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ABSTRACT 

 Investigations on the occurrence of leaf spot diseases on sissoo (Dalbergia sissoo) caused by Alternaria alternata were 

conducted in various forest nurseries of Navsari district in Gujarat. The maximum percent disease incidence (52.50%) was 

observed at Vansda forest nursery. Microscopic examination and tissue isolation from leaves of infected seedlings of Dalbergia 

sissoo collected from these different forest nurseries yielded culture of Alternaria alternata. Most of the plants were found 

infected by showing varying degree of infection indicating their susceptibility to the pathogen at almost all stages of seedling 

growth. Infection spots were dark brown; varied in size and shape and coalesced to form larger spots. The fungus sporualted on 

the lower surface of the leaves. Microscopic examination revealed the presence of  micro and macro conidia of Alternaria 

alternata with brwon mycelium. The pathogenicity tests were carried out by inoculation method and mycelium/spore spray 

method. Both the methods successfully produced typical leaf spot symptoms similar to those observed under natural conditions as 

described in literature, confirming pathogenic nature of the fungus. Among the two techniques, inoculation method was found to 

be the quickest and most effective method for proving the pathogenicity of Dalbergia sissoo. Thus, the causal agent of the 

Dalbergia sissoo leaf spot was identified and confirmed as Alternaria alternata.  
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INTRODUCTION 

Dalbergia sissoo Roxb. is one the most 

important tree species of genus Dalbergia, known 

especially for their timber quality. Diseases are major 

constraint in production and development of healthy 

plants in nurseries as they have been recorded to inflict 

heavy losses. Leaf spot is  one of the major threat in 

Dalbergia sissoo seedlings at nursery stage. 

Considering the seriousness of the problem, the present 

investigation was carried out. This disease has been 

reported to be caused by Alternaria alternata fungus.  

The scientific information on this disease is presently 

lacking. Hence, the investigation on this problem was  

undertaken for generating more scientific information 

about the disease. 

MATERIALS AND METHODS 

Survey and collection of samples 

A roving survey of the forest nurseries and 

other nurseries in Navsari district of Gujarat was 

conducted to know the status of leaf spot disease from 

June to December 2015. Occurrence of disease or any 
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symptoms or nature of damage caused to 

seedlings was recorded during the survey (Table-1). 

The diseased samples showing symptoms of black and 

brownish coloured spots from different forest nurseries 

of Navsari district were randomly collected and 

brought to the laboratory and two sampls from each  

 

nursery were subjected to microscopic examination 

from each nursery. Percent disease incidence was 

calculated on the basis of the following formula: 

 

 

Table - 1:  Survey and data collection in different forest nurseries in Navsari district 

Where, L= low, M = medium, S = severe 

Symptomatology and isolation of pathogen 

Isolation was done from the freshly infected 

leaves of Dalbergia sissoo showing typical symptoms. 

The infected samples were subjected to tissue 

isolation. The infected portion of the plant was cut into 

small bits in such a way that each bit consisted of 

infected as well as healthy tissues. The bits were 

surface sterilized with 0.1 percent mercuric chloride 

(HgCl2) solution for 30 seconds, followed by three 

washings with sterilized distilled water and then 

transferred aseptically under laminar air flow system 

on sterilized petriplates containing 20 ml Potato 

Dextrose Agar (PDA) medium. These petriplates were 

incubated at room temperature (27 ± 20 C). The fungal 

hyphae developing from the infected tissues were sub- 

cultured aseptically on PDA slants. The pure culture 

Sr. 

no. 

Name 

of 

nursery 

Bed 

size (m) 

Total no. 

of 

seedlings 

Sowing 

period 

Soil 

(Soil+S

and+F.

Y.M) 

Watering  

schedule 

Total no. 

of 

infected 

seedlings 

Percent  

incidence 

Disease 

severity 

1 Forestry 

College 

,ACHF,

NAU, 

Navsari 

1×3 200 1st week of 

June 

2:1:1 Daily 65 32.5 M 

2 Aamri 

nursery 

1×1 100 2nd week of 

July 

2:1:1 Daily 20 20.0 L 

3 Ajrai 

nursery 

1×1 100 3rd week of 

August 

2:1:1 Daily 35 35.0 M 

4 Sadakp

ore 

nursery 

1×1 100 1st week of 

September 

2:1:1 Daily 40 40.0 M 

5 Vesma 

nursery 

1×1 100 2nd week of 

October 

2:1:1 Daily 15 15.0 L 

6 Vansda 

nursery 

1×3 200 2nd week 

November 

2:1:1 Daily 105 52.5 S 

7 Doldha 

nursery 

1×3 100 2nd week 

December 

2:1:1 Daily 24 24.0 L 

Percent disease 

 incidence  

No. of infected  

seedlings 

Total no. of   

seedlings 

= x 100 
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thus obtained was microscopically examined for 

identification and was further purified by using single 

hyphal tip isolation technique. The cultures of obtained 

pathogens were maintained in a refrigerator and sub- 

cultured periodically at an interval of 30 days during 

the course of this study. 

Pathogenicity test and pathogen identification  

The pathogenicity test of the isolates was 

carried out by two different methods viz., inoculation 

method and mycelium/spore spray method. In these 

two methods mycelium/ spore spray method is better 

because it is easier to be carried out and earlier proves 

the pathogenicity. The symptoms were recorded 

locally in the nursery of the College of Forestry, NAU, 

Navsari. Infection spots were dark brown, varing in 

size and shape and coalesced to form larger spots. The 

fungus sporualtes on the lower surface of the leaves. 

To identify the pathogen, cultural and morphological 

characters were recorded in the laboratory under 

microscope and compared with those given in 

literature. 

 RESULTS AND DISCUSSION 

 Survey and collection of samples 

During the survey of forest nurseries in 

Navsari district of Gujarat, Dalbergia sissoo seedlings 

in total seven nurseries were found showing leaf spot 

disease incidence. These nurseries were frequently 

visited from June to December during the year 2015 & 

2016. The occurrence of disease or any symptoms or 

nature of damage caused to seedlings was recorded. 

Other relevant informations, such as total no. of 

infected seedling, sowing date, watering schedule, 

media and severity were also recorded. Among the 

seven forest nurseries visited, Vansda forest nursery 

showed the maximum disease incidence of 52.5%, 

followed by Sadakpore nursery with 40.0% disease 

incidence. Vesma forest nursery showed the minimum 

disease incidence of only 15%. (Table-1). Vansda 

forest nursery showed the maximum disease incidence 

because weather condition in this nursery is more 

suitable for the growth of the fungal pathogen as 

compared to other nurseries. Obtained results were in 

conformity with those of Cannon (1980), Dargan et.al. 

(2002), Rasid et.al. (2009) and Shamsi et al. (2012). 

They had also reported that the various diseases in 

Dalbergia spp. were caused by Alternaria spp. 

Symptomatology and isolation of pathogen 

Under natural and greenhouse conditions the 

symptoms of leaf spot disease in nursery seedlings 

were observed during the visits and infected samples 

were collected. The symptoms were recorded in 

seedlings of local college nursery. Most of the plants 

were found infected showing varying degrees of 

infection indicating their susceptibility to the pathogen 

at almost all the stages of seedling growth. Infection 

spots were dark brown, varying in size and shape and 

coalesced to form larger spots. The fungus sporulate 

on the lower surface of the leaves. Most of the plants 

were found with varying degree of infection in the 

seedlings in different nurseries of Navsari District, 

Gujarat. The plants in the seedling stage were found to 

be attacked the most. On critical examination, the 

fungus growth was observed on the leaves of the 

plants. Microscopic examination revealed the presence 

of micro and macro conidia of Alternaria alternata 

with brown mycelium. Obtained results were in 

conformity those of the Shivanna (2005) and Shamsi 

et.al (2012) who had also reported the same symptoms 

caused by Alternaria alternate, like attack on the 

leaves; mostly on lower surface producing dark brown 

spots which coalesced to from larger spots. The 

mycelium was brown and intra – epidermal. 

Pathogenicity test and pathogen identification 

The pathogenicity test of the isolates was 

carried out by inoculation method and mycelium/spore 

spray method. Among the two methods mycelium/ 

spore spery method is better because it is easier to be 

carried out and proves the pathogenicity earlier. 

Various workers have proved the pathogenicity of 

Alternaria spp. causing leaf spots in different crops by 
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these methods. Shivanna (2005) reported pathogenicity 

of Phyllachora dalbergiae and Colletrotrichum 

causing leaf spot on Dalbergia latifolia using 

inoculation method. Shamsi et.al., (2012) observed 

pathogenicity of Alternaria alternata causing leaf spot 

and other disease using blotter method. The pathogen 

was identified on the basis of cultural and 

morphological characters.  

Cultural characters 

Colonies of Alternaria alternata were initially 

dull white gradually turned first to light brown and 

subsequently to dark brown in colour on potato 

dextrose agar (PDA) medium. Cultural variations in 

parameters like mycelia size, shape, colour, mycelia 

growth, dry mycelium weight, sporulation, conidial 

size and formation of spores were observed. Results 

were in conformity with those of Sahni (1973), 

Sreekantiah et.al. (1973), Tewari et.al. (1991), Mistry  

(1992) and  Patel (2008) who studied fungus 

mycelium, reproductive structures, macroconidia, 

microconidia, spores, mycelial growth, size and shape 

of Alternaria alternata. 

Morphological character 

Sporulation varied from 25–60 x 3–3.5 µm in 

size of conidiopores and secondary conidiopores were 

generally short and 1-celled. The size of conidia varied 

in the range of 20–63 x 9–18 µm and mature conidia 

were typically of 10–30 x 5–12 µm. size. Results were 

in conformity with those of Mistry (1992) who found 

conidia with 1 to 4 transverse  and 0 to 2 longitudinal 

septa, variable in size and shape with rudimentary 

beak and measuring 10.83 to 59.57 × 5.42 to 16.25 µm 

in size with average size of 31.73 × 11.54 µm. Bedi  

 

 

 

 

 

 

 

and Singh (1972) reported  ovoid and pyriform with a  

short cylindrical beak, the length varying from 10.5 to 

47.5 µm and breadth varying from 3.5 to17.5 µm, with 

3 to 6 transverse and one or two longitudinal septa; 

Sreekantiah et al. (1973) found length of the spore 

ranging from 8.5 to 37.8 µ and the width ranging from 

6.3 to 8.4 µ with an average of 7.9 to 24.9 µ. Rao and 

Subrahmanyan (1975) recorded septate 41.5 to 132.8 

µm long and 4.15 to 8.3 µm in diameter and conidia 

24.9 to 104.7 µm × 16.6  to 66.4 µm in diameter, with 

2 to 8 transverse and 0 to 3 longitudinal septa. Utikar 

and Padule (1980) found 2 to3 septate, variable in 

length measuring 17.10 × 61.56 µm and long and 

conidia light to dark brown, muriform with 

rudimentary beak measuring 10.26 – 77.52 × 4.56 – 

14.82 µm in size. Zhou and Everts (2008) found 

circular lesions measuring 0.5 to1 mm in diameter and 

3 cm long. Patel (2008) Observed that conidiospores 

were simple, erect, grouped, septate and conidia were 

muriform with 2-7 transverse and 0-3 longitudinal 

septa. 

Correlation of disease severity with climatic 

parameters 

 Percent disease incidence was found 

maximum (52.5%) in the 48th Std. week i.e. in the last 

week of November. Overall, the month of November 

proved to be the most damaging to Dalbergia sisso 

seedlings in nursery stage with the percentage disease 

incidence more than 40% (Table – 2), because of ideal 

climatic conditions prevailing in this month for the 

survival and growth of the fungal pathogen. 
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Table-2 :  Epidemiology of major diseases in Dalbergia sissoo  with climatic parameters 

during 2015-16.  

Month 
Std. 

week 

Temperature  

(  ͦC ) 

Relative humidity 

(%) 

Per cent disease  

incidence 

  Max. Min. Morn. Even.  

June 25 34.5 25.7 84.5 62.2 22.5 

 26 30.1 24.0 93.3 81.4 21.4 

 27 31.4 25.3 87.9 78.8 20.0 

 28 31.3 27.2 88.0 86.4 20.5 

July 29 31.9 27.4 81.9 72.7 18.5 

 30 31.8 26.9 85.3 75.5 17.4 

 31 30.9 26.0 90.5 81.0 18.6 

 32 28.6 24.4 92.5 86.2 19.5 

August 33 30.0 26.4 86.1 77.9 21.0 

 34 30.4 25.1 93.8 74.2 21.6 

 35 30.3 25.3 92.9 75.4 22.5 

 36 30.9 25.4 85.6 71.3 22.0 

September 37 31.4 24.6 90.8 69.1 31.2 

 38 32.4 23.2 86.6 58.9 32.5 

 39 31.2 23.5 95.0 74.0 34.5 

 40 28.5 24.0 94.7 87.3 34.6 

October 41 32.0 22.7 91.7 56.0 30.5 

 42 33.9 17.4 88.3 27.7 31.2 

 43 33.5 18.4 84.7 35.9 31.7 

 44 36.3 19.0 82.5 21.1 32.4 

November 45 34.1 18.8 75.4 36.2 40.1 

 46 32.9 22.7 76.6 48.3 42.4 

 47 33.6 21.6 71.9 46.0 48.9 

 48 33.3 18.6 76.2 36.9 52.5 

December 49 33.6 14.9 72.6 33.6 36.5 

 50 30.1 12.3 79.9 35.5 33.5 

 51 29.7 11.3 71.0 24.5 29.5 

 52 30.9 12.2 62.2 23.1 26.3 
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As can be seen from the persusal of data given 

in Table – 2, the minimum disease incidence 

percentage (17.4 to 19.5%) was recorded during the 

month of July. Variation in the severity of disease 

incidence can be mainly attributed to climatic factors 

(temperature and relative humidity) as is confirmed 

from the correlation analysis (Table – 3) 

 

Table –  3  :  Correlation of  per cent disease incidence of  Dalbergia sissoo  in relation to 

climatic parameters  

 

 

 

 

Cri t ica l  va lue 0 .05%                  +/ -    0 .37315  

*    S ignif icance  

NS- Non Sign if ican t  

 

The correlation coefficients given in Table-3 

clearly establish that the disease incidence percent has 

significant positive correlction with maximum 

temperature meanly that the disease incidence 

increases with increase in maximum temperature, 

whereas it has significant negative correlation with 

minimum temperature and relative humidity. 
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ABSTRACT 

 The Indian tropical tasar silk insect, Antheraea paphia Linn is distributed in different geographical locations and 

habitats in the torrid zone of this country. It is possibly because of the distinct ecological conditions prevailing in these different 

localities. The natural population of ecorace Korbi of tropical tasar silk insect is primarily Sal fed, bivoltine and wild, 

eurythermic, polyphagous and confers significant contribution in economy of aboriginals associated with collection and trading 

of natural cocoons available in Korba district of Chhattisgarh. The ecorace is naturally distributed on Shorea robusta Gaertn.F., 

Terminalia tomentosa W&A and Terminalia arjuna Bedd. The cocoons of ‘Korbi” having its association with tribe ‘Korwas’ of 

Chhattisgarh present an important source of their earnings. This race evinces morpho-metric variations in the quantitative traits 

of cocoons. The present study adjudicated on the cocoon structure and variations in the silk associated quantitative traits of 

natural population of males and females of ecorace Korbi collected from Korba forest, adducing variation in the quantitative 

traits of cocoons, multiple correlations between the different associates of both the sexes and regression function between the 

associates presented significant correlation. This race evinced morpho-metric variations in the quantitative traits of cocoons 

which provide a basis of natural selection. Altogether, 10 covariates out of 91combinations of multiple correlations surmised 

significant correlation in male population of ecorace Korbi of Antheraea paphia Linn. The female population of ecorace Korbi of 

A. paphia conferred a fairly good association in comparison to the covariates of the male. Altogether, 24 covariates out of 91 

combinations elucidated significant association in female population. Regression function of 34 predictor variables and criterion 

variables was evaluated covering correlation coefficient, coefficient of determination, adjusted R Square, ‘t’ test for significance 

of correlation between the associates, Fisher’s ratio of regression (F) and regression function by the equation Y=a+bx adducing 

graphs of linear regression. The multiple correlations between the cocoon associates of male population of ecorace Korbi of 

tropical tasar silk insect A. paphia elucidated different magnitudes of positive and negative association among the different 

predictor and criterion variables. The female population of ecorace Korbi of A. paphia presented a different structure and 

functional relation between the associates of present investigation. Regression function between the predictor variables and 

criterion variables of 34 regression functions of both the sexes adjudicating magnitude and significance of correlation, magnitude 

mailto:santoshyadprof@gmail.com
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of interdependence by coefficient of determination, adjusted coefficient of determination, ‘t’ test of significance between the 

associates, Fisher’s ratio of variance in regression function, standard error of estimate and prediction equation for all 34 

combinations adjudicated different models for prediction with  different magnitudes of correlation, coefficient of determination, 

adjusted coefficient of determination, regression variance, standard error of estimate and regression functions. The functional 

relation between the length and breadth of male cocoons being one of the combinations for covariates of 34 combination followed 

the regression function as Y=0.8284+0.4485X. The prediction function between the length and length-breadth ratio of male 

cocoons surmised the equation Y=1.0833+0.1107X to predict the length-breadth ratio of male cocoons. Likewise, the relation 

between length and volume of cocoons adduced significant increase with the increasing length of cocoons in the male population 

(R=0.9554**, DF=13, P < 0.01). R Square (R2=0.89380) predicted that 89.38 percent variation of increase or decrease in the 

volume of cocoons is controlled by length of cocoons and remaining 10.62 percent is controlled by other abiotic and biotic 

factors of the environment. The Fisher’ ratio of regression remained significant between the length and breadth of cocoons in the 

female population (F=9.5845**, DF=13, P < 0.01) and prediction line followed the equation of Y=1.2393+0.3737X. Regression 

functions between length of cocoons and length-breadth ratio of cocoons in female population runs upward together following the 

regression function Y=0.8908+0.1446X . 

 
 

Keywords : Antheraea paphia, ecorace Korbi, quantitative traits of cocoons, multiple correlations, regression function. 

 

INTRODUCTION  

  Antheraea paphia Linn is a tropical tasar silk 

insect of the family Saturniidae found in India and Sri 

Lanka (Lefroy and Howlett, 1909). Wild tropical tasar 

silk is produced by natural cocoons of non-mulberry 

silk insect which are not reared in captivity. They 

fairly well complete their life cycle under natural 

conditions and form cocoons. The place of Indian 

Tasar in forestry is pre-eminent. It constitutes the main 

raw material of India’ chief cottage industry and 
provides fruitful source of income to millions (Jolly 

et.al., 1974). India is the second largest producer of 

silk in the world next, to China. The production of 

mulberry and non mulberry (Vanya) silk in India was 

31931 metric tons during the year 2017-18 and out of 

this, the production of Vanya silk was around 9869 

metric tons (Anonymous, 2018). The tasar raw silk 

production in India compressed 10.77 percent of the 

total silk production in India (mulberry and non 

mulberry silk) and to the tune of 36.01 percent of total 

Vanya silk production (Anonymous, 2017). This  

 

included tropical and temperate tasar. The Indian 

tropical tasar is produced by wild silk moth, Antheraea 

paphia Linn which feeds primarily on Sal (Shorea 

robusta Gaertn.F) of family Dipterocarpaceae. It has 

more than four dozens of secondary host plants (Jolly 

et.al., 1974; Yadav et.al. 1997; Baksha, 2000; Yadav, 

2005: Dey et.al., 2010).Tasar cultivation is the major 

crop adopted by aboriginals in their ecological niches. 

Out of the 6, 38,588 villages in India, sericulture is 

practiced in about 69,000 villages providing 

employment to about 8.25 million people. Sericulture 

is providing livelihood to 9,47,631 families. The 

tropical tasar culture in India involves two and half 

lakh aboriginal families to produce Vanya tasar silk by 

growing wild silk insect as their cultural heritage and 

livelihood (Dewangan, 2017). The tropical tasar silk in 

India is produced by 44 ecoraces of tropical tasar silk 

insect.  

 Ecotypes consist of genetically distinct subsets 

of population in a species that are specialized to a 
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particular environment (Turesson, 1922). More 

generally, ecotypes can be defined as subsets of 

population within the species that have different 

fundamental niches (Turesson, 1922). 

 The Indian tropical tasar silk insect, Antheraea 

paphia Linn is distributed in different geographical 

locations and habitats in the torrid zone of this 

country. It is possibly because of the distinct 

ecological conditions prevailing in these different 

localities. Several morphological variants, traditionally 

called ecoraces have been identified (Jolly et.al., 1974; 

Sinha, 1998; Yadav et.al., 1996; Yadav et.al., 1997; 

Srivastava et.al., 2003; Dey et.al., 2010). Since 

Antheraea mylitta inhabits forested habitats, it is 

expected that with the gradual depletion of forest 

cover due to surge in human activities and loss of 

habitat and its continuity might have resulted into 

geographic isolation of the population and this type of 

isolation of the population continued for generations 

might have resulted in to evolution of different 

ecoraces. There is quite a bit of ambiguity in naming 

these ecoraces, as the boundaries between the ecoraces 

are often fuzzy and races do not obey the concept of 

static boundaries when they meet at the edge zone and 

therefore, two crops of the same population may 

traditionally be named as two different ecoraces (Kar 

et.al., 2005).  

