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Abstract: Probiotics are the microorganism which imparts beneficial effect in the human body. The consumption of 
Probiotic in the form of powder, capsule and drinks restore the beneficial microflora in gut and in turn help the human being 

by enhancing immune system.  The present review focusing on the role of Probiotics for its possible role in controlling and 
treating diseases such as urinary tract infection, diarrheal disease caused by bacteria, oral infection i.e. gingivitis, oral cavity 
and cancer. This review also focuses on regulation, side effect, safety and future prospects of Probiotics. 
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INTRODUCTION  

 

ncreasing resistant of the microbes against the 

multiple antibiotics has led a great threat to human 

health. The researchers all over the world are looking 

for the alternate source. One way to prevent disease 

is to use third generation antibiotics to control 

microbes while the other way is to use beneficial or 
antagonistic microbes that act on disease causing 

microbe by competition for space and nutrition. 

Microbe used for control of microorganism should be 

harmless to the host and does not have any effect on 

the natural biome of human gut. This method will be 

better in terms of side effects as in case of 

chemotherapy. The term ‘Probiotics’ are 

combination of two word (pro-for and biotics- life). 

Probiotics is a mechanism that employs culture 

suspension of microbes for removing the pathogens 

from body and maintaining milieu interior of body. 
Probiotics plays significant role for various organs 

and systems of the body like it has great impact on 

gastrointestinal tract, cancer, vaginal infections, 

allergies, respiratory diseases etc.  

The use of antibiotic was started after its discovery 

by Alexander Fleming in 1928. The discovery of 

antibiotic increased the life expectancy of human 

beings and also useful substance to control the sepsis 

after post-operation. Before the discovery of 

antibiotic and antiseptic agent the death of most of 
female occurs after delivery and during delivery. 

Now due to increase use of antibiotic and 

disinfectant the post operative infection has been 

largely controlled. The large population of the world 

directly or indirectly were exposed to antibiotics. The 

disadvantage of antibiotics is its side effect which 

includes liver damage, gastro intestinal disturbance, 

temporary or permanent deafness, nephrotoxicity, 

nausea, allergic reaction etc. (Table 1) and another 

problem associated with antibiotic is that it does not 

differentiate between beneficial and harmful 
microorganism and result in disturbing normal 

microflora which in turn cause deficiency of vitamins 

such as Vitamin B, Vitamin K etc. in human body.

  

Table 1. Antibiotic and its mechanism of action and their side effects. 
S.No Antibiotic  Mechanism of Action  Side effects Reference 

1 Metronidazole disrupts DNA of microbial cells 

by preventing nucleic acid 

synthesis 

Sensory neuropathy,  Gastrointestinal 

disturbance, neoplasia  

Zivkovic et al. (2001); 

Friedman et al. (2009),  

2 Penicillin  Interfere with enzymes required 

for the synthesis of the 

peptidoglycan layer.  

Skin Allergies  

 

Bhattacharya (2010) 

3. Clindamycin Inhibit protein synthesis by 

interfering with the 

transpeptidation reaction, 

Anaphylaxis, Leucopenia, Hepatotoxic Granowitz and Brown (2008) 

4 Aminoglycoside 

(streptomycin, 

kanamycin, 

neomycin, 

gentamicin, 

tobramycin, and 

amikacin) 

Inhibit protein synthesis by 

inhibiting 30S ribosomal subunit  

Ototoxic effect Nephrotoxic Forge and Schacht (2000) 

5 Chloramphenicol Inhibit bacterial growth by Aplastic anaemia  Cruchaud et al. (1963) 

I 
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binding to the 50S ribosomal 

subunit and inhibiting protein 

synthesis in prokaryotes. 

6 Tetracycline  Inhibit protein synthesis by 

blocking the binding of the 

aminoacyl-tRNA to the acceptor 

site on the mRNA-ribosome 

complex 

Yellowing of teeth Sánchez et al. (2004) 

7 Sulfonamide  Antagonist, inhibition of 

metabolic pathway 

Dermonecrolytic,  Stevens- 

Johnson syndrome 

Roujeau et al. (1995) 

8 Amoxicillin Inhibition of cell wall synthesis 

of bacteria 

Diarrhoea , Sore in mouth, fever, swollen 

gland,  

reversible leucopenia Allergic skin reactions 

Paavonen et al. (1989) 

9 Fluoroquinolones Prevent replication,  

transcription, and repair of 

bacterial DNA by inhibiting 

DNA gyrase enzyme  

Retinopathies, chondrotoxic effects  Barnhill et al. (2012) 

 

10 Vancomycin inhibit cell wall synthesis of 

Gram-positive bacteria by 

binding C-terminal acyl-D-

alanyl-D-alanine (acyl-D-Ala-D-

Ala) containing residues in 

peptidoglycan precursors. 

Vancomycin can produce pseudoallergic 

reactions. 

Rapid intravenous infusion may trigger 

histamine release, 

which causes a variety of symptoms, 

including 

erythematous or urticarial reactions, 

flushing, tachycardia, 

and hypotension. The extreme flushing is 

called redman 

syndrome. The most significant untoward 

reactions 

are ototoxicity and nephrotoxicity. 

Daniel ( 2013) 

11 Linezolid inhibiting the initiation process 

of protein synthesis 

cause anemia by suppressing erythropoiesis 

and thrombocytopenia. 

Bernstein et al.(2003) 

 

In past few years India had witnessed the increased 

faith towards the traditional system of medicine. In 

India Ayurveda was practiced since time immemorial 

and people are getting good result however this 

system has slow acting effect on human body.  

The present review focuses on the beneficial effect of 

Probiotics in various ailments that can be controlled 

and treated by taking consortium of beneficial 
bacterial species which can be easily adapted and 

tolerate the gut environment of human being and 

impart health benefits. As per FAO/ World Health 

Organization (2001), Probiotics are mixture of living 

microorganism which imparts health benefits when 

administrated in adequate amount. The history of 

Probiotics dates back when Elie Metchnikoff gave 

the concept of Probiotics and discovered the process 

of phagocytosis in which he emphasized the role of 

macrophage and microphage that play important role 

in prevention of infection. For this contribution Elie 
Metchnikoff was awarded Nobel Prize in 1908. Elie 

Metchnikoff observed that consumption of useful 

microorganism (presently known as Probiotics) 

would modify the gut flora and harmful 

microorganism will be replaced by the useful 

bacteria. The fermentative process of bacteria 

produce lactic acid which   inhibit the growth of 

proteolytic bacteria lowering down the pH of gut 

which in result inhibit the growth of harmful 

bacterial species. In Indian literature there is well 

documented that consumption of curd is good for 

health and longevity. Elie Metchnikoff also observed 
that Russian and Bulgarians consumed fermented 

milk in their diets were exceptionally long lived. 

Based on these observations Metchnikoff proposed 

that consumption of fermented milk would 

repopulate the intestine with harmless lactic-acid 

bacteria 

Most Probiotics are bacteria similar to those naturally 

found in people’s guts, especially in those of 

breastfed infants (who have natural protection 

against many diseases). Most often, the bacteria 
come from two groups, Lactobacillus or 

Bifidobacterium. Within each group, there are 

different species (for example, Lactobacillus 

acidophilus and Bifidobacterium bifidus), and within 

each species, different strains (or varieties). A few 

common Probiotics, such as Saccharomyces 

boulardii, are yeasts, which are different from 

bacteria. Commercially available probiotic based 

products in the market are yoghurt, ice creams, milk 

beverages, capsules, antibiotic supplemented with 

Probiotics, tablet, powder etc.  Lactobacillus and 
Bifidobacterium genera, which are found naturally in 

dairy products, are commonly used strains for 

preparation of Probiotics. 

Probiotics against diarrheal disease  

Indian subcontinent is very prone to diarrheal disease 

because of poor quality or inadequate drinking water 

and poor sanitation. Most of the people residing in 

rural areas still do not have access to clean water. 

The source of water for drinking is tube well, hand 

pump and traditional well. So, occurrence and 

prevalence of gastrointestinal problem is quiet 

common in villages and some urban areas. However, 
common types of diarrhea can be subside naturally, 

but bacterial associated disease such as Salmonella 
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Typhi, Shigella sp., Vibrio sp. required medical attention.

 
Fig 1: Gastrointestinal tract and microorganism associated with it (Adapted fron Chandra et al. 2016) 

 

The microflora of new born is influenced by the 

mode of delivery in case of vaginal route the upper 

GI tract is colonized by vaginal and faecal 

microbiota of mother. The infant born with caesarean 

procedure are exposed to the microbiota of mother. 

The duration to establish the primary intestinal 

microflora vaginal delivery require only one month 
while caesarean require up to 6 month after birth. 

The initial bacterial count is unstable during first 

week after that the bacterial counts are found in the 

range 109 – 1010 per gram of faeces (Palmer et al., 

2007). The microbial flora also influence by the 

feeding type i.e. mother milk (Breast feeding) and 

formula milk feeding. In case of breast feeding 

microbial flora is dominated by Bifidobacteria and 

Lactobacilli while in formula milk feeding infant the 

microflora is dominated by high number of 

Enterobacteriaceae, Bifidobacteria, Bacteroides, 

Clostridia and Enterococci (Fig.1). The microflora in 
both cases becomes similar after infants start eating 

the solid foods.  

In case of bacterial associated diarrhea there is 

administration of broad spectrum antibiotic. Several 

reports published which support that Probiotics are 

effective in treatment and prevention of diarrhea 

caused by Salmonella. The possible mechanism 

suggested for prevention of diarrhea is Probiotics that 

it causes the stabilization of the gut mucosal barrier, 

increasing the secretion of mucus, improving gut 

motility and it does not allow invading bacterial 
pathogen to colonise the gut and competing for the 

nutrient. It also produce bacteriocins (low molecular 

weight antimicrobial substance) which has property 

to inhibit the growth of other microorganism.  

(Fig.2).  

 

Probiotics  also has the ability to enhance phagocytic 

activity of macrophages, intiate Natural Killer cell 

activity, immunomodulatory activity to prevent 

infection (O'Hara et al., 2006; Gobbato et al., 2008). 

L. plantarum, L. rhamnosus, L.acidophilus, L.kefir, 

L.casei, St.thermophilus, L. delbrueckii ssp 
bulgaricus L. gasseri F71, L. gasseri L1, L. 

paracassei, E. faecium are few examples of bacterial 

species which is responsible for preventing and 

controlling the diarrheal disease. 
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Fig 2: Probiotics and their possible mechanism of action 

 

In most of the developing countries there was 

reported cases of Traveller diarrhea which is result of 

travelling to the countries where Entamoeba 

histolytica is endemic. This protozoan is the second 

most common causal agent of diarrhea in developing 

countries.  This protozoan parasite is often known to 

coexist as a part of the normal gut microbiota. 
Infection due to this parasite causes diarrhea with 

blood and may infect other organ if not treated in 

time. The treatment with metronidazole and 

tinidazole, used to E. histolytica infections. However, 

these drugs have adverse side effect.  Due to 

potential side effect of antibiotics researchers are 

now searching for alternate treatment.  Sarjapuram et 

al (2016) investigated the effect of Probiotics on the 

growth of Entamoeba. Lactobacillus casei and 

Enterococcus faecium showed a significant reduction 

of up to 71%. Higher reduction was observed when 
tested in combination. Decreased duration of bloody 

diarrhea was obserbed when Probiotic strain of 

Saccharomyces boulardii when administered 

together with metronidazole in case children infected 

with E. histolytica ( Dinleyici et al., 2009). 

 

Probiotics for Urinary tract infection  
Urinary tract infection is commonest disease in 

female as compared to male. It affects urinary 

bladder, ureter, genital organ and kidney. Frequently 

encountered microorganisms in case of UTI are 

E.coli followed by Staphylococcus aureus, Klebsiella 

sp.,  Enterococcus  and Candida albicans. The 

reason of higher female susceptibility to urinary tract 

infections in females is a result of a variety of 

factors, such as the close proximity of the female 

urethral meatus to the anus (Lipsky, 1990) short 
urethra and incomplete and in coordinate voiding of 

urine in school girls which is often leads to infection 

of the urinary tract (Mond et al., 1970). UTI in most 

cases restricted to the infection in bladder (essentially 

in females) with only superficial mucosal 

involvement, or occasionally in organ like kidneys in 

both genders, and in prostate in males. The incidence 

of UTI was reoported higher among females as 

compare to males and children (Hootan, 2001 and 

Foxman et al., 2001). 

 
 The incidence increases with age and sexual activity 

(Castellsagué et al., 2005). Rates of infection are 

high in postmenopausal women, because of bladder 

or uterine prolapse causing incomplete bladder 

emptying; loss of estrogen with attendant changes in 

vaginal flora, loss of Lactobacilli sp., which allows 

periurethral colonization with gram negative aerobes, 

such as E. coli (Pabich et al., 2003; Hu et. al., 2004 

and Foxman, 2007). Catheterization is also 
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associated with a very high incidence of UTI 

(Hazelett et al., 2006). 

Reduction of UTI cases was observed  after the 

administration of using vaginal route  Lactobacillus 

rhamnosis GR1 in combination with either L. reuteri 

B 54 or RC 14. In the study on 52 woman who had 
history of reoccurrence of UTI were under single 

weekly dose of vaginal suppositories of 

Lactobacillus rhamnosis GR1/ L. reuteri B 54. The 

result showed the reduction of UTI reoccurrence 

(Reid et al., 1995).  

In woman during gestation period susceptibility to 

UTI or bacterial vaginosis is greater as compared to 

normal woman. The using intravaginal applications 

of yogurt to treat woman with bacterial vaginosis in 

the first trimester of pregnancy reduced the risk of 

preterm birth or miscarriage was report by Neri et al. 

(1993). The maintenance of vaginal pH and 
prevalence of Lactobacillus spp. in vaginal region 

was essential for preventing bacterial vaginosis. The 

possible mechanism of Probiotics include it prevent 

the adhesion of uropathogens to the epithelial cells, 

some Probiotics produce hydrogen peroxide which 

kill the uropathogens, degradation of lipid, 

stimulation of secretory antibodies IgA and 

production of conjugated linoleic acid (Shalev, 

2002). Lactobacillus reuteri, originally derived from 

mother's milk, has been reported to survive the harsh 

stomach environment and maintain a healthy balance 
of friendly bacteria in the digestive tract.  

 

Probiotics for oral hygiene 

Microorganisms present in oral cavity are considered 

as oral microflora. Oral cavity consists of different 

habitats such as teeth, tongue, gingival sulcus, cheek, 

soft and hard palate, tonsils. These region are 

colonized by bacterial species which does not cause 

any disease, they are normal inhabitant of oral cavity. 

The predominant microflora of oral cavity includes 

Bacteroidetes, Chlamydiae, Firmicutes,   Chloroflexi, 

Euryaarchaeota, Fusobacteria, Proteobacteria, 
Spirochaetes, Synergistes and Tenericutes etc 

(Dewhirst et al., 2010). Taking Probiotics such as L. 

rhamnosus GG, L. rheuteri and Bifidobacterium 

reported to have inhibitory action on the growth of 

Streptococcus mutans (Näse et al., 2001; Nikawa et 

al., 2004; Cildir et al., 2009). 

 

An experimental study on the effect of cheese 

containing L. rhamnosus strains GG and LC705 and 

Propionibacterium freudenreichii ssp. shermanii JS 

on Candida spp. responsible for oral candidiasis in 
case of elderly persons. After 16 weeks the number 

of yeast count decreased but no change in mucosal 

lesion was observed   ( Hatakka et al., 2007).  

 

The use of Probiotics enhancing the growth and 

number of normal microflora of oral which inturns 

preventing the colonization of true pathogens, and 

thus, preventing the microbiological shifts associated 

with gingival inflammation. Kragan in 1954 done the 

first study on the effect of lactobacillus for the 

treatment of inflammatory reaction of the oral 

mucosa.  

Reduced gingivitis index and plaque index was 

noticed after the administration of two different L. 
reuteri formulations (LR-1 or LR-2) at a dose of 2 x 

108 CFU per day (Krasse et al., 2006). Iniesta et al. 

(2012) investigated the effect of oral Probiotics on 

the oral microbiota in which they administered 

tablets of L. reuteri to 40 gingivitis subjects. The 

effect of L. reuteri administered in tablets resulted in 

a reduction in the number of selected periodontal 

pathogens in the subgingival microbiota, without an 

associated clinical impact. Reduction in the number 

of oral microflora Streptococcus mutans and total 

bacteria after oral administration of fermented 

fermented milk containing L. rhamnosus SD11 or L. 
bulgaricus, once daily for 4 wk in 43 helathy young 

adults. (Rungsri et al., 2017). 

 

Probiotics for prevention of cancer (Anticancer 

properties) 

Cancer is disease which can occur in any stage of 

life. However, this condition is very rare earlier but 

now it became very common and number of patient 

increase day by day. The increased incidence was 

due to lack of physical work or sedentary life style, 

food habit, genetic makeup and radiation exposure 
from the environment. The treatment of cancer in 

modern medicine is administration of chemotheraphy 

which had so many side effect and painful procedure. 

The common side effect encountered by cancer 

patient are fatigue, muscle pain, headache, abdominal 

pain, peripheral neuropathy, suppression of bone 

marrow which result in low count of RBCs and 

WBCs, thrombocytopenia (low platelet counts), loss 

of hairs, weakness, loss of appetite etc.  So, there is 

immense need of therapy which is effective and less 

painful to cancer patients. Some side effects are 

temporary and some are permanent affecting lungs, 
heart, kidney and other organs.  In search of alternate 

treatment researchers have evaluated some probiotic 

strains for evaluation of its antitumor potential.  

Effect of two probiotic strains i.e. Lactobacillus 

rhamnosus supernatant (LRS) and lactobacillus 

crispatus supernatant (LCS) on the human cervical 

and colon adenocarcinoma cell lines (HeLa and HT-

29, respectively) was studied and found that 

Lactobacillus rhamnosus supernatant and 

lactobacillus crispatus supernatant are effective on 

HeLa cell lines while only the effect of L. 
rhamnosus supernatant is significant on HT-29 

(Nouri et al., 2016).  Antitumor activity of L. 

plantarum A and L. rhamnosus b was evaluated by 

pre-inoculating mice with lactobacilli for 14 days and 

then subcutaneous and orthotopic intestinal tumours 

were generated by pre-inoculated mice using CT26 

murine adenocarcinoma cells. The oral 

administration with L. plantarum inhibited CT26 cell 
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growth in BALB/c mice and prolonged the survival 

time of tumour-bearing mice (Hu et al., 2015).  

It is commonly known that persistent infection of 

human papillomavirus (HPV) is responsible for the 

development of cervical cancer. In one study in 

which 54 women that administrated the  daily 
probiotic drink for 6 months enhanced the clearance 

of HPV and cervical cancer precursors (Verhoeven et 

al., 2013). Nami et al. (2014), studied the effect of L. 

acidophilus 36YL strain isolated from the vagina of 

healthy and fertile Iranian women on four human 

cancer cell lines (AGS, HeLa, MCF-7, and HT-29) 

and one normal cell line (HUVEC) and found that 

the isolated strain have anticancer effects on the four 

tested cancer cell lines and negligible side effects on 

the HUVEC normal cell line 

 

Regulation of Probiotics  
Probiotics are generally used for the health 

supplement or preventive therapy and its status is not 

clearly understood by the health industry. Now a day 

the Probiotics are gaining popularity and their 

demand is increasing day by day in India as well as 

abroad. Manufacturer are now producing Probiotics 

and also trying to develop a new combination of 

Probiotics for the health benefits of people but as far 

as regulation is concerned these companies have 

shown ignorance towards regulations laid down by 

the respective countries. Reported published from the 
different countries suggested that the manufacturing 

companies do not follow the quality standard as 

written on the products. The lower count of 

Bifidobacterium bifidum  in three commercial 

yogurts were reported in South Africa (Lourens-

Hattingh and Viljoen, 2002).  Temmerman et al. 

(2003)  found that of isolates from 55 European 

probiotic products, 47% of food supplements and 

40% of dairy products were mislabelled. The food 

supplements yielded either no viable bacteria (37%) 

or significantly lower counts than the dairy products, 

contradicting the concept that health benefits derive 
from the presence of a minimum concentration of 

live probiotic bacteria. 

 

In India, currently, food and drugs are regulated by 

Prevention of Food Adulteration Act (PFA) and 

FDA, respectively. The Food Safety and Standards 

Act of 2005 (FSSA) defines the foods for special 

dietary uses or functional foods, nutraceuticals or 

health supplements. Currently in India, Probiotics are 

characterized as functional food rather than as 

pharmaceutical drugs and are regulated by food laws 
that regulate general food items. FSSA was passed 

by the Indian government with the purpose to 

regulate different varieties of eatables regulations 

covering nutraceuticals, foods and dietary 

supplements. According to FSSA, functional foods 

are defined legally but categorization of food 

categories, such as neutraceuticals, biotherapeutic 

agent is still unclear (Arora and Baldi, 2015). 

Due to increasing demand of Probiotics in these 

days, there may be the possibility of circulation of 

false, inferior and ineffective Probiotics based 

products. Till 2011 there is no regulatory guideline 

has been developed to monitor the quality of 

Probiotics and Probiotic based products. So, it is very 
necessary to have regulatory bodies to monitor or 

regulate the standard of probiotic products. 

Regulations on Probiotics were come into the 

existence in most of the developed countries. So, 

Indian Council of Medical Research had constituted 

a task force in which different scientist or experts 

were considered for making draft guideline for 

standardization and evaluation of Probiotics. 

 ICMR-DBT guideline for Probiotics was drafted in 

2011 for the evaluation and standardization of 

Probiotics and probiotic based producs in food 

(Ganguly et al., 2011). The salient features of ICMR-
DBT guidelines are as follows:- 

 Defination of Probiotics are same as laid down 

by the FAO/WHO, 2002 

 Standardized method should be used to validate 

the genotypic and phenotyphic identification of 

strain used for probiotic preparation by using 

modern molecular biological techniques such as 

16SrRNA sequencing, DNA fingerprinting, 

Pulse Field Gel Electrophoresis) and PCR based 

techniques. Nomenclature of bacterial should be 

as per the ICPS ( International Committee on 
Systematics of Prokaryotes) 

 The strain used for probiotic preparation should 

have properties i.e. bile tolerant, gastric acid 

tolerant, show antimicrobial activity against 

pathogenic bacteria, reduce pathogen adhesion, 

 Toxicity test of probiotic strain for acute, 

subacute and chronic toxicity if probiotic is 

taken in excessive amount. Before using for 

human being it must be tested on animal model 

to analyse its effect. 

 Effect of probiotic on human body should be 

statistically and clinically proven. 
 Minimal effective dose and number viable cell 

in cfu/ml/day should be clearly mentioned on the 

product. 

 The product should be labeled with bacterial 

genus, species strain name as per the 

international nomenclature, evidence of health 

claim should be clearly mentioned, Serving 

quantity and storage condition must be written 

on the product. 

 Guideline of good manufacturing process should 

be followed as per the HACCP ( Hazard 
Analysis and Critical Control Point) and Codex 

general principle of Food Hygiene  

 

Side Effects and Risks 

Probiotics are considered safe for human uses but 

there is less scientific studies has been done for 

safety and side effect of long term use of Probiotics. 

The healthy individuals have a good immune system 
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but those people who have weakened immune system 

if Probiotics are given to immunocompromised 

patient then it may cause any health issues. 

Lactobacillus species have low pathogenicity and 

rarely cause any disease in human beings. However, 

in case immunocompromised person such as human 
immunodeficiency virus (HIV) infection or those 

who have undergone organ transplantation may get 

the disease from Probiotics strains.  

Rautio  et al. (1999), reported the case of a 74 year 

old woman having  hypertension and diabetes 

mellitus developed a liver abscess in association with 

pneumonia and pleural empyema. The reason traced 

for the infection source was found that lady has taken 

probiotic milk containing L. rhamnosus GG and a 

strain indistinguishable from that was isolated from 

the abscess. Another case reported by Mackay (1999) 

in which a 67 year old man developed endocarditis 
after dental extractions. The blood cultures studies 

revealed the presence of a strain of L. rhamnosus 

indistinguishable from that in probiotic capsules he 

had taken.  

Wolf et al.,(1998) reported no side effect or safety 

problem with  the administration of probiotic strain  

Lactobacillus reuteri in a double-blind, placebo-

controlled study in HIV adults. Rungsri et al. (2017) 

done a randomised clinical trial of Probiotics 

(fermented milk containing Lactobacillus rhamnosus 

SD11)  on 43 healthy volunteer young adults and 
reported no side effect after the consumption of 

Probiotics up to 8 weeks of study period.   The study 

stated above by different investigator suggested that 

more studies are required for side effect or safety 

problem of consuming Probiotics is required.  

Future perspectives of Probiotics research 

Increasing resistance in microorganism towards 

antibiotic is the big challenge to scientific 

community and till date, no method has been 

developed to revert back the antibiotic resistance. So, 

probiotic had given some hope to the community to 

prevent and treat gastrointestinal infection, 
antibiotic-associated diarrhea, urinary tract infection, 

ulcerative colitis, oral gingivitis and some types of 

cancer. Use of probiotic in India is not a new science 

but our ancestors using the Probiotics in the form of 

yogurts from the time since immemorial and getting 

benefits from this. Different types of Probiotics are 

now commercialized for the use of human beings and 

they are in great demand among the peoples of India 

and abroad. The manufacturing companies claiming 

the beneficiary effect of their products to various 

ailments. The regulatory bodies which are functional 
in India should or must analyzed the product for the 

claim that has been made by the manufacturer. As 

stated in above section about safety, whether the 

manufacturer had followed the safety measures so, 

that it could not produce any kind of adverse effect 

on the body of consumer. The use of probiotic is not 

limited only to the use of patient but it should be 

easily taken and used by healthy persons or young 

ones. The different consortium of different probiotic 

strains are used for the prevention of urinary tract 

infection, different types of diarrhea, cancer, 

ulcerative colitis, irritable bowel syndrome, lactose 

intolerance, pancreatitis, peptic ulcer caused by 

Helicobacter pylori, pouchitis etc.  
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Abstract: Although pesticide application is an essential component of modern crop production technology, however, in 

recent years, contamination of food commodities especially the vegetables, with trace amounts of these chemicals has 

become a growing issue for the general population.  Unfortunately the debate has restricted to the quality standards and 

norms pertaining to drinking water and foods at the point of consumption. But more fundamental source of contamination of 

natural resources including food products with chemical pesticide residues at the farming level is of serious concern, because 

of their persistence or presence and often ignored. Without solving this problem at basic level, setting down the quality 

standards at the consumption level is not going to solve the problem, especially in developing countries like India where 

enforcement of rules and regulations is very weak or absent. Although some pesticides application have banned but still their 

residues are being reported in food products and natural resources like soil and water due to its high persistence and low 

biodegradability. Therefore, it is essential to create awareness amongst consumers and producers about health risks and 

production practices like non-pesticidal management activities should be encouraged for healthy and safe environment. 

 

Keyword: Pesticides application, Vegetable crops, Drinking water, Health hazards 

 

INTRODUCTION   
 

ndia has agriculture based economy and most of 

rural population is involved in agricultural 

practices. Agriculture in India contributes about 14% 

to the national GDP, although the contribution of this 

sector has decreased as compared to previous year 

which was 30% in 2000. The reason behind this 

decrement is the growth of other sectors, particularly 

the service sector (Ministry of Agriculture, 2015). 

Apart from production of cereals crops, India ranks 

second in production of vegetable crops throughout 

the world (APEDA, 2015). Production of various 

vegetables and horticultural crops throughout the 

country may be ascribed to the diverse climate that 

provides the required conditions for the production of 

variety of fresh fruits and vegetables in different eco-

regions. India is reported to be the largest producer 

of ginger and okra and second largest producer of 

potato, onion, cauliflower, brinjal and cabbage across 

the world. Although due to international food 

diversification, import and export of agricultural 

products has been increasing qualitatively and 

quantitatively during recent years, while agriculture 

is still the main dependent sector for rural self-

employed population, whose average farm size 

continues to decline with population growth and they 

contribute to approximately 68% of population of the 

country (Ministry of Agriculture, 2015). The 

superfluous usage of agrochemicals including 

pesticides for fulfilling escalating quest for higher 

profit has resulted in several ecological and 

environmental consequences as well as unsafe 

practices in farming sector. Thus, in this era of 

intensified agricultural technologies, use of 

pesticides provides uncountable benefits by reducing 

the insect-pest incidence and increasing the crop 

productivity. A wide range of pesticides are used for 

crop protection globally for the cultivation of 

vegetables due to heavy pest infestation throughout 

the crop season (Kalara, 2003; Parveen and Masud, 

2003). Pesticide refers to any chemical substance 

used for preventing, attracting, repelling or 

controlling any pest including unwanted species of 

plants or animals during production, storage, 

transport, distribution and processing of food or 

agricultural commodities. Or in general words, 

pesticides are the chemicals used for control of pest 

infestation and diseases of crops. Around 203 

pesticides have been registered for use in Indian 

agriculture for the control of various insects/pests 

and diseases. These pesticides can be broadly 

classified into Insecticides (used against insect pests), 

Herbicides (for killing and controlling weeds), 

Fungicides (for controlling diseases) and others. On 

the basis of chemical composition pesticides can be 

classified into organophosphate compounds, organo-

chlorines, synthetic pyrethroids, carbamates, bio-

pesticides etc. Pesticide production and use in India 

showed a different behaviour from global trends. 

Insecticide use in India is around 75%, compared to 

32% in the world. Herbicide use is only 12% in the 

country while worldwide, consumption of herbicides 

is 47%. Similarly, while carbamate and synthetic 

pyrethroid compounds are used the most globally 

(45% together), in India, organophosphates constitute 

50% of the consumption. Bio-pesticides used is only 

upto 1% of total pesticides consumption in India, 

while worldwide bio-pesticides contribution is about 

12%. As per the classification of World Health 

Organization, based on their acute toxicity pesticides 

can be classified into four classes. This classification 

includes Class Ia – Extremely hazardous, demarcated 

by red color; Class Ib – Highly Hazardous, 

symbolized by an yellow colored triangle; Class II – 

Moderately Hazardous, demarked by a blue triangle; 

I 
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Class III - Slightly Hazardous while the remaining 

class is supposed to be ―Not likely to be Hazardous‖. 

The most important point to note down is that about 

two-thirds of the pesticides consumed fall under 

WHO Class I and II.  

Apart from reducing the crop loss, the extensive use 

and low biodegradability of pesticides may result 

into their accumulation in the food products and 

causes potential health risks to consumers (Baker et 

al., 1994; Freemark and Boutin, 1994 and Clark and 

Ohkawa, 2003). The pesticide residue is defined as 

substance or mixture of substances in food, feed, soil, 

water and air originating from the use of pesticides 

and includes the specified degradation and 

conversion products, metabolites, reaction products 

and impurities (Dhaliwal, 2006). As a result of 

indiscriminate use of pesticides by the unskilled 

persons, only a small portion of applied pesticides 

reaches the targeted species; remainder enters in food 

chain and later on it indirectly passed on to human 

beings. Amongst food items, fresh fruits are the most 

vulnerable part of the diet, as they are mostly 

consumed directly after picking as compared to 

vegetables and grains that are cooked which in turn 

reduces and metabolizes the pesticide residues 

(Newsome et al., 2000). For issues concerning 

human health, several pesticides were detected to 

exceed Maximum Residue Level (MRL) in 

vegetables in recent years. Maximum Residue Limit 

(MRL) is the maximum concentration of a pesticide 

residue that is legally permitted or recognized as 

acceptable in or on a food, agricultural commodity, 

or animal food. The concentration is expressed in 

milligrams of pesticide residue per kilogram of the 

commodity. Under the PFA Act, MRL or Tolerance 

Limits (TLs) are fixed considering MRLs 

recommended by Codex or based on supervised trials 

conducted in India as well as the dietary habits of our 

population.   

Pesticide Residues in Vegetables 

In India, 51% of the food commodities have been 

detected with pesticide residues (Gupta, 2004). 

Vegetables mostly found to be contaminated were 

okra, brinjal, lettuce, cucumber and tomato. 

Pesticides found in most of the vegetable samples in 

the preliminary observations were Chlorpyrifos, 

Monocrotophos, Endosulfan, DDT and Lindane etc. 

(Nishant and Upadhyay, 2016). The percentage of 

pesticide use on vegetable crops of total pesticide use 

in the country is constantly increasing for the years 

as it was only 13-14% of the total pesticide use in the 

1990s (Sardana, 2001) while the share has increased 

to 21% in 2010-11(Peshin et al., 2014). Many studies 

support the presence of pesticide residues in 

vegetables, on an average, this percentage is 50- 70% 

in India as mentioned by Karanth, 2002; Charan et 

al., 2010 and Ranga Rao et al., 2009. A study 

conducted by Charan et al. in 2010, revealed that 

35.62% of total contaminated samples exceeded the 

maximum residue limit (MRL) values recommended 

by the Food and Agriculture Organization (FAO)/ 

World Health Organization (WHO). According to a 

report, over 98% of sprayed insecticides and 95% of 

herbicides reached non-target destinations such as 

other species, air, water and soil. It is also reported 

that pesticide drift occurs when pesticides are 

delivered from the air as particles are carried by the 

wind to other areas, potentially spreading the area 

contaminated. Literature reveals that vegetables 

contaminated with pesticide residues above their 

respective maxi-mum residue limit MRL (Bhanti and 

Taneja, 2005) may pose health hazards to consumers 

(Mukherjee and Gopal, 2003). Dikshit and Mishra 

(1985) found that the residues of carbaryl and 

endosulfan persisted above their tolerance limits of 

2.00 and 5.00 ppm, respectively only up to harvest 

(35 days after spraying) in unprocessed potatoes. In 

case of endosulfan @ 0.525 kg a.i./ha, the residues 

persisted to the level of 2.00 ppm at 65 days (30 days 

storage). Reddy et al. (2000) monitored the 

insecticide residues in market samples of grapes. The 

residues level of acephate, methamidophos, 

chlorpyriphos, monocrotophos and quinalphos in var. 

Thompson seedless were (above MRL), 2.6743, 

0.1383, 0.8341, 1.3648 and 0.4132 mg kg
-1

, 

respectively. Gajbhiye et al. (2000) showed that the 

residues of imidacloprid in tomato leaves were 

persisted up to 30 days after the seed treatment @ 

10g/kg. While, residues of aforesaid molecule @ 

20g/kg seed persisted up to 45 days and at 60 days 

after transplanting, the seedlings were free from 

residues. The residues of quinalphos on mango was 

detected till the last sampling (15 days) in both 

concentrations of 0.05 and 0.1% by imparting 3.30 

and 3.32 days as half life and waiting period of 11.50 

and 14.20 days, respectively, as suggested by 

Vijayalakshami (2002). Arora and Singh (2004) 

determined the residues of chlorpyriphos and 

cypermethrin in/on okra and brinjal fruits at harvest 

in IPM and non-IPM plots. The residues of 

chlorpyriphos in IPM plots were (0.104 μg g
-1

) not 

exceeded the MRL (0.2 μg g
-1

) and in non-IPM it 

was found to be exceeded (5.75 μg g
-1

), while, 

cypermethrin residues were above MRL in non-IPM 

plots. Moreover, in brinjal, residues of 

monocrotophos were crossed the level of MRL in 

non-IPM plots and BDL in IPM. The waiting period 

and half life of fenazaquine 10 EC @100g a.i. ha
-1

 in 

apple fruits were 10.5 and 3.9 days, respectively 

(1999). Moreover, in 2001, residues of aforesaid 

treatment were persisted for 25 days and 30 days for 

fenazaquin @200g a.i. ha
-1

 by showing 13.0 and 4.9 

days of waiting period and half life, respectively 

(Sharma et al., 2006). According to Mohapatra et al. 

(2006) residues of lambda-cyhalothrin @ 15g ha
-1

 

and 30 g ha
-1

 in /on acid lime were persisted for 20 

days by imparting 3.4 and 8.0 days as half life and 

waiting period, respectively. Moreover, in juice 

samples maximum residues (0.080 and 0.130 mg/kg) 

in both treatments were observed on 10th day. Gupta 
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et al. (2008) proved that residues of bifenthrin @ 25 

and 50g a.i. ha
-1

 in okra fruits persisted up to 7 days 

and degrade to its half life at 1.32 and 1.58 days, 

respectively. However, fipronil residues @50 and 

100g a.i. ha
-1

 showed 0.65 and 1.12 days as half life 

and 3 days as waiting period, respectively, 

furthermore, indoxacarb residues found to be highly 

degradable molecules by imparting 1 day as waiting 

period. Dissipation pattern of propineb @ 2.0 kg a.i. 

ha
-1

 in tomato showed maximum initial deposition, 

5.41±0.13 μg g
-1

 and persisted for 15 days 

(0.05±0.13 μg g
-1

) with a half life of 2.23 days and 

2.02 days as waiting period in season-I (2005-06), 

moreover, in season-II, the half life and waiting 

period of same treatment was 2.28 and 2.02 days, 

respectively, as indicated by Akhtar (2009). Charan 

et al. (2010) screened the farm gate vegetables 

samples for pesticide residues and stated that 1 

samples of okra was contaminated with methyl 

parathion (0.22 μg g
-1

) which was exceeded the MRL 

(0.2 μg g
-1

) among 25 samples. In case of brinjal, 4, 7 

and 2 samples out of 46 were contaminated with 

monocrotophos, methyl parathion and cypermethrin, 

respectively. The degradation kinetics of 

carbendazim @ 0.05 and 0.1 % in mango fruits 

showed maximum initial deposition of 2.48 and 5.28 

mg kg
-1

, while it was 1.23 and 2.51 mg kg
-1

 in mango 

pulp, respectively. Moreover, up to 12 days the 

residues of carbendazim found above MRL in 

treatment of 0.1% by exhibiting 4.0 days as half life 

and pre harvest interval of 2.5 and 7.0 days for both 

doses, as discussed by Bhattacherjee and Panday 

(2010). 

