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Rice (Oryza sativa L.) is a Kharif crop,
belongs to Kingdom: Plantae, Division:
Magnoliophyta, Class: Liliopsida, Order:
Cyperales, Family Poaceae (Gramineae), Genus:
Oryza, Species: sativa, Sub-species: Indica with
Chromosome no. 2n=24 and basic
chromosome number is 5 and haploid
chromosome number is 12. The genus Oryza
has 24 species out of which, twenty two are wild
and two species Oryza sativa and Oryza
glaberrima are cultivated. All varieties found in
Asia, America and Europe belong to Oryza
sativa and varieties found in West Africa belong
to Oryza glaberrima. Further, Oryza sativa rice
varieties of the world are commonly grouped
into three sub species viz., Indica, Japonica and
Javanica. It has been estimated that the world
will have to produce 60% more rice by 2030
than what it produced in 1995. Therefore, to
increase production of rice plays a very

important role in food security and poverty
alleviation. Theoretically, rice still has great yield
potential to be tapped and there are many ways
to raise rice yield, such as building of irrigation
works, improvement of soil conditions, cultural
techniques and breeding of high yielding
varieties. rice production should necessarily
increase to meet the rising demand and the crop
improvement programmes should be well ahead
of the expected 1 billion increase estimated for
2050 (UN, 2015). Inland salinity areas in Uttar
Pradesh are primarily found in the Raibareilly,
Azamgarh, Sultanpur, Ayodhya, Lucknow,
Unnao, and Pratapgarh districts. India is the
world's second-biggest rice producer and the
world's largest rice exporter. Rice contains 7-8%
of proteins, 80% of Carbohydrates, 3% of Fiber,
3% of Fat. The correlation studies estimates the
degree and direction of relationship between two
or more variables and provides information
about yield contributing characters. The present
study was aimed at understanding the
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Abstract
To enhance the yield potential of existing varieties along with creation of new varieties with stable and

high yield potential is the basic aim of plant breeders. Keeping these points in view, his experiment was carried
out to study the comparative performance and association of yield attributing characters with grain yield
including path analysis in seventy three diverse rice genotypes at two research farms with different sodicity
levels. The correlation coefficient analysis revealed the positively and significantly associated  with productive
tillers plant-1, fertile spikelet panicle-1, spikelet fertility %, biological yield plant-1 and 1000 grain weight while
Path analysis showed biological yield plant-1, harvest index, chlorophyll content and 1000- grains weight had
positive and high direct effect on grain yield respectively at both sodicity levels. Hence direct selection of any
traits namely biological yield plant-1, harvest index, chlorophyll content and 1000 grain weight can be effective
for future breeding programs to improve yield trait. Improvement in these traits will result in simultaneous
improvement of yield. 
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interrelationship among different traits for the
selection of desirable genotypes of rice and
understanding the direct and indirect effects
concerning yield and its attributing characters.
(Singh, S. K. 2020) In breeding it can be used
to identify the component characters that can be
used for selection for improvement of yield and
can also aid in selecting elite genotypes from
diverse populations (Johnson et al, 1955). Path
coefficient analysis was developed by Wright in
1921 and was used for plant selection for first
time by Dewey and Lu. It splits the correlation
coefficient into direct and indirect effects.
Information on relation among characters, direct
and indirect effects caused by each of attributes
towards yield in rice gives an added advantage
for the selection and hence in breeding
program. Grain yield is a complex trait which is
a result of interaction between various genetic
and environmental fluctuation (Wattoo et al.,
2010). According to Wattoo et al. (2010), grain
yield is a complex trait that depends upon
different yield attributing traits.Path coefficient
analyses evaluate the direct and indirect
contribution of each trait to yield could be
estimated picking up appropriate traits for
indirect selection (Rasel et al., 2018) Path
analysis helps to give idea about direct and in
direct effects of yield components. While
correlation studies gives the relationship among
plant characters, their degree of linear
relationship, path coefficient analysis more
clarifies in partitioning the two traits into
component that measures the direct and indirect
effects. In the light of above scenario, this
experiment was conducted  to study the
correlation and path coefficient  analysis of yield
and yield attributing characters for rice yield
improvement through stability analysis under
two sodicity levels.

Materials and Method

During Kharif 2019-20, two sets of tests

were carried out at Kumarganj, Ayodhya's
Student Instructional Farm (pH-8.4) with EC
range (0.25-0.4), organic carbon 0.29 percent
and Main Experiment Station (pH -9.5) with EC
range (3.1-3.3), organic carbon 0.21 percent.
All seventy-three genotypes, as well as three
controls (Sarjoo-52, Pusa-44, and NDU-3), were
sown in a Randomized Complete Block Design
(RCBD) with three replications and a 5 m row
length (inter-and intra-row spacing 20 cm and
15 cm, respectively). The study's experimental
materials included seventy-three diverse
genotypes obtained from various agro-climatic
zones. These genotypes were obtained from the
rice division of Acharya Narendra Deva
University of Agriculture and Technology,
Kumarganj, Ayodhya's Department of Genetics
and Plant Breeding. On the basis of five
randomly selected competitive plants in each
plot, the following observations were made: days
to 50% flowering, productive tiller plant-1,
panicle length, fertile spikelet panicle-1, spikelet
fertility, biological yield plant-1 (g), harvest-index
(percent), L/B ratio, 1000-grain weight, and
grain yield plant-1 (g). The fertilizers were
applied @120 kg nitrogen, 60 kg phosphorus
and 60 kg potash ha-1 through urea, DAP and
murate of potash, respectively. Statistical
analysis of all characters was done following
Dewey and Lu (1959) for path analysis and
Singh and Chaudhary (1995) for correlation
coefficient analysis  among characters were
calculated by following the standard procedures
with the help of MSTATC, Statistica 2 and
Genres software’s.

Results and Discussion 

Correlation coefficients : Tables 1 and 2
present the genotypic and phenotypic
correlations for yield and yield components.
These results exposed phenotypic and genotypic
correlations to be of parallel direction and
significance. However, genotypic correlations
had found a higher extent compared to

Anjali Singh et al.4
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phenotypic correlations indicating the masking
effect of environment. Similar results were stated
by Madhavilatha et al. (2005).The grain yield
plant-1 exhibited highly significant and positive
correlation with Biological yield plant-1 (0.722)
followed by Productive tillers plant-1 (0.288),
fertile spikelet panicle-1 (0.286), Spikelet fertility
(%) (0.265) and 1000-grains weight (0.227);
while negative and significant correlation was
observed with L/B ratio and chlorophyll content
at Student Instructional Farm and at Main
Experiment Station result revealed that grain
yield plant-1 exhibited highly significant and
positive correlation with Biological yield plant-1

(0.755) followed by fertile spikelet panicle-1

(0.339), 1000- grain weight(0.256), Productive
tillers plant-1 (0.241) and Spikelet fertility (%)
(0.201); while negative and significant
correlation was observed with L/B ratio and
chlorophyll content in Table 1 and 2. The strong
positive association of grain yield with the
Characters mentioned above has also being
reported in rice by earlier workers viz., Verma
and Srivastava (2004), Sahanabnath and Kole
(2021), Bhor et al., (2020), Dey et al; (2019),
Hossain et al., (2015), Kole et al., (2008) found
same result for starch content in maize and
Qamar et al. 2005; Ram Krishan et al. 2006.
Days to 50% flowering was showed positive and
significant correlation with plant biological yield
plant-1 and L/B ratio, while it expressed
negative and significant with panicle length and
highly significant with harvest index. Productive
tillers plant-1 demonstrated positive and highly
significant association with fertile spikelet
panicle-1 and 1000- grain weight and panicle
length highly significant with fertile spikelet
panicle-1 and significant with 1000- grain weight
while negative and Significant with chlorophyll
content at Student Instructional Farm. The
similar findings were obtained by Sahanabnath
and Kole (2021). Fertile spikelet panicle-1 was
showed positive and highly significant
correlation with biological yield plant-1 and

positive and significant with 1000- grain weight;
while highlysignificant and negative with
chlorophyll content. Spikelet fertility showed
positive and highly significant correlation with
harvest index and biological yield plant-1 positive
and highly significant association with 1000-
grain weight while it had negative and highly
significant association with harvest index, L/B
ratio and chlorophyll content.Harvest index was
showed positive and highly significant
correlation with chlorophyll content and 1000-
grain weight And L/B ratio was showed
negative and highly significant correlation with
1000-grain weight at both Farm. At Main
Experiment Station Days to 50% flowering was
showed positive and significant correlation with
biological yield plant-1. Productive tillers plant-1

demonstrated positive and highly significant
association with panicle length, fertile spikelet
panicle-1 and 1000- grain weight and only
significant association with harvest index.
Panicle length highly significant with fertile
spikelet panicle-1 and significant with 1000-
grain weight. Similar trends of results were also
reported by Dhurai et al. (2016), Namita et al.
(2016), and Sathisha et al. (2015) Nikhil et al.
(2014), Rabara et al. (2014).

Path-coefficient Analysis : 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. At phenotypic level,
Biological yield plant-1 (g) (0.8939) and harvest
index (0.5566) exerted very high positive direct
effect on grain yield plant-1 (g). Spikelet fertility
(0.0878), productive tillers plant-1 (0.0703),
days to 50% flowering (0.0622) and fertile
spikelet panicle-1 (0.0157) also exerted

Anjali Singh et al.6
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moderate direct effect on Grain yield plant-1.
The direct effects of other four characters were
too low to be considered of any consequence.
Biological yield plant-1 exhibited high order of
positive indirect effects on grain yield plant-1 via,
Days to 50% flowering (0.0171) and Productive
tillers plant-1 (0.0111). In contrasts high order
of negative indirect effects were extended by
panicle length (-0.0025). Harvest-index
exhibited high order of positive indirect effect on
grain yield plant-1 via, spikelet fertility (0.0212)
and productive tillers plant-1 (0.0074) while
negative indirect effects were extended by
biological yield plant-1 (-0.4336), days to 50%
flowering (-0.0163). The remaining estimates of
indirect effects in this analysis were negligible at
Student Instructional Farm and at Main
Experiment Station same result found with little
bit difference in data of phenotypic path. The
estimate of residual effect was (0.178) indicated
that most of the yield contributing characters

were taken into account in the present study at
Student Instructional Farm and Main
Experiment Station in Table 3 and 4. These
results are in conformity to that of Sarawgi et
al. (1997) and Mishra and Verma (2002), Verma
and Srivastava (2004),. Supported related
findings were carried out by Bhandru et al.
(2010), Fiyaz et al. (2011) Akhtar et al. (2011),
Kishore et al., (2018) Dey et al., (2019), Akter
et al., (2019), Sudeepthi et al. (2020), Aparna
and Indradeo (2020), Critical analysis of results
obtained from character association and path
analysis indicated that biological yield hill-1 and
harvest index possessed both positive
association and high positive direct effects.
Hence, selection for these traits could bring
improvement in yield and yield components.

Conclusion

From results it had been seen that biological
yield plant-1, chlorophyll content, productive
tillers plant-1 and 1000 grain weight had both
positive correlation as well as positive direct
effect on grain yield. Hence direct selection of
these traits can be done in breeding programs
of rice. Improvement in these traits will result in
simultaneous improvement in grain yield.
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Abstract
A study was carried out to assess the effectiveness of various substrates in promoting vegetative and

reproductive growth of zinnia elegans. The experiment was designed in CRD with three replications and eight
treatments: control, peat, coco coir, and conventional substrate (soil + silt + leaf mould, 1:1:1, v/v/v) alone or
in varied combinations. The addition of coco coir to peat or peat alone enhanced plant height, leaf area, stem
length, and fresh and dry weight of the stem. Plant height and stem length were considerably greater in coco
coir-based substrates (P-0.0001 and P-0.0001, respectively). In peat-based and peat + coco coir-based
substrates, growth and floral parameters were much higher. The findings demonstrated that coco coir, either
alone or in combination with peat, had a beneficial influence on the productivity and quality of speciality cut
flower zinnia crops. 

Key words : Cut flowers, Coco coir, Peat, Media, Zinnia.

______________

Zinnia elegans is one of the most beautiful
summer flowers. It is endemic to Mexico and
Central America and is a member of the
compositae family. Zinnia is a genus comprising
20 species known for their solitary nature. It is
simple to grow, thrives in full light, and can

withstand extreme heat. It also produces
stunning cut flowers with a broad range of colour
and form variation. The blooms have bright
colours, strong stems, and a relatively long vase
life, which has earned them a reputation as a
speciality cut flower. The blooms, which range
in colour from light to medium green and appear
in a variety of brilliant colours, have a form that

1. Ph.D. Scholar and 2. Ph.D. Scholar, Dept. of
Horticulture, COA, CCSHAU, Hisar-125004, Haryana.



varies from linear to ovate. Flowers come in a
variety of shapes and sizes, from a single row of
petals to a dome shape, and are available in a
variety of colours, including white, chartreuse,
yellow, orange, red, purple, and lilac. Zinnias are
a popular garden flower with a variety of uses,
including borders, beds, edges, and cut flowers,
as well as being a good source of international
exchange.  

