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Abstract: The detailed studies for the present investigation was carried out on jassid, Amrasca biguttula biguttula and white 

fly, Bemisia tabeci. of okra. For these studies, the experiment was conducted in randomized block design with three 

replications. There were seven treatments i.e. seven different sample sizes viz., 2, 4, 5, 6, 7, 8 & 16 plants which were 

randomly allocated in different plots. The observations were taken from two weeks old plants to last harvesting of fruits. 

First, incidence of the insect population during different growth stages of okra was recorded from the treatment represented 

maximum proportion of plant population (16 plants/plot). Experimental findings revealed that the above mentioned pests 

observed to infest the crop at different growth stages and ecological factors played an important role in their fluctuation 

during the crop growing season as many weather parameters showed their significant effects on population abundances. The 

peak populations of jassid (2.41/leaf/plant) and white fly (4.4/leaf/plant) were recorded on 2nd week & 1st week of May. 

Multiple regression analyses depicted that contribution of all the abiotic factors to the variations of jassid population was 

91.0 % and 87.0% for white fly. 
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INTRODUCTION 

 

mong different vegetables, okra (Abelmoschus 

esculentus) is one of the most important dietary 

vegetable crops. It is cultivated extensively in 

different parts mainly tropical and subtropical region 

of the world. However, Indian is the largest producer 

of okra in the world and the major okra growing 

states are Uttar Pradesh, Orissa, Bihar, and West 

Bengal. 

Okra is primarily a warm season annual fruit 

vegetable crop. It thrives best during warm, moist 

season, although it grows fairly well in the hottest 

summer (Chauhan, 1972). In South India, the crop is 

grown throughout the year while in northern plains, 

usually two crops are raised (Singh and 

Bhagchandani, 1967). The spring summer crop is 

sown from the beginning of February to the end of 

March. It can, however, be sown a little earlier in 

Assam, West Bengal, Orissa and Bihar. The rainy 

season crop is sown during May-July. In the hills, the 

crop is sown in May-June (Anonymous, 1978, 1983).  

One of the important limiting factors in the 

cultivation of okra is insect pests. Many of the pests 

occurring on cotton are found to ravage okra crop. 

As many as 72 species of insects have been recorded 

on okra (Srinivas Rao and Rajendran, 2003). Reports 

revealed that the crop is very much susceptible to 

various insect-pests viz, jassid (Amrasca  biguttula 

biguttula Ishida) and white fly (Bemisia tabaci Genn) 

in different growth stages. Intensity of damage 

caused by them also varies from one region to others 

as well as season to season. Among the sucking pests 

jassid and white fly causes significant damage to the 

crop. As much as 40-56 per cent yield losses was 

recorded due to the attack of leafhopper in early 

stages of the crop (Krishnaiah, 1980). 

 

MATERIAL AND METHOD 

 

The present experiment was conducted at Rathindra 

Krishi Vigyan Kendra, Palli Siksha Bhavana 

(Institute of Agriculture), Visva-Bharati, at 

Sriniketan during the period of March 2010 to June 

2010 and Okra variety “Parbhani Kranti” were sown 

in experimental site. The soil condition of the plot 

was loamy sand (utisol) in texture with acidic in 

nature. The range of weekly maximum and minimum 

temperature during the crop growing season was 

34.11
o
C to 41.68

o
C and 23.35

o
C to 27.15

o
C, 

respectively. 

The maximum and minimum temperatures during the 

crop season were almost similar to the normal 

temperatures. The morning relative humidity during 

the crop growing period varied from 83.85 to 91.14 

per cent while the afternoon relative humidity varied 

from 24.14 to 56.57 per cent. Total rain fall received 

during the crop season was nearly 31.00 mm and the 

mean wind velocity was ranged from 4.18 to 7.31 

kph/day. 

Crop was grown in a Randomized Block Design 

(RBD) with three replications. The experimental 

plots were measured about of 2.7 × 3.6 sq m in which 

plant-to-plant and row-to-row spacing were of 45 cm 

and 60 cm, respectively.  All recommended package 

of practices were followed during for raising a 

healthy crop. 
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Details of data collection 

Seven different sizes of sample viz., two, four, five, 

six and seven, eight and sixteen plants were used for 

estimation of insect populations of okra.  Each 

sample size was considered as a treatment. 

Therefore, there were seven treatments for the 

present investigation in which two samples per plot 

represents T1 while four, five, six, seven, eight and 

sixteen samples per plot represent T2, T3, T4, T5, T6 

and T7, respectively. These treatments were randomly 

allocated in seven plots in each replication. In each 

plot, the plants for respective sample size were 

selected randomly from whole population leaving the 

border plants in the following manner.   

For sample size two, from 1-16 plants two plants 

were randomly chosen for estimation of insect 

population. Observations were recorded in each 

standard week from 6 a.m. to 10 a.m. However, 

observations for different insect populations were 

taken in separate days in each standard week. The 

observations were continued till last harvesting of 

fruits. 

Population of jassid and white fly was estimated 

from three different crop canopies such as one upper, 

one middle and one lower leaves from sampled 

plants and the insect populations were expressed as 

mean number of insect per leaf per plant. 

 

Statistical analyses  
For finding out the effect of abiotic factors on insect-

pests population correlation and regression analyses 

were carried out while to compare the population 

abundances in different growth stages of the crop 

analysis of variance was done in randomized block 

design. (Gomez and Gomez, 1984).         

 

RESULT AND DISCUSSION 
 

Jassid is an important pest of okra and caused havoc 

damage especially in early growth stage of the crop 

where a single infested plant might be served as a 

source of inoculums for total devastation. In the 

present investigation, population of this noxious pest 

initiated from 16
th

 standard week (3
rd

 week of April) 

i.e. at the initiation of branching with 6-7 leaves 

stage of the crop. A steady increase of population 

was recorded from next standard week and reached 

its peak (2.41/leaf/plant) on 19
th

 standard week (2
nd

 

week of May) i.e. at peak flowering & initiation of 

fruiting stage, after which population decreased 

slightly and disappeared during 21
st
 standard week 

(4
th 

week of May) i.e. at peak fruiting periods (Table 

1). This might be due to ageing of the leaves and 

sudden fall of both maximum (from 37.04 to 34.78 
0
c) and minimum temperature (26.32 to 24.58 

0
c) 

associated with high relative humidity (morning r.h 

more than 80% & afternoon r.h. around 50%) and 

sudden rain fall (4.83 mm) after more or less dry 

spell ( 0.73 mm) coupled with comparatively higher 

wind speed (5.04 to 7.31 kph) in later period of time. 

Therefore, it could be concluded that early sowing of 

the crop facilitated to avoid the insect attack at its 

early stages which results in saving of severe yield 

loss due to continuous desaping by the noxious pest. 

The result is an agreement with the findings of 

Ghosh et. al. (1999).  

Similar to jassid, the population of white fly was also 

1
st
 recorded on 16

th
 standard week. Thereafter, the 

insect population increased very sharply and attained 

its peak (4.4/leaf/plant) on 18
th

 standard week (1
st
 

week of May) at the initiation of flowering stage. 

The declining population was observed from 2
nd

 

week of May (maximum 37.04 
o
c, minimum 26.32 

0
c, r.h. at 5.00 a.m. 83.85% & at 2.00 p.m. 54.00%, 

0.73 mm rain and 7.31 kph wind speed) to 2
nd

 week 

of June (maximum 38.58 
0
c, minimum 27.15 

0
c, r.h. 

at 5.00 a.m. 91.14% & at 2.00 p.m. 44.00%, 3.69 mm 

rain and 5.38 kph wind speed) (Table 1). Kumawat et 

al. (2000) studied on seasonal incidence of jassid and 

white fly populations on okra and their correlation 

with abiotic factors during kharif season in 1996 in 

the semi-arid region of Rajasthan, India. The 

infestation of jassids and white flies initiated in 4
th

 

week of July and reached their peaks in 2
nd

 and 4
th

 

weeks of September, respectively. 

 

Role of weather parameters on the population 

fluctuations of Jassid and white fly on okra 

Jassid population had significant negative correlation 

with both temperature regimes. Its population 

increased with maximum and minimum temperatures 

within a range of 34.11 to 41.68
0
C (r = -0.749*) and 

23.35 
0
C to 27.15 

0
C (r = -0.579*). The population 

also responded negatively with the increase of rain (r 

= -0.686*) but positively with morning relative 

humidity (r = 0.697*) (Table 1 & 2)  Srinivasan et al. 

(1988) studied the seasonal pattern of A. biguttula 

biguttula on okra in Karnataka and their results 

revealed that incidence of leafhopper had a 

significant positive correlation with minimum 

temperature while Mahamood et al. (1990) recorded 

significant influence of maximum and minimum 

temperature on the density of the pest in Pakistan. 

However, neither relative humidity nor rainfall 

showed any significant influence on pest population. 

However, Sharma and Sharma (1997) recorded 

negative correlation between population density and 

maximum temperature but reverse influence was 

observed with minimum temperature and relative 

humidity.  

On the other hand, the population of white fly was 

highly influenced by all the weather parameters 

recorded for the experiment. Population of the insect 

negatively correlated with maximum temperature 

(r=-0.804*), minimum temperature (r = -0.640*) and 

wind speed (r = -0.493*) while afternoon relatively 

humidity (r= 0.732*) and rain fall (r = 0.567*) were 

positively correlated with white fly population (Table 

1 & 2).  Kumawat et al. (2000) studied on seasonal 

incidence of both jassid and white fly populations on 
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okra and their correlation with abiotic factors during 

kharif season in Rajasthan. Two years pooled data on 

the pest build-up showed a highly significant positive 

correlation with the maximum temperature and high 

positive but non significant correlation with 

minimum temperature.  

 

Multiple interactions of ecological parameters 

with insect population 

Multiple regression analyses were worked out to find 

out the combined effect of all the abiotic factors on 

population abundance of the insect on the crop. For 

this purpose, coefficient of determination (R
2
) was 

computed. Besides this, percentage of contribution of 

different independent variables viz. maximum and 

minimum temperatures, maximum and minimum 

relative humidity, rain fall and wind speed to the 

variations of dependent variable (insect population) 

was also calculated from the standardized partial 

regression coefficients (’s) and the results regarding 

these findings are presented in Tables 3 & 4. 

Coefficient of determination (R
2
) jassid population 

and independent variables was 0.991 while adjusted 

R
2
 was computed as 0.910 which indicated that 91.0 

percent variation in insect population was caused due 

to the abiotic factors (Table 3). Contribution of each 

abiotic factor was computed separately to find out 

the individual effect of those independent variables 

to the population fluctuation of the jassid. In nature, 

this was not generally happened exactly because 

those weather parameters were more or less 

correlated to each other and none of these parameters 

remained constant for a long period. However, the 

information regarding the above findings gave an 

idea on the individual effect of independent variables 

on the population fluctuation of the insect. From the 

Table 3 it was appeared that the major contribution 

was made by rainfall (52.71%) followed by 

minimum temperature (32.53%) and maximum 

relative humidity (11.92%). Wind speed (2.02%) and 

minimum relative humidity (0.80%) produced very 

little contribution on the fluctuation of the insect 

population. 

Weekly trend of insect population revealed that 

collective contribution of the weather parameters was 

87.0 per cent on the population fluctuation of white 

fly as coefficient of determination (R
2
) and adjusted 

R
2
 were recorded 0.987 and 0.870, respectively. 

Perusal of Table 4, major contribution to the 

fluctuation of insect population was also recorded for 

maximum relative humidity (47.34%) followed by 

maximum temperature (21.29%) and minimum 

temperature (15.67%) while little contribution was 

shared by other weather parameters. i.e. rainfall 

(8.64%), wind speed (7.03%) and morning relative 

humidity (0.004%). 

 

Table 1. Incidence of Jassid and White fly at different growth  stages of okra 

Standard weeks Plant growth stages Insect Populations # 

Jassid  (No./ leaf/ plant) White fly (No./ leaf/ 

plant) 

15 3-4 leaves 0 0 

16 Initiation of branching with 6-7 

leaves 

0.87 0.52 

17 1-2 branching with 9-10 leaves 1.73 1.58 

18 Initiation of flowering 2.41 4.4 

19 Peak flowering & initiation of 

fruiting 

2.99 2.91 

20 Fruiting 1.11 2.7 

21 Peak fruiting 0 1.68 

22 Post peak fruiting 0 1.43 

23 Fruiting but initiation of 

senescence 

0 0.83 

# Population of insects estimated on the basis of 16 samples/ plot (44.44% plant population) 

 

Table 2. Correlation between different weather parameters and mean insect population 

Weather parameters Jassid White fly 

Maximum temperature (
O
C) -.749** -.804** 

Miniimum temperature (
O
C) -.579* -.640** 

Maximum relative humidity (%) .697* .047ns 
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Miniimum relative humidity (%) .563ns .732** 

Rainfall (mm) .540ns .567* 

Wind speed (Km/h) -.686* -.493* 

** Correlation is significant at p= 0.01  

*  Correlation is significant at p= 0.05 

 

Table 3. Regression coefficients between abiotic factors and jassid population on okra 

Weather  Parameters Partial 

regression 

coefficient (b) 

Standard partial 

regression coefficient 

(β) 

Student“t” 

value 

% contribution 

# 

Maximum temperature 

(X1) 

-0.0068 -0.017 NS 0.02 

Miniimum temperature 

(X2) 

1.820 2.121 NS 32.53 

Maximum relative 

humidity (X3) 

0.441 1.284 NS 11.92 

Miniimum relative 

humidity (X4) 

0.0316 0.334 NS 0.8 

Rainfall (X5) 0.836 2.700 NS 52.71 

Wind speed (X6) 0.549 0.529 NS 2.02 

 

The prediction equation for insect population: Y= -89.795-0.0068X1 +1.820X2 + 0.441X3 + 0.0316X4 

+0.836X5 + 0.549X6  

Coefficient of determination (R
2
) = 0.991 

Adjusted R
2 
= 0.910 

Per cent contribution of all the abiotic factors on insect population = 91.0  

* t value significant at p = 0.05  ** t value significant at p = 0.01  NS: t-test non- significant  

# Contribution of different independent variables (abiotic actors) to variation in the dependent variable (A. 

biguttula biguttula) on okra 

 

Table 4. Regression coefficients between abiotic factors and white fly population on okra 

Weather  Parameters 
Partial regression 

coefficient (b) 

Standard partial 

regression 

coefficient (β) 

Student“t” 

value 

% contribution 

# 

Maximum temperature 

(X1) 
0.560 1.006 NS 21.29 

Miniimum temperature 

(X2) 
-0.886 -0.863 NS 15.69 

Maximum relative 

humidity (X3) 
0.0058 0.014 NS 0.01 

Miniimum relative 

humidity (X4) 
0.194 1.500 NS 47.34 

Rainfall (X5) -0.276 -0.641 NS 8.64 

Wind speed (X6) -0.840 -0.578 NS 7.03 

The prediction equation for insect population: Y= 0.0887 + 0.560X1 - 0.886X2 + 0.0058X3 + 0.194X4 - 

0.276X5 -0.840X6   

Coefficient of determination (R
2
) = 0.987 

Adjusted R
2 
= 0.870 

Per cent contribution of all the abiotic factors on insect population = 87.0 

* t value significant at p = 0.05  ** t value significant at p = 0.01  NS: t- test non- significant  

# Contribution of different independent variables (abiotic actors) to variation in the dependent variable (B. 

tabaci) on okra 



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 7 (11) 807 

 

REFERENCES 
 

Anonymous (1978). Package of practices for kharif 

crops of Himachal Pradesh , Krishi Viswavidyalaya, 

Palampur. 

Anonymous (1983). Package of practices for Kharif 

crops of Punjab, Punjab Agric. Ludhiana.. 

Chauhan, D. V. S. (1972). Vegetable  Production  in 

India, 3
rd

 ed. Ram Prasad &Sons , Agra, 

Ghosh, J.; Ghosh, S.; Chatterjee, H. And 

Senapati, S.K. (1999). Pest constraints of Okra 

under terai region of west Bengal, Indian J. Ent. 61 : 

362-371. 

Gomez, K.A. and Gomez, A. A. (1984). Statistical 

Procedures for Agricultural Research, 2
nd

 ed. John 

Wiley and Sons, New Year. 650p. 

Krishnaiah, K. (1980). Methodology for assessing 

crop losses due to pests of vegetable.Assessment of 

crop losses due to pests and diseases. Proc. of 

Workshop held from Sept, 19-30, 1977 at U.A.S., 

Bangalore, pp. 259-267. 

Kumawat, R.L.; Pareek, B.L. and  Meena, B.L. 
(2000). Seasonal incidence of jassid and whitefly on 

okra and their correlation with abiotic factors. Annals 

of Biology. 16(2): 167-169. 

Mahamood, T.; Khokhar, K. M.; Banaras, M. and 

Ashraf, M. (1990). Effect of environmental factor on 

the density of leafhopper Amrasca devastans 

(Distant) on okra. Tropical Pest Mangt., 36(2) : 282-

284. 

Sharma, G.N. and  Sharma, P.D. (1997).  Biology 

and development of cotton leafhopper, Amrasca 

biguttula biguttula (Ishida) on different genotypes of 

okra (Abelmoschus esculentus (L.) Moench).  Crop-

Research-Hisar.  14 (3) : 487-492. 

Singh, H.B. and Bhachandhi, P.M. (1967). Bhindi 

cultivation in India, ICAR,  New Delhi. 

Srinivasan, K.; Krishnakumar, N.K.; 

Ramachander, P.R. and Rao, G.S.P. (1988). 

Seasonal pattern of leafhopper, Amrasca biguttula 

biguttula on okra in India. Insect. Sci. Appl., 9 (1) : 

85-88. 

Rao, Srinivasa and Rajendran, R. (2003). Joint 

action potential of neem with other plant extracts 

against the leaf hopper Amrasca devastance (Distant) 

on Okra. Pest Mangt. And Econ. Zool., 10 : 131-136.

  



808 DEVENDER VERMA, PALASH MONDAL AND MITHLESH KUMAR SAHU 

 

 

 

 

 

  



*Corresponding Author 

________________________________________________  
  Journal of Plant Development Sciences Vol. 7 (11) : 809-814. 2015 

COMMUNITY CHARACTERS OF HERBACEOUS SPECIES IN PLANTATION 

SITES OF COAL MINE 

 

Anup Kumar, M.K. Jhariya* and D.K. Yadav 
 

Department of Farm Forestry, Sarguja University, Ambikapur-497001 (C.G.), INDIA 

Email: manu9589@gmail.com 

 

Received-19.11.2015, Revised-27.11.2015 

 

Abstract: Mining has an environmental and ecological impact at each stage and level of its operation. These include 

deforestation, environmental pollution and ecological imbalance. In order to assess the community characters of herbaceous 

species the study was carried out to evaluate the structure, composition and diversity indices in plantation sites of mined out 

areas. A total of 43 herb species with 15 families were recorded in different plantation sites. Eucalyptus plantation 

representing a total of 26 species with 13 families, Teak plantation (31 species with 13 families), whereas 25 species with 12 

families were recorded under the mixed (Cassia+Mangium) plantation. Total density of herb across the sites ranged from 

412000-708000 individuals ha-1, being least at mixed plantation and highest under Eucalyptus plantation, respectively. The 

diversity indices of the herb layer showed that the value of Shannon index in different plantation sites varied from 3.96-4.62, 

equitability (1.22-1.36), species richness (1.85-2.26), Simpsons index (0.05-0.10) and Beta diversity (1.39-1.72). Due to 

improper planning and negligence of regulations, mining activities results in an appreciable damage, degradation and 

deterioration of the environment and ecological damage to water, air and soil occurs. A long term strategy is needed to 

conserve and restore the fragile ecosystem of coal mine area. 