Monitoring of pesticide contamination 

Indiscriminate use of pesticides has created a very 

alarming situation in the country as well as 

throughout the world, hence, monitoring and 

assessment of pesticide contamination in farm 

produces has become a necessity. Residue analysis 

on one hand provides measures of the nature and 

level of any chemical contamination within 

environment and its persistence and simultaneously 

continue to search for pesticides which are less 

persistent and less toxic for human beings (Tan and 

Soo, 2001). Thus, there is need to determine, 

quantify and confirm pesticide residues particularly 

in vegetables for both research and regulatory 

purposes. The pesticides in food commodities are 

generally analyzed by spectrophotometry (Caldas et 

al., 2001 and Janghel et al., 2007), thin layer 

chromatography (TLC) (Rathore and Begum, 1993 

and Patil and Shingare, 1994), high performance 

liquid chromatography (HPLC) and high 

performance liquid chromatography-mass 

spectrophotometry (HPLC-MS) (Debayle et al., 2008 

and Islam et al., 2009), gas chromatography (GC) 

(Kumari 2008 , Abhilash et al., 2009) and GC-MS 

(Thanh et al., 2008). The choice of method depends 

on the type of substrate and ageing of residues. 

Good agricultural practices for management of 

pesticide residues  

Keep an inventory of all chemicals. Store all 

chemicals in their original containers. Never store 

herbicides with other pesticides.  

Always use only recommended pesticides at the 

specified doses and frequency and at the right time.   

Education and training in the proper use of 

pesticides. The improper use or misuse through lack 

of understanding creates residue problems.  

Unused pesticide solution and washings generated by 

cleaning spray pumps contain pesticide residue. 

Dispose of them properly to avoid pollution.  

Avoid indiscriminate use of pesticides  

Adopt Integrated Pest Management System  

Use of safe pesticides which helps in conserving 

predators/ parasites  

Strictly follow waiting period before harvesting  

Maintain healthy soil with compost and mulch so 

that pest problems are minimal.  

Vegetables and fruits should be thoroughly washed 

with clean water  

Reduce spray drift in orchards by using lower 

pressures, larger nozzles and less volatile pesticides 

and by spraying when there is little or no wind.  

Proper precautions must be taken for the control of 

house hold insects / stored grain pests.  

Use botanicals / microbial insecticides for the control 

of various crop pests  

Purchase pesticides only from authorized dealers  

Banned pesticides should not be used for pest control  

Get detailed information from the authorized people 

before mixing of various pesticides.  

Always read product labels carefully before applying 

any pesticide, mix and apply as directed. 

 

CONCLUSION  
 

Although some pesticides are banned, but their 

persistence in various food commodities still exists. 

To provide adequate food for growing population, 

the usage of pesticide is necessary but dissemination 

of information regarding food safety, pesticide 

handling and good agricultural practices among 

farmers is also a dire need. Therefore, the rational 

recommendation of pesticides requires that it must 

not only provide an effective control of pests but at 

the same time their residues on food commodity 

must also be toxicologically acceptable. Moreover, 

good agricultural practices and household processes 

are the important and effective tools in minimizing 

pesticide residues in food commodities for healthy 

environment.  
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Abstract: The present investigation was designed to analyze moulds and mycotoxins responsible for biodeterioration of the 

market samples of dried fruits of date plum persimmon (Diospyros lotus L.). A total of 31 fungal species were isolated from 

65 samples by two different isolation techniques. Assessment of mycobial load exhibited the presence of many such fungal 

species that are broadly acknowledged as the most important mycotoxin producers. Mycotoxins were assessed by high 

performance liquid chromatography (HPLC). The mycotoxins detected were aflatoxins, ochratoxin A and patulin. Out of 65 

samples, 69.23% of dried date plum persimmon samples were found contaminated with aflatoxins in the range of 0.78-

798.34µg/kg and 47.69% samples have ochratoxin A (OTA) contamination (0.76±432.09µg/kg). Patulin was quantified in 

32.30% samples in the range of 0.89-123.90µg/kg. The present study constitutes the first report of fungal and mycotoxin 

contamination in dried date plum persimmons from India. 

 
Keyword: Mycoflora, Mycotoxin, Diospyros lotus, Survey 

 

INTRODUCTION 

 

ndia is the only country in the world where due to 

existence of variable agroclimatic conditions every 

kind of fruit is grown and is the second largest 

producer of fruits with an annual production of 88.8 

million tonnes from an area of 6.3 million hectares 

(Anonymous, 2015-16). Fruits constitute 

commercially and nutritionally important 

indispensable food commodity. It plays a significant 

role in the diet of many people by raising its 

nutritional value by providing essential minerals, 

vitamins, proteins, calorie contents and addition of 

flavours, colours and variety to the diet (Aluko, 

1989; Okigbo, 2000; Al-Hindi et al., 2011).  

Fruits are highly perishable due to their high 

moisture andnutrientsand thus become prone to 

injury and subsequent attack by a diversity of 

microorganisms. The drying of fruits concedes for 

their better preservation by reducing water content, 

consequently restraining microbial growth and 

enzymatic modifications. Preservation of fruits by 

solar drying has been practiced for centuries. 

However, products derived from traditional sun 

drying usually exhibit poor quality due to unhygienic 

storage conditions. During drying, air borne 

filamentous fungi may contaminate fruits and causes 

undesirable losses in dry matter by utilizing 

carbohydrates, degrading lipids and proteins as 

energy source and secrete potential mycotoxins into 

them.  The presence of these biological contaminants 

has varying effects on the health and productivity of 

humans (Shephard, 2008). 

Presently, among all food contaminants (synthetic 

contaminants, food additives or pesticide residues), 

mycotoxins are considered as the most important 

chronic dietary risk factor, demonstrated from the 

constant international attention paid due to their 

noxious impact on health and economy of several 

countries, particularly the developing ones (Van 

Egmond et al., 2007). Mycotoxins can occur both in 

temperate and tropical regions of the world, 

depending on the producing mould species. Major 

food commodities affected are cereals, nuts, dried 

fruits, coffee, cocoa, spices, oil seeds, dried peas and 

beans (Turner et al., 2009). Different surveys and 

monitoring programmes have been carried out in 

several countries attempting to obtain a overall 

pattern of mycotoxin contamination in dried fruits 

(Zorzete et al., 2013; Essawet et al., 2017; Gupta et 

al., 2017; Skrbic et al., 2017, Wei et al., 2017).  

More than 400 different mycotoxins are 

known.Among these secondary metabolites, 

aflatoxins (AFs), ochratoxin A (OTA) and patulin 

(PAT) toxins are the most toxic and widely 

distributed mycotoxins in dried fruits. Aflatoxin are 

difuranocoumarin derivatives formed by a polyketide 

pathway by fungi that belong to Aspergillus genus 

and particularly by A. flavus, A. parasiticus and 

rarely by A. nomius (Cary and Ehrlich, 2006; O’ 

Riordan and Wilkinson, 2008). Owing to 

hydrothermal conditions that facilitate their 

production, aflatoxins are generally regarded as main 

contaminants usually in geographical areas 

exhibiting tropical or sub-tropical climate (Cotty and 

Garcia, 2007). Ochratoxin A (OTA), a well 

characterized nephrotoxin, is mainly produced by 

Aspergilluscarbonarius, A.niger and A.ochraceus in 

tropical climates and by Penicilliumverrucosum and 

P.nordicum in temperate zones (Richard, 2007; 

Turner et al., 2009). On a global scale, the 

contamination of spices, dried fruits and  nuts by 

I 
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ochratoxin A was reported by  several researchers 

(Bircan, 2009; Rahimi  and  Shakerian, 2013; Bala et 

al., 2016; Bala et al., 2017; Gupta et al., 2017; 

Heshmati et al., 2017). Another common toxic 

metabolite Patulin (PAT) is produced by a variety of 

moulds, particularly Aspergillus, Penicillium and 

Byssochlamys (Pitt and Hocking, 1999; Fung and 

Clark, 2004). Patulin exhibits mutagenic and 

carcinogenic properties in several animal species and 

induces intestinal injuries, including epithelial cell 

degeneration, inflammation, ulceration, and 

haemorrhage (Mahfoud et al., 2002).   

Date plum persimmon (Diospyroslotus L.; family 

Ebenaceae), a deciduous tree, is native to China and 

Asia. Locally known as amluk in Hindi and is 

cultivated in several countries for its edible fruits. 

The fruits are globose, 1.5-2.0cm in diameter and 

bluish-black in colour when ripe (Davis, 1978). The 

mature fruits of persimmon are normally not 

consumed directly after harvesting because of their 

astringent taste, but are dried and then sold in the 

markets (Ayaz and Kadioglu, 1999). In traditional 

Chinese medicine, the fruits are febrifuge and 

frequently used to stimulate secretions and seed as a 

supplement for being sedative (Gao et al., 2014). 

Fruits contain sugar, fatty acid (palmitic acid, 

palmitoleic acid, stearic acid, linolenic acid, oleic 

acid etc. (Glew et al., 2005).  Nevertheless, 

consumption of the contaminated dried fruits are 

pernicious to human health and also resulted in 

economic losses. Hence, the present investigation 

aims in determining the mycoflora contaminating 

dried date plum persimmons sold in markets of 

Jammu and assessing the natural incidence of 

mycotoxin in them.  

 

MATERIAL AND METHOD 

 

Sample collection 
A total of sixty five dried date plum persimmons 

samples were collected randomly from different 

regions of Jammu province including Jammu, 

Udhampur, Rajouri and Poonch during January 

2012- March 2014. These sites were chosen on the 

basis of their availability in the market. These 

samples were usually found outside, kept in metal or 

plastic containers, wooden boxes or gunny bags. 

Care was also taken to avoid old stocks and visibly 

contaminated samples. The samples were collected in 

sterilized polythene bags, sealed over the flame to 

prevent moisture changes andstored at low 

temperature (5ºC) for further mycobial assay.   

Mycological analysis 

Standard blotter method and serial dilution method 

were employed to isolate the mycoflora associated 

with dried date plum persimmons species. 

Experiment was performed in replicates for both the 

methods. 

Standard blotter method. All the 65 dried fruit 

samples were surface sterilized with 0.1% sodium 

hypochlorite, rinsed twice with sterilized distilled 

water and were aseptically transferred to pre-

sterilized wet blotting paper in sterilized Petri plates, 

along with wet sterilized cotton swabs. After 3 days 

of incubation at 28±2⁰C, observations were made 

and the sporulating moulds were streaked on PDA 

plates.  

Serial dilution method The moulds in dried fruits 

were isolated following the method of Gnonlonfin et 

al. (2008) with some modifications. A 10g sample 

was taken in 250ml Erlenmeyer flask containing 

90ml sterilized distilled water and shaken thoroughly 

on  a mechanical shaker at 200 rpm for 30 minutes. 

Dilutions of residue were made with sterilized 

distilled water.  1ml aliquot of each dilution were 

then transferred to Petri plate containing two 

different isolation media- dichloran rose bengal 

chloramphenicol agar medium (DRBC) and malt salt 

agar (MSA).  Five replica plates per medium were 

used and were incubated at 28±2⁰C for 5 days. The 

results were expressed as average colony forming 

units per gram of sample (cfu/g) using the following 

formula (Jakovac-Strajn et al., 2010): 

Average colony forming units  per gram of sample 

(cfu/g) 

N= ƩC/ Vxnxd 

N = Number of colony forming units per gram of 

sample (cfu/g) 

∑C = Sum of all colonies of the count 

V = Volume of the dilution pipette in the count plates 

in ml 

n = Number of count plates that can be evaluated 

d = Dilution factor 

Percentage frequency of each fungal species was 

calculated by using the formula given  

Frequency (%)  

= Number of samples from which an  

                            organism was recovered   x 100 

Total number of samples tested 

Identification and maintenance of fungal cultures. 
Fungal species recovered were grown on sterilized 

recommended media and identified on the basis of 

their cultural and micro-morphological characters 

using relevant literature and recommended keys 

(Gilman 1957; Raper and Fennell 1965; Ellis 1971; 

Pitt 1979; Pitt and Hocking 2009).  

Extraction of mycotoxins from naturally 

contaminated dried date plum persimmons 

Modified multimycotoxin method developed by 

Roberts and Patterson (1975) was employed for 

detection and estimation of mycotoxins in naturally 

contaminated market samples. The dried samples 

were finely crushed in an electric grinder. 25g of 

crushed sample was taken in 250ml Erlenmeyer flask 

containing 100ml mixture of acetonitrile and 4% 

potassium chloride (90:10v/v) and shaken on 

horizontal rotary shaker for 30 minutes. Thereafter, 

the mixture was filtered and filtrate was defatted 

thrice with 50ml isooctane in separating funnel 

(250ml capacity). Upper lipid containing layer was 
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discarded and added 12.5ml distilled water was 

added to lower acetonitrile layer. Mycotoxins were 

extracted from lower layer by using 20ml 

chloroform. Lower chloroform layer was collected in 

a conical flask and filtered through Whatman no. 42 

filter paper having a bed of anhydrous sodium 

sulphate. The extract was collected in a beaker and 

then evaporated to dryness on a water bath. The 

residue was dissolved in 1ml of benzene: acetonitrile 

(98:2v/v) solution and stored in a clean screw cap 

vial at -20°C in the darkness for quantitative 

detection of mycotoxins. 

Quantitative estimation of mycotoxins  
Chromatographic separations were performed on a 

HPLC system, SHIMADZU consisting of a binary 

pump (LC-20AD), equipped with DGU-20A5R 

microvacuum degasser, a thermostated autosampler 

(SIL-20ACHT), a column oven (CTO-ASVP), a 

photodiode array UV-VIS detector set at different 

wavelengths (Table 1). The analytical component 

was C-18G (250 x 4.6mm). The mobile phase 

consisted of different solvent systems for different 

mycotoxins (Table 1). Analysis was performed at 

room temperature (25-30⁰C) and data was recorded 

in HP Compaq. 

Statistical Analysis 

All the experiments were replicated thrice and data 

sets were statistically analyzed using IBM SPSS 20 

software. The statistical level of significance was 

fixed at P<0.05. 

 

RESULT AND DISCUSSION 

 

Moulds, as usual dwellers of soil and contaminants 

of air, water, food and feed, can be found 

predominant all over the globe. Factors such as 

temperature, pH, moisture content, oxygen level, 

nutritional components and microbial competition 

influence mould growth. They are the momentous 

destroyers of numerous edibles during storage and 

render them unfit for human consumption by 

retarding their nutritive value. As depicted in table 2, 

dried date-plum persimmons harboured 31 fungal 

species belonging to 9 genera representing strong 

generic and specific variability of fungal organism on 

this substrate. The genus Aspergillus was the most 

frequent colonizer that comprised of fourteen species 

and thus formed the largest diversity among all the 

recovered genera. Penicillia group accounted for 

eight species viz., P. aurantiogriseum, P. 

chrysogenum, P. citrinum, P. corylophilum, P. 

expansum, P. fellutanum, P. purpurogenum and P. 

verrucosum. These storage moulds are capable of 

flourishing well at low moisture substrates with 

minimum or no competition from other fungi 

(Srivastava et al., 2011).  The high prevalence of 

Aspergillus and Penicilliumspecies in the dried fruits 

supports the view of earlier mycologists (Alghalibi 

and Shater, 2004; Toma and Rajab, 2014; Saadullah 

and Abdullah, 2015; Tournas et al., 2015). Genus 

Eurotium and Scopulariopsis were represented by 

two species each (Eurotiumchevalieri, E. 

rubrum,Scopulariopsisbrevicaulis and S. brumptii. 

Other filamentous fungi were Alternaria 

alternata,Curvularia lunata, Mucor mucedo, 

Rhizopus stolonifer and Syncephalastrum 

racemosum. 

The growth and proliferation of moulds is also 

strongly related to the seasons and geographical 

conditions of the area. Comparative mycological 

survey of the samples collected from local markets of 

Jammu province showed various types of fungal 

species with varying degree of frequency of 

occurrence. Perusal of data in table 2 depicted that 

the maximum numbers of fungal species (21 species) 

were recovered in the range of 0.5x10
3
-8.3 x10

3
cfu/g 

from samples procured from Jammu district. Among 

the recovered fungal species, Zygomycota showed 

29.41% frequency with 3 species, Ascomycota were 

least frequent and represented by only one species 

whereas mitosporic fungi showed 94.11% frequency 

and were represented by 17 species. Mycological 

analysis of Udhampur samples revealed an 

association of 19 fungal species with 

Aspergillusflavus dominated over other fungal 

species with a heavy load of 5.7x10
3
-7.2 x10

3
cfu/g. 

Likewise, samples procured from the markets of 

Rajouri and Poonch district supported the growth of 

15 and 11 fungal species respectively. 

The presence of a wide range of storage fungi could 

be ascribed to their better adaptations to the storage 

environment whereas, recovery of a large number of 

field fungi from the stored market samples reflects 

the poor and inadequate drying of fruits of Diospyros 

lotus. Susceptibility of dried fruits to such a diverse 

group of mycobiota also suggests that unhygienic 

and unscientific post-harvest handling operations 

including storage, transportation and marketing 

predispose them to undesirable mould infestation. It 

also clearly depicts that this substrate provide ample 

nutrients to the surface invading fungi. Various types 

of dried fruits have been investigated thoroughly 

world over for mycoflora (Zohri and Abdel-Gawad, 

1993; Abdel-Sater and Saber 1999; Hosseini and 

Bagheri, 2012; Spencer, 2012; Khare et al., 2013; 

Tournas et al., 2015) but the incidence of mycoflora 

on dried date plum persimmons, in particularly, is 

only scantly reported. Although fungi associatedwith 

postharvest decay of persimmons (Diospyroskaki, D. 

lotus) were studied (Moreau, 1944-45; Palou et al., 

2009, 2013). However, a few reportsare available on 

the incidence of mycoflora in dried date plum 

persimmons (Gunduz et al., 2017).  

Mycotoxin analysis 

The samples analyzed showed the presence of 

toxigenic fungi which indicate the potential for the 

presence of mycotoxins in dried fruits. Therefore, the 

dried date plum persimmons were further screened 

for natural contamination with aflatoxins B1, B2, G1 

and G2, ochratoxin A and patulin. Of the 65 samples 

http://www.cabdirect.org/search.html?q=au%3A%22MOREAU%2C+C.+%22
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analyzed, 49 samples showed widespread occurrence 

of different mycotoxins.The most prevalent was 

aflatoxins followed by ochratoxin A and patulin 

(table3).  Among AFs, AFB1, the most toxic one, was 

most frequently detected in the 61.53% aflatoxin 

positive samples upto the levels of 798.34µg/kg. 

AFB2 was the next abundant mycotoxin (27.69%) 

with values ranging between 3.45 and 650.67µg/kg. 

G-type AFs were detected less frequently. 

Comparative analysis of aflatoxin contamination 

suggests that the highest frequency of AFB1 was in 

Jammu samples with a mean concentration of 

291.21±163.0µg/kg. These samples were also 

contaminated with high level for AFB2, AFG1 and 

AFG2. The amount of aflatoxin B1 and B2 detected 

from Poonch samples was very low with a mean 

concentration of 0.78±98.78µg/kg and 6.56-

25.89µg/kg respectively. This can be ascribed to the 

fact that aflatoxigenic fungi compete poorly under 

cool conditions and their aggressiveness in such 

areas is low in comparison to warmer regions (Cotty 

and Garcia, 2007). Considering the significance of 

OTA, its analysis in the dried fruits showed that 31 

(47.69%) out of 65 samples were positive to this 

toxin with levels ranging from 0.76-432.09µg/kg. 

OTA occurred with a relatively high incidence in 

samples collected from Udhampur district (10 

samples) followed by market samples collected from 

Jammu (117.20±98.67µg/kg) while the least 

contamination was detected in samples procured 

from Rajouri and Poonch districts 

(6.34±213.90µg/kg and 0.86-145.87µg/kg 

respectively).Patulin was presented in 30.76 percent 

samples but with a low level of concentration (0.89-

123µg/kg). PAT occurred in higher incidence in 

Jammu samples and the level of toxin varied from 

2.34-98.76µg/kg. The results of the present study 

indicate that samples contained aflatoxins beyond the 

maximum permissible limit of 4ng/g fixed by 

European Commission for total aflatoxins in dried 

fruits for human consumption (EC, 2006). Likewise, 

the samples were found laden with OTA and PAT 

exceeding the maximum tolerable limits (MTL) of 

10µg/kg and 50µg/kg for OTA and PAT respectively 

fixed by European Commission. 

This study showed that the market samples of dried 

fruits of Diospyros lotus are frequently contaminated 

with several toxicologically significant mycotoxins. 

The high incidence of different mycotoxins in the 

present finding depends on various factors such as 

the commodity, climatic conditions, agricultural 

practices, storage conditions and seasonal variances 

(Warth et al., 2012). Since these dried fruits are 

usually consumed without processing, unlike other 

food commodities which may undergo some level of 

processing before consumption that may enhance the 

vulnerability of consumers to these toxic 

contaminants. It is also pertinent to mention here that 

these dried fruits are commonly stored in jute bags 

and sold in small groceries exposed to air, moisture 

and dust. The legislated mycotoxins in dried fruits 

(AFs, OTA) also exceeded the established maximum 

permissible limits, which is a matter of concern and, 

thus, acquires much significance.Previously, various 

researchers have also reported mycotoxin 

contamination in various dried fruits and nuts 

including cashewnuts, hazelnuts, Brazilnuts, figs, 

dates, dried plum, dried apricots and almonds in 

amounts exceeding permissible limits set by 

European Union Commission (Celik and Ozturk, 

2000; Hosseini et al., 2012; Karaca and Nas, 2006; 

Azaiez et al., 2015; Essawet et al., 2017; Gupta et 

al., 2017).The presence of aflatoxins, ochratoxin A 

and patulin in these samples directs that they are not 

entirely safe for human consumption owing to their 

properties to induce severe acute and chronic toxicity 

even at low dose levels. Subsequently, periodic 

monitoring and the imposition of appropriate quality 

control measures should be encouraged to reduce the 

invasion and colonization by storage and toxigenic 

moulds and in turn reduce the risk of mycotoxicoses.

 

Table 1. Quantitative estimation of mycotoxins 

Mycotxins Estimated Mobile Phase used for 

HPLC analysis 

 

Detector 

UV/VIS 

(Wavelength) 

Elution Time 

(Minutes) 

Modified Methods 

Aflatoxins(AFT) Water: Acetonitrile: 

Methanol (54:34:12v/v/v) 

365nm 

 

B1: 6.484; 

B2: 5.740; 

G1: 5.453; 

G2: 4.884 

Rohman and 

Triwahyudi, 2008 

Ochratoxin A(OTA) Acetonitrile:Water 

(50:50v/v) 

220nm 8.431 

 

Hackbartetal., 2012 

 

Patulin (PAT) Acetonitrile:Water 

(8:92v/v) 

276nm 

 

7.969 

 

Beretta etal. 2000 

 

Table 2. Frequency percent and total colony count of fungal species recovered from dried date plum 

persimmons 
S.No Name of the fungal 

species 

JammuCfu/g×103 RajouriCfu/g×103 PoonchCfu/g×103 UdhampurCfu/g×103 

% Freq. CDA       DRBC % Freq. CDA       DRBC % Freq. CDA       DRBC % Freq. CDA       DRBC 

Zygomycota 

1 Mucormucedo 23.52 0.5 1.6 - - - 12.5 - 1.5 25.0 2.2 1.2 
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2 Rhizopusstolonifer      5.8 - 0.8 12.5 - 0.5 6.25 0.9 - 18.75 2.3 - 

3 Syncephalastrumracemos

um 

11.76 - 6.4 18.75 - - - - - - - - 

 Ascomycota 

4 Eurotiumchevalieri 41.17 2.3 3.3 12.5 - 1.3 - - - - - - 

5 E. rubrum - - - - - - - - - 12.5 1.2 - 

 Mitosporic fungi 

6 Alternariaalternata 29.41 2.3 1.2 37.50 0.9 1.9 - - - 21.53 4.5 2.3 

7 Aspergillusaculeatus - - - 12.5 - 1.3 - - - - - - 

8 A. flavus 88.23 8.3 6.7 81.25 1.2 4.5 68.75 2.5 4.2 87.5 5.7 7.2 

9 A. fumigates 23.52 2.7 3.4 18.75 1.2 1.3 - - - 12.5 - 1.3 

10 A. japonicas       5.8 7.9 -      25.0 0.3 0.2 - - - 37.5 1.9 0.9 

11 A. nidulans 17.6 2.4 - - - - 7.69 - 1.2 - - - 

12 A. niger 47.05 3.9 3.6 56.25 1.5 6.4 21.53 1.3 0.9 25.0 1.8 3.4 

13 A. ochraceus 17.8 0.8 4.5     43.75 - 2.5 18.75 1.5 2.3 31.25 - 3.9 

14 A. oryzae 11.76 - 9.8 - - - -   - - - 

15 A. parasiticus 41.23 - 7.9 21.53 2.3 - -   43.75 0.9      2.1 

16 A. sydowii 5.8 - 2.56 - - - - - - - - - 

17 A. tamari - - - 25.0 - 1.7 6.25 2.1 1.2 - - - 

18 A. terreus - - - - - - - - - 25.0 - 0.6 

19 A. versicolor - - - - - - - - - 12.5 - 2.4 

20 A. wentii 11.76 - 3.5 - - - - - - - - - 

21 Curvularialunata 52.94 0.6 2.5 - 3.2 1.5 37.5 1.9 3.2 56.25 - 3.7 

22 Penicilliumaurantiogrise

um 

- 1.2 3.5 12.5 - 2.1 - - - 6.25 2.1 - 

23 P. chrysogenum       23.52 1.9 2.5 37.5 - 2.4 - - - 12.5 2.3 0.5 

24 P. citrinum - - - - - - 18.75 2.3 5.6 6.5 - 1.3 

25 P. corylophilum 5.8 - 4.3 - - - - - - - - - 

26 P. expansum       41.17 1.5 4.1  3.4 - 25.0 - 1.3 18.75 - 2.1 

27 P. fellutanum - - - - - - - - - 12.5 0.4 0.5 

28 P. purpurogenum 35.29 2.3 - - - - - - - 18.75 1.7 0.9 

29 P. verrucosum - - - - - - - - - - - - 

30 Scopulariopsisbrevicauli

s 

5.8 - 1.8 - - - - - - - - - 

31 S. brumptii - - - - - - 6.25 1.2 0.9 - - - 

Number of fungal species 

recovered 

21 14 19 15 8 13 11 8 10 19 12 16 

- Not detected 

 

Table 3. Mycotoxin contamination in dried date plum persimmons 
Mycotoxins Jammu (n=17) Rajouri (n=16) Poonch (n=16) Udhampur (n=16) 

Number of 

positive 

samples 

Mean level of 

contamination 

Number of 

positive 

samples 

Mean level of 

contamination 

Number 

of 

positive 

samples 

Mean level of 

contamination 

Number of 

positive 

samples 

Mean level of 

contamination 

Aflatoxin B1 12 1.50-798.34 

(291.21±163.0) 

9 2.54-214.54 

(90.05±45.34) 

8 0.78-98.78 

(76.98±556.8) 

11 1.23-540.45 

(234.5±122.45) 

Aflatoxin B2 6 3.65-650.67 

(152.55±115.77) 

4 12.34-167.45 

(64.76±234.4) 

3 6.56-25.89 

(15.78±45.89) 

5 3.45-234.78 

(114.67±34.56) 

Aflatoxin G1 4 11.76-196.56 

(57.67±123.4) 

6 8.76-156.78 

(51.89±67.78) 

- - 3 2.87-45.78 

(34.67±34.98) 

Aflatoxin G2 5 2.32-153.37 

(87.34±12.54) 

- - - - 4 0.98-56.456 

(45.78±23.67) 

Ochratoxin A 8 0.76-345.76 

(117±98.67) 

6 6.34-213.90 

(93.90±78.9) 

7 0.86-145.87 

(87.56±23.09) 

10 12.45-432.09 

(189±45.78) 

Patulin 7 2.34-123.90 

(70.81±78.79) 

 

4 0.89-84.56 

(67.98±233.90) 

4 13.45-99.76 

(56.67±23.9) 

5 0.98-98.76 

(78.67±456.77) 
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Abstract: Severe competition from weeds is one of the most important factor affecting productivity and sustainability of 

rice. The present investigation was conducted during rainy seasons of 2011 and 2012 at Norman E. Borlaug Crop Research 

Centre, Govind Ballabh Pant University of Agriculture and Technology, Pantnagar to determine the bio-efficacy of various 

herbicides and eucalyptus oil as well as their effect on crop growth and yield of transplanted rice. The treatments included 

four herbicides viz. butachlor, penoxsulam, bispyribac sodium and mixture of cyhalofop butyl with penoxsulam and 

eucalyptus oil at different concentrations. Paspalum scorbiculatum, Leptochloa chinensis, Alternenthers sessilis, Ammania 

baccifera and Cyperus difformis were the dominant weeds. Results indicated that butachlor, penoxsulam (22.5 g), bispyribac 

sodium and cyhalofop butyl+penoxsulam were very effective in controlling all the weeds and reducing their biomass except 

Alternenthera sessilis and Leptochloa chinensis. Eucalyptus oil (5%) was found to be effective against weeds but its efficacy 

was lower than the herbicides. Highest yield was obtained in penoxsulam (22.5 g) followed by butachlor and bispyribac 

sodium treatments. The higher grain yield of rice could be attributed to higher values of the physiological growth parameters 

relative growth rate (RGR), crop growth rate (CGR) and leaf area index (LAI).  

 

Keyword: Bio-efficacy, Eucalyptus oil, Herbicides, Physiological growth parameters 

 

INTRODUCTION 

 

ice is one of the most important staple food 

crop, with ninety percent of rice grown and 

consumed in South and Southeast Asia. The demand 

for rice is growing with an ever-increasing 

population. Among the biotic factors affecting rice 

productivity severe competition from weeds is one of 

the most important factor reducing its productivity 

and sustainability of production systems. Due to the 

competitive effect of weeds, the loss in rice yields 

ranges from 41% to 100% (Rao et al. 2007, Babu et 

al. 2008, Pacanoski and Glatkova 2009, Cavero et al. 

2011,). To increase the total yield, as well as 

productivity it is necessary to manage the weeds 

during early growth stages of the crop. On the other 

hand, the growth, development and yield of rice are 

highly influenced by weed management practices. 

Weed management in rice involves a combination of 

different methods such as mechanical & manual, 

cultural, chemical and allelopathy. Labor scarcity, 

high labor cost and the presence of perennial weeds 

lowers the efficacy of manual and mechanical 

methods that leads to high yield losses (Rao et al. 

2007, Rodenburg and Johnson 2009).  

Use of herbicide is an attractive and alternative 

method to manual weeding due to its high efficacy 

and low cost. Herbicides are effective in controlling 

weeds alone or in combination with hand weeding 

(Jaya-Suria et al. 2011). Highest agriculture chemical 

input is seen in rice in the form of herbicides. Most 

agriculture systems collectively use three million 

tonnes of herbicides per year, and farmers are getting 

most profitable crops on the same piece of land by 

the use of herbicides and pesticides (Ahmad et al. 

2000, Tomita et al. 2003). A number of herbicides 

such as butachlor, cyhalofop butyl, penoxsulam, 

bispyribac sodium, azimsulfuron, petrilachlor, 

fenoxaprop-ethyl, pendimethalin etc., either alone or 

in combination with hand weeding are used to 

control weed flora in transplanted rice. Recent trend 

of herbicide use is to find out an alternative and 

effective weed management by using low dose high 

efficiency herbicides, which will not only reduce the 

total volume of herbicide per unit area, but also 

application becomes easier and economical to the 

farmer (Kiran et al. 2010). 

However, the chemical method of weed management 

comes at a prize. Continuous and intensive use of 

these herbicides leads to environmental pollution, 

weed flora shift and development of herbicide 

resistant weed biotypes. Problems also arise from 

their residual effects on soil and succeeding crop 

(Rodenburg and Johnson 2009). The use of synthetic 

herbicides cannot be discarded completely in the 

present situation, but their use can be reduced up to a 

certain extent by utilizing natural plant products as 

an alternative weed management strategy (Bhadoria 

2011). 

Natural plant products play a variety of physiological 

roles and serve as a source of novel herbicides. 

Among the natural plant products, volatile essential 

oil can be used as viable weed controlling agent. The 

advantage of using volatile oils is that they do not 
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persist in soil or contaminate ground water and cause 

little or no mammalian toxicity but have high phyto-

toxicity (Isman 2000). Eucalyptus is well known for 

releasing the volatile oils from its foliage, which 

have an inhibitory effect on the growth of under-

storey vegetation (Jawahar et al. 2013). Essential oil 

extracted from eucalyptus leaves exhibit 

phytotoxicity against weeds and have a great 

potential for weed management. These natural 

products degrade quickly in environment and are 

eco-friendly (Batish et al. 2008). Thus, eucalyptus oil 

can be explored to be developed into a herbicide. 

Keeping in view the above facts, present 

investigation was carried out to evaluate the efficacy 

of different herbicides and eucalyptus oil against 

weeds, as well as their effects on yield and growth of 

transplanted rice.  

 

MATERIAL AND METHOD 

 

Experimental Design and treatments: A field 

experiment was conducted during the rainy season of 

2011 and 2012  at the Norman E. Borlaug Crop 

Research Centre, Govind Ballabh Pant University of 

Agriculture and Technology, Pantnagar in 

randomized block design (RBD) with nine treatments 

replicated thrice. The treatments consisted of 

butachlor @ 1500 g a.i ha
-1

, penoxsulam @ 22.5 

(recommended) and 33.75 (1.5 x) g a.i.ha
-1

, 

bispyribac sodium @20.0 g a.i.ha
-1

, eucalyptus oil @ 

5% and 7.5%, cyhalofop butyl + penoxsulam @ 

150.0 g a.i.ha
-1

, weed free and weedy. 30 day old rice 

seedlings of rice cultivar Sarju 52 were transplanted 

in small plots (size 2.0 x 3.0 m) with a row-to-row 

distance of 20 cm. 

Observations:  

Weed flora and biomass: Observations on weed flora 

and their biomass were recorded at different growth 

stages for determining the efficacy of weed 

management practices.  

Growth parameters of the rice crop 

Leaf area index: The area of leaves collected from 

three plants in each plot was measured using a 

portable leaf area meter (LiCOR LI-3000A). The leaf 

area index (LAI) was calculated by dividing the leaf 

area by the ground area occupied by the plants. It 

was estimated as follows: 

area Ground

 area Leaf
  (LAI)Index  Area Leaf 

 
Relative growth rate: For this, plants were collected 

from each replication, dried and weighed. The RGR 

was calculated according the following formula 

(Leopold 1964) and expressed in units of g/g/week. 

RGR = 

12

12

tt

lnWlnW




 

where, 

 W1 = dry weight of the whole plant at start of 

the test period.  

 W2 = dry weight of whole plant at the end of the 

test period.  

 (t2-t1) = period in weeks between initial and final 

observations 

Crop growth rate: The crop growth rate was 

calculated by using the formula of (Radford 1967).  

CGR = 

12

12

tt

WW





A

1
 

Where W1 and W2 are shoot dry weights in area A at 

the time t1 and t2. It was expressed as g/cm
2
/week. 

Grain yield: After threshing and winnowing, total 

weight of grains was recorded for each treatment 

after harvest. Grains obtained from each net plot 

were weighed and finally grain yield was expressed 

in quintal per hectare. 

Statistical Analysis: The data obtained from field 

trials during the course of present investigation were 

analyzed statistically by using randomized block 

design (RBD). Standard error of means (S.Em.±) and 

critical difference (CD) was evaluated at 5% level of 

significance by following standard statistical 

procedure. 