In the cultivation of high-quality decorative
crops, growing substrates play a crucial role. A
suitable growth substrate influences the
development of a large root system, offers
enough plant anchoring, and allows for gaseous
exchange between plant roots and the
surrounding environment (Abad et al., 2002).
Physical qualities of the growing substrate should
be favourable for plant growth and
development. The usage of soil has been
reduced as a result of rising waste volumes, and
organic leftovers have become more popular in
agriculture (Papafotiou et al., 2004). The use of
soilless substrates for container grown plants and
greenhouse cut flower manufacturing is
becoming more common with the passage of
time. Plant production depends on choosing the
optimum substrate (Paradiso and De Pascale,
2008). The physico-chemical characteristics of
soilless substrates are crucial for supplying
enough support and nutrients to plants, but they
must be light, porous, and well-drained (Noguera
et al., 2003). Coco coir, which is made from the
husk of a coconut, has outstanding physical
properties and may be used to grow plants in
containers (Caron et al., 2005). The numerous
similarities between peat and other agricultural
by-products and organic wastes, there is a
growing tendency to use them as fertiliser
sources for decorative container grown plants
(Mikkelsen, 2003). Due to, its superior physical
and chemical qualities, peat has been widely
utilised as a growth substrate, but its resources
are depleting, it is prudent to seek for

alternatives (Wilson et al., 2006; Michel et al.,
2015). For the production of beautiful potted
plants and cut flowers, coco coir is most
commonly used as a growth substrate alone or
in combination with perlite or other elements
(Kim, 2007; Islam, 2008; Ahmad et al., 2015).

In India, floriculture is becoming more and
more of a business. People's aesthetic
perceptions are improving, the nursery and
flower sector is growing every day. In nurseries
and specialist cut flower farms, nursery rearing
and potting of annuals are essential activities.
However, dirt, silt, and farmyard/leaf manure
are still used as customary substrates by
nurserymen and flower producers in India.
Because of its increased use in other agricultural
and energy-producing activities, farmyard
manure is becoming less available. Deforestation
and reduced planting in cities, on the other
hand, are reducing the supply of high-quality leaf
manure. Furthermore, farmyard waste and leaf
manure are key weed sources, with the latter
being linked to allelopathic effects generated by
the leaves of particular plants, such as
eucalyptus. Peat, which is accessible in
extremely limited amounts but at very expensive
prices in India, is likewise available in very limited
numbers but at very exorbitant rates in the
United States. As a result, there was a need to
develop alternatives to these traditional media
components for nurserymen and flower farmers.
Coconut coir (coconut fibre) has gained appeal
in recent years due to its features that are
comparable to those of peat (Hernandez
Apaolaza et al., 2005; Ahmad et al., 2012). In
all major cities, it is accessible in varying
quantities. As a result, the use of zinnia as a
summer annual flower was examined as an
alternative to peat and traditional substrate (CS:
soil + silt + leaf manure). 

The greatest quality cut flowers in the world
are usually grown on soilless surfaces. In India,
however, traditional substrate is widely employed
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for cut flower manufacturing. There was a
pressing need to analyse possible speciality cut
flower species with various substrates due to
rising demand for cut flowers and the
introduction of new specialty cut flowers. The
purpose of this study was to compare the
performance of zinnia grown on coco coir, peat,
and standard media. The study's particular goals
were to standardise growing substrates for the
finest quality specialised cut flowers and to
evaluate the appropriateness of coco coir and
peat to traditional flower-growing substrates. 

Material and method 

Present study was conducted at Natura
Greentech Landscaping and Nursery, Farrukh
Nagar (Gurugram). Peat as a substrate was used
to establish the nursery in 98 Cell propagation
plastic trays. Zinnia was grown during summer
using substrates under natural temperature and
light conditions. Coco coir and peat were used
individually and in different combinations mixed
with conventional substrate [CS; soil + silt + leaf
manure, (1:1:1, v/v/v)] to prepare different
substrates. Treatments included control (100%),
conventional substrate (CS), peat (P),  coco coir
(CC), CS + CC (1:1, v/v), CS + peat (1:1, v/v),
CC + peat (1:1, v/v) and CS + CC + peat
(1:1:1, v/v/v). Pots of 30 cm size were
thoroughly filled with substrates according to
treatments and three week old seedlings were
transplanted individually in the pots. Experiment
was laid out according to CRD with three
replications, each containing five plants of each
treatment. All cultural practices such as hoeing,
weeding, fertilization, irrigation, IPM, etc. were
similar for all treatments during the entire period
of study.  

Using normal procedures, data on growth
and flowering parameters were obtained. At
harvest, plant height was measured from the
substrate surface to the top of the plant. To
calculate leaf area, two healthy and mature

leaves were picked from each replication within
a treatment and estimated from the recently
mature leaves. Flower diameter (zinnia) was
measured using a digital calliper during harvest.
Fresh and dried weights of stems were
measured. Flower quality was assessed using a
method provided by Cooper and Spokas (1991),
which used a scoring system of 1-9, with 9 being
the best quality, 5 representing moderate quality,
and 1 representing poor quality flowers.

Result and discussion

Effect of growing medium on growth
parameters : Zinnia plants grown in coco coir
exhibited maximum plant height (105.52 cm),
stem length (62.98 cm), and  followed by when
plants grown in CS+CC (103.44 cm and 55.61
cm) respectively, while stem diameter (7.83
mm), leaf area (23.09 cm2) and fresh (19.54 g)
and dry (4.66 g) weight of stem was highest for
plants grown in peat (Table 2) were significantly
higher than plants grown in other growing
substrates. Coco coir grown plants also took
minimum time (58.34 days) to reach harvesting
stage (Table 2). 

Floral characters in response to
growing substrates : Flowers quality from
plants grown in substrates other than control
(6.21), CS (7.29) and CS + CC (6.59) was
statistically similar and better than the flowers
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Table 1. Effect of growing medium on growth parameters

Treatments Plant Stem Stem 
height length dia-
(cm) (cm) meter 

(mm)

T1 Control (100%)  50.39 23.45 3.24
T2 Soil+silt+leaf manure (CS) 77.95 50.21 5.15
T3 Peat (P) 95.64 54.26 7.83
T4 Coco coir (CC) 105.52 62.98 5.01
T5 CS+P (1:1) 84.68 42.40 5.17
T6 CS+CC (1:1) 103.44 55.61 5.95
T7 CS+P+CC (1:1:1)       85.57 40.91 6.16
C.D. at 5% 1.48 0.69 0.54



from control, CS and CS + CC substrate (Table
3). Flower diameter of zinnia plants was highest
(8.88 cm) in peat grown plants compared to the
plants grown in other growing substrates, and
followed by plants grown in CC (7.61cm) (Table
3). Good quality flowers (8.84) of zinnia were
observed in plants grown in peat compared to
other studied substrates (Table 3) and it was
followed by the plants grown in CS+P (8.60). 

Discussion

All growing substrates increased growth and
flowering traits in both annual cut flowers
compared to the conventional substrates (CS)
and control. All vegetative (plant height, stem
length, fresh and dry weight of flower stem), and
floral characteristics (floret diameter), stock
plants were improved when grown in peat
followed by CS+CC, CS+P, CC alone and
CS+CC+P in descending order. Zinnia plants
had maximum height and stem diameter in CC
medium. While, stem diameter, fresh and dry
weight of stems, flower diameter and quality
were higher in peat followed by various
combinations of CC and P with each other or
with CS, but were superior to CS. This
enhanced growth and flowering behavior of both
flowers in peat, coco-coir or their combination
with each other or with CS can be attributed to
the physicochemical properties of the growing
substrates (Riaz et al., 2008). Moreover,
CS+CC also provided better results than CS and
CC alone as evident from previous results of
tuberose (Ikram et al., 2012), gerbera (Ahmad
et al., 2012), dahlia (Tariq et al., 2012), Pinus
pinea, Cupressus arizonica and C. sempervirens
(Hernandez Apaolaza et al., 2005). Thus,
physico-chem properties of CC medium can be
improved by using CS and CC in 1:1 ratio, as
concluded earlier by Awang et al. (2009).
Supplementation of CC with other substrates
such as CS enhanced the air-filled porosity of the
substrate (Awang et al., 2009) that increased
growth and flowering of zinnia in CS+CC than

CC alone. CC increased water holding capacity,
organic matter of the growing medium and also
supplied NPK at higher rate (Abad et al., 2002;
Chavez et al., 2008; Ahmad et al., 2012)
compared to CS, but slightly less than peat and
CS+P and therefore can substitute peat in India. 

Conclusions 

Results revealed positive effect of coco coir
and peat for improvement of growth and quality
of Zinnia species. Peat alone and in combination
with coco coir produced the best results
regarding most of vegetative and reproductive
parameters and proved better than conventional
substrate used. Moreover, CC+CS also proved
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Table 2. Effect of growing medium on growth parameters

Treatments Fresh Dry Leaf 
weight weight area 
of stem of stem (cm2)
(g) (g)

T1 Control (100%)  5.55 1.86 18.60
T2 Soil+silt+leaf manure (CS) 13.28 3.17 20.03
T3 Peat (P) 19.54 4.66 23.09
T4 Coco coir (CC) 12.34 3.30 21.12
T5 CS+P (1:1) 12.27 3.50 20.70
T6 CS+CC (1:1) 12.38 3.03 20.28
T7 CS+P+CC (1:1:1)       9.73 2.16 20.06
C.D. at 5% 1.02 0.30 1.74

Table 3. Effect of growing medium on floral parameters

Treatments Days Flower Flower 
to har- dia- quality
vest meter 
(days) (cm)

T1 Control (100%)  77.07 5.02 6.21
T2 Soil+silt+leaf manure (CS) 73.29 6.40 7.29
T3 Peat (P) 63.84 8.88 8.84
T4 Coco coir (CC) 58.34 7.61 7.35
T5 CS+P (1:1) 64.28 7.49 8.60
T6 CS+CC (1:1) 65.81 7.54 6.59
T7 CS+P+CC (1:1:1)       72.67 7.62 7.19
C.D. at 5% 0.67 0.46 0.11



better (2nd to peat + CC) than CS alone.
Therefore, growers can use CC+CS as a
cheaper substitute to peat or can combine peat
with coco coir for commercial production of
zinnia and to get taller, sturdy stems to get
higher returns at substantially lower cost of
production.  
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The lotus is native to India, but it was widely
diffused throughout ancient Persia, Egypt, and
Asia. It was first introduced to Europe in the
18th century as a type of water lily, and it can
now be found in modern botanical gardens all
over the world. Lotus plants are widely grown in
Australia, China, India, Iran, and Japan, among
other places (Anonymous, 1966). The lotus
blossom is often featured in religious writings
and paintings, as well as literature and oral
traditions of numerous Asian nations, as a
symbol of beauty and purity in both Hindu and
Buddhist religions. The lotus blossom is often
featured in religious writings and paintings, as
well as literature and oral traditions of numerous
Asian nations, as a symbol of beauty and purity
in both Hindu and Buddhist religions. It was
cultivated as an industrial crop over 40,000
acres in China in 1999. (Guo, 2009). Lotus was
brought to Japan from China and has been
cultivated there for over 1000 years (Komatsu
et al., 1975). It is widely distributed in India and

is reported even from Himalayan lakes at
altitudes of up to 1400 metres (Polunin and
Stainton, 1984). Lotus seeds ('kamal gatta') are
offered in Indian marketplaces as a vegetable or
as a raw material for Ayurvedic medication
manufacture (Anonymous, 1992). Lotus seeds
and roots are popular health foods, and the
alkaloid produced from them (liensinine) is
beneficial in treating arrhythmia (Ling et al.,
2005). 

Methods

In the search for relevant material, a variety
of electronic and scientific search engines and
specialised reference tools were employed,
including Google Scholar, web of science,
scientific literature, publishing sites, and
electronic databases. In addition, a systematic
search was conducted in online research libraries
such as E-library and specific pharmacological
publications to obtain comprehensive
information on Lotus's therapeutic uses as a
herbal treatment.
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Findings

A. Botanical Characteristics : The
Nelumbonaceae family includes Nelumbo
nucifera, which has a number of common
names (including Indian lotus, Chinese water lily,
and sacred lotus) as well as synonyms
(Nelumbium nelumbo, N. speciosa, N.
speciosum and Nymphaea nelumbo). Lotus is a
slender, elongated, branched, creeping aquatic
herb with nodal roots; leaves are membranous,
peltate (60-90 cm and above), orbicular and
concave to cupshaped; petioles are long, rough,
with small distinct prickles; flowers are white to
rosy, sweet-scented, solitary, hermaphrodite. 

B. Nutritional value : The tender
rhizomes, stems, and leaves of lotus can be
cooked with other vegetables, steeped in syrup,
or pickled in vinegar (Anon, 1992). (Phillips and
Rix, 1995). Rhizomes contain 1.7 percent
protein, 0.1 percent fat, 9.7% carbohydrate,
and 1.1 percent ash (Reid, 1977), have a mild
flavour, and are often used in Chinese recipes,
whereas stems can be cooked as food and have
a beet-like flavour (Hedrick, 1972; Tanaka,
1976). In Vietnam, Ogle et al. (2001) reported
the use of lotus stem (which contains 6, 2.4, 0.2
mg 100-1 g calcium, iron, and zinc, respectively)
as a salad vegetable. Lotus leaves are used as a
home remedy to cure summer heat syndrome in
Japan and China, as well as to treat obesity in
China (Ono et al.). The stamens are utilised to
flavour the tea, while the petals are floated in
soups or used as a garnish (Facciola, 1990).
Egyptian lotus seeds contain 14.8 percent crude
protein, according to Ibrahim and ElEraqy
(1996). Because the green embryos in the seeds
are bitter, they are normally removed before
being sold as a food product. The seeds can be
popped like popcorn, powdered and eaten dry,
or used to make bread. The roasted seeds are a
good coffee substitute and contain significant
amounts of saponins, phenolics, and carbs
(Anon., 1992; Ling et al., 2005). N. nucifera

seeds have 10.5 percent moisture, 10.6-15.9%
protein, 1.93-2.8 percent crude fat, 70-72.17
percent carbohydrate, 2.7 percent crude fibre,
3.9-4.5 percent ash, and 348.45 calories per
100 grammes of energy (Reid, 1977; Indrayan
et al., 2005). Chromium (0.0042 percent),
sodium (1 percent), potassium (28.5 percent),
calcium (22.1 percent), magnesium (9.2
percent), copper (0.0463 percent), zinc (0.084
percent), manganese (0.356 percent), and iron
are among the minerals found in lotus seeds
(0.199 percent ). 