 

Keywords: Coal mine, Composition, Diversity, Herb, Restore, Structure 

 

INTRODUCTION 

 

ining is a key economic activity in most of the 

countries around the world. It is an essential 

human activity to provide raw materials for the 

society. Operations, whether small or large scale, are 

extremely disruptive and damaging to the 

environment. Traditionally, mines are the sole 

mineral supply source, and exploration for coal is 

conducted without giving much regard to its serious 

impacts on the ecology and environment. Therefore, 

the coal mining industry is being placed under the 

red category, meaning it is in the top bracket of 

environmental degradation (Chaoji, 2002). The chief 

environmental impacts due to mining are changes in 

soil stratification, reduced biotic diversity, and 

alteration of structure and functioning of ecosystems; 

these changes ultimately influence water and nutrient 

dynamics and trophic interactions (Almas et al., 2004; 

Ghose, 2004). Mining begins about large scale 

destruction of environment in terms of deforestation, 

alternation of landscapes (Rai et al., 2010), damage 

to forest flora and fauna, wildlife habitat destruction 

and occupational health hazards (Singh et al., 2011). 

Mining activities not only reduces the diversity and 

abundance of vegetation but also reduces the 

productivity and encourages to invasion of 

inferior/undesirable species on the region. 

Increased human activities not only led to depletion 

of forests but also degrade the quality of the stand 

(Pawar et al., 2014a & b; Jhariya et al., 2014). The 

plantation of forest species in tropics is considerably 

increased at present time (Kumar et al., 2013 & 2014; 

Bhagat et al., 2014; Sinha et al., 2014 & 2015). 

Plantation in mining area is essential activity to 

rehabilitate degraded ecosystems and to reclaim 

disturbed sites also with the aims to maintain and 

increase biodiversity, to improve the climate and 

seenic view of the mined out landscape. The 

herbaceous species varies greatly along with the 

different microclimate of the region, site conditions, 

disturbances regimes etc. (Gilliam and Roberts, 2003; 

Jhariya, 2010 & 2014; Oraon et al., 2014). 

Herbaceous layer is essential component for 

increasing diversity of the region as well as it plays a 

substantial role in the nutrient cycling. Therefore, the 

present study was undertaken to investigate the 

community characters of herbaceous species in 

different plantation sites of coal mine. 

 

MATERIAL AND METHOD 

 

The present study was carried out at Bishrampur 

colleries in Surajpur district of Chhattisgarh during 

the year 2014-2015. Surajpur is one (out of total 27 

districts) of the major district of Chhattisgarh having 

diverse natural resources. Surajpur forest division 

situated in the northern part of Sarguja division of 

Chhattisgarh. About 2351.145 km
2 
of the area in the 

district lies under forests. The vegetation found in the 

district is sub tropical deciduous forest. Bishrampur 

area is located at 23˚21N and 82.85˚E with an 

average elevation of 527 m. Many opencast and 

underground mining centers are located in and 

around the Bishrampur. Due to excessive mining a 

large forest have been clear felled for opencast 

mining of coal in the Bishrampur areas. 

M 
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Three plantation sites viz., Eucalyptus plantation 

(established in 1987 in 10 acre), Teak plantation 

(established in 2001 in 6 acre) and Mixed 

(Cassia+Mangium) plantation (established in 1998 in 

17 acre) were selected for the study. The herbaceous 

species were analysed by randomly laying 50 x 50 

cm size quadrats in each plantation site. The 

vegetational data were quantitatively analysed for 

frequency, density and abundance (Curtis and 

McIntosh, 1950). The importance value index was 

calculated followed Phillips (1959). Diversity 

parameters was determined using the 

Shannon-Weaver information function (Shannon and 

Weaver, 1963). Concentration of dominance was 

measured following Simpson’s index method 

(Simpson, 1949). Vegetations were also measured for 

species richness (Marglef, 1958), equitability (Pielou, 

1966) and Beta diversity (Whittaker, 1972). A/F ratio 

(abundance to frequency) for different species was 

determined by eliciting the distribution pattern.  

 

RESULT AND DISCUSSION 

 

Structure and Composition 

A total of 43 herb species with 15 families were 

recorded in different plantation sites of mining areas 

(Table 1 & 2). Eucalyptus plantation representing a 

total of 26 species with 13 families, teak plantation 

contains 31 species with 13 families, whereas 25 

species with 12 families were recorded under the 

mixed plantation sites. 

The total density of herb species in Eucalyptus 

plantation was 708000 individuals ha
-1

 and the 

maximum density was recorded for Oplismenus 

burmannii (160000 individuals ha
-1

), while the 

minimum for Apluda mutica, Bidens pilosa, and 

Rumex dentatus (4000 individuals ha
-1

 for each). The 

frequency varied from 20-80% for individual 

herbaceous species. The importance value index (IVI) 

of individual herb species ranged between 3.79-44.49, 

highest for Oplismenus burmannii and lowest for 

Apluda mutica, Bidens pilosa and Rumex dentatus, 

respectively. A/F ratio for different species was 

determined by eliciting the distribution pattern. This 

ratio of individual species ranged between 0.022 to 

0.350. It is evident from the study that, Cassia tora 

and Urena lobata showing the regular distribution 

pattern (7.69% of the total), whereas about 30.77% 

species were distributed randomly and ramaining 

(61.54%) were contagiously distributed. 

The total density of herb species in Teak plantation 

was 592000 individuals ha
-1

 and the maximum 

density was recorded for Setaria glauca (64000 

individuals ha
-1

), while the minimum for 

Achyranthes aspera and Cajanus scarabaeoides 

(4000 individuals ha
-1

 for each). The frequency of 

individuals herbaceous species varied from 20-100%. 

The importance value index (IVI) of individual herb 

species ranged between 3.67-23.67, highest for 

Setaria glauca and lowest for Achyranthes aspera 

and Cajanus scarabaeoides, respectively. A/F ratio 

of individual species ranged between 0.014-0.500. 

The species Corchorus aestuans, Rumex dentatus 

and Urena lobata showing the regular distribution 

pattern, (9.68% of the total ), whereas about 25.81% 

species were distributed randomly and rest of the 

(64.52%) species showing contagious distribution 

pattern. 

The mixed plantation has lowest total density of herb 

(412000 individuals ha
-1

) as compared to other 

plantation sites. The maximum density was recorded 

by Urena lobata (44000 individuals ha
-1

), while the 

minimum for Cajanus scarabaeoides and Rumex 

dentatus (4000 individuals ha
-1

 for each). The 

frequency of individual herbaceous species varied 

from 20-100%. The importance value index (IVI) of 

individual herb species ranged between 4.91-24.37, 

highest for Urena lobata and lowest for Cajanus 

scarabaeoides and Rumex dentatus, respectively. A/F 

ratio of individual species ranged between 

0.016-0.200. In this site Bidens pilosa only showed 

the regular distribution pattern (4% of the total), 

whereas 36% species were distributed randomly and 

60% contagiously. 

 

Community characters and Diversity indices 

In Eucalyptus plantation it is found that the species 

representing dominant community were Oplismenus 

burmannii, Malvastrum coromandelianum, 

Desmodium triflorum and Setaria homonyma, 

Tectaria macrodonta, Evolvulus nummularius, 

Anisomeles indica, Alternanthera sessilis were 

co-dominant , whereas suppressed community 

represented by Rumex dentatus, Bidens pilosa, 

Apluda mutica, Ageratum conyzoides, Fimbritylis 

dichotoma, Xanthium strumarium. In the Teak 

plantation the recorded dominant species were 

Setaria glauca, Vigna pilosa, Cyperus rotundus, 

co-dominant species were Oplismenus burmannii, 

Urena lobata, Cassia tora, Alternanthera sessilis, 

while suppressed species were Achyranthes aspera, 

Cajanus scarabaeoides, Tridex procumbence, 

Hemidesmus indicus and Evolvulus nummularius. 

Mixed plantation revealed dominant species as 

Urena lobata, Evolvulus nummularius, Bidens pilosa, 

Desmodium pulchellum, co-dominant species as 

Cassia tora, Cyperus rotundus, Malvastrum 

coromandelianum, whereas suppressed community 

by Rumex dentatus, Cajanus scarabaeoides, 

Acalypha indica, Alternanthera sessilis, Cynodon 

dactylon, Vigna pilosa, respectively. 

The diversity indices of the herb layer in different 

plantation sites is given in table 3. The diversity 

indices of the herb layer showed that the value of 

Shannon index in different plantation sites ranged 

between 3.96-4.62, Simpsons index from 0.05-0.10, 

species richness from 1.85-2.26, equitability from 

1.22-1.36 and Beta diversity from 1.39-1.72, 

respectively.  

It is observed that many opencast and underground 
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mining centers are located in and around the 

Bishrampur. Due to excessive mining a large forest 

have been clear felled for opencast mining in the 

areas. The major challenges in this regions include 

loss of top soil, erosion, reduction of forest cover and 

destruction of habitats of ground flora species, which 

is essential for maintaining nutrient cycling and 

ecological balance. The present study reveals 

substantial number of herb species as well as 

population in the differentt plantation of coal mine. 

Many changes after disturbance are directly related 

to changes in vegetation characteristics and dynamics, 

these features may be allied on forest type, forest fire, 

site conditions, local weather and other 

anthropogenic factors and its regimes (Jhariya et al., 

2012 & 2013). Sinha et al. (2015) reported a total of 

27 herb species comprising 15 families with a 

density of 776000 individuals ha
-1 

for Khairbar 

plantation (Sal) site in Sarguja district, which is 

comparable with the present findings. Oraon et al. 

(2014) reported a total of 108700-72000 individuals 

ha
-1 

herb in different circle of Bhoramdeo wildlife 

sanctuary, Chhattisgarh. A total of 39 and 5-20 herb 

species were reported by Oraon et al. (2014) and 

Jhariya et al. (2012) in different sites of Kawardha 

forest in Chhattisgarh, respectively. Jhariya et al. 

(2012) have analysed the herbaceous species and 

reported total density varied from 112000-668000 

individuals ha
-1

. Jhariya et al. (2013) reported that 

the density of herbs across various sites ranged from 

502000-724000 individuals ha
-1

 in Rowghat mining 

area of Narayanpur district (C.G.). The higher 

occurence may due to open canopy, resource 

avialability, site conditions, low competition etc. It is 

also reported that plants may facilitate other plants 

directly by ameliorating harsh environmental 

conditions or increasing the availability of a resource 

(Joshi and Bharti, 2005). In line agreement of this, 

Alhassan et al. (2006) reported the environmental 

conditions and available moisture regimes at site are 

responsible for the variation in species, density and 

diversity.  

The site condition, climatic factors and biological 

peculiarities may determine the pattern of species 

distribution. In the present study it is found that most 

of the species were distributed contagiously and 

randomly, whereas a few species is distributed 

regularly. Odum (1971) stated that the most common 

distribution is contagious in natural envrionment, 

while random distribution was found in uniform 

environment. Likewise, Sinha et al. (2015), Oraon et 

al. (2014), Kittur et al. (2014) and Jhariya (2014) 

described that most of the recorded species follwed 

contagious and random distribution pattern while the 

insignificant or almost negligible species distributed 

regularly over the area. 

The biodiversity in the ecosystems is largely 

influenced by disturbances regimes. Ecosystems and 

its functioning typically described by one of the key 

parameter i.e., species diversity (Scherer-Lorenzen et 

al., 2005). Diversity in this mining landscape is 

fluctuating at an unprecedented degree as a 

compound response to various biotic changes and 

interferences. Shameem et al. (2010) reported the 

species diversity ranged between 1.80 to 3.03. The 

diversity parameters of present study were close to 

values presented by Sinha et al. (2015) and Oraon et 

al. (2015). Kittur et al. (2014) reported the diversity 

parameters of herb layer that showed Shannon index 

in different sites varied from 2.21-2.57, equitability 

from 1.02-1.24, species richness from 0.34-0.67, 

concentration of dominance from 0.21-0.31 and beta 

diversity from 1.81-3.33 which are closer to the 

present study. Jhariya et al. (2013) have evaluated 

herb species in mining area of Rowghat and reported 

the Shannon index values ranged from 2.66-3.17, 

Simpson’s index from 0.14-0.23, species richness 

from 0.67-1.06, equitability from 1.09-1.33 and beta 

diversity from 2.40-3.60, which are comparable with 

present estimated values. 

 

CONCLUSION 

 

Mining has influenced the flora and soil biota at 

countless magnitude. Plantation practice can be 

helpful for restoration of lands damaged by various 

biotic interference. Restoration of coal mine sites 

often entails amelioration of physical and chemical 

characterstics of substrate and ensuring the return of 

vegeatation cover. Overburden/Dumping in the 

mining sites results in the burrying of seeds and 

rhizomes. Since, soil is considered as a huge natural 

seed bank, it is important to handle these resources 

correctly, which in turn may successfully recover 

disturbed area by natural regeneration after the 

commencement of favourable environment. However, 

large areas are maintained under the plantations. The 

site condition and management perspectives are the 

key concern for the good growth and development of 

the species in mined out landscape. The optimum 

growth depends upon the correct choice and adoption 

of the species along with the suitable site conditions. 

Proper management practices should be applied for 

the betterment of the plantation site. A 

comprehensive strategy, regular monitoring and 

appropriate regulations are indispensable to alleviate 

the negative effects of the mining upon ecology and 

environment to make this practice a sustainable one.
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Table 1. Structure and composition of herb in different plantation sites of coal mine 

Species Eucalyptus Plantation Teak Plantation Mixed Plantation 

F D IVI A/F F D IVI A/F F D IVI A/F 

Acalypha indica L. - - - - - - - - 20 8000 7.56  0.100  

Achyranthes aspera L. 40 12000 7.55  0.038  20 4000 3.67  0.050  - - - - 

Ageratum conyzoides L. 20 8000 5.54  0.100  - - - - - - - - 

Alternanthera sessilis L. 60 20000 10.92  0.028  60 28000 12.96  0.039  20 8000 7.56  0.100  

Anisomeles indica (L.) Kuntze 60 36000 14.75  0.050  40 24000 11.19  0.075  20 12000 10.20  0.150  

Apluda mutica L. 20 4000 3.79 0.050  - - - - - - - - 

Aycicarpus vaginalis (L.) DC. 20 12000 7.28 0.150  - - - - - - - - 

Bidens pilosa L. 20 4000 3.79  0.050  - - - - 100 32000 21.80  0.016  

Cajanus scarabaeoides (L.) Thouars - - - - 20 4000 3.67 0.050  20 4000 4.91  0.050  

Cassia tora L. 60 16000 9.96 0.022  60 32000 14.01  0.044  60 24000 15.99  0.033  

Corchorus aestuans L. - - - - 40 8000 6.20  0.025  - - - - 

Crotalaria juncea L. - - - - 20 8000 5.49  0.100  - - - - 

Cynodon dactylon L. 40 20000 9.86  0.063  40 12000 7.45  0.038  20 8000 7.56  0.100  

Cyperus compressus L. - - - - 40 24000 11.19  0.075  - - - - 

Cyperus rotundus L. 20 12000 7.28  0.150  60 48000 18.24  0.067  60 24000 15.99  0.033  

Dactyloctenium aegyptium (L.) Willd. - - - - - - - - 20 16000 12.84  0.200  

Desmodium pulchellum DC. 20 16000 9.03 0.200  40 16000 8.70  0.050  60 32000 19.04  0.044  

Desmodium triflorum (L.) DC. 80 72000 23.65  0.056  20 20000 10.95  0.250  20 16000 12.84  0.200  

Dinebra retroflexa (Vahl.) Panz. - - - - 40 16000 8.70  0.050  - - - - 

Eragrostis diarrhena (Schult. & Schult.f.) 

