036627.2 

Recilia dorsalis Systemic RNAi defective 
protein-1 

RdSid-1 AUZ94236.1 

Spodoptera litura Systemic RNAi defective 
protein-1 

SlSid-1 AHC98014.1 

Danaus plexippus plexippus Systemic RNAi defective 
protein-1 

DppSid-1 OWR45910.1 

Caenorhabditis elegans Systemic RNAi defective 
protein-1 

CeSid-1 CCD63011.1 

Homo sapiens Systemic RNAi defective 
protein-1 

HsSid-1 NP_001309223.1 
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CHAPTER - 30 

EFFECT OF PHYTOHORMONES AND BIOFERTILIZERS ON PRODUCTIVITY OF SESAME 
(SESANUMINDICUM L.) 

Haseena Rafath 
Government Arts College, C. Mutlur, Chidambaram, Tamil Nadu 

ABSTRACT 
Sesame is a very important oil crop, because it is not only a good source of essential oil but also 

goodsource of protein and very popular among worldwide. With the ever growing population of the 
developing countries the demand of this crop increased using different purposes. The use of growth 
regulators and biofertilizers is becoming popular to enhance the crop productivity and varieties of such 
substances are available in the market which was being utilized for crop production. Effect of biofertilizers 
and plant growth regulator on growth, yield arid yield attributing traits of sesame were studied in the 
present research. The plants were treated with different concentrations (1.0 mgL-1, 1.5 mgL-1, 2.0 mgL-1 and 
2.5 mgL-1) ofgibberellic acid and IAA. Azospirillum and Azotobacter were used for biofertilizer treatment. 
From the results, it was observed that both the biofertilizers and plant growth regulators treatment had 
regulatory effect on yield attributing characters such as plant height, number of branches per plants, number 
of capsules per plants, 1000 seed weight and yield per plant. 

Keywords:Biofertilizer, Gibberelic acid, IndoleAcetic Acid and Sesame. 

INTRODUCTION 
Sesame (Sesanumindicum L.) considered as one of the world’s most important oil crops. The sesame 

seeds have been grown throughout the world in the tropical regions since pre – historictimes and various 
traditional myths hold that theirorigins go back even further. According to early Hindu legends, the origin of 
these seeds hasthought to be first in India, which represents thesymbol of immortality. From India, the 
sesameseeds were distributed throughout the Middle East, Africa,Asia and were brought to United 
statesduring the late 17th century. Sesameseeds wereone of the first crops processed for oil as well asone of 
the earliest condiments (De Carvalho et al., 2001). Nowadays, these crops are domesticatedthroughout the 
world for its oil content. Currently,India is the largest cultivator of sesame seedsfollowed by China and 
Mexico. 

Biofertilizers (also known asbioinoculants) arethe microorganisms used for the organic 
preparation,which are beneficial toagricultural production in terms of nutrient supplyespecially Nitrogen end 
h°5P_h°r“5- when theseed, seedling root Cl1p.OI‘ in soil are treated withbiofertilizers, they will rapidly 
multiply anddevelop a thick populationin rhizosphere. Biofertilizersis awide term which includes different 
types of bioinoculants such as nitrogen fixers, phosphate mobilizing and plant growth promoting bacteria. 
The main source of biofertilizers are bacteria, fungi and cyanobacteria particularly the blue-green algae, 
which had been reported to deliver a number of additional benefit (apart from improved plant nutrition), such 
as disease resistance and tolerance to adverse soil and climatic conditions (Boureima et al., 2007). 

Plant growth hormones or growthregulators are organic molecules synthesized by specific organs or 
tissues in minute quantities and which elicit defined responses either directly on the site where they are 
synthesized or transport to other organs or tissues. Past decades have witnessed that plant hormones research 
is the favorite topic of plant physiologists and has recovered much attention. It has been established and it is 
now well accepted that normal plant growth and development was controlled by chemicals produced by the 
plant endogenously called phytohormones. The phytohormones can be defined as the organic substances 
which are synthesized in minute quantities in one part of the plant body and transport to another part where 
they influence specific physiological process (Went and Thimann, 1937). The plant growth hormones were 
mainly divided to Auxin, Gibberellin, Cytokinin, Ethylene and Abscisicacids. 
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MATERIALS AND METHODS 
In the present investigation, the variety ofSesame (Sesamumindicum L.) namely TMV-7 were used 

and was obtained from Oil Seed Research Station, Tindivanam, Tamilnadu. The present study was conducted 
at Department of Botany, Annamalai University, and Annamalai Nagar, India. 

Growth hormones used 
Two types of growth hormones wereemployed for the present study. Auxin (IAA) and Gibberellic 

acid (GA3). 100 seeds of dry, healthy and uniformly sized seeds were soaked for 12 hours under the different 
concentrations of plant growth substances (l.0mgL-1, l.5mgL-1, 2.0mgL-1and 2.5mgL-1) of IAA and GA3. 

Two types of biofertilizers, namelyAzospirillum and Azotobacterwere employed for the present 
study. Two sets of 100 dry, well - matured, healthy and uniform size of non - dormancy seeds were soaked in 
the distilled water for 12 hours and they were sown along with treated seeds. 

Experimental Results 
Effects of biofertilizers and plant growthregulators were studied in terms of measurement of plant 

height, number of branches per plant and number of capsules per plant, 1000 seed weight and yield per plant. 

Plant height 
The effect of plant growth regulators andbiofertilizers on plant heights were observed at 25, 50, 75 

DAS and was recorded in Table - 1. The plant height was increased with the advancement of growth of plant 
in all the treatment. All the treated plants showed stimulatory effect on plant height over control. 
Azospirillum (155.5) was showed better performance followed by Azotobacter (122.6). Among the growth 
regulators, the data revealed that GA; at 2.0 mg L-1(116.8) produced the highest plants at all the stages of 
growth. Application of 1AA also had stimulatory effects on plant height and 2.0 mg L-1(94.4) was observed 
superior to producing highest plants. 

Number of branches per plants 
A significant variation was observed forthe number of branches per plants due to the application of 

both plant growth regulators and biofertilizers Table - 2. Among the biofertilizerstreatment, Azospirillum 
(14.6) have indicated the highest number of branches per plant followed by Azotobacter(11.2) treatment. 
While in growth regulator treatments, both GA3 and IAA at 2.0 mg L-1 (10.21), (8.63) showed highest 
number of branches at 75 DAS. 

Number of capsules per plants 
The results have indicated that number of capsules per plant was affected by the applicationof plant 

growth regulators and biofertilizers treatments (Table - 3). Significant increase innumber of Capsules per 
plant was observed atvarious levels of treatments. The highest numberof capsules per plant was obtained in 
Azospirillum(37.33) treated plants. Among the growthhormones, the highest number of capsules perplant 
was Observed at 2.0 mg L-1 of GA3 (34.38)followed by 2.0 mg L-1of IAA (33.13). 

1000 seed weight (g) 
Biofertilizers and growth regulators treatments applied at different concentrations influences the 

1000 seed weight significantly (Table - 4). The maximum 1000 Seed Weight was observed at Azospirillum 
(3.96) followed by Azotobacter(3-72) treatment. Among the different concentrations of GA; and IAA, the 
highest seed weight was found with 2.10 mg L-1of GA3 (2.98) followed by 2.0 mg L-1 of IAA(2.82). 
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Table–1: Effect of plant growth regulators and biofertilizers treatments on plant height (cm) of Sesame 

Treatments Concentrations 
(mg/l) 

Plant height (cm) 
25 DAS 50 DAS 75 DAS 

Control - 09 ± 0.45 52.4 ± 2.62 61.6 ± 3.08 

IAA 

1.0 mgL-1 10.4 ± 0.52 53.6 ± 2.68 73.8 ± 3.69 
1.5 mg L-1 12.3 ± 0.61 58.6 ± 2.93 74.8 ± 3.74 
2.0 mg L-1 15.8 ± 0.79 69.4 ± 3.47 94.4 ± 4.72 
2.5 mg L-1 08.8 ± 0.44 49.8 ± 2.49 55.6 ± 2.78 

GA3 

1.0 mg L-1 10.6 ± 0.53 54.4 ± 2.72 82.2 ± 1.64 
1.5 mg L-1 13.4 ± 0.67 62.6 ± 3.13 92.2 ± 4.61 
2.0 mg L-1 16.9 ± 0.84 75.9 ± 3.79 116.8 ± 5.8 
2.5 mg L-1 08.9 ± 0.44 50.2 ± 2.51 69.4 ± 3.47 

Azospirillum  20.2 ± 1.01 85.8 ± 4.29 155.5 ± 7.77 
Azotobacter  18.9 ± 0.94 82.2 ± 4.11 122.6 ± 6.13 

(Values are mean± SD of 5 samples expressed in mg/g fresh weight) 

Table–2: Effect of plant growth regulators and biofertilizers treatments on number of branches per 
plant in Sesame 

Treatments Concentrations 
(mg/l) 

Plant height (cm) 
25 DAS 50 DAS 75 DAS 

Control - 1.9 ± 0.095 2.6 ± 0.13 3.4 ± 0.17 

IAA 

1.0 mgL-1 2.4 ± 0.12 3.1 ± 0.15 3.8 ± 0.19 
1.5 mg L-1 3.1 ± 0.15 3.9 ± 0.19 4.6 ± 0.23 
2.0 mg L-1 4.6 ± 0.23 6.24 ± 0.31 8.63 ± 0.43 
2.5 mg L-1 1.2 ± 0.060 1.9 ± 0.095 2.2 ± 0.11 

GA3 

1.0 mg L-1 2.9 ± 0.14 3.2 ± 0.16 4.4 ± 0.22 
1.5 mg L-1 3.5 ± 0.17 4.8 ± 0.24 5.1 ± 0.25 
2.0 mg L-1 5.1 ± 0.25 6.92 ± 0.34 10.21 ± 0.51 
2.5 mg L-1 1.5 ± 0.075 2.4 ± 0.12 2.9 ± 0.14 

Azospirillum  7.8 ± 0.39 12.9 ±0.64 14.6 ± 0.73 
Azotobacter  6.5 ± 0.32 10.7 ± 0.53 11.2 ± 0.56 

Table–3: Effect of plant growth regulators and biofertilizers treatments on number of pods per plant 

Treatments Concentrations 
(mg/l) 

Number of capsule per plant 

Control - 28.92 ± 1.44 

IAA 

1.0 mgL-1 29.05 ± 1.45 
1.5 mg L-1 30.31 ± 1.51 
2.0 mg L-1 33.13 ± 1.65 
2.5 mg L-1 25.68 ± 1.28 

GA3 

1.0 mg L-1 29.25 ± 1.46 
1.5 mg L-1 32.34 ± 1.61 
2.0 mg L-1 34.38 ± 1.71 
2.5 mg L-1 26.73 ± 1.33 

Azospirillum  37.38 ± 1.86 
Azotobacter  35.41 ± 1.77 
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Table–4: Effect of plant growth regulators and biofertilizers treatments on yield per plant (g) and 1000 
– seeds weight (g) in Sesame 

Treatments Concentrations 
(mg/l) yield per plant (g) 1000 – seeds weight (g) 

Control - 2.35 ± 0.117 2.27 ± 0.113 

IAA 

1.0 mgL-1 2.49 ±0.124 2.31 ± 0.115 
1.5 mg L-1 2.60 ± 0.130 2.46 ± 0.123 
2.0 mg L-1 2.66 ± 0.133 2.82 ± 0.141 
2.5 mg L-1 2.09 ± 0.104 2.20 ± 0.110 

GA3 

1.0 mg L-1 2.58 ± 0.129 2.42 ± 0.121 
1.5 mg L-1 2.62 ± 0.131 2.62 ± 0.131 
2.0 mg L-1 2.72 ± 0.136 2.98 ± 0.149 
2.5 mg L-1 2.15 ± 0.107 2.35 ± 0.175 

Azospirillum  3.12 ± 0.156 3.96 ± 0.198 
Azotobacter  2.91 ± 0.145 3.72 ± 0.186 

Yield per plant (g) 
The data on yield per plant of sesamerevealed a significant improvement consequent toplant growth 

regulators and biofertilizers (Table -4). The both biofertilizers and growth regulatortreatments exerted highly 
varied influence on seedyield per plant. The highest seed yield per plantwas obtained by Azospirillum (3.12) 
followed byAzotobacter(2.91). Among the growth regulators,the highest seed yield per plant was obtained at 
2.0mg L-1 of GA3 (2.72) followed by 2.0 mg L-1 of IAA (2.66). And the lowest yield per plant wasobserved 
at higher concentrations when compared to control. 

DISCUSSION 
The use of Plant growthregulators is becoming an increasinglyimportant aspect in agricultural and 

horticultural practices for many cultivated plants (Monselise, 1979). Application of plant growth regulators 
will enhance yield and improve crop quality and management (Emongor, 1997). Severalregulators can 
provide germination, growth, fruit set, fresh weight and seed yieldsquality (Saimbhi, 1993). Application 
ofGA3 at 2.0 mg L-1 increased the plant height followed by IAA at 2.0 mg L-1over control. In 
biofertilizertreatment, both Azospirillum and Azotobacterincreased the plant height significantly. 
Thesesresults might be attributed to the effect ofgibberellic acid and auxin on plant height in cell division 
and cell elongation (Ranjan et al., 2003). These results confirmed with those of Sarkar et al. (2002) and 
Mukhtar (2008) who found that GA3and IAA applications increased the plant height of soybean and red 
sorrel respectively. Olaiya and Osonubi (2009) informed that natural plant growth regulators are controlled 
the plant activities and their productions by controlling one or more specific physiological process with in 
plant. However, gibberellic acid is safer for human health, which can be used for different aims (Iknuret al., 
2008). 

The biofertilizers and plant growthhormones had stimulatory effects on plant height. 

Both the treatments significantly increased the plant height over control throughout the growth 
period. These data agree with the previously reported results on Azotobacter andAzospirillumon the plant 
height of pusashownibhendi (Pavithram et al., 1989). The increased plant height in Azotobacter treatment is 
due to the occurrence of nitrogen and the acceleration of growth promoting substances. Similar results were 
also reported by SundaraRao (1969). While in plant growth hormones, GA3 induced highest plant height than 
IAA was reported earlier by Deotaleet 

al. (1998) in soybean, Kumar et al. (1996) and Sontakey et al. (1991) in rice. In IAA, the plant height is 
reduced because of their provision is not optimal to inhibit the plant growth (Hopkins, 1999). The IAA plays 
a major role in cell elongation, particularly in vertical direction along with cell enlargement and increased 
wet weight (Noggle and Fritz, 1983). 
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Both growth regulators and biofertilizerstreatments enhanced the number of capsules per plant, 1000 - seed 
weight and seed yield per plant. The data indicated that theAzospirillum followed by Azotobacter, GA; and 
IAA at 2.0 mg L-1increased the yield and yield contributing traits more efficiently than the control and other 
treatments. In addition, Deore and Bharud (1990) reported that increasing yield might be related to the plant 
height, leaf number and leaf area. Furthermore, another important factor is number of branches per plant 
which offered a chance tothe plant to carry more flowers; therefore higher pods. The increase in seed yield 
due to growth regulator application may be related to improving vegetative growth. The present observation 
were more or less in confirmation with Sarkar et al. (2002) who obtained that GA3 at 100ppm to soybean 
produced the highest yield of seeds per plant. 

Conclusion 
From his study it can be concluded that,both biofeitilizersand plant growth regulators was increased 

the yield of sesame. Both the treatments results a significant improvement for all the characters studied, at 
optimum concentrations, and as the concentrations increases all the parameters decreases, exhibiting the 
inhibitory effect of PGR at higher concentration. 
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CHAPTER - 31 

INFLUENCE OF SEASON AND SPACING ON GROWTH AND YIELD PERFORMANCE OF 
AMBRETTE (ABELMOSCHUS MOSCHATUS MEDIC.) 

R. Rajeswari and Arumugam Shakila 
Department of Horticulture, Faculty of Agriculture, Annamalai University 

ABSTRACT 
Medicinal and aromatic plants are one of the natural resources of our country occurring in diverse 

ecosystems. It provides a natural source of high value industrial raw material for pharmaceutical, 
agricultural, food and cosmetic industries and opens up new possibilities for higher level of gains for 
farmers with a significant scope for progress in rural economy. Ambrette is one of the medicinal and 
aromatic crop belongs to the family Malvaceae and it is popularly known as Musk mallow. The oil extracted 
from this crop has a great national and international demand. This increasing demand has motivated the 
farmers to cultivate this important medicinal crop in fairly large areas. With this background in view an 
investigation was undertaken to study the influence of season and spacing on growth and yield performance 
of Ambrette (Abelmoschus moschatus Medic.). The field experiment was conducted in two seasons viz., 
January to June (Season I) and July  to December (Season II)  with five spacing levels          (T1 – 60 cm X 30 
cm ; T2 – 60 cm x 45 cm ; T3 – 60 cm x 60 cm ; T4 – 75 cm x 60 cm ;              T5 – 75 cm x 75 cm ). The design 
followed was randomized block design with four replications. The observations regarding growth attributes 
like plant height, number of branches, stem girth, internodal length, number of leaves, leaf area and yield 
attributes like number of pods plant, pod yield per plant, pod yield per plot, seed yield per plant and seed 
yield per plot were recorded            and analysed statistically. The results revealed that the seeds sown 
during July to December (Season II) with a spacing of 60 cm x 60 cm recorded the highest values for the 
above growth and yield attributes in ambrette. 

Keywords: Ambrette, season, spacing, plant density, growth, yield. 

INTRODUCTION 
Medicinal and aromatic plants are one of the natural resources of our country occurring in diverse 

ecosystems. It provides natural source of high value industrial raw material for pharmaceutical, agricultural 
chemicals, food and cosmetic industries and opens up new possibilities for higher level of gains for farmers 
with a significant scope for progress in rural economy. Demand and price of herbal products and essential 
oils are increasing consistently in national and international markets. Among the aromatic crops, Ambrette 
(Abelmoschus moschatus), a close relative to Okra is a popular Horticultural crop. It belongs to the family 
Malvaceae and it is popularly known as Musk mallow. In Tamil it is called as Vartilai kasthuri 
(Krishnamurthy, 1993).  Among the farmers, the popularity of the medicinal crop - Kasturi Bhindi 
(Abelmoschus moschatus) is increasing day by day (Srivastava, 1995). The seeds yield an essential oil and 
give a strong flowery musky brandy – like odour of remarkable tenacity because of the presence of 
ambrettolide, a macrocyclic lactone in the seed coat. It is native to India and grows throughout the tropical 
regions of the country. 

The season of sowing and density of the plants (Manish Agarwal et al., 2004) are two important 
factors which affect growth performance and yield of plants. As the diversified response to season and 
spacing has been reported by many workers, there is a need to optimize these agronomic factors. With this 
background in view, the present investigation was undertaken to study the influence of season and spacing 
on the growth and yield performance of ambrette. 

MATERIALS AND METHODS 
A field experiment was conducted in the Department of Horticulture, Faculty of Agriculture, 

Annamalai University during two seasons viz., January to June (Season I) and July to December (Season II). 
Seeds collected from the University of Agricutural Sciences, Bangalore were used for the study. The 
experiment was laid out in a randomized block design with four replications. Seeds were sown at different 
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spacings viz., T1 – 60 cm x 30 cm; T2 – 60 cm x 45 cm ; T3 – 60 cm x 60 cm ; T4 – 75 cm x 60 cm and T5 – 
75 cm x 75 cm. The observations regarding growth characters viz., plant height, number of branches, stem 
girth, internodal length, number of leaves and leaf area and yield attributes like number of pods plant, pod 
yield per plant, pod yield per plot, seed yield per plant and seed yield per plot were recorded and analysed 
statistically (Panse and Sukhatme, 1978). 

RESULTS AND DISCUSSION 
The data pertaining to the plant height and internodal length varied significantly among the various 

treatments (Table 1 and 2). Plant height and internodal length increased with increase in the spacing levels. 
In both seasons, wider spacing of 75 cm x 75 cm recorded the highest values for plant height (105.21 cm in 
season 1 and 115.31 cm in season 2) and internodal length (6.25 cm in season 1 and 6.45 cm in season 2) at 
150 DAS followed by 75 cm x 60 cm. Closer spacing of 60 cm x 30 cm recorded the least values for plant 
height and internodal length. The present results are in confirmation with the findings of Singh et al. (2012) 
in Stevia rebaudiana and Rahul Dev et al. (2013) in Coleus barbatus. It is a well known fact that at lower 
plant densities good growth is observed due to the availability of greater space and lesser competition among 
the adjacent plants, which in turn helps the individual plants to utilize more water, nutrition, air and light as 
reported by Khandelwal et al. (2009) in Indian aloe, Virender Singh and Singh (2006) in Kalmegh. 