C. Pharmaceutical value

Traditional knowledge : The lotus plant
has a wide range of medical applications,
according to traditional knowledge. The entire
plant is astringent, emollient, diuretic, and
sudorific, with antifungal, antipyretic, and
cardiotonic properties. The lotus plant's many
parts can be used to treat diarrhoea, tissue
inflammation, and haemostasis (Yu and Hu,
1997). Due to the presence of asteroidal
triterpenoid, the rhizome extract exhibits anti-
diabetic (Mukherjee et al., 1997a) and anti-
inflammatory activities (Mukherjee et al.,
1997b). Pharyngopathy, pectoralgia,
spermatorrhoea, leucoderma, small pox,
diarrhoea, dysentery, and cough are all treated
with rhizomes. The stem is used as a diuretic,
anthelmintic, and to cure strangury, vomiting,
leprosy, skin disease, and nervous weariness in
traditional Ayurvedic medicine. Young leaves
boiled in goat's milk with Mimosa pudica can be
used to treat rectal prolapse, and the leaves
boiled with Mimosa pudica can be used to treat
diarrhoea. During fevers and inflammatory skin
diseases, leaf paste can be applied to the body.
Hematemesis, epistaxis, hemoptysis, hematuria,
and metrorrhagia are all treated with leaves (Ou,
1989). Lotus leaves can be used to treat
hyperlipidemia in rodents (La Cour et al., 1995;
Onishi et al., 1984). The leaves are also diuretic
and astringent, making them useful for treating
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fever, perspiration, and strangury, as well as
acting as a styptic (Chinese Materia Medica,
1977). The leaves and flowers can be used to
cure a variety of bleeding diseases, and flower
ingestion is indicated to help with conception.
Diarrhoea, cholera, fever, hepatopathy, and
hyperdipsia can all be treated with flowers.
Seeds are used in traditional medicine to treat
tissue inflammation, cancer, skin illnesses,
leprosy, poison antidote, and are commonly
given to youngsters as a diuretic and refrigerant
(Chopra et al., 1956). Hyperdipsia,
dermatopathy, halitosis, menorrhagia, leprosy,
and fever are all treated with lotus fruits and
seeds, which are astringent (Nadkarni, 1982).
Coughs can be treated with seed powder mixed
with honey, while roots cooked in ghee (melted
fresh butter), milk, and gold improve strength,
virility, and intellect. Lotus seeds have been
found to offer a wide range of antibacterial
properties (Mukherjee et al., 1995; Mukherjee,
2002). The embryo of lotus seeds is utilised in a
traditional Chinese medicine known as 'Lian Zi
Xin,' which is used to treat neurological
disorders, sleeplessness, high fevours (with
restlessness), and cardiovascular illnesses (e.g.
hypertension, arrhythmia) (Chen et al., 2007).                                                                                                                    

Alkaloids and flavonoids : The alkaloids
in lotus flowers expand blood arteries and lower
blood pressure. The leaves are bitter and
delicious, and they contain a variety of
flavonoids and alkaloids (Shoji et al., 1987). The
embryos contain a minor amount of alkaloids,
which act as an antispasmodic in the intestines
and help to relieve diarrhoea. The alkaloid
isoquinoline, found in the embryos of lotus
seeds, is calming, antispasmodic, and heart-
healthy. It removes pathogenic heat from the
heart and prevents heat-related haemorrhage.
Alkaloids (e.g. dauricine, lotusine, nuciferine,
pronuciferine, liensinine, isoliensinine,
roemerine, nelumbine, neferine) are the most
common phytochemicals found in lotus seeds
(Tomita et al., 1961; Furukawa et al., 1965;

Wang et al., 1991; Qian, 2002). In cardiac
cells, dauricine and neferine block the Na+, K+,
and Ca2+ transmembrane currents (Qian,
2002). Neferine inhibits rabbit platelet
aggregation considerably as an anti-arrhythmic
(Li et al., 1990; Yu and Hu, 1997). Lim et al.
(2006) investigated the inhibitory components
of N. nucifera stamens in rat lens aldose
reductase (RLAR) (a key enzyme in the polyol
pathway linked to diabetes). RLAR is inhibited
by the methanol extract of the stamens. Lotus
plants yielded thirteen flavonoids and seven
glycosides, as well as four non-flavonoid
chemicals. Those flavonoids with 3-O-alpha-
lrhamnopyranosyl - (1 6) were found among the
separated flavonoids. glucopyranoside groups
on their C rings, such as kaempferol3-O-alpha-
l-rhamnopyranosyl-(16)-beta-dglucopyranoside
and isorhamnetin 3-O-alpha-l-rhamnopyranosyl-
(16)-beta-dglucopyranoside and isorhamnetin 3-
O-alpha-l-rhamno-pyranosy In vitro,
-betad-glucopyranoside has the highest level of
RLAR inhibitory action, with IC50 values of 5.6
and 9.0 M, respectively.

Antioxidants : The antioxidative enzyme
modifications in seedlings of N. nucifera, which
responds to oxygen shortage via germination
under water, were examined by Ushimaru et al.
(2001). They discovered that superoxide
dismutase activity, Seedlings had reduced levels
of dehydroascorbate  reductase and glutathione
reductase germinated in darkness under
submerged conditions (SD) than those found
seedlings germinated in the dark and in the air
(AD). The activity of ascorbate peroxidase was
higher in SD seedlings than in AD seedlings,
while the activity of catalase and
monodehydroascorbate reductase was
essentially identical in SD and AD seedlings.
Leaf stalk extract has antipyretic properties
(Sinha et al., 2000), whereas leaves and stamen
have antioxidant properties (Jung et al., 2003;
Wu et al., 2003). Lotus seed extract has
antifertility, hepatoprotective, and free radical
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scavenging effects (Sohn et al., 2003). Yen et
al. (2006) studied the free radical scavenging
and protective activities of lotus seed extracts
(LSE) against reactive nitrogen, sodium
nitroprusside (SNP), peroxynitrite-induced
cytotoxicity, and DNA damage in macrophage
RAW 264.7 cell lines. The inhibitory effects of
seeds extracted with water (LSWE), ethyl acetate
(LSEAE), and hexane (LSHE) were investigated.
All of the extracts reduced nitric oxide
accumulation in LPS-activated RAW 264.7 cells.
The extracts (0.01-0.2 mg ml-1) inhibited the
buildup of nitric oxide after SNP breakdown in
a dose-dependent manner. LSEAE has the
highest inhibitory activity potency, followed by
LSWE and LSHE. The effect of three seed
extracts on macrophage DNA damage revealed
that RAW 264.7 cells incubated at 37°C for 2
hours with extracts (0.01-0.2 mg ml-1) showed
no significant difference in tail movement
between the control and sample, indicating that
seed extracts do not induce DNA damage in
RAW 264.7 cells. In macrophage RAW 264.7
cells, the comet test demonstrated that all
extracts could reduce DNA damage caused by
SNP. In macrophage RAW 264.7 cells, the
LSWE, LSEAE, and LSHE (at 0.2 mg ml-1)
reduced peroxynitrite-induced DNA damage by
63, 59, and 38 percent, respectively. When it
came to avoiding tyrosine nitration, the extracts
studied were also excellent peroxynitrite
scavengers. At higher concentra-tions (0.2 mg
ml-1), LSWE, LSEAE, and LSHE inhibited 3-
nitrotyrosine synthesis by 29.0, 21.0, and 8.0
percent, respectively. Because of their ability to
inhibit tyrosine nitration, these findings show
that extracts produced from diverse solvents are
excellent peroxynitrite scavengers. Rai et al.
(2006) used in vitro and in vivo models to
investigate the antioxidant potential of a hydro-
alcoholic extract of lotus seeds. The extract
contained 7.61 percent total phenolics, which
had substantial free radical scavenging activity as
demonstrated by low IC50 values (16.12 g

ml-1) in 1,1-diphenyl-2-picryl hydrazyl, which
were equivalent to rutin (IC50, 18.95 g ml-1).
The extract had higher activity (IC50, 84.86 g
ml-1) than conventional rutin (IC50, 152.17 g
ml-1) in the nitric oxide technique. In Swiss
Albino mice, no symptoms of acute toxicity were
observed up to an oral dose of 1,000 mg kg-1

body weight. Procyanidins (also known as
condensed tannins) are a form of plant phenol
found throughout the plant kingdom. Ling et al.
were the first to investigate the procyanidins
discovered in non-edible portions of the lotus
(2005).

The procyanidins in lotus pods were
extracted in Me2CO-H2O and refined using
Sephadex LH-20 column chromatography to a
purity of 98 percent. The M + H peak values of
291.1, 579.2, 731.2, 867.2, 1019.4, and
1155.3 indicate that the extract contains
monomers, dimers, and tetramers of
procyanidins, with dimmers, catechin, and
epicatechin base units containing the most. The
extracted lotus pod procyanidin was a pale red
brown amorphous powder. The extract
contained 90.7 percent total polyphenols and
98.3 percent procyanidin, according to
spectrometric analysis. According to the
procyanidin B2 calibration curve, the
procyanidin of lotus pod extract was 63.2
percent, showing variations in procyanidin. The
scavenging action of various doses of lotus pod
procyanidin on superoxide free radicals (O2) was
calculated as an IC50 of 17.6 mg l-1, which is
similar to 0.3 mg l-1 vitamin C. The scavenging
effect of the procyanidin extract on •OH
increased with increasing concentration, and the
IC50 was 10.5 mg l-1, equivalent to 4.1 mg l-1

vitamin C. The antioxidant activity of lotus pod
procyanidin extract in lard oil and soybean oil
systems was explored further. After 11 days
under the same conditions, the peroxide values
of the control and lard oil systems containing
0.05, 0.1, and 0.2 percent procyanidin extract
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of lotus seed pod were 54, 22, 18.04, and 20
mM kg-1, respectively. At 60°C and varied
procyanidin concentrations, the extract
demonstrated a stronger antioxidant activity
than the others at 0.1 percent procyanidin. On
the eighth day, procyanidin extract inhibits auto-
oxidation of lard in the same way that butylated
hydroxytoluene (BHT) does. According to the
findings, procyanidin partially inhibits lard
autoxidation, making 0.1 percent procyanidin a
powerful antioxidant. 

Antisteroids : In the testis and ovary of
rats, Gupta et al. (1996) found that seed extract
of N. nucifera had an antisteroidogenic effect.
On alternate days for up to 15 days, sexually
immature female rats and mature male rats were
given fractions of petroleum ether extract orally.
In pre-pubertal female rats, the therapy induced
a significant delay in sexual development, as
demonstrated by the age of vaginal opening and
first estrus (cornified smear), as well as a
reduction in sperm count and motility in mature
male rats. The therapies caused an increase in
cholesterol and ascorbic acid levels in the ovary
and testis, as well as a decrease in delta-5-3-beta-
hydroxysteroid dehydrogenase and glucose-6-
phosphate dehydrogenase activity. These
findings demonstrated that petroleum ether
extract suppresses steroid synthesis in both the
ovary and the testis. 

Antipyretic : Chopra et al. (1958)
discovered that N. nucifera has antipyretic
properties. Similarly, Sinha et al. (2000)
reported that an ethanol extract of lotus stalks
had antipyretic properties against both normal
body temperature and yeast-induced pyrexia in
rats. The extract (200 mg kg-1) significantly
reduced body temperature up to 3 hr after
administration, while 400 mg kg-1 significantly
reduced body temperature up to 6 hr. In the
yeast model, provoked elevation of body
temperature resulted in dose-dependent
lowering for up to 4 hours at both doses, with

results comparable to paracetamol, the standard
antipyretic agent (150 mg kg-1). 

Anticancerous : According to Liu et al.
(2004), lotus ethanolic extracts inhibit cell
proliferation and cytokines in primary human
peripheral blood mononuclear cells activated by
phytohemagglutinin (a specific mitogen for T
lymphocytes). Liu et al. (2006) investigated the
effects of lotus (S)-Armepavine (C19H23O3N;
MW313) on T cell proliferation. The potential
benefit of (S)-armepavine on systemic lupus
erythematosus (SLE) was studied in MRL/MpJ-
lpr/lpr mice, which had disease characteristics
similar to human SLE. The SLE characteristics
of MRL/MpJ-lpr/lpr mice treated orally with (S)-
armepavine for 6 weeks were evaluated. The
findings showed that (S)-armepavine prevented
lymphadenopathy and increased the lifespan of
MRL/MpJ-lpr/lpr mice. The treatment with (S)-
armepavine resulted in a significant dose-
dependent decrease in both cytokines (T
lymphocyte-mediated cytokines) production.
The results were as follows: 83.95.1 pg ml-1 in
control mice vs. 54.54.7 pg ml-1 in mice treated
with 10 mg kg-1 day-1 (S)-armepavine for IL-2,
Pb0.01; 44.34.5 pg ml-1 in control mice vs.
12.01.3 pg ml-1 in mice treated with 10 mg
kg-1 day-1 (S)-armepavine for IFN-, Pb0.01.
Furthermore, (S)-armepavine inhibited IL-2 and
IFN- transcripts in human peripheral blood
mononuclear cells. Liu et al. (2006) concluded
that (S)-armepavine could be used as an
immunomodulator to treat autoimmune diseases
such as SLE. 