 

RESULT AND DISCUSSION 

 

Weed flora and weed biomass  
In the experimental field nin weed species were 

recorded. Major grassy weeds included Echinochloa 

crus-galli, E. colona, Paspalum scorbiculatum and 

Leptochloa chinensis. The broad leaved weeds 

included Alternenthera sessilis, Caesulia axillaris 

and Ammania baccifera. Among the sedges, Cyperus 

difformis and Cyperus iria was observed. Effect of 

weed management practices on weed flora during 

2011 and 2012 is presented in table 1a and 1b. 

among the weed species, Paspalum scorbiculatum, 

Leptochloa chinensis, Alternenthera sessilis, 

Ammania baccifera and Cyperus difformis were most 

prominent. Among all the herbicidal treatments, 

penoxsulam recorded lowest weed density. Between 

the two doses of penoxsulam, higher dose (33.75 g) 

was found more effective than its lower dose in 

reducing the weed density at 60 DAT. Alternenthera 

was not controlled by any of herbicidal treatments 

but Ammania was significantly controlled by 

penoxsulam (22.5 g) and butachlor treatments. 

Caesulia axillaris was found to be effectively 

controlled by penoxsulam (22.5 g) and bispyribac 

sodium treatments while Sphenoclea zeylanica was 

suppressed by butachlor, penoxsulam (22.5 g) and 

bispyribac sodium treatments. Among the grassy 

weeds, Echinochloa crus-galli was effectively 

controlled by penoxsulam (22.5 g) and bispyribac 

sodium treatments. However, Sedges were 

effectively controlled by butachlor, penoxsulam 

(22.5 g) and bispyribac sodium treatments. 

Eucalyptus oil (5%) was effective in the control of 

Echinochloa crus-galli, Paspalum scorbiculatum, 

Sphenoclea zeylanica and Caesulia axillaris but with 
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lower efficacy as compared to the chemical 

herbicides. Population of Leptochloa chinensis was 

higher in penoxsulam (33.75 g) and cyhalofop 

butyl+penoxsulam treatment that reduces their 

bioefficacy. The major weed species observed in 

present study are common in transplanted rice 

(Ghuman et al. 2008, Gnanavel and Anbhazhagn 

2010, Khaliq et al. 2012). Dry matter of weeds is 

also important for determining the effectiveness of 

weed management practices. Effective weed control 

by herbicides is achieved by reducing weed biomass 

(Ashraf et al. 2006). All the herbicidal treatments 

reduced the dry matter of weeds significantly as 

compared to unweeded control. Weed biomass 

ranged from 51 to 116 g/m
2 

in 2011 and from 49 to 

257 g/m
2
 in 2012 at 60 DAT (Fig. 1 Effect of 

herbicides and eucalyptus oil on weed biomass). 

Lowest weed biomass was recorded in pre-

emergence application of butachlor followed by 

penoxsulam (22.5 g) and bispyribac sodium 

treatments, which were superior to all other 

treatments. Pre-emergence application of butachlor 

followed by post emergence application of 

bispyribac sodium have been reported very effective 

to reduce weed density and weed biomass in 

transplanted aromatic Basmati rice (Chaudhary et al. 

2008, Gnanavel and Anbhazhagn 2010). Eucalyptus 

oil was also found to reduce weed biomass and its 

efficiency was comparable to the mixture of 

cyhalofop butyl with penoxsulam. It has been 

reported that eucalyptus oil suppress the growth of 

Cyperus rotundus, Cynodon dactylon, Echinochloa 

crusgalli and Portulaca oleracea and reduces their 

biomass under laboratory and green house condition 

(Chandra Babu and Kandasamy 1997, Batish et al. 

2008, El - Rokiek and El – Nagdi 2011).  

Grain yield 

 Yield losses in rice under the weedy condition have 

been observed by Fofana and Rauber, 2000, Haefele 

et al. 2004, Rodenburg et al. 2009 and Saito et al. 

2010.Weed control treatments significantly increased 

the grain yield in rice as compared to weedy check 

(Fig. 2 Effect of herbicides and eucalyptus oil on 

grain yield of rice crop). Among the herbicidal 

treatments, the highest grain yield was recorded with 

the application  penoxsulam @ 22.5 g which was 

comparable with bispyribac sodium and butachlor. It 

is attributed to increased production and 

translocation of photosynthate to the grains as there 

is adequate availability of growth resources due to 

better weed suppression through significant reduction 

in weed biomass and consequent reduction in crop-

weed competition (Kiran and Subarmaniyam 2010, 

Khaliq et al. 2013). Our results are in confirmity with 

the Prasad et al. (2008) and Pal et al. (2009). Highest 

per cent reduction in grain yield was recorded in 

cyhalofop + penoxsulam (17.0%) treatment in the 

year 2011, whereas in 2012, the highest per cent 

reduction (25.7%) was recorded in eucalyptus oil 

higher dose ie. 7.5% as compared to weed free. 

Application of eucalyptus oil had some adverse 

effect on rice growth in the early stages as yellowing 

of leaves was observed primarily with 7.5% 

concentration but the plants recovered from these 

effects after 15 days (Abrahim et al. 2000, Jawahar et 

al. 2013, Puig et al. 2013). 

Physiological growth parameters 
 Higher yield under effective management system in 

rice is attributed to improvement in physiological 

growth parameters such as RGR, CGR, LAI and leaf 

area. Grain yield was found to be positively 

correlated with physiological growth parameters at 

vegetative and flowering stage in rice crop (Lopez-

Bellido et al. 2008, Ozalkan et al. 2010). 

Leaf area index: It was observed that LAI was 

maximum in penoxsulam (33.75 g) treatment followed 

by penoxsulam (22.5 g) and bispyribac sodium 

treatments (Fig. 3 Effect of herbicides and eucalyptus 

oil on leaf area index of rice crop at 60 DAT). Higher 

leaf area index reduces soil water evaporation and 

imparts to the partitioning of dry matter to the grains 

efficiently resulting in higher yield (Irshad and 

Cheema 2002, Ozalkan et al. 2010, Hossain et al. 

2011,). 

Relative growth rate and crop growth rate: RGR and 

CGR are measure of dry matter production. RGR and 

CGR values in the present study varied significantly 

among the treatments. Highest RGR and CGR values 

were recorded under weed free situation at 45-60 

DAT followed by penoxsulam (22.5 g), butachlor 

and bispyribac sodium treatments (Fig. 4 Effect of 

herbicides and eucalyptus oil on RGR of rice crop 

during 45-60 DAT and Fig. 5 Effect of herbicides 

and eucalyptus oil on CGR of rice crop during 45-60 

DAT). It is well documented that high RGR and 

CGR allows crop to rapidly occupy space and 

capture resources leading to higher biomass 

production which is also associated with more 

nutrient uptake by the crop due to broad spectrum 

control of weeds (Prajapati et al. 2003, Kavitha et al. 

2010, Gulshan et al. 2012,). Maintenance of high 

values of physiological growth parameters to near 

normal values is necessary to get high yields from the 

crop. 

 In the present study, higher values of these growth 

parameters in the three best treatments is attributed to 

effective weed management by these treatments.This 

study suggests that bio-efficacy of the herbicides 

butachlor, penoxsulam, bispyribac sodium and 

cyhalofop butyl+penoxsulam was much better than 

the eucalyptus oil treatment. Reduction in weed 

density and biomass results in better growth and 

development of the crop as evident from the values 

of the growth parameters CGR and RGR in the 

herbicide treated plots. Though eucalyptus oil at 

lower concentration (5%) had weed suppressing 

ability and gave comparable yield, its potential as a 

bioherbicide needs to be evaluated further because of 

its volatile nature and toxicity at higher concentration 

(7.5%). Possibilities of improving its herbicidal 



994 CHARU AGARWAL, S.K. GURU AND BABITA PATNI  

properties by means of using adjuvants, surfactants 

or other chemical modifications will be worth 

investigating.

 

Table 1a. Population (no./m
2
) of different weeds at 60 DAT in rice crop genotype Sarju 52 as affected by 

different herbicides and eucalyptus oil in 2011 
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Total 

T1- Butachlor 
- - 2.08 

(14.66) 

- 3.77 - - - -  

   (48.00)     62.67 

T2-Penoxsulam 

(22.5 g) 

1.07 

(2.66) 

0.53 

(1.33) 

1.95 

(12.00) 

0.53 

(1.33) 

3.58 - - - -  

(36.00)     53.33 

T3-Bispyribac Na 
- 0.53 

(1.33) 

2.97 1.39 

(5.33) 

2.40 - - 0.53 -  

 (26.66) (24.00)   (1.33)  58.67 

T4- Eucalyptus oil 

(5.0%) 

0.53 

(1.33) 
- 

0.73 0.53 

(1.33) 

4.05 - - 0.53 -  

(2.66) (65.33)   (1.33)  72.00 

T5- Eucalyptus oil 

(7.5%) 

0.73 

(2.66) 

1.07 

(2.66) 

2.05 0.73 

(2.66) 

3.86 - - 1.07 -  

(20.00) (57.33)   (2.66)  88.00 

T6-Penoxsulam 

(33.75 g) 

0.53 

(1.33) 

- 2.28 0.53 2.99 - - - 0.53  

 (21.33) (1.33) (20.00)    (1.33) 45.33 

T7-Cyhalo+Penox 
- - 1.80 0.53 3.31 - - - 0.73  

  (10.66) (1.33) (33.33)    (2.66) 48.00 

T8-Weed free 
- - - - - - - - -  

         - 

T9-Weedy - 
0.53 

(1.33) 

2.00 0.85 2.90 0.53 - - 0.53  

(28.00) (4.00) (17.33) (1.33)   (1.33) 53.33 

Total 8.00 6.67 136.00 17.33 301.33 1.33 - 5.33 5.33  

S. Em.± 0.37 

(1.12) 

0.34 

(0.84) 

0.88 0.59 0.49 0.17 - 0.30 0.37  

(12.37) (2.27) (15.12) (0.44)  (0.75) (1.14)  

*Figures in parenthesis indicate the actual values of weed number 
  
Table 1 b. Population (no./m

2
) of different weeds at 60 DAT in rice genotype Sarju 52 as affected by different herbicides 

and eucalyptus oil in 2012 

Treatments 
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Total 

T1- Butachlor 
0.54 2.25 0.85 

(4.00) 

- - 0.54 1.39 0.54 -  

(1.33) (9.33)   (1.33) (5.33) (1.33)  22.67 

T2-Penoxsulam (22.5 g) 
0.54 

(1.33) 

- 

 

0.73 

(2.67) 

1.80 

(5.33) 

0.94 - 2.24 - -  

(5.33)  (18.67)   33.33 

T3-Bispyribac Na 
- - 

 

- 1.61 

(4.00) 

- - 2.07 1.16 -  

    (14.67) (10.67)  29.33 

T4- Eucalyptus oil 

(5.0%) 

0.73 

(2.67) 

1.39 - 1.39 

(5.33) 

- 0.54 1.12 1.30 1.27  

(5.33)   (1.33) (9.33) (16.00) (4.00) 44.00 

T5- Eucalyptus oil 

(7.5%) 

- 

 

1.48 

(6.67) 

0.94 2.59 

(14.67) 

1.16 - - - -  

(5.33) (10.67)     37.33 

T6-Penoxsulam (33.75 

g) 

- 

 

- - 2.48 - - 1.75 - -  

  (12.00)   (9.33)   21.33 

T7-Cyhalo+Penox 
0.54 0.54 - 1.46 - 0.54 2.94 1.71 -  

(1.33) (1.33)  (5.33)  (1.33) (22.67) (8.00)  40.00 

T8-Weed free 
- - - - - - - - -  

         - 

T9-Weedy - 
2.33 

(10.67) 

- 0.73 - - 1.95 2.31 -  

 (2.67)   (24.00) (22.67)  60.00 

Total 6.67 33.32 12.00 49.33 16.00 4.00 104.00 58.67 4.00  

S. Em.± 0.39 

(1.17) 

0.41 

(2.33) 

0.42 0.47 0.46 0.30 0.84 0.65 0.21  

(2.10) (3.23) (3.77) (0.76) (9.81) (6.87) (0.76)  

*Figures in parenthesis indicate the actual values of weed number 
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Fig. 1 Effect of herbicides and eucalyptus oil on weed biomass in (g/m

2
) at 60 DAT during 2011 and 2012 

 

 
Fig. 2 Effect of herbicides and eucalyptus oil on grain yield of rice crop (q/ha) during 2011 and 2012 

 

 
Fig. 3 Effect of herbicides and eucalyptus oil on leaf area index of rice crop at 60 DAT during 2011 and 2012 
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Fig. 4 Effect of herbicides and eucalyptus oil on RGR (g/g/week) of rice crop during 45-60 DAT in 2011 and 

2012 

 

 
Fig. 5 Effect of herbicides and eucalyptus oil on CGR (g/cm

2
/week) of rice crop during 45-60 DAT in 2011 and 

2012 
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Abstract: The present studies were carried out at Experimental Farm of the Dr Y S Parmar U H F, Horticulture 

Research Station, Kandaghat, Solan, Himachal Pradesh during Kharif season of 2011 and 2012 to find out the effect of 

mulches and biofertilizers on different genotypes of tomato. The experiment was laid out in Split-Split Plot Design 

(SSPD) comprising of 27 treatments having combinations of three genotypes (V1-Naveen 2000+, V2-Sun-7711 and V3-

Solan Lalima), three mulches (M0-No mulch, M1-Pine needle mulch and M2- black polyethylene) and three biofertilizers 

(B0-recommended NPK, B1-100 % NPK + Azotobacter (1g/plant) + PSB (1g/plant) and B2-75 % NPK + Azotobacter 

(1g/plant) + PSB (1g/plant) replicated thrice. Among varieties, maximum yield was observed with the variety V2 (Sun-

7711), but the fruit quality characters were observed with the variety V3 (Solan Lalima). Among the mulch materials the M2 

(Black polythene) and biofertilizers B1 (100% NPK + Azotobacter (1g/plant) + PSB (1g/plant) were recorded to be the best  

regarding the fruit yield and quality. The first order interactions viz., varieties x mulch, biofertilizers x mulch and varieties x 

biofertilizers significantly affected most of the characters under study. Maximum fruit yield was obtained with treatment 

combinations of V2M2 (Sun-7711 applied with black polyethylene mulch), B2M2 (75% NPK + Azotobacter (1g/plant) + PSB 

(1g/plant) applied with black polyethylene mulch) and V2B2 (Sun-7711with 75 % NPK + Azotobacter (1g/plant) + PSB 

(1g/plant). Further in three factor interaction, the highest fruit yield (1037.33 q/ha) was obtained with the treatment 

combination of  Sun-7711, 75% NPK + Azotobacter (1g/plant) + PSB (1g/plant) and black polyethylene mulch (V2B2M2).  

 

Keyword: Biofertilizers, Mulch, Genotypes, Azotobacter   

 

INTRODUCTION 

 

omato (Solanum lycopersicum L.), is one of the 

most important vegetable crops grown 

throughout the world. In Himachal Pradesh, tomato 

is being cultivated over an area of 10,000 hectares 

with total annual production of 400,000 MT (NHB, 

2013). After green revolution, production of 

vegetables in our country has increased to great 

extent due to increased use of chemical fertilizers, 

use of high yielding varieties mainly hybrids and 

surplus usage of water resources. However, health 

and ecological hazards and depletion of non-

renewable sources of energy etc. are some of the 

features of long term usage of unbalanced chemical 

fertilizers and poor management of resources. Hence, 

there is a need to think for alternative sources of safe 

fertilizers which may enhance crop yields without 

having adverse effects on soil properties and 

pollution free environment (Gajbhiye et al., 2003). 

The excessive use of nitrogenous fertilizers and 

imbalanced use of other fertilizers has resulted in 

yield saturation and deterioration of soil health. 

Proper and regular incorporation of farm organic 

wastes and bio-inoculants are of utmost importance 

in maintaining the fertility and productivity of 

agricultural soils (Yadav, 2009). Hence, there is 

urgent need for use of mulches to regulate the soil 

moisture and application of biofertilizers and major 

nutrients to enhance the production and quality of 

tomato under open field condition. 

 

MATERIAL AND METHOD 

 

The present investigations were carried out at 

Experimental Farm of the Dr Y S Parmar U H F, 

Horticulture Research Station, Kandaghat, Solan, 

Himachal Pradesh during Kharif season of 2011 and 

2012. The experiment was laid out in Split-Split 

Plot Design (SSPD) comprising of 27 treatments 

including combinations of varieties, biofertilizers 

and mulches. Raised nursery bed of 3x1m size was 

prepared by mixing of well rotten FYM in the 

soil @ 20kg per bed. The seeds were sown in the 

rows 5 cm apart. The complete dose of 

phosphorus and potassium and 1/3 dose of 

nitrogen was applied at the time of field 

preparation as basal dose. However, the rest of 

nitrogen was applied in two equal doses viz. one 

month after transplanting and again two month 

after transplanting. Well rotten farm yard manure 

was applied directly to the soil based upon the 

nitrogen content of FYM which was applied @ 

25ton/ha before transplanting. One month 

seedlings were transplanted on flat and fine beds 

spaced at 30 cm from plant to plant and 90 cm 

from row to row thereby accommodating 18 

plants in 4.86 square meter beds. Transplanting 

was done on 2
nd

 April 2011 and 4
th

 April 2012 

followed by light irrigations for 3-4 days. 

Biofertilizers (Azotobacter and Phosphorus 

Solubilizing Bacteria - PSB) application was 

T 
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done through soil application @ 1g per plant by 

thoroughly mixed with FYM. The biofertilizers 

were applied as per the treatments assigned at the 

time of first earthing up i.e. 30 -35 days after 

transplanting. Black polyethylene mulch of 50µ 

(200 gauge thickness) and dry pine needle mulch 

were applied in plots according to the treatment 

combinations. The data on fruit yield (number of 

fruits/ plant, kg/plant, kg/plot and q/ha), TSS by 

Erma Hand Refractometer, acidity, vitamin C and 

lycopene content as per method described by 

(Rangana, 8) were collected. 

 

RESULT AND DSCUSSION 

 

The results obtained on number of fruits/plant have 

been presented in Table 1a, 1b & 1c which shows 

significant effect of varieties, biofertilizers and 

mulch. The pooled data of both the years show that 

the variety V3 (Solan Lalima) recorded maximum 

number of fruits/plant (38.00). Similarly number of 

fruits/plant was significantly affected by 

biofertilizers. The maximum number of fruits/plant 

(38.01) was observed with B1. With regard to 

mulches, M2 (Black polythene) recorded maximum 

number of fruits/plant (36.16). In V×B interaction, 

V3B2 gave the maximum number of fruits/plant 

(41.43). Biofertilizers and mulch interaction were 

also found significant for this traits. The maximum 

number of fruits/plant (39.80) was recorded with B2 

M2. The V×M interaction was significant during both 

the year of study. The pooled data analysis show that 

V3M2 recorded maximum number of fruits/plant 

(39.82). Regarding second order interactions, i.e. 

V×B×M, the maximum number of fruits/plant 

(43.34) was recorded with V3B1M2. This may be 

attributed to the genetic traits as reported by (Zaman 

et al., 12). The possible reason may be better 

proliferation of roots in organic manure, which 

helped in increased uptake of nutrients as well as 

plant growth hormones produced by microbes at root 

zone and also enhanced biological nitrogen fixation 

by the application of biofertilizers (Thakur et al., 9). 

The increased fruit number with black polythene 

mulch resulted in lesser weed number, less nutrient 

loss through leaching, thereby, resulting more fruits 

per plant (Bala, 2). 

The results obtained on fruit yield has been presented 

in Table 1a, 1b & 1c which shows significant 

individual effect of varieties, biofertilizers and 

mulches. Highest fruit yield (3.00 kg/plant, 54.08 

kg/plot and 890.13 q/ha) was observed with V2 (Sun-

7711). Biofertilizers affected the fruit yield 

significantly and B2 recorded the highest yield (2.87 

kg/plant, 51.69 kg/plot and 850.86 q/ha). Among 

various mulches, M2 (Black polythene) showed the 

highest yield (2.83 kg/plant, 50.96 kg/plot and 

838.90 q/ha). In V×B interactions, V2B2 recorded the 

maximum yield (3.28 kg/plant, 59.08 kg/plot and 

972.52 q/ha). With regard to B×M interactions, B2M2 

observed maximum yield (3.10 kg/plant, 55.78 

kg/plot and 918.18 q/ha). Further, the treatment 

combination V2M2 recorded maximum yield (3.22 

kg/plant, 57.90 kg/plot and 953.09 q/ha). In second 

order interaction, the treatment combination V2B2M2 

recorded maximum yield (3.50 kg/plant, 63.02 

kg/plot and 1037.33 q/ha). The varietal effect may be 

attributed to its growth habit governed by genetic 

traits (Kumar et al., 4). Optimum supply of nutrients 

resulted in better absorption of water and nutrients 

along with improved physical environment, which 

ultimately enhanced fruit yield (Thakur et al., 9). 

Increased yield with biofertilizers application which 

might be due to better nutritional environment in the 

root zone which accelerated the process of cell 

division and hence fruit yield (Sharma et al., 8). The 

possible reason for increased fruit yield might be 

associated to better organic nitrogen utilization in the 

presence of biofertilizers, which enhanced biological 

nitrogen fixation, better development of root system 

and possible higher synthesis of plant growth 

hormones (Gajbhiye et al., 3). The increase in yield 

may be attributed due to higher soil temperature 

which improved the plant micro-climate, thus, 

helping in maximum plant growth and fruit setting in 

tomato. 

The results obtained on fruit quality as presented in 

Table 2a, 2b & 2c show significant individual effect 

of varieties, biofertilizers and mulches. In individual 

effect, pooled data of both the years shows that V3 

(Solan Lalima) had maximum fruit TSS (5.02 
0
Brix), 

ascorbic acid (32.61 mg/100g) and lycopene content 

(2.67 mg/100) while maximum titratable acidity 

(0.51%) was recorded with V1 (Naveen 2000
+
). 

Among biofertilizers, B1 recorded maximum TSS 

(4.79 
0
Brix), ascorbic acid (32.07 mg/100g) and 

lycopene content (2.65 mg/100g) while titratable 

acidity (0.49 %) was recorded highest with B0. With 

regards to different mulches, M2 (Black polythene) 

showed maximum fruit TSS (4.78 
0
Brix), ascorbic 

acid (32.77 mg/100g) and lycopene content (2.67 

mg/100g) while M0 recorded maximum titratable 

acidity (0.48%). The data in Table 2b revealed that in 

the interaction between variety and biofertilizers, 

treatment combination V3B1 recorded highest 

ascorbic acid (33.10 mg/100g) and lycopene content 

(2.86 mg/100g) while highest titratable acidity (0.53 

%) was recorded with V1B0. Further treatment 

combination B1M2 recorded maximum ascorbic acid 

(33.27 mg/100g) and lycopene content (2.92 

mg/100g) and maximum titratable acidity (0.51 %) 

was observed with B0M0. In the interaction between 

variety and mulch, treatment combination V3M2 

recorded maximum ascorbic acid content (33.31 

mg/100g) and lycopene content (2.94 mg/100g). The 

effect of these treatment combinations on fruit TSS 

was non significant. The second order interaction 

between varieties, biofertilizers and mulch also 

recorded significant differences for titratable acidity, 

ascorbic acid and lycopene content while non 
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significant effects were observed for fruit TSS. The 

pooled analysis of data in the experiment of both the 

years revealed that maximum titratable acidity 

(0.58%) was obtained with treatment combination 

V1B0M0 while V3B1M2 recorded maximum ascorbic 

acid (33.87 mg/100g) and lycopene content (3.13 

mg/100g). The change in fruit quality with the 

varieties might be attributed to their genetic traits. 

The improvement in quality characters like TSS and 

titratable acidity content by application of 

biofertilizers might be due to their nutritional, 

stimulatory and therapeutic behavior as reported by 

(Thiikavally and Ramaswamy, 1999). Increased fruit 

TSS and titratable acidity with biofertilizers 

application. It might be due to proper and adequate 

provision of micro and macro nutrients (Gosavi et 

al., 4). Biofertilizers also enhanced production of 

growth regulating substances as reported by 

(Parvathan and Vijayan, 7). The possible reason for  

improvement of fruit quality attributes with black 

polythene mulch might be that black polythene 

mulch provided favourable condition for growth and 

development of plants by conservation of moisture, 

optimum temperature and least weed growth (Kaur 

and Singh, 5;  Ali and Gaur, 1). 

 

Table 1a. Effect of different mulches and biofertilizers on different yield parameters of different genotypes in 

tomato. 
Treatment combination Number of fruit/plant   Yield  

(kg/plant) 

Yield  

(kg/plot) 

Yield 

 (q/ha) 

2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled 

Varieties (V) 

V1 (Naveen 2000+) 29.70 29.99 29.85 2.28 2.39 2.34 41.07 43.06 42.07 676.07 708.87 692.47 

V2 (Sun-7711) 36.91 34.40 35.66 3.07 2.94 3.00 55.28 52.87 54.08 909.90 870.35 890.13 

V3 (Solan Lalima) 33.81 42.18 38.00 2.21 2.81 2.51 39.86 50.53 45.20 656.19 831.85 744.02 

CD0.05 0.08 0.14 0.10 0.02 0.01 0.01 0.15 0.16 0.10 2.10 2.85 1.61 

Biofertilizers 

B0 (NPK recommended) 
28.38 31.59 29.99 2.09 2.36 2.22 37.70 42.39 40.04 620.56 697.73 659.14 

B1(100%NPK+Azotobacter 

(1g/plant)+PSB(1g/plant) 

32.16 38.85 35.50 2.47 3.04 2.76 44.52 54.69 49.61 732.91 900.30 816.61 

B2 (75% NPK+Azotobacter 

(1g/plant)+PSB(1g/plant) 

39.89 36.13 38.01 3.00 2.74 2.87 53.99 49.39 51.69 888.68 813.04 850.86 

CD0.05 0.07 0.20 0.11 0.01 0.02 0.01 0.12 0.28 0.15 1.93 4.63 2.53 

Mulches (M) 

M0 (No Mulch) 
31.65 33.68 32.67 2.30 2.47 2.39 41.37 44.49 42.93 680.89 732.33 706.61 

M1 (Pine needle) 
33.58 35.75 34.67 2.54 2.74 2.64 45.69 49.22 47.45 752.03 810.18 781.10 

M2 (Black polyethylene) 35.19 37.13 36.16 2.73 2.93 2.83 49.16 52.77 50.96 809.24 868.57 838.90 

CD0.05 0.09 0.26 0.13 0.01 0.02 0.01 0.11 0.33 0.17 1.81 5.49 2.75 

 

Table 1. Effect of different interactions V x B, B x M and V x M on different yield parameters of different 

genotypes in tomato. 
Treatment 

combination 

Number of fruit/plant   Yield (kg/plant) Yield  

(kg/plot) 

Yield 

 (q/ha) 

2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled 

V1 B 0 24.51 25.71 25.11 1.86 1.98 1.92 33.54 35.59 34.56 552.06 585.87 568.96 

V 1 B 1 28.95 32.99 30.97 2.26 2.72 2.49 40.70 49.00 44.85 669.90 806.56 738.23 

V 1 B 2 35.65 31.28 33.46 2.72 2.48 2.60 48.98 44.60 46.79 806.25 734.17 770.21 

V 2 B 0 31.53 31.30 31.41 2.57 2.63 2.60 46.31 47.40 46.85 762.27 780.19 771.23 

V 2 B 1 35.32 37.51 36.41 2.99 3.27 3.13 53.83 58.75 56.29 886.16 967.08 926.63 

V 2 B 2 43.90 34.38 39.14 3.65 2.92 3.28 65.69 52.47 59.08 1081.26 863.78 972.52 

V 3 B 0 29.10 37.77 33.44 1.85 2.46 2.15 33.25 44.17 38.71 547.35 727.13 637.24 

V 3 B 1 32.21 46.04 39.12 2.17 3.13 2.65 39.04 56.33 47.69 642.67 927.26 784.96 

V 3 B 2 40.11 42.74 41.43 2.63 2.84 2.73 47.30 51.10 49.20 778.54 841.15 809.85 

CD 0.05 0.13 0.35 0.18 0.01 0.02 0.01 0.20 0.48 0.27 3.35 8.02 4.38 

B 0 M 0 26.80 30.26 28.53 1.92 2.19 2.05 34.54 39.34 36.94 568.52 647.56 608.04 

B 0 M 1 28.27 31.77 30.02 2.09 2.36 2.23 37.70 42.51 40.10 620.57 699.76 660.16 

B 0 M 2 30.07 32.74 31.41 2.27 2.52 2.39 40.86 45.31 43.09 672.60 745.86 709.23 

B 1 M 0 30.54 36.73 33.63 2.25 2.74 2.50 40.51 49.34 44.92 666.74 812.12 739.43 

B 1 M 1 32.30 38.88 35.59 2.49 3.05 2.77 44.88 54.88 49.88 738.85 903.32 821.09 

B 1 M 2 33.64 40.93 37.28 2.68 3.33 3.00 48.18 59.87 54.02 793.13 985.47 889.30 

B 2 M 0 37.61 34.05 35.83 2.73 2.49 2.61 49.05 44.79 46.92 807.40 737.29 772.35 

B 2 M 1 40.18 36.61 38.39 3.03 2.79 2.91 54.47 50.27 52.37 896.68 827.44 862.06 

B 2 M 2 41.87 37.73 39.80 3.25 2.95 3.10 58.44 53.12 55.78 961.97 874.38 918.18 

CD0.05 0.15 0.45 0.22 0.01 0.03 0.02 0.19 0.58 0.29 3.13 9.50 4.76 

V 1 M 0 
28.40 28.19 28.30 2.10 2.15 2.13 37.84 38.75 38.30 622.91 637.93 630.42 

V 1 M 1 29.64 30.10 29.87 2.29 2.41 2.35 41.14 43.40 42.27 677.23 714.36 695.80 

V 1 M 2 31.06 31.68 31.38 2.46 2.61 2.54 44.23 47.04 45.63 728.07 774.31 751.19 

V 2 M 0 35.05 33.02 34.04 2.84 2.74 2.79 51.09 49.27 50.18 840.91 811.03 825.97 
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V 2 M 1 36.67 34.59 35.63 3.06 2.96 3.01 55.01 53.28 54.15 905.55 877.10 891.32 

V 2 M 2 39.02 35.57 37.30 3.32 3.12 3.22 59.73 56.07 57.90 983.24 922.93 953.09 

V 3 M 0 
31.50 39.83 35.66 1.95 2.52 2.24 35.17 45.44 40.30 578.84 748.01 663.43 

V 3 M 1 34.43 42.56 38.50 2.27 2.83 2.55 40.90 50.97 45.94 673.33 839.06 756.20 

V 3 M 2 35.49 44.14 39.82 2.42 3.06 2.74 43.52 55.19 49.35 716.39 908.46 812.43 

CD0.05 0.15 0.45 0.22 0.01 0.03 0.02 0.19 0.58 0.29 3.13 9.50 4.76 

 

Table 1c. Effect of V x B x M interaction on different yield parameters of different genotypes in tomato 
Treatment 

combination 

Number of fruit/plant   Yield (kg/plant) Yield (kg/plot) Yield (q/ha) 

2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled 

V1B0M0 23.63 24.45 24.04 1.74 1.82 1.78 31.28 32.78 32.03 514.96 539.57 527.27 

V1B0M1 24.45 26.14 25.30 1.86 1.99 1.93 33.52 35.88 34.70 551.69 590.54 571.12 

V1B0M2 25.46 26.54 26.00 1.99 2.12 2.05 35.81 38.12 36.97 589.52 627.50 608.51 

V1B1M0 27.24 31.28 29.26 2.05 2.43 2.24 36.85 43.79 40.32 606.62 720.78 663.70 

V1B1M1 29.11 32.50 30.81 2.29 2.71 2.50 41.14 48.69 44.92 677.27 801.54 739.41 

V1B1M2 30.49 35.20 32.85 2.45 3.03 2.74 44.09 54.51 49.30 725.80 897.36 811.58 

V1B2M0 34.34 28.84 31.59 2.52 2.21 2.36 45.39 39.70 42.54 747.13 653.44 700.29 

V1B2M1 35.37 31.67 33.52 2.71 2.53 2.62 48.77 45.62 47.19 802.73 751.00 776.86 

V1B2M2 37.24 33.32 35.28 2.93 2.69 2.81 52.79 48.48 50.63 868.90 798.08 833.49 

V2B0M0 29.83 29.67 29.75 2.36 2.44 2.40 42.54 43.87 43.20 700.26 722.11 711.18 

V2B0M1 31.19 31.52 31.35 2.56 2.65 2.61 46.15 47.73 46.94 759.59 785.60 772.59 

V2B0M2 33.56 32.71 33.13 2.79 2.81 2.80 50.24 50.60 50.42 826.98 832.86 829.92 

V2B1M0 33.80 36.16 34.98 2.79 3.05 2.92 50.21 54.85 52.53 826.58 902.81 864.69 

V2B1M1 35.02 37.56 36.29 2.96 3.27 3.12 53.27 58.90 56.08 876.82 969.53 923.17 

V2B1M2 37.14 38.81 37.98 3.22 3.47 3.35 58.02 62.51 60.26 955.10 1028.92 992.01 

V2B2M0 41.53 33.25 37.39 3.36 2.73 3.04 60.50 49.10 54.80 995.90 808.17 902.03 

V2B2M1 43.80 34.69 39.25 3.65 2.96 3.30 65.62 53.23 59.43 1080.23 876.18 978.20 

V2B2M2 46.37 35.20 40.78 3.94 3.06 3.50 70.93 55.10 63.02 1167.65 907.01 1037.33 

V3B0M0 26.94 36.68 31.81 1.65 2.30 1.98 29.79 41.37 35.58 490.33 681.01 585.67 

V3B0M1 29.17 37.64 33.41 1.86 2.44 2.15 33.44 43.93 38.68 550.42 723.15 636.78 

V3B0M2 31.19 38.99 35.09 2.03 2.62 2.33 36.53 47.22 41.87 601.30 777.22 689.26 

V3B1M0 30.58 42.74 36.66 1.91 2.74 2.33 34.45 49.37 41.91 567.03 812.75 689.89 

V3B1M1 32.76 46.60 39.68 2.24 3.17 2.70 40.25 57.04 48.64 662.48 938.89 800.69 

V3B1M2 33.28 48.77 41.03 2.36 3.48 2.92 42.43 62.58 52.51 698.51 1030.12 864.32 

V3B2M0 36.97 40.07 38.52 2.29 2.53 2.41 41.26 45.58 43.42 679.17 750.28 714.72 

V3B2M1 41.37 43.46 42.42 2.72 2.89 2.81 49.03 51.95 50.49 807.08 855.14 831.11 

V3B2M2 42.00 44.67 43.34 2.87 3.10 2.98 51.60 55.77 53.68 849.36 918.04 883.70 

CD0.05 0.26 0.77 0.38 0.02 0.03 0.03 0.33 0.58 0.50 5.41 19.46 8.26 

 

Table 2a. Effect of different mulches and biofertilizers on number of days to first flowering and first harvest, 

harvest  duration and plant height of different genotypes in tomato. 
Treatment combination TSS 

 (0Brix) 

Titratable acidity  

(%) 

Ascorbic acid  

(mg/100g) 

Lycopene content  

(mg/100g) 

2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled 

Varieties (V) 

V1 (Naveen 2000+) 
4.12 4.26 4.19 

0.52 

(1.23) 

0.49 

(1.22) 

0.51 

(1.23) 30.34  31.13  30.73  2.44  2.49  2.47  

V2 (Sun-7711) 
4.41 4.57 4.49 

0.47 

(1.21) 

0.45 

(1.20) 

0.46 

(1.21) 30.95  31.74  31.35  2.20  2.27  2.23  

V3 (Solan Lalima) 
4.98 5.05 5.02 

0.40 

(1.18) 

0.39 

(1.18) 

0.39 

(1.18) 32.22  33.01  32.61  2.64  2.71  2.67  

CD0.05 0.22 0.21 0.20 0.01 0.02 0.01 0.07  0.06  0.01  0.01  0.02  0.01  

Biofertilizers 

B0 (NPK recommended) 
4.27 4.39 4.33 

0.49 

(1.22) 

0.48 

(1.22) 

0.49 

(1.22) 30.61  31.40  31.00  2.24  2.30  2.27  

B1(100%NPK+Azotobacter 

(1g/plant)+PSB(1g/plant) 4.74 4.86 4.80 
0.44 

(1.19) 

0.41 

(1.19) 

0.43 

(1.19) 
31.67  32.46  32.07  2.60  2.69  2.65  

B2 (75% NPK+Azotobacter 

(1g/plant)+PSB(1g/plant) 4.51 4.63 4.57 
0.46 

(1.21) 

0.44 

(1.20) 