The number of branches was found to significantly differ among the various treatments (Table 2). In 
both seasons, the spacing of 60 cm x 60 cm recorded the highest number of branches (14.25 in season 1 and 
19.35 in season 11 at 150 DAS) followed by the spacing of      60 cm x 45 cm, which recorded  12.25 
branches in season 1 and 17.25 branches in season 2 at 150 DAS. The least number of branches was recorded 
at the wider spacing of 75 cm x 75 cm. This might be attributed to favourable weather conditions, which 
influenced the plants to put on the maximum growth, ultimately resulting in the maximum number of 
branches as reported by Meena et al. (2012) in Nigella sativa. Significant differences were noticed among 
the various treatments with regard to stem girth (Table 2). In both seasons, the spacing of 60 cm x 60 cm 
recorded the highest values         of 5.32 cm  (season 1) and 6.95 cm (season 2) for stem girth followed by the 
spacing of 60 cm x 45 cm (4.53 cm  in season 1 and 6.00 cm  in season 2 at 150 DAS). Wider spacing of 75 
cm x 75 cm recorded the least values for stem girth. These results are in accordance with the findings of Rao 
and Reddy (2005) in Coleus and Shrivanna et al. (2007) in Jeevanthi 

The number of leaves and leaf area (Table 3) exhibited significant differences among the various 
treatments. In both seasons, the spacing of 60 cm x 60 cm recorded the highest values for number of leaves 
(78.35 in season 1 and 105.23 in season 2 at 150 DAS) and leaf area (274.22 cm2 in season 1 and 285.31 cm2   

at 150 DAS) followed by the spacing of 60 cm x 45 cm, which recorded 65.23 leaves in season 1 and 90.23 
leaves in season 2 at 150 DAS and leaf area of 255.31 cm2 in season 1 and 263.23 cm2 at 150 DAS. Wider 
spacing of 75 cm x 75 cm recorded the least number of leaves and leaf area in both seasons. The present 
results are in confirmation with findings of Rahul Dev et al. (2013) in Coleus barbatus. The reason for the 
production of more number of leaves with greater leaf area might be due to the availability of space and 
nutrients to the individual plants as reported by Kubsad (2010) in Ashwagandha. 

The results presented in Table 4 reveal that significant differences existed among the various 
treatments with regard to pod characters. In season I and 2, among the spacing levels,   60 x 60 cm (T3) 
recorded the highest number of pods per plant (25.31 in season 1 and 28.22 in season 2) and pod yield per 
plant (48.09 g in season 1 and 55.88 g in season 2) followed by      60 x 45 cm (T2) which registered 19.34 
pods per plant and 35.01 g of pod yield per plant in season 1 and 22.02 pods per plant and 40.30 g of pod 
yield per plant in season 2. The widest spacing of 75 x 75 cm (T5) recorded the least values in   both seasons. 
With regard to pod yield per plot significant differences was observed among the treatments (Table 4). In 
season I and 2, among the spacing levels, 60 x 60 cm (T3) recorded      the highest pod yield per plot (1.586 
kg in season 1 and 1.844 kg in season 2) followed by         60 x 45 cm (T2) which recorded 1.540 kg pod 
yield per plot  in season 1 and 1.733 kg in season 2. The widest spacing of 75 x 75 cm (T5) recorded the least 
values in both seasons. This might be due to the availability of food material and light per unit area to the 
plant, which influenced the growth of plant and ultimately increased the weight of pod and pod yield per 
plant. Similar findings were reported by Khandelwal et al. (2009) in Aloe barbedensis L. and Rahul Dev et 
al. (2013) in Coleus barbatus. 
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Seed characters differed significantly among the various treatments (Table 5). In season I and 2, 
among the spacing levels, 60 x 60 cm (T3) recorded the highest seed yield per plant (27.84 g and 34.15 g in 
season 1 and 2 respectively) and seed yield per plot (0.919 kg in season 1 and 1.127 kg in season 2) followed 
by 60 x 45 cm (T2) which registered the seed yield per plant (19.73 g  in season 1 and 23.12 g in season 2) 
and seed yield per plot (0.868 kg in season 1 and 1.017 kg in season 2). The widest spacing of 75 x 75 cm 
(T5) recorded the least seed yield per plant and seed yield per plot in both seasons. Similar findings were 
reported by Sivakumari et al. (2006) and Khajuria et al. (2012) in ambrette. 

The increased seed yield at optimum spacing might be due to the availability of optimum space for 
growth and development of individual plants as compared to closer spacing.  Moreover, the favourable 
weather conditions influenced the plants to put on the maximum growth, ultimately resulting in the 
maximum yield of plant. This is in accordance with the findings of Meena et al. (2006) in coriander and 
Virender Singh and Singh (2006) in kalmegh. Based on the results of the present study, it can be concluded 
that ambrette seeds sown during July to December (Season II) with a spacing of 60 cm x 60 cm recorded a 
better performance with regard to the growth and yield characters when compared to the other treatments. 

Table-1: Influence of season and spacing on plant height and intermodal length of Ambrette 
Treatments Plant height (cm) Internodal length 

 Season I Season II Pooled Season I Season II Pooled 
T1 90.30 95.30 92.80 4.65 5.00 4.83 
T2 95.31 100.20 97.76 5.00 5.55 5.28 
T3 98.31 105.21 101.76 5.50 5.92 5.71 
T4 99.50 110.30 104.90 5.75 6.15 5.95 
T5 105.21 115.31 110.26 6.25 6.45 6.35 

SED 0.65 0.75 0.86 0.14 0.15 0.16 
CD(P=0.05 ) 1.31 1.50 1.71 0.28 0.30 0.33 

Table-2: Influence of season and spacing on number of branches and stem girth (cm) of Ambrette 
Treatments Number of branches Stem girth (cm) 

 Season I Season II Pooled Season I Season II Pooled 
T1 11.00 15.21 13.10 4.10 5.55 4.88 
T2 12.25 17.25 14.75 4.53 6.00 5.27 
T3 14.25 19.35 16.80 5.32 6.95 6.13 
T4 10.25 13.87 12.06 3.12 5.01 4.07 
T5 10.11 13.00 11.55 3.05 4.65 3.85 

SED 0.16 0.15 0.31 0.18 0.19 0.12 
CD(P=0.05 ) 0.32 0.30 0.64 0.36 0.40 0.24 

Table-3: Influence of season and spacing on number of leaves and leaf area (cm2) of Ambrette 
Treatments Number of leaves Leaf area (cm2) 

 Season I Season II Pooled Season I Season II Pooled 
T1 60.25 80.56 70.41 239.10 250.12 244.61 
T2 65.23 90.23 77.43 255.31 263.23 259.27 
T3 78.35 105.23 91.79 274.22 285.31 279.77 
T4 53.25 75.00 64.13 230.20 242.21 236.21 
T5 50.55 70.35 61.45 225.25 235.01 230.13 

SED 1.01 1.15 1.30 1.06 1.19 1.32 
CD(P=0.05 ) 2.02 2.31 2.71 2.11 2.38 2.63 
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Table-4: Effect of season and spacing on pod characters of Ambrette 
Treatments 

 
Number of pods per plant Pod yield  per plant (g) Pod yield per Plot(g) 

Season 
I 

Season 
II 

Pooled Season 
I 

Season 
II 

Pooled Season 
I 

Season 
II 

Pooled 

T1 13.22 15.01 14.12 22.08 25.52 23.80 1457 1684 1571 
T2 19.34 22.02 20.68 35.01 40.30 37.66 1540 1773 1657 
T3 25.31 28.22 26.77 48.09 55.88 51.99 1586 1844 1715 
T4 11.44 14.02 12.73 18.65 23.13 20.89 485 601 543 
T5 11.11 13.19 12.33 18.00 22.09 20.05 378 464 421 

SED 0.44 0.43 0.31 0.55 0.58 0.60 11.07 11.81 11.84 
CD(P=0.05 ) 0.88 0.86 0.62 1.11 1.17 1.21 22.13 23.61 23.67 

Table-5: Effect of season and spacing on seed characters of Ambrette 
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Treatments Seed yield per plant (g) Seed yield per plot (kg) 
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T2 19.73 23.12 21.43 0.868 1.017 0.943 
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T5 9.00 11.25 10.13 0.189 0.236 0.213 

SED 0.8 0.9 1.0 0.015 0.018 0.017 
CD (P=0.05 ) 1.6 1.9 2.0 0.029 0.036 0.033 
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CHAPTER - 32 

BIOSURFACTANT BASED LEMON GRASS NANO EMULSION PRODUCTION USING HIGH-
SPEED HOMOGENIZATION TECHNIQUE 

R. Parthasarathi *A. Prithiviraj, K. S. Subha, and S. Nalini 

Department of Agricultural Microbiology, Faculty of Agriculture, Annamalai University 

ABSTRACT 
In the study, the hydrocarbon contaminated soil samples were collected from ten different locations 

of Trichy District; Tamilnadu, India was enriched diesel oil. The experiment resulted in a total of forty 
isolates of heterotrophic bacteria. Out of forty isolates, only fifteen isolates showed biosurfactant production 
ability in rapid glass plate assay.  Based on the screening test results, the isolate Serratia rubidaeaHCTV02 
was identified as potential biosurfactant producer and was used for the further experiments. The detection of 
rhl gene confirmed the ability of S. rubidaea HCTV02 for the production of rhamnolipid type of 
biosurfactant. For the production of lemon grass Nano emulsion, high-speed homogenization technique was 
employed. In this, the aqueous phase was biosurfactant (HCTV02) and the oil phase, was lemon grass oil. 
Nano emulsions were prepared containing 0.1% Lemon grass oil phase and 99.9% aqueous phase (v/v). To 
make the emulsion stable, carrier oil as coconut oil was used. The stability of   nanoemulsions was evaluated 
at room temperature, and was analysed with respect to pH and droplet size after 1d, 15d and 30d, as well as 
the zeta potential after 30d. The proportion of 0.07 µg/ml Lemon grass oil: 0.01 µg/ml, Biosurfactant: 0.02 
µg/ml, Coconut oil-based emulsion studies revealed that even at 30 min of stirring using high speed 
homoginizer, the maximum reduction of particle size achieved was 140 ± 3.2 nm. 

Keywords: Serratia rubidaeaHCTV02, Rhamnolipids, Nanoemulsion, Lemon grass Oil,High-Speed 
Homogenization 

INTRODUCTION 
The term ‘Nanoemulsion’ also refers to a miniemulsion which is fine oil/water or water/oil dispersion 

stabilized by an interfacial film of surfactant molecule having droplet size range 20-600 nm. Because of 
small size, nanoemulsions are transparent. There are three types of nanoemulsion which can be formed: 

(a) Oil in Water nanoemulsion in which oil is dispersed in the continuous aqueous phase, 

(b) Water in Oil nanoemulsion in which water droplets are dispersed in continuous oil phase, and 

(c) Bi-continuous nanoemulsions. 

The main components of nanoemulsion are oil, emulsifying agents, and aqueous phases. Oils can be of 
any type like castor oil, corn oil, coconut oil, evening primrose oil, linseed oil, mineral oil, olive oil, peanut 
oil, etc. A mixture of oil and water may yield a crude temporary emulsion, which upon standing, will 
separate in two distinct phases due to the coalescence of the dispersed globules. Emulgents or emulsifying 
agents can impart stability to such systems (Manjit jaiswalet al., 2015).Formulation of nanoemulsion 
includes active drug, additive and emulsifier. The various methods for the preparation of nanoemulsion 
include two methods: (a) high-energy emulsification and (b) low-energy emulsification. The high-energy 
emulsification method includes high-energy stirring, ultrasonic emulsification, high-pressure 
homogenization, microfluidization, and membrane emulsification (Yildirim et al 2015). 

Biosurfactants are amphiphilic molecules that have both hydrophilic and hydrophobic moieties which 
partition preferentially at the interfaces such as liquid/liquid, gas/liquid or solid/liquid interfaces. Such 
characteristics enable emulsifying, foaming, detergency and dispersing properties. Their low toxicity and 
environmental friendly nature and the wide range of potential industrial applications in bioremediation, 
health care, oil and food processing industries makes them a highly sought after group of chemical 
compounds. 
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In the light of the above, the present study was initiated with the collection of hydrocarbon contaminated soil 
samples from ten different locations of Trichy district, Tamilnadu, India. The enrichment of the soil samples 
resulted in the isolation of potential   biosurfactant producers. A rapid glass plate-bioassay was performed for 
the quick detection of biosurfactant producers. 

MATERIALS AND METHODS 
The hydrocarbon contaminated soil samples were collected from 10 different locations of Trichy  

district of Tamilnadu, India were enriched by inoculating into sterile mineral salt medium (MSM), About 5.0 
g of soil was inoculated into 100 ml of Minimal Salt Medium (MSM). After five cycles of such enrichment, 
1 ml of the culture was diluted and plated on MSM agar (2% w/v) plates containing diesel oil (2% w/v) as 
sole carbon source and incubated at 30°C or 60°C. The bacterial colonies obtained were purified on Nutrient 
agar (NA) plates. The isolated strains were stored as frozen stock cultures at - 70°C in 25% glycerol. The 
isolates were screened for rapid bioassay for quick detection of biosurfactant and standardization of glass plate 
assay (Jain et al,1991)and Surface tension reductionwas measured with a du Nouy Tensiometer (Kruss 
Digital-tensiometer 10, Hamburg, Germany) at room temperature  (28 ± 2ºC)(McInerrneyet al., 1990). The 
selected isolated was Molecular identified by 16S rRNA gene phylogenetic approximation. The genomic 
DNA of the isolate   Serratia rubideaHCTV02 was extracted by salting out method (Ferrara et al., 2006). 
Sequences and their closest relatives were used to construct a phylogenetic tree. The sequence alignments 
and the phylogenetic tree construction were conducted in MEGA software version 5                              
(Tamura et al., 2011).Extraction of biosurfactant was performed according to the method described by Liu et 
al. (2010). 

For the preparation of nanoemulsions high speed homogenization was used (Ultra Turrax T25, IKA). The 
aqueous phase was used was a    Serratia rubideaHCTV02 producing biosurfactants and the oil phase, was 
lemon grass oil .Nanoemulsions were prepared containing 0.1% oil phase and 99.9% aqueous phase (v/v). To 
make the emulsion stable, carrier oil as coconut oil was used. The 0.1% oil phase has following proportions 

1. 0.04 µg/ml Lemon grassoil: 0.05 µg/ml Biosurfactant: 0.02 µg/ml Coconut oil 

2. 0.05 µg/ml Lemon grass oil: 0.04 µg/ml Biosurfactant: 0.02 µg/ml Coconut oil 

3. 0.06 µg/ml Lemon grass oil: 0.03 µg/ml Biosurfactant : 0.02 µg/ml Coconut oil 

4. 0.07 µg/ml Lemon grass oil: 0.02 µg/ml Biosurfactant : 0.02 µg/ml Coconut oil 

5. 0.08 µg/ml Lemon grass oil: 0.01 µg/ml Biosurfactant : 0.02 µg/ml Coconut oil 

Above formed nanoemulsions were stirred for 5, 15 and 30 min at 24000rpm. To evaluate the stability of 
nanoemulsions, they were kept at room temperature, and were analyzed with respect to pH and droplet size 
after 1d, 15d and 30d, as well as the zeta potential after 30d. The average diameters of the droplets present in 
the nanoemulsions were determined by Laser diffraction particle size using a Coulter LS 230 analyzer 
(Beckman-Coulter, USA). The pH measurement was determined by direct reading of the nanoemulsions in 
digital pH meter. For the determination of the zeta potential (ZSP Zeta sizer Nano, Malvern, USA), 0.1 ml of 
sample was diluted in 3 ml of distilled water, homogenized and subjected to analysis. 

Antibacterial activity of nanoemulsions was performed by agar well diffusion method (Singh et al., 
2007). The various concentrations of nanoemulsion of Lemon grass oil @ (2, 4, 6, 8 and 10 %) were tested 
against human pathogen bacterial Escherichia coliobtained from Raja Muthiah Medical College, Annamalai 
University the Nutrient agar medium was poured in to sterile Petri plates and allowed to solidify. The test 
organism E.coli was evenly spread over the nutrient agar medium using sterile cotton swabs. Then wells (6 
mm) were made in the medium using sterile cork borer. 

Each well was filled with various concentrations of 10μlnanoemulsion herbal medicinal oils and distilled 
water served as control. The plates were incubated at 27°C for 24h and the plates were observed for 
formation of clear inhibition zone around the well and zone of inhibition was measured in mm.Data were as 
a Completely Randomized Design. Data were analysed using SPSS statistical programme and subjected to 
Analysis of Variance (ANOVA). Mean were compared according to Duncan’s Multiple Range Test 
(DMRT). 
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RESULTS AND DISCUSSION 
The soil samples were collected from ten different locations of Trichy District, Tamilnadu, India.The 

results clearly revealed that the soil sample collected from automobile workshop of Thiruverumbur (HCTV) 
recorded higher total heterotrophic bacteria as 25.33x106 CFU/g of soil. The results showed that the higher 
biosurfactant producers (78.04 per cent) were recorded in Automobile work shop soil of Thiruverumbur 
(HCTV).A rapid screening assay was performed for the biosurfactant producing isolates for their 
confirmation. The results indicated that only 15 isolates were positive for the glass plate assay. Hence, the 
fifteen isolates were purified and designated with different codes and used for further studies.Based on the 
morphological and the biochemical characterization majority of the bacterial isolates identified and majority 
of the isolates belonged to genera of Pseudomonas, Bacillus, Micrococcus, Serratia. 

Among the fifteen-isolate studied, the isolate HCTV02 isolated from Thiruverumbur recorded higher 
β-hemolytic activity, oil displacement (8.0mm), positive drop collapsing test, positive for CTAB assay and 
reduction in the surface tension values below   34.4 mN/m.N. The metabolic profile was consistent with the 
Enterobacteraceae family and belongs Serratia genus. 16s rRNA analysis suggested that strain HCTV02 
belongs to Serratiarubidaea cluster. The molecular composition and structural analysis of the isolated 
biosurfactant was evaluated by FT-IR. The important peaks, which were located at 2924, 2853, 1745, 1378, 
1113 cm-1 confirmed the presence of glycolipid type biosurfactant. Gas Chromatography-Mass Spectroscopy 
The result showed that eight rhamnolipid congeners with a chain length of C8-C16. The biosurfactant contains 
two different types of rhamnolipid namely mono rhamnolipid and dirhamnolipid. The structure of the 
compound in the purified fraction of the isolate Serratia rubidaeaHCTV02was confirmed by 1H and 13C 
NMR analysis, based on HMQC, COSY, TOCSY and ROESY sequence 

Hence based on the screening results, the isolate Serratia rubidaeaHCTV02was found to be efficient 
biosurfactant producer with higher activity and selected for the further experiments. In the high-speed 
homogenization studies of lemon grass oil, aqueous phase was biosurfactants (HCTV02) and the oil phase, 
Lemon grass oil.  Nanoemulsions were prepared containing 0.1% oil phase and 99.9% aqueous phase (v/v). 
To make the emulsion stable, carrier oil as coconut oil was used. The nanoemulsions were stirred for 
2,4,6,8,10,12,14, 16,18,20,22,24,26,28 and 30 min at 24000 rpm respectively. The stability of   
nanoemulsions was evaluated at room temperature, and was analyzed with respect to pH and droplet size 
after 1d, 15d and 30d, as well as the zeta potential after 30d. 

The proportion of 0.03,0.04,0.05 and 0.06 µg/ml Lemon grass oil respectively revealed that even at 
30 min of stirring using high speed homogenizer, the maximum reduction of particle size achieved was  
323 ± 4.0 nm. Whereas the particle size found to be highly flexible in the above said proportions it was 
evident from the change in the pH during the period of study. The zeta potential values in modulus were less 
than 30 mV indicating the molecules were facilitates aggregation of the particles. Thus, size of the particles 
not less than 323 ± 4.0 nm (30 min) and not greater of 437 ± 6.3nm (2 min) was achieved. From this, 
Technique it was evident that increasing time of stirring reduced the particle size. There will be smaller 
droplets due to higher energy used in the system. 