Antiviral : Kashiwada et al. (2005) isolated
anti-HIV benzylisoquinoline alkaloids and
flavonoids [-(+)-1(R)-Coclaurine, (-)-1(S)-
norcoclaurine, and quercetin 3-O-b-D-
glucuronide] from lotus leaves. The first two
compounds have strong anti-HIV activity [EC50,
0.8 and 125 and >25, respectively], while the
third is less effective (EC50 2l g ml-1). Other
benzylisoquinoline, aporphine, and bisbenzyliso-
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quinoline alkaloids (liensinine, negferine, and
isoliensinine) isolated from lotus leaves and
embryo demonstrated potent anti-HIV activity
(EC50 values of 9.9, >8.6, and >6.5,
respectively). Nuciferine, an aporphine alkaloid,
also had an EC50 of 0.8l g ml-1 and a TI of 36.
Kuo et al. reported inhibitory effects of ethanolic
extracts of lotus seeds on herpes simplex type 1
(HSV-1) (2005). Ethanolic extracts (100 g ml-1)
inhibited HSV-1 replication significantly (IC50
for replication, 50.0 g ml-1). The HSV-1
suppressive effects of seed subfractions revealed
that NN-B-5 (out of nine main fractions: NN-B1
to NN-B-9) extracted from the bioactive NN-B
fraction obtained from butanol had the highest
suppressive activity. The anti-HSV-1 activity of
ethanolic extracts prepared from fresh seeds was
demonstrated (IC50 62.08.9 g ml-1). To
determine whether NN-B-5 reduced acyclovir-
resistant HSV-1 propagation, the TK HSV-1
strain was used as a target and the plaque
reduction assay was performed. At 50 g ml-1,
NN-B-5 inhibited TK HSV-1 replication in HeLa
cells by up to 85.9 percent. These findings
strongly suggested that NN-B-5 inhibits the
spread of acyclovir-resistant HSV-1. 

Anti-obesity : Ono et al. (2006)
investigated the pharmacological mechanism of
lotus N. nucifera leaf extract (NNEantiobesity )'s
effect in mice and rats. The effect of leaf extract
on digestive enzyme activity, lipid metabolism,
and theromogenesis in mice treated for five
weeks resulted in concentration dependent
inhibition of -amylase and lipase activities as well
as upregulated lipid metabolism and UCP3
mRNA expression in C2C12 myotubes. In vitro,
the NNE also inhibited the activities of -amylase
and lipase. NNE inhibited lipase more effectively
(IC50, 0.46 mg ml-1) than -amylase (IC5, 0.82
mg ml-1). The extracts reduced body weight,
parametrial adipose tissue weight, and liver
triacylglycerol levels in mice with obesity caused
by a high fat diet, and UCP3 mRNA expression
in skeletal muscle was elevated. 
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Abstract
The present study entitled “Morphological characterization of okra {Abelmoschus esculentus (L.) Moench}

genotypes” was carried out at the Research farm of Department of Vegetable Science, CCS HAU, Hisar during
spring summer season of the year 2012 on the basis of morphological descriptors with the objective to identify
key diagnostic characters of the genotypes. Observations were recorded for 14 morphological characters.
Analysis of variance studies indicated significant differences among all the genotypes for all the characters
under study. Highest mean fruit yield per plant was recorded for the genotype Hisar Naveen. Serration of leaf
blade margin, vein colour, intensity of colour between vein, depth of lobing and petal base colour distinguished
all the 20 genotypes by assigning them key diagnostic features that would certainly help the plant breeders, to
use these diagnostic characters for trait specific use in breeding programme. The genotype Hisar Naveen was
found as superior with high mean values for internodal length, number of nodes at first flowering, petiole
length, plant height and flower diameter were recorded maximum in HBT-1-1, HBT-51-1-1, HBT-70-1 and
HBT-6-7-1 respectively.

Key words : Okra, characterization, Hisar Naveen.

______________

Okra {Abelmoschus esculentus (L.)
Moench} is a member of family Malvaceae
having somatic chromosome number 2n=130.
It is an important vegetable crop, which is
primarily grown for tender fruits in both spring

summer and rainy seasons throughout India.
The green tender fruits of okra are rich in
calcium (Ca), phosphorus (P), magnesium (Mg),
iron (Fe), vitamin A and C and also good source
of carbohydrate, protein and other mineral



matters (Aykroyd, 1963). Okra is also a good
source of mucilage which is renewable and
inexpensive source of biodegradable material,
and has potential for use as food, non-food
products, and medicine (Kumar et al. 2010).
Immature green fruits are used for preparation
of curry, soup and are also canned, dehydrated
and frozen for off season consumption. Being a
rich source of iodine, it is also beneficial against
goitre (Chauhan, 1972). India is the second
largest producer of okra after China, where it
has been cultivating for more than a century.
Okra has a great potential as foreign exchange
earner vegetable, which accounts for about 60%
of the export of total fresh vegetables excluding
potato, onion and garlic. In India, it is mainly
grown in states like Gujarat, Maharashtra,
Andhra Pradesh, Uttar Pradesh, Tamil Nadu,
Karnataka, Haryana, Punjab and occupies an
area of 4.98 lakh hectare with an average
production and productivity of 5.75 mt and
11.75 t ha-1, respectively. Characterization of
available germplasm for morphological and
agronomical characters is an important activity
to make easy for the research workers to utilize
the germplasm in breeding programme (De
Vicente et al. 2005). Characterization is used to
distinguish the genotypes on the basis of their
highly heritable characters, which helps in
selecting the most suitable genotypes as per the
need of the user. However, as the recent
definition of IBPGR, characterization consists of
recording those traits that are highly heritable
and can be easily seen by the eyes and equally
expressed in all environmental conditions. It
provides information on diversity within and
between crop collections/germplasm and make
possible for the identification of unique
accession(s) essential to promote better
utilization for crop improvement for
development of variety (s) or hybridization
programme. It is conducted with diligence in
fields following adequate cultural and plant
protection measures. For each accession,

several morphological characters are recorded
using descriptors. Descriptors of genotype of the
crop species is needed for identification of
variety, verify the purity of variety, establishing
the distinctness of the new genotypes from the
existing varieties and documentation of genetic
resources. By taking into account the above
mentioned aspects or questions, the
characterization of germplasm has been carried
out for different field crops by various
researchers. Following the field crops, some due
consideration has been given to horticultural
crops for characterization; however, little work
is done in vegetable crops.

Materials and Methods

The present investigation was carried out on
twenty genotypes of okra obtained from
department of Vegetable Science, CCS Haryana
Agricultural University, Hisar to ascertain the
stable diagnostic characters of the plant as well
as seed and key characteristics for identification
of a genotype in okra during the rainy season of
year 2012.Twenty genotypes of okra were
evaluated for thirty-one morphological were
grouped into different category based on visual
and measurable observations taken for various
morphological characters into the field at
different growth stages of plant are given in
following subhead and presented in Tables 1. 

Observations recorded

Leaf characters : Observations for leaf
characters were recorded on fully expanded
leaves (4th leaves from the top of plant) of the
plant. 

Serration of leaf blade margin :
Serration of leaf blade margin was recorded on
thirty competitive plants in each genotype at
harvest maturity (60 days old crop) and
genotypes were grouped as week, medium and
strong serration of leaf blade margin.
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Depth of lobing : Depth of lobing was
judged at active vegetative growth before
flowering (30 days old crop) on randomly
selected thirty plants of each genotype and
genotypes were classified into deeply, medium
and shallow lobed.                    

Colour between veins : Colour between
veins was recorded at harvest maturity on thirty
competitive plants in each genotype and these
were classified as light green, green and dark
green colour. 

Intensity of colour between veins :
Intensity of colour between veins was assessed
by visual observation on thirty competitive plants
in each genotype at harvest maturity of crop.
Genotypes were categorized as light and dark
intensity colour between veins.

Vein colour : It was assessed by visual
observation on thirty competitive plants in each

genotype at harvest of crop (60 days old crop)
and genotypes were classified as light green and
purple vein colour. 

Length of leaf blade (cm) : Length of leaf
blade was measured in centimeter on randomly
selected thirty competitive plants in each
genotype.  This observation was recorded on the
middle lobe of the leaf and it was measured from
top to base of middle lobe of the leaf at harvest
maturity of crop (60 days old crop). Average was
calculated and grouped as small, medium and
large lobe.

Petiole length (cm) : Thirty randomly
selected competitive plants of each genotype
were evaluated for petiole length at harvest
maturity. Petiole length was measured in
centimeter from the axil of leaf to base of leaf
and average was also calculated. Based on
petiole length, genotypes were categorized as
short, medium and long petiole genotype.    

Sunil Kumar et al.24

Table 1. Mean performance of okra genotypes for different characters

Genotype Leaf Petiole Length No. of Stem Inter- No. of Plant 
blade length of nodes dia- nodal bran- height 
length (cm) leaf at 1st meter length ches (cm)
(cm) (cm) flowering (cm) (cm) plant-1

HBT-1-1 7.26 12.70 10.70 5.43 1.53 6.43 1.40 90.00
HBT-6 3.60 18.53 9.00 5.33 1.63 6.00 2.03 95.00
HBT-12 8.90 24.43 11.86 4.73 1.72 5.90 2.10 99.97
HBT-17 8.86 23.26 12.46 5.76 1.62 6.26 3.26 105.0
HBT-19-1 8.86 19.06 11.93 5.53 1.74 5.80 2.63 140.0
HBT-34 9.46 20.73 13.40 5.00 1.37 6.06 2.06 135.0
HBT-36 10.00 18.63 12.93 4.86 1.84 5.00 1.23 110.0
HBT-36-1 10.66 24.73 13.00 4.70 1.71 6.00 2.86 114.6
HBT-42 8.13 16.00 10.60 4.80 1.80 5.60 1.60 85.0
HBT-49-1 12.46 26.60 16.86 4.33 1.72 4.60 2.06 150.0
HBT-50 11.73 25.76 14.06 4.90 1.88 5.53 2.00 145.0
HBT-51-1-1 10.06 27.30 13.06 5.33 1.90 5.30 2.40 146.3
HB-25-2 8.80 20.56 12.53 5.63 1.54 6.13 2.46 109.9
HBT-70-1 10.80 23.13 13.13 5.30 1.55 5.23 2.66 156.0
HBT-71 10.93 20.70 13.33 3.90 1.84 5.43 1.90 154.3
HBTC-6-7-1 10.30 16.20 14.60 3.33 1.06 5.86 2.00 75.0
HRB-105-2 10.66 16.10 12.80 4.73 1.84 5.80 2.20 107.0
BB-1 12.66 25.26 14.86 5.40 2.02 5.56 3.00 115.0
Hisar Naveen 10.13 22.10 15.86 5.00 1.99 5.66 3.33 124.6
Hisar Unnat 6.06 21.63 10.67 4.13 1.76 5.50 2.63 135.5



Leaf length (cm) : Length of leaf was
measured in centimeter in randomly selected
thirty competitive plants of each genotype. It
was taken on middle lobe of the leaf from top to
base of the leaf and the average was calculated.

B. Stem characters

Number of nodes at first flowering :
The number of nodes on main stem at which the
first flowering appeared was counted at forty
days old crop on thirty competitive plants in
each genotype and the average was calculated.

Stem colour : Stem colour of randomly
selected thirty plants of each genotype was
visually assessed at active vegetative growth
stage (30 days old crop) and genotypes were
classified into green, sparsely pigmented and
purple colour. 

Internodal length (cm) : Internodal length
was measured in centimetre as distance between
two nodes on the stem and it was taken from
three different position of the plant (lower,
middle and upper) and the average was
calculated by summing values and dividing with
three. 

Stem diameter (cm) : Diameter of stem
was measured in centimetre with digital Vernier
Caliper at ten centimetre above the ground level
in 70 days old crop. Thirty randomly selected
competitive plants were taken for this
observation for each genotype and their average
was estimated dividing the total of all observation
with number of observations.

Number of branches plant-1 : Number of
primary branches born on the main stem was
counted at 70 days old crop in thirty randomly
selected competitive plants in each genotype
and the average was calculated.

Plant height (cm) : Plant height of thirty
randomly selected competitive plants of each
genotype was measured in centimetre. It was

taken from bottom to top of the plant at final
harvest and average was calculated.