0.45 

(1.20) 
31.23  32.02  31.63  2.43  2.47  2.45  

CD0.05 0.14 0.11 0.12 0.02 0.01 0.01 0.02  0.03  0.02  0.02 0.01  0.01  

Mulches (M) 
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Table 2b. Effect of different interactions V x B, B x M and V x M number of days to first flowering and first 

harvest, harvest duration and plant height in tomato. 
Treatment 

combination 

TSS 

 (0Brix) 

Titratable acidity  

(%) 

Ascorbic acid  

(mg/100g) 

Lycopene content  

(mg/100g) 

2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled 

V1 B 0 3.88 4.04 3.96 
0.53 

(1.24) 

0.54 

(1.24) 

0.53 

(1.24) 29.74  30.53  30.14  2.20  2.26  2.23  

V 1 B 1 4.37 4.49 4.43 
0.45 

(1.21) 

0.47 

(1.21) 

0.45 

(1.21) 30.89  31.68  31.29  2.67  2.73  2.70  

V 1 B 2 4.12 4.25 4.19 0.51 

(1.23) 

0.51 

(1.23) 

0.51 

(1.23) 30.38  31.17  30.78  2.44  2.48  2.46  

V 2 B 0 4.26 4.39 4.33 
0.48 

(1.20) 

0.49 

(1.22) 

0.48 

(1.20) 30.44  31.23  30.83  2.04  2.10  2.07  

V 2 B 1 4.54 4.72 4.63 
0.42 

(1.19) 

0.44 

(1.20) 

0.42 

(1.19) 31.41  32.20  31.80  2.33  2.42  2.38  

V 2 B 2 4.44 4.59 4.52 
0.43 

(1.19) 

0.45 

(1.20) 

0.43 

(1.19) 31.01  31.80  31.41  2.21  2.28  2.24  

V 3 B 0 4.67 4.74 4.70 
0.43 

(1.19) 

0.43 

(1.19) 

0.43 

(1.19) 31.65  32.44  32.05  2.48  2.54  2.51  

V 3 B 1 5.30 5.36 5.33 
0.36 

(1.17) 

0.36 

(1.17) 

0.36 

(1.17) 32.71  33.50  33.10  2.79  2.92  2.86  

V 3 B 2 4.97 5.05 5.01 
0.38 

(1.17) 

0.39 

(1.18) 

0.38 

(1.17) 32.29  33.08  32.69  2.64  2.66  2.65  

CD0.05 NS NS NS 0.02 0.01 0.02 0.04  0.05  0.03  0.01  0.02  0.01  

B 0 M 0 4.03 4.20 4.12 
0.51 

(1.23) 

0.52 

(1.23) 

0.51 

(1.23) 29.13  29.92  29.52  2.09  2.16  2.13  

B 0 M 1 4.28 4.38 4.33 
0.49 

(1.22) 

0.49 

(1.22) 

0.49 

(1.22) 30.93  31.72  31.33  2.18  2.25  2.22  

B 0 M 2 4.50 4.58 4.54 
0.45 

(1.21) 

0.46 

(1.21) 

0.45 

(1.21) 31.77  32.56  32.16  2.45  2.50  2.48  

B 1 M 0 4.47 4.61 4.55 
0.45 

(1.20) 

0.46 

(1.20) 

0.45 

(1.20) 30.23  31.02  30.62  2.35  2.44  2.40  

B 1 M 1 4.77 4.85 4.81 
0.42 

(1.19) 

0.43 

(1.19) 

0.42 

(1.19) 31.90  32.69  32.30  2.56  2.67  2.61  

B 1 M 2 4.97 5.12 5.04 
0.37 

(1.17) 

0.39 

(1.17) 

0.37 

(1.17) 32.87  33.66  33.27  2.88  2.96  2.92  

B 2 M 0 4.29 4.42 4.36 
0.46 

(1.21) 

0.47 

(1.21) 

0.46 

(1.21) 29.68  30.47  30.08  2.22  2.28  2.26  

B 2 M 1 4.52 4.67 4.60 
0.44 

(1.20) 

0.45 

(1.20) 

0.44 

(1.20) 31.52  32.31  31.92  2.39  2.44  2.42  

B 2 M 2 4.72 4.79 4.76 0.41 

(1.19) 

0.42 

(1.19) 

0.41 

(1.19) 32.49  33.28  32.88  2.67  2.70  2.69  

CD0.05 NS NS NS 0.01 0.02 0.01 0.05  0.05  0.04  0.02 0.01  0.01  

V 1 M 0 3.90 3.99 3.95 
0.54 

(1.24) 

0.54 

(1.23) 

0.54 

(1.24) 28.55  29.34  28.94  2.25  2.29  2.28  

V 1 M 1 4.12 4.27 4.20 
0.51 

(1.23) 

0.52 

(1.24) 

0.51 

(1.23) 30.80  31.59  31.20  2.38  2.45  2.42  

V 1 M 2 4.35 4.51 4.44 0.45 

(1.20) 

0.47 

(1.21) 

0.45 

(1.20) 31.66  32.45  32.06  2.67  2.73  2.70  

V 2 M 0 4.19 4.42 4.31 
0.47 

(1.21) 

0.49 

(1.22) 

0.47 

(1.21) 28.91  29.70  29.30  2.04  2.15  2.09  

V 2 M 1 4.43 4.55 4.49 
0.45 

(1.20) 

0.46 

(1.21) 

0.45 

(1.20) 31.39  32.18  31.79  2.13  2.19  2.16  

V 2 M 2 4.61 4.74 4.68 
0.42 

(1.19) 

0.43 

(1.19) 

0.42 

(1.19) 32.56  33.35  32.95  2.41  2.46  2.44  

V 3 M 0 4.69 4.83 4.77 
0.41 

(1.19) 

0.42 

(1.19) 

0.41 

(1.19) 31.58  32.37  31.98  2.38  2.44  2.41  

V 3 M 1 5.02 5.08 5.05 
0.39 

(1.18) 

0.39 

(1.18) 

0.39 

(1.18) 32.16  32.95  32.56  2.62  2.71  2.67  

V 3 M 2 5.22 5.23 5.23 0.37 

(1.17) 

0.37 

(1.17) 

0.37 

(1.17) 32.91  33.70  33.31  2.91  2.97  2.94  

CD0.05 NS NS NS 0.01 0.02 0.01 0.05  0.05  0.04  0.01  0.02  0.01  

 

Table 2c. Effect of V x B x M interaction number of days to first flowering and first harvest, harvest duration 

and plant height in tomato. 
Treatment 

combination 

TSS 

 (0Brix) 

Titratable acidity  

(%) 

Ascorbic acid  

(mg/100g) 

Lycopene content  

(mg/100g) 

2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled 

V1B0M0 3.58 3.78 3.68 

0.59 

(1.26) 

0.58 

(1.25) 

0.58 

(1.257) 28.14  28.93  28.53  2.09  2.16  2.13  

M0 (No Mulch) 
4.26 4.41 4.34 

0.49 

(1.22) 

0.47 

(1.21) 

0.48 

(1.22) 29.68  30.47  30.07  2.22  2.29  2.23  

M1 (Pine needle) 
4.52 4.63 4.58 

0.47 

(1.21) 

0.45 

(1.20) 

0.46 

(1.21) 31.45  32.24  31.85  2.38  2.45  2. 47  

M2 (Black polyethylene) 
4.73 4.83 4.78 

0.44 

(1.19) 

0.41 

(1.19) 

0.42 

(1.19) 32.38  33.17  32.77  2.67  2.72  2.67  

CD0.05 0.08 0.09 0.08 0.01 0.02 0.01 0.03  0.03  0.02  0.01  0.02 0.01  
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V1B0M1 3.88 4.03 3.96 

0.56 

(1.25) 

0.53 

(1.24) 

0.54 

(1.241) 30.11  30.90  30.51  2.13  2.22  2.18  

V1B0M2 4.17 4.31 4.24 

0.51 

(1.23) 

0.49 

(1.22) 

0.50 

(1.225) 30.97  31.76  31.37  2.37  2.41  2.39  

V1B1M0 4.11 4.23 4.17 

0.52 

(1.23) 

0.50 

(1.22) 

0.51 

(1.229) 29.01  29.80  29.41  2.45  2.47  2.46  

V1B1M1 4.38 4.49 4.44 

0.49 

(1.23) 

0.47 

(1.21) 

0.49 

(1.221) 31.39  32.18  31.79  2.61  2.67  2.64  

V1B1M2 4.61 4.76 4.69 

0.47 

(1.21) 

0.39 

(1.18) 

0.42 

(1.194) 32.27  33.06  32.67  2.95  3.05  3.00  

V1B2M0 4.01 3.96 3.99 

0.46 

(1.23) 

0.55 

(1.24) 

0.53 

(1.238) 28.49  29.28  28.89  2.21  2.25  2.23  

V1B2M1 4.09 4.30 4.19 

0.43 

(1.24) 

0.52 

(1.23) 

0.52 

(1.236) 30.91  31.70  31.31  2.40  2.45  2.43  

V1B2M2 4.27 4.48 4.38 

0.41 

(1.23) 

0.46 

(1.21) 

0.48 

(1.215) 31.74  32.53  32.14  2.70  2.74  2.72  

V2B0M0 4.06 4.24 4.15 

0.52 

(1.24) 

0.50 

(1.22) 

0.51 

(1.229) 28.17  28.96  28.56  1.93  1.99  1.96  

V2B0M1 4.26 4.38 4.32 

0.50 

(1.22) 

0.50 

(1.23) 

0.50 

(1.225) 31.03  31.82  31.43  2.00  2.07  2.03  

V2B0M2 4.46 4.55 4.51 

0.46 

(1.21) 

0.46 

(1.21) 

0.47 

(1.211) 32.11  32.90  32.51  2.20  2.25  2.23  

V2B1M0 4.34 4.56 4.45 

0.49 

(1.23) 

0.46 

(1.21) 

0.48 

(1.217) 29.62  30.41  30.02  2.13  2.27  2.20  

V2B1M1 4.55 4.69 4.62 

0.46 

(1.21) 

0.42 

(1.19) 

0.44 

(1.200) 31.72  32.51  32.12  2.25  2.32  2.28  

V2B1M2 4.73 4.92 4.83 

0.40 

(1.18) 

0.38 

(1.18) 

0.39 

(1.179) 32.88  33.67  33.27  2.61  2.66  2.64  

V2B2M0 4.20 4.46 4.33 

0.38 

(1.23) 

0.45 

(1.20) 

0.48 

(1.215) 28.93  29.72  29.33  2.05  2.17  2.11  

V2B2M1 4.49 4.57 4.53 

0.37 

(1.21) 

0.44 

(1.19) 

0.45 

(1.203) 31.42  32.21  31.82  2.15  2.20  2.17  

V2B2M2 4.64 4.76 4.70 

0.35 

(1.20) 

0.41 

(1.19) 

0.43 

(1.194) 32.68  33.47  33.08  2.42  2.46  2.44  

V3B0M0 4.44 4.59 4.52 

0.52 

(1.21) 

0.45 

(1.20) 

0.46 

(1.207) 31.08  31.87  31.48  2.27  2.32  2.30  

V3B0M1 4.70 4.73 4.72 

0.53 

(1.19) 

0.43 

(1.19) 

0.43 

(1.196) 31.64  32.43  32.04  2.40  2.46  2.43  

V3B0M2 4.86 4.90 4.88 

0.50 

(1.19) 

0.41 

(1.18) 

0.41 

(1.187) 32.22  33.01  32.62  2.78  2.83  2.81  

V3B1M0 4.98 5.06 5.02 

0.51 

(1.17) 

0.38 

(1.17) 

0.38 

(1.175) 32.05  32.84  32.45  2.47  2.58  2.53  

V3B1M1 5.36 5.36 5.36 

0.45 

(1.16) 

0.37 

(1.17) 

0.37 

(1.169) 32.60  33.39  33.00  2.82  3.01  2.92  

V3B1M2 5.56 5.67 5.61 

0.44 

(1.16) 

0.34 

(1.16) 

0.35 

(1.160) 33.47  34.26  33.87  3.07  3.18  3.13  

V3B2M0 4.68 4.85 4.76 

0.42 

(1.19) 

0.40 

(1.18) 

0.41 

(1.187) 31.61  32.40  32.01  2.41  2.42  2.42  

V3B2M1 5.00 5.16 5.08 

0.39 

(1.18) 

0.37 

(1.17) 

0.38 

(1.175) 32.24  33.03  32.63  2.63  2.66  2.64  

V3B2M2 5.24 5.13 5.18 

0.37 

(1.17) 

0.36(1

.17) 

0.37 

(1.169) 33.04  33.83  33.43  2.89  2.90  2.89  

CD 0.05 NS NS NS 0.02 0.01 0.02 0.09  0.08  0.08  
0.02  0.02  

0.01  
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Abstract: The present study of the twenty five years (1990 to 2015) temporal data of rainfall of India   (Country) to Uttar 

Pradesh (State) and Western U.P. (a part) to Meerut (District) studied to understand pattern of annual and monsoon rainfall. 

The average normal monthly rainfall of study area of country level to state and District level are observed in India 

1152.3mm, in U.P. 955.3mm, in Western U.P. 743.2mm & in Meerut 836.7mm. The long term data analysis of year wise 

June, July August and September contributes rainfall in India 867.3mm, in U.P. 825.7mm, in Western U.P. 653.4 and In 

Meerut 692.2mm in south west monsoon rainfall season respectively. The overall study of temporal data of rainfall observed 

251% rainfall in the part of Western U.P. whereas observed minimum 80% in the India level. The cumulative study of 

rainfall data observed  in India the cumulative values are  observed  negative in years 1990-1993 & 2001-2014  The western 

U.P. positive values in year 1990-1994, 1997 & 2009 to 2015 whereas in Meerut district observed cumulative negative in 

year 1990 to 1993  & 2015.  The overall study of data overall in India has lowest in normal (39%) whereas monsoon rainfall 

observed 33% precipitation ratio.  The monsoon rainfall anomaly were observed in years of 1994 (1.74) , 2008(2.13), 2003 

(2.15) &1.56 (1994)  showing the highest positive  normal rainfall anomaly in India, U.P., Parts of Western U.P. & Meerut 

respectively. In future, expected normal annual and south west rainfall may be less in year 2030 observed 1005.1mm, 513.4 

& 725.7 India, Parts of Western U.P. & Meerut district respectively whereas the monsoon rainfall future expected rainfall are  

observed in India 812.5mm,  in Parts of Western U.P. 417.5mm  & in Meerut district 246.3mm. The expected annual & 

monsoon rainfall in year 2016 to 2030 rainfall patterns are declining stage. This is dynamic view to overall scenario of long 

term data study of future prospect. 

 

Keyword: Anomaly, Drought, Monsoon, Precipitation, Western U.P. 

 

INTRODUCTION 

 

ainfall is the primary natural resource of water 

on the earth and recharges the water in the 

ground water table.  It is a great importance for 

India's Economy, specially its agriculture industry. It 

is highly variable over space and time, leads to flood 

and drought every year on one or the other part of the 

country. Over 75% of the annual rainfall is received 

in the four rainy months of June to September only 

thereby leading to large variations on temporal scale.  

The country level to district level study found the 

basic information about rainfall. The country 

received annual rainfall of 91% of its normal rainfall 

of 118.7 cm and during SW monsoon season, 86% of 

its normal rainfall of 89 cm. 

The statistics is provided on monthly, 4 seasons i.e. 

Winter (Jan-Feb), Pre-Monsoon (Mar-May), 

Monsoon (may be referred as South West Monsoon) 

(Jun-Sep) and Post-Monsoon (Oct-Dec), and on 

annual basis (Kaur & Purohit, 2015).  

The Uttar Pradesh is much fortunate to get better 

rainfall in comparison to most of the states of the 

country. The mean annual rainfall ranges from 

650mm in south west corner of the state to 1000mm 

in the eastern and south eastern parts of the state 

(Roy & Ahmad 2015). 

Western U.P is specific parts of Ganga Plain Region 

(Planning commission Report, 2005). It covers 

highly fertile Rohilkhand plain, upper, middle and 

part of lower Ganga Yamuna doab (Singh & Islam, 

2010). The total geographical areas of UP 

240,928sqkm and western UP has 72,018 sq.km 

percentage of total area is 29.6 % rest area 70.4% 

UP. The climate of the region is tropical monsoon, 

Rainfall ranges from 600 to 1,000 mm (24–39 in) in 

the western Uttar Pradesh. Western Uttar Pradesh 

consists of twenty three districts (Dainik Jagran, 

2008)   &       (Harit Pradesh, http://en.wikipedia.org 

/wiki/file:India_Harit_Pradesh_locator_map.svg., 

Meerut has humid subtropical type climate which is 

characterized by cool winters and very hot summers.  

The average annual rainfall of Meerut is about 

805.98 mm (Kumar et al., 2009). About 80% of the 

rainfall is received during the south west monsoon 

(Jain & Kumar, 2012). The monsoon begin by the 

end of June and last till the end of September.  

The present study of the twenty five years (1990 to 

2015) temporal data of rainfall of India   (Country) to 

Uttar Pradesh (State) and Western U.P. (a part) to 

Meerut (District) studied to understand pattern of 

annual and monsoon rainfall.  This is dynamic view 

to overall scenario of long term data study of future 

prospect. 

 

RESEARCH ELABORATIONS 

 

Objectives  

The temporal rainfall data is useful to understand 

pattern of annual and monsoon rainfall.  The long 

term dynamic data statistical analyses also help for 

study of future scenario in rainfall pattern. 

R 
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Study area  

The proposed of  combine study area (Fig.1) of 

country level to state and District level the rainfall 

play a common role. India, the seventh largest 

country in the world situated between latitudes 8° 4’ 

and 37° 6’ longitudes 68° 7’ and 97° 25’ (Figure 1) 

and occupies a geographical area of 32,87, 263 

sq.km. (Shobha Rani et al., 2010). The country 

exhibits great diversity in climate, topography, flora- 

fauna and land use patterns. The climate may be 

broadly described as tropical monsoon type. The 

state level study area, Uttar Pradesh is situated in 

northern India. Nepal is International boundary of the 

state. It covers 93,933 miles (243290 Km2). This is 

most populous state of India. It is the fifth largest 

state of India. It accounts for 6.88 percent of total 

area of the country. At present state has 75 districts, 

327 tehsils, 822 blocks and 107452 revenue villages. 

The state is also dividend into 9 agro climatic zones, 

The largest Gangetic plain region is in the north it 

includes the Ganges,Yamuna, Doab and the Ghaghra 

plains. Rainfall is the main source of water resource. 

Western U.P is specific parts of Ganga Plain Region 

(Planning commission Report, 2005).  It covers 

highly fertile Rohilkhand plain, upper, middle and 

part of lower Ganga Yamuna doab (Singh & Islam, 

2010). The total geographical areas of UP 

240,928sqkm and western UP has 72,018 sq.km 

percentage of total area is 29.6 % rest area 70.4% 

UP. Coordinates of Western Uttar Pradesh are as 

following: Latitudinal extent - 29° 58′ 12″ N to 26° 

28′ 12″ N Longitudinal extent - 77° 35′ 0″ E to 80° 6′ 

0″ E. It lies between the two important streams – the 

Ganga and the Yamuna (Koshal, 2013). Western 

Uttar Pradesh shares borders with the states of 

Uttarakhand, Haryana, Delhi, Rajasthan and Madhya 

Pradesh, as well as a brief international border with 

Nepal in Pilibhit district. It is one of the fertile 

regions of the state of Uttar Pradesh (Rehman, et al., 

2008). Meerut District is the part of Upper Ganga- 

Yamuna doaba which lies between 28
0
.98’ & 29

0
.15’ 

north latitude and between 77
0
.45’ & 77

0
.07’ east 

longitude (Abst.  & Souv., 2016).  The altitude / 

elevation (above sea level) of the city are 224.6 m 

(Fig.1). The district is spread across 2564 square 

kilometer .The land of district is very fertile which is 

known as alluvial soil or loamy soil deposits by 

Ganga. Meerut has humid subtropical type climate 

which is characterized by cool winters and very hot 

summers. The rainfall pattern play vital role in study 

area and agricultural pattern or distribution.  

 

 
Fig. 1. Study Area 

 

MATERIAL AND METHOD 

 

Statistical Analysis It is inevitable to bring crops and 

climatic data into one common format preferably in 

excel. Handling and analyzing the data in this format 

is easy and conversion to other formats (Fig. 2). 

The Data and Method  

The present study is based on secondary sources of 

time series data obtained 25 years 1990- 2015. The 

data were collected from the published records, 

bulletin of the Directorate of Agricultural Statistics 

and the Institute of State Planning, U.P., ICAR, DRR 

and other national level institute.  

The climatic data (annual rainfall) of study area  for 

continuous 25years 1990 to 2015 data were obtained 

from India water portal website, IMD, New Delhi & 

NASA POWER (1990-2002, 2003, 2004-06 &2007-

13 & 2014-15) (Rainfall data Info: a,b,c,d & e).  The 

data set used in this study is derived from the time 

series of annual and monsoon precipitation. The S-W 

rainfall data analysis to observed pattern of trend and 

develop forecasting model for future scenario. The 

different type of statistical data analysis viz. 

Coefficient of Variation (CV), Standard deviation, 

Correlation of Coefficient (R
2
), Departure and 

Cumulative departure and Trend Analysis to given 

important scenario of change pattern of time series 

data in MS Excel. 
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Fig. 2. Methodology 

 

The Following formula has been used for 

determining Mean, Standard Deviation and Co-

efficient of Variation.  

(a) Mean (x ) =
 x

N
 

Where, 

x = rainfall variables, N = number of years  

(b) Standard Deviation (σ) =
 (x−x) 2     

N
 

Where,  

x  = the mean value as is defined above.  

In computing the deviation score (x − x) and the 

standardized anomaly, formula viz. 

 (c) Standardirzed anomaly =   
(x−x )

STD
 

Where,  

x is the annual rainfall totals, x  is the mean of the 

entire series and STD is the standard deviation from 

the mean of the series.  

(d) Coefficient of variation =
Standard  Deviation  

Mean
x100 

It is also referred to as the coefficient of mean 

deviation, is defined as the ratio of the standard 

deviation to the mean of the data set.                                                        

(e) Median: It is the middle value when the data is 

arranged in order of size. 

(f)  Coefficient of Skewness: The coefficient of 

skewness measures the skewness of a distribution. It 

is based on the notion of the moment of the 

distribution.   

Skewness =   
x −  Mode

Standard Deviation 
x100 

Where,  

x  represents the arithmetic mean  

This measure is equal to zero if the data are 

distributed symmetrically. 

Precipitation ratio (%)  

The abnormalities of rainfall at any location may be 

brought by a simple ratio of precipitation. It is the 

difference between maximum and minimum rainfall 

of the annual rainfall series expressed in terms of 

mean. 

PR =   
(PMax −  PMin  )

PMar  
x100 

Where,  

PR = Precipitation Ratio  

PMax = Maximum mean annual rainfall  

PMin = Minimum mean annual rainfall                                                                                                                                        

PMAR = Mean annual rainfall 

 

RESULT AND DISCUSSION 

 

The mathematical and statistical analyses of Normal 

and South-west rainfall (S-W rainfall)   are discussed 

in below: 

Variation of monthly rainfall  

The average normal monthly rainfall of 25 years 

(1990-2015) for combine study area of country level 

to state (Table 1) and District level are observed in 

India 1152.3mm, in U.P. 955.3mm, in Western U.P. 

743.2mm & in Meerut 836.7mm. the intensity of 

rainfall increasing from June to September (South-

west Monsoon), and suddenly decreasing trend 

noticed from October to December (Post- monsoon).  

The analysis of 25 years monthly data observed 

minimum rainfall observed 447.6mm in Western 

U.P. (1997) and highest rainfall observed in 

1401.4mm India (1990).   The coefficient of 

variation for monthly mean rainfall observed highest 

in the U.P.  and it is 214% whereas coefficient of 

variation is minimum observed in India and it is only 

86% (Table 2). 
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Table 1. Temporal Normal & Monsoon Rainfall (1990 to 2015) 

Temporal Normal & Monsoon Rainfall (1990 to 2015) 

Year 

Normal Rainfall Monsoon Rainfall 

India UP Western U.P. Meerut Year India UP Western U.P. Meerut 

1990 1401.4 1048.1 963.1 916.7 965.2 922.3 963.1 825.9 739.2 

1991 1170.2 809.5 771.1 649.7 872.7 749.7 771.1 699.2 569.3 

1992 1102.7 829.7 820.1 751.2 848 706.7 820.1 707.7 663.1 

1993 1207.8 843 768.8 752.6 889.3 766.9 768.8 699.2 676.3 

1994 1295.3 864.7 805.9 1003.8 987.4 796.8 805.9 745.5 930.9 

1995 1242.4 876.8 829.4 975.9 914.7 804.6 829.4 774 842.7 

1996 1182.9 991.7 940.9 943.1 886.2 812.9 940.9 816.6 793.8 

1997 1183.1 954.6 447.6 926.5 866.5 762.9 447.6 376.4 628.6 

1998 1208.8 1077.5 865.2 1152.7 882.6 937.3 865.2 770.7 926 

1999 1116.6 970.2 787.3 720.2 827.9 856 787.3 723.7 611.9 

2000 1035.4 951 773 853.6 798.1 872.1 773 713.9 702.9 

2001 1105.2 857.9 696 701.5 822.4 760.2 696 605 626.6 

2002 981.9 681.8 729.1 733.6 740.1 581.6 729.1 608.8 630.5 

2003 1243.6 1035.2 1129.5 1028.1 947.9 952.7 1129.5 1005.3 883.4 

2004 1080.5 814.6 647.2 734.6 774.1 682.7 647.2 496.9 534.3 

2005 1208.3 908.4 752.6 842.9 874.4 797.1 752.6 690.1 712.8 

2006 1161.6 889.9 510.4 865 889.3 774.8 510.4 438.2 733.3 

2007 1179.3 980.7 586.1 1002.1 943 790.9 586.1 469.5 792.8 

2008 1118 1194.9 840.4 785.6 877.8 1091.6 840.4 798.3 629.6 

2009 953.7 803.9 552.4 569.8 698.3 644 552.4 442.3 444.7 

2010 1215.5 992.4 818.7 948.9 911.1 911.8 818.7 772.2 864.5 

2011 1116.3 1133.3 776 938.1 901.3 1019.3 776 724.1 794 

2012 1054.7 960.7 582.7 759.4 823.9 891 582.7 548.1 685.2 

2013 1092.5 1302.3 855.6 1049.2 937.2 1025.3 855.6 758.7 836.1 

2014 1045.2 874.2 487 561.4 782.1 645.7 487 339.3 360 

2015 1256.7 1190 586.4 587.5 887.1 912 586.4 439.9 384.5 

 

Table 2. Statistical Analysis of rainfall data (1990 to 2015) 

Annual  Normal Rainfall   

Parameters  India (av) Uttar Pradesh Western Uttar Pradesh Meerut 

Mean 1152.29 955.27 743.17 836.68 

SD 99.31 141.74 159.04 158.25 

CV 0.09 0.15 0.21 0.19 

CV% 8.62 14.84 21.40 18.91 

MIN 953.70 681.84 447.60 561.40 

MAX 1401.40 1302.31 1129.50 1152.70 

MEDIAN 1165.90 952.83 772.05 848.25 

COFF OF SKEWNESS 0.19 0.63 0.08 -0.05 

Annual  Monsoon Rainfall  

Parameters India (av) Uttar Pradesh Western Uttar Pradesh Meerut 
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Mean 867.25 825.73 653.44 692.19 

SD 69.25 125.10 163.81 153.16 

CV 0.08 0.15 0.25 0.22 

CV% 7.98 15.15 25.07 22.13 

MIN 698.30 581.63 339.30 360.00 

MAX 987.40 1091.64 1005.30 930.90 

MEDIAN 880.20 800.89 703.45 694.05 

COFF OF SKEWNESS -0.60 0.17 -0.28 -0.48 

 

This shows that rainfall is more stable in the year 

wise study and is more variable in the month of 

Meerut and UP. areas. The part of Western U.P. most 

of the areas are agrarian land and most of the land 

cover in Kharif and Rabi season of rice-wheat 

system, it is a primary and dominant system. But due 

to changing of rainfall pattern showed rainfall 

deviated 159 then India level only deviated 99.3.

 

 

 
Fig. 3. Rainfall pattern of Normal & Monsoon rainfall 

 

The scenario of temporal rainfall data observed 

South-west monsoon has maximum rainfall then 

other seasonal rainfall (Table 1)  

Yearly variation of South west monsoon 

The long term data analysis of year  wise June, July 

August and September contributes rainfall in India 

867.3mm, in U.P. 825.7mm, in Western U.P. 653.4 

and In Meerut 692.2mm in south west monsoon 

rainfall season respectively, the results of the 

analysis are given in Table 5. 

The mean of maximum rainfall is 1091.6mm 

observed in the U.P.( 2008) whereas minimum 

rainfall is 581.6  observed also in  UP (2002). The 

detail analysis of data the year 2002, 2009 and 2011 

were drought year. The most of the Districts were 

without rainfall.  

The overall study of temporal data of rainfall 

observed 251% rainfall in the part of Western U.P. 

whereas observed minimum 80% in the India level. 

The analysis of rainfall data observed deviated 

rainfall is 163.8 in the parts of Western part of U.P. 

because of the part more sensible then other areas in 

South –west rainfall pattern (Table 2 & Fig.3). 

Because of these pattern of rainfall observed more 

than 250 and lowest observed only 80% changes are 

observed. The monthly south-west monsoon rainfall 

variability in years is observed maximum after 21th 

century. It is most important period of rainfall 

temporal cycle. 

Rainfall departure and cumulative departure of 

Normal  rainfall 

The departure and cumulative departure from 

average rainfall for the study area has been depicted 

in Table.3. The trend of annual departure from the 

computed value of average annual rainfall reveals 

that;  

(a) Years showing annual positive departure 

with respect to average annual rainfall were  
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In India: 1990-91, 1993-1998, 2003, 2005-07, 2010 

& 2015; In U.P. : 1990, 1996, 1998-99, 2003, 2007-

08, 2010-13& 2015; In Western U.P.:  1990-96, 

1998-00, 2003, 2005, 2008, 2010-11 & 2013 &  In 

Meerut :1990, 1994-98, 2000, 2003, 2005-07, 2010-

11 & 2013.  The positive trend of rainfall shows the 

favourable conditions for recharge. 

(b) Years showing annual negative departure 

with respect to average annual rainfall were  

In India: 1992, 1999-02, 2004, 2008-09 &  2011-14; 

In U.P. : 1991-95, 1997, 2000-02, 2004-06, 2009 &  

2014; In Western U.P.:  1997,2001-02, 2004, 2006-

07, 2009, 2012 & 2014-15 &  In Meerut :1991-93, 

1999, 2001-02, 2004, 2008-09, 2012 & 2014-15. The 

negative trend of rainfall shows the unfavourable 

conditions for recharge.  

The cumulative study of rainfall data observed  in 

India positive in  year 1995-99& negative in year 

1990-1994 & 2000-15 whereas In U.P. all values of 

the study area observed  negative values. The 

western U.P. positive values in year 1995-96, 1998- 

2008 & 2011 whereas in Meerut district observed 

cumulative value are positive in year 1997 to 2014.   

Rainfall departure and cumulative departure of 

south west rainfall 

The departure and cumulative departure from 

average South west rainfall for the study area has 

been depicted in Table.4. The trend of annual 

departure from the computed value of average annual 

rainfall reveals that;  

(a) Years showing annual positive departure 

with respect to average monsoon rainfall were  

In India: 1990-91, 1993-1996, 1998, 2003, 2005-08, 

2010 & 2010-11, 2013 &2015; In U.P. : 1990, 1998-

00,  2003, 2008, 2010-13& 2015; In Western U.P.:  

1990-96, 1998-00, 2003, 2005, 2008, 2010-11 & 

2013 &  In Meerut :1990, 1994-96,1998, 2000, 2003, 

2005-07, 2010-11 & 2013.  The positive trend of 

rainfall shows the favourable conditions for recharge. 

(b) Years showing annual negative departure 

with respect to average annual rainfall were  

In India: 1992, 1997, 1999-02, 2004, 2009,2012  & 

2014; In U.P. : 1991-97, 2001-02, 2004-07, 2009 &  

2014; In Western U.P.:  1997,2001-02, 2004, 2006-

07, 2009, 2012 & 2014-15 &  In Meerut :1991-93, 

1997, 1999, 2001-02, 2004, 2008-09, 2012 & 2014-

15. The negative trend of rainfall shows the 

unfavourable conditions for recharge.  

The cumulative study of rainfall data observed  in 

India the cumulative values are  observed  negative 

in years 1990-1993 & 2001-2014  whereas in U.P.  

all values of the study area are observed negative . 

The western U.P. positive values in year 1990-1994, 

1997 & 2009 to 2015 whereas in Meerut district 

observed 1990 to 1993  & 2015 cumulative value are 

negative.

   

Table 3. Rainfall departure and cumulative departure of normal rainfall 

Year 

Departure 

from 

average 

rainfall 

India 

Departure 

from 

average 

rainfall U.P. 

Departure 

from 

average 

rainfall 

Western 

U.P. 

Departure 

from 

average 

rainfall 

Meerut 

Cumulative 

departure 

from average 

rainfall India 

Cumulative 

departure 

from average 

rainfall U.P. 

Cumulative 

departure 

from average 

rainfall 

Western U.P. 

Cumulative 

departure 

from average 

rainfall 

Meerut 

1990 249.1 92.8 219.9 80.0 -249.1 -92.8 -219.9 -80.0 

1991 17.9 -145.8 27.9 -187.0 -231.2 -238.6 -192.0 -267.0 

1992 -49.6 -125.6 76.9 -85.5 -280.8 -364.2 -115.1 -352.5 

1993 55.5 -112.3 25.6 -84.1 -225.3 -476.5 -89.4 -436.6 

1994 143.0 -90.6 62.7 167.1 -82.3 -567.1 -26.7 -269.4 

1995 90.1 -78.5 86.2 139.2 7.8 -645.6 59.5 -130.2 

1996 30.6 36.4 197.7 106.4 38.4 -609.2 257.2 -23.8 

1997 30.8 -0.6 -295.6 89.8 69.2 -609.9 -38.3 66.0 

1998 56.5 122.3 122.0 316.0 125.8 -487.6 83.7 382.0 

1999 -35.7 15.0 44.1 -116.5 90.1 -472.7 127.8 265.6 

2000 -116.9 -4.2 29.8 16.9 -26.8 -476.9 157.6 282.5 

2001 -47.1 -97.4 -47.2 -135.2 -73.9 -574.3 110.5 147.3 

2002 -170.4 -273.4 -14.1 -103.1 -244.3 -847.7 96.4 44.2 

2003 91.3 79.9 386.3 191.4 -153.0 -767.8 482.7 235.6 

2004 -71.8 -140.6 -96.0 -102.1 -224.8 -908.4 386.7 133.5 

2005 56.0 -46.9 9.4 6.2 -168.8 -955.3 396.2 139.8 

2006 9.3 -65.3 -232.8 28.3 -159.5 -1020.6 163.4 168.1 

2007 27.0 25.4 -157.1 165.4 -132.5 -995.2 6.3 333.5 

2008 -34.3 239.7 97.2 -51.1 -166.8 -755.5 103.6 282.4 
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2009 -198.6 -151.3 -190.8 -266.9 -365.4 -906.9 -87.2 15.5 

2010 63.2 37.1 75.5 112.2 -302.2 -869.8 -11.7 127.8 

2011 -36.0 178.1 32.8 101.4 -338.1 -691.7 21.1 229.2 

2012 -97.6 5.5 -160.5 -77.3 -435.7 -686.3 -139.3 151.9 

2013 -59.8 347.0 112.4 212.5 -495.5 -339.2 -26.9 364.4 

2014 -107.1 -81.1 -256.2 -275.3 -602.6 -420.4 -283.1 89.1 

2015 104.4 234.7 -156.8 -249.2 -498.2 -185.6 -439.9 -160.0 

 

Table 4. Rainfall departure and cumulative departure of Monsoon  rainfall 

Year 

Departure 

from 

average 

rainfall 

Monsoon 

India 

Departure 

from 

average 

rainfall 

monsoon 

U.P. 

Departure 

from 

average 

rainfall 

Western 

U.P. 

Monsoon 

Departure 

from 

average 

rainfall 

Monsoon 

Cumulative 

departure 

from average 

rainfall 

Monsoon 

India 

Cumulative 

departure 

from average 

rainfall 

Monsoon 

U.P. 

Cumulative 

departure 

from average 

rainfall 

Western U.P. 