 The population of A. mylitta of Bhandara has 

been distinguished into three morphogenetic groups 

viz. morpho-variant ‘C’, morpho-variant ‘Y’ and 
morpho-variant ‘M’, based on advanced statistical 
model describing correlation and regression studies 

between cocoon lengths, cocoon breadths, horizontal 

and longitudinal circumference of the cocoons, 

horizontal x longitudinal circumference of the cocoons 

with the volume of cocoons (Yadav et.al.,1996; Yadav 

et.al.,1997).The population of A. paphia has been 

separated into three morpho-genetic groups based on 

latitude and longitude. These three populations of 

Armori, Bhandara and Seoni present different types of 

voltinism. The population of Armori is trivoltine as it 

is closer to the equator than Bhandara and Seoni 

population. The population of A. paphia at Bhandara 

confers 20% bi voltinism and 80% tri-voltinism 

whereas the population of A. paphia at Seoni adduces 

80% bi voltinism and 20% tri voltinism just opposite 

to the population at Bhandara with increase in the 

value of relevant silk traits with the increasing 

latitudes. This morpho-variant adaptation consisted of 

thermal adaptation controlling the metric traits with 

the associated parallels (Yadav et.al., 2009). The 

natural population of ecorace Korbi of tropical tasar 

silk insect found in Korba district of Chhattisgarh is 

primarily Sal fed, bivoltine and wild, eurythermic, 

polyphagous and confers significant contribution in 

the economy of aboriginals associated with collection 

and trading of natural cocoons. The district is 

inhabited mainly by tribals including the protected 

tribe ‘Korwas’ (known as Pahari Korwa). The name 
Korba is formed from the name of the most 

economically backward tribal community “KORWA”, 
known as “Pahari Korwa”. The nomenclature of the 
ecorace Korbi of the present investigation is also 

associated with the tribal community ‘Korwa” 
inhabiting in the area. 

 The important tasar silk producing 

sericigenous insect available naturally in the Korba 

area of Chhattisgarh, India confers a diapauses period 

of 7 months from June to November with the 

predominant food plant species Shorea robusta Gaertn 

f. The geographical location of Korba is having the 

latitude between 22°01’ to 23°01’N and longitude 
between 82°07’ to 83°07’ºE, respectively, situated in 
the central part of the state of Chhattisgarh and located 

at an altitude of 304.8m AMSL. The normal annual 

rainfall in the district is 1506.7 mm with 65 rainy days. 

The average temperature of Korba during May 

remains 35.2ºC being the warmest month of the year 

and January has the average temperature of 19.8ºC 

being the coldest month of the year. The relative 
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humidity varies from 82% in rainy season to 35-40% 

during winter. Korba district has a fairly well 

distribution of three types of soil. These are red yellow 

soil, lateritic soil and sandy clay soil. The maximum 

cover is of red yellow soil, found over all the tehsils. 

Red yellow soils comprises of loose parent materials 

coming from the Gondwana shale. Locally, this soil is 

known as Mattasi. Korba district is quite rich in terms 

of forest wealth. The district of Korba has two forest 

divisions viz Katghora and Korba. The total area of the 

district is about 7,14,544 hectares out of which 

2,83,497 hectares is forest land. It means, that 39.67% 

area of Korba district is covered with forest land 

(Anonymous, 2016) producing natural tasar cocoons.  

The Hasdeo and Ahiran rivers primarily drain Korba 

district. The tributaries are Tan, Teti, Sondi and 

Charnoi. River Hasdeo flows north to south 

throughout it length in the district and eventually joins 

the Mahanadi river. The river Mand flows through the 

eastern boundary of Korba district with Raigarh 

district. The tributaries of Mand River are Bijakera 

Nala, Chula Nala, Dhuwan Nala, Korumsara Nala and 

Aonra Nala. The most important hill in the area is 

Karela Hill with a height of 992m AMSL. The district 

comprises of five physiographic regions namely 

Pendra- Lormi hilly region, Chhuri hilly region, 

Hasdeo-Rampur basin, Korba basin and Plain Land. 

Nearly 10 ecoraces are available in the state of 

Chhattisgarh out of the total 51 reported in India. 

These ecoraces are univoltine, bivoltine and trivoltine 

and differ from one another in qualitative as well as 

quantitative cocoon associates because of their natural 

adaptation on different tasar flora in their niches 

(Yadav et.al., 2010). These ecoraces are Baraf, 

Bhopalpatnam, Janjgir, Kanker, Kurud, Laria, Mulki, 

Nagari, Raily and Korbi. Ecorace ‘Korbi’ is also a 
tropical ecorace available in the district of Korba. This 

ecorace is mainly distributed on Shorea robusta 

Gaertn.f. Terminalia tomentosa W&A and Terminalia 

arjuna Bedd. The cocoons of ‘Korbi” having its 

association with the tribe ‘Korwa’ of Chhattisgarh, 

present an important source of their earnings. The cost 

of each live cocoon ranges between Rs. 3.30 to Rs. 

4.50 in Raigarh cocoon market of Chhattisgarh, India 

(Anonymous, 2018).  

 The Korbi natural cocoons have changed the 

socio-economic ststus of the people in the area by 

conferring an impressive revenue of Rs. 4000 to 8000 

per cocoon collector/year by collection of natural 

cocoons from the forests besides the earning of 

Rs.25000 per rearer from the reared ecoraces Daba 

bivoltine, Daba trivoltine and Sukinda within a period 

of 100 days in two crops. The ecorace ‘Korbi’ is a 
population of tropical tasar silk insect, conferring 

genetic variability, adapted to specific ecological 

conditions of Karela, Gurudwari, Janta, Matin and 

Dhajag hills on different tasar flora separated with 

other races geographically. This race is endemic to 

Korba hill group because all the ecological 

requirements of the race are at optimum for the growth 

and survival. The nomenclature of this race as ‘Korbi’ 
is associated with Korwa tribe of the area. The natural 

population of cocoons of this race is collected from Sal 

plants from December to March when it starts 

defoliation till complete arrival of new foliage. The 

natural Korbi cocoons are sold to traders in the nearest 

weekly market. After arrival of new foliage on Sal, the 

natural cocoons are not easily visible. The race is 

bivoltine and arrival of natural Korbi cocoons in the 

weekly market have been observed during middle of 

August and middle of March (Yadav et.al., 2010) 

 This race shows morpho-metric variations in 

the quantitative traits of cocoons. The variation in the 

population provides a basis for natural selection 

(Yadav et.al., 2009; Yadav et.al., 2011). There are 

some other specific conditions which influence the 

genotypes within the population due to migration, 

mortality or an effect of edge zone where two or more 

than two populations meet (Yadav et.al., 2010). 

Increasing altitude may influence the insect 
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communities, population sizes, population densities, 

seasonal activity periods, life histories and 

morphology of the insect (Smith et.al., 2000). The 

developing variation in the body size and population 

density of Nicrophorus investigator (Coleoptera: 

Silphidae) may be involved in the elevation variation 

seen in this species. Each ecorace present in different 

forest patches confers phenotypic differences with 

other populations as each population is genetically 

adapted to their relevant habitats. The fundamental 

phenotypic differences among the ecoraces are due to 

their geographical distributions, soil types, forest 

types, altitudes, latitudes, longitudes, photoperiod, 

temperature, relative humidity, rainfall, number of 

rainy days, preference of food leaves, voltinism, 

fecundity, larval duration in nature fairly well 

affecting the quantitative and qualitative traits of 

cocoons and silk production (Jolly et.al.,1974; 

Gaur,1992; Yadav et.al., 2009). 

 The different traits of cocoons of tropical tasar 

silk insect A. paphia differ with different primary food 

plants (Dash et.al.1992; Yadav and Goswami, 1987; 

Yadav and Goswami, 1989; Yadav, 2005). The present 

study is on the silk structure and variations in silk 

associated quantitative traits of in natural populations 

of males and females of ecorace Korbi collected from 

Korba forest. The evaluation of natural cocoons of Sal 

and non-Sal fed ecoraces found in different ecological 

niches is very important for evolution and breeding of 

new tasar silkworm strains with desired economic 

characters. An attempt has been made to study the 

functional relationships between various independent 

and dependent variables during the study.  

MATERIALS AND METHODS 

 The Sal fed ecorace ‘Korbi’ of tropical tasar 
silk insect A. paphia of Karela, Gurudwari, Janta, 

Matin and Dhajag hills of Korba was considered for 

this study to analyze the existing variability and 

magnitude of association between the cocoon 

associates of both the sexes and interdependence of the 

different quantitative traits of male and female 

populations of cocoons. The natural cocoons of 

ecorace Korbi (Photo plate 1-7) were collected from 

the forests of Korba, Chhattisgarh, India (22º21’N and 
longitude of 82º40' E, 311 m AMSL) during April-

May 2016. There were 02 sexes x 15 replications for 

each trait x 01 food = 30 combinations with 05 

cocoons in each replication. Each sex was replicated 

the same number of times to keep the design balanced. 

Data on various cocoon associates for each sex viz., 

length of peduncle (cm), thickness of peduncle (cm), 

diameter of peduncle ring (cm), length of cocoon (cm), 

breadth of cocoon (cm), length : breadth ratio of 

cocoon, longitudinal : circumference of cocoon (cm), 

horizontal circumference of cocoon, longitudinal: 

horizontal circumference ratio, cocoon weight (g), 

shell weight (g), pupa weight, shell per cent and 

volume of cocoons were computed. The descriptive 

statistics for the different traits of both the sexes as 

described in Table 1 and 2 were computed following 

the methods of Gomez and Gomez (1984), Shukla and 

Sahay (2010) and Zar (2010). The different silk 

associates of male and female populations of cocoons 

were analyzed to findout the magnitude and 

significance of correlation coefficients between the 

associates. The regression analysis of different 

associates surmised significant correlation between the 

independent and dependent variables. It was also 

considered of interest to characterize the variation of 

the dependent variables around the line of prediction 

function. Linear regression lines between the different 

predictor variables and criterion variables of the 

quantitative traits of cocoons yielding into silk were 

drawn and variables forming affinity with the line of 

regression were placed around on the basis of equation 

Y=a + bX where X is the explanatory variable and Y 

is the criterion variable having the slope of line as ‘b’ 
and ‘a’ being the intercept value (the value of Y when 
X=0).  This analysis was used to model the 

relationship between response and independent 
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variables. The different models whose correlation 

remained significant were considered in the present 

investigation. A simple regression analysis model that 

has been used is linear model using simple linear 

equation between the associates of each model of 

linear regression was analyzed for the magnitude of 

correlation coefficient (r) between the associates, R 

Square, adjusted R Square, standard error,‘t’ value for 
significance of correlation coefficient t(r), Fisher’s 

value of regression (F) and probability of significance 

between the associates following the methods of 

Kenny (1946); Gomez and Gomez (1984); McDonald 

(2009) and Zar (2010). These analyzed statistical 

associates were incorporated in the relevant figures for 

the vested affinity between the associates. Sir Ronald 

A Fisher Ratio for variance for regression function 

known as F ratio for different associates and their 

significance was tested by statistical tables of Fisher’s 
and Yates (1963).  

RESULTS AND DISCUSSION 

 Altogether 14 traits of male and female 

cocoons for 11 interim measures as described in Table 

1 and 2 were analyzed and their significance was 

evaluated. The length of peduncle of male cocoons 

(4.587 cm) was smaller than that of female cocoons 

(4.727 cm).The coefficient of variation indicated that 

the peduncle length is inconsistent adducing a higher 

level of variation in females as against males. The 

uniformity in the values of peduncle length from the 

mean differed by 23.32% in males and 21.74% in 

females. Skewness which adduces the measure of 

asymmetry of the probability distribution of a real 

valued random variable was positive for 02 out of 14 

traits in male cocoons (Table 1). This measure in 

female cocoons presented a different response and it 

remained negative for 08 traits out of 14 traits 

considered under the present investigation (Table 2). 

In positive skewness, the median remains left to the 

mean. Likewise, in negative skewness, the median 

remains right to the mean. The flattering or elongation 

of a curve elicits kurtosis. The kurtosis of a normal 

distribution is zero. The negative kurtoses in 11 

interim traits of males indicate a relatively flat 

distribution with short tails. However, the similar trend 

of negative kurtosis in 13 traits was observed in the 

female population of ecorace Korbi of A. paphia 

which positive kurtosis in 01 interim trait of females 

indicates a relatively peaked distribution with 

relatively long tails (Table 1 and 2).The traits 

longitudinal-horizontal circumference ratio, length-

breadth ratio of cocoons, breadth of cocoons, length of 

cocoons, longitudinal circumference of cocoons, 

horizontal circumference of cocoons, volume of 

cocoons, thicknesses of peduncles, pupa weight and 

shell weight of cocoons in males are stable and 

coherent characters. Likewise, the longitudinal-

horizontal circumference ratio of cocoons, horizontal 

circumference of cocoons, longitudinal circumference 

of cocoon, length-breadth ratio of cocoons, breadth of 

cocoons, shell %, length of cocoons, pupa weight and 

cocoon weight in female population of ecorace Korbi 

are also consistent and uniform with a fairly good 

concurrence in the values of a single trait. The most 

variable traits in males was the diameter of peduncle, 

followed by length of peduncle. Likewise, the most 

variable trait in female population was length of 

peduncle, followed by thickness of peduncle which is 

just reverse to male population of cocoons (Table1 and 

2). 
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Table-1 : Cocoon associates of ecorace Korbi (male) of tropical tasar silk insect Antheraea paphia Linn (Place 

of collection: Pali, Korba, Chhattisgarh, India) 
                                                                               

S.N. Length 

of 

pedunc

le (cm) 

Thick

nesses 

of 

pedun

cle 

(mm) 

 

Diameter  

of 

peduncle 

(cm) 

Length 

of  

cocoon 

(cm) 

Breadth 

of 

cocoon 

(cm) 

Length- 

 breadth 

Ratio 

(cm) 

 

Longi. 

circum. 

of  

cocoon 

(cm) 

Hori . – 

circcum.   

of  

cocoon 

(cm) 

Long. 

hori. 

ratio 

(cm) 

Cocoon 

weight 

(g) 

Shell 

weight 

(g) 

Pupa 

weight 

(g) 

Shell 

% 

Vol. of 

cocoon 

(cc) 

Min 2.10 0.15 2.00 4.10 2.65 1.52 11.00 8.60 1.25 8.02 1.67 6.06 18.16 18.21 

Max 6.10 0.17 5.70 4.40 2.82 1.59 11.95 9.40 1.28 10.67 2.66 8.49 25.24 21.49 

Sum 68.805 2.355 61.355 64.185 41.22 23.355 173.97 136.78 19.08 144.63 32.295 111.6 334.48 300.34 

Mean 4.587 0.157 4.089 4.279 2.748 1.557 11.598 9.119 1.272 9.642 2.153 7.440 22.299 20.023 

Std Error 0.276 0.002 0.250 0.025 0.013 0.005 0.072 0.059 0.002 0.201 0.069 0.155 0.480 0.286 

Variance 1.1449 0.0001 0.9409 0.01 0.0025 0.0004 0.0748 0.0529 0.0001 0.6084 0.073 0.360 3.459 1.232 

Std. 

Deviation 

1.07 0.01 0.97 0.10 0.05 0.02 0.28 0.23 0.01 0.78 0.27 0.60 1.86 1.11 

Median 4.70 0.15 4.10 4.30 2.75 1.56 11.60 9.20 1.28 9.61 2.16 7.53 22.87 20.20 

Skewness -0.954 0.664 -0.285 -0.523 -0.361 0.048 -0.531 -0.700 -1.464 -0.429 -0.035 -.0563 -0.548 -0.279 

Kurtosis 0.685 -1.087 -0.183 -0.618 -0.883 -0.723 -0.593 -0.361 1.753 -0.575 -0.822 0.235 -0.200 -1.138 

CV % 23.32 6.37 23.72 2.34 1.82 1.28 2.41 2.52 0.786 8.09 12.54 8.06 8.34 5.54 

 

Table-2 : Cocoon associates of ecorace Korbi (female) of tropical tasar silk insect Antheraea paphia Linn (Place 

of collection: Pali, Korba, Chhattisgarh, India) 

S.N. Length 

of 

peduncle  

(cm)  

Thickne

- sses of  

ped. 

(mm) 

 

Diameter 

of 

peduncle 

(cm)  

Length 

of  

cocoon 

(cm)  

Breadth    

  of     

  cocoon 

   (cm) 

 

Length   

breadth  

ratio  

   (cm) 

Longi. 

circum 

of 

cocoon 

(cm)  

Hori. 

circ. of 

cocoon 

(cm)  

Long. 

hori. 

ratio 

(cm)  

Cocoon 

weight     

(g) 

 

Shell 

weight      

  (g ) 

 

Pupa 

weight 

  (g) 

Shel

l % 

Vol. of  

cocoon  

   (cc) 

 

Min. 3.100 0.150 3.400 4.200 2.750 1.500 12.000  1.281 11.460 2.29 9.060 16.880 20.120 

Max. 6.300 0.200 5.500 5.100 3.170 1.700 13.600 10.300 1.387 16.270 3.29 12.900 20.337 29.940 

Sum 70.905 2.745 64.005 70.86 45.075 23.61 194.25 9.000 19,89 205.365 40.0 165.45 290.97 396.97 

Mean 4.727 0.183 4.267 4.724 3.005 1.574 12.950 9.776 1.326 13.691 2.67 11.030 19.398 26.465 

Std 

Error 

0.265 0.006 0.1639 0.061 0.035 0.016 0.130 0.097 0.007 0.3472 0.077 0.274 0.268 0.853 

Variance 1.056 0.0005 0.403 0.057 0.0187 0.0040 0.257 0.142 0.0007 1.8090 0.088 1.1257 1.0774 10.936 

Std. 

Devi. 

1.028 0.023 0.635 0.239 0.137 0.064 0.507 0.378 0.028 1.345 0.298 1.061 1.038 3.307 

Median 4.500 0.200 4.100 4.800 3.050 1.548 13.100 9.900 1.329 13.800 2.650 11.380 19.763 27.460 

Skewness -0.005 -0.601 0.423 -0.744 -0.616 0.924 -0.644 -0.800 0.284 0.464 0.724 0.113 -1.422 -0.905 

Kurtosis -1.146 -1.472 -1.018 -0.042 -0.897 -0.301 -0.555 -0.383 -0.275 -0.418 -0.37 -0.489 0.750 -0.573 

CV % 21.74 12.36 14.88 7.95 4.55 4.07 3.91 3.86 2.11 9.82 11.16 9.61 5.35 12.49 
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Multiple correlation between the cocoon associates 

of ecorace Korbi of tropical tasar silk insect 

Antheraea paphia Linn. 

 The multiple correlations between the cocoon 

associates of male population of ecorace Korbi of 

tropical tasar silk insect A. paphia elucidated different 

magnitudes of positive and negative association 

among the different predictor and criterion variables 

(Table 3). The correlation between the values of length 

of cocoons and the breadth of the cocoons showed 

significant positive association (r= 0.859**., P < 0.01., 

DF=13). The strength of association between the 

explanatory variables length of cocoons conferred 

positive correlation with the dependent variables 

length-breadth ratio of cocoons (r=0.587**., P < 0.01., 

DF=13) and volume of the cocoons (r=0.945**., P < 

0.01., DF=13).  

Table – 3 : Multiple correlation between the cocoon associates of male cocoons of ecorace Korbi of tropical 

tasar silk insect Antheraea paphia Linn.    