Results and discussion 

Leaf characters :With respect to serration
of leaf blade margin, variation was observed
among the genotypes and genotypes were
classified into weak (10 genotypes), medium (five
genotypes) and strong (five genotypes). On the
basis of depth of lobing, genotypes were
grouped into three categories, five genotypes
were with shallow, eight genotypes were
medium and remaining seven genotypes were
with deep depth of lobing. It has been observed
that deeply lobed varieties are high yielder than
medium or shallow lobed (In persented data).
Regarding intensity of colour between veins, Out
of twenty genotypes, three genotypes had light,
six genotypes had medium and eleven
genotypes had dark intensity of colour between
veins. On the basis of vein colour, genotypes
were classified into green (11 genotypes) and
purple (9 genotypes) vein colour. West African
accessions were distinguished based on red vein
colour from Asian accessions. (Martin et al.
1981).  Mandal et al., 1994 also documented
okra accessions on the basis of leaf traits. Wide
variation in length of leaf blade was observed,
for petiole length (12.7-27.30 cm) and leaf
length (9.0-16.86 cm). Among all the
genotypes, HBT-49-1has high value for leaf
blade length (12.46 cm), petiole length (26.60
cm) and leaf length (16.86 cm) and low value for
these traits HBT-42 (Table 1).

Stem characters : Based on stem colour
assessment genotypes characterized as, green
stem colour (9 genotypes) and sparsely purple
pigmentation (11 genotypes). Low variation was
observed for nodes at first flowering (3.3-5.7)
and grouped as few nodes (8 genotypes) and
medium (12 genotypes).  Moderate variation for
stem diameter was noticed, which stated as
medium size (9 genotypes) and large (11
genotypes) size of stem diameter. Manjunath et
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al., (2007) reported that cotton genotypes can
be differentiated based on stem pigmentation.
Regarding number of branches per plant, four
genotype showed few (<2), sixteen genotypes
showed medium (2-4) and none of genotype had
much (> 4) number of branches per plant, which
indicated less variation for this trait (Table 4.1).
However, vide variation was observed for plant
height among these genotypes (75.0 to 156
cm). The maximum plant height was recorded
in HBT-70-1(156 cm) followed by HBT-71
(154.03 cm). Minimum plant height was
observed in HBT-6-7-1 (75cm) followed by
HBT-42 (85 cm) with a grand mean of 119.65
cm. Mandal et al. 1994 also documented okra
accessions on the basis of leaf traits. Wide
variation in length of leaf blade was observed,
for petiole length (12.7-27.30 cm) and leaf
length (9.0-16.86 cm). Among all the geno-
types, HBT-49-1has high value for leaf blade
length12.46 cm), petiole length (26.60 cm) and
leaf length (16.86 cm) and low value for these
traits HBT-42. Plant height was categorized as
short (2), medium (12) and tall (6) genotype,
respectively. Much variation was also not found
for inter-nodal length. Shortest intermodal
length was found in HBT-49-1 (4.60). Shorter
distance between nodes on stem with tall height
is considered as desirable trait with breeding
point of view in okra. Eftal Duzyaman (2005)
characterized some genotypes collected from
Turkish for branches plant-1 and inter-nodal
length and reported vide variation.

Conclusion 

The significant outcomes are made from the
study. On the basis of serration of leaf blade
margin the genotypes were grouped into three
categories viz. weak (10 genotypes), medium (5
genotypes) and strong (5 genotypes). On the
basis of depth of lobing the genotypes were
grouped into three categories viz. shallow (5
genotypes), medium (eight genotypes) and deep
(7 genotypes). All genotypes exhibited green
colour between veins. On the basis of intensity

of colour between veins the genotypes were
categorized as light (three genotypes), medium
(6 genotypes) and dark (11 genotypes).On the
basis of vein colour the genotypes were grouped
into two classes viz. green (11 genotypes) and
purple (9 genotypes).The study revealed that on
the basis of stem colour the genotypes were
grouped into viz. green (9 genotypes) and
sparsely purple pigmented (11 genotypes).

Refrences
Aykroyd, W. R. 1963. Nutritive value of Indian foods and

planning of satisfactory diets, ICMR Special Report
Series, No. 42.

Chauhan, D. V. S. 1972. Vegetable production in India.
Third edition, Ram Parsad and sons. Agra.

De Vicente, M. C., Guzman, F. A., Engels, J., and Rao, V.
R. 2005. Genetic characterization and its use in
decision making for the conservation of crop
germplasm: The Role of Biotechnology. Villa Gualino,
Turin, Italy, (5-7): 63.

Duzyaman Eftal. 2005. Phenotypic diversity within a
collection of distinct okra (Abelmoschus esculentus)
cultivars derived from Turkish land races. Genetic
Resources and Crop Evol., Vol.52(8): 1019-1030

Kumar, S., Dagnoko, S., Haogui, A., Rat Nadass, A.,
Pasternak, D., and Kouame, C. 2010. Okra
(Abelmoschus spp.) in West and Central Africa:
Potential and progress on its improvement. African J.
of Agric. Research. 5(25): 3590-3598

Mandal, A. B., Ram. T., and Singh., S. D. 1994.
Germplasm resources of Okra in Andamans. Indian J.
PI. Genet. Rest. 7(2): 217-22.

Manjunath, et al. 2007. Characterization of cotton hybrids
and parental lines using morphological characters.
Karnataka J. Agric. Sci., 20 (3): 511-513

Martin, F. W., Rhodes., A. M., Manvel Ortiz, M., and  Diaz,
F. 1981. Variation in okra. Euphytica  30: 697-705

Pallares, I. N., Ferrari, L., Postulka, E. B. and Ritta, M. N.
2004. Identification of cultivars of foxtail millet from
morphological and biochemical traits of their seed.
Seed Science and Tech, 32(1): 187-196.

Prasad., K., and Sharma., R. K. 2012. Characterization of
okra seeds of promising genotypes on the basis of phys-
ical properties. Indian  J. of Agri. Res., 46(3): 199-207.

Sivasubramaniam, S. and Ramakrishnan, V. 1978.
Identification of rice varieties by laboratory techniques.
Seed Research, 6(1): 71-86.

Sunil Kumar et al.26

______________



Poultry farming refers to the raising of
domesticated birds for the purpose of farming
meat or eggs for food. Poultry farming in India
was mostly a backyard venture till 1960s. India
is the 5th major producer of broiler after the
United States, Brazil, the European Union and
China, with an annual production of 3,625
thousand metric tons (USDA Report, 2014).
The broiler industry is growing at a rate of 10-
12% per annum. Major drivers of consumption
are an expanding middle class, increasing
employment levels and incomes, new demand
for ready-to-eat products and the growing
presence of affordable quick service restaurants,
and a general preference for poultry meat over
other meats due to low prices and cultural and
religious non preferences for pork and beef. A
moderate shift in the consumption pattern from
vegetarianism to non-vegetarianism is also
helping the industry by increasing the demand
for poultry products.

Chickens raised intensively for meat are
often called Broilers. Broilers are floor-raised on

litter such as wood shavings or rice hulls, indoors
in climate-controlled housing. Under modern
farming methods, meat chickens reared indoors
reach slaughter weight at 5 to 6 weeks of age.
Broilers are not raised in cages. They are raised
in large, open structures known as grow out
houses which are equipped with mechanical
systems to deliver feed and water to the birds.
They have ventilation systems and heaters that
function as needed.

The important poultry growing states in India
are Andhra Pradesh, Tamilnadu, Madhya
Pradesh, Gujarat, Haryana, Maharashtra and
Punjab. Andhra Pradesh is the biggest producer
of poultry meat and Haryana has been growing
at the highest rate in last few years. Farm poultry
is dominant in Haryana. The main hubs of
broiler production are Jind, Panipat, Hisar,
Fatehabad, Sirsa, Karnal, Kaithal and
Yamunanagar. In Mahendergarh district, the
demand for egg and chicken meat is increasing
commendably. It has transformed from a mere
backyard activity into a major commercial
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Abstract
Poultry farming in India has transformed from a mere tool of supplementary income and nutritious food

for the family to the major commercial activity generating the required revenue. Changing food habits, rising
income of the middle class Indian, presence of private players, rising market demand of the Indian poultry
produce in the export market are some of the contributing factors to the growth of the industry. Therefore,
the study intends to examine the socio-economic background of the poultry farmers; to analyze the investment,
cost and profit of the farmers and to identify the problems faced by the farmers. The study based on primary
data collected from 25 poultry farmers (broiler farming) by adopting purposive sampling during November
2019 to January 2020. Cost of feeding constitutes a major problem to most of the poultry farmers as it
accounts for a larger percentage of total cost of production.
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activity. The poultry industry also provides
employment to large number of people directly
or indirectly. In order to attain the favourable
FCR (feed conversion ratio), small and medium
farms heavily rely on antibiotics. Use of
antibiotics is considered an easy and most
economical solution for high profitability. Bigger
farmers are aware about the importance of bio-
security measures such as those linked with
prevention of infection and reducing stress
among the broilers. They are capable to have
much needed infrastructure and resources such
as computerized ventilation systems and closed
sheds for better temperature and humidity
control; better waste and dead bird disposal
systems; testing toxins in feed and restricting
access to broilers. 

Objectives of study

The main objectives of the study includes

• Assessment of socio - economic status of the
selected farmers

• Analysis of  investment, cost and profit of the
broiler poultry farmers 

Methodology

To achieve the objectives, the present study
was conducted in Mahendergarh district of
Haryana. The primary data was collected from
25 sample farmers which included data on
general information of the farmers, input
particulars, various costs involved, financial and
infrastructure arrangements, particulars of
production, returns and also the constraints
faced by broiler farming. The data was obtained
from the selected farmers with the help of a well-
structured schedule. It includes tabulation of
collected data using simple averages and percen-
tages in order to facilitate easy comparison.

Ratio analysis

Ratio analysis includes feed conversion ratio

(FCR), benefit-cost ratio which was calculated to
know the viability of the business.

• Feed conversion ratio (FCR) = Feed given
per bird /Average body weight

• Benefit cost ratio (B: C ratio) = Gross returns
from output sale /Total input costs

Terms and concepts used in the study:

Variable costs : The variable costs include
costs incurred on variable inputs such as feed,
day old chicks, medicines and vaccines, labour,
litter material, supplementary feeds, water and
electricity charges, repairs and maintenance,
transportation and interest on working capital.

Interest on working capital : This was
calculated at the rate of 11 per cent per annum
for the duration of a production cycle.

Fixed costs : These include interest on fixed
capital, rental value of land and depreciation on
poultry shed and poultry equipments. Interest on
fixed capital was calculated at the rate of 11 per
cent on the total cost incurred on shed
construction and equipments.

Broiler : A young bird of either sex, up to
seven to nine weeks of age and weighing about
2 - 2.8 Kg usually of the meat type breeds.

DOC : A day old chick sent immediately for
rearing just in a day after hatching.

Litter material : Accumulation of materials
or a single type of material like rice husk is used
as bedding material.

Flock size : Total number of birds reared
per batch.

Results and Discussion

In consistence with the objectives of the
study, the necessary data collected from different
sources was analysed and interpreted. Average
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flock size in the study area is of 18000 birds.
Various analytical tools were employed for
analysis of collected data. Tabular analysis was
done by working out simple averages and
percentages. For economic analysis the variable
costs and fixed costs were considered to arrive
at the total cost.

The results show that mostly farmers are
young and are in favour of adopting modern
techniques factor. The findings are in support
with Sani et al., (2007) which stated that
majority of farmers were within the age group
of between 36 years to above 46 years are still
in this active age and more adoptive to new
techniques. Another socio-economic factor i.e.
educational qualification states that most of the
present day farmers are educated and level of
education contributes significantly to decision
making capacity of a farmer. These findings
support Obinne, (1991); Alabi and Aruna
(2006) and Ndlahitsa (2008) that the level of
education determines the quality of skills of
farmers, their abilities. For most of the farmers,
poultry farming is a part time job which means
they solely do not depend on the business and
agriculture for their livelihood. These findings
are in support of findings of Amaze (2000). 

More than 50% of the respondents were
earning from Rs. 1000 to Rs.50,000/- that
means poultry farming is proving a beneficial
enterprise for them.60% of the poultry owners
are having a small family having two to four
members. These findings favour the results of
Igodan et.al (1988) which stated that more
educated farmers tends to have smaller families
and Arther (2006)observed that small family size
enjoy better economic and social lives which
have greater influence on better understanding
of environmental conditions. Coming to the next
socio-economic factor i.e. experience of the
respondents in poultry showed that 48% of
them have experience of 10- 15 years and the
findings support Oluwatayo et al. (2008) that

farmers with experience would be more
efficient, better knowledge of climatic conditions
and market situation and then expected to run a
more efficient and profitable business. 

Fixed and variable cost assessment for a flock
size of 18000 birds is shown in Table 2.The
results reveals that the total fixed cost which
includes rental value of land (Rs.3500),
depreciation on building (Rs.8233.33) and
equipments (Rs.4626.13), interest on fixed
capital (Rs. 81426.4) is  97785.87 which is
3.51% of the total cost. The cost of building
ranks first among all fixed cost items with a
percentage of 23.39 of total cost. Here the fixed
cost per bird is Rs.5.43.
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Table 1. Socio-economic profile of the selected farmers in
the district

Socio- Charact- Frequ- Percen-
economic eristics ency tage
status

Age Below 35 years 8 32
35- 45 years 12 48
Above 46 years 5 20

Educational Secondary 5 20
qualification Higher secondary 8 32

Graduate 11 44
Post graduate 1 4

Occupation Businessmen 9 36
Agriculture 8 32
Government 4 16
Private 4 16

Monthly income 1000- 50,000 13 52
50,001-,100000 7 28
100001-1,50,000 4 16
1.5- 2,00000 1 4

Family size 2- 4 15 60
5- 7 6 24
8- 10 4 16

Experience Less than 5 yrs 6 24
5- 10 7 28
10- 15 12 48

Total 25 100

Source: Estimation based on field survey



Among the variable cost items the highest
cost incurred is on poultry feed which stands at
the top with a percentage of 43.43 of the total
cost. The value of feed per bird is 67.05 Rs.
After feed cost, value of DOC’s (day old chicks)
ranks second among variable cost items while
labour charges and medicines and vaccination
charges ranks 3rd and 4th.The variable cost item,
Labour charges  is 2.70% of the total cost. The
variable cost per bird is 148.9 Rs. While total
cost per bird is 154.37 Rs.