The proportion of 0.07 µg/ml Lemon grass oil : 0.01 µg/ml, Biosurfactant : 0.02 µg/ml, Coconut oil 
based emulsion studies revealed that even at 30 min of stirring using high speed homogenizer, the maximum 
reduction of particle size achieved was 140 ± 3.2 nm. There is a reduction in particle size upon increasing 
stirring period. The particle size found to be highly unstable in the above said proportions it was evident 
from drastic change in the pH during the period of study. The zeta potential values in modulus were less than 
30 mV indicating the molecules were highly electrically unstable. Thus, size of the particles not less than 140 
± 3.2 nm (at 30 min) and not greater of 472 ± 5.4 nm (2 min) was achieved. Increasing time of stirring 
reduced the particle size. The effect on particle size and antimicrobial activity of nanoemulsionsrevealed 
their antimicrobial potential againstEscherichia coli. The average zone of inhibition was9.675 mm. 

Particles having zeta potential greater than 30 mV in module are required for an excellent 
electrostatic stability, because the reduction of this potential facilitates aggregation of the particles 
(Marcato,2009) Jasminaet al. (2007) reported that   droplet size of the dispersed phase in nanoemulsions 
produced by sonication decreases with increasing duration of ultrasonic homogenization, power levels and 
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concentration of surfactant. High-energy methods, such as homogenization under pressure, can be prepared 
with the nanoemulsion droplet sizes up to 1 nm, and nanoemulsion with uniform droplet size of the disperse 
phase.  Low energy methods are more acceptable for manufacturers because they do not requires 
expensive equipment. 
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CHAPTER - 33 

PHYTOTOXIC EFFECT OF CADMIUM (CD) ON BLACK GRAM VIGNAMUNGO (L.) HEPPER 

*S. Karuthamma1, T. Ravi Mycin2 and K. Prakash3 

Research Scholar1,3 and Associate Professor2, Environmental Biotechnology Lab, Department of Botany, 
Annamalai University 

ABSTRACT 
The present study deals with the effect of different concentration of cadmium (cd)on the growth, 

morphological parameter, biochemical, content of different varieties of black gram plant. The black gram 
plants were raised in pots containing the soil (2kg) with different concentrations of cadmium (cd) (control, 
2.5,5,7.5,10, 12.5 mg kg-1 soil).  Three replicates were maintained for each level. The plant samples were 
collected at15,30,45,60 and 75th DAS for the measurement of different growth parameters. The selection of 
morphological parameters such as root length, shoot length, number of leaves, number of nodules, total leaf area, 
fresh and dry weights ofblack gram were determined for all the sampling days. The biochemical 
componentsuch as chlorophyll ‘a’, chlorophyll ‘b’, total chlorophyll, content of black gramplants were 
estimated among the sampling days. All the parameters increased in control treatments, but 12.5 mg kg-1 

cadmium (cd) treatment decreased among the growth and biochemical parameters of black gram. 

Keywords: cadmium (cd), morphological parameter, biochemical content 

INTRODUCTION 
Environmental pollution is one of the most serious problems facing humanity and other life forms on 

our planet today. Environmental pollution is defined as “the contamination of the physical and biological 
components of the earth/atmosphere system to such an extent that normal environmental processes are 
adversely affected.” Pollutants can be naturally occurring substances or energies, but they are considered 
contaminants when in excess of natural levels. Any use of natural resources at a rate higher than nature’s 
capacity to restore itself can result in pollution of air, water, and land.(Iyyanki 
V. Muralikrishna, Valli Manickam, in Environmental Management, 2017)  Cadmium is a metal with rather 
low boiling and melting points, and no known biological function. It is estimated that approximately 70 per 
cent of environmental Cd has been produced anthropogenically in the past 30 years. Natural occurrence of 
Cd is closely linked to ores of zinc, lead-zinc and lead-copper-zinc. Its presence is limited to metallic forms, 
as no organometallic compounds of Cd have been detected in environmental samples.The availability of Cd 
to organisms is greatly influenced by physico-chemical properties such as redox, pH, cation exchange 
capacity (CEC), type of soil, and organic matter content. Clays with high cation exchange capacity (e.g., 
montmorillonite) may protect organisms from Cd toxicity, and thus the toxicity of this particular metal is 
closely linked to the presence of clay minerals with this adsorption-exchange property (Thornton, 1981) 

MATERIALS AND METHODS 
Plastic cup Experiments 

The seeds Black gram (ADT6,T9,T6,VAMBAN-2,VAMBAN-3) was obtained from Tamilnadu 
Agricultural University (TNAU), Coimbatore and Tamilnadu. The uniform seeds are selected for the 
experimental purpose. Source of Cd (Cadmium chloride (CdCl2) stock solution prepared by dissolving the 
molecular weight of (Cd) and different concentrations viz., (Control2.5,5,7.5,10, 12.5 mg kg-1 soil) of (Cd) 
the solution were prepared freshly at the time of experiments. The plastic cups were filed with 1 Kg of 
garden soil, selected black gramseeds were sown in the plastic cup and one set of plastic cup irrigated with 
normal tap water was maintained as the control. 

Shoot length and root length (cm/seedling) 
Five plants from each plastic cup were randomly selected for 14th days of seedlings recorded the 

shoot length and root length of experimental plants. They were measured by using centimeter scale (Cm). 

 



 

Recent Innovations in Biosustainability and Environmental Research II 

Eds., V. I. Paul, M. Muthulingam,  A. Elangovan, J. Nelson  Samuel Jebastin Page 194 

Total leaf area 
Five plant samples were collected at 14th day sampling seedlings and the length and breadth of the 

leaf samples were measured and recorded. The total leaf area was calculated by using the Kemps constant 
[10]. 

Total leaf area = L × B × K 

Where, L - length, B - breadth and K - Kemp’s constant (for dicot - 0.66). 

Fresh weight and dry weight (g/seedling) 
Five plant samples were randomly selected at 14th day seedlings. Their fresh weight was taken by 

using an electrical single pan balance. The fresh plant materials were kept in a hot air over at 80°C for 24 hr 
and then their dry weight were also determined. 

Vigour index 
Vigour index of the seedlings were calculated by using the formula proposed by [11]. 

Vigour index = Germination percentage × seedling length. 

Chlorophyll (Arnon, 1949) 
Five hundred mg of fresh leaf material was ground in a mortar and pestle with 10 mL of 80 per cent 

acetone. The homogenate was centrifuged at 800 rpm for 15 min. The supernatant was saved. The residue was 
re-extracted with 10 mL of 80 per cent acetone. The supernatant was saved and the absorbance values were 
read at 645 and 663 nm using a UV-Spectrophotometer (Hitachi). The chlorophyll ‘a’, chlorophyll ‘b’ and 
total chlorophyll contents were estimated and expressed in mg g-1 fresh weight basis. 

Chlorophyll ‘a’  =  (0.0127)  (O.D 663) – (0.00269)  (O.D 645) 

Chlorophyll ‘b’   =  (0.0229)  (O.D 645) – (0.00488)  (O.D 663) 

RESULT 
The seed germination percentage of Black gram varieties were recorded on 7th day after seed sowing 

which are given in Table-1. The maximum seed germination percentage of Black gram varieties was found 
in ADT6 as compare to others varieties of Black gram in all treatment concentrations. The lowest seed 
germination was found in T6 variety. 

An influence of cadmium on the shoot length of Black gram varieties was presented in Table-
2.Among Black gram varieties the highest shoot length was recorded in ADT6 with comparison of other 
varieties. The lowest shoot length was recorded in T6variety. 

The effect of cadmium on the root length Black gram varieties was shown in Table-3. The maximum 
root length was observed in  ADT6compare to other varieties. The minimum root length was observed in 
T6variety.The effect of cadmium on the no of leaves, fresh weight and dry weight of Black gram varieties is 
shown in Table-4,5 and 6. The variety ADT6was shown in better result in all analyzed parameters compare 
to other varieties. 

The influence of cadmium on different varieties of Cow pea of Vigour index, Tolerance index and  
Phytotoxicity are depicted in Table 7,8 and 9. The maximum Vigour index, Tolerance index and  
Phytotoxicity were observed in ADT6as compare to other varieties. The photosynthetic pigment such as 
chlorophyll a, b and total chlorophyll content of different varieties Cow pea are given in Table- 10,11 and 12. 
The highest photosynthetic pigment content was found in ADT6as compare to other varieties. 

DISCUSSION 
However, decline in water absorption and transport along with water stress tolerance (Barcelo et al., 

1988) resulting in lower plant growth and development. Moreover, reduction of germination under Cr (VI) 
stress, is probably due to increase of protease activity and decrease in a- and b- amylase activities (Zeid, 
2001; Parmar et al., 2002). The suppression of germination rate was only recorded at higher Cr 
concentration. This perhaps due to the disruption in seed coat permeability (Hou et al., 2014). 
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The reduction in growth of shoot and root might be due to reduction in cell division, deleterious effect of Hg 
(II) on photosynthesis, respiration and protein synthesis (Vijayaragavan et al., 2011). Moreover, it may be 
suggested that the suppression in root growth may be due to inhibition of root cell division or elongation, or 
to the extension of the cell cycle (Ryan et al., 1997). 

This decrease indicates that the chlorophyll synthesis system and chlorophyllase activity were 
affected by the exposure to high cadmium concentrations as suggested by (Assche and Clijsters, 1990)The 
present study concluded  that the seed and seedling of black gram has potential to counteract the deleterious 
effects of cadmium metal in soil. 

Table-1: Effect of Cadmium on seed germination percentage of Vigna mungo (L)Hepper. On 7th DAS 

Table-2: Effect of Cadmium on shoot length of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 
Treatments 

Shoot length 

T6 T9 ADT6 vamban-3 Vamban-3 

Control 12.0±0.36 12.8±0.384 14.2 ±0.426 13.1±0.393 13.4±0.402 

2.5 mg/kg 10.5±0.315 11.2±0.336 13.8  ±0.414 12.6±0.378 12.1±0.363 

5 mg/kg 8.0±0.24 9.4±0.282 10.2  ±0.306 9.6±0.288 10.0±0.3 

7.5 mg/kg 6.3±0.189 6.8±0.204 9.0 ±0.27 7.2±0.216 8.4±0.252 

10 mg/kg 3.2±0.096 4.5±0.135 7.5 ±0.225 5.3±0.159 5.2±0.156 

12.5 mg/kg 2.6±0.078 3.2±0.096 5.2 ±0.156 3.6±0.108 3.6±0.108 

Table-3: Effect of Cadmium on Root length of Vignamungo (L)Hepper. On 7th DAS 

 

 

cadmium 
Treatments 

Seed Germination Percentage (DAS) 

T6 T9 ADT6 vamban-3 Vamban-3 

Control 92±2.76 92±2.76 98 ±2.94 95 ±2.85 93±2.79 

2.5 mg/kg 88±2.64 85±2.55 90 ±2.7 83±2.49 84±2.52 

5 mg/kg 75±2.25 70±2.1 82±2.46 78 ±2.34 76 ±2.28 

7.5 mg/kg 66±1.98 58±1.74 72 ±2.16 71 ±2.13 70 ±2.1 

10 mg/kg 32±0.96 30±0.9 61±1.83 62 ±1.86 60±1.8 

12.5 mg/kg 25±0.75 29±0.87 42 ±1.26 35±1.05 34±1.02 

Cadmium 
Treatments 

Root length 

T6 T9 ADT6 vamban-3 Vamban-3 

Control 4.5±0.135 4.7±0.141 6.1±0.183 4.3±0.129 4.3±0.129 

2.5 mg/kg 3.4±0.102 3.6±0.108 5.2 ±0.156 3.7±0.111 3.4±0.102 

5 mg/kg 3.1±0.093 3.0±0.09 4.0 ±0.12 3.0±0.09 2.8±0.084 

7.5 mg/kg 2.5±0.075 2.7±0.081 4.0 ±0.12 2.6±0.078 1.6±0.048 

10 mg/kg 1.8±0.054 2.3±0.069 3.4±0.102 2.0±0.06 0.8±0.024 

12.5 mg/kg 1.5±0.045 2.0±0.06 2.8±0.084 1.7±0.051 0.5±0.015 
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Table-3: Effect of Cadmiumon Root length of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 

Treatments 
No. of Leaves 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 2±0.06 2±0.06 2±0.06 2±0.06 2±0.06 

2.5 mg/kg 2±0.06 2±0.06 2±0.06 2±0.06 2±0.06 
5 mg/kg 2±0.06 2±0.06 2±0.06 2±0.06 2±0.06 

7.5 mg/kg 2±0.06 2±0.06 2±0.06 2±0.06 2±0.06 
10 mg/kg 1±0.03 1±0.03 2±0.06 1±0.03 1±0.03 

12.5 mg/kg - - 10.03 - - 

Table-4: Effect of Cadmiumon No. of leaves of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 

Treatments 
Fresh weight (g.fr.wt) 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 8.0±0.24 8.5±0.255 10.7 ±0.321 8.6±0.258 8.6±0.258 

2.5 mg/kg 5.2±0.156 5.7±0.171 8.1±0.243 6.8±0.204 7.2±0.216 
5 mg/kg 4.2±0.126 4.8±0.144 7.2 ±0.216 5.1±0.153 6.4±0.192 

7.5 mg/kg 3.0±0.09 4.1±0.123 5.4 ±0.162 4.2±0.126 5.2±0.156 
10 mg/kg 2.1±0.063 3.4±0.102 3.0 ±0.09 3.0±0.09 2.8±0.084 

12.5 mg/kg 1.3±0.039 2.0±0.06 2.8 ±0.084 1.5±0.045 1.9±0.057 

Table-5: Effect of Cadmiumon fresh weight of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 

Treatments 
Dry weight (g.dr.wt) 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 3.08±0.0924 3.15±0.094 4.90±0.147 3.19±0.095 3.24±0.097 

2.5 mg/kg 2.23±0.0669 2.58±0.077 3.77±0.113 2.68±0.080 2.74±0.082 
5 mg/kg 0.99±0.029 1.05±0.031 2.28±0.068 1.40±0.042 1.51±0.045 

7.5 mg/kg 0.76±0.0228 0.92±0.027 1.23±0.036 0.97±0.029 1.00±0.03 
10 mg/kg 0.52±0.015 0.59±0.017 0.69±0.020 0.61±0.018 0.69±0.020 

12.5 mg/kg 0.24±0.0072 0.28±0.008 0.31±0.009 0.22±0.006 0.28±0.008 

Table-6: Effect of Cadmiumon dry weight of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 

Treatments 
chlorophyll ‘a’ (mg.fr.wt) 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 1.093±0.032 1.170±0.035 1.635±0.049 1.285±0.038 1.420±0.042 

2.5 mg/kg 0.789±0.023 0.802±0.024 0.978±0.029 0.880±0.026 0.904±0.027 
5 mg/kg 0.432±0.012 0.600±0.018 0.702±0.021 0.653±0.019 0.697±0.020 

7.5 mg/kg 0.192±0.005 0.213±0.006 0.536±0.016 0.302±0.009 0.386±0.011 
10 mg/kg 0.095±0.002 0.108±0.003 0.384±0.011 0.170±0.005 0.193±0.005 

12.5 mg/kg 0.035±0.001 0.046±0.001 0.179±0.005 0.095±0.002 0.106±0.003 

Table-7: Effect of Cadmiumon chlorophyll ‘a’ of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 

Treatments 
chlorophyll ‘b’ (mg.fr.wt) 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 0.692±0.020 0.708±0.021 0.992±0.029 0.722±0.021 0.763±0.022 

2.5 mg/kg 0.574±0.017 0.612±0.018 0.870±0.026 0.645±0.019 0.690±0.020 
5 mg/kg 0.330±0.009 0.461±0.013 0.725±0.021 0.520±0.015 0.573±0.017 

7.5 mg/kg 0.284±0.008 0.305±0.009 0.462±0.013 0.409±0.012 0.312±0.009 
10 mg/kg 0.165±0.004 0.189±0.005 0.201±0.006 0.186±0.005 0.155±0.004 

12.5 mg/kg 0.083±0.002 0.102±0.003 0.160±0.004 0.115±0.003 0.128±0.003 
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Table-8: Effect of Cadmiumon chlorophyll ‘b’ of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 

Treatments 
Total chlorophyll (mg.fr.wt) 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 1.785±0.053 1.878±0.056 2.627±0.078 2.007±0.060 2.112±0.063 

2.5 mg/kg 0.863±0.025 1.414±0.042 1.848±0.055 1.525±0.045 1.594±0.047 
5 mg/kg 0.762±0.022 2.061±0.061 1.427±0.042 1.173±0.035 1.27±0.038 

7.5 mg/kg 0.446±0.013 0.518±0.015 0.998±0.029 0.711±0.021 0.698±0.020 
10 mg/kg 0.26±0.007 0.497±0.014 0.585±0.017 0.356±0.010 0.348±0.010 

12.5 mg/kg 0.118±0.003 0.148±0.004 0.336±0.010 0.21±0.006 0.234±0.007 

Table-9: Effect of Cadmiumon Total chlorophyll of Vignamungo (L)Hepper. On 7th DAS 
Cadmium 

Treatments 
Vigour index 

T6 T9 ADT6 vamban-3 Vamban-3 
Control 1976±59.28 1990±59.7 2112±63.36 1982±59.46 1934±58.02 

2.5 mg/kg 1648±49.44 1692±50.76 1724±51.72 1670±50.1 1610±48.3 
5 mg/kg 992±29.76 1002±30.06 1310±39.3 1105±33.15 1096±32.88 

7.5 mg/kg 823±24.69 856±25.68 920±27.6 810±24.3 729±21.87 
10 mg/kg 349±10.47 390±11.7 482±14.46 402±12.06 486±14.58 

12.5 mg/kg 195±5.85 199±5.97 208±6.24 188±5.64 174±5.22 
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CHAPTER - 34 

IMPACT OF SKILL DEVELOPMENT PROGRAMS ON RURAL DEVELOPMENT WITH 
REFERENCE TO ‘KUDUMBASHREE’ IN MALABAR DISTRICTS OF KERALA 

Reshmi V C and Dr. Rincy V Mathew 
Department of Business Administration, Annamalai University, Annamalai Nagar 

ABSTRACT 
 Kerala, The god’s own country is one of the role model for human development state in India. 
Kerala be blessed with high culture, custom and certain core values which influence in human development. 
Current generation is the next milestone to India’s economy and social development. Current generation 
includes the youth ranges in between 18-35. In Kerala the proportion of women is greater than  that of men. 
As per census 2011-2019 Kerala has population of 3.45 crore . out of this 1.73 crore are women and the 
literacy rate shows that 92%of women’s are  literate. The problem here is that the educated women’s are 
seeking unemployment. Consequently, the issues on aggravated unemployment are leads to social imbalance. 
To overcome this, in recent past a mission was accomplished by SPEM called Kudumbashree for the 
empowerment of women’s both in urban and rural areas. This mission was very successful in Kerala. The 
study discusses the role of the Kudumbashree in rural development and the impact of skill development 
program on rural development. Study attempt to reveal that the skill development program have a high 
impact on rural development both socially and economically. 

INTRODUCTION 
‘Transform rural poor youth into an economically independent and globally relevant workforce’ is 

the vision of DDU-GKY skill development program. DDU-GKY stands for Deen Dayal Upadhyaya 
Grameen Kaushalya Yojana and was announced by Ministry of Rural Development (MoRD, on 25th 
September 2014. DDU-GKY is a part of the National Rural Livelihood Mission (NRLM), tasked with the 
dual objectives of come to have eternal incomes of rural poor families and to feed better career aspirations of 
rural youth. The current generation  youth can make huge change in the democracy and development of our 
country provided they have the right potential. For achieving this development a youth with education and a 
skilled labour is necessary. There is a big difference between urban and rural India. One of the major 
differences that can be seen between rural India and urban India, is their standards of living. 

