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ABSTRACT 

     The nature and magnitude of genetic diversity in thirty eight aromatic rice accessions collected 
from different places of Chhattisgarh were evaluated for their performance. Data generated on 
nine quantitative characters were subjected to D2 statistics and result indicated the presence of 
appreciable amount of genetic diversity in the material. The thirty eight genotypes were grouped 
into five clusters. Cluster II was the biggest one consisting of eleven genotypes viz., Shyamjeera, 
Gopalbhog, Jawaphool, Kasturi, Vishnubhog-1, Dubraj-1, Kubrimohar-1, Jaigundhi, Shrikamal, 
Tilkasturi, Vishnubhog-2 and cluster III, the smallest one consisting of four genotypes viz., Bisni, 
Londhi, Anterved, Lallu-14. The intra-cluster distance varied from 1.828 for cluster III to 2.338 for 
cluster I and the inter-cluster distance ranged from 2.534 between clusters IV and V to 4.765 
between clusters III and V indicating closeness and diversity between the clusters respectively. 
The highest inter-cluster distance between clusters III and V revealed highly divergent group. 
Therefore, it is suggested that the parents should be chosen from clusters III and V for 
hybridization to get high grain yield. 
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Rice (Oryza sativa L.) is one of the most 
important staple food crops of Chhattisgarh. In 
Chhattisgarh, it is mainly grown under rainfed 
ecosystem, which covers about 74, 97 and 95 per 
cent cropped area of Chhattisgarh plain, Bastar 
plateau and Northern hill zones, respectively. The 
central plains of Chhattisgarh are known as rice 
bowl of central India. Besides basmati types which 
get high price in international market, the country 
also bounds with hundreds of indigenous short 
grain aromatic cultivars and landraces grown in 
pockets of different states. Almost every state of 
India has its own collection of aromatic rice that 
performs well in native areas (Shobha Rani and 
Krishnaiah, 2001). These aromatic rice cultivars 
also possess exemplary quality traits like aroma, 
fluffiness and taste. However, the improvement of 
these rice varieties very much neglected as they 
lacked export value per se. The short and medium 
grained aromatic rice varieties are generally low 
yielders, susceptible to lodging, pest and diseases. 
Some of these genotypes are being gradually 
eroded from their respective place of origin and 
are on the verge of becoming extinct due to 
competition from high yielding varieties (Ram et 
al. 2007). Hence, there is a need to catalogue, 
characterize and conserve the non-basmati 
traditional aromatic rice landraces, which are in 
extricably integrated with culture and traditional 
knowledge of nation.     

Although genetic diversity analysis has been 
done by several workers, limited information is 
available on traditional aromatic rices. Such 
studies have especially become essential for 

initiating genetic improvement efforts of short 
grain aromatic rices, as meager attention has been 
paid for their improvement (Singh, 1996). 
Assessment of genetic diversity is an integral part 
of crop improvement as exploitation of the genetic 
diversity helps the plant breeder to develop new 
varieties (Manonmani and Fazlullah Khan, 2003). 
Genetic diversity can be evaluated with 
morphological traits, seed proteins, isozymes and 
DNA markers. Conventionally, it is estimated by 
the D2 analysis, metroglyph and principle 
component analysis using morphological traits 
(Manonmani and Fazlullah Khan, 2003).  

For the assessment of variation on 
multivariate scale, Mahalanobis D2 statistics has 
proved to be a powerful technique (Murty and 
Arumachalam, 1966). Thus, keeping in view the 
above facts, present study was conducted to 
estimate the nature and magnitude of genetic 
divergence and characters contributing to the 
genetic divergence in thirty eight selected aromatic 
rice landraces. This study will help in selection of 
elite genotypes for crossing programme and also 
they can be released as a variety. 

MATERIALS AND METHODS 

The experiment was conducted during the 
kharif season of 2011 at the Research cum 
Instructional Farm of Indira Gandhi Krishi 
Vishwavidyalay, Raipur. Thirty eight aromatic 
land races of rice collected from different places of 
Chhattisgarh were selected for this study (Table 1). 
Twenty one days old seedlings were subsequently 
transplanted in the field, in Randomized Block 



Journal of Progressive Agriculture Vol. 6, Issue-1, April, 2015                                                                                                                   
 
  

 

   2 

Design (RBD) with three replications. Net plot 
size was 3 m x 15 m.  Row to row distance was 25 
cm and plant to plant distance was 25 cm. 
Observations were recorded on five plants for 9 
morphological and quality characters viz., Days to 
50 % flowering, Days to maturity, Plant height, 
Panicle length, Number of tillers per plant, 
Number of panicles per plant, Number of grains 
per plant, Grain yield per plants and 1000 seed 
weight. The mean values over replications were 
used for statistical analysis. The analysis of genetic 
divergence using Mahalanobis D2 statistics was 
done as described by Rao (1952) and grouping of 
genotypes into a number of clusters as per the 
standard procedure described by Spark (1973). 

RESULTS AND DISCUSSION 

One of the main objectives of any breeding 
program is to produce high yielding and better 
quality lines for release as cultivars to farmers. 
The prerequisite to achieve this goal is the 
presence of sufficient amount of variability, in 
which desired lines are to be selected for further 
manipulation to achieve the target. For identifying 
such desired lines for crossing, by means of 
Mahalanobis’s D2 statistic has been used in several 
crops. It is a powerful tool used to quantify the 
genetic divergence between the genotypes and to 
relate clustering pattern. In the present 
investigation, thirty eight genotypes of rice were 
considered for assessment of nature of genetic 
diversity by adopting Mahalanobis’s D2 statistic 
(1936) considering nine characters. 

Thirty eight aromatic rice genotypes were 
grouped into five clusters. Maximum divergence 
observed between clusters III and V (4.765) while, 
minimum divergence was observed between 
clusters IV and V (2.534). Cluster II was the 
biggest cluster consisting of eleven genotypes viz., 
Shyamjeera, Gopalbhog, Jawaphool, Kasturi, 
Vishnubhog-1, Dubraj-1, Kubrimohar-1, 
Jaigundhi, Shrikamal, Tilkasturi, and Vishnubhog-
2 followed by cluster I, comprised of nine 
genotypes viz., Kapoorsar, Kalikamod, Jeeradhan, 
Sukulphool, Elaychi, Tulsiprasad, Samudrafan, 
Badhashahbhog and Kharigilas followed by cluster 
V, comprised of eight genotypes viz., Jeeraphool, 
Chinnor-1, Tulsimanjari, Atmasheetal, Gangabaru, 
Keraghul, Jaophool and Katarnibhog followed by 
cluster IV, comprised of six genotypes viz., Dujai, 
Chinnor-2, Kubrimohar-2, Dubraj-2, Dubraj-3 and 
Maidubraj. The cluster III contained only four 
genotypes viz., Bisni, Londhi, Anterved and 
Lalloo-14. The patterns of distribution of 
genotypes into various clusters are given in the 
Table 2. 

The intra and inter-cluster values in terms of 
D2 values among the five clusters are given in 
Table 3 and represented in Fig. 1.The inter-cluster 
D2 exhibited that cluster I (2.338) had the 
maximum genetic diversity followed by cluster IV 
(2.200) and cluster II (2.138). The inter-cluster D2 
values of the five clusters that had the highest 
inter-cluster D2 value was between cluster III and 
V (4.765) while, the lowest was between cluster 
IV and V (2.534). From the above, it could be 
concluded that, considerable diversity existed 
among genotypes included in the present study. 
This could be the result of selection in different 
direction by nature and human forces. 

The mean values of nine characters studied in 
thirty eight genotypes for five clusters are 
presented in Table 4. The cluster III (91.92 days) 
had the early flowering genotypes whereas cluster 
V (121.21days) had the late flowering genotypes. 
The genotypes of cluster II (115.25 cm) were 
dwarfest while, genotypes of cluster IV 
(146.72cm) were tallest compared to other 
clusters. Cluster II had the genotypes with lowest 
number of tillers per plant (14.88) and number of 
panicles per plant (11.79) on contrary, the cluster 
V had the genotypes with highest number of tillers 
per plant (16.58) and number of panicles per plant 
(19.04). The genotypes lying in the cluster IV had 
shortest panicle length (24.56 cm) while, the 
genotypes in cluster I had longest panicle length 
(32.78 cm). The number of grains per panicle was 
lowest in cluster I (108.07) and highest in cluster 
V (186.50). The genotypes of cluster V had lowest 
grain yield (1982.33 kg/ha) while, cluster V had 
highest grain yield (5730.33 kg/ha). The 1000 seed 
weight was lowest in cluster V (13.06 gm) and 
highest weight in cluster IV (19.44 gm).  

The above grouping indicates the existence of  
broad genetic divergence among present 
genotypes. Such high degree of divergence were 
found in local collection by Gupta et al. (1999), 
Sarawgi and Rastogi (2000) and Nayak et al. 
(2004) as in International collections by Usha 
Kumari and Rangaswamy (1997). 

These observations suggest that inter crossing 
of genotypes from different cluster showing good 
mean performance may help in obtaining high 
yielding with good grain quality genotypes. The 
genotypes Jeeraphool, Chinnor-1, Tulsimanjari, 
Atmashital, Gangabaru, Keraghul, Jouphool, and 
Katarnibhog from cluster 5 and Dujai, Chinnor-2, 
Kubrimohar-2, Dubraj-2, Dubraj-3 and Maidubraj  
from cluster 4 can be utilized as parents in 
crossing programme to isolate desirable genotypes 
for yield. 
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The maximum per cent contribution towards 
genetic divergence was of grain yield followed by 
number of grains per panicle and days to 50% 
flowering. Roy and Panwar (1993), Sardana et al. 
(1997), Shanmugsundaram et al.  (2000), Roy et 
al.  (2002), Datta and Mani (2003), Senapati and 

Sarkar (2005), Anand Kumar and Indubala (2005) 
observed grain yield per plant to be main 
contributor towards diversity.  Shukla et al. (2006) 
observed biological yield and harvest index to be 
main contributors towards genetic diversity. 

Table 1: Landraces used in study and places from where they are collected. 
 

Variety Sources Variety Sources 
Anterved Chhuriya/ Rajnandgaon Kapoorsar Jabera / Damoh 
Atmasheetal Chhindgarh/ Bastar Kasturi Bakawand/ Bastar 
Badshahbhog Jagadalpur Kharigilas Charama/ Bastar 
Bisni Surajpur Katarnibhog Sabour (Bihar) 
Chinnor –I Balaghat Kheraghul Gharghoda/ Raigarh 
Chinnor-II Tilda / Raipur Kubrimohar-I Bemetra 
Dubraj-I Nagari Kubrimohar-II Magarload / Raipur 
Dubraj-II Balaodabazar/ Raipur Lalloo-14 Mandla 
Dubraj-III Nagri Londhi Pendra 
Dujai Pendra Mai Dubraj Bastar 
Elaychi Phingeshwar/ Raipur Samudrafan Pandariya / Bilaspur 
Gopalbhog Bagicha, Sarguja Shyamjeera Surajpur 
Gangabaru Chhindgarh/Bastar Srikamal Raipur Naikin / Sidhi 
Jaigundi Saraypali / Raipur Sukalaphool Jaijepur / Bilaspur 
Javaphool Raigarh Tilkasturi Pithora / Raipur 
Jeeradhan Tilda / Raipur Tulasiprasad Aarang / Raipur 
Jeeraphool Bageecha, Sarguja Tulsimanjari Sabour / Bihar 
Jaophool Lallunga / Raigarh Vishnubhog-I Pendra 
Kalikamod Aarang / Raipur Vishnubhog-II Badrafnagar/ Sarguja 

 

Table 2: Grouping of rice genotypes based on D2 analysis. 
 

Cluster Number of 
entries Entries numbers 

I 09 Kapoorsar (14), Kalikamod (15), Jiradhan (17), Sukulaphool (19), Elaychi (20), 
Tulsiprasad (24), Samudrafan (27), Badhshahbhog (34), Karigilas (35). 

II 11 Shyamjeera (1), Gopalbhog (6), Jawaphool (7), Kasturi (8), Vishnubhog-1 (9), 
Dubraj-1 (10), Kubrimohar-1 (11), Jaigundhi (22), Shrikamal (36), Tilkasturi 
(37), Vishnubhog-2 (38). 

III 04 Bisni (2), Londhi (4), Anterved (23), Lallu-14 (32). 
IV 06 Dujai (5), Chinnor-2 (18), Kubrimohar-2 (25), Dubraj-2 (29), Dubraj-3 (30), 

Maidubraj (31). 
V 08 Jeeraphool (3), Chinnor-1 (12), Tulsimanjari (13), Atmashital (16), Gangabaru 

(21), Keraghul (26), Jouphool (28), Katarnibhog (33). 
  
Table 3: Average intra and inter cluster D2 values. 
 
 I II III IV V 
I 2.338     
II 2.701 2.138    
III 3.633 4.198 1.828   
IV 3.251 3.000 4.268 2.200  
V 3.297 2.849 4.765 2.534 1.951 
     *Bold values are intra-cluster values 
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Table 4: The mean values of clusters for nine characters in thirty eight aromatic rice genotypes. 
 

Clusters 
 

Clusters 

Days to 
50% 

flowering 

Days to 
maturity 

Plant 
height 
(cm) 

Number of 
tillers/plant 

Number of 
panicles/plant 

Panicle 
length 
(cm) 

Number of 
grains/panicle 

 

Grain 
yield 

(Kg/ha) 

1000 
seed 

weight 
(gm) 

I 112.59 138.00 137.85 15.00 16.67 32.78 108.07 1982.33 19.25 

II 116.36 140.18 115.25 14.88 11.79 26.88 137.52 3610.36 17.29 

III 91.92 116.92 141.00 16.42 17.67 27.83 126.00 4115.42 17.23 

IV 120.56 142.33 146.72 16.56 18.72 24.56 180.94 4788.33 19.44 

V 121.21 146.08 123.00 16.58 19.04 29.75 186.50 5730.33 13.06 
 

Fig. 1: D2 Diagrammetic representation of intra and inter cluster values. 
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ABSTRACT 

     Over many centuries, agricultural production has been reported to be extremely influenced by 
changes in climate. The environment may affect the availability of nutrients to the plant, crop 
growth and response of plants to biotic and abiotic stresses. Chilli, a well known commercial 
annual crop is used as a condiment, culinary supplement and also as a vegetable. Among the 
spices, dry chilli ranks first in per capita consumption in the country. Though India leads the world 
in production, consumption and export of chilli, the productivity levels are reported to be far below 
the actual potential of this crop. Of the many reasons attributed for low yields in chilli, vagaries of 
weather, pest and disease incidence are the most important. In Andhra Pradesh, the leading 
producer of the crop Guntur district ranks first in production of chilli. A study was conducted for 
assessing the influence of weather parameters on the chilli production and productivity in Guntur 
district. The study revealed that, the mean minimum temperature and annual rainfall had 
significant positive correlation whereas the variables mean maximum temperature and mean sun 
shine hours had negative correlation with production and productivity of chilli. Unfavourable 
climate conditions like excess/low rainfall, high humidity coupled with wide diurnal variations in 
temperature predispose the crop for pest and disease incidence. Hence, there is need to work out 
the strategies to sustain the productivity of the crop. Development of prediction models based on 
weather conditions for forecasting pest and disease incidence will go a long way in helping the 
farmers to protect their crop. Further there is need to motivate the farmers on adoption of 
improved package of practices such as IPM/IDM, INM,IWM technologies to minimize 
indiscriminate use of chemicals and maximize the efficient utilization of available resources 
leading to increased benefit cost ratio. Strategies to improve quality and minimize post harvest 
losses are also to be adopted to get premium price.  
 
Key words: Chilli, Climate, INM, IDM, IPM and IWM. 
 

Climate is the primary determinant of 
agricultural production and productivity. Adverse 
climate effects influence crop production and 
invariably on human livelihood. The negative 
impacts of climate change are stunted growth, easy 
spread of pests and diseases, drying of seedlings 
after germination/transplanting, low yield resulting 
in crop failure. Climate change elicits a significant 
change in agricultural production both in terms of 
the quantum of products as well as the location of 
production (Oladipo, 2010). The focus on climate 
change issue largely center nowadays on 
enhancing the capacity of developing nations to 
adapt to the climate change impacts (Jones, 
2010).Crop yields are directly affected by changes 
in climatic factors such as temperature, 
precipitation and the frequency and severity of 
extreme events like droughts, floods, and wind 
storms (Richard et al., 1998). Climate models 
indicate that warming over will take place in the 
next several decades irrespective of any action 
taken today. 

Chilli (Capsicum annum Linn) is an 
important commercial cash crop grown as spice 
and vegetable in India. Andhra Pradesh ranks first 

in area, production and productivity of chilli 
contributing 30% of the total area and 51% of total 
production. In AP, chilli is majorly grown in 
Guntur, Prakasam, Krishna, khamamm, Warangal, 
Srikakulam and vizianagaram districts. In Andhra 
Pradesh, Guntur ranks first in area, production and 
productivity of chilli. The crop is sensitive to 
weather, soil moisture as well as management 
practices. Uncertainties in rainfall and other 
environmental hazards like temperature and 
sunshine hours cause large year-to-year 
fluctuations in production and productivity. The 
fluctuations in chilli production are due to biotic 
and abiotic stresses. According to an estimate, 
crop yields less than 25 percent of the potential 
yield are due to the adverse environmental 
conditions and low water availability as much as 
all the other environmental factors combined 
(Boyer, 1982; Boyer and Westgate, 2004). Among 
the abiotic stresses, excess/deficiency of soil 
moisture constitutes a primary limitation to crop 
productivity (Turner, 1997; Sinclair, 2005). Chilli 
is sensitive to excess moisture and heavy rains 
during crop maturity and harvesting time damage 
the crop. The present study was intended to know 
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the behavior of weather parameters on chilli 
production and productivity in Guntur district of 
Andhra Pradesh so as to know the impact of 
weather on yield of chilli and also adoption of 
various extension strategies to minimize the losses 
due to adverse weather conditions.  

MATERIALS AND METHODS 

The weather data of 14 years (1999-2013) 
was correlated with production and productivity of 
chilli in Guntur district. Among the various 

weather parameters rainfall is important factor 
affecting production. Hence in the present study 
for correlation, the weather data during this period 
was categorized into three groups based on annual 
rainfall (the years where the annual rainfall is 
<750mm, 750-1000mm, >1000mm). The weather 
variables, maximum and minimum temperature, 
annual rainfall, seasonal rainfall and sun shine 
hours for past 13 years (1999-2012) were 
correlated with production and productivity of 
chilli in the Guntur district of Andhra Pradesh. 

 
Table1: weather data, production and productivity of chilli during the 1999-2013. 
 

Years 
Mean max 

temp 
( 0C) 

Mean min 
temp 
( 0C) 

Total Rainfall 
(mm) 

RH Morning 
(%) 

RH Afternoon 
(%) 

Production “000” 
tons 

Productivity 
(Kg/ha) 

1999-00 34.6 22.7 914.7 86.03 58.18 86 1879 
2000-01 34.3 22.4 997.6 83.47 57.25 148 2942 
2001-02 34.4 23 1019.8 86.34 69.45 204 3995 
2002-03 34.7 22.7 534.1 81.08 61.75 119 2022 
2003-04 34.2 23.3 1271.2 82.22 56.54 339 5042 
2004-05 33.4 22.8 746.9 81.58 54.90 273 4911 
2005-06 33.9 23.2 1046.5 81.56 57.42 194 4706 
2006-07 31.8 21.8 744 82.94 56.36 286 4855 
2007-08 33.4 22.7 1224.2 81.03 54.21 312 4926 
2008-09 35.6 22.7 893.9 82.09 51.73 306 4996 
2009-10 33.1 22.5 746.1 84.88 53.72 341 5520 
2010-11 32.29 22.31 1367.9 84.26 57.69 206 3346 
2011-12 34.9 23.2 874 79.98 51.67 332 4467 
2012-13 33.2 22.5 1172 89.8 56.6 320 5000 
Mean 33.84 22.70 968.06 83.37 56.96 247.57 4186.21 
Range 3.80 1.50 833.80 9.79 17.78 255.00 3641.00 
Minimum 31.80 21.80 534.10 79.98 51.67 86.00 1879.00 
Maximum 35.60 23.30 1367.90 89.77 69.45 341.00 5520.00 

 
Table 2: Descriptive statistics of weather parameters in Guntur district during 1999-2013. 
 

Parameter 

Mean 
max 
temp 
( 0C) 

Mean 
min 
temp 
( 0C) 

Total 
Rainfall 

(mm) 

RH 
Morning 

(%) 

RH Afternoon 
(%) 

Production 
“000” tons 

Productivity 
(Kg/ha) 

Mean 33.84 22.70 968.06 83.37 56.96 247.57 4186.21 
Range 3.80 1.50 833.80 9.79 17.78 255.00 3641.00 
Minimum 31.80 21.80 534.10 79.98 51.67 86.00 1879.00 
Maximum 35.60 23.30 1367.90 89.77 69.45 341.00 5520.00 

 
Table 3: Correlation coefficients of weather parameters with production and productivity of chilli in 
different rainfall situations. 
 
Weather 
Parameters 

correlation during study 
period 

correlation when Rainfall 
<750mm 

correlation when Rainfall 
750mm -1000mm 

correlation when Rainfall 
>1000mm 

Production 
“000” tons 

Productivity 
(Kg/ha) 

Production 
“000” tons 

Productivity 
(Kg/ha) 

Production 
“000” tons 

Productivity 
(Kg/ha) 

Production 
“000” tons 

Productivity 
(Kg/ha) 

Mean max 
temp ( 0C) -0.21 -0.28 -0.74 -0.75 0.72 0.79 0.08 0.46 
Mean min 
temp ( 0C) 0.09 0.10 -0.34 -0.31 0.65 0.45 0.05 0.48 
Total Rainfall 
(mm) 0.19 0.18 0.95 0.98 -0.63 -0.51 0.37 -0.22 
RH Morning 
(%) -0.10 -0.06 0.81 0.73 -0.94 -0.87 0.06 -0.12 
RH Afternoon  -0.56 -0.45 -0.97 -0.99 -0.99 -0.97 -0.54 -0.46 
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RESULTS AND DISCUSSION 
Seasonal rainfall:  

The weather data during 1999-2013 and 
descriptive statistics (Table-1) during the period 
under study revealed that the mean annual rainfall 
is 968.04 mm. There was excess rainfall in seven 
years, normal rainfall in three years and deficit 
rainfall in four years. The maximum and minimum 
temperatures ranged from 31.8 to 35.6 o C and 21.8 
to 23.3 o C respectively (table 2). The correlation 
of various weather variables during study period 
viz 1999-2013 has no significant influence on 
production and productivity of chilli. However the 
study period was categorized into 3 parameters 
based on annual rainfall and correlation was done 
to study the Influence of individual weather 
parameters on chilli production and productivity. 
Influence of weather parameters on chilli 
production and productivity: 
Correlation of production and productivity of 
chilli when rainfall is >750mm:  

The study indicated that significant negative 
correlation was observed with relative humidity in 
the afternoon, maximum and minimum 
temperatures when the rainfall was <750mm. 
Where as, rainfall and relative humidity in the 
evening hours had significant positive correlation 
with production and productivity of chilli. The 
present study indicated that even at low rainfall 
conditions also rainfall had significant positive 
correlation indicating that the distribution of 
rainfall is important rather than amount of rainfall. 
In chilli several studies indicated the importance of 
optimum time of sowing (Hosamani 1982, 
Nagaraja et al 2007, Gayathri and Giraddi 
2009,Islam et al.,2010, Hamma et al., 2012, as it 
results in maximum yield with less incidence of 
pest incidence. The lower incidence of thrips 
ultimately resulted in lower incidence of leaf curl 
virus with higher yield when crop was planted 
early in the season (Kempegowda 1980, Bagle 
1993, Mallapur et al.1987). 
Correlation of production and productivity of 
chilli when rainfall is 750mm-1000mm:   

The correlation of weather parameters when 
annual rainfall is 750mm-1000mm indicated that 
significant positive correlation with maximum and 
minimum temperatures. Rahman and Inden (2012) 
suggested that relatively higher temperature is 
better for sweet pepper production. The rainfall 
and relative humidity had significant negative 
correlation with production and productivity of 
chilli. The study indicates that chilli is sensitive to 
excess moisture and the high relative humidity in 
this present study has negative role on productivity 

indicating that high RH is favorable for disease 
incidence and ultimately resulting in low yields. 
Correlation of production and productivity of 
chilli when rainfall is >1000mm:  The correlation 
of weather parameters when annual rainfall is 
>1000mm indicated that among the various 
weather variables, only relative humidity in the 
afternoon hours had significant  negative influence 
while the other variables had no significant effect 
on chilli  on production and productivity. 

The correlation of weather parameters based 
on rainfall pattern indicated that production was 
maximum when rainfall was <750 mm, while the 
higher rainfall had negative and no impact on 
chilli. The study indicates distribution of rainfall is 
playing a key role than quantum of rainfall on 
chilli production.  

Chilli is sensitive to excess moisture 
conditions resulting in low oxygen in root zone. 
Excess moisture due to heavy rains not only result 
in flower drop and also favours incidence of 
diseases like wilt and blight The chilli crop under 
rain fed area also suffers drought stress resulting in 
yield loss up to 50-60%where as severe drought 
conditions also affect the crop badly leading to 
poor growth and severe incidence of sucking pest 
complex resulting in virus. The farmers are 
incurring huge amounts on pesticides in chilli due 
to heavy load of pest complex which is often 
correlated with temperature and humidity.  
Role of Extension in Adaptation and Mitigation 
to Changing Climate:  

Agricultural extension can be defined as the 
entire set of organizations that support people 
engaged in agricultural production and facilitate 
their efforts to solve problems and obtain 
information, skills, and technologies to improve 
their livelihoods. Extension has proven itself to be 
a cost-effective means of bringing about greater 
economic returns for farmers with significant and 
positive effects on knowledge, adoption, and 
productivity. Now days the extension strategies are 
going beyond of technology transfer to facilitation, 
beyond training to learning, and includes helping 
farmers to form groups, dealing marketing issues, 
and broad range of service providers. Hence 
extension is a cost-effective tool that can play an 
important role in dealing with changing climate 
while at the same time helping to increase 
productivity and reduce poverty (Kristen, 2009). 
Extension can help farmers prepare for greater 
climate variability and uncertainty, create 
contingency measures to deal with exponentially 
increasing risk, and alleviate the consequences of 
changing climate by providing advice on how to 
deal with droughts, floods, and so forth. Extension 
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can also help with mitigation of changing climate 
by providing links to new markets, new 
government priorities and policies. Mitigation 
strategies are procedures or activities that help 
prevent or minimize the process of climate change 
(Nyong et al., 2007).Mitigation and adaptation are 
complementary rather than mutually exclusive 
(Fussel 2007),. The capacity of farmers to cope 
with such different forms of risk will become ever 
more crucial, and extension efforts must pay 
special attention to educating farmers about their 
options to enhance resilience and response 
capacity. Increasing the availability of extension 
officers is critical to transfer the knowledge 
necessary for farmers to respond to changing 
climate. Training is required in crop production 
technologies and innovations appropriate to the 
changing climate, such as new, early maturing 
seed varieties. Extension workers also need to be 
made aware of climate variability and trained on 
how to communicate it and what to do about it. 
Extension can make a significant contribution 
through enhanced farmer decision making in the 
light of changing climate.   

Adoption strategies has to be followed to 
overcome the unfavourable vagaries of climate 
which not only results in pest load on crop but also 
results in crop loss up to 60-70%. (Ayanwuyi et 
al., 2010).  
 
Adaptation Strategies to Climate Change  
1. Adaptation: 
 Water conservation techniques (precision 

farming,). 
 Soil conservation through frequent 

intercultivation. 
 Shading and shelter/mulching. 
 Planting of  early varieties like LCA-353 
2. Farming Operations: 

 Planting of different crops/ crop rotation 
 Different planting dates; 
 Planting of different varieties  
 Early planting  
 Early harvesting under drought conditions. 
 Frequent application of inputs in smaller 

doses f (fertilizers, agro-chemicals); 
 Adoption of Seed treatment practices to 

reduce pesticide usage 
3. Protection Measure: 
 Adoption of INM practices to increase quality 

of produce besides reducing cost of 
cultivation. 

 Adoption of IWM   to lessen the weed density 
and ultimately  

 Application of soil amendments e.g. farm yard 
manure, vermicompost,  

 Use of green manures, Trico derma viridi and 
bio fertilizers. 

 Foliar nutrition in case of rained chilli. 
4. Post harvest operations: 

 Use of solar/poly house dries for quick drying 
to escape from unfavourable weather 
condition, results in uniform drying of 
produce in short time and also increases 
quality of produce.  

 Conversion of raw produce in to value added 
products like chilli powders, capsacin and 
oleresins. 

Besides these adoption strategies, prediction 
models have to be developed based on collected 
climate data and forecast of weather parameters. 
There by farmers can be advised well in advance 
about the forecast of pest and disease incidence 
and it will help in   reducing the risk of crop 
failure. The decision making support and early 
warning system provides the farmer some advice 
to reduce the crop failure risks due to climate 
change. 
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ABSTRACT 

     Present study was carried out to ascertain the extent of genetic variability in the population of 
48 different chickpea genotypes with respect to yield, nutritional quality and other agronomic 
characters. The highest genotypic coefficient of variation was observed for 100-seed weight 
followed by methionine content, number of pods per plant, seed yield per plant and number of 
seeds per pod. High heritability coupled with high genetic advance was observed for methionine 
content, 100-seed weight, pods per plant and days to flowering indicating the predominance of 
additive gene action. The results demonstrated ample scope for improving seed yield in chickpea 
through selection of 100-seed weight, pods per plant and days to flowering. The protein quality can 
also be improved through changing the methionine content through selection. 
 
Key words: Cicer arietinum L., genetic advance, genetic variability, heritability and methionine 
content. 
  

Chickpea (Cicer arietinum L.) commonly also 
known as gram, Chana, Bengal gram and Garbanzo 
beans is the most important pulse crop of arid and 
semi-arid regions.Chickpea is native of south-
eastern Turkey and Syria (Saxena and Singh, 
1987). Among the food crops grown in India, 
chickpea is fifth in acreage and sixth in production, 
while total area under its cultivation was about 7.37 
million hectares with a total production of 5.89 
million tons and productivity of 799.19 kg/ha 
(Anon., 2011). Chickpea is the only domesticated 
species under the genus Cicer.The genus Cicer 
containing 41 species belongs to the tribe Cicereae 
of the family Fabaceae(Van der Maesen, 1973, 
ILDIS, 2013).Chickpea seed contains about 17 to 
21 per cent protein, 56.5 per cent carbohydrates, 
0.49 per cent essential amino acid lysinebesides 
ash, calcium, phosphorus and iron (Thakur, 1980). 

Assessment of genetic variability in the base 
population is the first step in any breeding 
programme.  It should be determined with the help 
of parameters, such as genotypic and phenotypic 
co-efficient of variation, heritability and expected 
genetic advance under selection. Present 
investigation was undertaken in the population48 
genotypes of chickpea to ascertain the extent of 

genetic variability with respect to grain yield, 
nutritional quality and other agronomic characters. 

MATERIALS AND METHODS 

The experiment was conducted to evaluate 48 
different genotypes including three cultivated 
varieties (Table 1) at S. D. Agricultural University, 
Sardarkrushinagar during rabi season of 2011-12. 
The observation on five randomly selected plants 
were recorded for days to flowering, days to 
maturity, plant height, number of effective 
branches per plant, number of pods per plant, 
number of seeds per pod, seed yield per plant, 100-
seed weight, harvest index (%), protein content 
(determined by using Near Infrared Ray (NIR) 
spectrophotometer) and methionine content, 
whichwas estimated by colorimetric method as per 
McCarthy and Paille (1959).Analysis of variance 
was performedas per the method suggested by 
Panse and Sukhatme, 1978. The Genotypic and 
Phenotypic coefficient of variation (PCV and 
GCV) were estimated as per Burton, 
1953.Heritability in broad sense was estimated as 
suggested by Allard, 1960whileexpected genetic 
advance (in terms of percentage of mean) for each 
character was computed following Johnson et al., 
1955. 
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Table1 : List of 45 germplasm entries received from NBPGR, New Delhi and three cultivated varieties 
of Gujarat State. 

Sr. 
No. Genotypes Sr. 

No. Genotypes Sr. 
No. Genotypes Sr. 

No. Genotypes 

1. IC 269251 13. IC  269269 25. IC 269283 37. IC 269299 
2. IC 269253 14. IC 269270 26. IC 269284 38. IC 269301 
3. IC 269254 15. IC 269271 27. IC 269286 39. IC 269302 
4. IC 269255 16. IC 269272 28. IC 269287 40. IC 269305 
5. IC 269257 17. IC 269273 29. IC 269288 41. IC 269306 
6. IC 269261 18. IC 269275 30. IC 269289 42. IC 269307 
7. IC 269262 19. IC 269276 31. IC 269291 43. IC 269308 
8. IC 269264 20. IC 269277 32. IC 269292 44. IC 269309 
9. IC 269265 21. IC 269278 33. IC 269293 45. IC 269310 
10. IC 269266 22. IC 269280 34. IC 269295 46. GJG 3 
11. IC 269267 23. IC 269281 35. IC 269296 47. GG 1 
12. IC 269268 24. IC 269282 36. IC 269298 48. Dahod yellow 

 
Table2. Analysis of variance (ANOVA) for eleven characters in chickpea. 
 

Source Replications Genotypes Error 
d.f. 2 47 94 
Days to flowering 27.11 238.30** 10.32 
Days to maturity 22.92 56.48** 8.55 
Plant height (cm) 3.55 88.86** 8.07 
Number of effective branches per plant 0.52 1.31** 0.18 
Number of pods per plant 61.48 538.12** 34.73 
Number of seeds per pod 0.01 0.15** 0.02 
Seed yield per plant 19.64 26.43** 6.54 
100-seed weight (g) 0.55 35.09** 0.21 
Harvest index (%) 10.22 29.34** 6.04 
Protein content (%) 0.48 3.41** 0.30 

Methionine (mg/g sample) 0.00 1.37** 0.00 
*, ** indicate level of significance at 5 and 1 per cent, respectively. 
 
Table 3.  Range of variation, mean,standard error (S.E.), critical difference ( C.D.) and components of 
variance for 11 characters in chickpea 

 

Character Range Mean ± 
S.E. C.D. Variance components 

Phenotypic Genotypic Environmental 
Days to flowering 46-83 71.47 ± 1.85 5.21 86.30 75.99 10.31 
Days to maturity 105-124.66 117.47 ± 1.69 4.74 24.52 15.97 8.55 
Plant height (cm) 29.46-59.53 43.44 ± 1.64 4.60 35.00 26.93 8.07 
Number of effective 
branches per plant 3.96-6.76 4.82 ± 0.24 0.68 0.56 0.38 0.18 

Number of pods per plant 43.6-95.46 66.72 ± 3.40 9.55 202.53 167.80 34.73 
Number of seeds  per pod 1.23-2.2 1.62 ± 0.08 0.22 0.06 0.04 0.02 
Seed yield per plant (g) 10.89-25.26 18.88 ± 1.48 4.15 13.17 6.63 6.54 
100-seed weight (g) 10.7-30.63 14.86 ± 0.26 0.73 11.83 11.63 0.20 
Harvest index (%) 20.76-40.2 27.96 ± 1.46 3.99 13.81 7.77 6.04 
Protein content (%) 17.31-21.47 19.05 ± 0.32 0.89 1.33 1.04 0.29 
Methionine  
(mg/g sample) 1.79-4.41 3.26 ± 0.02 0.06 0.46 0.46 0.00 
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Table 4The estimates of genetic variability parameters for various characters in  chickpea 
 

Source GCV PCV Heritability 
(%) GA GA  

(% of Mean) 

Days to flowering 12.20 13.00 88.04 16.85 23.57 
Days to maturity 3.40 4.22 65.14 6.64 5.65 
Plant height (cm) 11.95 13.62 76.94 9.37 21.58 
Number of effective branches per plant 12.74 15.45 67.97 1.04 21.63 
Number of pods per plant 19.41 21.33 82.85 24.28 36.40 
Number of seeds per pod 13.18 15.59 71.47 0.37 22.95 
Seed yield per plant 13.63 19.21 50.31 3.76 19.91 
100-seed weight (g) 22.95 23.16 98.27 6.96 46.87 
Harvest index (%) 9.97 13.29 56.24 4.30 15.39 
Protein content (%) 5.35 6.07 77.59 1.84 9.70 
Methionine (mg/g sample) 20.67 20.69 99.69 1.39 42.51 

 

RESULTS AND DISCUSSION 

The analysis of variance revealed the 
existence of considerable genetic differences 
among the genotypes for all the characters (Table 
2).  This indicated suitability of experimental 
material for estimation of genetic parameters. The 
seed yield ranged from 10.89 g (IC-269257) to 
25.26 g (IC-269295). The overall mean seed yield 
per plant was estimated as 18.88 g. The phenotypic 
variances were high for number of pods per plant, 
days to flowering and plant height. 

The estimates of phenotypic (PCV) and 
genotypic co-efficients of variation (GCV) as 
depicted in Table 4 revealed that the PCV estimates 
were greater than their corresponding GCV 
estimates for all the traits studied which showed the 
influence of environment in the expression of the 
characters. The highest GCV was observed for 
100-seed weight (22.95) followed by methionine 
content (20.67) and number of pods per plant 
(19.41). Therefore, selection based on phenotype 
will be effective for genetic improvement of these 
characters. Similar findings in chickpea were also 
reported by Jeena and Arora (2007) for number of 
pods per plant and Singh et al. (2012) for 100-seed 
weight. Significant influence of environment on 
seed yield was indicated by PCV (19.21 %) and 
GCV (13.63 %) values which was further 
confirmed by moderate heritability estimate of 
50.31 per cent. Lower values of both GCV and 
PCV were observed for days to maturity, protein 
content and harvest index indicating less genetic 
variation in experimental material for these traits. 
This resultswere matching with the findings 
ofKumaret al. (2000) and Muhammad et al. (2003). 

Heritability in broad sense ranged from 50.31 
per cent for seed yield per plant to 99.69 per cent 
for methionine content (Table 4). Similarly, the 
expected genetic advance as percentage of mean 
varied between 5.65 for days to maturity to 46.87 
for 100-seed weight. High heritability with high 

genetic advance was recorded for 100-seed weight, 
methionine content, number of pods per plant, days 
to flowering and plant height. Panse (1957) stated 
that the additive gene effects are responsible for 
inheritance of those quantitative traits which 
exhibit high heritability in broad sense and high 
genetic advance and such characters can be 
improved by selection.  The expected genetic 
advance for number of pods per plant and 100-seed 
weight were very high i.e., 36.40 and 46.87 per 
cent of means, respectively. These two characters 
are thus important yield components which can 
boost the yield potential of the population through 
selection. Accordingly, were least influenced by 
the environmental effects a in the present 
investigation, the yield contributing traits i.e., 100-
seed weight, number of pods per plant and days to 
flowering can be improved through selection. 
Similar conclusion was also derived by Qurban Ali 
et al. (2010) and Singh et al. (2012) for one or 
more of these characters in chickpea.Moderate 
level of heritability with moderate to low genetic 
advance was noticed for seed yield per plant, 
harvest index, number of effective branches per 
plant, seeds per pod, protein content and days to 
maturity indicating selection to be less effective for 
these traits. 

Of the four amino acids most important in 
human diets- lysine, methionine, threonine and 
tryptophan - the cereals are most deficient in lysine 
and tryptophan, and the food grain legumes, in 
methionine(Muntzet al., 1998).  There are no 
reports on variability in methionine content of 
chickpea germplasm. In present study, the 
methionine content among the genotypes varied 
between 1.79 and 4.41 mg/g sample with high 
heritability and expected genetic advance at the rate 
of 42.51 per cent of mean.  Therefore, selection 
may be effective to improve the methionine content 
of the seed protein. 
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ABSTRACT 

     Fish marketing is important in fisheries. There are few studies on fresh water fish marketing 
system in India, but not many studies for Maharashtra state. Inland fish production of Nagpur 
region in Maharashtra state is largest. A study was done on Fresh water fish marketing system of 
Bhoipura fish market which is largest wholesale market of Nagpur. Information was collected using 
interview schedule from 44 respondents. It was found that 20 fish species were marketed here, 
most dominant among them were Catla, Rohu, Mrigal, Magur and Pangasius. There were 150 
retailers and 20 wholesalers with market turnover of ₹ 250000 per day. Indian Major Carps were 
procured from reservoir, river and inland aquaculture ponds, however consumer preferred 
reservoir and river fishes. Silver carp, Common carp and Tilapia were procured from reservoir and 
aquaculture ponds whereas Seenghala, Scampi, Murrel, Pangasius and Magur were available 
from aquaculture ponds. Wallago attu was available from reservoir. Indian Major Carps, Scampi, 
Magur and Pangasius were mostly brought from Andhra Pradesh and Karnataka. Other species 
were brought from Maharashtra. Bhoipura fish market, is a local market for different fresh water 
fish species and is a valuable asset for fish marketing. With aquaculture and fisheries being given 
importance in recent plans by Central as well as State Governments detailed information of fish 
markets can help in developing appropriate fish marketing strategy as well as aquaculture 
production strategy which is customised to market needs. 
 
Key words: Freshwater fish, fish market, marketing system and Nagpur.  
 

Maharashtra is bestowed with around 
3,18,000 ha water spread area in the form of tanks, 
reservoir, lakes etc., and around 19,500 Km stretch 
of river is the potential area for inland fishery 
(Department of Fisheries (DOF), Nagpur, 
Government of Maharashtra). The state achieved 
1,45,110 tonnes inland fish production in ar 2011-
2012 and 1,10528.84 lakh in terms of value tonnes 
(Department of Fisheries, Nagpur, Government of 
Maharashtra).  

Fish marketing is important to the field of 
fisheries, because it significantly contributes to the 
economics of country, in turn is a helping hand for 
poverty alleviation, employment generation, and 
raising livelihood for the fishers. In the entire 
process of the fisheries business, marketing of fish 
does not mean only selling however it includes the 
various steps of production, processing 
technologies, preservation, sales promotion, 
distribution and also transportation. FAO (2001) 
has highlighted the importance of production, 
accessibility, marketing and consumption patterns 
of aquaculture products and presented regional 
synthesis of five countries in Asia.  
In India, marketing efficiency is more in case of 
marine species than fresh water species since the 
fresh water species have to travel longer distances 

from the point of production to consumption centre 
passing many intermediaries as compared to the 
marine species. India has the prevalent fish 
marketing system in its Kolleru lake area in Andhra 
Pradesh which is highly efficient marketing system 
of Indian Major Carps (IMC) than any other major 
aquaculture states like West Bengal, Orrisa and 
marine states like Maharashtra and Tamilnadu. 
umar (Kumar et. al. 2008, 2010).  

Though there are few studies found regarding 
fresh water fish marketing system in India, there 
are no studies found peculiarly in Maharashtra 
state. As mentioned earlier the importance of 
marketing system of fish, keeping in view the 
inland fish production and potentiality of Nagpur 
region of Maharashtra state, an attempt was made 
to assess the fresh water fish marketing system of 
Bhoipura fish market, largest wholesale market of 
Nagpur. 

Nagpur is one of the leading cities of 
Maharashtra. Nagpur region includes six districts 
viz Wardha, Nagpur, Bhandara, Gondia, 
Chandrapur and Gadchiroli. Collectively the inland 
fish production of the potential region of 
Maharashtra is 52,831 tonnes in the year 2011-12 
which is region wise largest in the state. Among 
these six districts of Nagpur region, Nagpur alone 
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has achieved the inland fish production of 12,200 
tonnes in the year 2011-2012. Inland fishery 
resources are abundantly available in Nagpur 
Region. Nagpur has total 25,115 ha area of state 
irrigation tanks which are above 200 ha, 22226 ha 
area of state irrigation tanks which are below 200 
ha, and 35,023 ha area of Zilla parishad and other 
tanks which is the highest in all the regions of the 
state. The total area of tanks in Nagpur region is 
82,364 ha which is less compared to other regions 
of the state. However, inland fish production of the 
region in the year 2011-2012 is highest in the state 
(Department of Fisheries (DOF), Nagpur, 
Government of Maharashtra).  

Bhoipura fish market, largest wholesale market of 
Nagpur was selected for the study with an objective 
of studying the fresh water fish marketing system.  

MATERIALS AND METHODS 

The information was collected from 44 
respondents from Bhoipura fish market, largest 
wholesale market of Nagpur market which included 
Farmer, Wholesaler, Retailer, Vendor, with the 
help of interview schedule. The study was 
conducted during April, 2013. Discussio--ns were 
held with the Commissioner of Fisheries, Assistant 
Fisheries Development Officer (AFDO) from the 
Department of Fisheries of Nagpur. Protocols used 
for data collection were standardized with the 
consultation of experts.  

 

Table 1: Availability of different fish species 

Species Availability Peak availability Less 
availability 

Catla, Rohu, Mrigal, Oct-June Jan-March July-Sep 

Silver carp, Common carp Dec-June March- June July - Oct 

Murrel, Magur, Seenghala, Wallago attu Oct-June April-May July -Sep 
Pangasius and Scampi Jan-Dec Jan-March July-Oct 

 

 

RESULTS AND DISCUSSION 

The present research study focused to explore 
the peculiarities of the selected fresh water fish 
market and its existing marketing pattern.  
Profile of Nagpur Fish Market 

Bhoipura fish market is the largest wholesale 
market of Nagpur.Total number of species coming 
in the market were 15-20. Most dominant among 
them were Catla, Rohu, Mrigal, Magur and 
Pangasius. There are 150 retailers in the market and 
20 wholesalers. The approximate turnover of the 
market is ₹ 250000 per day. Market opens at 8:00 
am and is closed at 7:00 pm. The market area is 
300 sq km.  
Prevailing Wholesale and Retail Prices of Carp 
Species  
Wholesale price of Catla, Mrigal, Silver carp and 
Common carp was  60/Kg whereas Rohu was sold 
at a little higher price at  70/Kg.Retailer selling 
price varied from  100 to 120/Kg. The marketing 
margin for Catla,  Rohu and Mrigal between 
wholesaler and Retailer is 50/kg but the minimum 
margin is in case of common carp and silver carp 
which is 40/Kg. Though the rate of Rohu was 
higher than Catla and Mrigal, marketing margin 
found was the same. An acceptable table size of 
Catla fish was found 3-7 Kg, Rohu and Silver carp 
3-5 Kg, Common carp 3-6 Kg and Mrigal 2-4 Kg 
respectively. The fishes were packed using jute 
bags for local transportation and plastic crates were 

used for the fish coming from Andhra Pradesh and 
Karnataka.  
Prevailing Wholesale and Retail Prices of Non-
Carp Species 

Non-carp species sold were Seenghala, 
Pangasius, Scampi, Wallago attu, Murrels, Magur 
and Tilapia. Their wholesale price ranged from ₹ 
30/Kg for Tilapia which was the least and ₹200/Kg 
for scampi which was the highest price. The 
retailer’s price for Tilapia was ₹ 50/Kg and 
₹400/Kg for scampi. The market margin for non-
carp species varied between ₹ 20 to 200 /kg. An 
acceptable table size found for scampi was 60-250 
gm, Pangasius above 1 Kg, Seenghala 50-100 gm, 
Magur less than ½ kg, Murrel ½ Kg, Tilapia 6-
100gm and Wallago attu ½-4 Kg. The packaging 
material used for Scampi and Pangasius was plastic 
crates and thermocole boxes along with ice since it 
was procured long distance places, bamboo crates 
were used for Seenghala and Tilapia, Murrel and 
Wallago attu were packed in gunny bags and live 
Magur was sold in fibre crates whereas dead fish in 
jute bags. 
Sources of Fish Procurement 

Indian Major Carps were procured from 
reservoir, river and inland aquaculture ponds, 
however consumer preferred reservoir and river 
fishes. Silver carp, Common carp and Tilapia were 
procured from reservoir and aquaculture ponds 
whereas seenghala, scampi, Murrel, Pangsius and 
Magur were exclusively available from aquaculture 
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ponds. Wallago attu was the species which was 
available only from reservoir. Indian Major Carps, 
Scampi, Magur and Pangasius available in the 
market were mostly brought from Andhra Pradesh, 
Karnataka and the other species available were 
brought from within the Maharashtra and nearby 
places of Nagpur like Bhandara , Chandrapur, 
Gadchirolli, Bor dam of upper Wardha &local 
places of Nagpur like Shukravar  lake and local 
ponds. 
Prevailing fish marketing channels  

 The supply of fish to the market from capture 
fisheries and culture fisheries was carried out 
through the following market channels.  

 
1. Fish farmer      Wholesaler      Retailer      Consumer 
2. Fish farmer      Middlemen     Wholesaler      Retailer     

Consumer 
3. Fish farmer       Itinerant trader       Consumer 

In the above fish marketing chain, fish farmer 
is the producer who cultivates the fish, wholesaler 
is the one who purchases the fish in large quantity 
or in bulk, Middlemen act as the commission agent, 
traders are the merchants who move from village to 
village and purchase the produce from the fish 
farmers directly. Retailers purchase the fish in 
small quantities and sell it directly to the 
consumers. The consumer is the ultimate segment 
of the chain who consumes the fish. 
Monthly supply of fish in Nagpur fish market 

All the available species of fish except Magur 
(Clarius batrachus) and sometimes Seengala are 
sold in dead condition. As in the case of marine 
fish, there is no banned season for fresh water 
fishes. Fishes are spoiled rapidly during summer 
due to the melting of ice. Icing ration used is 60% 
ice and 40% fish. Spoiled fishes are thrown away 
instead using for fish meal or fertilizer. Table 1 
shows the availability as per quantity of different 
fish species.  
Transportation of Fishes  

Fishes coming from local or nearby water 
bodies reach the market within 1-1/2 hr and fishes 
which are imported from Andhra Pradesh and 

Karnataka need one day to reach the Nagpur fish 
market. The fish are transported to the market by 
trains and trucks. These are properly packed in 
thermocol boxes, trays and cages, plastic crates 
prior to transportation to avoid physical damages 
and autolytic degenerations. During this, they 
maintain an approximate ratio of fish and ice of 
60:40.  
Annual Calendar of Supply and Demand  
There is a good supply of fish in August however, 
there is no demand because Hindus observe 
Shravan month when they do not eat non 
vegetarian food. In monsoon season, there are 
many festivals of Hindus hence July – Sep there is 
good supply but less demand for fish. During 
October to June, the demand of fish is high and the 
peak demand is during winter season. In winter, 
price is high as demand is more. There is variation 
in price between summer and winter season 
because in summer fishes are highly perishable 
than winter. Price rate is high in winter by 30-40 
compared to peak season.  

CONCLUSION 

From the study it is clear that Bhoipura fish market 
which is the largest wholesale market of Nagpur 
has a good presence of a local market for different 
fresh water fish species. This market is a valuable 
asset for the marketing of fish. With aquaculture 
and fisheries being given importance in the recent 
plans by Central as well as State Governments this 
detailed survey of Bhoipura fish market, largest 
wholesale market of Nagpur with complete 
information about local species availability, fish 
supply and demand, and pricing of various 
available fish species can be used for making 
recommendations for appropriate fish marketing 
strategy for the local markets. The policy maker 
can have ready information on the fish species 
which have the market and encourage the culture of 
these species accordingly. 
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ABSTRACT 

 
     An investigation was carried out to find the effect of split application of S on yield and use 
efficiency by soybean using S-35 radioisotope on marginal S status soil. Irrespective of the level, 
sulphur application in two equal splits as basal and at 30 DAS made a significant dent on seed 
yield of soybean compared to its one time application either at sowing or at 30 DAS. The mean 
seed yield of Soybean was highest (1643     kg/ha) when S was applied in two splits (1/2 as basal 
+ ½ at 30 DAS) followed by full dose as basal (1513 kg/ha) and at 30 DAS (1395 kg/ha) . It was 
found that a minimum of 30 kg S/ha is needed to obtain good yields of soybean although higher 
level of its application had beneficial effect on the crop, albeit, to an extent of 4-5% for increase of 
sulphur to 40 kg/ha. Sulphur application in two equal splits as basal and at 30 DAS has increased 
the S use efficiency in soybean seeds by 128.6 and 150.7 % compared to single time application 
either as basal or at 30 DAS, respectively. Though the utilization of applied S by soybean was 
found to be higher at 30 kg S /ha level (16.8%) compared to 40 kg S/ha(14.60 %) the difference 
was not much. 
 
Key words: Soybean, S nutrition   S requirement and S use efficiency. 
 

Now-a-days, increased use of S free high 
analysis  fertilizers, adoption of high yielding 
varieties and multiple cropping systems are causing 
sulphur deficiency in soils. In addition to this, use 
of more N and P fertilizers in comparison with S 
will result in widening ratios of N:S and P:S. This 
imbalance effects the efficiency of fertilizers, 
impairs the quality of produce and accelerates the 
removal of S from the soil . Soybean, a crop rich in 
protein (43%) and oil (20%) needs considerable 
amount of sulphur. A soybean crop yielding 2.0 
t/ha removes about 18 kg S/ha 
(Tandon,1991).Sulphur requirement to crops in 
sulphur deficient alluvial soils was worked out by 
Aulak et al.(1990) and Khajanchilal et al .(1996). 
Venkata reddy et al.(2004) while working with S 
deficient Alfisols reported a positive response to 
sulphur by onion. Conventionally, the sulphur 
application to oilseeds, pulses and other crops is 
made once in a crop season to meet its requirement 
and for better use efficiency. However, recent study 
by Girish and Venkata reddy (2005) through their 
field study conducted on S deficient Alfisol 
established the need of S application to soybean. 
The authors observed the highest sulphur 
concentration and uptake by soybean leaves and 
stems at flowering stage. This study suggested that 
split application of slowly available S with proper 
timing may help in avoiding losses of S and non-
accumulation of it in deeper layers of soil. While  
this is not true under every condition, such an 

attempt can result in information where in input 
cost can be minimized in crop production. This will 
also help in de-risking the loss of S input cost in 
the event crop fails during early stage due to failure 
in monsoon or for any other reason.  Hence, the 
present study is contemplated to study the effect of 
S supplied through different levels and timings on 
its requirement and use efficiency by soybean using 
S-35 radioisotope. 
 

MATERIALS AND METHODS 

Field experiments were conducted at 
ANGRAU’s Agricultural College Farm, 
Hyderabad during kharif 2006-07 to 2008-09 to 
investigate the Effect of split application of sulphur 
on yield and its use efficiency by Soybean on light 
soils. The initial characteristics of the experimental 
fields as determine by standard procedures 
(Tandon, 1993) are presented in table 1. The pH of 
the experimental fields was in the range of 7.8 to 
8.2. The soils were normal without any salt 
problem, low in available N, high in available P2O5 
and K2O and marginal in available sulphur content. 
Seven treatments included three levels of sulphur 
(0,30 and 40 kg/ha) applied at three different times 
; i) full dose as basal ii) half dose as basal + half at 
30 DAS and iii) full dose at 30 DAS along with 
control (no sulphur). The experiment was laid out 
in randomized block design with 4 replications. For 
obtaining use efficiency of sulphur under split 
application, two treatments i.e; 30 & 40 kg S/ha in 
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splits were duplicated. Each treatment plot was 
divided into two parts i.e., main plot and micro plot 
separated by a small bund. The sulphur in the 
gypsum was tagged with 35S radio isotope to a final 
specific activity of 0.25 mCi/g of sulphur. The 
tagged sulphur was applied to micro plots within 
the corresponding main plots which were applied 
with ordinary (untagged) gypsum. Recommended 
dose of 60 kg N and 80 kg P2O5 /ha was supplied 
through urea and DAP, respectively to all the plots. 
Other standard package of practices were followed 
during experimentation. Soybean that sheds a lot of 
foliage during the crop season and thus, posing a 
practical problem of accounting the weight of dry 
matter . Hence, only the seed samples collected 
from micro plots at harvesting stage were analyzed 
for sulphur and 35S radioassay (IAEA, 1990). The 
radiation counting was done with a Geiger – muller 
counter (model – RCS 4207A). The crop yield at 

harvest was determined from the main plots. Seed 
yield and sulphur uptake was analysed as RBD 
design and other isotope data was analysed as 
FRBD using standard statistical package. Sulphur 
use efficiency by using the radioisotopes was 
derived by adopting the following steps: 
a).S-uptake (kg ha-1)   : Seed yield (kg ha-1) X   % S 
content / 100 
b).S-ppm                     : % S content X 16 
c). ml mg-1 S               : 1000 / S-ppm 
d).Counts Second-1 : Reading from Geiger Muller 
counter Sec-1 

e).Counts mg-1sec-1 : Counts sec-1
 X   ml mg-1S 

f). % Sulphur derived from fertilizer (Sdff): Counts 
mg-1sec-1 of plant / Counts mg-1sec-1 of fertilizer 
g). Fertilizer S uptake ( kg ha-1)   : % Sdff  X S-
uptake (kg ha-1) / 100 
h). % S use efficiency: Fertilizer S uptake X 100 / 
Dose of applied fertilize 

Table 1:   Physico-chemical characteristics of experimental soil 
 

Characteristic 2006-07 2007-08 2008-09 
 pH 7.8 8.1 8.2 
EC (dSm-1) 0.12 0.27 0.24 
Available Nitrogen      (kg/ha) 215 201 198 
Available Phosphorus  (kg/ha) 57 52 54 
Available Potassium     (kg/ha) 325 394 318 
Available Sulphur        (mg/kg) 9.4 10.6 10.2 
 
Table 2: Effect of different levels and times of sulphur application on seed yield  (kg/ha) of soybean 
                                                                                             

Treatment        Seed Yield (Kg/ha) Mean 
2007 2008 2009 

Control 1290 1324 1278 1297 
30 kg S/ha Full as basal 1438 1498 1484 1473 
40 kg S/ha Full as basal 1520 1576 1562 1553 
30 kg S/ha as Split (1/2 as basal+1/2 at 30 DAS) 1586 1645 1598 1610 
40 kg S/ha as Split (1/2 as basal+1/2 at 30 DAS) 1654 1728 1648 1677 
30 kg S/ha as Full dose at 30 DAS 1358 1412 1346 1372 
40 kg S/ha as Full dose at 30 DAS 1372 1488 1390 1417 
Mean 1460 1524 1472  
CD@5% 112.4 124.6 118.4  
 
Table 3: Effect of different levels and times of sulphur application on S content (%)  and uptake 
(kg/ha) by soybean seed  (3 years pooled data) 
 

Treatment S-content (%) S-uptake (Kg/ha) 
Control 0.30 3.89 
30kg S/ha Full as basal 0.40 5.89 
40kg S/ha Full as basal 0.42 6.52 
30kg S/ha as Split (1/2 as basal +1/2 at 30DAS) 0.41 6.60 
40kg S/ha as Split (1/2 as basal +1/2 at 30DAS) 0.43 7.22 
30kg S/ha as Full dose at 30DAS 0.42 5.76 
40kg S/ha as Full dose at 30DAS 0.43 6.09 
Mean 0.40 6.00 
CD@5% 0.036 0.54 
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Table  4:   Effect of different levels and times of sulphur application on percent sulphur derived 
 from fertilizer (% Sdff )  by Soybean seed 

                                                                                              (3 years pooled data) 
Treatments                                  Percent Sdff 

Full as 
basal 

Split (1/2as basal+1/2 at 
30DAS) 

Full dose at 
30DAS 

Mean 

30kgS/ha 61.73  62.24( 31.53+30.71)          56.64 60.20 

40kgs/ha 63.23 66.36 (33.56+32.80) 62.87 
 

64.15 

Mean 62.48 64.30 59.75 
 

 

CD(P=0.05) D= 3.86 , T=  3.90 , DxT= 3.98 
 
Note: D=Doses of S; T=Time of S application; DxT=Interaction 
 
Table 5:   Effect of different levels and times of sulphur application on Fertilizer S  uptake (kg/ha) by 

Soybean seed   (3 years pooled data) 
 
Treatments                             Fertilizer S uptake (kg/ha) 

Full as 
basal 

Split (1/2as basal+1/2 at 
30DAS) 

Full dose at 
30DAS 

Mean 

30kgS/ha 3.64 4.11 ( 2.08 + 2.03) 3.26 3.67 

40kgs/ha 4.12 4.79 ( 2.42 + 2.37) 3.83 4.25 
Mean 3.88 4.45 3.55  
CD(P=0.05) D=0.32, T=0.36, DxT= 0.40 

Note: D=Doses of S; T=Time of S application; DxT=Interaction 
 
Table  6:   Effect of different levels and times of sulphur application on S use efficiency (%) by 

Soybean seed   (3 years pooled data) 
 
Treatments                                 S use efficiency (%) 

Full as 
basal 

Split (1/2 as basal +1/2 at 30 
DAS) 

Full dose at  
30 DAS 

Mean 

30kgS/ha 12.13 27.38 (13.84 + 13.54) 10.88 16.80 
40kgs/ha 10.31 23.92 (12.09 + 11.83) 9.58 14.60 
Mean 11.22 25.65 10.23  
CD(P=0.05) D= 1.22 ,T= 1.38, DxT=1.43 
Note: D=Doses of S; T=Time of S application; DxT=Interaction 
 

RESULTS AND DISCUSSION 
I. Seed Yield 
            Three years pooled data on seed yield of 
soybean as influenced by different levels and times 
of sulphur application is presented in table 2. The 
mean seed yield of soybean increased significantly 
due to application of S at 30(1473 kg/ha) and 40 
kg/ha (1553 kg/ha)over control(1297 kg/ha). The 
highest seed yield recorded at 40 kg S/ha was also 
significantly superior over 30 kg S/ha treatment. 
The increase in seed yield was to an extent of 13.6 
% and 19.7 % due to application of 30 and 40 kg 
S/ha when compared to that of control (1297 kg/ha) 
. Such a response of soybean crop to S application 
in terms of seed yield is expected in soils marginal 
in available S status. Similar improvement in seed 
yield of soybean with increased levels of S 

application is also reported by Girish and Venkata 
reddy (2005). Irrespective of the level, sulphur 
application in two equal splits as basal and at 30 
DAS made a significant dent on seed yield of 
soybean compared to its one time application either 
at sowing or at 30 DAS. The mean seed yield of 
Soybean was highest (1644 kg/ha) when S was 
applied in two splits (1/2 as basal + ½ at 30 DAS) 
followed by full dose as basal (1513 kg/ha) and at 
30 DAS (1395 kg/ha). The maximum seed yield of 
1677 kg/ha was obtained when 40 kg/ha  S was 
applied to the crop in two splits (1/2 as basal+1/2 at 
30 DAS). The increase in seed yield in treatment 
where S was applied in splits is due to the 
continued supply of S nutrient through out the crop 
growth period.  
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II.Sulphur uptake 
The sulphur uptake (Table 3) by the crop 

increased from 3.89 kg/ha in control to 5.89 and 
6.52 kg/ha due to application of sulphur at 30 and 
40 kg/ha , respectively. The increase in S uptake by 
soybean with increasing the S levels from 0 to30 
kg/ha was also reported by Najar et al. (2011).The 
different times of sulphur application significantly 
influenced the S-uptake by the crop. Once again, 
the split application of sulphur showed its 
superiority with respect to S uptake by soybean 
over one time application either as basal or at 
30DAS.  
III.Percent Sulphur derived from 
fertilizer(%Sdff) 

The mean percent sulphur derived from 
fertilizer (%Sdff) in seeds of soybean increased 
significantly from 60.20 to 64.15% with increasing 
the level of S application from 30 to 40 kg/ha 
(Table 4). This increase in percent Sdff in seeds of 
the crop with the increased fertilizer application is 
expected because large amounts of S becomes 
accessible to the crop with its increased application 
. Similar results of increased percent nutrient 
derived from applied fertilizer with the increased 
application of the nutrient was reported in several 
crops (Khajanchilal etal;1996; Venkata reddy et al; 
2004). The mean percent Sdff in seeds of the crop 
was found to be significantly higher (64.30%) 
when S was applied in two splits when compared 
to one time application either as basal (62.48 %) or 
at 30 DAS (59.75  %).   
IV.Fertilizer S uptake 

The fertilizer S uptake (Table 5) by the crop 
increased significantly with increment of S 
application whether the entire dose of S is applied 
at one time at sowing or at 30 DAS or in two equal 
splits at sowing and at 30 DAS . The fertilizer S 
uptake increased by about 15.80 % due to increase 
in sulphur application from 30 to 40 kg/ha.  Girish 
and Venkat Reddy (2005) reported similar type of 
results that the fertilizer S uptake by seed of 

soybean increased with increasing S levels. It is 
obvious that the fertilizer S uptake by the seed was 
significantly higher when S was applied in two 
splits compared to single time application either as 
basal or at 30 DAS due to its continued availability 
during crop growth period. 
V. Sulphur utilization 

The utilization of applied S by soybean was 
more influenced due to different times of 
application than the sulphur levels (Table 6). 
Though the utilization of applied S by soybean was 
found to be higher at 30 kg S /ha level compared to 
40 kg/ha the difference was not much. Higher use 
efficiency of S at lower levels of S application was 
also reported by Najar et al.(2011) in soybean. 
Sulphur application in two equal splits as basal and 
at 30 DAS has increased the S use efficiency in 
soybean seeds by 128.6 and 150.7% compared to 
single time application either as basal or at 30 
DAS, respectively. In the treatment where the 
entire dose of S was applied at one time as basal at 
the time of sowing the supply of sulphur to the crop 
gets decreased with time. But when the full dose of 
S was applied at 30 DAS , the crop suffers due to 
lack of available S in sufficient quantities to meet 
the plant requirements in the initial stages (up to 30 
DAS). When the S was applied in two splits (1/2 as 
basal+1/2 at 30 DAS) the supply of sulphur 
nutrient will be sufficient through out the crop 
growth period. Hence, there is significant increase 
in seed yield, S-uptake, percent S derived from 
fertilizer, fertilizer S uptake and utilization of 
applied sulphur. This clearly indicates that shortage 
of sulphur to soybean in the early stage or at 
flowering stage results on reduced crop yields.   

                                                      
         The present study indicated that a minimum 
of 30 kg S/ha in two splits(1/2 as basal + 1/2 at 30 
DAS) would be beneficial to Soybean crop in  
marginal S status soil for gainful yields though 
higher application of it can be positively beneficial 
to the crop, albeit, to a small extent. 
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ABSTRACT 

     On Farm Testing (OFT) was under taken to study the effect of mineral mixture and hormonal 
catalyst in recently parturated Mehsani buffaloes from the year 2009 - 2013. Twenty seven recently 
parturated Mehsana buffaloes were selected in each year and divided into three groups for three 
year continuously. Each group comprises of seven animals. Group I animals were kept under 
normal feeding and animal husbandry practices of farmers. Group II animals were fed with mineral 
mixture 30 gm/day/animal and Group III animals were fed mineral mixture and hormonal catalyst. 
The calving interval of group I,II and III was 18.33, 16 and 14.67 months, respectively.  The inter 
calving period of group III was lower than that of group I and group II. Thus On Farm Testing 
reveals that the feeding of mineral mixture and hormonal catalyst in recently parturated buffaloes 
lower the inter calving period in buffaloes. 
 
Key words: Buffaloes, Calving intervals, Mineral mixture, Hormonal catalyst. 

 
The major cause of low reproductive 

efficiency in the buffaloes are relatively late onset 
of puberty and longer calving intervals. The lossess 
due to prolonged calving intervals are summarized 
as follows: loss of milk, excessive additional feed 
costs and delay in replacement stock. So 
reproductive efficency in dairy animals plays a 
pivotal role in profitable dairy farming. Minerals 
are the essential nutrients bearing a significant role 
in the animal reproduction because their deficiency 
produces detrimental effect on the performance of 
the livestock (Akhtar et al. 2009). On mineral 
supplementation, improvement in reproduction 
status was reported by many workers (Newar et al. 
1998 and  Hussain, A 2001). The present On Farm 
Testing was under taken to find out the effect of 
mineral mixture and hormonal catalyst on reduction 
of calving intervals in Mehsani buffaloes. 
 