The average age of the birds at the time of
marketing was 42 days with an average feed
consumption of 3.5 kg and attained an average
body weight of 2.32 kg per bird resulting in an
average feed conversion ratio of 1.50 per bird.

The returns from an average broiler batch of
18000 birds is shown in Table  3. According to
the results of this table the number of birds
marketed are 17750 showing a loss of 250 birds
which may be occurred during transportation of
DOC’s or by any disease, etc. The average body
weight of a bird is taken as 2.32 kg. The sale
price of bird varies largely so here by taking 98
Rs. Per kg of bird the value of total birds sold is
Rs. 4035640. So the average value of gross
returns is 4061215 Rs. which also includes
price of manure and gunny bags sold after each
batch. The value of net returns (by deducting
total cost from gross returns) here is 1282445
Rs.  Finally the B-C Ratio for an average batch
size of 18000 birds in the study area is 1.46.

Conclusion

The average flock size reared by 25 farmers
was found to be 18000 birds with 4 to 5
average number of batches per year. The total
value of variable costs was found to be Rs.
20.46 lakh per batch. Out of which the feed cost
accounted to Rs. 12.07 lakh per batch which is
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Table 2. Fixed and variable costs assessment in poultry
farming (per batch)

Sr. Items of fixed Value in % to 
No. investment Rs. cost total 

1 Building 650000 23.39

2 Equipments 86750 3.12

3 Rental value of land 3500 0.12

4 Total initial fixed investment 740240 26.61

5 Depreciation on building @5% 8233.33 0.29

6 Depreciation on equipments @20% 4626.13 0.16

7 Total depreciation on fixed items+ 16359.47 0.58
rental value of land

8 Interest on fixed capital @11% 81426.4 2.93

A. Total fixed cost (7+8) 97785.87 3.51

Variable cost items
9 Feed 1207000 43.43

10 DOC’s (day old chicks) 630000 22.67

11 Medicines and vaccines 65644 2.36

12 Disinfectants 9534 0.34

13 Litter material 15880 0.57

14 Supplements 15406 0.55

15 Labour charges 75201 2.70

16 Fuel 3156 0.11

17 Water charges 11200 0.40

18 Electricity charges 5232 0.18

19 Repair and maintenance 7000 0.25

20 Miscellaneous 1300 0.04

21 Variable cost 2046553 73.64

22 Risk & mgt @10% 409310.6 14.72

23 Interest on working capital @11% 225120.8 8.10

B. Total variable cost (21+22+23) 2680984 96.48

Total cost per batch (A+B) 2778770 100

Note : Flock size - 18000 birds

Table 3. Returns from poultry farming (per batch)

Particulars Value

No. of birds marketed 17750

Average body weight of a bird (kg) 2.32

Output per batch (kg) 41180

Total price of birds 4035640

Manure per batch (Rs.) 17995

Gunny bags (Rs.) 7580

Gross returns 4061215

Returns over variable cost 1380231

Net returns 1282445

B-C Ratio 1.46



highest among all variable cost items. The
overall analysis gave a B-C Ratio of 1.46 hence
it may be concluded that there is an immense
scope for expansion of broiler production in
Haryana. The most common problems faced by
the farmers inproduction and marketing of
broilers are high cost of feed, high mortality rate,
high cost of chicks, high labour costs, availability
of labour, lack of broiler marketing, high market
fluctuations, lack of controlled organizations and
lack of proper markets.
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Farming and food systems are affected by
climate change, which introduces
unpredictability and susceptibility concerns for
farmers and as well as the policymakers.
(Vermeulen et al., 2013).

There is no doubt that the effects of climate
change pose big problems for food security
around the world. This is expected to get worse
and worse in the coming years due to factors like
growing population, economic growth, rapid
urbanization, and the recurrence of natural
disasters like high temperatures, drought, severe
frosts and intensive rainfall among others. It is
anticipated that by the year 2050, the living
circumstances of around 9 billion people

throughout the globe would deteriorate, with
hunger and poverty taking the lead and making
it far more challenging to keep bread on the
table. (World Bank, 2015; FAO, 2013). As a
repercussion of this, a number of international
organizations, including the World Bank and the
Food and Agricultural Organization (FAO), are
collaborating with one another to develop
agricultural systems that will improve and
stimulate the production of food on all scales,
from the international to the local. Therefore, a
global movement toward climate-smart
agriculture (CSA) has been hailed by a variety of
organizations, including stakeholders such as
scientists and policymakers, as well as
investments, and across corporate, govern-
mental, and civil society sectors. (Lipper et al.,
2014; Taylor et al., 2018) 
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Abstract
To address present food security and climate change issues, agricultural sector must become climate-smart.

Agriculture which includes forests and fisheries, is critical for food security, rural income, and other necessary
items including energy, fiber and feed. Working at the landscape level with an ecosystem approach, including
forests, fisheries, crops, and livestock systems, is critical for responding to and mitigating the effects of climate
change. Farmers, fishermen, and forest-dependent people will need institutional and financial support to make
shift to climate-smart agriculture. Agriculture is one of the most vulnerable sectors to climate change effects, it
also accounts for 14 percent of global greenhouse gas emissions. Furthermore, agriculture is a major contributor
to deforestation and land degradation, which account for another 17% of emissions. Management and
governance strategies based on ecosystem concepts will be required for sustainable use of natural resources.
Climate-smart agriculture is based on sustainable agricultural and rural development goals, if met will help to
achieve the Millennium Development Goals (MDGs) of hunger reduction and better environmental
management. Policies at the regional, national, and international level must be evaluated to better reflect the
need for consistent and comprehensive approaches to agricultural development, climate change and food
security protection. The main goal of developing nations should be to achieve the four elements of food security
(availability and access to food, food with nutrition, and food supply stability). Climate financing is required to
ensure that investments are sufficient to enable the transition to climate-smart agriculture. Climate-smart
agriculture tools and information must be improved and shared at a greater extent.
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Although the concept of CSA may be found
in a variety of scientific and technical
publications, different definitions have been
provided by a variety of groups, including
agricultural researchers, research organizations,
and organizations that focus on climate change.
Increased adoption of a 'climate-smart
agriculture' (CSA) strategy is recommended as a
way to ensure sustainable agricultural
productivity (FAO, 2010). CSA is built on three
primary pillars, which are: boosting agricultural
output and incomes in a sustainable manner;
adapting to and creating resilience to climate
change; and decreasing and/or eliminating
greenhouse gas emissions relative to traditional
approaches (FAO, 2013). According to the
description of the CSA, one of its primary goals
is to provide assistance to initiatives that advance
food and nutrition security, which will enable the
incorporation of necessary adaptation and
mitigation strategies. (Lipper et al., 2014). It
makes possible the evaluation of various
techniques and technology in terms of the results
they produce, in particular with regard to the
accomplishment of national development and
food security goals in the context of a changing
climate. Therefore, the objective of this paper is
to review on the role that climate-smart
agriculture and its methods play in the
production of a sustainable ecosystem.

Features of Climate Smart Agriculture:
Building resiliency and adapting to climate
change as well as decreasing greenhouse gas
emissions in comparison to a "business as usual"
or "baseline scenario" is one of the primary
tenets of the Climate Smart Agriculture (CSA)
concept. Another important aspect of the CSA
idea is that it seeks to increase food security in a
manner that is not only sustainable but also
increases productivity and incomes. In its
definition of climate-smart agriculture, the Food
and Agriculture Organization of the United
Nations (FAO) describes it as consisting of three
pillars:

(1) Raising agricultural output and earnings in a
way that is both sustainable and beneficial to
food security;

(2) Adjusting to the effects of climate change
and increasing our resistance to them
(adaptation); and

(3) Mitigating the effects of climate change by
lowering and/or eliminating emissions of
greenhouse gases wherever possible.

CSA has been designed to reach millions of
rural homes, and the goals for this outreach are
both ambitious and unambiguous (FAO, 2018).
Drought resistant crops, integrated soil nutrient
management, watershed management methods,
greater integration of livestock on smallholder
mixed crop-livestock farms and land
rehabilitation in pastureland have all been
recognized as possible contributors to these
three pillars. (Vanlauwe et al., 2010; Campbell
et al., 2014; FAO, 2018; Rosenstock et al.,
2019). However, there are also unresolved
problems regarding the priority of measures in
certain contexts or the best way to monitor
progress toward these objectives over time, the
latter of which is especially problematic given the
lack of solid baselines against which
interventions may be measured. (Van Wijk,
2014). 
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Fig. 1. Features of CSA (Adopted from FAO,
2010)



Ways to achieve Climate Smart
Horticulture : A lot needs to be done in order
to achieve the goal the Climate Smart
Horticulture. It is very necessary to combine
agricultural, fisheries, forestry, and livestock
systems in order to effectively adapt to the
effects of climate change and contribute to its
mitigation. This may be accomplished by
working at the landscape level using an
ecosystems approach. At every level, there is a
need for cross-sectorial approaches and policies
that are consistent across the agricultural, food
security, and climate change spheres. For
farmers, fishermen, and other forest-dependent
peoples to successfully make the shift to climate-
smart agriculture, they will require help from
both institutions and the financial sector. Some
climate-smart practices are currently in existence
and have the potential to be scaled up; however,
in order to achieve this goal, significant
expenditures will be required in the construction
of a knowledge base and the development of
technology. Climate-smart agricultural invest-
ments must be linked to both public and private
funding sources, as well as integrated into long-
term development plans. (FAO, 2010).

Implementation of Climate Smart
Horticulture : Climate-smart solutions need a
significant amount of prior knowledge and are
very location-dependent. However, putting this
strategy into practice can be difficult, in part
because there is a shortage of resources and
knowledge. It is crucial to have a solid grasp of
what these barriers are and how they have an
impact on the implementation of CSA practices.
It will take a significant amount of work to build
up the necessary knowledge and capabilities in
order to make CSA a reality. Doberman and
Nelson (2013) proposed the following methods
as a potential solution to this problem. They
suggested putting these proposals into action.

1) Diagnosis : Knowing the situation in which
an effort or intervention will be carried out
and how it fits in with global agro-ecological
knowledge.

2) Contextualized principles : By finding the
right economic, social, and environmental
principles that fit the needs of farmers.

3) Getting it right locally : By giving local
communities the tools they need to improve
the performance of the farming system
based on agro ecological principles and local
preferences.

4)

5) Scaling and support : by making the
effort or intervention bigger (in terms of how
many people are involved and how big the
area is) and by putting in place the necessary
value chains, services, support systems,
and business models that can run on their
own.

6) Evidence : By keeping track of how things
are going and writing them down, and by
learning how to improve the local and global
knowledge base, we can influence policies
that will help us keep going.

Four-step bottom-up processes to make
agriculture climate-smart (CSA implementation)
is also given by (Knaepen et al., 2015) (Fig 2).

Climate Smart Agriculture and
Sustainable Agriculture : The lack of clear
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Fig. 2. Implementation of Climate Smart
Agriculture (Knaepen et al.)



principles that can be used to define a CSA
practice has been a major point of criticism for
Climate Smart Agriculture (CSA). As a result,
there are concerns that the concept and
branding could be used to advance forms of
agricultural development that are not sustainable
or desirable. This discussion was fueled by the
incorrect impression that CSA was
fundamentally a proposal for a new form of
agricultural practice, giving rise to issues directly
tied to continuing and heated debates regarding
technology for sustainable agriculture. CSA is
not meant to give a new set of sustainability
principles; rather, it is a way of incorporating the
particulars of adaptation and mitigation into
policies, programmes, and investments that
support sustainable agricultural growth.
Therefore, the methods and practices associated
with CSAs have to be in accordance with the
principles that drive sustainable agricultural and
food systems. (Mesfin, 2020).