Steud. 
- - - - 40 20000 9.94  0.063  20 12000 10.20  0.150  

Euphorbia hirta L. - - - - 40 16000 8.70  0.050  20 8000 7.56  0.100  

Evolvulus nummularius L. 60 36000 14.75  0.050  20 8000 5.49  0.100  60 40000 22.10  0.056  

Fimbritylis dichotoma L. 20 8000 5.54 0.100  40 20000 9.94  0.063  - - - - 

Hemidesmus indicus (L.) R. Br. ex Schult. 20 16000 9.03 0.200  20 8000 5.49  0.100  - - - - 

Malvastrum coromandelianum (L.) Garcke 80 100000 29.68  0.078  40 28000 12.44  0.088  40 20000 13.58  0.063  

Mellilotus alba Medikus - - - - 20 12000 7.31  0.150  20 12000 10.20  0.150  

Oplismenus burmannii (Retz.) P.Beauv 60 160000 44.49 0.222  40 40000 16.18  0.125  - - - - 

Parthenium hysterophorus L. - - - - 20 8000 5.49  0.100  - - - - 

Phyllanthus niruri L. 60 20000 10.92  0.028  20 12000 7.31  0.150  40 16000 11.77  0.050  

Phyllanthus urinaria L. - - - - 20 12000 7.31  0.150  - - - - 

Pteris vittata L. - - - - - - - - 20 12000 10.20  0.150  

Rumex dentatus L. 20 4000 3.79 0.050  40 8000 6.20 0.025  20 4000 4.91  0.050  

Setaria glauca L. 20 12000 7.28 0.150  40 64000 23.67  0.200  - - - - 

Setaria homonyma L. 40 44000 16.80  0.138  - - - - - - - - 

Sida acuta Burm.f. - - - - 20 8000 5.49 0.100  - - - - 

Sida cordata Brum.f. - - - - - - - - 40 16000 11.77  0.050  

Tectaria macrodonta (Fee.) C. Chr. 20 28000 14.27  0.350  - - - - - - - - 

Themeda quadrivalvis (L.) O. Ktze. - - - - - - - - 40 16000 11.77  0.050  

Tridex procumbence L. 20 12000 7.28 0.150  20 8000 5.49  0.100  20 12000 10.20  0.150  

Urena lobata L. 60 16000 9.96  0.022  100 28000 15.59  0.014  80 44000 24.37  0.034  

Vigna pilosa Willd. - - - - 20 40000 20.05  0.500  20 8000 7.56  0.100  

Xanthium strumarium L. 20 8000 5.54  0.100  20 8000 5.49  0.100  20 8000 7.56  0.100  

Zornia gibbosa L. 20 12000 7.28  0.150  - - - - - - - - 

Total 980 708000 300.00  2.74  1080  592000  300.00  3.09  880  412000  300.00  2.28  
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Table 2. Family wise distribution of species in plantation sites of coal mine 

Family Eucalyptus Plantation    Teak Plantation Mixed Plantation 

Amaranthaceae 2 2 1 

Asclepiadaceae 1 1 - 

Asteraceae 4 3 3 

Caesalpiniaceae 1 1 1 

Convolvulaceae 1 1 1 

Cyperaceae 2 3 1 

Euphorbiaceae 1 3 3 

Fabaceae 4 6 5 

Lamiaceae 1 1 1 

Malvaceae 2 3 3 

Poaceae 5 5 4 

Polygonaceae 1 1 1 

Pteridacea - - 1 

Tectariaceae 1 - - 

Tiliaceae - 1 - 

 

Table 3. Diversity indices of herb in different plantation sites of coal mine 

 

Diversity Index 

Herb Layer 

Eucalyptus     Teak  Mixed  

Shannon Index (H) 3.96 4.62 4.38 

Simpsons Index (Cd) 0.10 0.05 0.06 

Species richness (d) 1.86 2.26 1.85 

Equitability (e) 1.22 1.35 1.36 

Beta diversity (βd) 1.65 1.39 1.72 
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Abstract: The present study was carried out during 2013-2014 in the purposively selected Kondagaon district in Bastar 

region of Chhattisgarh state focused on the practice wise level of knowledge regarding composite fish culture technology 

among the tribal fish farmers. Data were collected from 112 fish farmers through a structured interview schedule developed 

for the purpose. It was found that majority of the respondents were having low level of knowledge regarding recommended 

fish farming technology for assessing the level of dissolved oxygen in pond (100.00%), while in case of medium level of 

knowledge regarding recommended composite fish farming technology, (66.96%) respondents had medium level of 

knowledge about supplementary feed, as far as high level of knowledge is concerned regarding selected practices of 

recommended composite fish farming technology,63.39 per cent respondents were found under high level of knowledge as 

suitable site for construction of pond, 68.75 per cent respondents had medium level of overall knowledge. The variables like 

education, social participation, fish farming experience, occupation, credit availability, source of information, scientific 

orientation, use of ponds for other purpose, source of water in pond, duration of water availability and extent of adoption 

towards recommended composite fish culture technology was found positively and significantly correlated with knowledge 

about composite fish culture technology at 0.01 per cent level of significance. Results in case of multiple regressions only 2 

variables like scientific orientation and extant adoption of composite fish culture technology had positively and significantly 

contribution at 0.01 level of probability with the knowledge about composite fish culture technology. 

 

Keywords: Composite fish culture, Fish farmers, Knowledge, Tribal farmers  

 

INTRODUCTION 

 

ish is an excellent source of energy foods; it 

provides 1000-2000 kcal/kg. Males need 2500–

3300 kcal/day, while active females (19–30 years 

old) need 1500–2500 kcal/day. Fishery plays an 

important role in the socio-economic development of 

nation through employment generation, contribution 

to food security and foreign exchange. The main aim 

of fishery development program is for making 

substantial contributions for doubling of food 

production, improving the welfare of fisher men, 

promoting exports and providing food and livelihood 

security to the rural population.  

Chhattisgarh state fish production is about 0.25 

million tons. However the contribution of 

Chhattisgarh state was only 2.89 percent to the total 

fish production of India. Total fish production was 

8.67 million tons during the year of 2011-12 in India.  

In Inland fish production status of India, 

Chhattisgarh stands on 8th position. There has been 

great improvement in per hectare yield from ponds. 

In year 2001-02 annual yield was 2970 kg/hectare. 

During 2012-13 it has reached 3439 kg/ha. There are 

large numbers of progressive pisciculturists in the 

state who are successfully harvesting seven to eight 

tones of fish of Indian major carps annually. The 

present fish production of Chhattisgarh is about 0.25 

million tons but there is a scope to increase the 

production level. Low fish production in the State 

can be attributed to several reasons. However, 

knowledge of the fish farmers on composite fish 

culture technology is the single largest known factor 

responsible for low fish production. Knowledge 

about fish culture plays a very important role in the 

adoption of composite fish culture technologies. 

Knowledge is a component of the behaviour of an 

individual. To improve the adoption of composite 

fish culture technology under village conditions it is 

necessary to assess the knowledge of the fish 

farmers. This would form a base for the future 

extension efforts. 

 

METHODOLOGY 

 

The present study was conducted in Kondagaon 

district of Chhattisgarh state as the district has 

sizeable number of tribal fish farmers. There are 5 

blocks in Kondagaon district, out of which three 

blocks were selected for the purpose of study on the 

basis of highest number of tribal fish farmers. 10 per 

cent of the total private stock ponds owners were 

selected as respondents from all three blocks. Thus, 

42 respondents from Kondagaon, 36 respondents 

from Makadi and 34 respondents from Pharasgaon 

were selected randomly. In this way total 112 fish 

farmers are selected as respondents. The data was 

F 

mailto:pradeepsori@yahoo.com


816 PRADEEP KUMAR SORI, H.K. AWASTHI AND PANKAJ KUMAR RAI 

collected with the help of structured interview 

schedule through personal interview. 

 

RESULT AND DISCUSSION 

 

1. Knowledge about composite fish farming 

among the tribal fish farmers  

The data presented in Table 1.1 reveals that majority 

of the respondents had low level of knowledge for 

assigning the level of dissolved oxygen in pond 

regarding recommended fish production technology 

(100.00%), followed by constraints in development 

and growth of fish (73.21%), level of feeding of  fish 

varieties (71.42%), types of severe disease (63.39%), 

manure and fertilizer were needed for composite fish 

farming (44.64%), use of lime to composite fish 

culture ponds (41.96%), fast growing verities of 

Indian major and exotic major carp and quality of 

supplementary feed each (34.82%), identification of 

ideal fingerlings (33.92%), supplementary feed 

(25.00%), taking care of the pond bunds (20.53%), 

species and verities of different type of fish 

(16.96%), grass carp is more suitable in weed 

affected ponds (11.60%), suitable area and depth for 

construction of pond (9.821%), suitable site for 

construction of pond and harvesting (5.35%), 

suitable times of fish harvesting (3.75%) and 

different type of method of fish harvesting (1.78%).

 

Table 1. Distribution of respondents according to their Practice wise level of knowledge regarding composite 

fish culture technology      n=112 

S. 

No. 

 

Recommended practices of composite fish culture 

technology 
  

 

        Level of Knowledge 

Low 

f (%) 

Medium 

f (%) 

High 

f (%) 

A) Pre-Stocking management     

1. Regarding selection of site and Pond preparation -    

I Suitable site for construction of pond 6(5.357) 35(31.25) 71(63.39) 

II Suitable area and depth for construction of pond   11(9.821) 50(44.64) 51(45.53) 

III Taking care of the pond bunds 23(20.53) 47(41.96) 42(37.5) 

2. Regarding eradication of aquatic weed and unwanted 

fishes -    

I Knowledge about aquatic weeds and unwanted fishes 51(45.53) 57(50.89) 4(3.571) 

II Control of the aquatic weeds and unwanted fishes 39(34.82) 49(43.75) 34(30.35) 

3. Regarding pond fertilization -    

I Use of Manure and fertilizer  50(44.64) 49(43.75) 13(11.60) 

II Use of lime  47(41.96) 40(35.71) 25(22.32) 

B) Stocking management     

1. Regarding Selection of ideal size, species and verity of 

fish seed -    

I Species and varieties of different types of fish 19(16.96) 51(45.53) 42(37.5) 

II Identification of ideal fingerlings 38(33.92) 55(49.10) 19(16.96) 

III Ideal fish farming stock 65(58.03) 29(25.89) 18(16.07) 

IV Fast growing varieties of Indian and exotic carp 39(34.82) 43(38.39) 30(26.78) 

V Level of feeding of fish varieties  80(71.42) 15(13.39) 17(15.17) 

VI Grass carp is more suitable in weed affected ponds 13(11.60) 42(37.5) 57(50.89) 

C) Post stocking management     

1. Regarding supplementary feeding of fishes -    

I Supplementary feed 28(25) 75(66.96) 9(8.03) 

II Quality of supplementary feed 39(34.82) 61(54.46) 12(10.71) 

2. Regarding the Level of Dissolved oxygen in culture 

pond-    

I Oxygen quantity in pond 112(100) 0(0) 0(0) 

II Estimate the level of oxygen in pond 112(100) 0(0) 0(0) 

3. Regarding commonly occurring disease along with 

their causes and treatment - 

  

 

I Constraints in development and growth of fish 82(73.21) 19(16.96) 11(9.821) 

II  Types severe of disease  71(63.39) 20(17.85) 21(18.75) 

4 Regarding Harvesting-    

I Harvesting  6(5.35) 65(58.03) 41(36.60) 

II Different type of method of fish harvesting  2(1.78) 47(41.96) 63(56.25) 

III Suitable times of fish harvesting 4(3.75) 42(37.5) 66(58.92) 

f=frequency                                                                                                                 %=percentage 
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While in case of medium level of knowledge 

regarding recommended composite fish farming 

technology (66.96%) respondents had medium level 

of knowledge regarding supplementary feed, 

followed by harvesting (58.03%), quality of 

supplementary feed and knowledge about aquatic 

weeds and unwanted fishes (50.89%), identification 

of ideal fingerlings (49.10%), species and verities of 

different type of fish (45.53%), suitable area and 

depth for construction of pond (44.64%), use of 

manure and fertilizer were needed for composite fish 

farming and control of aquatic weeds and unwanted 

fishes (43.75%), take care of the bunds and different 

type of method of fish harvesting (41.96%), fast 

growing verities of Indian major and exotic major 

carp (38.39%), suitable times of fish harvesting and 

grass carp is more suitable in weed affected ponds 

(37.5%), use of lime (35.71%), suitable site for 

construction of pond (31.25%), ideal fish farming 

stock (25.89%), types of severe disease (17.85%), 

constraints in development and growth of fish 

(16.96%), the level of feeding of fish (13.39%) and 

none of medium knowledge regarding oxygen 

quantity in pond and estimation of level of oxygen 

(55.00%) respectively. 

As far as high level of knowledge is concerned 

regarding selected practices of recommended 

composite fish farming technology, 63.39 per cent 

respondents were found under high level of 

knowledge as suitable site for construction of pond, 

followed by suitable times of fish harvesting 

(58.92%), different type of method of fish harvesting 

(56.25%), grass carp is more suitable in weed 

affected ponds (50.89%), suitable area and depth for 

construction of pond (45.53%), taking care of the 

pond bunds and species and verities of different type 

of fish (37.5%), harvesting (36.60%), control of the 

aquatic weeds and unwanted fishes (30.35%), fast 

growing verities of Indian major and exotic major 

carp (26.78%), use of lime (22.32%), types of severe 

disease (18.75%),  identification of ideal fingerlings 

(16.96%), ideal fish farming stock (16.07%), the 

level of feeding fish (15.17%), use of manure and 

fertilizer were needed for composite fish farming 

(11.60%), quality of supplementary feed (10.71%), 

constraints in development and growth of fish 

(9.82%) and  knowledge about aquatic weeds and 

unwanted fishes and unwanted fishes each (3.57%).

 

Table 2. Distribution of respondents according to their overall Knowledge about  composite fish culture 

technology         n=112 

S. No. Category Frequency Percentage 

1. Low Knowledge (Up to 22 scores) 14 12.50 

2. Medium Knowledge (23 to 49 scores) 77 68.75 

3. High Knowledge (More than 49) 21 18.75 

 X= 35.88                                      S.D=13.85 

The data presented in Table 1.2 indicate that out of 

total respondents majority (68.75%) of them had 

medium level of overall knowledge regarding 

recommended composite fish cultre technology. 

Whereas, 18.75 per cent of the respondents each 

were having high level of knowledge and 12.50 per 

cent of the respondent was having low level of 

knowledge, respectively.  

It can be concluded that majority of the respondents 

came under the medium level of knowledge 

category. Similar finding was also reported by 

Sharma et al. (2005), Talukdar et al. (2005), 

Goswami et al. (2012) and Rajan et al. (2013). 

 

2. Correlation coefficient of independent variables 

with the knowledge about composite fish culture 

technology. 

To determine the correlation of selected independent 

variables with knowledge about composite fish 

culture technology the analysis was worked out and 

results are presented in the table 1.3. 

  

Table 3. Correlation coefficient and multiple regression analysis of independent variables with the knowledge 

about composite fish culture technology n=112 

Independent variables 

Correlation coefficient 

‘r’ value 

X1Education 0.776** 

 X2Social participation 0.824** 

X3Fish farming experience 0.767** 

X4Occupation 0.494** 

X5Credit Availability 0.846** 

X6Source of information  0.784** 

X7Scientific orientation  0.192* 
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X8 Use of ponds other purpose 0.704** 

X9Source of water in ponds 0.728** 

X10Size of water body -0.031 

X11Duration of water availability 0.335** 

X12Distance of water body to the residence 0.087 

X13Extent adoption of composite fish farming 0.972** 

 

The result reveals that the variables like education, 

social participation, fish farming experience, 

occupation, credit availability, source of information, 

scientific orientation, use of ponds for other purpose, 

source of water in pond, duration of water 

availability and extent of adoption recommended 

composite fish culture technology was found 

positively and significantly related with knowledge 

about composite fish culture technology at 0.01 per 

cent level of significance.While variables like 

distance of water body to the residence and size of 

water body were found to have no significant 

relationship with knowledge about composite fish 

culture technology at 0.01 level of probability.  

It can be concluded from the results that the 

respondents have like education, social participation, 

fish farming experience, occupation, credit 

availability, source of information, scientific 

orientation, use of ponds for other purpose, source of 

water in pond, duration of water availability and 

extent of adoption recommended composite fish 

culture technology increases the knowledge increase 

about composite fish culture technology among the 

respondents.   

 

3. Multiple regression analysis of independent 

variables with the knowledge about composite fish 

culture technology. 

 

Table 4. Multiple regression analysis of independent variables with the knowledge about composite fish culture 

technology  n=112 

Independent variables 

 

Partial regression coefficient 

‘b’ value ‘t’ value 

X1Education -0.058 -0.121 

 X2Social participation 0.054 0.219 

X3Fish farming experience -0.062 -1.349 

X4Occupation 0.351 0.664 

X5Credit Availability 0.037 0.861 

X6Source of information  -0.144 -0.926 

X7Scientific orientation  0.897 3.177** 

X8 Use of ponds other purpose 0.558 1.634 

X9Source of water in ponds -0.009 -0.104 

X10Size of water body 1.340 1.290 

X11Duration of water availability 0.321 1.000 

X12Distance of water body to the residence -0.043 -0.422 

X13Extent adoption of composite fish farming 1.001 19.518** 

*Significant at 0.05 level of probability  

  Multiple R2 =0.9599 

** Significant at 0.01 level of probability 

F value = 142.279 at 16, 95 d.f. 

Intercept contact (a) = 32.32 

 

To determine the multiple regressions of selected 

independent variables with the knowledge about 

composite fish culture technology, the multiple 

regression analysis was workout and the results are 

presented in the table 1.4. All the selected 13 

independent variables in the regression modal 

explained that 95.99 per cent variation in extent of 

knowledge about composite fish culture technology 

and corresponding ‘F’ value 32.32 was found 

significant. 

However, only two variables like scientific 

orientation and extant adoption of composite fish 

culture technology had positively and significantly 

contribute at 0.01 level of probability with the 

knowledge about composite fish culture technology 

and remaining eleven variables did not contribute 

significantly to knowledge about composite fish 

culture technology.  

Hence, efforts should be made to increase the 

knowledge about composite fish culture technology 

by increasing the level of adoption of composite fish 

culture technology. 

 

CONCLUSION 

 

Cent per cent respondents had low level of 

knowledge for assessing the oxygen level dissolved 

in pond regarding recommended fish farming 
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technology i.e., While in case of medium level of 

knowledge regarding recommended composite fish 

farming technology (66.96%) respondents had 

medium level of  knowledge on supplementary feed.  

As for as high level of knowledge is concerned 

regarding selected practices of recommended 

composite fish farming technology, 63.39 per cent 

respondents were found under as Suitable site for 

construction of pond. Majority (68.75%) of them had 

medium level of overall knowledge regarding 

recommended composite fish farming technology. 

The variables like education, social participation, fish 

farming experience, occupation, credit availability, 

source of information, scientific orientation, use of 

ponds for other purpose, source of water in pond, 

duration of water availability and extent of adoption 

recommended composite fish culture technology was 

found positively and significantly correlate with 

knowledge about composite fish culture technology 

at 0.01 per cent level of significance. Results find out 

in case of multiple regressions only two variables 

like scientific orientation and extant adoption of 

composite fish culture technology had positively and 

significantly contribtion at 0.01 level of probability 

with the knowledge about composite fish culture 

technology. 
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Abstract: The present work was carried out in elephant corridors of northern Chhattisgarh (Sarguja, Balrampur, Jasphur, 

Surajpur and Koriya districts) to understand the scenario of human-elephant conflict (HEC). Four blocks were selected for 

the study. The field study was conducted in the affected villages/forest areas where migrated elephants were encountered. 

Incidents relating to conflict such as crop damage, house damage, human death and injury, elephant death, cause of all such 

conflicts were observed. Local people of the affected villages/forest areas including victims of conflict were interviewed 

through well structured questionnaires to understand movement pattern of elephant in the area, the way people were affected, 

their attitudes towards elephant and different aspects of conflicts. A total of 40 households (10 from each block) viz, Lundra, 

Batuoli, Sitapur and Farsabahar were randomly selected. Damage caused by elephants was of varying extent due to which 

people have developed antagonistic attitude towards the elephant which adversely affect protection and conservation efforts 

in the affected areas. 

 

Keywords: HEC, Elephant corridor, Conflicts, Questionnaire, Crop damage 

 

INTRODUCTION 

 

uman-Elephant conflict (HEC) has emerged as a 

major issue in the field of wildlife management 

in India (Sukumar, 1994; Easa, 2002; Singh et al., 

2002; Kushwaha & Hazarika, 2004). Asian Elephant 

(Elephas maximus), once widely distributed in Indian 

sub-continent, has now been categorized as 

“Endangered” species as per IUCN red list. 

Conversion of forested land into settlements, 

agriculture, fragmentation, shrinkage and 

degradation of elephant habitat as well as loss of 

traditional movement paths resulting in increased 

HEC (Sukumar, 1994; Singh et al., 2002; Singh, 

2002). Elephants, in search of food and water tend to 

enter human habitations and in the process, often 

come into direct conflicts by destroying crops, 

livestock or property and sometimes even by killing 

people (Sukumar, 1994; Kushwaha & Hazarika, 

2004). Corridors are narrow strips of forests 

connecting two larger forest areas and thereby 

facilitating movement and dispersal of animals 

between these patches (Beier & Noss, 1998). 