The fact is that urban citizen’s are more educated and skilled when compared to that of rural.  
According to the census 2011-19 India has 55 million potential workers between the ages of 15 and 35 years 
in rural areas and it indicates that the majority of youth belongs to rural areas. Hence empowering and 
developing these rural poor youth should be taken care of. Deen Dayal Upadhyaya Grameen Kaushalya 
Yojana (DDU-GKY), the skill training and placement program of the Ministry of Rural Development 
(MoRD) and Kerala State (Kudumbashree) occupies a peculiar position on skill training programmes, due to 
its focus on the rural poor youth and its emphasis on sustainable employment and career progression with the 
help of NIRD(National Institute of Rural Development. Kudumbashree is a Women empowerment and 
poverty eradication program enforced by State Poverty Eradication Mission(SPEM)of Government of 
Kerala. The NIRD given administration to Kudumbashree because it aims Women empowerment and 
poverty eradication. Majority of Kudumbashree members are from rural areas and poor families. So the 
program DDU-GKY aims the skill development of next generation of these women who are working under 
Kudumbashree. 

KERALA – AN OVERVIEW 
Kerala situated on Malabar coastline of India. It is India’s south-western state and watered by 

Arabian sea. Kerala is one of twenty-five constituent states of the Indian union and the region also has a long 
history of commercial and cultural contact with the outside world. The development experience of Kerala, 
also referred to as ‘the Kerala Model’, soon became an object for discussion in the debate on developing 
strategies and poverty alleviation schemes. The economy of Kerala is the 12th largest state economy in India 
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and the lowest population growth rate and  highest development index(HDI)( 
https://en.wikipedia.org/wiki/Kerala). People living in urban Kerala  have better living conditions than those 
living in the rural parts of India where rural area needs more attention in the development process. For this 
the Kerala Commissionerate of rural development has taken many result oriented development programs in 
the current scenario.  One of them is Skill development projects undertaken by Kudumbashree.In this 
circumstances the paper is an attempt to understand the impact of skill development program on rural 
development by Kudumbashree projects. 

LITERATURE REVIEW 
Growing number of youths in India require the right educational infrastructure to develop skills and 

adequate opportunities to get employed or become entrepreneurs. The wide gap between those who have 
access to education and skill development opportunities and those who do not have is a challenge that needs 
to be overcome ( Lal and Tandon, “Need of Skill Development for Rural Youths” By   Daily Excelsior2018) 

Okada A,(2012) has provided on the topic skill development youth in India: challenges  and 
opportunities. The paper has identified that recent initiative to facilitate young people’s transition to the 
world of work. India faces a big challenge in the area of skill development for several reasons.(Ankul pandey 
and Dr.Nema) 

Yadav R revealed on the topic “skill development initiatives in India : challenges and strategies with 
reference vocational training initiatives in Maharashtra” that the various issues like unplanned rural urban 
migration causing urban poverty population growth, high school dropout rates, India is likely to witness s 
deficit of 5.25 million employable graduates and vocationally trained work force in next few years. 

There are various aspects dealing with rural areas and its societies, which have been changing since 
long by many factors. The main characteristic features of society are based on the changes in economic, 
social, cultural, religion, believes, attitudinal, organizational and even political changes, besides the 
technological alterations. Therefore, rural development is a multifaceted phenomenon and a multi-dimension 
of rural society and its changes. As a result, rural development has a variety of aspects of the development of 
rural society, which can be viewed and, accordingly, literature on this topic may be reviewed in the 
following manner. 

As early as the middle of nineteenth century, the western Christian Missionaries and social workers 
initiated spade works of rural reconstruction in India and some of the works were started by individuals. 
Rambhai (1959) and Pandey (1967) mentioned and categorized the activities of rural development into three 
well- differentiated periods, the Missionary Period (1858-1919), the Experimental Period ( 1920-194 7) and 
the Post-Independent Period. According to Mishra and Sharma (1979), rural development is not merely 
development of rural areas but also the development of quality of life of the rural masses into self-reliant and 
self-sustaining modern communities, so that each component of rural lives changes in a desired direction. 
Chambers (1983) specifically mentioned that the target group in rural development should include poor man, 
women and children, poorest of the poor amongst the small-scale farmers, tenants and the landless labourers. 

The U.N. Report on Rural Development (1966) had viewed that efforts of the people was 
emphasized to improve the economic, social and cultural conditions in the life of the nation. It means that 
this change would bring about a change in their socioeconomic status, and improve their living conditions. 
There are few studies are done on the topic skill development and rural development(The Hindu “Skill 
development project for rural youth”(JUNE 30, 2016 )and no  research which related to  the impact and 
relationship of  skill development on  rural development through Kudumbashree programmes 

OBJECTIVES OF THE STUDY 
 To study the impact of skill development program on rural development of Malabar districts in Kerala 

 To examine the role of Kudumbashree in rural development 

RESEARCH METHODOLOGY 
This research work is analytical and descriptive in nature based on primary as well as secondary 

data. Data was collected from the research scholar’s past work experience and from oral narratives of 
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Kudumbashree workers, skilled youth and mission management employees by interview schedule and 
direction observation and by informal conversations . The data has been taken from publications , brochures , 
research papers, news papers, articles and official websites. The research was done in three Malabar districts 
of Kerala, Calicut, Malappuram and Wayanad. 

 
RESULT AND DISCUSSION 

‘Empowerment is a process that enables a powerless women to develop autonomy , self control and 
confidence and with a group of women and men a sense of collective influence over progressive social 
conditions Antrobus(1989).Women empowerment and poverty eradication program ‘Kudumbashree’ was 
framed and enforced by state poverty eradication mission (SPEM)of the Government of Kerala. The mission 
aims to eradicate relative poverty and it expect to complete within ten years of time. It was launched on 17th 
may 1998 inaugurated by the prime minister, Shri Atal Bihari Vajpayee. It is governed by local self 
Government and formed and empowered by the 73rd and 74th amendments of the constitution of India. The 
mission launched by the state Government with the active support of Government of India and NABARD 
has adopted a different methodology in addressing poverty by organising the poor in to community based 
organisation. 

Kudumbashree as a community organisation of neighbourhood groups(NHG’S)of women of Kerala, 
has been recognized as an effective strategy for the empowerment of women in rural as well as urban areas 
and bringing them from each and every corner of the area and empowering them in different angles. Then the 
women will be self sufficient and self independent women. If women are truly empowered they can make a 
huge and can contribute 75% of the mission. The overall empowerment of women is closely related to 
economic as well as rural development.It is a fact that women cannot contribute meaningfully in the process 
of development until their own development is taken care of. Though women in the urban areas have 
excelled in all fields political, social, and economic.  The rural counterparts are denied of even the basic 
amenities like health and education . (Amar Jyoti.2009 ) 

Thus Kudumbashree is plays a vital role in the transformation of the rural women Keralites both 
socially and economically. Kudumbashree has made a space in the hearts of rural women in Kerala . In 
Kerala everyone have given their own concept for  the programmes of Kudumbashree. Kudumbashree is 
essentially a community network that covers the entire State of Kerala. It consist of a three tier structure with 
Neighbourhood Groups (NHGs) as primary level units, Area Development Societies (ADS) at the ward 
level, and Community Development Societies (CDS) at the local government level. It is arguably one of the 
largest women’s networks in the world. While the community network is formed around the central themes 
of poverty eradication and women empowerment, its main features include democratic leadership, and 
support structures formed from the ‘Kudumbashree family’(www.kudmbashree.com). 

Kudumbashree also has a wonderful role to play in the skill development of rural youth through 
which they are the administrator’s   of Skill development programs which initiated by central government. 
The main skill development programs undertaken by Kudumbashree is NULM and DDU GKY. 
Kudumbashree a organisation for both Urban and rural development. Therefore NULM project is for urban 
youth and DDU GKY is for rural youth. This study enhances and analyse the impact of DDU GKY on rural 
development. 

DDU GKY- Empowering India*Powering the world. 
“Strength lies not in unrestrained behaviour but in well regulated action” 

The Government of India has set an ambitious target for providing skill training to 500 million of its 
youth by 2022, which is in line with the estimated demand for skilled manpower over the next decade. As 
per the 2011 Census, India has 55 million potential workers between the ages of 15 and 35 years in rural 
areas. The studies shows that India has the highest potential youth than any other countries. At the same 
time, many industrialized nations are facing an ageing population problem. Some of these countries are 
expected to face a cumulative shortage of 57 million workers by 2020. These numbers represent a historic 
opportunity for India to transform its demographic surplus into a demographic dividend. So the development 
of our nation is in the hands of the youth. Deen Dayal Upadhyaya Grameen Kaushalya Yojana (DDU-GKY), 



 

Recent Innovations in Biosustainability and Environmental Research II 

Eds., V. I. Paul, M. Muthulingam,  A. Elangovan, J. Nelson  Samuel Jebastin Page 202 

the skill training and placement program of the Ministry of Rural Development (MoRD) and Kerala State 
(Kudumbashree) occupies a peculiar position on skill training programmes, due to its focus on the rural poor 
youth and its emphasis on sustainable employment and career progression with the help of NIRD(National 
Institute of Rural Development. The vision of this training program is to Transform rural poor youth into an 
economically independent and globally relevant workforce 

The Ministry of Rural Development (MoRD) announced the Deen Dayal Upadhyaya Grameen 
Kaushalya Yojana (DDU-GKY) Antyodaya Diwas, on 25th September 2014. DDU-GKY is a part of the 
National Rural Livelihood Mission (NRLM), tasked with the dual objectives of adding diversity to the 
incomes of rural poor families and cater to the career aspirations of rural youth. Over 180 million or 69% of 
the country’s youth population between the ages of 18 and 34 years, live in its rural areas. Of these, the 
bottom of the pyramid youth from poor families with no or marginal employment number about 55 million. 

DDU-GKY is present in 21 States and UTs, across 568 districts, impacting youth from over 6,215 
blocks. It currently has over 690 projects being implemented by over 300 partners, in more than 330 trades 
from 82 industry sectors. Over 2.7 Lakh candidates have been trained and over 1.34 Lakh candidates have 
been placed in jobs so in the course of the last financial year. From 2012, DDU-GKY has so far committed 
an investment of more than INR 5,600 Crores, impacting rural youth pan-India. 
(http://www.kudumbashree.org/storage//files/7j09s_ddu-achievements.pdf ) 

The overall objective of Aajeevika Skill Programme implemented in the State for the year 2016-19 is 
to initiate trade related Skill Development and Placement Programme in the State and to build skills of 50120 
poor rural youth across the state ensuring suitable employment to at least 35882 youths. It is more benefited 
to Socially disadvantaged groups such as SC/ST, women and minorities are given priority in enrolment 

There are various interventions that DDU-GKY supports. All are executed with the help of Project 
Implementing Agency (PIAs) and retention is tracked. These interventions are for: 

o Persons who are placed after a three months (576 hours), six months (1152 hours), nine months (1728 
hours) or twelve months (2304 hours) training program with or without On-the-Job Training (OJT). 

o Persons who are placed in a foreign country after a customised training program of not more than 2304 
hours duration. 

o Persons who are placed in a job with a minimum salary of Rs.10000 per month, after an Industry 
internship of 12 months duration in entities having a turnover of average Rs.100 crore in previous three 
years. 

The plan implementation agency (PIA) are those who are directly connected with the next generation 
youth of these Kudumbashree worker’s. The State missions provide implementation support and the PIAs 
implement the programme through skill development and facilitation of placement There are around 70 PIA 
‘s operating successfully in Kerala. I have experienced from one of them at Kapston facilities management 
limited. 

In skill development training the implementation is done on a proper channel. The district unit of the 
Kudumbashree Mission will enrol project implementing agencies (PIAs) to undertake skill development 
programme for people in the 15-35 age group, under the Deen Dayal Upadhyaya Grameen Kaushalya 
Yojana (DDUGKY).  First the PIA have to identify the rural youth ages between 18-35.It is done with the 
help of Kudumbashree workers called ADS and CDS who works at the grass root level. After that a training 
of 3 months is conducted by the PIA trainer’s. DDUGKY funds projects with training duration from 3 
months to 12 months Third month is consider as OJT because they want to practise their skill on their job 
itself. Then only the get placement and they start to earn. It will ensure a constant income to their family and 
will get a good career aspiration for future. 

The outcome or the impact of the training program is measured in terms of the placement percentage 
achieved by the PIA’S. From this 70 PIA’s 75% of placement is needed for each. That means if there are 100 
students are trained 75 of them are benefited from this skill development program. In this study the youth 
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from Wayanad,Kannur and Calicut taken the majority of them being benefited is a great implication to rural 
development because all of them are from rural families. 

DDUGKY funds a variety of skill training programmes covering over 250 trades across a range of sectors 
such as retail, hospitality, health, construction, automotive, electrical, plumbing and jewellery-making 

 

The below table shows the total no of students came under this project in kerala 

Table no-1: Training Details 
Training completed Completed 3-6 months in job 

15459 2071 
Source: Kudumbashree annual report 

This skill development project has made a huge impact on rural development. 

The impact can be measured in terms of 

 Socially 

 Economically 

 Physically 

Social impact can be defined as the net effect of an activity on a community and the well being of 
individuals and families. India is facing a biggest problem in development is Unemployablity. The current 
scenario is that there are education but quality of education is less. The quality is not only in knowledge but 
also it lies in skill too. Through this training the quality of education is increasing thus the skill is up to the 
mark. By this training program can able to make a drastic change in the percentage of Unemployablity in 
Kerala and therefore in India. The percentage of unemployed youth decreased when compared to that of past 
few years.It is the main social impact which happened by the project. And of course the poverty also 
decreased in rural poor families because their next generation has started to make a constant income to their 
family hence the suicide rate because of poverty is also decreased.. They also become socially forwarded 
families and slightly their standard of living raised. These impacts definitely contributed to rural 
development. 

Economic impact means a financial effect that something , especially something new , has on a 
situation or person. The ultimate aim of this skill development program is to raise income of the rural poor 
families. here the youth is able to make a career and a constant income. Now they are economically 
independent persons. And they also contribute to the economy of our nation. They become a economically 
independent citizens. 

The below table shows the cumulative Achievement of DDU GKY project in 2016-2019 

Table no-2: DDU GKY achievement details 

 
Cumulative 2016-2019 

 Total Target Commenced trained placed (offered) 
71200 31216 24288 17109(70%) 

Source: DDU GKY Achievement report 

The table explains that 43% of Total target was achieved and commenced in the year and out of commenced 
77% were Trained successfully And 70% of them were benefited or placed. The main achievements are 
listed below. 

ACHIEVEMENTS 
o MoRD has sanctioned an additional target for the state of Kerala to provide skill training for another 

20,000 youths in the state during the year 2017-19 with a financial outlay of Rs 198 crores. 
Kudumbashree got the 3rd best state national award for the outstanding performance for implementing 
DDUGKY program. 
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o Currently in second position in the rating and grading by MoRD among states in India 

o DDU GKY, Kerala going to pilot a prestigious project (Sagaramala) on skilling with a special focus on 
coastal communities with an emphasis on coastal and shipping related trades in Ernakulam and 
Kozhikode district. 

o Currently DDU GKY, Kerala has trained 24288 youths from different sections of the community 
especially marginalized and minorities. Out of which 17,109 got placed in different well established 
organizations with active involvement of 45 PIAs. 

o Trained and placed more than 5,000 NREGA beneficiaries. 

It can be observe that this program was successful in all its circumstances and achieving the best outcome 
for the development socially as well as economically. And also it shows that the training influenced a great 
deal in the empowerment of rural youth. The training is not only making them capable of workforce but also 
in entrepreneurial level of  improvement. Even if they are not interested in wage employment they are also 
viable for starting up their own business by this skill development training program. As said earlier the main 
objective of this project is to achieve placement percentage. Placement is also as important as Training. The 
below table summarises the DDU GKY Training and placement status of the three Malabar districts of 
Kerala as  on march 2017. 

Table no-3: Training and placement details 

Source: DDU GKY Training Status 2017 

The above table explains that the training completion percentage of these districts lies between 33-
39% and from the total training completed 57-74% is appointed in their job. It shows a high placement 
percentage and success of the training program. From this we can arrive at the conclusion that the program 
made a tremendous change in the labour market and thus the no of unemployed youth has reduced. In the 
near future itself this project will achieve its favourable outcome. 

CONCLUSION 
This article attempted to explore the impact of skill development on  rural development through 

Kudumbashree mission in   selected three Malabar districts of Kerala, i.e. Calicut, Kannur and Wayanad. It 
can be concluded that in recent day’s Kudumbashree has made a massive responsibility in rural development 
also through skill development programs. The participation of rural poor youth in the labour market has 
ensured through this DDU GKY skill development program and Kudumbashree. It can be seen that the 
beneficiaries of these two programs have benefited socially as well as economically. 
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CHAPTER - 35 

SOME POTENTIAL ORNAMENTAL PLANTS FROM NANDGAON AND CHANDWAD TEHSILS 
DISTRICT NASHIK (MAHARASHTRA) 

Kokate Darshan Madhukar 
Department of Botany K. S. K. W. College, Cidco Nashik, Affiliated to Savitribai Phule Pune University, Pune 

ABSTRACT  
Exotic plants have been introduced in our country for various purposes, many of these become 

invasive and have a tremendous negative impact on the ecosystems. At the same time a number of native 
plants are becoming rare and are being added to the RED list. One of the solutions to this problem is to 
identify and throw light on the ornamental potential of Native plants, so that people are encouraged to grow 
them in their gardens and conserve them. 

Keywords: Exotic plants, invasive, ornamental potential, Native plants. 

INTRODUCTION 
Man has been carrying plants from different areas of the world with him for various purposes. This 

introduction is not always beneficial for the ecosystems .A numbers of them become invasive and create 
havoc for local plants. At the same time a number of native plants are becoming rare and are being added to 
the RED list. The present paper deals with studying the ornamental potential of Native plants so that they 
would gain popularity and would be conserved if grown in gardens by the public. 

MATERIAL AND METHODS 
The study area consists of two tehsils of Nandgaon and Chandwad which lie approximately in the 

centre of Nasik district. Most of the study area lies in rain shadow region having dry climate, and dry 
deciduous vegetation. The flora can be considered as representative flora of the district at large .The plants 
studied for the ornamental potential could be used to grow in almost any parts of the district and Maharashtra 
at large. 

Plants were photographed and identified with the help of floras and expert advice Herbarium sheets 
were prepared or geo tagged photographs were taken of plants reported as new to the flora of Nashik district. 
Plants with ornamental potential were studied based on their morphology and ecological features. Some 
potential ornamental  plants were grown. Exotic Invasive plants encountered during the study were recorded. 

RESULTS AND DISCUSSIONS 
Native Plants studied for their ornamental potential and invasive plants found in the study area are 

discussed below 

1) Anisomeles malabarica (L.) R.Br. ex Sims Family Lamiaceae 
Perennial shrubs having large raceme, with bilabiate flowers .with pink corolla with white streaks. 

Suitable to be grown at centre of garden or as hedge plant, or in large containers. 
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2) Anisochilus carnosus (L.f.) Wall       Family Lamiaceae 
Semisucculant herbs growing up to two feet tall, bilabiate purple flower growing on thick spikes 

makes it an attractive candidate to be grown in pots, and along pathways. 

 

                  
3) Senecio Senecio bombayensis N.P.Balakr        Family Asteraceae 

Erect branched herbs growing up to 100 cms, beautiful yellow coloured heads are an attractive sight 
and makes them an ideal candidate as a potted plant or hanging baskets. during monsoon. 

 
4) Crotalaria spectabilis Roth                Family Fabaceae 
A shrub growing up to one and half meters in height ,leaves are large oblong ,flowers yellow with rounded 
standard and large bracts ,very attractive along pathways and highway dividers in cool seasons. 

 

5) Carvia callosa (Wall. ex Nees) Bremek      Family: -Acanthaceae 
A very unique plant, Shrubs growing about six meters tall may be planted in a corner of garden , though 
flowering once in seven years Blue flowers are very beautifull and attractive 
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6) Monsonia senegalensis Guill & Perr        Family Geraniaceae 
An erect herb suitable to be grown as an potted plant ,or hanging basket ,attractive pink coloured flowers 
,fruit having  typical rostrum shape. 