Conclusion

It is projected that the global population
would reach 9 billion people by the year 2050,
which will also need most likely doubling the
existing food production in order to fulfil the
demand. The problem of climate change is a
significant obstacle that must be overcome in
whatever way that this rise is intended to be
accomplished. Consequently, interventions are
necessary in order to feed the fast expanding
population of the world, particularly in emerging
nations. In light of this, the need for adaptation
and mitigation measures is now higher than ever
in order to satisfy the requirements for food in
the face of a climate that is constantly shifting.
In this regard, the climate-smart agriculture
(CSA) strategy provides a workable and long-
term solution for the accomplishment of optimal
crop output of a high quality with minimal
adverse impacts on the environment. CSA refers
to" agricultural that sustainably raises
production, develops resilience, decreases or

eliminates GHGs wherever practicable, and
enhances attainment of food security national
and development goals". Therefore, it is the
need of the hour to adopt Climate Smart
Horticulture for the development of sustainable
ecosystems.
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Abstract
Burgeoning population, ever changing lifestyles and advancing climate change has made it mandatory to

revamp the currently available crop cultivars so as to secure food & nutritional security worldwide and
accomplish other market driven traits.  Although a lot of appreciable work has been done to produce high
yielding and nutrient-rich strains of panoply of food and fiber crops, the pace of breeding superior varieties is
yet to match the demand for the same. The duration of the seed-to-seed cycle, which is 10-12 years in case
of conventional approaches, is one of the crucial bottlenecks in the progress of modern plant breeding ventures.
The concept of Speed Breeding serves as a saviour here by drastically reducing the time required for cultivar
development, release and commercialization to nearly half. It is a suite of techniques that involves the
manipulation of environmental conditions under which crops are grown, aiming to accelerate flowering & seed
set and advance to the next breeding generation as quickly as possible. It encompasses manipulation of
day/night temperature, available light spectrum & intensity, photoperiod duration, soil moisture, use of PGRs,
adjusting CO2 & O2 levels in air and high-density plantings in order to reduce time to floral initiation, hasten
embryo development and seed maturity. Recent research has shown the power of combining emerging
techniques, such as gene editing using CRISPR/Cas9, high-throughput phenotyping and genotyping, genomic
selection, and MAS, with SB for boosting genetic gain. There are few key challenges limiting the deployment
of speed breeding techniques in developing countries, including the high costs of infrastructure, required
expertise & skill set and continuous financial support for research and development to maintain this as a
sustainable operation. However, the existing constraints can be resolved by further optimization of the SB
protocols for critical food crops and their efficient integration in plant breeding pipelines. Collaborative
international research endeavours involving multi-disciplinary teams are needed to encourage the integration
of SB systems in basic and applied research. Nonetheless the technique of Speed breeding will come out as
the next breakthrough of the century and become the part and parcel of modern breeding manoeuvres. 
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technology at farm level. The need of superior
plant varieties with high yield and quality product
has been a major driving force in modern plant
breeding ventures and will continue to be the
same in coming future. Although remarkable
achievements have been made by the diligent
efforts of plant breeders throughout the world,
the pace of development of such novel plant
varieties is unable to match the demand for the
same. The reason behind this is the lengthy
breeding cycle required for progression a
potential entry to its release as a plant variety.
Conventional plant breeding methods require
considerable time (usually 8-10 years) and labour
in terms of strategic crossing and subsequent
selection of desirable plant type. The technique
of Speed breeding serves as a saviour in this
situation, as it substantially reduces the breeding
cycle, accelerating the scale and speed of crop
improvement.

The term ‘Speed breeding’ was coined by
researchers in the University of Queensland in
2003 where the concept emerged after being
inspired by NASA’s technology of raising wheat
variety ‘USU-Apogee’ in space station with
constant light. In 2017, the University of
Queensland, Australia produced the first speed-
bred spring wheat variety, named 'DS Faraday'.

Speed breeding is a series of tactics that
involves manipulation of the environmental
conditions in which crops are raised with the
goal of speeding up flowering & seed set and to

proceed to the next breeding generation as soon
as possible. Notable techniques existed earlier
like doubled haploid (DH) production and shuttle
breeding that could decrease the time period of
seed-to-seed cycle but speed breeding apexed
them all by virtue of its precision and flexibility
to be combined with other advanced breeding
tools like MAS, genomic selection, high
throughput genotyping & phenotyping, gene
editing using CRISPR/cas9 and so on. 

The Core Manipulations

Speed breeding (SB) relies mainly on
manipulation of day/night temperature,
available light spectrum and intensity,
photoperiod duration, humidity regime in order
to reduce time to floral initiation, hasten embryo
development and seed maturity. The major
manipulation involves:

a. Photoperiod : The length of daily exposure
of plants to scheduled light and dark regimes
that facilitates rapid growth, development,
flowering, and seed set is referred to as
photoperiod. Light can be manipulated in
terms of light quality, intensity and
photoperiod with help of LED lights or other
artificial illuminating sources that differ from
crop to crop in order to trigger flower
initiation and further development. When
compared to wheat genotypes produced with
12/12 hr light/dark, it was observed that a
photoperiod of 22 hr light and 2 hr dark
under PAR of 150–190 µE m-2 s- reduced
the total number of days to flowering to half
(Dubcovsky et al., 2006).
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Fig. 1. Speed breeding employs harvesting of
pre mature seed and artificial drying to
reduce the time period. 
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b. Temperature regime : Low and high
temperature extremes trigger a variety of
consequences on plant development,
including the transition from vegetative to
reproductive stages (McClung et al., 2016).
Indoor speed breeding programmes in
developing nations can utilize solar/battery-
powered air-conditioning systems, which
would be a cost-effective and reliable
technology. For germination of direct seeded
immature seed in chickpeas, temperatures of
25 ± 1 °C maintained under a 12/12 hr
light/dark cycle gave satisfactory results
(Samineni et al., 2019).

c. Soil moisture : Soil moisture stresses can
modify plant growth and development
processes, influencing plant height, flowering
days, and seed set and maturity. Drought or
flooding stress can be exploited in speed
breeding to trigger early flowering and
maturation. In cowpea, plants grown under
drought stress flowered about 12 days earlier
than those grown under well-irrigated condi-
tions (Agbicodo et al., 2009). Reducing the
irrigation frequency from daily to twice per
week, from four to six weeks after flowering
followed by no irrigation in the pre-harves-
ting week has been used in speed breeding
of several crops including wheat, barley,
canola and chickpea. (Watson et al., 2018).

d. CO2 concentration : In some plants,
higher levels of carbon dioxide (CO2) may
speed up plant growth and accelerate the
shift from the vegetative to reproductive
stages (Jagadish et al., 2016). This
modification can be done in growth chamber
using CO2 cylinders and regulators.
However, safety guidelines must be followed
while working out such tasks. Days to
flowering in soybean, rice and cowpea were
reduced by 2, 7, and 12 days, respectively,
when CO2 levels were increased to
400/700, 350/700, and 350/650/100
ppm (Springer & Ward, 2007).

e. Planting density : High planting density is
a low-cost speed breeding strategy that
allows for rapid generation advancement
while retaining the large population size
needed for advanced selections. Because of
light competition, high plant densities result
in tall plants, causing a quick shift from
vegetative to reproductive growth stages
(Warnasooriya & Brutnell, 2014). In rice, up
to four generations per year were achieved
using a high-density planting of 400 plants
m-2 (Rahman et al., 2019).

f. Use of PGRs and nutrition: Plant growth
regulators and nutrition have been used to
induce germination of immature seed in
vitro, expedite flowering and seed set.
Increased seed set was achieved by
exogenous application of 6-benzylamino-
purine (10-5 M BAP) four days after
flowering in faba bean (Mobini et al., 2020). 

Watson et al. (2018) proposed a set-up of
speed breeding in wheat crop which requires
photoperiod of 22 h provided by white LED
bulbs, far-red bulbs, ceramic metal hydrargyrum
quartz iodide bulbs where the intensity of light
was set to 360–380 µmol m-2 s-1; 2 h of
darkness; 22°C day/17°C night temperature
and 70% relative humidity. When grown under
these conditions, wheat flowered in half the time
of controls grown in unregulated glasshouse
conditions.

Studies showed that by using speed breeding
techniques in specially modified glasshouses, six
generations of wheat, chickpea and barley
plants, and four generations of canola plants can
be raised in a single year as compared to two or
three generations in a regular glasshouse, or a
single generation in the field. It was also
observed that the quality and yield of the plants
grown under controlled climate and extended
daylight conditions was as good, or sometimes
better, than those grown in regular glasshouses.
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Challenges and Future Prospects :
Speed breeding is a phenomenal technique for
accelerating crop improvement programmes.
One of the best features of SB set up is its
flexibility to combine with high throughput
breeding tools such as MAS and Genomic
selection. Since it can substantially reduce
generation intervals, genetic gain from this
approach could be greatly increased by applying
genomic selection at each generation to select
the parents for the next generation (Hickey et
al., 2019). However, the technology requires
expertise, effective and complementary plant
phenomics facilities, appropriate infrastructure
and continuous financial support for research
and development. Integrating genome editing
and speed breeding without tissue culture
requires a number of technological break-
throughs. The existing restrictions, on the other
hand, can be overcome by further optimising SB
methods for essential food crops and ensuring
their efficient incorporation into plant breeding
pipelines.

Conclusion 

By reducing the time and space invested in
the selection and genetic progression of superior
crop varieties, speed breeding can hasten the
development of high-performing cultivars with
market-preferred traits. Rapid generation
advancement will open up a wide range of
possibilities to assess the phenological responses
of genotypes and modify them in favour of
human needs. When combined with
biotechnological tools like genomic selection and
plant tissue culture techniques, it will enable the
breeders to produce superior genotypes keeping
pace with changing environment and ever-
increasing human population.
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Fruits are very vital element of human diet.
India is currently the second largest fruit grower
in the world, behind China. The country leads
the world in production of banana (25.7%),
papaya (43.6%), and mango (40.4 %) (Gnanavel
et al., 2019). India accounts for 13 percent of
the world's total fruit output and possesses a
diverse selection of fruit (Bairwa et al. 2012).
The current fruit production in India only meets
46% of the overall demand (Dolker et al.,
2017). However, although the production of
fruits has expanded significantly over the course
of the previous decade, there is still a significant
disparity between the demand for fruits and the
availability of fruits. In today's world, providing
food for a growing population and ensuring their
nutritional wellbeing is not only a difficult but
also a tough vocation for rural communities. In
addition to their position in beyond facts, fruits
have a significant significance in the diets of

humans. They provide a healthy dose of a
variety of vitamins and minerals. Without them,
the human body cannot acquire resistance or
keep its health in normal working order. They
also include oils, lipids, and proteins, all of which
are utilized in various metabolic processes thanks
to their composition.

The continued and excessive use of inorganic
fertilizers as a source of nutrients in unbalanced
quantities to improve fruit production has
resulted in major issues, including economic
inefficiency, environmental damage and in some
cases, even harm the plants and those who
consume them. These issues have led to the
creation of serious problems. On the other
hand, in order to satisfy the needs of the plants
and bring about an increase in output, a
substantial quantity of nutrients must be
delivered to the soil. The ongoing production of
crops will cause nutrient stores in the soil to
deplete over time if effective nutrient

J. Agric. Res. Technol., Special Issue (1) : 040-044 (2022) DOI: https://doi.org/10.56228/JART.2022.SP108

Integrated Nutrient Management in Fruit Production

Vikalp1, Arjoo2* and Sushil Sharma3

Department of Horticulture, MHU, Karnal - 132 001, Haryana (India)
*Corresponding author Email : aarjoodhundwal@gmail.com

Abstract
When it comes to fruit cultivation, nutrient management is of the utmost importance if one wants to acquire

fruit of a good grade. Inappropriate nutrient management and indiscriminate use of chemical pesticides are
both detrimental to the health of plants and the environment, as well as to the human beings who consume
them. Because of the indiscriminate use of inorganic agrochemicals, the qualitative characteristics of a variety
of fruits have been adversely affected. This has led to a decline in quality, which has decreased customer choice
and resulted in lower returns for the producers. Not only can an excessive supply of inorganic nutrient sources,
such as fertilizers, have a negative impact on the quality of the fruit and its overall productivity, but it also
depletes the nutrient reserves that are present in the soil. However, INM is a method that contributes to the
preservation of the soil's health. Integrated nutrient management, also known as INM, refers to the practice of
applying all possible sources of nutrients, both organic and inorganic, to crop production at the same time. As
a result, the INM assists the plants in satisfying their nutritional requirements while also restoring the fertility
of the soil.

Key words :  INM, Agrochemicals, Organic Fertilizers, Soil Health, Lower returns.
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management is not practiced. Because of the
extensive depletion of the land, another major
cause for concern is the viability of the soil's
capacity to continue producing crops in the long
term. Cumulative nutrient depletion, which
occurs over time, results in a decline in soil
fertility and output, which ultimately leads to soil
degradation. Another reason to rethink the
widespread application of inorganic fertilizers is
the high expense of these products. Due to
limited purchasing power and the detrimental
impact that chemical fertilizers have on the
health of the soil, there has been an increased
emphasis placed on the usage of bio-fertilizers
and organic matter in addition to inorganic
fertilizers. All of these elements have combined
to pique the interest of farmers in using the
Integrated Nutrient Management system for the
cultivation of fruit crops. This method also
includes the implementation of creative strategy
such as the utilization of deep fertilizer
placement and the application of urea coatings,
both of which are intended to improve plant
uptake while also decreasing nutrient losses
(Saikia et al., 2015).

Objectives of INM

The different objectives of integrated plant
nutrient management are:

• To boost the availability of nutrients in the
soil during growing season

• To lessen the need for inorganic fertilizer

• To balance the crop's need for nutrients with
the supply of nutrients from all sources.

• To maximize the soil biosphere's functioning
relative to a particular function

• Minimize nutrient losses by volatilization,
denitrification, surface runoff, and leaching
beyond the root zone (Sharma et al.,
2018).

Need of INM in Fruit Crops

1. Reduced nutrient availability causes a decline
in horticulture yield.

2. Accelerated occurrences of P, S, and Zn
shortages due to increased N fertilizer use.

3. On acute P-deficient soils, N treatment alone
depresses

4. Continuous use of nitrogen fertilizer is related
with a decline in SOM.

5. Continuous use of acid-forming fertilizers will
increase the soil's acidity.

6. Changing land use patterns from forest
ecosystem to agro ecosystem are responsible
for SOM depletion and soil fertility
degradation.