Monsoon 

Cumulative 

departure 

from average 

rainfall 

monsoon 

Meerut  

1990 97.9 96.5 219.9 47.0 -97.9 -96.5 -219.9 -47.0 

1991 5.4 -76.0 27.9 -122.9 -92.5 -172.6 -192.0 -169.9 

1992 -19.3 -119.1 76.9 -29.1 -111.8 -291.6 -115.1 -199.0 

1993 22.0 -58.9 25.6 -15.9 -89.7 -350.5 -89.4 -214.9 

1994 120.1 -28.9 62.7 238.7 30.4 -379.4 -26.7 23.8 

1995 47.4 -21.1 86.2 150.5 77.9 -400.5 59.5 174.3 

1996 18.9 -12.8 197.7 101.6 96.8 -413.3 257.2 275.9 

1997 -0.8 -62.8 -295.6 -63.6 96.1 -476.1 -38.3 212.3 

1998 15.3 111.6 122.0 233.8 111.4 -364.6 83.7 446.2 

1999 -39.4 30.2 44.1 -80.3 72.1 -334.3 127.8 365.9 

2000 -69.2 46.3 29.8 10.7 2.9 -288.0 157.6 376.6 

2001 -44.9 -65.6 -47.2 -65.6 -41.9 -353.5 110.5 311.0 

2002 -127.2 -244.1 -14.1 -61.7 -169.1 -597.6 96.4 249.3 

2003 80.6 127.0 386.3 191.2 -88.4 -470.7 482.7 440.5 

2004 -93.2 -143.0 -96.0 -157.9 -181.6 -613.7 386.7 282.6 

2005 7.1 -28.6 9.4 20.6 -174.5 -642.3 396.2 303.2 

2006 22.0 -50.9 -232.8 41.1 -152.4 -693.2 163.4 344.3 

2007 75.7 -34.8 -157.1 100.6 -76.7 -728.0 6.3 444.9 

2008 10.5 265.9 97.2 -62.6 -66.1 -462.1 103.6 382.3 

2009 -169.0 -181.7 -190.8 -247.5 -235.1 -643.8 -87.2 134.8 

2010 43.8 86.1 75.5 172.3 -191.2 -557.7 -11.7 307.1 

2011 34.0 193.6 32.8 101.8 -157.2 -364.2 21.1 409.0 

2012 -43.4 65.2 -160.5 -7.0 -200.5 -298.9 -139.3 402.0 

2013 69.9 199.5 112.4 143.9 -130.6 -99.4 -26.9 545.9 

2014 -85.2 -180.0 -256.2 -332.2 -215.7 -279.4 -283.1 213.7 

2015 19.8 86.3 -156.8 -307.7 -195.9 -193.1 -439.9 -94.0 
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Precipitation ratio (%)  

This ratio may give the stability of rainfall with 

special relationship. Higher the ratio, higher is the 

abnormality in rainfall and vice versa (Rathod and 

Aruchamy, 2010). The minimum and maximum 

precipitation ratios for different decades were 

worked out for Meerut District is  given in Table 5. 

In the study areas observed Western U.P. has 

maximum abnormality (i.e. 92%) in normal rainfall 

and also observed in monsoon rainfall (102%) was 

recorded during 1990-2015 (Tables 4) .The overall 

study of data overall in India has lowest in normal 

(39%) whereas monsoon rainfall observed  33% 

precipitation ratio.   

 

Table 5. Precipitation ratio of Normal and Monsoon 

rainfall  

Precipitation Ratio 

Study area 
Normal 

Rainfall 

Monsoon 

Rainfall 

India 39 33 

Uttar Pradesh 65 62 

Western UP 92 102 

Meerut 71 82 

 

Standardized Normal & Monsoon rainfall 

anomaly 

Table 4 depicts the computed annual mean rainfall, 

departure & cumulative departure of rainfall, 

seasonal trend and standardized anomalies within the 

year under consideration (1990-2015) over India, 

U.P, Parts of  Western U.P. & Meerut District. Fig. 

4a & 4b. shows the standardized normal rainfall 

deviations viz. in India : 1990-91, 1993-98, 2003, 

2005-2008, 2010 & 2015; In U.P.:1990, 1996-99, 

2003, 2007-08, 2010-13 & 2015; In Western U.P. : 

1990-96,1998-00,2003, 2005, 2008, 2010-11& 2013 

and in Meerut: 1990, 1994-98, 2000, 2003, 2005-07, 

2010-11& 2013. The monsoon season  shows the 

standardized normal rainfall deviations viz. in India 

:1990-911993-96, 1998, 2003, 2005-08, 2010-

11,2013 &2015; In U.P.:1990, 1998-00, 2003, 2008, 

2010-13 & 2015;  In Western U.P. : 1990-96,1998-

00,2003,2005, 2008, 2010-11& 2013 and in Meerut: 

1990, 1994-98, 2000, 2003, 2005-07, 2010-11& 

2013 are years with above average rainfall. The years 

of 1990 (2.51) ,2013(2.45), 2003 (2.43) &1998 

(2.00)  showing the highest positive  normal rainfall 

anomaly in India, U.P., Parts of Western U.P. & 

Meerut respectively while the other years show 

rainfall below normal with  2009 (-2.00) ,2002 (-

1.93), 1997 (-1.86) & 2014 (-1.74)  showing the 

lowest negative rainfall deviation; those years were 

drought year of the study area.   

The monsoon  rainfall anomaly were observed after 

data analysis, these  years of 1994 (1.74) , 

2008(2.13), 2003 (2.15) &1.56 (1994)  showing the 

highest positive  normal rainfall anomaly in India, 

U.P., Parts of Western U.P. & Meerut respectively 

while the other years show rainfall below normal 

with  2009 (-2.44) ,2002 (-1.95), 2014 (-1.92) & 

2014 (-2.17)  showing the lowest negative monsoon 

rainfall deviation; those years were drought year of 

the study area. 

  

Table 6. Standardized Rainfall Anomaly of Macro to Micro  level (1990 to 2015) 

Standardized Rainfall Anomaly 

Year 
Normal Rainfall Monsoon Rainfall 

India UP Western U.P. Meerut Year India UP Western U.P. Meerut 

1990 2.51 0.65 1.38 0.51 2.51 1.41 0.77 1.05 0.31 

1991 0.18 -1.03 0.18 -1.18 0.18 0.08 -0.61 0.28 -0.8 

1992 -0.5 -0.89 0.48 -0.54 -0.5 -0.28 -0.95 0.33 -0.19 

1993 0.56 -0.79 0.16 -0.53 0.56 0.32 -0.47 0.28 -0.1 

1994 1.44 -0.64 0.39 1.06 1.44 1.74 -0.23 0.56 1.56 

1995 0.91 -0.55 0.54 0.88 0.91 0.69 -0.17 0.74 0.98 

1996 0.31 0.26 1.24 0.67 0.31 0.27 -0.1 1.00 0.66 

1997 0.31 0 -1.86 0.57 0.31 -0.01 -0.5 -1.69 -0.42 

1998 0.57 0.86 0.77 2 0.57 0.22 0.89 0.72 1.53 

1999 -0.36 0.11 0.28 -0.74 -0.36 -0.57 0.24 0.43 -0.52 

2000 -1.18 -0.03 0.19 0.11 -1.18 -1 0.37 0.37 0.07 

2001 -0.47 -0.69 -0.3 -0.85 -0.47 -0.65 -0.52 -0.3 -0.43 

2002 -1.72 -1.93 -0.09 -0.65 -1.72 -1.84 -1.95 -0.27 -0.4 

2003 0.92 0.56 2.43 1.21 0.92 1.16 1.01 2.15 1.25 
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2004 -0.72 -0.99 -0.6 -0.65 -0.72 -1.35 -1.14 -0.96 -1.03 

2005 0.56 -0.33 0.06 0.04 0.56 0.1 -0.23 0.22 0.13 

2006 0.09 -0.46 -1.46 0.18 0.09 0.32 -0.41 -1.31 0.27 

2007 0.27 0.18 -0.99 1.05 0.27 1.09 -0.28 -1.12 0.66 

2008 -0.35 1.69 0.61 -0.32 -0.35 0.15 2.13 0.88 -0.41 

2009 -2 -1.07 -1.2 -1.69 -2 -2.44 -1.45 -1.29 -1.62 

2010 0.64 0.26 0.47 0.71 0.64 0.63 0.69 0.72 1.12 

2011 -0.36 1.26 0.21 0.64 -0.36 0.49 1.55 0.43 0.66 

2012 -0.98 0.04 -1.01 -0.49 -0.98 -0.63 0.52 -0.64 -0.05 

2013 -0.6 2.45 0.71 1.34 -0.6 1.01 1.6 0.64 0.94 

2014 -1.08 -0.57 -1.61 -1.74 -1.08 -1.23 -1.44 -1.92 -2.17 

2015 1.05 1.66 -0.99 -1.57 1.05 0.29 0.69 -1.3 -2.01 
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Fig. 4a. Standardized Rainfall Anomaly of Normal rainfall (1990 to 2015) 
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Fig. 4b. Standardized Rainfall Anomaly of Monsoon rainfall (1990 to 2015) 

Forecasting of annual rainfall and S-W rainfall   

On the basis, the future forecast of rainfall and yield 

amount for a period of fifteen years from 2016 to 

2030 has been made (Table  7), which shows a 

negative trend for the coming years. In future, 

expected normal annual and south west rainfall may 

be less in year 2030 observed 1005.1mm, 513.4 & 

725.7 India, Parts of Western U.P. & Meerut district 

respectively whereas the monsoon rainfall future 

expected rainfall are  observed in India 812.5mm,  in 

Parts of Western U.P. 417.5mm  & in Meerut district 

246.3mm. The expected annual & monsoon rainfall 

in year 2016 to 2030 rainfall patterns are declining 

stage. But the future temporal data analysis of normal 

monsoon rainfall observed not in declined pattern 

after 2021 rainfall pattern increasing showed.   It 

may be due to changing scenario of the pattern and 

observed normal and monsoon rainfall 1164.7mm 

and 930 mm respectively.  The trend analysis   gives 

the scenario of current to expected future situation. 

Monsoon rainfall is one of the key factor play vital 

role in Indian agriculture. 

  

Table 7. Future scenario of normal & monsoon rainfall pattern (2016 to2030) 

 Future Normal Rainfall Monsoon Rainfall 

Year  India UP Western U.P. Meerut India UP Western U.P. Meerut 

2016 1080 1058.1 630.4 782.2 840.4 876.9 537.6 395.2 

2017 1074.7 1065.7 622 778.2 838.4 880.7 529 384.6 

2018 1069.3 1073.3 613.7 774.2 836.4 884.5 520.4 373.9 

2019 1064 1080.9 605.3 770.1 834.4 888.3 511.9 363.3 

2020 1058.6 1088.6 597 766.1 832.4 892.1 503.3 352.7 

2021 1053.3 1096.2 588.6 762 830.4 895.9 494.7 342 

2022 1047.9 1103.8 580.2 758 828.4 899.7 486.1 331.4 

2023 1042.6 1111.4 571.9 754 826.4 903.5 477.5 320.7 

2024 1037.2 1119 563.5 749.9 824.4 907.2 469 310.1 

2025 1031.9 1126.6 555.2 745.9 822.5 911 460.4 299.5 

2026 1026.5 1134.3 546.8 741.9 820.5 914.8 451.8 288.8 

2027 1021.2 1141.9 538.5 737.8 818.5 918.6 443.2 278.2 

2028 1015.8 1149.5 530.1 733.8 816.5 922.4 434.6 267.5 

2029 1010.4 1157.1 521.8 729.8 814.5 926.2 426 256.9 

2030 1005.1 1164.7 513.4 725.7 812.5 930 417.5 246.3 

 

CONCLUSION 

 

Rainfall is a important part of water cycle and all 

cropping patterns are dependent on rainfall 

distribution. The study of rainfall pattern at the 

macro to micro level study normal to monsoon 

rainfall given the idea of understand pattern of 

rainfall. The combine study areas from country level 

to state with parts of area and District level the 

rainfall play a vital common role. After detail study 

found pattern of rainfall are more or less same 

pattern but differences are observed in state level 
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study. The normal rainfall received during 25years 

1990 to 2015 District level are observed in India 

1152.3mm, in U.P. 955.3mm, in Western U.P. 

743.2mm & in Meerut 836.7mm. The intensity of 

rainfall are observed increasing from June to 

September (South-west Monsoon).  The mean of 

maximum rainfall is 1091.6mm observed in the U.P. 

(2008) whereas minimum rainfall is 581.6  observed 

also in  UP (2002). The detail analysis of data the 

year 2002, 2009 and 2011 were drought year. The 

overall study of temporal data of rainfall observed 

251% rainfall in the part of Western U.P. whereas 

observed minimum 80% in the India level. The 

cumulative study of rainfall data observed  in India 

the cumulative values are  observed  negative in 

years 1990-1993 & 2001-2014  The western U.P. 

positive values in year 1990-1994, 1997 & 2009 to 

2015 whereas in Meerut district observed cumulative 

negative in year 1990 to 1993  & 2015.  The overall 

study of data overall in India has lowest in normal 

(39%) whereas monsoon rainfall observed 33% 

precipitation ratio.  The monsoon rainfall anomaly 

were observed in years of 1994 (1.74) , 2008(2.13), 

2003 (2.15) &1.56 (1994)  showing the highest 

positive  normal rainfall anomaly in India, U.P., Parts 

of Western U.P. & Meerut respectively. In future, 

expected normal annual and south west rainfall may 

be less in year 2030 observed 1005.1mm, 513.4 & 

725.7 India, Parts of Western U.P. & Meerut district 

respectively whereas the monsoon rainfall future 

expected rainfall are  observed in India 812.5mm,  in 

Parts of Western U.P. 417.5mm  & in Meerut district 

246.3mm. The expected annual & monsoon rainfall 

in year 2016 to 2030 rainfall patterns are declining 

stage. The future rainfall pattern are drastically 

declining rainfall pattern are observed at all levels.  

The management and improvement in natural 

conditions means planting of tree and develop 

reforestation in wasteland areas can control changing 

scenario of rainfall. The overall study provide a 

statically information about macro to micro level 

study. 
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Abstract: Wheat is one of the most important crop and primary sources of calories for millions of people world-wide. World 

nutrition mostly depends on wheat and its products. Different climatic and other environmental changes accentuate the 

requirement for breeding strategies that deliver both an extensively increase in yield potential and resilience to dangerous 

weather events such as frost, heat waves, and drought. Heat stress around sensitive stages of wheat development has been 

identified as a possible threat to wheat production in different countries including India. In the present study, we 

phenotypically evaluated 324 SWRS (spring wheat reference set) wheat genotypes in two different environments. We used 

different parameters for selection of heat tolerance genotypes like, ANOVA, CV (%), % Decline, Heat susceptibility indices 

(MP, STI, TI, TSI, TOL, HSI), heritability and correlation for all the 11 quantitative traits and Shannon-Weaver Index (H) 

was used for two qualitative traits like, leaf glaucousness and leaf rolling.  

 

Keywords: Wheat, Abiotic stress, High temperature, Genetic improvement  

  

INTRODUCTION 

 

he hexaploid wheat (Triticum aestivum L. em 

Thell.), often described as bread wheat or 

common wheat, world nutrition mostly depends on 

wheat and its products (Agrawal and Gupta, 2006). It 

is the most important food crop and covers more 

cultivated land at the global level than any other crop 

(Iqbal et al. 2017) and it is cultivated over a wide 

range of climatic and soil conditions. The global 

warming, characterized by changing local weather 

patterns and increasing the frequency of extreme 

events, poses a major challenge to plant breeders in 

increasing yield potential (Semenov et al. 2014). 

Heat stress is defined as the increase in temperature 

above a critical threshold for a period of time 

sufficient to cause irreversible damage to plant 

growth and development (negative impacts on crop 

yields, including reducing leaf photosynthesis and 

enhancing leaf senescence rates, etc.) (Bita, 2013). In 

the case of wheat, both long hours of exposure to 

moderately high temperatures (22 to 28 °C) and short 

exposures to very high temperatures (> 30 °C) affect 

crop development and reduce grain yield (Stone and 

Nicolas, 1995; Souza and Pimentel, 2013). Much of 

this reduction is due to losses in primary yield 

components and industrial quality is also negatively 

influenced (Yildirim and Bahar, 2010). The negative 

impact of heat stress on yield has recently been 

confirmed for actual production conditions at large 

spatial scales by the interpretation of field trials, 

statistical analysis of large scale observational data 

sets and the application of crop models (Asseng and 

Turner, 2011; Siebert et al. 2014). Wheat yields have 

also increased significantly in the last century, 

mainly due to genetic improvements, higher 

fertilization rates and improved pest and diseases 

management (Semenov et al. 2012).  

More critically for yield determination, the studies of 

previous reported indicate effects of decreasing grain 

number when heat stress occurs before or around 

anthesis and reduced grain weight when it occurs 

during grain filling (Gupta et al. 2012). Genetic 

variability of grain yield and its components, as a 

function of different genotype responses to heat in 

different stages of wheat development, was reported 

by Yildirim and Bahar in 2010. According to 

Reynolds et al. (1994), the grain mass is the most 

important character to confer heat tolerance. On the 

other hand, Shpiler and Blum (1986) found that, 

under heat stress, the variation among genotypes for 

grain yield is due to a larger variation in number of 

spikelets per spike and number of grains per spikelet. 

These characters, along with ear length, were 

appointed by Farooq et al. (2011) as essential for the 

breeder engaged in the selection of heat tolerant 

genotypes.  

In the present study we evaluated the effect of high 

temperature on grain yield and yield components, as 

well as to characterize wheat genotypes for heat 

tolerance at different stages of development. We 

used 324 SWRS wheat genotypes to identify wheat 

genotypes that have built in tolerance to terminal 

heat stress associated with late planting so as to 

utilize them for development of high yielding, widely 

adapted and good quality varieties suitable for 

cultivation under late planting conditions. 

 

MATERIAL AND METHOD 
 

The experimental panel consisted 324 SWRS diverse 

wheat genotypes, evaluated in two different 

environments in simple lattice design, with four 

T 
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replications, two of each i.e. normal and heat stress 

environments in the 2014-15. Each genotype was 

raised in a plot of 3 rows of 1.5 m each with a row to 

row distance of 0.25 m. Phenotypic data were 

recorded for the following traits:  (i) Days to heading 

(DTH) (ii) Days to anthesis (DTA) (iii) Days to 

maturity (DTM) (iv) Grain filling duration  (GFD) 

(v) Leaf glaucousness (vi) Leaf rolling (vii) Canopy 

temperature depression (CTD) (viii) Chlorophyll 

content (CC)  (ix) Plant height (PH) (x) Grain weight 

per spike (GW/S) (xi) Grain number per spike 

(GN/S) (xii) 1000- grain weight (TGW) (xiii) Grain 

yield (Y/Plot) 

Statistical analysis 
Data pertaining to the above characters were 

statistically analyzed over both the environments. 

The descriptive statistics including mean, range, 

standard error, Analysis of variance (ANOVA), 

Coefficient of variation (CV %) and Pearson’s 

correlation coefficients were obtained using SPSS 

17.0. and Shannon-Weaver Index (H), % Decline, 

Heritability and Heat susceptibility indices by using 

excel.  

Following six different heat susceptibility indices 

were calculated using the data available during the 

present study. 

(i) Heat susceptibility index (HSI)  

 HSI = (1 –XHeat stress/XNormal)/D (Fischer and Maurer, 

1978).  

D (Stress intensity) 
Heat stress

Normal

X

X
   

Lower values of HSI indicate heat stress tolerance 

and the higher values indicate heat stress 

susceptibility by a genotype (Reynolds et al.1994, 

Ayeneh et al.2002). 

 

(ii) Mean productivity (MP) 

MP 
Normal Heat  stressX X

2


  (Hossain et al. 1990). 

Higher value of MP is the indicator of genotypes 

having superior performance under both the normal 

and heat stress environments (Hossain et al. 1990, 

Mardeh et al. 2006) 

(iii)Tolerance (TOL) 

TOL = XNormal-XHeat stress  (Hossain et al. 1990)  

The negative values of TOL indicate higher tolerance 

of a genotype to heat stress (Hossain et al.1990).    

 (iv) Stress tolerance index (STI) 

STI 
Normal Heat  stress

Normal

X X

(X )




2
 (Fernandez, 1992). 

Maximum STI values are the best indication of the 

superior performance of genotypes under heat stress 

environment (Fernandez, 1992 and Mardeh et al. 

2006). 

(v)Trait index (TI)  

TI 
Heat  stress

Heat  stress

X

X
 (Gavuzzi et al. 1997) 

The higher TI value for a genotype corresponds to 

higher heat stress tolerance (Gavuzzi et al., 1997) 

(vi)Trait stability index (TSI) 

TSI 
Heat  stress

Heat  stress

X

X
  (Bouslama and Schapaugh, 1984) 

Maximum TSI values are the better indication of the 

superior performance of genotypes under heat stress 

environment.  

(X = represents the value of phenotypic trait, X Heat 

stress represents the phenotypic value of a trait in the 

heat stress environment, XNormal represent the 

phenotypic value of a trait in normal environment, 

Heat  stressX   represent the average value of a 

phenotypic trait over all the genotypes in heat stress 

environment, NormalX  represents the average value 

of a phenotypic trait over all the genotypes in normal 

environment) 

 

RESULT AND DISCUSSION  
 

ANOVA showed significant differences among the 

wheat genotypes for all the 11 quantitative traits 

except the chlorophyll content, which was dropped 

from further analysis during the present study (Table 

1).  The Shannon Weaver index (H) analyses for two 

qualitative traits, like leaf rolling and leaf 

glaucousness, showed a wide variation for leaf 

rolling but the variation for leaf glaucousness was 

relatively very low (Table 2). This suggested that the 

material chosen for the present study has significant 

genetic divers for different traits and may be utilized 

for identification of terminal heat tolerant genotypes 

(Tables 1 and 2). The two environments used to 

evaluate the SWRS had significant differences 

suggesting the suitability of the chosen environments 

for the study of heat stress on the performance of 

SWRS genotypes. The genotype-by-environment 

interactions were also significant for all the 

quantitative traits except the CTD and CC, 

suggesting that heat stress due to late sown 

conditions had an impact on the expression of most 

of the studied traits during the present study. These 

results are also suggested in previous studies in 

wheat (Bayoumi et al. (2008).  

Variability and Heritability  

The values of range, over all means and the Shannon 

Weaver index (H) for the two qualitative traits of 

SWRS genotypes under normal and heat stress 

environments are presented in Table 2. For the same 

set of genotypes, the values of ranges and overall 

means and CV (%) for the 10 quantitative traits 

except CC under normal and heat stress 

environments are presented in Table 3. Wide range 

was observed for all the traits under both the 

environments suggesting that the significant 

variability for all the traits among the SWRS 
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genotypes confirming the above results of the 

analysis of variance. The genetic variations indicate 

that, SWRS germplasm may be used for further 

improvement of wheat breeding programme for 

different traits. 

The   CV (%) was high for CTD, GW/S, GN/S and 

Y/Plot. For the remaining traits, the CV (%) was 

moderate to low. This suggested that the genotypes 

comprising SWRS have more variability for CTD, 

GW/S, GN/S and Y/Plot relative to the remaining six 

traits. Similar results were reported in an earlier 

study in wheat (Hossain, 1990). It may further be 

noted that heat stress had an effect on the variability 

of different traits in SWRS genotypes. The 

variability for six traits including DTH, DTA, and 

DTM, GFD, CTD and TGW was reduced under heat 

stress. However, the variability for some other traits 

such as PH, GN/S and Y/Plot had increased under 

heat stress; these traits also exhibited relatively 

higher decline in their mean values in heat stress 

environment. This may evince that the response of 

individual traits to heat stress was not uniform across 

all the wheat genotypes and the changes in the 

magnitude of the expression of different traits of 

individual genotypes differed under heat stress 

environment. 

The heritability for DTH and DTA was high under 

both the environments. Heritability for DTM, GFD, 

TGW, and GN/S and GW/S was low to moderate 

under normal condition and the heritability for these 

traits showed an increasing trend under heat stress 

environment and ranged from moderate to high. The 

heritability for GFD and Y/Plot was moderate under 

heat stress environment (Table 4). This lead to 

suggest that the similar response was not elicited by 

different traits in response to heat stress environment, 

although in past several studies a decline in 

heritability has been reported under the stress 

environments (Frey 1964; Roy and Murty 1970; 

Paliwal et al. 2012). The moderate heritability of 

GFD and Y/Plot, two very important traits, suggest 

that progress for improvement of these traits through 

selection will be relatively slow compared to other 

traits like DTH and DTA, which have high 

heritability. The CTD which has been suggested as 

important traits for breeding for heat tolerance in 

wheat surprisingly had a very low heritability during 

the present study. This put forward an idea that CTD 

may not be utilized as a useful trait for selection for 

improved tolerance to heat stress. This observation is 

contrary to the several earlier studies advocating the 

use of CTD in breeding for heat tolerance in wheat 

(Philippe et al. 2012, Kumar et al. 2013). 

Effect of Heat Stress on Phenotypic Performance  

The severity of heat stress on the growth and 

development of the wheat genotypes in the several 

studies is clearly visible by 6.78% (TGW) to 47.96% 

(Y/Plot) decline in the mean values of different traits 

in heat stress environment (Table 5). Similar decline 

in mean values of various traits under heat stress has 

also been reported in earlier studies in wheat, Irfaq et 

al. 2005, Okuyama et al. 2005). The reduction in 

mean values of yield and its contributing traits as 

well as other related phonological traits suggested 

that the heat stress leads to rapid completion of the 

life cycle of the wheat, which contributes to the poor 

expression of yield contributing traits and eventually 

to lower grain yield under heat stress. 

Among all the traits, minimum declines in the mean 

value of grain weight under heat stress are in 

agreement with an earlier report (Irfaq et al. 2005). 

However, the maximum decline in Y/Plot under heat 

stress is not surprising, since Y/Plot is the overall 

outcome of the interplay of all the traits each of 

which is adversely affected to various degrees by the 

heat stress environment. Interestingly, the mean CTD 

under heat stress was higher than under normal sown 

conditions. This suggested that the wheat genotypes 

used during the present study have the ability to 

maintain cool canopy under the heat stress. However, 

due to a very low heritability of CTD, selection of 

heat tolerant genotypes in SWRS is not likely to be 

successful. The values of mean leaf rolling and leaf 

glaucousness were also higher under the heat stress 

(Table 2), suggesting their possible contribution to 

the tolerance to heat stress.  

Effective Selection Criteria for Assessing Heat 

Stress Tolerance  

The significant G×E interactions result due to the 

changes in the magnitude of yield differences among 

genotypes in diverse environments or  due to change 

in the relative ranking of the genotypes as also 

reported by  Fernandez,1992. In the past several 

selection criteria have been proposed to select 

genotypes based on their performance in stress and 

normal environments (Barakat et al. 2011). The 

selection of genotypes was based on grouping of 

genotypes for yield under a normal and stress 

environments. First group: genotypes express 

uniform superiority in both stress and normal 

environments; second group: genotypes perform 

favorably in normal environment; group three: 

genotype yield relatively higher only in stress 

environments; and group four: genotypes uniformly 

perform poorly in both stress and normal 

environments. Here, we have evaluated six different 

stress tolerance indices for their relative ability to 

identify wheat genotypes that give high yield under 

normal and heat stress environments.  

For all the six heat susceptibility indices, a range of 

values were observed for the genotypes (Table 5),  

these values  were from low to high and for two out 

of six indices (tolerance and heat susceptibility 

index), the values ranged from negative and low to 

positive and high with mean values ranging 

accordingly (Table 5). The correlations of five of six 

heat susceptibility indices (except heat susceptibility 

index) with the grain yield (under heat stress 

environment) were positive and varied from as low 

as 0.16 (involving Tolerance) to as high as 1.00 
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(involving trait Index) (Table 6). The correlation 

involving heat susceptibility index was moderate and 

negative (-0.47), though significant. Three indices, 

which had the highest correlation with grain yield in 

heat stress environment included TI (r=1.00), 

followed by STI (r=0.91) and MP (r=0.87) (Table 6). 

The higher the values of these three indices, showed 

that higher the tolerance level of the genotype to the 

stress. Based on each of the three indices, we 

selected five genotypes, which had highest values of 

indices and then compared their grain yield in heat 

stress and normal environments. It is interesting to 

note that each of the five sets of genotypes selected 

following the three stress susceptibility indices 

belonged to the 10 highest yielding genotypes in the 

heat stress environment. This may evince us that 

these three indices may be successfully utilized for 

the selection of genotypes exhibiting higher tolerance 

to terminal heat stress with a high degree of 

reliability.

 

Table 1.  ANOVA for 11 quantitative traits of SWRS genotypes under normal and heat stress environments. 

Source Df DTH DTA DTM GFD CTD CC TGW GN/S GW/S PH Y/PLOT 

Environment 1 80731.66** 80677.94** 118772.90** 3884.19** 1.146 36.399 192.91* 33430.52** 37.914 184176.84** 18.91** 

Replication 1 12.66 1.474 76.141 56.424 131.03** 183.52* 70.466 824.467 0.314 540.13* 0.002 

Genotype 323 412.35** 422.37** 308.02** 81.25** 13.80** 28.916 106.20** 652.14** 0.78** 952.17** 0.07** 

Genotype × 

environment 
310 69.20** 62.09** 71.16** 53.75** 9.051 31.238 113.98** 377.89** 0.31** 298.05** 0.01** 

Error 626 35.596 31.54 52.09 35.303 9.265 34.935 43.054 177.66** 0.096 110.627 0.012 

df=degrees of freedom, DTH=days to heading, DTA=days to anthesis,DTM=days to maturity,GFD=grain filling 

duration,CTD=canopy temperature depression, CC=chlorophyll content,TGW=1000- grain weight, GN/S=grain 

number per spike, GW/S=grain weight per spike, PH=plant height, Y/PLO=yeild per plot.*Significant at 0.05%; 

and **Significant at 0.01%         

 

Table 2. Values of Range, Mean and Shannon Weaver index (H) for two qualitative traits in both the 

environment 

Traits Environment Range Mean Shannon Weaver index (H) 

1. Leaf rolling 
N 0-3 0.36 1.4 

HS 0-3 0.37 1.6 

2.Leafglaucousness 
N 0-9 2.41 0.013 

HS 0-10 3.33 0.014 

N= normal environment, HS=heat stress environment    

 

Table 3. Values of Range, Mean, CV (%) and Decline (%) for 10 quantitative traits in both the environments. 

Traits Treatment* Range Mean % Decline CV% 

1.DTH 

N 85.5-131 103.02 15.82 11.69 

HS 76-110.5 86.72 

 

10.65 

2. DTA  

N 89-138 109.5 15.4 11.17 

HS 80.5-117 92.64 

 

10.16 

3. DTM  

N 131-172 141.63 14.3 7.7 

HS 112-148 121.37 

 

7.01 

4. GFD  

N 16-49.5 32.14 10.58 17.22 

HS 14-43 28.74 

 

15.9 

5. CTD  

N 0.33-8.23 3.97 -4.03 48.6 

HS 0.2-8.87 4.13 

 

31.38 

6. PH  

N 61.17-152.5 111.69 22.28 15.43 

HS 42.33-132.17 86.81 

 

17.16 

7. GW/S  N 0.33-3.95 1.64 26.22 35.21 
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HS 0.2-2.56 1.21 

 

41.67 

8. GNPS  

N 8.2-100 40.04 20.5 35.08 

HS 5.5-64.30 31.83 

 

41.4 

9. TGW  

N 18.68-50 41.17 6.78 18.26 

HS 14.54-46.79 38.38 

 

17.09 

10. Y/PLOT  

N 0.73-9 4.9 47.96 38.15 

HS 0.27-5.47 2.55 

 

41.68 

N = normal environment, HS = heat stress environment     

 

Table 4. Estimates the heritability for 10 different traits in both the environments.   

Traits N HS 

1.DTH  0.83 0.7 

2.DTA  0.77 0.84 

3.DTM  0.52 0.76 

4.GFD  0.31 0.33 

5.CTD 0.73 0.02 

6.PH  0.91 0.55 

7.GNPS  0.32 0.86 

8.GW/S  0.56 0.84 

9.TGW  0.17 0.59 

10.Y/PLOT  0.64 0.47 

N= normal environment, HS=heat stress   

 

Table 5. Range and Mean values for six heat susceptibility indices for grain yield 

Heat susceptibility Indices Range      Mean 

1.Mean productivity  0.73-6.4 3.73 

2.Tolerance  -1.33-5.73 2.46 

3.Stress tolerance index  0.02-1.5 0.59 

4.Trait index  0.1-2.14 1 

5.Trait stability index  0.14-1.54 0.53 

6.Heat susceptibility index  -1.71-1.89 0.93 

 

Table 6. The estimates of correlation coefficients between grain yield in both the environments and six heat 

susceptibility indices.        

Heat susceptibility  index  Correlation coefficient  

1. Mean productivity  0.87** 

2. Tolerance 0.16** 

3. Stress tolerance index 0.91** 

4. Trait index 1.00** 

5.Trait stability index  0.43** 

6. Heat susceptibility index  -0.47** 

*Significant at 0.05%; and **Significant at 0.01%, N=normal, HS=heat stressed 
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Table 7. Grain yield of five wheat genotypes each with highest values of three heat susceptibility indices in 

normal and heat stress environments. 

Name of genotypes 
      Grain yield per hectare (t/ha) 

HSI N HS 

(a) Mean productivity 

MINO 7.67 4.67 6.17 

MILAN/KAUZ 8.2 4.27 6.23 

ATTILA/BAV92 8.67 4.13 6.4 

TRIPLE DIRK 8.33 3.87 6.1 

YAR/AE.SQUARROSA(783) 8.67 3.67 6.17 

(b) Stress tolerance index 

BJY/COC//PRL/BOW 7.4 4.87 1.5 

MINO 7.67 4.67 1.49 

MILAN/KAUZ 8.2 4.27 1.45 

ATTILA/BAV92 8.67 4.13 1.49 

TRIPLE DIRK 8.33 3.87 1.34 

(c) Trait index 

BJY/COC//PRL/BOW 7.4 4.87 1.91 

MINO 7.67 4.67 1.83 

MILAN/KAUZ 8.2 4.27 1.67 

SCA/AE.SQ.(518)/3/URES 7.67 4.2 1.65 

ATTILA/BAV92 8.67 4.13 1.62 

 

CONCLUSION 

 

Heat stress reduces wheat grain yield and also 

reduced the values of yield related traits like grains 

per spike, 1000 grain weight, etc. The genotypes 

contrast in the developmental stage at which they are 

more tolerant to heat stress. The response of 

individual traits to heat stress was not uniform across 

all the wheat genotypes. 

Future line of work 

The identified heat tolerant genotypes in the present 

study may be useful for the development of heat 

tolerance wheat varieties in the wheat breeding 

program. 
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Abstract: Livestock is one of the main cause has different effects on different parts of range ecosystem. An effective factor 

is the number of livestock when it is beyond the capacity of the rangeland and it has different effects on soil and plants with 

different intensities of grazing. This studies measured short-term effects of grazing on soil attributes in sub-alpine rangelands 

in a part of Nanda Devi Biosphere Reserve (NDBR). To study the effect of grazing impact on soil attributes such as the P, K, 

organic carbon and pH in the three sites of NDBR; Toli Laga Chiae (Less Grazed), Salud Dugra (Medium Grazed) and the 

Tapovan (Heavy Grazed) systematic random soil sampling was conducted at 0-20 cm depth and nine samples were collected 

per site. The result was compared with the all sites. Result revealed that elements such as phosphorus and potassium in the 

heavy grazed site are more than the less grazed site. However, Organic carbon is more in less grazed site but it’s 

significantly differs from all the sites. One way Anova was used to analyze the variance. 

 

Keyword: Ecosystem, Grazing, Biosphere reserve, Soil 

 

INTRODUCTION 

 

he Nanda Devi Biosphere Reserve (NDBR) is 

(30° 05’-31° 02’N Latitude, 79° 12’-80° 19’E 

Longitude), located in the northern part of India, falls 

in the biogeographically classified zone, 2B. The 

Nanda Devi, itself, is a mountain in India, which is a 

part of the Himalayan Mountain range. The NDBR 

with an area of 6020.43 km2 is comprised of two 

core zones i.e. Nanda Devi National Park, 630 km
2
; 

Valley of Flowers National Park, 87.5 km
2
; 

surrounded by a buffer and a transition zones. Both 

the core zones have been recognized as World 

Heritage Site by UNESCO. Extensive systems of 

animal husbandry (e.g., meat and dairy cattle, sheep, 

goats, and so on) are mainly based on the direct 

grazing of forest (grasslands and pastures), fodder 

crops, and crop residues by livestock. Grazing effects 

on soil attributes of forage production systems follow 

direct and indirect pathways. Direct effects relate to 

animal trampling and excretion, while indirect effects 

are mediated by changes in vegetation structure and 

function.  