Thickness 

of  

peduncle 

(cm) 

Dia. Of 

peduncle 

(cm) 

Length 

of 

cocoons 

(cm) 

Breadth 

of 

cocoons 

(cm) 

Length 

breadth 

ratio of 

cocoon 

(cm) 

Long. 

circum 

ference 

of 

cocoons 

(cm) 

Hori. 

circum 

ference 

of 

cocoons 

(cm) 

Longi- 

hori. 

cir. 

cocoon 

ratio 

(cm) 

 

Cocoon 

weight 

(g) 

Shell 

weight 

(g) 

Pupa 

weight 

(g) 

Shell 

percent 

Vol. 

cocoons 

(cc) 

Length of 

 peduncle 

  (cm) 

-0.299 

NS 

 

0.045 

NS 

 

0.055 

NS 

 

0.212 

NS 

 

0.212 

NS 

 

0.212 

NS 

 

0.212 

NS 

 

0.212 

NS 

 

0.210 

NS 

 

0.212 

NS 

 

0.212 

NS 

 

0.212 

NS 

0.212 

NS 

Thickness of 

 peduncle 

 (mm) 

 0.286 

NS 

-0.173 

NS 

-0.257 

NS 

0.069 

NS 

 

0.318 

NS 

0.311 

NS 

 

-0.033 

NS 

 

-0.300 

NS 

 

-0.034 

NS 

 

-0.403 

NS 

 

0.240 

NS 

-0.256 

NS 

Diameter of 
 peduncle 

 (cm) 

  -0.306 
NS 

-0.419 
NS 

0.066 
NS 

0.450 
NS 

0.488 
NS 

-0.217 
NS 

0.079 
NS 

0.091 
NS 

0.035 
NS 

0.023 
NS 

-0.351 
NS 

Length of  
cocoon 

 (cm) 

   0.859*

* 

P<0.01 

0.587** 

P<0.01 

0.014 
NS 

0.056 
NS 

-0.147 
NS 

-0.089 
NS 

-0.091 
NS 

-0.077 
NS 

-0.054 
NS 

0.945** 

P<0.01 

Breadth of 
 cocoon (cm) 

    0.089 
NS 

-0.246 
NS 

-0.260 
NS 

0.096 
NS 

-0.257 
NS 

-0.345 
NS 

-0.152 
NS 

-0.265 
NS 

0.963** 

P<0.01 

Length breadth 

 ratio of 

cocoons 

 (cm) 

     0.408 

NS 

0.510

* 

P<0.0

5 

-0.431 

NS 

0.238 

NS 

0.375 

NS 

0.093 

NS 

0.319 

NS 

0.317 

NS 

Long. circum 

ference of  

cocoons (cm) 

      0.960

** 

P<0.0

1 

-0.033 

NS 

-0.014 

NS 

0.003 

NS 

-0.056 

NS 

-0.001 

NS 

-0.172 

NS 

Hori. circum 

ference of 

cocoons (cm) 

       -0.312 

NS 

0.004 

NS 

0.077 

NS 

-0.080 

NS 

0.095 

NS 

-0.149 

NS 

Long-hori 
 circumference 

cocoons ratio (c

        -0.054 
NS 

-0.259 
NS 

0.100 
NS 

-0.340 
NS 

-0.049 
NS 

Cocoon weight          0.763

** 

P<0.01 

0.936*

* 

P<0.01 

0.188 
NS 

-0.125 
NS 

Shell weight (g          0.491* 

P<0.05 

0.777** 

P<0.01 

-0.195 

NS 

Pupa weight (g           0.162 
NS 

-0.062 
NS 

Shell percent             -0.172 
NS 

    

NS: Not Significant, *: Significant at 5 percent level, **: Significant at 1 percent level. 
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Thus, it fairly well demonstrated the fact that 

with the increase in the length of the cocoons as 

independent variable, the breadth of cocoons, length-

breadth ratio of cocoons and volume of cocoons as 

dependent variables significantly increased (Table 3). 

The predictor variable breadth of cocoons presented 

significant positive correlation with the volume of 

cocoons (r=0.963**, P < 0.01., DF=13). Likewise, the 

increase in length-breadth ratio of cocoons surmised 

significant positive increase in horizontal 

circumference of cocoons (r=0.510*., P < 0.05., 

DF=13). The increase in longitudinal circumference of 

cocoons fairly well deduced significant positive 

increase in the horizontal circumference of cocoons 

(r=0.960**., P < 0.01., DF=13). The higher values of 

these two associates rather adjudicated positive impact 

on the increased raw silk production; hence can be 

identified as traits of selection under breeding 

programme and conservation of natural population 

under in situ conditions. The increase in cocoon 

weight determined positive and significant increase in 

shell weight (r=0.763**., P <0.01., DF=13) associated 

with silk production and pupa weight (r=0.936**., P < 

0.01., DF=13) associated with moth weight in males in 

the ecorace Korbi. Thus, the increased shell weight of 

cocoons adjudged significantly higher pupa weight 

(r=0.491*., P < 0.05., DF=13) and shell percent 

(r=0.777**., P <0.01., DF=0.01) in the Sal fed natural 

male population of ecorace Korbi of A. paphia.  

The female population of ecorace Korbi of A. 

paphia presented a different structure and functional 

relation between the associates of present investigation 

(Table 4). The independent variable length of peduncle 

of cocoons conjectured significant positive relation 

with their criterion associate, the thicknesses of 

peduncle (r= 0.478*., P < 0.05., DF=13) and the 

negative significant association with the volume of 

cocoons (r=-0.489., P < 0.05., DF=13). The transfer of 

energy for a part of silk production for the length of 

peduncle significantly reduced the silk in the volume 

of cocoons.  

 

Table-4 :  Multiple correlation between the cocoon associates of female cocoons of ecorace Korbi of tropical 

tasar silk insect Antheraea paphia Linn. 

 

Thickness 

of 

peduncle 

(cm) 

Dia. of 

peduncle 

(cm) 

Length 

of 

cocoons 

(cm) 

Breadth 

of 

cocoons 

(cm) 

Length 

breadth 

ratio of 

cocoon 

(cm) 

Long. 

circum- 

ference 

of 

cocoons 

(cm) 

Hori. 

circum- 

Ference 

of 

cocoons 

(cm) 

Longi- 

hori. 

cir. 

cocoon 

ratio 

(cm) 

 

Cocoon 

weight 

(g) 

Shell 

weight 

(g) 

Pupa 

weight 

(g) 

Shell 

percent 

Vol. 

cocoons 

(cc) 

Length of 

 peduncle 

(cm) 

-0.478* 

P<0.05 

 

-0.291 

NS 

-0.445 

NS 

-0.443 

NS 

-0.083 

NS 

-0.386 

NS 

-0.409 

NS 

0.003 

NS 

-0.237 

NS 

-0.351 

NS 

-0.084 

NS 

-0.465 

NS 

-0.480 

P<0.05 

Thickness of 

 peduncle 

(mm) 

 -0.091 

NS 

0.533* 

P<0.05 

0.666** 

P<0.01 

-0.064 

NS 

0.469NS 0.706** 

P<0.01 

-0.376 

NS 

0.519* 

P<0.05 

0.482* 

P<0.05 

0.493* 

P<0.05 

0.101 

NS 

0.658** 

P<0.01 

Diameter of 

 peduncle (cm) 

  0.177 

NS 

0.009 

NS 

0.245 

NS 

0.146 

NS 

0.032 

NS 

0.192 

NS 

0.207 

NS 

0.416 

NS 

0.059 

NS 

0.575** 

P<0.05 

0.103 

NS 

Length of  

cocoon (cm) 

   0.651** 

P<0.01 

0.554* 

P<0.05 

0.934** 

P<0.01 

0.794** 

P<0.01 

0.291 

NS 

0.306 

NS 

0.115 

NS 

0.196 

NS 

-0.082 

NS 

0.872** 

P<0.01 

Breadth of 

 cocoon (cm) 

    -0.278 0.740** 

P<0.01 

0.890** 

P<0.01 

-0.187 

NS 

0.502* 

P<0.05 

0.424 

NS 

0.397 

NS 

0.120 

NS 

0.937** 

P<0.01 

Length      0.358 0.009 0.585** -0.139 -0.290 -0.164 -0.216 0.069 
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breadth 

ratio of 

cocoons (cm) 

NS NS P<0.01 NS NS NS NS NS 

Long. circum 

ference of  

cocoons (cm) 

      0.837** 

P<0.01 

0.323 

NS 

0.265 

NS 

0.106 

NS 

0.165 

NS 

-0.057 

NS 

0.907** 

P<0.01 

Hori. circum 

ference of 

cocoons (cm) 

       -0.236 0.421 0.314 0.326 0.044 0.930** 

P<0.01 

Long-hori 

circumference 

cocoons ratio 

(cm) 

        -0.229 

NS 

-0.322 

NS 

-0.254 

NS 

-0.148 

NS 

0.031 

NS 

Cocoon 

weight (g) 

         0.891** 

P<0.01 

0.955** 

P<0.01 

0.082 

NS 

0.480* 

P<0.05 

Shell weight 

(g) 

          0.798** 

P<0.01 

0.486* 

P<0.05 

0.338 

NS 

Pupa weight 

(g) 

           -0.136 

NS 

0.365 

NS 

Shell percent             0.031 

NS 

 

NS: Not Significant, *: Significant at 5 percent level, **: Significant at 1 percent level. 

 

Likewise, increase in horizontal circumference 

of cocoons produced the cocoons of significantly 

higher volume (r=0.930**., P < 0.01., DF=13). The 

cocoons with higher weight also had higher shell 

weight (r=0.891**., P < 0.01., DF=13), pupa weight 

(r=0.955**., P < 0.01., DF=13) and volume of the 

cocoons (r=0.480**., P < 0.05., DF=13). Moreover, 

the increase in shell weight (Table 4) significantly 

increased the pupa weight (r=0.798**., P < 0.01., 

DF=13) and shell percent (r=0.486*., P < 0.05., 

DF=13). 

 The predictor variable thickness of peduncle 

adduced different magnitudes of association with their 

criterion variables. The increase in the thickness of 

peduncle attributed significant increase in the length of 

cocoons (r=0.533., P < 0.05., DF=13), breadth of 

cocoons (r=0.660**., P < 0.01., DF=13), horizontal 

circumference of cocoons (r=0.706**.,P < 0.01., 

DF=13), cocoon weight (r=0.519*., P < 0.05., DF=13), 

shell weight (r=0.482*., P < 0.05., Df=13), pupa 

weight (r=0.493*., P < 0.05., DF=13) and volume of 

cocoons (r=0.658**., P < 0.01., DF=13). Thus, the 

cocoons with thick peduncle inferred cocoons of 

significantly higher values for the length of cocoons, 

breadth of cocoons, horizontal circumference of 

cocoons, cocoon weight, shell weight, pupa weight 

and the volume of cocoons. Thus, it can be a trait of 

selection for significantly higher silk value (Table 4). 

The cocoons with increased diameter of peduncle 

conferred significant increase in the shell percent 

(r=0.575**., P < 0.01., DF=13). The increase in the 

length of cocoons attributed significant increase in 

breadth of cocoons (r=0.651**., P < 0.01., DF=13), 

length-breadth ratio of cocoons (r=0.554*., P < 0.05., 

DF= 13), longitudinal circumference of cocoons 

(r=0.934**., P < 0.01., DF=13), horizontal 

circumference of cocoons (r=0.794**.,P < 0.01., 

DF=13) and volume of cocoons (r=0.872**., P < 0.01., 

DF=13). 

The increase in predictor variable breadth of 

cocoons communicated increase in criterion variables 

longitudinal circumference of cocoons (r=0.740**., P 

< 0.01., DF=13), horizontal circumference of cocoons 

(r=0.890**., P < 0.01., DF=13), cocoon weight 

(r=0.502*., P < 0.05., DF=13) and volume of cocoons 

(r=0.937**., P < 0.01., DF=13). The increase in the 
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length-breadth ratio of cocoons produced the cocoons 

with higher longitudinal-horizontal circumference 

ratio of cocoons (r=0.585**., <  0.01. DF=13). The 

increase in longitudinal circumference of cocoons 

conferred significant increase in horizontal 

circumference of cocoons (r=0.837**., P < 0.01., 

DF=13) and in the volume of the cocoons (r=0.907**., 

P < 0.01., DF=13).  

1. Regression functions between the length of cocoons 

and breadth of cocoons in the male population.  

The association adduced significant positive 

correlation [(R=0.8585**., DF=13., P < 0.01). R 

square being sum of squares of regression to the sum 

of squares of total (SS of regression/SS of total)] also 

called as coefficient of determination conferred the 

fact that data of present association are closely fitted to 

the line of regression (R2=0.7370).  

 

                               

 

It fairly well surmised the fact that 73.70 

percent variations in the breadth of cocoons in the 

male population are controlled by length of cocoons 

and the remaining 26.30 percent of variations are 

controlled by other abiotic and biotic factors of the 

environment (Fig. 1). The adjusted R Square i.e. one 

minus mean sum of squares of regression to the mean 

sum of squares of total (1-MSS of regression/ MSS of 

Error) remained 0.7168. The SE of the regression 

being average distance that observed values fall from 

the regression line remained SE= 0.0271. The smaller 

the value, the closer were the regression points to the 

fitted line of regression. The‘t’ test for correlation 
between the associates also elicited significant (t(r) = 

6.0372**., DF=13., P<0.01). The Fisher’s ratio for 

regression function between variables remained 

significant (Regression (F) =36.4482**., DF=13., P < 

0.01) and predicted the  functional relation (Fig.1) for 

regression function as Y=0.8284+0.4485X .  

2. Regression function between the length of 

cocoons and length-breadth ratio of cocoons in the 

male population  

 The variables adduced a moderate positive 

relationship (R=0.5873*, DF=13, P < 0.05). R Square, 

the percentage of the variation of response variable 

that explained by the linear regression model 

(R2=0.3445) indicated that the model explains 34.45 

percent variability of the response data around its 

mean. The regression model (Fig.2) surmised the fact 

that 34.45 percent of the observed value accounted for 

R=0.8585**, DF =13, P < 0.01 

R²=0.7370, Adj. R² =0.7168, 

SE= 0.0271, t(r) =6.0372**,  

P< 0.01, Regression (F) =36.4482**, 

DF=13, P < 0.01, 

Y=0.8284+0.4485X    
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the regression model as observed values for the best 

fitted regression line. The adjusted R square (R2 

=0.2945) value blithely decreased as the term does not 

improve the model fit by a sufficient amount. The 

standard error of the estimate (SE=0.0154) conferred 

the information about the average distance of the data 

point from the fitted line. Correlation coefficient tested 

by‘t’ test also deduced significant relation between the 
associates of the present investigation (‘t(r)’=2.6162*, 
DF=13, P <0.05). The associates follow the regression 

model by the equation Y=1.0833+0.1107X the 

significant Fisher’s ratio for regression (F=6.8449**, 

DF=13, P < 0.05). 

 

 

 

3. Regression function between the length of 

cocoons and volume of cocoons in the male 

population  

 The relation adduced the fact that the volume 

of cocoons significantly increased with the increasing 

length of cocoons in the male population 

(R=0.9554**, DF=13, P < 0.01). R Square 

(R2=0.89380) predicted that 89.38 percent of 

variations of increase or decrease in the volume of 

cocoons are controlled by length of cocoons and the 

remaining 10.62 percent are controlled by other abiotic 

and biotic factors of the environment. Adjusted R 

Square (Adj. R2= 0.8856) adduced the variation 

explained by only those independent variables that in 

reality affect the dependent variable and not others. 

 

R = 0.5873*, DF =13, P < 0.05,   R² = 

0.3445, Adj R²= 0.2945, SE=0.0154, t(r) 

= 2.6162*, DF= 13, 

 P < 0.05, Regression (F) =6.8449*, DF 

=13, P < 0.05, 

Y= 1.0833+0.1107X 
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It has shown R squared value for a fairly well model 

(Fig.3). The standard error of the estimate 

(SE=0.3753) concluded the average distance of the 

data point from the best fitted line of regression. The 

significance of correlation was further confirmed by‘t’ 
test (t(r) =10.4622**, DF=13, P<0.01). The regression 

function between the predictor variables and criterion 

variables adjudicated a significant Fisher’s ratio 
(F==109.4581, DF=13, P<0.01) and associates 

conferred a fairly good equation for the linear 

regression model as Y= -25.9756+10.7491X. (Fig. 3). 

 4. Regression function between the breadth of 

cocoons and the volume of cocoons in the   

male population  

         The association between the associates 

remained positive and significant (R=0.9625**, 

DF=13, P<0.01). The coefficient of determination 

fairly well determined 92.65 percent of variation in the 

volume of cocoons due to variation in the breadth of 

cocoons (R2=0.9265). The adjusted coefficient of 

determination (Adj R2 =0.9208) surmised the 

proportion of variation explained by the estimated 

regression line. As the value of adjusted R square 

remained closer to one, it explained that the estimated 

regression equation is fairly well following the linear 

model of regression between both the associates (Fig. 

4). The correlation coefficient (R) was further tested 

by‘t’ test to confirm its significance (‘t (r)=12.8055, 
DF=13, P<0.01). The standard error of the estimate 

(SE=0.3122) is a measure of the accuracy of 

predictions made with the regression line. It is simply 

the sum of squares of deviation between observed Y 

and expected Y, divided by the number of variables.  

 

 

 

R=0.9554**, DF =13, P <0.01; R²=0.8938;  
Adj. R² =0.8856; SE = 0.3753; t(r) =10.4622**, 

 DF=13, P <0.01; Reg. (F) =109.4581; 

 Y= -25.9756+10.7491X 
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The estimated Y was calculated by the equation of 

regression function Y= -37.5384+ 20.9467X having 

the significant regression function between the 

associates (F=163.69**, DF=13, P<0.01). 

 

5. Regression function between the length-breadth ratio and horizontal circumference of cocoons in the male  

population  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R=0.9625**, DF=13, P<0.01; R²=0.9265, Adj, 
R²=0.9208; SE =0.3122; t(r) =12.8055**,  

DF=13, P<0.01; Regression (F) =163.99**, 

DF=13, P<0.01; Y=-37.5384+20.9467X. 

 

R=0.5102*, DF=13, P<0.05;R2=0.2603; 

Adj.R2=0.2030; SE=0.2065;t(r)=2.1391*, 

DF=13, P<0.05; Reg (F)=4.5758*, 

DF=13, P<0.05; Y=-0.8679+6.4132X 
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The association between the variables 

remained positive and significant (R=0.5102*, DF=13, 

P<0.05). It was further confirmed by‘t’ test (t(r) 
=2.1391*, DF=13, P<0.05). The coefficients of 

determination being the squared error of the prediction 

line described 26.03 percent of variation in horizontal 

circumference of cocoons due to variation in the 

length-breadth ratio of cocoons (Fig.5). The adjusted R 

square was 0.2034. The standard error of estimate 

being the root mean sum of square of error was quite 

high (SE=0.2034). Even though, the regression 

function surmised significant fisher’s ratio 
(F=4.5758*, DF=13, P<0.05. The prediction line 

followed the equation Y= -0.8679+6.4132X, DF=13, 

P<0.05). 

6. Regression functions between longitudinal circumference of cocoons and horizontal circumference of 

cocoons in the male population 

 

 
 

The predictor variables and criterion variables 

presented  significant positive correlation 

(R=0.9597**, DF=13, P<0.01).The coefficient of 

determination also surmised the closeness of data point 

fit to the line of regression and predicted that 92.11 

percent of variation in the criterion variables are 

accounted for the change in predictor variables (Fig.6). 

Adjusted R square being one minus, the ratio of the 

mean sum of squares of error to mean sum of squares 

of total was quite high (Adj. R square=0.9151). The 

standard error of estimate presented the average 

distance that the observed values have from the line of 

regression. The observed values were quite close to the 

line of regression (SE=0.0674). The associates 

adjudicated significant‘t’ test of correlation between 
the variables (t (r)=12.3258**, DF=13, P <0.01) 

rejecting the zero hypothesis (Fig.6). The linear 

regression elucidated an equation for the line of 

prediction (Y= -0.06382+0.7917X) around which the 

observed values are placed and best fitted (Regression 

F=151.9259**, DF=13, P<0.01). 

7. Regression functions between the cocoon weight 

and shell weight in male population 

R=0.9597**, DF=13, P < 0.01; R²=0.9211; Adj. R² 

=0.9151; SE = 0.0674; t(r) =12.3258**, DF=13, P < 

0.01P; Reg. (F) =151.9259** DF=13, 

 P < 0.01; Y= -0.06382+0.7917X 
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 The correlation between cocoon weight and 

shell weight in male population evinced significant 

positive correlation (R=0.7633**, DF=13, P<0.01). 

The change in dependent variables is ascribed to an 

extent of 58.27 percent to the change in independent 

variables (R2=0.5827). The adjusted R squared is a 

modified version of R squared that has been 

adjusted for the number of predictors in the model 

(Adj. R2 =0.5827). Adjusted R-squared is that R-

squared supposes that every independent variable in 

the model explains the variation in the dependent 

variable (Fig.7). The correlation coefficients tested 

by‘t’ test (regression coefficient/standard error) for 
correlation surmised significant association 

(t(r)=4.2605**, DF=13, P<0.01).The standard error of 

estimate ( SE=0.1833) attributed the average distance 

of the observed values from the line of regression.  

 

                             

 

The smaller the value of standard error of 

estimate, the closer are the scattered points to the line 

of prediction, adjudicated by the equation of 

regression function (Y== -0.4426+0.2692X) with the 

significant Fisher’s ratio between the associates 
(F=18.1526**, Df=13, P<0.01) to reject the zero 

hypothesis. 

8. Regression functions between the cocoon weight 

and pupa weight in male population. 