 
7) Barleria lawii T. Anders.    Family Acanthaceae 
Large shrubs, flowers large tube about four centimetres, with typical violet throat, 

 
Some Exotic and invasive plants :- 

Exotic and invasive plants reported from the study area ar as follows 

1) Argyria strigosa  Family   Convolvulaceae 

2) Ipomoea hederifolia L   Family -Convolvulaceae 

3) Ipomoea nil(L) Roth     Family -Convolvulaceae 

4) Ipomoea triloba L.      Family -Convolvulaceae 

5) Merremia tuberosa (L)  Rendel  Family -Convolvulaceae 

 6) Nicandra physalodes (L) Gaertner   Family  Solanaceae 

7) Hyptis suaveolens (L.) Poit.    Family Lamiaceae 

8) Lavandula bipinnata   (Roth) O.Kuntze   Family Lamiaceae 

9 ) Bidens pilosa L. Family  Asteraceae 
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10) Bidens bipinnata L Family Asteraceae 

11) Crassocephalum crepidioides (Benth.) S.Moore  Family Asteraceae 

12) Zinnia peruviana (L) L     Family Asteraceae 

13) Cosmos sulphureus  Cav  Family Asteraceae 

14) Chromolaena odorata (L.) R.M.King & H.Rob. Family Asteraceae 

15) Acmella radicans (Jacq.) R.K.Jansen  Family Asteraceae 

16)  Cryptostegia grandiflora  R.Br. Family Asclepidaceae 

17)   Lantana camara  L Family - Verbenaceae 

18)  Rumex dentatus   L. Family   Polygonaceae 
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Exotic plants have been introduced either accidently or deliberately, these have become invasive and 
create problems in the ecosystem and as weeds, some like Cryptostegia grow with and strangle plants like 
Azadirachta, and Vachelia. Therefore native plants should be used for ornamental purpose so as to avoid and 
mitigate the consequences because of Exotic plants and conserve native plants' 
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CHAPTER - 36 

EFFECT OF ORGANIC MANURES ON YIELD AND SOIL HEALTH SUSTAINABILITY IN 
BABY CORN (ZEA MAYS) 

Ravikumar C1, A. Snehaa2, M. Ganapathy3 
Assistant Professor1, Scholar2 and Professor3, Department of Agronomy, Faculty of Agriculture, Annamalai 

University 

INTRODUCTION 
Maize is the third most important cereal crop in India as well as in the world.  It has diversified uses 

as food for humans, feed for livestock and raw material for industries.  It has immense potential, and is, 
therefore, called as “the Miracle crop”. A recent trend is of growing maize for vegetable purpose, which is 
commonly known as ‘baby corn’. It is a small young cob or ear or the female inflorescence before 
pollination or fertilization. The important attributes relevant to baby corn are early maturity, synchronized 
ear emergence and small palatable yellow kernels (Kumar and Kalloo, 1998). The early harvest and sale of 
baby corn ears before dry spells provides higher profits and untranslocated photosynthates left in green 
stover becomes valuable source for nutritious green fodder to live stock giving impetus to diary, meat 
production.  Thus baby corn is safe for consumption in fresh state. Its economic potential is further enhanced 
owing to the availability of green, soft, succulent nutritious, palatable fodder with higher digestibility 
(Ramachandrappa et al., 2004). 

Baby corn provides the valuable nutrition which lack in most people’s diet. It is extremely high in 
potassium, B vitamins, thiamine, riboflavin, niacin, folates that helps in brain function and improves memory 
and low in fat that helps in weight loss goals. The yellow corn contains more carotenoid content, but baby 
corn is plucked white which contains lesser content of carotenoid. The lesser quantity of carotenoid reduces 
the risk of heart diseases and cancer. Also it has better glycemic index than the regular corn making it a good 
substitute. Baby corn has a short growing period (60-75 days), so that a farmer can grow four or more crops 
per year depending upon the agro-climatic conditions. Corn has always had high nutrient demands and 
already puts a great strain on soil and fertilizer nutrient sources.  Large quantities of N, P, K, Ca, Mg, and S 
are removed with the grain and stover from the soil.  Trace elements are also removed and must be replaced.  
Use of inorganic fertilizers for increasing cereal production is inevitable in the present circumstances where 
cereal crop needs and livelihood issues of the people have sustained national priority.  But this has declined 
the soil fertility in the long term. The only way out to this gloomy scenario is to develop sustainable and 
nutrient balance through organic farming, which would increase the cereal crop production substantially 
without harming the precious environment. Organic manures and bio-fertilizers serve as an alternate to 
chemical inputs and are being increasingly used in vegetable production today.  Organic manure serves as an 
alternate practice to mineral fertilizers for improving soil structure (Dauda et al., 2008) and microbial 
biomass (Suresh et al., 2004). In India an inherited tradition of organic farming in several states of the 
country is an added advantage.  This holds the promise for organic producers to tap the market which is 
steadily growing (15 to 25%) in the domestic market related to the export market (Thiripurasundari and 
Swarna, 2014). In addition to that, the cultivation of baby corn can lead to at least double return to the farmer 
unlike normal grain maize (Dass et al., 2008). One hundred grams of baby corn are found to be rich in 89.1% 
Moisture, 1.9 g Protein, 0.2 g Fat, 0.06 g Ash, 8.2 mg Carbohydrate, 28 mg Calcium, 86 mg Phosphorus and 
11mg Ascorbic Acid (Gill-Stores, 2005). Keeping this in view, the present investigation was under taken to 
identify and quantify the suitable organic source for the cultivation of organic babycorn which can minimize 
the consumption of time, labour, energy and concomitantly increased the growth and yield of baby corn. 

MATERIALS AND METHODS 
Field experiments were conducted during summer and kharif seasons of 2017 in the experimental 

farm, Annamalai Univeristy, Tamilnadu, India (11024 North latitude. 78041 East longitude and +5.79 MSL) 
in order to study the effect of different organic manures on growth and yield of organic baby corn in north 
Cauvery deltaic regions where the baby corn can be act as a best alternate crop for rice fallow pulses 
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presumably in missing season. The climate at the experimental farm is moderately warm with hit summer 
months. The maximum temperature ranged from 30.1°C to 39.2°C with a mean of 34.47°C and the minimum 
temperature ranged from 18.9°C to 28.6°C with a mean of 24.1°C.  The relative humidity ranged from 79 to 
88 per cent with a mean of 84.8 per cent.  The mean hours of bright sunshine were 7.9 hrs for the study period. 
The textural class of experimental soil was clay loam with 43.1% of clay, 14.2% silt and 41.8% of sand in 
the surface (0-15cm) soil. The surface soil posses pH 7.8, Electrical conductivity 0.72, organic carbon of 
0.52 and the available N, P and K Viz., 162.4, 24, 285 kg/ha respectively. The experiments were laid in 
RBD, comprising 8 treatments with three replications. T1 - Inorganic Fertilizers as per schedule, T2 - Farm 
Yard Manure @ 12.5 t ha-1 , T3 - Vermicompost @ 5t ha-1 , T4 - Fish Amino Acid @ 10 l ha-1 , T5 - Farm 
Compost @ 12.5 t ha-1 , T6 - Neem Cake @ 1 t ha-1 , T7 - Mahua Cake @ 1 t ha-1 , T8 - EM Inoculated Farm 
Yard Manure @ 12.5 t ha-1 . 

CROP MANAGEMENT 
The experimental field was ploughed to a depth of 15 to 20 cm two weeks before sowing by tractor 

and levelled. The soil in the field was brought in to a fine tilth. Laying of plots and allocation of treatments 
were carried out according to the treatment schedule which were randomized. Channels were laid to facilitate 
irrigation of plots individually. The fertilizer recommendation for baby corn is 150:60:40 kg of N, P2O5 and 
K2O ha-1 respectively. Nitrogen was applied as urea (46 per cent N), phosphorous as single super phosphate 
(16 per cent P2O5) and potassium as murate of potash (60 per cent K2O) half dose of N and half dose of K2O 
were applied on 20 DAS only on the controlled plot. Baby corn seeds were treated with Azospirillum (600 g 
ha-1) and phosphobacteria (600 g ha-1) for 24 hours before sowing as per treatment schedule. Seeds were 
dibbled with a spacing of 60 cm between the rows and 20 cm within the plants. Two seeds were dibbled at a 
depth of 1-2 cm and then covered with the soil. 

Plant protection measures against pest and diseases were taken up as and when required. The tassels 
were removed immediately after their emergence and before the tassels turned to pink colour to avoid 
fertilization of the cob. If the silk gets pollinated, the kernel starts developing within hours and the cob would 
become hard and unfit for consumption of baby corn as vegetable. Hence, detaselling was done as and when 
emergence of tassel. Topping refers to nipping or the removal of terminal portion from the uppermost node 
to induce better cob development and to avoid fertilization of the cob. Topping beyond 9th, 10th, and 11th 
internodes was done at 47, 50, and 53 DAS respectively. From each net plot area, young ears together with 
the sheath were harvested immediately after emergence (1 - 3cm) of silk.  Five to six harvests with in an 
interval of two days were carried out. The ears from net plot area of each plot were harvested separately, 
weighed and expressed as green cob yield in kg ha-1. Green fodder was harvested at the time of every topping 
treatment imposed and after the last harvest of ears, weighed and expressed in t ha-1. Five plants from each 
plot were chosen by simple random sampling method and were tagged.  These tagged plants were used for 
recording all biometric observations at different stages of crop growth. 

STATISTICAL ANALYSIS 
The data recorded were statistically analysed and whenever the results were found significant, the 

critical differences were arrived at 5 per cent level and drawn statistical calculations (Panse and Sukhatme, 
1978). 

RESULTS AND DISCUSSION 
Yield attributes 

Organic sources significantly influenced the yield components and yield during the research period 
are presented in the Table.1. Among the different sources T1(150:60:40 kg ha-1 NPK) recorded the higher 
values of yield attributes viz., the number of cobs (2.98), cob length (26.1 cm), cob girth (2.1 cm), cob 
weight (28.9 g), cob yield (6565 kg ha-1) and fodder yield (3300 kg ha-1) for summer season and that was on 
par with T3 (vermicompost @ 5 t ha-1). Application of recommended dose of fertilizers increased the number 
of cobs per plant, cob girth and individual cob weight.  This might be due to wide availability of nutrients 
throughout its growth period resulting in huge biomass production that leads to availability of 
photosynthates, metabolites and nutrients to develop reproduction structure.  This present results are in line 
with the findings of Edwin et al. (2003), Thavaprakash et al. (2008) and in addition increment of fodder 
yield Singh et al. (2011) and Lone et al. (2013). 
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The higher yield (cob yield and fodder) and yield attributes viz., number of cobs per plant, cob girth, 
cob length and individual cob weight in vermicompost received plots could be due to better interception, 
absorption and utilization of radiation energy leading to higher photosynthetic rate and finally more 
accumulation. The overall improvement reflected into better source- sink relationship, which in turn 
enhanced the yield and yield attributes (Madhavi et al., 1995), similar results were also reported by Gurmeet 
et al. (2016), Thavaprakash et al. (2007), Uwah et al. (2014). The fodder yield increased in both inorganic 
and vermicompost received plots due to higher plant height and dry matter production per plant.  Also the 
two possible mechanisms was due to the regulatory role of nitrogen in production of amino acids and plant 
hormones responsible for cell division and enlargement and higher nitrogen facilitating optimum 
development of photosynthetic apparatus captures the incident light more efficiently.  This was in 
concomitant with the findings of Tariq et al., (2011). 

Table-1: Effect of different organic manures on the yield attributes and yield 

Treatments 

No. of 
cobs 
per 

plant 

Cob 
length 
(cm) 

Cob 
girth 
(cm) 

Individua
l cob 

weight 
(gm) 

Yield 
(Kg 
ha-1) 

Fodder yield 
(t ha-1) 

T1 – RDF 
(150:60:40 kg NPK ha-1) 2.98 

 
26.1 

 
2.10 

 
28.9 6565 33.0 

T2 – FYM @ 12.5 t ha-1 2.68 23.1 1.58 26.0 5810 28.9 
T3 – Vermicompost @ 5 t ha-1 2.90 25.4 2.00 28.0 6400 32.1 

T4 – Fish amino acid @ 10 l  ha-1 2.54 20.3 1.29 24.1 5500 27.2 
T5 – Farm compost @12.5 t ha-1 2.10 15.8 0.43 19.6 4585 20.4 

T6 – Neem cake @ 1 t ha-1 2.41 19.1 1.00 22.5 5200 24.3 
T7 – Mahua cake @ 1 t ha-1 2.26 17.7 0.70 21.1 4899 22.5 

T8 – EMI  FYM @ 12.5 t ha-1 2.77 24.1 1.74 26.3 6099 30.0 
S.E(m) 0.05 0.5 0.11 0.6 136.0 0.7 

CD (P = 0.05) 0.12 1.1 0.25 1.3 291.7 1.5 

SOIL MICROBIAL POPULATION 
Soil bacterial (106 CFU g-1 of soil), fungi and actinomycetes (105 CFU g-1 of soil) population 

The soil bacterial, fungi and actinomycetes population recorded in the post harvest soil in the 
experimental field at the time of harvest are presented in Table 2.The effect of different sources of organic 
manures application significantly altered the soil bacterial, fungi and actinomycetes population. Among the 
different treatments, T3 – Vermicompost @ 5 t ha-1 significantly recorded a higher bacterial population of 
61.33 CFU g-1, fungi population of 35.22 CFU g-1 and actinomycetes population of 10.77 CFU g-1 during the 
crop period. This was followed by T8 - EM inoculated FYM @ 12.5 t ha-1 with a value of 56.44 CFU g -1, 
33.11 CFU   g-1 and 10.22  CFU g-1 bacterial, fungi and actinomycetes population respectively. This will lead 
to a higher microbial activity which results in rapid decomposition of organic matter through release of 
organic acids and wide availability of all possible macro and micro nutrients to the crop leads to huge 
biomass production.  These results are in agreement with the findings of Liang et al. (2011), Moradi et al. 
(2014) and Grantina et al. (2015). 

Table-2: Effect of different organic manures on the soil microbial population in post harvest soil 

Treatments 
Bacteria 

(106 CFU   g-1 of 
soil) 

Fungi 
(105 CFUg-1of soil) 

Actinomycetes 
(105 CFUg-1of 

soil) 
T1 – RDF (150:60:40 kg NPK ha-1) 50.33 28.99 8.77 

T2 – FYM @ 12.5 t ha-1 55.22 31.88 9.99 
T3 – Vermicompost @ 5 t ha-1 61.33 35.22 10.77 

T4 – Fish amino acid @ 10 l  ha-1 51.66 30.00 9.11 
T5 – Farm compost @12.5 t ha-1 40.11 21.99 6.88 

T6 – Neem cake @ 1 t ha-1 47.33 26.33 8.22 
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T7 – Mahua cake @ 1 t ha-1 43.55 24.11 7.55 
T8 – EMI  FYM @ 12.5 t ha-1 56.44 33.11 10.22 

S.E(m) 1.29 0.74 0.22 
CD (P = 0.05) 2.78 1.59 0.49 

CONCLUSION 
From the results of the experiment it can be concluded that application of organic manure 

supplemented through vermicompost @ 5 t ha -1 was found to be the most efficient in increasing the corn 
yield, green fodder yield of baby corn apparently it also increase the soil microbial population throughout the 
crop growth period which paves a way for sustainable soil fertility.  In the long run, to increase the corn 
quality and soil quality the application of vermicompost @ 5 t ha-1 is best treatment and thus this practice can 
be recommended to the maize growing farmers in Tamil Nadu. 
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CHAPTER - 37 

A STUDY ON KNOWLEDGE OF BOTANICAL PESTICIDES AND ITS RELATIONSHIP WITH 
THE CHARACTERISTICS OF THE RESPONDENTS 

Darling B. Suji and C. Praveen Sampath Kumar* 
Department of Agricultural Extension, *Department of Genetics and Plant Breeding, Faculty of Agriculture, 

Annamalai University 

ABSTRACT 
Green revolution in our country, while ushering in the much needed self-sufficiency in food 

production also paved way for intensive use of harmful chemical pesticides. Excessive and indiscriminate 
use of these chemicals played havoc with our agro ecosystems caused numerous problems and hazards to 
man and his environment besides inducing resistance in insects and undesirable residues in the food stuff. 
One of the best alternative methods of approach to pest control is achieved by replacing the chemical 
pesticides by products derived from plants. These plant products also known as botanical pesticides being 
non persistant and biodegradable contribute admirably to the preservation of ecosystem. A  study was 
conducted in Kanyakumari district to find out the knowledge of botanical pesticides. The data were collected 
from 120 farmers. More than half of the respondents were found with medium level of knowledge on 
botanical pesticides. More than two-thirds (66.66 per cent) of the paddy farmers had knowledge about 
controlling the diseases through application of neem products. The occupational status showed a positive 
and significant relationship with extent of knowledge. 

INTRODUCTION 
Green revolution in our country, while ushering in the much needed self-sufficiency in food 

production also paved way for intensive use of harmful chemical pesticides. Excessive and indiscriminate 
use of these chemicals played havoc with our agroecosystems, caused numerous problems and hazards to 
man and his environment besides inducing resistance in insects and undesirable residues in the food stuff. 
One of the best alternative methods of approach to pest control is achieved by replacing the chemical 
pesticides by products derived from plants. These plant products also known as botanical pesticides being 
non persistant and biodegradable contribute admirably to the preservation of ecosystem. 

Among the plant products neem based botanical pesticides occupy a unique position and these emerged as 
viable alternative to chemical pesticides. Today more than three dozen commercial formulations of neem are 
available in the Indian market. Besides neem, nearly 500 compounds derived from 275 plant species were 
found to have pesticidal properties. The principal barriers to commercialization of botanical pesticides 
include the relative scarcity or availability of the natural resources, standardization of extract and quality 
control based on active ingredients and special problem in regulatory approval of botanicals. 

Ever since the drawbacks of synthetic pesticides were realized, efforts all over the world were 
underway for the chemicals which are cheap, easily biodegradable, safer to human beings, non-polluting 
which will not harm non-target organisms and does not leave any harmful residues on plants and plant 
products with greater selectivity. Botanical pesticides would play an important role as an alternative and 
provide an ideal source of low cost, safe and effective insecticides. 

METHODOLOGY 
The study was carried out in Kanyakumari district. There are four taluks in Kanyakumari district 

viz., Agastheeshwaram, Thovalai, Kalkulam and Villavancode. All the four taluks were identified for 
collection of data. One block from each taluk was selected randomly and the selected blocks were 
Agastheeshwaram, Thovalai, Thiruvattar and Killior from Agastheeshwaram, Thovalai, Kalkulam and 
Villavancode taluk respectively. From each block one village was randomly selected. Thus a total of four 
villages viz., Theroor, Vellamadam, Arumanai and Karungal were selected for data collection from 
Agastheeshwaram, Thovalai, Thiruvatar and Killior blocks respectively. The list of farmers in the selected 
villages was obtained from village extension workers concerned. The respondents were selected by random 
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sampling. The required number of respondents (120) was selected from four villages by identifying equal 
number of respondents (30) from each of the villagers. The data were collected from 120 farmers. To find 
out the knowledge level of botanical pesticides a well structured interview schedule was used for the data 
collection.  Nine knowledge items  were selected to find out the knowledge of botanical pesticides. To assess 
the knowledge a score of two was given for correct response and one for incorrect response. 

FINDINGS AND DISCUSSION 
The cumulative frequency method was used to classify the variables into three categories viz. low, 

medium, and high by dividing the difference between the maximum and minimum scores of a variable into 
three equal classes. The overall knowledge level of respondents on botanical pesticides was assessed and the 
findings are given in Table 1. 

Table-1: Distribution of respondents according to their knowledge level on botanical pesticides(n=120) 
S. No Category Number of respondents Per cent 

1 Low 34 28.33 
2 Medium 71 59.16 
3 High 15 12.51 
 Total 120 100.00 

The result on over all knowledge of botanical pesticides reveal those majorities (59.16 per cent) of 
the respondents were found to posses medium level of knowledge and 28.33 per cent of them had low level 
of knowledge. The remaining 12.51 per cent of the respondents had high level of knowledge on various 
dimensions of botanical pesticides.  These results may be due to more extension agency contact, mass media 
exposure and high educational status of the respondents. The result is in accordance with the outcome of the 
study of Vijayakumar (1997). 

Practicewise knowledge level of respondents on botanical pesticides 
Nine knowledge items were selected for assessing the knowledge level. The results regarding the 

practicewise knowledge of the respondents are furnished in Table 2. It reveals that more than two-thirds 
(66.00 per cent) of the paddy farmers had knowledge about controlling the diseases through application of 
neem products.  The technology was known to majority of the respondents probably due to efficiency of the 
products.  Most of the farmers (65.00 per cent) had knowledge about mixing neem oil with standard 
insecticides like endosulphan and monochrotophos to increase the effectiveness of botanical pesticides. The 
experience in mixing the botanical pesticides with standard pesticides made the respondents to have 
knowledge on these technologies. The knowledge on recommended quantity of neem cake and kerosene for 
mixing with urea was possessed by 55.00 per cent of the respondents. Most of the farmers were aware about 
the compatibility of neem cake, kerosene and urea. The knowledge about the quantity of neem oil to control 
leaf blight was possessed by 49.16 per cent of the respondents. 