Subalpine pastures are available for a longer time of 

grazing and these are comparatively located at lower 

altitudes. These pastures are surrounded by forests 

and the grazing is a continuous process in both of 

these simultaneously or sequentially. So herds pass 

through the forest to reach the pasture areas and the 

herds stay and graze in these for quite some time 

beaching the pastures. The farmers are using 

sedentary system of livestock rearing between 

altitudes of 1000 to 2500 m. and between these 

altitudes all the cultivable land is utilized for 

agricultural crop production while the livestock is let 

loose in the forest and subalpine pastures for grazing. 

The grazing continues throughout the year except 

during peak winter months of December and 

January, during this period crop residues and 

conserved tree leaf fodder are fed to the livestock. 

Soil, one of the most important elements of grassland 

ecosystems, is the source of food and moisture 

content for pasture plants. Excessive grazing is one 

of the most significant factors causing grassland 

degradation and typically, this degradation is 

effective on vegetation and soil. In general, the effect 

of grazing on pastures is considered to be in three 

processes: the loss of plants due to livestock 

foraging; soil and litter trampling; and deposition of 

feces and urine. The effects of these processes are 

hardly distinguishable from each other (Hiernaux et 

al., 1999). 

Based on studies on grasslands, an important and 

obvious effect of grazing is the removal of above-

ground biomass by livestock and subsequently, a 

significant impact on the rotation of the nutrients and 

their absorption (Shariff et al., 1994). In addition to 

general effects of grazing on plants, livestock have 

also other effects on grassland that subsequently 

effect on forage production. Generally, nutrients in 

livestock's feces and urine are useful for forage 

growth, while trampling and selective grazing can be 

destructive. Livestock feces and urine are potential 

sources of nitrogen, phosphorus, potassium, sulfur, 

magnesium and calcium for plants (Nicol, 1987). 

Distribution of soil nutrients in a pasture is affected 

by different factors including parent material, 

vegetation communities, slope, aspect, kind of 

livestock, differences in grazing distribution patterns 

and watering points (Wedin et al., 1989). Therefore 

the present study was conducted to evaluate the 

impact of grazing on soil attributes in (NDBR). 
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MATERIAL AND METHOD 

 

Study area 

Nanda Devi Biosphere Reserve is one of the great 

wilderness areas of the western Indian Himalaya. 

NDBR (30° 05’-31° 02’N Latitude, 79° 12’-80° 19’E 

Longitude), located in the state of Uttarakhand, 

India, falls in the biogeographically classified zone, 

2B (Rodgers et al., 2000). The reserve is spread over 

Chamoli district in Garhwal region, Bageshwar and 

Pithoragarh districts in Kumaun region of the 

Uttarakhand State. The NDBR with an area of 

6020.43 km
2
 is comprised of two core zones i.e. 

Nanda Devi National Park (NDNP), 630 km
2
; Valley 

of Flowers National Park (VoF), 87.5 km
2
; 

surrounded by a buffer and a transition zones. 

Altitude varies within the range of 1800-7817 m asl. 

This wide geographical variation has added to the 

biological diversity of the Biosphere Reserve. The 

basin is dominated by Nanda Devi, a natural 

monument and India's second highest peak (7817 m) 

(Maikhuri et al., 2001). 

The study was carried out in the three different parts 

of Nanda Devi Biosphere Reserve (NDBR), beats 

Urgam-IV (Toli Laga Chiae ), Tapovan and Salud-

Dungra of Joshimath Range. 1. Toli Laga Chiae 

(Less Grazed) village is located in Joshimath Tehsil 

of Chamoli district.  It is situated 20km away from 

sub-district headquarter Joshimath and 87km away 

from district headquarter Gopeshwar. The total 

geographical area of village is 14.8 hectares. Toli 

Laga Chiae has a total population of 45 persons. 

There are about 11 houses in Toli Laga Chiae 

village. 2. Salud Dugra (Medium Grazed) village is 

located in Joshimath Tehsil of Chamoli district. It is 

situated 10km away from sub-district headquarter 

Joshimath and 77km away from district headquarter 

Gopeshwar. The total geographical area of village is 

474.63 hectares. Salud Dugra has a total population 

of 1,583 persons. There are about 386 houses in 

Salud Dugra village. 3. Tapovan (Heavy Grazed) is 

located at a distance of 14 kilometers from 

Joshimath. Tapovan is a destination most famous for 

its hot springs. It is believed that these springs have 

medicinal properties and are believed to cure skin 

diseases. This destination also offers fabulous views 

of peaks such as Nanda Devi and Dronagiri 

Chaukumbha and is also a gateway to many other 

popular tourist destinations such as Badrinath and 

Valley of Flowers. The study areas were located in 

the Garhwal region of Greater Himalaya in 

Uttarakhand. The intensive study area is located 

towards western boundaries of the biosphere.

  

 
Fig.1. Study area (Source-Google map) 

 

METHODOLOGY  
 

In April 2017, the three study sites were selected less 

grazed (LG) Toli Laga Chiae , medium grazed (MG) 

Salud-Dungra and heavy grazed (HG) Tapovan 

based on the cattle population depends on directly or 

indirectly on the forest or pasture land. One km. 

transect were laid for the collection of soil samples at 

each site. Each transects nine quadrats 10x10 m. 

were laid and each quadrat having 100 m. 

consecutive distance from each others. Four random 

soil samples were taken from each quadrat using a 

soil augur to a depth of 20 cm. These samples were 

combined to get a composite sample for each sample 

plot (a total of 27 different soil samples, 9 from LG, 

9 from MG and 9 from HG). To measure the organic 

carbon, Walkley-Black chromic acid wet 

oxidation method (Walkley and Black, 1934) was 

used and Olsen's method (Olsen et al., 1954) was for 

the available phosphorous. Soil potassium was 



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 9 (11) 1029 

determined by normal ammonium acetate method. 

Soil pH was determined by using pH meter in 

saturated mud. One way Anova was used to analyze 

the variance. All the data analysis was run using 

SPSS 21 software. 

 

RESULT AND DISCUSSION 

 

Phosphorus: According to result found that level of 

phosphorus was higher in the heavy grazed site than 

the other sites but it’s having significant difference 

between the all sites (P < 0.026). It’s found that 

heavy grazing increasing the level of phosphorus in 

the soil which gives similar results (Javadi et al., 

2006 and Kohandel et al., 2006). The higher amount 

of available phosphorus in soil its might be due to the 

higher grazing intensity which provides more 

excreta, litter deposition and more mobility of 

phosphorus on the surface of the soil due to livestock 

trampling (Zarekia et al., 2012). More than 65% of 

the phosphorus in the diet consumed by cows is 

returned as feces to pastures. Available soil 

phosphorus increase has been reported under manure 

(Haynes and Williams, 1993). However, Garcia et 

al., (2011) has reported that in an area with 

subtropical type climate ascertained that amount of 

phosphorus in ungrazed area was higher than the 

grazed area. This may be the effect due to the soil 

fertility and climatic conditions. The similar 

observations made by the El-Dewiny et al., (2006) 

that due to the degradation of organic matter, large 

amount of available phosphorus is released into the 

soil. Similarly, in the present study, due to the 

organic matter availability in soil was found that, 

animal excreta was the only factor which increasing 

the level of phosphorus in the soil in heavy grazed 

site.

 
 

Potassium: According to data analysis found that 

there was no significantly difference between the all 

grazing sites. However, the amount of soil potassium 

was greater in heavy grazing site than the other sites. 

It may be the intensity of grazing in that area and 

availability of animals more than the other sites, the 

amount of soil potassium is higher (Zarekia et al., 

2012).  The availability of soil potassium in the 

heavy grazing site, it may be the amount of animals 

whichever feeding maximum over site, it shows the 

positive effects on accumulation of soil potassium 

through trampling and their excreta. This result 

supports by that the average content of potassium 

was higher in the areas with continuous grazing than 

in areas with other systems (control and rotational) 

Garcia et al., (2011). Tessema et al. (2011) findings 

were exactly opposite in his regards, they were found 

that the amount of soil nutrients were lower in heavy 

grazing site, it might be less availability of animal 

excreta in the site or used by the people for fuel or 

compost purpose in their agriculture fields. 

Potassium is consumed by the animals is returned to 

the soil maximum by animal urine than animal dung 

Haynes and Williams (1993). 
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Soil organic carbon: Based on the statistical 

analysis found that soil organic carbon was 

significantly different from all the sites (p< 0.002). 

The maximum level of soil organic carbon was found 

in less grazed site than other sites. The conclusion is 

that less grazed site having very low disturbance on 

plant community and soil. Result showed that due to 

the fewer disturbances decomposition of the litter 

and plant material was more so that amount of soil 

organic carbon was higher than other sites. This is 

may be the exclusion of plant material in large 

amount from the heavy grazed and medium grazed 

sites. Similarly, Frank et al. (1995) compared an 

eighty year old enclosure with heavy and medium 

grazed treatments and found that half the mass of 

decomposed litter in the grazed treatments. Many 

studies showed the reverse relationship between 

grazing intensity and organic matter (Bagheri et al., 

2009 and Kumbasli et al., 2010). It might be due to 

the grazing on vegetation by livestock and decrease 

in plant cover and consequently, the decrease of soil 

organic matter. However, the effect of grazing on 

decomposition of soil organic matter is not identical 

in different rangeland ecosystems. Grazing may be 

increase or decrease the soil organic matter, or have 

no effect on it (Zarekia et al., 2012). 

 

 
 

Soil pH: Based on the statistical analysis, no 

significant difference in soil pH it was observed that 

due to the influence of grazing treatments. Result 

revealed that grazing has no effect on soil pH. 

Similarly, in the grassland steppes of Northern 

China, Xie and Wittig (2004) was found that no 

correlation between soil pH and moderate and 

intensive grazing intensities. Similar results were 

also reported by, Shan et al., (2011) that no 

significant difference in pH values in controlled 

region and region under different grazing conditions. 

Other than this also found that pH-value increases 

with increasing the intensity of grazing (Javadi et al., 

2006 and Hosseinzadeh et al., 2010). The soil pH 

affects by the climatic conditions, altitude, rainfall, 

plant community and grazing intensity in the area. 

Based on the result of the present study, the content 

of organic matter varied in different sites. It shows 

the organic matter may not be affects the soil pH, 

therefore, no significant difference in pH values in 

the study sites. 
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CONCLUSION 

 

Continuous heavy grazing throughout the year 

tended to increase the amount of phosphorus and 

potassium in the soil because of the animal feces. 

The highest amount of soil organic carbon was 

observed in Toli Laga Chiae with less grazing 

intensity but the difference was significant from all 

the sites. For better understanding of effect of 

grazing on soil nutrient availability due to the 

grazing intensity needs more time, soil and water 

management requires longer duration in the 

temperate region, as compared to the tropical region 

due to the fact that in tropical region litter 

decomposition and mineralization is faster. 
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Abstract: Present communication embodies the traditional knowledge of medicinal plants used by the locals of Kotdwara 

region, Uttarkhand (India) and the ethnomedicinal data gathered from traditional healers (vaids) who inhabit the study area. 

During the present study, a total of 70 medicinal plants have been identified that belongs to 44 families. Apart from being 

used for medicinal purpose; some of these providing vegetables and fruits were cultivated on large scale for commercial 

purpose viz. Beta vulgaris, Citrus aurantifolia, Carica papaya, Emblica officinalis, Musa paradisiaca, Syzygium cumini, 

Punica granatum, Psidium guajava and Momordica charantia. Some other plants namely Coriandrum sativum, Cuminum 

cyminum, Curcuma longa and Zingiber officinale were used by the local peoples as spices and flavoring agents. Further 

studies on these medicinal plants can lead to the isolation of various photochemicals from them that can be used for health 

care. 

 

Keyword: Kotdwara, Medicinal, Traditional, Extract, Decoction 

 

INTRODUCTION 

 

edicinal plants naturally synthesize and 

accumulate some secondary metabolites like 

alkaloids, glycosides, tannins, volatile oils and 

contain minerals (Kalemba & Kunika, 2003, Edeoda 

et al., 2005). Indian subcontinent is being inhabited 

by over 53.8 million tribal people in 5000 forest 

dominated villages of tribal community and 

comprising 15% of the total geographical area of 

Indian landmasses, representing one of the greatest 

emporia of ethno-botanical wealth (Chowdhuri, 

2000). In India, use of these medicinally important 

plants as traditional medicines is well known 

(Sandhu & Heinrich, 2005, Gupta et al., 2005). In 

many developing countries like India, traditional 

knowledge has been used by poor people such as 

farmers, people of small villages and tribal 

communities for the treatment of common diseases 

(Rojas et al., 2006). However, decades back, due to 

the quicker effect of synthetic medicines, the herbal 

medicines got replaced and lost their attention. As 

allopathic medicines are known to produce various 

side effects, people have now-a-days become more 

interested in natural way of living and the necessity 

of green medicines is now being realized due to their 

cheaper and more effective nature than modern 

medicine. .  

Though different workers have documented the 

ethomedicinal uses of plants in relation to their 

unutilization and conservation from different parts of 

India (Islam, 1996, Rao, 1997, Joy et al., 2001, Dutta 

& Dutta, 2005, Lyle, 2007, Shankar et al., 2010), 

information regarding the traditional and cultural 

practices of Kotdwara (Uttarkhand) is unavailable. 

To fill these gaps, present survey was undertaken in 

this region (Kotdwara, Uttarkhand) which is highly 

rich in biodiversity belonging to different climatic 

conditions varying from subtropical to temperate 

zones and inhabits numerous medicinally important 

plants. Besides, attempts were made to explore, 

identify, collect information and document the 

traditional knowledge of some common medicinally 

important plants used by the local people of the 

region under study. 

 

MATERIAL AND METHOD 

 

1. Study area:- Kotdwara is the gateway to Garhwal 

and lies in 29
0
 46’ North latitude & 78

0
32’ East 

longitude. It is the main entrance points in the state 

of Uttarakhand. It is located at the foothills of 

Shivalik ranges in Himalayas. The river Khoh flows 

through this region. The vegetation of Kotdwara is of 

sub-tropical rain forest type and includes herbs, 

shrubs & trees having broad & deciduous leaves. 

Detailed survey was conducted at different sites of 

Kotdwara from 2012-2013. 

2. Data collection and techniques:- In order to 

document the utilization of medicinal plants, many 

field surveys were carried out in many localities of 

this region and nearby areas, across various seasons 

so as to get maximum information of plants from 

local people. Some people performing the 

duties/works of medicinal practitioner “vaids” had 

enormous knowledge of traditional uses of medicinal 

plants. Information about the local name of plants 

were recorded with regards to their vernacular 

names, plant part used for curing various ailments 

and the process of preparation of medicine were 

recorded. Later short field visits were organized 

along with the vaids to assure the correct identity of 

plants. All the voucher specimens were identified 

using relevant floras and standard literature, 
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herbarium were prepared (Jain & Rao, 1967, Bennet, 

1970) and deposited in the Department of Botany, 

Dr. P.D.B.H. Govt. P.G. College, Kotdwara, HNB 

Garhwal University, (UK). 

 

RESULT AND DISCUSSION  
 

During present investigation, a total of 70 species of 

medicinal plants belonging to 44 families were 

identified (Table 1). For each species the botanical 

name, family name, local name, plant part used and 

usage were recorded. The results of the present study 

provide evidence that medicinal plants continue to 

play an important role in the healthcare system of 

these community. 

Several plants namely Beta vulgaris, Citrus 

aurantifolia, Carica papaya, Emblica officinalis, 

Musa paradisiaca, Syzygium cumini, Punica 

granatum, Psidium guajava and Momordica 

charantia were cultivated for home consumption of 

fruits/vegetables and also for commercial purpose. 

Apart from this, four plants namely Coriandrum 

sativum, Cuminum cyminum, Curcuma longa and 

Zingiber officinale were cultivated by the locals for 

their use as spices. 

   

Table 1. List of some Medicinal Plants of Kotdwara region along with their local names, family and plant parts 

used 
S. 

No 

Botanical 

Name 

Local name Family Parts  

used 

Mode of preparation and traditional medicinal uses 

1. Abrus 
precatorius 

Linn. 

Ratti Leguminosae Seeds, 
roots, 

leaves 

Leaves grounded with lime are applied on acne sores, boils 
and abscesses; seeds are used to cure diabetes; scratches, 

sores and wounds. 

2. Acacia catechu  

 

Khair Mimosaceae bark, 

heart 

wood 

Heart wood extract is used during bathing to treat skin 

diseases; cures diabetes and urinary problems; wood is 

used as toothbrush by the tribal people.                                   

3. Adhatoda 
vasica Nees. 

Basinga Acanthaceae Leaves 
seeds  

Leaf juice treats dysentery jaundice, diabetes and cough; 
Seed oil is purgative, antidote for snake bite.  

4. Adina cordifolia  Haldu Rubiaceae Bark, 
root 

Root decoction is used to treat fever, dyspepsia, urinary 
problems, dysentery & burning sensation. 

5. Aegle marmelos  

 

Bael Rutaceae Fruits, 

root, 
leaves 

Root decoctions treat diarrhea, dysentery, dyspepsia, fever 

& swellings; Leaves are laxative, cures diabetes, asthma 
and inflammation; Fruit pulp treats diarrhea & dysentery, 

well for heart and brain.  

6. Acyranthus 

aspera         

Chirchita Amaranthaceae Whole 

plant 

Treats asthma, cough, bronchitis, inflammations, vomiting, 

piles, dysentery, abdominal pain & blood diseases; Root 
extracts used against skin diseases 

7. Ageratum 
conyzoides  

Mist flower Asteraceae whole 
plant 

Aqueous plant extract relieves fever, coughs, pneumonia & 
burns; is bactericidal & anti-dysenteric 

8. Asparagus 

racemoses  

Shatavari Asparagaceae Leaves 

root 
 

Baked leaves along with ghee are applied over abscesses; 

Leaf juice with milk reduce body heat; tuber juice mixed in 
water relieves burning sensation in foot sole & abdomen; 

jaundice, diarrhea, indigestion;  mixed with milk increase 

breast milk after delivery. 

9. Argemone 

mexicana  

Peeli kateri Papavaraceae Whole 

plant 

 

It is diuretic, relieves stomach pain, cures leprosy, skin 

diseases, inflammations and fever; juice treats eye 

problems; seeds yield non-edible toxic oil that is purgative 

& sedative; treats problem of tape-worms. 

10. Azadirachta 

indica  

Neem Meliaceae Bark, 

leaves, 

flower 
Twig, 

seeds. 

Young twig used as tooth-brush; dried leaves are 

insecticidal; leaf juice purifies blood; Leaves & bark 

dipped in water yield tonic to treat diabetes; Flowers are 
purgative & treats stomachache; seeds “neem oil” eradicate 

ring worm, wounds, rheumatism. 

11. Artemisia 
japonica  

Kunja Asteraceae Aerial 
parts, 

roots 

It is anti-cancerous; used as spasmodic during pregnancy; 
treats stomach, circulatory and menstrual problems, 

vomiting, diarrhea, constipation, nose bleeding, asthma, 

snakebites and worm infestation. 

12. Aloe  

barbadensis  

 

Aloe vera Asphodelaceae Whole 

plant 

 

Leaf extract treats diabetes, insect bites, sun burns, cuts & 

wounds; reduces pain & inflammation in joints; Leaf paste 

mixed with lemon juice cures acne; leaf juice treats 
respiratory disorders, purifies blood. 

13. Artocarpus 

heterophyllus 

Kathal Moraceae Fruits, 

leaves, 

Leaf extract treat fever, boils & skin diseases; fruit latex 

treats eye-problems; when mixed with vinegar cures 
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Lam. root snakebites, glandular swellings & ulcers. 

14. Berberis 

asiatica Roxb. 

Kingoda Barberidaceae Root, 

bark, 
fruit. 

All parts are used against diabetes, lower blood pressure & 

purify blood; decoction is used for sore throat, diarrhea, 
skin problems and eye irritation. 

15. Bauhinia 

varigata Linn. 

Kachnar Caesalpinaceae Root, 

bark, 
buds. 

Bark juice treats dysentery, diarrhea, stomach disorder, 

cuts, wounds, ulcers; Dried buds treat piles & worms in 
children; Root decoction is antidote to snake poison & 

dyspepsia. 

16. Bryophyllum 
pinnatum 

(Lam.) Oken 

Ghamari Crassulaceae Leaves. 
 

It is antimicrobial, anti-fungal, anti-inflammatory & anti-
cancerous; roasted leaves cure inflammations; Leaf juice 

with coconut oil relieves headache, fever, earache; treats 

blood sugar level and kidney stone. 

17. Beorhavia 
diffusa Linn. 

Punarnava Nyctaginaceae whole 
plant 

 

Fresh root juice treats night blindness and conjunctivitis; 
Plant extract is applied on wounds & swellings; Leaf paste 

cures anemia, urinary diseases, piles, asthma & abdominal 

cancer.  

18. Bombax ceiba 

Linn. 

 

Semal Bombacaceae Bark, 

Root, 

Flower 
 

Flowers are used for boils, sores and itching; Root powder 

mixed with milk treats gonorrhea and seminal weakness; 

roots have aphrodisiac properties, relieve dysentery & used 
as tonic; aqueous extract of stem & bark is antibacterial & 

antifungal. 

19. Brassica 

campestris 
Linn. 

Sarson Brassicaceae whole 

plant 

Seeds treat cancer and tumors; Roots are diuretic; leaf juice 

is used in chronic cough and bronchial catarrh. 

20. Bambusa 

bambos  
(L.) Voss 

Bans Poaceae Leaf, 

buds, 
stem. 

Leaf buds cures ulcers; Stem & leaf juice used as blood 

purifier, tonic for cough, asthma; cure blood vomiting; 
Burnt root treats ringworms, painful joints. 

21. Beta vulgaris L. Chukandr Chenopodiaceae Leavesr

oot, 

seeds. 

Root juice treats digestive problems & fever; seed 

decoction treats intestinal & genital tumors; leaf Juice 

treats breast and uterus cancer, anemia, jaundice, kidney 
stone. 

22. Butea 

monosperma L. 

Dhak Leguminosae Leavesf

lowerba
rk, seed 

Flowers cure eye diseases, chronic fever, elongation of 

spleen, epilepsy, inflammation, liver disorders; Powder 
from plant treat diabetes, skin diseases, intestinal worms; 

Seeds grounded, mixed with lime, treats ringworms, 

pimples, ulcers, swellings and piles. 

23. Calotropis 
procera  

(Ait.) R.Br. 

Madar Asclepiadaceae Leavesf
lower 

root, 

Latex. 

Latex treats leprosy, eczema, inflammation, syphilis, 
malarial fever; roots treat cold, cough, elephantiasis; 

Leaves are anti-inflammatory and antimicrobial; Flowers 

are anti-malarial, cures asthmas and piles. 

24. Centella 

asiatica  

(L.) Urban 

Brahmi Umbelliferae Leavess

hoots. 

 

It is diuretic, used as tonic & blood purifier, treats skin 

diseases, eczema, ulcers, piles, cholera; Leaves treat 

dysentery in children; leaf powder mixed with milk, given 
in small doses improves memory; Leaf juice with milk 

purifies blood; cures jaundice, fever. 

25. Catharanthus 
roseus  

(L.) G. Don 

Sadabahar Apocynaceae Whole 
plant 

The plant is anti-cancerous, anti-diabetic; Leaf extract is 
antibacterial, used against wasp stings; Roots are used as 

tonic. 

26. Cupressus 

torulosa  
D. Don 

Surai Cupressaceae Wood It is resistant to termites & insects; an essential oil 

extracted from it is antiseptic, used to cure inflammatory 
pains, wounds. 

27. Carissa 

carandus Linn. 

Karanda Apocynaceae fruits, 

bark, 
leaves 

Leaf decoction cures fever, diarrhea, hemorrhages, and 

toothache, bed wet in children, inflammation, earache, 
scabies, intestinal worms and biliousness.             

28. Cannabis sativa 

L. 
 

Bhang Cannabiaceae Flower 

leaves, 
seeds. 

It is anti-inflammatory, antispasmodic, diuretic & sedative; 

treats asthma, diarrhea, dysentery, gonorrhea, and malaria, 
relieves nausea and vomiting.  

29. Cassia fistula L. 

 

Amaltas Caesalpinaceae Fruits, 

leaves, 

root. 
 

Fruit pulp mixed with tamarind treats constipation, purifies 

blood; fruit paste relieves acidity by massaging it on navel 

area for 10 min; Root extracts  used as tonic, cures fever, 
cold; leaf extracts cure swellings, pains, skin irritation, 

relieves symptoms of asthma, ringworm, fever and heart 

related diseases. 

30. Coriandrum 

sativum L. 

Dhaniya Umbelliferae whole 

plant  

Equal amounts of dhaniya & cumin seeds are boiled, liquid 

consumed is effective for diabetes; bone related and 

digestive problems, diarrhea, colon ulcers. 

31. Cuminum 
cyminum L. 

 

Jira Umbelliferae fruits, 
seeds  

 

Fruit mixed with lime given to pregnant women cures 
nausea, promotes milk secretion; purifies blood; seed 

powder & water is applied on boils, swellings, itchiness; 
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Cumin & cardamom powder boiled in water & filtered is 

applied on ulcers; Cumin powder mixed with honey cures 
indigestion. 

32. Chenopodium 

album L. 

Bathua Chenopodiaceae whole 

plant 

 

Leaves & branch extract is blood purifier, cures anemia, 

kidney stone; boiled leaves are applied on swellings; mixed 

juices of bathua and giloi cure Jaundice; mixture of bathua, 
ajwain, methi and jaggery cures infection after delivery. 

33. Curcuma longa 

L. 
 

Haldi Zingiberaceae Rhizom

e 
 

When cooked with milk treat asthma, cough; relieves 

shoulder pain, menstrual cramping, jaundice, liver 
problems; with neem leaves treats ringworm, scabies; heals 

cancer lesions & scars; powder with warm mustard oil 

cures inflammations and swellings. 

34. Cinnamomum 
tamala  

NEEM & 

EBERM 

Tejpat Lauraceae Bark 
 

Cinnamon & black-pepper decoction with honey treats sore 
throat, nausea, malaria, as mouth freshner; Paste of 

cinnamon applied checks headache; used with lime treat 

pimples, spasmodic affliction, asthma, excessive bleeding 
during menstruation. 

35. Citrus 

aurantifolia 

(CHRISTM.) 

SWINGLE  

Nimbu Rutaceae Fruits 

 

Leaf infusion treats fever, jaundice, sore throat; Root 

decoction relieves gonorrhea, dysentery, diarrhea; Fruit 

juice rejuvenates skin, treats gastrointestinal diseases, 

diabetes, cold, is antidote to poisons; seeds treat intestinal 

worms; bark is used for indigestion. 

36. Carica papaya 
L. 

Papaya Caricaceae Fruits Ripe fruits treat stomach pains, piles, skin diseases 
digestive and kidney problems, spleen enlargement. 

37. Datura innoxia 

Mill. 

Dhatura Solanaceae Seeds, 

leaves, 
flower 

Treat skin eruptions, cough, cold, fevers, asthma; used as 

pain killer in case of insect bites. It is narcotic and therefore 
should not be used in high doses. 

38. Dioscorea 
bulbifera L. 

Genthi Dioscoreaceae Bulbil, 
tubers 

Bulbils treats cancer & goiter; stomachache, diarrhea, 
dysentery, sore throats, diabetes, jaundice, fractures. 

39. Emblica 

officinalis L. 

Amla Euphorbiaceae Fruits, 

Seed 
leaves. 

Amla juice treat diabetes; Fruits are diuretic, used as blood 

purifier, controls hair growth, cures fever, dysentery, 
hemorrhages; Seed infusion cures asthma, indigestion; 

Leaves treat abdominal pain.  

40. Euphorbia hirta 
L. 

Asthma plant Euphorbiaceae whole 
plant 

 

Leaf extract is anti-cancerous; leaf juice with turmeric & 
coconut oil treats itchy soles, wounds, other skin diseases; 

Latex applied on eyelids cures eye sore; Root decoction 

benefits nursing mother’s deficient in milk. 

41. Eupatorium 
citriodora 

Hook. 

Kalabasa Asteraceae Leaves Leaves are used to stop bleeding, and treat dandruff. 

42. Eucalyptus 

citriodora  

Safeda Myrtaceae Bark, 

oil.  

Oil is used to cure asthma, sore throat, fevers, typhoid; 

ulcers, wounds & gouts 

43. Ficus religiosa 

(L.) 

Peepal Moraceae Root, 

bark, 
fruit, 

leaves. 

Ripe fruits have cooling property, reduce burning 

sensation, remedy for blood & heart diseases; Root cures 
inflammation of joints; bark treats cancer; Leaves soaked in 

water, are used to stop vomiting. 

44. Ficus palmate 
Forsk. 

Bedu Moraceae fruits, 
latex 

Used to release stings/spines 

45. Lawsonia 

inermis L. 

Mehndi Lythraceae Leavesf

lower  

Fresh leaves treat burning feet; Leaf powder cures relapses 

of rectum and vagina; Infusion of flowers is used to cure 
bruises, skin lesions and scar. 

46. Myrica nagi  

 

Kaphal Myricaceae Bark Bark decoction treats stomach disorders, chest pains; mixed 

with honey cure digestive problems, vomiting. 

47. Mimosa pudica 
Linn. 

 

Chui-mui Mimosaceae Leavesr
oot, 

 

Pulped leaves cure swellings, piles, ulcers & joint pains; 
Roots treat snakebite & kidney stone; warm leaf paste 

applied on abscess, releases pus; Root paste fried in ghee 

treats toothache; Leaves increase sexual potency in man. 

48. Melia 
azadirachta L. 

Bakain Meliaceae Bark, 
leaves, 

seeds, 

flowerf
ruit. 

Leaves, flower & fruits cure eye disorders, ulcers, 
hemorrhoids, diabetes, fever, wounds, urinary diseases; 

Bark treats malaria, stomach pains, skin diseases; seed oil 

treats leprosy, intestinal worms, birth control; Twigs used 
as toothbrush. 

49. Momordica 

charantia L. 

Karela Cucurbitaceae fruits 

 

Leaf juice controls nausea, vomiting, liver problems; 

rubbed on soles to stop burning feet; Fruits & leaves treats 
piles, jaundice; Roots treat hemorrhoids; Fresh fruit extract 

is useful against diabetes and snake bite. 

50. Mentha 

arvensis L. 

Podina Lamiaceae whole 

plant 

Plant infusion is given in fevers & dyspepsia, relieves 

stomach & muscular pains, intestinal disorders. 

51. Mangifera 

indica L. 

Aam Anacardiaceae Leaves,  Dried leaf powder treats diabetes, diarrhea, dysentery, 

hemorrhages (nose), intestine, uterus & lungs. 
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52. Musa 

paradisiaca L. 

Kela Musaceae flowerf

ruits  

Fruits treat diarrhea, diabetes, anemia, inflammation, blood 

pressure, dysentery; intestinal lesions & ulcers; Unripe fruit 
& cooked flowers treats diabetes.  

53. Murraya 

koenigii  

(L.) Spreng. 

Curry patta Rutaceae bark, 

leaves, 

roots 

Leaves, bark & root are used as a tonic; cures stomachache, 

dysentery, diarrhea, vomiting, ulcers, skin eruption and 

bites of poisonous animals.  

54. Morus alba L. Shehtut Moraceae Fruit Fruit juice cures sore throat, dyspepsia & fever. 

55. Ocimum 

sanctum L. 

Tulsi Lamiaceae whole 

plant 

Treats lung infection, coughs, earache, vomiting; Fresh 

leaves taken with black pepper treats malaria and gastric 
diseases in children.  

56. Oxalis sp. L.  
 

Khatta meetha Oxalidaceae whole 
plant 

It has a cooling effect, relieves stomach pains, dysentery, 
prolapse of rectum & vagina; Leaf juice given as antidote 

to poison of insects & other plants.  

57. Punica 

granatum L. 

Anar Punicaceae Fruits Fruit juice having cooling effect internally relieves many 

internal disorders, fevers & dyspepsia. 

58. Psidium 

guajava L. 

Amrood Myrtaceae Buds, 

leaves, 

fruit 

Buds treats mouth ulcers; Leaves cure diarrhea, vomiting, 

dysentery, fever and diabetes; Fruits are a rich source of 

vitamin A. 

59. Piper betle L. 
 

Pan Piperaceae Leaves Leaf extract treats respiratory problems, back pain, breast 
inflammation, ulcer and indigestion. 

60. Ricinus cuminis 

Linn. 

Arand Euphorbiaceae Seeds, 

leaves 

Seed oil treats diarrhea, constipation, conjunctivitis, 

anemia; Leaves applied on head relieves headache.  

61. Rosa indica 

(Linn.) 
 

Gulab Rosaceae Flower Flower juice “gulab-jal” used as cooling agent for eyes, 

relieves irritation; mixed with lime, applied on face to 
remove pimples, skin rashes during winter. 

62. Rhus parviflora 

Roxb. 
 

Toong Anacardaceae Fruits, 

bark 
 

Bark powder used for cleaning teeth; Fruit powder eaten 

with boiled egg treats diarrhea; fruit decoction treats liver 
& urinary disorders; Bark infusion treats eye infection. 

63. Sapindus 

mukorossi  

Reetha Sapindaceae Nuts,  

 

Nut powder used as hair wash to keep hairs healthy, free of 

lice & dandruff; a poultice of soap nut is prepared & 

applied externally to treat eczema, freckles, itchiness; relief 

from joint pains. 

64. Solanum 

nigrum L. 

Makoi Solanaceae Seeds, 

leaves. 
 

Leaf juice treats inflammation of kidneys & bladder, 

jaundice, fever, liver enlargement gonorrhea, piles, heart 
diseases; Hot leaves applied over the swollen & painful 

organs; Seeds are used as tonic, in fever. 

65. Saraca indica 

(Roxb.)  
de Wild 

Ashoka Caesalpinaceae Flower Dried flowers treat diabetes, hemorrhage & dysentery; 

Seeds treat bone fractures; Bark has anti-microbial 
properties & cures fever and cold. 

66. Syzygium 

cumini  
(L.) Skeels 

Jamun Myrtaceae bark, 

leaves, 
fruits 

Bark and leaves cure indigestion, intestinal problem, 

stomachache; Fruits are antidiuretic, antidiabetic; fruit juice 
is blood purifier, helps in urine retention, treats chronic 

diarrhea, sore throat,  ringworms. 

67. Tinospora 

cordifolia 

(Willd.) Miers. 

Giloi Menispermaceae stem, 

leaves 

 

It is anticancerous, anti-diabetic & anti-inflammatory, 

useful in digestive & liver disorders, makes immune system 

stronger & reduces weakness; treats malaria, fevers, 
vomiting, stops bleeding after child birth. 

68. Withania 

somnifera 
(Linn.) Dunal 

Ashwaganda Solanaceae all 

plant 
parts 

Ashwaganda oil, almond oil and rose water are used as skin 

ointment; It is anticancer agent and also useful for cold, 
cough, ulcers, diabetes and conjunctivitis.  

69. Zanthoxylum 

armatum  

DC. 

Timru Rutaceae stem, 

seeds 

 

Used as mouth freshner; stems “miswak” used to clean 

teeth; Seeds, crushed and mixed with other ingredients, 

applied on sores of domestic animal’s body to get rid of the 
worms and microbes. 

70. Zinger 
officinale Rosc. 

Adarak Zingiberaceae rhizom
e 

Used to treat arthritis, rheumatism, indigestion, 
constipation, ulcer, vomiting, diabetes and cancer. 

 

Conclusions with importance and scope of 

medicinal plants 
After studying the traditional uses of medicinal 

plants in the area under study it is concluded that 

many plants are common and abundant in 

distribution namely Ricinus comunis, Euphorbia 

hirta, Ageratum conyzoides, Lantana camara,  

Azadirachta indica etc. The plants which cure some 

important diseases are Artemisia sp. against cancer, 

Neem against diabetes, Euphorbia hirta against 

asthma, Bryophyllum pinnatum against kidney-stone, 

etc. Some plants are commonly used by the local 
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tribes e.g., Emblica officianalis, Aloe vera, 

Azadirachta indica etc. These plants, though 

important play a significant role in providing primary 

health care services to rural people and act as 

therapeutic agents as well as raw material for the 

manufacture of traditional and modern medicine. 

By the information generated during the present 

investigation regarding the traditional use of 

medicinal plants, it is high time to thoroughly 

investigate the phytochemicals of these plant parts, 

isolate them and see their results on various diseases. 

By doing so, local people can be awaked regarding 

the need for conservation, enrichment of the gene 

bank of such economically important species and  

promotion of ethno-medicinal knowledge within the 

region before they are lost forever.  
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Abstract: The field experiments was carried out at the Research-Cum-Instructional Farm of Indira Gandhi Krishi 

Vishwavidyalaya, Raipur (Chhattisgarh) to evaluate the effect of different tillage practices and irrigation schedule on the 

growth and yield of linseed in Alfisols of Chhattisgarh plains during two consecutive rabi seasons of 2009-10 and 2010-11. 