 The magnitude of relation between 

independent variables and dependent variables evinced 

significant positive correlation (R=0.9356**, DF=13, 

P<0.01) between the associates. R square revealed 

how close the data are fitted to the line of regression.  

 

R=0.7633**, DF=13, P<0.01; R²=0.5827; Adj. 

R²=0.5506; SE =0.1833; t (r) =4.2605**, DF=13, 

P<0.01; Reg. (F) =18.1526**DF=13, P<0.01;  
Y= -0.4426+0.2692X  
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The value of the coefficient of determination 

(R2 =0.8754) inferred that 87.54 per cent of variation 

in relative series of variables were around its mean and 

were controlled by variation in the subject series 

(Fig.8). The adjusted R square is rather a modified 

version of R squared adjusted for the number of 

predictors in the model (Adj. R Square=0.8658).It is 

fairly well used to compare the models with different 

number of predictors. The level of significance of 

correlation confirmed by‘t’ test evinced significant 
association (Fig.8) to reject the null’s hypothesis (t(r)  

 

=9.5579**, DF=13, P<0.01). The Fisher’s ratio of 
regression inferred that the regression model as a 

whole revealed significant capability (F=91.3537**, 

error DF=13, P<0.01) of prediction with a regression 

equation for the model Y=0.4274+0.7273X (Fig.8). 

9. Regression functions between the shell weight 

and pupae weight in male population. 

 The increase in shell or tasar silk in the male 

population of ecorace Korbi of A. paphia inferred an 

increase in pupae weight (R=0.4907*, DF=13, 

P<0.05).  
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Fig. 8 Regression Function between cocoon weight and pupa weight in 

male population of ecorace Korbi of Antheraea paphia Linn

R=0.9356**, DF=13, P<0.01; R² =0.8754; Adj. R² 

=0.8658; SE=0.2207; t(r) =9.5579**, DF=13, P 

<0.01; Reg. (F) =91.3537**, DF=13, P<0.01; 

Y=0.4274+0.7273X 
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This increase assumed that 24.07 percent 

increase in pupae weight has a control over shell or 

silk weight and the remaining 75.93 percent variations 

are controlled by other abiotic and biotic factors of the 

environment including the food leaves, feeding season, 

voltinism, spinning substratum and period for the 

formation of pupae inside the cocoons (Fig.9).  The 

positive increase in pupae weight  with the increase in 

shell weight or silk, tested by ‘t’ test (Fig.9)  displayed 
significant positve correlation (t(r)=2.0304*, DF=13, 

P<0.05). The regression model revealing a high value 

of standard error of estimate (SE=0.5450) divulged the 

distance of cordinates  of associates observed value 

from the predicted value or from the line of regression. 

A regression model used to investigate the function 

between shell weight and pupae weight enunciated a 

significant regression function between  the associates 

(F=4.1225*, DF=13, P<0.05)  and to run the function 

by prediction equation of Y=5.1114+1.0817X.  

10. Regression function between shell weight and 

silk percent in male population. 

“Silk” is a proteinous substance which is secreted in 

the fluid state by the caterpillars of A. paphia and 

which on exposure to air hardens in the form of thread. 

It is composed  mainly of fibrion and partly of sericin 

and other substances. The term is also used to denote a 

fabric or a yarn made of the silk or the waste silk. The 

shell weight and silk percent in male population 

presented significant positive association between the 

independent and dependent associates (R=0.7769**, 

DF=13, P<0.01). R Square, being coefficient of 

determination, determined the extent as to how close 

the data are to the best fitted line of regresion. This 

adduced that 77.69 percent of the data of the response 

variables remained around its mean (R2=0.7769, 

Fig.10). The adjusted R-squared being a modi-

fied versionof R - squared that remained adjusted for 

the number of predictors in the model (Adj. R2 

=0.5731). Regression between shell weight and shell 

percent revealed that the cocoons with higher shell 

weight had higher silk percent. This uncovered the fact 

that 77.69 percent of silk percent is controlled by shell 

weight in the male population. The 
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Fig. 9 Regression function between the shell weight and pupae weight 

in male population of ecorace Korbi of Antheraea paphia Linn
R=0.4907*, DF=13, P <0.05; R²=0.2407; Adj. R²=0.1823; 

SE = 0.5450; t(r) = 2.0304*,  
DF=13, P <0.05; Reg. (F) =4.1225*, DF=13, P<0.05;  

Y= 5.1114+1.0817X. 
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regression model has a high value of standard error of 

estimate (SE=1.2176) it divulged the distance of 

cordinates of associates observed value from the 

predicted value or from the line of regression. 

  

    
  

A regression model used to investigate the 

functional relation between shell weight and silk 

percent surmised a significant regression model 

between  the associates (F=19.7950**, DF=13, 

P<0.01) with the functional run by regression equation 

of Y=10.9002+5.2952X. 

11. Regression function between length of 

peduncles and thickness of peduncles in the female 

population. 

 The length of peduncle and thickness of 

peduncle deduced significant  correlation (R= 0.4779*, 

DF=13, P<0.05). This fairly well uncovered the 

magnitude of prediction by coefficient of 

determination that in 22.84 percent of the increase in 

the length of peduncle, can be ascribed to decrease in 

the thickness of peduncle. 

  

 R=0.7769**, DF=13, P <0.01; R²=0.6036;  

 Adj. R²=0.5731; SE =1.2176; t(r)=4.4491**,  
 DF=13, P <0.01; Reg. (F) =19.7950**,    

 DF=13, P <0.01; Y=10.9002+5.2952X 
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The standard error of the regression (SE= 

0.0208), also named as the standard error of the 

estimate, represented the average distance that the 

observed values had from the line of regression. R-

squared (R2=0.4779) also attributed standard error of 

the regression to assess the precision of the 

predictions. The regression model used to infer the 

functional relationwhip  between length of peduncle 

and silk percent surmised a  non significant, 

downtrend regression model between  the associates 

(F=3.8482NS, DF=13, P > 0.05) with the non 

significant run of variates around the prediction line by 

regression equation of Y= 0.2327-0.01061X. 

12. Regression function between length of 

peduncles and volume of the cocoons in female 

population. 

 The associates established significant relation 

(R=0.4805*, DF=13, P < 0.05), although the 

coefficient of determination (R2=0.2308) extrapolated 

the fact that 23.08 percent of the female population 

adjudicated decrease in the volume of cocoons with 

the increasing length of peduncle. The regression line 

conferred a negative intercept with downtrend 

movement (Y=33.7676-1.5449X) adjudicating non 

significant ‘t’ test (t(r)= -1.9754NS) and Fisher’s ratio 
of regression (F=3.9022NS, DF=13, P>0.05) between 

the associates.  
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Fig.11 Regression function between length of peduncles and 

thickness of peduncles in the female population of ecorace Korbi of 

Antheraea paphia Linn

R=0.4779*, DF=13, P < 0.05; R²=0.2284; Adj. R² 

=0.1690; SE =0.0208; t (r) =-1.9617NS, DF=13, 

P > 0.05; Reg. (F) =3.8482NS, DF=13, P >0.05; 

Y=0.2327-0.01061X 



Journal of Tropical Forestry                                              28 

October-December, 2021 Vol 37 (IV) 

 

 

  

 

The standard error of estimate being the root 

mean sum of squares which established the average 

distance that the observed values had from the line of 

regression remained fairly high (SE=3.0096). Hence, 

the maximum observed value were at the distance 

from the line of regression adducing decrease in the 

volume of cocoons with increasing length of peduncles 

(Fig.12).The increase in length of cocoons rather 

resulted into transfer of the silk from the volume of 

cocoons to the peduncle to form peduncle silk. 

13. Regression functions between the thicknesses of 

the peduncles and length of cocoons in female 

population. 

 The length of cocoons conferred a positive 

increase with the increase in the thicknesses of 

peduncles (R=0.5533*, DF=13, P<0.05).  
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Fig.12 Regression Function between Length of Peduncles (cm) and Volume 

of cocoons (cc) in female  population of ecorace Korbi of Antheraea paphia 

Linn

R=0.4805*, DF =13, P < 0.05; R² =0.2308; Adj. R²=0.1717; 

SE =3.0096; t(r) = -1.9754NS, DF=13, P > 0.05; Reg. (F) 

=3.9022NS, DF=13, P > 005; Y=33.7676-1.5449X.  
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The thicknesses of peduncles divulged a 

control of 28.24 percent over length of cocoons 

(R2=0.2824). Adjusted R Square equals to (1-MSS of 

error of regression/MSS of total). Adjusted R-square 

adduced the percentage of variation explained by only 

those independent variables that in reality affected the 

dependent variable. The standard error (SE=0.2100) 

adjudicated the average distance that the observed 

values had from the line of regression. The correlation 

coefficient, further tested by‘t’ test, inferred significant 
relationship between the predictor and criterion 

variables (t(r) =2.2714*, DF=13, P<0.05). The length 

of cocoons conferred significant positive increase with 

the increase in the thicknesses of peduncles 

(F=5.1595*, DF=13, P<0.05)  with the prediction 

function of Y=3.7036+5.5859X for the best fitted line 

of regression (Fig.13). 

14. Regression functions between the thicknesses of 

the peduncles and breadth of cocoons in female 

population. 

 The breadth of cocoons increased with the 

increase in thickness of peduncles (R=0.6662**, 

DF=13, P<0.01). This was further confirmed by 

significance of‘t’ test between the associates (t(r) 
=3.2217**, DF=13, P <0.01).  
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Fig.13 Regression Function between thicknesses of Peduncles and 

length of Cocoons in female population of ecorace Korbi of 

Antheraea paphia Linn

R=0.5533*, DF=13, P < 0.05; R²=0.2824; Adj. 

R²=0.2290, SE =0.2100; t(r) = 2.2714*, 

DF=13, P <0.05; Reg. (F) =5.1595*, DF=13, P 

<0.05: Y=3.7036+5.5859X. 
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Altogether, 44.39 percent increase in breadth of 

cocoons was determined by the thickness of peduncles 

(R2=0.4439). Adjusted R-square adduced the 

percentage of variation in breadth of cocoons 

explained by only those independent variables of 

thickness of peduncles that in reality affected the 

dependent variable (Adj.R2=0.4011). The breadth of 

cocoons conferred significant positive increase with 

the increase in the thicknesses of peduncles 

(F=10.3792**, DF=13, P<0.01)  with the prediction 

function of Y=2.2792+4.0055X for the best fitted line 

of regression (Fig.14) having standard error of 

estimate being the average distance of the observed 

variables from the best fitted line of regression. 

15. Regression function between thicknesses of 

peduncles and horizontal circumferences of 

cocoons. 

 The horizontal circumference of cocoons in 

the female population elucidated significant positive 

increase with the increase in the thickness of 

peduncles (R=0.6578**, DF=13, P < 0.01).  
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Fig.14 Regression Function between thicknesses of Peduncles and 

Breadth of cocoons in female population of ecorace Korbi of 

Antheraea paphia Linn

R=0.6662**, DF=13, P <0.01; R²=0.4439; 

Adj. R²=0.4011; SE=0.1061; t(r) =3.2217**, 

DF=13, P<0.01; Reg. (F) =10.3792**, 

DF=13, P<0.01; Y=2.2729+4.0055X. 
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This association determined 43.28 percent 

control over horizontal circumferecne of cocoons by 

the thicknesses of peduncles (R2=43.28) and Adjusted 

R-squared adduced the percentage of variation in the 

horizontal circumference of cocoons explained by only 

those independent variables of thicknesses of 

peduncles that in reality affect the dependent variable 

(Adj.R2=0.3891). This was further confirmed by‘t’ 
test, which evinced significant association (t(r) 

=3.1496**, DF=13, P < 0.05). Regression function 

between the variables surmised significant Fisher’s 
ratio (F=9.9201**, DF=13, P < 0.01) having higher 

standard error of estimate (SE=2.5845). This evinced 

the fact that the coordinates of observed value failed to 

remain closer to the line of prediction adjudicating 

upward movement following the equation 

Y=9.0538+95.3181X  to predict the horizontal 

circumference of cocoons based on variable 

thicknesses of peduncles in the female population. 

16. Regression functions between the thicknesses of 

peduncle and cocoon weight in female population. 

 The cocoon weight inthe female population 

significantly increased with increase in the thicknesses 

of peduncles (R=0.5185*, DF=13, P < 0.05).  

 

R=0.6578**, DF=13, P<0.01;  

R²=0.4328; Adj.R²=0.3891; SE =2.5845; t(r) =3.1496**, 

DF=13,  

P<0.01; Reg. (F) =9.9201**, DF=13, P<0.01; 

Y=9.0538+95.3181X 
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This association proclaimed 26.89 percent  

(R2=0.2689) determination in the weight of cocoons 

controlled by the thicknesses of peduncles and 

remaining 73.11 percent by other abiotic and biotic 

factors of the environment in which the natural 

population  reared itself for the formation of cocoons. 

The Adjusted R2 (0.2126) is a modified version of R-

squared that has been adjusted for the number of 

predictors in the model and always remained lower 

than R2. The standard error of estimate (SE=1.1935) 

being the mean distance of the coordinates of the 

observed falls from the line of regression. The 

significance of the variates were further tested (t(r) 

=2.1866*, DF =13, P <0.05) and evinced significant‘t’ 
value. The significant regression function between the 

associates (F=4.7812*, DF=13, P <0.05) run upward 

together following the regression function 

Y=8.1086+30.5585X (Fig.16). 

17. Regression function between thicknesses of 

peduncles and volume of cocoons in female 

population  

 The regression analysis generated an equation 

to describe the statistical relationship between the 

thicknesses of peduncles and volume of cocoons 

(Y=9.0538+30.2632X) having positive intercept, 

significant association (R=0.6578**, DF=13, P < 

0.01), evincing control of thicknesses of peduncles to 

the tune of 43.28 percent on volume of cocoons 

(R2=0.4328) with lower adjusted R Square (Adj. 

R2=0.3891). 
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Fig.16 Regression Function between thicknesses of Peduncles and 

Cocoon weight in female population of ecorace Korbi of Antheraea 

paphia Linn

R=0.5185*, DF=13, P<0.05; R²=0.2689, Adj. R²=0.2126; 

SE =1.1935; t(r) =2.1866*, DF=13, P<0.05; Reg. (F) 

=4.7812*, DF=13, P<0.05; Y=8.1086+30.5585X 
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Adjusted R-squared adduced the percentage of 

variation explained by only those independent 

variables that in reality affect the dependent 

variable. The standard error of estimate remaining 

higher (SE=2.5845) revealed the higher distance of the 

coordinates of the observed value from the line of 

prediction. 

18. Regression functions between diameter of 

peduncles and silk percent in the female 

population. 

The measure of linear relationship between the 

diameter of peduncles and silk percent in the female 

population conferred significant correlation between 

the associates (R=0.5747*, DF=13, P < 0.05). This 

positive trend was further confirmed by‘t’ test and 
deduced significant (t(r) =2.535*, DF=13, P < 0.05). 

The coordinates of the scattered points of the observed 

values being away from the line of regression 

exhibited a standard error of 0.8817.  

 The coefficient of determination (R2=0.3304) 

between diameter of peduncles and silk percent 

inferred that 33.04 percent of values of the dependent 

variable were controlled by diameter of peduncles and 

remaining 66.96 percent were controlled by various 

abiotic and biotic factors of environment, including 

diameters of the twigs available at the time of spinning 

by the caterpillars. Adjusted R Square (R2=0.2788) has 

the tendency to decrease without a strong correlation 

which is the desired property of goodness of fit 

statistic. It rather determined the percent variation in 

silk percent (27.88 percent) only by those diameters
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Fig. 17 Regression Function between thicknesses of Peduncles and 

Volume of Cocoons (cc) in female population of ecorace Korbi of 

Antheraea paphia Linn

R=0.6578**, DF=13, P < 0.01; R²=0.4328; 

Adj. R²=0.3891; SE=2.5845; t(r) =3.1496**, 
DF=13, P <0.01; Reg.(F)=66.2638**, 

DF=13, P<0.01; Y=9.0538+30.2632X. 
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of peduncles that in reality affected the silk percent in 

the cocoons.  

The adjusted R-squared compares the descry-

ptive power of regression models that include diverse 

numbers of predictors. The Fisher’ ratio of regression 

remained significant between the diameter of 

peduncles and silk percent (F=6.4138*, DF=13, P < 

0.05) and prediction line followed the equation of 

Y=15.3875+0.9397X (Fig.18). 

19. Regression functions between the length of 

cocoons and breadth of cocoons in the female 

population. 

 The linear relationship between the length and 

breadth of cocoons in the female population conferred 

significant correlation between the variables 

(R=0.6514**, DF=13, P < 0.01). This positive trend 

was further confirmed by‘t’ test and deduced 
significant (t(r) =3.0958**, DF=13, P < 0.01).  
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Fig.18 Regression function between diameter of Peduncles and Silk 

percent in the female population of ecorace Korbi of Antheraea 

paphia Linn

R=0.5747*, DF=13, P<0.05; R²=0.3304; Adj. 

R²=0.2788; SE=0.8817; t(r) =2.5325*, 
DF=13, P<0.05; Reg. (F) =6.4138*, DF=13, 

P<0.05; Y=15.3875+0.9397X 
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The coordinates of the scattered points of the 

observed value being away from the line of regression 

exhibited a standard error of 0.1080. The coefficient of 

determination (R2=0.4243) between the length of 

cocoons and breadth of cocoons determined the fact 

that 42.43 percent of values of the dependent variable 

i.e., breadth of cocoons were controlled by length of 

cocoons and the remaining 57.57 percent of the 

variations in breadth of cocoons were controlled by the 

error associated with abiotic and biotic factors of the 

environment including the vested mineral potential of 

the food leaves taken by the caterpillars and  micro-

environment at the time of formation of cocoons. 

 The adjusted R Square (R2=0.3801) 

determined the tendency to decrease without a strong 

correlation being the desired property of goodness of 

fit statistic. It rather explained the percent variation in 

breadth of cocoons (38.01 percent) only by the length 

of cocoons that in reality affected the breadth of the 

cocoons.The adjusted R-squared compared the 

descriptive power of regression models that included 

diverse numbers of predictors. The Fisher’ ratio of 
regression remained significant between the length and 

breadth of cocoons (F=9.5845**, DF=13, P < 0.01) 

and prediction line followed the equation of 

Y=1.2393+0.3737X (Fig.19). 

20. Regression functions between length of cocoons 

and length-breadth ratio of cocoons in the female 

population. 

 

 

 

 

 

 

R=0.6514**, DF=13, P<0.01; R2 =0.4243; Adj. R²=0.3801; 
SE=0.1080 t(r) =3.0958**, DF=13, P<0.01; Reg. (F) =9.5845**, 

DF=13, P<0.01; Y=1.2393+0.3737X  
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The length-breadth ratio of cocoons in the 

female population significantly increased with increase 

in the length of cocoons (R=0.5443**, DF=13, P < 

0.01). This association (R2=0.2963) proclaimed that 

29.63 percent variation in the length-breadth ratio of 

cocoons was controlled by the length of cocoons and 

the remaining 70.37 percent by other abiotic and biotic 

factors of the environment in which the natural 

population  reared herself for the formation of 

cocoons. The Adjusted R2 (0.2422) being a modified 

version of R-squared rather adjusted for the number of 

predictors in the model and always remained lower 

than R2. The standard error of estimate (SE=0.0553) 

being the mean distance of the coordinates of the 

observed values that fallen from the line of regression. 

The significance of the variates were further test (t(r) 

=2.3399*, DF =13, P <0.05) and evinced significant‘t’ 
value. The significant regression function between the 

length of cocoons and length breadth ratio of cocoons 

(F=5.4752*, DF=13, P <0.05) run upward together 

following the regression function Y=0.8908+0.1446X 

(Fig.20). 

21. Regression functions between length of cocoons 

and longitudinal circumference of cocoons in 

female population. 

 The functional relationship between the length 

of cocoons and longitudinal circumference of cocoons 

in the female population conferred significant 

correlation between the variates (R=0.9336**, DF=13, 

P < 0.01). This positive trend was further confirmed 

by‘t’ test which adduced significant (t(r) =9.3978**, 
DF=13, P < 0.01) association. The coordinates of the 

scattered points of the observed values were fairly well 

close to the line of regression exhibiting a low 

standard error of 0.1886. The coefficient of 

determination (R2=0.87.17) between the length of 

R=0.5443**, DF=13, P<0.01; R²=0.2963:Adj.R²=0.2422; SE=0.0553; t(r) =2.3399*, 

DF=13, P<0.05; Reg. (F) =5.4752*, DF=13, P<0.05; Y=0.8908+0.1446X 
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cocoons and longitudinal circumference of cocoons 

determined the fact that 87.17 percent of variations in 

the longitudinal circumference of cocoons were due to 

variation in the length of cocoons and remaining 12.83 

percent of the variations in the longitudinal 

circumference of cocoons were controlled by the error 

associated with abiotic and biotic factors of the 

environment including the vested mineral potential of 

the food leaves taken by the caterpillars and  micro-

environment at the time of formation of cocoons.  