Preservation and restoration of corridors are an 

important aspect of reducing the negative effects of 

habitat fragmentation (Khanna et al., 2001; 

Venkataraman, 2002; Nandy et al., 2007). 

The wild elephant numbers in India is estimated to be 

about 28,000 (Bist, 2002). Wild elephants are 

presently distributed over an area of about 1,09,500 

km
2
 (Santiapillai & Sukumar, 2006); this is 

approximately 3% of India’s geographical area. 

Northern Chhattisgarh in central India has been home 

of Asian elephants since historical times. However, 

in the early part of the 20
th

 century they became 

locally extinct (Singh, 2002). In 1988 elephants 

migrated from the prime elephant habitat of 

Jharkhand into Chhattisgarh and caused extensive 

damage to life and property. Since then, HEC has 

been increasing due to straying of migratory 

elephants in the state (Singh, 2002). The number of 

wild elephants in the year 2007-08 in the state 

estimated to be 122 (MoEF, 2008). Major reason for 

prolonged stay of elephants in the state could be 

better (44%) forest cover, heavy mining, habitat 

degradation and deforestation in the states of 

Jharkhand and Orissa (Singh, 2002; Earth Matters 

Foundation, 2008). Even the state of Chhattisgarh is 

primarily inhabited by tribal communities dependent 

largely on agriculture and minor forest produce. 

Increasing human pressure on forested areas is 

resulting in increased incidences of HEC. This 

necessitated a detailed assessment of habitat 

suitability and dispersal corridor for elephants in the 

area. In this paper, an attempt has been made to 

present the results on various aspects of HEC along 

with management implications. 

 

MATERIAL AND METHOD 

 

The study on human-elephant conflict scenario in 

elephant corridors of northern Chhattisgarh was 

carried out at four blocks viz., Lundra, Batouli, 

Sitapur and Farsabahar. The study area lies 

between 23
o
37’25’’ to 24

o
6’17’’ north latitude and 

81
o
31’40” to 84

o
 4’40’’ east longitude. The climate of 

the region is characterized by a hot summer and well 

distributed rainfall during the monsoon season. The 

chief feature of climate is long dry period; average 

monthly temperature rising over 18
o 

C, through 

maximum summer temperature may even go up to 

46
o
C. The flora of Nazzul and other areas are 

H 
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changing frequently with the human activities and 

land-use. Physiographically, they are remarkable 

land-forms and average height of area varies from 600 

meter and more. 

The field study was conducted in the affected 

villages/forest areas where migrated elephants were 

encountered. Incidents relating to conflict such as 

crop damage, house damage, human death and 

injury, elephant death, cause of all such conflicts 

were observed. Local people of the affected 

villages/forest areas including victims of conflict 

were interviewed through well structured 

questionnaires to understand movement pattern of 

elephant in the area, the way people were affected, 

their attitudes towards elephant and on different 

aspects of conflicts. A total of 40 households (10 

from each block) viz, Lundra, Batuoli, Sitapur and 

Farsabahar were randomly selected for study and 

obtained data on various aspects were compiled and 

analyzed. 

 

RESULT AND DISCUSSION 

 

Elephant arrival time 

A distinct pattern of arrival can be seen in the studied 

corridors where the frequency is increasing during 

the monsoon season. The availability of food source 

to the animal is mainly from the agriculture field. 

The common period of sighting elephant by 

respondent was during evening (37.50%). It was also 

found that the number of adults (in a herd) ranged 

from 2-21 and calf from 0-4 (Table 1).  

 

Elephant damage incident 

The crops damaged by elephants mainly constituted 

paddy (62.50%) and sugarcane (37.50%), 

respectively. This is also due to the fact that the main 

crop grown in this region are paddy and sugarcane 

besides maize, groundnut, millets etc as can be seen 

with the land use pattern and these are preferred 

crops by the elephants. Likewise, house damage and 

human injury are due to the habitation in forest fringe 

areas and availability of palatable tree species near 

by their homestead, farm lands etc. and the tribals of 

this region store the rice, wheat and local made 

liqueur (mahua wine, rice bear, tadi, sulfi, hadiya 

etc.) in house which attracts the elephant as a result 

of which severe incidences takes place. 

 

Local mitigation measures 

Most common mitigation measures used by the 

people to keep away elephants are the torches 

(77.5%), shouting (72.50%), rattling tins and drums 

(62.50%), guarding crops at night on guard houses 

(50%), fences (22.50%) etc. The most effective as 

said by the respondents are use of torches, shouting, 

banging tins and drums and use of chili (Mirch 

mashals). However, these methods are only effective 

if used in combination depending upon the size of 

herds. More the number of people the more effective 

they are and the use of an individual method are not 

known to be effective. 

Most the cases HEC incidents were caused by small 

herd. Degradation of forest areas due to increasing 

human pressure tend towards HEC. When the 

interactions between elephants and human beings 

become very close certainly there would be a conflict 

between man and elephant. Elephants cause crop 

damage and attacks people which lead to severe 

injuries and ultimately to death. Besides this 

elephants also damage to human properties. 

HEC is a major problem in the northern parts of 

Chhattisgarh especially in and around Sarguja 

District where wild and migratory elephants are 

mostly found because of the corridor. Every year 

large area of agricultural land is destroyed and many 

people are injured/killed by elephants. Some 

dominant reasons are evident behind this increase 

which includes illegal entrances into forests for 

resources collection, illegal settlements and extreme 

agricultural practices near forest edges. The 

increasing human population pressure encourages 

people to adopt illegal ways of survival. Poor people 

are being driven from their original places due to 

lack of alternative livelihoods, lack of land and are 

persuaded to illegally build their houses near forests. 

New illegal settlers and previous existing 

communities are both vulnerable to elephant attacks 

due to their locations near forests. Human and 

elephant conflict occur basically in some specific 

locations including settlements near forests, 

agricultural fields adjoining to forests. Wild 

elephants frequently raid villages nearest forests for 

the purpose of searching food due to food shortage 

inside the forest. Overexploitation of forest resources 

by new settlers and inherited local communities are 

the prime reason for the elephant food crisis inside 

the forests. During a raid in the forest edge or near 
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forest crop land result in a conflict with high 

intensity and the ultimate result are more deaths and 

injuries. In that case, elephants occasionally face 

deaths or injury. Remarkable number of deaths and 

injuries are possessed during direct conflicts between 

humans and elephants.  

In northern parts of the state, elephant corridors are 

being blocked due to the excessive pressure from 

deforestation, elicit felling, poaching, land use 

change, fragmentation, infrastructure development, 

expanding farming activities as well as illegal 

encroachment by local people. A viewpoint from 

both sides indicates that the human being is the key 

indicator for such a conflict rather than the elephant. 

There is a need for a clear policy and strategic 

planning to resolve elephant-human conflict and 

elephant conservation. Forest department is taking 

several initiatives which include awareness among 

the local people, Haathi Sahayata Kendras, 

workshops, seminars, trainings, compensations etc. 

The current approach to dealing with conflict has 

largely been adhoc, and predisposed to failure 

because of inappropriate application of methods, lack 

of involvement of local people, lack of monitoring of 

conflict and conflict mitigation measures, and 

inadequate understanding of elephant ecology 

(IUCN, 2006). Lack of a policy also leads to an 

inordinate focus on the symptoms rather than the 

causes of the problem. No single solution is effective 

and different approaches need to be integrated to 

address HEC proactively. 

 

CONCLUSION 

 

With the increase in population and land use changes 

resulting in further conversion of elephant habitat 

into agricultural land, there would not be an end to 

the problem. The encroachment of its natural habitat 

and conversion to recent settlement is already a 

concern and seems to invite the conflict. It is 

necessary to organize proper awareness programmes 

and establish good communication channels with 

villagers, particularly frequently elephant movement 

areas and affected villages, nearer to elephant 

corridors. 

Some suggestions are forwarded to mitigate the 

problem of HEC in the region which includes: 

facilitate food and shelter to the elephants, proper 

emphasis should be given to develop a more variable 

and feasible dense forest cover, open up the elephant 

corridors for free movement of elephants, 

alternatives should be given to the livelihood of the 

affected villages, proper zonation of corridors can be 

created, incorporation of unpalatable crops like 

chilly, citrus and tobacco, etc in cropping systems 

along with live fencing, emphasis should be given to 

develop permanent drinking water facility across the 

corridors, local people along with forest officials 

should be imparted proper training by the experts, so 

that they can drive away the elephants using proper 

scientific methods, A participatory approach is 

essential to be adapted on the basis of the forest’s 

need and existing pattern to check the problem of 

man-elephant conflict.

Table 1. Identification of Elephant and Elephant Damage Incidents (n=40) 

Query Response  

Percentage/Ra

nge  

Do you know that long ago wild elephants were widely 

distributed in the forests of Chhattisgarh Yes 100.00 

Source of information Grandparents 40.00 

Self 75.00 

Have seen an elephant Yes 82.50 

No 20.00 

Type Wild 92.50 

Location of sighted wild elephant Neighboring forest  75.00 

Outside forests 25.00 

Activity of sighted wild elephant Feeding 37.50 

Standing 12.50 

Walking 15.00 

Damaging property 35.00 

Number of sighted wild elephants Loner 10.00 

Pair 15.00 

Herd 75.00 

Before observing wild elephant causing property damage your 

opinion about wild elephant 

God 57.50 

Beautiful creature 7.50 

Dangerous animal 35.00 

Are you satisfied with the present compensation scheme in 

relation to 

Yes 12.50 

No 87.50 

Are you satisfied with present steps undertaken by forest Yes 12.50 
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department to reduce conflict No 87.50 

Place Forest 67.50 

Non forest 32.50 

Which elephant sighted Loner 17.50 

Pair  17.50 

Herd 65.00 

If loner then Tusker  2.50 

Tuskless 7.50 

If pair then Tusker  10.00 

Tuskless 5.00 

No. of Elephant sighted  2- 21 

Calf sighted  0-4 

Elephant arrival time Morning 5.00 

Day time 20.00 

Eveninig 37.50 

Night  32.50 

No fixed timing  5.00 

Local mitigation measures used Shouting  72.50 

Torches  77.50 

Banging tins and 

drums 

62.50 

Fence 22.50 

Throwing stones  25.00 

Night guarding on 

guard house 

50.00 

Chili 25.00 

House damages  70.00 

Human injury  20.00 

Crop damage Paddy  62.50 

Sugarcane  37.50 

Groundnut  32.50 

Millet  27.50 
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Abstract: An investigation was carried out using 17 rice genotypes for grain yield and contributing characters to understand 

the association among yield components and their direct and indirect influence on the grain yield under saline condition. 

Analysis of variance revealed considerable variability among the genotypes for all the characters. Character association of 

the yield and its attributing traits revealed that significant positive association of grain yield plant-1 with productive tillers 

hill-1, length breadth ratio, straw yield, harvest index, number of grains panicle-1 and 1000-grain weight. The salinity related 

traits viz., Na+: K+ ratio and chlorophyll content as well as days to 50% flowering expressed significant negative association 

with grain yield plant-1. Investigation on path coefficient analysis showed that straw yield plant-1 had highest direct positive 

effect on grain yield plant-1 followed by harvest index, plant height, Na/K ratio, days to 50% flowering, 1000 grain weight, 

days to maturity, productive tillers hill-1, number of grains panicle-1, chlorophyll content. Hence, selection based on these 

traits could help to bring simultaneous improvement of yield and yield attributes characters under saline condition. 

 

Keywords: Chlorophyll, Grain, Rice, Soil 

 

INTRODUCTION 
 

n India nearly 9.38 million ha area is occupied by 

salt-affected soils out of which 5.5 million ha are 

saline soils (including coastal) and 3.88 million ha 

alkali soils (IAB, 2000). In Tamil Nadu, out of 4.7 

lakh hectares of salt affected soils, about 3.0 lakh 

hectares are in inland and 1.7 lakh hectares are 

confined to coastal areas. In inland salt affected soils, 

about 2.0 lakh hectares are alkali and 1.0 lakh ha are 

saline in nature. Grain yield is a polygenically 

controlled character with complex in inheritance 

Selvaraj et al. (2011). It is influenced by number of 

component characters and environment either 

directly or indirectly. Hence, selection for one 

component may simultaneously affect related traits 

in a favorable direction. Therefore, identifying the 

characters, which are closely related and which have 

contributed to grain yield becomes highly essential 

Rangare et al. (2012). The knowledge on association 

among different traits with yield and interrelationship 

is essential to improve the selection efficiency. 

Keeping this objective in view, the present study was 

conducted to observe any influence on correlations 

among plant attributes under saline environment. 

 

MATERIAL AND METHOD 

 

The material for the present study consisted of 17 

genotypes of rice. Field experiment was conducted at 

Coastal Soil Salinity Research Station, Danti, 

Gujarat. The experiment laid out in Randomized 

Complete Block Design (RCBD) with three 

replications. All cultural practices followed as per the 

package of practices adopted for irrigated rice. Soil 

samples from all the three replications collected and 

they analyzed for parameters such as pH, electrical 

conductivity using standard procedures. 

Observations were recorded on five randomly 

selected plants in each replication for days to 50% 

flowering, productive tillers hill
-1

, plant height (cm), 

panicle length (cm), number of grains panicle
-1

, 

spikelet fertility (%), days to maturity, grain yield 

plant
-1

, straw yield plant
-1

, 1000-grain weight (gm), 

L/B ratio, harvest index (%), K
+
/Na

+
 ratio, proline 

content (ug g
-1

 fw) and chlorophyll content (mg g
-1 

fw). Correlation analysis was computed as per Karl 

Pearson (1932) and path coefficient analysis was 

carried out as suggested by Wright (1921). 

 

RESULT AND DISCUSSION 

 

Correlation between characters: In the present 

study, grain yield plant
-1 

showed positive and 

significant correlation with six traits viz., productive 

tillers hill
-1

t (0.59), length breadth ratio (0.583), 

straw yield plant
-1

 (0.43), harvest index (0.34), 

number of grains panicle
-1

 (0.30) and 1000-grain 

weight (0.28). Genotypic correlations between yield 

attributes were given in (Table 1). These results were 

in agreement with the earlier findings of Selvaraj et 

al. (2011) and Premkumar et al. (2015) for all the 

traits. The salinity related trait chlorophyll content 

expressed significant negative association grain yield 

plant
-1 

whereas, proline content and Na/K ratio, 

showed negatively non-significant association with 

grain yield plant
-1

. Significant negative correlation 

recorded for chlorophyll content close conformity 

with the results of Hussein et al. (2007) for 

chlorophyll content and Arunroj et al. (2004) for 

shoot Na+: K+ ratio. Since these two traits had 

negative association with grain yield, selection of 
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plants with short duration will alleviate salt related 

problems. Similarly, selection of plants with less 

crop chlorophyll a/b ratio and shoot Na+: K+ ratio 

might help for salinity tolerance (Hussein et al. 

2007). 

Knowledge on inter-correlation between yield com-

ponents traits may facilitate breeder to decide upon 

the intensity and direction of selection pressure to be 

given on related traits for the simultaneous 

improvement of these traits. In light of the above, 

panicle length had positive and significant 

association with spikelet fertility, days to 50% 

flowering, proline content, total chlorophyll content. 

It suggests that priority should be given to these traits 

while making selection for yield improvement. This 

was in confirmation with the earlier findings of Babu 

et al. (2006) and Mahmood et al. (2009). Number 

productive tillers hill
-1

 expressed positive and 

significant inter-correlation as that of spikelets 

panicle
-1

, length breadth ratio
 

and harvest index. 

Spikelet fertility percent registered significant 

positive inter-association with chlorophyll content, 

plant height, proline content, test weight and Na+: 

K+ ratio. Similar findings were also reported by 

Shanthi et al. (2011). These above correlations also 

indicated that by selecting any one of the above traits 

might be useful to improve the grain yield along with 

salinity tolerance. Babu et al. (2006) also reported 

the positive association with the above traits. Na+: 

K+ ratio and chlorophyll content. 

It could be concluded from the above discussion that 

six traits viz., productive tillers hill
-1

, length breadth 

ratio, straw yield, harvest index, number of grains 

panicle
-1 

and 1000-grain weight might be given 

importance in selection of promising genotypes 

coupled with salinity tolerance. All these traits 

exhibited positive significant association with grain 

yield plant
-1 

and appeared to be primary yield 

contributing traits and could be relied upon. 

 

Path coefficient analysis 

Path analysis furnishes information of influence of 

each contributing trait to yield under salinity stress 

directly as well as indirectly and enables the breeders 

to rank the genetic attributes according to their 

contribution.  

Path coefficient analysis was carried out both at 

phenotypic and genotypic levels considering the 

grain yield plant
-1 

as dependent character and yield 

attributes as independent characters. Each component 

has two-path action viz., direct effect on yield and 

indirect effects through component characters, which 

were not revealed by correlation studies. The 

phenotypic and genotypic correlations were 

partitioned into direct and indirect effects on grain 

yield plant
-1

 and the data is presented in Table 2. 

Among the characters studied at genotypic level, 

straw yield plant
-1

 had highest direct positive effect 

on grain yield plant
-1

 followed by harvest index, 

plant height, Na/K ratio, days to 50% flowering, 

1000 grain weight, days to maturity, productive 

tillers hill
-1

, number of grains panicle
-1

, chlorophyll 

content similar finding also observed by Gopikannan 

and Ganesh (2013) for harvest index, plant height, 

Na/K ratio, days to 50 per cent flowering, 1000 grain 

weight, days to maturity, productive tillers hill
-1

, 

number of grains panicle
-1

, chlorophyll content. The 

highest direct negative contribution to the grain yield 

plant
-1 

was recorded by proline followed by spikelet 

fertility (%), panicle length and L/B ratio present 

finding conformity with Shanthi et al. (2011) and 

Gopikannan and Ganesh (2013).  First three 

characters i.e. straw yield plant
-1

, harvest index and 

plant height having maximum direct impact on grain 

yield plant
-1 

are seen to have closely related to each 

other. The residual effect of 0.04 is low since the 

traits contributed more to the variability in grain 

yield of rice. All these characters govern the growth 

rate and biomass production of the crop. In breeding 

for salinity tolerance, the dilution of salts by 

increasing in height of genotypes followed by 

biomass is one of the proved mechanisms behind 

salinity tolerance. Therefore, the maximum focus 

should be on selection of plant types those are having 

vigorous growth and more biomass to ensure prolong 

source and sink.  

From the foregoing discussion of association studies 

in the present set of breeding materials pointed out 

that, there is much scope for selecting high yielding 

genotypes with salinity tolerance in rice under salt 

stress condition, if selection pressure is exerted on 

productive tillers hill
-1

, length breadth ratio, straw 

yield, harvest index, number of grains panicle
-1

 and 

1000-grain weight in positive direction and low Na+: 

K+ ratio and chlorophyll content towards negative 

direction for yield improvement in salinity tolerance 

breeding programme. This was in accordance with 

Shanthi et al. (2011). 