 

MATERIALS AND METHODS 

An On Farm Tsting was carried out in the different 
villages of Mehsana District for continuous  three 
years. 27 animals were selected from different 
villages for one year.  All the animals were free 
from physiological and anatomical disorder and 
recently parturated. Animals were then alloted to 
three groups with 7 animals in each group. The 
experimental treatment of the animal in group-I 
comprises 7 recently parturated Mehsana Buffaloes. 
They were maintained under normal feeding and 
animal husbandry practice of farmer (control 
group); group - II comprises 7 recently parturated 
buffaloes supplemented with mineral mixture @ 30 
gm per day  
per annimal ; group-III comprises 7 recently 
parturated buffoloes supplemented with mineral 
mixture 30 gm per day per animal with hormonal 
catalyst (prajana 3 capsules per day for 3 days)  

 

Table.1 Calving interval months of three years 

Group Duration of calving interval (Months) Pooled of three 
years (Months) First year Second year Third year 

I 17 19 19 18.33 
II 15 17 16 16 
III 14 15 15 14.67 

 

 
RESULTS AND DISCUSSION 

14.67, 16.00 and 18.33 months calving 
interval found in group-III, II, and I, respectively 
(Table.1). The longer calving interval in group - I 
was in closed agreement with finding of Puls 1994. 
In group - III  the calving interval was 14.67 month 

which nearly agree with Nasir Hussain Shah (2007) 
that  reported the optimal calving interval for dairy 
buffaloes is found to be 12-13 months. The zinc 
element from mineral mixture improves conception 
rate and embionic development in animal and is 
also known to be essential element for the onset of 
estrus, repair and maintainance of the uterine lining 
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following parturation and normal reproductive 
function (Underwood 1977).  This finding are also 
supported by Mourer and Echternkamp (1982) 
noted that hormone administration may affect the 
time of ovulation, fertilization rate, corpus luteum 
development, progesterone secretion and embryo 
survival. 
 

CONCLUSION 
The finding of present study reveals that the 

use of mineral mixture and hormonal catalyst in 
recently calving buffaloes shorten the calving 
interval in Mehsana Buffaloes. 
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ABSTRACT 

     A field experiment was carried out during kharif season of 2010 at the Research farm, Rajiv 
Gandhi South Campus, BHU, Barkachha, Mirzapur district to determine the effect of inorganic 
fertilizers and organic manure on growth, yield and nutrient uptake by green gram (Vigna radiata L. 
cv. HUM-12). Experiment comprised of eight treatments, consisting of inorganic fertilizer and 
organic manure either alone or in combinations in Randomized Blocked Design (RBD) with three 
replications. The treatments are: T1 (100 % FYM), T2 (100 % Vermicompost), T3 (100 % Poultry 
manure), T4 (50 % RDF + 100 % FYM), T5 (50 % RDF + 100 % Vermicompost), T6 (50 % RDF + 
100 % Poultry manure), T7 (100 % RDF) and T8 (control).  Integrated application of T6 (50% RDF 
+100 % poultry manure) recorded significantly higher dry matter (39.11g plant-1), straw yield 
(3102.12 kg ha-1), seed yield (1002.16 kg ha-1) and nutrient uptake in grain (28.13, 3.72 and 10.06 
NPK kg ha-1 respectively) of green gram, consequently resulted maximum gross return ( Rs. 
75110),  net return (Rs. 59263) and benefit: cost ratio (4.56). Combined application of inorganic 
fertilizer and organic manure was found to be the best for higher productivity and profitability of 
green gram cultivation in custard apple based agri-horti system under rainfed condition. 
 
Key words: Custard apple Green gram, Inorganic fertilizers and Organic manures. 
 

Integrated nutrient management includes 
the intelligent use of organic, inorganic, and on-land 
biological resources so as to sustain optimum 
yields, improve or maintain the soil physical and 
chemical properties, and provide crop nutrition 
packages which are technically sound, 
economically attractive, practically feasible and 
environmentally safe. An application of organic 
manure along with fertilizer not only increases the 
efficiency of the latter, but also has beneficial 
effects on the succeeding crop and soil. Despite 
several hurdles, for overall interest of sustaining 
soil productivity, the use of organic manure has to 
be encouraged. Agro-horticultural system is an 
improved indigenous cropping system in India for 
full utilization of the growing season and markedly 
increasing the return per unit area per unit time. In 
this system we can increase the total output from 
land by growing mainly short duration crops within 
the alleys of such fruit crops. Tree based cropping 
system have proved to be very successful in areas 
receiving less than 1000  mm. rainfall with nine 
months of dry season (Singh, 1987). The 
continuous use of excessive and imbalance 
chemical fertilizers after green revolution is the 
major issue concerning soil fertility degradation. 
Reducing soil fertility has raised the concerns about 
sustainability of agricultural production.  It is very 
essential to use available nutrient resources more 
efficiently, effectively and sustainably than past for 
increasing agricultural productivity as well as 

maintaining sustainability. Owing to the ever 
increasing cost of chemical fertilizers, the  
integration  of  inorganic  fertilizers  with  organic  
manures  and  crop  residues  has become  
imperative  for  sustained  crop  production  and  
maintenance  of  soil  health  (Babulkar, 2000). A  
crop  production  system  with  high  yield  targets  
cannot  be  sustainable unless  balanced  nutrient  
inputs  are  supplied  to  soil  against  nutrient  
removable of crops  (Bhuiyan  et  al.,  1991). The 
green gram-custard apple is a promising and 
profitable agri-horti system in central Vindhyan 
plateau region. Hence, a field experiment was 
conducted to study, the effect of integrated nutrient 
management in custard apple based agri-horti 
system on green gram under rainfed conditions. 

MATERIALS AND METHODS 

The experiment was conducted during kharif season 
of 2010 at the Research farm, Rajiv Gandhi South 
Campus, BHU, Barkachha, Mirzapur district. The 
Barkachha farm is located in central Vindhyan 
plateau region of the district Mirzapur and lies 
between 25015’ N latitude and 82045’ E longitude. 
The farm is situated at altitude of 180.59 m above 
sea level. The soil was sandy clay loam in texture 
having pH 6.5, organic carbon 0.41%, available N, 
P and K was 177.72, 11.14 and 113.31 kg ha-1, 
respectively. Experiment comprised of eight 
treatments, consisting of inorganic fertilizer and 
organic manure either alone or in combinations in 
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Randomized Blocked Design (RBD) with three 
replications. The treatments are: T1 (100 % FYM), 
T2 (100 % Vermicompost), T3 (100 % Poultry 
manure), T4 (50 % RDF + 100 % FYM), T5 (50 % 
RDF + 100 % Vermicompost), T6 (50 % RDF + 
100 % Poultry manure), T7 (100 % RDF) and T8 
(control). The entire quantity of organic manures 
and inorganic fertilizer was applied before sowing 
the seed as per treatment in each plot. The 100 % 
recommended fertilizer dose, 20 kg N ha-1 and 17 
kg P2O5 ha-1 was given through urea, DAP, MOP, 
FYM, Vermicompost and Poultry manure. Green 
gram cv. HUM-12 with seed rate 15 kg ha-1 was 

sown on 21th August in lines 30 cm apart. All other 
cultural practices were performed uniformly for all 
treatments. The observations were recorded during 
the course of study including plant height at 
maturity (cm), dry weight at maturity (g), number 
of root nodules plant-1, nutrient contents (%) and 
uptake (kg ha-1). The data analyzed statistically by 
using Fishers’ analysis of variance technique and 
Duncan’s New Multiple Range test at 5 % 
probability level was used to compare the difference 
among the treatment means (Steel and Torrie, 
1984). 

 

 
Table 1 Growth and yield of green gram in custard apple based agri-horti system under rainfed 

condition. 
Treatment Plant 

height 
(cm) 

Dry 
matter  

g  
plant-1 

No. 
nodules 

No. of 
pod 

plant-1 

1000 
grain 

weight 
 

Grain 
yield 

kg ha-1 

Straw 
yield  kg 

ha-1 

Harvest 
Index 
(%) 

T1 (100%FYM) 31.15 34.71 13.23 14.09 47.33 692.87 2396.20 22.43 
T2 (100%Vermicompost) 32.25 35.02 13.88 15.04 48.63 710.25 2418.02 22.71 

T3 (100% Poultry 
manure) 

33.16 35.86 14.37 15.20 48.69 730.18 2440.24 23.31 

T4 (50% 
RDF+100%FYM) 

35.11 37.21 15.27 16.33 50.04 944.54 3028.73 23.77 

T5 (50% RDF+ 
100%Vermicompost) 

36.18 38.011 15.68 17.03 51.64 957.49 3047.95 23.96 

T6 (50% 
RDF+100%Poultry 
manure) 

37.26 39.11 16.56 17.58 51.74 1002.16 3102.12 24.41 

T7 (100%RDF) 34.06 35.95 14.74 16.15 49.66 855.23 2788.02 23.47 
T8 (Control) 29.17 32.90 9.70 12.32 44.33 437.85 1535.19 22.19 
SEm± 1.40 1.501 0.58 0.639 1.989 32.792 106.38 0.904 
CD (P=0.05) 4.26 4.554 1.76 1.939 6.032 99.465 322.669 2.742 
 

 
Table 2 Content and uptake of N, P and K in grain of green gram in custard apple based agri-horti 

system under rainfed condition 
Treatment Content (%) Uptake (kg ha-1) 

N P K N P K 
T1 (100%FYM) 3.17 0.36 1.03 15.48 1.52 4.60 
T2 (100%Vermicompost) 3.25 0.37 1.08 17.48 2.49 7.25 
T3 (100% Poultry manure) 3.30 0.40 1.10 21.38 3.05 8.66 

T4 (50% RDF+100%FYM) 3.46 0.41 1.13 27.40 3.30 9.15 
T5 (50% RDF+ 
100%Vermicompost) 3.55 0.41 1.14 28.13 3.72 10.06 

T6 (50% RDF+100%Poultry 
manure) 3.61 0.42 1.16 30.86 3.97 10.24 

T7 (100%RDF) 3.35 0.39 1.12 23.48 3.08 8.69 
T8 (Control) 2.91 0.35 1.01 12.06 1.12 4.30 
SEm± 0.177 0.019 0.052 0.894 0.127 0.431 
CD (P=0.05) 0.536 0.059 0.159 2.712 0.386 1.309 
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Table 3 Economic of green gram in custard apple based agri-horti system under rainfed condition 

Treatment Cost of 
cultivation 
(Rs.ha-1) 

Green 
gram 

Castor 
apple 

Grass 
return 

(Rs.ha-1) 

Net return 
(Rs.ha-1) 

B:C 
ratio 

T1 (100%FYM) 16691 37040 21900 58940 42249 2.53 
T2 (100%Vermicompost) 17366 37931 21900 59831 41140 2.37 
T3 (100% Poultry manure) 15366 38911 21900 60811 45445 2.96 
T4 (50% RDF+100%FYM) 17166 50256 21900 72156 54990 3.20 
T5 (50% RDF+ 
100%Vermicompost) 

18691 50923 21900 72823 55657 2.98 

T6 (50% RDF+100%Poultry 
manure) 

15841 53210 21900 75110 59269 3.74 

T7 (100%RDF) 16666 45550 21900 67450 48784 2.93 
T8 (Control) 15190 23428 21900 45328 30138 1.98 
 

 
RESULTS AND DISCUSSION 

Plant height: Data revealed that plant height of 
green gram was influenced significantly due to the 
integrated nutrient management system at harvest 
stage presented in Table 1. The treatment T6 (50 % 
RDF + 100% poultry manure) had significant effect 
on plant height over control. The plant height was 
increases 27.73 % in T6 (50 % RDF + 100 % 
poultry manure) over to T8 (control) at harvest 
stage. The minimum plant height was recorded 
29.17 cm in treatment T8 at harvest stage of crop. 
Similar findings were reported by A.M. Gomaa et 
al., (2010).  
Dry matter: Data related to the effect of integrated 
nutrient management on dry matter accumulation of 
plant collected at harvest stage presented in Table 1. 
The dry weight at harvest stage ranged from 32.90 
to 39.11 g plant-1. The data further revealed that dry 
weight in the treatment T6 at harvest was 18.88 per 
cent higher than the treatment T8. Similar findings 
were reported by Vadiraj et al., (1992).  
Number of nodules plant-1: A critical examination 
of the data noticed that the integrated nutrient 
management had significant effect on the number of 
nodules plant-1, which was observed at 40 DAS of 
the crop. The treatment T6 was remained 
statistically superior over rest of the other 
treatments. The treatment T6 was 70.72% more than 
T8 at 40 DAS. The lowest number of nodules plant-1 
(9.70) was observed in control (T8). Similar finding 
was also observed by A.M. Gomaa et al., (2010).  
Number of pods plant-1: Among integrated nutrient 
management the maximum number of pods plant-1 
(17.58) was recorded under T6 (50 % RDF + 100 % 
Poultry manure) treatment which was at par with 
T5, T4 and T7 treatments and significantly superior 
to rest of other treatment during investigation. The 
percent difference between highest and lowest value 
of pods plant-1 is 42.69 per cent. Similar result also 
found by Bhagat et al., (1995). 
 Test weight (g): The data pertaining to the test 
weight of seeds have been presented in Table 1. 
Study of the data revealed that the test weight of 

seed was found no significant. The treatment T6 
which brought about little improvement in test 
weight of seeds over the other treatments. The test 
weight of seeds under different level of FYM, 
vermicompost, poultry manure and RDF ranged 
from 44.33 g to 51.74 g. The lowest test weight was 
recorded in control (T8).  
Grain yield (kg ha-1): The data showed that grain 
yield of green gram have been presented in Table 1. 
A study of the data revealed that the maximum 
yield of green gram was recorded in T6 (50 % RDF 
+ 100 % Poultry manure) which was at par to T5 
and T4 treatment and significantly superior to rest of 
other treatments during experimentation. The 
economic yield of different treatments ranged from 
437.85 to 1002.16 kg ha-1. The highest green gram 
yield (1002.16 kg ha-1) was obtained with the 
treatment T6 (50 % RDF + 100 % Poultry manure) 
and lowest yield of green gram (437.85 kg ha-1) was 
recorded in T8 (control). The similar result also 
reported by A.M. Gomaa et al., (2010) 
Straw yield (kg ha-1): Critical study of the data 
revealed that the maximum (3102.12 kg ha-1) straw 
yield of green gram was recorded under T6 (50 % 
RDF + 100 % Poultry manure) it was at par with T5, 
T4 and T7 treatment significantly superior over rest 
of other treatments. The minimum (1535.19 kg ha-1) 
straw yield of green gram was reported under T8 
(control). The treatment T6 brought about 
significant improvement in straw yield of green 
gram over other treatments.  
Content and uptake of N, P and K: Data relating to 
content and uptake of N, P and K by crops as 
influence by integrated nutrient management 
presented in Table 2. The content of nutrients (N, P 
and K) was higher under T6 (50 % RDF + 100 % 
Poultry manure) followed by T5 (50 % RDF + 100 
% Vermicompost) and significantly superior to all 
of other treatment because of better nutrient supply 
under this treatment. The maximum nitrogen, 
phosphorus and potassium uptake (30.86, 3.96 and 
10.24 kg ha-1 at harvest stage, respectively) was 
recorded under T6 (50 % RDF + 100 % Poultry 
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manure) which are statistically superior over all 
other treatments. Lowest nitrogen, phosphorus and 
potassium uptake (12.06, 1.12 and 4.30 kg ha-1 at 
harvest stage, respectively) was recorded under 
control plot (T8). Similar result was also reported by 
Aruna and Narsa Reddy, (1999). 
Economic:  The maximum cost of cultivation (Rs. 
18691) was observed in T5 (50% RDF + 100% 
vermicompost) and minimum cost of cultivation 
(Rs. 15190) was observed in control (Table 3). In 
green gram, the maximum return (Rs. 53210) was 
observed in T6 (50% RDF + 100% poultry manure) 
and minimum returns (Rs. 23428) was obtained in 
T8 (control). The average return was observed Rs. 
21900 in castor apple. The maximum (Rs. 59269) 
net returns was obtained in T6 (50% RDF + 100% 
poultry manure) and minimum (Rs. 30138) was 
taken under control. The benefit: cost ratio (B:C 
ratio) was obtained maximum (3.74) in T6 (50% 

RDF + 100% poultry manure), while minimum 
(1.98) was in control. 
Conclusion: The 50% RDF + 100% poultry 
manure produced significantly higher crop growth, 
yield attributes, grain and straw yield followed by 
50% RDF + 100% vermicompost and 50% RDF + 
100% FYM in custard apple based agri-horti system 
under rainfed conditions. The 50% RDF + 100% 
poultry manure followed by 50% RDF + 100% 
vermicompost and 50% RDF + 100% FYM resulted 
in more N, P and K uptake by crop (grain and 
straw) in custard apple based agri- horti system 
under rainfed conditions. The maximum net return 
and B:C ratio were obtained in 50% RDF + 100% 
poultry manure followed by 50% RDF + 100% 
vermicompost and 50% RDF + 100% FYM and all 
the three treatment were found better than rest of 
the other treatments in custard apple based agri- 
horti system under rainfed conditions. 
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ABSTRACT 

                  Field experiments were conducted during Kharif, 2008, 2009 and 2010 to find out the 
phosphorus requirement to Sunflower crop grown in a soil with high initial available phosphorus 
(110-119 kg P2O5 ha-1). Three years pooled data revealed that application of 100% RDP resulted 
highest seed yield of 12.18q ha-1.The seed yield increased significantly by about 9.51, 11.75, 12.50 
and 13.62 percent due to application of 25(11.74q ha-1), 50 (11.98 qha-1), 75 (12.06 qha-1) and 100 
( 12.18 qha-1) per cent RDP respectively over control ( 10.72qha-1). However, the differences in 
seed yields observed at 50, 75 and 100% RDP are narrow and imperceptible. The % Pdff and P-
use efficiency decreased significantly from 21.10 to 19.93 % and 24.19 to 6.67 % respectively due 
to increase in P level from 25 to 100% RDP, where as the fertilizer P uptake and soil P uptake 
increased from 1.58 to 1.75 kg ha-1 and 5.93 to 7.03 kg ha-1 respectively with increase in P level 
from 25 to 100% RDP. The extent of saving in P fertilizer in these soils is ranged from 75 to 100 per 
cent depending upon the P build up in the soil.  
 
Key words:  Per cent Pdff, P-levels, P-soil, P-utilization and Sunflower. 
  

Long term fertilization experiments conducted 
by Indian council of Agricultural Research across 
the country have indicated accumulation of applied 
phosphorus in different soils over time when 
optimal/supra optimal doses of either P alone or in 
combination with other fertilizers were made to the 
crops (Nambiar, 1994). Recent surveys conducted 
in Andhra Pradesh and work of private research 
organizations point out that large areas were found 
to contain high available P. On the other hand, loss 
of higher available P from top soil into water bodies 
results in eutrophication of water bodies and this 
can become a serious environmental issue albeit, 
locally. These observations point out that there is a 
need to develop appropriate technologies to use this 
accumulated soil P pools. One of the means by 
which this issue can be addressed is to re-
recommend the P requirements on these soils. 
Alternatively, package can also be worked out to 
reduce the recommended P to crops in these soils 
having accumulated P.  
        In the past, while studying the use efficiency of 
applied P fertilizer with the help of 32P isotope, 
researchers have usually selected soils having low 
available P and then gave appropriate 
recommendations to different crops under different 
conditions. However, the use efficiency of applied P 
in soils having higher accumulated available P need 
to be re-assessed for developing the fertilizer P 
recommendations to soils of this type. Sunflower is 
one of the most important oil seed crop in Andhra 
Pradesh and is generally believed to be a heavy 
feeder of nutrients. Under these conditions, an 
attempt has been made to find out the actual 

requirement of P to sunflower in high P soils, the 
extent of P fertilizer saving that is possible from the 
current recommended dose to sunflower grown on 
these soils and the use efficiency of applied P 
employing isotope 32P.   

MATERIALS AND METHODS 

            Field experiments were conducted during 
kharif, 2008, 2009 and 2010 at Agricultural College 
farm of Acharya N.G.Ranga Agricultural 
University, Rajendranagar, Hyderabad. The initial 
characteristics of the experimental fields as 
determined following standard procedures 
(Tandon,H.L.S.1993) are presented in table 1 . The 
soils were normal without any salt problem. The 
soils were low in available N and high in available 
P2O5 and K2O. Five levels viz; 100, 75, 50, 25 and 0 
per cent of recommended dose of P2 O5(RDP) for 
sunflower (RDP-60kg P2O5/ha) were imposed as 
treatments. Each treatment plot was divided into 
two parts i.e. main plot and micro plot separated by 
a small bund. The microplots were laid out in such a 
way that they were blocked on both sides by main 
plots. Recommended dose of N (120 kg/ha) and 
K2O (40 kg/ha) were applied uniformly to all the 
treatment plots. Part of N and P2O5 as per treatment 
was supplied through DAP. Balance of N and K2O 
were applied through urea and MOP. The entire 
dose of P2O5 and K2O were applied at the time of 
sowing while the nitrogen was applied in three 
equal splits as recommended i.e; at sowing, bud 
initiation stage and flowering stage. The phosphorus 
in DAP was tagged with 32P radioisotope @ 12.95 
MBq (0.35mCi)/g P2O5 and applied to the crop in 
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microplots and untagged DAP was applied in the 
main plots. The treatments were replicated five 
times in randomized block design. The crop was 
grown duly following the standard package of 
practices. The crop in the main plot was used 
exclusively for recording yield while the crop in the 

microplots was used for estimating the chemical 
constituents. Radioassay of 32P in plant samples was 
carried out as per the procedure given by 
IAEA(1990).The radiation counting was done with 
a Geiger-Muller counter (Model- RCS 4207A). 

 
Table:1: Initial soil characteristics of experimental field. 

Characteristic 2008 2009 2010 
pH 8.1 8.1 8.2 
EC(dSm-1) 0.22 0.24 0.28 
Organic Carbon (%) 0.23 0.24 0.26 
Available Nitrogen(kg/ha) 238 223 206 
Available Phosphorus(kg P2O5/ha) 110 114 119 
Available Potassium (kg K2O/ha) 442 448 454 
 
Table:2:  Effect of reduced levels of Phosphorus on dry matter yield of sunflower at flowering 

stage in P-accumulated soils  (Three years pooled data) 
Treatments Drymatter yield 

       (kg/ha) 
       P-content  
          (%) 

      P-uptake      
       (kg/ha) 

100%RDP 2140 0.41 8.77 
75%RDP 2124 0.39 8.28 
50%RDP 2136 0.38 8.12 
25%RDP 2086 0.36 7.51 
Control 1946 0.36 7.01 
Mean 2086 0.38 7.94 
CD(p=0.05) NS NS 0.54 

 
Table:3:Effect of reduced levels of phosphorus on per cent P derived from fertilizer, fertilizer P uptake, 

per cent P utilization and soil P uptake by Sunflower at flowering stage in P-accumulated soils 
 

Treatments %  Pdff   Fertilizer P uptake 
(kg ha-1) 

% P utilization Soil-P uptake 
 ( kg ha-1) 

 100%RDP        19.93 1.75 6.67 7.03 
75%RDP 20.39 1.69 8.59 6.59 
50%RDP 20.64 1.68 12.79 6.44 
25%RDP 21.10 1.58 24.19 5.93 

     Mean 20.51 1.67 13.06 6.49 
   CD(p=0.05) NS NS 0.96 0.54 

 
Table: 4:   Effect of reduced levels of phosphorus on Seed yield, P-content and P- uptake by 

Sunflower in P-accumulated soils (Three years pooled data). 
Treatments Seed yield 

(q /ha) 
P-content 

(%) 
P-uptake 
(kg/ha) 

 100%RDP 12.18 0.60 7.31 
75%RDP 12.06 0.59 7.11 
50%RDP 11.98 0.59 7.07 
25%RDP 11.74 0.58 6.81 

     Control 10.72 0.56 6.00 
     Mean 11.74 0.58 6.86 

  CD(p=0.05) 0.64 NS 0.44 
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Table: 5:   Effect of reduced levels of phosphorus on Stover yield, P-content and P- uptake by 
Sunflower in P-accumulated soils (Three years pooled data). 

 
Treatments Stover yield 

(q /ha) 
P-content 

(%) 
P-uptake 
(kg/ha) 

100%RDP 24.86 0.09 2.24 
75%RDP 24.12 0.10 2.41 
50%RDP 23.02 0.11 2.53 
25%RDP 22.12 0.09 1.99 
Control 19.34 0.10 1.93 
Mean 22.69 0.10 2.27 

CD(p=0.05) 1.78 NS 0.14 
 

RESULTS AND DISCUSSION 

I .Dry matter yield:  
        The dry matter yield of sunflower at flowering 
stage as influenced by varied levels of P fertilizer 
application in P-accumulated soils is presented in 
table 2. The pooled analysis of three years (2008-
2010) data indicated that the increased application 
of P fertilizer to sunflower crop on P-accumulated 
soil did not affect the dry matter yield at flowering 
stage in these high P soils having available P2O5 in 
the range of 110 to 119 kg ha-1. How ever, the mean 
drymatter yield increased significantly by 7.19, 
9.76, 9.15 and 9.97% when P was applied @25, 50, 
75 and 100% RDP respectively over control. 
Highest dry matter yield (2140 kg /ha) was recorded 
with application of 100% RDP over other levels of 
P. These observations pointed out that there is a 
possibility of reducing the recommended dose of P 
fertilizer to sunflower crop on soils with high higher 
initial available P. These results also corroborate 
earlier findings of Senanayake et al.,(1991) for rice 
and Balwinder Singh and Bishnoi (1991) for 
sunflower who reported that the dry matter yield 
response to applied P fertilizer is low when 
available P in soil is high.  
II.P-content and uptake by drymatter at 
flowering stage:  
       The P-content and uptake (Table 2) by 
sunflower drymatter at flowering stage increased 
due to different levels of added P fertilizer. Three 
years pooled analysis of data indicated that highest 
mean P-content (0.41%) and uptake (8.77kg ha-1) 
were observed when P was applied @ 100% RDP 
to sunflower crop. How ever, the mean P content 
and uptake recorded at all levels of P application in 
these high P soils were statistically on par. It is 
observed that though the soils were high in initial 
available P2O5, the content of P in dry matter tend 
to increase with incremental P application within 
recommended dosage and recorded highest P with 
100%RDP. Thus, application of different levels of P 
to a high P soil invariably did not affect the P 
content or its uptake by maize crop. Similar results 

were reported by Surendra Babu et al., (2005) in 
sunflower .  
III.Per cent P derived from fertilizer ( Pdff ):  
               The radioassay data for different P 
fertilizer parameters are presented in table 3. The 
per cent P derived from the fertilizer in sunflower 
plants at flowering stage is affected by the level of 
P fertilizer application. The mean per cent Pdff 
tended to decrease gradually at the higher levels of 
P application when compared to that of lower levels 
of P application. In the past, when experiments 
were conducted on a nutrient deficient soil with 
different levels of that fertilizer nutrient, it was 
observed that the percent nutrient derived from the 
fertilizer was higher with the increasing levels of 
fertilizer application due to its higher availability in 
soil (Sonali Mazumdar et al., 2004) . However, in 
the present study where in high P soils the per cent 
Pdff in the plants tended to decrease from 25 to 
100% RDP indicating that sufficient levels of 
available P is already existing in the soils as 
reflected by availability status. At the same time, it 
is also observed that with the increased P 
application to these soils, the contribution from the 
native soil P also became a major contributor in 
higher P fertile soil for crop requirement and the 
data on soil P uptake by plants presented in table 3 
reflect the same.   
IV.Fertilizer P uptake:  
         Pooled analysis of three years data indicated 
that the mean fertilizer P uptake (Table 3) followed 
the trend similar as that of total P uptake (Table 2) 
which was more influenced by the yield. Similar 
results were reported by Surendra Babu et al., 
(2005) in sunflower crop.  
V.P-use efficiency: 
        The applied P fertilizer use efficiency of three 
years pooled analysis data (Table 3 ) by sunflower 
plants was significantly affected by P fertilizer 
application. The mean P utilized by sunflower 
ranged from 6.67 to 24.19 % due to different levels 
of its application.  The use efficiency of applied P 
fertilizer was significantly decreased with increase 
in P application. P utilization was higher (24.19 %) 
when supplied @ 25%RDP as compared to that of 
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100 % RDP ( 6.67 %). Similar results were reported 
by Venkata Reddy et al., (1997). Thus, the present 
investigation clearly indicated that the %Pdff by 
sunflower is getting reduced with enhanced 
application of P in high P soils in contrast to what is 
being generally observed in low P soil and at the 
same time, the use efficiency of applied P tend to 
remain same like that of in low P soil.  
VI.Seed and Stover yield:  
         Three years pooled data revealed that 
application of 100% RDP resulted highest seed 
yield of 12.18 qha-1(Table 4). The seed yield 
increased significantly by about 9.51, 11.75  , 12.5, 
and 13.62 percent due to application of 25 ( 11.74 q 
ha-1 ), 50 (11.98 qha-1), 75 ( 12.06 qha-1) and 100 
(12.18 qha-1) per cent RDP respectively over 
control(10.72 qha-1). However, the differences in 
seed yields observed at 50, 75 and 100% RDP are 
narrow and imperceptible. It clearly indicates that 
there is no need of application of 100% RDP to 
sunflower in P-accumulated soils if soil available 
P2O5 is in between 110-119kgha-1. At the same 
time, application of either 25% RDP or 50% RDP 
resulted in similar yield indicating that at least 75% 
of RDP to sunflower crop can be reduced to obtain 
yields similar like that of 100%RDP in this high P 
soils .There is a need of application of only a 

booster dose of 25% RDP is required to obtain 
maximum yields. Thus in these soils the extent of 
saving in P fertilizer is ranged from 75 to 100 per 
cent depending upon the P build up in the soil. 
Similar trend in case of stover yield of sunflower 
also(Table 5). Ramesh Babu (2003) while working 
with different high-P group soils indicated that it is 
possible to reduce P application from current RDP 
of rice by 25% in soils having initial available P2O5 
range of 50 to 70 kg ha-1 with out reducing the 
yields. 
VII. P-content and uptake by seed and stover: 
         Mean P-content and uptake by sunflower seed 
was influenced by application of reduced levels of 
phosphorus in P-accumulated soils (Table 4).Mean 
P-content and uptake by seed was highest at 100% 
RDP. Decrease in P content and uptake was noticed 
at lower levels of P application in seed of 
sunflower. Similar trend was noticed in case of 
stover of sunflower also (Table 5).   

Current investigation indicated that to obtain 
optimum yields in sunflower application of 25 % 
recommended dose of phosphorus as a booster dose 
will be sufficient in P accumulated soils if available 
P2O5 was in between 110-119 kgha-1. There, by 
reduce the cost of chemical P fertilizer input from 
the current level of general recommendation. 
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ABSTRACT 

     Afield experiment was conducted during 2012 and 2013 at Kolasib District of Mizoram on the 
response of rice (Oryza sativa L) varieties to different levels of nitrogen. Plant height and dry matter 
production were the highest with ‘Bhalum 3’ at 90 kg N/ha. Panicles/m2, filled grains/panicle, grain 
(4.50 tons/ha) and straw yield and nitogen uptake by grain and straw were also significantly higher 
with ‘Bhalum 3’.Increasing levels of nitrogen enhanced panicles/m2, filled grains/panicle, grain and 
straw yield and nitrogen uptake by grain and straw only up to 90 kg N/ha. Varieties and nitrogen 
levels interacted significantly and the highest grain yield and economics were recorded with 
‘Bhalum 3’ at 90 kg N/ha and it was found to be optimum combination for upland rice. 
 
Key Words: Nutrient, Panicle, Rainfed, Upland and Yield.  
 

Rice demand was projected to increase by 
25% from 2001 to 2025 to keep pace with 
population growth (FAO). Upland rice area is being 
shrinking due to lack of appropriate technologies on 
nitrogen levels and suitable varieties for rainfed 
condition. It is necessary to increase yield per unit 
area with less water to fulfill the increasing rice 
demand with shrinking resources. Water is a 
looming crisis due to competition among 
agricultural, industrial and domestic users. In Asia, 
more than 50% of irrigation water is used to irrigate 
rice. Under upland conditions, where the crops are 
not flooded at all during the growth period is an 
effective way to save water and to reduce the 
methane emission produced by flooded rice 
(Tuonget al.,2005). Nitrogen is the key nutrient that 
limits the rice production. In lowland rice 
ecosystems, the nitrogen- use efficiency is 
approximately 30%, whereas in upland rice, 
whether irrigated or rainfed, nitrogen –use 
efficiency would be in the range of 40 to 60% 
(Dubeyet al., 1983).  

However, there is a need to quantify the 
requirement of nitrogen for the aerobic rice with 
particular condition to the cultivars, location and 
management conditions. The reliable information 
on the vital agro-techniques for successful aerobic 
rice in this region is absolutely lacking. The present 
study was undertaken to identify the suitable 
cultivars and estimate the optimum nitrogen dose 
for maximum productivity of rice under rainfed 
upland condition. 

MATERIALS AND METHODS 

The field experiment was conducted during 
the rainy (kharif) season 2012 and 2013 at upland of 
instructional farm, KrishiVigyan Kendra, Kolasib 
(24031’ 14.43’’N latitudes and 92031’46.92’’E 
longitudes at 790 m above mean sea level) in the 
hills of Mizoram. Soil was heavy in texture, low in 
organic carbon (0.40%), available nitrogen, 
phosphorus and potassium. The experiment was laid 
out in split plot design with 4 varieties ‘Bhalum 3’, 
‘Aizawng’, ‘RCM-9’ and ‘RCM-10’ in main plots 
and 4 nitrogen levels, viz. 40, 60, 80 and 100 kg/ha, 
as sub plots. Nitrogen was applied in 4 equal splits 
at seeding, active tillering, panicle initiation, and 
grain filling. A uniform dose of 60 kg P2O5/ha and 
50 kg K2O/ha was applied to all the plots as basal. 
The experiment area was ploughed twice with 
power tiller to obtain the desired tilth. The seed of 
rice was directly sown in rows on 6th June 2012 and 
7th June 2013. The seed was treated with fungicide 
Carbendazim @ 1g/kg seed and then dibbled as 3-4 
seeds with a spacing 20 cm. Thinning and gap 
filling were done at 15 DAS to maintain the 
uniform plant stand in all the plots. Hand weeding 
was done twice at 25 and 45 DAS for control of 
weeds. The crop was harvested on 29thOctober 
during both the year 2012 and 2013. The data 
recorded on various growth and yield parameters of 
rice crop were analyzed following standard 
statistical analysis of variance procedure. 
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Table 1.Growth and yield attributes of rice varieties as influenced by different levels of nitrogen (pooled data of 2 
years). 

Treatment Plant height at 
harvest (cm) 

Leaf-area index at 
60 DAS 

Dry matter production 
at harvest (t/ha) 

Panicles/ 
m2 

Filled 
grains/ 
panicle 

Variety      
‘Bhalum 
3’ 

90.4 4.2 12.6 178.5 135.6 

‘Aizawng’ 76.1 3.3 9.5 164.2 113.2 
‘RCM-9’ 87.4 4.0 11.4 170.3 123.4 
‘RCM-10’ 80.3 3.6 10.7 167.2 119.3 
SEm+- 1.1 0.1 0.2 1.4 2.0 
CD 
(P=0.05) 

3.6 0.4 0.8 5.1 7.1 

Nitrogen (kg/ha) 
40 80.1 3.2 10.1 160.1 107.1 
60 83.3 3.8 11.1 170.3 123.4 
80 86.5 4.2 12.0 176.4 133.6 
100 85.1 3.9 11.3 171.3 127.5 
SEm+- 0.9 0.1 0.1 1.4 1.7 
CD 
(P=0.05) 

2.8 0.2 0.5 4.0 5.0 

 
Table 2. Yield, nitrogen uptake and economics of rice varieties as influenced by different levels of nitrogen (pooled 
data of 2 years). 
 

Treatment Grain yield 
(t/ha) 

Nitrogen uptake by grain 
(kg/ha) 

Gross returns 
(Rs/ha) 

Net returns 
(Rs/ha) 

Benefit: cost ratio 

Variety      
‘Bhalum 3’ 3.50 22.5 39060 16620 1.76 
‘Aizawng’ 2.56 15.8 28760 6320 1.30 
‘RCM-9’ 2.96 18.5 33250 10800 1.48 
‘RCM-10’ 2.78 17.3 31210 8870 1.39 
SEm+- 0.10 0.7 0.86 0.82 0.06 
CD (P=0.05) 0.37 2.4 2.96 2.86 0.21 
Nitrogen (kg/ha)      
40 2.33 14.8 26210 4070 1.18 
60 3.00 18.8 33660 11310 1.50 
80 3.40 21.1 38040 15390 1.68 
100 3.08 19.4 34570 11720 1.51 
SEm+- 0.09 0.5 0.92 0.92 0.07 
CD (P=0.05) 0.27 1.5 2.65 2.65 0.19 

 
RESULTS AND DISCUSSION 

The findings of the present study as well as 
relevant discussions have been summarized under 
the following heads. 
Growth parameters 

Rice varieties ‘Bhalum 3’ and ‘RCM-9’ had 
significantly higher plant height and leaf-area index 
(LAI) than ‘RCM-10’ and ‘Aizawng’ (Table 1). 
The lowest LAI was associated with ‘Aizawng’. 
Significantly higher dry matter was noticed with 
‘Bhalum 3’ followed by ‘RCM-9’. The lowest dry 
matter was produced by ‘Aizawng’. Plant growth 
parameters like plant height, LAI and dry matter 
increased up to 90 kg N/ha only and at 100 kg N/ha 

there was significantly decreased in these 
parameters.  

Production of the highest growth stature with 
‘Bhalum 3’ might be due to its potential for profuse 
rooting and tillering ability under upland condition 
in the domain of investigation over ‘Aizawng’, 
which might be due to reverse response, since the 
varieties susceptible to withstand moisture stress, 
would lead to poor growth especially under upland 
condition. The highest stature of all the growth 
parameters, viz. plant height, LAI and dry matter 
production, was noticed with 80 kg N/ha, while the 
lowest was noticed with the 40 kg N/ha (Kumar et 
al., 1996). The increased rate of nitrogen 
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application at the highest level failed to produce 
higher dry matter. 
Yield attributes and yield 

‘Bhalum 3’ produced significantly higher 
number of panicles/m2 and filled grains/panicle than 
all the other varieties (Table1). However, number of 
panicle with ‘RCM-9’ was at par with ‘RCM-10’ 
and ‘Aizawng’. ‘Aizawng’ produced the lowest 
number of panicles/m2 and filled grains/panicle. 

Increasing level of nitrogen up to 80 kg N/ha 
significantly enhanced the number of panicles/m2 
and filled grains/panicle, over the nitrogen levels. 
The lowest was recorded with 40 kg N/ha. Effective 
translocation of assimilates to the sink might have 
resulted in sound filling of grains as revealed by the 
highest number of filled grains/panicle. The poorest 
condition of all the yield attributes resulted with 40 
kg N/ha. Better performance under 80 kg N/ha in 
respect of yield attributes of rice under upland 

condition confirms the findings of Maheswariet al. 
(2007) and Dubeyet al. (1983). 

The significantly higher grain yield was 
produced by the variety ‘Bhalum 3’ than that of all 
the other varieties (Table 2). The grain yield of 
‘RCM-9’ and ‘RCM-10’ were at par and the lowest 
grain yield was produced with ‘Aizawng’. 
Increasing levels of nitrogen progressively 
enhanced the grain yield up to 80 kg N/ha and 
thereafter the yield declined. Significantly higher 
grain yield was recorded with 80 kg N/ha over other 
doses.  
Nitrogen uptake 

The highest uptake of nitrogen by grain was 
recorded with ‘Bhalum 3’ which was significantly 
higher than all other varieties (Table 2). Among the 
varieties the highest uptake of nitrogen was 
recorded in ‘Bhalum 3’ 

followed by ‘RCM-9’. The lowest uptake of 
nitrogen by grain was noticed on ‘Aizawng’. 
Increasing levels of nitrogen progressively 
enhanced the uptake of nitrogen up to 80 kg N/ha 
and thereafter the uptake of nitrogen declined. The 
highest uptake of nitrogen by grain was recorded 
with 80 kg N/ha, which was significantly higher 
than rest of the nitrogen levels. The uptake of 
nitrogen was lower with 40 kg N/ha due to its poor 
LAI and dry-matter production leading to lesser 
uptake. 
Economics 

Gross, net returns and benefit: cost ratio of 
rice under upland condition differed significantly 
with varieties and levels of nitrogen (Table 2). The 

significantly higher gross and net returns and 
benefit: cost ratio was realized with the variety 
‘Bhalum 3’, higher than all other varieties. 
However, gross and net returns and benefit: cost 
ratio of ‘RCM-9’, were at par with ‘RCM-10’. 
Remunerative economic returns play a key role for 
adoption of any refined version of agro-techniques. 
In the present study gross and net returns as well as 
benefit: cost ratio was found highest with ‘Bhalum 
3’ and at nitrogen level of 80 kg/ha. 
Hence for rice grown under upland condition, 
variety ‘Bhalum 3’ with application of 80 kg N/ha 
was found optimum as it has resulted in the growth 
of upland rice and higher productivity besides 
enhancing profitability.  
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ABSTRACT 

     A study of delineation of Iron (Fe) and Manganese (Mn) status in soils of Central Research 
station, Akola was conducted during the year 2006 and 2007. Detailed maps of micronutrient also 
prepared. Delineation of study area was completed with help of global positioning system and for 
predicting available cationic micronutrient status extraction with chelating agent such as di ethylene 
triamine penta acetic acid (DTPA) is used. The soils of Central Research Station were found 20 per 
cent deficient in iron and 7 per cent deficient in manganese. While the available micronutrient status 
of Central Research Station soils was found as iron 0.12 to 16.32 and manganese 0.32 to 16.78. 
 
Key words: Delineation, Iron and Manganese. 
 

Iron and manganese are categorized as 
Micronutrient, have also been called minor or trace 
elements, indicating that their concentrations in 
plant tissues are minor or in trace amounts relative 
to the macronutrients (Mortvedt, 2000). Available 
iron in Indian soils greatly varies from traces to 386 
ppm. The variation is mainly attributed to the soil 
types and their characteristics nature of chemical 
extractants used and agro ecological conditions 
(Singh and Sekhon, 1991, Sangwan and Singh 
1993, Bhogal 1993, Rajkumar et al., 1990). 

The role of Fe in plant metabolism was 
recognized after the observation by Gris in 1844 
that Fe was necessary for the maintenance of 
chlorophyll in plants. Iron is an essential component 
of many enzymes and carriers such as catalase, 
peroxidase, cytochrome and ferredoxin and 
performs an essential role in nuclic acid 
metabolism. 

The essentiality of Mn in plant nutrition was 
established by McHargue in 1992. Manganese 
exists on Mn+2 in plant cell in various complexed 
states and can form metallo proteins. It is tightly 
bound in chloroplast. Though, manganese average 
concentration in the plant cell is about 100 ppm it 
plays an important role in several biochemical 
processes in plants (Agrawal and Sharma 1979). It’s 
most critical role in green plants is in light 
dependent water splitting reaction and oxygen 
evolution during photosynthesis. Manganese 
enhances assimilation of carbon dioxide and sugar 
in plants. It also plays a role in the synthesis of 
secondary metabolites, is involved in shikimic acid 
pathway (Burnell, 1988) and enhances the 
resistance of plants to diseases. Manganese supply 
retards the rate of electron transport and IAA 
oxidase activity for root nodulation. 

Keeping this in a view a systematic study, 
including assessment of nutrient status of different 

soils with delineation of areas of Iron and 
Manganese deficiency and/or sufficiency was 
started.   

MATERIALS AND METHODS 

 In view of the emerging micronutrient 
deficiencies in soils and plants, a systemic approach 
for assessment of micronutrient status of soils of 
eight blocks of central Research station, Dr. 
Panjabrao Deshmukh Krishi Vidyapeeth, Akola. 
was employed which comprising soil sampling, 
their analysis and delineation of Fe and Mn 
deficient areas. Total 222 surface soil (0-30 cm) geo 
referenced samples from central Research station 
with latitude and longitude using global positioning 
system (GPS) were collected and soil variability 
were analyzed for DTPA extractable Fe and Mn. 

The central research station is situated about 2 
km east of Akola town. It is located at longitude 770 
021 44ll to 770 04l 59ll E, Latitude 200 42l 15ll to 200 
43l 18ll N. The research station extends over an area 
of 1145 hectares. Akola town is accessible both by 
road NH No. 6 and rail Nagpur Mumbai, central 
Railway. The farm area is bounded by Gudadhi and 
Akola- Borgaon Manju road in the north, Sivani 
village in the south, Babhulgaon in the east and 
Umri in the west. 

Mechanical analysis was done by using 
Bouyoucos hydrometer method (Bouyoucos, 1928), 
Soil pH (1:2.5) and Ec were estimated By using pH 
meter and Electrical Conductivity meter 
respectively (Jackson, 1967) and Available Fe and 
Mn were determined by using DTPA (Diethylene 
triamine penta acetic acid) extract on AAS (Lindsay 
and Norvell,1978). 

Maps for soil sampling sites were generated 
using map send worldwide, Thales Navigation 
system. 
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 Table 1. Important soil characteristics of CRS Akola. 
Block pH EC (dSm-1) Texture 

Sand % Silt % Clay % Textural Class 
Mission school  7.8-8.6 0.18-0.36 20 13 67 Clay 
Malkapur  7.6-8.8 0.28-0.36 21 23 56 Clay 
Shivar  7.8-8.6 0.22-0.38 34 21 45 Clay loam 
Western  7.6-8.8 0.24-0.44 35 25 40 Silty clay 
Shivani  7.8-8.7 0.23-0.49 53 12 35 Clay loam 
Gudadi  7.7-8.4 0.24-0.49 23 33 44 Silty clay 
Babulgaon  7.6-8.5 0.22-0.68 25 23 52 Clay 
High way  7.9-8.7 0.20-0.58 19 26 55 Clay 
 
Table 2: Available iron status of CRS soils 

Blocks No. of samples analyzed Available range (mg kg-1) Mean (mg kg-1) 
Mission School 21 0.12-7.85 5.31 
Malkapur  27 0.38-8.96 5.77 
Shivar  30 4.66-16.32 7.29 
Western  22 3.75-14.64 6.38 
Shivani  44 2.0-9.4 6.07 
Gudadhi  32 2.40-8.30 4.78 
Babulgaon  31 3.48-8.22 4.92 
High way  15 3.84-8.99 5.93 
Total  222 0.12 –16.32 5.81 
 
Table 3: Available iron status of CRS soils (DTPA extracts) 

Blocks No. of samples analyzed Low < 4.5 mg kg-1 Medium 4.5 to 7.5 mg kg-1 High > 7.5 mg kg-1 
Mission School  21 2 (10%) 18 (81%) 2 (9%) 
Malkapur  27 3 (11%) 15 (59%) 9 (30%) 
Shivar  30 0 (0%) 17 (57%) 13 (43%) 
Western  22 1 (4%) 14 (64%) 7 (32%) 
Shivani  44 2 (5%) 34 (77%) 8 (16%) 
Gudadhi 32 15 (47%) 15 (47%) 2 (6%) 
Babulgaon  31 19 (41%) 10 (32%) 2 (6%) 
High way  15 3 (20%) 9 (60%) 3 (20%) 
Total  222 45 (20%) 132 (60%) 45 (20%) 
 
Table 4: Available manganese status of Central Research Station soils 

Blocks No. of samples analyzed Available range (mg kg-1) Mean (mg kg-1) 
Mission School   21 0.72 - 7.05 4.61 
Malkapur  27 1.64 - 4.67 3.79 
Shivar  30 3.51 - 16.78 5.86 
Western  22 1.79 - 16.17 4.59 
Shivini  44 1.79 - 6.04 4.40 
Gudadhi 32 0.32 - 9.43 3.33 
Babulgaon  31 2.83 - 8.88 4.91 
High way  15 2.95 - 8.33 5.74 
Total  222 0.32 – 16.17 4.65 
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Table 5: Available manganese status of central research station soils (DTPA Extractable) 

Blocks No. of samples analyzed Low < 2.0 mg kg-1 Medium 2.0 to 4.0 mg kg-1 High > 4.0 mg kg-1 
Mission School  21 2 (10%) 4 (19%) 15 (71%) 
Malkapur  27 1 (4%) 12 (44) 14 (52%) 
Shivar  30 0 (0%) 6 (20%) 24 (80%) 
Western  22 2 (9%) 9 (41%) 11 (50%) 
Shivini  44 4 (9%) 7 (16%) 33 (75%) 
Gudadhi 32 8 (25%) 14 (44%) 10 (31%) 
Babulgaon  31 0 (0%) 8 (29%) 23 (71%) 
High way  15 0 (0%) 3 (20%) 12 (80%) 
Total  222 17 (7%) 63 (29%) 42 (64%) 

(Figures in parenthesis indicates percentage of sample size) 
 

RESULTS AND DISCUSSION 
Soil of study area: 

It was observed (Table 1) that soil pH varied 
from 7.6 to 8.8 with an average of 8.1. According to 
classification of soil reaction suggested by Brady 
(1985) samples were found moderately alkaline to 
strongly alkaline. The minimum value of pH 7.6 
was observed in Malkapur western and Babhulgaon 
Soils and maximum value of pH 8.8 was observed 
in soil of Malkapur and Western Block. 

The electrical conductivity of the soils varied 
from 0.18 to 0.68 d S m-1. On the basis of the limits 
suggested by Muhr et al.,(1963) for judging salt 
problem of soils, most of samples were found 
normal (EC < 1.0 dSm-1). The soil texture varied 
from clay to clay loam and silty clay. 
Available iron status of CRS soils  

The various forms of iron in soil are the 
immediately available, the available pool, available 
on decomposition and potential medium long term 
sources of available iron (Katyal and Deb, 1982).  
The plant usable fraction of soil iron can be 
determined by employing a suitable chemical 
extractant and its critical concentration in soil can 
be established by correlating with crop yield.  

The available iron content varies from 0.12 to 
16.32 mg kg-1 with a mean of 5.81 mg kg-1 (Table 
2) regards iron status of central research station 
soils, 20% soil samples are low, 60% samples 
medium and 20%, soil samples are high in available 
iron out of 222 soil samples (Table 2 and Fig 1). 
The iron deficiency was observed except Shivar soil 
10 per cent in mission school, 11 per cent 
Malkapur, 4 per cent in western, 5 per cent in 
Shivani, 47% in Gudadhi, 61 per cent in Babulgaon 
and 20 per cent in High way Block soil. 

In spite of high total iron in soils, its 
availability to the crops is a major problem in many 
soils. Usually crops take up iron as Fe+2 and in 

available soils Fe+2 oxidizes to the unavailable Fe+3 
form. Soil with pH 7 is the major factor which 
governs the solubility and an increase in pH 
decreases solubility of divalent and trivalent cation 
by 100 – 1000 folds respectively.  

Fine texture soil retained major part of applied 
iron in unavailable form because of surface 
adsorption and only small fraction was made 
available (Table 1 and 2).  
Available Manganese status of CRS soils  

Available Mn constitutes 1-15% of the total 
soil Mn, the size of which with climatic conditions, 
soil type and extraction method used. 

The behaviour of Mn in soils depends largely 
on pH and redox potential. All factors which 
influence oxidation reduction influence Mn 
solubility and its availability to plants. These 
include pH, CaCO3, organic matter, microbial 
activity and soil moisture. A rise in pH, increases 
oxidation of Mn, whether the process is chemical or 
biological and thus at high pH, Mn availability to 
plants is reduced. The reverse is true in acid soils. 
The soluble Mn+2 decreases 100 fold for each unit 
increase in pH which also enhances the formation 
of Mn – Soil organic matter complexes which also 
render Mn less available (Page 1962). 

Available Mn was extracted by DTPA from 
222 soil samples collected from central research 
station farm and the content varied between 0.32 to 
16.17 mg kg-1 with the mean of 4.65 mg kg-1 (Table 
4) Based on critical limits, availability of Mn would 
be rated as marginal to adequate in soils of Central 
Research Station. Out of total samples 7 per cent 
soil samples are in low, 29 per cent in medium and 
64 per cent soil samples in high range in available 
Mn. (Table 5 and Fig. 2) Thus, at present a positive 
response to Mn application is unlikely due to its 
adequacy in majority of soils. 
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ABSTRACT 

The field experiment was conducted on wheat at the Central Research Farm (CRF), 
Gayeshpur encompassing the new alluvial zone of West Bengal, to evaluate the interactions and 
use efficiency of water and nutrient under different fertiliser gradients. The experiment was laid out 
in factorial RBD with three treatments [T1: 100:50:50 :: N:P:K kg ha-1, T2: 120:60:60 :: N:P:K kg ha-1, 
T3: 150:75:75 :: N:P:K kg ha-1], eight sampling dates and three depth of sampling  with three 
replications. Pearson’s correlation between available N,P,K and soil moisture @ 15 cm depth is 
positively correlated, significant at 0.01 level (2- tailed), negatively correlated @ beyond 15 cm 
depth. The nutrient-use-efficiency were computed in terms of Recovery Efficiency [RE= kg nutrient 
taken up per kg nutrient applied] which shows that higher levels of fertilizer administration did not 
always turn up with best nutrient efficiency of standing crop. Recovery Efficiency of Nitrogen is high 
in T2 and T3 (0.58). R.E of phosphorus and potassium are high in T2 (P-0.21, K-1.22). The 
contribution of irrigation in water balance equation was 173.53 mm; while it was 99.0 mm for rainfall 
and the seasonal evapotranspiration of wheat, regardless of different NPK fertilizers levels, was 
192.76 mm. Fertilizer nutrient management was found to influence the water use efficiency of 
wheat. Application of incremental doses of nutrients increased the water use efficiency of crop 
concomitantly. Water use efficiency (kg/ha-mm) is highest in T3 (7.16). The conspicuous difference 
was mainly due to the improvement in the grain yield of wheat. 
 
Key words: Nutrient use efficiency, Soil moisture depletion, Recovery Efficiency and Water.  
 

Over the last twenty years important progress 
has been made in the establishment of the water- 
nutrient interaction model in the world. In one way 
or another way, these models are intended to relate 
the effect of amount of irrigation, rain, dose of 
nutrient application etc to crop yield and 
production. Strategies of these models are soil-
specific and soil properties, especially soil-water 
relations play a very significant role in determining 
their use efficiency. Present study ‘water and 
nutrient use efficiencies’ conducted in Wheat crop. 

Wheat (Triticum aestivum L.)  is the main 
staple food of nearly 35 per cent of the world 
population (Singh, 1999)1.  It accounts for 30 % of 
all cereal food worldwide and provides about 20% 
of the total dietary calories and proteins worldwide. 
Wheat is the second most important cereal crop 
next to rice in India. It is grown in an area of 29.9 
million hectares (M ha) with production of 93.9 
million tonnes (M t) and productivity of 3140 kg ha-

1 (2011-2012). 
Water is the most crucial input that governs 

the use efficiency of other costly inputs like 
fertiliser. Fertilizers constitute an integral part of 
improved crop production technology (Saifullah et 
al., 2002)2. The proper amount of fertilizer 
application is considered a key to the bumper crop 
production (Tariq et al., 2007)3. 

Each of water and nutrients has its own 
function; they are related and interact with each 
other (Brown, 1972)4. One can supplement or 
constrain the other by controlling, restricting, or 
checking function in plant. Their interaction may 
gain either positive or negative effects on crop 
production, depending on crop growth stages, 
amounts, combinations and balance (Sheng et al., 
2009)5. High efficiency in the use of water is only 
achieved when crops have access to adequate 
supplies of nutrients. Similarly, full returns from 
fertilizers are obtained only when water supplies are 
sufficient for the needs of the crop; but water 
applied in excess or at inappropriate times may 
cause large losses of mobile nutrients, particularly 
of nitrogen, from the system. Water status regulates 
the processes of mass flow and diffusion of solutes 
in soils, which determine nutrient uptake. Water-use 
efficiency depends on physiological processes in 
plants and these are affected by nutrients. Water 
scarcity affects the root growth, nutrient availability 
and nutrient uptake by wheat plant. Improved 
nutrition seems to alter the rooting pattern, thus 
changing the access to stored water and its 
utilization by crops. Therefore the practical 
management of crop nutrition and irrigation should 
be carefully coordinated to secure the maximum 
return from both inputs to the system.  
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MATERIALS AND METHODS 

The field investigation was conducted on 
wheat during the rabi season of 2013 at the Central 
Research Farm (CRF), Gayeshpur, Nadia, Bidhan 
Chandra Krishi Viswavidyalaya, encompassing the 
New Alluvial Zone of West Bengal. The 
experimental site is Gangetic alluvium with good 
drainage and water holding capacity. The available 
N, P and K were 122.3, 14.8 and 131.5 kg ha-1, 
respectively. 

Wheat (Triticum aestivum L) var. PBW-363 
was used for the field experimentation. The 
experiment was laid out in factorial RBD with three 
treatments [T1: 100:50:50 :: N:P:K kg ha-1, T2: 
120:60:60 :: N:P:K kg ha-1, T3: 150:75:75 :: N:P:K 
kg ha-1], eight sampling dates (22, 42, 60, 68, 76, 
83, 92 DAS and at harvest) and three depth of 
sampling  (0-15, 15-30, 30-45 cm)  with three 
replications. Source of N, P, K, were Urea, SSP, 
MOP respectively.  

Soil moisture percentages were calculated by 
gravimetric method (Gardner, 1965)6. Seasonal 

evapo-transpiration (ET) of wheat was computed 
using the following water balance equation:  

ET = P + I + Cp – Dp - Rf – ΔS 
Where, P, precipitation; I, irrigation; Cp, 

contribution from capillary rise from groundwater 
[Here Cp was assumed to be negligible because 
groundwater is very deep (>5 to 6 ft)]; Dp, deep 
percolation [negligible beyond 45 cm]; Rf, runoff 
[negligible]; ΔS = Sf – Si, change in the soil water 
storage in the profile; Si, soil water storage in the 
profile at sowing and Sf, soil water storage in the 
profile at harvest. 

So, ET = P + I – ΔS 
The rainfall data for the entire crop 

growing period is recorded with help of Rain gauge 
meter. Plant N was estimated by digesting with 
concentrated H2SO4 (Jackson, 1973)7, plant P and K 
were estimated by digesting in triacid (HNO3 : 
H2SO4 : HClO4 :: 9:1:4) mixture  (Jackson, 1973)7. 

Yield: Grain yield, total dry matter yield 
(straw+ grain) were recorded in Kg ha-1 after 
harvesting. 

 
Table 1. Biomass and grain yields and nutrient uptake by wheat at harvest 

Treatments Grain yield 
(kg ha-1) 

TDM yield 
(kg ha-1) 

Total N 
uptake (kg 

ha-1) 

REN Total P 
uptake (kg 

ha-1) 

REP Total K 
uptake (kg 

ha-1) 

REK 

T1 1100  4000  47.12  0.47  6.49  0.13  44.48  0.89  
T2 1220  5800  70.08  0.58  12.64  0.21  72.94  1.22  
T3 1380  7000  87.12  0.58  11.76  0.16  89.79  1.2  
SEm (±)  77.38  14.74  1.32  0.15  1.73  
CD 
(P=0.05)  

238.43  45.45  4.08  0.46  5.32  

T1= NPK @ 100:50:50 kgha-1, T2= NPK @ 120:60:60 kgha-1 and T3= NPK @ 150:75:75 kgha-1; RE- 
Recovery efficiency of nutrients  

 
 
Table 2: Water balance components and water use efficiency of wheat 
 
Treatment  Rainfall 

(mm)  
Irrigation 
(mm)  

Soil water 
storage 
change 
(mm)  

Seasonal ET  Grain yield 
(kg/ha)  

Water use 
efficiency 
(kg/ha-mm)  

T1  99  173.53  79.77  192.76  1100  5.71  
T2  99  173.53  79.77  192.76  1220  6.33  
T3  99  173.53  79.77  192.76  1380  7.16  
NB: T1= NPK @ 100:50:50 kg ha-1, T2= NPK @ 120:60:60 kg ha-1 and T3= NPK @ 150:75:75 kg ha-1 
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Fig:1 Recovery efficiencies of N, P, K in T1, T2, T3. 

 
Fig: 2 ETc (mm) at different crop growth stages 

0

50

100

150

200

Seedling Vegetative Reproductive Ripening

ET
c (

m
m)

Crop growth stages

ETc demand (mm)

 
 

 
Fig:3 Soil moisture depletion (%) at different irrigation stages 
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Fig: 4 soil moisture depletion at various irrigation stages with respect to different soil layer 

 
 
Fig:5 Cumulative soil moisture depletion in mm 

 
 
RESULTS AND DISCUSSION 

Water and nutrient interaction: Soil-water-
nutrient interaction is highly dependent on fertility 
status, water and nutrient application, and hydro-
physical behaviour of these soils (Bangroo et al., 

2011)8. 
The changes in available macronutrients in the 
experimental soils can be explained by similar 
changes in soil moisture (SM). The lower 
recoveries of the available macronutrients across 
increasing depths of soil profile can be largely 
complemented by significant correlations with 
changes in SM and OC. 

*Significant at the 0.05 level (2-tailed); ** 
Significant at the 0.01 level (2-tailed) 

Pearson’s correlation between available 
N,P,K and soil moisture @ 15 cm depth is 
positively correlated, significant at 0.01 level (2- 

tailed), but beyond 15 cm depth soil moisture and 
nutrients are negatively correlated this is may be 
due to absence of active root. The effect of enriched 
organic fractions in improving the availabilities of 
N, P and K has been well elucidated by several 
earlier workers. Such increase in available 
macronutrients with more soil OC may be 
facilitated through presence of easily replaceable 
cations, N, P and K being held in organic forms and 
release of elements from minerals through acid 
humus (Brady, 1988)9.  

In the present investigation also, the 
changes in recoveries of available macronutrients 

under different simulated situations, have been 
observed to be largely dictated (63% for soil N, 83 
% for soil P and 77% for soil K variations) by 
variations in soil moisture (SM) under similar 

Pearson’s correlation @ 15 cm depth 

 Soil N Soil P Soil K 

Moisture .807** .918** .884** 

OC .663** .849** .803** 

Pearson’s correlation beyond 15 cm depth 

 Soil N Soil P Soil K 
Moisture -.438** -.467** -.382** 
OC .482** .431** .401** 
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situations, as reflected through the following 
regression relationships. 

Relationship R2 R2
adj SEest 

Soil available N= 
2.75 SM** + 94.36 

0.651 0.635 8.840 

Soil available P= 
3.22 SM** + 3.22 

0.842 0.835 6.101 

Soil available K= 
3.94 SM** + 84.14 

0.782 0.772 9.117 

*Significant at P0.05; **Significant at P0.01; 
Relationships drawn between observations 
obtained at 15 cm soil depth 
Nutrient use efficiency 
The total dry matter yield, grain yield and nutrient 
uptake by wheat as affected by varying fertilizer 
applications were recorded in Table 1. Both the 
yields and NPK uptake by wheat at harvest is 
significantly increased with increasing 
administration of N, P and K fertilizers. The highest 
recoveries of N, P and K by wheat total dry matter 
were associated with highest levels of NPK 
fertilizer administered, so were the highest TDM 
and grain yield of wheat and vice-versa. The 
nutrient-use-efficiencies were also computed in 
terms of Recovery Efficiency [RE= kg nutrient 
taken up per kg nutrient applied. Cassman et al. 
(1996)10, Mosier et al. (2004)11] which shows that 
higher levels of fertilizer administration did not 
always turn up with best nutrient efficiency of 
standing crop. 
Recovery Efficiency of N in treatments T1, T2, T3 
are 0.47, 0.58, 0.58 respectively. REN is same in T2 
and T3 for T1 it is less than the both (Fig:1). 
Recovery Efficiency of P are 0.13, 0.21, and 0.16 
respectively. REP is more in T2, followed by T3, 
T1 (Fig:1). Recovery Efficiency of K are 0.89, 1.22, 
and 1.2 respectively. REK is more in T2, followed 
by T3, T1 (Fig:1). 
Water use efficiency: 
 The evapotranspiration demand at various 
crop growth stages graphically depicted below 
showed that maximum ETc demand was higher in 
reproductive stage, immediately followed by 
vegetative stage, whereas the same was moderate in 
seedling stage and least in ripening stage. This 
indicates that vegetative and in reproductive stages 
were more critical for higher water demand of crop 
and thereby necessitated the optimum supply of 
irrigation water/rainfall for higher growth and 
development of crop and economic yield.  

The water balance components and water 
use efficiency of wheat grown under three levels of 
NPK fertilizer doses, but same level of irrigation 
and rainfall situation is presented in Table 2. It is 
evident from the results that the contribution of 
different components in crop water requirements 
was different. The contribution of irrigation in 

water balance equation was 173.53 mm; while it 
was 99.0 mm for rainfall, a part of which was used 
for crop water requirement and a major part was 
likely stored in soil profile. This is mainly attributed 
to the two consecutive day rainfall, just 4-5 days 
prior to harvesting, which did not reflect in soil 
moisture utilization by crop. The profile 
contribution in crop water requirement, as a whole, 
appeared to be nil. 
The seasonal evapotranspiration of wheat, 
regardless of different NPK fertilizers levels, was 
192.76 mm. Fertilizer nutrient management was 
found to influence the water use efficiency of 
wheat. Application of incremental doses of nutrients 
increased the water use efficiency of crop 
concomitantly. The conspicuous difference was 
mainly due to the improvement in the grain yield of 
wheat. This may be explained to the fact that 
increase in water use efficiency of wheat with the 
application of fertilizers might have stimulated 
more rapid crop growth during the season with 
lower vapour pressure deficit which resulted in 
decrease in evaporation/transpiration ratio and 
corresponding improvement in the transpiration 
efficiency (Zhang et al., 1998)12. 
Soil moisture depletion: 
The soil moisture depletion at various crop growth 
or irrigation stages with respect to different soil 
layers is depicted in the figure3 and 4. The results 
revealed that maximum soil water depletion by crop 
took place from 0-15 cm soil layer, followed by that 
of 15-30 cm soil layer. The plausible reason for 
such higher extraction was that most of the active 
roots of wheat were concentrated in 0-30 cm soil 
layer. Below these depths, the soil water depletion 
by crop was drastically reduced, although this layer 
(30-45 cm) had a prominent role in contributing 
moderate amount of soil water. The higher soil 
water abstraction in surface (0-15 cm) soil layer 
than the immediate sub-surface layers might be due 
to the combined effects of increased surface 
evaporation, higher shallow root density and more 
water uptake by wheat plant (Bandyopadhyay et al., 
2009)13.cumulative soil moisture depletions 
throughout the crop growth stages is depicted in 
figure 5. 

CONCLUSION 

Soil moisture depletion is more in the surface soil 
i.e 0-15 cm than sub-surface soil, because of 
increased surface evaporation, higher shallow root 
density and more water uptake by wheat plant. In 
wheat evapotranspiration is more in reproductive 
stage than vegetative stage. Nutrient use efficiency 
is more in T2 (120:60:60), in T3 the nutrient use 
efficiency decreases due to slow yield increase rate 
at higher fertiliser levels.  Water use efficiency is 
more in T3 (150:75:75). Water use efficiency 
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increases with increase in nitrogen application, 
mainly because of increased yield levels. 
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ABSTRACT 

     In India, guar is cultivating as traditional commercial cash crop of dry regions and which is 
accounted for about 75 percent of global trade and 80 percent to total guar production in the world. 
Hence, an attempt has been made to analyze the production performance and yield variability 
across important guar growing states of India to find out the trends in area, production and 
productivity of guar. The results revealed that, the area under guar cultivation in India has 
tremendously increased with a tune of 60.00 percent during the period 2000 to 2014 and has 
shown a wide variation in production ranging from 0.69 million tonnes to 2.71 million tonnes during 
the study period. Among the states, Rajasthan stands first in area and production of guar and it 
alone contributes about 74.00 percent and 60 percent share respectively to the total Indian guar 
cultivation. Productivity of guar at national level has increased by 1.58 times from 2000-01 to 2013-
14. As far as average productivity of guar across different state is concerned, Haryana stands first 
with productivity of 1067 kg/ha which is 1.6 times higher than that of national average. The area 
and productivity of guar cultivation at all India level has significantly grown with CAGR of 5.86 
percent and 5.67 percent, respectively. Across different states, Rajasthan has significant growth in 
guar area (6.43 %) and Haryana has higher growth rate in guar productivity (8.06 %) which is 
significant at 1 per cent. In India, the instability was found to be higher with respect to production 
(1.94 %) as against to the area (0.60 %) and productivity (0.78 %) of guar crop. Besides this, 
instability was higher in Rajasthan because guar cultivation is heavily depends on the monsoon in 
that state. 
 
Key words:  Cluster Bean, Compound Annual Growth Rate (CAGR), Guar and Instability Index. 
 