  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

The adjusted R Square (R2=0.8618) rather 

determined the percent variation in longitudinal 

circumference of cocoons  (86.18 percent) only by 

those length of cocoons that in reality affected the 

longitudinal circumference of the 

cocoons.The adjusted R-squared compares the 

descriptive power of regression models that include 

diverse numbers of predictors. The Fisher’ ratio of 
regression remained significant between the length and 

longitudinal circumference of cocoons (F=88.3208**, 

DF=13, P < 0.01) and prediction line followed the 

equation of Y=3.5929+1.9807X (Fig.21). 

22. Regression functions between the length of 

cocoons and horizontal circumference of cocoons in 

female population. 

The relation between the length of cocoons and 

horizontal circumference of cocoons was significant at 

1 percent level of significance (R=0.7939**, DF=13, 

P<0.01; t(r) =4.7080**, DF=13, P<0.01).  

 

R=0.9336**, DF=13, P<0.01; R²=0.8717; Adj. R²=0.8618; 
SE=0.1886; t(r) =9.3978, DF=13, P<0.01; Reg. (F) =88.3208**; 

Y=3.5929+1.9807X 
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The coefficient of determination adduced 

63.03 percent variation in the horizontal circumference 

of cocoons due to vested variation in the length of 

cocoons (R2=0.6303) and remaining 36.97 percent 

variations in the horizontal circumference of cocoons 

were due to environmental error in that ecocosm 

where the formation of silk cocoons took place. The 

adjusted R Square (R2=0.6018) rather determined the 

percent variation in horizontal circumference of 

cocoons  (60.18 percent) only by those lengths of 

cocoons that in reality affected the horizontal 

circumference of the cocoons.The adjusted R-

squared compared the descriptive power 

of regression models that include diverse numbers of 

predictors. The Fisher’ ratio of regression remained 
significant between the length of cocoons and 

horizontal circumference of cocoons (F=22.1660**, 

DF=13, P < 0.01) and prediction line followed the 

equation Y=3.8537+1.2536X (Fig.22). 

23. Regression function between length of cocoons 

and volume of the cocoons in female population. 

 The correlation between the length of 

cocoons and volume of the cocoons remained 

significant (R=0.8715**, DF=13, P<0.01).  

 

 

 

 

 

 

R=0.7939**, DF=13, P<0.01; R²= 0.6303; Adj. 

R²=0.6018; SE=0.2383; t(r) = 4.7080**, DF=13, 

P<0.01; Reg. (F) =22.1660**, DF=13, P <0.01; 

Y=3.8537+1.2536X 
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 This was further confirmed by‘t’ test [(t(r) 

=6.4096**, DF=13, P < 0.01], adjudicating significant 

association. The coefficient of determination 

(R2=0.8715) conferred the fact that 87.15 percent of 

variation in the volume of cocoons is accounted for the 

change in the length of the cocoons and remaining 

12.85 percent of variations were vested with other 

abiotic and biotic factors of the environment. The 

adjusted R Square (Adj. R2=0.7411) deduced the 

variation in the volume of cocoons only by those 

variables of length of cocoons that in reality affected 

the volume of the cocoons. The standard error (SE 

=1.6825) being the standard deviation of its sampling 

distribution (Fig. 23). It is the root mean square of 

error of the regression. The Fisher’s ratio of variance 
for regression remained significant (F=41.0829**, 

DF=13, P<0.01), following the prediction function by 

Y= -30.4583+12.0499X to run the line of regression. 

24. Regression function between breadth of cocoons 

and longitudinal circumference of cocoons in 

female population. 

 The longitudinal circumference of cocoons 

being criterion variable increased significantly with 

the increase in the breadth of cocoons as predictor 

variable (R=0.7396**, DF=13, P < 0.01). This relation 

further tested by ‘t’ test also confirmed its significance 
at the level of 1 percent (‘t’(r) = 3.9627**, DF=13, P < 
0.01). This model conferred a determination of 54.70 

percent on longitudinal circumference of cocoons due 

to variation in the breadth of cocoons (R2=0.5470). 

The adjusted R Square (Adj. R2=0.5122) determined 

as the variation in the longitudinal circumference of 

cocoons only by those variables of breadth of cocoons 

that in reality affected the longitudinal circumference 

of cocoons. 

The standard error of regression (SE=0.3544) 

remained high. The high error evinced the fact that the 

R=0.8715**, DF=13, P<0.01; R²= 

0.8715; Adj. R²=0.7411; SE=1.6825; t(r) 
= 6.4096**, DF=13, P<0.01; Reg. (F) 

=41.0829**, DF=13, 

 P < 0.01; Y= -30.4583+12.0499X 
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coordinates of observed value failed to remain close to 

the line of prediction (Fig.24). The regression function 

between the associates was significant (F=15.7036**, 

DF=13, P < 0.01) and prediction line runs upward 

following the equation Y=4.7307+2.7354X. 

25. Regression function between the breadth of 

cocoons and horizontal circumference of cocoons in 

female population. 

  The horizontal circumference of cocoons 

being criterion variable increased significantly with 

the increase in the breadth of cocoons as predictor 

variable (R=0.8896**, DF=13, P < 0.01). This relation 

further tested by‘t’ test also confirmed its significance 

at the level of 1 percent (‘t’(r) = 7.0302**, DF=13, P < 
0.01). This model proclaimed a determination of 79.17 

percent on horizontal circumference of cocoons due to 

variation in the breadth of cocoons (R2=0.7917). The 

adjusted R Square (Adj. R2=0.7757) remained as the 

variation in the horizontal circumference of cocoons 

only by those variables of breadth of cocoons that in 

reality affected the horizontal circumference of 

cocoons. The standard error of regression (SE=0.0649) 

remained very low. The low error evinced the fact that 

the coordinates of observed value adjudicated closer 

affinity with the predicted line of regression for 

estimation of horizontal circumference of cocoons 

(Fig.25). 

Altogether, 77.57 percent of coordinates of the 

observed value were close to the line of regression 

adjudicating natural affinity between the associates.  
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25. Regression Function between breadth of cocoons and  HorizontalCircumference of cocoons in female 

population of ecorace Korbi of Antheraea paphia Linn

R=0.8896**, DF=13, P<0.01; R²= 

0.7917; Adj. R²=0.7757; SE=0.0649; 

t(r) = 7.0302**, DF=13, P<0.01; Reg. 

(F) = 49.4237**, DF=13, P < 0.01;  

Y= -0.1554+0.3232X  
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  The regression function between the 

independent and dependent associates was significant 

(F=49.4237**, DF=13, P < 0.01) and the line of 

regression runs upward following the equation Y= -

0.1554+0.3232X. 

26. Regression functions between breadth of 

cocoons and cocoon weight in female population. 

The correlation between the breadth of cocoons and 

cocoon weight remained significant (R=0.5024*, 

DF=13, P<0.05). This was further confirmed by‘t’ test 
[(t(r) =2.0951*, DF=13, P < 0.05], adjudicating 

significant association. This model promulgated a poor 

determination of 25.24 percent on cocoon weight due 

to variation in the breadth of cocoons (R2=0.2524). 

The adjusted R Square (Adj. R2=0.1949) remained as 

the variation in the weight of cocoons only by those 

variables of breadth of cocoons that in reality affected 

the weight of cocoons. Thus, altogether 19.49 percent 

of the observed values of the scattered points of 

coordinates surmised affinity with the line of 

regression and the remaining 80.51 percent of the 

cocordinates of the observed values remained scattered 

away fron the line of regression. This remained 

associated with high stardard error of regression 

between the associates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

R=0.5024*, DF=13, P<0.05; R²= 0.2524; Adj. 

R²=0.1949; SE=1.2068; t(r) = 2.0951*, DF=13, 

P<0.05; Reg. (F) = 4.3896*, DF=13, P < 0.05;  

Y= -1.1079+4.9252X  
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24. Regression Function between breadth of cocoons and Longitudinal Circumference of cocoons in 

female population of ecorace Korbi of Antheraea paphia Linn
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The standard error of regression being the root 

of mean sum of squares of error in analysis of variance 

for regression (SE=1.2068), its value was recorded 

very high. The high error evinced the fact that the 

coordinates of observed value adjudicated poor 

affinity with the predicted line of regression for 

estimation of cocoon weight on the basis of breadth of 

cocoons (Fig.26). The regression function between the 

independent and dependent associates was significant 

(F=4.3896*, DF=13, P < 0.05) and the line of 

regression runs upward following the equation Y= - 

1.1079+4.9252X for predicting the value of cocoon 

weight in the female population on the basis of breadth 

of cocoons. 

27. Regression functions between breadth of 

cocoons and volume of cocoons in female 

population. 

 The volume of cocoons being criterion 

variable increased significantly with the increase in the 

breadth of cocoons as predictor variable (R=0.9366**, 

DF=13, P < 0.01).  
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26. Regression Function between breadth of cocoons and  cocoon weight  in female 

population of ecorace Korbi of Antheraea paphia Linn
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 This relation further tested by‘t’ test also 
confirmed its significance at the level of 1 percent 

(‘t’(r) = 9.6382**, DF=13, P < 0.01). This model 
proclaimed a determination of 87.72 percent on 

volume of cocoons due to variation in the breadth of 

cocoons (R2=0.87.72). The adjusted R Square (Adj. 

R2=0.8677) remained as the variation in the volume of 

cocoons only by those variables of breadth of cocoons 

that in reality affected the volume of cocoons 

(Fig.27).Thus, altogether 86.77 percent of the 

observed values of the scattered points of coordinates 

surmised affinity with the line of regression and the 

remaining 13.23 percent of the cocordinates of the 

observed values remained scattered away fron the line 

of regression. This remained associated with low 

stardard error of regression between the associates.The 

standard error of regression being the root of mean 

sum of squares of error in analysis of variance for 

regression (SE=1.2024) recorded very low in the 

present model. The low error evinced the fact that the 

coordinates of observed value adjudicated close 

affinity with the predicted line of regression for 

prediction of volume of cocoon in ecorace Korbi of A 

.paphia on basis of breadth of cocoons (Fig.27). The 

regression function between the predictor and response 

associates was significant (F=92.8949*, DF=13, P < 

0.01) and the line of regression runs upward following 

the equation Y= - 41.36+22.5733X for predicting the 

value of volume of cocoons in the female population 

on the basis of breadth of cocoons (Fig.27). 

28. Regression function between length-breadth 

ratio of cocoons and longitudinal horizontal 

circumference ratio of cocoons in female 

population. 

The longitudinal-horizontal circumference 

ratio of cocoons being criterion variable increased 

significantly with the increase in the length-breadth 

ratio of cocoons as predictor variable (R=0.5852**, 

DF=13, P < 0.01) in the female population. This 

relation further tested by‘t’ test also confirmed its 
significance at the level of 5 percent (‘t’(r) =2.6021**, 
DF=13, P < 0.05). This model proclaimed a poor 

R=0.9366**, DF=13, P<0.01; R²= 0.8772; 

 Adj. R²=0.8677; SE=1.2024; t(r) = 9.6382**, 

 DF=13, P<0.01; Reg. (F) = 92.8949**, DF=13,  

P<0.01; Y= -41.36+22.5733X  
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determination of 34.24 percent on longitudinal-

horizontal circumference ratio of cocoons due to 

variation in the length-breadth ratio of cocoons 

(R2=0.3424). This can also be presumed by counting 

the coordinates of the observed value closer to the line 

of regression (Fig.28).  

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The adjusted R Square (Adj. R2=0.2919) 

remained as the variation in the longitudinal-horizontal 

circumference ratio of cocoons only by those variables 

of length-breadth ratio of cocoons that in reality 

affected the longitudinal-horizontal circumference 

ratio of cocoons in the female population.The standard 

error of regression being the root of mean sum of 

squares of error in analysis of variance for regression 

remained (SE=0.0649). Altogether, 29.19 percent of 

coordinates of the observed value were in reality close 

to the line of regression adjudicating natural affinity 

between the associates. The regression function 

between the subject series and relative series was 

significant (F=6.7713**, DF=13, P < 0.01) and the 

line of regression runs upward following the equation 

Y= 0.9153+0.2609X (Fig.28). 

29. Regression function between longitudinal 

circumference of cocoons and horizontal 

circumference of cocoons in female population. 

The functional relation between the longitudinal 

circumference of cocoons and horizontal 

circumference of cocoons in the female population of 

ecorace Korbi of A. paphia conferred significant 

correlation between the variates (R=0.8372**, DF=13, 

P < 0.01).  
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Fig.28  Regression Function between Length Breadth Ratio of Cocoons and Longitudinal-

Horizontal circumference ratio of cocoons in female population of ecorace Korbi of Antheraea 

paphia Linn

R=0.5852*, DF=13, P<0.01; R²= 0.3424; 

Adj. R²=0.2919; SE=0.0238; t(r) = 2.6021*, 

DF =13, P<0.05; Reg. (F) =6.7713**, 

DF=13, P<0.05; Y= 0.9153+0.2609X.  
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This positive trend was further confirmed 

by‘t’ test which adduced significant (t(r) =5.5202**, 

DF=13, P < 0.01) association. Thus, with the increase 

in longitudinal circumference of cocoons, the 

horizontal circumference of cocoons increased in the 

female population. The coordinates of the scattered 

points of the observed values being fairly close to the 

line of regression exhibited a low standard error of 

0.2143. The coefficient of determination (R2=0.7009) 

between the longitudinal circumference of cocoons 

and horizontal circumference of cocoons determined 

the fact that 70.09 percent of variations in the 

horizontal circumference of cocoons were due to 

variation in the longitudinal circumference of cocoons 

and the remaining 29.91 percent of the variations in 

the horizontal circumference of cocoons were 

controlled by the error associated with abiotic and 

biotic factors of the environment including the vested 

mineral potential of the food leaves taken by the 

female caterpillars and  micro-environment at the time 

of formation of female pupae and cocoons. The 

adjusted R Square (R2=0.6779) rather determined the 

percent variation in horizontal circumference of 

cocoons  (67.79 percent) only by the longitudinal 

circumference of cocoons that in reality affected the 

horizontal circumference of the cocoons.The adjusted 

R-squared compared the descriptive power 

of regression models that included diverse numbers of 

predictors. The Fisher’ ratio of regression remained 
significant between the longitudinal and horizontal 

circumference of cocoons (F=30.4727**, DF=13, P < 

0.01) and prediction line followed the equation of 

Y=1.7060+0.6232X (Fig.29). 

30. Regression functions between longitudinal 

circumference of cocoons and volume of cocoons in 

female population. 

The volume of cocoons being criterion 

variable increased significantly with the increase in the 
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Fig.29 Regression Function between Longitudinal circumference of cocoons and Horizontal 

circumference of cocoons in female population of ecorace Korbi of Antheraea paphia Linn

R=0.8372**, DF=13, P<0.01; R²= 0.7009; 

Adj. R²=0.6779; SE=0.2143; t(r) = 5.5202**, 

DF =13, P<0.01; Reg. (F) =30.4727**, 

DF=13, P<0.01; Y= 1.7060+0.6232X.  



Journal of Tropical Forestry                                              46 

October-December, 2021 Vol 37 (IV) 

 

longitudinal circumference of cocoons as predictor 

variable (R=0.9072**, DF=13, P < 0.01) in the female 

population.This relation further tested by‘t’ test also 
adjudicated its significance at the level of 1 percent 

(‘t’(r) =7.7751**, DF=13, P < 0.01). This model 
proclaimed a fairly good determination of 82.30 

percent for the volume of cocoons   due to variation in 

the longitudinal circumference of cocoons 

(R2=0.8230). This can also be presumed by counting 

the coordinates of the observed value closer to the line 

of regression. The adjusted R Square (Adj. R2=0.8094) 

remained as the variation in the volume of cocoons 

caused only by those variables of longitudinal 

circumference of cocoons that in reality affected the 

volume  of cocoons in female population (Fig.30). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The standard error of regression being the root 

of mean sum of squares of error in analysis of variance 

for regression remained (SE=1.4437). Altogether, 

80.94 percent of coordinates of the observed value 

were in reality closer to the line of regression 

adjudicating natural affinity between the associates. 

The regression function between the subject 

series and relative series was significant 

(F=60.4529**, DF=13, P < 0.01) and the line of 

regression runs upward following the equation Y= -

50.0959+5.9120X (Fig.30) to adjudicate volume of 

cocoons on the basis of longitudinal circumference of 

cocoons. 

31. Regression function between horizontal 

circumference of cocoons and volume of the 

cocoons in female population    
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Fig.30  Regression Function between Longitudinal circumference of cocoons and volume of 

cocoons in female population of ecorace Korbi of Antheraea paphia Linn

R=0.9072**, DF=13, P<0.01; R²= 

0.8230; Adj. R²=0.8094; SE=1.4437; 

t(r) = 7.7751**, DF =13, P<0.01; Reg. 

(F) = 60.4529**, DF=13, P<0.01;  

Y= -50.0959+5.9120X.  
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The functional relation between the horizontal 

circumference of cocoons and volume of cocoons in 

the female population of ecorace Korbi of A. paphia 

conferred significant correlation between the 

associates (R=0.9300**, DF=13, P < 0.01).The 

association was further confirmed by‘t’ test and the 
same was found significant (‘t’(r) =9.1256**, DF=13, 
P < 0.01). This model proclaimed a very strong 

determination of 86.49 percent on volume of the 

cocoons due to variation in the horizontal 

circumference of cocoons (R2=0.8649). This can also 

be presumed by counting the coordinates of the 

observed value closer to the line of regression as 

conferred low error in regression function 

(SE=1.2610). The adjusted R Square value (Adj. 

R2=0.8546) determined as the variation in the volume 

of cocoons, rather affected by only the horizontal 

circumference of cocoons that in reality had the effect 

on the volume of the cocoons in female population. 

The regression function between the predictor 

variables and criterion variables was significant 

(F=83.2779**, DF=13, P < 0.01) and the line of 

regression runs upward following the equation Y= -

53.1404+8.1429X (Fig.31) to adjudicate volume of 

cocoons on the basis of horizontal circumference of 

cocoons (Fig.31). 

32. Regression functions between the cocoon weight 

and shell weight in female population. 

The regression function between cocoon weight and 

shell weight in female population of ecorace Korbi of 

A. paphia conferred significant association 

(R=0.8907**, DF=13, P <0.01).  
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Fig.31 Regression Function between Horizontal circumference of cocoons and volume of cocoons 

in female population of ecorace Korbi of Antheraea paphia Linn

R=0.9300**, DF=13, P<0.01; R²= 0.8649; 

Adj. R²=0.8546; SE=1.2610; t(r) = 9.1256**, 

DF =13, P<0.01; Reg. (F) = 83.2779**, 

DF=13, P<0.01; Y= -53.1404+8.1429X 
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The shell weight adduced positive and 

significant increase with the increase in the cocoon 

weight as predictor variable. The prediction by 

predictor variable for shell weight in female 

population of ecorace Korbi of A. paphia established 

to the tune of 79.34 percent and the remaining 20.66 

percent remained as error in the prediction of shell 

weight (SE=0.1407). The adjusted R Square (Adj. 

R2=0.7775) surmised the variation in the shell weight 

to an extent of 77.75 percent, rather affected by only 

the cocoon weight that in reality had the effect on the 

shell weight of the cocoons in female population. The 

regression function between the cocoon weight and 

shell weight was significant (F=49.9237**, DF=13, P 

< 0.01) and the line of regression runs upward 

following equation Y= -0.03402+0.1976X (Fig.32) to 

predict the shell weight on the basis of cocoon weight 

(Fig.32). 

 

33. Regression functions between the cocoon weight 

and pupae weight in female population. 

The regression function between cocoon 

weight and pupae weight in female population of 

ecorace Korbi of A. paphia divulged significant 

association (R=0.9554**, DF=13, P <0.01). The pupae 

weights were in positive and significant association 

with the cocoon weight as predictor variable. The 

prediction by predictor variable for pupae weight 

remained to the tune of 91.28 percent and the 

remaining 8.72 percent remained as error in the 

prediction of pupae weight (SE=0.3251). The standard 

error of regression was low (0.3251). The adjusted R 

Square (Adj. R2=0.9061) remained as the variation in 

the pupae weight i.e.,90.61 percent rather affected by 

only the  cocoon weight that in reality had the effect 

on the pupae weight of the cocoons in female 
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Fig.32 Regression function between cocoon weight and shell weight in female population of 

ecorace Korbi of Antheraea paphia Linn

R=0.8907**, DF=13, P<0.01; R²= 0.7934; 

Adj. R²=0.7775; SE=0.1407; t(r) = 7.0656**, 

DF =13, P<0.01; Reg. (F) = 49.9237**, 

DF=13, P<0.01; Y= -0.03402+0.1976X 
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population. The regression function between the 

cocoon weight and pupae weight was significant 

 (F= 136.1056**, DF=13, P < 0.01) and the line of  

 

 

 

 

 

 

 

 

 

regression runs upward following the equation Y= 

0.7124+0.7536X (Fig.33) to predict the pupae weight 

on the basis of cocoon weight (Fig.33). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

34. Regression functions between the shell weight 

and pupae weight in female population.  