 

Table 1. Genotypic correlation coefficients between yield and yield attributes in rice 
Traits CHL DFF GY PH PRO SPF NGP TW LB DM HI NA/K SY PL 

DFF 

0.206NS                           

GY 

-0.445** -0.536**                         

PH 

0.347* -0.319* -0.264NS                       

PRO 

0.620** 0.297* -0.013NS 0.106NS                     

SPF 

0.854** -0.014NS -0.058NS 0.273* 0.913**                   
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NGP 

0.020NS 0.044NS 0.302* -0.483** 0.282* 

-

0.065NS                 

TW 

0.296* 0.113NS 0.280* 

-

0.174NS 0.452** 0.561** 

-

0.108NS               

LB 

-0.329* -0.385** 0.583** -0.363** -0.431** -0.499** 0.333* 

-

0.097NS             

DM 

-0.268NS 0.567** -0.227NS -0.514** 0.067NS -0.362** 0.336* -0.439** -0.280*           

HI 

-0.333* 0.040NS 0.348* 0.045NS -0.084NS -0.310* 

-

0.053NS 0.116NS 0.003NS 0.035NS         

NA/K 

0.624** 0.247NS -0.235NS 

-

0.105NS 0.693** 0.914** 0.180NS 0.356** -0.391** 0.116NS -0.369**       

SY 

-0.015NS -0.471** 0.434** 

-

0.247NS 0.070NS 0.237NS 0.259NS 0.090NS 0.478** -0.223NS -0.688** 0.159NS     

PL 

0.361** 0.399** -0.068NS 0.078NS 0.444** 0.409** 0.197NS 

-

0.029NS 0.034NS -0.027NS -0.079NS 0.472** 0.011NS   

PT 

0.074NS -0.446** 0.598** 0.195NS 0.214NS 0.150NS 0.552** 

-

0.031NS 0.368** -0.358** 0.342* -0.178NS 0.150NS 0.208NS 

*, ** indicate significance at 0.05 and 0.01 levels, respectively 

DFF-days to 50% flowering, PT-productive tillers hill
-1

, PH-plant height (cm),PL- panicle length (cm),NGP-

number of grains panicle
-1

, SPF-spikelet fertility (%), DM- days to maturity, GY-grain yield plant
-1

, SY- straw 

yield plant
-1

, TW-1000-grain weight (gm), LB- L/B ratio, HI-harvest index (%),Na
+
/ K

+
 ratio, PRO- proline 

content (ug g
-1

 fw) and CHL- chlorophyll content (mg g
-1 

fw). 

 

Table 2. Path coefficient analysis showing direct and indirect effect of fourteen causal variables on grain yield 

per plant of rice. 

Traits CHL DFF PH PRO SPF NGP TW LB DM HI NA/K SY PL PT 

Geno. 

correlation  

with grain 

yield 

CHL 0.007 0.094 0.248 -0.408 -0.242 0.002 0.133 0.033 -0.101 -0.495 0.330 -0.029 -0.039 0.022 -0.445** 

DFF 0.001 0.457 -0.228 -0.195 0.004 0.004 0.051 0.038 0.214 0.060 0.130 -0.896 -0.043 -0.133 -0.536** 

PH 0.002 -0.146 0.716 -0.070 -0.077 -0.047 -0.078 0.036 -0.194 0.067 -0.055 -0.469 -0.008 0.058 -0.264NS 

PRO 0.004 0.135 0.076 -0.658 -0.258 0.027 0.203 0.043 0.025 -0.126 0.366 0.134 -0.048 0.064 -0.013NS 

SPF 0.006 -0.007 0.196 -0.601 -0.283 -0.006 0.252 0.049 -0.137 -0.461 0.483 0.450 -0.044 0.045 -0.058NS 

NGP 0.000 0.020 -0.346 -0.186 0.019 0.096 -0.048 -0.033 0.127 -0.079 0.095 0.493 -0.021 0.165 0.302* 

TW 0.002 0.052 -0.125 -0.297 -0.159 -0.010 0.449 0.010 -0.166 0.172 0.188 0.171 0.003 -0.009 0.280* 

LB -0.002 -0.176 -0.260 0.284 0.141 0.032 -0.044 -0.099 -0.106 0.004 -0.207 0.909 -0.004 0.110 0.583** 

DM -0.002 0.259 -0.368 -0.044 0.102 0.032 -0.197 0.028 0.377 0.052 0.061 -0.424 0.003 -0.107 -0.227NS 

HI -0.002 0.018 0.032 0.056 0.088 -0.005 0.052 0.000 0.013 1.489 -0.195 -1.308 0.009 0.102 0.348* 

NA/K 0.004 0.113 -0.075 -0.456 -0.259 0.017 0.160 0.039 0.044 -0.550 0.529 0.303 -0.051 -0.053 -0.235NS 

SY 0.000 -0.215 -0.177 -0.046 -0.067 0.025 0.040 -0.047 -0.084 -1.024 0.084 1.902 -0.001 0.045 0.434** 

PL 0.002 0.182 0.056 -0.292 -0.116 0.019 -0.013 -0.003 -0.010 -0.118 0.249 0.022 -0.108 0.062 -0.068NS 

PT 0.000 -0.204 0.140 -0.141 -0.042 0.053 -0.014 -0.036 -0.135 0.509 -0.094 0.286 -0.023 0.298 0.598** 

*, ** indicate significance at 0.05 and 0.01 levels, respectively. Residual effect = 0.04; Diagonal and bold 

indicates the direct effects 

DFF-days to 50% flowering, PT-productive tillers hill
-1

, PH-plant height (cm),PL- panicle length (cm),NGP-

number of grains panicle
-1

, SPF-spikelet fertility (%), DM- days to maturity, GY-grain yield plant
-1

, SY- straw 

yield plant
-1

, TW-1000-grain weight (gm), LB- L/B ratio, HI-harvest index (%),Na
+
/ K

+
 ratio ,PRO- proline 

content (ug g
-1

 fw) and CHL- chlorophyll content (mg g
-1 

fw). 

 

CONCLUSION 

 

Direct yield improvement under salinity stress 

condition is difficult. Hence, yield improvement in 

saline environments could be achieved by identifying 

secondary traits contributing to salt tolerance and 

selecting for those traits in a breeding programme. 

Hence, selection on the following secondary traits 

viz., productive tillers hill
-1

, length breadth ratio, 

straw yield, harvest index, number of grains panicle
-

1
and 1000-grain weight, Na+: K+ ratio, proline 

content and chlorophyll content may be used as 

reliable criteria for improving yield coupled with 

salinity tolerance in rice. 
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Abstract: Three models have been used for the study of trend analysis of the Urd for the Sarguja district. Linear Quadratic and 

Exponential Models has been used for Sarguja district. Present study period was 1979-80 to 2012-13, which divided into three 

group i.e. period- I, period-II and period-III. The value of R2 indicates the efficiency of the models and the forecasted value 

indicates the accuracy of the models. CGR (%), CV (%) and Instability Index have been calculated for the respective periods and 

all three models. The studies are very necessary not only for understanding the growth trends and magnitude of fluctuations in 

crop production, but are also useful for scientific planning and effective implementation of agricultural developmental at different 

levels. 

 

Keywords: CGR, CV, Exponential, Linear and Quadratic Models and Instability Index, etc. 

 

INTRODUCTION  

 

hhattisgarh is a state in Central India. It is the 10th 

largest state in India, with an area of 13.5 million 

hectare. It is the 16th most-populated state of the nation 

having a total population of 25.5 million. The State has 

three agroclimatic zones, i.e. Chhattisgarh plains, 

Bastar plateau and Northern Hill Region spreading 

over a total geographical area of 13.60 million 

hectares. Forest occupies 1.85 million hectares in the 

State. The net area sown is 4.82 million hectares, 

which is 35.44 per cent of the geographical area. The 

cropping intensity is 117.0 per cent. Chhattisgarh is an 

important State as it contributed about 5.72 per cent of 

the total annual pulses area, Production and  

productivity in Chhattisgarh during 2010-11 were 0.81 

(Mha), 0.49 million ton and 605  kg/ha (State of Indian 

Agriculture, 2012-13) respectively. 

About 90 percent of the total global area under 

pigeonpea, 65 percent under chickpea and 37 percent 

under lentil is contributed by India, with a 

corresponding share of production of 93 percent, 68 

percent and 32 percent, respectively (Reddy, 2004). 

Pulses occupy an important place in Indian agricultural 

economy as they are rich sources of proteins and 

constitute 10 to 15 per cent of India‟s food grain diet. 

They are relatively the richest, cheapest and easiest 

source of best quality proteins and fats, have a vast 

multiplicity of uses as food and industrial products. 

India is the largest producer and consumer of pulses in 

the world accounting for 33 per cent of the world area 

and 22 per cent of world production and about 30 per 

cent of consumption. Pulses complement cereals in 

both production and consumption (Joshi and Saxena, 

2002).  

The important states engaged in growing pulses are 

Madhya Pradesh (22.90 %), Uttar Pradesh (18.12 %), 

Maharashtra (14.25 %), Rajasthan (10.84 %), Andhra 

Pradesh (8.64 %), Karnataka (5.76 %) and others 

(19.49 %), (Shailendra, 2011). 

The total area, production and productivity was 22.46 

(Mha), 10.63 million ton and 473  kg/ha respectively 

during 1980-81, which increased to 24.66 million 

hectares, 14.26 million ton and 578 kg/ha during 1990-

91. During 2000-01, 20.35 (Mha), 11.08 million tons 

and 544 kg/ha. During 2000-01 the country imported 

about 4.73Mt of pulses export earnings were a little 

less crores which increased to 23.50 million hectares, 

14.60 million ton and  689  kg/ha during 2010-11. 

Production of pulses during 2011-12 was 14.60 million 

tonnes which was slightly less than the 32.48 million 

tonnes recorded in 2010- 11, (GoI, 2012). 

 

MATERIAL AND METHOD 

 

The study was confined to the Northern Hills of 

Chhattisgarh state and its district. There was only one 

district in Northern Hill zone is Sarguja. In the present 

study we have investigated only two districts as 

mentioned above. Urd (Vigna mungo) were considered 

for the study, because most of the districts of Northern 

Hill of Chhattisgarh had some appreciable area under 

these crops. 

The present study mainly hinges on secondary sources 

of data for analysis, drawing inferences and arriving at 

relevant conclusions. Blackgram and Greengram other 

pulses and total pulses for the three districts were 

collected for the period from 1979-80 to 2012-13 from 

various issues of publication such as 'Agricultural 

Statistics' published by Directorate of Agriculture, 

Government of Madhya Pradesh, Bhopal (1979-80 to 

1997-1998) and 'Basic Agricultural Statistics' (1979-80 

to 1997-1998) published by Commissioner of Land 

Records and Settlement Gwalior, Government of 

C 
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Madhya Pradesh and from the website 

www.agridept.cg.gov.in/agriculture/ kharif.htm (1998-

99 to 2011-12) and “Table of Agriculture Statistics” 

(2012-13)  published by Commissioner, Land Records 

and Settlement, Raipur, Chhattisgarh. The data on area, 

production and productivity for pulses in Chhattisgarh 

for the period of 1979-80 to 2012-13 formed the basis 

of the present study.  

However, the entire period has been divided into three 

periods to assess the trend analysis (linear, quadratic 

and exponential trends) as shown below: 

1. Pre-establishment of IGKV, Raipur: 1979-80 

to 1986-87 (period- I). 

2. Post-establishment of IGKV, Raipur and pre-

period of M.P. and C.G. partition: 1987-88 to 

1997-98 (period-II). 

3. Post-period of M.P. and C.G. partition: 1998-

99 to 2012-13 (period-III). 

The main consideration underlying the choice of these 

sub-periods was based on the fact that „Indira Gandhi 

Krishi Vishwavidyalaya‟ and newly formed State 

Chhattisgarh started functioning from the year 1987-88 

and 1998-99 respectively and number of districts is 

different in different study period. 

In order to quantify the growth of area, production and 

productivity of cereal crops, district wise trend in area, 

production and productivity were worked out for the 

cereal crops of Northern Hills of Chhattisgarh, for the 

three separate periods viz., (1) Pre-establishment of 

IGKV, Raipur: 1979-80 to 1986-87 (period- I); (2) 

Post-establishment of IGKV, Raipur and pre-period of 

M.P. and C.G. partition: 1987-88 to 1997-98 and (3) 

Post-period of M.P. and C.G. partition: 1998-99 to 

2012-13. To analyse the trend in area, production and 

productivity of different cereal crops, the following 

different functional forms were fitted. 

1. Linear function   Y = a + bx 

2. Quadratic function  Y = a + bx + cx
2
 

3. Exponential function  Y = a.b
x
 

Where, Y = Area, production and productivity of 

different food grain crops 

 x = Time variable 

The functional form having the highest co-efficient of 

determination (R
2
) is selected for fitting the trend. 

Similarly, the growth rate of area, production and 

productivity of different cereal crops were also 

computed. Compound Growth Rate was also computed 

for area, production and productivity of different cereal 

crops based on the exponential function for the period. 

The Compound Growth Rate was computed as follows: 

Compound Growth percentage (CGR %) = (b-1) 100 

To measure the magnitude of variability in area, 

production and productivity the co-efficient of 

variation (%) was computed. Further the instability 

index was also calculated to examine the instability 

area, production and productivity of different cereal 

crops in different districts of Chhattisgarh plain over 

the time period by using the formula: 

Instability Index (I) = (1-R
2
)  CV

2
  

 

RESULT AND DISCUSSION 

 

Linear Trend Analysis 

Performance of Urd 
It was observed form the Table 1 that a positive linear 

trend of area (R
2
= 93.86%), production (R

2
= 63.62%) 

were found to be significant at 1% level of 

significance, while productivity (R
2
= 33.53%) was 

found to be non- significant of period- I. A positively 

linear trend in area (R
2
= 89.60 %) and productivity 

(R
2
= 20.33%) were found to be negatively significant 

1% level of significance while negatively linear trend 

production (R
2
= 66.31%) was found to be non-

significance during period-II. and linear trend in area 

(R
2
= 83.02 %) production (R

2
= 0.11 %) and 

productivity (R
2
= 42.83 %) of crop during period –III. 

 

Growth trend analysis 

It was observed form the Table 1 that a positive growth 

trend in area (R
2
= 93.81%) and production (R

2
= 

57.42%) was found to be statistically highly significant 

at 1% and 5% level of significance, while productivity 

(R
2
= 33.96 %) was found to be non-significant study 

period- I. A positive growth trend in area (R
2
= 89.57%) 

and productivity (R
2
= 65.30 %) was found to be 

statistically highly significant at 1% level of 

significance, while production (R
2
= 22.32 %) was 

found to be non-significant study period- II.  

 

Quadratic trend analysis 

Table 1 Relevance that the the linear and quadratic 

regression coefficient were found to be non-significant 

for area, production productivity of crop during study 

period-I. It was observed form the Table 1 that linear 

and quadratic regression coefficient were found to be 

positive and negative significant respectively  for 

production (R
2
= 69.39) under study period- II.  

It was observed form the Table 1 that linear and 

quadratic regression coefficient were found to be 

positive and negative significant respectively  for 

productivity (R
2
= 87.12) under study period- III.  

 

Instability analysis 

Table 2 revealed that the coefficient of variation for 

area is very low indicates that grown in all over the 

area in all period. All districts in period III showed 

negative significant growth rate, which indicate that the 

urd crop is grown in all over the Northern hills of 

Chhattisgarh with varying area in all period. Though 

the area exhibits negative significantly growth rate in 

all of the districts of Northern hills of Chhattisgarh.
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Table 1. R
2
 value of linear, quadratic and exponential and Forecast for Urd crop 

 

Table 2. CGR (%), CV (%) and II of area, production and productivity of Urd crop 

Aspects Aspects Period 

I II III 

A CGR (%) 2.77*** 1.53 *** -4.05** 

CV (%) 6.47 5.07 3.69 

Instability Index 0.0259 0.0261 0.0982 

P CGR (%) 7.27** -1.05
 NS

 -5.05* 

CV (%) 17.63 7.19 51.96 

Instability Index 1.323 0.4157 20.42 

Y CGR (%) 4.53
 NS

 1.29*** -0.29 

CV (%) 14.55 4.99 8.08 

Instability Index 1.398 0.0864 6.494 

Note: ***, **,* & NS: Significant at 1per cent, 5 per cent, 10 per cent probability 

level and Non Significant respectively A= Area, P= Production, Y=Yield/Productivity 
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District Aspects 

R
2
 (in %)  Forecasted area and production 

Linear Quadratic Exponential Years 

Y= a+bx Y= a+bx+cx
2 

Y= a.b
x 

2013-14 2014-15
 

2015-16
 

Sarguja Area 15.47 26.25 18.08 0.12 0.13 0.14 

Production 10.10 6.22 10.10 0.020 0.021 0.027 

Jashpur Area 16.04 8.91 21.14 0.036 0.034 0.033 

Production 17.58 18.12 20.94 0.008 0.0082 0.007 

http://ovidsp.tx.ovid.com/sp-3.10.0b/ovidweb.cgi?&S=MJMBFPBLKODDCECNNCNKBFMCEAFPAA00&Search+Link=%22Bera%2c+B+K%22.au.
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Abstract: The present study was conducted with a view to economics of tomato production in Bilaspur district of 

Chhattisgarh. The survey for this purpose was conducted in Bilha block of Bilaspur district of Chhattisgarh. The primary 

data were collected from 60 randomly selected farmers from four villages for the year 2013-14 through personal interview 

method with the help of a pretested schedule designed for the study. The major findings of the study revealed that average 

the cost of cultivation of tomato was found to be Rs/ha.  33887.77. Overall cost of tomato of production was accounted Rs. 

190.58/q to produce the average of 177.81 qtl/ha. Farmers received net income of Rs. 55017.255 per ha. Marketable surplus 

of marginal, small, medium, large farms was noticed to be 96.05, 95.44, 93.58, 94.94 with an average of 94.47 per cent of 

the total production of tomato respectively. Extension personal should actively participate to disseminate the information of 

new varieties and package of practices as well as procedures of standardization and grading of produce to obtain the more 

benefits. The cooperative societies should be formed by farmers for better performance and achievement of tomato 

cultivation. The produce should be procured at   to ensure benefit and risk coverage by fluctuation of prices of tomato. On 

the basis of outcomes of the study, it is being suggested that pests & disease resistant varieties of tomato should be grown by 

tomato growers. 

 

Keywords: Cost of Production, Cost Concepts and Marketable surplus 

 

INTRODUCTION 

 

egetables have their owned importance in 

Indian agriculture. It gives the nutritional 

security due to nutritional richness and generate 

more on-farm and off-farm employment and 

economic viability. India is the second largest 

producer of fruits and vegetables in the world. Total 

area under horticultural crops is 21.83 m. ha and 

production is 240.53 M T. Fruits and vegetables 

together contribute about 92% of the total 

horticultural production in the country. The vegetable 

production in India has touched a new height in 

recent years, placing it as the second largest producer 

of vegetables in the world, next to China (Kumar et 

al., 2005; Kumar et al., 2004 a&b). The expected 

demand is of vegetables to feed the growing 

population is 185 m.t.  (Singh et al., 2004).The area 

of vegetable crops is  5.9 m. ha production 90.8 m. t. 