The experiment was laid out in strip-plot design with three replication. The horizontal strip treatments consisted of four 

tillage practices viz., zero tillage (T0), harrowing once (T1), rotavator once (T2) and conventional tillage (T3) and vertical strip 

treatments consisted of four irrigation schedules viz., one at after seeding (I0), one at 35 DAS (I1), two at 35  and 75 DAS (I2) 

and three at 0, 35 and 75 DAS (I3). Result indicated that plant population, plant height, dry mater accumulation plant-1, 

number of branches plant-1, leaf area index and yield were found significantly higher under conventional tillage (T3) as 

compared to others. Among the irrigation schedules, treatment I3 (three irrigations at 0, 35 and 75 DAS) recorded 

significantly maximum plant population, plant height, dry matter accumulation, number of branches plant-1, leaf area index 

and yield.  

 

Keyword: Tillage practices, Irrigation schedule, Growth and development, Linseed 

 

INTRODUCTION  

 

inseed is grown after rice on marginal and sub-

marginal lands with low or no-fertilizers, mostly 

under rainfed both as relay cropping “utera” in 

paddy fallow and as upland in unbunded fields. In 

utera cultivation, most of the farmers use 

broadcasting method of sowing without fertilizer 

application, resulting in poor soil seed moisture 

contact and seed may not get proper germination 

with decreases plant growth. Soil tillage is among the 

important factors affecting soil physical properties 

and crop yield. Among the crop production factors, 

tillage contributes up to 20% (Khurshid et al., 2006). 

Tillage method affects the sustainable use of soil 

resources through its influence on soil properties 

(Hammel, 1989). The proper use of tillage can 

improve soil related constrains, while,  improper 

tillage may cause a range of undesirable processes, 

e.g. destruction of soil structure, accelerated erosion, 

depletion of organic matter and fertility and 

disruption in cycles of water, organic carbon and 

plant nutrient. It has been observed that water use by 

a crop depends on method of seeding, tillage 

practices and type of distribution of root system. 

Very little information is available on water use, 

water use efficiency of linseed as affected by 

different seeding methods which is highly important 

to maximize area, production and productivity. So, 

there is urgent need to find out efficient tillage 

practices and irrigation schedule for higher 

production and productivity of the crop. Keeping 

above facts in view and considering the benefits and 

increased popularity of linseed, the field 

investigations entitled “Effect of different tillage 

practices and irrigation schedule on the growth and 

yield of linseed in Alfisols of Chhattisgarh plains”.  

 

MATERIAL AND METHOD 

 

The present investigation on “Effect of different 

tillage practices and irrigation schedule on the 

growth, yield and quality of linseed after rice in 

Alfisols of Chhattisgarh plains” was carried out 

during rabi seasons of 2009-10 and 2010-11. The 

experiment was divided into horizontal and vertical 

plots under strip plot design. The horizontal plot was 

further divided into four tillage practices viz., zero 

tillage (T0), harrowing once (T1), rotavator once (T2) 

and conventional tillage (T3) and vertical plots were 

divided into four irrigation schedules viz. one 

irrigation after seeding (I0), one irrigation at 35 DAS 

(I1), two irrigations at 35 and 75 DAS (I2) and three 

irrigations at 0, 35 and 75 DAS (I3). The layout plan 

of the experiment is given in Fig. 3.3. Recommended 

dose of nitrogen, phosphorus and potassium i.e., 

60:30:30 kg ha
-1

, respectively were applied through 

urea, single super phosphate and muriate of potash. 

Entire quality of phosphorus and potash with half 

dose of nitrogen was applied as basal in rows. Rest of 

the half nitrogen was applied after first irrigation. 

The observation was taken by using five plant 

samples as per standard procedures and grain and 

L 

RESEARCH ARTICLE 



1040 TEJ LAL KASHYAP, S.N. KHAJANJI, CHANDU LAL THAKUR AND R. LAKPALE  

straw yield were taken using net plot technique after 

removing two rows of border.                                    

 

RESULT AND DISCUSSION 

 

Growth characteristics 

Result indicated that the plant population at initial 

stage and at harvest remained unaffected due to 

tillage on mean basis of two years. Similarly, the 

plant population at initial stage and at harvest did not 

vary significantly due to different treatment of 

irrigation schedules on mean basis of two years 

(Table 1). The soil edaphic factors such as soil 

impedance, aeration and temperature are modified by 

tillage operations, which ultimately influence the soil 

environment for seed germination and crop growth.  

In the present investigation, the initial and final plant 

population m
-2

 under different tillage and irrigation 

management was not significantly influenced which 

might be due to more or less optimal soil physical  

condition  which  resulted  in  proper  seed  soil  

contact  and thereby maintaining sufficient plant 

population. Nowak and Sowinski (2006) reported 

that elimination of ploughing reduced the number of 

plants metre
-2

 by 44 per cent compared to full tillage. 

Gurumurthy et al. (2008) also reported that the effect 

of irrigation regimes and their interaction with tillage 

was not significant for seedling emergence. 

The data on plant height of linseed at different 

growth stages as affected by different tillage 

practices and irrigation schedules indicated that the 

plant height of linseed increased at faster rate from 

30 to 60 DAS, thereafter the rate of increase was at 

slow pace up to the harvest. The tillage practices and 

irrigation schedules did not give significant influence 

on plant height at 30 DAS on mean basis of two 

years. As regards to tillage practices, at 60, 90 DAS 

and at harvest, treatment conventional tillage (T3) 

registered significantly taller plants as compared to  

zero tillage (T0) but, it was comparable to  rotavator 

once (T2) and  harrowing once (T1) on mean basis of 

two years. Regarding irrigation schedules, at 60, 90 

DAS and at harvest, treatment of three irrigations at 

0, 35 and 75 DAS (I3) recorded significantly taller 

plants of linseed than treatment one irrigation after 

seeding (I0) and one irrigation at 35 DAS (I1), 

however it was statistically similar to two irrigations 

at 35 and 75 DAS (I2) on mean basis of two years 

(Table 2). Increasing plant height with increasing 

tillage may be due to decrease bulk density which 

increased proliferation of root for the uptake of 

nutrients as well as moisture. This corroborate with 

the earlier findings of Mukherjee (2008) and Wasaya 

et al. (2012).  

The observation on number of branches plant
-1 

at 

various growth stages as influenced by different 

tillage practices and irrigation schedules showed that 

the different tillage practices significantly influenced 

the number of branches plant
-1

 at all the stages except 

at 30 DAS. Conventional tillage (T3) system recorded 

maximum number of  branches plant
-1

  at 60 , 90 

DAS and at harvest stage, which was significantly 

higher with those recorded under zero tillage (T0) but 

remained on par with harrowing once (T1)  and 

rotavator once (T2) on mean basis of two years. 

Irrigation schedules had appreciable impact on 

formation of branches in linseed. At 30 DAS, 

number of branches plant
-1   

did not vary significantly 

due to irrigation schedules during both the years and 

on mean basis. Among irrigation schedules, 

significantly higher number of branches plant
-1 

at 60, 

90 DAS and at harvest stage was recorded under 

three irrigations at sowing, 35 and 75 DAS (I3) as 

compared to one irrigation after seeding (I0) and one 

irrigation at 35 DAS (I1), but it was at par with two 

irrigations at 35 and 75 DAS (I2) on mean basis of 

two years (Table 1). 

Periodic data pertaining to leaf area index (LAI) of 

linseed as affected by tillage practices and irrigation 

schedules indicated that there was visible difference 

in LAI of the crop due to tillage and irrigation 

schedules. There was progressive increase in LAI up 

to 60 DAS. Different tillage practices and irrigation 

schedules failed to give significant influence on leaf 

area index at 30 DAS on mean basis of two years. At 

60 DAS and 90 DAS, the leaf area index was 

significantly highest in conventional tillage (T3) over 

zero tillage (T0), but it was on par with rotavator 

once (T2) and harrowing once (T1) during both years 

and also on mean basis. As regards to irrigation 

schedules, at 60 DAS and at 90 DAS, significantly 

higher LAI was recorded under I3 (three irrigations at 

sowing, 35 and 75 DAS) as compared to I0 (one 

irrigation after seeding) and I1 (one irrigation at 35 

DAS) treatments but stand numerically at par with 

those obtained under I2 (two irrigations at 35 and 75 

DAS) on mean basis of two years (Table 2). Similar 

results were reported for groundnut by Khan (1984). 

Different tillage practices and irrigation schedules 

did not significantly influence the dry matter 

accumulation plant
-1

 at 30 DAS on mean basis of two 

years. At 60, 90 DAS and at harvest stage of crop 

growth, dry matter accumulation plant
-1

 was 

significantly higher under conventional tillage (T3) 

than that recorded in zero tillage (T0 ) but was on par 

with that of harrowing once (T1) and rotavator once 

(T2) on mean basis of two years. In other word there 

was steady reduction in dry matter accumulation in 

zero tillage (T0), harrowing once (T1) and rotavator 

once (T2) treatments as compared to conventional 

tillage (T3) treatment. Dry matter accumulation 

showed significant variation due to different 

irrigation schedules. Significantly highest amount of 

dry matter was accumulated by the crop at 60, 90 

DAS and at harvest under three irrigations at 0, 35 

and 75 DAS (I3) over one irrigation after seeding (I0) 



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 9 (11) 1041 

treatment but was on par with two irrigations at 35 

and 75 DAS (I2) on mean basis of two years. 

Compared to fully irrigated crop with three 

irrigations at 0, 35 and 75 DAS (I3), there was 

significant reduction of dry matter accumulation due 

to one irrigation after seeding (I0), one irrigation at 

35 DAS (I1) and two irrigations at 35 and 75 DAS 

(I2).  

Yield  

The seed yield of linseed was prominently influenced 

by tillage practices and irrigation schedules. Linseed 

crop grew with conventional tillage (T3) resulted in 

highest seed yield of 10.58, 10.47 and 10.52 q ha
-1

 on 

mean basis of two years, being significantly superior 

compared to respective seed yield of 7.42, 7.18 and 

7.30 q ha
-1

 under zero tillage (T0).  However, it was 

at par to treatment harrowing once (T1) and rotavator 

once (T2) on mean basis of two years. As regards to 

different irrigation schedules, linseed crop grew with 

three irrigation viz., at sowing, 35 and 75 DAS (I3) 

produced significantly higher seed yield compared to 

one irrigation after seeding (I0) and one irrigation at 

35 DAS (I1), but it was at par to two irrigations at 35 

and 75 DAS (I2) on mean basis of two years. Seed 

yield of linseed differed significantly due to 

interaction effects of tillage practices and irrigation 

schedules during both the years and on mean basis 

(Table 2). At the same or different level of tillage, 

the maximum seed yield was obtained with 

conventional tillage combined with maximum 

irrigation (T3 x I3 ) which was significantly superior 

over other interactions, but it was at par to interaction 

between harrowing once x three irrigations at 0, 35 

and 75 DAS (T1 x I3), rotavator once x three 

irrigations at 0, 35 and 75 DAS (T2 x I3) and 

conventional tillage x two  irrigations at 35 and 75 

DAS (T3 x I2) on mean basis of two years. Among the 

different tillage practices, maximum mean seed yield  

was obtained for treatment conventional tillage 

(10.52 q ha
-1

) followed in decreasing order by 

rotavator once (9.27 q ha
-1

), harrowing once (9.09 q 

ha
-1

) and zero tillage (7.30 q ha
-1

) (Table 3). The 

maximum yield in conventional tillage may be due to 

better pulverisation of soil resulting in proper seed 

and soil contact, which caused good germination 

(plants m
-2

). The lowest yield was observed in 

treatment zero tillage because of poor seed and soil 

contact, as the clod size was big and did not create 

good tilth for proper germination of crop (plants m
-2

). 

This increase in seed yield was due to significant 

increase in growth parameters and yield attributes. 

Seed yield increased significantly with the increase 

of irrigation schedule. Maximum mean seed yield 

(11.45 q ha
-1

) was obtained under irrigation schedule 

three irrigations at 0, 35 and 75 DAS (I3) which was 

9.43 and 30.65 per cent higher than two irrigations at 

35 and 75 DAS (I2) and one irrigation at 35 DAS (I1), 

respectively. This increase in seed yield was due to 

significant increase in growth parameters and yield 

attributes. The increase in grain yield with the higher 

level of irrigation were also reported by Gautam et 

al. (2000) and Mishra et al. (2002). Significantly 

higher growth parameters due to high irrigation 

levels were also reported by Bandopadhyay and 

Mallick (2000). 

The stalk yield
 
varied significantly due to tillage 

practices and irrigation schedules on mean basis of 

two years. A perusal of the data indicates that crop 

planted under conventional tillage (T3) has been 

given significantly higher stalk yield than zero tillage 

(T0), but it was at par to harrowing once (T1) and 

rotavator once (T2) on mean basis of two years 

(Table 2). It is clear from the result that different 

irrigation schedules influenced the stalk yield of 

linseed. Linseed crop provided with three irrigations 

viz., at sowing, 35 and 75 DAS (I3) resulted in 

significantly higher stalk yield, being significantly 

superior over one irrigation after seeding (I0) and one 

irrigation at 35 DAS (I1) but remained at par to two 

irrigations at 35 and 75 DAS (I2) on mean basis of 

two years.  

Increasing tillage also resulted in significant increase 

in the stalk yield. Significantly maximum stalk yield 

was recorded under conventional tillage (T3) and it 

was 7.38 and 6.78 % higher over harrowing once 

(T1) and rotavator once (T2), respectively. This 

increase in stalk yield could be due to the increase in 

LAI, dry matter accumulation and plant height. 

Indirectly, it may also have contributed for higher 

yield because higher stalk yield. Significantly 

maximum stalk yield was recorded under three 

irrigations at 0, 35  and 75 DAS (I3) and it was 5.49 

and 13.96 % higher over two irrigations at 35 and 75 

DAS (I2) and one irrigation at 35 DAS (I1),  

respectively.  Adequate available soil moisture in the 

root zone depth of soil due to frequent irrigation 

might have improved the nutrient availability, 

thereby increasing cell division and cell expansion 

which in turn increased the total dry matter 

production at three irrigation.  Panchanathan et al. 

(1992) observed that when the crop was supplied 

with adequate moisture throughout the growing 

period and reduction was noticed with imposition of 

moisture stress. This indicate that moisture supply 

has a direct bearing on the production of ultimate 

stalk yield. 
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Table 1. Plant population of linseed at different growth stages as influenced by tillage practices and irrigation 

schedule (mean of two years) 

 Plant population (No. 

m-2 ) 

Plant height (cm) Number of branches plant-1   

Treatment At  Initial 

stage  

(20 DAS) 

At 

Harvest 

30 

DAS 

60 DAS 90 DAS At 

Harvest 

30 DAS 60 DAS 90 DAS At 

Harvest 

Tillage practices     

T0 : Zero tillage 36.04 33.96 22.95 44.04 53.77 54.82 2.55 22.21 23.19 22.48 

T1 : Harrowing once 37.50 35.83 23.20 55.65 65.16 66.90 2.67 23.33 26.74 27.15 

T2 : Rotavator once 38.07 35.63 23.23 55.93 66.25 66.92 2.73 24.03 27.07 27.33 

T3 : Conventional 

tillage 

38.54 37.75 23.60 57.88 68.68 68.92 2.81 27.55 30.29 29.88 

SEm± 1.33 1.34 0.57 0.84 0.71 0.76 0.78 1.13 1.20 0.84 

CD (P=0.05) NS NS NS 2.53 2.50 2.65 NS 3.97 4.25 2.93 

Irrigation schedule     

I0 : One (After 

seeding) 

37.92 34.63 23.06 51.15 61.45 62.66 2.63 22.13 23.68 23.86 

I1 : One (35 DAS) 35.71 35.05 23.15 51.83 63.08 63.28 2.69 22.78 24.26 24.62 

I2 : 35 and 75 DAS 37.34 36.00 23.36 54.52 64.07 64.93 2.71 24.68 28.36 27.64 

I3 : 0, 35 and 75 DAS 39.00 37.50 23.43 55.50 66.26 66.70 2.72 27.52 30.98 30.72 

SEm± 1.28 1.18 0.44 0.60 0.69 0.83 0.19 0.86 1.02 0.94 

CD (P=0.05) NS NS NS 2.10 2.40 2.90 NS 2.94 3.54 3.25 

 

Table 2. Number of branches of linseed at different growth stages as influenced by tillage practices and 

irrigation schedule schedule (mean of two years)             
Treatment Leaf area index Dry matter accumulation 

 (g plant-1 ) 

Yield (q ha-1) 

30 DAS 60 DAS 90 DAS 30  

DAS 

60 

DAS 

90 

DAS 

At 

Harvest 

Seed yield 

 

Stalk yield 

 

Tillage practices 

T0 : Zero tillage 0.212 0.531 0.517 0.284 1.88 4.06 5.46 7.30 18.22 

T1 : Harrowing once 0.248 0.887 0.881 0.284 2.18 5.42 6.33 9.09 21.43 

T2 : Rotavator once 0.240 0.887 0.877 0.276 2.25 5.39 6.50 9.27 21.57 

T3 : Conventional tillage 0.252 1.034 1.012 0.286 3.09 6.08 7.42 10.52 23.14 

SEm± 0.055 0.047 0.041 0.06 0.25 0.20 0.28 0.63 0.49 

CD (P=0.05) NS 0.152 0.147 NS 0.87 0.72 1.02 2.18 1.71 

Irrigation schedule 

I0 : One (After seeding) 0.206 0.671 0.666 0.280 1.91 4.31 5.42 6.42 17.46 

I1 : One (35 DAS) 0.236 0.695 0.689 0.283 2.18 4.96 6.30 7.94 20.52 

I2 : 35 and 75 DAS 0.240 0.878 0.904 0.288 2.34 5.58 6.43 10.37 22.54 

I3 : 0, 35 and 75 DAS 0.269 1.095 1.027 0.287 2.96 6.10 7.56 11.45 23.85 

SEm± 0.044 0.069 0.045 0.05 0.27 0.16 0.39 0.32 0.59 

CD (P=0.05) NS 0.239 0.150 NS 1.02 0.58 1.37 1.19 2.05 

 

Table 3. Interaction effect of tillage practices and irrigation schedule on seed yield of linseed (mean of two 

years) 
Tillage practices 

 

 

Irrigation schedule 

Seed yield (q ha-1) 

T0 

 (Z T) 
T1 

(Harrowing) 

T2 

(Rotavator) 

T3 

(C T) 

Mean 

I0 : One (After seeding) 5.05 6.35 6.42 7.87 6.42 

I1 : One (35 DAS) 5.22 8.45 8.47 9.63 7.94 

I2 : 35 and 75 DAS 8.88 10.22 10.67 11.73 10.38 

I3 : 0, 35 and 75 DAS 10.05 11.35 11.55 12.85 11.45 

Mean 7.30 9.09 9.28 10.52  

 Mean  

Tillage at same level but Irrigation at diff. levels SEm± 0.69  

CD (P =0.05) 1.98  

Irrigation at same level but Tillage at diff. levels SEm± 0.56  

CD (P =0.05) 1.63  
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Abstract: Cultivation of vegetables is now becoming a viable commercial enterprise with the introduction of liberal trade 

policies, prospects for export of vegetables. Solanaceous vegetables viz., brinjal, chilli, potato and tomato are grown 

throughout  the year in all parts of the country in an area of 32.98 lakh ha. with the production of 441.7 lakh tonnes. The 

study was carried out in Rewa district of M.P. to assess the occurrence of insects and diseases in solanaceous vegetable as 

perceived by farmers. It was found that  in solanaceous vegetable crops there was  maximum infestation reported by insect 

shoot & fruit borer, stem borer, hadda beetle, thrips, white fly, mites, cut worm and tuber moth. The study revealed that there 

was severe incidence reported by phomopsis blight followed by Little leaf, damping off, leaf curl, fruit cracking, late blight. 

early blight, black heart, anthracnose. The constraint of experienced by the farmers regarding management of insects and 

diseases may be arranged in descending order as lack of trials/demonstration followed by  lack of proper training for 

management  and high cost of insecticides/pesticides. The study suggested that trails and demonstration should be conducted 

on farmer’s field.  

 
Keyword: Occurrence, Insect-diseases, Constraint, Crop, Vegetable 

 

INTRODUCTION 

 

nsects and pests are the major biotic constraints to 

solanaceous vegetables production in India. Apart 

from causing direct damage many of them also act as 

vectors for several viral diseases. In many cases, 

there is 100 per cent yield loss due to viral diseases 

vectored by insects. The extent of crop losses in 

vegetables varies with the plant type, location, 
damage potential of the pest involved and cropping 

season. Efforts have been made to increase the 

production of solanaceous vegetable, by developing 

appropriate technologies like high yielding & pest 

and disease resistant crops varieties & plant 

protection technologies etc. However still, there is a 

wide gap between current production and potential 

productivity of solanaceous vegetable crops. The 

desired benefits of plant protection technologies of 

solanaceous vegetable crops are yet to be reached to 

the vegetable growers. Several studies have been 

conducted on vegetable crops to know the knowledge 
and adoption of recommended production 

technologies but very few research studies have been 

conducted on adoption behaviour of the farmers 

regarding plant protection technologies of 

solanaceous vegetable crops. Keeping this in view 

the present study was undertaken to assess the 

occurrence of insects & diseases in prominent 

solanaceous vegetable crops as perceived by the 

farmers. 

 

METHODOLOGY  
 

The present study was conducted in Rewa district of 

M.P. It comprises nine blocks. Out of these blocks 

Gangeo block was selected purposively because in 

this block the productivity of solanaceous vegetable 

crops is highest. Ten villages on the basis of larger 

area under solanaceous vegetable crops were selected 

for present study. A list of solanaceous vegetable 

growers was prepared. From this list the farmers was 

selected from each village through proportionate 

random sampling method to make a sample of 120 

respondents. Finally the sample was consisted of 120 

respondents. The data were collected with the help of 

a pretested interview schedule. 

In the present study an attempt has been made to 

assess insects & diseases in prominent solanaceous 

vegetable crops as perceived by the farmers 

.Occurrence is an important factor for assessing the 

extent of attack of insects and diseases in 

solanaceous vegetable crops. It is also associated 

with the infestation and yield losses caused by 

different insects and pests in the selected solanaceous 

crops. The occurrence was measured as per the 

farmers opinion about extent of infestation/incidence 

of all major insects and diseases of solanaeous 

vegetable crops namely brinjal, chilli, tomato and 

potato. Response regarding extent of infestation and 

incidence of insects and diseases.in each solanaceous 

vegetable crops as told by respondents were recorded 

in 3 point continuum as low (< 10 %), medium (10-

20%) and high (above 20%) with the score 1, 2 & 3 

respectively. Infestation & incidence of each insect 

& disease was worked out by adding the score given 

by all the respondents against the each one together. 

The infestation of each insect was categorised in to 

the following three categories

I 
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S.No. Categories Score  

1. Low level of infestation (<10per cent) 1 

2. Medium level of infestation (10-20 percent) 2 

3. High level of infestation (>20 per cent) 3 

 

Similarly the incidence of each disease was categorised in to the following in three categories 

S.No. Categories Score  

1. Low level of incidence (<10per cent) 1 

2. Medium level of incidence (10-20 percent) 2 

3. High level of incidence (>20 per cent) 3 

  

RESULT 

 

(1)  Occurrence of insects in prominent solanaceous vegetable crops as perceived by the farmers- 

Table 1. Occurrence of insects in prominent solanaceous vegetable crops as perceived by the farmers- 

Name of 
crops 

 

Name of 
Insects 

 

Occurrence 

Total score 
Mean 

score 

Level of Infestation (%) 

Low (10%) 
Medium 

(10-20%) 

High 

(above 

20%) 

Brinjal  Shoot and 

fruit Borer 
22 25 73 

291 2.42 

Stem borer 33 48 39 246 2.05 

Hadda 

Beetle 
65 30 25 

200 1.66 

Tomato Fruit bore 66 24 30 204 1.70 

Chilli Thrips 56 26 38 222 1.85 

Mites 68 32 20 188 1.56 

White fly 63 25 32 209 1.74 

Potato Aphid 32 40 48 256 2.13 

Cut worm 74 27 19 185 1.54 

Tuber moth 54 46 20 206 1.71 

 

The Table presents the infestation caused by different 

insects in solanceous vegetable as perceived by the 

respondents. In brinjal crops there was maximum 

infestation reported by shoot and fruit borer followed 
by stem borer and hadda beetle. In case of tomato 

crops maximum infestation of fruit borer was 

reported by the respondents. As regards chili crops 

the highest infestation of thrips was observed 

followed by white fly and mites. As far as a potato 

crop was concerned there was maximum infestation 
of aphid as perceived by the farmers followed by cut 

worm and tuber moth.

 

(2) Occurrence of diseases in prominent solanaceous vegetable crops as perceived by the farmers- 

 

Table 2. Occurrence of diseases in prominent solanaceous vegetable crops as perceived by the farmers 

Name of 

crops 

 

 

Name of 

Diseases 

 

 

Occurrence 

Total 

score 

Mean 

score 

Level of Incidence (%) 

Low 

(10%) 

Medium 

(10-20%) 

High 

(above 

20%) 

Brinjal Phomopsis 

blight 
53 47 20 

207 1.73 
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Little leaf  44 36 40 235 1.96 

Dumping off 75 26 19 184 1.53 

Tomato Leaf curl 32 40 48 256 2.13 

Early blight 41 53 26 225 1.87 

Damping off 72 28 20 188 1.56 

Fruit cracking 67 34 19 192 1.60 

Potato Late blight 61 38 21 200 1.66 

Early blight 40 44 36 236 1.96 

Black heart 80 21 19 179 1.49 

Chilli Damping off 78 27 15 177 1.47 

Anthracnose 53 39 28 215 1.79 

Leaf curl 24 45 51 267 2.05 

 

The Table Exhibits the intensity of incidence of 

different diseases in solanaceous vegetable crops as 

perceived by the farmers. In brinjal crops there was 

highest incidence of phomopsis blight  reported 

followed by little leaf and damping off. It was found 

that in case of tomato crops the incidence of leaf curl 
was highest followed by early blight, fruit cracking 

and damping off. Regarding chilli crop there was 

maximum incidence of leaf curl followed by 

anthracnose and damping off. As far as potato crop 

was concerned the incidence of early blight was most 

severe followed by late blight and black heart as 

reported by the farmers. 

Similarly ODA (2012) found that prevalence of 

various insect pests such as aphid, thrips, whitefly, 

leaf miner, insects belonging to the Coccidae and 

Miridae families, and cotton bollworm were 

observed. The water- saving cultivation had little 

influence on the occurrence of insect pests compared 

with conventional cultivation. 

Similarly Kataria and Kumar (2012) were found that 

Observed that occurrence of insect pests was 

observed in the month of September till April in all 
the three consecutive years in the agro ecosystem of 

Vadodara. 

 

(3) Constraints faced by the farmers regarding 

management of   insects and diseases in 

solanaceous vegetable crops 

 In the present study the respondents were asked to 

mention their problems in faced by the farmers 

regarding management of   insects and diseases in 

solanaceous vegetable crops.

 

Table 3. Constraints experienced by the farmers in management of insects and diseases of solanaceous crops 

S. 

No. 
Constraints 

Frequency 

 
Percent 

 
Rank 

1 Unavailability of NPV and Bt. At local level 
75 62.50 

VI 

2 Lack of knowledge about insect and diseases resistant 
variety 76 63.33 

 
V 

3  Unavailability of NSKE at local level 
60 50.00 

VIII 

4 Lack of technical literature related to integrated 

management of insects and diseases of solanaceous 

crops 

49 40.83 

 

IX 

5 Unavailability of light trap, pheromone trap and yellow 

sticky 45 37.50 
X 

6 Lack of trials/ demonstration on integrated 

management practices of insects and diseases 118 98.33 
 

I 

7 Lack of knowledge to identify insects, diseases and 

predators 30 25.00 
   XI 

8 Lack of proper training for management of insects and 
diseases of solanaceous crops 

115 95.83 

II 

9 High cost of insecticides and pesticides 
112 93.33 

III 
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10 Lack of knowledge about the appropriate dose of 

insecticides/ pesticides 69 57.59 
  

VII 

11 Non-availability of quality product (bio-insecticides 

and bio agents) 90 75.00 
IV 

 

The Data regarding problems in management of 

integrated insects and diseases management practices 

as experienced by the farmers is presented in Table 

3, reveals that majority of the farmers faced the 

major constraints as lack of trials/ demonstration of 

integrated management practices of insects and 

diseases (98.33%), followed by lack of proper 

training for management of insects and diseases of 

solanaceous crops (95.83%), high cost of insecticide 

and pesticide (93.33%),  non-availability of quality 

product (bio-insecticide and bio agents) (75.00%), 

lack of knowledge about insects and diseases 

resistant variety (63.33%), unavailability of NPV and 

Bt. at local level (62.50%), Lack of knowledge about 

the correct dose of insecticide/ pesticide (57.59%), 

unavailability of NSKE at local level (50.00%), lack 

of technical literature related to management of 

insects and diseases of solanaceous crops (40.83%), 

unavailability of light trap, pheromone trap and 

yellow sticky (37.50%) and lack of knowledge to 

identify predators (25.00%). 

Similarly Sharma (2014) found that high cost of 

chemicals, non-availability of disease free seeds, 

non-availability of chemicals, lack of labour, lack of 

time, lack of technical knowledge, financial problem, 

poor shelf life, inadequate supply of storage material, 

lack of marketing facilities, less support price and 
price fluctuation were the main constraints 

encountered by the vegetable growers in the adoption 

of recommended farm practices of major vegetable 

crops. 

Similarly Kerketta et al (2015) revealed that the 

majority (91.66%) of the respondents reported, non- 

availability of bio-agents (NPV, parasites etc.), 

followed by Non-availability of inputs at a time (bio-

pesticides, traps, herbicides etc.) (90.00%) and lack 

of proper training conduct for IPM practices by 

extension agent or agencies (80.83%) are considered 
as major constraints. 

 

CONCLUSION 

 

The study was carried out in Rewa district of M.P. to 

assess the occurrence of insects and diseases in 

solanaceous vegetable as perceived by farmers. It 

was found that  in solanaceous vegetable crops there 

was  maximum infestation reported by insect shoot & 

fruit borer, stem borer, hadda beetle, thrips, white fly, 
mites, cut worm and tuber moth. The study revealed 

that there was severe incidence reported by 

phomopsis blight followed by Little leaf, damping 

off, leaf curl, fruit cracking, late blight, early blight, 

black heart, anthracnose. The constraint of 

experienced by the farmers regarding management of 

insects and diseases may be arranged in descending 

order as lack of trials/demonstration followed by  

lack of proper training for management  and high 

cost of insecticides/pesticides. The study suggested 

that trails and demonstration should be conducted on 

farmer’s field. 
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Abstract: India is recognized as one of the mega biodiversity centres and the 3rd largest repository of the earth’s genetic 

wealth (Karihaloo, 2007). According to an estimate, as many as 5285 species of angiosperms belonging to 40 genera are 

endemic to the country (Annual Report, BSI 2001). A relatively recent report has raised the number of genera to 49 now 

(Irwin & Narasimhan, 2011). Western Ghats of India are known to possess the highest percentage of the endemic taxa; 

approximately 48% out of total of 4000 species existing here are said to be endemic (Gopalan & Henry, 2000). The Indian 

Himalayan Region is another important centre of endemism (Samant et al., 1998); As mega biodiversity hotspot (Myers et 

al., 2000), it covers approximately 18% of country’s total geographical area (Anonymous, 1992) and comprises of about 

10,000 plant species of which 3160 are endemic (Samant et al., 1998). This region also supports 121 rare and endangered 

plant species (Nayar & Sastry, 1987; 1988; 1990). The dependence of humans and livestock on this plant diversity is well 

known phenomenon since time immemorial (Samant & Dhar, 1997). 

 

Keyword: Biodiversity, Acer ceasium, Tree, Himalayas 

 

INTRODUCTION 

 

cer belongs to family Aceraceae also known as 

Maple family. Genus Acer comprises 156 

species (de Jong et al., 2002) and is the largest genus 

in the family. Although species of Acer occur mainly 

in temperate to subtropical areas, in Jammu and 

Kashmir several species extend their distribution 

ranges to the tropics.  

Acer ceasium Wall. ex Brandis. commonly known as 

Indian Maple, locally Tricanna is a deciduous tall 

tree species reaching upto 30m in height and 2.1m in 

grith (Fig. 1a & b). It is found evenly distributed in 

some parts of North East Himalayan region of India. 

It is a large tree species relatively poorly known 

distributed in china, India, Nepal and Pakistan. In 

India it is distributed in Himachal Pradesh, Jammu 

and Kashmir, Uttaranchal and Uttar Pradesh. The 

species is generally found in open places such as 

grazing grounds and in coniferous forest at an 

elevation of 2400- 3800 masl. The species prefer 

semi shade or no shade require moist soil. The 

species is associated with various other Himalayan 

species like Quercus baloot, Quercus 

leucotrichophora, Quercus semecarpifolia, Taxus 

baccata, Picea smithiana, Ilex species, Pinus 

roxburghii, Pinus gerardiana, Cedrus deodora etc. 

Leaves are petiolated palamately 5 lobed with basal 

lobes small.  

Acer ceasium is a monoecious with separate male 

and female flowers. The twigs of the tree are red 

brown, glabrous with small dots. Flowers appears in 

the month of March-May and fruiting in august to 

September. This tree species is economically as well 

as medicinally very important. The juice of the bark 

is applied externally to treat muscular swellings and 

pimples (Manandhar, 2002). The leaves are packed 

around apples to preserve them. 

Plant faces various types of threats internally as well 

as externally. Among the external threats most 

common are habitat loss and fragmentation, 

introduction of exotic species, climate change, over 

exploitation and pollution. Acer ceasium faces 

habitat loss and fragmentation and overexploitation. 

Due to various hydrological projects undergoing in 

the area of study, natural forest populations are 

getting transformed into small fragments. Small 

fragments can generally harbor small populations, 

and small populations are more prone to extinction 

than large populations. This is because small 

populations loose genetic diversity by inbreeding 

depression. 
 

Over exploitation of the timber for commercial as 

well as local use has caused a remarkable decline in 

number of trees in a population. The survey 

conducted by author himself reveals a great decline 

in  number in 4 populations marked in Jammu and 

Kashmir state namely Dehra ke gali (Poonch 

District), Gulab Garh, Padder and Dachan (Kishtwar 

Disrtict). Number of trees in each population was 

noted during the field surveys conducted for 03 years 

(2014-16) (Table 1). 

During the field surveys it was noted that the number 

of trees decreased in every successive year. This is 

due to cutting of trees at large scale and also due to 

loss of habitat. Locals also use wood for their house 

hold purposes. The wood of the tree is smooth and is 

used for making carving, bowls, cups etc. Also 

leaves are used as fodder and branches of large trees 

are cut down to feed the cattle (Fig. 1c & d). The 

seeds and small plants are also used in ornamental 

trade. The viability of seeds is low due to which in 

nature only a small number of seeds germinate. The 
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continuous exploitation of Acer ceasuim for local use 

leads it to the category of threatened tree species. 

Therefore it is necessary to create awareness about 

various conservation methods among the local 

people to ensure its sustainable use and management 

in such a way that this tree species flourish well in 

nature, otherwise it will become difficult to save this 

beautiful and useful maple tree species. 

Based on the present results it can be concluded that 

the changing environment coupled with high 

anthropogenic pressure may however lead to 

depletion of population of the tree species. Therefore 

regular long term monitoring for developing a 

database of all the identified sites is suggested which 

would help in developing an adequate management 

plan for the conservation of the species. 

  

LEGEND 

 
Fig. 1. (a & b). Acer ceasium growing in its natural habitat. (c &d).  Cutting of tree by local people.  
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Table 1. Details of sites of Acer ceasium selected for study. 

S. No. Population Altitude 

(masl) 

Number of trees 

2014 2015 2016 

1.  Dehra ke gali 1974 11 06 04 

2.  Gulab Garh 1740 22 15 13 

3.  Padder 1638 18 11 07 

4.  Dachan 2152 29 26 21 
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Abstract: A field experiment was conducted during Rabi season 2016-17 to find out the effect of FYM and Vermi Compost 

with or without PSB and Azotobactor and rates of organic manures (50% and 100% RND) on growth attributes and yield 

parameters of onion (Agri Found Dark Red) on clay loam soil. The treatments comprised of organic, inorganic fertilizer and 

biofertilizers with ten treatments 100% RDF through inorganic, 100% RDF through FYM (N Basis), 100% RDF through 

vermicompost,50% RDF through Inorganic Fertilizers + 50 % through FYM, 50% RDF through Inorganic Fertilizers + 50 % 

through vermicompost, 5 0% RDF through Inorganic Fertilizers + 50 % through FYM + PSB, 50% RDF through Inorganic 

Fertilizers + 50 % through vermicompost + PSB, 50% RDF through Inorganic Fertilizers + 25 % vermicompost + PSB, 

100% RDF through FYM (N Basis) + PSB + Azotobactor and  100% RDF through vermicompost + PSB + Azotobactor.  