Guar (Cyamopsis tetragonoloba) is native to 
the Indian subcontinent belongs to the family 
Leguminaceae and is grown mainly in India, 
Pakistan, United States and some part of Africa and 
Australia. Guar is also called as cluster bean 
because it produces flowers and pods in clusters and 
it comes up well in both salinity and alkalinity 
conditions of soil. The plant is extremely 
drought‐resistant, being able to absorb water 
efficiently and also acts as a soil building crop by 
fixing atmospheric nitrogen. Guar gum is a fiber 
which is extracted from the seed of the guar plant 
and its derivatives are widely used in various 
industries such as food, animal feed, textile, 
pharmaceuticals, personal care, health care, 
nutrition, cosmetics, paper, explosives, mining and 
oil drilling. In India, guar is cultivated in kharif 
season which is suited to varied climatic conditions 
of the country such as rain fed, arid and semi arid 
regions which thrives better even in erratic and 
scanty rainfall areas. India is the largest producer 
and exporter of guar and contributes 80 percent of 
total guar production in the world. Its cultivation in 
India is concentrated in northwestern states namely 
Rajasthan, Haryana, Gujarat, Punjab and Uttar 
Pradesh. United States has been the largest importer 
of Indian guar and its derivatives in recent years and 
the share in total export was reported as 60 percent 

during 2012-13 and the same quantity in value 
terms was more than 81 percent. As guar is having 
multipurpose uses and also there has been a major 
shift in usage pattern of guar gum by various 
industries for wide range of applications resulted in 
continuous and a high demand from USA and other 
countries which stimulates the area under guar 
cultivation even in non-traditional areas like 
Madhya Pradesh, Chhattisgarh, Andhra Pradesh, 
Karnataka, Tamil Nadu and other parts in kharif as 
well as in summer season. With this background in 
order to understand the potentiality of Indian guar 
cultivation this study has been taken up with the 
following specific objectives: To study the trends in 
area, production and productivity of guar in India, 
To evaluate the shares of different states to the total 
guar production in India, and To examine the 
instability in area, production and productivity of 
guar in India. 

MATERIALS AND METHODS  

Data Source: 
The study is based on the secondary data 

which is time series in nature. The data on area, 
production and productivity of guar for different 
states have been collected for the period of 2000- 
2014 from the various sources such as Ministry of 
Agriculture (GOI), Respective state department of 
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agriculture and Indian guar gum manufacturers 
association to accomplish the objectives. Attempt has 
been made to study the changes in area, production 
and productivity of guar across different states in 
India in terms of growth rate and instability. 
Analytical Techniques: 

There are different statistical tools were 
employed in this study such as; Instability index, 
Compound Annual Growth Rate (CAGR) and 
descriptive statistics. Tables were constructed to 
examine the growth in area, production and 
productivity of guar across different states over time. 
The percentage shares of different states were also 
calculated to identify the important guar producing 
states in India. 
Compound Growth Rate 

Growth rates have been estimated using 
exponential function through OLS method after 
transforming original data into semi-log specification. 
Finally, semi-log trend function was used to estimate 
the growth rate of area, production and productivity of 
guar. The form of the semi-log function used is as 
follows: 
lnYt = a + bt + e 
Where,  
Yt is the dependent variable (area, production and 
productivity) at the time ‘t’ 
‘t’ refers to time variable in year (1, 2,...14) 
ln = natural logarithm, e = error term; and 
‘b’ indicates the instantaneous growth (at a point in 
time) 

 
The annual compound growth rate (over a 

period of time) can be worked out by using 
following formula:  

  r = Antilog b-1 
When multiplied it by 100, it gives the percentage 
growth rate in area, production and productivity of 
guar. That is, Compound Annual Growth Rate 
(CAGR) (%) = r = (Antilogb-1) x100. 
 
Instability Index 

 The issue of instability mesmerized the 
researchers because there is an increased 
production and demand of guar in the recent years. 
In this regards, the instability index was estimated 
for area, production and productivity of guar using 
the method proposed by Ray (1983b). Equation of 
the instability index is as follows: 
Instability index = Standard deviation of natural 
logarithm (Zt+1 / Zt) 
where, 
Zt refers to area, production, productivity in the 
year “t”; and Zt+1  denotes area, production, 
productivity for the next year. 

This index is unit free and robust which 
measures deviations from the underlying trend (log 
linear in this case). As the series not fluctuates, the 
ratio of Zt+1 and Zt remains constant and their 
standard deviation is zero. The instability is 
estimated for area, production and productivity of 
guar both at state and national level by applying the 
above method. 

 
Table 1: Area (‘000 ha) under Guar cultivation across different states in India during the period of 2000-01 to 

2013-14. 

Year Rajasthan Haryana Gujarat Other States All India 
2000-01 3056 (87.39) 148 (4.23) 273 (7.81) 20 (0.57) 3497 (100) 
2001-02 2413 (83.12) 196 (6.75) 263 (9.06) 31 (1.07) 2903 (100) 
2002-03 557 (57.13) 205 (21.03) 213 (21.85) 0 (0.00) 975 (100) 
2003-04 2278 (79.82) 269 (9.43) 266 (9.32) 41 (1.44) 2854 (100) 
2004-05 1944 (67.81) 217 (7.57) 214 (7.46) 492 (17.16) 2867 (100) 
2005-06 2445 (82.71) 270 (9.13) 188 (6.36) 53 (1.79) 2956 (100) 
2006-07 2808 (83.97) 295 (8.82) 205 (6.13) 36 (1.08) 3344 (100) 
2007-08 2842 (81.85) 341 (9.82) 196 (5.65) 93 (2.68) 3472 (100) 
2008-09 3316 (85.84) 370 (9.58) 150 (3.88) 27 (0.70) 3863 (100) 
2009-10 2581 (86.15) 252 (8.41) 133 (4.44) 30 (1.00) 2996 (100) 
2010-11 3001(88.73) 256 (7.57) 125 (3.70) 0 (0.00) 3382 (100) 
2011-12 3000 (87.11) 215 (6.24) 37 (1.07) 192 (5.57) 3444 (100) 
2012-13 3798 (73.71) 247 (4.80) 75 (1.45) 1032 (20.04) 5152 (100) 
2013-14 4142 (73.92) 247 (4.40) 55 (0.97) 1160 (20.70) 5603 (100) 
Note: Figures in parenthesis indicates percent share to the total 
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Table 2: Guar production (‘000 MT) across different states in India during the period of 2000-01 to 2013-14. 

Year Rajasthan Haryana Gujarat Other States All India 
2000-01 481 (72.99) 102 (15.48) 60.9 (9.24) 15.1 (2.29) 659 (100) 
2001-02 763 (70.00) 127 (11.65) 112 (10.28) 88 (8.07) 1090 (100) 
2002-03 28 (14.07) 91 (45.73) 65 (32.66) 15 (7.54) 199 (100) 
2003-04 1163 (76.87) 117 (7.73) 204 (13.48) 29 (1.92) 1513 (100) 
2004-05 368 (40.75) 254 (28.13) 157 (17.39) 124 (13.73) 903 (100) 
2005-06 566 (53.45) 289 (27.29) 108 (10.20) 96 (9.07) 1059 (100) 
2006-07 658 (56.29) 334 (28.57) 83 (7.10) 94 (8.04) 1169 (100) 
2007-08 1244 (69.54) 395 (22.08) 130 (7.27) 20 (1.12) 1789 (100) 
2008-09 1261(65.13) 602 (31.10) 53(2.74) 20 (1.03) 1936 (100) 
2009-10 201 (33.78) 329 (55.29) 45 (7.56) 20 (3.36) 595 (100) 
2010-11 1546 (78.68) 333 (16.95) 73 (3.72) 13 (0.66) 1965 (100) 
2011-12 1847 (83.27) 290 (13.07) 33 (1.49) 48 (2.16) 2218 (100) 
2012-13 1460 (59.31) 389 (15.80)  56 (2.27) 556 (22.61) 2461 (100) 
2013-14 1635 (60.23) 430 (15.85) 36 (1.34) 613 (22.57) 2715 (100) 
 Note: Figures in parenthesis indicates percent share to the total 
 
 
Table 3:  Productivity of Guar across different states in India (kg/ha) during the period of 2000-01 to 2013-14 

Year Rajasthan Haryana Gujarat Other States All India 
2000-01 157 689 223 188 157 
2001-02 316 648 424 375 316 
2002-03 50 444 306 204 50 
2003-04 511 435 766 530 511 
2004-05 189 1171 733 315 189 
2005-06 231 1070 575 358 231 
2006-07 234 1132 404 350 234 
2007-08 438 1200 662 515 438 
2008-09 380 1627 353 501 380 
2009-10 78 1305 337 199 78 
2010-11 515 1300 586 581 515 
2011-12 616 1350 892 644 616 
2012-13 264 1221 460 478 264 
2013-14 336 1352 455 485 336 
 
Table 4: Growth in area, production and productivity under Guar different states of India during the period of  

2000-01 to 2013-14. 
Particulars Rajasthan Haryana Gujarat Other States All India 
Area 6.43* 2.47# -12.15** 23.93# 5.89* 
Production 14.79 # 12.22** -7.51* 13.57# 11.87** 
Productivity 6.41 # 8.06 ** 2.92 # NA 5.67* 
Note:  **= Significant at 1% level; *= Significant at 5% level; # = Non-significant and  NA= Not attended     
 
Table 5: Instability in area, production and productivity of Guar in India (in percentage). 

Particulars Rajasthan Haryana Gujarat All India 
Area 0.91 0.19 0.39 0.60 
Production 11.26 0.40 0.78 1.94 
Productivity 2.95 0.50 0.61 0.78 

 
RESULTS AND DISCUSSION 

Area under guar crop across different states in 
India: 

To know the trends in area under guar 
cultivation in India, the time series data for the 
period from 2000-01 to 2013-14 were collected 
from Government of India reports and analyzed. 
The results were presented in table 1. The area 
under guar cultivation in India has tremendously 

increased with a tune of 60.00 percent (2160 
thousand ha) during the period 2000-01 to 2013- 

14. Among different states, Rajasthan has 
shown continuous increasing trend in the acreage 
under the crop, since 2000-01. The area under guar 
crop was 3056 thousand hectares during the year 
2000-01 which shoots up to 4142 thousand hectares 
during 2013-14, showing more than 35.00 percent 
increase. At present, Rajasthan stands first in the 
area under guar cultivation and alone contributes 
about 74.00 percent share to the total Indian guar 
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cultivation. This may be mainly because, cultivation 
of guar crop mostly is in rainfed areas of Rajasthan 
as the maximum cultivation area comes under arid 
zone. Besides, majority of the guar processing 
industries were located in Rajasthan state itself.  

Similar kind of trends was also observed in 
case of Haryana with an increased area (67.00 %) 
under guar cultivation during 2013-14 as compared 
to 2000-01. It was also observed from the table that, 
the area under guar crop in Gujarat State has shown 
continuous decreasing trend throughout the study 
period and contributing less than one percent to the 
total Indian guar cultivation during 2013-14. 
Interestingly, the area under guar cultivation in 
other states which are considers as non-traditional 
areas were significantly increasing with a total share 
of 21.00 percent to the total Indian guar cultivation 
in the year 2013-14. The area under guar cultivation 
for the period 2002-03 and 2009-10 was recorded 
the lowest acreage due to the severe drought 
conditions throughout the country.  The area of guar 
during the drought year 2002-03 and 2009-10 was 
reduced to almost one third (66.2% reduction) and 
one fifth (about 23%) to the previous years, 
respectively. The percent reduction during 2009-10 
was low due to the fact that Rajasthan had relatively 
better rainfall in the guar producing districts in the 
early part of the monsoon leading to almost normal 
sowing as compare to other parts of India.  
State wise production of guar in India: 
           Among the guar producing countries in the 
world, Indian stands first by contributing 80 percent 
to the world guar production followed by Pakistan 
and US. The guar production in India is subjected to 
temporal and spatial fluctuation as it heavily 
depends on the monsoon for the cultivation. The 
estimate of guar production in different states for 
the period 2000-01 to 2013-14 is given in table 2. 
India’s guar production has shown wide variation 
during the study period, ranging from 0.69 million 
tonnes during 2000-01 to 2.71 million tonnes during 
2013-14 as it highly relies on the monsoon. During 
the study period, the guar production has increased 
by four times though the area under guar cultivation 
increased only by 0.6 times. Guar crop comes up 
well in arid and semiarid regions of India; hence 
Rajasthan, Haryana and Gujarat have become 
important guar producing states with contribution of 
about 77 percent to the India’s guar production. 
Rajasthan being first in guar producing states in 
India, contributes more than 60 percent to the total 
guar production in the country followed by Haryana 
(24 %) and Gujarat (9 %). 

The guar production in the year 2013-14 has 
bend increased by 3.4 times and 4.2 times in 
Rajasthan and Haryana states, respectively whereas 
as it has been decreased by 0.6 times in Gujarat as 
compared to 2000-01. Only 1 million metric tons of 

guar was produced from an area of nearly 1 million 
hectares during 2002-03 due to severe drought 
whereas, 2.7 million metric tons was produced from 
an area of 5.6 million hectares in 2013-14 due to 
good monsoon. Since, Rajasthan is the main guar 
producing state wherein most of area is rainfed, 
therefore, overall production of guar in the country 
is influenced by the rainfall in Rajasthan.  
State wise productivity of guar in India: 

Productivity, which measures the increase in 
output which is not due to increased use of inputs 
and it closely watched economic performance 
indicator because of its contribution to a healthy 
and thriving economy. An improvement in 
productivity reflects farmers producing more 
outputs from market inputs (land, labour, capital, 
materials and services). In this backdrop, the 
estimate of productivity of guar in different states of 
India is presented in table 3. The results revealed 
that, on an average the productivity of the guar at 
national level is 409 kg/ha during the study period. 
Productivity of guar at national level has increased 
by 1.58 times i.e., from 188 (2000-01) to 485 kg/ha 
(2013-14). With respect to the average productivity 
of guar at state level, Haryana stands first with 
productivity of 1067 kg/ha which is 1.6 times 
higher than that of national average followed by 
Gujarat (513 kg/ha). Minimum productivity of 308 
kg/ha is observed in case of Rajasthan which is 
much lower than national average productivity.  

Overall productivity of guar in Haryana was 
the highest in almost all the years due to assured 
irrigation factor. Hence, Haryana has significant 
contributor in terms of production. The productivity 
level of guar in Rajasthan was very low hence, there 
is a scope for improvement through improved and 
droughts tolerate varieties. Among guar producing 
states, there is a larger scale of variation in 
productivity which needs to be narrowed down by 
high yielding, short duration varieties and assured 
irrigation. 
Growth in area, production and productivity of 
guar in India: 

Table 4, presents the compound growth rate in 
area, production and productivity of guar in 
different states of India and for the country as a 
whole. The estimated compound growth rates are 
discussed below:  
Growth in area: There has been a rapid growth in 
area, production and productivity of guar over a 
decade from 2000 to 2014. The area under 
cultivation at all India level has significantly grown 
with compound annual growth rate of 5.86 percent. 
Among the different states, Rajasthan contributing 
significantly positive growth (CAGR 6.43 %) and 
Gujarat contributing significantly negative growth 
(CAGR -12.15 %) to the growth rate of area under 
guar cultivation in India. In case of Haryana, guar 
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cultivation area has grown non-significantly with 
growth rate of 2.47 percent per annum. 
Growth in production:  The annual production of 
guar in India was 0.65 million tonnes during 2000-
01 and increased about four times to 2.71 million 
tonnes during 2013-14. It showed significant annual 
growth of 11.87 percent per annum at the national 
level. With respect to the guar production across 
different states, Haryana has shown tremendous 
growth rate with significant CAGR of 12.22 percent 
which is higher than the national level CAGR 
(11.87). Though, Rajasthan contributing 60 percent 
to the total guar production in India, it grew non-
significantly with growth rate of 14.79 percent per 
annum.  In addition to this, growth rate of 
production in Gujarat was found to be significantly 
negative (-7.51 %). 
Growth in productivity:  As far as the guar 
productivity growth is concerned, it was at the level 
of 5.67 % per annum at all India level which is 
significant (Table 4). However, Haryana has higher 
growth rate in productivity (8.06 %) which is 
significant at 1 per cent due to low base effect. 
Interestingly in the states of Rajasthan and Gujarat, 
the trend in yield growth has remained positive and 
non-significant. Development and adoption of high 
yielding varieties and better technological adoption 
were the main reasons for increase in productivity 
level in these state. 
Trends in instability of guar crop area, 
production and productivity: 

Variability in agricultural production consists 
of variability in area and productivity, and their 
interactions results in variability in production. 
Various factors such as timeliness and distribution 
of rainfall, expected price, and increased demand in 
recent past lead to variability. This section deals 
with the instability in area, production and 
productivity of guar crop for major guar producing 
states as well as all India level and the results are 
presented in table 5. 

The results revealed that, the instability was 
found to be higher (1.94 %) with respect to 
production as against to the area (0.60 %) and 
productivity (0.78 %) of guar crop at all India level. 
When we are dealing with instability at state level, 
it was observed that, as compared to other states, 
Rajasthan stands first in terms of instability in area 
and productivity of guar with values of 0.91 and 
2.95 percent, respectively. With respect to the 
instability in area, Rajasthan (0.91 %) showed 
higher instability followed by Gujarat (0.39 %) and 
Haryana (0.19 %) whereas in case of productivity 
instability, again Rajasthan stands first (2.95 %) 
followed by Gujarat (0.61 %) and Haryana (0.50 
%). Instability was higher in Rajasthan because 
guar cultivation is heavily depends on the monsoon 
in that state, but it is not the case in other guar 

cultivating states where there is some assured 
irrigation facility such as canal, ground water, etc.  
It can be concluded from the above results that, 
wherever the summation of instability in area and 
productivity is higher, that reflects in the higher 
instability in production. 

CONCLUSION 

In India, guar is a cultivating as traditional 
commercial cash crop of dry regions and which is 
accounted for about 75 percent of global trade. Guar 
gum extracted from guar seed is used for multiple 
purposes such as food, Textile, Paper, Explosives, 
Pharmaceutical, and Cosmetics and more recently 
in Shale oil and gas extraction. Shale oil and gas 
extraction activities consume about 90% of guar 
gum produced from India and Pakistan in last few 
years. Hence, an attempt has been made to analyze 
the production performance and yield variability of 
guar across important guar growing states of India 
to find out the trends in area, production and 
productivity of guar. The results revealed that, the 
area under guar cultivation in India has 
tremendously increased with a tune of 60.00 percent 
during the period study period. Among the guar 
producing states, Rajasthan stands first with respect 
to area and production and it alone contributes 
about 74.00 percent and 60 percent share to the total 
Indian guar cultivation area and production 
respectively. The area under guar crop in Gujarat 
State has shown continuous decreasing trend 
throughout the study period. India’s guar production 
has shown wide variation during the study period, 
ranging from 0.69 million tonnes during 2000-01 to 
2.71 million tonnes during 2013-14 as it highly 
relies on the monsoon. Productivity of guar at 
national level has increased by 1.58 times from 
2000-01 to 2013-14. As far as average productivity 
of guar across different states is concerned, Haryana 
stands first with productivity of 1067 kg/ha which is 
1.6 times higher than that of national average 
followed by Gujarat ( 513 kg/ha).  The area under 
guar cultivation at all India level has significantly 
grown with a compound annual growth rate of 5.86 
percent. As far as the guar productivity growth is 
concerned, it was at the level of 5.67 percent per 
annum at all India level. Among different guar 
growing states, Rajasthan contributing significantly 
positive growth in area (CAGR 6.43 %) and has 
non-significant growth rate in production with 
CAGR of 14.79 percent. Haryana has higher growth 
rate in guar productivity (8.06 %) which is 
significant at 1 per cent due to low base effect and it 
has shown tremendous growth rate in production 
with significant CAGR of 12.22 percent which is 
higher than the national level CAGR (11.87). In 
India, the instability was found to be higher with 
respect to production (1.94 %) as against to the area 



Journal of Progressive Agriculture Vol. 6, Issue-1, April, 2015                                                                                                                   
 
  

 

49 
 

(0.60 %) and productivity (0.78 %) of guar crop. 
Besides this, instability was higher in Rajasthan 
because guar cultivation is heavily depends on the 
monsoon in that state. 

POLICY IMPLICATION 

Guar cultivation is highly confined to the 
rainfed areas where, the farmers face the problem of 
erratic supply of raw materials due to uncertainties 
of rains. Hence, conservation of rainwater and other 
strategies are required to ensure the stabilized guar 
production. Besides this, in recent years guar 
cultivation has been extended to new and non-
traditional areas which strives the farmers of rainfed 

areas to cultivate the guar as a major commercial 
crop as it is gaining importance. So, extension 
efforts is very much needed to bring the non-
traditional rainfed areas under guar cultivation, 
where guar is comparatively a new crop and 
farmers are not aware of production technology of 
guar. Moreover, majority of the guar processing 
industries are located in Rajasthan and Haryana 
states. Therefore, farmers producing guar in other 
states face marketing problems. So, in this regard, 
respective State Government should take necessary 
steps for marketing of guar so that farmers get 
remunerative income from guar cultivation. 
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ABSTRACT 

     Salinity is a serious problem affecting one third of the irrigation land and limiting the yield 
potential of modern varieties. In the present study, rice varieties were analyzed for salt stress 
tolerance at germination and early seedling growth stage. Seeds of three rice varieties (Narendra-1, 
Sabarmati and Hybrid-312) were collected and kept under six salt stress levels. Seed germination, 
seedling length, dry weight, seed vigor and other parameters were recorded. The results showed 
that with increasing salt stress, germination in all the varieties was delayed and decreased from 100 
% in control to 16.7% in highest (20 dsm-1) salt stress level. Maximum germination percentage was 
observed in Narendra-1 and Sabarmati varieties under salt stress levels. Shoot and root length, dry 
weight of shoot and root, fresh weight of shoot and root decreased in all rice varieties with increase 
in salt stress levels. These results could be helpful in identification of the tolerant varieties which 
can be studied further and economically exploited.   
Key words: Relative water content, Salt stress, Seed germination, Seed vigor index and Tolerance.
   

 
Rice (Oryza sativa L.) is the primary source of 

calories for people more than half of the world’s 
population mainly in Asia (Heong et al., 2005; 
Vibhuti et al ., 2015). It is one of the most widely 
grown crops in coastal areas frequently inundated 
with saline sea water during high tidal period (Mori 
and Kinoshita, 1987). India is the largest rice 
growing country accounting for about one-third of 
the world acreage under the crop (Bargali et al., 
2004, 2007, 2009; Kittur and Bargali, 2013; 
Rajkumar, 2013). 

 Among the various factors limiting rice yield, 
salinity is one of the oldest and most serious 
environmental problems in the world (McWilliam, 
1986). In addition, abiotic stresses are the major 
cause of crop failure, decreasing average yield for 
major crops by more than 50% and threatening the 
sustainability of the agricultural industry (Mahajan 
and Tuteja, 2005; Arora et al., 2011). Processes 
such as seed germination, seedling growth and 
vigor, vegetative growth, flowering and fruit set are 
adversely affected by high salt stress, ultimately 
causing diminished economic yield and also quality 
of produce. Many plant species naturally 
accumulate protein and proline as major organic 
osmolytes when subjected to different abiotic 
stresses. These compounds are considered to play 
adaptive role in mediating osmotic adjustment and 
protecting sub-cellular structures in stressed plants.  

Salinity is considered as one of the important 
physical factors influencing rice production. At 
present, salinity is the second most widespread soil 
problem in rice growing countries after drought and 
is considered as a serious constraint to increase rice 
production worldwide (Gregorio, 1997). There 
exists tremendous variation for salt tolerance within 
species, providing opportunities to improve crop 

salt-stress tolerance through genetic means. 
Germination and seedling growth under saline 
environment are the screening criteria which are 
widely used to select the salt tolerance genotype 
(Ashraf et al., 1990; Khan and Naqvi, 1993). As for 
better cropping highest plant population is required, 
which is only possible if seed germination is 
satisfactory under saline conditions (Naseer et al., 
2007).  

Rice (Oryza sativa L.) is rated as one of the 
major food crops in the world, but is also considered 
extremely salt-sensitive (Maas and Hoffman, 1977). 
About 84% of rice production growth has been 
attributed to the use of modern technologies. 
Germination and seedling development is very 
important for early establishment of plants under 
stress condition. Selecting varieties for rapid and 
uniform germination under salt stress condition can 
contribute towards early seedling establishment. In 
view of the above, in the present study effect of salt 
stress on the seed germination and seedling of rice 
varieties was carried out with the following 
objectives: 

1. To identify the physiological and 
morphological response of rice varieties to salinity 
stress. 

2. To analyze the sensitivity and salt stress 
tolerance in rice varieties. 

MATERIALS AND METHODS 

Seeds of rice varieties grown in Bhabhar area 
of Nainital district (Narendra-1, Sabarmati and 
Hybrid-312) were obtained from G.B. Pant 
University of Agriculture & Technology, Pantnagar. 
The seeds of selected rice varieties were surface 
sterilized and washed with distill water and then ten 
seeds  per variety per treatment were sown in plastic 
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pots (5 cm high and 2.5 cm diameter) containing 
sieved garden soil. Pots were transferred to 
glasshouse under condition of 20o C- 27o C 
temperature and natural light. Six salt stress levels 
(0, 4, 8, 12, 16, 20 dsm-1) were prepared using NaCl 
and added gradually to pots. Number of germinated 
seeds was recorded daily after sowing of seeds up to 
20 days. A seed was considered germinated when 
visible protrusions of plumule observed. After 20 
days seedlings were harvested. Root and shoot 
length, fresh and dry weight were recorded for each 
variety and each treatment. Statistical analysis was 
performed using SPSS version 16. 

After final count germination percentage (GP 
%) was calculated by the following formulae (Raun 
et al., 2002) : 

GP% = Number of total germinated 
seeds/Total number of seeds tested x 100 

The shoots and roots were separated and the 
fresh weights were measured; after being oven dried 
at 60 °C for 24 hours, the dry weights were 
immediately taken. According to each salt 
treatment, the fresh and dry weights, referred to the 

controlled, were calculated in percent, by the 
following equations: 

Fresh weight (FW) percentage reduction:  
 FWPR % = 100 x [1 - (fresh weight salt stress / 

fresh weight control)]  
Dry weight (DW) percentage reduction: 
DWPR % = 100 x [1 - (dry weight salt stress / dry 

weight control)] 
Relative water content (RWC): 
The water content respective to the fresh 

weight was calculated as described by Sumithra et 
al., (2006):  

RWC % = 100 x [(FW – DW) / FW]  
Salt Tolerance Index (STI): 
It is quantified by the ratio, respectively to the 

controlled, of the total dry weight in salt stress, in 
percent and calculated by the following equation:  

STI = 100 x (Total DW salt stress / Total DW 
control) 

Seed vigor index (SVI): 
This index was determined by following Abdul 

and Anderson, (1970): 
Seed vigor index = germination percentage × 

means of seedling length (root + shoot)/ 100 
 

Table 1. Variance analysis (ANOVA) for traits investigated for the three varieties in response to 
salinity stress 

 
*: significant at 5%, and ns: not significant. SL: shoot length, RL: root length, GP%: germination percentage, 
TDW: total dry weight. 
 
Table 2. Means (± standard error) comparison of varieties and salinity stress levels 
 
VARIETIES SL (cm) RL (cm) TDW (g) GP (%) RWC (%) SVI 
Narendra-1 3.6 ± 1.99 2.38 ±0.91 0.021 ±.006 55.5 ±18.59 44.83 ±20.13 5.56 ±2.94 
Sabarmati 3.7 ± 1.74 2.51 ±0 .88 0.010 ±0 .005 50.0 ± 18.25 41.00 ± 18.33 5.41 ±2.69 
Hybrid-312 1.7± 0.88 1.51 ± 0.59 0.003 ±0.003 44.41±18.08 66.00 ±19.08 2.83 ±1.50 
 
TREATMENT(dsm-1) 

0 9  ±  
2.04 

4.76 
± 0.75 

0.028 ±0.004 100 84.33 ±1.20 13.9  
±2.63 

4 6.26 ± 1.26 3.70 
±0.40 

0.018 ± 0.008 94.43 ± 5.56 84.33 ±1.20 9.56  
±2.04 

8 2.26 ±0.53 2.44 
±0.24 

0.004±  0.001 61.1  ±5.55 90      ±4.61 2.81 
±0.26 

12 0.67 ± 0.24 1.92 
±0.63 

_ 44.42 ± 14.71 33.00 ± 33 1.30  
±0.57 

16 _ _ _ - _ _ 

20 _ _ _ - _ _ 

SL = shoot length,   RL= root length, TDW = total dry weight, GP% = germination percentage, RWC% = 
relative water. SVI= seed vigor index. 

 Mean square 
Parameters Df SL(cm) RL(cm) GP (%) 

 
T          TDW(g) 

Varieties( N-1, S, H-312) 2 85.58* 5.17 ns 272.22 ns     0.016 ns 
Salinity Stress levels(dsm-1) 3 79.75* 33.65* 1352.22*  0.001* 
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Table 3. Effect of salinity on various traits of different rice varieties 

       FWPR%= Fresh weight percent reduction, DWPR%= Dry weight percent reduction, RWC%= Relative 
water content, SVI= Seed vigor index, STI% = Salt tolerance index, N-1 = Narendra-1, S = Sabarmati, H-312 
= Hybrid-312. 
 

   
        

 
Fig. 1: Effect of salinity stress on germination % of three rice varieties 

 

Varieties/ salt 
stress levels 

 FWPR%  DWPR%  RWC% SVI STI% 

                                  0  dsm-1 
N-1  - - 86 17.83 - 
S  - - 82 15.06 - 
H-312  - - 85 8.9 - 
                             4 dsm-1 
N-1  68 17 85 10.7 83 
S  27 24 82 12.4 76 
H-312  50 90 86 5.6 10 
                              8  dsm-1 
N-1  52 78 98 3.18 18 
S  80 78 82 2.96 22 
H-312  90 95 90 2.31 50 

12 dsm-1 
N-1  99 _ _ 1.66 _ 
S  87 _ _ 2.06 _ 
H-312  96 _ 99 .18 _ 

16 dsm-1 
N-1  _ _ _ _ _ 
S  - _ _ _ _ 
H-312  - _ _ _ _ 

20 dsm-1 
N-1  _ _ _ _ _ 
S  _ _ _ _ _ 
H-312  _ _ _ _ _ 
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Fig. 2: Effect of salinity stress on shoot length of three rice varieties 
 

Fig. 3: Effect of salinity stress on root length of three rice varieties 
 
 

Fig 4 Effect of salinity stress on total dry weight of three rice varieties 
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Fig. 5: Regression analysis of the salinity effect on seed germination of rice varieties 
 
 

 
    Fig. 6: Regression analysis of the salinity effect on seedling growth of rice varieties 
 
 

RESULTS AND DISCUSSION 

Effect on germination percentage 
Maximum germination percentage was 

observed in Sabarmati and Narendra-1varieties 
(100%) at control and 4 dsm-1 salinity level and the 
minimum germination percentage was observed in 
Hybrid-312 (16.6%) at 12 dsm-1 salt stress level 

(Fig.1). The Germination percentage significantly 
decreased in all varieties due to increase in salt 
stress levels. The sensitivity showed high 
significant difference between the varieties in 
response to salt stress (Table 1). Hakim et al., 
(2010) suggested that in addition to toxic effects of 
certain ions, higher concentration of salt reduces the 
water potential in the medium which hinders water 
absorption by germinating seeds and result 
reduction in germination. At 20 dsm-1 salinity level, 
germination percentage was observed in the order 

Narendra-1> Sabarmati> Hybrid-312. Among the 
varieties, Narendra-1 has highest (55.55%) 
germination percentage while Hybrid-312 has the 
lowest (44.42%) germination percentage and salt 
stress reduced seed germination 100% to 44.42% 
(Table 2). The variability in salinity tolerance 
among rice varieties at germination have also been 
reported (Khan et al., 1997; Mondal et al., 1988; 
Hakim et al., 2010). According to Akbar and 
Ponnamperuma, (1982) the osmotic effect due to 
salinity was the main inhibitory factor that reduces 
seed germination.  

Effects on shoot and root length 
Shoot length was decreased with increase in 

salinity levels. Narendra-1 (12cm) and Sabarmati 
(9.90cm) produced significantly higher shoot length 
as compared to Hybrid-312 variety (5.1cm). Plant 
height decreased with increase in salinity stress and 
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Sabarmati showed maximum susceptibility to 
salinity stress (Fig. 2).  

Narendra-1 produced higher (5.80cm) root 
length while hybrid-312 produced lower (3.30cm) 
root length at control level (Fig. 3). The effects of 
salinity stress on root and shoot length has been 
showed significant difference in root and shoots 
length in 0.05% probable level (Table 1). Reduction 
in seedling height is common phenomenon of many 
crop plants grown under saline condition (Javed and 
Khan, 1995). Shoot and root length provides an 
important clue to the response of plants to salt stress 
(Jamil and Rha, 2004). The shoot and root length of 
seedlings grown in salt solutions also showed 
decreasing trend indicating that the salt stress not 
only affected germination but also the growth of 
seedlings (Plate 1), which indicates that synthetic 
ability of seed and thus dry matter production of the 
seedlings was affected. This is in conformity with 
the findings of Djanaguiraman et al., (2003) and 
Hakim et al., (2010) they observed that shoot and 
root length was conspicuously affected by salt. 

 
Effect on shoot and root dry weight 
Shoot dry weight was inversely related to salt 

stress and was relatively less sensitive as compared 
to root dry weight especially at higher salt 
concentration. Sabarmati (0.036g) and Narendra-
1(0.03g) showed maximum dry weight and Hybrid-
312 (0.001g) showed lowest dry weight (Fig. 4). 
Shoot dry weight of Sabarmati was significantly 
less affected at all salinity levels. The fresh and dry 
weight percentage reduction was lower in the shoots 
than in the roots. Reduction in seedling growth as a 
result of salt stress has been reported in several 
others species (Achakzai et al., 2010; Akram et al., 
2010). This reduction in weights with increasing 
salinity may be due to limited supply of metabolites 
to young growing tissues, because metabolic 
production is significantly perturbed at high salt 
stress, either due to the low water uptake or toxic 
effect of NaCl (Waisel, 1972). 

 
Effect on relative water content (RWC) 
Relative water content was highly influenced 

by salinity levels. The maximum relative water 
content was observed at 12 dsm-1 salinity level. 
Among the varieties Hybrid-312 (99%) was most 
susceptible to salinity in terms of RWC and 
Sabarmati (82%) showed lowest RWC at salinity 
stress level (Table 3). The water content was 
significantly reduced by the increase of NaCl 
concentration; similar results were reported by 
Munns et al., (2006).  

 

Effect on salt tolerance index (STI) 
Salt tolerance index decreased with the 

increase in salt stress. Narendra-1showed the 
highest salt tolerance index (83%) followed by 
Sabarmati (76%), while Hybrid-312 showed the 
lowest (10%) STI (Table 3). Moisture content of 
seedlings plays an important role in various 
physiological processes including growth. It has 
also been reported that salinity suppresses the 
uptake of essential nutrients like P and K (Nasim et 
al., 2008), which could adversely affect seedlings 
growth and vigor. 

Effect on Seed vigor index (SVI) 
Seed vigor index declined with the increase in 

salt concentrations. The maximum seed vigor index 
was recorded at controlled (17.83) and the lowest at 
12 dsm-1 salinity level (0.18). Narendra-1variety 
showed strong seed vigor index as compared to 
other two varieties. Salt stress reduced seedling 
vigor index from 13.9 to 1.3 (Table 2). Seedling 
vigor index of maize was also significantly affected 
under different salt stresses (Janmohammadi et al., 
2008). Prisco and Vieira, (1976) reported that under 
stress conditions there is a decrease in water uptake 
both during imbibitions and seedling establishment 
and in the case of salt stress, this can be followed by 
uptake of ions. This results in physiological and 
biochemical changes in both anabolic and catabolic 
organs of the seeds and seedlings (Prisco et al., 
1981; Gomes and Sodek, 1988).  

Total, results of this study indicate that all 
traits decreased in response to salinity in all three 
rice varieties. These results are close conformity 
with the earlier findings of Ashraf et al., (1990); 
Kingsburg and Epstein, (1984) and Ahmad et al., 
(2003). In which they reported that increasing 
salinity decreased all seedling growth on in 
sorghum, wheat and barley. In controlled and stress 
conditions a negative correlation was found between 
seed germination and salinity levels (Fig. 5-6).  

CONCLUSION 

In conclusion, rice varieties were very sensitive 
to salinity stress. From the results of present 
investigation it can also be concluded that with 
increasing levels of salt stress, seed germination and 
early seedling growth were adversely affected in all 
rice varieties. However, for all the physiological 
parameters like germination percentage, fresh and dry 
weight of shoot and root, length of shoot and root 
varietal difference were recorded and the difference 
was maximum towards higher stress levels. Among 
varieties Narendra-1 was most tolerant while Hybrid-
312 was most sensitive. 
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ABSTRACT 

     Tractor operated broad bed seed drill was modified and evaluated at FAE, IGKV Raipur. The 
seed rate close to recommended seed rate for broad bed seed drill was found 100 kg/ha with fluted 
exposure was 14.9 mm. Mechanical damage to seed was found 1.9 % with standard deviation 
0.099 and CV 5.6 in broad bed seed drill. The seed damage was found within the permissible limit. 
The inter row variation for sowing soybean was found to be -2.30 to + 2.12 with standard deviation 
(σ) was found to be 0.41. The field capacity of the machine was 0.46 – 0.52 ha/h when operated at 
a speed of 1.8 – 2.3 km/h.Machine saves about 75-80 percent labour and about 30-35 percent cost 
in comparison to manual bed forming and seed sowing.  
 
Key words: Broad bed seed drill, soybean crop, modification and evaluation. 

 
Soybeans (Glycine max) serve as one of the 

most valuable crops in the world, not only as an oil 
seed crop and feed for livestock and aquaculture, 
but also as a good source of protein for the human 
diet and as a biofuel feedstock. The horizontal 
expansion from merely 30000 ha in 1970 to 
projected 9.3 million ha in 2010 tells about the 
success story of soybean in India. On productivity 
front as well the growth has been nearly 3.0 times; 
from 426 kg/ha to 1361 kg/ha during this period [1]. 
In Chhattisgarh total area covered with soybean 
crop is 1.4 lakh hectares. The changing weather 
conditions with varied rainfall amounts and stored 
soil water require soybean growers to make careful 
decisions regarding tillage system, fertility 
management, variety selection, seedbed preparation, 
weed control strategies, crop rotations, water 
management and pest management practices. The 
area under Soybean crop is increase rapidly in 
Chhattisgarh. In Chhattisgarh traditional methods of 
sowing of soybean is adopted by farmers. Some 
farmers used seed drill for sowing of Soybean, but 
due to improper drainage in the field, the yield of 
soybean reduced. Soybeans need good surface 
drainage. Field surface smoothing and forming can 
improve the surface drainage of a field and should 
be done properly.  

Raised bed planting of soybean is one method 
to plant on raised rows or beds improved drainage. 
One reason raised beds are so effective for 
increasing efficiency and yields is that crops 
produce better because the soil in the beds is deep, 
loose, and fertile. Plants benefit from the improved 
soil drainage and aeration, and plant roots penetrate 
readily. Weeds are easy to pull up. Since farmers 
stay in the pathways, the soil is never walked upon 
or compacted. Soil amendments and improvement 
efforts are concentrated in the beds and not wasted 
on the pathways. Also, the raised bed’s rounded 

contour provides more actual growing area than 
does the same amount of flat ground.Raised beds 
also save time and money because farmers need 
only dig, fertilize, and water the beds, not the paths. 
Land treatments (raised bed system, ridges and 
furrows, broad bed and furrows) increased in situ 
soil moisture conservation, minimized runoff, and 
soil erosion [2, 3] and increased the yield of 
principal crops grown in the region [4, 5]With the 
development of bed forming attachment, two 
operations i.e forming of beds and planting on the 
beds were performed with a single machine in 
single pass. This will further reduce the cost of 
planting and will enhance custom hiring of the 
machine. 

A tractor drawn broad bed machine developed 
by Directorate of Soybean Research Indore, 
Madhya Pradesh was purchased and tested for 
Chhattisgarh soil conditions. The machine reduces 
plant population mortality in soybean with tractor-
drawn BBF seed drill for Vertisols in the range of 
14–19% as compared to flatbed under the vagaries 
of monsoon which subsequently resulted in yield 
enhancement to the extent of 18.65% [6]. The 
performance of the machine was good under soil 
condition of Chhattisgarh state but some 
modification had been done to improve the 
performance of the machine. 

MATERIALS AND METHODS 

Brief description of machine 
The four row raised bed seed drill for soybean 

with fluted roller metering mechanism consisted of 
a frame, one lugged ground wheels, seed box, two 
ridger, leveler, and shoe type furrow opener. The 
row to row spacing between first two rows was 300 
mm and row to row spacing between 2nd and 3rd row 
was 600 mm and row to row spacing between 3rd 
and 4th row was 300 mm. The seed rate can be 
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varied by changing the opening of fluted rollers. For 
forming beds 2 ridger on both ends of the machine 
is attached and a MS flat 50X50X5 mm strip is 
attached to flat the ridge formed by ridgers. A view 
of four row raised bed seed drill is shown in fig.1 
and fig. 2and plant germination is shown in fig. 3. 
The brief specifications of the machine are given in 
table 1. 
 Evaluation procedure 

Four rows broad bed seed drill with leveler 
attachment was evaluated for sowing of soybean at 

farmer’s field of Rajnandgaon district, Chhattisgarh, 
India. The initial moisture content before and after 
the operation was observed. Bulk density of the soil 
was also measured of the experimental field (table 
2).  
 Laboratory test 

The tractor drawn four row broad bed seed 
drill was evaluated in the laboratory. Firstly 
machine was calibrated in the laboratory for desired 
seed rate by adjusting the exposed length of the 
fluted rollers. 

 
Table 1 Brief Specifications of four row soybean broad bed seed drill 
Parameters  Specification 
Type Tractor operated 4 rows on single bed 
Power source Tractor 35 hp 
Machine dimensions (Lx Wx H), mm  2400x1920x1400 
Shape and size of Frame Rectangular size 
Furrower for beds 
Number 
Size (L x W), mm 
Spacing, mm 

 
2 
60x45 
1500 

Furrow openers for seeding 
Type 
Size, mm 
No. of tynes 
Spacing, mm 

 
Ridger cum leveler type 
20 
4 
300 b/w 1st and 2nd& 600 b/w 2nd and 3rd 

Drive wheel 
Location 
Size ( Dia. X width) 
No. of lugs 
Lug spacing, mm 
Lug height, mm 

 
Back side, centre 
600 x 80 
12 
50 
70 

Power transmission Sprocket and Chain system 
Seed metering 
Type 
No. of fluted roller 
Size of fluted roller ( Dia x Length), mm 
Size of seed box (LxWxH), mm 

 
Fluted roller 
4 
50 x 45 
2300 x 280 x 240 

Leveler 
Shape 
Size, (Length), mm 

 
MS Angle section 50X50X5 
1400  

Weight, kg 268 
Materials for construction 
Furrower 
Frame 
Seed metering unit box 
Fluted roller 
Seeding tynes 

 
Mild Steel flat and sheet 
MS flat, square, pipe, channel and sheet 
MS sheet and angle 
Cast iron 
MS flat sheet and pipe 

Table 2 Field Information of experimental plot 
Length of plot, m 80 

Width of plot, m 50 

Soil Type Matasi 

Bulk Density of soil, g/cc 1.346 

Moisture content of soil (db), % 22.48  
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Table 3 Physical property of seeds 

Crop Variety 
Average 
Seed size 

(mm) 

1000 grain weight 
(g) 

Moisture content 
(%) 

Bulk density 
(g/cm³) 

Soybean JS 9752        4.75 68 14.94 7.1 
 
 
Table 4 Field performance results of broad bed seed drill 
Sr. No. Parameters Value 
1 Crop Soybean 
2 Variety JS 9752 
3 Actual operating time, min 15.28 
4 
 

Bed geometry, mm          
(Base x Top width x Slant height) 

1500 x1100 x200 
 

5 
 

Time lost owing to  
 Turning, s 
 Adjustment, s 

 
60 
90 

6 Actual area covered, ha 3 
7 Effective working width, m  1.80 
8 Traveling speed, km/h 4.5 
9 Theoretical field capacity, ha/h 0.520 
10 Effective field capacity, ha/h 0.460 
11 Field efficiency, % 88.46 
12 Wheel slip of tractor % 9.20 
13 Fuel consumption, lit/ha 4.20 

 

 
Fig. 1 View of developed broad bed seed drill 

 

 
Fig. 2 Layout of Indira Soya Seed Drill 
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Fig. 3A view of planted crop by broad bed seed drill 

 
RESULTS AND DISCUSSION 

The physical properties of seeds were 
measured (table 3). Machine was tested for different 
hopper filling one fourth, half, three fourth and full 
and found that hopper filling does not affect the 
seed rate at 5 % level of significance. The seed rate 
close to recommended seed rate for broad bed seed 
drill was found 100 kg/ha with fluted exposure was 
14.9 mm. Mechanical damage to seed was found 
1.9 % with standard deviation 0.099 and CV 5.6 in 
broad bed seed drill. The seed damage was found 
within the permissible limit. The inter row variation 
for sowing soybean was found to be -2.30 to + 2.12 
with standard deviation (σ) was found to be 0.41. 

Performance evaluation of the four row broad 
bed seed drill was conducted for sowing of soybean 

crop. The performance results of the machine for 
transplanting these crops are given in table 4.  
Conclusions 

The shovel and scrap type bed former cum 
shaper formed beds having base width, top width 
and slant height of 110, 90 and 20 cm respectively. 
The field capacity of the machine was 0.46 – 0.52 
ha/h when operated at a speed of 1.8 – 2.3 
km/h.Machine saves about 75-80 percent labour and 
about 30-35 percent cost in comparison to manual 
bed forming and seed sowing.  
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ABSTRACT 

     A field experiment was conducted during kharif season 2012. The results indicated that 
maize+mashbean intercropping under different planting arrangements with recommended 
NPK+Zn+PSB to maize and mashbean gave highest growth parameter, yield, gross, net returns 
and benefit cost ratio under paired planting. Besides, this combination also improves the soil 
nutrient status. 
 
Key wards: Fertility levels, Gross Income, Net Income, Nitrogen, Organic Corbon and Planting 
geometry. 
 

Maize is the principal crop grown for food and 
fodder. It has very high yield potential so it is called 
as “queen of cereal”. According to Li et al. (2003) 
Maize + legume intercropping was found to be 
more productive and remunerative compared to sole 
cropping. Urdbean (Vigna mungo L.) is one of the 
most important pulse crops. It has a lot of potential 
to contribute on a large scale in the pulse 
production. Besides, it’s other benefits such as 
fertility improvement of soil and cut-out the over 
load of nitrogenous fertilizers are well known. 
Cereal-legume intercropping is a more productive 
and profitable cropping system in comparison with 
solitary cropping (Evans et al., 2001).  In the 
absence of nitrogenous fertilizer, intercropped 
legumes will fix nitrogen from the atmosphere and 
not compete with maize for nitrogen resources 
(Adu-Gyamfi et al 2007). However, judicious use 
of inorganic fertilizers is far away the problems of 
nutrients deficiencies in order to boost up their crop 
yields. Biofertilzers are cost effective, non bulky 
and environmental friendly agricultural inputs 
which are used as a supplementary and 
complementary component for chemical fertilizers, 
which could improve plant nutrition (Sahai, 2004).  

REVIEW OF LETIRATURE 

Plant height, plant spreading and dry matter 
accumulation/plant were more when maize was 
intercropped with potato followed by pea (Tripathi 
et al. 2008). Shivay and Singh (2003) while 
working at IARI, New Delhi, found that 
intercropping of maize with urdbean resulted in 
11.5 per cent, higher grain yield than sole maize 
grown with normal and paired row planting, 
respectively, beside increase in harvest index. 
Silwana et al. (2007) found that inorganic fertilizer 
enhanced morphological parameters for both maize 

and Phaseolus bean when grown sole or 
intercropped. Further NPK fertilizers (300 kg/ha) 
gave significantly higher total dry matter yields than 
the sole maize and sole beans by 34 and 33%, 
respectively. Among legume-cereal intercropping 
system, the combination of maize + pigeon pea was 
considered to be highly suitable with a minimum 
competition for nutrients (Ghosh et al. 2007). Khan 
et al. (2010) observed that yield of pulse crop 
increased by application of biofertilizers like PSB 
and Azatobactor. Ullah et al. (2007) found that all 
intercropping systems gave substantially higher net 
income over mono-cropping with highest net 
income (Rs. 56043.50/ha) in case of maize+soybean 
followed by sole crop of maize (Rs. 52654 /ha). 
Intercropping is in vogue in irrigated areas of 
northern India, Thus, present study was planned to 
evaluate the agronomic implications, soil nutrients 
status and economic feasibility of maize+mashbean 
intercropping system under the planting geometry 
and different fertility levels in semi arid conditions 
of Western Uttar Pradesh. 

MATERIALS AND METHODS 

A field experiment was conducted during 
kharif season 2012 at Crop Research Centre 
(Chirauri) of Sardar Vallabhbhai Patel University of 
Agriculture and Technology, Meerut (U.P.), located 
at a latitude of 290 40’ North and longitude of 770 

42’ East with an elevation of 237 metres above 
mean sea level. The mean annual rainfall in the 
region is about 650 mm and the area lies in the heart 
of Western Uttar Pradesh. The experimental field 
was well drained, sandy loam in texture (46.2 % 
sand, 18.4 % silt and 17.4 % clay) and slightly 
alkaline in reaction (pH 7.8), It was medium in 
organic carbon (0.570 %), available nitrogen (222.6 
kg/ha) and available phosphorus (16.6 kg/ha) but 
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high in available potassium (249.0 kg/ha) with an 
electrical conductivity (1:2, soil: water suspension) 
and Bulk density of 1.6 dS/m and 1.42 Mg/m3, 
respectively. The treatments comprised of 2 
cropping systems (maize+mashbean and maize 
alone), 2 planting geometries (normal and paired 
planting) and 3 fertility levels (control, 100% NPK 
and 100%NPK + Zn + PSB), replicated thrice in a 
factorial randomized block design. Varieties PAC 
712 (Maize) and PU 19 (Mashbean) with the 
spacing (rows) of 50 cm (Normal) and 30/70 cm 
(Paired) were grown with recommended agronomic 
package of practices. The seeds were placed 

manually in the furrows at a plant to plant distance 
of 20 and 10 cm with a seed rate of 20 and 15 kg/ha 
for maize and mashbean, respectively and sown on 
30 July 2012. The 100 per cent NPK (for maize) is 
characterized by 120 kg N, 60 kg P2O5 and 40 kg 
K2O/ ha and Zn is applied @ 0.5% ZnSO4 as spray 
whereas, PSB is used as seed treatment @ 20 g/kg 
of seed. Irrigation was provided as per need of crop. 
Crop were kept weed free by regular hand weeding. 
The data on yield soil nutrient status and economic 
analysis was recorded as per the standard 
procedure.  

 
Table 1: Plant height, plant spread, DA (at maturity), yield attributing, stover yield and MGEY of 
maize as influenced by various treatments. 
 

 
Table 2: Plant height, plant spread, dry matter accumulation (at maturity), grain yield, straw yield and 

MGEY of mashbean as influenced by various treatments. 
Treatment Plant height 

at maturity 
(cm)  

Plant spread 
at maturity 

(cm) 

Dry matter 
at maturity 

(g/plant) 

Grain yield 
(q/ha) 

Straw yield 
(q/ha) 

A) Planting geometries 
Normal (50 cm) 49.9 41.5 9.5 5.4 15.5 
Paired (30/70 cm) 43.3 38.8 8.2 4.5 14.7 
S.Em.± 0.5 0.3 0.2 0.1 0.01 
C.D. (P=0.05) 1.6 1.1 0.6 0.3 0.03 

B) Fertility levels 
Control  38.4 31.1 5.7 4.8 14.9 
100% NPK 48.5 42.6 9.8 5.0 15.1 

100% NPK+Zn+PSB 52.9 46.6 12.0 5.3 15.4 
S.Em.± 0.6 0.4 0.2 0.1 0.01 
C.D. (P=0.05) 1.9 1.3 0.7 0.3 0.03 

 

Treatment Plant height 
at maturity 

(cm)  

Plant spread 
at maturity 

(cm) 

Dry matter 
at maturity 

(g/plant) 

Grain 
yield 

(q/ha) 

Stover 
yield 
(q/ha) 

Maize grain 
equivalent yield 

(q/ha) 
A) Cropping systems 
Sole maize 164.6 46.5 32.8 38.89 69.90 39.47 
Maize+Mashbean 173.8 57.1 39.5 40.46 71.61 58.37 
S.Em.± 0.5 0.6 0.3 0.19 0.28 0.23 
C.D. (P=0.05) 1.6 1.6 1.0 0.56 0.82 0.66 

B) Planting geometries 
Normal (50 cm) 176.9 58.2 36.5 39.45 70.20 48.96 
Paired (30/70 cm) 161.5 45.4 35.9 39.90 71.32 48.88 
S.Em.± 0.5 0.6 0.4 0.19 0.28 0.23 
C.D. (P=0.05) 1.6 1.6 NS NS 0.82 NS 

C) Fertility levels 
Control  144.8 44.1 31.7 32.01 60.96 40.86 
100% NPK 174.7 52.1 36.2 43.15 74.72 52.20 
100% NPK+Zn+PSB 188.2 59.2 40.7 43.82 76.59 53.61 
S.Em.± 0.6 0.7 0.4 0.23 0.34 0.27 
C.D. (P=0.05) 2.0 2.0 1.3 0.68 1.00 0.80 
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Table 3: Organic carbon, Organic matter, available nitrogen, phosphorus and potassium, as  nfluenced 
by various treatments. 
 

Treatment Organic 
carbon 

(%) 

Organic 
matter 

(%) 

Available 
nitrogen 
(kg/ha) 

Available 
phosphorus 

(kg/ha) 

Available 
potassium 

(kg/ha) 
A) Cropping systems    
Sole maize 0.573 0.987 222.7 16.3 250.0 

Maize+Mashbean 0.561 0.967 220.6 16.0 248.5 
S.Em.± 0.001 0.002  0.1 0.06 0.02 
C.D. (P=0.05) 0.002 0.003  0.3 0.17 0.06 

B)Planting geometries     
Normal (50 cm) 0.579 0.998 226.7 16.4 246.2 
Paired (30/70 
cm) 

0.554 0.955 219.6 15.6 248.3 

S.Em.± 0.001 0.002  0.1 0.06 0.02 
C.D. (P=0.05) 0.002 0.003  0.3 0.17 0.06 

C) Fertility levels     
Control  0.519 0.895 209.7 14.5 235.3 
100% NPK 0.574 0.989 226.4 15.9 256.0 
100% 
NPK+Zn+PSB 

0.587 1.012 226.8 16.7 256.4 

S.Em.± 0.001 0.002  0.2 0.07 0.02 
C.D. (P=0.05) 0.002 0.003 0.5 0.20 0.05 

Initial values 0.570 0.983 222.6 16.6 249.0 
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RESULTS AND DISCUSSION 

Plant height, plant spread and dry matter 
accumulation at maturity of maize 

The data presented in Table 1 indicated that  
Maize + mashbean intercropping resulted into 
significantly higher growth parameters like plant 
height (173.8 cm), plant spread (57.1 cm) and dry 
matter accumulation per plant (39.5 g) than sole 
cropping (164.6, 46.5 and 32.8 respectively). 
Although, between planting geometries, paired 
planting had significantly lower plant height (161.5 
cm) and plant spread (45.4 cm) as compared to 
normal planting (176.9 cm and 58.2 cm 
respectively), except dry matter accumulation 
which was non-significant. However, the use of 
100% NPK + Zn + PSB registered the highest plant 
height (188.2 cm), plant spread (59.2 cm) and dry 
matter accumulation per plant (40.7 g) as compared 
to control and recommended 100% NPK alone. The 
increased values of growth parameters were 
probably due to fact that intercropped legume will 
fix the nitrogen from the atmosphere which can be 
utilized by the maize coupled with better resource 
utilization by the border rows. Pathak and Singh 
(2006) reported that Pant U 19 accumulated more 
dry matter than other urdbean genotypes both in 
sole and intercropping systems at different row 
ratios, the highest being at 1:1 ratio. Similar 
findings were also reported by Sadashiv (2004). 

Grain yield, stover yield and MGEY of 
maize  

Table 1 also revealed that indicated that 
significantly higher grain (4.0 %), stover (2.5 %) 
and maize grain equivalent yield (47.88 %) per 

hectare were recorded under intercropping system 
than sole cropping. Significantly higher stover (1.6 
%) per hectare was obtained under paired planting 
than normal planting, but grain yield and maize 
grain equivalent yield remain on par under both the 
planting geometry. Grain, stover and maize grain 
equivalent yield per hectare varied significantly due 
to each increment in fertility levels, except grain 
yield which remain on par between 100% NPK and 
100% NPK+Zn+PSB treatments. The increase in 
grain, stover and maize grain equivalent yield was 
might be due to increase in yield attributes which 
were also influenced due to more dry matter 
accumulation. Our results were also supported by 
Jeyakumaran and Seran (2007).  

Plant height, plant spread and dry matter 
accumulation at maturity of mashbean 

Table 2 revealed that growth parameters of 
mashbean viz., plant height (49.9 cm), plant spread 
(41.5 cm) and dry matter accumulation per plant 
(9.5 g) were significantly higher under normal 
planting than paired planting (43.3 cm, 38.8 cm and 
8.2 g, respectively) at maturity. However, the use of 
100% NPK + Zn + PSB registered the highest plant 
height (52.9 cm), plant spread (46.6 cm) and dry 
matter accumulation per plant (12.0 g) at maturity 
and the lowest in control (38.4 cm, 31.1 cm and 5.7 
g, respectively). This improvement was might be 
due to more penetration of light and better 
utilization of resources as compared to paired 
planting of maize.  Similar opinion was also put 
forward by Pandita et al. (2000). 
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Grain yield and straw yield of mashbean  
The data presented in Table 2 also indicated 

that significantly grain and straw yields per hectare 
were noticed under normal planting than paired 
planting and the improvement was to the tune of 
20.0 % and 5.4 %, respectively. Grain and straw 
yields per hectare were increased by increasing 
levels of fertility up to 100 % NPK + Zn + PSB. 
The higher grain yield was mainly due to higher dry 
matter accumulation and also more translocation of 
photosynthates toward sink. Similar finding were 
also reported by Singh and Singh (1974). 

 
Organic carbon, organic matter, available 

nitrogen, phosphorus and potassium 
Table 3 revealed that after harvest, slight 

variations were observed in soil nutrient status than 
initial (0.570 %, 0.983 %, 222.6 kg/ha, 16.6 kg/ha 
and 249.0 kg/ha organic carbon, organic metter, 
available nitrogen, phosphorus and potassium, 
respectively). Available soil nutrients were 
significantly lower under intercropping system 
(0.561 %, 0.967 %, 220.6 kg/ha, 16.0 kg/ha and 
248.5 kg/ha respectively) than sole cropping. 
Moreover, significantly higher available soil 
nutrients were noticed under normal planting (0.579 
%, 0.998 %, 226.7 kg/ha, 16.4 kg/ha and 246.2 
kg/ha, respectively) than paired planting. The 
combined use of 100 % NPK+Zn+PSB recorded 
significantly higher available soil nutrients (0.587 
%, 1.012 %, 226.8 kg/ha, 16.7 kg/ha and 256.4 
kg/ha, respectively) as compared to control and 100 
% NPK alone. However, significant differences 
were also observed in available soil nutrients 
between 100% NPK +Zn + PSB and 100% NPK 
alone, except available nitrogen. There were 
probably due to higher nutrient uptake under 
intercropping, better growth parameters, yield 
attributes and yield under paired planting and full 
dose of NPK which maintained available soil 

nutrient status, besides PSB which solubilised the 
native phosphorus and Zn which are capable of 
increasing the uptake of nitrogen and also activating 
the several nutrients. Our results were also 
supported by Kumar and Thakur (2009).   

Gross return, net returns and benefit: cost 
ratio 

The data depicted in figure 1, 2 and 3 
indicated that Maize+mashbean intercropping 
system recorded the highest gross return 
(Rs.74741/ha) net return (Rs. 53370/ha) and 
benefit: cost ratio (2.52) than sole maize. In 
planting geometries, gross return, net returns and 
benefit: cost ratio were almost similar under both 
the planting geometries. The application of 100% 
NPK +Zn + PSB registered significantly higher 
gross return (Rs.68950/ha) and net return (Rs. 
46290/ha) than control and 100% NPK. However, 
benefit: cost ratio was slightly higher under control 
(2.20) than 100% NPK (1.98) and100% NPK +Zn + 
PSB (2.03). This might be due to the fact that lower 
cost involved in control and substantial amount of 
nitrogen fixed by mashbean from atmosphere and 
release of organic corbon into the soil by mashbean. 
Similar finding were also reported by Dwivedi et al. 
(2012). 

CONCLUSION 
The study show that maize+mashbean 

intercropping under paired/normal planting proved 
to be better out yield of growth parameter, available 
soil nutrients and gross returns/ha, net returns/ha 
and Benefit:Cost ratio  when fertilized with 100% 
NPK+Zn+PSB.  
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ABSTRACT 

A laboratory study was conducted to evaluate the post harvest losses of onion trend in nine 
treatments of onion varieties (Nasik red) during storage at room condition. A sample of different 
sized bulbs of each five onion was taken from the store. These bulbs were kept in a ventilated room 
on raised platform at the Research Farm, Indira Gandhi Krishi Vishwavidyala, Raipur. Dry and wet 
bulb thermometers were installed for measuring ambient temperature and relative humidity during 
study. Weight loss, sprouting and rotting were observed at 30, 60 and 90 days storage periods. The 
experimental results revealed post harvest storage losses in different treatments of onion by weight 
are as: (T1= 22.96%) followed by (T2= 20.49%), (T3= 19.19%), (T4= 22.61%), (T5= 22.71%), (T6= 
20.42%), (T7= 22.39%), (T8= 24.54%), (T9= 21.46%) in onion bulb respectively, the results further 
revealed that due to ambient temperature (35 0C ±2) and relative humidity (below 75%) the 
sprouting rotting could not develop in onion bulbs. Overall results concluded that the result directly 
indicated that Treatment (T3) has storability character with minimum weight loss it means the 
herbicide combination [Combined spray of Oxyfluorfen 0.125 kg ha-1 and Quizalofop ethyl 0.25 kg 
ha-1 (PT) and second   application 30 DAT] is good for further use where onion storage is required 
and the study suggests that onion bulbs should be stored in a ventilated structure at raised 
platform. 

Key words: Ambient temperature, onion bulb, relative humidity and storage losses. 
 

Onion, botanically known as Allium cepa L. is 
one of the most important vegetable crops grown 
throughout the world and is said to be native of 
Central Asia and Mediterranean region (McCollum, 
1976), belongs to the family Alliaceae. India is the 
second largest producer of onion in the world and 
occupies 1087.20 thousand ha area with a 
production of 17511.10 thousand tonnes and 
productivity 16.10 t/ha (Anon., 2012). Maharashtra 
is leading state in terms of area and production, 
whereas productivity is highest in Gujarat. In 
Chhattisgarh state, area under onion is 11196 
hectare with production of 174146 tonnes and 
productivity is 15.55 t/ha (Anon., 2012). 

The onion produced in kharif season can be 
stored for 5-6 months, and has low storage ability 
and bulbs are usually stored until the harvest of next 
season crop. A significant loss in quantity and 
quality of onion occurs during storage. Storage of 
onion bulbs has therefore become a serious problem 
in the countries like India. The post harvest losses, 
viz., sprouting, rotting and physiological loss in 
weight poses a great problem in storage. It is 
reported that annual storage losses were over 40 
percent (Bhagachandani et al., 1980). Further, 
Mattananda (1989) reported that minimum 
physiological storage loss for onion bulb was 15 % 
(N- 50 variety) and maximum 66 % (red hybrid) 
found during two month storage. Simple storage 
technology has been developed over many decades, 

mainly for small scale on farm storage. These 
techniques have also been described for Sudan, 
Korea, Jamaica and Britain (Thompson, 1986). 

Thompson (1972) also suggested that 
reduction in post harvest losses to very low level by 
using refrigerated stores to hold onions at 0 0C and 
70% relative humidity (RH) but this technology is 
very expensive for farmers of developing countries. 
An intermediate technology method for onion 
storage was described in Britain they used night 
ventilation in place of refrigeration to cool the 
onion. This technology (intermediate) might be 
beneficial for the farmers in tropics. The sprouting 
of onions is delayed at 00C and at 280C and above 
(Ward, 1976; Thompson et al.1972). Respiration 
and weight loss are affected by temperature and 
tend to be lowest at 00C the rate increases rapidly to 
a maximum at 10 to 150C then dropping 
progressively to around 25 to 300C then rising again 
(Karmaker and Joshi, 1941; Ward and Rocker, 
1976; Stow, 1975). The main problems of storage 
of onions at 25 to 300C compared with storage at 
00C are rotting. Thompson (1992) recommended 
intermediate technology for storing onion bulb, the 
conditions within the store are affected by ambient 
conditions, but for long or medium term storage of 
onion, it might be possible to site the store where 
more or less the right conditions prevail. In a study 
of 20 cultivars Stow (1975) found that at 260C 
Rajusberger AG 72751 variety is a disease resistant 
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cultivar which has 28 % rotting bulb after 9 months 
storage. Other cultivars had higher or same levels. 
The objective of this study was to assessment of 
post harvest losses in different treatments of onion 
(Allium cepa L.) bulbs during storage at room 
condition. 

MATERIALS AND METHODS 

A laboratory study was conducted to evaluate 
the post harvest losses of onion trend in onion 
grown in Raipur (C.G.) A study was carried out 
using ‘Nasik Red’ variety of onion with nine 
different combinations of herbicides i.e. T1 - 
Oxyfluorfen 23.5% EC (PT) @ 0.25 kg ha-1 
followed by Oxyfluorfen 23.5% EC@ 0.25 kg ha-1 
at 30 DAT; T2 - Oxyfluorfen 23.5% EC (PT)@ 0.25 
kg ha-1 followed by Quizalofop Ethyl 5%EC @ 0.5 
kg ha-1) at 30 DAT; T3 - Combined spray of 
Oxyfluorfen 0.125 kg ha-1 and Quizalofop 0.25 kg 
ha-1 (PT) and second   application 30 DAT; T4 - 
Pendimethalin 30.0% EC (PT) @ 1.25 kg ha-1 
followed by Pendimethalin 30.0%  EC@ 1.25 kg 
ha-1 at 30 DAT; T5 - Pendimethalin 30.0% EC (PT) 
@ 1.25 kg ha-1 followed by Quizalofop Ethyl 
5%EC @ 0.5 kg ha-1 at 30 DAT; T6 -  Combined 
spray of Pendimethalin 0.625 kg ha-1 and 
Quizalofop Ethyl 0.25 kg ha-1 (PT) and second   
application 30 DAT; T7 - Recommended practices 
Oxyfluorfen 23.5% EC (PT) @ 0.25 kg ha-1 and 
hand weeding at 30 - 60 DAT; T8 -  Hand weeding 
at 30, 45, 60 and 75 DAT and T9 - Weed Check in 
kharif season 2013-14 at Horticulture Research 
cum Instructional Farm, Department of 
Horticulture, Indira Gandhi Krishi 
Vishwavidyalaya, Raipur (C.G.) the samples were 
taken randomly from the bulk of onion bulb. A 
sample of five bulbs of each treatment of different 
size was taken from the store. These bulbs were 
kept in a ventilated room at raised platform. Initial 
weight was recorded, when bulbs were taken from 
store using electronic balance. Further, the weight 
of bulb was recorded at 30, 60 and 90 days storage 
period. Each reading was replicated three times to 
get the average value at each interval. Observations 
recorded at each sampling time are given in the 
following sections: 
 

 

Ambient temperature and relative humidity 
The ambient temperature and relative 

humidity were recorded during the storage period. 
Dry and wet bulb thermometer (psychrometer) was 
used for relative humidity determination. The bulb 
of the wet bulb thermometer was covered with a 
wet wick. The uncovered bulb or dry bulb gave the 
temperature of the air. Water evaporated from the 
wick surrounding the wet bulb thermometer caused 
a drop in temperature. The difference in reading 
between dry and wet bulb thermometers is called 
the wet bulb depression, which is a measure of the 
relative humidity of the air. Tables were used to 
convert temperature readings into relative humidity 
data. 
 Physiological loss in weight (%) 

The physiological loss in weight percentage 
was calculated using the formula Given below: 

       
 

Where, 
        Po = Initial weight, Pn = Weight after n days 
Sprouting percentage 

For determination the sprouting percentage on 
stipulated days after storage, the bulbs showing a 
sprout were separated from the experimental lots 
and weighed on an electronic balance. The 
sprouting percentage which indicated the weight of 
bulb sprouted in 30, 60 and 90 days was calculated 
by using the formula: 

Sprouting percentage =  

    

 Rotting percentage 
The rotting percentage on stipulated days after 

storage was determined by observing onion bulb 
showing symptoms of rotting. The rotting bulb was 
separated and weighed. The rotting percentage in 
30, 60 and 90 days was calculated by using the 
formula: 
Rotting percentage = 
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Table.1. Storage behavior at room condition 4 weeks after harvesting - 

Treatment 
Initial 
No. of 
bulb 

Initial 
Wt of 
Bulb 

Dormancy 
Breaking 

at > 4 
weeks 

Lossess after one month of storage % Lossess after first month of storage 

Sprout 
Lossess 

Lossess By 
rotting  

Total 
Lossess 

Sprout 
Lossess 

Lossess By 
rotting  Total Lossess 

By 
No.  