India ranks first in production of okra in the world 

(73% of world production) and second in other 

vegetables such as brinjal (27.55%), cabbage (13%), 

cauliflower & broccoli (36%), onion (19.90%), 

potato (13%) and tomato (11%). The State has 

contributed about 4 % of the total production of 

tomato in the country. It produces about 0.63 m. MT 

of tomato from an area of 0.04 m. ha. with 

productivity of 14.6 MT/ha. The major tomato 

producing belts in the state are Raipur, Durg and 

Bastar. Chhattisgarh produces 5.94 Million tonnes of 

vegetables from 0.59 M ha area and accounted 2.47 

% of vegetables production in the country. The major 

share of vegetables production and fruits was 71.49 

and 26.41 percent respectively to the total 

Horticultural crops.The major vegetables grown in 

Bilaspur district of Chhattisgarh are brinjal, tomato, 

cabbage, cauliflower, okra. Bilaspur district covers 

7.04 percent share in total vegetable area in 

Chhattisgarh. It is not important just to produce 

vegetables, but it must be produced efficiently and 

marketed successfully. It is necessary to improve the 

marketing system to aid development. A study of the 

vegetable marketing system is necessary to 

understand the complexicity involved and to identify 

bottleneck with a view to provide efficient services 

in transfer of farm produce and input from producers 

to consumers. An efficient marketing system 

minimizes costs and benefits in all sections of 

society. Keeping in-view the economic importance of 

vegetables “Economics of Tomato Production in 

Bilaspur District of Chhattisgarh” was undertaken for 

the present study.  

 

MATARIAL AND METHOD 

 

Out of 27 district of Chhattisgarh, Bilaspur district 

was selected purposively for the study. Out of 7 

block of Bilaspur district, Bilha block has been 

selected randomly from the selected block because of 

major area and production was accounted in the 

district. Mopka, Sendari, Dhuma, Kachhar Villages 

were selected randomly. A sample of 60 respondents 

were selected by using probability proportional to 

size techniques method which comprised of 

marginal, small ,medium and large farms 

respectively. Primary data were collected on the 

relevant aspects to fulfill the objectives of the study 

for the 2013-14. 

 

V 
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RESULT AND DISCUSSION 

 

Cost of production 

The cost of production was computed by using cost 

concepts that adopted in the National scheme on cost 

of cultivation. The results revealed that overall, the 

cost of production of tomato was higher at large 

farms as compared to marginal farm (Table 1).it was 

noticed that the average per hectare cost of 

cultivation of tomato worked out to be 

Rs.33887.77.the cost of cultivation at large farms 

was higher and found to be (Rs.44278.86) as 

compared to marginal farms (Rs.24572.85), small 

farms (Rs.32964.13) and medium farms 

(Rs.36999.17). Among different input materials use 

in tomato cultivation, per hectare cost was observed 

highest for i.e. total human labour (Rs.16132.29) 

followed by manure and fertilizer (Rs.7064.01) seed 

cost (Rs.3808.51) irrigation charges (Rs.2821.35) 

machine power (Rs.1753.26) plant protection 

(Rs.1169.33) bullock labour (Rs.140)  and land 

revenue (Rs.12) respectively. The cost of cultivation  

per hectare showed a rising trend with the rise in the 

size of farms it was due to the facts that the large 

farmers incurred more expenditure on modern farm 

inputs. 

 

Yield and value of output of tomato 

The value of output per hectare of tomato of the 

sample farms was worked out and presented in Table 

2. It indicates that the average yield per hectare of 

tomato was obtained to be 177.81 quintals of the 

sample farms. Overall the per quintal cost of 

production of tomato was found to be Rs. 190.58 on 

over all basis that noticed to be Rs 

226.72,Rs.195.6,Rs 194.38,Rs192.2,and 190.58 at 

marginal, small, medium, and large farms 

respectively. The economy to scale was in operation 

cost for one unit production of tomato to scale of 

farm size, which was found to be decreasing with the 

increased in the farms size. The average value of 

output per hectare received by farmers of Rs. 

88905.32.the value of output per hectare was noticed 

to be Rs.54190.01, Rs.84260.11, Rs.95170.21 and 

Rs.115185.12 at marginal, small, medium and large 

farms size respectively. The higher value of output 

on large was associated with the higher expenditure 

incurred on modern farm inputs. 

 

Costs and returns 

The net income and family labour income, per 

hectare tomato production on the sample farms of 

different size groups have been worked out and given  

in Table 3. It reveals that, net income and family 

labour income per hectare was accounted to be 

Rs.55017.55, Rs.60633.79  respectively, irrespective 

to the farm size. The average input-output ratio was 

found to be 1:2.58 at  the farms under in the study 

area. 

 

Costs and returns on the basis of cost concepts: 

The Cost and returns on the basis of cost concept in 

the production of tomato have been presented in the 

Table 04. It is evident from table  that, the per 

hectare cost-A, cost-B and cost-C were registered to 

be  Rs.29370.22, Rs.39370.22 and 44986.46  on 

overall farm size basis..The average income per 

hectare over cost-A, cost-B and cost-C were worked 

out to be Rs.59535.1, Rs.49535.1and Rs.43918.86 

respectively. The income over different costs was  

increasing with the increases in the farm size it was 

due to higher output in relation to total input cost.  

 

Marketable Surplus  

Tomato is highly perishable  in nature and  cannot be 

stored by farmers for a longer period without losses. 

Lack of infrastructural facilities is another reason that 

forces to farmers to sell their produce in the market 

immediately after harvest. Table 5 reveals that the 

estimated marketable surplus of tomato with 

marginal, small, medium, large farmers was noticed 

to be 96.05, 95.44, 93.58, 94.94 percent respectively.

  

Table 1. Economics of tomato on different size groups of farms       (Rs./ha) 

S. No. Particulars 
Farm Size 

Average 
Marginal Small Medium Large 

1. Family human labour 12672.01 

(51.57) 

5641.86 

(17.12) 

4099.64 

(11.08) 

3900.08 

(8.81) 

5616.24 

(16.57) 

2. Hired human labour 850.24 

(3.46) 

10286.36 

(31.20) 

12234.16 

(33.07) 

14734.85 

(33.28) 

10516.05 

(31.03) 

 Total human labour 13522.25 

(55.03) 

15928.22 

(48.32) 

18333.8 

(49.55) 

20634.93 

(46.60) 

16132.29 

(47.61) 

3. Bullock labour 1200.01 

(4.88) 

0 

(0) 

0 

(0) 

0 

(0) 

140 

(0.41) 

4. Machine power 0 

(0) 

1536.73 

(4.66) 

2037.66 

(5.51) 

3140.45 

(7.09) 

1753.26 

(5.17) 

5. Seed cost 1780.02 

(7.24) 

3980.4 

(12.07) 

4100.02 

(11.08) 

4280.23 

(9.67) 

3808.51 

(11.24) 

6. Manure & Fertilizer 5966.15 

(24.28) 

6832.59 

(20.73) 

7234.93 

(19.55) 

8245.72 

(18.62) 

7064.01 

(20.85) 
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7. Plant protection 851.32 

(3.46) 

1142.65 

(3.47) 

1162.86 

(3.14) 

1590.54 

(3.59) 

1169.33 

(3.45) 

8. Irrigation charges 525.39 

(2.14) 

2571.42 

(7.80) 

3040.26 

(8.22) 

5085.32 

(11.48) 

2821.35 

(8.33) 

9. Land revenue 12 

(0.05) 

12 

(0.04) 

12 

(0.03) 

12 

(0.03) 

12 

(0.04) 

10. Interest on working capital 715.71 

(2.91) 

960.12 

(2.91) 

1077.64 

(2.91) 

1289.67 

(2.91) 

987.02 

(2.91) 

  Total Input cost 24572.85 

(100.00) 

32964.13 

(100.00) 

36999.17 

(100.00) 

44278.86 

(100.00) 

33887.77 

(100.00) 

       Note: Figures in parentheses indicate percentage to total 

 

Table 2. Per hectare yield, value of output and cost of production per quintal of tomato (Rs./ha) 

S. No. Particular 
Farm Size 

Average 
Marginal Small Medium Large 

1 Input cost (Rs.) 24572.85 32964.13 36999.17 44278.86 33887.77 

2 Yield (qt/ha.) 108.38 168.52 190.34 230.37 177.81 

3 Price (Rs/ qt) 500 500 500 500 500 

4 value of production 54190.01 84260.11 95170.21 115185.12 88905.32 

5 Cost of production(Rs./qtl) 226.72 195.6 194.38 192.2 190.58 

 

Table 3. Cost and return of tomato on the sample farms for different group of farms (Rs./ha) 

S. No Particular 
                          Farm Size   

Average Marginal Small Medium Large 

1. Input cost (Rs) 24572.85 32964.13 36999.17 44278.86 33887.77 

2. Output value (Rs/qt) 54190.01 84260.11 95170.21 115185.12 88905.32 

3. Net income (Rs) 29617.16 51295.98 58171.04 70906.26 55017.55 

4. Family labour income(Rs) 42289.17 56937.84 62270.68 74806.34 60633.79 

5. Farm business income(Rs) 43004.88 57897.96 63348.32 76096.01 61620.81 

6. Input –output ratio 1:2.24 1:2.56 1:2.57 1:2.60 1:2.58 

 

Table 4. Break-up of total cost, cost concept wise income over different cost in tomato   (Rs./ha) 

Particulars 
Farm Size 

Average 
Marginal Small Medium Large 

A. Break-up of cost           

a. Cost A 11900.84 27322.27 32899.53 40378.78 29370.22 

b. Cost A1 11900.84 27322.27 32899.53 40378.78 29370.22 

c. Cost B 21900.84 37322.27 42899.53 50378.78 39370.22 

d. Cost C 34572.85 42964.13 46999.17 44278.86 44986.46 

B. Income over different cost           

a. Income over cost A 42289.17 56937.84 62270.68 74806.34 59535.1 

b. Income over cost A1 42289.17 56937.84 62270.68 74806.34 59535.1 

c. Income over cost B 32289.17 46937.84 52270.68 64806.34 49535.1 

d. Income over cost C 19617.16 41295.98 48171.04 70906.26 43918.86 

 

Table 5. Marketable surplus of tomato of sampled households  (In quintal per farm) 

S. No Particulars 
Farm size 

Average 
Marginal Small Medium Large 

1. Total quantity produced(qty) 41.72 

(100.00) 

58 

(100.00) 

99 

(100.00) 

167.5 

(100.00) 

85.96 

(100.00) 

2. Quantity paid for wages 0.93 1.59 4.4 6.67 3.28 
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(2.23) (2.74) (4.44) (3.98) (3.82) 

3. Quantity used for home 0.72 

(1.73) 

1.05 

(1.81) 

1.96 

(1.98) 

1.8 

(1.07) 

1.48 

(1.72) 

4. Total quantity utilized 1.65 

(3.95) 

2.64 

(4.55) 

6.36 

(6.42) 

8.47 

(5.06) 

4.75 

(5.53) 

 Marketable surplus 40.07 

(96.05) 

55.36 

(95.44) 

92.64 

(93.58) 

159.03 

(94.94) 

81.21 

(94.47) 

Note: Figures in parentheses indicate percentage to total quantity produced. 
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Abstract: A pest complex of about five insect pests belonging to three orders and 3 families were recorded at Pantnagar 

infesting the pea var. ‘Pant P-13’ at different stages of crop growth in an overlapping manner. Two species each belonged to 

the order Lepidoptera and Diptera, whereas, Hemiptera shared with one species. All the major parts of this legume plant viz., 

pod/seed, leaf and stem were found to be infested. Out of five insect species, two recorded as foliage feeders, one as sap 

suckers, one as pod feeders and one as stem feeder. Leaf miner, Chromatomyia horticola was observed as the major pests on 

pea. During the course of investigation, three species of natural enemies were found to be associated with insect pest of pea 

of which Diglyphus sp. was recorded major one.    

 

Keywords: Insect-pest complex, natural enemies, Pisum sativum 

 

INTRODUCTION 

 

ield pea, Pisum sativum (Linn.) also called as 

mater in Hindi, is an important winter season 

grain legume crop largely confined to cooler 

temperate zones. In India, field pea occupies an area 

of 0.76 million ha with an annual production of 0.67 

million tonnes. The average productivity is 866 

kg/ha. Many abiotic and biotic factors limit the 

productivity of pea. Among the biotic constraints, 

insect pests are probably main factors limiting the 

pea yield.  Large numbers of insect pests attack all 

parts of the plant at different stages, from seedling to 

harvest. As many as 24 insect species have been 

reported infesting the pea crop at different stages 

(Bijjur and Verma, 1995).   Among the insect pests, 

pea stem fly (Melanagromyza phaseoli Tryon), pea 

leaf miner (Chromatomyia horticola Goureau), pea 

aphid (Acyrthosiphon pisum), and pod borer complex 

(Helicoverpa armigera (Hub), Lampides boeticus 

(L.) and (Etiella zinckenella Tr.) and thrips 

(Caliothrips indicus Bagnall) often cause substantial 

loss to the crop. Hence, there is a great scope to study 

on insect pests of pea. An attempt is made here to 

determine what appear to be the major pests of pea 

crop at Pantnagar. 

 

MATERIAL AND METHOD 

 

The field experiment to study insect pest complex of 

pea was conducted at Norman E. Borlaug Crop 

Research Centre (NEBCRC) of Govind Ballabh Pant 

University of Agriculture and Technology, 

Pantnagar, Uttarakhand during Rabi season of 2012-

13. Seeds of pea (variety ‘Pant P-13’) were sown on 

8
th

 November with spacing of row to row and seed to 

seed, 30 cm and 10 cm, respectively.  The field was 

monitored regularly either daily or at an interval of 1-

2 days for the observation of insect-pests on crop. 

The immature stages of the pests were collected and 

brought to the laboratory for rearing. The collected 

adult insects were also killed in killing bottle, 

mounted either on insect pins or paper points 

depending on its size and labeled properly. The 

specimens were identified in Department of 

Entomology at Pantnagar.  

 

RESULT AND DISCUSSION 

 

Five insect pests were recorded during the cropping 

season at different stages of pea of which 2 each 

belonged to Lepidoptera and Diptera whereas one 

species to Hemiptera (Table 1). It was observed that 

the pest species infested different parts viz., leaves, 

shoot and pod. Major pest which caused significant 

damage was Chromatomyia horticola. During the 

course of investigation, three natural enemies’ viz., 

Coccinella septempunctata, Diglyphus sp. and Opius 

sp. were found to be associated with insect pest of 

pea irrespective to the insect pest (Table 2). Details 

pertaining to insect pests and their natural enemies 

are given as under. 

 

Insect pests 

Foliage feeding pests 

Thysanoplusia orichalcea (Fab.) (Noctuidae: 

Lepidoptera) – Semilooper 

The larvae of this pest bite hole in the leaves and 

cause severe damage by reducing photosynthesis 

area. Its infestation was observed in the field from 

pod formation to pod maturity stage of pea. 

According to its relative abundance it is considered 

as rare pest on pea. 
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Table 1. insect-pests of pea 
Order Family Insect pest Common name Plant part 

affected 

Crop stage Relative 

abundance 

Status 

Lepidoptera Noctuidae Thysanoplusia 

orichalcea (Fab.) 

Semilooper Leaves  Pod formation – pod 

maturity 

+ Stray 

Helicoverpa armigera 

(Hubner) 

Gram pod borer pods Pod formation – pod 

maturity  

+ 

 

Stray 

 

Hemiptera Aphididae Acyrthosiphon pisum 

(Harris) 

Aphid Sap sucker on 

leaves, shoot 

Vegetative ++ Minor 

Diptera 

 

Agromyzidae Ophiomyia phaseoli 

(Tryon) 

Stemfly Stem  Seedling – vegetative ++ Minor 

Chromatomyia 

horticola (Goweau) 

Pea leafminer  leaves Vegetative – pod 

maturity 

++++ Major 

 

Table 2. Natural enemies associated with insect pests of pea 
Order Family Scientific name Common name Host  Relative 

abundance 

Status 

Hymenoptera  Eulophidae Diglyphus sp. Diglyphus Chromatomyia 
horticola 

++++ Major 

Braconidae Opius sp. Opius Chromatomyia 

horticola 

++ Minor 

Coleoptera  Coccinellidae  Coccinella 
septempunctata 

Coccinellid beetle Acyrthosiphon pisum  ++ Minor 

 

Chromatomyia horticola (Goweau) (Agromyzidae: 

Diptera) - Pea leafminer 

The larva of this pest makes white tunnel in between 

the epidermal layers of the leaf in a zig-zag manner. 

Later on leaf becomes brown and rusty. Its 

infestation was observed in the field from vegetative 

to pod maturity stage of pea. The infestation was 

commenced during the last week of December first 

on lower leaves followed by middle and then upper 

leaves. On the basis of its relative abundance it is 

considered as a major pest on pea crop. 

Sap sucking pests 

Acyrthosiphon pisum (Harris) (Aphididae: 

Hemiptera) – Aphid 

The nymphs and adults suck the sap from under 

surface of the leaves and tender shoots. It marked its 

appearance at the vegetative stage of crop growth. It 

is a pest of minor importance on pea as evidenced by 

its lower relative abundance.  

Pod damaging pests 

Helicoverpa armigera (Hubner) (Noctuidae: 

Lepidoptera) - Gram pod borer 

The larva of this pest bores into pod and feeds on 

seeds. It thrusts its head inside the pod leaving the 

rest of its body outside. It was observed in the field 

from pod formation to pod maturity stage of crop. It 

was relatively less abundant in the field and 

considered as rare pest.   

Stem feeding pest 

Ophiomyia phaseoli (Tryon) (Agromyzidae: Diptera) 

– Stem fly 

The maggots feed by boring into the stem. The 

leaves of infested plants turn yellow. The stems turn 

brown and become little swollen. The incidence of 

this pest was observed in the field from seedling to 

vegetative stage of crop. On the basis of its relative 

abundance it considered as a minor pest on pea.  

 

Natural enemies  

Parasitoids  

The parasitoids recorded were Diglyphus sp. 

(Eulophidae: Hymenoptera) and Opius sp. 

(Braconidae: Hymenoptera). They were observed to 

parasitize the larvae of leaf miner, C. horticola in 

appreciable population. On the basis of relative 

abundance Diglyphus sp. is considered as major 

parasitoid in pea ecosystem limiting the population 

of pea leafminer whereas, Opius sp. recorded minor 

one. 

Predators  

Only one predatory species viz., Coccinella 

septempunctata was observed during the 

investigation. It was noticed as a potential predator of 

the aphid, Acyrthosiphon pisum. On the basis of its 

relative abundance it is considered as the predator of 

minor importance in pea ecosystem.  