The regression function between shell weight 

and pupae weight in female population conferred 

significant association (R=0.7983**, DF=13, P <0.01). 

The pupae weight presented positive and significant 

increase with the increase in the shell weight as 

predictor variable. The prediction by predictor variable 

for pupae weight remained to the tune of 63.74 percent 

and the remaining 36.26 percent can be ascribed to 

error in the prediction of pupae weight (SE=0.6630). 

The adjusted R Square value (Adj. R2=0.6094) 

inferred that 60.94 percent as the variation in the 

pupae weight was  affected by only that cocoon weight 

which in reality had the effect on the pupae weight of 

the cocoons in the female population. 
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Fig.33 Regression Function between cocoon weight and pupae weight in female 

population of ecorace Korbi of Antheraea paphia Linn

R=0.7983**, DF=13, P<0.01; R²= 0.6374; 

Adj. R²=0.6094; SE=0.6630; t(r) = 4.7802**, 

DF =13, P<0.01; Reg. (F) = 22.8512**, 

DF=13, P<0.01; Y= 3.4469+2.8386X 
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The regression function between the shell 

weight and pupae weight was significant (F= 

22.8512**, DF=13, P < 0.01) and the line of  

 

regression runs upward by following the equation Y= 

3.4469+2.8386X (Fig.34) to predict the pupae weight 

on the basis of shell weight (Fig..34). 

           
            1. Sal fed caterpillar of Antheraea paphia                                            2. Sal fed cocoons of ecorace Korbi of Antheraea paphia 
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Fig.34 Regression Function between Shell weight and pupae weight in female population of 

ecorace Korbi of Antheraea paphia Linn

R=0.9554**, DF=13, P<0.01; R²= 0.9128; Adj. 

R²=0.9061; SE=0.3251; t(r) = 11.6664**, DF 

=13, P<0.01; Reg. (F) = 136.1056**, DF=13, 

P<0.01; Y= 0.7124+0.7536X 
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    3. Enlarged view of cocoons of ecorace Korbi of A. paphia                            4.Trading of natural tasar cocoons 

       
           5. Reeled tasar yarn from Sal fed natural cocoons                              6. Natural tasar cocoon and silk yarn from Sal                                        
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                                                                      7. Silk hank from Sal forest: An association for mankind. 
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ABSTRACT 

 An attempt has been made to prepare a detailed account of succulent plants in Ratlam district of Madhya Pradesh. In the 

present paper, 73 succulent angiospermic plant species belonging to 53generaand 30families have been described.  

 

Keywords: Succulent plants; Ratlam district; Madhya Pradesh 

 

 

INTRODUCTION 

Botanically speaking, succulents are plants 

having some parts that are more than normally fleshy 

and thickened, usually to retain water in arid climates 

or soil conditions. The word succulentcomes from the 

Latin word sucus, meaning juice or sap. The habitats 

of succulents are often in areas with high temperatures 

and low rainfall. Succulents have the ability to thrive 

on limited water sources, such as mist and dew, which 

makes them equipped to survive in an ecosystem 

which contains scarce water sources. Some definitions 

also include roots, so that geophytes that survive 

unfavorable periods by dying back to 

underground storage organs may be regarded as 

succulents. About 60 different plant families contain 

succulents, such as Agavoideae, Aizoaceae,Cactaceae 

and Crassulaceae.Succulent  plants  are  increasingly  

popular  among  plant  collectors,  home  gardeners 

and  professionals  due to their striking and unusual 

appearance. Now  a days,  succulents  are  used  as 

ornamental plants in  outdoor  and  indoor  gardening  

at  various  place  like  various malls, industries,  

institutions,  offices, hospitals, apartments, houses and  

gardens  in  metropolitan cites. The aim of the present  

 

 

study was to collect and compile scattered information 

on succulent plants as well as prepare a database of 

succulent plants found in Ratlam district of Madhya 

Pradesh.  

MATERIAL AND METHODS 

Study area 

Ratlam district lies in the western part of the 

Malwa Plateau in Madhya Pradesh. Ratlam has an 

important place in the railway map of Madhya 

Pradesh. Its position as a divisional headquarters of 

Western Railway has considerably contributed to its 

growth as a railway town. The district forms part of 

the commissioner’s division of Ujjain. The 
geographical limits of the district extend from 230 05’ 
North to 230 55’ North latitude and from 740 30’ East 

to 750 42’ East longitude. It has the shape of a wide 

crescent with its concave on the east and widest part in 

the south. The greatest length of the district extends to 

about 122 km. from southwest to northeast. The 

district is bounded by Mandsaur district on the north, 

Jhabua and Dhar on the south, Ujjain on the east and 

Chittorgarh and Banswara districts of Rajasthan state 

on the west. Shajapur district of Madhya Pradesh and 

Jhalawar district of Rajasthan also touch the north-

http://research.omicsgroup.org/index.php/Plant
http://research.omicsgroup.org/index.php/Arid
http://research.omicsgroup.org/index.php/Soil
http://research.omicsgroup.org/index.php/Root
http://research.omicsgroup.org/index.php/Geophyte
http://research.omicsgroup.org/index.php/Storage_organ
http://research.omicsgroup.org/index.php/Agavoideae
http://research.omicsgroup.org/index.php/Aizoaceae
http://research.omicsgroup.org/index.php/Cactaceae
http://research.omicsgroup.org/index.php/Crassulaceae
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eastern boundary of Ratlam district. The elevation 

generally varies from 434 to 549 m. above mean sea 

level. The district comprises an area of 4861 sq. km. 

inhabited by 12,14,536 persons according to census 

2001. The district is administratively divided into 6 

tehsils of Ratlam, Sailana, Jaora, Piploda, Bajna and 

Alot. The forests, which occupy a total area of 499.92 

sq kms or 10.26% of its total geographical area are of 

dry deciduous Vb type (Champion and Seth, 1968). 

The forests are dominated by Teak (Tectona 

grandisL.f.). Other notable wood species are Sajad 

[Terminalia tomentosa (DC.) Wt. & Arn.], 

Mahua(Madhuca indica Gmel.), Tendu (Diospyros 

melanoxylon Roxb.), Palas [Butea monosperma (Lam.) 

Taub.], Kalam [Mitragyna parviflora(Roxb.) Korth.], 

Dhaora [Anogeissus latifolia (Roxb.) Wall. ex Bedd.], 

Bel [Aegle marmelos(L.) Corr.] and Bija (Pterocarpus 

marsupium Roxb.). Bamboo (Dendrocalamus strictus 

Nees.), constitutes a significant chunk of the middle 

canopy of the forests. In Ratlam district, there are two 

important rivers, namely, the Chambal flowing north 

along with its tributaries and the Mahi flowing to the 

north-west. The climate of the district is generally sub-

humid with an annual rainfall ranging from 700 to 

1200 mm. The minimum and maximum temperatures 

range between 60C and 430C in the months of January 

and May, respectively. The black cotton soil is 

predominant in the entire district.  

Methodology 

Taxonomicalsurveys were conducted in 

different tracks in the forest areas of Ratlam district 

during 2004-2008 and more than 500 angiospermic 

taxa were recorded. These detailed floristic surveys 

and literature search culminate in documention of 

succulent plantspecies of Ratlam district. Herbarium 

specimens were prepared following the standard 

method (Jain& Rao, 1978) and these were deposited in 

the herbarium of Botany department of Govt Arts & 

Science College, Ratlam. Herbarium specimens were 

identified with the help of standard floras (Khanna 

et.al.2001; Mudgal et.al. 1997; Singh et.al. 2001; 

Verma et.al. 1993). 

RESULTS AND DISCUSSION 

The author collected 73 total succulent taxa 

from Ratlam district.In the present communication, an 

attempt has been made to enumerate the succulenttaxa 

of Ratlam district.Botanical name, family, common 

name, habit, occurence and phenology of succulent 

taxa is presented in Table-1. 

 

Table- 1 : Succulentplants of Ratlam district. 

Botanical name Family Local name Habit Occurence Phenology 

Adansonia digitata L.  Bombacaceae Gorakh-imli Tree Planted March – May 

Agave americana L. Agavaceae - Shrub Planted Jan-June 

Aloe vera L.   Liliaceae Gwarpatho Herb Common November-March 

Ampelocissus latifolia (Roxb.) 

Planch.  

Vitaceae Panivelo Climber Common July-September 

Anisomeles indica (L.) Kuntze  Lamiaceae Gobrio Herb Planted August – 

December 

Argyreia nervosa (Burm. f.) 

Boj. 

Convolvulaceae Lambi veldi Climber Uncommon August – 

December 

Artocarpus heterophyllus Lam.  Moraceae Kathal Tree Planted November-June 
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Asparagus racemosus Willd.  Liliaceae Hemuri Under-

shrub 

Common Aug-Jan 

Balanites aegyptiaca (L.) Delile  Simaroubaceae Hingorio Tree Common March – June 

Bombax ceiba L.  Bombacaceae Hemlo Tree Common February – May 

Boswellia serrata Roxb. ex 

Colebr.  

Burseraceae Hallar Tree Common Feb-April 

Calotropis gigantea (L.) 

Dryand.  

Asclepiadaceae Ankro Shrub Common Throught the year 

Calotropis procera (Ait.) R.Br. Asclepiadaceae Aak 

 

Shrub Common Throught the year 

Carica papaya L. Caricaceae Papito Herbaceo

us tree 

Planted Greater part of the 

year 

Cayratia carnosa (Wall.ex 

Wight) Gagnep.  

Vitaceae Choti gurvel Climber Unommon July-Oct 

Cereus hexagonus (L.) Mill  Cactaceae - Cactus Planted May-Sept 

Chenopodium album  L.  Chenopodiaceae Bathu Herb Common Sept-March 

Chlorophytum tuberosum 

(Roxb.) Baker  

Liliaceae Dhori musri Herb Planted July – August 

Cissus quadrangularis L. Vitaceae Adhand Climber Common July-Aug 

Chrozophora rottleri (Geis.) A. 

Juss. ex Spreng.  

Euphorbiaceae Jangli rukhdi Shrub Common Aug-May 

Coleus amboinicus Lour. Lamiaceae Ajwan Herb Planted Feb-March 

Commelina benghalensis L.  Commelinaceae Bokhlo Herb Common July-Oct 

Commelina erecta  L.  Commelinaceae - Herb Common Aug-Dec 

Cordyline terminalis Kunth Liliaceae - Small 

tree 

Planted Dec-March 

Crinum defixum Ker. Gawl.  Amaryllidaceae Didigundo Herb  Uncommon July-Oct 

Costus speciosus (J. Koenig) 

Sm. 

Costaceae - Herb Planted Aug-May 

Cuscuta reflexa Roxb.   Convolvulaceae Amarbel Twiner Common December- January 

Cyanotis axillaris (L.) D. Don. 

ex Sweet 

Commelinaceae Bokhli Herb Common July-Dec 

Dioscorea bulbifera L.  Dioscoreaceae Veldi Climber Common August – October 

Euphorbia antiquorum L. Euphorbiaceae - Shrub Common Dec-Jan 

Euphorbia  milii  Desmoul. Euphorbiaceae - - Planted Throughout the 

Year 

Euphorbia  neriifolia  L. Euphorbiaceae Ghotla 

thuwar 

Shrub Common Feb-March 

Euphorbia  umbellata (Pax) Bruyns Euphorbiaceae - Shrub Unommon - 

Ficus benghalensis L. Moraceae  

Bargad 

Tree Common August – July 
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Ficus carica L. Moraceae Anjir Tree Planted Jan.-Oct 

Ficus glomerata Roxb. Moraceae  

Gular 

Tree Common February – June 

Ficus religiosa  L. Moraceae  

Pipal 

Tree Common April – June 

Gloriosa superba L. Liliaceae Ragagaddi Climber Common August-November 

Impatiens balsamina  L.   Balsaminaceae - Herb Common July-Oct 

Ipomoea batatas (Linn.) Lam.  Convolvulaceae Shakar-kand Vine Cultivated Cold Season 

Ipomoea carnea Jacq. Sub spp 

fistulosa L. 

Convolvulaceae Besharam Shrub Common Throuhout the year 

Jatropha curcas L. Euphorbiaceae Ratanjot Shrub Common November – 

February 

Jatropha gossypifolia L.  Euphorbiaceae Lal – erenda Shrub Uncommon April-Sep 

Kalanchoe blossfeldiana 

 

Crassulaceae - Herb Planted Oct-Feb 

Kalanchoe pinnata (Lam.) Pers. Crassulaceae Khatumdo Herb Common Oct-Feb 

Kalanchoe tetraphylla H. 

Perrier 

Crassulaceae - Herb Planted Oct-Feb 

Kalanchoe tomentosa Baker 

Crassulaceae 

Crassulaceae - Herb Planted - 

Merremia emarginata (Burm. 

f.) Hall. f.  

Convolvulaceae Undri Herb Common Dec-March 

Musa paradisiacaL.  Musaceae Kero Herbaceo

us tree 

Planted Throughout the 

year 

Opuntia elatior Mill.  Cactaceae Haasla thuar Herb Common March-Sep 

Opuntia vulgaris Mill Cactaceae Naagaphani Herb Common April-July & 

Jan-Feb 

Pandanus fascicularis Lamk. Pandanaceae Kevda Small 

tree 

Planted Rainy season 

Pedilanthus tithymaloides 

(Linn.) Poit 

Euphorbiaceae - Shrub Planted Oct-Dec 

Phoenix sylvestris (L.) Roxb. Arecaceae Khajoor Palm Common Februray-August 

Plumeria alba L Apocynaceae Safed 

Champa 

Tree Planted March-June 

Plumeria rubra L.  Apocynaceae Lal Champa 

 

Tree Planted Nov-June 

Polianthes tuberosa L. Agavaceae Rajnigandha Herb Planted April-June 

Polygonum barbatum L. Polygonaceae - Herb Common Dec-April 

Polygonum glabrum Willd. Polygonaceae - Herb Common Dec-April 

Polygonum plebeium R. Br. Polygonaceae - Herb Common Dec-April 
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Portulaca grandiflora HK. Portulacaceae - Herb Common Throughout the 

Year 

Portulaca oleracea L. Portulacaceae Lunkio Herb Common Throughout the 

Year 

Portulaca pilosa L. Portulacaceae Choti loni Herb Common Throughout the 

Year 

Portulaca quadrifida L. Portulacaceae Loniya Herb Common July-Oct 

Ricinus communis L.  Euphorbiaceae Arandi Shrub Tree Throughout the 

year 

Rhoeo spathacea (Sw.) W.T. Commelinaceae - Herb Planted Throughout the 

Year 

Sansevieria hyacinthoides (L.) 

Druce 

Agavaceae Haanp 

wari rukhdi 

Woody 

herb 

Common Dec-Sep 

Sauromatum guttattum (Wall.) 

Schott. 

Araceae - Herb Rare April-Aug 

Sterculia urens Roxb. Sterculiaceae Kadi Tree Common Jan-April 

Tinospora cordifolia (Willd.) 

Miers. ex Hk. f.& Th. 

Menispermaceae Gurcha Climber Common December – June 

Urginea indica (Roxb.) Kunth.  Liliaceae Jangli kanda Herb Common March-May 

Yucca gloriosa L. Agavaceae - Herb Planted March-Aug 

Zingiber officinale Rosc.  Zingiberaceae Adrak Herb Cultivated November-March 

 

According to the present investigation, 73 

succulent plants pecies belonging to 30 families and 

53 genera are naturalized in different parts of Ratlam 

district. Majority of the species of succulent plants are 

herbaceous followed by trees, shrubs and climbers.  

Most of the species (8 species each) belong to family 

Euphorbiaceae, followed by Liliaceae (6 species), 

Convolvulaceae & Moraceae (5 species each) and 

Agavaeae, Commelinaceae, Crassulaceae & 

Portulacaceae (4 species each).  

RECOMMENDATIONS  

1. Some beautiful, attractive or showy succulent 

plants may be growing for the purpose ofbeauty, for 

their foliage, flowers and theirpleasant smell. They 

may be used for asthetic purposes.  

2. Some ornamental succulent plants can be used for 

rock gardening orrockery for their attractive foliage 

and brightcoloured flowers. They can be grown in rock 

gardenseither in small flower pots or in the gardens. 

3. Some of them have medicinal properties and 

have been used in the formulations in different 

medicinal systems from time immamorial.It is evident 

from ethnobotanical surveys conducted in this study 

area (Jadhav 2006, 2007, 2008, 2009) that all wild 

(succulent plant species also) species have been 

ethnomedicinally used by the people of Bhil tribe of 

Ratlam district from time immemorial. These 

ethnomedicinal uses are new for modern world and 

may be useful for human society. The succulent plants 

are more precious for the welfare of mankind. The 

survey will not only lead to discovery of new 

medicinal plants but also result in better understanding 

of the relationship between the local inhabitants or 

community group and the modern science. The benefit 

of indigenous knowledge can be harnessed and 
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improved upon by its appropriate use after validation 

of such knowledge and its integrat on with health care 

programmes. 

4. It is also evident from ethnobotanical surveys 

conducted in this study area (Jadhav 2012) that these 

succulent plant species have multifarious uses. The 

informations about them can be gathered from 

frequent surveys of tribal inhabited villages in the 

study area. Many of these multifarious uses have 

hitherto been unknown to modern world and may be 

useful for human society. 

5. This type of studies may also be useful to 

assess the impact of climate change on their growth 

and distribution. 

Though nature has given a wealth of wild 

flowersand ornamental plants, unfortunately many 

ofthem have been destroyed by man to a great extent 

and survival of many is endangered. Some of the 

threatening factors like destruction offorests by 

grazing of animals, urban andindustrial development, 

exploitation by pilgrims in festive seasons, 

unsustainableutilization and lack of proper 

management etc. will affect the existing biodiversity 

of the studyarea. There is an urgent need for 

conservation andsustainable use of wild resources to 

save this natural wealth for future generations. 
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ABSTRACT  

The objective of the present study was to analyze the existing facilities available at the Saharanpur wood carving 

handicraft industry for skill/technology up-gradation and to suggest ways and means for making quality products of a high 

standard. Secondly, the study also aimed is to quantify factors responsible for enhanced export and market evaluation. The 

primary data was collected through a preliminary survey, through standardized questionnaire survey of various components of 

stakeholders, namely (a) manufacturers and exporters, (b) commission agents/brokers, (c) traders, and (d) artisans. The survey 

revealed that only the Export Promotion Council for Handicrafts had established a common facility center at Saharanpur 

providing technology support and skill development of craftsmen. 71.53% manufactures and exporters and 95.07% craftsman 

responded positively to the digitization of the wood market. 83.33% commission agents/brokers, 76.69% manufacturers, and 

exporters and 88.99% crafts managers were in support of the cluster formation at Saharanpur wood craft market. It can be 

concluded that there are very high expectations among stakeholders from the government, particularly for improvement of the 

market of handicrafts for the viability of industry and incentives for the coming generation to carry forward this profession. 

Keywords: Wood carving, handicraft, artisans, Saharanpur, furniture designing 

INTRODUCTION 

The city of Saharanpur in the north Indian 

state of Uttar Pradesh is worldwide famous for the 

finest wood carving handicraft cottage industry. The 

uniqueness of Saharanpur woodcraft is the intangible 

property which is in the form of its reputation and 

goodwill for its excellent wood craftsmanship. 

Saharanpur, wood carving art is more influenced by 

Mughal art and more characteristics of Indo-Islamic 

Persian style (Handa & Jain, 2000; Verma & Gupta, 

2016). The present study is focused on the critical 

quantitative analysis of technology up-gradation and 

marketing evaluation. The involvement of expert  

 

 

designers with a new range of prototypes and designs, 

followed by requisite specific designing courses, 

workshops, seminars on the use of new technology to 

produce the quality products according to the demand 

of global market trend can bring about further 

development in the traditional wood craft industry of 

Saharanpur (Verma and Gupta, 2016). 

MATERIAL AND METHODS 

Study site 

The Saharanpur district is the north east 

district of Utter Pradesh state of India. It lies between 

29° 57' 34.8984'' N and 77° 32' 56.6052'' E (Singh and 

mailto:pdpoonamdubey@gmail.com
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Dev, 2012).It is situated between two holy rivers 

Ganga and Yamuna Its bordering states are Haryana, 

Himachal Pradesh, Uttarakhand and it is close to the 

foothills of the Shivalik range. Its total area is 3890 

square kilometers (Singh, 2007; Singh and Dev, 2009). 