By 
Wt 

By 
No.  

By 
Wt 

By 
No.  

By 
Wt 

By 
No.  

By 
Wt 

By 
No.  

By 
Wt 

By 
No.  

By 
Wt 

T1 5 434.00 > 4 weeks 0.00 0.00 1.00 36.00 1.00 63.00 0.00 0.00 20.00 8.29 20.00 14.52 
T2 5 410.00 > 4 weeks 0.00 0.00 0.00 0.00 0.00 40.00 0.00 0.00 0.00 0.00 0.00 9.76 
T3 5 396.00 > 4 weeks 0.00 0.00 1.00 20.00 1.00 33.00 0.00 0.00 20.00 5.05 20.00 8.33 
T4 5 460.00 > 4 weeks 0.00 0.00 0.00 0.00 0.00 66.00 0.00 0.00 0.00 0.00 0.00 14.35 
T5 5 433.00 > 4 weeks 0.00 0.00 0.00 0.00 0.00 76.00 0.00 0.00 0.00 0.00 0.00 17.55 
T6 5 400.00 > 4 weeks 0.00 0.00 2.00 23.00 2.00 43.00 0.00 0.00 40.00 5.75 40.00 10.75 
T7 5 454.00 > 4 weeks 0.00 0.00 0.00 0.00 0.00 66.00 0.00 0.00 0.00 0.00 0.00 14.54 
T8 5 466.00 > 4 weeks 0.00 0.00 0.00 0.00 0.00 83.00 0.00 0.00 0.00 0.00 0.00 17.81 
T9 5 334.00 > 4 weeks 0.00 0.00 1.00 14.00 1.00 33.00 0.00 0.00 20.00 4.19 20.00 9.88 

 
 
Table.2. Storage behavior at room condition 8 week after harvesting -  

 
Table.3. Storage behavior at room condition 12 weeks after harvesting -  

Treatment 
Initial 
No. of 
bulb 

Initial 
Wt of 
Bulb 

Dormancy 
Breaking at 
> 12 weeks 

Lossess after three month of storage % Lossess after third month of storage 

Sprout Lossess Lossess By 
rotting  Total Lossess Sprout Lossess Lossess By 

rotting  Total Lossess 

By 
No.  By Wt By 

No.  By Wt By 
No.  By Wt By No.  By Wt By No.  By Wt By No.  By Wt 

T1 5 434 > 12 weeks 0.00 0.00 2.00 90.00 2.00 136.00 0.00 0.00 40.00 20.74 40.00 31.34 

T2 5 410 < 12 weeks 1.00 70.00 0.00 0.00 1.00 126.00 20.00 17.07 0.00 0.00 20.00 30.73 

T3 5 396 < 12 weeks 1.00 50.00 1.00 46.00 2.00 115.00 20.00 12.63 20.00 11.62 40.00 29.04 

T4 5 460 < 12 weeks 2.00 96.00 1.00 50.00 3.00 140.00 40.00 20.87 20.00 10.87 60.00 30.43 

T5 5 433. <12 weeks 1.00 60.00 1.00 54.00 2.00 126.00 20.00 13.86 20.00 12.47 40.00 29.10 

T6 5 400 > 12 weeks 0.00 0.00 3.00 120.00 3.00 116.00 0.00 0.00 60.00 30.00 60.00 29.00 

T7 5 454 > 12 weeks 0.00 0.00 1.00 56.00 1.00 136.00 0.00 0.00 20.00 12.33 20.00 29.96 

T8 5 466 < 12 weeks 1.00 50.00 1.00 54.00 2.00 150.00 20.00 10.73 20.00 11.59 40.00 32.19 

T9 5 334 <12 weeks 1.00 40.00 1.00 60.00 2.00 106.00 20.00 11.98 20.00 17.96 40.00 31.74 

 

Treatment 
Initial 
No. of 
bulb 

Initial 
Wt of 
Bulb 

Dormancy 
Breaking 

at > 8 
weeks 

Lossess after two  month of storage % Lossess after second month of storage 
Sprout 
Lossess 

Lossess By 
rotting  Total Lossess Sprout 

Lossess 
Lossess By 

rotting  Total Lossess 

By 
No.  

By 
Wt 

By 
No.  By Wt By 

No.  By Wt By 
No.  

By 
Wt 

By 
No.  

By 
Wt 

By 
No.  

By 
Wt 

T1 5 434.00 > 8 weeks 0.00 0.00 2.00 60.00 2.00 100.00 0.00 0.00 40.00 13.82 40.00 23.04 
T2 5 410.00 < 8 weeks 1.00 50.00 0.00 0.00 1.00 86.00 20.00 12.20 0.00 0.00 20.00 20.98 
T3 5 396.00 > 8 weeks 0.00 0.00 1.00 40.00 1.00 80.00 0.00 0.00 20.00 10.10 20.00 20.20 
T4 5 460.00 < 8 weeks 1.00 40.00 1.00 40.00 2.00 106.00 20.00 8.70 20.00 8.70 40.00 23.04 
T5 5 433.00 < 8 weeks 1.00 52.00 1.00 32.00 2.00 93.00 20.00 12.01 20.00 7.39 40.00 21.48 
T6 5 400.00 > 8 weeks 0.00 0.00 2.00 110.00 2.00 86.00 0.00 0.00 40.00 27.50 40.00 21.50 
T7 5 454.00 > 8 weeks 0.00 0.00 1.00 36.00 1.00 103.00 0.00 0.00 20.00 7.93 20.00 22.69 
T8 5 466.00 <8 weeks 1.00 40.00 1.00 50.00 2.00 110.00 20.00 8.58 20.00 10.73 40.00 23.61 
T9 5 334.00 < 8 weeks 1.00 25.00 1.00 55.00 2.00 76.00 20.00 7.49 20.00 16.47 40.00 22.75 
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Table.4.The average storage loss at room condition -  
 

Treatment Initial No. 
of bulb 

Initial Wt of 
Bulb 

Dormancy 
Breaking at > 12 

weeks 

Average storage Loss at room condition  % Average storage Loss at room condition 
Sprout 
Lossess 

Losses By 
rotting  Total Losses Sprout 

Losses 
Losses By 

rotting  Total Losses 

By 
No.  By Wt By No.  By Wt By 

No.  By Wt By 
No.  

By 
Wt By No.  By Wt By 

No.  
By 
Wt 

T1 5 434.00 > 12 weeks 0.00 0.00 1.67 62.00 1.67 99.67 0.00 0.00 33.33 14.29 33.33 22.96 
T2 5 410.00 < 12 weeks 0.67 40.00 0.00 0.00 0.67 84.00 13.33 9.76 0.00 0.00 13.33 20.49 
T3 5 396.00 < 12 weeks 0.33 16.67 1.00 35.33 1.33 76.00 6.67 4.21 20.00 8.92 26.67 19.19 
T4 5 460.00 < 12 weeks 1.00 45.33 0.67 30.00 1.67 104.00 20.00 9.86 13.33 6.52 33.33 22.61 
T5 5 433.00 <12 weeks 0.67 37.33 0.67 28.67 1.33 98.33 13.33 8.62 13.33 6.62 26.67 22.71 
T6 5 400.00 > 12 weeks 0.00 0.00 2.33 84.33 2.33 81.67 0.00 0.00 46.67 21.08 46.67 20.42 
T7 5 454.00 > 12 weeks 0.00 0.00 0.67 30.67 0.67 101.67 0.00 0.00 13.33 6.75 13.33 22.39 
T8 5 466.00 < 12 weeks 0.67 30.00 0.67 34.67 1.33 114.33 13.33 6.44 13.33 7.44 26.67 24.54 
T9 5 334.00 <12 weeks 0.67 21.67 1.00 43.00 1.67 71.67 13.33 6.49 20.00 12.87 33.33 21.46 

 
RESULTS AND DISCUSSION 

The overall storage losses for different 
treatment of onion were recorded at 30, 60, and 90 
days. The storage losses are presented in the table 
no. 2, 3 and 4 for 30, 60 and 90 days respectively. 
The average storage loss of all three months is 
given in table no. 5. The result revealed that the 
post harvest storage losses in different treatments of 
onion by weight are as: (T1= 22.96%) followed by 
(T2= 20.49%), (T3= 19.19%), (T4= 22.61%), (T5= 
22.71%) , (T6= 20.42%), (T7= 22.39%), (T8= 
24.54%), (T9= 21.46%).Similarly the post harvest 
storage losses in different treatments of onion by 
numbers are as (T1= 33.33%) followed by (T2= 
13.33%) , (T3= 26.67%), (T4= 33.33%), (T5= 

26.67%), (T6= 46.67%), (T7= 13.33%), (T8= 
26.67%), (T9= 33.33%)It is found that the 
maximum storage losses occurs in T8: 24 54% (by 
weight) and T6: 46.67% (by numbers) followed by 
T1: 22.96% (by weight) and T1: 33.33% (by 
numbers) Similarly the minimum storage losses 
occurs in  T3:19.19% (by weight) and  T7: 13.33% 
(by numbers) The result directly indicated that 
Treatment (T3) has minimum storage losses it 
means the herbicide combination  [ Combined spray 
of Oxyfluorfen 0.125 kg ha-1 and Quizalofop ethyl 
0.25 kg ha-1 PT and second application 30 DAT] is 
good for further use where onion storage is 
required. 
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ABSTRACT 

     Enzymes are biological catalysts that promote, speed up a chemical reaction without itself being 
altered in the process. They are organic complex molecules, sensitive to pH and temperature, 
specific to their substrate. Both enzyme and substrate possess specific complementary geometric 
shapes that fit exactly into one another called “lock and key model”. Enzymes, now-a-days find their 
commercial application in juice extraction like they make the juice less viscous, phenolics recovery 
in the juices and also enhance juice yield. Higher juice yield and increased concentration of 
phenolic compounds occurs, when juices produced with the combined treatment of Macer and 
Biopectinase. Though A. carbonarius produces a high active PG, the enzyme alone would not be 
suitable for industrial application. Therefore, Integrated Membrane Process (IMP)-derived enzyme 
preparation (protease and amylase), produced apple juice, comparable to that produced by 
commercial A. niger enzyme preparations. Enzyme-assisted preparation prior to pressing improves 
the quality and it improved the antioxidant composition of black carrot juice. Narendra (2007) in his 
study on litchi reported that, juice after enzymatic treatment was found to be better in overall 
sensory quality as compared to crude juice. Enzyme-assisted processing, accelerated the 
liquefaction of pulpy macerate, resulting in a significant increase in juice yield soluble solids, total 
phenolic, total flavonoids, total antioxidants activity etc. So health related component increased by 
enzyme assisted processing. 
 
Key words: Antioxidants, Enzymes, Food and Food processing. 
 

Enzymes are Proteinaceous, biological catalyst 
that promotes and speed up a chemical reaction 
without itself being altered in the process. They are 
responsible for many essential biochemical 
reactions in microorganisms, plants, animals, and 
human beings and are highly efficient in increasing 
the reaction rate of biochemical processes that 
otherwise proceed very slowly, or in some cases, 
not at all. They play diversified roles in many 
aspects of everyday life including aiding in 
digestion, the production of food and several 
industrial applications. Man has used them since 
thousands of years to carry out important chemical 
reactions for making products such as cheese, beer, 
and wine. Bread and yogurt also owe their flavour 
and texture to a range of enzyme producing 
organisms that were domesticated many years ago. 

In recent years the use of commercial enzymes 
has grown from an insignificant role to an important 
aspect of food processing. According to a study 
from the Freedonia Group, Inc., the global demand 
for enzymes will rise 6.8 percent per year to $8 
billion by 2015. According to a report by Global 
Industry Analysts, Inc., world Market for Industrial 
Enzymes was $2.9 billion in 2012. Comparing to 
other sectors, food and beverage industry is the 
largest market for enzymes.  Most enzymes are used 
by industry to produce improved or novel products, 
to bypass long and involved chemical synthetic 

pathways or for use in the separation and 
purification of isomeric mixtures. Many of the most 
useful, but least-understood, uses of free enzymes 
are in the food industry. Here they are used, 
together with endogenous enzymes to produce or 
process foodstuffs which are only rarely 
substantially refined. Their action however 
apparently straightforward is complicated due to the 
effect that small amounts of by-products or 
associated reaction products have on such 
subjective effects as taste, smell, colour and texture. 

Pectinases from microbial sources make up 
almost 25% of global food enzyme sales. 
Aspergillus niger is the most commonly used fungal 
species for industrial production of pectinolytic 
enzymes. This increase has reflected the rise in the 
number of enzymes available on an industrial scale 
at relatively decreasing cost and the increasing 
wealth of knowledge concerning enzymes and their 
potential applications. As enzyme costs generally 
represent a small percentage at most of the cost of 
the final product, it can be reduced that enzymes are 
currently involved in industrial processes with 
annual turnovers totally many billions of pounds. 
Several enzymes especially those used in starch 
processing high-fructose syrup manufacture, textile 
resizing and detergent formulation are now traded 
as commodity products on the world's markets. 
Although, the cost of enzymes for use at the 
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research scale is often very high where there is a 
clear large-scale need for an enzyme its relative cost 
reduces dramatically with increased production. 
Classification of Enzymes 

According to the International Union of 
Biochemistry an enzyme name has two parts: First 
part is the name of the substrates for the enzyme. 
Second part is the type of reaction catalyzed by the 
enzyme. This part ends with the suffix “ase”. All 
enzymes are assigned an “EC” number; according 
to latest update having occurred in 1992 by 
Recommendations of the Nomenclature Committee 
of the International Union of Biochemistry and 
Molecular Biology. EC numbers are four digits, for 
example a.b.c.d, where “a” is the class, “b” is the 
subclass, “c” is the sub-subclass, and “d” is the sub-
sub-subclass. The “b” and “c” digits describe the 
reaction, while the “d” digit is used to distinguish 
between different enzymes of the same function 
based on the actual substrate in the reaction. 
Example: for Alcohol: NAD + oxidoreductase EC 
number is 1.1.1.1 

Commercial sources of enzymes are obtained 
from three primary sources i.e., animal tissue, plants 
and microbes. Naturally occurring enzymes are 
quite often not readily available in sufficient 
quantities for food applications or industrial use. 
However by isolating microbial strains that produce 

the desired enzyme and optimizing the conditions 
for growth commercial quantities can be obtained. 
Enzymes are categorized according to the 
compounds they act upon. Some of the most 
common include; proteases which break down 
proteins, cellulases which break down cellulose, 
lipases which split fats (lipids) into glycerol and 
fatty acids, and amylases which break down starch 
into simple sugars. 
Use of Enzymes in food industry 

Enzymes have played an important part in 
food production. One of the earliest examples of an 
industrial enzyme use was in the production of 
whiskey. Today nearly all commercially prepared 
foods contain at least one ingredient that has been 
made with enzymes. Some of the typical 
applications include enzyme use in the production 
of sweeteners, chocolate syrups, bakery products, 
alcoholic beverages, precooked cereals, infant 
foods, fish meal, cheese and dairy products, egg 
products, fruit juice, soft drinks, vegetable oil and 
puree, candy, spice and flavour extracts, and liquid 
coffee, as well as for dough conditioning, chill 
proofing of beer, flavour development, and meat 
tenderizing etc (Table 1). Certain enzymes are also 
used as processing aids to determine the efficiency 
of a certain process as highlighted in the table 2. 

 
Table 1. Classification of enzymes used in food industry, their sources and uses. 

Enzyme name  Class of enzyme Source of enzyme Uses  
Pectinase  Hydrolase Fungi  Clarification, filtration, 

Fungi Coffee bean fermentation, 
coffee concentrates 

Protease  Hydrolase Fungi  Bread baking 
Bacteria, fungi, pepsin,  
bromelain 

Chill proofing 

Bacteria, fungi, papain, 
bromelain 

Meat tenderizing and 
condensed fish soluble 

Amylase  Hydrolase  Malt, fungi, bacteria Bread baking 
Malt, fungi Precooked baby food, 

breakfast food 
Bacteria, fungi Syrup making 
fungus Liquefying purees and soups 

Cellulase  Hydrolase  Fungi, bacteria Foods 
Glucose Isomerase  Isomerase  Fungus, actinomycetes Glucose and starch 
Glucose oxidase  Oxido-reductase Fungi  Glucose removal from food 

Fungus Dough strengthening 
Invertase  Hydrolase  Yeast  Soft-centre candies  

Yeast High test molasses 
Lactase  Hydrolase  Bacteria  Milk concentrate, ice-cream 

and frozen desserts   
Rennin(Chymosin) Lyases  Animal,  Fungus  Cheese production 
Alpha-amylase 
(Takadiastase) 

Hydrolase Fungus Bread supplement, 
production of syrups 

                                                                         (Source: Srivastava and Kumar, 2010) 
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Table 2. Indicator enzymes for determination of foods quality. 
Name of enzymes Purpose  Application  
Peroxidase / Lipoxygenase Freezing/blanching Fruits & vegetables 
Alkaline phosphatase   pasteurization  Milk  
Catalase/ reductase Bacterial contamination Milk 
Allinase  Flavour Onion/garlic 
Peroxidase , PPO Colour Fruit & vegetables 
Proteases Nutritional quality Digestibility  
Pectin methyl esterase (PME) and 
Polygalacturonases (PG) 

Maturity judgement /texture Fruit & vegetables 

                                                                                    (Source: Gokmen et al., 2005) 
Application of enzyme in beverage industry:  
Production of low calorie Beer 

Calorie-conscious consumers can enjoy reduced 
calorie beer by the use of special enzymes in the 
brewing process. Major ingredients used in the 
production of beer include barley, rice, and other 
grains. The grains are essential components in the 
conversion of carbohydrates to alcohol during yeast 
fermentation. First, simple carbohydrates are 
converted to alcohol followed by conversion of 
carbohydrates of increasing complexity until the 
desired alcohol content is achieved. The remaining 
carbohydrate remains as a component of the finished 
product. By using enzymes to transform the complex 
carbohydrates to simpler sugars, the desired alcohol 
content can be achieved with a smaller amount of 
added grain. This results in a beer with fewer 
carbohydrate calories and ultimately a lower calorie 
beer. 
Juice Extraction and Clarified juice production 

Enzymes not only increase juice yields but also 
increase the colour and health-promoting antioxidants 
in fruits and vegetables juice extracted by pressing or 
decanter centrifuge. By reducing fruits and vegetables 
mash viscosity and improving solid/liquid separation 
they increase colour extraction and juice volume. 
Pectinase and Amylase enzyme solutions speed up 
filtration and prevent storage or post-packaging haze 
formation by depectinizing and reducing starch in raw 
juices. Pectin and starch must be removed from freshly 
extracted juices prior to filtration, fining and 
concentration. Pectinase and Amylase can reduce 
starch and pectin in raw fruits and juices thus 
achieving clear and stable juices and juice 
concentrates. 

Enzymes catalyze the degradation of pectin 
polymers lower viscosity and water binding capacity 
for easier juice extraction. Pectinases enzyme is 
commercially used in clear juice extraction. Juices 
extracted from ripe fruits contained a significant 
quantity of pectin.  Enzyme assisted processing 
significantly improved the juice yield, total soluble 
solids, total phenolics and total antioxidant activity. 
Enzyme-facilitated polysaccharide helps in exposing 
possible cell wall sites for phenolics; resulting in 
enhanced recovery. Pectin responsible for a cloudiness 
appearance in the juice. Pectinases are naturally 
occurring enzymes that Enhanced juice clarity as a 
result of the enzyme-catalyzed degradation of the 

pectin in the plant cell wall matrix  enzyme  increasing 
a yield a crystal clear juice with the appearance, 
stability, mouth-feel, taste, and texture characteristics 
preferred by consumers. Pectinases naturally occur in 
most fruits used to make juice; the manufacturer adds 
more pectinase enzymes to produce clear juice in a 
very less time. The use of pectinolytic enzymatic 
treatments have shown to increase the anthocyanin 
contents and phenolic compound of juice in berry 
fruits. The release of phenolics into the juice is 
strongly correlated with the degradation of 
polysaccharides in the berry during juice processing 
Meat Tenderizing 

Enzymes treated meat is more tendered than 
others. Meat is mostly protein, indeed a rather 
complex set of proteins with defined structure. The 
major meat proteins responsible for tenderness are the 
myofibrillar proteins and the connective tissue 
proteins. Protease enzymes are used to modify these 
proteins. In fact, proteases like papain and bromelain 
have been used to tenderize tougher cuts of meat for 
many years. This can be a difficult process to control 
since there is fine line between tender and mushy. To 
improve this process, more specific proteases have 
also been introduced to make the tenderizing process 
more robust. 
Confectionary 

Soft candy and other confectionary products 
made with sugar, often have short shelf life because 
the sugar sucrose contained in the product starts to 
crystallized very early soon after the confection is 
produced. A similar change occurs in soft cookies and 
other specialty bakery items. An enzyme, invertase, 
converts the sucrose to simple sugars, glucose and 
fructose and thus prevents the formation of sugar 
crystals that otherwise would severely shorten the 
shelf life of the product or make some products 
virtually unavailable at reasonable prices. 
Reduction of flatulence factors in legumes and soy-
based foods 

Enzymes also be used to improve the nutritional 
quality of food. The full utilization of the potential 
nutritive value in legume- and soy-based foods is 
limited by the presence of non-digestible sugars such 
as raffinose and stachyose. These sugars contain 
chemical linkages that cannot be broken by the natural 
enzymes produced by the body. Consequently, the 
sugars proceed through the digestive tract until 
reaching the large intestine where they are hydrolyzed 
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by the natural microflora in the intestine. These 
organisms utilize the sugars that are converted to gas 
during this metabolism causing discomfort and 
flatulence. The enzyme, alpha-galactosidase, is used to 
convert stachyose and raffinose to simple sugars that 
are adsorbed by the human digestive tract, thereby 

preventing the flatulence often caused by legumes 
such as beans and soy-based foods. This enzyme can 
be used to hydrolyze raffinose and stachyose during 
soy processing, during the food preparation process or 
by addition to the food itself immediately before 
ingestion. 
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ABSTRACT 

     The present investigation deals with the weed intensity, efficiency and Lentil (Lens culinaris 
culinaris medicos) yield influenced by different weed management practices. The study was carried 
out during rabi (winter) season of 2010-11 at the Research Farm, Indira Gandhi Krishi 
Vishwavidyalaya, Raipur. The experiment was laid out in randomized block design with three 
replications and 12 treatments of weed management which included quizalofop-p-ethyl, 
imazethapyr, pendimethalin, chlorimuron ethyl alone or in combination. In addition to these 
weedicidal treatments, stale seed bed, lentil+ linseed and lentil+ mustard were also included in the 
treatments. In the experimental field, Chenopodium album, Euphorbia hirta, Melilotus alba, 
Anagallis arvensis, Xanthium strumarium and Cyperus rotundus were the dominant weeds and 
were found throughout the crop growth period. Results revealed that maximum yield attributes i.e. 
number of pods plant-1, number of seeds plant-1, number of seeds pod-1,100 seed weight, seed 
yield, stover yield, harvest index and weed index and the lowest dry matter production of weeds 
and the highest weed control efficiency (WCE) were obtained under hand weeding twice at 20 and 
40 DAS, followed by pendimethalin applied as PE @ 1.0 kg a.i. ha-1 + imazethapyr as PoE @ 37.5 
g a.i. ha-1 at 20 and 35 DAS. Intercropping of lentil + linseed (1:1 additive series) and lentil + 
mustard (1:1 additive series) had produced at par lentil equivalent yield. The minimum values of 
above characters were observed under control plot. 

Key words: Lentil, weed management, chemical weed control, intercropping with rabi pulses.   

The lentil (Lens culinaris culinaris Medikus) 
is a lens-shaped grain legume well known as a 
nutritious food. It grows as an annual bushy 
leguminous plant typically 20-45 cm tall, which 
produces many small purse- shaped pods containing 
one to two seeds each. Lentil is an important food 
legume, among more than a dozen pulse crops 
grown in India. It is not only a rich source of 
improved nutrition for people but also provides 
nutritious straw for cattle. Lentil contains about 11 
per cent water, 25 per cent protein and 60 per cent 
carbohydrates. It is also rich in calcium, iron and 
niacin and high lysine and tryptophan content 
(Ahlawat et al., 1998). The important lentil growing 
countries of the world are India, Turkey, Syria, 
Pakistan, Spain and Bangladesh. India ranks the 
first in the world in respect of production as well as 
acreage followed by Turkey. India’s position in 
average productivity of lentil is 23rd in world. The 
total area under lentil crop in our country is 1.38 
million ha. The production of this crop is 0.95 
million tonnes with the productivity of 693 kg ha-1 
(Anonymous, 2009). Lentil (Lens culinaris 
culinaris Medikus) is an important winter season 
pulse crop in India. its productivity is adversely 
affected by the presence of weeds. The prominent 
weed species infesting lentil crop are Cynodon 
dactylon, Chenopodium album, Euphorbia hirta, 
Melilotus alba, anagallis arvensis and Xanthium 
strumarium etc. (Phogat et al., 2003).The concept 

that high input in high yield also means high risk, if 
weeds are not controlled. A weed free crop 
environment is, therefore, important both for 
increasing yield and income for the security of crop.  

During recent past, it has been progressively 
realized that for a more permanent agriculture, one 
must develop concept of “Weed management” in 
variance with the more popularly known weed 
control. Lentil is generally cultivated in 
Chhattisgarh as monoculture crop in paddy / 
soybean - lentil cropping system. There are two 
types of sowing system i.e. after harvest of paddy / 
soybean and in standing paddy crop as utera crop. 
In lowland areas with excessive moisture, lentil is a 
more assured crop than chickpea. It occupies an 
area of 23.24 thousand ha with production and 
productivity of 9.61 thousand tonnes and 441 kg ha-

1, respectively (Anonymous, 2010).There are 
number of reasons for low production and 
productivity of lentil, out of which weeds, being 
serious negative factors in crop production, are 
responsible for reduction in the yield of lentil to a 
tune of 84 per cent (Mohamed et al., 1997). To 
control weeds generally hand weeding is in practice 
that is now costly as well as difficult because of 
non-availability of labour in peak period. With the 
advancement of agro techniques, chemical weed 
control is becoming an effective and cheap 
alternative to control weeds. It is effective and 
economical measures to control weeds as compared 
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to manual weeding. Considering these facts, a field 
experiment was conducted to study the influence of 
weed management practices on weed control and 
yield attributes of lentil. 

MATERIALS AND METHODS 
The field experiment was conducted at IGKV, 

Raipur (C.G) during rabi, season 2010-11. The soil 
of experimental field was Clay loam with pH (7.02) 
organic carbon 0.58%, available N, P and K were 
219.00, 14.70, 360.40 Kg/ha. The twelve treatment 
of different combination of weedicides as T1: 
Oxyfluorfen :  Quizalofop-p-ethyl @ 50.0 g a.i.ha-1 

(PoE) at 20 and  35 DAS, T2
 :  Imazethapyr @ 37.5 

g a.i. ha-1 (PoE) at 20 and35 DAS, T3
 : Chlorimuron 

ethyl @ 4.0 g a.i. ha-1  (PPI), T4: Pendimethalin @ 
1.0 kg a.i. ha-1 (PE), T5: Pendimethalin @ 1.0 kg a.i. 
ha-1 (PE)+Quizalofop-p-ethyl @ 50.0 g a.i. ha-1 

(PoE)  at 20 and35 DAS, T6: Pendimethalin @ 1.0 
kg a.i. ha-1 (PE) + Imazethapyr @ 37.5 g a.i.ha-1 

(PoE) at 20 and 35 DAS, T7 : Hand weeding twice      
(20 and 40 DAS), T8: Weedy check , T9: 
Chlorimuron ethyl @ 4.0 g a.i. ha-1 (PoE) at 20 
and35 DAS, T10: Stale seed bed, T11: Lentil+ 
Linseed  [1:1 additive series], T12: Lentil + Mustard 
[1:1 additive series]     the treatment were replicated 
for three times in randomized block design lentil 
variety ‘JL-3’ was sown in the month of December 
during the 2010-11  for detailed investigation. In 
lentil, Basal dose of N: P: K: S @ 20: 17:16:20 kg 
ha-1 was applied uniformly to each plot. Pre-
emergence and Post-emergence herbicides were 
applied at next day and 20-30 days after sowing 
respectively using water volume of 700 liters/ha. 
The data on weed population, Number of pods, 
Harvest index, Stover yield weed dry matter 
production, Weed index, weed control efficiency 
were recorded at different stages of crop. 

             
Table 1. Pods plant-1, Seeds pod-1, Seeds plant-1 and 100 seed weight of lentil as influenced by different 

weed management practices.  
Weed management practices Pods 

plant-1 
Seeds 
pod-1 

Seeds 
plant-1 100 - Seed weight (g) 

T1 : Quizalofop-p-ethyl @ 50.0 g a.i.ha-1(PoE) at 20 and 35 DAS 29.67 1.2 87.67 3.24 
T2 : Imazethapyr @ 37.5 g a.i. ha-1(PoE) at 20 and 35 DAS 31.33 1.2 106 3.30 
T3 : Chlorimuron-ethyl @ 4.0 g a.i. ha-1 (PPI) 28.40 1.1 61.33 3.20 
T4 : Pendimethalin @ 1.0 kg a.i. ha-1 (PE) 31.20 1.2 95.67 3.21 
T5 : Pendimethalin @ 1.0 kg a.i. ha-1 (PE)+ Quizalofop-p-        ethyl 
@ 50.0 g a.i. ha-1(PoE) at 20 and 35 DAS 

35.27 1.3 113 3.21 

T6 : Pendimethalin @ 1.0 kg a.i. ha-1 (PE) + Imazethapyr              
       @ 37.5 g a.i. ha-1(PoE) at 20 and 35 DAS          

39.20 1.6 121.67 3.31 

T7 : Hand weeding twice (20 and 40 DAS) 40.40 1.6 123 3.36 
T8 : Weedy check 22.47 1.1 54.67 3.13 
T9 : Chlorimuron-ethyl @ 4.0 g a.i.ha-1 ( PoE) at 20 and 35 DAS 26.67 1.1 61 3.20 
T10 : Stale seed bed 29.10 1.1 85 3.20 
T11 : Lentil + Linseed  (1:1 additive series) 37.93 1.4 118.67 3.32 
T12 : Lentil + Mustard (1:1 additive series) 36.60 1.3 117 3.30 
SEm + 1.67 0.14 2.06 0.020 
CD (P = 0.05) 4.91 _ 6.06 0.061 

 
Table 2. Seed yield, stover yield, harvest index, and weed index of lentil as influenced by different weed 
management practices 

Weed management practices Seed yield 
(kg/ha-1) 

Stover yield 
(kg/ha-1) 

Harvest 
index (%) Weed index (%) 

T1 : Quizalofop-p-ethyl @ 50.0 g a.i.ha-1(PoE) at 20 and 35 DAS 682.53 1474.33 31.64 30.78 

T2 : Imazethapyr @ 37.5 g a.i. ha-1(PoE) at 20 and 35 DAS 701.00 1531.00 31.40 28.91 
T3 : Chlorimuron-ethyl @ 4.0 g a.i. ha-1 (PPI) 661.27 1430.67 31.64 37.92 
T4 : Pendimethalin @ 1.0 kg a.i. ha-1 (PE) 695.43 1520.33 31.38 29.48 
T5 : Pendimethalin @ 1.0 kg a.i. ha-1 (PE)+ Quizalofop-p- 
       ethyl @ 50.0 g a.i. ha-1(PoE) at 20 and 35 DAS 

831.00 1580.00 34.46 15.73 

T6 : Pendimethalin @ 1.0 kg a.i. ha-1 (PE) + Imazethapyr              
       @ 37.5 g a.i. ha-1(PoE) at 20 and 35 DAS          

983.87 1813.00 35.18 0.23 

T7 : Hand weeding twice (20 and 40 DAS) 986.17 1814.67 35.20 - 
T8 : Weedy check 582.63 1425.33 29.07 40.91 
T9 : Chlorimuron-ethyl @ 4.0 g a.i.ha-1( PoE) at 20 and 35 DAS 612.17 1428.00 30.02 32.94 

T10 : Stale seed bed 681.83 1441.67 32.20 30.86 
T11 : Lentil + Linseed  (1:1 additive series) 965.09 1810.33 34.80 2.13 
T12 : Lentil + Mustard (1:1 additive series) 983.03 1812.67 35.16 0.32 
SEm + 2.99 35.69 0.54 - 
CD (P = 0.05) 8.78 104.7 1.59 - 
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Table 3. Dry matter production of weeds at 20, 40, 60, 80 DAS and at harvest and weed control efficiency in 
lentil as influenced by different weed management practices.  

Weed management practices 

Dry matter production of weeds (g m-2) 
DAS 

Weed control 
efficiency (%) 

20 40 60 80 At 
harvest 80 DAS 

T1 : Quizalofop-p-ethyl @ 50.0 g a.i. ha-1 (PoE)  at 20 and 35 DAS 
26.33 35.00 52.77 84.30 36.17 23.71 

T2 : Imazethapyr @ 37.5 g a.i. ha-1 (PoE)  at 20 and 35 DAS 26.97 32.50 51.00 78.90 29.23 28.60 
T3 : Chlorimuron-ethyl @ 4.0 g a.i. ha-1 (PPI) 24.00 55.23 83.20 88.53 61.77 19.88 
T4 : Pendimethalin @ 1.0 kg a.i. ha-1 (PE) 9.03 34.87 51.30 80.40 33.23 27.24 
T5 : Pendimethalin @ 1.0 kg a.i. ha-1 (PE) + Quizalofop-p-ethyl @ 
50.0 g             a.i. ha-1(PoE) at 20 and 35 DAS 

8.67 29.23 47.90 66.40 31.60 39.91 

T6 : Pendimethalin @ 1.0 kg a.i. ha-1 (PE) + Imazethapyr @37.5  g 
a.i. ha-1        (PoE)  at 20 and 35 DAS 

7.40 14.30 22.17 23.37 21.73 78.85 

T7 : Hand weeding twice (20 and 40 DAS) 25.47 6.03 4.73 10.63 13.30 90.38 
T8 : Weedy check 29.23 84.03 144.10 110.47 95.97 0.03 
T9 : Chlorimuron-ethyl @ 4.0 g a.i. ha-1( PoE)  at 20 and 35 DAS 27.77 57.47 84.53 88.77 82.20 19.67 
T10 : Stale seed bed 18.50 51.23 81.03 87.83 49.90 20.51 
T11 : Lentil + Linseed (1:1 additive series) 10.97 22.70 32.00 33.33 29.50 69.83 
T12 : Lentil + Mustard (1:1 additive series) 11.73 24.17 30.33 32.67 28.70 70.44 
SEm + 1.01 1.95 1.38 3.19 2.28 - 
CD (P = 0.05) 2.97 5.73 4.06 9.37 6.70 - 

 
RESULTS AND DISCUSSION 

 
Number of pods and seeds plant-1  

Data with respect to number of pods and seeds 
plant-1 are presented in table 1, which revealed that 
significantly maximum number of pods and seeds 
plant-1 were recorded in plot where hand weeding 
was applied twice at 20 and 40 DAS which were at 
par with pendimethalin as PE @ 1.0 kg a.i. ha-1 + 
imazethapyr as PoE at 20 and 35 DAS @ 37.5 g a.i. 
ha-1and lentil equivalent yield of intercropping with 
linseed and mustard. The lowest number of pods 
plant-1 was observed under weedy check plot. 
Jaiswal and Khajanji (2005) also reported that 
application of pendimethalin as PE @ 0.75 kg a.i. 
ha-1 and one hand weeding at 40 DAS produced 
significantly highest number of pods (72.2) and 
seeds plant-1(121.8). 
 
Number of seeds pod-1 

The data on number of seeds pod-1 under 
different treatments given in table 1, revealed that it 
was not significantly influenced due to various 
weed management practices. However, the highest 
seeds pod-1 were recorded under hand weeding 
twice at 20 and 40 DAS and pendimethalin applied 
as PE @ 1.0 kg a.i. ha-1 + imazethapyr as PoE @ 
37.5 g a.i. ha-1 at 20 and 35  DAS whereas the 
lowest numbers of seeds were recorded under 
weedy check . Singh and Sardana (2001) reported 
that application of pendimethalin as PE @ 0.5 kg 
a.i. ha-1 recorded the highest number of seeds pods-1 

(2.6). Jaiswal and Khajanji (2005) also reported that 
application of pendimethalin as PE @ 0.75 kg a.i. 
ha-1 and one hand weeding at 40 DAS produced 
significantly higher seeds pod-1 (1.6). 

100-seed weight (g)  
The weight of hundred seeds is also an 

important attribute to yield and data are presented in 
table 1. The data showed that weed management 
practices have significant effect on 100-seed 
weight. It is quite clear from the table that hand 
weeded plot at 20 and 40 DAS recorded 
significantly highest test weight over others but it 
was statistically at par with test weight recorded in 
plots where Pendimethalin was applied as PE @ 1.0 
kg a.i. ha-1 + imazethapyr as PoE @ 37.5 g a.i. ha-1 
at 20 and 35 DAS and lentil equivalent yield of 
intercropping with linseed and mustard adopted. 
The lowest 100-seed weight was observed under 
weedy check. Singh and Sardana (2001) also found 
that application of pendimethalin as PE @ 0.5 kg 
a.i. ha-1 recorded the highest 100-seed weight (2.5 
g).  
Seed yield (kg ha-1)   

The data pertaining to seed yield (kg ha-1) are 
presented in table 2.  It is evident from the table that 
significantly maximum seed yield was produced 
under hand weeding twice at 20 and 40 DAS which 
was at par with yield obtained from the plots treated 
with pendimethalin as PE @ 1.0 kg a.i. ha-1 + 
imazethapyr as PoE @ 37.5 g a.i. ha-1 at 20 and 35 
DAS and lentil equivalent yield of intercropping 
with mustard. The yield recorded under these 
treatments was 986.17 kg ha-1, 983.87 kg ha-1 and 
983.03 kg ha-1 respectively. Minimum seed yield 
582.63 kg ha-1 was recorded under weedy check 
plot. These results are in agreement with the 
findings of Singh and Chaudhary (1970) who 
reported that one and two hand weeding produced 
significantly higher yield of lentil (2361 kg ha-1 and 
2807 kg ha-1 ) over control. Dawood (1994) also 

mailto:@37.5
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reported performance of one, two or three hand 
weedings in lentil which increased seed yield by 
142.42 per cent, 208.79 and 182.79 per cent, 
respectively as compared to the weedy check.  
Stover yield (kg ha-1) 

Data on stover yield (kg ha-1) are presented in 
table 2. It is quite clear from the data that among all 
weed management practices, hand weeding twice at 
20 and 40 DAS produced maximum stover yield 
which was significantly superior to rest of the 
treatments except pendimethalin applied as PE @ 
1.0 kg a.i. ha-1 + imazethapyr as PoE @ 37.5 g a.i. 
ha-1 at 20 and 35 DAS and intercropping of lentil + 
linseed and lentil + mustard.  The lowest yield was 
recorded under weedy check. Singh and Chaudhary 
(1987) reported that Hand weeding twice gave 
comparatively higher grain and straw yield of lentil 
(2.54 t ha-1 and 3.87 t ha-1, respectively) than 
chemical treatments.  It might be due to effective 
control of weeds by hand weeding twice at 20 and 
40 DAS. Pendimethalin as PE @ 1.0 kg a.i. ha-1 + 
imazethapyr as PoE @ 37.5 g a.i. ha-1 at 20 and 35  
DAS and intercropping of lentil + linseed also 
provided opportunity to grow the crop plants in 
better way. 
Harvest index (%) 
 Effect of different treatments on harvest 
index (%) is presented in table 2. The maximum 
harvest index (35.20 %) was estimated from hand 
weeding twice at 20 and 40 DAS which was found 
equally comparable with pendimethalin as PE @ 
1.0 kg a.i. ha-1 + imazethapyr as PoE @ 37.5 g a.i. 
ha-1 at 20 and 35  DAS, pendimethalin as PE @ 1.0 
kg a.i. ha-1 + quizalofop-p-ethyl as PoE @ 50.0 g 
a.i. ha-1 at 20 and 35  DAS and intercropping of 
lentil + linseed and lentil + mustard. without any 
significant difference amongst them.  
Weed index (%) 

Weed index presented in table 2. revealed that 
it was minimum under hand weeded plots twice at 
20 and 40 DAS, whereas maximum was noted 
under weedy check plot. It was found that 
application of pendimethalin as PE @ 1.0 kg a.i. ha-

1 combined with imazethapyr as PoE @ 37.5 g a.i. 
ha-1 at 20 and 35  DAS was found effective to 
increase grain yield, because of lower weed index.  
Effect of intercropping also followed similar trend. 
The treatment hand weeding twice at 20 and 40 
DAS , chemical weed control pendimethalin applied 
as PE @ 1.0 kg a.i. ha-1 + imazethapyr as PoE @ 
37.5 g a.i. ha-1 at 20 and 35  DAS and intercropping 
of lentil + mustard  and lentil + linseed recorded 
minimum values of weed index (0.23 %, 0.32% and 
2.13% respectively).  
Total weed dry matter production (g m-2) 

Mean value of total dry matter production (g 
m-2) of weeds is presented in table 3. The dry matter 
production increased upto 60 DAS and thereafter it 
declined. The significantly lowest  dry matter 
production of weed was recorded under hand 
weeded plot at 20 and 40 DAS followed by 
pendimethalin applied as PE @ 1.0 kg a.i. ha-1 + 
imazethapyr as PoE @ 37.5 g a.i. ha-1 at 20 and 35 
DAS and intercropped plots which were on par. 
Weed control efficiency (%) 

 The data from table 3 showed the weed 
control efficiency of various treatments which 
revealed that it was maximum (90.37 %) under 
hand weeding twice at 20 and 40 DAS. Application 
of herbicide pendimethalin as PE @ 1.0 kg a.i. ha-1 
+ imazethapyr as PoE @ 37.5 g a.i. ha-1 at 20 and 
35 DAS had also significantly increased weed 
control efficiency and it was the second best (78.85 
%) treatment. The results of intercropping 
treatments were also significant with respect to 
weed control efficiency. 
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ABSTRACT 

     Field experiment were conducted in farmer field around National Thermal Power Corporation 
(NTPC) Sipat, Bilaspur (C.G.) during kharif season 2013 to evaluate different doses of fly 
ash(20,40,60 t ha-1) combination with and without organic fertilizer on physico-chemical properties 
of soil. The results generated showed that fly ash integrated with recommended fertilizers and FYM 
imprinted significant positive effect on major nutrient availability in soil. Higher soil organic carbon 
content of soil recorded in fly ash applied with organic fertilizer. Application of increasing doses fly 
ash with and without FYM was found to increase water holding capacity and the highest recorded 
under application of 75 % GRD + 60 t ha-1 fly ash + 5 t FYM ha-1 and  tended to marginal decrease 
bulk density and particle density of soil and there effect was non significant.  

Key words:  Available nutrients, Fly ash, FYM, Physical properties and Rice. 
 

Fly ash, chemically an amorphous ferro-alumino 
silicate generated from coal-feed power plants, is a 
loose waste material. The generation of fly ash 
depends on type and ash content of the coal being 
used. In India, the coal used thermal power generation 
of fly ash may exceed 175 million tonnes (mt) 2012, 
which would require about 40,000 hectares land for 
the construction of ash ponds. Though there has been a 
constant increase in the fly ash utilization yet the 
unutilized fraction is growing considerably, increasing 
39 Mt in 1993-94 to 70 Mt in 2006-2007 (Singh 
2010). Presence of essential plant nutrients such as N, 
P, K, Ca, Mg, S and micronutrients make it a source of 
plant nutrients (Pandey and Singh, 2010) and increases 
yield of several crops by its application. In 
combination with various organic manure, fly ash can 
enhance soil microbial activities, nutrient availability 
and plant productivity (Sikka and Kansal, 1995). 

Fly ash utilized in the cement and construction 
industries, with the remainder trucked to landfills or 
piped to setting ponds, however the rate of production 
is greater than consumption. The disposal of such huge 
amount of fly ash is one of the major problems of 
developing countries. Dumping of fly ash affect the 
quality of surface and ground water, soil and 
vegetation of the area. Beside these, the use of fly ash 
in agriculture fields is a good alternative. Fly 
application in agricultural soil has shown promising 
results in crop production due to its high mineral 
contents and unique physicochemical properties (Khan 
and Bhardwaj 2002). The application of fly ash 
changes the soil properties and it may increase or 
decrease crop yield (Pandey et. al 2009). 

MATERIALS AND METHODS 

A field experiment was carried out at farmer field, 
Village Dawndih, Block Masturi, District Bilaspur 

(C.G.) with Randomized Block Design in three 
replications during the year 2013. The experiment 
comprised of eight treatment combinations with three 
levels of fly ash (20, 40 and 60 t ha-1) and FYM (5 t 
ha-1).Fly ash and FYM applied as per the treatment 
before transplanting the rice. The plough layer 0 – 15 
cm of the soil and fly ash was characterized for 
various parameters and data are presented in Table 
1.The use of fly ash in the experiment collected from 
National Thermal Power Corporation (NTPC), Shipat, 
and Bilaspur (C.G.). 

The pH was measured with pH meter using 1:2.5 
soil water suspensions (Black, 1965). The clear 
suspension extract obtained from pH was also utilized 
for EC measurement using conductivity bridge (Black, 
1965). Soil texture was determined by International 
Pipette Method as described by Piper (1966). 
Available N was determined by alkaline permanganate 
method as described by Subbiah and Asija (1956). 
Available P was determined by Olsen method using 
0.5 M sodium bicarbonate (pH 8.5) as an extractant  
(Jackson, 1978). Available K was determined by flame 
photometer using 1N neutral ammonium acetate 
method described by Jackson (1978).Organic carbon 
was determined by Walkley and Black rapid titration 
method as described by Black (1965). Particle density, 
porosity and bulk density of soil was estimated by 
Core Sampler method (Piper, 1966). The water 
holding capacity (WHC) of soil was measured by a 
WHC apparatus as described in Piper (1944). 
 
Statistical analysis 

The recorded data were subjected to statistical 
analysis by the standard analysis of variance technique 
(Gomez & Gomez, 1984). 
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Table 1. Initial properties of soil. 
Properties Soil Fly ash 
Sand (%) 17 68 
Silt (%) 32 28 
Clay (%) 51 4 
Textural Class Clay Sandy Loam 

 
Table 2. Initial physico- chemical properties of soil, fly ash and FYM. 
 
Properties  Soil Fly ash FYM 
pH 7.60 8.1 8.2 
EC( dS m-1) 0.23 0.18 0.2 
Available N (kg ha-1) 148.60 0.028(%) 0.98(%) 
Available P (kg ha-1) 5.04 0.018(%) 0.174(%) 
Available K (kg ha-1) 301.48 0.106(%) 0.833(%) 
Organic carbon (%)  0.60  3340 1086 
Bulk density( gm cm-3)      - 0.83  0.55  
Particle Density(g cm-3)  2.45  1.93  -  
Water Holding Capacity (%)  33.84  49.04  60.56  
                     
Table 3. Effect of fly ash doses and in combinations with and without organic fertilizer on organic 

carbon and available major nutrients (N, P, K) contents of soil. 

 
Table 4. Effect of fly ash doses and in combinations with and without organic fertilizer on bulk density, 

particle density, porosity and water holding capacity of soil. 
 

Treatments                        Available Nutrients 
(kg ha-1) 

Organic Carbon (%) N P K 
T1-Control 0.65 137.31 5.02 289.30 
T2-GRD (100:60:40) 0.72 154.04 5.35 323.94 
T3-75%GRD + 20 ton Fly ash /ha 0.71 166.59 5.08 313.94 
T4-75% GRD + 40 ton Fly ash /ha 0.69 170.77 5.76 326.95 
T5- 75% GRD + 60 ton Fly ash /ha 0.68 162.41 5.84 330.55 
T6-75% GRD + 20 ton Fly ash /ha + 5 ton 
FYM/ha 

0.77 179.10 7.55 347.47 

T7- 75% GRD + 40 ton Fly ash /ha + 5 ton 
FYM/ha 

0.78 175.28 7.23 346.16 

T8-75% GRD + 60 ton Fly ash /ha + 5 ton 
FYM/ha  

0.76 171.10 6.42 336.49 

 SEm± 0.01 4.86 0.31 7.93 
CD (P=0.05)  0.05 14.76 0.94 24.07 

Treatment  Bulk density  
(g cm-3) 

Particle density  
(g cm-3) 

Porosity (%) Water holding 
capacity (%) 

T1-Control  1.49 2.50 56.45 39.06 
T2- GRD (100:60:40)  1.39 2.48 57.24 39.55 
T3- 75% GRD + 20 t ha-1 fly ash  1.44 2.43 58.38 41.11 
T4- 75% GRD + 40 t ha-1 fly ash  1.43 2.41 58.43 41.53 
T5- 75% GRD + 60 t ha-1 fly ash  1.33 2.39 54.52 42.44 
T6- 75% GRD + 20 t ha-1 fly ash + 5 t 
ha-1 FYM  

1.44 2.41 58.80 43.31 

T7- 75% GRD + 40 t ha-1 fly ash + 5 t 
ha-1 FYM  

1.43 2.39 59.07 44.29 

T8-75% GRD + 60 t ha-1 fly ash + 5 t 
ha-1FYM  

1.40 2.37 58.20 46.15 

SEm±  0.04 0.04 1.83 0.85 
CD (P=0.05)  NS NS NS 2.59 



Journal of Progressive Agriculture Vol. 6, Issue-1, April, 2015                                                                                                                   
 
  

 

81 
 

RESULTS AND DISCUSSION 

Properties of studied materials (Soil, fly ash and 
FYM)  

Physio-chemical properties of coal fly ash 
depend on their origin and the composition of coal 
used for combustion. Fly ash used in the study in 
sandy loam in texture. Low value of its particle 
density established its potential for dust formation 
and medium water holding capacity. The soil in was 
clay in texture, neutral in reaction, normal in 
soluble salts. The soil was low in available nitrogen 
and phosphorus and high in potassium. The 
physical and chemical properties of soil fly ash and 
FYM is given in Table 1 and 2. 
Effect of fly ash on available nutrient (N, P and 
K) contents of soil 

The effect of different doses of fly ash 
combined with and without FYM on available 
nutrients in soil at harvest in presented in Table 3 & 
Fig. 1. Application 20 t Fly ash ha-1 combined with 
organic and inorganic fertilizer recorded highest 
available nitrogen (179.80 kg ha-1), followed by 40 
and 60 t fly ash ha-1 combination with organic and 
inorganic fertilizer while absolute control showed 
the lowest (137.98 kg ha-1). Application of 75% 
GRD + 20 t ha-1 fly ash, 75% GRD + 40 t ha-1fly 
ash, 75% GRD + 40 t ha-1 fly ash + 5 t ha-1 and 75% 
GRD + 60 t ha-1 fly ash + 5 t ha-1 FYM showed 
similar soil available nitrogen. FYM stimulate 
growth and activity of micro-organisms (Babhulkar 
et al., 2000) which is turned soil conserved soil 
nitrogen and increased the availability of other 
nutrients as being constituents as well as 
mineralized native source from the soil (Kwakye, 
1988). Simlar finding are also observed by Rautaray 
et al. (2003) and Maiti, (2003). 

 The application of different doses fly ash 
combination with organic and inorganic fertilizer at 
harvest increased significantly available phosphorus 
content of the soil as compare to GRD. Application 
of 75% GRD + 20 t ha-1fly ash + 5 t ha-1 FYM 
recorded highest phosphorus content of the soil. 
Calcium in fly ash readily reacts with acid 
component in soil and release nutrients beneficial to 
crop plants and soil. Fly ash improves nutrients 
status of the soil (Rautray et al.2003, Yadava et 
al.2005). A similar result was also reported by Lee 
et al. (2007). 

Available K status of soil increased when 
application of fly ash bended with organic and 
inorganic fertilizer over control and GRD. All the 
treatment combinations showed in increases 
available K as compare to control. The hydroxide 
and carbonate salts give fly ash one of its principle 
beneficial chemical characteristics and provide 
available nutrients (Cetin and Pehlivan 2007). 
Application of chemical fertilizer and other organic 
wastes in a integrated manner may bring changes in 

decomposition process and hence likely to altered 
the nutrient release pattern of the soil. Similar effect 
of fly ash on soil available K was also reported by 
Bhople et al. (2011). 
Effect of fly ash on organic carbon content of the 
soil 

The organic carbon content (Table 3) was 
found to be improved significantly in different fly 
ash treatments when applied with addition of FYM 
over control because FYM contains considerable 
amount of organic matter. Application of 20, 40 and 
60 t ha-1 fly ash combination with organic and 
inorganic fertilizer was significantly increased 
organic carbon content of soil as compare to 
control. The faster decomposition of organics under 
the influence of chemical fertilizer, because fly ash 
opens the pore space of soil, ultimately enhancing 
the rate of organic matter decomposition. The 
increase in organic carbon content rice might be due 
to improved physical conditions there by higher 
root growth which might have added organic 
carbon. A similar result was also found by Das et 
al.2013, Bhople et al. 2011. 
Effect of fly ash on physical properties of the soil 

The changes in bulk density, particle density, 
porosity and water holding capacity of the top (0-15 
cm) soil as affected by different treatments are 
presented in Table 4.The bulk density was 
decreased in the increasing doses of fly ash with 
and without FYM. Application of 20 and 40 t ha-1 
fly ash combination with and without organic 
fertilizer showed similar bulk density was observed. 
Decrease in bulk density with increasing fly ash 
addition has also been reported in other studies and 
leads to improve soil, workability of the soil, root 
penetration and increased moister retention capacity 
of the soil. This ultimately results in better 
availability of plant nutrient and enhances plant root 
proliferation in the soil (Jala and Goyal 2010). 
Similar observation are also reported by and 
Yeledhalli et al. (2008) and Sharma and Kalra 
(2006). The particle density of soil showed that the 
increasing doses fly ash applied in combination 
with and without organic fertilizer in marginal 
decrease. The particle density was varied between 
2.37 to 2.50 g cm-3 in different treatments. 

The water holding capacity of soil is 
significantly increased in increasing doses of fly ash 
combination with and without FYM. Among the 
treatments applied 75% GRD + 60 t ha-1fly ash + 5 t 
ha-1 FYM recorded highest and control lowest water 
holding capacity of soil. Application of fly ash in 
clay soil improved the soil structure which is turn 
improve porosity, workability, root penetration and 
moisture retention capacity of the soil (Kene et al. 
1991). Similar finding also reported by Bhople et 
al. 2011. The results of porosity indicated that 
effect of the different treatments was non 
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significant. However, it slightly increased with fly 
ash application with and without FYM as compare 
to control and GRD. Similar observation also 
reported by Aggarwal et al. (2009).The soluble 
calcium of the fly ash provides congeal atmosphere 
for the for the dispersed alkali soil particles and 
organic matter content of this ash provides much 
needed protective action to stabilize the physical 
environment improved by the calcium.  
Conclusions 

Fly ash very widely in its chemical and 
physical composition, therefore, the mode of use in 
agriculture in different depends on the 
characteristics of soil and soil type. The integrated 
use of fly ash with farm yard manure and chemical 
fertilizer improves physical and chemical 
properties, yield and nutrient content of soil. Such 

integrated plant nutrition systems not only improve 
the soil health but also result in saving of fertilizer 
to a considerable extent in rice production. Keeping 
in mind the acceptability and ease of application, 
the treatment consisting of combination of fly ash 
organic and inorganic fertilizer  was revealed to be 
the best treatment with respect to physicochemical 
properties of soil and thereby the agriculture 
productivity of land. 
Acknowledgement  

The authors thankful to Dr.K.Tedia Principal 
Scientist, Deptt. of Soil Science & Agricultural 
Chemistry, IGKV Raipur (C.G.) for his constant 
inspiration and support. The authors also thankful to 
Dr.R.K.Bajpai Prof & Head, Deptt. of Soil Science 
& Agricultural Chemistry, IGKV Raipur (C.G.) for 
providing necessary facilities. 

 

REFERENCES 
Aggarwal, S., Singh, G.R. and Yadav, B.R. 2009. Utilization 

of Fly ash for Crop Production:    Effect on the Growth of 
Wheat and Sorghum Crops and Soil Properties. J. Agric. 
Phy., 9: 20-23. 

Black, C.A. 1965. Methods of Soil Analysis. Amer. Soc.of 
Agro. Inc. Publ. Madison, Wisconsin, USA. 

Bhabhulkar, P.S., Wandile, M., Badole, W.P. and Palpande, 
S.S. 2000. Residual effect of long term application of 
FYM and fertilizers on soil properties (Vertisols) and 
yield of soybean. J.Indian Soc.Sci.48:89-92. 

Bhople, B.S., Bhoyan, S.M. and Nimje, A.M. 2011. Impact of 
fly ash on physical and chemical properties of black 
cotton soil and yield of sunflower crop. Journal of Soils 
and Crops 21(2): 234-238. 

Cetin, S. and Pehlivan, E. 2007. Use of fly ash as a low cost, 
environmentally friendly alternative to activated carbon 
for the removal of heavy metals from aqueous solution. 
Colloids Surface: Physicochemical and Engineering 
Aspects. 298:83-87. 

Das, B.K., Choudhury, B.H. and Das, K.N. 2013. Effect of 
Integration of Fly Ash with Fertilizers and FYM on 
Nutrient Availability, Yield and Nutrient Uptake of Rice 
in Inceptisols of Assam, India. Int. Jour. Advanc. Res. 
Tec., 2(11): 2278-7763. 

Gomez, K.A. and Gomez, A.A. 1984. Stastical Prosedure for 
Agricultural Research, John Wiley and sons publication 
2nd edition. 

Jackson, M.L. 1978. Soil chemical analysis. Pentice Hall of 
India Pvt.Ltd.New Delhi 

Jala, S. and Goel, D. 2010. Effect of fly ash application on some 
soil physical properties and microbial activities. Acta 
Agrophysica 16 (2):327-335. 

Kene, D.R., Lanjewar, S.A., Ingole, B.M. and Chaphale, S.D. 
1991. Effect of application of fly ash on physico-chemical 
properties of soil. J. Soils Crops 1(1): 11-18. 

Khan, S. and Bhardwaj, R.K. 2002. Effect of fly ash on the 
growth, development and metal ions uptake by broad bean 
(Vicia faba) and chilli (Capsicum frutescens) plants. 
Eco.Environ. Conserv. 8: 47-51. 

Kwakye, P.K. 1988. The influence of organic matter in 
combination with mineral fertilizer on crop yield and soil 
properties on a Savana soil in Ghana under continuous 
cropping. J. Troep. Agri.6:56-57. 

Lee, C.H., Lee, Y.B., Lee, H. and Kim, P.J. 2007. Reducing 
phosphorus release from paddy soils by a fly ash gypsum 
mixture. Bioresource Technol 98:1980-1984. 

Maiti, S.K. 2003. Handbook of methods in environment studies, 
Vol. 1. Air, Noise and Overburden Analysis, ABD 
Publishers, Jaipur, India. 

Olsen, S.R., Cole, C.V., Watnable, F.S. and Dean, L.A. 1954. 
Estimation of available Phosphorous in soils by extraction 
with sodium carbonate. U.S.D.A. Cir. 933:1-10. 

Pandey, V.C. and Singh, N., 2010. Impact of fly ash 
incorporation in soil systems. Agric.Ecosyst. Environ. 
136:16–27. 

Pandey, V.C., Abhilas, P.C. and Upadhyay, R.N. 2009. 
Application of fly ash on the growth performance and 
translocation of toxic heavy metals within Cajanus cajan 
L.:Implication for safe utilization of fly ash for agriculture 
production . J. Hajard. Mater. 166,255.  

Piper, C.S. 1966. Soil and plant analysis, Inter-Science 
Publishers INC.7, New York. 

Piper, C. S. 1944. Soil and plant analysis. Interscience, New 
York. pp. 270 

Sharma, S.K. and Kalra, N.2006. Effect on fly ash 
incorporation on on soil properties and plant productivity- 
a revivew. J. Sci. Indus.Res., 65:383-390. 

Singh, Y. 2010. Fly Ash utilization in India. (http:// 
www.wealthywaste.com/fly-ash-utilization-in-india). 

Sikka, R. and Kansal, B.D. 1995. Effect of fly-ash application 
on yield and nutrient composition of rice, wheat and on 
pH and available nutrient status of soils. Bioresource 
Technol. 51 :199–203. 

Subbiah, B.V. and Asija, G.L. 1956. A rapid procedure for the 
determination of available nitrogen in soils. Current 
Science 25: 259-260. 

Rautaray, S.K., Ghosh, B.C. and Mittra, B.N. 2003. Effect of 
fly ash, organic wastes and chemical fertilizers on yield, 
nutrient uptake, heavy metal content and residual fertility 
in a rice–mustard cropping sequence under acid lateritic 
soils. Bioresource Technology.90: 275–283. 

Walkley, A. and Black, C.A. 1934. An examination of method 
for determination of soil organic matter and a proposed 
modification of the chromic acid titration method. Soil 
Science. 37:29-38. 

Yadava, R.B., Das, S.K., Pathak, P.S., Bhatt, R.K., Suresh, 
G., Mojumdar, A.B. and Kareemulla, K. 2005. Effect 
of fly ash application on soil physico-chemical properties. 
In: Proceeding Internation Congress on Fly Ash 
Utilization held at New Delhi, Dec.4-7, pp.XII 24.1-24. 

Yeledhalli, N.A., Prakash, S.S., Ravi, M.V. and Narayana 
Rao, K. 2008. Effect of flash /pond ash in irrigated 
vertisols on grain yield and micronutrient content in maize 
and sunflower. Asian Jour. Environ Sci., 3(1): 29-32. 

http://
http://www.wealthywaste.com/fly-ash-utilization-in-india).


Journal of Progressive Agriculture Vol. 6, Issue-1, April, 2015                                                                                                                   
 
  

 

83 
 

To analyse the micronutrients status in sampled soil of Malkharauda block in 
Janjgir-Champa (C.G.), India 

 
1U.S. VERMA, 2S.S. SENGAR AND 3DEEPIKA DEVDAS 

1Ex. P.G. Student, 2Professor, 3Ph.D. Scholar, Department of Soil Science and Agricultural Chemistry, 
Indira Gandhi Krishi Vishwavidyalaya, Raipur (C.G.) 492 012 

Received:  19.11.14 
Accepted: 22.02.15 

ABSTRACT 

     This study was conducted to evaluate micronutrients status of Malkharauda block in Janjgir-
Champa district of Chhattisgarh covering 110 villages during 2011-2012. The systematic collection 
of samples in geo–referenced surface (0-15cm) soils samples from 2640 sites representing 
Inceptisols, Alfisols and Vertisols using Global Positioning System and mapped on 1:4000 Scale. 
The samples were analyzed for DTPA-extractable zinc, copper, iron and manganese content for 
delineation of the fertility status in relation to salient physico-chemical characteristics. the study 
revealed that the DTPA-extractable copper content ranged from 0.2 to 11.1 mg kg-1. The available 
Mn, Fe and Zn content ranged from 3.9 to 66.0, 3.2 to 66.0 and 0.1 to 6.2 mg kg-1, respectively. 
These results indicated that zinc is likely to be constraint for crop production in soils of Malkharauda 
block. 

Key words: Alfisols, Chhattisgarh, Inceptisols, Malkharauda, Micronutrients and Vertisols. 
 
Plants, like all other living things, need food 

for their growth and development. Plants require 16 
essential elements. Carbon, hydrogen, and oxygen 
are derived from the atmosphere and soil water. The 
remaining 13 essential elements (nitrogen, 
phosphorus, potassium, calcium, magnesium, 
sulphur, iron, zinc, manganese, copper, boron, 
molybdenum, and chlorine) are supplied either from 
soil minerals and soil organic matter or by organic 
or inorganic fertilizers. For plants to utilize these 
nutrients efficiently, light, heat, and water must be 
adequately supplied. Cultural practices and control 
of diseases and insects also play important roles in 
crop production (Uchida, 2000). 

Nitrogen, phosphorus and potassium are 
required by plants in large amounts, therefore they 
are referred as major nutrients. Sulphur, calcium 
and magnesium are referred as secondary nutrients. 
The remaining (Copper, boron, molybdenum, zinc, 
iron, manganese and chlorine) nutrients are referred 
as micro nutrients. They are micro in the sense that 
they are required by plants in very small amounts in 
comparison to major nutrients, but not in the sense 
of their minor importance in the plant life. Although 
they are present in minute quantities in soil, but 
they are as important for plants may as the macro 
nutrients are. Their deficiency in plants may leads 
to reduction in crop yields to greater extent (Bhatt, 
2011). 

Keeping these considerations in view, an 
attempt was made to make in-depth analysis of the 
micronutrients (Fe, Zn, Mn and Cu) status in 
sampled soil. 

MATERIALS AND METHODS 

Systematic survey is carried out for evaluation 
of the micronutrient status of Malkharouda block in 
Janjgir-Champa district of Chhattisgarh. A 
surface (0-15 cm, depth) soil samples were 
collected from 110 villages sites by following the 
standard procedures of soil sample collection. Soil 
samples were collected with the help of soil auger 
and local spade with proper labels. The Inceptisols, 
Alfisols and Vertisols group of the soil covered 
under the different villages of the study area has 
been taken for micronutrient status evaluation on 
various aspects. 

Soil samples collected from the study area 
were dried and crushed with the help of wooden rod 
and passed through 2 mm sieve and then used for 
the determination of micronutrients content by 
adopting standard laboratory method. The 
micronutrients Zn, Cu, Fe and Mn were extracted 
by using 0.005M diethylene triamine penta acetic 
acid (DTPA), 0.01M calcium chloride dehydrate 
and 0.1M triethanol amine buffered at pH 7.3 
(Lindsay and Norvell, 1978) and concentrations 
were analyzed by atomic absorption 
spectrophotometer. The data on available Fe, Cu, 
Mn and Zn of soils were characterized for deficient 
and adequate status using the threshold values 4.5 
mg kg-1 for Fe, 0.2 mg kg-1 for Cu, (Katyal and 
Randhawa, 1983), 3 mg kg-1 for Mn (Shukla and 
Gupta, 1975) and 0.6 mg kg-1 for Zn (Katyal, 
1985).The samples were categorized as per the 
rating limit. 
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Table 1: Distribution of available iron status in surface soils 
Available Fe 

(mg kg-1) 
Inceptisols Alfisols Vertisols Total              

(%) No .of 
Samples 

% 
Samples 

No. of 
Samples 

% 
Samples 

No. of 
Samples 

% 
Samples 

Deficient 
(<4.5) 26 1.44 9 1.51 7 2.90 1.95 

Sufficient 
(4.5-9) 215 11.92 40 6.71 42 17.43 12.02 

High level 
(>9) 1562 86.63 547 91.78 192 79.67 86.03 

 
Table 2: Distribution of available copper status in surface soils of Malkharauda block.  

Available Cu  
(mg kg-1) 

Inceptisols Alfisols Vertisols Total 
(%) No. of 

Samples 
% 

Samples 
No. of 

Samples 
% 

Samples 
No .of 

Samples 
% 

Samples 
Deficient (<0.2) 0 0 0 0 0 0 0 
Sufficient (0.2-0.4) 14 0.78 4 0.67 3 1.24 0.90 
High level (>0.4) 1789 99.22 592 99.33 238 98.76 99.10 

 
Table 3: Distribution of available manganese status in surface soils. 