Several studied have been reported different insect 

pests infesting pea from India. Prasad et al. (1983) 

reported 19 insect pests occurring on pea from the 

seedling stage to pod maturation at Delhi. Among 

them leaf miner, Chromatomyia horticola (Gour.), 

aphids, Aphis craccivora (Koch), Macrosiphum 

pisum (Harris) and semiloopers, Plusia orichalcea 

(Fab.) and P. eriosoma (D.) were noticed as the 

major pests of pea whereas, Bijjur and Verma (1995) 

observed 24 insect pests and 11 natural enemies on 

pea at Delhi. Several parasites and predators have 

been reported in pea ecosystem from India and 

abroad. All natural enemies in pea ecosystem belong 

to the Chalcidoidea, Ichneumonidea and Cynipodea 

(Hymenoptera). Of these, chalcidoid parasitoids 

constitute the most dominant group (Murphy and 

LaSalle 1999). Darvas et al. (1999) reported 

Diglyphus begini as the dominant species on 

Chromatomyia fuscula in southeastern Norway. 

Mekhlif and Abdul-Rassoul (2002) reported that 
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Diglyphus iseae Walker and Cirrospilus vittatus 

Walker were found dominant larval parasites on 

Phytomyza horticola Goureau. Gencer (2004) reported 

seven parasitoids species belonging to the Eulophidae 

(Chalcidoidea). Of these, Diglyphus isaea, 

Neochyrsocharis formosa and Neochyrsocharis 

arvensis were found to be the most common parasitoids 

of leafminers. Bhat and Bhagat (2009) reported the 

occurrence of 7 hymenopteran parasitoids of 

agromyzid leaf miner, Chromatomyia horticola 

(Gourear) (Diptera: Agromyzidae) from Kashmir. 

The various parasitoids recorded were 5 eulophids 

(Chrysocharis horticola Mani, Diglyphus horticola 

Khan, Diglyphus sp., Pediobius indicus Khan and 

Euderus agromyzae) and 2 braconids (Opius sp. and 

Dacnusa sp.). 
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Abstract : The present study was investigated in Raigarh and Korba districts of Chhattisgarh during 2012-13. Data were 

collected personally from 270 sericulturists practicing tasar silkworm rearing to analyze the relationship of Managerial 

efficiency of sericulturists with selected independent variables. The analysis of the selected variables revealed that age, 

education, experience in sericulture, social participation, participation in training programme, occupation, annual income, 

land holding, credit availability, sources of information, contact with sericulture personnel, extension participation, level of 

aspiration, scientific orientation, economic motivation and knowledge about improved tasar silk cultivation were found 

significant relationship with managerial efficiency of sericulturists.  

 

Keywords: Management efficiency, Tasar silkworm rearing, Sericulturists  

 

INTRODUCTION 

 

he word “Sericulture” has been derived from the 

word “Su” (Si) which means silk. Sericulture, 

the art and science of growing silkworm, food plants, 

rearing silkworms and production of silk is basically 

an agro-industry. It is divided in two sectors namely 

farm and industry. The farm sector involves growing 

silkworm‟s food plants, rearing silkworm to produce 

cocoons and producing eggs. Reeling, twisting, 

dyeing, printing, finishing, Knitting and felting form 

the industry sector (Dewangan et. al., 2012). 

Sericulture plays a vital role in rural development, as 

it integrates well with the farming systems and has 

the potential to generate attractive income throughout 

the year. It needs low capital and provides year round 

employment (Hanumappa and Erappa, 1985). India 

is the second largest producer of raw silk after China 

and the biggest consumer of raw silk and silk fabrics. 

An analysis of trends in international silk production 

suggests that sericulture has better prospects for 

growth in the developing countries rather than in the 

advanced countries. 

According to Harbison and Myers (1964) Managerial 

efficiency is doing right things at the right time by 

effectively utilizing the resources for productive 

purposes. Nagaraj (1989) has pointed out ten 

components of management efficiency - knowledge 

of improved sericulture, skill acquired, ability in 

planning, ability to make rational decisions, ability to 

co-ordinate activities, ability to mobilize resources, 

timely adoption, efficient use of resources, ability to 

rational marketing and competence in evaluation. 

These components are responsible to make an 

individual sericulturist as efficient manager of the 

sericulture.  

The study was framed with the objective to measure 

the relationship of managerial efficiency of 

sericulturists with all the selected independent 

variables.  

 

MATERIAL AND METHOD 

 

The present study was conducted in Raigarh and 

Korba districts of Chhattisgarh during 2012-13. From 

each selected district 3 blocks i.e. Sarangarh, 

Baramkela and Gharghoda blocks from Raigarh 

district and Korba, Kartala and Podi Uparoda blocks 

from Korba district were selected. From each 

selected block 3 villages were selected on the basis 

of maximum availability of sericulturists.   From 

each of the selected villages, 15 sericulturists were 

selected randomly through simple random sampling 

method. Thus the total 270 (15X18=270) 

sericulturists practicing tasar silkworm rearing were 

selected as respondents. Primary data from 

sericulturists were collected personally through 

personal interview with the help of pre-tested 

structured interview schedule. Managerial efficiency 

of sericulturists was measured through managerial 

efficiency index specifically developed for the study 

on the basis of normalized rank approach method 

recommended by Nagaraj (1989). Managerial 

efficiency of sericulturists with selected independent 

variables were analysed by using appropriated 

statistical tools i.e. coefficient of correlation and 

multiple regression, etc.  

 

RESULT AND DISCUSSION 

 

Correlation coefficient and multiple regression 

analysis of independent variables with managerial 

efficiency of sericulturists towards tasar silk 

cultivation   

To determine the relationship of selected 

independent variables with the managerial efficiency 

of sericulturists, the correlation analysis was worked 

out and results are presented in Table 1. The findings 

revealed that out of 22 independent variables, 16 

variables i.e. education, annual income and level of 

aspiration were found to be positive and significantly 

correlated at 0.05 level of probability; and age, 

T 
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experience in sericulture and credit availability were 

found to be negative and significantly correlated at 

0.05 level of probability; social participation, 

participation in training programme, sources of 

information, contact with sericulture personnel, 

extension participation, scientific orientation, 

economic motivation and knowledge about improved 

tasar silk cultivation were found to be positive and 

highly significantly correlated at 0.01 level of 

probability and occupation and land holding were 

found to be negative and highly significantly 

correlated at 0.01 level of probability. The other 

variables like; caste, type of family, size of family, 

cosmopoliteness, self confidence and attitude 

towards improved tasar silk cultivation showed 

statistically non significant relationship with 

managerial efficiency of sericulturists. 

It clearly indicated that, if the education, annual 

income, level of aspiration, Social participation, 

participation in training programme, sources of 

information, contact with sericulture personnel, 

extension participation, scientific orientation, 

economic motivation and knowledge about improved 

tasar silk cultivation increases then the managerial 

efficiency of sericulturists correspondingly increase. 

In the case of multiple regression analysis, out of 

selected 22 independent variables only 9 variables 

i.e. social participation, annual income, extension 

participation, economic motivation and knowledge 

about improved tasar silk cultivation showed positive 

and significant contribution and occupation, land 

holding, credit availability and level of aspiration 

were found negative and significant contribution. 

Remaining 13 variables did not contribute 

significantly in the managerial efficiency of 

sericulturists. However, all the selected 22 variables 

in the model show around 85 per cent contribution in 

the managerial efficiency of sericulturists and the 

corresponding F value was found significant with 

111.18 and 247 d.f. (Table 1). 

Therefore, it is suggested that for increasing the 

managerial efficiency among the respondents, focus 

should be given to increase social participation, 

annual income, extension participation, economic 

motivation and knowledge about improved tasar silk 

cultivation of the respondents through financial, 

training support and better exposure of the 

sericulturists in Chhattisgarh. 

 

Table 1. Correlation coefficient and multiple regression analysis of independent variables with managerial 

efficiency of sericulturists towards tasar silk cultivation   

Independent variables 

Correlation 

coefficient 

‘r’ value 

Partial regression coefficient 

‘b’ value ‘t’ value 

X1 Age  -0.150* -0.02876 -0.30079 

X2 Education  0.149* 0.237121 0.805438 

X3 Caste  -0.108 -0.72621 -1.16142 

X4 Type of family  0.048 2.34899 1.029317 

X5 Size of family  0.091 0.603439 1.344749 

X6 Experience in sericulture  -0.138* -0.09047 -0.68361 

X7 Social participation  0.399** 7.869297 4.582476** 

X8 Participation in training programme  0.252** -2.12293 -1.00272 

X9 Occupation  -0.203** -1.43297 -2.95758** 

X10 Annual income  0.179* 0.00025 3.65885** 

X11 
Land holding  

(Other than agriculture) 

-0.339** -3.46735 -4.81442** 

X12 Credit availability  -0.171* -6.98357 -2.23434* 

X13 Sources of information  0.247** 0.961153 0.506283 

X14 Contact with sericulture personnel  0.240** 0.458258 0.224812 

X15 Extension participation  0.443** 5.43908 3.726965** 

X16 Cosmopoliteness  0.033 0.862268 0.814928 

X17 Level of aspiration  0.121* -4.06451 -3.71878** 

X18 Self confidence  -0.098 1.513726 1.496053 

X19 Scientific orientation  0.241** 1.173342 1.016382 

X20 Economic motivation  0.331** 3.191295 2.220062* 

X21 
Attitude towards improved tasar silk 

cultivation  
0.050 2.980888 0.62697 

X22 
Knowledge about improved tasar silk 

cultivation  
0.831** 0.914774 22.92698** 

*Significant at 0.05 level of probability Multiple R2 = 0.8469 

**Significant at 0.01 level of probability F value = 111.18 at 22, 247 d.f. 

   Intercept contact (a) = 70.56 
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Model wise multiple regression analysis of 

independent variables for variation in the overall 

managerial efficiency about tasar silk cultivation 

Different models were tested for finding their 

predicting ability and to determine the best predictors 

for variation in the managerial efficiency of 

sericulturists (Table 2). Every time one or more 

variables were dropped to find out the best model 

with lowest number of variables explaining highest 

variation in managerial efficiency. Model-I revealed 

that 84.69 per cent managerial efficiency can be 

explained by considered 22 independent variables 

and one dependent variable (Managerial efficiency) 

which have significant „F‟ value at 1 per cent level. 

Model II, III, IV, V, VI and VII explained about 

contribution of managerial efficiency as 79.46, 

78.87, 76.15, 74.07, 72.01 and 69.07 per cent, 

respectively.

 

Table 2. Model wise selected independent variables along with their predicting ability for variation in the 

managerial efficiency  

Model No. Variables included in the models Multiple R
2 

‘F’ Value 

M1 

X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, X11, X12, X13, X14, 

X15, X16, X17, X18, X19, X20, X21, X22 
0.8469 

111.18**at 22 

(247 d.f.)  

M2 
X2, X6, X7, X8, X9, X10, X11, X12, X13, X14, X15, X16, X17, 

X19, X20, X22 
0.7946 

61.1967** at  

16 (253 d.f.) 

M3 X6, X7, X8, X11, X12, X13, X14, X17, X20, X22 0.7887 
96.7096** at  

10 (259 d.f.) 

M4 X7, X11, X13, X14, X20, X22 0.7615 
140.014** at 

 6 (263 d.f.) 

M5 X11, X13, X20, X22 0.7407 
189.3068**at 

 4 (265 d.f.) 

M6 X11, X22 0.7201 
343.5921**at  

2 (267 d.f.) 

M7 X22 0.6907 
598.4862**at  

1 (268 d.f.) 

**Significant at 0.01 level of probability  

 

CONCLUSION 

 

From the above findings it can be concluded that the 

regarding correlation coefficient of independent 

variables with the managerial efficiency of 

sericulturists, social participation, participation in 

training programme, sources of information, contact 

with sericulture personnel, extension participation, 

scientific orientation, economic motivation and 

knowledge about improved tasar silk cultivation 

were found to be positive and highly significantly 

correlated at 0.01 level of probability and in the case 

of multiple regression analysis of independent 

variables with managerial efficiency, social 

participation, annual income, extension participation, 

economic motivation and knowledge about improved 

tasar silk cultivation showed positive and significant 

contribution.  
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Abstract: The present investigation was carried out at the Navsari Agriculture University Experimental Station, Paria, 

Gujarat, India during three years (2008-09 to 2010-11) to study the effect of ploughing time on flowering and fruiting in of 

mango ‘Kesar’. The experiment was laid out with five treatments consisting of ploughing the orchard in the month of 

October, November, December, January and a control with no tillage in randomized block design with five replications. The 

results indicated that orchards in western parts of India may be ploughed in the month of November for higher production. 
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INTRODUCTION 

 

ango (Mangifera indica L.) is one of the most 

important fruits of India and referred to as the 

king of fruits. Besides delicious taste, excellent 

flavor and attractive fragrance, it is rich in vitamins 

A&C. India is the largest producer of mango 

accounting for nearly 50 % of the total world 

production, 34.9% of the area under fruit crops in 

India and 20.7% of the total fruit production of the 

country (NHB, 2015). Orchard cultivation refers to 

the careful management of the orchard soil in such a 

way that the soil is maintained in a good condition 

suitable to the needs of the tree with least expenses. 

This involves maintenance of the physical condition 

of the soil, its moisture and nutrient content. Tillage 

(ploughing the soil) is the most important and 

expensive operation carried out in mango plantations 

with deeper ploughs (Chisel plough, disc plough, 

mould board plough, etc.) generally called as primary 

tillage, whereas, finer field operation like harrowing 

and planking etc. (using cultivator, harrow, plank, 

etc.) are named as secondary tillage. The economy of 

mango growing belts of Western India is greatly 

affected and often determined by the mango 

production. This region experiences very heavy 

monsoon rainfall from June to September leaving 

rest of the year mostly dry. The weed flora grows 

luxuriantly during the monsoon and clean cultivation 

is practiced by the farmers after monsoon stops. The 

cultivation time of the orchard assumes significance 

as soil moisture must be coserved and water stress to 

mango plantations during winter, rabi and summer 

seasons when most of phonological stages viz. bud 

differentiation, flowering and fruiting occur may be 

detrimental. In comparison with sod culture, 

cultivation led to decreased bulk density, penetration 

resistance, water aggregate stability, tree root density 

and markedly reduced earthworm density, but 

increased total porosity, macro-porosity, saturated 

hydraulic conductivity, infiltration rate, and oxygen 

diffusion rate near the soil surface in apple orchards 

(Haynes, 1981). Keeping this in view, the present 

study was conducted to assess the effect of ploughing 

time on flowering and fruiting of mango. 

 

MATERIAL AND METHOD 

 

The experiment was conducted at Agriculture 

Experimental Station, Paria, during three years 

(2008-09 to 2010-11). Paria is situated at 22°44’ N 

latitude and 72°94’ E longitude at an altitude of 10 m 

above the mean sea level. The climate of the region 

is humid, with an average annual rainfall of about 

2207 mm distributed from June to September. The 

minimum and maximum temperature ranges from 9.6 

°C to 27°C and 27.2°C to 41.8°C, respectively while 

relative humidity varies from 57.1 to 92 % during the 

year. The soils of the area are fine-textured heavy 

soils classified as Vertic Ustrochrepts. The studies 

were conducted in 15 years old mango orchard cv. 

Kesar with five treatments viz. T1 – Ploughing 

orchard on 15
th
 October, T2 - 100 % Ploughing 

orchard on 15
th

 November, T3- Ploughing orchard on 

15
th

 December, T4- Ploughing orchard on 15
th

 

January, T5- No Tillage. The experiment was laid out 

in randomized block design with five replications.  

All the selected trees were almost uniform in growth, 

vigour and were managed with uniform cultural 

operations during the course of investigation. The 

data on flowering percentage was recorded visually 

(taking into account that a plant with 100% of 

flowering has, at least, one inflorescence in all of the 

apexes of the canopy) and the soil moisture was 

recorded on weight basis at full bloom while, mature 

fruits were harvested from each treatment separately 

and weighed on single pan balance. The data 

obtained on various characters were subjected to 

Factorial RBD analysis and interpretation of the data 

was carried out in accordance to Panse and Sukhatme 

(1985). 
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RESULT AND DISCUSSION 

 

The data of three years (2008-2009 to 2010-2011) 

were pooled and the results are presented (Table 1). 

Different ploughing treatments had a non significant 

effect on flowering percentage and the maximum 

flowering (82.73 %) was observed in control (no 

tillage) which was followed by T4 (15
th

 January 

ploughing). Moisture percentage at full bloom was 

recorded on weight basis and maximum soil moisture 

(18.73 %) was recorded in control with no tillage of 

orchard. There was non-significant effect of 

treatments on the number of fruits per tree, weight of 

fruit (g) and yield (kg/tree) however, maximum 

number of fruits per tree (130.27), heaviest 

individual fruit (333.53 g) and highest yield (43.40 

kg/tree) were recorded in T2 (15
th

 November 

ploughing). In general, the cultivated plots registered 

more yields in this experiment and the results are in 

agreement with (Hoagland et. al., 2008) who 

observed that the standard tillage weed control 

practice resulted in satisfactory tree growth with 

desirable levels of leaf N and most other nutrients in 

apple orchards which enhanced yields. In apple 

orchards of Weibei Plateau, China, RuiJing et al., 

(2009) observed that moldboard plowing combined 

with stubble mulch increased the enzyme activities of 

soil and improved the micro-surroundings. The effect 

of different tillage and mulching measures on 

activities of catalase, sucrase, urease were 

significantly different between the treatments 

(P<0.05) and soil layers, further the activities of 

sucrase and urease decreased with depth while 

catalase activity increased. Available nitrogen, 

phosphate and potassium, exchangeable calcium and 

magnesium, effective zinc, copper and ferrous in the 

sub-surface soil layer was significantly higher in 

cultivated orchards than in sod managed pear orchard 

(Yu-sen et. al, 2013). This study come to conclusion 

that in Western Indian conditions with heavy rainfall, 

for proper sanitation of mango orchards the 

cultivation must be done in the month of November 

for higher yields. 

 

Table 1.  Effect of time of ploughing on flowering and yield of mango cv. Kesar (pooled three years) 

Sr. 