Table-2: Practicewise knowledge level  of respondents on botanical pesticides (n=120) 
S. 
No Practices Respondents 

Number Per cent 
1 Recommended quantity of neem cake and kerosene for mixing with urea 66 55.00 

2 Quantity of neem oil to be applied to control the paddy brown plant 
hopper 58 48.33 

3 Recommended quantity of neem kernel extract to be applied to control 
rice leaf folder 42 35.00 

4 Recommended quantity of neem oil to control tungro virus 39 32.50 
5 Recommended quantity of  neem kernel extract to control tungro virus 41 34.16 
6 Mixing neem oil with standard insecticides. 78 65.00 
7 Required seed to prepare 5 per cent of neem seed kernel extract 58 48.33 
8. Controlling paddy leaf blight through neem products 80 66.6 
9. Quantity of neem oil to control the leaf blight 59 49.6 
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Most of the farmers were aware of this technology through their experience. The knowledge about 
the required quantity of seed to prepare 5.00 per cent of neem seed kernel extract and quantity of neem oil to 
be applied to control paddy brown plant hopper was possessed by 48.33 per cent of the respondents, since 
this is a traditional technology. The recommended quantity of neem seed kernel extract to be applied to 
control rice leaf folder was known only to 35.00 per cent of the respondents because only some of the 
farmers were practicing this technology in their field. 

Only 34.16 per cent of paddy farmers had knowledge about the recommended quantity of neem seed 
kernel extract to be applied to control tungro virus. Most of the farmers were using chemical pesticides to 
control tungro virus. The knowledge on recommended quantity of neem oil to be applied to control tungro 
virus was possessed by 32.50 per cent only. To control tungro virus the farmers were using chemical 
pesticides. Few of the farmers were using botanical pesticides to control tungro virus. These findings are in 
line with the findings of  Vijayakumar (1997). 

The zero –order correlation was computed to know the relationship of the socio-economic and 
psychological characteristics of the respondents with their knowledge on botanical pesticides. The 
relationship of the socio-economic and psychological characteristics of the respondents with their knowledge 
on botanical pesticides are given in Table 3 

Table-3: Relationship of the socio-economic and psychological characteristics of the respondents with 
their knowledge level on botanical pesticides 

Variable no Independent variables Correlation coefficient 
X1 Age -0.134NS 
X2 Educational status 0.381** 
X3 Occupational status 0.094* 
X4 Farm size 0.035NS 
X5 Farming experience 0.022NS 
X6 Annual income 0.092NS 
X7 Social participation -0.011NS 
X8 Extension agency contact -0.179NS 
X9 Innovativeness 0.109NS 
X10 Risk orientation -0.025NS 
X11 Scientific orientation -0.013NS 
X12 Economic motivation 0.062NS 
X13 Mass media exposure 0.120NS 

** significant at 1 per cent level 

* significant at 5 per cent level 

NS Non-significant 

It may be inferred that better the education, higher would be their knowledge level irrespective of 
their age, occupation, farm size, annual income, social participation, extension agency contact, 
innovativeness, risk orientation, economic motivation, scientific orientation and mass media exposure. 

The positive and highly significant relationship of education with knowledge level needs no 
explanation because it is a proven fact that education enables the people to acquire knowledge. This finding 
derives support from the findings of Renjini (2000). 

CONCLUSION 
This study clearly shows that  the knowledge on botanical pesticides was generally low especially in 

the recommended quantity of neem oil to control tungro virus. Follow-up programmes and field visits may 
be organized to promote the adoption of botanical pesticides among the farming community. Educational  
status had positive and significant  correlation with the knowledge on botanical pesticides. So the extension 
functionaries should give due importance to the educational status while planning strategies to increase the 
knowledge level on botanical pesticides. 
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CHAPTER - 38 

SYNTHESIS OF PLANT MEDIATED COPPER NANOPARTICLES FROM LEAF EXTRACTS OF 
TWO NYCTAGINACEAE FAMILY MEMBERS 

Jisha S, Saranya G and Santhi W S 
Department of Botany and Biotechnology, Bishop Moore College, Kallumala P.O, Mavelikara, Kerala 

INTRODUCTION 
Nanoscience is the most promising technology that can be applied almost in all spheres of life 

ranging from electronics, pharmaceutical, defence, transformation, heat transfer to sport and aesthetic. 
Nanotechnology can be defined as design characterization, production and applications of structures, devices 
and systems by controlling shape and size at nanometer scale (Tiruwaa, 2015). Nanoparticles are of interest 
due to their novel physiochemical, magnetic and optoelectronic properties that are governed by their size, 
shape, and size distribution (Daniel et al., 2004; Krolikowska et al., 2003; Kumar et al., 2003; Bogunia-
Kublik et al., 2002). 

Incorporation of green chemistry techniques and methodologies into nanotechnology is of great 
interest which has gained much attention over the past decade (Yang et al., 2012). Green chemistry which is 
the use of chemistry principles to reduce or eliminate using of toxic reagents, has resulted to significant 
reduction in the amount of harmful residues to human’s health and development. Green chemistry is defined 
as chemistry aided processes for pollution prevention which can be extended to specific areas including 
green analytical chemistry, environmentally friendly analytical chemistry and cleans analytical methods 
(Melchert et al., 2012). 

A focused integration bio and nano techniques for biological synthesis of Nanoparticles, known as 
bio-nanotechnology, has emerged from nanotechnology (Krithiga et al., 2013; Sahayaraj et al., 2011; Sobha 
et al., 2010). Biological synthesis combines biological principles (ie; reduction, oxidation etc) by microbial 
enzymes or plant phytochemicals with physical and chemical approaches to produce nano-sized particles. 
Therefore, biological synthesis either extracellularly or intracellularly from high plants or microbes have 
gained an upper hand. The importance of biological synthesis is being emphasized globally (Kulkarni and 
Kulkarni, 2013; Hameed and Al-samarrai, 2012). Process for making nanoparticles using plant extracts are 
readily scalable and may be less expensive compared with the relatively expensive methods based on 
microbial processes and whole plants. 

Plant extract may act as reducing agents and stabilizing agent in the synthesis of nanoparticles. The 
source of the plant extract is known to influence the characteristics of the nanoparticles (Kumar and Yadav, 
2009). In the present investigation Nyctaginaceae family members are selected to reduce copper into copper 
nanoparticles. The aqueous leaf extracts will be used as reducing agent for the synthesis of Copper 
Nanoparticles. The current investigation will focus on the leaf extract of Boerhaavia diffusa and 
Bougainvillea glabra to synthesize copper nanoparticles, improving the importance of plant source and 
involving green chemistry for the synthesis of other. 

MATERIALS AND METHODS 
Preparation of leaf extracts – The leaves of the plants Boerhaavia diffusa and Bougainvillea glabra 

were collected, washed, shade dried and powdered. The powdered dried leaves were boiled with water in the 
ratio 1:10, filtered and the filtrate was stored at 40C for till s use. 

Preliminary phytochemical Analysis – The extracts were screened for the qualitative identity of 
different classes of natural compounds, using the methodology of Sofowora (1982) and Kepm (1986). 

Synthesis of Copper Nanoparticles – 10 ml leaf extract was introduced drop wise into 10 ml of 10m 
M (0.01m M) solution of pure copper sulphate (Sigma, USA) under continuous stirring (Abboud et al., 2014) 
for 30 minute and incubated for 24h in a dark. The change in the colour and the appearance of a colloidal 
nature in the solution indicates the formation of copper nanoparticle. 
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Characterization of Copper Nanoparticles – the biosynthesized nanoparticles were characterized by UV-
Visible Spectrophotometer and SEM. 

Analysis on the biological properties of Copper Nanoparticles – The antimicrobial activity of the 
synthesized copper nanoparticles was tested against both gram positive and gram negative microorganisms. 
The antimicrobial activity was assessed using the Agar well diffusion assay (Perez et al., 1990). Seed 
germination assay was carried out to in green gram following the protocol of Kikui et al., (2005). 

RESULTS AND DISCUSSION 
Phytochemical analysis – Present investigation looked into the presence of various secondary 

metabolites such as alkaloids, coumarins, diterpenes, sugars, phenols, flavonoids etc. In this study only 
phenols and diterpenes were present in all the extract under investigation. Quinone was present only in fresh 
extract of Boerhaavia diffusa. Sugars and coumarins were present all the samples under investigation except 
fresh Bougainvillea extract. Tannins were not present in fresh Bougainvillea extract; all other samples 
contained tannins.  Carboxylic acid, saponins, resins, xanthoproteins, phlobatannins, terpenoids, carotenoids, 
proteins, lignin, aminoacid, and anthocyanin were not observed in any of the aqueous evaluated in this study. 

Synthesis and characterization of copper nanoparticles – The aqueous leaf extracts of Boerhaavia 
diffusa and Bougainvillea glabra were used for the synthesis of copper nanoparticles in suspension. The 
reduction of pure Copper ions was monitored with UV-Vis spectrum; the extracts of nanoparticle 
suspensions showed characteristic peek at 521 nm. UV-Visible spectroscopy analysis is the most important 
method of analysis to detect the Surface Plasmon Resonance property of Copper nanoparticles. The Copper 
nanoparticles formation was confirmed from the presence of their representative peaks. Particle size 
distribution and morphology are the most important parameters of characterization of nanoparticles. 
Morphology and size are measured by SEM. Metal oxide nanoparticles often agglomerate in the aqueous 
phase to minimize surface energy, and disaggregating is difficult (Yang and Watts, 2005). In our study also 
the actual size of the tested nanoparticles in the aqueous solution showed agglomeration. 

Antimicrobial activity – The antimicrobial effect of biologically synthesized Copper Nanosuspension was 
analysed against bacterial strains Escherichia coli, Pseudomonas aeruginosa, Enterobacter aerogenes, 
Mycobacterium tuberculosis and Staphylococcus aureus.  In this experiment antibiotic penicillin and 
streptomycin used as positive control. Penicillin did not exhibit any zone of inhibition; this points out to the 
fact that the microorganisms under investigation were resistant to penicillin. Strepotomycin was also used as 
positive control for another set of microorganisms. Antimicrobial activity of microorganism against 
antibiotic Strepotomycin is Escherichia coli - 30mm, Pseudomonas aeruginosa – 33mm and Klebsiella 
pneumonia – 35mm. 10mM Copper sulphate solution was used as the negative control and no zone of 
inhibition was observed against copper sulphate. The antimicrobial activities of Boerhaavia diffusa and 
Bougainvillea glabr are summarized in tables 1 and 2 

Table-1: Antimicrobial activity against Boerhaavia diffusa 
 
 

Microorganisms 

Zone of inhibition (in mm) against Copper nanosuspension 

(with Strepotomycin as 
negative control) 

(with Penicillin as negative control) 

Fresh Dry Fresh Dry 

Pseudomonas aeruginosa 22 25 24 25 

Enterobacter aerogenes 22 25 24 23 

Mycobacterium tuberculosis 23 30 31 24 

Staphylococcus aureus 20 19 18 0 
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Table-2: Antimicrobial activity against Bougainvillea glabra 
 
 

Microorganisms 

Zone of inhibition (in mm) against Copper nanosuspension 

(with Strepotomycin as 
negative control) 

(with Penicillin as negative control) 

Fresh Dry Fresh Dry 

Pseudomonas aeruginosa 30 27 24 26 

Enterobacter aerogenes 28 25 21 19 

Mycobacterium tuberculosis 21 25 25 23 

Staphylococcus aureus 15 16 17 13 

From the result it can be observed that, the nanoparticles synthesized from the fresh and dry extracts 
of both Boerhaavia diffusa and Bougainvillea glabra exhibited good inhibition against all the microogranism 
under study except Staphylococcus aureus. The microorganisms, used were resistant against the antibiotic 
penicillin; even then they were sensitive to the nanoparticle suspensions of both Boerhaavia diffusa and 
Bougainvillea glabra. These results points to the fact that the nanoparticle suspensions under investigation 
are good antimicrobial agents. 

Effect of copper nanosuspension on seed germination – Metal nanoparticles is considered to modify 
physiological and biochemical processes in plants thereby affecting their germination and growth favorably 
or otherwise (Hafeez et al., 2015). This assay was carried out to study the effect of copper nanoparticles in 
seed germination, shoot and root elongation of green gram. In the case of relative root elongation the nano 
suspensions exhibited greater root elongation than their corresponding extracts (Fig – 1). The germination 
index was studied by calculating the relative germination rate. In the current study all treatments led to 100% 
germination of seeds. A study by Adhikari et al., (2012) showed that all the treatments with copper 
nanoparticles in the seeds of soybean and chickpea led to 100% germination of seeds and according to them 
this indicated that there is no adversely effect of nanoparticles particles in seed germination. This result is in 
agreement with our findings. 

Figure – 1 

 
SUMMARY AND CONCLUSION 

Development of green Nano technology is generating interest towards eco-friendly biosynthesis of 
nanoparticles. In this study the biosynthesis of Copper Nanoparticles was carried out using the aqueous leaf 
extract of Boerhaavia diffusa and Bougainvillea glabra. The preliminary phytochemical analyses were 
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carried out and the presences of various phytochemicals were observed in the extracts. The synthesized 
copper nanoparticle is first confirmed by the change of color reaction after addition of leaf extract into the 
copper sulphate solution (10mM). In the current study the biologically synthesized copper Nano suspension 
were characterized by UV-Vis spectrometer analysis. The size of the synthesized nano particles were 
evaluated by Scanning Electron Microscopic analysis and the result confirmed the formation of 
nanoparticles. The present study also investigated the antimicrobial activity of the synthesized copper nano 
suspension and showed good antimicrobial activity of our selected plants against both gram positive and 
negative bacteria. The effect of copper nano suspension on the germination of green gram was carried out. 
The results from the seed germination studies show hundred percentage of seed germination and this 
indicates that the synthesized copper nano suspension has less/no toxicity. Taken together the result show 
that the biologically synthesized copper nano particle have good antimicrobial activity and they are 
comparatively nontoxic to higher plants as hundred percent seed germination was observed. 

From this investigation it can be concluded that the synthesized copper Nanoparticle are capable of 
significant antimicrobial and activities with low toxic effect to higher plants. It can be expected that these 
Nanoparticle can be used for the formulation of new type of antimicrobial materials for pharmaceutical and 
biomedical applications. In addition this method is also of significance owing to the easily available starting 
materials, cost-effective and procedure is easy to carry and most importantly due to the fact that toxic 
reagents are avoided and is eco friendly 
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CHAPTER - 39 

ANTIMICROBIAL ACTIVITY AND ENZYME INHIBITORY POTENTIAL OF CRUDE 
CYSTATINS FROM SELECTED MEDICINAL PLANTS 

Santhi W S, Ardra G and Jisha S 
Department of Botany and Biotechnology, Bishop Moore College, Kallumala P.O, Mavelikara, Kerala 

ABSTRACT 
Proteinase inhibitors (PIs) cover one of the most abundant defensive classes of proteins in plants 

which inhibit different types of enzymes and play an important role against predators and pathogens. 
Naturally occurring PIs are essential for regulating the activity of their corresponding proteases and play 
key regulatory roles in many biological processes. Cysteine Protease inhibitors (Cystatins) are 
proteinaceous inhibitors (PI) of cysteine proteases, like papain, cathepsin B, and cathepsin H, found in 
animals as well as in plants  The present work aimed at the antimicrobial activity and enzyme inhibitory 
assay of Cystatins extracted from three selected medicinal plants; Centella asiatica, Bacopa monnieri and 
Solanum torvum. . The extraction of Cystatin from these plants was made by standard protocols. Among the 
Cystatins extracted, S.torvum showed the highest activity, followed by C.asiatica while B.monnieri had little 
or no inhibitory activity. Anti-bacterial as well as anti-fungal activity of these Cystains was also studied. The 
enzyme inhibitory studies were conducted and the enzyme analysed were amylase and peroxidase, which was 
extracted from different sources. The amylase (extracted from green gram, Red gram and ragi) inhibitory 
activity of Cystatins revealed that, the Cystatin from S.torvum had highest inhibitory activity than the rest. 
The Peroxidase (extracted from Cabbage,Apple and Carrot) inhibitory activity of Cystatins revealed that the 
Cystatin from C.asiatica displayed the atmost inhibitory activity followed by S.torvum. 

INTRODUCTION 
  Proteinase inhibitors (PIs) cover one of the most abundant defensive classes of proteins in plants 
which inhibit different types of enzymes. Naturally occurring PIs are essential for regulating the activity of 
their corresponding proteases and play key regulatory roles in many biological processes. PIs are of common 
occurrence in the plant kingdom. Since plants do not have a specified immune system, they produce several 
peptides or some type of metabolites with a prominent function in the protection against predators and 
microbial pathogens on the basis of their toxic nature. The cysteine protease inhibitors are proteinaceous 
inhibitors (PI) of cysteine proteases, like papain, cathepsin B, and cathepsin H, found in animals as well as in 
plants ((Abe et al. 1987). Plant cystatins, referred to as phytocystatins (PhyCys) are involved in the control 
of endogenous cysteine proteinases during maturation and germination of seeds and play a role in the 
apoptosis required in plant development and senescence. They are also act as exogenous protease regulators 
against phytophagous insects and microorganisms. 

The present work aimed the antimicrobial activity and enzyme inhibitory potential of crude Cystatin 
extracted from three common medicinal plants; Centella asiatica, Bacopa monnieri and Solanum torvum. 

MATERIALS AND METHODS 
Collection of plant samples: The selected experimental plants, Centella asiatica, Bacopa monnieri and 
Solanum torvum were collected periodically from the College Campus of Alappuzha district in Kerala and 
authenticated by the references from the literature. The samples were washed thoroughly several times by 
distilled water. The cleaned samples were subsequently dried under sunshade and powdered by using 
mechanical grinder, then stored clean dry place till use. 

Extraction of the plant materials: The fresh plant material was extracted in Distilled water and Methanol.  
The solvent extracts, were prepared by adding methanol  in a ratio of 1:3 (w/v) and water 1:4 (w/v) ratio, and    
kept for overnight at their respective boiling temperatures. The extracts collected were filtered and stored at -
4°C 
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Extraction and assay of Cystatin: The method described by Abe et al. (1987) was adopted for the 
extraction of cysteine proteinase inhibitor (CPI). Protease inhibitor activity was assayed according to the 
method of Kunitz (1947). 

The protease inhibitor activity was expressed in terms of percent inhibition and it was calculated as 

Inhibitory activity (%)   = Tyr released without inhibitor- Tyr released with inhibitor X 100  
                   Amount of tyrosine released without inhibitor 

Assay of antibacterial activity: The antibiotic resistance pattern of bacterial pathogens was deduced from 
the standard interpretation chart. These resistant bacterial strains are procured from Microbial Type Culture 
Collection (MTCC, Chandigarh, India) were employed in the present study to investigate the antibacterial 
properties. The Gram negative organisms such as Escherichia coli (MTCC 585) Mycobacterium (MTCC 
994), Bacillus subtilis, Klepsiella, Xanthomonas campestris (MTCC 2286) were used as the test pathogens. 
The anti-bacterial activity was assessed using the Agar well diffusion assay (Perez et al., 1990). 

Antifungal activity: Fungal strains Candida albicans, Aspergillusniger and Aspergillus fumigates were 
streaked on Potato Dextrose Agar plates to isolate and obtain the pure culture.   The antifungal activity was 
assessed using the disc diffusion assay (Kirby et al., 1966). 

Study on the Inhibition of Plant Enzymes 
Inhibition on amylase activity:  One gram of germinated seeds were taken and homogenized in 15ml 
phosphate buffer (pH-7). Filter the extract through 2 layered cheese cloth and centrifuge the extract at 12000 
rpm for 5 minutes. The supernatant is collected and is used as enzyme source. Enzyme assay is carried out by 
the method of Bernfeld (1955). 