Available Mn 
(mg kg-1) 

Inceptisols Alfisols Vertisols Total 
(%) No. of 

Samples 
% 

Samples 
No. of 

Samples 
% Samples No. of 

Samples 
% Samples 

Deficient (<3.5) 00 00 00 00 00 00 00 
Sufficient (3.5-7.0) 61 3.38 13 2.18 10 4.15 3.24 
High level (>7.0) 1742 96.62 583 97.82 231 95.85 96.76 
 
Table 4: Distribution of available zinc status in surface soils.  

Available Zn 
(mg kg-1) 

Inceptisols Alfisols Vertisols Total 
(%) No. of 

Samples 
%  

Samples 
No .of 

Samples 
% 

Samples 
No .of 

Samples 
% 

Samples 
Deficient (<0.6) 540 29.95 155 26.01 108 44.81 33.59 
Sufficient (0.60-1.2) 801 44.43 214 35.91 65 26.97 35.77 
High level (>1.2) 462 25.62 227 38.09 68 28.22 30.64 

 
RESULTS AND DISCUSSION 

Available micronutrients status of soils   
The data pertaining to status of available zinc, 

copper, iron and manganese of Malkharauda block 
under investigation are summarized in Table 1to 2. 
Available Fe status  

The available Fe content ranged from 3.2 to 
60.1, 3.8 to 62.6 and 3.2 to 66.0 mg kg-1 with an 
average of 21.0, 24.1 and 17.4 mg kg-1 in 
Inceptisols, Alfisols and Vertisols, respectively of 
study area. The DTPA-extractable Fe content of 
soils under study samples varied from 3.2 to 66 mg 
kg-1 with an average of 21.3 mg kg-1 (Verma, 2012). 
These finding corroborate with results as reported 
by Rajeshwar et al. (2009) in soils of Krishna 
district of Andhra Pradesh and also confirm the 
findings of Singh et al. (2009) in the DTPA-
extractable Fe in the soils of district Gajipur, Uttar 
Pradesh. 

Similar results were also reported by Jatav 
(2010) in the soils of Inceptisols group of Baloda 

block of Janjgir-Champa district of Chhattisgarh 
and Shukla (2011) in the Inceptisols, Alfisols and 
Vertisols orders of Pamgarh block in Janjgir-
Champa district (C.G.). 

Considering 4.5 mg kg-1 DTPA-extractable Fe 
as critical limit (Verma, 2012) (Lindsay and 
Norvell, 1978), 1.95% soil samples were found 
deficient, and 12.02% found sufficient however 
86.03% samples recorded higher level of available 
Fe content (Table 1). High available Fe content in 
soils of study area might be due to its topography 
and cultivation of rice, which induced prolonged 
submergence coupled with reducing conditions. 
Majority of the soils were not deficient in Fe as the 
amount of iron required by crops is being released 
by iron bearing minerals in these soils. The soil pH 
had reverse effect on the availability of Fe content 
in soil. It was concluded from the table 1 that 86.63, 
91.78 and 79.67% samples recorded higher level of 
Fe and 1.44, 1.51 and 2.90% samples observed 
deficient  level of Fe, where as 11.92, 6.71 and 
17.43% samples recorded sufficient Fe in 
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Inceptisols, Alfisols and Vertisols, respectively. The 
highest and lowest mean values of DTPA-
extractable Fe was recorded 40.3 and 5.6 mg kg-1 
Fe, respectively.  
Available Cu status  

The DTPA-extractable Cu content of soils 
under study varied from 0.2 to 11.1 mg kg-1 in 
Inceptisols, Alfisols and Vertisols with an average 
content of available Cu recorded as 3.9 mg kg-1 
(Verma, 2012). The results were in conformity with 
the findings of Meena et al. (2006), Yadav and 
Meena (2009) and Singh et al. (2009). 

The available Cu ranged from 0.2 to 11.1, 0.2 
to 10.2 and 0.2 to 9.7 mg kg-1with an average value 
of 4.1, 3.4 and 3.3 mg kg-1 in Inceptisols, Alfisols 
and Vertisols, respectively of study area. 
Considering deficient (<0.2), sufficient (0.2-0.4) 
and high ( >0.4 mg kg-1)  level DTPA-extractable 
Cu as critical limit (Follett and Lindsay, 1970) in 
table 4.2, 99.10% soil samples were found to be in 
higher level, and only 0.90% in sufficient available 
content of Cu, in soils of study area (Table 
2). A major group of soils fell under higher level of 
available copper (>0.4 mg kg-1) having 
99.22%, 99.33% and 98.76% in Inceptisols, Alfisols 
and Vertisols, respectively. 

Most of the soil samples were found under 
high level in available Cu content with a model 
class of >0.4 mg kg-1 DTPA-extractable Cu (Table 
2). Kumar et al. (2009), Rajeshwar et al. (2009), 
Meena et al. (2006), Jatav (2010), Shukla (2011) 
and several other workers reported available copper 
in similar range. The highest and lowest mean 
values of available Cu for Inceptisols, Alfisols and 
Vertisols were 7.6 and 1.0 mg kg-1, respectively.  
Available Mn status 

The available Mn content ranged from 3.9 to 
66.0 mg kg-1 with mean value of 26.2 mg kg-1in 
soils of study area (Verma, 2012). Considering the 
soil test rating for DTPA-extractable Mn (<3.5 mg 
kg-1 as deficient, 3.5 to 7.0 mg kg-1 as sufficient and 
>7.0 mg kg-1 as higher level), the data presented in 
table 3 revealed that  3.24% of samples were 
sufficient and 96.76% samples were found in higher 
range of available Mn in soils of Malkharauda 
block. The available Mn content ranged from 3.9 to 
66, 5.4 to 62.2 and 4.4 to 64.4 mg kg-1 with an 
average of 26, 27.9 and 23.7 mg kg-1 in Inceptisols, 
Alfisols and Vertisols, respectively. 

The DTPA-extractable  Mn content estimated 
from total 2640 soil samples of Malkharauda  block  
covering about 110 villages observed  that nearly 
96.62 % samples were having higher level (>7.0 mg 
kg-1) and 3.38% in sufficient  level (3.5-7.0 mg kg-1) 
in available Mn under Inceptisols. However, 
97.82% samples recorded higher and 2.18%, 
samples were in sufficient level under Alfisols. 
Similarly, 95.85% samples recorded higher level 

and only 4.15% samples recorded under sufficient 
level in Vertisols (Table 3). 

Similar results were also reported by Jatav 
(2010) in the soils of Inceptisols group of Baloda 
block of Janjgir-Champa district of Chhattisgarh 
and Shukla (2011) in the Inceptisols, Alfisols and 
Vertisols orders of Pamgarh block in Janjgir-
Champa district (C.G.). 

 The Mn bearing minerals in the parent 
material might be the reason for higher Mn content 
in the soils and due to better supply of manganese 
to rice in flooded soil because Mn is soluble under 
relatively acid and reducing conditions. Higher 
organic carbon may further increase the DTPA-
extractable Mn content in soil. Mn deficiency was 
not observed in major parts of the block because the 
soils are dominantly medium to fine in texture and 
Mn is mobilized under reduced conditions during 
rice cultivation which resulted in higher availability 
of Mn to rice (Mandal and Haldar, 1980). The 
highest and lowest mean values of available Mn 
content in study area were 45.0 and 8.4 mg kg-1, 
respectively. 
Available Zn status  

The DTPA-extractable Zn varied from 0.1 to 
6.2 mg kg-1 with an average available zinc of 1.2 
mg kg-1 in the study area. The available Zn ranged 
from 0.1 to 5.8, 0.2 to 5.6 and 0.1 to 6.2 mg kg-1 
with an average of 1.1, 1.4 and 1.2 mg kg-1 in 
Inceptisols, Alfisols and Vertisols, respectively of 
study area. Considering the soil test rating for 
DTPA-extractable Zn (<0.6 as deficient, 0.6-1.2 as 
sufficient and >1.2 mg kg-1 as high level) as critical 
limit for Zn deficiency (Lindsay and Norvell, 1978) 
(Verma, 2012), 33.59% samples were found to be 
deficient, 35.77% samples sufficient and 30.64% 
samples were found to be under  higher level in 
available content of Zn (Table 4). 

Distribution of samples with respect to 
available Zn indicated that in Inceptisols , 29.95%  
samples were  deficient, 44.43%  sufficient and 
25.62% samples were found in higher level  of 
available Zn content however, in Alfisols, 26.01% 
samples fell under deficient, 35.91 % under 
sufficient and 38.09% under  high level  in available 
Zn content , where  as in Vertisols  44.81% samples 
fell under deficient, 26.97% samples under 
sufficient and 28.22% samples  in higher  level of 
Zn content (Table 4). In well drained aerated 
calcareous soils, zinc exists in oxidized state and 
their availability becomes low. The results are in 
conformity with the findings of Rajeswar et al., 
(2009) in Garikapadu of Krishna district of Andhra 
Pradesh and similar results were also reported by 
Singh et al., (2009) in the soils of Ghazipur district 
of Uttar Pradesh. 

These results were also supported by Jatav 
(2010) in the soils of Inceptisols group of Baloda 



Journal of Progressive Agriculture Vol. 6, Issue-1, April, 2015                                                                                                                   
 
  

 

86 
 

block of Janjgir-Champa district of Chhattisgarh 
and Shukla (2011) in the Inceptisols, Alfisols and 
Vertisols orders of Pamgarh block in Janjgir-
Champa district (C.G.). 

The highest and lowest mean values of 
available Zn in the study area were 4.6 and 0.2 mg 
kg-1, respectively. 
 

Conclusion 
It can be concluded from the above results that 

most of the Inceptisols, Alfisols and Vertisols status 
of Malkharauda block in Janjgir-Champa district of 
Chhattisgarh showed that most of soil samples 
observed high level of DTPA-extractable Fe, Mn 
and Cu, whereas, Zn deficiency was observed in 
study area. 
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ABSTRACT 

Leisure time availability and their utilization in the current decade has witnessed rapid 
technological changes and advancement through science and technology and attained great strides 
by enabling the country’s head high through defense, food and economic security. These 
technological advancements have also created some unfavourable impact on society through 
enhancing the leisure time especially for rural youths. “Leisure an activity to which the individuals 
may freely devote himself outside the needs and obligation of his occupation, his family and society 
for his recreation, diversion and personal development” (Dumazedier, 1960). The communication 
and leisure time availability is play the vital role in making any plan or strategy for the better 
construction of society and nation with cooperation of rural youth.    

Key words: Communication, Leisure time and Rural youth activities.  
 
India is largely an agricultural country and so 

most of our young people live in villages and they 
are partially engaged in agricultural activities. 
Hence needs of rural youth are particularly taken 
care of Rapid urbanization is leading to migration 
of youth to urban centres and the rural youth who 
migrate to cities in search of education and 
employment are sometimes unable to the situation 
leading to psychological adjustments and risky 
behaviour. Special efforts are made to help this 
group of young people. Similarly special 
programmers have been designed for youth with 
disabilities, other marginalized youth, including 
socially and economically backward sections. It is 
necessary to engage the youth for productive 
activities. All aspects of youth culture in terms of 
music, entertainment, dress, leisure activities, 
jargon and aspirations for 'celebrity' are affected by 
the cult of novelty and intranscience since “the 
major determinant of popular culture is the need for 
the cultural industries to make a profit” (Strinati, 
1995, p. 260). 
What is the Leisure Time? 

“Leisure is the portion of time which remains 
after work and basic requirements for existence 
have been satisfied.” – James F. Murphy. 

“There was a time when we could sit and 
listen to our individual, internal rhythms, but now 
they can hardly be heard over the din of the 
mechanical clocks set up by school and business 
and society. Now we have commuting and TV, 
three-day weekends, and twelve-hour workdays, 
March migraines and April ulcers, twenty-one-year-
old addicts and forty-five-year-old heart attacks.” –
Dr. George Sheehan 

Each and every one has leisure time but they 
do not feel our leisure time. In easy way if I ask 
anybody “I want to talk with you, they are easily  

say sorry I don’t have time” but if you are visit in 
village, most of youth on the corner of village, 
roadside, shops, etc. wastes their time in gossiping 
and so on. Only few youths spend their time in 
productive activities like agricultural works, animal 
keeping, study, and other obligation works etc. 
Some definitions are given bellow which is related 
to the  leisure time. In Indian situations the leisure 
time refers such as the middle classes goes to the 
cinema or increasingly watches television. During 
school holidays families may visit relatives or go 
briefly to hill resorts where it is cooler. In rural 
areas, a slack time in the agricultural cycle allows 
families to go on pilgrimage or attend weddings, 
which include much feasting. India has many 
religious festivals, which provide occasions for 
even more feasting and conversation, perhaps 
accompanied by music or dance or folk theatre 
performance. Leisure, or free time, is time spent 
away from business, work, and domestic chores. It 
is also the periods of time before or after necessary 
activities such as eating, sleeping and, where it is 
compulsory, education. The distinction between 
leisure and unavoidable activities is loosely applied, 
i.e. people sometimes do work-oriented tasks for 
pleasure as well as for long-term utility. A 
distinction may also be drawn between free time 
and leisure. For example, Situationist International 
maintains that free time is illusory and rarely free; 
economic and social forces appropriate free time 
from the individual and sell it back to them as the 
commodity known as "leisure".  
Importance of leisure time  

Young people, farmers, and women 
particularly as it relates to personal and community 
development it is imperative that youth be given a 
wide range of opportunities for meaningful 
participation within community provided or 
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facilitated by a multitude of organizations, 
institutions and programmes in all sectors. The 
Certain major themes are basic health, risk 
behaviour reduction education; employment and 
political participation for constitute the pillars of 
youth policy. Indeed, they are the foundations of 
human resource development in general, reflecting 
a continuum of goals from protection to prevention 
to civic and economic participation. They are the 
domains of responsibility of the main public 
systems charged with providing services and 
opportunities for youth. They represent the core 
indicators against which Governments and 
advocates track progress. They do not, however, 
represent the totality of young people’s lives; herein 

lays the challenge. In every culture, there are hours 
in the day when young people are not formally 
required to be in school or engaged in household or 
paid work. They choose to be involved in various 
activities, and there are public and private 
programmes, organizations and individuals who 
support their participation. These hours, these 
activities and often even these programmes are 
considered discretionary. They are viewed as 
optional nice but not necessary, or even particularly 
important. These are the hours, the activities and the 
programmes whose absence or disappearance would 
not be noticed by policy makers but would be very 
much felt by young people.  

 
Table 1. The time spends by the gender, marital status in different activities. 

Activity Time spent by gender, marital status 

 Men Women Married Single 

Phone calls, mail, e-mail 7 min. 14 min. 8 min. 14 min. 

Caring for non-household members 13 min. 15 min. 13 min. 14 min. 

Religious, civic duties 16 min. 21 min. 20 min. 17 min. 

Caring for family 20 min. 43 min. 45 min. 17 min. 

Educational activities 28 min. 26 min. 7 min. 51 min. 

Buying goods, services 38 min. 58 min. 53 min. 42 min. 

Eating, drinking 1 hr. 18 min. 1 hr. 11 min. 1 hr. 24 min. 1 hr. 8 min. 

Household activities 1 hr. 20 min. 2 hr. 16 min. 2 hr. 8 min. 1 hr. 26 min. 

Work-related 4 hr. 26 min. 3 hr. 4 hr. 1 min. 3 hr. 18 min. 

Watching TV 3 hr. 28 min. 2 hr. 41 min. 2 hr. 24 min. 2 hr. 47 min. 

Personal care, sleep 9 hr. 13 min. 9 hr. 37 min. 9 hr. 8 min. 9 hr. 46 min. 
          (Sources: Having More Leisure Time —Federal Reserve Bank of Boston, "Measuring Trends in Leisure:  

The Allocation of Time over Five Decades). 
 
Leisure Time Assessment by the Rural Youth 

Youth is the spring of Life. It is the age of 
discovery and dreams. India is of largest youth 
population in the world today. The entire world is 
eyeing India as a source of technical manpower. 
They are looking at our youth as a source of talents 
at low costs for their future super profits. If Indian 
youth make up their mind and work in close unity 
with working class people, they can hold the 
political power in their hands. Indian youth has the 
power to make our country from developing nation 
to a developed nation. The youth hopes for a world 
free of poverty, unemployment, inequality and 
exploitation of man by man. A world free of 
discrimination on the grounds of race, colour, 
language and gender. A world full of creative 
challenges and opportunities to conquer them. But 
let us convert these hopes in reality. 

It is depends on the person to person how they 
assess their leisure time but if they think to begin 
assessing the quantity and quality of your leisure 
time, take another look at How close in size are the 
wedges representing leisure activities in your 
current time use circle to those in your ideal time 
use circle? What are you saying to yourself? If you 
want an accurate idea of how much time you spend 
on leisure and how much you enjoy the time you 
spend in various activities, complete the leisure 
activity log as illustrated by individual. This may 
seem an unleisurely activity, but as you probably 
realize now, your leisure time is a limited and 
valuable commodity. Wouldn’t it be prudent to see 
if you are spending it wisely? 
Creative Activities for the Rural Youth in 
Leisure Time 

Discretionary time plays an integral role in 
young people’s individual development and the 
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development of their communities. The availability 
of a range of constructive, voluntary activities and 
opportunities to engage is critical to young people’s 
development and their contributions to the 
community. Then why does it feel like we have so 
much less? It might be because we waste half of all 
our leisure time watching television. The average 
American adult devotes 2.5 hours a day to this 
hobby. And for every additional hour we get free, 
another 30 minutes goes into that boob tube. So if 
you want more free time, I recommend one thing: 
turn it off. This is easier said than done, especially 
during the world  series.  
What is Communication? 

Communication is the process of sending and 
receiving message through channels which 
establishes common meaning between a source and 
receiver. (Leagans 1961)  

Communication is the process by which 
participants create and share information with one 
another in order to reach a mutual understanding. A 
communication channel is the means by which 
messages get from one individual to another. Mass 
media channels are more effective in creating 
knowledge of innovations, whereas interpersonal 
channels are more effective in forming and 
changing attitudes toward a new idea, and thus in 
influencing the decision to adopt or reject a new 
idea. Most individuals evaluate an innovation, not 
on the basis of scientific research by experts, but 
through the subjective evaluations of near-peers 
who have adopted the innovation. Communication 
is the process of generation, transmission, or 
reception of messages to oneself or another entity, 
usually via a mutually understood set of signs. 

Effective communication plays a vital role in 
the success of every professional and personal 
relationship. Becoming a skilled communicator 
requires you to learn the roles of every element of 
communication. You can use these elements in 
many ways, including public speaking, 
interpersonal relationships, media development and 
business relations. The basic communication model 
consists of five elements of communication: the 
sender, the receiver, the message, the channel and 
feedback. 
Communication Channels which is use for 
Effective Communication in Leisure Time 

A communication channel is the means by 
which messages get from one individual to another. 
Mass media channels are all those means of 
transmitting messages that involve a mass medium 
such as radio, television, newspapers and so on, 
which enable a source of one or a few individuals to 
reach an audience of many. On the other hand, 
interpersonal channels are more effective in 
persuading an individual to accept a new idea, 
especially if the interpersonal channel links two or 

more individuals who are similar in socio-economic 
status, education, or other important ways. 
Interpersonal channels involve a face-to-face 
exchange between two or more individuals. Most 
individuals do not evaluate an innovation on the 
basis of scientific studies of its consequences, 
although such objective evaluations are not entirely 
irrelevant, especially to the very first individuals 
who adopt. Instead most people depend mainly us 
subjective evaluation of an innovation, conveyed to 
them from individuals like themselves who have 
previously adopted the innovations. This 
dependence on the experience of near peers 
indicates that diffusions a social process and the 
heart of diffusions process consists of the modelling 
and imitation by potential adopters of their network 
partners who have adopted previously. More 
effective communication occurs when two or more 
individuals belong to the same groups, live or work 
near each other, and share the same interests 
homophilous. More effective communication occurs 
in homophiles condition. When they share common 
meanings, a mutual sub cultural language, and are 
alike in personal and social characteristics, the 
communication of new ideas is likely to have 
greater effects in terms of knowledge gain, attitude 
formation and change, and overt behaviour change. 
When homophile is present, communication is 
therefore likely to be rewarding to both participants 
in the process. One of the most distinctive problems 
in the diffusion of innovations is that the 
participants are usually quite heterophilous. An 
extension officer, for instance, is more technically 
competent draw his or her farmers. This difference 
frequently leads to ineffective communication as 
the participants do not talk the same language. In 
fact, when two individuals are identical regarding 
their technical grasp of an innovation, no diffusion 
can occur as there is no new information to 
exchange. The very nature of diffusion demands 
that at least some degree of heterophily be present 
between two participants. 

The each and every component of 
communication channel is play vital role to 
dissemination of information from one to another. 
In case of youth it is necessary to better utilizatition 
of their leisure time in constructive way for their 
working areas if they receive the right information 
in right time they will utilise their leisure time to 
making socio-economic status. If any steps are not 
fallowed or forget then the massage will be fail or it 
may cause dangers things for their objectives. 
Communication Model Use by Rural Youth 

Communication is usually described along a 
few major dimensions: Message (what type of 
things are communicated), source / emissary / 
sender / encoder (by whom), form (in which form), 
channel (through which medium), destination / 
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receiver / target / decoder (to whom), and Receiver. 
Wilbur Schram (1954) also indicated that we should 
also examine the impact that a message has (both 
desired and undesired) on the target of the 
message.[9] Between parties, communication 
includes acts that confer knowledge and 
experiences, give advice and commands, and ask 
questions. These acts may take many forms, in one 
of the various manners of communication. The form 
depends on the abilities of the group 
communicating. Together, communication content 
and form make messages that are sent towards a 
destination. The target can be oneself, another 
person or being, another entity (such as a 
corporation or group of beings). and in 1960, David 
Berlo expanded on Shannon and Weaver’s (1949) 
linear model of communication and created the 
SMCR Model of Communication. The Sender-
Message-Channel-Receiver Model of 
communication separated the model into clear parts 
and has been expanded upon by other scholars.
   
Communication Theory 

Generally, human communication is 
concerned with the making of meaning and the 
exchange of understanding. One model of 

communication considers it from the perspective of 
transmitting information from one person to 
another. In fact, many scholars of communication 
take this as a working definition, and use Lasswell's 
maxim, "who says what to whom in which channel 
with what effect," as a means of circumscribing the 
field of communication theory. Among those who 
subscribe to the transmission model are those who 
identify themselves with the communication 
sciences, and finds its roots in the studies of 
propaganda and mass media of the early 20th 
century. 

CONCLUSION 
It is well understood that development any 

nation doesn’t only   depend upon economy and 
infrastructure. It depends on many dimensions such 
as health, hygiene, education, environment and 
better utilization of time with good communication 
resources of the population. According to UNDP 
the India is one of the youngest country of the 
world. Here youth may be play the very significant 
role for the development of the nation if they have 
better utilise their leisure time and the 
communication is factor which is provide the  right 
information in right time by the right person.     
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ABSTRACT 

For evaluation of the soil fertility status of Nagari block, a systematic survey was carried out. 
Surface (0-15 cm depth) soil samples were collected from 123 Villages of Nagari block using GPS 
(Global Positioning System) marked where 164 samples were identified from Vertisol. These soil 
samples were analysed for Fe Mn Cu and Zn and categorized as sufficient and deficient as per 
criteria followed in the soil testing laboratory. Based upon the coefficient of correlation between 
micronutrients and soil Properties, A non-significant and negative correlation of available Zn with 
pH was observed in Vertisols of Nagari block. The availability of Zn content show higher values 
may due to their solubility effects. The correlation of Fe with EC was negative and non significant. 
Positive and significant correlation was found between available zinc and electrical conductivity. 
Organic carbon was negatively and non-significantly correlated with available content of zinc.  

Key words: Micronutrients, Nagari block, soil fertility and Vertisol. 
 
In Agriculture, soil test is the analysis of a soil 

sample to determine nutrient and contaminant 
concentration, composition and other characteristics 
such or alkalinity level. Tests are usually performed 
to measure the expected growth potential and 
possible remedial measures for a soil. It is defficult 
for formers to decide the type of fertilizer, which 
would match his soil. In using a fertilizer he must 
take into account the requirement of his crops and 
the characteristics of the soil. 

Chhattisgarh State has four major soils type 
i.e. Entisols, Inceptisols, Alfisols, Vertisols in whole 
area and only Mollisols at Mainpat area of 
Ambikapur and forest area of Baster plateau. 
Almost all soils are deficient in nitrogen and 
phosphorus and medium to high in potassium. 
Fertilizing soils to bring all the deficient elements at 
high levels as to provide sufficient ionic activity in 
soil solution for crop uptake is one of the most 
important considerations for maximization of the 
crop yield.The assay of soil fertility status is 
essential for judicious use of fertilizers and 
assurance of better crop yields. The diagnostic 
techniques for fertility evaluation include fertilizer 
trials, soil test and plant analysis. Out of these, soil 
test provides the most accurate information on the 
availability of various plant nutrients (Dahnke and 
Olsen, 1990). The basic objective of the soil-testing 
programme is to give farmers a service leading to 
better and more economic use of fertilizers and 
better soil management practices for increasing 
agricultural production. High crop yields cannot be 
obtained without applying sufficient fertilizers to 
overcome existing deficiencies.  
Study Area: - Nagari block comes under Dhamtari 
district in the state of Chhattisgarh which includes 
123 villages for evaluation of soil fertility status of 

Nagari block. Nagari block is located between 
22°20’901” N latitude to 81°57’533” E longitude 
and 472 meter above the mean sea level. For 
evaluation the soil fertility status of Nagari block of 
Dhamtari district a systematic survey work will be 
carried out. The villages comes under Nagari block 
are Lasunwahi, Siyadehi,  
Makardona, Siraudkhurd, Kantakurrideeh, Baspara 
kukrail, Palarikhar, Bajarkurrideeh, Amdi Raipara, 
Korra, Dokal, Barbandha, Kurmiya, Chandanpur, 
Kumhada, Hitali, Madamsili etc.            

MATERIALS AND METHODS 

Collection of Sample Collection:         
Nagari block comes under Dhamtari district in 

the state of Chhattisgarh which includes 123 
villages for evaluation of soil fertility status of 
Nagari block. a systematic survey work will be 
carried out. Surface soil samples from 15 cm. depth 
will be collected from all villages of this block 
using GPS marked. The sampling points will be 
taken from the cadastral map of each village by 
locating in such a way, that each 10 hectares area 
may represent one grid based soil samples. 
Soil Analysis 

 The soil samples will be analyzed for 
different physico-chemical properties such as pH, 
E.C. Organic carbon, and micronutrients viz ; Fe, 
Mn, Cu, Zn. Soil pH was measured by glass 
electrode pH meter by Black, and Evans,, (1965). 
The EC of supernatant liquid was determined by 
Solubridge as described by Black, and Evans, 
(1965). OC was estimated by Walkley and Black’s 
rapid titration method as described by Jackson 
(1967). DTPA- extractable content of Fe, Cu, Mn 
and Zn elements determined the micronutrient 
status of soils. 
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Table 1. Limits for the soil test values used for rating the soil. 
                                                              Classification for pH values  

Strongly acid Moderately acid Slightly acid Neutral Slightly alkaline 
<5.0 5.0-6.0 6.1-6.5 6.6-7.5 7.6-8.5 

Classification for total soluble salt content (EC dS m-1) 
Normal soil, no 

deleterious 
affects on crops 

Critical for 
germination 

Critical for growth of sensitive crops Injurius 
to most crops 

<1.0 1.0-2.0 2.0-3.0 >3.0 
Parameters Very Low Low Medium High 

O.C. (%) <0.25 0.25-0.50 0.50-0.75 >0.75 
                                                           Classification for Micronutrients 
    Parameters   Deficient                Sufficient           High level 
Av. Fe (mg kg-1) <4.50 >4.50 >9.00 
Av. Mn (mg kg-1) <3.50 >3.50 >7.00 
Av. Cu(mg kg-1) <0.20 >0.20 >0.20 
Av. Zn (mg kg-1) <0.60 >0.60 >1.20 
 
Table 2. Salient soil properties of study area. 
Soil characteristics  Range Mean S.D 
pH (1:2.5, Soil: water)             6.3 – 7.9 6.6 ± 0.23 
E.C. (dS m-1)  0.05 – 0.71 0.14 ± 0.09 
O.C. (%)  0.09 – 0. 89 0.51 ± 0.14 
Available Fe (mg kg-1)  3.2 – 57.6 27.32 ± 14.96 
Available Mn (mg kg-1)  4.6 – 65.0 27.97 ± 15.35 
Available Cu (mg kg-1)  0.14 – 9.5 1.78 ± 1.31 
Available Zn (mg kg-1)  0.02 – 1.96 1.04 ± 0.49 

 RESULTS AND DISCUSSION 

Soil reaction (pH):  
The pH was ranged from 6.3–7.9 in Vertisol 

with an average of 6.6. In general out of 164 
samples 46.34% under slightly acidic (6.1-6.5), 
1.82% under slightly alkaline and only 51.82% 
samples were categorized under Neutral soil in 
Vertisol.  
Electrical conductivity (EC) 

The total salt content of these soils expressed 
as EC are categorized as <1.0, 1.0 to 2.0, 2.0 to 3.0 
and >3.0 dSm-1. The EC ranged from 0.05 to 0.71 
dS m-1 in Vertisols with an average of 0.14 dS m-1. 
Data presented in table 3 revealed that 100% soil 
samples were found under <1.0 dS m-1 in Vertisols.  
Organic carbon (OC) 

   Nearly 46.95% soil samples of Nagari block 
of Dhamtari district were medium in organic carbon 
content. The overall organic carbon ranged from 
0.09 to 0.89 with mean of 0.51 in Vertisols.  
Available Zinc, Copper, Manganese and Iron 
Lindsay and Norvell (1978) developed a method 
using DTPA (Diethylene  triamine penta acetic 
acid) which was found useful for separating soils 
into deficient and non deficient categories for Zn, 

Cu, Mn and Fe by using atomic absorption 
spectrophotometer. 
Relationship between soil characteristics and 
DTPA-extractable Zn, Cu, Fe and Mn in 
Vertisols 

A non-significant and negative correlation (r = 
-0.104) of available Zn with pH was observed in 
Vertisols of Nagari block (Table 4). The findings 
are in conformity with observations reported by 
Meena et al. (2006). The availability of Zn content 
show higher values may due to their solubility 
effects. Similar results were also reported by Kumar 
et al. (2009) for available Zn and Fe. The 
correlation (r = -0.116) of Fe with EC was negative 
and non significant (Table 4). Similar observations 
were also observed by Sharma et al. (2006). 
Positive and significant correlation (r = 0.154*) was 
found between available zinc and electrical 
conductivity Similar results were also reported by 
Yadav and Meena (2009) in soils of Degana series 
of Rajasthan. 

Organic carbon was negatively and non-
significantly correlated (r = -0.010) with available 
content of zinc (Table 4). Similar result observed by 
Kumar et al. (2009) in Dumka series of Santhal 
Paraganas region of Jharkhand.  
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ABSTRACT 

     The investigation was conducted at the farm of Department of Agronomy, Dr. PDKV Akola, in 
the season of 2010-2011. The experiment was laid out in randomized block design (R.B.D.) with 
ten treatments and three replications. There were one cultural treatments of hand weeding and 
hoeing. These treatments were compared with eight chemical treatments of Imazathapyr, 
Pendimethalin, and Quizolofop-p-ethyl with their recommended rates and one weedy check. The 
objective of the study was to study the relative efficacy of herbicides and cultural practices on weed 
control. Plant phototoxic effect, AGR, RGR, NAR, Grain yield, straw yield and test weight of Gram 
and to study the effect of herbicides on growth and yield of Gram. Pendimethaline 1 kg ha-1+1H at 
40 DAS recorded highest yield in chemical treatment. But cultural weed control treatment 2H at 15 
and 40 DAS + HW at 30DAS recorded highest grain yield and B:C ratio.  

Key words:   Chickpea, Herbicide, Weed control and Winter sowing.  
 

Gram (cicer aritinum ) is one of the most 
important pulse (rabi) crop grown in rainfed 
farming system throughout India. It is use for 
human consumption as well as animal feeding. It is 
eated both whole fried or boiled and salted or more 
generally in the form of split pulse, which is cooked 
and eaten. Both husks and bits of the dal are 
valuable cattle feed. Fresh green leaves use for 
vegetable. Gram flour (BESAN) is used for 
preparing various types of sweets. It is an important 
pulse crop has medicinal value. It is rich source of 
protein 21.1%. Besides it contain 61.5% 
carbohydrates, and 4.5% fat, also rich in Ca, Fe, and 
Niacin. Its leaves secrete malicacid (90-95%) and 
oxalic acid (5-10%), which have medicinal 
important against stomachache, intestinal disorder 
and blood purification. (Sing et al., 2003) 

 Gram is important pulse crop globally, it is 
cultivated on about 10.4 million hector area adding 
8.57 million tons of grain to the Global food basket 
with an average productivity of 826 Kg/ha. As 
many as 45 countries grow chickpea. India grows 
chickpea on about 8.0 million ha with 7.1 metric ton 
production and average productivity of 885 Kg/ha. 
In Maharashtra area under gram is 12.50 lakh ha 
and production 9.15 lakh metric tons with 
productivity of 730 Kg/ha. In Vidarbha region area 
under gram is 5.14 lakh ha with production 5.42 
lakh tons and productivity 997 Kg/ha. Chickpea is 
an important crop of rabi crop besides limited 
moisture crop has to compete with weeds. Timely 
weed management practices play an important role 
in the successful cultivation of the crop. Chickpea   
suffers severely due to competition stress of weeds 
with yield reduction to the tune of 20 to 49.5 % 
depending on nature and density of weeds. Weed 
infestation is one of the major limiting factors in the 
productivity of the crops both under rainfed and 

irrigated situations. Weeds always pose a serious 
threat to the stability of crop yields. However, yield 
loss by weeds in different crops varies from 
situation to situation. On an average, the reduction 
in crop yield to the tune of 20-40% has been 
reported in weed infested crops which calls for 
effective weed control measures. Initial slow 
growth of crops and adequate soil moisture provide 
conductive conditions for profuse growth of weeds 
relatively in wide spaced crops. Control of weeds is 
vitally important not only to check the losses, 
caused by them but also to increase the fertilizer use 
efficiency. The present study was, therefore, 
undertaken to assess the crop growth affected by 
weeds in chickpea. 

MATERIALS AND METHODS 

 An investigation was carried out during 2010-
2011 at farm of Agronomy Department, Dr. 
Panjabrao Deshmukh Krishi Vidyapeeth, Akola. 
The experiment was laid out in Randomized Block 
Design with 3 replication and 10 treatments. These 
treatments combination of pre and post emergence 
herbicides with cultural practices and one weedy 
checks. The soil characterized clay loam in texture 
and moderately alkaline in reaction. As regards to 
fertility status, the soil was medium in organic 
carbon, lower in available nitrogen, medium in 
available phosphorus and very high in potassium. 
Gram was sown with 85 kg seed per hectare used. 
Prior to sowing seed was treated with rhizobium 
culture at the rate of 250 g per 10 kg of seed. 
Sowing of Gram variety Jaki 9218 was carried out 
by drilling method keeping 30 cm distance between 
two rows. Thinning was carried out at 8 days after 
sowing to maintain optimum plant population and 
plant to plant distance maintained was 10 cm. 
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Treatments combinations as Weed check  (T1), 
Imazethapyr PRE 75 g ha-1 (T2), Imazethapyr POE 
75 g ha-1 (T3), Pendimethalin  PRE 1 kg ha-1 ( T4), 
Quizalofop-p-ethyl POE 50g ha-1  ( T5), Imazethapyr  
PRE 75 ha-1 + 1H at 30 DAS (T6), Imazethapyr 
POE 75g ha-1 + 1H at 40 DAS ( T7), Pendimethalin 
PRE 1kg ha-1 + 1H at 40 DAS ( T8), Quizalofop-p-
ethyl POE 50g ha-1 + 1 H at 40 DAS ( T9), 2H at 15 

and 40 DAS + 1 HW at 30 DAS  (T10). The 
Chickpea variety (Jaki 9218) sown at Gross plot 
size 5 x 5.5 m and Net plot size 4.2 x 4 m, on 4th 
Nov.2010.   Plant phyto-toxicity, AGR for height, 
AGR for drymatter, RGR, NAR , Grain yeild, straw 
yeild, Harvest index,  Plant height, Branches per 
plant, Number of functional laves,Pod per plant and 
Economic of treatment were workout.  

 
Table1. Phyto-toxicity symptoms on crop (Score 0-10 scale). 

Treatments      Crop phytotoxicity score scale 
Effect Rate Description 

T
1 -  

(weedy check) None 0 Normal 
T

2
 –  Imazethapyr @ 75g/ha PRE Severe 7 Severe injury 

T
3
 –  Imazethapyr @ 75g/ha  POE slight 2 Some stand loss stunting or 

Discoloration 
T

4
 – Pendamithalin @ 1 kg/ha PRE None 0 Normal 

T
5
 –  Quizalofop ethyl @ 50 g/ha POE None 0 Normal 

T
6
 – Imazethapyr @ 75g/ha PRE +1H at 30 DAS Moderate 6 Moderate injury 

T
7 
– Imazethapyr @ 75g/ha POE +1H at 40 DAS Severe 7 Severe Injury, stand loss 

T
8
 –  Pendamithalin @ 1 kg/ha PRE +1 H at 40 DAS None 0 Normal 

T
9
 – Quizalofop ethyl @ 50g ha + 1 H at 40 DAS None 0 Normal 

T
10

 – 2H at 15 and 40 DAS +HW at 30 DAS None 0 Normal 
          
Table 2. Absolute growth rates for height (cm day-1) influenced by different treatment. 
 

Treatments 
Time interval (DAS) 

15 -30 
DAS 

30-45 
DAS 

45-60 
DAS 

60-75 
DAS 

75-AH 
DAS 

T
1
 - Weedy check 0.88 0.40 0.37 0.5 0.19 

T
2
 - IMZ PE @ 75 g ha-1 0.99 0.45 0.62 0.56 0.16 

T
3
 - IMZ POE  @ 75 g ha-1 1.01 0.64 0.70 0.62 0.18 

T
4
 - Pen @ 1000 g ha

-1
 PE 1.09 0.70 0.72 0.71 0.23 

T
5
 -QZF @ 50 g ha

-1
 POE 0.95 0.67 0.70 0.64 0.15 

T
6
 - IMZ @ 75 g ha

-1
 PE+1H at 30DAS 1.04 0.61 0.66 0.66 0.17 

T
7
 - IMZ POE  @ 75 g ha-1+ 1H at 40DAS 1.04 0.66 0.74 0.65 0.11 

T
8
 - Pen @ 1000 g ha

-1
 PE+1H  at 40DAS 1.05 0.82 0.87 0.86 0.24 

T
9
 - QZF @ 50 g ha

-1
 POE +  1H at 40DAS 1.02 0.71 0.77 0.83 0.18 

T
10

 - 2H at 15 and 40 DAS + 1HW at 30 DAS 1.03 0.74 0.78 0.91 0.23 

G.M. 0.31 0.68 0.59 0.7 0.18 
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Table 3 :  Absolute growth rate for dry matter (g day-1) as influenced by different treatments. 

Treatments 
Time interval (DAS) 

15 -30 DAS 30-45     DAS 45-60 DAS 60-75 DAS 75-AH  DAS 

T
1
 - Weedy check 0.02 0.11 0.15 0.13 0.06 

T
2
 - IMZ PE @ 75 g ha-1 0.16 0.14 0.19 0.24 0.15 

T
3
 - IMZ POE  @ 75 g ha-1 0.15 0.24 0.20 0.16 0.17 

T
4
 - Pen @ 1000 g ha

-1
 PE 0.27 0.26 0.34 0.28 0.33 

T
5
 -QZF @ 50 g ha

-1
 POE 0.19 0.21 0.20 0.26 0.23 

T
6
 - IMZ @ 75 g ha

-1
 PE+1H at 30DAS 0.21 0.078 0.35 0.23 0.13 

T
7
 -IMZ POE  @ 75 g ha-1+1H at 40DAS 0.25 0.11 0.27 0.26 0.21 

T
8
 - Pen @ 1000 g ha

-1
 PE+1H at 40DAS 0.31 0.3 0.45 0.46 0.35 

T
9
 - QZF @ 50 g ha

-1
 POE + 1H at 40DAS 0.25 0.14 0.30 0.25 0.37 

T
10

 - 2H at 15 and 40 DAS + 1HW at 30 DAS 0.28 0.29 0.39 0.45 0.29 

G.M. 0.21 0.17 0.28 0.28 0.23 

          
Table 4 : Relative growth rate for dry matter (g g-1day-1) as influenced by different treatments. 

Treatments 
Time interval (DAS) 

15 -30 DAS 30-45 DAS 45-60 DAS 60-75 DAS 75-AH DAS 

T
1
 - Weedy check 0.056 0.095 0.024 0.009 0.012 

T
2
 - IMZ PE @ 75 g ha-1 0.14 0.039 0.030 0.025 0.012 

T
3
 - IMZ POE  @ 75 g ha-1 0.13 0.057 0.026 0.015 0.013 

T
4
 - Pen @ 1000 g ha

-1
 PE 0.15 0.041 0.030 0.012 0.015 

T
5
 -QZF @ 50 g ha

-1
 POE 0.14 0.045 0.026 0.015 0.019 

T
6
 - IMZ @ 75 g ha

-1
 PE+1H at 30 DAS 0.14 0.018 0.063 0.0072 0.013 

T
7
 - IMZ POE  @ 75 g ha-1 + 1H at 40 DAS 0.15 0.022 0.048 0.0069 0.015 

T
8
 - Pen @ 1000 g ha

-1
 PE + 1H at 40 DAS 0.15 0.035 0.038 0.010 0.014 

T
9
 - QZF @ 50 g ha

-1
 POE + 1H at 40 DAS 0.14 0.028 0.028 0.024 0.018 

T
10

 - 2H at 15 and 40 DAS + 1HW at 30 DAS 0.14 0.026 0.04 0.017 0.015 

G.M. 0.13 0.04 0.039 0.017 0.013 

 
Table 5. Net assimilation rate (gg-1 day-1) as influenced by different treatments. 

Treatments 
Time interval (DAS) 

15 -30 DAS 30-45 DAS 45-60 DAS 60-75 DAS 75-AH DAS 

T
1
 - Weedy check 0.00016

 
0.00041

 
0.00076

 
0.00003

 
0.00039

 

T
2
 - IMZ PE @ 75 g ha-1 0.00012

 
0.00047

 
0.00075

 
0.00005

 
0.00048

 

T
3
 - IMZ POE  @ 75 g ha-1 0.0011

 
0.00078

 
0.00067

 
0.00066

 
0.00018

 

T
4
 - Pen @ 1000 g ha

-1
 PE 0.0013 0.00095 0.00068 0.00059 0.00044 

T
5
 -  QZF @ 50 g ha

-1
 POE 0.014

 
0.00061

 
0.00056

 
0.00056

 
0.00017
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Treatments 
Time interval (DAS) 

15 -30 DAS 30-45 DAS 45-60 DAS 60-75 DAS 75-AH DAS 

T
6
 - IMZ @ 75 g ha

-1
 PE+  1H at 30DAS 0.0011

 
0.00021

 
0.00007

 
0.00067

 
0.00067

 

T
7       

-   IMZ POE  @ 75 g ha-1+ 1H at 40DAS 0.0012
 

0.00035
 

0.00004
 

0.00009
 

0.00048
 

T
8
 - Pen @ 1000 g ha

-1
 PE  + 1H at 40DAS 0.0012 0.00062 0.00009 0.00006 0.00078 

T
9
 - QZF @ 50 g ha

-1
 POE + 1H at 40DAS 0.0012

 
0.00046

 
0.00049

 
0.00086

 
0.0081

 

T
10     

-    2H at 15 and 40 DAS+ 1HW at 30 DAS 0.0014
 

0.00043
 

0.00006
 

0.00034
 

0.00036
 

G.M. 0.0012
 

0.00005
 

0.00066
 

0.00057
 

0.00002
 

 
 

Table 6 : Grain yield, straw yield, and harvest index as influenced by different treatments. 
 

Treatments Grain 
yield(qha) 

Straw 
yield(q/ha) 

Harvest 
index(%) 

T
1
 - Weedy check 11.20 14.03 43.83 

T
2
 - IMZ PE @ 75 g ha-1 23.62 26.25 47.30 

T
3
 - IMZ POE  @ 75 g ha-1 22.13 25.48 46.06 

T
4
 - Pen @ 1000 g ha

-1
 PE 26.96 29.81 47.97 

T
5
 -QZF @ 50 g ha

-1
 POE 24.94 27.83 47.26 

T
6
 - IMZ @ 75 g ha

-1
 PE+  1H at 30DAS 24.49 27.35 47.71 

T
7
- IMZ POE  @ 75 g ha-1+ 1H at 40DAS 23.28 26.17 47.05 

T
8
- Pen @ 1000 g ha

-1
    PE+1H at 40DAS 28.57 31.31 48.49 

T
9
- QZF @ 50 g ha

-1
 POE +  1H at 40DAS 25.35 28.19 47.27 

T
10

- 2H at 15 and 40 DAS + 1HW at 30 DAS 28.71 31.44 48.32 

SE (m)± 1.55 1.93 0.93 
C.D. at 5% 4.6 5.76 NS 
G.M. 23.93 26.76 47.13 

  
Table 7: Growth, yield and 100 seed weight under different treatments 
 
Treatments Plant 

height 
(cm) 

Functional 
leaves plant -1 

Branches     
plant -1 

Pods 
Plant-1 

100 seed 
weight 

NMR 

Weedy check   41.24 33.92 20.69 36.54 20.77 14407 
Imz PE 75 g ha-1 51.63 34.70 24.92 41.20 23.43 39006 
Imz POE 75 g ha-1 56.51 34.36 25.14 41.15 23.14 35665 
PEN PE 1 kg ha-1 62.42 36.99 28.53 46.71 25.55 47186 
QEZ POE 50 g ha-1 57.34 34.76 25.42 45.02 24.25 42929 
Imz PE 75 g ha-1+H at 30 DAS 57.66 35.18 25.97 42.19 23.14 40831 
Imz PE 75 g ha-1+H at 40 DAS 58.27 35.15 26.60 44.02 23.50 38053 
PEN PE 1 kg ha-1+H at 40 DAS 70.34 39.61 29.68 52.56 25.55 50670 
QEZ POE 50 g ha-1 + H 40 DAS 63.31 35.42 27.29 49.92 24.40 43668 
2H at 15 and 40 DAS + HW at 30 
DAS 

67.14 39.64 28.75 54.39 26.21 53217 

CD 3.76       3.88 2.60 2.20 5.9 13919 
GM 58.95      35.97 26.13 45.37 23.94 40563 
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RESULTS AND CONCLUSION 

Phyto-toxicity symptoms due to herbicides on 
crop was recorded by using a visual score scale, 
Visual assessment of herbicidal toxicity on crop 
was monitored 10 days after application of 
herbicide in respective treatment (Table 1)The data 
in Table 1 revealed that, mild phyto-toxicity effect 
on plant stand, stunting or sever discolorations 
(10DAS) with imazethapyr application (T2, T3, T6, 
and T7) was observed. This is earlier findings 
reported in Mishra (2005) who stated initial stunted 
growth and phyto-toxicity to all crops like Gram, 
linsed, lentil due to imazethapyr. 

The mean absolute growth rate for height 
attained the value of 0.31 cm day-1 during 15-30 
dAS. Subsequently it marginally increased to 0.68 
cm day-1 between 30 – 45 DAS and 0.59 cm day-1 
between 45 to 60 DAS and further marginally 
decreased to 0.7 cm day-1 and 0.18 cm day-1 
between 60-70 DAS and 75 DAS to harvest 
respectively. 

          During 15-30 days interval, the AGR for 
height was maximum at Pendimethalin at 1 kg h-1 
PE + 1 H at 40 DAS T8 (1.05 cm day-1) followed by 
T10 (1.03, T9 (1.02),T6(1.046) T7 (1.043) T5 (0.95), 
T3(0.99). Treatment T1 weed check recorded lowest 
AGR for height. Between 30-45 DAS, T8 showed 
maximum AGR (0.82 cm day-1) followed by T10( 
0.74 cm day-1), T9 (0.71 cm day -1), T4 (0.70 cm 
day -1 ), T5 (0.67 cm day -1) T6, (0.61 cm day -1) and 
T7 ( 0.66 cm day -1). During 45-60 DAS, the AGR 
value was height with T8 (0.24 cm day-1) followed 
by T10 (0.23) and T4 (0.23). During 60-75 DAS 
recorded maximum height at treatment T10 followed 
by T8, T9, T4. Treatment T6 and T7 recorded 
significantly equivalent to each other. Similar result 
observed in 75-at harvest.  

Among all the treatments, weedy check (T1) 
recorded lowest AGR for height at all the observed 
time interval except 15-30 DAS and 45-60 DAS 
where at T2 recorded minimum value. 

 Data on absolute growth rate for dry matter (g 
day-1) as influenced by different weed control 
treatments are presented in Table 3. The mean 
absolute growth rate for dry matter attained peak 
value (0.45g day-1) during 60-75 DAS. 
Subsequently it decreased towards harvest stage.  

Overall, weedy check (T1) recorded lowest 
AGR for dry matter at all the observed time interval 
except during 75 DAS to harvest where T6 recorded 
minimum value. Treatment T8 recorded maximum 
value at 15-30 DAS. It was followed by T10 and T9, 
T7 and T4. Lowest AGR for dry matter occurred 
under weedy check (T1) (0.02g day-1) followed by 
T3 and T2. During 30-45 DAS, Pendimethalin 1 kg 
ha-1 recorded maximum AGR (0.30g day-1) for dry 
matter followed by T10 and T4.  Amongst 
Imazethapyr 75 g ha-1 PE + 1 H at 40 DS recorded 

minimum AGR for dry matter (0.11) among weed 
control treatments. During 45-60 DAS T8 
Pendimethalin 1 kg ha-1 + 1H at 40 DAS recorded 
maximum AGR for dry matter (0.45 gm day-1) 
followed by T10 ( 0.39g day-1), T4 ((0.34), and T9 
(0.30).During 60-75 DAS T8 (0.46) maximum 
AGR for dry matter followed by T10. During 60-at 
harvest T8 recorded maximum AGR for dry matter 
than other treatment. 

Absolute growth rate denotes the amount of 
height and dry weight gained on the basis of unit 
area of crop in unit time. AGR for height was at 
peak during 30-45 DAS and treatment T10 recorded 
maximum AGR for height followed by T8, T9, and 
T4. Better growing condition early in crop growing 
period reflected in crop growing period reflected in 
attaining peak value early in the growth phase in 
these treatments. As regards AGR for dry matter 
rapid growth rate occurred between 45 to 60 Days 
interval. Because, besides better growing conditions 
in these treatments, the crop attained more canopy 
cover and resulting more light interception and dry 
accumulation occurred during 30-45 days interval. 
Different treatments significantly improve the grain 
yield over weedy check. 

Relative growth rate as an index of rate of 
increase in biomass unit of existing biomass (g g-1 
day-1) was computed during various growth stages 
of Gram. It was highest during various growth 
stages of Gram. It was highest during 45-60 DAS 
interval and declined gradually at 75 DAS to 
harvest stage. 

 During 15-30 days, treatment (T8) 
Pendimethalin 1 kg ha-1 + 1H at 40 DAS recorded 
highest RGR (0.17 g g-1day-1) followed by T2 and 
T4. The lowest RGR is observed at T1 weedy check 
(0.056 g g--1 day-1). Treatment T2, T3, T5, T6 and T9 
are statistically equal to each other. 

During 30-45 DAS treatment T1 weedy check 
recorded highest RGR (0.095) followed by T3, T5, 
and T4. Whereas lowest RGR was observed at T6 
(0.018 gg-1day-1) followed by T7(0.022)gg-1day-1), 
T10 (0.026gg-1day-2), T9(0.028g g-1day-1). During 
45-60 DAS highest RGR is observed at T6 (0.048 g 
g-1day0-1), followed by T8(0.035 gg-1day-1) 
T9(0.036gg-1day-1). Lowest RGR in it is record at T1 
(0.012) T3 (0.026gg-1day-1) and t4(0.03gg-1day-

1),T10(0.04gg-1day-1). Lowest value of treatment 
observed T1(0.009gg-1day-1) followed by T2, T3, 
T5, T6 and T8. During 60-75 DAS similar result 
found in 75-at harvest DAS. 

Data on net assimilation rate (gg-1 dm-2 day-1) 
are presented in table 5. It is the expression of g g-1 
dry matter produced per dm-2 of leaf area in a day. 
It was increases at all the observed time interval. 

Among weed control through chemical and 
cultural method 2H at 15 and 30 DAS + HW at 30 
DS recorded highest NAR (0.00014) followed by T4 
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at 15-30 DAS. At 30-45 DAS T4 recorded 
maximum number of NAR (0.00005) followed by 
T8 (0.00006) and T3 ( 0.00078). At 45-60 DAS T8 
recorded highest NAR (0.00009) followed by T1, 
T3, T2. Treatment T7 recorded highest NAR 
followed by T9. During 75-at harvest DAS T3 
recorded highest NAR than other treatment. 

The productivity of crop is depends on its 
inherent capacity of photosynthesis, Photosynthetic 
area developed and environmental condition. AT 
the peak period of NAR during 45-60 days interval 
extended period of weed control these treatments 
caused better growing condition and NAR. 

Treatments weedy check (T1) recorded 
significantly lowest (11.20 q ha-1) grain yield than 
rest of the weed control treatments. Treatment 2H at 
15 DAS and 40 DAS with HW at 30 DAS recorded 
maximum grain yield. (28.71 q ha-1). Which was at 
par with T8 (28.05 q ha-1) pre-emergence 
application of pendimethlin1 kg ha-1+ 1H at 40 
DAS. Among chemical weed control treatment 
pendimethalin 1 kg ha-1 + 1 H at 40 DAS  followed 
by T4 (26.96), T9 (25.15 q ha-1), T5 (25.11 q ha-1) 

. 
Treatment imazethapyr at 75 g ha-1 PE recorded 
lower grain yield than Pendimethalin1 kg ha-1 + H 
at 40 DAS.  Moradi et al., (2010) reported that 
Pendimethaline + 1 HW gives highest grain yield 
than rest of treatment. It was observed from table 4 
that the mean straw yield of Gram was 26.78 qha-1.  

Treatment weedy check (T1) recorded lowest 
straw yield. Significantly higher straw yield was 
recorded with 2H at 15 DAS and 40 DAS + HW at 
30 DAS (T10) (31.44) which was  at par with T8 
(31.31q ha-1), T9(28.19 qha-1), T4 ( 29.15 qha-1) T5 
(27.83 qha-1),T6 (26.68 qha-1),T7 (26.17 qha-1), T2 
(26.25 qha-1) and found significantly superior over 
rest of treatments. Similar results observed by Jain 
et al., (2002).  

Treatment weedy check (T1) recorded lowest 
harvest index 43.40% among all other treatments. 
Among all chemical weed management treatments 
PE Pendimethalin 1 kg ha-1 + H at 40 DAS (T8) 
recorded maximum harvest index (48.03) followed 
by T4(47.97%), T2(47.30%), T5(47.44%), 
T6(47.25%) in that order. This might be due to 
better translocation efficiency of crop under T8. 
Minimum harvest index was recorded in T9 and 
weedy. Plant height recorded highest with 
treatments PE Pendimethaline 1kg ha-1 with H at 40 
DAS which was at par with treatements 2H at 15 
and 40 DAS with HW at 30 DAS. Alone PE 
application of Pendimethaline 1 kg ha-1  also 
recorded maximum plant height than rest of  
treatements. Increased number of functional leaves 
was observed in all the weed control treatment 
compared to weedy check (T1). Treatment T8 
recorded maximum number of functional leaves 
which was comparable with T10 and T4. This may 
be attributed to vigorous plant growth due to better 
weed control in these treatments. By 75DAS 
functional leaves marginally reduced due to 
initiation of leaf senescence.  

Similar result observed in Branches plant-1. 
Number of pods  plant-1  recorded maximum with 
treatments 2H at 15 and 40 DAS with HW at 30 
DAS which was at par with treatments PE 
Pendimethaline 1kg ha-1 with H at 40 DAS. Similar 
result recorded with 100 seed wt and NMR. Among 
herbicidal treatment alone application of PE 
Pendimethaline 1 kg ha-1 proves significantly 
superior over the rest of treatments. Similar result 
observed with NMR and B:C ratio observed  with 
treatments  2H at 15 and 40 DAS with HW at 30 
DAS which was at par with treatments PE 
Pendimethaline 1kg ha-1 with H at 40 DAS. Similar 
observation  was observed by Singh et al (2003), 
Balyan et al (1987). 
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ABSTRACT 

Crop yield is a function of several factors such as weather, soil type, its nutrients status, 
moisture, management practices and other available inputs.  Weather significantly affects nearly 
every phase of agricultural activity from the preparatory tillage to harvesting, routine agricultural 
operation to plant protection measure and storage. Success or failure of farming is therefore 
intimately related to the prevailing weather conditions. Agricultural operations can be proper 
managed according to weather forecast which can help in optimum utilization of scarce resources 
and in turn maximize farm yield and minimize the farm losses. It is not possible to completely 
overcome all the production losses, but timely and accurate information of weather forecast is a 
boon to minimize production losses to some extent by making adjustments to intercultural 
operations and in increasing the B:C: ratio. Information of weather conditions in advance helps 
farmers to go for suitable management practices. Weather forecast and weather based agromet 
advisories are very useful in terms of maximizing production and economic returns to the farmers. 
Therefore, field experiments was conducted during rabi and kharif season of 2012 and 2013 at 
Rajasthan Agricultural Research Institute, Durgapura, Jaipur to study the economic impact of 
weather based agromet advisories on crops under climate change scenario. Field experiment 
comprises of use of agromet advisory services (AAS) and non-use of agromet advisory services 
(non AAS) in mustard and gram in rabi season and in cowpea and clusterbean in kharif seasons. 
Results of these experiments revealed that under use of agromet advisory services (AAS), the input 
cost is reduced and the net profit increased as compared to the non AAS in all the four crops. This 
economic benefit is attributed to timely and economic management of scarce resources in crops 
according to weather forecast based agromet advisory. Therefore it can be concluded that the 
application of weather forecast based agromet advisory bulletin is an important and useful tool for 
enhancing the production and overall farm income.   
 
Key words: Agromet advisory; impact analysi, weather, climate change 
 

Atmospheric and environmental conditions of 
soil are known to influence the growth and 
development of crop plants. Weather is one of the 
key components influencing agricultural production 
and productivity. Success or failure of farming is 
therefore intimately related to the prevailing 
weather conditions.  Studies indicate that weather 
during cropping season strongly influences every 
phase of growth and development of the crop plants 
and it accounts for two thirds (67%) of the variation 
in productivity. Delay in the onset of monsoon, 
droughts, heavy rains, floods, hot and cold winds 
and frost etc. are the major factors affecting the 
crop development and growth and finally to the 
quality and quantity of the production. But all these 
extreme weather events can not be controlled. Only 
losses due to these extreme weather events can be 
minimized by adopting timely and proper crop 
management best suited to the anticipated climatic 
conditions. All the management practices starting 
from selection of crops, varieties, sowing, fertilizer 
application, irrigation scheduling, weeding, time of 

weedicide, herbicide and pesticides spray etc can be 
effectively managed according to the weather 
forecasts. Weather forecast based advisories 
minimizes the cost of cultivation by increasing 
efficiency in the use of scarce resources like water, 
labor and energy and finally increase agriculture 
production in terms of quality and quantity. In 
India, location specific weather forecast (five days 
in advance) is issued by National Centre for 
Medium Range Weather Forecast (Rathore et al., 
2001). Stigter (2006) reported agrometeorological 
services in various parts of the world under 
conditions of a changing climate. Vogel et. al., 
(2006) studied and examined the effectiveness of 
seasonal climate forecasts and regional climate-risk 
management strategies. Stigter (2007) proposed 
conceptual framework of basic agrometeorological 
science to agrometeorological services and 
information for agricultural decision makers. The 
primary objective of this study was to study the 
economic impact of weather based agromet 
advisories on crops under climate change scenario.  
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MATERIALS AND METHODS 

Field experiments were carried out at research 
farm of Rajasthan Agricultural Research Institute, 
Durgapura, Jaipur (Rajasthan) during kharif 2013 
and rabi 2013. Durgapura is situated in the eastern 
part of Rajasthan and lies between 26051' North 
latitude and 75047'east longitude and at an elevation 
of 390 m. It falls under semi arid climatic 
conditions, which is characterized by the 
features of hot dry summers and cool dry 
winters. The annual rainfall ranges from 500-600 
mm. The rainfall of the locality is often erratic 
and ill-distributed along with an occasional 
long dry spells or frequent heavy rainy days 
during rainy season. The mean daily maximum 
temperature ranges from 22.0 to 40.6 0C and daily 
minimum temperature ranges from 8.3 0C to 27.3 
0C. The relative humidity varies from season to 
season. It ranges between 80 to 95% during 
rainy season, which goes upto 100% and 20 to 
30% during winter and summer seasons, 
respectively. The soil type of the experimental 
field was loamy sand with sand (87.7 %), silt 
(5.6%), clay (7.7%), 8.3 pH, 0.24% organic carbon 
and 143.3, 33.0, and 223.6 kg/ha available N, P2O5 
and K2O respectively. Cowpea and clusterbean 
were grown in the kharif season of 2013 and 
mustard and gram were grown in the rabi season of 
2013. The present investigation for each crop was 
comprised of 2 treatment combinations consisting 
with resource management as per AAS and other as 
Non- AAS treatment . The experiments were laid 
out in a randomized block design with four 
replications. In AAS treatment all the cultural 

operations and selection of cultivar was done as per 
AAS bulletin. In Non-AAS treatment, all the 
cultural operations were done as per farmers 
practice. The Gramin Krishi Mausam Seva 
(formerly, Integrated Agromet Advisory Services) 
is located in the Division of Agronomy, Rajasthan 
Agricultural Research Institute, Durgapura, Jaipur 
(Rajasthan). Four districts (Ajmer, Dausa, Tonk and 
Jaipur) are covered under Jaipur centre.  India 
Meteorological Department (IMD), New Delhi 
provides district wise weather forecast (five days in 
advance) twice a week i. e.  on every Tuesday and 
Friday for rainfall, maximum and minimum 
temperature, cloud cover, wind speed, wind 
direction, maximum and minimum humidity. After 
receiving the weather forecast, the scientists from 
various disciplines meet and the agro advisory 
bulletin containing summary of previous week’s 
weather, deviation of weather from the normal 
value, weather forecast data for the next five days, 
and crop specific advisory are prepared in English 
as well as in local language for each district. These 
agro advisory bulletin are uploaded on the IMD 
website (www.imdagrimet.gov.in) in both English 
and local language. The district wise agro advisory 
bulletins from all over India are complied for 
preparation of state and national level. Bulletins are 
regularly disseminated to the end users (farmers) on 
real time basis through electronic, print and mass 
media, Govt. agencies, KVKs, NGOs, ATMA 
Project, Web portal, Radio and Television, Farmer 
portal, SMS, RARI website 
(www.raridurgapura.org)  and by different 
extension agencies. 

 
Table 1: Resource management through AAS in cowpea for maximization of yield and returns. 

Treatment Land 
preparation Sowing Seed Fertilizer Insecticide/pesticide/herbicide Harvesting/threshing 

Total 
input 

benefit 

Yield 
(kg/ha) 

Net 
return 

B:C 
ratio 

Non-
AAS 

3500.0 1500.0 2000.0 2520.0 2522.0 2400 14442.0 708.0 11754.0 1.87 

AAS 3500.0 1500.0 1600.0 1576.1 1502.4 2400 12078.5 1010.0 24137.0 3.04 

Net 
benefit 

- - 400.0 943.9 1019.60 - 2363.5 302.0 12383.0  

 
Table 2: Resource management through AAS in clusterbean for maximization of yield and returns. 
Treatme
nt 

Land 
preparati
on 

Sowin
g 

Seed Fertiliz
er 

Insecticide/pesticide/herbi
cide 

Irrigatio
n 

Harvesting/thresh
ing 

Total 
input 
benef
it 

Yield 
(kg/h
a) 

Net 
return 

B:C 
rati
o 

Non-
AAS 4100.0 1500.0 1600.

0 2520.0 3340.0 1600.0 4150.0 18810.0 11.56 30898.
0 2.64 

AAS 3500.0 1500.0 1280.
0 1576.1 1729.4 - 4150.0 13735.5 13.25 43240.

0 4.15 

Net 
benefit 600.0 - 320.0 943.9 1610.6 1600.0 - 5074.5 1.69 12342.

0  

 
 
 
 
 
 

http://www.imdagrimet.gov.in)
http://www.raridurgapura.org)
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Table 3: Resource management through AAS in mustard for maximization of yield and returns. 

Treatment Land 
preparation Sowing Seed Fertilizer 

Insecticide/ 
pesticide/ 
herbicide/ 

frost control 

Irrigation Harvesting 
/threshing 

Total 
input 

benefit 

Yield 
(kg/ha) 

Net 
return 

B:C 
ratio 

Non-AAS 4500.0 1500.0 325.0 2782.2 1308.0 1600.0 4150.0 16165.2 1320.0 24754.8 2.53 

AAS 4000.0 1500.0 107.5 2104.4 1354.0 1600.0 4150.0 14815.9 1700.0 37884.1 3.56 

Net benefit 500.0 - 217.5 677.8 -46.0 - - 1349.3 380.0 13129.3  

 
Table 4: Resource management through AAS in chickpea for maximization of yield and returns. 
Treatment Land 

preparation 
sowing seed fertilizer Insecticide/ 

pesticide/ 
herbicide 

irrigation Harvesting/ 
threshing 

Total 
input 
benefit 

Yield 
(kg/ha) 

Net 
return 

B:C 
ratio 

Non-AAS 3000.0 1500.0 4320.0 2520.0 8086.3 2400.0 4150.0 25976.3 1070.0 5053.8 1.19 

AAS 3000.0 1500.0 3600.0 1755.5 5993.8 1600.0 4150.0 21599.3 1209.0 17363.0 1.98 

Net 
benefit 

- - 720.0 764.5 2092.5 800.0 - 4377.0 139.0 12309.2  

 
RESULTS AND DISCUSSION 

Results revealed that in the weather forecast based 
agromet advisory adopted cowpea crop and 
clusterbean crop, there was total input benefit of Rs. 
2363.5 and Rs. 5074.5 per hectare and the yield 
advantage were 302.0 kg/ha and 1.69 kg/ha 
respectively (Table 1& 2). The total benefit in the 
weather forecast based agromet advisory adopted 
cowpea crop and clusterbean crop were Rs. 12383.0 
and Rs. 12342.0 respectively as compared to the 
non AAS treatment.  
The weather forecast based agromet advisory 
adopted mustard crop and chickpea crop, there was 
total input benefit of Rs. 1349.3 and Rs. 4377.0 per 
hectare and the yield advantage were 380.0 kg/ha 
and 139.0 kg/ha respectively (Table 3 & 4). The 
total benefit in these crops was Rs. 13129.3 and Rs. 
12309.2 respectively as compared to the non AAS 

treatment.  Higher net returns of AAS adopted 
treatments over non-AAS treatments can be due to 
optimum, timely and judicious use of inputs, 
following weather based management practices like 
timely selection of suitable varieties, land 
preparation, timely sowing, use of recommended 
seed rate, seed treatment, timely application of 
irrigation, weeding, harvesting and timely 
management of pests and diseases as per weather 
based agromet advisory. Similar findings were also 
reported by Vashisth et. al (2013) in wheat, carrot 
and rice.  