Collection of data  

After preliminary interaction with all 

stakeholders of the wood carving industry four target 

groups i.e (1) Manufactures and exporters, (2) 

Commission agents and brokers, (3) Traders, and (4) 

Artisans, were identified. A common questionnaire 

was prepared which consisted of descriptive and 

multiple-choice questions. The questionnaire was 

divided into 5 sections i.e. (1) Organization of wood 

carving industry of Saharanpur, (2) Personal profile of 

component, (3) Procurement and supply of raw 

material, (4) Availability of alternative wood species, 

and (5) Raw material and product certification. The 

questionnaire consisted of total 68 questions. 

Questionnaire survey was takenup in identified sample 

areas representing various target groups in the selected 

areas of Saharanpur like Mandi Samiti Road, 

Khatakhedi and Lakkad Bazar. 

Statistical design 

The sample size of each component was 

calculated with the following formula: 

N= N*X/(X+N-1) 

Where X=Za2/Z*P*(1-P)/MoE2 

And Z/a/Z is the critical value of the Normal 

distribution at a/Z (e.g. for a confidence level of 95% a 

is 0.05 and the critical value is 1.96) MoE is the 

margin error; p is the sample proportion and N is the 

population size (Daniel, 1999). 

The sample size of craftsmen, manufacturers 

and exporters, traders, and commission agents were 

calculated as 385, 133, 47, and 24 respectively 

representing at 95% confidence level. 

RESULTS AND DISCUSSION 

 The data related to response of different 

stakeholders regarding the knowledge about the 

facilities available at Saharanpur for up-gradation ot 

technology of the woodcraft industry were analyzed 

out of the sampled respondents, 72.93% manufactures 

and exporters and 53.62% craftsmen were found 

having the knowledge of common facilities center and 

Export Promotion Council for Handicraft (EPCH).  

Kurtosis and skewness values (8.53 and 2.87) were 

found the highest in this category of stakeholders. It 

shows that the manufacturers and exporters are much 

more aware of the technical knowledge for 

handicrafts. However, there is limited knowledge 

about other facilities related to NGO network and 

corporate organization under CSR activity. The role of 

EPCH is important for the up-gradation of the 

available technology (Table 1 and 1.1). 

 
Table- 1: Response percentage of the stakeholders on the availability of the facility for upgrading technology at 

Saharanpur (U.P.) 

 Stakeholders/Response (%) 

 A B C D E Mean 

 Commission agents/Brokers 45.83 41.67 12.50 0.00 0.00 20.00 

 Manufactures and Exporters 72.93 15.79 3.01 8.27 0.00 20.00 

 Traders 70.21 25.43 4.26 0.00 0.00 19.98 

 Craftsman 44.93 53.62 1.45 0.00 0.58 20.12 

 Mean 58.48 34.13 5.31 2.07 0.15  
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A. Common facility center, B. EPCH, C. NGO, D. Corporate organization under CSR, E. Others 

Table - 1.1: Statistical analysis and results 

Analysis results/Stakeholders 

I II III IV 

 Kurtosis -3.02 8.53 4.96 -1.50 

 Skewness 0.41 2.87 2.22 0.93 

 
I- Commission agents/Brokers, II- Manufactures and Exporters, III- Traders, IV- Craftsmen 

 

The data are related to EPCH facilities to be 

provided to a wood craftsman at Saharanpur. The 

response of different categories of stakeholders is 

variable for the facilities of EPCH. 45.83% 

commission agents, 89.36% traders, 76.89% 

manufacturers/exporters, and 28.23% craftsmen 

responded for the options A & B i.e. providing training 

to upgrade existing knowledge of wood carving and 

providing technical knowledge to upgrade design. 

Statistically, trader response is above the mean value 

and its kurtosis and skewness value (4.96 and 2.22) are 

the highest among all the stakeholders (Table 2 & 2.1). 

A positive value of skewness indicates that there is 

some probability of increase in the stakeholders. The 

kurtosis value (4.96) indicates that the data follows a 

Leptokurtic distribution showing heavy tails on either 

side, which means that there are large outliers in the 

data. In discussion with EPCH officials and other 

focus groups, it was revealed that EPCH has been 

providing facilities to all the options from time to time.  

 

Table - 2: Response percentage of the stakeholders on the role of EPCH for facilitating the wood 

carving industry 

Stakeholders/Response(%)  

A 

 

B 

 

C 

 

D 

 

E 

 

A&B 

 

Mean 

 Commission agents/Brokers 25.00 29.00 4.17 0.00 0.00 45.83 16.68 

 Manufactures and Exporters 8.27 9.02 4.51 0.00 1.50 76.69 16.67 

 Traders 4.26 4.26 2.13 0.00 0.00 89.36 16.67 

 Craftsman 28.00 0.00 10.30 33.47 0.00 28.23 16.67 

 Mean 16.38 10.61 5.28 8.37 0.38 60.03  

 
A. Providing training to upgrade existing 

knowledge of wood carving, B. Providing technical 

knowledge to upgrade design, C. Providing training 

to work with the latest tools and machines, D. 

Providing market for craftsmen to sell wood 

products and E. Others 
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Table - 2.1: Statistical analysis and results 

Analysis results/Stakeholders 

I II III IV 

 Kurtosis -1.47 4.82 4.96 -1.08 

 Skewness 0.16 2.19 2.22 1.00 

I- Commission agents/Brokers, II- Manufactures and Exporters, III- Traders, IV- Craftsman 

 

The data are related to the facilities available 

in the EPCH Saharanpur center. It revealed the 

percentage response of the stakeholders on these 

facilities. 55.17% commission agents/brokers 

answered in favor of the option B (EPCH providing 

seasoning and chemical treatment facilities), while 

68.19 % manufacturers and exporters, 82.50% traders, 

and 56.23% craftsmen responded in favor of option E 

which indicates that EPCH is providing facilities of all 

options of the questionnaire. Kurtosis and skewness 

values (6.90 and 2.62) were found the highest for 

traders (Table 3 and 3.1). There is a need for extension 

of activities among all the stakeholders for maximum 

utilization of facilities of EPCH, Saharanpur. 

 
Table - 3: Response of the stakeholders on the facilities available at EPCH for facilitating the woodcraft 

industry 

Stakeholders/Response (%)  

A 

 

B 

 

C 

 

D 

 

E 

 

A&B 

 

A&D 

 

Mean 

Commission agents/Brokers 2.50 55.17 3.40 4.60 26.83 2.50 3.50 14.20 

Manufacturers and Exporters 
13.50 16.29 1.50 0.75 68.19 0.00 0.00 14.30 

Traders 4.26 6.38 0.00 0.00 82.50 2.13 2.50 14.20 

Craftsman 0.00 0.00 0.00 43.22 56.23 0.00 0.00 14.21 

Mean 5.07 19.44 1.23 12.14 58.44 1.25 2.05  

 

A. Machines available for slicing, blending, 

polishing, B. Facilities for wood seasoning and 

chemical treatment, C.  

 

Facilities available for wood certification, D. 

Facilities for exposure to artisans art and E. others 

(All above). 

 
Table - 3.1: Statistical analysis and results 

Analysis results/Stakeholders 

I II III IV 

 Kurtosis 1.96 5.48 6.90 1.76 

 Skewness 1.57 2.30 2.62 1.50 

I- Commission agents/Brokers, II- Manufactures and Exporters, III- Traders, IV- Craftsman 
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The data related to the response of the 

stakeholders on the financial support provided by the 

government organizations to the wood carving 

industry was analysed 95.83% commission agents, 

95.49% manufactures and exporters, 100.0% traders 

and craftsman denied the financial facilities provided 

by the government organizations. However, there is no 

direct financial assistance in the name of the woodcraft 

industry and therefore, most of the stakeholders feel 

that there is no financial assistance from the 

government for the woodcraft industry. The 

manufacturers/exporters also expressed their opinion 

that tax exemptions should be made available for 

promoting the wood craft industry (Table 4). 

Table - 4: Response percentage of the stakeholders on the financial assistance by the government organizations 

to the woodcrafts industry 

Stakeholders/Response (%) 

 

 

Yes No 

 Commission agents/Brokers 4.17 95.83 

 Manufactures and Exporters 4.51 95.49 

 Traders 0.00 100.00 

 Craftsman 0.00 100.00 

 Mean 2.17 97.83 

 

The data represents the views of the 

stakeholders on the demand and supply of adequate 

raw material in the Saharanpur wood market. 79.17% 

commission agents/brokers, 86.22% manufacturers/ 

exporters, 97.87% traders and 80.00% craftsmen 

responded that an adequate amount of wood is 

available in the market. Statistically, the response of 

the traders is the highest among all the stakeholders. 

The kurtosis and skewness values are 4.99 and 2.23, 

respectively (Table 5 & 5.1). During the field visit and 

interaction with various focus groups, it was also 

concluded that presently, sufficient wood is available 

in the market. It is also true that the supply of shisham 

is limited and it has been replaced by the Mango wood 

to a large extent and therefore, the scarcity of wood is 

not being felt. 

Table - 5: Response percentage of the stakeholders on the demand and supply of wood in the domestic market 

Stakeholders/Response (%) 
 

A 

 

B 

 

C 

 

D 

 

E 

 

A&B 

 

Mean 

 Commission agents/Brokers 79.17 12.50 4.17 0.00 4.17 0.00 16.67 

 Manufactures and Exporters 86.22 9.50 1.50 0.75 0.00 2.20 16.68 

 Traders 97.87 2.13 0.00 0.00 0.00 0.00 16.67 

 Craftsman 80.00 20.00 0.00 0.00 0.00 0.00 16.67 

 Mean 85.81 11.32 1.42 0.19 1.04 0.57  

A. Sufficient amount of wood available, B. Insufficient amount of wood available, C. Scarcity of desired wood, 

D. Interruption in demand and supply, E. Others 
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Table - 5.1: Statistical analysis and results 

Analysis results/Stakeholders I II III IV 

 Kurtosis 4.62 4.77 4.99 4.08 

 Skewness 2.14 2.18 2.23 2.01 

I- Commission agents/Brokers, II- Manufactures and Exporters, III- Traders, IV- Craftsman 

 

The data analysis indicates the response of the 

stakeholders on the identification of the imported 

wood in the Saharanpur wood market. 96.24% of 

manufacturers and exporters agreed that foreign wood 

can be identified by the identification mark on the  

 

 

wood but 87.50% commission agents/brokers, 93.62% 

traders, and 100.00% craftsmen denied the 

identification of the imported wood in the Saharanpur 

wood market (Table-6). This is also mainly due to the 

non-existence of the imported timber in the market for 

the wood craft industry (Table 7). 

 
Table - 6: Response percentage of the stakeholders on the identification of imported wood in the Saharanpur 

wood market. 

Stakeholders/Response (%) 

Yes No 

 Commission agents/Brokers 12.50 87.5 

 Manufactures and Exporters 96.24 3.76 

 Traders 6.38 93.62 

 Craftsman 0.00 100.00 

 Mean 28.78 71.22 

 

Table - 7: Response percentage of the stakeholders on the existence of the imported wood in the Saharanpur 

wood market. 

Stakeholders/Response (%) 

Yes No 

 Commission agents/Brokers 4.25 91.75 

 Manufactures and Exporters 13.76 85.49 

 Traders 0.00 100.00 

 Craftsman 0.00 100.00 

 Mean 4.50 94. 31 
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The response of the stakeholders on the impact 

of the tax system in the Saharanpur wood market was 

analysed 75 % commission agents, 79 % manufactures 

and exporters and 97.97% craftsmen answered option 

B that the ‘wood export market is going slow due to 
the government's present tax system. However, 

70.21% of traders responded for option A-that the 

wood industry is in loss due to the government tax 

system. Statistically, the commission agents response 

is above the mean value. The kurtosis and skewness 

values (4.34 and 2.07) are the highest for 

manufacturers/exporters as compared to the other 

stakeholders (Table 8 and 8.1). It indicates that all 

stakeholders are of the view of options A and B which 

relates to adverse impact on the marketing of the wood 

craft industry. 

. 

Table - 8: Response percentage of the stakeholders on the impact of tax system on Saharanpur wood market 

Stakeholders/Response(%) 

A B C D A&B Mean 

 Commission agents/Brokers 16.67 75.00 4.17 0.00 4.17 20.00 

 Manufactures and Exporters 18.05 79.00 1.50 1.50 0.00 20.00 

 Traders 70.21 29.77 0.00 0.00 0.00 20.00 

 Craftsman 0.00 97.97 0.00 2.03 0.00 20.00 

 Mean 26.23 70.44 1.42 0.88 1.04  

 
A. Wood industry suffering from loss due to the tax system, B. Wood export market going slow C. Wood 

market not affected by the new govt. tax regime, D. Others 

 
Table - 8.1: Statistical analysis and results 

Analysis results/Stakeholders 
I II III IV 

 Kurtosis 3.03 4.34 0.02 3.99 

 Skewness 1.75 2.07 1.11 2.00 

I - Commission agents/Brokers, II- Manufactures and Exporters, III- Traders, IV- Craftsman 

The data related to the response of the 

different stakeholders on the digitalization of the wood 

market was analysed. In this regard 58.33% 

commission agents/brokers and 85.11% traders 

responded negatively to digitization of all the supply 

chains of the raw material from the farmers fields to 

the craftsmen, but 70.68% manufactures and exporters 

and 95.07% craftsmen responded positively to the  

digitization of the wood market. During a discussion 

with the focus group, it was revealed that the 

commission agents/brokers and traders are 

apprehensive of their reduced profit due to 

digitization. There is a need for raising awareness 

about the benefits of digitization among all the 

stakeholders to promote action and transparency in the 

woodcraft industry for long term benefits (Table 9). 
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Table - 9: Response of the stakeholders on the digitalization of Saharanpur wood market 

 
Stakeholders/Response (%) 

Yes No 

Commission agents/Brokers 41.67 58.33 

Manufactures and Exporters 71.53 28.57 

Traders 14.89 85.11 

Craftsman 95.07 4.93 

Mean 55.58 44.24 

 
The response of digitization of the auction 

process in Saharanpur wood mandi was also analysed. 

Here, 45.83% commission agents, 70.68% 

manufactures and exporters and 90.72% craftsmen 

responded positively for digitization of all the auction 

processes. However, 87.23% of traders were not in 

favor of digitization of the auction process. The traders 

possibly feel that their profits would be reduced after 

digitization due to transparency among all the 

stakeholders data about the views of all the 

stakeholders on the digital marketing of the end 

products were analysed. It was found that 45.83% 

commission agents, 71.73% manufacturers/exporters 

and 90.43% craftsmen agreed to trade their products 

through digital marketing but 85.11% traders did not 

want to reach the customer through the digital system. 

These data indicate that there is a need for awareness 

generation among traders for the long-term benefits of 

digitization of the woodcraft industry (Table 10). 

 

Table - 10: Response of the stakeholders on the digital auction of raw material for the wood carving industry 

Stakeholders/Response (%) 
Yes No 

 Commission agents/Brokers 45.83 54.17 

 Manufactures and Exporters 70.68 29.32 

 Traders 12.77 87.23 

 Craftsman 90.72 9.28 

 Mean 55.00 45.00 

 

As regards the views of all the stakeholders on 

the digitization of all the components, i.e. digital 

marketing, the response of the 55.17% commission 

agents/ brokers, 85.11% traders and 100.0% craftsmen 

was not in favor of the entire digitization of marketing 

but 71.43% manufacturers/exporters responded 

positively on the future modernization of the 

Saharanpur wood market. It can be interpreted from 

these responses that the traders and craftsmen are not 

having adequate knowledge of digitization and 

therefore, feel apprehensive and are not fully aware of 

the actual benefits of digitization (Table 11 & 12). 

 

 

 



Journal of Tropical Forestry                                              69 

October-December, 2021 Vol 37 (IV) 

 

Table - 11:Response percentage of the stakeholders on the digital marketing of the wood products 

Stakeholders/Response (%) 

 

 

Yes No 

 Commission agents/ Brokers 45.83 54.17 

 Manufactures and Exporters 73.73 26.27 

 Traders 14.89 85.11 

 Craftsman 90.52 9.48 

 Mean 56.25 43.75 

 

Table - 12: Response percentage of the stakeholders on the combined digitalization of all components of the 

Saharanpur wood carving industry 

Stakeholders/Response (%) 

 

 

 

Yes 

 

No 

 Commission agents/Brokers 44.83 55.17 

 Manufactures and Exporters 71.43 28.57 

 Traders 14.89 85.11 

 Craftsman 0.00 100.00 

 Mean 32.79 66.21 

 
The data related to the response of different 

stakeholders on the cluster formation at Saharanpur 

wood market was analysed. As per the survey 

questionnaire, 83.33% commission agents/brokers, 

76.69% manufacturers/exporters and 88.99% 

craftsman are in support of the cluster formation at 

Saharanpur wood market. However, 85.11% of traders 

did not support cluster formation. As per informal 

discussion with various groups, it was indicated that 

the concept of cluster formation is not very clear 

among various stakeholders and traders and therefore, 

they feel that their profits may get reduced due to 

cluster formation. This aspect needs further 

investigation (Table 13). 

 
Table - 13: Response percentage of the stakeholders on cluster formation at Saharanpur 

Stakeholders/Response (%) 
Yes No 

 Commission agents/Brokers 83.33 16.67 

 Manufactures and Exporters 76.79 23.31 

 Traders 14.89 85.11 

 Craftsman 88.99 11.01 

 Mean 65.98 34.02 

 



Journal of Tropical Forestry                                              70 

October-December, 2021 Vol 37 (IV) 

 

The data were also collected for any other 

suggestions on the promotion of the wood industry of 

Saharanpur. 45.83% commission agents/brokers and 

62.41% manufacture/ exporters gave the suggestions 

to improve the promotion of the wood industry while 

the rest of the categories did not show any interest in 

giving any suggestion. As per further discussion with 

selected groups, suggestions to reduce tax burden at all 

stages, provide welfare measures for artisans, 

development of infrastructure, financial assistance, 

training & awareness of technology up-gradation 

including modernization of tools & equipment, 

assurance of markets, adequate profit, facilitation of 

market, availability of raw material on the 

concessional rate were given (Table 14). It can be 

concluded that there were no more suggestions at the 

stakeholder level but very high expectations from the 

government for improvement of the market of 

handicraft for the viability of industry and incentives 

for the coming generation to carry forward this 

profession. 

 

Table - 14: Response percentage of the stakeholders on the promotion of the wood carving industry at 

Saharanpur 

Stakeholders/Response (%) 

 

 

Yes No 

 Commission agents/Brokers 45.83 54.17 

 Manufactures and Exporters 62.41 37.59 

 Traders 17.02 82.97 

 Craftsman 30.00 70.00 

 Mean 38.82 61.18 

 

CONCLUSION 

It was learned that EPCH, is taking lead in 

establishing better Common Facilities Centers for 

technology up-gradation, training, export promotion, 

handicraft clusters development, etc. EPCH is also 

organizing seminars and workshops with an objective 

to showcase EPCH’s pioneering work towards 
improving and upgrading quality, design, 

manufacturing techniques, and presentation and 

packaging of handicrafts in this woodcraft hub, to suit 

the international market needs. Digitization of the 

market system and tax exemption are also required to 

resume the market.  
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ABSTRACT  

  Study of sal regeneration status in borer affected areas was carried out in the Kisli range of  Kanha Tiger Reserve. An 

attempt has been made to find out the characteristics of the vegetation community of the forests of the Protected Areas. Analysis 

of the vegetation was done following the standard ecological methods widely adopted for such studies (quadrat method). A total 

of 85 plant species from 35 families were documented comprising of 15 species of trees, 33 species of shrubs and saplings of tree 

species and 59 species of herbs and seedlings of tree/shrub species. This study provides a baseline data for all such future studies. 

In terms of Importance Value Index (IVI), Shorea robusta was found to be the most dominant species among trees with IVI value 

of 194.89, followed by Terminalia tomentosa with IVI value of 51.61 and Syzygium cumini with IVI value of 9.13. Similarly most 

common plant species amongst shrub was Flemingia nana (IVI-57.44). Aamong herbs, Arthraxon lancifolius (IVI- 33.94), 

Imperata cylindrica (IVI-22.86) and Elephentopus scaber (IVI- 17.27) were found to be dominant species in this area.  