The results were expressed as % inhibition calculated using the formula: 

Inhibition activity = Abs (Control)-Abs (Test)     × 100 
                                                 Abs (Control) 

Inhibition on Peroxidase activity: One gram of germinated seeds are taken and homogenized with 10ml 
0.1M phosphate buffer. The homogenate is filtered through double layered cheese cloth and filtrate is 
centrifuged at 15000rpm for 20minutes. The supernatant is collected and made upto 20 ml with extraction 
buffer and kept in ice till further use (Chance et al, 1955).  During enzyme assay Guiacol and Hydrogen 
peroxide solution are prepared and added freshly. 2.9ml phosphate buffer (0.1M), 0.1 ml  crude enzyme 
source, 0.05ml Guaicol and 0.03 ml Hydrogen peroxide and 0.1 ml Protease inhibitor was added directly to  
the cuvette. The blank is prepared similarly containing all reagents except Guaicol, which is replaced by 0.05 
ml distilled water. A blank is set up taking all reagents except Protease inhibitor, which is replaced by 0.1 ml 
phosphate buffer.  The absorbance is read at 436 nm against blank. After first reading the mixture is kept for 
5-10 minutes and reading is again taken. The difference gives the OD value. 

RESULTS AND DISCUSSION 
The activity of cystatins from the experimental plants was presented in table 1.  Of these, S.torvum exhibited 
highest activity and C.asiatica had the lowest activity. Among the fresh and dried samples, dried cystatins 
exhibited highest activity. 

Figure-1: Activity of Cystatins 
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The antibiogram studies of Chloramphenicol against selected microorganisms were presented in 
Table 1. The antibacterial activity of the Cystatin extracted from the experimental plants was presented in 
Table 2. The crude Cystatin extracted from B.monnieri showed inhibition against Klebsiella and 
Mycobacterium.  The inhibitory zone was 17 and 12.5mm respectively. Other microorganisms have no 
significant inhibitory zones. 

Table-1: Antibiogram studies of Chloramphenicol 
Microorganisms Chloramphenicol 

Zone of inhibition (mm) 
Escherichia coli 28 

Xanthomonas campestris 29 
Bacillus subtilis 29 
Mycobacterium 12 

Klebsiella aerogenes 15 

The antibacterial assay of crude Cystatin from C.asitica indicated that only Mycobacterium and 
Bacillus exhibited significant inhibitory zone (17.5 &14.5mm respectively). Only Xanthomonas and 
Klebsiella exhibit inhibitory zone whereas others have no significant inhibitory zones in the case of 
S.torvum. 

Protease inhibitors control the action of proteases that are indispensable for the growth and 
development of the organism. They play an important role in the protection of plant tissues from pest and 
pathogen attack by virtue of an antinutritional interaction. Vernekar (2001) reported that protease inhibitors 
were considered to inhibit the growth of microorganism by anti feedent mechanism. Studying plant defense 
responses and developing newer eco friendly strategies for protecting plants against pests and pathogens is 
currently one of the most dynamic areas of research in plant science. The results obtained in this study 
suggest that protease inhibitors are involved in the defense response of the host plant against 
phytopathogens. 

Table-2: Antibacterial activity of Crude Cystatins 
Microorganisms Zone of inhibition (mm) 

B.monnieri 
(Fresh) 

B.monnieri 
(Dry) 

C.asiatica 
(Fresh) 

C.asiatica 
(Dry) 

S.torvum 
(Fresh) 

S.torvum 
(Dry) 

Escherichia coli 5 6 8 7 7 8 
Xanthomonas - - 7 9 14 11 

Bacillus subtilis - 8 14.5 10 10 9 
Mycobacterium 11 12.5 9 17.5 8 7 

Klebsiella 17 9 9 7 13 11 
‘-‘indicates No inhibition 

Antifungal Activity 
Antifungal activities of Cystatins extracted from the experimental plants are presented in Table 3. 

The microorganisms used for the study were Candida albicans, Aspergillus niger and Aspergillus fumigates. 

The results pointed that, the growth of C.albicans and A.niger were inhibited by the Cystatins.  
Conversely, Cystatins have no inhibitory action on A.fumigatus. Among the fungal strains, C.albicans was 
strongly inhibited by the cystatins. 

Anti-microbial peptides provide the first line of defense against invading microbes in both plants and 
animals. Protease inhibitors in plants are usually considered to work as storage proteins (nitrogen source) and 
as a defense mechanism (Putzai et al ,1998). A study showed that the Cysteine PIs from pearl millet 
(Pennisetum glaucum) inhibit growth of many pathogenic fungi, including Trichoderma reesei (Joshi et al., 
1998). These advantages make protease inhibitors an ideal choice to be used in developing transgenic crops 
resistant to pathogens. 
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Table-3: Antifungal activity of Crude Cystatins from the experimental plants 
Microorganisms Zone of inhibition (mm) 

C.asiatica B.monnieri S.torvum 
Candida albicans 12 14 15 
Aspergillusniger 8 8 9 

Aspergillus fumigates - - - 
‘-‘indicates No inhibition 

INHIBITION OF PLANT ENZYME BY CYSTATINS 
Amylase Inhibition 

The inhibition of amylase from green gram by Cystatins was presented in Figure 2. The result 
pointed out that Cystatin from S.torvum fresh sample showed highest inhibition followed by B.monnieri but 
C.asiatica did not show any inhibition .The results of cystatin inhibition on ragi amylase (Figure 3) indicated 
that, Cystatin from S.torvum (both fresh and dried) sample exhibited the highest inhibitory activity. Other 
Cystatins have no significant inhibitory effect on ragi amylase. 

The inhibition by Cystatins on red gram amylase was demonstrated in figure 4. The result point up 
that Cystatins from S.torvum dried sample showed high inhibitory activity, followed by dried sample of 
C.asiatica. From these observations it was clear that, the Cystatin extracted from S.torvum sample had 
highest inhibitory activity than the rest. This may due to the highest activity of S.torvum Cystatins than 
C.asiatica and B.monnieri. 

Peroxidase inhibition 
Figure 5- represented the inhibitory activity of Cystatins against peroxidase from cabbage. 

Among the inhibitors, Cystatin extracted from Fresh C.asiatica extracts displayed highest inhibitory 
activity followed by S.torvum fresh and dried extracts.  Cystatins extracted from B.monnieri exhibited little 
or no inhibitory activity. The inhibition of peroxidase of Carrot (Figure 6) by Cystatins indicated that 
Cystatins from C.asiatica dried extract showed the maximum inhibition followed by S.torvum fresh extract. 
Here also inhibitor from B.monnieri exhibited slight inhibition. 

The inhibitory activity of Cystatins against peroxidase from apple was represented in Figure 7. Here 
also Cystatins from C.asiatica fresh sample exhibited the maximum inhibitory activity. S.torvum dried 
sample also have significant inhibitory activity.  Form this study it was clear that, the Cystatin from 
C.asiatica displayed the utmost peroxidase inhibitory activity followed by S.torvum .Cystatins from 
B.monnieri exhibited little or no inhibitory activity. 

The phytocystatins participate in the control of endogenous enzymes during the maturation and 
germination of the seeds (Abe and Arai, 1991).Inhibition of amylase and peroxidase by Cystatin play an 
important role in plant defense against insect/pest attack. Production of enzyme inhibitors that interfere with 
the digestive biochemistry of insect pests is one of the naturally occurring defense mechanisms in plants 
.These enzyme inhibitors are induced in plants in response to injury or attack by insects or pathogens (Ryan, 
1990). Some of these protease inhibitors have been bioengineered into plants to protect them (and their 
seeds) against pests.Many PIs have been shown to act as defensive compounds against pests by direct assay 
or by expression in transgenic crop plants (Krattiger, 1997). 

The inhibitory activity of Cystatins against peroxidase from apple was represented in Figure 7. Here 
also Cystatins from C.asiatica fresh sample exhibited the maximum inhibitory activity. 

S.torvum dried sample also have significant inhibitory activity. 

Form this study it was clear that, the Cystatin from C.asiatica displayed the utmost peroxidase 
inhibitory activity followed by S.torvum .Cystatins from B.monnieri exhibited little or no inhibitory activity. 

Inhibition of amylase and peroxidase by Cystatin play an important role in plant defense against 
insect/pest attack. Production of enzyme inhibitors that interfere with the digestive biochemistry of insect 
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pests is one of the naturally occurring defense mechanisms in plants .These enzyme inhibitors are induced in 
plants in response to injury or attack by insects or pathogens (Ryan, 1990). Some of these protease inhibitors 
have been bioengineered into plants to protect them (and their seeds) against pests. Many PIs have been 
shown to act as defensive compounds against pests by direct assay or by expression in transgenic crop plants 
(Krattiger, 1997). Bean a-amylase inhibitor 1 in transgenic peas (Pisumsativum) provides complete 
protection from pea weevil (Bruchuspisorum) under field conditions (Roger et al., 2000). 

These advantages make protease inhibitors an ideal choice to be used in developing transgenic crops 
resistant to insect pests. 

Protease inhibitors have also been used to engineer resistance against viruses in transgenic plants 
(Ussuf et al., 2001). Bean a-amylase inhibitor 1 in transgenic peas (Pisumsativum) provides complete 
protection from pea weevil (Bruchuspisorum) under field conditions (Roger et al., 2001). 
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CONCLUSIONS 

Proteinase inhibitors (PIs) cover one of the most abundant defensive classes of proteins in plants 
which inhibit different types of enzymes and play an important role against predators and pathogens. A large 
number of human disorders result from an imbalance in proteolytic activity.  PIs are key players in the 
endogenous defense system, as they help regulate and balance protease activities. Now a day, the plant 
derived PI genes have been used for developing insect-resistant transgenic crops. 
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CHAPTER - 40 

MICROBIAL POPULATION DURING COMPOSTING PROCESSES OF GROUNDNUT 
SHELL WASTE 

Karthiya V and Vijayalakshmi  A 
Department of  Botany, Avinashilingam  Institute  for  Home  Science  and  Higher  Education  for Women,  

Coimbatore, Tamilnadu 

ABSTRACT 
The  present  study  was  aimed  to  analyze  the  changes  in  the  microbial  population  during  the  

composting  of  groundnut  shell.  Groundnut  shell  -  a  major  agro-industrial  waste  in  India  will  
decompose  very  slowly  due  to  the  presence  of  high  amount  of  lignin  and  cellulose  components.  
Composting  of  groundnut  shell  was  carried  out  by  cowdung,  Trichoderma  asperelloides,  microbial  
consortium  and  Eisenia  foetida.  Microbial  population  was  studied  at  regular  intervals  of  30,  60  and  
90  days  in  the  composting  unit  (C1,  C2  and  C3)  during  the  composting  period.  The  present  study  
concluded  that  C3  (Groundnut  shell  +  microbial  consortium  +  Eisenia  foetida)  is  microbiologically  
more  active  than  other  substrates. 

Keywords:  Groundnut  shell,  Eisenia  foetida,  microbial  consortium  and  compost. 

INTRODUCTION 
Composting  is  the  natural  process  of  ‘rotting’  or  decomposition  of  organic  matter  by  

microorganisms  under  controlled  conditions.  Raw  organic  materials  such  as  crop  residues,  animal  
wastes,  food  garbage,  some  municipal  wastes  and  suitable  industrial  wastes,  enhance  the  soil  as  a  
fertilizer.  Compost  is  a  rich  source  of  organic  matter,  it  improves  the  physico-chemical  and  
biological  properties  of  the  soil.  Chemical  fertilizers  will    improve  soil  source  immediately  for  few  
years  thereafter  the  soil  will  be  sterile  but  organic  fertilizers  promote  soil  nutrients  for  long  period,  
at  the  same  time  waste  material  can  be  converted  into  useful  product  for  agriculture.  
Vermicomposting  is  very  easiest  method  of  composting  compared  to  others  and  very  low  cost  
production.  Earthworms  can  consume  practically  all  kinds  of  organic  matter.  The  excreta  of  the  
worms  are  rich  in  nitrate,  available  forms  of  P,  K,  Ca  and  Mg.  Agro-industrial  wastes  groundnut  
shell  wastes  after  recycling  can  be  profitably  converted  into  manure  for  crop  production  and  soil  
improvement  through  recycling  of  groundnut  shell  waste.  Nirmala  and  Karri, (2018)  suggested  that  
50%  and  75%  of  groundnut  shell  compost  compared  to  chemical  fertilizer  increased  the  growth  of  
Bitter  gourd   and  Brinjal.  Omidi  et  al,  2017  reported  that  25%,  50%,  75%  and  100%  of  peanut  
shell  compost  increased  growth  on  Viola  spp.  The  similar  result  was  obtained  from  (Dzomeku  and  
Illiasu,  2018)  using  groundnut  shell,  rice  husk,  rice  straw  with  and  without  NPK.  The  objective  of  
the  study  is  determine  three  treatments  of  groundnut  shell  compost  along  with  cowdung  named  as  
C1 - Groundnut  shell  +  Trichoderma  asperelloides  +  Eisenia  foetida  (5  t  ha-1),  C2 - Groundnut  shell  +  
consortium  (5  t  ha-1)  and  C3 - Groundnut  shell  +  consortium  +  Eisenia  foetida  (5  t  ha-1). 

MATERIALS AND METHOD 
Collection  of  agro-industrial  wastes 

The  agro-industrial  waste  groundnut  shell  was  collected  from  groundnut  field  pollachi,  
Coimbatore,  were  chopped  into  small  pieces  and  dried  under  sun  light. 

Preparation  of  consortium 
The  selected  microorganisms  like  Bacteria  (Bacillus  licheniformis),  Cellulolytic  fungi  

(Paecilomyces  variotti),  lignolytic  fungi  (Pleurotus  florida)  and  Actinomycetes  (Streptomyces  
lavendulae)  were  used  to  make  a  microbial  consortium. 
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Compost pit preparation 
Each  pits  measuring  1.5  feet  length  and  4  square  feet  width  and  named  as  compost1,  

compost2,  compost3.  The  sundried  groundnut  shell  waste  was  transferred  to  C1,  C2  and  C3  pits  along  
with  cowdung.  20  g  of  Trichoderma  asperelloides  was  added  to  C1  and  20  g  of  microbial  
consortium  was  added  to  C2  and  C3  uniformly  and  sandwiched  above  with  a  layer  of  one  kg  of  
groundnut  shell  waste.  This  process  was  repeated  till  the  heap  reaches  a  height  of  about  1  m.  After  
30  days  earthworm  (Eisenia  foetida)  was  adopted  to  the  compost. 

C  –  Absolute  control 

Compost  1-  Groundnut  shell  +  Trichoderma  asperelloides  +  Eisenia  foetida  (5  t  ha-1) 

Compost  2-  Groundnut  shell  +  Consortium  (5  t  ha-1) 

Compost  3-  Groundnut  shell  +  Consortium  +  Eisenia  foetida  (5  t  ha-1) 

Enumeration  of  Bacteria,  Fungi  and  Actinomycetes 
One  gram  of  each  sample  was  taken  in  sterile  conical  flasks  containing  9ml  of  distilled  

water,  shaken  for  30min  in  vortox  mixer.  Using  different  sterile  pipette,  1ml  of  106,104  and  105  
dilutions  of  the  samples  were  inoculated  into  sterile  petri  dishes  containing  Nutrient  agar  medium  
for  bacteria,  Potato  dextrose  agar  medium  for  fungi  and  Ken-Knights  agar  medium  for  
Actinomycetes,  incubated  for  one  day,  three  days  and  seven  days  respectively.  Microbial  colonies  
were  counted  during  the  decomposition  of  groundnut  shell  agro  -  industrial  wastes  at  regular  
interval  of  30,  60  and  90  days.  Viable  colony  count  was  done  with  the  help  of  colony  counter. 

Statistical  analysis 
The  data  obtained  on  30,  60  and  90  days  were  analyzed  statistically  using  two  way  anova  

and  inference  were  drawn  on  the  basis  of  results. 

RESULTS  AND  DISCUSSION 
The  changes  of  microbial  populations  during  biocomposting  of  groundnut  shell  agro-industrial  

waste  was  shown  (Figs.1, 2  and  3). 

Bacterial  population 
The  total  bacterial  population  was  counted  in  decomposion  of  groundnut  shell  waste  during  

the  composting  period  (30, 60  and  90  days).  On  the  30th  day,  total  bacterial  count  was  increase  in  
C3  (1.76×106)  followed  by  C2  (1.68×106)  compared  to  control  (1.12×106).  During  60th  day,  
remarkable  bacterial  count  was  obtained  in  C3  (2.24×106)  followed  by  C2  (2.08×106)  compared  to  
control  (1.62×106).  At  the  end  of  the  90  days  composting  period,  bacterial  load  was  slightly  
decreased  with  a  count  of  C3  (1.60×106)  followed  by  C2  (1.56×106)  and  C1  (1.24×106)  compared  to  
control  (0.88×106). 

Figure-1 
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Fungal population 
The  total  fungal  population  was  similar  to  the  bacterial  population,  C3  had  a  higher  fungal  

population  on  30th  (0.74×104),  60th  (0.96×104)  and  90th  (0.58×104)  days  compared  to  control  
respectively. 

Figure-2 

 
Actinomycetes Population 

The  maximum  actinomycetes  population  was  found  in  C3  (30,  60  and  90  days)  compared  to  
control.  Among  all  the  treatments,  groundnut  shell  +  consortium  +  Eisenia  foetida  (C3)  showed  
significantly  higher  actinomycetes  population  (0.90×104)  in  60th  days  of  compost. The  present  result  
coincided  with  (Game  et  al., 2017)  who  observed  high  bacterial  count  in  60th  days  of  rural  (54.0×  
107 cfu/g)  and  urban  (66.0×107  cfu/g)  wastes.  The  total  fungal  count  was  observed  in  90th  days  of  
rural  (51.3×  104  cfu/g)  and  urban  (53.3×104  cfu/g)  wastes  and  total  actinomycetes  count  was  
observed  in  120th  days  of  rural  (53.3×  105  cfu/g)  and  urban  (64.6×105  cfu/g)  wastes  respectively. 

Figure-3 

 
Haseena  et  al,  2016  worked  in  different  kind  of  compost  like  weed  compost,  ayurvedic  

herbal  waste  compost,  tea  compost,  coir  pith  and  saw  dust.  The  total  bacterial  count  was  higher  in  
weed  compost  (99.2×105  cfu/g)  and  total  fungal  count  was  higher  in  ayurvedic  herbal  waste  
compost  (91.7×103  cfu/g)  and  total  actinomycetes  count  was  higher  in  ayurvedic  herbal  waste  
compost  (96.6×104  cfu/g)  respectively.  Game  et  al, (2016)  obtained  similar  results  from  test  
consortium  and  MPKV’s  decomposing culture  for  wheat  straw,  sorghum  straw,  chickpea  straw,  maize  
cobs,  vegetable  waste  and  saw  dust  finding  maximum  bacterial  load  in  60  days  of  vegetable  waste.  
On  90th  day  maximum  fungal  population  obtained  from  maize  cobs  (56.7×104  cfu/g)  and  on  120th  
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day  maximum  actinomycetes  population  was  obtained  from  vegetable  waste  (66.0×104  cfu/g)  
respectively.  The  present  study  revealed  that  C3  (Groundnut  shell  +  microbial  consortium  +  Eisenia  
foetida)  is  microbiologically  more  active.  The  agro-industrial  waste  groundnut  shell  can  be  converted  
into  manure  for  soil  improvement  which  may  increase  plant  growth  and  yield  without  affecting  
environment. 
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CHAPTER - 41 

STUDIES ON ANTIMICROBIAL ACTIVITY OF GINGER (ZINGIBER OFFICINALE) 

Baskaran J. and Sivakumaran .V 
PG & Research Department of Zoology, Thiru. Vi.ka. Govt. Arts College., Thiruvarur 

ABSTRACT 
Ginger  is a member of the Lily family.  The plants are thick, fibrous and fleshly.  There are more 

than 200 species of Ginger  in India.  Ginger  cultivated throughtout India.  It is commonly found in Gujrat.  
It mainly grows in the tropical and sub tropical regions. Ginger  is the herbal plant, used to heal the burn  
the skin disease.  Ginger  are used in alternative medicine and in the home first aids.  As an herbal medicine, 
ginger  juice is commonly used internally tot relieve digestive discomfort.  Components of Ginger many 
inhibit tumor growth.  Ginger have a significant hyperglycemic effect, and may be useful in treating 
diabetes.The above significants the plants selected for antimicrobial activity.  In addition to calotropis used 
as the native medicine & anticancerious.  The use of both plant extracts with known antimicrobial infections.  
In the present study have been conducted to prove the efficiency of medical plants by the crude extracts and 
the potential of the antimicrobial activity of different pathogens were studied. 