CONCLUSION 

It can be concluded that weather forecast based 
agromet advisory bulletin is a very useful tool for 
enhancing the crop production and productivity and 
farm income. 
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ABSTRACT 

The planting density S3 (175-50x50cm) recorded significantly superior growth parameters viz., 
plant height, number of branches per plant, number of leaves per plant, mean plant spread, 
biomass production including fruit, leaf and stem dry matter and yield attributes viz., number of 
fruits per plant, average fruit length, average fruit diameter, average weight of fruit, weight of fruits 
per plant and fruit yield (44.76 t ha-1) of brinjal over the planting densities S2 (75-50x90cm) and S1 
(75x75cm) under study. The planting density S2 (75-50x90cm) was observed statistically superior to 
planting density S1 (75x75cm). While the irrigation scheduled at I1 (100 per cent ETcrop) recorded 
significantly higher values of growth parameters viz., plant height, number of branches per plant, 
number of leaves per plant, mean plant spread, biomass production including fruit, leaf and stem 
dry matter and yield attributes viz., number of fruits per plant, average fruit length, average fruit 
diameter, average weight of fruit, weight of fruits per plant and fruit yield (40.17 t ha-1) of brinjal over 
remaining irrigation levels I2 (80 per cent ETcrop) and I3 (60 per cent ETcrop) under study. Similarly, 
the irrigation scheduled at I2 (80 per cent ETcrop) noticed statistically superior to irrigation scheduled 
at I3 (60 per cent ETcrop). Fertigation level F1 (100 per cent RDF through drip (WSF)) recorded 
significantly superior growth parameters viz., plant height, number of branches per plant, number of 
leaves per plant and mean plant spread and biomass production including fruit, leaf and stem dry 
matter. The yield attributing characters namely number of fruits per plant, average fruit length, 
average fruit diameter, average weight of fruit, weight of fruits per plant and fruit yield (39.63 t ha-1) 
of brinjal recorded under treatment F1-100 per cent RDF through drip (WSF) which was statistically 
superior over the fertigation level F2-80 per cent RDF through drip. While the control C1 (100% RDF 
through soil application in combination of surface irrigation with 1.0 IW/CPE ratio) and C2 (surface 
irrigation with 1 IW/CPE ratio) showed lowest average values of growth parameters viz., plant 
height, number of branches per plant, number of leaves per plant and mean plant spread, biomass 
production including fruit, leaf and stem dry matter and yield attributes viz., number of fruits per 
plant, average fruit length, average fruit diameter, average weight of fruit, weight of fruits per plant 
and fruit yield (26.68 t ha-1 and 12.81 t ha-1, respectively).  

 
Key words: Planting density, Irrigation levels, Fertigation levels, Yield, Growth and Brinjal  
 

Brinjal or egg plant (Solanum melongena L.) 
belonging to the family solanaceae is the native of 
India. It is one of the most popular and important 
vegetable grown in almost all parts of India except 
in higher altitudes. It is a popular vegetable with all 
the people and hence it is rightly called the 
vegetable of the masses. Brinjal is very hardy and 
thrives well in almost all types of climate. It is 
highly productive and finds its place in both 
vegetarian and non-vegetarian diets. It is being 
consumed in variety of ways depending upon the 
eating habits prevalent in different parts of country.  

Drip irrigation system is one of the advanced 
method of irrigation. Drip irrigation can save water 
up to 40 to 70 per cent as well as increasing the 
crop production to the extent of 20 to 100 per cent 
(Reddy and Reddy, 2003). In Konkan region there 
is scope to boost the appreciable yield of 

commercial crop like vegetables by intensive 
application of technologies such as drip irrigation. 

Application of fertilizers through irrigation 
systems is called as fertigation which has become 
the state art in brinjal vegetable production because 
the nutrients can be applied to vicinity of plant near 
the root zone in correct doses and at appropriate 
stage of plant growth. Fertilizers are important 
which accelerate the plant growth and yield of crop. 
The best known method for maximization of yield 
and for improvement in quality is the application of 
balanced and judicious doses of fertilizers by means 
of fertigation. Due to introduction of high yielding 
varieties for cultivation, demand by plants for 
nutrients for growth and development is also 
increased. In lateritic soil, the lateral movement of 
water applied through drip is minimum hence the 
crop gives better response to the dose of nutrients 
applied through drip (Salunkhe, 2006). 
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Crop geometry and plant population plays 
important role in obtaining higher yield (Kerala et 
al. 1984). Plant population and plant arrangement 
can have pronounced effect on plant development 
and growth of crop. Optimum plant population for 
brinjal crop varies considerably due to environment 
under which it is grown. Planting density is 
important agronomic variable that decides the fruit 
yield of vegetable crop since it is believed to have 
effects on light interception for photosynthesis 
which is the energy manufacturing medium using 
green parts of the plant. Also it affects rhizosphere 
exploitation by the plants.  Holliday (1960) 
suggested two types of response curve i.e. parabolic 
response and asymptotic response. In case of 
parabolic response curve, yield and dry matter 
increases with increase in plant population where 
plants are spaced at ultra density. However, in 
asymptotic curve, yield and dry matter decreases 
with further decrease in plant population where 
plants are spaced at high density. Therefore, it is felt 
necessary to study the effect of planting density, 
irrigation and fertigation levels on growth and yield 
of brinjal. 

MATERIALS AND METHODS 

A field experiment was conduced during Rabi-
hot weather of 2009-2010 at Department of 
Agronomy, College of Agriculture, Dapoli, Dist. 
Ratnagiri (M.S.). The soil of experimental field was 
sandy clay loam in texture and moderately acidic in 
reaction, medium in available N, low in available 
P2O5 and high in K2O content. The experiment was 
laid out in split plot design consisted of three 
planting density viz., (S1-75x75cm, S2-75-
50X90cm, S3-175-50x50cm) and three irrigation 
levels (I1-100 per cent ETcrop, I2-80 per cent ETcrop, 
I3-60 per cent ETcrop). The sub plot treatments 
comprising of two fertigation levels viz., (F1-100 
per cent RDF through drip, F2-80 per cent RDF 
through drip). Thus these eighteen treatments 
combinations were replicated thrice. There were 
two controls (check basin) with manual application 
of recommended dose of fertilizer (C1) and without 
fertilizer (C2) in combination of surface irrigation at 
1.0 IW/CPE ratio respectively which kept separated 
beside main and submain treatments. 

FYM was applied uniformly after preparing the 
spots of required size before transplanting. One 
seedling was transplanted at each spot with 3-4 cm 
depth. The transplanting was done for three 
different spacing i.e. S1 75x75cm, S2 75-50x90cm, 
S3 175-50x50cm in case of drip irrigation system 
and 75x75cm in case of check basin to maintain 
uniform plant population per hectare. The gap 
filling was done after seven days from 
transplanting. Three hand weeding were done to 
make the weed free plot. Plant protection measures 

were carried out throughout the crop season. For 
recording biometric observations, ten representative 
plants from each net plot were selected randomly. 
The selected plants were labeled with proper 
notations and all the biometric observations were 
recorded from these plants. First periodical 
observation was recorded at 30 days after 
transplanting and subsequent observations were 
recorded at every 30 days interval from first 
observation till the 120 DAT. Picking of fruits was 
undertaken at 2 to 3 days interval; full length (15-16 
cm) tender fruits were hand picked from net plot. 
The tender fruits from 10 observational plants were 
harvested separately during each harvesting for 
recording observations. Total yield of each net plot 
was calculated by summation of weight of fruits per 
net plot from all pickings. The grand total of each 
plot was converted on hectare basis (t ha-1). Ten 
selected plants from each net plot, were used for 
recording the stalk dry matter production at harvest 
and the values were converted on hectare basis (kg 
ha-1). 

 The irrigation was scheduled based on Pan 
evaporation of previous two days (Ep), Pan factor 
(Kp), Stage wise crop coefficient (Kc), Wetted area 
for Brinjal (Aw). For check basin, irrigation was 
applied to the crop with depth of 5 cm, 
IW/CPE=1.0. For the experimental treatments 
fertigation was given in three split doses. The N, P 
and K were given at interval of 30, 60 and 90 DAT 
through 19:19:19 grade and remaining quantity of N 
was given through urea by calculating the quantity 
of fertilizer. For control C1 (100 per cent RDF 
through soil application) 1/3rd quantity of N and 
100 per cent P, K was applied as a basal dose and 
remaining 2/3rd quantity of N was applied at 30 ,60 
and 90 DAT through manual application of solid 
fertilizers viz., Urea, SSP and MOP. For control C2 
no fertilizer was given which kept as absolute 
control. 

RESULTS AND DISCUSSION 

Effect of Planting Density 
The results in (Table 1) revealed that yield 

contributing characters like number of fruits per 
plant, average fruit length, average diameter of 
fruit, average weight of fruit, weight of fruits per 
plant were significantly influenced by different 
planting density and revealed that spacing S3 (175-
50x50cm) recorded statistically higher values of 
number of fruits per plant (25), average fruit length 
(16.13 cm), average diameter of fruit (14.84 cm), 
average weight of fruit (86.85 g) and weight of 
fruits per plant (2543.7 g) over the rest of spacings 
under study. Similarly, the spacing S2 (75-
50x90cm) was found statistically superior to 
spacing S1 (75x75cm). Similar kind of results have 
been reported by Singh and Singh (1992) and 
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Tumbare et al. (2004). The suppression of weed 
growth in close spacing is significantly high than wide 
spacing which results into utilization of more solar 
radiation, soil moisture by plant that leads to superior 
reproductive growth of plant which ultimately helped 
to increase the yield attributing characters viz., number 
of fruits, length, diameter, average weight of fruit and 
weight of fruits per plant. 

Different planting density significantly influenced 
the fruit yield (Table 1) and revealed that closest 
spacing S3 (175-50x50cm) showed significantly higher 
fruit yield (44.76 t ha-1) over the rest of planting 
densities under study. Similarly, the planting density 
S2 (75-50x90cm) registered statistically superior 
(37.66 t ha-1) to planting density S1 (75x75cm) 30.89 t 
ha-1. The increase in fruit yield in treatment S3 was to 
the tune of 30.99 and 15.8 per cent over the treatments 
S1 and S2 respectively. Similar kind of findings were 
reported by Joshi et al. (1980), Rastogi et al. (1981), 
Rao and Lal (1982), Arora and et al. (1983), Rastogi et 
al. (1987) Singh and Singh (1992), Sontakke et al. 
(1995), Harminder singh et al. (1997), Chadha et 
al.(1998) and Pundir and Porwal (1999). 

With respect to dry matter viz., fruit, leaf, stem 
and total biomass (Table 2) it was observed that plant 
spacing S3 (175-50x50cm) produced significantly 

greater values of dry matter including fruit (5827.2 kg 
ha-1), leaf (853.7 kg ha-1), stem (1785 kg ha-1) and total 
biomass (8467.3 kg ha-1) over the rest of plant 
spacings under study. Similarly, the plant spacing S2 
(75-50x90cm) noticed statistically superior to spacing 
S1 (75x75cm). Increase in growth and yield 
contributing characters of plant leads to increase in 
total biomass including fruit, leaf and stem dry matter. 
The close spacing responses highly to the availability 
of ample amount of macronutrients (NPK) resulted in 
a better vegetative growth of the crop and thereby 
higher dry matter production per unit area.  

The spacing S3 (175-50x50cm) produced 
maximum growth and growth attributing characters 
(Table 4) viz., mean plant height (88.85 cm), number 
of branches per plant (14.5), mean number of leaves 
per plant (97.25), plant spread (74.62 cm) over wide 
spacing. Similar kind of reports resulted by Aliyu et 
al. (1991), Tumbare et al. (2004). The ultra density 
crop facilitate in maintaining the soil fertility status 
which leads to proper growth and development of crop 
with producing higher number of branches resulted 
into maximum number of leaves per plant, height and 
spread. Leaves as the site for photosynthesis 
accumulates more carbohydrates to further increase 
their numbers. 

 

Table 1.  Mean values of number of fruits per plant, average length of fruit (cm), average diameter of fruit (cm),  
average weight of fruit (g), weight of fruits per plant (g) as influenced by  different treatments 

 

Treatments 
Fruits/ 
plant  
(no.) 

Mean  
length  
of fruit 
(cm) 

Mean diameter of  
fruit (cm) 

Mean  weight  
of fruit (g) 

Weight of fruits     
per plant (g) 

Yield 
(t/ha) 

Planting density  
S1-75x75cm 23.26 14.89 13.63 74.57 1737.7 30.89 
S2-75-50x90cm 26.23 15.55 14.25 80.75 2120.7 37.66 
S3-175-50x50cm  29.25 16.13 14.84 86.85 2543.7 44.76 
‘F’ test Sig. Sig. Sig. Sig. Sig. Sig. 
S.Em + 0.046 0.008 0.008 0.081 6.364 0.112 
C.D. at 5 per cent 0.140 0.025 0.026 0.245 19.07 0.336 
Irrigation levels  
I1-100per cent ETcrop 27.27 15.71 14.44 82.70 2269.7 40.17 
I2-80per cent ETcrop 26.17 15.53 14.25 80.72 2126.3 37.63 
I3-60per cent ETcrop 25.30 15.32 14.03 78.75 2006.1 35.50 

‘F’ test Sig. Sig. Sig. Sig. Sig. Sig. 
S.Em + 0.046 0.008 0.008 0.081 6.364 0.112 
C.D. at 5 per cent 0.140 0.025 0.026 0.245 19.07 0.336 
Fertigation levels  
F1-100per cent RDF through drip 
irrigation(WSF) 27.02 15.68 14.39 82.34 2238.8 39.63 

F2-80per cent RDF through drip 
irrigation (WSF) 25.48 15.36 14.09 79.11 2029.3 35.92 

‘F’ test Sig. Sig. Sig. Sig. Sig. Sig. 
S.Em + 0.040 0.032 0.028 0.077 5.336 0.094 
C.D. at 5 per cent 0.121 0.096 0.084 0.231 16.00 0.282 
Control treatments (Average values)  
C1-100 per cent RDF as soil 
application 21.5 13.70 12.70 69.8 1500.7 26.68 

C2-Absolute control 13.8 11.93 10.13 52.2 720.7 12.81 
Interaction effect  
Sp x Irr                  0.065 0.012 0.012 0.115 9.003 0.158 
Sp x Fer 0.070 0.055 0.049 0.133 9.243 0.163 
Irr x Fer 0.070 0.055 0.049 0.133 9.243 0.163 
Sp x Irr x Fer 0.121 0.096 0.084 0.231 16.01 0.282 
C.D. at 5 per cent N.S N.S N.S N.S N.S N.S 
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Table 2. Fruit, leaf and stem dry matter (kg ha-1) and total biomass of brinjal (kg ha-1) 
as influenced by different treatments 
 

Treatments Fruit dry matter               
(kg ha-1) 

Leaf dry matter  
(kg ha-1) 

Stem dry matter  
(kg ha-1) 

Total  biomass 
(kg ha-1) 

Planting density  
S1-75x75cm 5654.4 835.0 1661.1 8150.5 
S2-75-50x90cm 5746.6 844.6 1725.0 8316.3 
S3-175-50x50cm  5827.2 853.7 1785.0 8467.3 
‘F’ test Sig. Sig. Sig. Sig. 
S.Em + 1.470 0.283 1.951    2.561 
C.D. at 5 per cent 4.406 1.848 5.850 7.680 
Irrigation levels   
I1-100 per cent ETcrop 5770.5 847.7 1745.0 8364.7 
I2-80 per cent ETcrop 5741.6 844.5 1725.0 8311.1 
I3-60 per cent ETcrop 5716.1 841.1 1701.1 8258.3 
‘F’ test Sig. Sig. Sig. Sig. 
S.Em + 1.470 0.283 1.951    2.561 
C.D. at 5 per cent 4.406 1.848 5.850 7.680 
Fertigation levels 
F1-100 per cent RDF through drip 
irrigation (WSF) 

5767.0 847.1 1740.0 8355.1 

F2-80 per cent RDF through drip 
irrigation (WSF) 

5718.5 841.7 1707.4 8267.6 

‘F’ test Sig. Sig. Sig. Sig. 
S.Em + 3.105 0.380 2.819 5.566 
C.D. at 5 per cent 9.310 1.141 8.451 16.68 
Control treatments (Average values) 
C1-100 per cent RDF as soil 
application 

4803.3 680.0 1410.0 6893.3 

C2-Absolute control 2433.3 420.0 923.33 3776.6 
Interaction effect 
Sp x Irr                  2.078 0.400 2.759 3.623 
Sp x Fer 5.379 0.659 4.882 9.640 
Irr x Fer 5.379 0.659 4.882 9.640 
Sp x Irr x Fer 9.316 1.142 8.457 16.69 
C.D. at 5 per cent N.S N.S N.S N.S 
 

Effect of Irrigation levels 
Yield and yield contributing characters (Table 

1) viz., number of fruits per plant, average fruit 
length, average diameter of fruit, average weight of 
fruit, weight of fruits per plant were significantly 
influenced by different irrigation intensities and 
revealed that irrigation intensity I1 (100 per cent 
ETcrop) recorded significantly superior values of 
number of fruits per plant (27.27), average fruit 
length (15.71 cm), average diameter of fruit (14.44 
cm), average weight of fruit (82.70 g), weight of 
fruits per plant (2269.7 g) over the rest of irrigation 
intensities under study. Similarly, the irrigation 
intensity I2 (80 per cent ETcrop) was found 
significantly superior to irrigation intensity I3 (60 
per cent ETcrop). While the control C2 (surface 
irrigation with 1 IW/CPE ratio) showed lowest 
average values of number of fruits per plant (13.8), 
average fruit length (11.93 cm), average diameter of 
fruit (10.13 cm), average weight of fruit (52.2 g), 
weight of fruits per plant (720.7 g) as compared to 
all irrigation treatments. This might be due to the 

water stress in decreased level of irrigation resulted 
in poor plant growth due to restriction imposed on 
nutrient translocation, photosynthesis and metabolic 
activities of plant system. All these above referred 
yield attributes were decreased with subsequent 
decrease in the level of irrigation. Water is essential 
for cell division, root development, reproductive 
growth of plant and translocation of photosynthates. 
Yield attributing characters increased with 
increasing the level of irrigation as essential to meet 
the requirement for metabolic activities. The results 
corroborate the findings made by Satpute et al. 
(1992), Singandhupe et al. (2000) and Pawar and 
Firake (2003).  

Different irrigation levels significantly 
influenced the fruit yield of brinjal     (Table 2) and 
revealed that irrigation scheduled at I1 (100 per cent 
ETcrop) produced higher fruit yield (40.17 t ha-1) 
than irrigation scheduled at I2 (80 per cent ETcrop) 
i.e. 37.63 t ha-1 and I3 (60 per cent ETcrop) i.e. 35.50 
t ha-1. Also the similar trend was observed in 
irrigation level I2 (80 per cent ETcrop) over irrigation 
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level I3 (60 per cent ETcrop). The increase in fruit 
yield in treatment I1 was to the tune of 6.32, 11.63, 
33.58 and 68.11 per cent over the treatments I2, I3, 
C1 and C2 respectively. While the control C2 
(surface irrigation with 1.0 IW/CPE ratio) recorded 
lowest average value of fruit yield (12.81 t ha-1) as 
compared to all irrigation treatments. Yield is 
directly proportional to the total amount of water 
applied to crop. Increased level of irrigation 
produced high yield as compared to decreased level. 
Dry matter production is an important prerequisite 
for higher yield as it signifies photosynthetic ability 
of the crop and also indicates other synthetic 
process during developmental sequences. Similar 
kind of results have been reported by Limbulkar et  
al. (1998), Christopher Lourduraj et al. (1998a), 
Anonymous (2003c), Imtiyaz et al.(2004), Gutal et 
al. (2005) and Bhanu Rekha et al. (2006). 

Dry matter yield viz., fruit, leaf, stem and total 
biomass (Table 3) was significantly influenced by 
various irrigation levels and observed that irrigation 
replenishment I1 (100 per cent ETcrop) produced 
significantly greater values of dry matter including 
fruit (5770.5 ka ha-1), leaf (847.7 kg ha-1), stem 
(1745 kg ha-1) and total biomass (8364.7 kg ha-1) 
over the rest of irrigation replenishments. Similarly, 
the irrigation replenishment I2 (80 per cent ETcrop) 
was observed statistically superior to irrigation 
replenishment I3 (60 per cent ETcrop). While the 
control C2 (surface irrigation with 1.0 IW/CPE 
ratio) showed reduced average values of mean fruit 
(2433.3 kg ha-1), leaf (420 kg ha-1), stem (923.33 kg 
ha-1) and total biomass (3776.6 kg   ha-1) as 
compared to all irrigation treatments. For drip, the 
irrigation was scheduled alternate two or three days 
which maintained the soil moisture almost near to 
the field capacity and crop did not experienced 
stress during the crop growth period in case of 
treatment I1 (100 per cent ETcrop through drip). 
Optimum moisture and well aerated soil condition 
which reflected in better physiological activity in 
plants and thereby increased dry matter 
accumulation in brinjal. As the growth characters 
increased the total dry matter also increased. High 
frequency of irrigation registered more amount of 
dry matter including fruit, leaf and stem dry matter. 
Similar kinds of results have been reported by 
Sharma and Arora (1987) and Pawar and Firake 
(2003). 

Growth and growth attributing characters 
(Table 4) such as plant height (88.09 cm), number 
of branches (14.1), number of leaves per plant 
(96.83) and plant spread (73.81 cm) were found to 
be produced maximum in irrigation level I1 (100 per 
cent ETcrop) than irrigation level I2 (80 per cent 
ETcrop) and I3 (60 per cent ETcrop). Similar kind of 
results were reported by Pawar (2001) and Raskar 
(2003). While the control C2 (surface irrigation with 

1.0 IW/CPE ratio) showed lowest average values of 
growth parameters viz., plant height (72.30 cm), 
number of branches (8.10), number of leaves per 
plant (76.76) and plant spread (53 cm) as compared 
to all irrigation treatments. The losses due to 
evapotranspiration was more in hot-rabi season due 
to which the treatment supplied with more amount 
of irrigation water shown better vegetative growth 
due to effective absorption and utilization of water, 
rapid accumulation and translocation of 
carbohydrates with synthesizing high 
photosynthesis and abundant moisture availability 
in soil leads to proper growth and development 
brinjal which might have resulted into statistical 
maximum plant height, spread, number of branches, 
number of leaves during all the stages of crop 
growth. During entire growth stage, brinjal crop 
showed the response to moisture availability.  

Effect of Fertigation levels 
(Table 1) shows that yield and yield 

contributing characters like number of fruits per 
plant, average fruit length, average diameter of 
fruit, average weight of fruit, weight of fruits per 
plant were significantly influenced by fertigation 
levels and revealed that fertigation level F1 (100 per 
cent RDF through drip (WSF)) recorded statistically 
higher values of number of fruits per plant (27.02), 
average fruit length (15.68 cm), average diameter of 
fruit (14.39 cm), average weight of fruit (82.34 g), 
weight of fruits per plant (2238.8 g) over the 
fetigation level F2 (80 per cent RDF through drip 
(WSF)) under study. While the control C1 (100% 
RDF through soil application in combination of 
surface irrigation with 1.0 IW/CPE ratio) noticed 
lowest average values of yield parameters viz. 
number of fruits per plant (21.5), average fruit 
length (13.7 cm), average diameter of fruit (12.7 
cm), average weight of fruit (69.8 g), weight of 
fruits per plant (1500.7 g) as compared to all 
fertilizer treatments. The effect was significant in 
drip obviously due to high efficiency and easy 
availability of plant nutrients through the liquid 
fertilizers. Similar kind of findings have been 
reported by James and Peterson (1992), Kadam and 
Sahane (2001), Kadam et al. (2007). 

In case of fruit yield (Table 2), different 
fertigation levels influenced significantly and 
registered that fertigation level F1 (100 per cent 
RDF through drip (WSF)) found significantly 
superior fruit yield (39.63 t ha-1) over the treatment 
F2 (80 per cent RDF through drip (WSF)) i.e. 35.92 
t ha-1. The fruit yield increased to the extent of 9.34, 
32.68 and 67.68 per cent in treatment F1 in 
comparison with F2, C1 and C2 respectively. While 
the control C1 (100% RDF through soil application 
in combination of surface irrigation with 1.0 
IW/CPE ratio) was noticed reduced average value 
of fruit yield (26.68 t ha-1) as compared to all 
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fertilizer treatments. Similar kind of results were 
reported by Gnanajumari and Satyanarayana 
(1971), Vijaykumar et al. (1996), Kadam and 
Sahane (2001), Siviero et al. (2001), Shinde et al. 
(2002), Tumbare and Bhoite (2002), Shinde et al. 
(2004), Suthar et al. (2005) and Satpute et al. 
(2008). In case of soluble fertilizers the nutrients 
become available readily throughout the growth 
stages of crop which produces optimum yield. 
However, straight fertilizers when applied into soil 
they may get leach out, volatilize or get fixed into 
the soil and hence they become unavailable to crop 
for their growth and development and hence crop 
do not produce optimum yield with its full potential. 
Similar results were also reported by Deolankar and 
Firake (1999). 

Dry matter yield viz., fruit, leaf, stem and total 
biomass (Table 3) as influenced by various 
fertigation levels revealed that fertigation level F1 
(100 per cent RDF through drip (WSF)) produced 
significantly greater values of yield dry matter 
including fruit (5767 kg ha-1), leaf (847.1 kg ha-1), 
stem (1740 kg ha-1) and total biomass (8355.1 kg 
ha-1) over the fertigation level F2 (80 per cent RDF 
through drip (WSF)). While the treatment C1 (100% 
RDF through soil application in combination of 
surface irrigation with 1.0 IW/CPE ratio) showed 
reduced average values of mean fruit (4803.3 kg ha-

1), leaf (680 kg ha-1), stem (1410 kg ha-1) and total 
biomass (6893.3 kg ha-1) as compared to all 
fertilizer treatments.  

 Growth and growth attributing characters such 
as plant height, number of branches, number of 
leaves per plant and plant spread were significantly 
influenced by different fertigation levels. The 
treatment F1 (100 per cent RDF through drip 

(WSF)) recorded statistically maximum growth and 
growth attributing characters viz. plant height 
(88.05 cm), number of branches (14.1), number of 
leaves (96.8) and plant spread (73.75 cm) as 
compared to F2 (80 per cent RDF through drip 
(WSF)). While the control C1 (100% RDF through 
soil application in combination of surface irrigation 
with 1.0 IW/CPE ratio) showed less average values 
of plant height (80.73 cm), number of branches 
(12.9), number of leaves (91.46) and plant spread 
(66.13 cm) as compared to all fertilizer treatments. 
Availability of ample amount of macronutrients 
(NPK) in soil applied through drip resulted in a 
better vegetative growth and growth attributing 
characters of the crop. Similar kind of findings 
reported by Rao and Lal (1982), Shinde and et al. 
(2002). 

Interaction effects between Planting density, 
Irrigation levels and fertigatioin levels 

None of the growth characters and yield 
attributes were significantly influenced by 
interaction effects of irrigation levels, planting 
density and fertigation levels. (44.76 t ha-1), yield 
attributes and growth and growth attributing 
characters over the planting densities S2 (75-
50x90cm) and S1 (75x75cm). Irrigation level I1 
(100 per cent ETcrop) produced superior fruit yield 
(40.17 t ha-1), yield attributes and growth and 
growth attributing characters as compared to 
irrigation level I2 (80 per cent ETcrop) and I3 (60 per 
cent ETcrop). Fertigation level F1 (100 per RDF 
through soil application (WSF)) recorded 
statistically higher fruit yield (39.63 t ha-1) and 
noticed maximum yield and growth attributing 
characters over the fertigation level F2 (80 per RDF 
through soil application (WSF)). 
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ABSTRACT 

Two supervised field experiments were conducted in the bhendi during kharif, 2012 and rabi, 
2012-13 to study the impact of agrochemicals on leafhoppers population. The agrochemicals used 
were fertilizer, insecticide and herbicide individually as well as in combinations. It was found that the 
population of leafhoppers was higher in the untreated check (4.53 to 7.06/plant) while a low 
population was recorded in the treatment with herbicide + insecticide (1.43 to 2.63/plant) during 
kharif. In rabi, a higher population was recorded in the untreated check (4.33 to 5.96/plant) while a 
low population was observed in the treatment with herbicide + insecticide (1.13 to 2.36/plant). It 
was also found that, the population was higher in the treatment with fertilizer (3.94 and 4.05/plant in 
kharif and rabi respectively) alone compared to the other treatments in both the seasons. Hence, a 
need based application of agrochemicals protect the ecosystem with a lesser impact on the insects 
and natural enemies. 

Key words: Leafhoppers, Amrasca biguttula biguttula, impact, agrochemicals 
 

India is a major vegetable producing and 
consuming country and vegetables form an 
important dietary component. Among them okra, 
(Abelmoschus esculentus (L.) Moench) is one of the 
popular and commercially cultivated vegetable 
crops, popularly known as Bhendi or ladies finger 
and is a potential foreign exchange earner, 
accounting for 60 per cent of export of fresh 
vegetables 11. In India, Uttar Pradesh, Assam, Bihar, 
Orissa, Maharashtra, West Bengal and Karnataka 
are important bhendi producing states. It is grown in 
an area of 0.49 million hectares with an annual 
production of 5.80 million tonnes and productivity 
of 11.6 tonnes per hectare in India 2. Among many 
factors responsible for low production of okra, the 
damage inflicted by insect pests has been 
considered important; leafhoppers, Amrasca 
biguttula biguttula (Ishida) (Homoptera: 
Cicadellidae) are undoubtedly more severe among 
the many destructive pests of okra. Leafhopper is 
especially important in the tropics and subtropics 
because environmental conditions are often 
conducive year round for growth and development 
of host and pest. It was described that the 
leafhoppers, A. biguttula biguttula was amongst the 
most important sucking insects that attack bhendi in 
India 8. It lays maximum number of eggs in the 
midrib of the leaves and thus becomes suitable 
place for survival and feeding 10. The nymphs and 
adults suck the plant sap mainly from the lower 
surface of leaves and cause phytotoxic symptoms 
known as hopper burn which results in complete 

desiccation and has become one of the limiting 
factors in economic productivity of the crop. 

Hence, the protection of crops from the attack 
of leafhopper assumes importance to supply quality 
production to farmers. The present method of 
production with large application of chemical spray 
will lead to incomplete management of pest 
complex of bhendi. In order to achieve higher yield 
of quality products, the protection of crop right 
from sowing until harvest is essential. Hence, 
present study was undertaken to investigate the 
impact of certain agrochemicals on the population 
of leafhoppers, A. biguttula biguttula in bhendi. 

MATERIALS AND METHODS 

Two field experiments were conducted to 
assess the impact of certain agrochemicals on 
leafhoppers, A. biguttula biguttula population in 
bhendi during kharif, 2012 and rabi, 2012-13 at 
Eastern farm of Pandit Jawaharlal Nehru College of 
Agriculture and Research Institute (PAJANCOA 
and RI), Karaikal, U.T. of Puducherry, India on the 
bhendi hybrid MH 10. The experiment was laid out 
in a Randomized Block Design (RBD) with three 
replications and eight treatments in a 5.4 x 4.5 
square meter plots. The treatments include untreated 
check, herbicide only (Oxyflourfen 23.5 EC @ 0.15 
kg a.i/ha applied as pre emergence application at 3 
days after sowing (DAS)), fertilizer only (NPK 
applied @ 20:50:30 kg/ha as basal and the 
remaining N 20 kg/ha applied at 30 DAS), 
insecticide only (Carbaryl 50 WP @ 2g/lit as foliar 
spray at 50 DAS), herbicide + fertilizer 
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(Oxyflourfen 23.5 EC @ 0.15 kg a.i/ha applied as 
pre emergence application at 3 DAS and NPK 
applied @ 20:50:30 kg/ha as basal and the 
remaining N 20 kg/ha applied at 30 DAS), herbicide 
+ insecticide (Oxyflourfen 23.5 EC @ 0.15 kg 
a.i/ha applied as pre emergence application at 3 
DAS and carbaryl 50 WP @ 2g/lit as foliar spray at 
50 DAS), fertilizer + insecticide (NPK applied @ 
20:50:30 kg/ha as basal and the remaining N 20 
kg/ha applied at 30 DAS and carbaryl 50 WP @ 
2g/lit as foliar spray at 50 DAS) and herbicide + 
insecticide + fertilizer (Oxyflourfen 23.5 EC @ 
0.15 kg a.i/ha applied as pre emergence application 
at 3 DAS and NPK applied @ 20:50:30 kg/ha as 
basal and the remaining N 20 kg/ha applied at 30 

DAS and carbaryl 50 WP @ 2g/lit as foliar spray at 
50 DAS). Insitu counts was recorded early in the 
morning at weekly intervals on 3 leaves (top, 
middle and bottom leaves) of ten randomly selected 
plants of middle three rows, leaving the border row 
plants. The total number of leafhoppers were 
counted and expressed as number/plant.  

The data obtained from the field experiments 
were analysed in a Randomized Block Design by 
‘F’ test for significance as described by Panse and 
Sukhatme 9. Critical difference values were 
calculated at 5% probability level and the treatment 
mean values of the experiment were compared 
using Duncan’s Multiple Range Test (DMRT) 5. 

 
Table 1. Impact of agrochemicals on the population of leafhoppers in bhendi ecosystem during kharif, 
2012 (Field experiment I) 

Treatments 
Leafhopper population in numbers # 

Mean 
population 

Per cent 
reduction 

over 
control 

3rd 
week 

4th 
week 5th week 6th 

week 
7th 

week 
8th 

week 
9th 

week 
10th 

week 
11th 

week 
12th 

week 

Untreated check 4.53 
(2.14)f 

4.90 
(2.22)g 

5.00 
(2.24)e 

5.50 
(2.35)e 

6.26 
(2.51)d 

6.16 
(2.49)d 

7.00 
(2.65)e 

7.06 
(2.66)d 

5.80 
(2.41)e 

4.66 
(2.17)e 

5.68 
(2.38)f -- 

Herbicide 2.63 
(1.63)d 

2.86 
(1.70)e 

2.63 
(1.63)d 

2.70 
(1.65)c 

3.43 
(1.86)b 

3.06 
(1.75)b 

3.90 
(1.98)c 

3.63 
(1.91)c 

3.70 
(1.93)cd 

2.56 
(1.61)c 

3.11 
(1.77)d 45.24 

Fertilizer 3.46 
(1.87)e 

3.56 
(1.90)f 

3.76 
(1.95)d 

4.26 
(2.07)d 

4.10 
(2.03)c 

4.16 
(2.05)c 

4.43 
(2.11)d 

4.20 
(2.05)c 

4.33 
(2.09)d 

3.23 
(1.81)d 

3.94 
(1.99)e 30.63 

Insecticide 2.03 
(1.44)b 

2.06 
(1.45)b 

2.03 
(1.44)b 

2.06 
(1.45)b 

2.40 
(1.56)a 

1.80 
(1.35)a 

2.56 
(1.61)a 

2.86 
(1.70)b 

1.96 
(1.41)a 

2.16 
(1.48)b 

2.19 
(1.49)b 61.44 

Herbicide+fertilizer 2.43 
(1.57)cd 

2.56 
(1.61)d 

2.66 
(1.64)c 

2.43 
(1.57)bc 

3.30 
(1.83)b 

2.73 
(1.66)b 

3.63 
(1.91)c 

3.76 
(1.95)c 

2.90 
(1.71)b 

2.70 
(1.65)c 

2.91 
(1.71)cd 48.76 

Herbicide+insecticide 1.63 
(1.29)a 

1.73 
(1.33)a 

1.56 
(1.27)a 

1.56 
(1.27)a 

2.23 
(1.51)a 

1.43 
(1.21)a 

2.63 
(1.63)a 

2.23 
(1.51)a 

1.76 
(1.34)a 

1.83 
(1.37)a 

1.85 
(1.37)a 67.42 

Fertilizer+insecticide 2.10 
(1.46)b 

2.20 
(1.49)bc 

2.06 
(1.45)b 

2.40 
(1.55)bc 

3.53 
(1.89)b 

2.46 
(1.58)b 

3.46 
(1.87)b 

4.13 
(2.04)c 

2.96 
(1.73)b 

2.63 
(1.63)c 

2.79 
(1.67)c 50.88 

Herbicide+fertilizer+ 
insecticide 

2.16 
(1.48)bc 

2.33 
(1.54)c 

2.26 
(1.52)c 

2.36 
(1.55)bc 

3.20 
(1.80)b 

2.56 
(1.61)b 

3.66 
(1.92)bc 

4.16 
(2.04)c 

3.13 
(1.77)bc 

2.60 
(1.62)c 

2.84 
(1.69)c 50.00 

CD(P=0.05) 0.094** 0.061** 0.079** 0.149** 0.090** 0.164** 0.078** 0.150** 0.170** 0.059** 0.133** -- 
**- Significant at P=0.01, #- Mean of 10 plants and Mean of  3 Replications, In a coloum mean followed by a common 
letter are not significantly different by DMRT (P=0.05), Values in parentheses are √X+0.5 transformed values   

 
RESULTS AND DISCUSSION 

Field experiment I (Kharif, 2012) 
The impact of agrochemicals on the population 

of leafhoppers in bhendi ecosystem during kharif, 
2012 are presented in Table 1. At 1st and 2nd week 
after sowing there was no leafhoppers population 
and hence the population of leafhoppers was 
observed from 3rd week and continued upto 12th 
week after sowing. At 3rd week, the leafhoppers 
population ranged from 1.63 to 4.53/plant. It was 
found that the population of leafhoppers was low in 
the treatment with herbicide + insecticide 
(1.63/plant) followed by insecticide (2.03/plant). 
All the treatments recorded a lower population 
compared to the untreated check which recorded a 
higher population of leafhoppers (4.53/plant). 

At 4th week, the leafhoppers population was in 
an increasing trend and ranged from 1.73 to 
4.90/plant. It was found that the population of 
leafhoppers was low in the treatment with herbicide 
+ insecticide (1.73/plant) followed by insecticide 
treatment alone (2.06/plant). The population was 

lower in all the treatments compared to the 
untreated check which recorded a higher population 
of leafhoppers (4.90/plant). At 5th week, the 
leafhoppers population ranged from 1.56 to 
5.00/plant. The treatment with herbicide + 
insecticide recorded a low population (1.56/plant) 
followed by insecticide alone (2.03/plant) compared 
to the untreated check which recorded a higher 
population (5.00/plant). Similar trend was observed 
upto 6th week after sowing. 

At 7th week, the leafhoppers population ranged 
from 2.23 to 6.26/plant. It was found that the 
population of leafhoppers was low in the treatment 
with herbicide + insecticide (2.23/plant) and are at 
par with the insecticide treatment alone (2.40/plant) 
compared to the untreated check which recorded a 
higher population of leafhoppers (6.26/plant). 
Similar trend was observed upto 9th week after 
sowing. At 10th week after sowing, the leafhoppers 
population ranged from 2.23 to 7.06/plant. The 
treatment with herbicide + insecticide recorded a 
lower population of 2.23/plant followed by the 
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treatment with insecticide alone (2.86/plant) 
compared to the untreated check which recorded a 
higher population of 7.06/plant. It was observed 
that, from 11th week after sowing the population 
number was in a decreasing trend and ranged from 
1.76 to 5.80/plant and continued upto 12th week 
after sowing irrespective of the treatments. 

The mean leafhoppers population ranged from 
1.85 to 5.68/plant. It was found that the population 
of leafhoppers was low in the treatment with 
herbicide + insecticide (1.85/plant) followed by the 

treatment with insecticide alone (2.19/plant) 
compared to the untreated check which recorded a 
higher population of leafhoppers (5.68/plant). It was 
found that, a higher per cent reduction of 
leafhoppers population was observed in the 
treatment with herbicide + insecticide (67.42%) 
followed by the treatment with insecticide alone 
(61.44%) while a lower per cent reduction of 
leafhoppers population was observed in the 
treatment with fertilizer alone (30.63%) compared 
to the untreated check.   

 
Table 2. Impact of agrochemicals on the population of leafhoppers in bhendi ecosystem during rabi, 
2012-13 (Field experiment II) 

Treatments 

Leafhopper population in numbers # 
Mean 

population 

Per cent 
reduction 

over 
control 

3rd week 4th 
week 5th week 6th week 7th week 8th 

week 9th week 10th 

week 
11th 

week 
12th 

week 

Untreated check 4.33 
(2.09)e 

4.53 
(2.14)e 

4.60 
(2.15)e 

4.83 
(2.20)g 

4.90 
(2.22)e 

5.26 
(2.30)f 

5.70 
(2.39)f 

5.70 
(2.39)f 

5.96 
(2.45)e 

5.63 
(2.38)e 5.14 (2.27)f -- 

Herbicide 2.43 
(1.57)c 

2.66 
(1.64)c 

2.40 
(1.56)c 

2.83 
(1.69)e 

2.86 
(1.70)c 

3.53 
(1.89)d 

3.80 
(1.96)d 

3.93 
(1.99)d 

3.76 
(1.95)c 

3.46 
(1.87)c 

3.17 
(1.78)d 38.33 

Fertilizer 3.26 
(1.82)d 

3.36 
(1.84)d 

3.30 
(1.83)d 

3.60 
(1.91)f 

3.66 
(1.92)d 

4.26 
(2.07)e 

4.90 
(2.22)e 

4.53 
(2.14)e 

4.93 
(2.23)d 

4.40 
(2.10)d 

4.05 
(2.02)e 21.21 

Insecticide 1.83 
(1.37)a 

1.93 
(1.40)b 

2.03 
(1.44)b 

2.23 
(1.51)b 

2.26 
(1.52)b 

1.63 
(1.29)b 

2.46 
(1.58)ab 

2.63 
(1.63)b 

2.96 
(1.73)b 

2.86 
(1.70)b 

2.32 
(1.53)b 54.86 

Herbicide+fertilizer 2.23 
(1.51)bc 

2.43 
(1.57)c 

2.40 
(1.56)c 

2.63 
(1.63)d 

2.43 
(1.57)b 

3.50 
(1.88)d 

4.06 
(2.02)d 

3.86 
(1.97)d 

3.93 
(1.99)c 

3.70 
(1.93)c 

3.12 
(1.76)d 39.29 

Herbicide+insecticide 1.70 
(1.32)a 

1.53 
(1.25)a 

1.76 
(1.34)a 

1.90 
(1.39)a 

1.96 
(1.41)a 

1.13 
(1.08)a 

2.20 
(1.49)a 

2.33 
(1.54)a 

2.36 
(1.55)a 

2.33 
(1.54)a 

1.92 
(1.39)a 62.65 

Fertilizer+insecticide 1.90 
(1.39)a 

2.36 
(1.55)c 

2.20 
(1.49)b 

2.26 
(1.52)b 

2.33 
(1.54)b 

2.53 
(1.60)c 

2.73 
(1.66)bc 

3.13 
(1.78)c 

2.93 
(1.72)b 

2.63 
(1.63)ab 

2.50 
(1.59)bc 51.36 

Herbicide+fertilizer+ 
insecticide 

1.96 
(1.42)ab 

2.26 
(1.52)bc 

2.40 
(1.56)c 

2.43 
(1.57)c 

2.46 
(1.58)b 

2.20 
(1.49)c 

3.10 
(1.77)c 

3.30 
(1.83)c 

3.20 
(1.80)b 

2.73 
(1.66)b 

2.61 
(1.62)c 49.22 

CD(P=0.05) 0.099** 0.115** 0.059** 0.045** 0.070** 0.124** 0.129** 0.072** 0.075** 0.105** 0.134** -- 

**- Significant at P=0.01, #- Mean of 10 plants and Mean of  3 Replications, In a coloum mean followed by a common 
letter are not significantly different by DMRT (P=0.05), Values in parentheses are √X+0.5 transformed value 
 

Field experiment II (Rabi, 2012-13) 
The impact of agrochemicals on the population 

of leafhoppers in bhendi ecosystem during rabi, 
2012-13 are presented in Table 2. At 1st and 2nd 
week after sowing there was no leafhoppers 
population and hence the population of leafhoppers 
was observed from 3rd week and continued upto 12th 
week after sowing. At 3rd week, the leafhoppers 
population ranged from 1.70 to 4.33/plant. It was 
found that the population of leafhoppers was low in 
the treatment with herbicide + insecticide 
(1.70/plant) followed by insecticide (1.83/plant). 
All the treatments recorded a lower population 
compared to the untreated check which recorded a 
higher population of leafhoppers (4.33/plant). 
Similar trend was observed upto 5th week. 

At 6th week, the leafhoppers population ranged 
from 1.90 to 4.83/plant. It was found that the 
population of leafhoppers was low in the treatment 
with herbicide + insecticide (1.90/plant) followed 
by insecticide treatment alone (2.23/plant). The 
population was lower in all the treatments compared 

to the untreated check which recorded a higher 
population of leafhoppers (4.83/plant). Similar trend 
was observed upto 7th week. At 8th week, the 
leafhoppers population ranged from 1.13 to 
5.26/plant. The treatment with herbicide + 
insecticide recorded a low population (1.13/plant) 
followed by insecticide alone (1.63/plant) compared 
to the untreated check which recorded a higher 
population of 5.26/plant. Similar trend was 
observed upto 10th week after sowing. 

At 11th week, the leafhoppers population 
ranged from 2.36 to 5.96/plant. It was found that the 
population of leafhoppers was low in the treatment 
with herbicide + insecticide (2.36/plant) followed 
by fertilizer + insecticide (2.93/plant) compared to 
the untreated check which recorded a higher 
population of leafhoppers (5.96/plant). Similar trend 
was observed upto 12th week after sowing. 

The mean leafhoppers population ranged from 
1.92 to 5.14/plant. It was found that the population 
of leafhoppers was low in the treatment with 
herbicide + insecticide (1.92/plant) followed by the 
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treatment with insecticide alone (2.32/plant) 
compared to the untreated check which recorded a 
higher population of leafhoppers (5.14/plant). It was 
found that, a higher per cent reduction of 
leafhoppers population was observed in the 
treatment with herbicide + insecticide (62.65%) 
followed by the treatment with insecticide alone 
(54.86%) while a lower per cent reduction of 
leafhoppers population was observed in the 
treatment with fertilizer alone (21.21%) compared 
to the untreated check.  

It was found that imidacloprid 17.8 SL @ 
0.006 per cent against aphids and leafhoppers 13, 
imidacloprid 70 WS @ 5 g/kg seed + 
monocrotophos 36 SL @ 500 g a.i./ha against 
leafhoppers 12, imidacloprid 70 WS @ 5 g/kg seed 
and thiamethoxam 70 WS @ 5 g/kg seed against 
aphids, leafhoppers 1,4, thiamethoxam 25 WG @ 20 
g a.i./ha and fipronil 5 SC @ 250 g a.i./ha against 
leafhoppers population 7 was found to reduce the 
population in bhendi. Baidoo and Mochiah 3 
reported that, higher doses of nitrogenous fertilizer 
increased the pest attack while potash fertilizer 
made plants more resistant and also stated that, the 
incidence of flea beetle, Podagrica puncticollis 

Weise was highest on NPK treated plots while the 
lowest population on manure treated plots in 
bhendi. Mallapur et al. 6 stated that, a ready mixture 
of indoxacarb 14.5 SC + acetamiprid 7.7 SC @ 300 
and 400 ml/ha were found to be more effective 
against the pests of bhendi. The present findings are 
in corroborate with the above findings. 

CONCLUSIONS 

The present findings revealed that, there was a 
higher reduction of leafhoppers in the treatment 
with the herbicide + insecticide followed by 
insecticide alone and other treatments. The results 
also showed a lower per cent reduction was 
observed in the treatment with fertilizer alone. 
Hence, it was concluded that the agrochemicals 
namely herbicide + insecticide found to have an 
impact on the population of leafhoppers while 
fertilizer alone found to have a lesser impact on the 
population of leafhoppers. Hence, a need based 
application of agrochemicals protect the ecosystem 
with a lesser impact on the insects and natural 
enemies. 
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ABSTRACT 

A field experiment was conducted to study the inbreeding depression of some intervarietal 
crosses of rice, from F1   to F3 generation in the terai region of west Bengal. For this purpose five 
stable genotypes of rice namely, IET-4786, BR-28, MTU-1010, Annada and IET-21255 were 
selected on the basis of their mean performances in this region of West Bengal. Involving these five 
parents, Four crosses were made to study the performance of the F1 , F2  and F3 generations for 
grain yield per plant , and other yield contributing characters. It was quite interesting to note that out 
of those four crosses, one cross namely IET-4786 × MTU-1010 gave a consistent performance in 
all the 3 generations for grain yield per plant. As a matter of fact the inbreeding depression F1 to F2 

,and F1  to F3  was non significant in this cross for for grain yield per plant, hence it was concluded 
that this cross could be tried to see its performance in few more advanced generations for grain 
yield per plant, and  if its performance is found satisfactory over the generations, could be tried for 
its release in this region. 
 
Key words:  Rice, heterosis, inbreeding depression, grain yield, significant. 
 

Rice is one of the most important cereal crops 
for hybrid breeding methodology which includes 
three-line system, two-line system and one-line 
system, corresponding to intervarietal heterosis, and 
to enhance heterosis level. In order to further 
improvement of hybrid varieties and to simplify 
breeding procedure, a change is being thought by 
the plant breeders all over the world, to make a 
permanent hybrid or to create a technique to fix the 
heterosis in the economic characters. The success of 
hybrid rice programme depends on the magnitude 
of heterosis that helps in the identification of 
potential cross combinations to be used in 
conventional breeding programme. The knowledge 
on the heterosis accompanied by the extent of 
inbreeding depression in subsequent generation is 
essential for maximum exploitation of such 
heterosis by adopting appropriate breeding 
methodology. Fixation of such hybrids would be an 
excellent break through to the breeders, in near 
future. In the present study four crosses were made  
involving five parents to see the performance of F1’ 
s, F2’ s and F3’ s with a view to find out, if any one 
of the crosses, could exhibit similar performances 
over the generations for grain yield per plant. 

MATERIALS AND METHODS 

The materials consisted of five parents, four 
F1’s, four corresponding F2’s and four 
corresponding F3’ s . The four crosses were made 
with IET-4786 as the base parent involving four 
other parents namely BR-28, MTU-1010, Annada 
and IET-21255 as male parents, during 2009-2010. 
The F1seeds were devided into two halves, one half 

was stored, and the other half was sown to raise F2 
seeds. The F2’s were grown in relatively large plots 
of 3m×10m and 100-200 single plants were selected 
in each cross, based on yield per plant and days to 
maturity. The  F3 seeds were obtained    by selfing 
the selected F2 plants. In the final trial five parents, 
four F1’s, four F2’ s and  four F3’s were planted in a 
randomized block design  with three replications, 
the individual plot size for each genotype was 3m × 
2m, during  the  kharif  season of 2011 at the  
research farms  of  Uttar Banga Krishi  
Viswavidyalaya,Pundibari, Cooch Behar, West 
Bengal. The data were recorded from randomly 
selected five plants in each replication for parents, 
hybrids and from 10 plants for F2’s and F3’s. The 
mean values were utilized for estimating heterosis 
in per cent over the better parent (BP) and standard 
parent (Annada was used as a standard parent) and 
their significance was tested following Wyne et al 
(1970).  Inbreeding depression was estimated from 
F1 to F2 , F2 to F3  and from F1 F3  following Miller 
and Marani, (1963) respectively.              

RESULTS AND DISCUSSION 

The mean performance of the parents and 
crosses showed significant differences for plant 
height, days to 50% flowering, number of panicles 
per plant, panicle length, number of filled grains per 
panicle, total number  of grains per panicle, 100-
seed weight and grain yield per plant (Table-1). 

The mean performance of five parents, four 
F1’s, four F2’s and 4 F3’s have been given in Table-
2. The  number of panicles per plant was reported to 
be higher  in  F1 crosses than their parents (Table-2) 
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and gradually reduced in subsequent generations, 
Panicle length, number of filled grains per panicle, 
number of grains per panicle, 100-seed weight also 
showed  similar trend as of the number of panicles 
per plant. 

Estimates of heterosis and inbreeding 
depression have been presented in Table-3. All the 
crosses exhibited significant and positive heterosis 
over better parent, standard parent for plant height 
ranging from 2.06 to 4.68 and 16.52 to 20.85,  

 
Table 2: Mean performance of grain yield and yield components of the parents, F1’s, F2’s and F3’s. 
 

Name of the 
genotype 

Day to 50 
% 

flowering 

Plant 
height (cm) 

No of 
panicles 
plant-1 

Panicle 
length 
(cm) 

No of filled 
grains panicle-1 

Total 
grains 

panicle-1 

100 seed 
weight 

Grain 
yield 

plant-1 
Parents 
IET-4786 103.33 109.68 32.67 29.33 141.33 182.00 2.78 57.15 
BR-28 97.00 112.47 30.33 27.67 143.67 191.67 3.10 54.18 
MTU-1010 102.67 100.83 26.67 27.14 154.00 184.33 2.59 58.79 
Annada (SP) 95.67 96.07 32.00 28.67 131.67 175.00 2.53 66.00 
IET-21255 103.67 110.16 32.67 24.33 140.00 177.67 2.41 54.56 
F1’S 
IET-4786 × BR-28 101.67 116.11 40.67 31.13 164.67 198.67 2.48 74.11 
IET-4786 × MTU-
1010 98.33 111.94 45.67 31.67 172.00 216.00 2.66 80.25 

IET-4786 × Annada 99.00 113.05 41.00 29.40 140.00 176.33 2.17 72.10 
IET-4786 × IET-
21255 98.67 115.31 38.00 27.87 130.67 166.00 2.38 73.41 

F2’S         
IET-4786 × BR-28 99.00 103.71 36.33 27.13 112.33 143.67 1.69 66.93 
IET-4786 × MTU-
1010 104.67 97.63 40.00 29.27 143.67 179.67 2.26 77.84 

IET-4786 × Annada 97.00 94.38 36.67 27.00 112.00 140.67 1.99 65.18 
IET-4786 × IET-
21255 97.67 100.97 28.33 28.67 109.67 133.00 2.16 67.18 

F3’S 
IET-4786 × BR-28 97.67 97.74 29.00 26.73 94.33 135.67 1.97 63.84 
IET-4786 × /MTU-
1010 98.33 91.37 36.33 28.33 122.67 162.67 2.26 75.81 

IET-4786 × Annada 100.33 92.62 28.00 24.27 108.33 149.67 1.88 58.44 
IET-4786 × IET-
21255 102.00 97.06 30.00 28.07 103.67 133.67 2.07 65.30 

CD at 5% level 6.65 9.71 4.69 4.07 21.93 24.12 0.32 6.79 
CD at 1% level 8.91 13.02 6.29 5.45 29.43 32.23 0.42 9.12 
 
respectively, which indicated increase in plant 
height in F1 generation. This result corroborates 
with the findings of Sen and Singh (2011) [3]. The 
hybrids in general recorded positive heterosis for 
number of panicles per plant, panicle length and 
grain yield per plant.  Day s to 50% flowering 
showed negative heterosis over better parent for the 
crosses IET-4786/ MTU-1010 and IET-4786 × IET-
21255. Early flowering is desirable when the 
breeding objective is to evolve short duration 
varieties. Raju et al (2005) [4] and Ganesan et al 
(1997) also reported similar results for days to 50 % 
flowering. However, the heterosis  over standard 
variety showed positive heterosis for days to 50% 
flowering. The reason for positive heterosis may be 
the short duration (< 120 days) nature of the check 
variety i.e. Annada, which was used as standard 
variety in our studies. 

It was quite interesting to note  that  among all 
the crosses ,one of the crosses namely IET-4786 × 
MTU-1010 showed the highest estimates of 
heterosis over the better parent as well as  the 
standard variety. When the mean performance of 
this cross was considered for grain yield per plant, it 

was found that this cross also exhibited the highest 
mean value for this character (80.25g per plant). I it 
was further interesting to note that this cross also 
exhibited very low as well as non-significant 
estimates of inbreeding depression in F2 and F3 
generations(1.85,4.41 and 2.60 respectively). Thus 
it was concluded that the performance of this cross 
should also be observed in few more advanced 
generations (say up to F5 ) and  if it is found that 
this cross is also exhibiting similar performance in 
the advanced generations, then this cross could be 
tried for its release for of its superior performances 
even in the advanced generations. 

It was our conjecture, in the beginning that if 
heterosis explained by “Dominance theory” then, it 
will be possible to fix the heterosis. Therefore we 
attempted crosses, in our set of observation, made 
selection at F2 and observed their performances up 
to F3 generation. Since heterosis is a complex 
phenomenon it may not be always explained by 
“Dominance theory” alone. IET-4786 × MTU-1010 
was the cross were the performance was almost 
consistent over the generations. Hence, we may 
advocate that the breeders may search for such type 
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of crosses which would exhibit high estimates of 
heterosis and low inbreeding depression in the 
advanced generations, so that heterosis could be 
fixed for grain yield and may be released  released 
to the farmers. If such materials are released, once 

their performance is found satisfactory in the 
advanced generations, the farmers would be 
benefited immensely and may not buy fresh seeds 
every year of the hybrid varieties.  

 
Table 3. Heterosis (%) over better parent, standard variety and inbreeding depression from F1 to F2, F1 to F3 

and F2 to F3 for yield and  yield components 
 

Character Cross 
Heterosis (%) over Inbreeding 

Depression 
in 

F2 (% ) 

Inbreeding 
Depression from 

F1 to F3 (%) 

Inbreeding 
Depression  from 

F2 to F3 (% ) 
Better 
Parent 

Standard 
Variety. 

Plant 
height 
(cm) 

IET-4786 × BR28 3.23* 20.85* 10.67* 15.82** 5.76 
IET-4786 ×  MTU -1010 2.06* 16.52* 12.78** 18.37** 6.41 
IET-4786 ×  Annada 3.08* 17.67* 16.52** 18.08** 1.86 
IET-4786 × IET-21255 4.68* 20.02* 12.44** 15.83** 3.87 

No of  
panicles 
plant-1 

IET-4786 ×  BR28 24.49* 27.08* 16.39* 28.68** 14.71** 
IET-4786 ×  MTU -1010 39.80* 42.71* 8.03 ** 12.41** 4.76 
IET-4786 ×  Annada 25.51* 28.13* 24.39** 36.59** 16.13** 
IET-4786 ×  IET-21255 16.33 18.75* 25.44** 21.05** -5.88 

Panicle 
length 
(cm) 

IET-4786 ×  BR28 6.13 8.59 12.84* 14.12** 1.47 
IET-4786 ×  MTU -1010 7.95 10.47 7.58 10.53** 3.19 
IET-4786 ×  Annada 0.22 2.55 8.15 17.45*** 10.12 
IET-4786 ×  IET-21255 -5.00 -2.79 -2.87 -0.72 2.09 

No of 
Filled 
grains 
panicle-1 

IET-4786 ×  BR28 14.62 25.06* 31.78** 42.71** 16.02* 
IET-4786 ×  MTU -1010 11.69 30.63* 16.47** 28.68** 14.62*** 
IET-4786 ×  Annada -0.94 6.33 20.00** 22.62** 3.27 
IET-4786 ×  IET-21255 -7.55 -0.76 16.07* 20.66** 5.47 

Total 
grains 
panicle-1 

IET-4786 ×  BR28 3.65 13.52 27.68** 31.71** 5.57 
IET-4786 ×  MTU -1010 17.18* 23.43* 16.82** 24.69** 9.46 
IET-4786 ×  Annda -3.11 0.76 20.23** 15.12* -6.40 
IET-4786 ×  IET-21255 -8.79 -5.14 19.88** 19.48** -0.50 

100 seed 
weight (g) 

IET-4786 ×  BR28 -20.03* -2.06 31.83** 20.66** -16.38* 
IET-4786 ×  MTU -1010 -4.23 5.13 14.97** 14.85** -0.13 
IET-4786 ×  Annda -21.81* -14.18* 8.46 13.63* 5.65 
IET-4786 ×  IET-21255 -14.42* -6.06 9.26 12.81* 3.91 

Days to 
50% 
flowering 

IET-4786 ×  BR28 4.81 6.27 2.62 3.93 1.35 
IET-4786 ×  MTU -1010 -4.22 2.79 -6.44* 0.00 6.05* 
IET-4786 ×  Annada 3.48 3.48 2.02 -1.34 -3.44 
IET-4786 ×  IET-21255 -4.52 3.14 1.01 -3.37 -4.44 

Grain 
yield per 
plant (g) 

IET-4786 ×  BR28 30.31* 12.63* 9.70** 13.86** 4.61 
IET-4786 ×  MTU -1010 34.95* 20.53* 1.85 4.40 2.60 
IET-4786 ×  Annda 9.57 9.57 9.60** 18.95** 10.35* 
IET-4786 ×  IET-21255 29.08* 11.57* 8.48 11.05** 2.81 

**,* indicate significant at 1 % and 5 % level of probability respectively. 
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ABSTRACT 

The present investigation is carried out to study the correlation and path analysis in twenty five 
genotypes of basmati rice (Oryza sativa L.). Character association of the yield attributing traits 
revealed significantly positive association of grain yield per plant with number of effective tillers per 
plant and spikelets per panicle. Hence, selection for these traits can improve yield. Path coefficient 
analysis revealed that effective tillers per plant, spikelets per panicle, test weight and kernel length 
exhibited positive direct effect on yield. Among these characters, number of effective tillers per plant 
and spikelets per plant possessed both positive association and high direct effects. Hence, 
selection for these characters could bring improvement in yield. Grain yield showed no correlation 
with most of the quality characters. There is negative correlation of amylose content with alkali 
spread value and these quality attributes had significant associations with panicle length and plant 
height. 
Key words: Correlation, Basmati rice, Path analysis, direct effect, Amylose content. 
 

Basmati Rice (Oryza sativa L.) popularly 
known as ‘scented pearl’ is a natural gift 
exclusively to Indian sub-continent. It is a special 
type of aromatic rice known the world over for its 
extra long grains, pleasant and distinct aroma. 
Traditional basmati rice is not only in demand in the 
domestic markets, but also seen in the menu of 
connoisseurs worldwide, creating a billion dollar 
export market. Traditional basmati rice varieties are 
very low yielding due to their poor harvest index, 
tendency to lodging and increasing susceptibility to 
foliar diseases; hence there is a need to develop new 
varieties combining the grain quality attributes of 
basmati with high yield potential (Amarawathi et 
al., 2008). Grain yield is a complex polygenic 
character controlled by many genes interacting with 
the environment and is the product of many factors 
called yield components. In order to improve the 
yield potential without sacrificing the special 
quality features of basmati, knowledge on the 
correlation between yield and its component 
characters can help improve the efficiency of 
selection. Correlation studies permit only a measure 
of relationship between two traits. Hence, path 
coefficient analysis becomes necessary as it indicate 
separation of direct and indirect effects via other 
related characters by partitioning through 
correlation coefficients that helps in designing 
appropriate breeding procedure for evolving high 
yielding genotypes. Therefore, the present study 
was conducted to know the extent of character 
association and path analysis in a set of 25 basmati 
rice genotypes. 

MATERIALS AND METHODS 

The experimental material used in the study 
comprised of twenty three basmati rice genotypes 
grown in different agro-ecological zones of India. 
Two non-basmati genotypes were also included in 
the study. The genotypes included under study are 
TBD-1, TBD-2, TAROARI BASMATI, BASMATI 370, 
KASTURI BASMATI, SONASAL BASMAT, RANBIR 
BASMATI, PUSA 2517-2-51-1, PUSA BASMATI-1, PUSA 
BASMATI-1S-97, PUSA 44, PUSA SUGANDH-3,  PUSA 
SUGANDH-5, HUBR-2-1, BASMATI-24-1, BASMATI-24-5, 
BASMATI-24-7, VASUMATI, PUSA SUGANDH-2, CSR-
30(YAMINI), JP-2, PUSA 1460, PUSA 1121(Pusa Sugandh-
4), MAHI SUGANDHA and TYPE-3. All genotypes 
were evaluated for grain yield and its attributing 
characters following randomized complete block 
design (RBD) with three replications during kharif 
season of two consecutive years of 2010 and 2011 
at Institute of Agricultural Sciences, Banaras Hindu 
University, Varanasi, India. Transplanting was done 
25 days after sowing of seeds in nursery bed in a 
4m2 plot. Plant to plant distance was 15cm, row to 
row distance was 20cm and the crop was raised as 
per recommended package of practices to ensure 
normal crop. Observations were recorded on  yield 
attributes viz., days to maturity, plant height (cm), 
panicle length (cm), effective panicles per plant 
(no.), spikelets per panicle (no.), spikelet fertility 
(%), test weight (gm) and yield per plant (gm) of 
ten randomly selected plants in each entry in a 
replication. Observations were also recorded to 
study grain quality characters viz., kernel length 
(mm), kernel breadth (mm), kernel L/B ratio, kernel 
length after cooking (mm), elongation ratio, alkali 
spread value (Little et al., 1958) and amylose 
content (Juliano 1971). For statistical analysis, 
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INDOSTAT software was used. The mean of the 25 
genotypes were analyzed statistically by the method 
outlined by Ostle (1966). The analysis of variance 
for different characters was carried out in order to 
assess the genetic variability among genotypes as 
given by Cochran and Cox (1950). The level of 

significance was tested at 5% and 1% using F table 
values given by Fisher and Yates (1963). 
Correlation coefficients were estimated as 
suggested by Burton (1952) and path analysis was 
carried out following Dewey and Lu (1959). 

 
Table 1. Genotypic (rg) and Phenotypic (rp) correlation coefficient among different polygenic traits in basmati 
rice 

Character  Days to 
Maturity 

Plant 
Height 
(cm) 

Panicle 
Length 
(cm) 

Effective 
Panicles 

Spikelets/ 
Panicle 

Spikelet 
Fertility % 

Test 
Weight 
(100 
Grain 
Wt.) 

Kernel 
Length 
(mm) 

Kernel 
Breadth 
(mm) 

Kernel 
L/B ratio 

KLAC 
(mm) 

Elongation 
Ratio 

Alkali 
Spread 
Value 

Amylose 
Content 
(%) 

Grian 
yield/ 
plant 

Days to Maturity rp - -0.2700 -0.3213 0.3273 0.3276 -0.2927 -0.0631 0.0707 -0.0795 0.0438 0.2714 0.1667 0.2071 0.0418 0.3998* 
  rg - -0.2717 -0.3322* 0.3310* 0.3297 -0.3576* -0.0645 0.0713 -0.0939 0.05 0.2753 0.1685 0.2072 0.0358 0.4190* 

Plant Height (cm) rp     0.4941** 0.2298 0.0983 0.0911 0.0216 -0.0478 -0.0439 0.0101 0.1923 0.2427 -0.6273** 0.3412* 0.2837 

  rg     0.5040** 0.2315 0.0981 0.1086 0.0203 -0.048 -0.0511 0.0116 0.1939 0.2458 -0.6308** 0.3510* 0.2922 

Panicle Length (cm) rp       -0.0667 0.1484 -0.0221 0.3674* 0.3243 0.0576 0.3370* 0.1977 -0.2817 -0.1826 0.3775* 0.2317 

  rg       -0.0695 0.1521 -0.031 0.3781* 0.3318* 0.07 0.3593* 0.2058 -0.2933 -0.1843 0.4044* 0.239 

Effective Panicles rp         0.2939 -0.0533 -0.1552 -0.2513 -0.3933* -0.0432 -0.0654 0.2278 -0.1908 0.2317 0.7295** 

  rg         0.2977 -0.0554 -0.1748 -0.2538 -0.4550** -0.04 -0.0665 0.2327 -0.1943 0.2436 0.7443** 

Spikelets/ Panicle rp           -0.2239 -0.3576* -0.2602 -0.2885 -0.1318 -0.1763 0.1502 0.0301 0.3057 0.4892** 

  rg           -0.2628 -0.3791* -0.2617 -0.3248 -0.1406 -0.18 0.1529 0.0304 0.3167 0.5069** 

Spikelet Fertility % rp             0.0734 0.2219 -0.0886 0.2762 0.053 -0.0763 0.0305 -0.0537 0.0722 

  rg             0.054 0.2647 -0.1661 0.3302* 0.0723 -0.0829 0.0286 -0.0675 0.0338 

Test Weight (100 Grain Wt.) rp               0.7088** 0.5205** 0.4417* 0.5269** -0.2773 0.2124 0.2006 0.2616 

  rg               0.7579** 0.6142** 0.4870** 0.5516** -0.3212 0.24 0.2304 0.2419 

Kernel Length (mm) rp                 0.3400* 0.8188** 0.6161** -0.5108** 0.2707 0.1414 0.1898 

  rg                 0.3822* 0.8506** 0.6214** -0.5143** 0.2722 0.1473 0.1972 

Kernel Breadth (mm) rp                   -0.2217 0.1742 -0.1529 0.2338 -0.0753 -0.1235 

  rg                   -0.1555 0.1942 -0.1728 0.2601 -0.1088 -0.1613 

Kernel L/B ratio rp                     0.5510** -0.4235* 0.1084 0.1764 0.237 

  rg                     0.5790** -0.4397* 0.1169 0.2031 0.2549 

KLAC (mm) rp                       0.266 0.234 0.2025 0.2113 

  rg                       0.2574 0.2396 0.2061 0.2166 

Elongation Ratio rp                         -0.1279 0.0299 0.0443 

  rg                         -0.1261 0.0276 0.0416 

Alkali Spread Value rp                           -0.1062 -0.0426 

  rg                           -0.1173 -0.0386 

Amylose Content (%) rp                             0.4155* 

  rg                             0.4490* 
**Significance at p=0.01 *Significance at p=0.05 
 

RESULTS AND DISCUSSION 

        Analysis of variance revealed highly 
significant differences among genotypes for all 
yield traits and some quality traits indicating the 
presence of adequate variability among the 
genotypes. However, other quality traits exhibited 
little variation as the genotypes under study are 
basmati and there should not be any deviation from 
basmati quality. 
         A thorough understanding of the association 
of plant characters among themselves and with 
yield is essential for successful crop improvement 
programme. It enables the breeders to manipulate 
the expression of these traits in crop improvement. 
The efficiency of selection for yield mainly depends 
on the direction and magnitude of association 
between yield and its components and among 
themselves. Correlation analysis provides 

information on the nature and magnitude of the 
association of different component characters with 
grain yield, which is regarded as a complex trait 
which the breeder is ultimately interested in. It also 
helps us to understand the nature of inter-
relationship among the component traits 
themselves. Therefore this kind of analysis could be 
helpful to the breeder to design selection strategies 
to improve the grain yield. The genotypic 
correlation coefficients in general were higher than 
the corresponding phenotypic correlation 
coefficients indicating a fairly strong inherent 
interrelationship among the traits are presented in 
Table 1. This finding corroborates with those of 
Zahid et al., 2006 and Sawarkar and Senapati 2014.  
      Grain yield showed positive and significant 
correlation with days to maturity (rp= 0.3998, rg= 
0.4190), effective panicles (rp= 0.7295, rg= 0.7443), 
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spikelets per panicle (rp= 0.4892, rg= 0.5069) and 
amylose content (rp= 0.4155, rg= 0.4490). Similar 
findings were reported earlier with days to maturity 
by Reddy et al. (2013), with effective panicles by 
Kole et al. (2008), Babu et al. (2012), with spikelets 
per panicle by Cheema et al. (1998), Reddy et al. 