Results revealed that the application of organic manure significantly influenced the plant height (cm), number of leaves, 

fresh weight of leaves (g plant-1) and dry weight of leaves (g plant-1) with 100% RDF through Vermicompost + PSB + 

Azotobactor at 30 and 60 days of transplanting. The diameter of bulb (cm), bulb weight (g) and bulb yield (q ha-1) 

significantly increased with 100% RDF through Vermicompost + PSB + Azotobactor).  

 
Keyword: Growth, Onion, Nutrient, Yield 

 

INTRODUCTION 

 

nion, Allium cepa L is one of the important 

commercial bulbous vegetable crop grown 

throughout the world. It is a bulbous biennial herb of 

the most important vegetable cum condiments, 

spice crops demanded worldwide. India is the second 

largest producer of onion in the world, next to China, 

with 70% of the total production comes as winter 

crop and remaining 30% as kharif onion as off 

season crop, accounting for 11.40 per cent of the 

area and 10.40 per cent of the world production 

and 16 per cent of productivity. In India, onion is 

being grown in an area of 3.64 million hectares 

with production of 68.45 million tonnes and the 

average productivity is 18.82 tonnes per hectare. 

Maharashtra is the leading onion growing state of 

India (Anonymous, 2013). Organic manures not 

only provide plant nutrient but also improve the soil 

structure by effecting soil aggregates. They also 

decrease EC and increase water holding capacity and 

phosphate availability of soils, besides improving the 

fertilizer use efficiency and microbial activity. Bio 

fertilizers play a key role in increasing the 

availability of nutrient. Inoculation of these bio-

fertilizers in very small quantity supplemented with 

sufficient amount of organic matter converts the 

insoluble and unavailable form of nutrient in soluble 

and available from of nutrients. The organic manures 

contain nutrients in small quantities as compared to 

the chemical fertilizers, also it contain growth 

promoting substances like enzymes and hormones, 

besides improvement of soil fertility and productivity. 

Organic materials such as poultry manure, green 

manures and farmyard manure (FYM) can 

substitute for inorganic fertilizers to maintain 

productivity and environmental quality.  

 

MATERIAL AND METHOD 

 

The experiment was conducted at the farmers 

field, village-Suwana, near Krishi Vigyan Kendra, 

Bhilwara, Maharana Pratap University of 

Agriculture & Technology, Udaipur, Rajasthan, 

India in Rabi season, 2016-17 to find out the effect 

of coinjoint use of organic and inorganic sources of 

nutrients on growth, yield and quality of onion 

(Allum cepa L.) var. Agrifound Dark Red. The soil 

of the experimental field was clay loam in texture 

and having pH 7.85, EC 0.11 dSm
-1

, organic 

carbon content 0.42%, low in available N (178 

kg/ha), medium P (18.7 kg/ha) and high in  K (348 

kg/ha). The experiment was laid out in randomized 

block design with three replications. The treatments 

comprised of organic, inorganic fertilizer and 

biofertilizers with ten treatments T1 -100% RDF 

through inorganic, T2 -100% RDF through FYM (N 

Basis), T3 -100% RDF through vermicompost, T4 -

50% RDF through Inorganic Fertilizers + 50 % 

through FYM, T5 -50% RDF through Inorganic 

O 
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Fertilizers + 50 % through vermicompost, T6 -50% 

RDF through Inorganic Fertilizers + 50 % through 

FYM + PSB, T7 -50% RDF through Inorganic 

Fertilizers + 50 % through vermicompost + PSB, T8 -

50% RDF through Inorganic Fertilizers + 25 % 

vermicompost + PSB, T9 -100% RDF through FYM 

(N Basis) + PSB + Azotobactor and  T10 -100% RDF 

through vermicompost + PSB + Azotobactor.  

The treatments of manure, chemical fertilizers and 

bio-fertilizers were applied as per treatment in 

respective plot. Vermicompost and FYM were 

applied prior to 15 days of transplanting of Onion. 

PSB and Azotobactor bio-fertilizer was applied at the 

time of transplanting. Inorganic fertilizer i.e. SSP and 

Murate of Potash were applied as a basal dose during 

transplanting whereas as 1/2 dose of urea was 

applied at the time of transplanting and remaining 

1/4 – 1/4 dose applied at 30 and 60 days of 

transplanting respectively. The seeds of onion variety 

“Agrifound Dark Red” were treated with bavistin + 

carbandazim (SAAF) @ 3 gm kg
-1

 before sowing in 

nursery. The seed of onion variety Agrifound Dark 

Red was raised in the nursery of 3 m long and 1.2 m 

wide and 10 cm above the ground level was prepared 

and manured as per the recommendation treatments. 

Treated seed were sown on 22 December 2016 in 

line and all the intercultural operations were done as 

and when required. 57 days old seedlings of uniform 

size were transplanted on 14 February 2017 in the 

prepared field. The spacing 15 cm row to row and 10 

cm plant to plant was maintained. The seedlings 

were transplanted in cool evening according to the 

layout plan. A light irrigation was applied just after 

the transplanting and subsequent irrigation was given 

at an interval of 10-12 days depending upon the soil 

condition. Harvesting of onion was done on 31
st
 May 

2017.  

The data on plant height (cm), number of leaves per 

plant 
-1

, fresh weight of leaves, dry weight of leaves 

parameters were recorded at 30 and 60 DAT, 

whereas diameter of bulb (cm), average bulb weight 

(g) and bulb yield (q ha
-1

) were recorded and 

thereafter, tabulated and analyzed statistically by 

method of analysis of variance. The data were 

analyzed statistically and result was interpreted by 

using methods suggested by Panse and Sukhatme 

(1967). 

RESULT AND DISCUSSION 

 

Growth parameters  

The vegetative parameters like plant height (cm), 

number of leaves plant 
-1

, fresh weight of leaves, dry 

weight of leaves parameters were recorded at 30 and 

60 DAT, were greatly influenced by both organic and 

inorganic nutrient sources. The plant height increased 

significantly with the different treatments of organic 

manures, inorganic fertilizers and bio-fertilizer up to 

harvesting (Table1). This may be due to application 

of nutrient management through vermicompost along 

with bio-fertilizers, increased the photosynthetic 

activity, chlorophyll formation, nitrogen metabolism 

and auxin contents in the plants which ultimately 

improving the plant height. These findings were in 

agreement with the findings of Prabhakar et al. 

(2012). The significantly maximum leaves per plant 

was recorded in the treatments T10 (100% RDF 

through Vermicompost + PSB + Azotobactor) at 30 

and 60 days of transplanting followed by T9 (100 % 

RDF through FYM + PSB + Azotobactor). However, 

the minimum leaves per plant was recorded under 

treatment T2 (100 % RDF through FYM) at 30 and 

60 DAT. Probable reasons for enhanced more 

number of leaves may be due to promotive effects of 

integrated nutrient management on vegetative growth 

which ultimately lead to more photosynthetic 

activities. These findings was in agreement with the 

findings of Jawadagi et al. (2012). The fresh weight 

of leaves was significantly influenced by various 

treatments of organic manures, inorganic fertilizers 

and bio-fertilizer. Similar results reported by 

Mahanthesh et al. (2005). Similarly, significantly 

maximum dry weight of leaves was exhibited in the 

treatment T10 (100% RDF through Vermicompost + 

PSB + Azotobactor), followed by T7 (50 % RDF 

through Inorganic Fertilizers + 50 % through 

Vermicompost + PSB). However, the minimum dry 

weight of leaves was observed in T2 (100 % RDF 

through FYM). This may be due to application of 

major and micro nutrients by organic manure which 

increased the photosynthetic activity, chlorophyll 

formation, nitrogen metabolism and auxin contents 

in the plants which ultimately improving the dry 

weight of leaves. 

  

Table 1. Effect of different organic and inorganic sources and their combinations on growth parameters of 

onion. 
Treatment Plant height  Number of leaves Fresh weight of leaves 

(g/plant) 

Dry weight of leaves  

(g/plant) 

 30 

DAT 

60 DAT 30 DAT 60 DAT 30 DAT  60 DAT 30 DAT 60 DAT 

T1   - 100 % RDF through Inorganic 

Fertilizers 21.33 38.67 5.00 8.20 22.67 40.80 3.27 5.37 

T2   - 100 % RDF through FYM (N 

basis) 17.40 36.67 4.80 7.84 21.67 39.00 3.20 5.00 
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T3   - 100 % RDF through 

Vermicompost (N basis) 19.77 37.77 5.09 8.29 26.00 46.80 3.83 5.97 

T4   - 50 % RDF through Inorganic 

Fertilizers + 50 % through FYM 20.07 38.07 5.60 8.80 25.67 47.80 3.75 6.00 

T5   - 50 % RDF through Inorganic 

Fertilizers + 50 % through 

Vermicompost 19.27 37.27 5.53 8.73 29.67 53.40 4.40 6.67 

T6  - 50 % RDF through Inorganic 

Fertilizers + 50 % through FYM + 

PSB 22.83 43.00 5.97 9.20 28.00 47.60 4.10 5.97 

T7  - 50 % RDF through Inorganic 

Fertilizers + 50 % through 

Vermicompost + PSB 25.47 45.13 5.87 9.13 29.67 53.40 4.45 6.62 

T8   - 50 % RDF through Inorganic 

Fertilizers + 25 % Vermicompost + 

25 % FYM + PSB 24.07 42.07 5.27 10.32 29.17 52.50 4.20 6.69 

T9   - 100 % RDF through FYM + 

PSB + Azotobactor 25.00 46.33 6.20 11.34 29.50 52.30 4.32 6.83 

T10  - 100 % RDF through 

Vermicompost + PSB + Azotobactor 28.67 52.00 6.93 12.63 34.33 60.53 5.05 7.69 

SEm± 0.93 1.17 0.13 0.23 1.57 2.42 0.24 0.39 

C.D. (5%) 2.77 3.47 0.38 0.67 4.66 7.20 0.72 1.15 

 

Post-harvest parameter of crop 

Diameter of bulb increased significantly with 

different treatments of organic manures, inorganic 

fertilizers and biofertilizer (Table2). This may be due 

to application of organic manures which provide 

major and micro nutrients resulted in  increased the 

photosynthetic activity, chlorophyll formation, 

nitrogen metabolism and auxin contents in the plants 

which ultimately improving the diameter of bulb.  

Significantly maximum bulb weight of bulb was 

exhibited in the treatment T10 (100% RDF through 

Vermicompost + PSB + Azotobactor) followed by T9 

(100 % RDF through FYM + PSB + Azotobactor), 

Bulb yield per hectare differed significantly due to 

application of 100% RDF through Vermicompost + 

PSB + Azotobactor significantly increased the bulb 

yield of onion.  The higher yield might be due to 

increase in plant height, number of leaves, and other 

yield attributes viz., fresh weight of whole plant, 

fresh and dry weight of bulb. Similar results have 

been reported by Shinde et al. (2013) and Gurjar et. 

al. (2017) .  

 

CONCLUSION 

 

The results of present investigation revealed plant 

height (cm), number of leaves, fresh weight of leaves 

(g plant
-1

) and dry weight of leaves (g plant
-1

) were 

significantly influenced with 100% RDF through 

Vermicompost + PSB + Azotobactor at 30 and 60 

days of transplanting. The diameter of bulb (cm), 

bulb weight (g) and bulb yield (q ha
-1

) significantly 

increased with 100% RDF through Vermicompost + 

PSB + Azotobactor). 

  

Table 2. Effect of different organic and inorganic sources and their  combinations on yield and quality 

parameters of onion. 
Treatment Diameter of 

bulb (cm) 

Average weight of 

bulb (g) 

Bulb yield (Q/ha) 

T1   - 100 % RDF through Inorganic Fertilizers 
5.78 81.00 137.70 

T2   - 100 % RDF through FYM (N basis) 
5.98 85.17 144.78 

T3   - 100 % RDF through Vermicompost (N basis) 
6.37 93.69 159.28 

T4   - 50 % RDF through Inorganic Fertilizers + 50 % through FYM 

6.64 94.53 160.71 

T5   - 50 % RDF through Inorganic Fertilizers + 50 % through 

Vermicompost 

7.03 104.00 176.80 
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T6  - 50 % RDF through Inorganic Fertilizers + 50 % through FYM + 

PSB 

7.33 109.00 185.30 

T7  - 50 % RDF through Inorganic Fertilizers + 50 % through 

Vermicompost + PSB 

7.36 113.00 192.10 

T8   - 50 % RDF through Inorganic Fertilizers + 25 % Vermicompost 
+ 25 % FYM + PSB 

7.20 117.17 199.18 

T9   - 100 % RDF through FYM + PSB + Azotobactor 
7.75 120.00 204.00 

T10  - 100 % RDF through Vermicompost + PSB + Azotobactor 

8.77 129.08 219.44 

SEm± 
0.32 1.27 2.16 

C.D. (5%) 
0.96 3.77 6.40 
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Abstract: The different botanicals and bio-pesticides were tested against the natural incidence of the Helicoverpa armigera 

on marigold crop var. Morden during Rabi2016-17.  The experiment was undertaken in a randomized block design (RBD) 

with seven treatments viz,HaNPV (250 LE) @ 2ml/ litre, NSKE @ (5%), Bacillus thuringiensis @ 2.5g/litre, Neem oil @ 

4ml/litre, Beauveria bassiana @ 4gm/litre, Karanj oil @ 5% and Untreated control in three replications with 3 x 2.5 m2  plots 

and row to spacing of 60 x 30 cm. In all two sprayings were undertaken so as to evaluate the effectiveness of the treatments 

and it were observed that the larval incidence at 1, 3, 5, 7 and 10 days after both spraying was lowest in plots sprayed with 

HaNPV.  However the next best treatments in the order of effectiveness for the control of Helicoverpa armigera were NSKE 

5%, Bacillusthuringiensis@ 2.5 gm/litre, Neem oil @ 4ml/litre, Beauveriabassiana @ 4ml/ litre, Karanj oil @ 5%.  

 

Keyword: Beauveria bassianaand Bacillus thuringiensis, HaNPV, Marigold, NSKE 

 

INTRODUCTION  

 

arigold (Tagetes erecta L.) is an important 

loose flower in Chhattisgarh and India. It is 

getting popular in Chhattisgarh and West Bengal. 

Marigold gained popularity amongst gardeners and 

flower dealers on account of its easy culture and 

wide adaptability. Its habit of free flowering, short 

duration to produce marketable flowers, wide 

spectrum of attractive colour, shape, size and good 

looking quality attracted the attention of flower 

growers. Its native place is central and South 

America, especially Mexico from where it spreads to 

different parts of the world during early parts of the 

16th century, but it has adopted so well to Indian 

condition that it is as good as a native to India as 

well. The marigold rank is first of the flower 

cultivation in Chhattisgarh. The area of marigold is 

4007 hectare, production 29270 million tons and 

productivity 7.30 million tons per hectare 

respectively in Chhattisgarh (Anonymous 2016). 

Marigold is one of the most important flower crop 

grown commercially in different parts of India. In the 

year 2003-2004, the estimated are under marigold in 

India was 17600 hectare and production 2 lacks 

metric tones (Anonymous, 2003). Earlier marigold 

was considered as pest free crop but as this is a 

photo-insensitive crop it is grown all-round the 

year.In all three seasons which led to increase of pest 

incidence on marigold. About 10 insect pest 

damaging to this crop, among which, H. armigera 

(Hubner) causes severe damage to this crop causing 

yield loss up to 20%. Among these, capitulum borer 

(H. armigera) is highly polyphagous with about 181 

host plants including important crop plants such as 

pulses, cotton, vegetables, etc. (Manjunath et al., 

1985). The Helicoverpa larval economic damages 

marigold crop on the leaves in early stages of the 

crop growth and then feeds on flower buds, fruiting 

parts. Even one  Helicoverpa armigera larva per 

capitulum could cause economic damage (Margal, 

1990).Therefore to have effective control measure 

for capitulum borer is the need of the hour. Various 

control methods available are cultural management, 

mechanical management, botanical control, 

biological control and chemical control(Anonymous, 

2014), although chemical control method provides 

immediate control but causes various environmental 

and health hazards. So these biological control 

alternatives for management of Capitulum borer 

Helicoverpa armigera were tried in the present 

experiment to manage the pest effectively and 

maximize flower yield because it was safe, 

economical and advocated as the first line of attack. 

 

MATERIAL AND METHOD 

 

The present research work was undertaken at farmers 

field located in Ajabnagar, Surajpur. It is situated 

about 5 km away from Raj Mohini Devi College of 

Agriculture and Research Station, Ambikapur (C.G.). 

The experiment was conducted in randomized block 

design with seven treatments and three replications. 

The variety of marigold was  Pusa Narangi viz., 

Morden with a spacing of 50 x 50 cm in a 3 x 2.5 m
2
 

plot. The dose of fertilizer at the rate of 80kg N, 80kg 

P, 50kg K, was given to prior to transplanting and 

40kg N after sowing. 

Treatment and Details of treatment 

The treatments were, T1-HaNPV (250 LE) @ 

2ml/litre, T2-NSKE @ (5%), T3- Bacillus 

thuringiensis @ 2.5g/litre, T4- Neem oil @ 4ml/litre, 

T5- Beauveria bassiana @ 4gm/litre, T6- Karanj oil 

@ 5%, and T7- untreated control. 

Preparation of spray solution 

The spray solution of desired concentration was 

freshly prepared every time at the site of 

experimentation just before the starting of spraying 
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operations. The quantity of spray material required 

for coverage of crop was gradually increased as the 

crop advanced in age. The spray solution of a desired 

concentration was prepared by adopting the 

following formula: 

C x A 

V =______________ 

% a.i. 

where, 

V= volume / weight of insecticides or biopesticides 

in ml/ gm. 

C= concentration required. 

A= quantity of spray solution required in ml. 

% a.i. = percentage of active ingredient in product. 

Methods of recording observations 
Five plants were selected randomly from the net plot 

of each treatment in each replication. They were 

properly labeled. The observations on total number 

of larvae were recorded on each leaf from top, 

middle and bottom canopy and capitulum of the 

observation plants. The ETL of pest (1 larva leaf
-1

) 

was considered as optimum pest and pre count was 

recorded. The observations on population of larvae 

were also recorded at one, three, five, seven and ten 

days after application of treatment. Then the data 

were converted into mean values using square root 

transformation. 

 

RESULT AND DISCUSSION 
 

The results obtained during the course of 

experimentations are presented in Table 1 and 2 and 

Figure 1 and 2, under all the treatments were 

significantly superior in reducing larval population 

over untreated control at all the days of observations 

after first and second sprays. However, the incidence 

of larva on marigold observed lowest in treatment 

T1-HaNPV (250 LE) 2ml/litre at one, three, five, 

seven and ten days after first and second application 

of treatment  followed by NSKE @ 5%, Bacillus 

thuringiensis @ 2.5g/litre,Neem oil @ 4ml/litre, 

Beauveria bassiana @ 4gm/litre, and Karanj oil @ 

5%. Highest larval population was  recorded in 

untreated control. 

Present results were discussed in the light of 

following workers. Jagdish et al. (2010) recorded the 

influence of six bio-pesticides in comparison 

profenophos 0.05 %, endosulphan 35 EC and 

untreated control against Helicoverpaarmigera and 

Spodoptera litura, reported that NSKE 5% and 

Profenophos 0.05 % were most effective in obtaining 

larval mortality of Helicoverpa armigera and were 

statistically on par with each other. Kati (2010) 

evaluated B. bassiana SC formulation @ 250 mg/L, 

DOR Bacillusthuringiensis (Bt) formulation @ 2.5 

g/L, HaNPV (DOR isolate) @ 2 x 108 POBs/mL 

Commercial neem formulation 0.5 %, NSKE 5 %, 

PSE 5%, Profenophos 0.05 % and untreated control 

in three replications against Helicoverpa armigera in 

field condition and reported that profenophos @ 

0.05% at 3 and 7-days after first application and 

second application of treatment was most effective 

which was followed by HaNPV reducing head borer 

infestation and maximizing seed yield. Mane et al. 

(2013) evaluated Beauveria bassiana  SC 

formulation, Neem formulation, HaNPV and other 

biopesticides in comparision with quinalphos 25 EC 

and profenophos 50EC @ 0.05 % and untreated 

control against Helicoverpaarmigera in field 

condition and reported that Profenophos @ 0.05% at 

3 and 7- days after first application and second 

application of treatment was most effective which is 

followed by HaNPVin reducing head borer 

infestation and maximizing seed yield and these 

treatments where at par with each other. 

 

Table 1. Evaluation of different botanicals and biopesticides against Helicoverpa armigera after  First Spray 
Tr. No. Treatment Dose Pre-treatment larval 

population/plant 

Mean larval population of per plant at days after 

first spray 

Overall 

Mean 

1st 3rd 5th 7th 10th 

T1 HaNPV 250LE 2ml/lit. 2.00 

(1.58)*                                            

1.40 

(1.38) 

0.93 

(1.20) 

0.67 

(1.08) 

0.20 

(0.83) 

0.13 

(0.79) 

0.66 

 

T2 NSKE (5%) 50ml/lit 1.93 

(1.56) 

1.53 

(1.43) 

1.13 

(2.73) 

0.87 

(1.17) 

0.60 

(1.05) 

0.27 

(0.87) 

0.88 

 

T3 Bacillus 

thuringensis 

2.5g/lit 1.73 

( 1.49)  

1.53 

(1.43) 

1.20 

(2.20) 

1.07 

(1.25) 

0.73 

(1.11) 

0.47 

(0.98) 

1.00 

 

T4 Neem oil 4ml/lit 1.80 

( 1.52  )                                                                                                                                                                                        

1.47 

(1.40) 

1.27 

(2.80) 

1.13 

(1.28) 

0.93 

(1.20) 

0.73 

(1.11) 

1.10 

 

T5 Beauveria 

bassiana 

4g/lit 1.93 

            (1.56)                                                                                                                                      

1.60 

(1.45) 

1.40 

(1.47) 

1.20 

(1.30) 

1.00 

(1.22) 

0.80 

(1.14) 

1.20 

 

T6 Karanj oil (5%) 50ml/lit 1.80 

(1.52) 

1.67 

(1.47) 

1.47 

(3.73) 

1.27 

(1.33) 

1.07 

(1.25) 

0.87 

(1.17) 

1.27 

 

T7 Control - 2.07 

(1.60) 

2.20 

(1.64) 

2.40 

(7.60) 

2.53 

(1.74) 

2.60 

(1.76) 

2.87 

(1.83) 

2.52 

 

SE(m)   0.15 0.11 0.11 0.12 0.10 0.09  

CD5%   0.44 0.35 0.33 0.35 0.32 0.28  

*Figure in parentheses are square root    Transformed value 
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Table 2. Evaluation of different botanicals and biopesticides against Helicoverpa armigera after second spray  
Tr. No. Treatment Dose Pre-treatment larval 

population/plant 

Mean larval population of per plant at days 

spray 

Overall 

Mean 

1st 3rd 5th 7th 10th 

T1 HaNPV 250LE 2ml/lit. 1.73 

(1.49)*                                            

1.33 

(1.35) 

0.87 

(1.17) 

0.47 

(0.98) 

0.13 

(0.70) 

0.07 

(0.75) 

0.57 

 

T2 NSKE (5%) 50ml/lit 1.73 
(1.49) 

1.40 
(1.38) 

1.13 
(2.73) 

0.67 
(1.08) 

0.47 
(0.98) 

0.20 
(0.84) 

0.77 
 

T3 Bacillus 

thuringensis 

2.5g/lit 1.87 

( 1.54)  

1.53 

(1.43) 

1.20 

(2.20) 

0.87 

(1.17) 

0.60 

(1.05) 

0.33 

(0.91) 

0.90 

 

T4 Neem oil 4ml/lit 1.80 
( 1.92  )                                                                                                                                                                                        

1.67 
(1.47) 

1.47 
(2.80) 

1.13 
(1.28) 

0.87 
(1.17) 

0.67 
(1.08) 

1.16 
 

T5 Beauveria 

bassiana 

4g/lit 1.60 

            (1.45)                                                                                                                                      

1.47 

(1.40) 

1.33 

(1.47) 

1.00 

(1.22) 

0.80 

(1.14) 

0.60 

(1.05) 

1.04 

 

T6 Karanj oil (5%) 50ml/lit 1.73 
(1.49) 

1.53 
(1.42) 

1.47 
(3.73) 

1.27 
(1.33) 

0.93 
(1.19) 

0.80 
(1.14) 

1.20 
 

T7 Control - 1.80 

(1.52) 

1.93 

(1.56) 

2.20 

(7.60) 

2.47 

(1.72) 

2.53 

(1.74) 

2.80 

(1.82) 2.38 

SE(m)   0.11 0.10 0.08 0.09 0.10 0.09  

CD5%   0.32 0.30 0.25 0.26 0.30 0.26  

*Figure in parentheses are square root    Transformed value 

 

 
 

Fig 1. Evaluation of botanicals and bio-pesticides against Helicoverpa armigera after first spray 

 

 
 

Fig 2. Evaluation of botanicals and bio-pesticides against Helicoverpa armigera after second spray 
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CONCLUSION 

 

Among the seven treatments the best treatment was 

recorded T1 HaNPV 250LE followed byT2  NSKE 

5%, T3 Bacillus thuringiensis,T4 Neem oil, T5 

Beauveria bassiana and T6 karanj oil was least 

effective against  Helicoverpa armigera in marigold . 
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Abstract: Among various plant–animal interactions occurring around us, pollination and herbivory are prominent ones. 

While the former exemplifies a mutualistic relationship, the latter is reverse of it. Pollinators by their visits influence both 

quantity and quality of pollen reaching the surface of stigma [6] [13]. Herbivores on the other hand affect plant by impairing 

its foliage, deterring pollinators and cause loss of pollen and ovules [9] [5]. In order to analyze these relationships and their 

correlation with reproductive success, studies were conducted in two species of Luffa (family – Cucurbitaceae) namely L. 

cylindrica and L. acutangula growing in Jammu division of J&K state, India (area of study). Interestingly one among the 

two was found to be reproductively more efficient and less affected by herbivory.  

 

Keyword: Pollinator, Herbivory, Mutualistic relationship, Reproductive efficiency 

 

INTRODUCTION 

 

eproductive success of the plant depends on 

both pollinators and herbivores. Pollination 

brought about by the pollinators represents an 

interesting aspect of plant reproduction. Pollinators 

deposit large amount of pollen on the stigma and 

thereby influence seed quality and quantity both by 

generating greater competition among pollen grains 

for ovule fertilization [15]. Herbivores on the other 

hand reduce the resource availability and hence have 

an indirect impact on plant reproduction [10]. In 

order to analyze the affect of pollinator and 

herbivores on reproductive efficiency detailed studies 

were carried out in two species of Luffa namely L. 

cylindrica and L. acutangula growing in Jammu 

division of J&K state, India. Present communication 

elaborates on the details of the same. 

 

MATERIAL AND METHOD 

 

This study is based on two species of Luffa namely L. 

cylindrica and L. acutangula. While most of the 

observations in both the species were made on the 

plants raised in Botanical garden, University of 

Jammu, few observations in L. acutangula were 

made on the plants growing wild in Birpur and 

Purmundal area of Samba District (Alt – 384masl, 

Loc – N32º34’, E75º07’) of Jammu and Kashmir 

State. Observations were made during the peak 

blooming season of the vines (August – November) 

on a set of 10 plants of each species. Temperature 

and relative humidity during this period ranged 

between 24.2 to 32.6ºC and 75.36 to 89.36%.  

Methods 

a) Flower morphology 

Studies on detailed structure of flower was made 

using 10 inflorescences from each species. 

Various parameters including structure of 

flower, number of essential and non essential 

parts, floral rewards and arrangement of these 

flowers on inflorescence were recorded in the 

field at regular time interval. 

b) Insect visitors and pollination ecology  
Vines of both the species were observed at regular 

time interval during the vegetative as well as 

during their full blooming period for various 

insect visitors. Voucher specimens were 

collected, identified and classified as visitors, 

robbers and pollinators on the basis of their 

activity and pollen load on different body parts. 

These insects were identified at the Entomology 

Research Lab, Department of Zoology, 

University of Jammu, Jammu. 

c) Fruit and seed set 

Percentage fruit and seed set on open pollination was 

estimated in both species using following formula 

% age fruit set =     Number of fruits formed per 

100cm branch     x   100 

                                Number of female flowers per 

100cm branch 

% age seed set =    Number of seeds formed per fruit     

x   100 

                               Total number of ovules per 

female flower  

 

RESULT AND DISCUSSION 

 

Species of Luffa i.e. L. cylindrica and L. acutangula 

are annual climbing vines that pass a brief vegetative 

phase of approximately three months (May to July) 

and initiate their flowering in the month of August; 

flowering period extends for a maximum of 3 ½ 

months in L. cylindrica and 2 months in L. 

acutangula in the subtropical climates of Jammu, 

where the study has been carried out. 

Sex expression in both the species is uniform; they 

are monoecious. Monoecy is infact the most common 

sex expression in family Cucurbitaceae [14] [2]. First 

flowers to differentiate and open on the vine of both 
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the species are male flowers (on lower nodes); 

female flowers appear on the middle nodes and here 

they coexist with the male flowers. The upper nodes 

bear only pistillate flowers in L. acutangula and both 

staminate and pistillate flowers in L. cylindrica [7]. 

Staminate flowers in both the species are borne in 

axillary racemes, while female flowers are solitary. 

Flowers of L. cylindrica are large (male flower – 

9.06cm ± 0.13; female flower – 10.1cm ± 0.08) and 

bright yellow in colour, where as in L. acutangula 

they are small (male flower - 4.5cm ± 0.06; female 

flower – 5.22cm ± 0.11) and pale yellow. 

Arrangement of stamens varied in the two species 

(Table 1). They are free and 5 in number in L. 

cylindrica and are grouped as 3 stamens showing 

2+2+1 arrangement in L. acutangula. Several authors 

[4] [3] suggest that basic stamen number in the 

family is 5, whereas 3 stamen condition in many 

cucurbits is derived by union of adjacent stamens. 

Pollen production per male flower averages 60,994 ± 

798.9 in L. cylindrica and 7,577 ± 191.9 in L. 

acutangula. 

Pistillate flowers are borne singly on short peduncles 

in both the species. Carpels are three in number and 

fused with short styles terminating into trilobed, dry 

and papillate stigma at the apex and an inferior ovary 

at the base. Male flowers in both the species are 

nectariferous bearing cup shaped nectary at the base 

of stamens. A ring shaped nectary is also present at 

the base of the style in L. cylindrica where as it is 

absent in female flowers of L. acutangula (Table 1). 

The same has been reported earlier [1] also. 

The two species of Luffa referred above match in 

their gross morphology and sex expression but vary 

vividly in their floral phenology. L. cylindrica is 

diurnal with opening of flowers initiating at 0530 to 

6000 hrs with male flowers opening first (0530 hrs) 

followed by the opening of female flowers (0545 hrs) 

(Table 1). L. acutangula is nocturnal with male 

flower opening initiating at 1730 hrs followed by the 

opening of female flowers (around 1750 hrs). 

Blooming period extends for approximately 12 hrs to 

14 hrs respectively in L. cylindrica and L. 

acutangula. The flowers once closed, do not open 

again. 

Both the species are self fertile and insect pollinated. 

Cucurbits infact are reported to be predominately 

entomophilous with bees playing the most essential 

role [11] [12]. Both the taxa investigated were found 

to be visited by a variety of insects, but larger 

number of visitors were recorded in L. cylindrica due 

to favourable features including diurnal blooming, 

huge pollen production (60,994 per male flower) and 

nectar production in flowers of both sexes [7]. A 

total of 14 insect visitors were found visiting the 

flowers of this species, out of which 12 are legitimate 

visitors these include Butterflies, Honey bee, Sweat 

bee, Giant resin bee, Australian blue band bee, Small 

carpenter bee, Bumble bee, Syrphid flies, Skipper 

butterfly, Red fire ant, Black garden ant and Ghost 

ants, rest two insect visitors are herbivores these are 

Aulacophora sp. and Epilachna sp. L. acutangula on 

the other hand is nocturnal with less showy pale 

yellow flowers. Pollen production is slightly less in 

the species and nectar that serves as the primary 

attractant is absent in female flowers of the species 

and as a result a total of 9 insect visitors were 

recorded visiting the vine, of which only two insect 

visitors i.e. Ghost ant and Moths (family pyralidae) 

were the legitimate visitors. The rest 7 insect species 

were either robbers (Red eyed butterfly, Red fire ant, 

Harvestor ant, Black garden ant, Hawkmoth) or 

herbivores (Aulacophora sp. and Epilachna sp.) 

(Table 1). 

Both L. cylindrica and L. acutangula are visited by 

two species of herbivores i.e. Aulacophora sp. 

(Pumpkin beetle) and Epilachna sp. (Mexican bean 

beetle). It is very uncommon that a herbivore would 

also act as a pollinator on the same plant where it 

causes herbivory. It was however observed in L. 

cylindrica where Aulacophora sp. cause herbivory of 

both vegetative and reproductive tissue and also aids 

in the pollination while carrying out the act of 

herbivory on the same plant. A pollen load of 100 – 

120 pollen grains was observed on its body parts. In 

L. acutangula on other hand it causes immense 

damage to both vegetative and reproductive tissue 

along with Epilachna sp. Earlier studies on 

Aulacophora sp. reveal that this herbivore causes 

serious damage to various cucurbit crops thereby 

resulting in decrease of yield by 30 – 100% [8].  

Various factors such as nocturnal opening, low 

pollen production, absence of nectary in female 

flower, heavy damage of vegetative tissue affecting 

photosynthetic efficiency and floral tissue affecting 

pollination service lead to a dip in the reproductive 

efficiency of L. acutangula in terms of fruit set 

(25.07% ± 2.4) and seed set (20.19% ± 2.54) (Fig. 1). 

On the other hand diurnal opening, showy flowers, 

high pollen production (60, 994), frequent insect 

visitations, presence of rewards in both the sexes, 

low herbivore damage with an additional benefit of 

pollination makes L. cylindrica reproductively much 

more efficient in terms of high fruit set (74.5% ± 1.4) 

and seed set (60.35% ± 2.13) (Fig. 1).  

 

CONCLUSION  

 

Large flower size, diurnal opening, presence of 

nectary in both male and female flowers, low 

herbivory damage, high insect visitors and pollen 

production makes L. cylindrica the most legitimately 

pollinated species and this determines its 

reproductive efficiency when compared to L. 

acutangula. This is thus the reason for its cultivation 

and emergence as an important cash crop in different 

areas.
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Table 1. Details of flower morphology, flower phenology, pollinators and reproductive output in L. cylindrica 

and L. acutangula 
S.No Character L. cylindrica L. acutangula 

1 Flower colour Bright yellow Pale yellow 

2 Diameter of flower Male – 9.06 ± 0.13 

Female – 10.1 ± 0.08 

Male – 4.55 ± 0.06 

Female – 5.22 ± 0.11 

3 Flower opening Male – 0530 – 0600 

Female – 0545 – 0600 

Male - 1730 – 1800 

Female – 1750 - 1800 

4 Duration of flower opening Male – 11 hrs 30 mins 

Female – 12 hrs 15 mins 

Male – 14 hrs 30 mins 

Female – 14 hrs 40 mins 

5 Floral rewards Male – Pollen (60,994 ± 798.90/male 

flower) and nectar 

Female – Nectar 

Male – Pollen (7,577 ± 191.96/male flower) 

and nectar 

Female – Nil 

6 Insect visitors Pollinators - Butterflies, Honey bee, Sweat 
bee, Giant resin bee, Australian blue band 

bee, Small carpenter bee, Bumble bee, 

Syrphid flies, Skipper butterfly, Red fire ant, 
Black garden ant and Ghost ant 

Herbivores – Aulacophora sp. and 

Epilachna sp. 

Pollinators – Moths and Ghost ants 
Robbers - Red eyed butterfly, Red fire ant, 

Harvester ant, Black garden ant, Hawkmoth 

Herbivores – Aulacophora sp. and 
Epilachna sp. 

7 Total number of insect visitors 14 9 

8 Legitimate visitors 12 2 

9 % age fruit set on open 

pollination 

74.5 ± 1.4 

(62.5 – 88.8) 

25.07 ± 2.4 

(0 – 37.5) 

10 % age seed set on open 

pollination 

Healthy - 50.24 % ± 2.13 

(39.78 – 73.51) 

Shrivelled - 10.11 % ± 1.67 
(8.11 – 23.06) 

Healthy - 17.85 % ± 15.37 

(8.6 – 40.8) 

Shrivelled - 2.34 % ± 0.24 
(1.34 – 2.67) 

 

 
 

Fig. 1. Insect visitors and their influence on fruit set and seed set in L. cylindrica and L. acutangula 
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