INTRODUCTION 
Ginger species are frequently cultivated as ornamental plants both in gardens and in pots.  Many 

ginger species are highly decorative and are valued by  collectors of succulents.  ginger is used both 
internally and externally on humans, and is claimed to have some medicinal effects, which have been 
supported by scientific and medical research.  The gel in the leaves can be made into a smooth type of cream 
that can heal burns such as sunburn.  They can also be into types of special soaps. 

Historical use of various ginger species by humans is well documented.  Documentation of the 
clinical effectiveness is available, although relatively limited of the 299 species of Ginger, only a few were 
used traditionally as a herbal medicine, ginger  again being the most commonly used version of ginger in 
herbal medicine.  Also included are  Ginger  perryi (found in northeastern Africa) and Ginger ferox (found in 
South Africa).  The Greeks and Romans used Ginger  to treat wounds in the middle ages, the yellowish 
liquid found inside the leaves was favored as a purgative.  Unprocessed ginger that contains aloin is 
generally used as a laxative, where as processed ginger  juice does not usually contain significant aloin. 

Some species, particularly Ginger  are used in alternative medicine and in the home first aids.  As an 
herbal medicine, ginger  juice is commonly used internally to relieve digestive discomfort today, ginger  is 
used both internally and externally on humans.  The gel found in the leaves is used  for smoothing minor 
burns, wounds, and various skin conditions like eczema  and ringworm.  The extracted ginger  juice ginger  
plant is used internally to treat a variety of digestive condition.  The use of this herbal medicine was 
popularized in the 1950s in many Western countries.  The gel’s  effect is nearly immediate; it also applies a 
layer over wounds that is said to reduce the change of any infection. 

There have been relatively few studied about possible benefits of Ginger gel taken internally.  
Components of Ginger many inhibit tumor growth.  There have been some studied in animal models which 
indicate that extracts of Ginger have a significant and hyperglycemic effect, and maybe useful in treating 
Type II diabetes. 

The ginger is a C triangular in shape.  The tissues in the center of the Ginger leaf contains a gel 
yields the ginger gel.  Its leaves are that is why it can survive for years.  These leaves have spiky margins 
and are blotched creams.  It is the member of the Lily family.  The roots of the pant are thick and fibrous.  
The fruit is the triangular capsule containing numerous seeds. 

There are more than 200 species of Ginger.  Ginger Barbadensis Miller, Ginger Saponaria, Ginger 
Chinensis, Ginger Variegata, Ginger Forem, Ginger Lalifolia and Curacao Ginger are some of the known 
species of Ginger. 
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Ginger is cultivated throughout India.  It is commonly found Gujarat and south India.  It mainly 
grows in the tropical and sub tropical are well as sandy and well drained soil.  It is widely grown in the 
Ranthamb park in India.  Ginger plant is propagated through the seed well drained sandy soil in sunny 
location.  Ginger needs the temperature above 40 degrees.  They should be potted in the spring, winter and 
summer seasons.  But over watering can kill plant.  It also grows in particular reaches the maturity in four 
years when the leaves are harvested. 

Ginger is the herbal plant, used to heal the burn cures the skin disease.  It can also be used to remove 
dandruff Ginger is taken internally for the stomach disorders.  His leaves of used for the treatment of facial 
edema or swelling.  Its fluid is beneficial the inflammation and pain. Ginger is used in cosmetics and even 
industry.  Curacao ginger  acts as laxative, which is used against constipation juice of its leaf blades can be 
applied directly to the ulcers, burns, some fungal infection. Organic Ginger juice reduces acidity. It prevents 
influenza virus, measles, and high fever. Ginger  is a very popular potted plant. It is grown in no decoration. 
The leaf sap is used to make a smoothing and healing moisture which is good for the dry skin. It is used in 
the making of anti wrinkle used in the preparation of shampoos. 

Ginger has been mentioned sel times ir scriptures. It is believed to have used for the preservation of 
the jesus christ. It is called as the plant of immorality.  It is also mentioned book of  Bible.  It has been used 
by the tribal people as a medicine for the Ginger. The other name of ginger is Cape ginger, Ginger curacao, 
Barbadoes ginger, venezuela alces, Ghirita, Lu hui, star Cactus are the other names used for the Alc also 
called miracle plant, Burn plant, medicine plant and first-aid-plant. 

Ginger grows to a height of 12 to 16 inches. It has a system.  It does not have stems. It has thick 
freshly leaves with sharp are up to 18 inches long and 2 inches wide at the base traditional medicine is in 
practice for many centuries. It is recognized that in some developing countries, plants are the main medicinal 
source to treat various infectious diseases. Plant extracts represent a continuous effort to find new compound 
against pathogens. Approximately 20 % of the plants are found in the world have been submitted to 
pharmacological or biological test, and a substantial number of new antibiotics introduced  on the market are 
obtained from natural or semi synthetic resources (Mothana and Linclequist, 2005). 

The use of plant product for pharmaceutical purpose has been gradually increased.  According of 
World Health Organization, medicinal plants would be he best source for obtaining a variety of drugs 
(Santos et al., 1995). 

The use of plant extracts, with known antimicrobial properties, can be of great significance in the 
treatment of various microbial infections.  In the last decade, numerous studied have been conducted in 
different countries to prove such efficiency in number of medicinal plants.  Most of  the studied are restricted 
with crude extracts ( Reddy et al., 2006; Erdo Urul,200; Atefll et al., 2003). 

Ginger is a perennial, drought resisting, succulent plant.  It has stiff green, lance-shaped leaves 
containing clear gel in a central mucilaginous pulp.  Its thick leaves contain the water supply for the plant to 
survive long periods of drought (Fooster, 1999).  The leaves have a high capacity of retaining water also in 
very warm dry climates and its can survive very harsh circumstances. 

MATERIALS AND METHODS 
There are around 400 species in the genus ginger. For a full list see List of species of genus Ginger. Species 
include; 

 Ginger -used in healthcare & health products 

 Gingerarboresens –used in healthcare 

 Ginger aristata-torch plant, lace ginger 

 Ginger dichotoma-quiver tree or kokerboom 

 Ginger nyeriensis 

 Ginger variegate-partridge-breasted ginger, tiger Ginger 
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 Ginger barbadensis-Barbados ginger, common Ginger, Yellow Ginger, Medicinal Ginger. This is an 
older name for Ginger . 

Calotropis gigantean sp.(Earukkalai) 

Division  -  Spermatophyta 

Sub-division   -     Angiospermae 

Class   -  Dicotyledons 

Sub-class  -  Gamopetalae 

Series   -  Bicarpetabae 

Order         -        Gentianales 

Family   -    Asclepiadaceae 

 The family Asclepiadaceae is popularly known as milk-weed family. It is common plants Earukkalai 
(Calotropis gigantean sp). The plants are herbs with milky latex. The leaves are simple, opposite, 
decussate and exstipulate.  The inflorescence is terminal or axillary. It is racemose ore cymose type. The 
flowers are bisexual, hypogynous, actinomorphic bracteates and bracteolate. They are distributed mostly 
in the tropical regions of the world. The plants are mostly xerophytic,perennial herbs or shrubs with 
milky latex. Herbs as in asclepias, shrubs as in Calotropis .  calotropis gigantean and c.procera the 
powdered roots of both species are used in native medicine. 

COLLECTION OF PLANTS & PLANT MATERIALS 
The plants were collected in vadakankulam near kavalkinaru, Thirunelveli district, Tamil nadu 

(INDIA). The area of investigation lies approximately between 77030’ and 78020’ longitude and 
10005’latitude. The elevation of the altitude and rainfall have a bearing on the vegetation in general. The 
floristic divisions of the area of investigation consists of dry deciduous forest and deciduous thorn forest. 

The collected plant gel was freeze dried and then grinds to get crude through waterman filter paper. 
The plant extracts were prepared according to the method described by Ahmad et al.,(1998) with minor 
modifications. Briefly 1gm A. gel extact was mixed in 1ml of milky latex of calotropis and mixed well and 
kept it under shaker for overnight incubation the mixture was filtered through Waterman No.1 paper and it 
was evaporated at room temperature. 

Bacterial strains were obtained from the Department of Microbiology, sardar Raja College, 
Vadakankulam. The bacterial strains such as E.coli, Bacillus, Klebsiella, Pseudomonas and staphylococcus 
were used for antimicrobial assy. All the stains were grown in LB medium contains beef extract, peptone, 
sodium yeast, distilled water at pH 7.2 and incubated at 37oC 

For overnight. 1 OD culture of overnight grown cultures was used for antimicrobial assay. 

The disc was used for evaluation the antimicrobial activity. The disc was prepared from the 
waterman No.1 filter paper and it was stored at 40C in dark place for further use. The size of the disc was 
5mm. the absorption capacity of the disc is 0.008µ1 per dip in distilled water. This absorption capacity will 
vary according to the solvent density, dissolving capacity of extracts and compounds involved in it. 

Brantner, A.and E. Grein, 1994. Antibacterial activity of plant extract used extermally in traditional 
medicine. J.Ethnopharmacol,. 44(1): 35-40. DOI:10.1016/0378-8741(94)90096-5.PMID:7990502. 

Ginger  is a member of liliaceous family. Ginger (L). Burm Fil(Synonym A.Bro-Badensis Miller) 
(Tamil-Southakathalai, Hindi Gikanvar) is a cactus like plant with green, dagger – shipped leaves that aren 
fleshy, tapering, spiny, marginated and filled with a clear viscous gel(Yates, A.2002). Medicinal 

Plant have played important role in the traditional and orthodox system of medicine in the curing of 
different types of diseases. Analysis of different species of medicinal plant for biologically active 
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components know to have pharmacological properties have been conducted and most of the studied plants 
have shown antimicrobial property. 

The great bulk of such assays, however, are directed toward the sensitivity of microorganisms 
isolated from disease conditions as guide to effective chemotherapy. While certain generalizations may be 
made, viz. gram-positive bacteria are sensitive to penicillin  and gram-negative bacteria, with certain 
exceptions, are not, and the converse relation holds true with streptomycin, too much reliance connate be 
placed upon them for two reasons. Firs, bacteria may become resistant to chemotherapeutic substance so that 
the sensitivity of a given, strain may not be predicted with complete confidence. Second, some kinds of 
bacteria, such as α-hemolytic streprococci, very widely from strain to strain in their sensitivity to 
antibacterial chemicals-other apeutic agents. Testing for sensitivity of isolates has, then, become a routine 
diagnostic adjunct. 

The sensitivity spectrum so detamined depends upon the context from hich it is taken. The usual 
spectrum of a given chemotherapeutic substance is commonly derived from stock cultures of bacteria, but 
that found with isolates from infectious processes may differ, usually in that resistant strains of bacteria 
“normally” sensitive to a given agent may be found. In a general way, such as shift is most pronounced in 
isolated from populations of hospitalized persons, and  tends to be related to the kinds of chemotherapeutic 
agents used and the extent to which they are used. The utility of a given chemotherapeutic substance thus 
depends upon a number of factors, and the proportions of bacteria strains found to be sufficiently sensitive to 
it so that it has utility as a therapeutic agent more realistically give the spectrum of its activity. 

Sensitivity tests measure antimicrobial activity bacteria under laboratory conditions, it cannot be 
assumed that the result of the in vitro tests will be necessarily the same in vivo. Types of antimicrobial 
sensitivity tests are as follows: 

Diffusion : 1.kirby-Bauer disc diffusion method 

Methods : 2.Stokes disc diffusion method 

Dilution : 1.Broth dilution method 

Methods : 2.Agar dilution method 

RESULTS AND DISCUSSION 
Antibactrial and antifungal activity of Ginger Vero: The antibacterial and antifusion technique. The 

sterile nutried agar plates and tomato dextrose agar plates were prepared. The bacterial test organisms like 
staphylococcus Pseudomonas aeroginosa and Escherichia coil were spread over the nutrient agar plates by 
using separate sterile cotton buds. Then the fungal test organism like as perilous gloves and Aspergillus 
niger were spread over the potato dextrose agar plates after the microbial lawn preparation tree  different 
extracts of plant disc were placed on the potato dextrose agar plates after the microbial lawn preparation tree 
different extracts of plant disc were placed on the organism inoculate extracts of plant disc were placed on 
the organism inoculated plates with equal significant difference between extract used and also antifungal 
activity. Antifungal activity of Ginger Vero was analysed against Aspergillus flavus and Aspergillus niger. 
The maximum antifungal activities were observed. 

The phytochemical screening and comparative study of antimicrobial activity of Ginger  extracts 
was carried out. The phytochemical screening revealed the following metabolites: saponins alkaloids, 
glycosides, tannins, protein, and flavoniodies. While cardiac glyocosides and steroids were absent. The 
antimicrobial activities of the gel in 10% DMSO, methanol and aqueous extracts of green rind and leaf pulp 
were carried against some pathogenic clinical isolates, namely, Bacillus subtilis, Staphylococcus aureus, 
proteus mirabillis and Candida albicans. The showed greater potency against tested micrrorganisms in the 
order B.Subtilis> S.aureus > C.albicans and S.arueus>C.albicans> B.subtilis>p. mirabilis respectively with 
different zones of inhibition ranging from 18 to 35mm gel, 15 to18mm for leaf pulp methanol, also 12 to 
14mm and 14 to23mm for leaf pulp aqueous and green rind aqueous respectively. The minimum inhibitory 
concentration (MIC) of the extracts against organisms raned from 6.25 to 25mg/ml while the minimum 
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bactericidal concentration (MBC) was within the range of 12.5 to 50mg/ml. The study revealed the green 
rind methanol extract and gel have greater medicinal potential against B.subtilis(Yebpella.G.G;et al.,2011). 

Analysis of phytochemical constituents and Antimicrobial activities 

Antibacterial and Antifungal Activity of Ginger : The antibacterial and antifusion technique. The 
sterile nutrient agar plates and potato dextrose agar plates were prepared. The bacterial test organisms like 
Staphylococcus pseudomonas aeroginosa and Escherichia coil were spread over the nutrient agar plates by 
using  separate sterile cotton buds. Then the fungal test organism like Aspergillus flavus and Aspergillus 
niger were spread over the potato dextrose agar plates. After the microbial lawn preparation three different 
extracts of plant disc were placed on the potato dextrose agar plates. After the microbial lawn preparation 
three different extracts of plant disc were placed on the organism inoculatet extract of plant disc were placed 
on the organism inoculated plates with equal significant difference between extract used and also antifungal 
activity of Ginger  was analysed agains Aspergillus flavus and Aspergillus nigar. The maximum antifungal 
activities were observed. 

After standardization of various solvent extracts against Ginger  the antibacterial activity of the 
Ginger  extract with Hexane, Ethy1 acetate, petroleum ether, Ethanol was tested against e.coli, klensiella 
pneumonia, Pseudomonas Aeruginosa, Staphylococcus aureus, Bacillus subtilis. The level of inhibition was 
observed ranges from 2mm to 12mm in radius were given in the table 1. 

The extracts exhibited the significant zone of inhibition on five microorganisms viz., E.coli klebsiella 
pneuminiae, pseudomonas aeruginosa, Bacillus subtilis and stapbylococcus aureus. All the extracts of 
Ginger  showed considerable antibacterial activity. 

Table–1: Numerical value indicates the size of clear zone. 
S.NO Test Organisms Ginger Calotropis 

1. 
2. 
3. 
4. 
5 

E.coli 
K.pnemoniae 
P.aeruginosa 

B.Subtilis 
S.arureus 

- 
5mm 
6mm 

- 
8mm 

1mm 
9mm 
4mm 
2mm 
5mm 

Table–2: Antibacterial activity of the Ginger  and Calotropis against bacterial pathigens by disc 
diffusion method. 

S.NO Test Organisms Petroleum ether Ethanol 
1. 
2. 
3. 
4. 
5 

E.coli 
K.pnemoniae 
P.aeruginosa 

B.Subtilis 
S.arureus 

- 
5mm 
6mm 

- 
8mm 

1mm 
9mm 
4mm 
2mm 
5mm 

28.   Maximum inhibition 
Among the two extracts of ginger  such as exhibited maximum antibacterial activity against the 

gram positive and gram negative bacteria. The maximum inhibition was observed against Klebsiella 
Pneumoniae in all the four solvents (2mm-9mm). 

29.   Minimum Inhibition 
The minimum activity was exhibited by petroleum ether. All the organisms were resistant to 

petroleum ether extract except Klebsiella. Mostly all Solvents exhibited negligible activity against E.coli. 
This study has revealed the presence of many secondary metabolites in the leaves of Ginger . It has the 
further confirmed that the plant extracts could be used for the treatment of various infections including skin 
transmitted infections. The results lend credence to the folkloric use if this plant in treating microbial 
infection and shows that Ginger  could be exploited for new potent antimicrobial agents. Most of the studies 
against pathogens with crude extracts of medicinal plants (Reddy et al.,2006; Erdo Urul, 2000;Atefll et 
al.,2003) 
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Solution. Trimethoprim is dissolved in weak acid (acetic or lactic), while Amoxicillin and Ceftazidime is 
first dissolved in a small volume of saturated NaHCO3. Disc contents of anti-microbial agents. 

SUMMARY 
Ginger  is a member of the Lily family.  The plants are thick, fibrous and fleshly.  There are mode 

than 200 species of Ginger  in India.  Ginger  cultivated throughtout India.  It is commonly found in Gujrat.  
It mainly grows in the tropical and sub tropical regions. 

Ginger  is the herbal plant, used to heal the burn  the skin disease.  Ginger  are used in alternative 
medicine and in the home first aids.  As an herbal medicine, ginger  juice is commonly used internally tot 
relieve digestive discomfort.  Components of Ginger many inhibit tumor growth.  Ginger have a significant 
hyperglycemic effect, and may be useful in treating diabetes. 

The above significants the plants selected for antimicrobial activity.  In addition to calotropis used as 
the native medicine & anticancerious.  The use of both plant extracts with known antimicrobial infections.  
In the present study have been conducted to prove the efficiency of medical plants by the crude extracts and 
the potential of the antimicrobial activity of different pathogens were studied. 
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 Antibacterial activity of Ginger  gel extract selected pathogenic bacteria. 

 The antibacterial property of Ginger  gel extracted using different solvents showed varying degree of 
response towards the selected pathogens (Table 1).  Using ethanol extracts the zones of inhibition ranged 
from 12.66-23.33 mm being maximum for B. Cereus and minimum for E. coli (p<0.055).  Methanol 
extract exhibited maximum antibacterial activity against B.cereus (22.33 mm) followed by S.pyogenes 
(15 mm) and  least for S.typhi(9.66 mm); the differences 

 Being statistically significant (p<0.05).  Acetone extract gave lower values of zones of inhibition ranging 
from 6.00 mm for E. coli to 7.33 mm for S.pyogenes, while no response was observed for p.aeruginosa 
and S.typhi (p<0.05). 



 
FROM THIS BOOK 
Ultraviolet (UV) radiation has both life-giving and life endangering effects involving chemical, physical and 
biological process. Ultraviolet radiation belongs to non ionizing part of the electromagnetic spectrum and is 
categorized in to three distinct regions according to their wavelengths i.e., shortest wavelength UVC (200-280 
nm), middle wavelength UVB (280-320 nm) and longest wavelength UVA (320-400 nm). Each spectrum has a 
characteristic limit of efficiency in penetrating the epidermal and dermal layers of human and murine skin. 

Organic manures play a vital role in improving the soil fertility and productivity of soil which has been 
acknowledged for generations. In recent years organic farming is becoming more popular in India. Because 
people are now aware about the disastrous side effects caused by chemical farming on health and environment 
and now prefer organically grown foods. 

Sea weeds play an important role in the economy of maritime countries as source of food, fodder, fertilizers, 
chemicals, drugs and various other commercial algal products such as Agar-Agar, Algin and carrageenan 

The leaf alkaloids particularly vincristine and vinblastin possess anticancerous activities whereas the root 
alkaloids such as ajmalicine, serpentine and reserpine possess hypotensive, sedative and tranquilizing 
properties.. 

The practices of SRI are not aiming at maximum yield, but rather to promote the higher productivity of land, 
labour, capital and water in ways that benefit the farmers especially of resource poor Uphoff (1999). 

Shrimp aquaculture has become a global industry with over 85% of worldwide farmed shrimp produced in Asia. 
RNA interference (RNAi) is a useful approach to identify fitness traits associated with immunity and define of 
shrimp infected with microorganisms. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 