No. 
Ploughing Time 

Flowering 

percentage 

 

Number of 

fruits/tree 

 

Weight of 

fruit (g) 

 

Yield (kg/tree) 

 

Moisture 

percentage at full 

bloom 

 

T 1  15
th

 October  78.53 125.20 326.46 40.96 17.80 

T 2  15
th

 November  79.93 130.27 333.53 43.40 17.53 

T 3  15
th

 December  77.99 120.47 324.35 39.11 17.00 

T 4  15
th

  January  80.08 114.00 323.64 36.90 17.40 

T 5  Control  82.73 114.74 329.69 37.85 18.73 

SEm+ 0.93 4.42 2.91 1.55 0.33 

CD at 5% NS NS NS NS NS 

CV % 4.70 13.74 3.69 14.71 7.53 
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Abstract: Association analysis gives an idea about relationship among the various characters and determines the component 

characters, on which selection can be based for genetic improvement in the grain yield. Three hundred seventy nine (379) 

lines of F3 progenies of cross between Swarna x IR86931-B-6 and MTU1010 x IR86931-B-6 were conducted in field of 

research cum instructional farm, College of Agriculture, IGKV, Raipur (C.G.). Rice crop was grown in irrigated and water 

stress condition rainout shelter I (ROS I) and rainout shelter II (ROS II). In irrigated condition, grain yield showed highly 

significant and positive correlation with plant height (0.724), total tillers (0.919) and effective tillers (0.925). Under water 

stress condition, effective tillers possessed significant and positive association with plant height (0.695=ROS I; 0.453=ROS 

II) and with total tillers (0.969=ROS I; 0.967=ROS II). Similarly, total tillers exhibited significant and positive association 

with plant height (0.708=ROS I; 0.518=ROS II). 

 

Keywords: Correlation, Rice (Oryza sativa L.), Yield  

 

INTRODUCTION 

 

ice ( Oryza  sativa  L. )  is  the  most  important  

cereal  crop  that  has been  referred  as  “Global  

Grain”  Correlation  studies  provide  a  clear  picture  

of characters  association  which  is  generally  due  

to  linkage,  pleiotropy, physiological  association  in  

developmental  and  biochemical  pathway.  Though, 

the  linkage  is  a  cause  of  transient  correlations  

particularly  in  population  derived  from  crosses  

between  two  species.  Pleiotropy  is  simply  a  

property  of  a  gene  whereby  it  affects  two  or  

more  characters,  so  that  if  the  gene  is  

segregating  it  causes  variations  in  those  

characters.  The  characters  which  are  correlated  

are  of  much  interest  since  change  in  one  

character  influenced  the  other  one. Degree of 

association also affects the effectiveness of selection 

process.  The  degree  of  association  between  

independent  and  dependent  variables  was  

suggested  by  Galton  (1888),  its  theory  was  

developed  by Pearson  (1904)  and  their  

mathematical  utilization  at  phenotypic,  genotypic  

and environmental  levels  was  described  by   

Searle  (1961). 

A  positive  correlation  between desired characters  

is  favourable  to  the  breeder  as  it  helps  in  

selection;  however,  a  negative  correlation  hinders  

the recovery  of  the  combinations  in  both  

characters. When  the  characters  are genetically  

correlated  among  themselves,  in  such  situations  

any  strong  selection applied  to  one  character  also  

brings  change  in  the  other  characters.                          
 

MATERIAL AND METHOD 
 

Three  hundred  seventy  nine  (379)  lines  of  F3  

progenies  of  cross  between  Swarna  x  IR86931-

B-6  (90 lines)  and  MTU1010  x  IR86931-B-6 

(289 lines)  were  evaluated  under  irrigated,  rainout  

shelter I  (ROS I)  and  rainout  shelter II  (ROS II)  

conditions  during  Kharif   2012,  at  instructional  

cum   research  farm,  COA,  IGKV,  Raipur  (C.G.). 

The  observations  were  recorded  on  plant  height,  

total  tillers  per  plant,  effective  tillers  per  plant  

and  grain  yield  per  plant  under  irrigated  

condition,  under  ROS I  and  ROS II  conditions  on  

three  traits  plant  height,  total  tillers  per  plant,  

effective  tillers  per  plant  were  recorded.  

 

RESULT AND DISCUSSION 

 

Mean,  range  and  standard  deviation 

The  data of  individual  plant  of  the  population  

were  statistically  analyzed  to  generate  overall  

mean,  range  and  standard  deviation  for  irrigated,  

ROS I  and  ROS II  conditions.  In  irrigated  

condition,  the  phenotypic  data  was   recorded  on  

four characters  namely,  plant  height,  total tillers,  

effective  tillers  and  grain  yield  per  plant  and  

whereas,  in  ROS I  and II,  the  data  was  taken  on  

only  three  characters  viz.,  plant  height,  total  

tillers  and  effective  tillers  per   plant. 

Grain  yield  under  irrigated  condition  ranged  

from  1.08  to  102.30 g/ plant  with  population  

mean  of  36.53 g/ plant  and  standard  deviation  of  

32.26%. 

Plant  height  under  irrigated  condition  ranged  

from  69 cm  to  193 cm  with  mean  of  130.63 cm  

and  standard  deviation  of  38.46%  while  under  

ROS I  condition  it  ranged  from  67 cm  to  152 cm  

with  mean  of  101.8 cm  and  standard  deviation  

of  42.47%  and  under  ROS II  condition  it  ranged  

from  60 cm  to  156 cm  with  mean  of  109.5 cm  

and  standard  deviation  of  28.68%. 
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Total  tillers  under  irrigated  condition  ranged  

from  2  to  40  with  mean  of  16.57  and  standard  

deviation  of  13.64%,  while  under  ROS I  

condition  it  ranged  from  2  to  17  with  mean  of  

7.10  and  standard  deviation  of  4.87%  and  under  

ROS II  condition  it  ranged  from  2  to  15  with  

mean  of  17  and  standard  deviation  of  3.38%. 

Effective  tillers  under  irrigated  condition  ranged  

from  2  to  38  with  mean  of  15.20  and  standard  

deviation  of  12.51%,  while  under  ROS I  

condition  it  ranged  from  2  to  17  with  mean  of  

6.57  and  standard  deviation  of  4.64%  and  under  

ROS II  condition  it  ranged  from  1  to  15  with  

mean  of  6.23  and  standard  deviation  of  3.28%. 

 

Phenotypic  correlation  studies 

Degree  of  association  also  affects  the  

effectiveness  of  selection  process.  The  degree  of  

association  between  independent  and  dependent  

variables  was  suggested  by  Galton (1888),  its  

theory  was  developed  by  Pearson  (1904)  and  

their  mathematical  utilization  at  phenotypic,  

genotypic  and  environmental  levels  was  

described  by  Searle  (1961). 

Correlation  between  other  traits  and  grain  yield  

under  irrigated  and Correlation  between  traits  

under  ROS I  and  ROS II  conditions  are  being  

presented  in  Table 1  and  2. 

In  irrigated  condition,  grain  yield  showed  highly  

significant  and  positive  correlation  with  plant  

height  (0.724),  total  tillers  (0.919)  and  effective  

tillers  (0.925).  This  clearly  indicates  that  all  the  

three  traits  directly  influence  grain  yield,  

therefore  selection  of  these  traits  would  be  very  

effective.  Similarly,  Awan  et  al.  (2007)  

investigated  the  contribution  of  tillers  within  a  

rice  plant  towards  grain  yield  (cv.  Super  

Basmati).  Mohanan  and  Mini (2008)  also reported  

relative  contribution  of  rice  tillers  of  different  

status  towards  yield. Shashidhar  et  al.   (2005)  

recorded  positive  correlation  of  grain  yield  with  

plant  height,  productive  tillers  per  plant,  dry  

matter  per  plant,  leaf  weight  per  plant  and  

harvest.  Naik  et  al.   (2005)  reported  that  

biological  yield  and  effective  tillers  per  plant  

had  high  positive  direct  effect  on  grain  yield.  

Gomez  et  al.  (2006)  reported  positive  and  

significant  correlation  of  panicle  length  and  

number  of  productive  tillers  with  grain  yield  

under  stress.  Patel  et  al.   (2007)  observed  

significant  positive  association  of grain  yield  with  

number  of  productive  tillers,  plant  height,  straw  

yield  and  harvest  index  at  genotypic  level.   Khan  

et  al.  (2009)  reported  grain  yield  per  plant  was  

correlated  positively  and  significantly  with  plant  

height,  panicle  length,  flag  leaf  area  and  number  

of  grains  per  panicle  at  genotypic  level.  

Genotypic  correlation  of  plant  height  with  

number  of  tillers  per  plant  was  positive.  

Umadevi  et  al.  (2009)  reported  that  grain  yield  

per  plant  was  positively  and  significantly  

associated with  days  to  50%  flowering,  number  

of  productive  tillers  per  plant,  number  of  

secondary  branches  per  panicle  and  straw  yield. 

Under  ROS I  and II  condition,  same  trend  was  

observed  in  correlation  studies.  Effective  tillers  

possessed  significant  and  positive  association  

with  plant  height  (0.695=ROS I; 0.453=ROS II),  

with  total  tillers  (0.969=ROS I; 0.967=ROS II).   

Similarly,  total  tillers  exhibited  significant  and  

positive  association  with  plant  height  

(0.708=ROS I; 0.518=ROS II).  

 

Table  1. Phenotypic  correlation  between  different  

traits  under  irrigated  condition 

 
PH TT ET GY 

PH 1.000 
   

TT 0.743** 1.000 
  

ET 0.756** 0.991** 1.000 
 

GY 0.724** 0.919** 0.925** 1.000 

* = Significant  at  0.05  probability  level  

**  =  Significant  at  0.01  probability  level  

PH =  Plant  Height  

TT =  Total  Tillers  

ET =  Effective  Tillers 

GY =  Grain  Yield  

 

Table  2. Phenotypic  correlation  between  different  

traits  under  rainout  shelter  conditions 

ROS I  

 
PH TT ET 

PH 1.000 
  

TT 0.708** 1.000 
 

ET 0.695** 0.969** 1.000 

ROS II 

 
PH TT ET 

PH 1.000 
  

TT 0.518** 1.000 
 

ET 0.453* 0.967** 1.000 

*  =  Significant  at  0.05  probability  level  

**  =  Significant  at  0.01  probability  level  

PH  =  Plant  Height 

TT  =  Total  Tillers 

ET  =  Effective  Tillers        
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Abstract: The stabilised silicic acid was used as a foliar application to Panvel -1 a salt tolerant rice variety under coastal 

saline soil condition. The treatments comprises with different intervals and quantity of stabilised silicic acid  foliar spray i.e 

15 DAT, 15 and 30 DAT, 15, 30 and 45 DAT and 15,30,45 and 60 DAT. The foliar spray of stabilized silicic acid was given 

as per treatments with manually operated knapsack sprayer. From data it was revealed that, the application foliar sprays of 

stabilized silicic acid significantly influenced on growth attributes and yield of rice. The treatment T9 i.e application of four 

foliar sprays of stabilized silicic acid at 15, 30, 45 & 60 DAT @ 2.0 ml lit-1 of water along with RDF was found to be 

statistically superior in achieving higher grain yield (46.50 q ha-1)and straw yield (51.51 q ha-1) of  Panvel-1 rice  variety. 

 

Keywords: Saline soil, Foliar spray, Silicic acid, Panvel-1, Grain yield 

 

INTRODUCTION 

 

ilicon is the second most abundant element found 

in the earths crust. Silicon is a nutrient element 

which has been overlooked largely because of its 

assumed inertness, but also because of its 

geochemical abundance that so greatly exceeds its 

metabolic use by plants and animals (Brunings et 

al.,2009). The research evidences proved that 

adequate uptake of silicon (si) can increase the 

tolerance limit of agronomic plants especially rice to 

both abiotic and biotic stress (Ma and Takahashi 

2002). Rice is a silicon accumulator plant, which is 

involved in several major roles in carbohydrate 

synthesis, grain yield, phenolic synthesis and plant 

cell wall protection. Silicon can reduce salinity stress 

and reduce transpiration in plants. The beneficial 

effects of adequate Si include decreased 

susceptibility to fungal pathogens and insects, 

amelioration of abiotic stresses, and increased growth 

in some plants (Kobayashi et al.,2001, Rodrigues et 

al.,2001).keeping this point in view, present 

investigation was conducted to evaluate the use of 

foliar application of stabilized silicic acid for growth 

and yield of rice variety panvel. 

 

MATERIAL AND METHOD 

 

The trial was conducted at the khar land research 

station Panvel dist. Raigad Maharashtra state, during 

kharif season 2014.The experimental site was located 

at 18
0
59’ N latitude and 73

0
10’ E  longitude with 

average rainfall of 2500-3000 mm. The trial was laid 

out in randomized block design which consists of 10 

treatments with 3 replication. The treatment 

comprises with No spray + RDF (T1), 1 Spray at 15 

DAT @ 1 ml lit
-1

 + RDF (T2), 2 Spray at 15 & 30 

DAT @ 1 ml lit
-1

 + RDF (T3), 3 Spray at 15, 30 & 45 

DAT @ 1 ml lit
-1

 + RDF (T4), 4 Spray at 15, 30, 45 

& 60 DAT @ 1 ml lit
-1 

+ RDF (T5), 1 Spray at 15 

DAT @ 2 ml lit
-1 

+ RDF (T6), 2 Spray at 15 & 30 

DAT @ 2 ml lit
-1 

+ RDF (T7), 3 Spray at 15, 30 & 45 

DAT @ 2 ml lit
-1 

+ RDF (T8), 4 Spray at 15, 30, 45 

& 60 DAT @ 2 ml lit
-1 

+ RDF (T9) and No spray + 

No RDF (T10). The salt tolerant rice variety Panvel-1 

was used; the recommended package of practices of 

for rice crop was followed. The applied silicon based 

micro nutrient  is  in the form of bio-active silicic 

acid which contain 2.50 % w/v silicic acid and boron 

0.20 % w/v. The foliar sprays of stabilized silicic 

acid are given as per treatments with manually 

operated knapsack sprayer. The height of plant, total 

number of productive tillers, number of filled and 

unfilled grains etc. observations are recorded as per 

the standard procedure. The treatment wise grain 

yield per net plot was obtained after threshing, 

cleaning and sun drying the produce for 5 days which 

was then converted to hectare basis. The straw yield 

was obtained by weighing sun dried straw which 

remained after threshing from each net plot. The 

figures were then converted in hectare basis. The 

recorded data was subjected to analysis for 

interpreting the results. 

 

RESULT AND DISCUSSION 

 

Effects of stabilized silicic acid on growth and 

yield attributes 

Data pertaining to growth and yield attributes of rice 

is presented in Table 1. The data indicated that 

treatment T9 namely four foliar sprays of stabilized 

silicic acid at 15, 30, 45 & 60 DAT @ 2.0 ml/litre of 

water with RDF recorded significant higher values of 

growth and yield attributes. In treatment T9, the 

higher plant height was observed (126 cm.) which 

was superior over rest of treatments except treatment 

T5 (125 cm) which was at par with T9. The number of 

productive tillers are significantly increased in 
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treatment T9 (26) and superior over treatments T1, T2 

& T10 and at par with rest of treatments. These 

findings are in line to Chandrasekhar N et al (2011) 

and Prakash N B et al (2011). They reported that 

increase in applied silicon amount enhanced the 

number of productive tillers and total number of 

tillers/m2.The lowest tillers are observed from 

treatment T10, i.e No spray, No RDF (16) followed 

by treatment T1 i.e No Spray + RDF (20). In case of 

filled grain per panicle significantly more number of 

filled grain per panicle was observed in treatment T9 

(230) over all other treatment under study, the lowest 

filled grains are observed from treatment T10 (176) 

followed by treatment T1 (186). The results are non 

significant in case of unfilled grains, lower number 

of unfilled grain per panicle was observed in 

treatment T9 (9) over all other treatments. The Test 

weight (1000 grain weight) significantly influenced 

in treatment T9 and T8, which are statistically at par 

with each other and superior over rest treatments. 

 

Effects of stabilized silicic acid on grain and straw 

yield 

The data revealed that application of stabilized silicic 

acid along with RDF was found to be significantly 

effective in increasing both grain and straw yield of 

rice. Application of four foliar sprays of stabilized 

silicic acid at 15, 30, 45 & 60 DAT @ 2.0 ml lit
-1

 of 

water along with RDF (T9) was found to be 

statistically superior in achieving higher grain yield 

(46.50 qt/ha) over the rest of treatments except 

treatments T7 and which are statistically at par with 

it. Similar results are also reported by Chandrasekhar 

N et al. (2011). The straw yield also get influenced 

significantly in Treatment T9 which was recorded 

higher (51.51 qt/ha) straw yield and superior over 

remaining treatments except treatments T7 and T8 

which are  statistically at par with it. Similar were 

reported by Surapornpiboom et al (2008) and 

Elzbieta (2009). They reported that silicon is 

responsible to control stomata activity, 

photosynthesis and water use efficiency which 

ultimately results in better vegetative growth and 

straw yield. The percent increased in grain and straw 

yield over control (T1) ranges from 3.46 to 16.04 and 

5.28 to 18.41 respectively. The treatment T9 recorded 

16.04  per cent and 18.41 percent increase in grain & 

straw yield respectively over control treatment T1, in 

which only RDF was applied and no foliar sprays of 

stabilized silicic acid  was given..  
From the result it was concluded that, among the 

different treatments the application of four foliar 

sprays of stabilized silicic acid at 15, 30, 45 & 60 

DAT @ 2.0 ml lit
-1

 of water along with RDF was 

effective and increased the grain yield of Panvel-1 

rice variety. 

 

Table 1. Effect of foliar sprays of stabilised silicic acid on growth, yield attributes and yield of Panvel-1 rice 

variety. 

Treatment Plant 

height 

(cm) 

No. of 

Productive 

tillers/hill 

No. of 

 filled  

grain/ 

panicle 

No. of 

unfilled 

grain/ 

panicle 

1000 

grain 

weight 

(g) 

Grain 

yield  

(qt 

ha
-1

) 

Straw 

yield  

(qt 

ha
-1

) 

T1  - No spray + RDF 120 20 186 22 22.33 40.07 43.50 

T2 - 1 Spray at 15 DAT @ 1 ml /lit. + 

RDF 
123 21 199 15 22.17 41.46 45.80 

T3 - 2 Spray at 15 & 30 DAT @ 1 ml 

/lit. + RDF 
121 21 204 14 22.47 41.67 46.14 

T4 - 3 Spray at 15, 30 & 45 DAT @ 

1 ml /lit. + RDF 
124 22 197 13 23.67 42.39 46.99 

T5 - 4 Spray at 15, 30, 45 & 60 DAT 

@ 1 ml /lit. + RDF 
125 22 214 9 24.08 42.86 47.79 

T6 - 1 Spray at 15 DAT @ 2 ml /lit. + 

RDF 
124 22 203 11 23.93 44.14 48.94 

T7 - 2 Spray at 15 & 30 DAT @ 2 ml 

/lit. + RDF 
123 23 211 10 23.92 45.04 49.99 

T8 - 3 Spray at 15, 30 & 45 DAT @ 

2 ml /lit. + RDF 
120 25 224 8 24.38 46.00 50.51 

T9 - 4 Spray at 15, 30, 45 & 60 DAT 

@ 2 ml /lit. + RDF 
126 26 230 9 23.17 46.50 51.51 

T10 -   No spray + No RDF 117 16 176 22 22.03 32.01 3407 

S. E m. + 0.68 1.63 1.43 1.00 0.43 0.68 0.86 

C. D.  at  5 % 1.98 4.64 4.10 N.S 1.22 1.95 2.47 

G. M 122.30 21.7 204.4 13.30 23.22 42.20 46.52 
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