 
Keywords:  Sal, Importance Value Index (IVI), regeneration, phyto-sociology 

 
 

INTRODUCTION  

Sal (Shorea robusta Roth.) is an important 

timber tree species of Madhya Pradesh. It is a large 

evergreen tree belonging to the family 

Dipterocarpaceae. Sal forests of Madhya Pradesh are 

ecologically very important as they mark the 

termination of the great sal zone of the Central Indian 

Peninsula. Sal forests are located in the eastern part of 

the state while teak forests are mainly found in the 

western part. In between, there is a transition belt of 

mixed miscellaneous forests. There are also areas 

where teak and sal both species occur naturally mixed 

together forming a unique ecosystem called ‘ecotone’. 
Sal forests occupy an area of about 7244 km2, which is 

7.6% of the total forest area of the state. The sal forests 

are confined in the eastern districts of Rewa, Sidhi, 

Umaria, Anuppur and southwards in the districts of 

Balaghat, Mandla, Dindori, and Katni and occupy all 

ranges of Maikal and the highlands of Balaghat.  Sal  

 

forests are also distributed in and around Pachmarhi in 

Hoshangabad and Chhindwara districts.  It is 

considered to be native of north east India (Kulkarni, 

1956). Sal forests in India occupy about 105,790 km2 

area in two distinct regions, viz. northern and central 

regions. Sal forests are well known to harbor 

maximum biodiversity and being semi-evergreen, they 

constitute an important ecosystem, which provides 

cool and calm environment. A wide range of non 

timber forest products (NTFPs) found in the forests 

consititute an important source of livelihood for 

millions of people living in and around these forests. 

Its timber, because of its excellent qualities, is used for 

different purposes. Calorific value of completely dried 

heartwood is as high as 5433 calories (Krishna and 

Ramaswamy; 1932). Collection of sal seeds is an 

economic activity, which generates large-scale 

employment to the tune of 4.545 million persons for a 
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period of 40 days in rural areas (Namdeo and Pant, 

1989). Unfortunately, this beautiful tree has been the 

victim of a notorious borer which causes extensive 

damage. This  heartwood borer was first noticed as a 

pest on sal in 1899. The attack of the borer is 

considered epidemic when the number of sal trees 

affected by the borer are more than 1% of the total 

number of trees. In 1905, the first epidemic was 

observed in Balaghat district of Central India. 

Stebbing (1906) was the first to publish a note on the 

life history of sal heartwood borer. In 1923-24, serious 

attack of sal heartwood borer was observed in Mandla 

and Dindori sal forests in which 7 million trees were 

affected. As per the advice of the then Forest 

Entomologist, Forest Research Institute, Dehradun, 

control operations were carried out. About 428,000 

adult insects were killed and 387,500 trees felled and 

removed from affected sal forests. Beeson (1924, 

1928, 1934 and 1941) and Beeson & Chatterjee (1925) 

described the distribution, economic importance and 

preliminary methods of borer control. In 1950-51, 

attack of sal borer was observed in Mandla and 

Dindori forests but was soon brought under control. 

During 1950-55, about 100,000 adult insects 

were killed and 56,500 trees were felled. In 1959-62, 

the epidemic again surfaced in Mandla and Dindori 

forests in which 2 million beetles were killed and 

350,000 affected trees were felled. Studies by 

Chatterjee and Thapa (1964) had confirmed this pest 

to be endemic to Dindori-Mandla sal forests.  

 Till date, over 20 epidemics have been 

recorded in the country throughout the range of sal 

distribution. The latest epidemic during 1996-2001 

was one of the worst in the series of these outbreaks. 

The number affected trees per ha in Dindori Forest 

Division was as high as 50 and the larvae in some trees 

were counted upto 1500/tree (Dwivedi, 1998).  

The present work ‘Study of sal regeneration 

status in borer affected areas’ aiming to study the 

regeneration status and species diversity was carried 

out in protected forest plots in the core zone of Kanha 

Tiger Reserve. 

MATERIAL AND METHODS 

 To study the regeneration status of sal, a survey 

was conducted in heartwood borer affected sal forests 

in protected sal forest areas. Quadrats were laid out in 

selected compartments. The study was undertaken in 

the areas where remedial fellings had not been carried 

out after sal-borer infestation in year 1998-99. The 

compartments were sampled by laying out nested 

quadrats of size 10×10m for trees, of 3×3m for 

saplings/shrubs and of 1×1m for seedlings / herbs). 

Phyto-sociological data were calculated as per Mishra 

(1959). Evaluation of regeneration status was done 

following the guidelines of Troup (1980) and Working 

plan of East Mandla Forest Division by Mr. M.K. 

Sinha (1999-2000 to 2008-2009) and the same have 

been given in Table-1. 

Table-1 : Status of regeneration of sal on the basis of established and unestablished regeneration 

 

Author 
Regeneration 

status 

Estb. 

regeneration 

(no. of 

saplings/ha) 

Unestd. 

regeneration 

(no.of 

seedlings/ha) 

Remark 

Troup Full stocking 2500/ha 10,000/ha For conservation to uniform system 

M.K.Sinha 

W.P.O. 

East 

Mandla 

Abundant 800/ha 3200/ha For selection system 

Sufficient 500-800/ha 2000-3200/ha For selection system 

insufficient Under 500/ha Under 2000/ha For selection system 
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In  order  to  represent  the  population  structure  of  

each  species  and  to  determine  the distribution    

pattern   of   density   of   different   tree   species, 

following GBH classes were established (Ralhan 

et.al., 1982). 

Class Range in GBH Cm 

A 0-10 (seedlings) 

B > 10-20 (saplings) 

C > 20-40 

D > 40-60 

E > 60-80 

F > 80-100 

G > 100-120 

H > 120-140 

I > 140-160 

J > 160-180 

The survey was conducted in 21 ciompartments of 11 sal forest bearing beats of Kisli Ranger in Kanha Tiger Reserve (Table-2) 

 

Table – 2:  Sal bearing forest compartments of Kisli Range in Kanha Tiger Reserve  

Range- Kisli 

S.No. Beat Compt. No. 

1.  Kisli 692 

2.  Indri 690, 797, 793 

3.  Kopedabri 778, 698, 776, 779 

4.  Chimta 775, 780, 781 

5.  Jhulup 788, 782 

6.  Iaghdadar 640, 632 

7.  Mochidadar 646 

8.  Magarnala 635 

9.  Khajarhai 786 

10.  Sondar 639, 641 

11.  Khatiya 693 
 

Collection of information/data : 

A. Secondary information: Information regarding 

sal borer infestation in different compartments of 

the core zone was collected from the office of the 

Field Director, Kanha Tiger Researve, Mandla.  

 

 

 

B. Primary Information: Primary information 

regarding current status of sal regeneration in sal 

heartwood borer affected areas was collected 

through field survey in which assessment of tree 

vegetation, regeneration status and ground 

vegetation was done in Kisli Range of Kanha 

Tiger Reserve following standard procedures.  



Journal of Tropical Forestry                                              75 

October-December, 2021 Vol 37 (IV) 

 

RESULTS AND DISCUSSION 

Tree vegetation  

The sal crop in all the compartments of Kisli 

Range had been infested by sal heartwood borer 

(Hoplocerambyx spinicornis) during 1997-98. The 

average density of tree cover in the 21 compartments 

of the  11 beats in  Kisli Range was recorded to be 

1392.85 trees/ha. The tree Species richness values of 

15 tree species were would not in this study area. 

Shorea robusta was found to be the most dominant  

 

 

species with maximum IVI value of 194.89 and 

density of   721.43 trees/ha. Other co-dominant species 

were Terminalia tomentosa (IVI: 51.61 and average 

density 571.43 /ha), followed by Syzygium cumini 

(IVI: 9.13 and average density 14.29/ha.). Other 

associate tree species were Ougeinia oojeinensis, 

Lagerstroemia parviflora, Lannea coromandelica, 

Madhuca latifolia, Mallotus philippensis, Mitragyna 

parvifolia, etc. (Table-3; Fig.1) 

 Table- 3 :  Phyto-sociological structure  of tree species 

S.N. Scientific name Local name Family Av.D/ha Av.F/ha BA (m2/ha) IVI 

1 Anogeissus latifolia Dhawara Combretaceae 3.57 3.57 0.04 2.06 

2 Lagerstroemia parviflora Lendia Lythraceae 14.29 10.71 0.14 6.48 

3 Lannea coromandelica Moyan Anacardiaceae 7.14 7.14 0.29 4.43 

4 Madhuca latifolia Mahua Sapotaceae 7.14 7.14 0.70 4.99 

5 Mallotus philippensis Sinduri Euphorbiaceae 7.14 7.14 0.06 4.10 

6 Mitragyna parvifolia Mundi Rubiaceae 3.57 3.57 0.28 2.40 

7 Ougeinia oojeinensis Tinsa Fabaceae 10.71 6.14 0.37 4.79 

8 Phyllanthus emblica Aonla Euphorbiaceae 14.29 3.57 0.26 3.14 

9 Pterocarpus marsupium Bija Fabaceae 7.14 7.14 1.11 5.55 

10 Radermachera xylocarpa Garud Bignoniaceae 3.57 3.57 0.04 2.06 

11 Saccopetalum tomentosum Kari Annonaceae 3.57 3.57 0.02 2.04 

12 Schleichera oleosa Kusum Sapindaceae 3.57 3.57 0.24 2.34 

13 Shorea robusta Sal Dipterocarpaceae 721.43 100.00 68.03 194.89 

14 Syzygium cumini Jamun Myrtaceae 14.29 14.29 0.78 9.13 

15 Terminalia tomentosa Saja Combretaceae 571.43 21.43 0.04 51.61 

  Total  1392.85 202.55 72.4 300.00 

Note:  Av. D /h - Density,  Av.F/h- Frequency,  Ab- Abundance, IVI- Importance  value index.  
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Regeneration Status 

The regeneration status of tree species and 

diversity of shrub and climber species was high in 

Kisli Range. Average density of regenerating species 

was recorded to be 22109.52 plants /ha of 33 species 

(Table -4). Flemingia nana (IVI:57.44 Av.D/ha: 

7020.63) was found to be the most dominant. 

However,  Shorea robusta (IVI: 56.46 Av.D: 6874.60) 

and Pogostemon benghalense (IVI: 26.61 Av.d/ha: 

965.48) were found to be co-dominant species in the 

area. The other common species recorded were 

Holarrhena antidysenterica, Mallotus philippensis, 

Phoenix acaulis, Dendrocalamus strictus, Desmodium 

triflorum, Cassia fistula, Butea superba, etc. with 

varied density, frequency and IVI as shown in  Table-4 

and  Fig.2 

Table- 4  : Phytosociological analysis of shrub species 

S.N. Scientific name Local name Family Av.D/ha Av.F/ha Abund. IVI 

1 Bauhinia racemosa Amti Caesalpiniaceae 130.95 21.43 0.55 4.63 

2 Bauhinia vahlii Mahul Bel Caesalpiniaceae 26.19 3.57 0.66 1.78 

3 Butea superba Palas Bel Fabaceae 315.87 42.86 0.66 8.74 

4 Casearia tomentosa Gilchi Flacourticeae 105.16 14.29 0.66 3.68 

5 Cassia fistula Amaltas Fabaceae 289.29 46.43 0.56 8.95 

6 Colebroochia 

oppositifolia 

Kalabasa Lamiaceae 52.78 3.57 1.33 3.07 

7 Corchorus aestuans Chinch Malvaceae 13.10 3.57 0.33 1.15 

8 Cordia latifolia Lasora Boraginaceae 39.29 10.71 0.33 2.29 
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Fig.1-Importance Value Index (IVI) of a few dominant tree species

IVI
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9 Dalbergia paniculata Dhobin Fabaceae 65.48 14.29 0.41 3.07 

10 Dendrocalamus 

strictus 

Bamboo Poaceae 620.63 32.14 1.74 10.45 

11 Desmodium triflorum Kudaliya Fabaceae 937.70 39.29 2.15 13.63 

12 Diospyros 

melanoxylon 

Tendu Ebanaceae 408.33 35.71 1.03 8.77 

13 Elaeodendron 

glaucum 

Jamrasi Celastraceae 39.29 10.71 0.33 2.29 

14 Flemingia nana Van Chana Fabaceae 7020.63 71.43 8.85 57.44 

15 Grewia tiliaefolia Dhaman Tiliaceae 26.19 3.57 0.66 1.78 

16 Holarrhena 

antidysenterica 

Dudhi Apocynaceae 1308.33 21.43 5.50 18.58 

17 Kydia calycina Baranga Malvaceae 13.10 3.57 0.33 1.15 

18 Lagerstroemia 

parviflora 

Lendia Lythraceae 184.13 17.86 0.93 5.02 

19 Lantana camara Lantana Verbenaceae 184.92 14.29 1.17 4.92 

20 Mallotus philippensis Sinduri Euphorbiaceae 514.29 53.57 0.86 11.53 

21 Ougeinia oojeinensis Tinsa Fabaceae 78.97 7.14 1.00 3.12 

22 Phoenix acaulis Chhind Palmae 1309.52 57.14 2.06 17.72 

23 Pogostemon 

benghalense 

Marmadi Lamiaceae 965.48 7.14 12.17 26.61 

24 Pterocarpus 

marsupium 

Bija Fabaceae 13.10 3.57 0.33 1.15 

25 Radermachera 

xylocarpa 

Garud phal Bignoniaceae 13.10 3.57 0.33 1.15 

26 Saccopetalum 

tomentosum  

Kari Annonaceae 184.52 14.29 1.16 4.91 

27 Schleichera oleosa Kusum Sapindaceae 39.29 10.71 0.33 2.29 

28 Shorea robusta Sal Dipterocarpaceaes 6874.60 71.43 8.66 56.46 

29 Smilax zeylanica  Ram  datun Smilacaceae 13.10 3.57 0.33 1.15 

30 Syzygium cumini  Jamun Myrtaceae 267.46 42.86 0.56 8.34 

31 Syzygium fruticosum Kath Jamun Myrtaceae 13.10 3.57 0.33 1.15 

32 Terminalia tomentosa Saja Combretaceae 26.19 3.57 0.66 1.78 

33 Zizyphus rugosa Churna Rhamnaceae 15.48 3.57 0.39 1.26 

    22109.52 696.43 57.34 300.00 

Note:  Av.D /h - Density,  Av.F/h- Frequency,  Ab- Abundance, IVI- Importance  value index.  
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 Ground vegetation 

Kisli range was observed to be rich in ground 

vegetation also providing good floral diversity. Total 

60 species of herbs, grasses and seedlings of tree 

species were recorded in this range which contribute to 

an average density of 177075 individuals/ha. 

Arthraxon lancifolius (IVI: 33.94 Av.D/ha: 34692.86) 

was found to be the most dominant species. Imperata 

cylindrica (IVI: 22.86 Av.D/ha: 21400.00) and 

Elephentopus scaber (IVI: 17.27Av.D/ha: 13810.71) 

were found to be co-dominant species in this area. The 

other common species recorded were Ageratum 

conyzoides, Eleusine indica, Shorea robusta, 

Flemingia bracteata, Heteropogon contortus, 

Adiantum incisum etc. with varied density, frequency 

and IVI (Table 5; Fig.3) 

 

Table- 5:  Phytosociological structure of ground flora in Kisli range of KTR 

S.

N. 

Scientific name Local name Family Av.D/ha Av.F/ha Abund. IVI 

1.  Achyranathes 

aspera 

Apamarg Amaranthaceae 1664.29 10.71 1.55 4.38 

2.  Adiantum incisum Fern Pteridaceae 7682.14 35.71 2.15 10.76 

3.  Ageratum 

conyzoides 

Bason Asteraceae 11642.86 67.86 1.72 14.81 

4.  Alternanthera 

sessilis 

Garundi Amaranthaceae 378.57 7.14 0.53 1.66 

5.  Apluda mutica Chhoti 

Bhond 

Poaceae 328.57 7.14 0.46 1.52 

6.  Aristida setacea Lappa Poaceae 857.14 3.57 2.40 4.78 

7.  Arthraxon 

lancifolius 

- Poaceae 34692.86 60.71 5.71 33.94 

8.  Arundinella pumila - Poaceae 2807.14 14.29 1.97 6.00 
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9.  Asparagus 

racemosus 

Satawar Asparagaceae 1571.43 46.43 0.34 5.13 

10.  Barleria cristata Vajradanti Acanthaceae 117.86 3.57 0.33 0.90 

11.  Bidens pilosa - Asteraceae  1832.14 7.14 2.57 5.89 

12.  Blumea odorata Kukundar  Asteraceae  2803.57 28.57 0.98 5.48 

13.  Bothrechola 

pertusa 

Kandi   Poacece 3417.86 25.00 1.37 6.19 

14.  Cassia fistula Amaltas Fabaceae 46.43 3.57 0.13 0.53 

15.  Cassia tora Chakoda Fabaceae 353.57 7.14 0.50 1.59 

16.  Cissampelos 

pareira  

Padin bella Menispermaceae 46.43 3.57 0.13 0.53 

17.  Corchorus 

aestuans 

Chench  Malvaceae 142.86 7.14 0.20 0.98 

18.  Curculigo 

orchioides 

Kali Musli Hypoxidaceae 235.71 7.14 0.33 1.25 

19.  Cyperus kyllingia Gundla Cyperaceae 21.43 3.57 0.06 0.39 

20.  Dactyloctenium 

aegyptium 

- Poacece 114.29 7.14 0.16 0.90 

21.  Dendrocalamus 

strictus 

Bans Poacece 450.00 3.57 1.26 2.64 

22.  Desmodium 

giganteum 

Salparni  Fabaceae 2896.43 25.00 1.16 5.55 

23.  Desmodium 

triflorm 

-  Fabaceae 1853.57 17.86 1.04 4.19 

24.  Dimeria 

ornithopoda 

- Poaceae 928.57 3.57 2.60 5.15 

25.  Elephantopus 

scaber 

Van 

Tamakhu 

Asteraceae 13810.71 85.71 1.61 17.27 

26.  Eleusine indica - Poaceae 11321.43 39.29 2.88 14.32 

27.  Emilia 

sonchifolia 

- Asteraceae 710.71 17.86 0.40 2.48 

28.  Eragrostis tenella Bhurbhusi Poacece 475.00 3.57 1.33 2.77 

29.  Euphorbia hirta Dudhi Euphorbiaceae 257.14 10.71 0.24 1.39 

30.  Flemingia 

bracteata 

- Fabaceae 7428.57 75.00 0.99 11.78 

31.  Flemingia 

strobilifera 

-  Fabaceae 378.57 7.14 0.53 1.66 

32.  Gardenia latifolia Papada Rubiaceae 142.86 7.14 0.20 0.98 

33.  Grewia hirsuta Gudsakri Malvaceae 71.43 3.57 0.20 0.66 

34.  Hemidesmus 

indicus 

Anantmool Apocynaceae 3553.57 67.86 0.52 8.25 
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35.  Heteropogon 

contortus 

Sukra Poacece 10667.86 67.86 1.57 14.02 

36.  Holarrhena 

antidysenterica 

Dudhi(Kutaj) Apocynaceae 375.00 10.71 0.35 1.64 

37.  Hyptis suaveolens Van tulsi Lamiaceae 189.29 3.57 0.53 1.27 

38.  Imperata 

cylindrica 

Chhir  Poaceae 21400.00 57.14 3.75 22.86 

39.  Ischaemum 

indicum 

- Poaceae 1092.86 3.57 3.06 6.01 

40.  Justicia 

quinqueangularis 

- Acanthaceae 332.14 7.14 0.47 1.53 

41.  Justicia simplex - Acanthaceae 807.14 14.29 0.57 2.53 

42.  Lantana camara - Verbenaceae 214.29 3.57 0.60 1.41 

43.  Peristrophe 

paniculata 

- Acanthaceae 617.86 14.29 0.43 2.20 

44.  Phoenix acaulis Chhind Arecaceae 1017.86 21.43 0.48 3.06 

45.  Pogostemon 

benghalensis 

Marmadi Lamiaceae 1164.29 7.14 1.63 3.95 

46.  Pterocarpus 

marsupium 

Bija Fabaceae 92.86 7.14 0.13 0.83 

47.  Setaria glauca - Poaceae 71.43 3.57 0.20 0.66 

48.  Shorea robusta Sal Dipterocarpac

eae 

7753.57 78.57 0.99 12.24 

49.  Sida acuta Khareta Malvaceae 142.86 3.57 0.40 1.03 

50.  Sida cordata Khareti Malvaceae 900.00 17.86 0.50 2.76 

51.  Sida cordifolia - Malvaceae 378.57 7.14 0.53 1.66 

52.  Smilax zeylanica  Ram datun Smilacaceae 732.14 14.29 0.51 2.40 

53.  Spilanthes 

paniculata 

Akarkara Asteraceae 735.71 7.14 1.03 2.70 

54.  Syzygium cumini Jamun Myrtaceae 260.71 3.57 0.73 1.65 

55.  Tridax 

procumbens 

Baramasi Asteraceae 210.71 14.29 0.15 1.50 

56.  Triumfetta pilosa Chippa Malvaceae  4935.71 50.00 0.99 8.39 

57.  Vallaris 

solanacea 

- Apocynaceae 6703.57 963 0.70 12.57 

58.  Ventilago 

denticulata 

Keotibel Rhamnaceae 842.86 17.86 0.47 2.68 

59.  Vernonia cinerea -  Asteraceae 400.00 7.14 0.56 1.73 

  177075.00 1264.29 59.85 300.00 

Note:  Av. D /h - Density,  Av.F/h- Frequency,  Ab- Abundance, IVI- Importance  value index.  
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