(2013). However Vanisree et al. (2013), Tirumala 
rao et al. (2014) reported no significant association 
of effective panicles with grain yield. Grain yield 
showed no correlation with most of the quality 
characters. This finding is in consonance with 
Christopher et al. (2000) and Ekka et al. (2011). 

Table 2. Path coefficient (genotypic) analysis showing direct (bold) and indirect effects of component traits in 
basmati rice 

Character Days to 
Maturity 

Plant 
Height 
(cm) 

Panicle 
Length(cm) 

Effective 
Panicles 

Spikelets/ 
Panicle 

Spikelet 
Fertility % 

Test 
Weight 
(100 
Grain 
Wt.) 

Kernel 
Length 
(mm) 

Kernel 
Breadth 
(mm) 

Kernel 
L/B ratio 

KLAC 
(mm) 

Elongation 
Ratio 

Alkali 
Spread 
Value 

Amylose 
Content 
(%) 

Days to Maturity 0.1876 -0.0510 -0.0623 0.0621 0.0618 -0.0671 -0.0121 0.0134 -0.0176 0.0094 0.0516 0.0316 0.0389 0.0067 

Plant Height (cm) -0.0257 0.0947 0.0477 0.0219 0.0093 0.0103 0.0019 -0.0045 -0.0048 0.0011 0.0184 0.0233 -0.0597 0.0332 

Panicle Length(cm) -0.0065 0.0099 0.0197 -0.0014 0.0030 -0.0006 0.0074 0.0065 0.0014 0.0071 0.0040 -0.0058 -0.0036 0.0080 

Effective Panicles 0.2042 0.1428 -0.0429 0.6169 0.1837 -0.0342 -0.1079 -0.1565 -0.2807 -0.0247 -0.0410 0.1436 -0.1199 0.1503 

Spikelets/ Panicle 0.1737 0.0517 0.0801 0.1568 0.5268 -0.1384 -0.1997 -0.1379 -0.1711 -0.0741 -0.0948 0.0806 0.0160 0.1669 

Spikelet Fertility % -0.0778 0.0236 -0.0067 -0.0121 -0.0572 0.2175 0.0117 0.0576 -0.0361 0.0718 0.0157 -0.0180 0.0062 -0.0147 

Test Weight (100 Grain Wt.) -0.0358 0.0113 0.2097 -0.0969 -0.2102 0.0300 0.5545 0.4202 0.3406 0.2700 0.3059 -0.1781 0.1331 0.1277 

Kernel Length (mm) 0.0240 -0.0162 0.1116 -0.0854 -0.0880 0.0891 0.2550 0.3364 0.1286 0.2862 0.2091 -0.1730 0.0916 0.0496 

Kernel Breadth (mm) 0.0148 0.0080 -0.0110 0.0716 0.0511 0.0262 -0.0967 -0.0602 -0.1575 0.0245 -0.0306 0.0272 -0.0410 0.0171 

Kernel L/B ratio -0.0153 -0.0036 -0.1098 0.0122 0.0430 -0.1009 -0.1488 -0.2599 0.0475 -0.3056 -0.1769 0.1344 -0.0357 -0.0621 

KLAC(mm) -0.0035 -0.0025 -0.0026 0.0009 0.0023 -0.0009 -0.0071 -0.0080 -0.0025 -0.0075 -0.0129 -0.0033 -0.0031 -0.0027 

Elongation Ratio -0.0048 -0.0070 0.0083 -0.0066 -0.0043 0.0024 0.0091 0.0146 0.0049 0.0125 -0.0073 -0.0284 0.0036 -0.0008 

Alkali Spread Value -0.0144 0.0438 0.0128 0.0135 -0.0021 -0.0020 -0.0167 -0.0189 -0.0181 -0.0081 -0.0167 0.0088 -0.0695 0.0082 

Amylose Content (%) -0.0014 -0.0135 -0.0155 -0.0094 -0.0122 0.0026 -0.0089 -0.0057 0.0042 -0.0078 -0.0079 -0.0011 0.0045 -0.0384 

rg  Yield/ Plant (gm)  0.4190* 0.2922 0.2390 0.7443** 0.5069** 0.0338 0.2419 0.1972 -0.1613 0.2549 0.2166 0.0416 -0.0386 0.4490* 

Partial R² 0.0786 0.0277 0.0047 0.4592 0.2670 0.0073 0.1341 0.0663 0.0254 -0.0779 -0.0028 -0.0012 0.0027 -0.0173 
R SQUARE =    0.9740; GENOTYPIC RESIDUAL EFFECT =    0.1614 
                                  

Days to maturity showed positive and 
significant correlation at genotypic level with 
effective panicles (rg= 0.3310) and negative and 
significant correlation at genotypic level with 
panicle length (rg= -0.3322) and spikelet fertility 
(rg= -0.3576). Negative association between days to 
maturity and spikelet fertility also reported by 
Hasan et al. (2013). Plant height showed positive 
and significant correlation with panicle length (rp= 
0.4941, rg= 0.5040) and amylose content (rp= 
0.3412, rg= 0.3510) and negative significant 
association with alkali spread value (rp= -0.6273, 
rg= -0.6308) however it is not correlated with yield. 
Similar findings were reported by  Kole et al. 
(2008), Babu et al. (2012), Reddy et al. (2013) , 
Vanisree et al. (2013), Hasan et al. (2013), Tirumala 
rao et al. (2014) however all these workers showed 
positive significant association of plant height with 
yield which is in contrast with present finding. At 
least in case of basmati rice, plant height is not a 
key determinant of grain yield and it is evident from 
traditional tall basmati genotypes are poor yielders. 

Panicle length showed positive and significant 
correlation with test weight (rp= 0.3674, rg= 
0.3781), kernel L/B ratio (rp= 0.3370, rg= 0.3593) 
and amylose content (rp=0.3775, rg= 0.4044) and 

showed positive and significant correlation at 
genotypic level with kernel length (rg= 0.3318). The 
results for the trait test weight are in unison with 
Gopinath et al. (1984), Yogameenakshi et al. (2004) 
and Babu et al. (2012), Reddy et al. (2013), Hasan 
et al. (2013) and Tirumala rao et al. (2014)   and in 
contrast with Kole et al. (2008) and Vanisree et al. 
(2013); correlation with kernel length are in 
agreement with Ekka et al. (2011).   Effective 
panicles per plant had positive and significant 
association with grain yield per plant while negative 
and non-significant association with test weight and 
kernel length. The results were in unison with 
Reddy et al. (1995), Roy et al. (1995), Reddy et al. 
(1997), Babu et al. (2012). However, effective 
panicles showed negative and significant correlation 
with kernel breadth (rp= -0.3933, rg= -0.4550).  
Spikelets per panicle showed negative and 
significant correlation with test weight (rp= -0.3576, 
rg= -0.3791). Similar finding reported by Kole et al. 
(2008), Vanisree et al. (2013), Tirumala rao et al. 
(2014). Spikelet fertility showed positive and 
significant correlation with kernel L/B ratio (rg= 
0.3302). 

Test weight showed positive and significant 
correlation with kernel length (rp= 0.7088, rg= 
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0.7579), kernel breadth (rp= 0.5205, rg= 0.6142), 
kernel L/B ratio (rp= 0.4417, rg= 0.4870) and KLAC 
(rp= 0.5269, rg= 0.5516). Similar kinds of findings 
are reported by Ekka et al. (2011). Kernel length 
showed positive and significant correlation with 
kernel breadth (rp= 0.3400, rg= 0.3822), kernel L/B 
ratio (rp= 0.8188, rg= 0.8506), KLAC (rp= 0.6161, 
rg= 0.6214) and showed negative and significant 
correlation with elongation ratio (rp= -0.5108, rg= -
0.5143). Alkali spread value and amylose content 
are negatively correlated. Similar kind of result was 
reported for Kernel length and kernel L/B ratio by 
Christopher et al. (2000) and for negative 
association of kernel length with elongation ratio by 
Amarawathi et al. (2008). Pleiotropy and / or 
linkage may also be the genetic reasons for this type 
of negative association. According to NeWall and 
Eberhart (1961) when two characters show negative 
phenotypic and genotypic correlation it would be 
difficult to exercise simultaneous selection for these 
characters in the development of a variety. Hence, 
under such situations, judicious selection 
programme might be formulated for simultaneous 
improvement of such important developmental and 
component characters. Kernel L/B ratio showed 
positive and significant correlation with KLAC (rp= 
0.5510, rg= 0.5790) and showed negative and 
significant correlation with elongation ratio (rp= -
0.4235, rg= -0.4397).  

From the above discussion it is evident that 
grain yield can be increased whenever there is an 
increase in characters that showed positive and 
significant association with grain yield. Hence, 
these characters can be considered as criteria for 
selection for higher yield as these were mutually 
and directly associated with yield. However, as 
simple correlation does not provide the true 
contribution of the characters towards the yield, 
these genotypic correlations were partitioned into 
direct and indirect effects through path coefficient 
analysis. It allows separating the direct effect and 
their indirect effects through other attributes by 
apportioning the correlations (Wright, 1921) for 
better interpretation of cause and effect relationship.  

The estimates of path coefficient analysis are 
furnished for yield and yield component characters 
in Table 2. Path coefficient analysis revealed that 
the number of characters chosen for the study were 
very much appropriate as evident from low value of 
residual effect (0.1614). Eight characters viz., days 
to maturity, plant height, panicle length, effective 

panicles per plant, spikelets per panicle, spikelet 
fertility, test weight and kernel length had positive 
direct effect while six characters namely kernel 
breadth, kernel L/B ratio, kernel length after 
cooking, elongation ratio, alkali spread value and 
amylose content imparted negative direct effect on 
grain yield. Effective panicles per plant imparted 
the highest positive direct effects (0.6169) on yield 
followed by test weight (0.5545), spikelets per 
panicle (0.5268), kernel length (0.3364) and 
spikelet fertility (0.2175). These findings were also 
corroborated by Cheema et al. (1998), Gupta et al. 
(1999), Meenakshi et al. (1999), Nayak et al. 
(2001), Madhavilatha (2002), Satish et al. (2003), 
Khedikar et al. (2004), Kole et al. (2008). However, 
Ekka et al. (2011) reported negative direct effect of 
kernel length on grain yield, Vanisree et al. (2013) 
reported negligible association of effective tillers 
with grain yield, which are in contrast with present 
finding. On the other hand, negative direct effect on 
grain yield were recorded by kernel breadth (-
0.1575), kernel L/B ratio (-0.3056), KLAC (-
0.0129) elongation ratio (-0.0284), alkali spread 
value (-0.0695) and amylose content (-0.0384). 
Similar kind of results was reported by Zahid et al. 
(2006) and Ekka et al. (2011). Although kernel L/B 
ratio, KLAC and elongation ratio had the negative 
direct effect on grain yield but overall effect on 
yield is positive due to indirect positive effect of 
test weight, kernel length and effective panicles. 

CONCLUSION 

Critical analysis of results obtained from 
character association and path analysis indicated 
that the number of effective tillers per plant and 
spikelets per panicle possessed both positive 
association and high positive direct effects. Hence, 
selection for these traits could bring improvement in 
yield and yield components. But in case of basmati, 
quality had equivalent importance with yield and 
inheritance of grain quality attributes are complex 
hence careful character combinations to be devised 
with experienced basmati breeders which 
guarantees the special basmati features retained. 
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ABSTRACT 

A field experiment was carried out during the winter seasons of 2004-05 and 2005-06 at 
Udaipur, Rajasthan on clay loam soil to study the effect of 4 balanced fertilization ((60 kg N + 40 kg 
P2O5 + 40 kg K2O (NPK), NPK+40 kg S/ha (NPKS), NPK+5 kg Zn/ha (NPKZn and NPKSZn) and 3 
agrochemicals (water, brassinosteroid @ 0.4 ppm and thiourea @ 1000 ppm foliar sprayed at 
branching and flowering)  on 2 mustard (Brassica juncea (L.) Czern. and Coss.)varieties (Bio-902 
and Vasundhra). Amongst varieties, variety Bio-902 accumulated significantly higher, N, P, K, S 
and Zn in seed, stover and total compared to Vasundhra. The addition of S, Zn and S + Zn with 
NPK significantly improved content and uptake of these nutrients over application of NPK alove. 
The highest values of N, P, K, S, and Zn uptake in seed, stover thereby total by mustard were 
recorded with the conjoint application of NPKSZn which were significantly higher over NPK, NPKZn 
and NPKS. The magnitude of increase in total uptake of N< P, K, S and Zn due to NPKSZn 
application were to the tune of 42.4,  51.2, 40.6, 52.1 and 72.1 percent, respectively over NPK. The 
foliar spray of brassinosteroid recorded significantly higher nutrient uptake of N, P, K, S and Zn in 
seed, stover and total in mustard over water and thiourea spray. The combined application of 
NPKSZn in balanced amount resulted higher net gain of nutrients in soil which helped in 
maintaining soil fertility. 

Key words: Mustard, varieties, balanced fertilization, agrochemicals, nutrient balance. 
 

Rapeseed and mustard group of crop is the 
third largest oilseed crop in India after soybean and 
groundnut.This group occupies 6.5 m ha area with 
production of 7.7 m t (DES, 2011). However, its 
productivity is only 1557 kg/ha.This situation may 
be overcome by using high yielding genotypes 
having better production potential and also balance 
use of fertilizer. Adoption of improved varieties has 
been reported by various workers for growth and 
yield. To realize maximum production of existing 
varieties, it is necessary that the chemical reactions 
take place in the plants are in balanced and efficient 
manners which helped in formation of quality seed. 
Further, Indian soils are becoming deficient in S 
and Zn due to intensive cultivation and use of high 
analysis N and P fertilizers. The mustard crop 
requires relatively large amount of these nutrients 
for realization of yield potential but inadequate and 
imbalance supply often leads to low productivity 
(Tripathi et al. 2010; Singh and Pal, 2011). The 
phenomenon could be reversed if NPK fertilizers 
are supplemented with S and Zn. Besides balanced 
fertilization, a bio-technological approach for its 
improvement could be the use of bio-regulators to 
improved photosynthesis and photo assimilate 
partitioning. The use of bioregulators possibly 
improves the gene expression of efficient sucrose 
transport and increase dry matter partitioning for 
grain production (Mehta, 2004). Brassinosteroid 
and thiourea are novel bioregulator with 

considerable potential to improve mustard 
productivity. Keeping the above points in view, an 
experiment was conducted to study the effect of 
varieties, balanced fertilization and agrochemicals 
on nutrient uptake of mustard and soil nutrient 
balance.  

MATERIALS AND METHODS 

The field experiment was carried out at 
Instructional Farm, Rajasthan College of 
Agriculture, Udaipur during rabi 2004-05 and 
2005-06. The soil was clay loam in texture, alkaline 
in reaction (pH 8.0 - 8.1), medium in available 
nitrogen (272-281 kg/ha), phosphorus (18-19.6 
kg/ha) and high in available potassium (361-369 
kg/ha). The soil is having available S 9.4-10.2 
mg/kg and DTPA extractable Zn 0.60-0.64 mg/kg. 
The experiment was laid out in split plot design 
with two varieties (Bio-902, Vasundhra) and four 
balanced fertilization (60 kg N + 40 Kg P2O5 + 40 
kg K2O/ha (NPK), NPK+ 40 kg S/ha (NPKS), NPK 
+ 5 kg Zn/ha (NPKZn) and NPKSZn) were set out 
as main plot treatment and three agrochemicals 
(water, brassinosteroid @ 0.4 ppm and thiourea @ 
1000 ppm) as sub plot treatment replicated thrice. 
The sources of N, P, K, S and Zn were urea, DAP, 
MOP, elemental sulphur and Zinc chloride, 
respectively. As per treatment, whole quantity of 
phosphorus, potassium, sulphur, zinc and half dose 
of nitrogen were drilled in furrows at the time of 
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sowing.   The remaining half dose of N was applied 
at second irrigation. The agrochemicals were foliar 
sprayed at branching and flowering growth stages 
using a spray volume of 600 litre/ha. The mustard 
varieties were sown on 30th October during 2004-05 
and 2nd November during 2005-06 by opening 

shallow furrows 30 cm apart using seed rate 5 
kg/ha. The thinning was carried out at 20 DAS to 
maintain intra row spacing of 10 cm. Remaining 
packages of practices and plant protection measures 
were adopted as and when required.  

 

Table 1: Effect of varieties, balanced fertilization and agrochemicals on nutrient uptake of mustard 
(pooled 2004-05 and 2005-06) 

Treatments 
N (kg/ha)  P (kg/ha)  K (kg/ha)  S (kg/ha)  Zn (g/ha) 

Seed Stover Total  Seed Stover Total  Seed Stover Total  Seed Stover Total  Seed Stover Total 

Varieties                    

Bio-902 62.8 50.4 113.2  13.0 13.9 26.9  17.0 68.4 85.4  28.0 15.4 43.4  893 1064 1957 

Vasundhra 58.7 47.4 106.1  12.1 12.4 24.5  15.3 62.0 77.3  25.0 13.7 38.7  810 971 1781 

SEm.± 0.72 0.61 1.01  0.15 0.16 0.20  0.20 0.96 0.98  0.31 0.19 0.36  10.0 12.6 17.2 

CD (P=0.05) 2.08 1.77 2.94  0.44 0.47 0.59  0.59 2.78 2.85  0.90 0.56 1.04  29.0 36.5 50.0 

Balanced fertilization                   

NPK 50.8 37.6 88.4  10.1 9.8 19.9  13.6 52.2 65.8  20.9 10.9 31.8  620 699 1319 

NPKS 65.1 54.5 119.6  13.7 14.8 28.5  17.3 71.4 88.7  29.8 16.5 46.3  875 1104 1979 

NPKZn 58.4 46.1 104.5  11.9 12.2 24.1  15.7 62.5 78.2  24.3 13.1 37.4  877 1030 1907 

NPKSZn 68.5 57.4 125.9  14.5 15.6 30.1  17.9 74.6 92.5  31.0 17.5 48.5  1034 1236 2270 

SEm.± 1.01 0.87 1.43  0.21 0.23 0.29  0.29 1.36 1.39  0.44 0.28 0.51  14.1 17.8 24.4 

CD (P=0.05) 2.94 2.51 4.15  0.62 0.66 0.83  0.83 3.93 4.03  1.28 0.80 1.47  41.0 51.6 70.6 

Agrochemicals                    

Water 53.7 43.0 96.7  11.3 11.3 22.6  14.6 57.7 72.3  24.1 12.8 36.9  772 905 1677 

Brassinosteroid 66.0 53.5 119.5  13.6 14.4 28.0  17.4 71.0 88.4  28.5 15.8 44.3  921 1108 2029 

Thiourea 62.4 50.2 112.6  12.7 13.7 26.4  16.3 66.8 83.1  26.9 14.9 41.8  861 1039 1900 

SEm.± 0.80 0.59 1.18  0.16 0.16 0.23  0.21 0.86 0.89  0.32 0.21 0.41  10.3 12.5 19.1 
CD (P=0.05) 2.25 1.67 3.33  0.44 0.46 0.66  0.60 2.44 2.53  2.92 0.60 1.14  29.2 35.2 53.9 

 
Table 2: Balance sheet of available N, P and K (kg/ha) in soil as influenced by different treatments 

(Mean 2004-05 and 2005-06) 

Treatments 

Total available 
nutrients (initial + 

added) kg/ha 

 Nutrient removed by 
crop  (kg/ha) 

 Soil status after crop 
harvest (kg/ha) 

 Net gain  (+)/loss (-) 
of nutrients in soil 

(kg/ha) 
N P K  N P K  N P K  N P K 

Varieties                
Bio-902 336.8 36.6 398.7  113.2 26.9 85.4  257.7 20.2 327.5  34.1 10.4 14.2 
Vasundhra 336.8 36.6 398.7  106.1 24.5 77.3  260.2 20.6 328.0  29.5 8.5 6.6 
SEm.± - - -  1.01 0.20 0.98  1.56 0.14 2.14  - - - 
CD (P=0.05) - - -  2.94 0.59 2.85  NS NS NS  - - - 
Balanced 
fertilization                

NPK 336.8 36.6 398.7  88.4 19.9 65.8  262.6 19.8 329.3  14.2 3.1 -3.6 
NPKS 336.8 36.6 398.7  119.6 28.5 88.7  254.1 21.3 324.6  36.9 13.3 14.6 
NPKZn 336.8 36.6 398.7  104.5 24.1 78.2  260.6 19.3 331.4  28.4 6.8 10.9 
NPKSZn 336.8 36.6 398.7  125.9 30.1 92.5  258.4 21.0 325.7  47.5 14.5 19.6 
SEm.± - - -  1.43 0.29 1.39  2.21 0.20 3.02  - - - 
CD (P=0.05) - - -  4.15 0.83 4.03  NS 0.58 NS  - - - 
Agrochemicals                
Water 336.8 36.6 398.7  96.7 22.6 72.3  262.5 20.7 329.5  22.5 6.7 3.1 
Brassinosteroid 336.8 36.6 398.7  119.5 28.0 88.4  257.5 20.1 326.7  40.5 11.5 16.5 
Thiourea 336.8 36.6 398.7  112.6 26.4 83.1  256.8 20.4 327.0  32.9 10.3 11.4 
SEm.± - - -  1.18 0.23 0.89  1.77 0.16 2.31  - - - 
CD (P=0.05) - - -  3.33 0.66 2.53  NS NS NS  - - - 
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RESULTS AND DISCUSSION 

nutrient uptake: an examination of data (table 
1) reveals that seed and stover produced due to 
variety bio-902 accumulated significantly higher n, 
p, k, s and zn in seed and stover over vasundhra 
during both the years and pooled analysis. the 
extent of increase in total n, p, k, s and zn uptake 
due to variety Bio-902 was to the tune of 6.7, 9.8, 
10.5, 12.1 and 9.9 percent, respectively over 
Vasundhra. This improvement in nutrient status of 
plant under genotype Bio-902 might be due to their 
genetic make-up. Further, greater availability of 
nutrients with Bio-902 seems to have critical 
concentration of these nutrients at cellular level and 
fulfilled their requirement for proper plant growth 
and efficient translocation towards sink component. 
As the uptake is a product of yield and nutrient 
content, considerable increase in either of 
components may increase N, P, K, S and Zn uptake. 
The results are in close conformity with the findings 
of Archana Kumari et al. (2012).  

Nutrient uptake varied significantly due to 
balanced fertilization. The addition of S, Zn and S + 
Zn to NPK significantly enhanced N, P, K, S and 
Zn uptake by seed, stover and total over NPK 
fertilization during both the years and pooled 
analysis. Further, conjoint application of NPKSZn 
accumulated highest N, P, K, S and Zn in seed and 
stover which were significantly higher over NPK, 
NPKZn and NPKS except K. The magnitude of 
increase in total N, P, K, S and Zn uptake by 
mustard crop was to the tune of 42.4, 51.2, 40.6, 
52.5 and 72.1 percent respectively over NPK and 
20.5, 24.9, 18.3, 29.7 and 19.0 percent respectively 
over NPKZn. When compared to NPKS, 
application of NPKSZn significantly enhanced total 
N, P, S and Zn uptake by 5.3, 5.6, 4.8 and 14.7 
percent respectively. It is well established fact that 
uptake of nutrients by the crop is primarily 
governed by total biomass production and secondly 
nutrient concentration at cellular level. Thus 

improvement in both these factors under NPKSZn 
fertilization treatment resulted in higher uptake of 
added nutrients. Similar results were reported by 
Rana et al. (2005) and Singh and Pal (2011).  

 It is evident from the data (Table 1) that 
foliar application of branssinosteroid and thiourea 
accumulated significantly higher N, P, K, S and Zn 
in seed, stover and total by mustard crop over water 
spray. Amongst agro-chemicals, two foliar spray of 
brassinosteroid @ 0.4 ppm recorded maximum 
uptake of these nutrients which proved significantly 
superior over thiourea. The extent of increase in 
total uptake was 23.6, 23.9, 22.3, 20.0 and 21.0 
percent over water spray. The significantly higher 
uptake under brassinosteroid in comparison to 
thiourea could be ascribed to higher biomass 
production and nutrient concentration at cellular 
level.  

Soil Nutrient Balance: The varieties, balanced 
fertilization and agro-chemicals failed to influence 
N, P and K status of soil at the end of crop season 
during both the years and pooled analysis except P 
status under balanced fertilization (Table 2). The 
highest P content in soil was noted under 
application of NPKS which was significantly higher 
over NPK and NPKZn but at par with NPKSZn. 
Amongst varieties, even after higher uptake of N, P 
and K by crop, the net gain of these nutrients were 
higher under variety Bio-902. Further, the highest 
net gain of nutrients in soil was recorded with the 
conjoint application of NPKSZn when compared 
with NPK application only. The addition of S with 
NPK was found next in order. Thus, the conjoint 
application of NPKSZn in balanced amount also 
assured the availability of all these nutrients to the 
crop plant in adequate amount and remained in soil 
in substantial quantity after fulfilling the crop 
requirements that ultimately improved the soil 
fertility. Both agro-chemicals were effective in 
maintaining nutrient balance in soil after crop 
harvest. 
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ABSTRACT 

This study gave empirical evidence seventeen morpho- physiological and yield data that were 
collected from fifty five rice germplasm consisting of Oryza sativa lines including checks. The 
association of all morpho-physiological traits was estimated by phenotypic correlation coefficient 
and showed that thirteen variables were positively correlated. Principal component analysis 
resulted in the six components with eigen value greater than 1 accounting for 71.37% of the total 
variation. The derived information would be very useful to select potentially breeding lines for future 
rice improvement program.    

Key words: Rice, Sink potential, Correlation, PCA. 

A large number of variables are often measured 
by plant breeding, some of which may not be 
sufficient discriminatory power for germplasm 
evaluation, characterization and management. In 
such cases principal component analysis (PCA) 
may be used to reveal patterns and eliminate 
redundancy in data sets (Adams, 1995, Amy and 
Pritts, 1991) as morphological and physiological 
variation routinely occur in crop species. 
Knowledge of the native, extent and organization of 
this variation could be useful for genetic 
improvement of crop species. 

 Importance of rice sink potential is the 
only way to achieve increased rice production under 
rainfed condition. In continuation  different 
morphological traits play very important role for 
more rice production with new plant type characters 
sites associated with the plant yield (Yang et al. 
2007, Yang and Hwa, 2008). Phenological 
properties of rice also associated with the yield 
potential of the different rice varieties for the 
selection of the best varieties that further involved 
in rice breeding program (Shahidullah et al. 2009). 

The development of varieties is a continuous 
process and the success of the plant breeding 
programme aimed at the evaluation of high 
yielding, better quality, fertilizer responsive, disease 
and insect resistance depends up on the selection of 
suitable plants. 

 The study was undertaken to run a 
classificatory analysis on the rice germplasm by 
means of PCA, and descriptive statistic, which 
would enable us to classify the available germplasm 
auto distinct groups on the bests on the basis of 
their genetic diversity. The information, thus 
obtained would be helpful to develop an effective 
rice breeding programme and as such quantification 
of the degree of divergence would be helpful in 
choosing suitable genotypes and traits of interests 
for ongoing breeding programmes. 

MATERIALS AND METHODS 

The experiment was carried out at the Research 
Farm, IGKV, Raipur (C.G) during Kharif - 2013. 
The experiment was laid out in Augmented design 
with 55 rice accessions including eight standard 
checks namely Pusa Basmati, Jaya, NDR-79, IR-64, 
Annada, Swarna, Karma Mahsuri and MTU-1010. 
Three competitive plants from each plot were 
randomly selected for recording the observation on 
17 morpho-physiological, biochemical and yield 
characters. The average data from the sampled 
plants of each plot in respect of different characters 
were used for various statistical analysis. 

Data analysis  
Analysis of variance using descriptive statistics 

such as mean, standard deviation and coefficient of 
variance and correlation coefficient for each one of 
the 17 studied that is was calculated. Principal 
component analysis was also used to determine 
genetic variability for these traits. Genotypic means 
were used for the PCA with respect to each traits. 

RESULTS AND DISCUSSION 

Analysis of variance indicated significant effect 
of genotypes in almost all the traits studies. All the 
genotypes showed highly significant variation for 
all the traits. The extent of variability  for any 
characters is very important for the improvement of 
crop through breeding grain yield, apparent 
translocation rate, seed growth rate,  flag leaf angle 
, dry matter partitioning and number of grains per  
panicle showed highly variations among the 
genotypes. 

The association of all morpho-physiological 
traits was estimated by phenotypic correlation 
coefficient (Table 2).  A strong association was 
present between the plant yield and other yield 
related traits i.e days to panicle initiation (0.409**), 



Journal of Progressive Agriculture Vol. 6, Issue-1, April, 2015                                                                                                                   
 
  

 

126 
 

days to 50%flowering(0.298*), number of tillers 
plant-1(0.325*), apparent translocation rate 
(0.681**) and number of grain panicle-1(0.447**). 
Similar results have been reported by (Khan et al., 
2009; Vange, 2009).  The positive and significant 
associations of these traits were provide plant 
breeding an understanding to phenotypic traits and 
their degree of association to be able to plant 
breeding schemes and management of plant 
germplasms. The PCA was used to eliminate 
redundancy in the data set. Six principal 
components accounted for most of the variability 
71.37%  (Table-2). Eigen value and variance 
associated with principal decreased gradually 
(Fig.1). 

Among the rice germplasm PC1 accounted for 
19.70% of the morpho-physiological variation in 
the rice germplasm collections and was loaded on 
days to panicle initiation, days to 50% flowering, 

days to maturity, apparent translocation rate and 
grain yield. PC2 accounted for 17.54 % of the 
variation and was loaded on plant height, panicle 
length and number of grains per panicle.  PC 3 
accounted for 13.07% of the variation and was 
loaded of number of tillers per plant, number 
effective tillers per plant, chlorophyll value and 
number of panicle per plant.  PC 4 accounted for 
8.05% of the understand and loaded of panicle 
harvest index. PC 5 accounted for 6.74% of the 
understand and of added plant height, flag leaf area 
(cm). PC 6 accounted for 5.97% of the variation and 
loaded of flag leaf angle and seed growth rate. 
Genotype differences of the genotypes were 
evaluated on the basis of grain yield reported by 
Hayashi et al. 2007. Some morphological traits of 
rice were also studied by Saleem et al. 2009 for the 
development of high yielding varieties. 

 
Table 1: Simple correalations among different morpho-physiological traits of rice 
Chara- 
cters DFI DF DMP PH FLAR FLAN NT ATR CHL NET PL DMP NP NG PHI SGR GY 

                  
DPI 1.000 0.904** 0.590** 0.042 0.108 -0.131 0.133 0.373** -0.084 0.073 0.071 0.122 0.250 0.179 -0.025 0.041 0.409** 

DF 1.000 0.584** 0.070 0.015 -0.119 0.045 0.378** -0.088 -0.028 0.034 0.198 0.179 0.097 -0.037 -0.068 0.298* 

DM 1.000 0.152 -0.023 -0.005 0.111 0.198 -0.374** 0.036 0.300* 0.225 0.334 0.057 0.040 0.057 0.131 

PH   1.000 0.398** 0.125 -0.225 -0.320* -0.493** -0.189 0.519** 0.082 0.369 -0.156 -0.031 -0.214 -0.351* 

FLA     1.000 0.069 0.131 -0.077 -0.180 0.131 0.359** 0.123 0.376 0.162 -0.078 -0.184 0.038 

FLAN       1.000 0.008 -0.188 -0.062 -0.009 -0.141 0.109 0.100 0.143 0.138 -0.237 -0.049 

NT         1.000 0.190 0.207 0.891** -0.092 0.079 0.058 0.441** 0.005 -0.191 0.325* 

ATR       1.000 0.173 0.110 -0.313* -0.083 0.088 0.174 0.225 0.065 0.681** 

CHL         1.000 0.250 -0.293* -0.125 -0.292 0.014 0.044 -0.053 0.020 

NET             1.000 -0.028 0.008 -0.033 0.414** -0.007 -0.221 0.228 

PL                 1.000 0.132 0.337 0.013 0.062 -0.224 -0.234 

DMP                       1.000 0.223 0.072 0.098 -0.113 -0.035 

NP                   1.000 0.136 0.162 -0.155 0.125 

NG                       1.000 0.075 -0.178 0.447** 

PHI                       1.000 -0.140 0.181 

SGR                               1.000 0.070 

 GY                             1.000 
NOTE:  DPI-Days to Flowering Initiation, DF-Days to 50% flowering, DM-Days of maturity, PH-Plant Height (cm.), FLA- Flag Leaf Area (cm2.),  FLAN -
Flag Leaf Angle(00), NT-Number of Tillers plant-1, ATR-apparent translocation rate, CHL- chlorophyll content (Value),NET-Number .Effective tiller/ plant, 
PL-Panicle length, DMP-Dry Matter Partitioning (g.), NG-Number of grains panicle-1, NP-Number of Panicle plant-1, PHI-panicle harvest index, SGR- Seed 
growth rate, GY-Grain Yield (gm-2). 

 
Table 2: Eigen value, % variance and cumulative eigen values of 17 morpho-physiological traits under 
rainfed condition 

Explained Variance (Eigenvalues) Value Eigenvalue % of Var. Cum. % 
Flowering Initiation (Days) PC 1 3.349 19.701 19.701 
Days to 50% flowering (Days) PC 2 3.033 17.843 37.544 
Days of maturity (Days) PC 3 2.222 13.072 50.616 
Plant Height (cm.) PC 4 1.369 8.052 58.668 
Flag Leaf Area (cm.) PC 5 1.146 6.741 65.409 
Flag Leaf Angle PC 6 1.015 5.970 71.379 
No of Tillers/ plant PC 7 0.942 5.540 76.918 
Apparent Translocation Rate(ATR) PC 8 0.842 4.954 81.872 
Chlorophyll Value (SPAD unit)  PC 9 0.681 4.006 85.878 
Number Effective tiller/ plant PC 10 0.584 3.435 89.313 
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Explained Variance (Eigenvalues) Value Eigenvalue % of Var. Cum. % 
Panicle length PC 11 0.527 3.103 92.416 
DMP PC 12 0.401 2.359 94.775 
N0. of grains/ panicle PC 13 0.320 1.880 96.655 
N0. of panicle/plant  PC 14 0.282 1.660 98.315 
PHI (panicle harvest index) PC 15 0.136 0.801 99.116 
SGR PC 16 0.094 0.551 99.668 
Grain Yield (gm-2) PC 17 0.056 0.332 100.000 
 
Table 3: Component Score Coefficients (Eigenvectors) 

Variable PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Panicle Initiation (Days) 0.426 0.128 -0.253 -0.146 -0.116 -0.017 

Days to 50% flowering (Days) 0.387 0.144 -0.294 -0.110 -0.255 -0.081 
Days of maturity (Days) 0.316 0.257 -0.186 -0.089 -0.243 0.042 

Plant Height (cm.) -0.070 0.463 0.108 -0.029 0.112 -0.007 

Flag Leaf Area (cm.) 0.094 0.252 0.295 -0.089 0.391 0.087 
Flag Leaf Angle -0.037 0.057 0.224 0.459 -0.357 0.470 
Number of tillers per plant 0.296 -0.201 0.397 -0.238 -0.086 0.020 
Apparent Translocation Rate(ATR) 0.340 -0.207 -0.211 0.214 0.264 -0.139 

Chlorophyll Value (SPAD unit)  -0.019 -0.373 0.070 -0.047 -0.156 -0.422 
Number effective tillers per plant 0.241 -0.205 0.432 -0.294 -0.079 -0.049 

Panicle length 0.009 0.399 0.160 -0.166 0.144 -0.357 

DMP 0.115 0.176 0.080 0.127 -0.471 0.008 
Number of grains per panicle 0.201 0.321 0.110 0.215 0.221 -0.007 

Number of panicle per plant  0.284 -0.096 0.295 0.084 0.104 0.285 
PHI (panicle harvest index) 0.084 -0.011 0.054 0.616 0.036 -0.449 

SGR -0.065 -0.105 -0.366 -0.161 0.227 0.353 

Grain Yield(gm-2) 0.383 -0.196 -0.064 0.214 0.327 0.164 
 
Table 4: list of selected Germplasm in each principal component 

PCA1 PCA2 PCA3 PCA4 PCA5 PCA6 
IC-346909 IC-427246 IC-438710 IC-383441 IC-85722 IC-383441 
IC-383638 IC-383577 IC-360740 IC-383638 IC-383638 IC-282504 
IC-346927 IC-427239 IC-426060 IC-346880 IC-384190 IC-346914 
IC-85722 IC-426096 IC-384190 IC-362061 IC-298572 IC-256749 
IC-360740 IC-419902 IC-346880 IC-427239 IC-256749 IC-337574 
IC-426096 IC-385945 IC-392255 IC-426026 IC-383577 IC-346927 
IC-346813 IC-362061 IC-361209 IC-426256 IC-337574 IC-311017 
IC-337588 IC-361209 IC-383441 IC-346813 IC-361321 IC-311005 
IC-346914 IC-438710 IC-361321 IC-385945 IC-282504 IC-383638 
IC-438710 IC-361321 IC-426096 IC-336983 IC-419902 IC-298569 

 
Fig 1: Scree plot of principle component analysis of rice genotypes between their Eigen value and the  

number of principal components. 
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To rank the genotypes in the top 10 principal 
component scores (PCA Scores) for all the lines 
were estimated in there six components IC-346909 
had highest PC Score followed by IC-383638, IC-
346927, IC-360740, IC-426096, IC-346813, IC-
337588, IC-346914 and IC-438710 in PC 1 
including that had high panicle initiation, days to 
50% flowering, days to maturity, apparent 
translocation rate and grain yield. On the basis of 
top 10 PC score in each principal component, 
genotypes are selected and presented as 
summarized in Table 3. 
Mostly the yield contributing traits were higher in 
PC1 and PC2 in comparison with PC3, PC4, PC5 
and PC6, from this study it is cleared that a good 

hybridization breeding program can be initiated by 
the selection of genotype from the PC1 and PC2. 
Agro-morphological diversity and variation among 
the rice accessions play a very important role for the 
crop improvement reported by Sanni et al., 2008 
and Seetharam et al., 2009. A good number of 
genotypes have been identified on the basis of 
morpho-physiological and yield attributing traits. 
The genotypes with better yield potential IC-
383638, IC-85722, would be used for the 
improvement and development of new rice varieties 
through breeding programs. These genotypes are 
diverse and want produce significant Transgressive 
segregants. 
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ABSTRACT 

An experiment was conducted during 2013-14 at Commercial Fruit Nursery, Department of 
Horticulture, Akola (M.H.) to study the influence of GA3 and potting media on seed germination and 
seedling growth of papaya (Carica papaya L.) seedlings cv. Coorg honey dew. The treatments 
comprised combinations of soil, sand, FYM, cocopeat and vermicompost with varing levels of GA3. 
Altogether, 21 treatments were applied in a Factorial completely randomized block design with 
three replications. Among all the treatments the application of 200 ppm GA3 with Soil: Sand: 
Cocopeat: Vermicompost (1:1:1:1) potting media significantly influenced growth and health of 
seedlings and produced maximum seed germination (82.22%), seed vigour index (2430.50), 
average leaf area (44.89 cm2), length of tap root (11.6 cm) and survival percentage (78.78 %), 
while maximum height of the seedling (19.20 cm) was seen in the treatment GA3 200 ppm with soil: 
FYM (1:1) media. Collar daimeter (5.78 mm) and number of leaves per seedling (9.22) were 
recorded maximum in GA3 200 ppm with soil: sand: vermicompost (1:1:1) media. Fresh weight of 
plant (7.72g) and dry weight of plant (1.01g) were recorded maximum in treatment GA3 100 ppm 
and soil : sand: vermicompost (1:1:1) media. 

Key words: Papaya, GA3, Vermicompost, FYM, germination, seedlings. 
 

Papaya is an important commerical fruit crop 
of tropical and subtropical region in the orchards as 
well as kitchen garden due to its fast growing and 
early bearing habit, low input requirement and 
multipurpose uses. For successful production of 
papaya vigorous and healthy seedling production is 
most important as the crop is propagated through 
seed commercially. But the seed cost of papaya 
many gynodioceious cultivars is very high. So, 
increasing germination and prducing vigorous 
seedlings is very important for papya growers. 
Proper seed grmination and seedling growth are 
most important considerations in successful 
seedling prodution under nursery technique of 
papaya cultivation. The germination of seeds of 
Carica papaya is frequently reported to be slow, 
erratic and is incomplete (Chako and Singh, 1966; 
Lange, 1961). The seed is enclosed within a 
gelatinous sarcotesta (aril, or outer seed coat which 
is formed from the outer integument). Removal of 
seed covering structures, arils then presoak arils 
then pre wash improves germination (Lange, 1961, 
Perez et al., 1980 Yahiro, 1979). 

Growing media also plays important role for 
seed germination. Growing media not only acts as a 
growing place but also as a soure of nutrient for 
plant growth. Among different media used 
vermicompost provides sufficent levels of oxygen 
to roots, adequate storage of water and nutrient for 
the plants; humic substances significantly increase 
nutrients availability and consequently affect 
growth, yield and quality of plant. FYM having the 
properties of good water holding capacity as well as 

sufficient porous, so that permitting adequate 
moisture and exchange of gasses between the 
germination growth media and the embryo 
(Anjanawe et al. 2013). Cocopeat is considered as a 
good growing media component with acceptable 
pH, electrical conductivity and other chemical 
attributes (Abad et al. 2002).  Keeping in view the 
response of seedling growth to GA3 and potting 
media, thistrial was conducted to study the effect of 
different soil media on the germination of papaya 
seed and subsequently on the growth of seedlings. 

MATERIALS AND METHODS 

The experiment was conducted at the 
Commercial Fruit Nursery, Department of 
Horticulture, Akola (M.H.). The poly bags 
experiment was laid out in factorial completely 
randomized design with three replications. The 
experiment comprised of twenty one treatment 
combinations Gibberellic acid (GA3) with two 
concentrations i.e. GA3 at 100ppm (G1) , 200ppm 
(G2) and Control as water soaking of seeds (G0) and 
different growth media used in different ratio i.e. 
Soil as control (M0), Soil:FYM (1:1) (M1), Soil: 
Cocopeat (1:1) (M2), Soil: Sand: FYM (1:1:1) (M3), 
Soil: Sand: Cocopeat (1:1:1) (M4), Soil: Sand: 
Vermicompost(1:1:1) (M5) and Soil: Sand: 
Cocopeat : Vermicompost (1:1:1:1) (M6). The seeds 
of papaya cv. “Coorg honey dew” were obatined 
from CHRS, Chethali and sown in the prefilled poly 
bags. The required quantities of plant growth 
regulators were prepared through stock solution 
with their different concentrations. The seeds were 
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soaked before sowing in the aqueous solution of 
every plant growth regulators of the desired 
concentrations for 12 hours in beaker. The seeds 
were dried for 10 minutes in shade after soaking. 
The dried seeds were immediately sown in the 20 
polythene bags for each treatment combiations. The 
germination percentage was worked out after 
complete germination, i.e., after stoppage of 
germination. It was calculated by dividing total 
number of seeds sown with the number of seeds 
germinated and was multiplied by 100.  Seedling 

Vigour Index was calculated by adopting the 
method suggested by Abdul-baki and Anderson 
(1973) and expressed in whole number. 

 
Seed vigour index =  seedling length x 
germination % 
Survival percentage is calculated by following 
formula: 
Survival % = number of survived seedling / 
number of germinated seeds x 100 

 
Table 1. Effect of GA3 and media on seed germination, seedling growth, biomass and survival 

percentage of papaya 
Treatments Germination 

percentage 
Seed 

vigour 
index 

Height of 
the 

seedling 
(cm) 

Number 
of leaves 

per 
seedling 

Average 
leaf area 

(cm2) 
 

Collar 
daimeter  

(mm) 

Length 
of tap 
root 
(cm) 

Fresh 
weight 
of plant 

(g) 

Dry 
weight 

of 
plant(g) 

Survival 
percentage 

GA3  
G0 : 0 ppm 62.85 

(52.80) 
60.31 

(50.95) 
13.36 7.65 30.12 3.90 7.11 3.74 0.44 70.30 

(57.39) 
G1 : 100 ppm 68.57 

(56.23) 
65.20 

(53.85) 
14.44 8.20 36.16 4.16 6.77 4.39 0.59 72.43 

(58.79) 
G2 : 200 ppm 73.01 

(59.01) 
67.99 

(55.54) 
14.92 7.80 38.58 4.28 7.90 4.54 0.66 75.06 

(60.51) 
SEm± 1.37 0.79 0.31 0.13 0.73 0.10 0.22 0.13 0.02 1.50 
CD at 5 % 3.90 2.26 0.89 0.08 2.10 0.29 0.62 0.08 0.06 - 
Media 
M0 : Soil 57.03 

(49.16) 
980.30 12.77 7.59 29.95 4.02 4.18 3.36 0.39 72.90 

(59.14) 
M1 : Soil + FYM 75.55 

(60.60) 
1900.00 17.37 8.70 41.92 4.76 9.42 5.68 0.73 76.53 

(61.64) 
M2 : Soil + 
Cocopeat 

65.18 
(54.08) 

1248.00 12.26 6.89 29.00 3.46 7.00 2.54 0.42 63.48 
(52.19) 

M3 : Soil + Sand 
+ FYM  

61.48 
(51.82) 

1295.00 13.97 8.14 38.49 4.02 7.71 4.83 0.62 72.59 
(58.97) 

M4 : Soil + Sand 
+ Cocopeat 

74.07 
(59.62) 

1375.00 12.21 7.44 30.12 3.64 6.39 3.60 0.44 69.57 
(56.55) 

M5 : Soil + Sand 
+ Vermicompost 

70.37 
(57.28) 

1456.00 15.18 8.14 35.26 4.70 7.09 3.84 0.56 75.83 
(60.95) 

M6 : Soil + Sand 
+ Cocopeat + 
Vermicompost 

73.33 
(59.55) 

1816.00 15.91 8.29 39.95 4.18 9.03 5.70 0.77 77.28 
(62.11) 

SEm± 2.09 72.76 0.48 0.20 1.12 0.15 0.33 0.20 0.03 2.30 
CD at 5 % 5.96 207.8 1.36 - 3.20 0.44 0.94 0.56 0.09 - 

Interaction effect 

SEm± 3.61 126.00 0.83 0.35 1.94 0.26 0.57 0.34 0.05 3.98 
CD at 5 % - 359.9 2.36 1.01 5.55 0.75 1.63 0.97 0.15 - 

 
Table 2. Intreaction effect of GA3 and potting media on germination percentage, height of the seedling, 

number of leaves, length of the tap root, fresh weight of plant and dry weight of plant in 
papaya. 

Germination percentage  Heigth of the seedling (cm)  Number of leaves 
 G0 G1 G2  G0 G1 G2  G0 G1 G2 

M0 51.11 
(45.63) 

62.22 
(52.20) 

57.78 
(49.64) 

 12.52 13.36 12.41  7.66 8.11 7.00 

M1 77.78 
(61.92) 

73.33 
(59.36) 

75.55 
(60.53) 

 16.69 16.23 19.20  8.33 8.77 9.00 

M2 55.55 
(48.24) 

64.44 
(53.48) 

75.55 
(60.53) 

 11.76 14.20 10.82  7.00 7.66 6.00 

M3 53.33 
(46.92) 

62.22 
(52.24) 

68.89 
(56.31) 

 13.31 14.27 14.32  7.77 8.89 7.77 

M4 73.33 
(59.02) 

71.11 
(57.92) 

77.78 
(61.92) 

 12.41 12.37 11.86  7.33 7.66 7.33 

M5 71.11 
(58.03) 

66.66 
(54.80) 

73.33 
(59.02) 

 12.78 14.98 17.79  7.55 7.66 9.22 
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M6 57.78 
(49.86) 

80.00 
(63.64) 

82.22 
(65.15) 

 14.03 15.70 18.01  7.89 8.66 8.33 

CD at 5 % -  2.36  1.01 
Length of tap root (cm)  Fresh weight of plant (g)  Dry weight of plant (g) 

 G0 G1 G2  G0 G1 G2  G0 G1 G2 
M0 3.67 3.27 5.60  3.72 2.59 3.75  0.35 0.37 0.46 
M1 9.97 10.40 7.90  5.04 6.33 5.67  0.78 0.76 0.64 
M2 8.47 5.57 6.97  2.19 2.88 2.55  0.23 0.46 0.58 
M3 7.87 4.90 10.40  5.75 3.55 5.18  0.68 0.49 0.68 
M4 6.83 5.37 6.97  2.41 4.06 4.34  0.26 0.48 0.59 
M5 5.37 9.93 5.97  3.35 3.57 4.62  0.43 0.54 0.70 
M6 7.60 7.93 11.60  3.68 7.72 5.70  0.36 1.01 0.94 

CD at 5 % 1.63  0.97  0.15 

 

Figure 1. Effect of GA3 and media on germination percentage in papaya. 

0

50

100
Germination percentage (%)

 
Figure 2. Effect of GA3 and media on heigth of the seedling in papaya. 
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RESULTS AND DISCUSSION 

GA3 
The results (Table1) revealed that the 

maximum (60.4%) seed germination of papaya was 
obtained under G2 (200 ppm GA3) followed by G1 
(100 ppm GA3) and G0 (water soaking in tap 
water). The promising effect of GA3 as pre-sowing 
treatment to the seeds replaced the dormancy 
mechanism of the seeds resulting in early 
germination (Khan, 1981). Gibberellic acid acts on 
the embryo and causes synthesis of hydrolyzing 
enzymes particularly amylase and protease and this 
hydrolyzed food is utilized for growth of embryo 
and thereby enhanced the germination (Paleg, 
1965). Similar results were reported by Rodriguez 
et al. (1985) and Suryakanth et al. (2005) in guava; 
Dhankhar and Singh (1996) and Gholap et al. 

(2000) in aonla; Bharche et al. (2010) and Dhinesh 
Babu et al. (2010) in papaya.  

The various vegetative growth parameters such 
as height of the seedling, number of leaves per 
seedling, average leaf area, collar daimeter and 
length of tap root were found to be significant 
among the different treatments (Table 1). Maximum 
height of the seedling average leaf area, collar 
daimeter and length of tap root was observed with 
GA3 200 ppm treated seeds. At 50 days after 
sowing (DAS) the seeds pre-treated with GA3 200 
ppm recorded significantly higher height of the 
seedling (14.92 cm) which was statistically similar 
to GA3 100 ppm (14.44 cm) and on par with seed 
saoking in tap water. The increased height in GA3 
500 ppm seeds may be attributed to the reason that 
the endogenous levels of GA3 synthesized by the 
papaya seedling might not be sufficient and external 
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application of GA3 might have boosted growth by 
increasing cell multiplication and cell elongation 
resulting in better plant growth. The results 
obtained in the present investigation are in close 
conformity with the results obtained by Pawshe et 
al., (1997).  Number of leaves per plant was found 
significantly higher over the control and other 
treatments under G2 (200 ppm GA3). Increase in 
number of leaves might be due to that GA helps in 
invigoration of physiological process of plant and 
stimulatory effect of chemicals to form new leaves 
faster rate. The results are in conformity of Sen et 
al. (1990) in papaya seeds and Kalalbandi et al. 
(2003) in kagzi lime. 

The fresh weight and dry weight of plant were 
found significantly maximum under G2 (200 ppm 
GA3) in comparison to G1 as well as control. This 
seems to be the effect of mobilization of water and 
nutrients transported athigher rate which might have 
promoted more production of photosynthetic 
product and translocated them to various plant parts 
which might have resulted in better growth of the 
seedlings and hence, more fresh and dry weight. 
The results are in conformity with the findings of 
Dhankhar and Singh (1996) in Aonla. It is revealed 
that (Table 1) collar diameter of papaya 
significantly increased under G2 (200ppm GA3). 
Increase in girth of stem may be possible due to 
stimulation of cambium and its immediate cell 
progeny, as observed. Dhankhar and Singh (1996) 
and Gholap et al. (2000) in Anola (Phyllantus 
emblica L.) and Deb et al. (2010) in papaya. 

Potting media 
The observations noted on germination 

percentage, seed vigour index, height of the 
seedling, average leaf area, collar daimeter, length 
of tap root, fresh weight of plant and dry weight of 
plant were significantly influenced by different 
potting media but highest germination percentage 
(75.55), seed vigour index (1900.00), height of the 
seedling (17.37cm), average leaf area (41.92 cm2), 
collar daimeter (4.76 mm) and length of tap root 
(9.42 cm) were noted under M1 (soil: FYM -1:1) 
over the other treatments and control (Table 1). 
Whereas, maximum fresh weight (5.70 g) and dry 
weight (0.77 g) of plant were observed in media M6 
(Soil: sand: cocopeat: vermicompost-1:1:1:1). The 

promising effect of M1 on seed germination might 
be due to its appropriate cation exchange capacity 
for retention of nutrients and having the properties 
of good water holding capacity as well as sufficient 
porous, so that permitting adequate moisture and 
exchange of gasses between the germination growth 
media and the embryo. It is essential for rapid and 
uniform germination of seeds. Narayan et al. (2008) 
and Bihari et al. (2009) reported in Aonla (Emblica 
officinalis L.). The maximum fresh weight and dry 
weight of plant in treatment M6 might be due to the 
fact that, organic manure initially form conducive 
environment with regard to physical parameters of 
soil which promote better root growth and other 
vegetative growth the presence of beneficial 
microorganisms or biologically active plant growth 
influencing substances such as phytohormone are 
released by beneficial microorganisms present in 
the vermicompost rich soil (Tomati and Galli, 1995; 
Edwards, 1998). 

Intraction effect 
Perusal of data in Table 2 revealed that the seed 

germination (82.22%), seed vigour index (2430.50), 
average leaf area (44.89 cm2) and length of tap root 
(11.60 cm) increased under the interaction of G2M6 
(200ppm GA3 x soil: sand: cocpeat: vermicompost 
- 1:1:1:1) whereas, fresh weight (7.72 g) and dry 
weight of plant (1.01 g) under G1M6 (100ppm GA3 
x soil: sand: cocpeat: vermicompost - 1:1:1) over 
the other treatments and control. This may be due to 
the promising effect of GA3 on seed germination 
might be due to its participation in the activity of 
alpha amylase, which catalyzes the starch 
conversion into simple carbohydrates and chemical 
energy is liberated which is used in the activation of 
embryo. Growth media, has appropriate cation 
exchange capacity for retention of nutrients and 
having the properties of good water holding 
capacity as well as sufficient porous, so that 
permitting adequate moisture and exchange of 
gasses between the germination growth media and 
the embryo. It is essential for rapid and uniform 
germination of seeds. The activities of GA3 are 
more effective with the growth media, i.e. soil: 
sand: cocopeat: vermicompost- 1:1:1:1 and vice 
versa. 
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ABSTRACT 

An experiment was conducted in split plot design keeping four levels of irrigation in main plot 
and six treatment combinations comprising of three levels of nitrogen and two levels of phosphorus, 
in sub plot with four replications during rabi seasons of 1998 on clayey soil at Gujarat Agricultural 
University, Junagadh Campus, Junagadh (Gujarat) to study effect of various level of irrigation, 
nitrogen and phosphorus on nutrients content and uptake of pearl millet. The result revealed that 
application of IW/CPE of 0.7 recorded significantly higher yields viz., grain and stover yield and soil 
moisture parameters viz., consumption use of water, water use efficiency was at par with 
application of IW/CPE ratios of 0.9.  

Key words: Pearl millet, Pennisetum glaucum, Irrigation, Yield and Nutrient. 
 

 Pearl millet [Pennisetum glaucum (L.) R. Br. 
emend. Stuntz] is the fourth most important food 
grain crop after rice, wheat and sorghum in India 
and commonly known as bajra, is an important 
drought hardy millet crop basically cultivated in the 
arid and semi-arid areas on light textured sandy 
soils. It is a dual purpose crop, grains are used for 
human consumption and its fodder as cattle feed. 
Pearl millet grains are eaten cooked like rice or 
‘chapattis’ are prepared out of flour like wheat or 
maize flour and also used as feed for poultry and 
green fodder or dry karbi for cattle. India is the 
largest producer of pearl millet with an annual 
production of 10.05 million tonnes from an area of 
8.69 million ha and productivity of 1156 kg ha-1 

(AICMIP, 2014). Rajasthan, Maharashtra, Gujarat, 
Uttar Pradesh and Haryana are the major pearl 
millet growing states. Scientific scheduling of 
irrigation is a technique for determining the quantity 
of irrigation water, which also aim at optimizing 
crop yield with the maximum water use efficiency 
and ensures minimum deterioration of the soil and 
crop. Among the various approaches, climatological 
approach has been found to be ideal as it integrates 
all weather parameter, giving them their natural 
weightage in a given climate-water-plant 
continuum. Scheduling irrigation based on data of 
pan evaporation is likely to increase agricultural 
production at least by 15 to 20 per cent (Dastane, 
1972). The present investigation was undertaken 
with the objective of finding suitability of different 
irrigation, nitrogen and phosphorus levels and their 
doses for pearl millet so that practically convenient 
feasible strategy for scheduling irrigation for rabi 
pearl millet can be developed.   

 

MATERIALS AND METHODS 

 An experimental was conducted at the 
Instructional Farm, Gujarat Agricultural University, 
Junagadh campus, Junagadh (Gujarat) for rabi 
season of the years 1998.  The experiment site is 
situated at 21.50 N latitude and 70.50 E longitude 
with an altitude of 60 m above the mean sea level 
on the western side at the foothill of famous mount 
‘Girnar’.The maximum and minimum temperature 
during the crop growth period ranged between 27.3 
0C to 34.6 0C and 7.8 0C to 21.9 0C during 1998. 
The soil was medium clayey in texture and slightly 
alkaline in reaction with pH (8.10), OC (0.59%) and 
EC (0.32 dS m-1), low in available N (261.2 kg ha-

1), and medium in available P (32.12 kg ha-1), 
available K (295.1 kg ha-1) and moisture content at 
field capacity (28.02%) and moisture content at 
permanent wilting point (13.81%). Total 24 
treatments viz., main plot treatments were 0.3 
IW/CPE ratio, 0.5 IW/CPE ratio, 0.7 IW/CPE ratio 
0.9 IW/CPE ratio and sub plot treatments nitrogen 
100 kg ha-1, 120 kg ha-1 and 140 kg ha-1 and  
phosphorus 40 kg ha-1 and 60 kg ha-1 tested in split 
plot design keeping four levels of irrigation in main 
plot and six treatment combinations comprising of 
three levels of nitrogen and two levels of 
phosphorus, in sub plot with four replications. 
‘Bajra-316’ was sown at 45 x 15 cm spacing using 
seed rate of 3.75 kg ha-1. A basal dose consisting of 
50% N in the form of urea and full dose of P in the 
form of single super phosphate as per treatment 
were applied uniformly to all plots in furrows at the 
time of sowing. Following formula were used to 
calculate consumptive use of water and WUE. 
 
Consumptive  =    Profile soil  +      Effective   +    Ground water  
Use of water        moisture use           rainfall            contribution  
 (mm)                   (mm)                   (mm) 
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RESULTS AND DISCUSSION 

Effect on nutrient content in grain and stover 
 The results revealed that the nutrient content, 
were significantly influenced due to different 
irrigation and nitrogen levels (Table 1). Among the 

different treatment IW/CPE ratio of scheduling 
irrigation at IW / CPE ratio of 0.9 recorded 
significantly higher nitrogen contents in grain and 
stover as compared to the lowest IW / CPE ratio of 
0.3. Significantly higher phosphorus contents in 
grain and stover were recorded under IW / CPE 
ratio of 0.9 over the lowest ratio of 0.3.  

Application of nitrogen enhanced the nitrogen 
contents in grain and stover of pearl millet. 
Similarly, nitrogen and phosphorus contents in 
grain and stover were not markedly influenced by 
different levels of phosphorus.  
Effect on nutrient uptake by grain and stover 
  The results revealed that the nutrient 
uptake, were significantly influenced due to 
different irrigation, nitrogen and phosphorus levels 
(Table 2). Among the different treatment 
significantly higher nitrogen uptake by grain, stover 
by grain, stover and total nitrogen uptake by crop 
were recorded under IW / CPE ratio of 0.7 over 
lower IW / CPE ratios of 0.3 and 0.5; however same 
was statistically at par with IW / CPE ratio of 0.9 
were registered under IW / CPE ratio of 0.7 over 

lower IW / CPE ratio of 0.3 and 0.5, but it was 
statistically at par with IW / CPE ratio of 0.9. 
However, significantly higher phosphorus uptake 
by grain and stover. The higher nitrogen uptake by 
pearl millet under higher level of nitrogen due to 
favorable effects of nitrogen on growth parameters 
and yield attributes which resulted in higher grain 
and stover yields 
  Application of 120 and 140 kg N / ha were 
found equally effective in increasing nitrogen 
uptake by grain, stover and total nitrogen uptake by 
crop were significantly higher over lower level of 
100 kg N / ha as well as nitrogen and phosphorus 
uptake by grain, stover by pearl millet were not 
markedly influenced by different levels of 
phosphorus.  

 

Table 1. Effect of different treatment on nutrient content in grain and stover 
   Treatment Nitrogen content (%) Phosphorus content (%) 

Grain  Stover Grain  Stover 
Irrigation (IW/CPE ratio) 
I1 (0.3) 1.73 0.632 0.230 0.0583 
I2 (0.5) 1.80 0.655 0.242 0.0627 
I3 (0.7) 1.84 0.671 0.250 0.0644 

I4 (0.9) 1.86 0.684 0.249 0.0658 

SEm± 0.03 0.010 0.003 0.0018 

C.D. at 5% 0.08 0.032 0.010 0.0051 

C.V.% 7 .04 7.45 6.16 14.63 
N kg ha-1 
N1 (100) 1.77 0.639 0.240 0.0618 
N2 (120) 1.82 0.665 0.243 0.0632 
N3 (140) 1.84 0.008 0.245 0.0635 
SEm± 0.01 0.022 0.002 0.0007 

C.D. at 5% 4.10 0.80 NS NS 

C.V.% 1.77 0.639 3.98 6.06 

P kg ha-1 

P1 (40) 1.81 0.658 0.242 0.0625 

P2 (60) 1.81 0.663 0.243 0.0631 

SEm± 0.01 0.006 0.001 0.0006 

C.D. at 5% NS NS NS NS 

C.V.% 4.10 6.80 3.98 6.06 
Interaction - - - - 
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Table 2. Effect of different treatment on nutrient uptake in grain and stover 
Treatment  Nitrogen uptake (%) Phosphorus uptake (%) 

Grain  Stover Grain  Stover 
Irrigation (IW/CPE ratio) 
I1 (0.3) 29.18 31.38 0.230 0.0583 
I2 (0.5) 40.48 39.22 0.242 0.0627 
I3 (0.7) 48.12 43.27 0.250 0.0644 

I4 (0.9) 49.10 45.52 0.249 0.0658 
SEm± 1.06 1.26 0.003 0.0018 

C.D. at 5% 3.39 4.02 0.010 0.0051 
C.V.% 12.44 15.46 6.16 14.63 
N kg ha-1 
N1 (100) 35.41 35.29 0.240 0.0618 
N2 (120) 44.20 41.59 0.243 0.0632 
N3 (140) 45.19 42.65 0.245 0.0635 
SEm± 0.71 0.91 0.002 0.0007 

C.D. at 5% 2.00 2.57 NS NS 

C.V.% 9.59 12.91 3.98 6.06 
P kg ha-1 

P1 (40) 41.65 39.96 0.242 0.0625 

P2 (60) 41.79 39.73 0.243 0.0631 

SEm± 0.58 0.74 0.001 0.0006 

C.D. at 5% NS NS NS NS 

C.V.% 9.59 12.91 3.98 6.06 

Interaction - - - - 

 

Table 3. Effect of different treatment on quality and soil moisture parameters 
Treatment Grain yield kg ha-

1  
Stover yield kg 

ha-1 
Consumption use of 

water 
Water use efficiency 

Irrigation (IW/CPE ratio) 
I1 (0.3) 1680 4941 148.50 11.30 
I2 (0.5) 2242 5970 207.04 10.78 
I3 (0.7) 2607 6449 220.17 11.75 
I4 (0.9) 2633 6561 242.08 10.88 
SEm± 51.62 148.16 1.29 0.28 
C.D. at 5% 165.12 473.94 4.12 0.89 
C.V.% 11.04 12.14 3.09 12.13 
Nitrogen kg ha-1 
N1 (100) 1992 5554 200.63 9.91 
N2 (120) 2429 6178 205.81 11.74 
N3 (140) 2450 6208 206.91 11.89 
SEm± 32.88 120.74 0.57 0.17 

C.D. at 5% 93.01 341.51 1.62 0.49 

C.V.% 8.12 11.42 1.59 8.69 
Phosphorus kg ha-1 
P1 (40) 2288 6001 203.96 11.22 

P2 (60) 2293 5959 204.94 11.13 

SEm± 26.85 98.59 0.47 0.14 

C.D. at 5% NS NS NS NS 
C.V.% 8.12 11.42 1.59 8.69 
Interaction - - - - 
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Effect on yields 
 The results revealed that the yield attributes 
were significantly influenced due to different 
irrigation, nitrogen and phosphorus levels (Table 3). 
Among the different treatment IW/CPE ratio of 0.9 
and 0.7 over lower IW/CPE ratio of 0.5 and 0.3 
were most effective to significantly increase grain 
and straw yields that might be due adequate supply 
of water under which plant become physiologically 
more active and also more nutrient availability 
might have been increased and ultimately resulted 
in improved the growth and development of sink. 
The magnitude of increase in grain yield with 0.9, 
0.7, 0.5 over 0.3 IW/CPE was the tune of 56.75, 
55.17, 33.44%, respectively. The increase in stover 
yield with 0.9, 0.7, 0.5 over 0.3 IW/CPE was the 
tune of 32.79, 30.51 and 20.82%, respectively. 
 Significantly higher grain and stover yields 
with an increase in phosphorus levels 40 P kg ha-1 
to 60 P kg ha-1 indicate that application of 
phosphorus more than 40 P kg ha-1 is not helpful for 
further increase in grain and stover yields of pearl 
millet. The non response to higher phosphorus 
application to rabi pearl millet might be due to high 
calcareousness and clay content of soil along with 
medium available phosphorus status of the soil. 
Effect on soil moisture parameters 
 Water used by pearl millet increased 
significantly with each increment in irrigation levels 
(Table 3). Scheduling irrigation at IW/CPE ratio of 
0.9 recorded significantly the highest consumptive 
use of water over rest of lower ratios. The per cent 
increase in water use due to IW/CPE ratio of 0.9 
was 9.95, 16.92 and 63.02 over IW/CPE ratio of 

0.7, 0.5 and 0.3, respectively. The reason for higher 
yield water use under higher IW/CPE ratio of 0.9 is 
attributed to the fact that this ratio received the 
maximum irrigations each of 50 mm depth with a 
total of 300 mm water. However, the per cent 
increase in consumption use of water due to 140 N 
kg ha-1 and 120 N kg ha-1 as compare to 100 N kg 
ha-1. Application of phosphorus more than 40 P kg 
ha-1 did not improve pearl millet grain protein 
content as phosphorus fertilization failed due to 
medium available phosphorus status of the soil. 
 The result pertaining to water use efficiency 
showed that different treatment appreciably 
significantly affected water use efficiency. 
Significantly higher water use efficiency was 
obtained under IW/CPE ratio of 0.7 over 0.5, but it 
was statistically at par with lower ratios of IW/CPE 
ratio of 0.3. under the highest levels of irrigation 
lower water use efficiency was attributed to 
increase in consumption use of water. However, the 
per cent increase in water use efficiency due to 140 
N kg ha-1 and 120 N kg ha-1 over 100 N kg ha-1. 

CONCLUSION 

 Based on the results of one year 
experimentation, it can be concluded that higher 
productivity, qualitative and maintain soil fertility 
status through nutrient uptake from rabi pearl millet 
can be secured by scheduling irrigation at IW/CPE 
of 0.7 with 50 mm depth which required 5 irrigation 
ad fertilizing the crop with 120 N kg ha-1 and 40 P 
kg ha-1 on clayed soil in South Saurashtra region of 
Gujarat.  
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ABSTRACT 

     In agricultural history of India, the first landmark came in 1960, when the agricultural university 
concept was came into existence while the second landmark came in 1974 when the first Krishi 
Vigyan Kendra (KVK) was established by the Indian Council of Agricultural Research (ICAR) at 
Pondicherry in Tamilnadu. The KVK has been conceived as a vocational training institution of 
practicing farmers, village youth, farm women and girls. The principle of training of KVK is “Learning 
by Doing”. The “skill training” and “need based training” are the two important components of KVK 
training programmes. The Krishi Vigyan Kendra’s are grass root level institutions designed to bridge 
the gap between the available technology and actions for achieving high production. The success 
of these KVK’s depends upon the quality of its teaching and training which win the people’s self 
confidence and maximizing their inherent ability and efforts. The staff of KVK also provides free 
advisory services and vocational training for farmers, rural youth, school dropouts and farm women. 
The institutional linkage with temple of learning for solving their problems may be one of the 
motivating factor for drawing them to the centre of training. 

Key words: Krishi Vigyan Kendra, Respondents, Training programme and Women beneficiaries. 
 
 

Although, KVK’s are functioning since 1974 
but in literature very few efforts have been made to 
know the perception of women beneficiaries regarding 
home science training programmes organized by 
KVK. Hence, the present study was planned with 
following objectives: 
1. To study the perception of women beneficiaries 
towards home science trainings organized by KVK, 
Sriganganagar. 
2.  To find out the association between independent 
variables and level of perception of beneficiaries. 

MATERIALS AND METHODS 

The study was conducted in Sriganganagar district. 
The KVK of Sriganganagar was working since 2004. 
Hence working about nine years in the district, this 
KVK was appropriate to be selected as study area. A 
total sample of 180 respondents (women beneficiaries) 
from three villages namely Sadhuwali, Birthaliawali 
and Kaluwala were selected randomly. Sixty women 
respondents were selected from each village, who have 
attended the home science trainings organized by 
KVK, Sriganganagar during the last five years 2010-
2014. The data were collected with the help of pre-
tested interview schedule. After statistical analysis 
following findings were revealed. 

RESULTS AND DISCUSSION 

Profile of the respondents 
Out of total sample, 38 percent respondents were in  
25-37 years of  age, had general caste (42%) and 
schedule caste (21%) belong to equally distributed 
nuclear and joint families (50%) with five members in 
the family (53.74%) and educated up to secondary 
class, one third of the respondents were working as 

labour (34.44%) and 43.34 respondents were landless.  
Majority of them had no social participation (87.20%). 
Perception about home science trainings 
Perception of the beneficiaries were studied through 
five aspects of trainings viz., training programs, course 
content, time and duration, evaluation and supporting 
activities, physical facilities and overall usefulness of 
the training programs. Results in Table 1 revealed that 
irrespective of villages most of the beneficiaries were 
found to be satisfied with the many aspects of training 
viz., training programs, course content and time and 
duration. In case of evaluation and supporting 
activities and physical facilities, majority of the 
trainees of all the villages were not found to be 
satisfied. Regarding overall usefulness of training 
programs, beneficiaries of Kaluwala village were 
observed to be more satisfied (weighted mean 2.90). It 
was followed by village Sadhuwali (weighted mean 
2.60) and village Birthaliawali (weighted mean 2.00). 
Level of perception   
Data in Table 2 revealed that out of total sample, 37.22 
per cent beneficiaries had high level of perception 
followed by medium (36.11%) and low (26.66%). 
When villages were taken into account, no remarkable 
difference was found in case of all the villages where 
41.66 and 38.33 per cent women had high followed by 
medium (36.66 and 33.33%) and low (21.66 and 
28.33%) level of perception , respectively. 
Association between profile variable and level of 
perception 
A cursory look at the Table 3 revealed that variables 
like age, caste, family size, occupation and land 
holding of all the respondents had been found to be 
significantly associated with their level of perception 
about home science training programs. 
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CONCLUSION 

Findings indicate that majority of the women 
beneficiaries of Kaluwala village were found to satisfied 
with all the specific aspects of the training program taken 
for analysis except evaluation techniques used and 
supporting activities (40.00%). Whereas in case of 
Sadhuwali village 45.00 and 41.66 per cent respondents 
showed their low perception towards unsuitable time and 
duration of training and physical facilities. In regard to 

Birthaliawali village, sufficient numbers of respondents 
were not satisfied with the way the training programmes 
were organized for them. Thus in the light of results it is 
suggested that training programs in KVK must be 
designed according to the needs, availability of time and 
duration. They must be provided proper transport, 
lodging and boarding facilities so that they can attend 
these training programmes for upliftment of their living 
standard and self-empowerment. 

 

Table 1. Perception of respondents regarding specific aspects of home science training programmes of KVK, Sriganganagar. 
 

Training 
Aspects 

Village Sadhuwali ( n=60) Village Birthaliawali ( n=60) Village Kaluwala ( n=60) 
High Medium Low Weighted    

Mean* 
High Medium Low Weighted    

Mean* 
High Medium Low Weighted    

Mean* 
Training 
Programme 

27 
(45.00) 

18 
(30.00) 

15 
(25.00) 

 
2.95 

27 
(45.00) 

9 
(15.00) 

24 
(40.00) 

 
2.68 

30 
(50.00) 

24 
(40.00) 

6 
(10.00) 

 
3.01 

Course 
Content 

24 
(40.00) 

15 
(25.00) 

21 
(35.00) 

 
2.80 

24 
(40.00) 

27 
(45.00) 

9 
(15.00) 

 
2.50 

33 
(55.00) 

21 
(35.00) 

6 
(10.00) 

 
3.10 

Time and 
Duration 

15 
(25.00) 

18 
(30.00) 

27 
(45.00) 

 
2.60 

13 
(21.66) 

24 
(40.00) 

23 
(38.33) 

 
2.10 

39 
(65.00) 

18 
(30.00) 

3 
(5.00) 

 
3.10 

Evaluation 
& supporting 
Activities 

24 
(40.00) 

15 
(25.00) 

21 
(35.00) 

 
2.00 

23 
(38.33) 

18 
(30.00) 

19 
(31.66) 

 
1.60 

15 
(25.00) 

27 
(45.00) 

18 
(30.00) 

 
1.78 

Physical 
Facilities 

23 
(38.33) 

12 
(20.00) 

25 
(41.66) 

 
1.76 

19 
(31.66) 

24 
(40.00) 

17 
(28.33) 

 
1.60 

45 
(75.00) 

9 
(15.00) 

6 
(10.00) 

 
2.06 

Overall 
Usefulness of 

training 
programme 

21 
(35.00) 

20 
(33.33) 

19 
(31.66) 

 
2.60 

18 
(30.00) 

18 
(30.00) 

24 
(40.00) 

 
2.00 

24 
(40.00) 

21 
(35.00) 

15 
(25.00) 

 
2.90 

 

Table 2.  Level of perception of beneficiaries. 
 
 

Category 

Krishi Vigyan Kendra, Sriganganagar 
Village Sadhuwali 

(n=60) 
Village Birthaliawali 

(n=60) 
Village Kaluwala 

(n=60) 
Total 

(n=180) 
High 23 (38.33) 19 (31.66) 25 (41.66) 67 (37.22) 

Medium 20 (33.33) 23 (38.33) 22 (36.66) 65 (36.11) 
Low 17 (28.33) 18 (30.00) 13 (21.66) 48 (26.66) 

 

Table 3.  Association between independent variables and beneficiaries level of perception about  
H.Sc. training programmes. 

Category Villages  
Total 

(n=180) 
Sadhuwali 

(n=60) 
Birthaliawali 

( n=60) 
Kaluwala 

(n=60) 
d.f. 

Age 16.249* 14.328* 19.134* 4 9.48 
Caste 11.143* 11.738* 20.852* 4 9.48 
Type Of Family 4.265 3.988 1.708 2 5.99 
Size Of Family 12.832* 16.651* 30.124* 4 9.48 
Education 5.991 7.444 4.568 4 9.48 
Occupation 21.662* 22.629* 20.625* 9 16.92 
Average Monthly Income 7.115 5.841 9.052 4 9.48 
Social Participation 3.820 3.214 0.530 4 9.48 
Land Holding 14.860* 15.862* 12.881* 4 9.48 
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jk"Vª dh vuwBh /kjksgj vtesj ds tSu efUnj 

MkW-lqeu jkBkSM 
O;k[;krk&bfrgkl] jktfd; dU;k egkfo|ky;] [kSjokMk 

izkfIr   :  29.02.15      
Lohdkj;rk % 31.03.15 

lkjka'k 
vtesj esa fnxEcj ,oa 'osrkEcj nksukas gh lEiznk;ksa ds vusd tSu efUnj fufeZr gSA bu efUnj esa ewyuk;d ds :i esa pkSchl 

rhFkZadjksa esa ls fdlh ,d dh izfrek [kM+xklu ;k ineklu eqnzk esa gSA fnxEcj lEiznk; }kjk fufeZr efUnjksa esa izfrek,¡ vyadj.k jfgr gS 
tcfd 'osrkEcj lEiznk; us izfrekvksa dh vka[kks o HkkSgks esa dkyk jax o vka[kksa ds xksy fgLls esa pedhyk dk¡p yxkdj lkt&lTtk dh 
gSA ;gk¡ izkphure efUnj X;kgjoha 'krkCnh ds fufeZr gSA ;gk¡ ds dqN efUnjksa esa pkSFkh o ikapoh 'krkCnh esa fufeZr izfrek,¡ Hkh ikbZ xbZ gSA  
tSu ewfrZ;ksa eas rhFkZadjksa dh ewfrZ;k¡ lokZf/kd gS] ftu ij mRdh.kZ fpUg~ ls budh igpku cgqr vklkuh ls dh tk ldrh gSA efUnj ewy:i 
ls turk dh /kkfeZd vkLFkk ,oa yksddY;k.k gsrq cuk;s x;s gSA 

eq[; 'kCn %& pSR;ky;] ufl;k¡] fnxEcj] 'osrkEcj] tSu efUnj] vtesj  

tSu /kekZuqlkj blds vuq;k;h;ksa us thou ds vfUre y{; 
^fuokZ.k* dh izkfIr gsrq Lo;a dks lk/kd vkSj efUnjksa dks lk/kuk 
LFky ekuk Fkk o blh Hkkouk ls izsfjr gksdj] mUgksauas le;&le; 
ij vussd efUnjksa dk fuekZ.k djk;k FkkA bu efUnjksa esa miyC/k 
fofHkUu rF;ksa ¼LFkkiR;] ewfrZ ij mRdh.kZ ys[k o efUnj d{k esa 
yxs f’kykys[k ,oa fHkfr fp= vkfn½ ls efUnj fuekZ.k dk le;] 
rRdkyhu lkekftd o vkfFkZd Lrj] laLd̀fr ,oa /kkfeZd Hkkoukvksa 
dh tkudkjh feyrh gSaA mRrj Hkkjr esa X;kjgoha ls rsjgoha 
'krkCnh rd tSu efUnjksa dk fo’ks"k :i ls fodkl gqvk FkkA bl 
dky esa fufeZr efUnj vkB vaxks eas foHkkftr Fks] tSls& vf/k"Bku 
osnh] cU/k] vUrj] i=] ta?kk] ojf.Mdk] 'kqØ ukfldk vkSj daBA 
bu efUnjksa esa ekuLrEHk] fuf"kf/kdk,sa ¼Lekjd LrEHk½] eB] 
lgL=dwV vkfn dh jpuk;sa ikbZ xbZA eafnjksa dk fuekZ.k izk;% 
oSfnd ijEijk ds vuq:i gh gksrk FkkA 

vtesj esa izkjEHk ls gh tSu efUnjksa dk fuekZ.k gks jgk gSA 
rsjgoha 'krkCnh esa fons’kh vkØkUrkvksa us cgqr ls tSu efUnjksa dks 
u"V dj fn;k FkkA ifj.kker% tu&thou izHkkfor gksus ls efUnjksa 
dk fuekZ.k izk;% cUn jgk FkkA lksygoha 'krkCnh eas efUnjksa dk 
fuekZ.k iqu% 'kq: gqvk FkkA bl le; ds fufeZr eafnjksa esa eqxy 
LFkkiR; 'kSyh dk fo’ks"k izHkko ifjyf{kr gSA vtesj 'kgj eas 
fnxEcj ,oa 'osrkEcj tSu efUnjksa dh la[;k Øe’k% 35 o 39 gSA 
vtesj ftys esa fnxEcj tSu eafnj 113 gSA buesa ls X;kjgoha 
'krkCnh ls 1956 bZLoh rd fufeZr izeq[k tSu eafnjksa dk fooj.k 
bl izdkj gS%& 

;g izkphu ufl;k¡ foØe laor~ 1100 ¼1043 bZLoh½ dh gSA 
;gk¡ dky ik"kk.k dh ewyuk;d izfrek Hkxoku ineizHkq dh foØe 
laor~ 356 ¼299 bZLoh½ esa fufeZr gSA ;gk¡ ewyuk;d ds lkFk ikap 
vU; izfrek,¡ Hkh fojkteku gSA ftuesa nks ik"kk.k o rhu feJ 
/kkrq dh izfrek,¡ gSA blds nk¡fguh rjQ NksVh osnh ij v"V/kkrq 
fufeZr pkSchlh ,oa Hkxoku ik’oZukFk dh ik"kk.k izfrek gSA 
ewyuk;d dh osnh dh ck¡bZ rjQ Hkxoku ik’oZukFk dh osnh gSA 
nwljh osnh ij inekorh ekrk fojkteku gSA bl ufl;k¡ esa vafre 
HkV~Vkjd g"kZdhfrZ dh xn~nh gSA efUnj esa v[k.M T;ksr 
izTtofyr jgrh gSA bl ufl;k¡ esa ,d fo’kky /keZ’kkyk o 
izkphu 'kkL= Hk.Mkj Hkh gSA 1 

Jh ik’oZukFk fnxEcj tSu efUnj] xks/kk xokM+h] uyk cktkj 
vtesj 

blesa ik"kk.k ls fufeZr ewyuk;d izfrek rsblosa rhFkZadj 
ik’oZukFk dh ineklu eqnzk esa gSA lkFk esa dqN vU; rhFkZadj 
izfrek,¡ Hkh ;gk¡ ij fojkteku gSA ewyuk;d izfrek ij fdlh 
izdkj dk ys[k ugh feyrk gS ijUrq lgL= liZ N= ds vk/kkj 
ij bls ik’oZukFk ds :i esa tkuk tkrk gSA eafnj izcU/k lfefr 
ds vuqlkj bl eafnj dk fuekZ.k o iap dY;k.kd izfr"Bk ohje 
xks/kk us 1057 bZLoh esa djkbZ FkhA ;g iapdY;k.kd izfr"Bk 

vkpk;Z ek/kufUn ds vkpk;ZRo es lEiUu gqbZ FkhA bl eafnj esa 
Hkxoku ik’oZukFk dh pkSFkh 'krkCnh dh izfrek izfrf"Br gSaA izfrek 
vkt Hkh uohu vkSj vkstiw.kZ yxrh gSA 2 bl eafnj dh 
,sfrgkfldrk ds ckjs esa gjfoyk’k 'kkjnk us fy[kk gS fd tSu 
erkuqlkj ßv<+kbZ fnu dk >ksiM+kÞ tks tSu efnj FkkA bls 
f’kgkcqn~nhu eqgEen xksjh }kjk efLtn esa ifjofrZr dj fn;k Fkk 
rc ogk¡ ls ewfrZ;k¡ ykdj bl eafnj esa lqjf{kr j[kh xbZ FkhA 3 
'kakfryky cM+tkR;k ds vuqlkj pkSgku 'kkld nqyZHkjk; r̀rh; dk 
tSu /keZ ds izfr cgqr mnkj nf̀"Vdks.k FkkA vr% buds lg;ksx o 
lgefr ls bl eafnj dk fuekZ.k gqvk FkkA vt;jkt }kjk bl 
eafnj ds fy, [kpZ Hkh HksaV fd;k tkrk FkkA 

'osrkEcj tSu efUnj] nknkcM+h vtesj 

pkSgku 'kkld vt;jkt ds mRrjkf/kdkjh v.kksZjkt ¼1133 
bZLoh½ dh ftunRr lwfj ¼[kjrxPN 'kk[kk ds vkpk;Z½ ds izfr 
vxk/k J)k FkhA v.kksZjkt us ftunRr lwfj ds vuq;kf;;ksa dks ,d 
fo’kky tSu eafnj dk fuekZ.k ,oa Jkodksa ds clus ds fy, Hkwfe 
nku esa nh FkhA ;gha ij 1154 bZLoh esa ftunRr lwfj us lYys[kuk 
iwoZd nsg R;kx fd;k Fkk o laor~ 1211 vk"kk<+ 'kqDyk ,dkn’kh 
dks mudk vafre laLdkj fd;k x;k FkkA blds ckn ls ;g LFky 
nknk ckM+h ;k nkn xq: ftunRr lwfj dh fuokZ.k LFkyh ds :i esa 
iwtk tkus yxkA 1206 bZLoh esa vkpk;Z ftunRr lwfj ds iV~V/kj 
ftupUnz lwfj dh nh{kk vtesj esa gqbZ FkhA blh le; bl eafnj 
dh izfr"Bk nknk xq: nsoh us dh Fkh vkSj blh LFkku ij ef.k/kj 
ftupUnz lwfj ds Lrwi dh izfr"Bk dh xbZ FkhA eafnj eas izfrf"Br 
ewy osnh ij ftunRr lwfj ds lkFk ftudq’ky lwfj dh izfrek Hkh 
fojkteku gSA 

eafnj esa ewyuk;d rsblosa rhFkZadj ik’oZukFk ds pj.k fpUg 
Hkh gSA bl ij mRdh.kZ ys[k ds vuqlkj 1478 bZLoh eas bldh 
izfr"Bk dh xbZ FkhA 5 blds vfrfjDr rsjgosa rhFkZadj foeyukFk 
dh izfrek izfrf"Br gSA tuJqfr ds vuqlkj i;Zq"k.k ioZ ds nkSjku 
;gk¡ izfrek ij vkaxh p<+kbZ tkrh gSA bl le; Lo.kZtfM+r oL=ksa 
ds lkFk&lkFk Lo.kkZHkw"k.kksa ls Jàxkj Hkh fd;k tkrk gSA blh 
ifjlj esa 'k=qT; rhFkZ ikyhrkuk dk laxejej ls fufeZr u;uk 
fHkjke ekWMy Hkh gSA bl ij Lo.kZ dk ysi p<+k;k x;k gSA eafnj 
ds ikl gh HkS:th dk NksVk lk eafnj gS tks 'osrkEcj tSu lekt 
ds vf/k"Bk;d gSA 

Jh fnxEcj tSu eafnj] cM+k /kM+k iapk;r] ljkoxh eksgYyk] 
vtesj 

ckckth dk eafnj ds uke ls fo[;kr ftuky; dk fuekZ.k 
1207 bZLoh esa chl iaFkh lEiznk; }kjk djk;k x;k FkkA blesa 
'osr ik"kk.k ls fufeZr ewyuk;d ik’oZukFk dh [kM+xklu izfrek 
gSA ewyuk;d izfrek ds lkeus ds fgLls esa fofHkUu rhFkZadjksa dh 
pkSjklh ewfrZ;k¡ gS ftuesa vf/kdka’k ineklu eqnzk esa gSA ewfrZ;ksa ij 
mRdh.kZ ys[k ds vk/kkj ij laor~ 1509 pUnzizHkq] laor~ 1548 
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_"kHknso] laor~ 1669 Js;kalukFk] loar~ 1761 ik’oZukFk] lkaor~ 
1852 'kakfrukFk ,oa dqN izfrek,¡ laor~ 1150 o 1230 dh Hkh gSA 
izfrekvkas ds bl Hk.Mkj esa ,d dkys ik"kk.k dk rsjg}hi Hkh gSA 
ftlesa pkjksa fn’kkvksa es rsjg&rsjg uanh’oj izfrek,¡ fn[kkbZ nsrh 
gSA bls ckou Hkxoku ds uke ls Hkh tkuk tkrk gSA nwljh rjQ 
lIr_f"k ljeU;q] JheU;q] fcp;] loZlqUnj] t;oku] fou;eky] 
t;fe=½ dh izfrek gSA cM+k /kM+k iapk;r ds vuqlkj bl eafnj 
ls 460 xk¡o tqM+s gSA tgk¡ blds uke dk p<+kok p<+rk gSA bl 
eafnj esa eks{k lIreh ds fnu fo’ks"k mRlo euk;k tkrk gSA izfrek 
ij dslj o panu p<+k;k tkrk gSA eafnj es fuokZ.k yM~Mw Hkh 
p<+k;k tkrk gSA bl eafnj dk HkV~Vkjd ijEijk ls Hkh lEcU/k 
jgk gSA 

Jh lEHkoukFk tSu 'osrkEcj efUnj] yk[ku dksVM+h] vtesj] 

bldk fuekZ.k iapk;r }kjk 1755 bZLoh esa djk;k x;k FkkA 
7 blesa ewyuk;d izfrek Hkxoku lEHkoukFk dh gSA bl osnh ij 
ewyuk;d izfrek ds lkFk gh vkB vU; izfrek,¡] N% _"kHknso ,oa 
'ks"k nks ik’oZukFk Hkxoku dh gSA mijksDr lHkh izfrek,¡ ineklu 
eqnzk esa gSA eafnj esa nks ckj dy’kkfHk"ksd gks pqdk gSA i;Zq"k.k ioZ 
ds nkSjku izfrek ij lkr fdyks pkanh dh vkaxh p<+kbZ tkrh gSA 
;gk¡ laxejej ds ,d gh f’kykiV~V ij rhFkZ dh lEiw.kZ jpuk 
mRdh.kZ dh xbZ gSA eafnj izkax.k esa N% esgjkcnkj LrEHk gSA bu 
esgjkcksa o eafnj dh nhokjksa ij fl) pØ vkSj tSu /keZ ds vU; 
izrhdksa dk 'kq) lksus ls fp=.k fd;k x;k gSA 

/keZnkl dk eafnj] ljkoxh eksgYyk] vtesj 

;g xqQk efnj ds uke ls fo[;kr gSA bldk fuekZ.k laor~ 
1852 ¼1795 bZLoh½ esa gqvk FkkA 8 dkys ik"kk.k ls fufeZr 
ewyuk;d Hkxoku _"kHknso dh izfrek ineklu eqnzk esa gSA 
bldh iap dY;k.kd izfr"Bk lq/kklkxj egkjkt us fefr oS’kk[k 
lqnh iapeh laor~ 1892 esa djokbZ FkhA ewyuk;d izfrek ds ckbZ 
rjQ Hkxoku usfeukFk o nk¡bZ rjQ Hkxoku ineizHkq dh izfrek,¡ 
Hkh fojkteku gSA eafnj izcU/k lfefr ds vuqlkj ;s lHkh ewfrZ;k¡ 
ckckth ds eafnj ls ykbZ xbZ FkhA tuJqfr ds vuqlkj ewyuk;d 
izfrek dk vfHk"ksd vius vki gqvk Fkk vkSj vkt Hkh izfro"kZ 
¼le; vfuf’pr½ Lo;aHkw vfHk"ksd gksrk gSA 

in~ekorh ekrk dk eafnj] ljkoxh eksgYyk] vtesj 

eq[; osnh ij ewyuk;d izfrek pkSchlosa rhFkZadj egkohj 
Lokeh dh gSA fdUrq ;g in~ekorh ekrk dk eafnj ds uke ls 
fo[;kr gSA LFkkuh; tu leqnk; ds vuqlkj in~ekorh ekrk ls 
tqM+s peRdkjksa o muds njckj esa izLrqr dh xbZ euksfr;ksa dh iwfrZ 
ds dkj.k ;g eafnj in~ekorh ds uke ls izfl) gks x;kA izcU/k 
lfefr ds vuqlkj Lo- ia-iUukyky in~ekorh ekrk ds vuU; HkDr 
¼mikld½ FksA mudh HkfDr ls izlUu gksdk ekrk us mUgsa lk{kkr~ 
n’kZu fn;s] ftlls vfHkHkwr gksdj] mUgksusa ;g eafnj 1796 bZLoh esa 
cuok;k FkkA 9 ftlesa ekrk us vius 'kh’k ij vk:<+ liZ ds Q.k 
ij Hkxoku ik’oZukFk dks in~eklu eqnzk esa ys j[kk gSA riL;k ds 
nkSjku Hkxoku ik’oZukFk dks ^milZ* gq,] rc in~ekorh ekrk us 
mudh j{kk dh FkhA eafnj f’kykys[k ds vuqlkj ewyuk;d izfrek 
dh izfr"Bk laor~ 1892 ¼1835 bZLoh½ esa ek?k eghus] 'kqDy i{k] 
"k"Bh dks] ewy la?ks vkeuk;] cykRdkjx.k] ljLorh xPNs] 
dqUnqUnkpk;Z] HkV~Vkjd fot;dhfrZ] f=yksdsUnz dhfrZ] HkoudhfrZ] 
jRudhfrZ] Hkwou dhfrZ o if.Mr yky prqHkqZt us dh FkhA 10 
gkykafd ewfrZ ij dksbZ ys[k ugha fy[kk gS ijUrq izcU/k lfefr ds 
vuqlkj ;g ik¡poha 'krkCnh dh gSA buds vfrfjDr ;gk¡ egkohj 
Lokeh] 'kakfrukFk] eqfu lqorZukFk] vfHkuUnu ukFk ,oa dqUFkukn dh 
vkSj pUnzizHkq dh rhu izfrek,¡ Hkh fojkteku gSA lEiw.kZ eafnj 
LrEHk] esgjkc] Js"B fp=dkjh ,oa LFkkiR; dyk ;qDr gSA 

Jh fnxEcj tSu efUnj] NksVk /kM+k iapk;r] vtesj 

ftrsUnz dqekj ikVuh ds vuqlkj mUgha dh iwoZ ih<+h ds Lo0 
lsB rkjkpUn lnkf’ko ikVuh us 1820 laor~ bZLoh esa ;g eafnj 
cuok;k FkkA NksVk /kM+k iapk;r ds vuqlkj e[; iapk;rh /kM+s ls 
vyx gksus ds ckn ukxkSj ds rRdkyhu HkV~Vkjd vUurdhfrZ ls 

fuosnu fd;k Fkk fd vtesj ds bl NksVs /kM+s eas Hkh viuh xn~nh 
LFkkfir djasA rc ;gk¡ ikao.kk xknh ¼ukxkSj vkeuk; ds HkV~Vkjd 
;gk¡ LFkk;h rkSj ij ugha jgsaxs ysfdu le;&le; ij ;gk¡ vkdj 
ns[kHkky djrs jgsaxsa½ ykus dh Lohd̀fr feyh FkhA bl izdkj ;gk¡ 
chliaFkh ukxkSjh izFk 'kq: gqbZ FkhA 11 

izkjEHk esa ;gk¡ ik¡p izfrek,¡ LFkkfir dj eafnj vkjEHk fd;k 
x;k FkkA fQj Hkou fuekZ.k iwjk gks tkus ij ewyuk;d ik’oZukFk 
Hkxoku dh dkys ik"kk.k dh izfrek fojkteku dh xbZ FkhA eq[; 
osnh ij vU; ik¡p izfrek,¡ ¼izfrek ys[k ds vuqlkj& Hkxoku 
vkfnukFk laor~ 1861] usfeukFk loar~ 1840] usfeukFk loar~ 1881] 
egkohj Lokeh laor~ 1540 ,oa laor~ 1842½ Hkh fojkteku gSA 12 
buds vfrfjDr loZ/kkrq ls fufeZr ikap izfrek,¡ ¼ckgqoyh] 
'kakfrukFk] ik’oZukFk ,oa in~ekorh ekrk dh nks½ gSA NksVh /kM+k 
iapk;r ds vuqlkj ewyuk;d izfrek [kafMr gks xbZ FkhA blfy,] 
nkarM+h xk¡o ls vU; izfrek ykdj ;gk¡ fojkteku dh FkhA tks 
'kr izfr’kr ¼vkdkj] :i] yko.; o f’kYi esa iwoZ izfrek ds 
leku gSA eafnj esa HkV~Vkjd nsosUnz dhfrZ dh xn~nh ,oa ,d xzUFk 
Hk.Mkj gSA 

ukxkSjh vkeukFk dh ;g ufl;k¡ blh vkeukFk ds fnxEcj 
tSu] NksVk /kM+k eafnj ls lEcfU/kr gSA eafnj dh ckgjh nhokj 
xszukbV dh cuh gSA ckgj ls fo’kky bekjr tSlh fn[kkbZ nsus 
okyh bl ufl;k¡ dk rksj.k }kj jktlh egyksa tSlk fo’kky gSA 
NksVk /kM+k eafnj iapk;r ds vuqlkj bl ufl;k¡ dh LFkkiuk 1853 
bZLoh eas dh xbZ FkhA esa dkys ik"kk.k ls fufeZr ewyuk;d 
vkfnukFk dh izfrek ineklu eqnzk esa fojkteku gSA ;g izfrek 
545 bZLoh dh mTtSu ds ikl f’kizk unh ls izkIr gqbZ FkhA 

ewyuk;d vkfnukFk izfrek cgqr izkphu gS vr% ,d ckj esa 
dsoy ,d O;fDr dks gh dy’kkfHk"ksd djus dh vuqefr nh tkrh 
gSA ;g O;oLFkk izfrek dh lqj{kk ds fy, dh xbZ gSA 13 
ewyuk;d ds osnh ds nk¡bZ rjQ Hkxoku 'kakfrukFk ,oa ck¡bZ rjQ 
egkohj Lokeh ihro.kZ ik"kk.k izfrek,¡ Hkh fojkteku gSA bu 
izfrekvksa ij mRdh.kZ ys[k ds vuqlkj budh iapdY;k.kd izfr"Bk 
HkV~Vkjd t;dhfrZ }kjk 1938 bZLoh eas lEiUu gqbZ FkhA 14 eafnj 
esaa lkFk gh /keZ’kkyk] Lok/;k; ,oa òfr lnu Hkh cuk;k gqvk gSA 

eafnj izcU/k lfefr ds vuqlkj bldh LFkkiuk esgrk ifjokj 
us 1855 bZLoh esa dh FkhA ;gk¡ ewyuk;d izfrek Hkxoku ik’oZukFk 
dh gSA oanh esa ewyuk;d izfrek ds lkFk Q.k/kkjh ik’oZukFk ,oa 
_"kHknso dh izfrek Hkh gSA eq[; osnh ds lkeus ,d frxM+k 
¼ekWMy½ j[kk gqvk gS] tgk¡ le;&le; ij izfrek dk vfHk"ksd 
dk;ZØe lEiUu gksrk gSA ck¡bZ rjQ dh osnh ij ik’oZukFk] 
Jheu/kj] _"kHknso] ik’oZukFk o in~eizHkq dh izfrek,¡ gSA nk¡bZ 
rjQ osnh ij ewuk;d foeyukFk ds lkFk 'kakfrukFk] lqefrukFk] 
'kkafrukFk ,oa _"kHknso dh izfrek,¡ ineklu eqnzk esa gSA eafnj ds 
izos’k }kj ds Hkhrj nksuksa rjQ j{kd nso dh izfrek,¡ gSA nk¡bZ 
rjQ fl)kbdk nsoh 'ksj ij lokj ,oa vfEcdk nsoh dh izfrek 
gSA ck¡bZ rjQ ekuHknz Lokeh dh izfrek gSA eafnj ds fupys Hkkx 
esa nhokj o esgjkcksa ij eueksgd fp=dkjh dh xbZ gSA 15nks 
eaftyk eafnj esa Hkxoku egkohj Lokeh dh pkSeq[kh izfrek 
izfrf"Br gSA ;gk¡ ,d izfrek LQfVd ef.k dh Hkh gSA 

Jh egkiwr ftuky;] ljkoxh ekSgYyk] vtesj 

Jhen HkxofTtulsukpk;Z izf.kr egkiqjk.k esa ftl izdkj 
oSHko’kkyh egkiwr ftuky; dk o.kZu fd;k x;k gSA mlh ds 
vuq:i ;g lqUnj] HkO; ,oa vuqie egkiwr ftukty gSA 16  

bl eafnj dh nwljh eafty esa eq[; osnh Hkxoku lqik’oZukFk 
dh ewyuk;d izfrek fojkteku gSA eafnj eas izkIr f’kykys[k ds 
vuqlkj ewyuk;d izfrek dh LFkkiuk fnxEcj tSu ewy la?k] 
ljLorhxPN] cykRdkjx.k] Jh dqUnqdqUnkpk;kZ vkeukFk] rsjgiaFkh 
lEiznk;] Jkod /keZ [k.Msoky] dqy lksuh ifjokj }kjk i0 
lnklq[k dklyhoky ds vkpk;ZRo esa Jherh egkjkuh foDVksfj;k 
ds 'kklu esa ykMZdsfuM lkgc cgknqj] xouZj tujy fgUnqLrku 
ljgsaujh ykWjsUl lkgc] ,tsUV xouZj tujy jktiwrkuk] fMDlu 
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lkgc] cgknqj dfe’kuj] vtesj&esjokM+k ds le; esa fnukad 29 
vizSy] 1855 bZLoh dks gqbZ FkhA 17 

rhljh eafty ij lhf<+;ksa ds nk¡bZ rjQ pSR;ky; gSA ;gk¡ 
LQfVd ef.k ls fufeZr Hkxoku pUnzizHkq dh HkO; izfrek gSA ;gk¡ 
Nr ,oa nhokjksa ij tSu /keZ xzUFkksa ds mnkgj.k lqUnj fy[kkoV esa 
gS bl eafnj esa ,d leo’kj.k jpuk gS] ftlesa X;kjg cgqewY; 
izfrek,¡ fojkteku gSA ftuesa lkr LQfVd] ,d ek.kd o rhu 
iUus ls fufeZr gSA budk o"kZ esa ,d ckj vfHk"ksd fd;k tkrk gSA 
eafnj esa ,d 'kkL= Hk.Mkj Hkh gSA  

Jh fnxEcj tSu eafnj&xkks/kksa dk /kM+k] ljkoxh eksgYyk] vtesj 

bls ik’oZukFk fnxEcj tSu eafnj ;k xks/kksa dk eafnj ds uke 
ls tkuk tkrk gSA eanj izcU/k lfefr ds vuqlkj foØe laor~  
1916 ¼1859 bZLoh½ esa ft.knkl] t;pUnnkl] egkpUn] eu:i] 
/kUukyky] NksVwyky] Nksxkyky] Qrsgyky ,oa jruyky xks/kk us 
fnxEcj tSu cM+k /kM+k ls vyx gksdj eafnj dk fuekZ.k djok;k 
FkkA blesa ewyuk;d ik’oZukFk Hkxoku dh izfrek LFkkfir gSA 18 
eq[; osnh ij ewy izfrek ds vfrfjDr egkohj Lokeh] vkfnukFk] 
lqik’oZukFk] pUnzkizHkq] 'kakfrukFk ,oa vjgukFk dh izfrek,¡ 
¼in~eklu eqnzk esa½ Hkh fojkteku gSA ewyuk;d izfrek ds [kf.Mr 
gks tkus ds ifj.kke Lo:i fefr vkfJu] lqnh nwt] laor~ 2010 
¼1953 bZLoh½ esa ubZ izfrek dh izfr"Bk djkbZ xbZ FkhA eafnj dh 
f}rh; eafty esa osnh ij Hkxoku lqik’oZukFk dh izfrek ij 
mRdh.kZ ys[k ds vuqlkj ;g laor~ 1901 ¼1844 bZLoh½ esa if.Mr 
dhjrthr }kjk izfrf"Br ,oa loZ/kkrq ls fufeZr gSA 19 ;g eafnj 
nsoLFkku foHkkx] t;iqj }kjk fnukad 05&09&1995 dks iathd̀r 
fd;k x;k FkkA 20 

Jh fl)dwVk pSR;ky;] vtesj 

i;ZVu dk eq[; dsUnz] djksyh ds yky iRFkj ls fufeZr ;g 
fo’kky eafnj vius f’kYi lkSUn;Z] dykRed fp=dkjh ,oa 
iPphdkjh ds fy, izfl) gSA ;g ^yky efUnj* rFkk bl eafnj esa 
Lof.kZe v;ks/;k uxj ds dkj.k Lo.kZefUnj o lksuh ifjokj }kj 
fufeZr gksus ds dkj.k lksuh th dh ufl;kW ds uke ls iqdkjk 
tkrk gSA izfrek ds mRdh.kZ ys[k ds vuqlkj bl fl)dwV 
pSR;ky; d fuekZ.k jk; ckgnqj lsB Lo0 Jh ewypUn lksuh us 
HkO; osnh ij Hkxoku vkfnukFk dh in~eklu izfrek fefr T;s"B 
'kqDyk 2] lEor 1922 ¼fnukad 26ebZ] 1865 bZLoh½ dks egksRlo 
lEiUu djkdj] izfrf"Bkfir dh rFkk ftuky; dk uke fl)dwV 
pSR;ky; j[kk FkkA bl izfrek iz’kfLr ls ;g Hkh rF; Li"V gksrk 
gS fd bldh izfr"Bk lsB ewypUn lksuh }Kjk jryke esa fefr 
QkYxqu lqnh 1 laor~ 1921 dks vk;ksftr iap dY;k.kd izfr"Bk 
egksRlo esa djok yh xbZ FkhA 21 ;g izfrek 'osr ik"kk.k dh iksus 
nks QhV Å¡ph gSA efUnj esa dqy rhu osfn;k¡ gS eq[; osnh ij 
ewyuk;d izfrek ds vfrfjDr ,d ik"kk.k pkSchlh] ihNs dh rjQ 
pkj dkys ik"kk.k vkSj rhu loZ/kkrq dh izfrek,¡ Hkh gSA osnh 
dykRed] Lof.kZe fp=dkjh ls lqlfTtr gSA ck¡bZ rjQ okyh osnh 
ij 'osr o ';ke laxejej dh dqy rsjg izfrek,¡ gSA ftuesa 
[kM+xklu eqnzk esa nks _f"k&e.My ;a= gSA nkfguh osnh ij rhu 
[kM+xklu izfrek,¡ gSaA eafnj esa ckjg Hkkoksa dk dykRed fp=kadj 
Hkh gSA eq[; efUnj ds i"̀BHkkx esa v;ks/;k uxjh ds fo’kky Hkou 
dk fuekZ.k jk;cgknqj lsB] ewypUn lksuh us laor~ 1948 esa izkjEHk 
fd;k FkkA Nr ij dk¡p o lksus dk dke gSA Nr ls nsoksa ds 
foekuksa dks bl izdkj cuk;k vkSj yxk;k gS fd v/kj esa yVds 
gq, gS] vkSj foekuksa esa cSBs nso nsfo;k¡ okLro esa vkdk’k esa fopj.k 
djrs gq, nf̀"Vxkspj gksrs gSA Hkou fuekZ.k ds i'pkr~ QkYxqu cnh 
5 laor~ 1957 eas 'kqHk eqgqrZ eas bl egku ,oa viwoZ LFkku dks Hkou 
ds Åijh eafty es fojkteku fd;k x;k FkkA bl jpuk ds 
izfr"Bkfir gks tkus ds dkj.k vtesj dks iq"dj vkSj njxkg ds 
lkFk&lkFk tSu rhFkZ dh egrk Hkh izkIr gks xbZA bl Hkou ds 
Åijokyh eafty esa lqes: ioZr] rsjg}hi] leqnzksa dh jpuk] 
v;ks/;kuxjh o iap dY;k.kd dk fnXn’kZu Lo.kZ jfpr ekWMyksa 
}kjk fd;k x;k gSA 

¼d½ v;ks/;k uxjh %& v;ks/;k uxjh ds e/; esa Hkxoku 
_"kHkdqekj dk rhu eaftyk egy gSA igyh eafty esa Hkxoku 
_"kHknso jkt&njckj] nwljh eafty esa bUnz] fuyktauk ,oa nsox.k 
vkfn dks ùR; djrs gq, fn[kyk;k gSA Hkxoku ds egy ds 
nkfguh vkSj muds firk egkjkt ukfHkjkt dk nks eaftyk egy 
gSA Åij dh eafty es 'k;ukxkj vkSj uhps dh eafty esa jkT; 
lHkk gSA blh izdkj cka;h rjQ Hkxoku dh ekrk dk nks eaftyk 
egy gSA Åij dh eafty esa Hkxoku dh ekrk }kjk lksyg LoIu 
ns[kuk ǹ"Vkafdr gSA uhps dh eafty esa ckyd dk tUe gksuk 
crk;k gSA 

¼[k½ tUe dY;k.kd jpuk %& ys[k la[;k 3 ds vuqlkj bl 
jpuk esa ekrk }kjk lksgy LoIuksa dk ns[kuk] ekrk dh NIiu 
dqekjh nsfo;ksa }kjk fofHkUu midj.kksa dks /kkj.k dj lsok djuk] 
Hkxoku dk tUe gksus ij bUnz ds flagklu dk dEik;eku gksus ls 
Hkxoku ds tUe dh lwpuk izkIr gksukA lkS /keZ bUnz lfgr leLr 
bUnzksa ,oa nsoksa }kjk vkdk’k ekxZ ls v;ks/;kuxjh eas Hkxoku ds 
tUeksRlo esa lfEefyr gksus ds fy, izLFkku] lkS /keZ bUnz bUnzk.kh 
}kjk jktegy esa izos’k] bUnzk.kh }kjk izlwfr x̀g esa ek;koh ckyd 
dks j[kdj ckyd Hkxoku dks ykdj lkS /keZ bUnz dks lkSiuk] 
bUnzk.kh }kjk ùR;] lkS/keZ bUnz&bUnzk.kh dk ,sjkor gkFkh ij 
Hkxoku dks dks ysdj cSBuk] jktlh oSHko ,oa BkB&ckB ls 
fo’kkyre~ tqywl fudkyuk rFkk v;ks/;kuxjh dh rhu iznf{k.k 
djuk] fnXnf’kZr fd;k x;k gSA bu ǹ’;ksa ds vfrfjDr bUnz }kjk 
{khj lkxj ds ty ls ckyd Hkxoku dk lqes: ioZr ij ys 
tkdj ckyd Hkxoku dk 1008 dy’kksa ls vfHk"ksd djuk] lqes: 
ioZr ls {khj leqnz rd bUnz ,oa nsoksa dh iafDr] tqywl dk okfil 
v;ks/;k uxjh tkuk] ckyd dks muds firk dks lkSaiuk rFkk bUnz 
}kjk rkaM+o ùR; fd;k tkuk Hkh fnXnf’kZr fd;k x;k gSA23 

¼x½ lalkj dh vlkjrk dk Hkku %& ys[k la[;k 6 ds vuqlkj 
buds lkFk&lkFk _"kHkdqekj dk jkT;fHk"ksd] bUnz }kjk muds 
njckj esa uhykatuk vIljk dk ùR; vk;ksftr djuk] uR̀; ds 
e/; uhykatuk dk nsgR;kx] mlh {k.k bUnz }kjk ek;koh uhykatuk 
dk ùR; djokuk ,oa _"kHkdqekj dks lalkj dh vlkjrk dk 
vkHkkl gksus ds n’̀; vfr lqUnjre o ekfeZd <ax ls fnXnf’kZr 
fd;s x;s gSA 24 

¼?k½ ridY;k.kd&iz;ksx dk n’̀; %& ys[k la[;k 5 ds vuqlkj 
Hkxoku vkfnukFk lalkj dh vlkjrk dk Kku gksus dk i'pkr~ 
vius T;s"B iq= Hkjr dks jkT; lkSai dj 4000 jktkvksa lfgr ou 
dks izLFkku djrs gSA bl ǹ’; esa bUnzksa ,oa nsoksa }kjk _"kHknso 
dks ikydh esa cSBkdj xaxk ;qeuk vkSj ljLorh ds laxe iz;kx 
dh vksj ys tkuk n’kkZ;k x;k gSA blds i'pkr̀ v{k;oV ds uhps 
_"kHknso }kjk leLr oL=kHkw"k.kksa dk R;kx dj fnxEcj os’k 
/kkj.k djuk] ds’k yksap djuk] dk;ksRlxZ eqnzk esa /;kuLFk gksus ds 
n’̀; vR;Ur gh vkd"kZd ,oa izHkkoh <ax ls fnXnf’kZr fd;s x, 
gSA25 

¼M+½ gfLrukiqj uxjh ,oa Hkxoku dk izFke vkgkj %& gfLrukiqj 
uxjh bldh rhljh jpuk gSA blesa leLr egy ,oa Hkou 
Lo.kZe;h gSA ,d vksj egkjktk Js;kal dk jktizlkn gSA uxjh esa 
cktkj] okfVdk,sa] iq"iokfVdkvksa dk ltho fp=.k ,oa fnXn’kZu 
gSA Hkxoku vkfnukFk ,d o"kZ dh riL;k ds i'pkr~ gfLrukiqj 
dh vksj izLFkku djrs gS] tgk¡ gfLrukiqj ds jkt Jsa;kl ds ;gk¡ 
v{k; rr̀h;k ds fnu] b{kq jl dk Hkxoku dk vkgkj gksuk] crk;k 
x;k gSA 

¼p½ dsoy Kku dY;k.k ,oa leo’kj.k jpuk pkSFkh jpuk esa 
Hkxoku %& vkfnukFk dks dsoy Kku izkIr gksus dk ǹ’; fn[kyk;k 
x;k gSA leo’kj.k jpuk ds e/; xa/kdqVh ij Hkxoku fojkteku 
gSA pkjksa fn’kkvksa esa ckjg lHkklkxj gSA ftlesa nso] euq";] 
i'kq&i{kh cSBdj /keksZins’k lqu jgs gSA Hkxoku _"kHknso dh fnO; 
/ofu rFkk HkO; thoksa dks lalkj ls NqVdkjk izkIr djus gsrq 
lehphu /keksZins’k nsus dk n’̀; gSA 

¼N½ eks{k dY;k.kd %& Lo.kZdeyksa dh jpuk ,oa dSyk’k ioZr 
tSu 'kkL=ksa ds vuqlkj dsoy Kku ds mijkUr rhFkZadjksa dk 
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vkdk’k esa xeu gksrk gSA fogkj ds le; bUnz muds pj.kksa ds 
uhps 225 Lo.kZ deyksa dh jpuk djrk gSA 

bl jpuk esa dSyk’k ioZr ,oa Lo.kZ deyksa dh jpuk dk 
fnXn’kZu fd;k x;k gSA ;g fxjhjkt cgqr gh lqUnj cuk gqvk gSA 
blesa unh] ukyksa] >juksa dk cgkuk] tho&tUrqvksa dk fopj.k] 
xqQkvksa rFkk 'ksj&c?ksjs dk gksuk] vusd eqfu;ksa ,oa rifLo;ksa dk 
/;kuLFk eqnzk es gksuk cryk;k x;k gSA bl ioZr ds Åijh Hkkx 
esa jktk lxj pØorhZ }kjk fufeZr cgRrj ftuky;ksa rFkk mlds 
lkB gtkj iq=ksa }kjk ioZr ds pkjksa vkSj cukbZ xbZ [kkbZ dk 
fnXn’kZu fd;k x;k gSA ;g Hkxoku ds eks{k dk LFkku gSA 

bUnzpUnz tSu us crk;k fd bl fnO; vkSj vf}rh; ufl;k¡ 
ds fuek.kZ esa iPphl o"kZ yxs FksA 1870 ls 1895 bZLoh rd 
t;iqj esa bldk fuekZ.k dk;Z pyk FkkA ogha vYcVZ gkWy esa nl 
fnu rd bl HkO; jpuk dk izn’kZu fd;k x;k FkkA bl HkO; 
jpuk dk fuekZ.k lsB ewypUn lksuh us djk;k Fkk ckn esa usehpUn 
lksuh us pkjksa rjQ ckjg njh dk fuekZ.k djok;kA 

Jh ik’oZukFk fnxEcj tSu eafnj] dsljtax] vtesj 

tSloky rsjg iaFkh lekt dk ;g lcls cM+k eafnj gSA 
eafnj ds nks Hkkx gSA cM+s Hkkx esa ewyuk;d Hkxoku ik’oZukFk dh 
izfrek dkys ik"kk.k ls fufeZr gSA NksVs Hkkx esa Hkxoku vkfnukFk 
dh vfr’k;dkjh izfrek izfrf"Br gSA izcU/k lfefr ds vuqlkj 
1906 bZLoh esa ,d NksVh lh dksBjh esa Hkxoku pUnzizHkq o Hkxoku 
usfeukFk dh fefJr /kkrq okyh nks izfrek,¡ LFkkfir djds iwtu 
iz{kkyu vkjEHk fd;k x;k FkkA 1918 bZLoh esa ;gk¡ eafnj cukdj 
izfrek dks osnh ij izfrf"Br fd;k x;k FkkA eafnj esa Hkxoku dh 
ekrk ds lksyg LoIuksa ds fp= dk¡p esa tM+s gq, gSA blh izdkj 
ifo= tSu rhFkZ fxjukj] lEesn f’k[kj vkSj lksufxjh ds HkO; fp= 
Hkh yxs gSA eafnj ij f’k[kj gSA eafnj esa ,d vU; izfrek Hkxoku 
vkfnukFk dh dslfj;k ik"kk.k ls fufeZr gSA bl ij mRdh.kZ ys[k 
ds vuqlkj ;g foØe laor~ 1536 dh gSA blds lkFk lE;d 
jRut; vkSj ukS uo nsork ;a= Hkh gSA26 1933 bZLoh ls egkohj 
Lokeh t;arh ij ;gk¡ ls izfro"kZ fo’kky tqywl fudkyk tkrk gSA  

Jh _"kHknso tSu 'osrkEcj efUnj] lqUnj foykl] vtesj 

efnj esa ewyuk;d izfrek Hkxoku _"kHknso dh izfr"Bk 'kqHk 
fefr oS’kk[k cnh }kn’kh] foØe laor~ 1971 ¼1914 bZLoh½ dks 
vkpk;Z g"kZ eqfu us djokbZ FkhA ewyr% ;g ,d eq[kh izfrek Fkh 
ckn esa bls pkSeq[kh :i fn;k x;k FkkA efUnj ds f’kykys[k ds 
vuqlkj bl efUnj dk fuekZ.k Lo0 lsB dY;k.k ey HkM+fDr;k us 
djok;k FkkA 27 ewy osnh ij vU; izfrek,¡ Hkxoku 'kakfrukFk] 
oklqiqT; Lokeh rFkk 'kakfrukFk dh gSA ,d fo’kky dksBh ifjlj 
esa fLFkr ;g efUnj cgqr gh u;ukfHkjke gSA efUnj d{k es 
v"Vikn o uUnh’oj }hi ds fo’kky fp= 'kksfHkr gSA nksuksa gh 
eueksgd fp=dyk dk mnkgj.k izLrqr djrs gSA vtesj ds 
fofHkUu tSu efUnjksa esa ls ;gh ,d ek= efUnj gS] ftlesa fuekZ.k 
ds lgHkkfx;kas ds Nk;k&fp= ns[kus dks feyrs gSA 

Jh fnxEcj tSu eafnj&pSR;kY;] /kM+k] ljkoxh eksgYyk] vtesj 

efUnj iapk;r ds vuqlkj 1911 bZLoh es fdlh dkj.ko’k 
lkr iapksa us u;k /kM+k iapk;r ls vyx gksdj bl pSR;ky; /kM+k 
iapk;r dh LFkkiuk dh FkhA mUgksusa dU;k ikB’kkyk HkkX; 
ekrs’ojh ds ikl okys Hkou es aNksVh izfrek fojkteku djds 
vLFkkbZ pSR;ky; cuk;k FkkA ckn esa 1916 bZLoh esa ftuky; dk 
fuekZ.k vkjEHk fd;k FkkA 28 eafnj esa ewyuk;d izfrek vBkjgosa 
rhFkZadj Hkxoku vjgukFk dh gSA eq[; osnh ij ewyuk;d ds 
vfrfjDr Hkxoku egkohj Lokeh dh v"V /kkrq ls fufeZr nks 
izfrek,¡ vkSj fl)Hkxoku o ik’oZukFk dh ,d&,d v"V/kkrq dh 
izfrek,¡ Hkh gSA 

1950 bZLoh esa nwljh osnh ij Hkxoku pUnzizHkq dh izfrek 
mEesney cM+tkR;k us izfrf"Br djokbZ FkhA blds lkFk gh 
egkohj Lokeh lEHkoukFk] vkfnukFk o 'kakfrukFk dh Hkh izfrek,¡ 
fojkteku gSA rhljh osnh ij Hkxoku vkfnukFk dh izfrek ds 
lkFk&lkFk v"V/kkrq dh N% vU; izfrek,¡ Hkh fojkteku gSA buds 

vfrfjDr ,d vU; osnh ij Hkxoku vjgukFk dh [kM+xklu 
izfrek paknh ls fufeZr gSA bldk fuekZ.k o izfrek dh izfr"Bk 
1950 bZLoh esa gsejkt cM+tkR;k us djokbZ FkhA bl eafnj esa ,d 
ufUn’oj }hi dh jpuk Hkh gSA 29  

Jh fnxEcj tSu iapk;rh ufl;k¡ xks/kksa dk /kM+k] nkSyr ckx] 
vtesj 

jk"Vªh; LorU=rk vkUnksyu ls lEcfU/kr fo’kky rksj.k }kj 
okyh bl ufl;k¡ eas] tSu cU/kqvksa ds vuqlkj Lo-:inRr feJk ds 
ikl 'kghn Hkxr flag ,oa pUnz’ks[kj vktkn dk vkuk&tkuk FkkA 
izcU/k lfefr ds vuqlkj 1859 bZLoh ess xks/kksa ds cM+s /kM+s esa 
foHkktu gksus ij vyx gq, tSu cU/kqvksa 1916 bZLoh esa ;g eafnj 
cuok;k FkkA iapk;rh fu.kZ; ds vuqlkj :ipUn ikVuh ,oa 
lqxupUn >ka>jh us gjlkSj ls ykbZ xbZ vkfnukFk dh izfrek ;gk¡ 
fojkteku djokbZ FkhA eafnj esa dqy ik¡p osfn;k¡ gSA eq[; osnh 
ij ewyuk;d vkfnukFk dh ik¡poh 'krkCnh dh vfr’k;dkjh 
izfrek izfrf"Br gSA blh osnh ij nk¡bZ rjQ pUnzizHkq ,oa ck¡bZ 
rjQ usehukFk dh izfrek gSA osnh ij nksuksa rjQ fl) Hkxoku 
dh rhu izfrek,¡ loZ/kkrq ls fufeZr gSA izfrekvksa dh ihNs _f"k 
e.Myea= ,oa vkHkk e.My gSA 

ck¡bZ rjQ nwljh osnh ij pUnzizHkq dh ik"kk.k izfrek 
deyklu eqnzk esa pkj vaxqy varfj{k es izfrf"Br gS ¼ftldk vFkZ 
gS fd rhFkZadj lHkh izdkj ds jkx ls eqDr gksrs gS] flagklu ij 
fojktus esa mlds izfr jkx Hkko ;qDr gks tkrh gS½A 

rhljh osnh ij oklqiqT; Hkxoku dh loZ/kkrq fufeZr izfrek 
[kM+xklu eqnzk esa gSA pkSFkh o ik¡poha o osnh ij Øe’k% egkohj 
Lokeh o 'kkafrukFk dh izfrek,a gSA 30 

Jh fnxEcj tSu ik’oZukFk pSR;ky;] fMXxh cktkj] vtesj 

;gk¡ Hkxoku ik’oZukFk dh ewyuk;d izfrek gSA izcU/k 
lfefr ds vuqlkj efUnj dk fuekZ.k 1924 bZLoh esa gqvk FkkA 31 
ewyuk;d dh osnh ij nl vU; izfrek,¡ Hkh gSA ftuesa Hkxoku 
vkfnukFk o ckgqcyh dh [kM+xklu esa o vU; lHkh ineklu eqnzk 
esa gSA osnh ds nksuksa rjQ p¡oj <qykrs bUnz o Jh Hkjr vkSj 
ckgqcyh ds [kM+xklu fp= gSA nk¡bZ rjQ lEesn f’k[kj rhFkZ 
¼fogkj½ o ck¡bZ rjQ fxjukj dk fp= gSA ;gha lcls Åij ik¡p 
ewfrZ;ksa dk fp= gSA Jh oklqiqT; Lokeh] eYyhukFk] usfeukFk] 
ik’oZukFk o egklhj ds uhps dh iafDr esa cM+s&cM+s fp= gSA 
loZizFke in~ekorh ekrk o Hkxoku ik’oZukFk ds deZB milxZ 
okyk fp= gSA fQj lalkj n’kZu] rRi’pkr vkpk;Z /keZ lkxj] 
Kku lkxj o fo|klkxj ds fp= gSA 31 

Jh ik’oZukFk fnxEcj tSu efUnj] vkuUn uxj] vtesj 

bldk fuekZ.k 1931 bZLoh esa gqvk FkkA vkjEHk eas loZ/kkrq ls 
fufeZr ik’oZukFk vkSj 'kakfrukFk dh izfrek,¡ izfrf"Br dh xbZ FkhA 
orZeku eas osnh ij ik’oZukFk ¼laor~ 1468½] vkfnukFk ¼laor~ 
1507½] foeyukFk ¼laor~ 1548½] ineizHkq ¼laor~ 1816½] pUnzizHkq 
¼laor~ 1856½] usehukFk ¼laor~ 2036½ o ,d izfrek ij u rks laor~ 
vafdr gS vkSj u gh fdlh rhFkZadj dk fpUg gS] lkr izfrek,¡ 
izfrf"Br gSA efUnj ds ckgjh {ks= esa LFkkfir ikaaMqdf’kyk ij] 
izfro"kZ vkfÜou cnh lIreh dks dy’kkfHk"ksd lekjksg gksrk gS o 
/otk p<+kbZ tkrh gSA 32 

Jh ik’oZukFk fnxEcj tSu&pSR;ky;] fMXxh cktkj] vtesj 

ikVksnh ifjokj us viuk futh Hkou nku djds bl 
pSR;ky; dk fuekZ.k djok;k FkkA eafnj esa fefr oS’kk[k 'kqDyk 
}kn’kh] laor~ 1975 ¼1918 bZLoh½ dks osnh izfr"Bk djokdj Jh 
ik’oZukFk Hkxoku dh izfrek fojkteku dh FkhA osnh ij 
ewyuk;d izfrek lfgr ik"kk.k dh ik¡p izfrek,¡ gSA 33 

Jh iYyhoky fnxEcj tSu eafnj] dsljxat] vtesj 

bl efUnj dh LFkkiuk fueZypUn lksuh ds dj deyksa ls 
lEiw.kZ gqbZ FkhA osnh izfr"Bk egksRlo fnukad 29&12&1952 bZLoh 
dks izkr% pkj cts lEiUu gqvk FkkA 34 blh fnu ;gk¡ nsokf/knso 
ftusUnz Hkxoku dk dy’kkfHk"ksd Hkh gqvk ijUrq vifjgk;Z dkj.kksa 
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ds pyrs Hkxoku ftusUnz dh osnh ugha cu ldh] tks fd fnukad 
29&11&1992 dks osnh cukdj Hkxoku ftusUnz dh izfrek 
izfrf"Br dh FkhA ;g izfr"Bk Jh x.k/kjkpk;Z dqaFkqlkxj egkjkt 
ds ekaxfyd ân;Li’khZ izopu ds lkFk lEiUu gqbZ FkhA 

Jh fnxEcj tSu iapk;rh ufl;k¡&u;k /kM+k] vtesj 

Jh fnxEcj tSu u;k iapk;r ds uke ls fo[;kr gSA lu~ 
1923 esa LFkkfir] ufl;k¡ esa ewy uk;d izFke rhFkZadj Hkxoku 
vkfnukFk dh HkO; izfrek gS] ftldh izfr"Bk fefr QkYxqu lqnh 
v"Veh] laor~ 2009 ¼1953 bZLoh½ esa gqbZ FkhA 35 

Jh fnxEcj tSu efUnj] mrkj ?kalsVh] vtesj 

^ds’kjh eafnj* ds uke ls fo[;kr bl eafnj dk fuekZ.k ,oa 
izfr"Bk rsjg iaFkh lEiznk; }kjk djokbZ xbZ FkhA eafnj dk Hkou 

nqeaftyk gSA izcU/k lfefr ds vuqlkj izkax.k eafty ls Hkxoku 
ik’oZukFk dh izfrek lu~ 1955 bZLoh esa LFkkfir dh xbZ FkhA 
blds nks o"kZ i'pkr~ Åij dh eafty fufeZr gqbZ FkhA ftlesa 
Hkxoku egkohj dh izfrek 1958 bZLoh esa izfrf"Br dh xbZ FkhA 
eafnj&d{k ds pkjksa rjQ tSu rhFkksZ ls lEcfU/kr u;ukfHkjke 
fprkd"kZd fp= gSA ftuesa eq[; gS lEesn f’k[kj] fxjukj] 
leo’kj.k] lalkj n’kZu] Hkjr Hkxoku] oklqiqT; dh fuokZ.k LFkyh 
^pEekiqjh* egkohj Lokeh dh fuokZ.k LFkk;h ^ikaokiqjh* ckgqcyh dh 
fuokZ.k LFkk;h ^dSyk’k uxjh* vkfn gSA ckgqcyh dk ,d HkO; fp= 
[kM+xklu eqnzk esa gSA eafnj esa ,d xzUFk HkaMkj Hkh gSA izfr o"kZ 
vkfÜou d̀".kk v"Veh dks dy’kkfHk"ksd lekjksg gksrk gSA 36 

 

ikn & fVIif.k;k¡ 

 

izcU/k lfefr ckckth dh ufl;k¡] nkSyrckx pkSjkgk] vtesj- 
izcU/k lfefr Jh ik’oZukFk fnxEcj tSu efUnj] xks/kk xokM+h] vtesj- 
'kkjnk] gjfoyk’k vtesj fgLVksfjdy ,.M fMfLØifVo] ì"B la[;k 447 
f’kykys[k nknkxq: ftunRr lwfj] nknkckM+h] vtesj- 
izfrek ys[k Hkxoku ik’oZukFk izfrek 1478 bZLoh] nknkckM+h] vtesj- 
izfrek ys[k laor~ 1509 pUnzizHkq] 1548 _"kHknso] 1669 Js;klukaFk] 1761 ik’oZukFk] 1852 'kkfUrukFk] Jh fnxEcj tSu 

efUnj&cM+k /kM+k iapk;r] ljkoxh ekSgYyk] vtesj- 
izcU/k lfefr Jh lEHkoukFk tSu 'osrkEcj efUnj] yk[ku dksVM+h] vtesj- 
'kkjnk gjfoyk’k vtesj fgLVksfjdy ,.M fMfLØfiVo] ì"B la[;k 447- 
izcU/k lfefr inekorh ekrk dk efUnj] ljkoxh ekSgYyk] vtesj- 
f’kykys[k inekorh ekrk dk efUnj] ljkoxh ekSgYyk] vtesj- 
izcU/k lfefr Jh fnxEcj tSu efUnj] efUnj NksVk /kM+k iapk;r] vtesj- 
izfrek ys[k laor~ 1861] 1840 usfeukFk] 1881 egkohj Lokeh] 1540 Jh fnxEcj tSu efUnj th NksVk /kM+k iapk;r] vtesj- 
NksVk /kM+k iapk;r Jh fnxEcj tSu iapk;rh ufl;k¡ NksVk /kM+k] nkSyrckx] vtesj- 
izfrek ys[k Hkxoku 'kkfUrukFk] egkohj Lokeh Jh fnxEcj tSu iapk;rh ufl;kath NksVk /kM+k nkSyr ckx] vtesj- 
izcU/k lfefr Jh xkSM+h ik’oZukFk pkSeq[kk egkohj Lokeh] yk[ku dksVM+h] vtesj- 
ftulsu egkiqjk.k ¼Hkkx&1½ foØe laor~ 1963 ¼Hkkx&2½ foØe laor~ 1965- 
f’kykys[k egkiwr ftuky;] ljkoxh ekSgYyk] vtesj- 
izcU/k lfefr Jh fnxEcj tSu efUnj] xks/kksa dk /kM+k] ljkoxh eksgYyk] vtesj- 
izfrek ys[k Hkxoku ik’oZukFk ¼1953 bZLoh½ Hkxoku lqik’oZukFk ¼1844 bZLoh½] xks/kksa dk /kM+k] ljkoxh eksgYyk] vtesj- 
izek.k&i= nsoLFkku foHkkx t;iqj 1995 bZLoh Jh fnxEcj tSu efUnj xks/kksa dk /kM+k] ljkoxh ekSgYyk] vtesj- 
izfrek ys[k Hkxoku vkfnukFk ¼laor~ 1922½ fl)dwV pSR;ky;] vtesj- 
f’kykys[k ekuLrEHk] fl)dwV pSR;ky;] vtesj- 
ys[k la[;k 3 tUedY;k.kd lekso’kj.k jpuk fl)dwV pSR;ky;] vtesj- 
ys[k la[;k 6 lalkj dh vlkjrk dk Hkku fl)dwV pSR;ky;] vtesj- 
ys[k la[;k 5 ridY;k.kd jpuk fl)dwV pSR;ky;] vtesj- 
izcU/k lfefr Jh ik’oZukFk fnxEcj tSu rsjkiaFkh tSloky eafnj] dsljxat] vtesj- 
efUnj f’kykys[k Jh _"kHknso tSu 'osrkEcj efUnj] lqUnj foykl] vtesj- 
izcU/k lfefr Jh fnxEcj tSu efUnj pSR;ky; /kM+k] ljkoxh ekSgYyk] vtesj- 
izfrek ys[k izfrek Hkxoku pUnzizHkq 1950 bZLoh] Hkxoku vkfnukFk 1950 bZLoh] Jh fnxEcj tSu efUnj pSR;ky; /kM+k] ljkoxh 

ekSgYyk] vtesj- 
izcU/k lfefr Jh fnxEcj tSu iapk;rh ufl;k¡] xks/kksa dk /kM+k] vtesj- 
izcU/k lfefr Jh fnxEcj tSu ik’oZukFk pSR;ky;] fMXxh cktkj] vtesj- 
izfrek ys[k vkfnukFk laor~ 1507] ik’oZukFk laor~ 1468] ineHkqlaor~ 1856] usehukFk laor~ 2036] Jh ik’oZukFk fnxEcj tSu 

efUnj] 'kkfUriqjk] vtesj- 
izfrek ys[k Jh ik’oZukFk fnxEcj tSu pSR;ky;] fMXxh cktkj] vtesj- 
izfrek ys[k Jh iYyhoky fnxEcj tSu efUnj dslj xat] vtesj- 
izfrek ys[k vkfnukFk izfr;ka] Jh fnxEcj tSu iapk;rh ufl;ka th u;k /kM+k nkSyrckx] vtesj- 
izcU/k lfefr Jh fnxEcj tSu efUnj mrkj ?klsVh] vtesj- 
                            
 