To address the dual challenges of nutrient
overload and nutrient depletion, INM, which
comprises maintaining soil fertility to an optimal
level for crop yield while obtaining the greatest
benefit from all potential sources of plant
nutrients, both organic and inorganic, in an
integrated way, is critical (Aulakh, et al., 2010
& Aulakh and Adhya, 2005). This is because
INM allows for the maximum benefit to be
obtained from all possible sources of plant
nutrients organic as well as inorganic. INM is
especially beneficial to small-scale farmers who
cannot afford to feed all of their crops with
expensive chemical fertilizers (Meena et al.,
2013, Singh et al., 2014).

Components of INM in fruit production

1. Mineral Fertilizers: These inorganic
compounds are the sources of one or more
of the nutrients that plants require. There are
three categories for these:

• Straight fertilizers : Those that solely
provide a single nutrient, such as
nitrogen, phosphorus, or potassium. For
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example, murate of potash, single super
phosphate, and other similar compounds.

• Complex fertilizers : Complex
fertilizers are those that contain two or
three primary nutrients, of which two
primary nutrients are chemically
combined.   For example, ammonium
phosphate, diammonium phosphate, etc.

• Mixed Fertilizers : These are physical
mixtures of single-component fertilizers.
They contain two or three essential
nutrients in a predetermined ratio. E.g. –
19:19:19, 12:32:16, etc.

2. Organic Manures : These are the
byproducts of organic matter's biological
breakdown. They can be derived from either
plant or animal waste. There are of two
types:

• Bulky Organic Manure : They possess a
low concentration of nutrients and must be
administered in big amounts. Examples
include FYM, compost, chicken manure,
sheep manure, and green manures, among
others.

• Concentrated organic manures : They
contain significantly more nutrients than
bulky organic manures. For instance, oil
cake, blood meal, etc.

The amount of organic matter in the soil
increases with the addition of manure, which
also improves soil structure or drainage in fine-
textured clay soil, raises the WHC (water holding
capacity of the soil), provides a source of
nutrients that are released slowly, mitigates the
effects of wind and water erosion, and stimulates
the development of earthworms and other
beneficial soil microorganisms (Rai, 2014).

3. Crop residue : It is the material remaining
after crop harvesting and the byproducts of
agricultural industry. E.g. - stalks, leaves,

stems, bagasse, etc. These may be utilized to
create compost.

4. Crop rotation : It is an essential method for
maintaining a sufficient supply of nutrients.
On the same plot of land, in order to prevent
the soil from being depleted, successive
plantings of different types of crops are
carried out. For instance, bananas can be
alternated with other crops such as rice,
sugarcane, legumes, vegetables, and so on.

5. Bio-fertilizers : These are preparations that
include either active or dormant cells of
effective strains of microorganisms. These
bacteria interact in the rhizosphere, which
allows agricultural plants to more efficiently
absorb nutrients. Biofertilizers that fix
nitrogen, such as Rhizobium, Azotobacter,
and Azolla, as well as biofertilizers that
dissolve phosphate, such as Bacillus,
Aspergillus, and Pseudomonas, are
examples. The beneficial role of bio-fertilizers
has been reported in fruit crops viz.
strawberry (Kumar et al., 2019) and mango
(Poonia et al., 2018).
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Constraints of INM

In order to increase the output of subtropical
fruit crops in India, integrated nutrient
management is critical. This is because it is an
excellent strategy for improving the physical,
chemical, and biological qualities of the soil while
simultaneously reducing the negative
environmental impact of excessive inorganic
fertilizer use. However, there are a number of
barriers to fruit farmers adopting INM. These
elements are described more below:

1. Organic matter contains a significant quantity
of insoluble components like cellulose, hemi-
cellulose, and lignin, among others, the
process of organic matter's decomposition is
slowed down, which causes challenges in
terms of giving plants with the necessary
nutrients at the appropriate time.

2. The availability of FYM is another key aspect
that limits the usage of INM. Because there
are fewer domesticated animals now than
there used to be, Farmyard manure (FYM) is
not as readily available to farmers as it
previously was.

3. The vast majority of farmers are unaware of
the new innovations in research and
technology that are being developed in their
field. Therefore, the usage of INM is limited
due to their lack of awareness.

4. The vast majority of farmers favour using
chemicals in their operations, and they are
resistant to adopting more modern
agricultural practices.

5. The practice of crop rotation, which is
sometimes disregarded by farmers, plays a
significant part in maintaining the availability
of nutrients. For instance, the use of legumes
in crop rotation helps to replenish the fertility
of the soil. Farmers choose their crops based
on what best meets their requirements.

6. Inorganic fertilizers are typically preferred by
farmers since the manufacture of compost
and the handling of bulky organic manures
that only contain trace levels of beneficial
plant nutrients is a very labor-intensive
operation.

7. The fertilizer prescription in INM is not based
on the results of any soil tests, despite the
fact that various crops have varying nutrient
requirements. If the soil has not been
properly tested, it will be impossible to apply
the crop with the necessary amount of
fertilizer.

8. Farmers do not want to devote six to eight
weeks of their time to produce a green
manure crop for no financial reward. In
addition, because the benefits of green
manuring are not immediately apparent,
most farmers would rather avoid using it
(Sepehya et al., 2020). 

Conclusion

A concerted effort to apply locally available
components of INM, such as the rational and
appropriate use of fertilizers and organics, will
go a long way toward ensuring sustainable crop
nutrition management in subtropical fruits. This
will be accomplished by providing a sustainable
crop nutrition management plan. Furthermore,
because of the insufficient use of organic
manures and the use of chemical fertilizers that
are devoid of secondary or trace elements, more
and more nutritional elements, such as
magnesium, zinc, and boron, are likely to be key
nutrient components of fruits in the future. In
addition, fertilizer management should be based
on cropping systems rather than a single crop
in order to improve both the efficiency with
which nutrients are used and the economics of
the situation. As a result, integrated nutrient
management is a soil fertility development
technique that employs a planned combination
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of bio fertilizers, inorganic fertilizers, and organic
manures. When bio fertilizers, inorganic
fertilizers, or organic manures are administered
singly, this helps to protect the environment
while also delivering higher crop yields.
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According to the National Family Health
Survey (NFHS) 2019-21, the 5th in the series
India has seen no significant improvement in
health and nutritional status among the
population. The latest data shows, 7.7% of
children are severely wasted, 19.3% are wasted
and 35.5% are stunted. At the same time, 3.4%
children are overweight which was 2.1% in
NFHS-4. Anemia among children under-5 has
become significantly worse with the current
prevalence as 67.1% compared to 58.6%
according to NFHS-4. 57% of women of
reproductive age are anemic in the country. The
country has a dual-burden of over and under
nutrition; to combat the present situation
present study was planned.

Oilseeds are seeds mainly grown for the
production of oils. The oilseed is an essential
part of the agricultural sector in India; it covers
approx. 14 per cent of cultivation area next to
food grains. India is one of the leading oilseeds
producing countries in the world with 19 per
cent of the global oilseeds area and accounting
for 10 per cent of global output. Major oilseeds
present across the country include soya bean,
groundnut, castor seed, rapeseed, mustard,
sesame, flaxseed, sunflower safflower, nigerseed
etc. 

After the extraction of oil from oilseeds, the
residue is obtained. Those residues are known
as oilseed meal/oilseed cake which are used as
fodder or are discarded as waste. From one ton
of oilseed approx. 500 to 650 kilos of the meal
is obtained depending on the type of oilseed and
as by practice half of the oilseed cake received
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Abstract
The present investigation was carried out to nutritionally evaluate the selected oil seed meals (by-products

of oil extraction), including sesame meal, flaxseed meal, and groundnut meal so that it can further be used in
value addition in different food products. After the extraction of oil from oilseeds, the residue is obtained. Those
residues are known as oilseed meal/oilseed cake which are used as fodder or are discarded as waste. From
one ton of oilseed approx. 500 to 650 kilos of the meal is obtained depending on the type of oilseed and as
by practice half of the oilseed cake received from the production is being dissipated. Oilseed meals are
nutritionally rich and are a major source of protein, fatty acids, polyphenols, and dietary fibre. Composite meal
was prepared by mixing sesame, flaxseed & groundnut meal in equal amount for nutritional evaluation. Crude
protein, fat, ash, fiber, antioxidant activity, total phenol, phytic acid and protein digestibility of sesame, flaxseed,
groundnut and composite meal ranged from 37.16-40.12 per cent, 10.95-32.03 per cent, 3.10-8.72 per
cent, 5.66-9.58 per cent, 9.18-11.06 mg TE 100-1 gm, 583.64-1070.60 mg GAE 100-1 gm, 276.60-
314.00 mg 100-1 gm, and 75.11-81.09 per cent, respectively. Value added product should be developed
from sesame meal, flaxseed meal, and groundnut meal which can be used individually or in combination for
enrichment of daily diet at low cost. It can be helpful for improving nutritional status of community and may
contribute to eradicate the problem of malnutrition.
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from the production is being dissipated. Oilseed
meals are nutritionally rich and are a major
source of protein, fatty acids, polyphenols, and
dietary fibre. There are several oilseed meals
available but for present study sesame seed
meal, flaxseed meal, and groundnut seed meal
etc has been investigated. All these are nutrient-
dense and very economic in nature and can be
used for development of human foods that can
be directly consumed.

Sesame (Sesamum indicum) oil meal is a
protein-rich by-product. Expeller sesame meal
has a protein content of about 45 per cent and
ranging from 32 to 53 per cent whereas solvent
extracted sesame meal contains about 48 per
cent protein. Expeller sesame meal is rich in fat
content, and also in energy. The fat content
depends on the process of oil extraction and
ranging from 5 to 20 per cent. The fibre content
varies from 4-12 per cent and contains two per
cent of lignin. Sesame meal from dehulled seeds
has a higher nutritional value. Sesame meal has
a peculiar amino acid profile being low in lysine
and rich in sulfur-containing amino acids.
Unsaturated fatty acids (mostly oleic acid C16:0
and linoleic acid C18:1) constitute 80% of the
total fatty acids (Heuze et al. 2017). Sesame oil
meal contains 3.5 per cent of phytic acid (lease
1966).

After the oil extraction flaxseed (Linum
usitatissimum) meal is obtained which is
protein-rich and can be used in different ways
for human use. This meal is rich in vitamin B6
and contains fiber up to 2-7 per cent. Vitamin
B6 is an essential nutrient which body uses as a
coenzyme in enzymatic reactions in the human
body (Heuze et al. 2017). Flaxseed meal
contains total phenolic content ranging from
776 mg 100-1 gm to 2255 mg 100-1 gm. It
varies according to solvent used for extraction of
total phenolic content (Akl et al. 2017).
Flaxseed meal contains an ample amount of
polyunsaturated fatty acid (PUFA), alpha-

linolenic acid (omega-3), and conjugated
linolenic acid and has so many health benefits;
helps to maintain a low level of LDL (Low-
density lipoprotein) and have different effects on
the body such as antihypertensive, anticancer,
antidepression, antiaging, and antiarthritis. As a
matter of fact, it helps the body to fight against
cardiovascular diseases.

Peanut’s also known as groundnut (Arachis
hypogaea) is a legume crop grown mainly for its
edible seeds. It is widely grown in the tropics and
subtropics, being important for commercial
producers. It is classified as a grain and legume
and, due to its high oil content, an oil crop
(Dwiwedi et al. 2011).World annual production
of shelled peanuts was 44 million tonnes in
2016, led by China with 38% of the world's total
production. According to PDCAAS (Protein
Digestibility Corrected Amino Acid Score);
peanut proteins and other legume proteins such
as soy proteins are nutritionally equivalent to
meat and eggs for human growth and health.
The amino acid profiles of the peanut oilseed
meals show that this can be a good protein
fortificant. Peanut protein promotes optimal
immune function, building certain peptide
hormones or protein hormones, building
enzymes in the body and regulates function of
enzymes properly, and reducing hunger to
maintain their weight. Various byproducts of
peanut processing containing proteins, dietary
fibers, and polyphenols can be incorporated into
processed foods for functional use (Wu et al.
2009). Polyphenols present in peanuts helps to
manage the blood pressure and promotes good
circulation of blood.

Materials and Method

Procurement of raw material : Peanut
meal and sesame meal (mechanical hot pressed)
were procured from local market. Flaxseed meal
(mechanical cold pressed) was procured from
India Mart.
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Nutritional analysis : The Association of
Official Analytical Chemists (AOAC, 2010)
methods were used to determine the moisture,
carbohydrate, fats, protein, and ash in the finely
ground samples. The micro-Kjeldhal apparatus
was used to determine the nitrogen
concentration of the samples. To get the amount
of crude protein from nitrogen, a factor of 5.45
for groundnut meal, 5.30 for sesame and
flaxseed meal was applied. The moisture and
ash contents of meals were measured using
weight difference method, while crude fat was
determined using the Socs-Plus apparatus using
petroleum ether as the solvent, crude fiber was
analyzed as acid and alkali resistant.

In vitro protein digestibility (%) was estimated
using modified enzymatic method explained by
Mertz et al. (1983).

Phytic acid content was determined by the
method of Davies & Reid (1979). 

Antioxidant profile : Total phenolic
content (TPC) was measured spectrophoto-
metrically using the Folin-Ciocalteu reagent as
described by Singleton (1999). Acidified MeOH
extract (0.1ml) was added to the reaction
mixture, which was then oxidized using 0.5 ml
Folin-Ciocalteu reagent (1:10 Folin-Ciocalteu:
water) and 0.8 ml 7.5 percent Na2CO3. Instead
of extract, 0.1 ml water was used to prepare the
blank. The combination was heated in a water
bath at 50°C for 5 minutes and then cooled to
room temperature before being measured using
a type U-1100 spectrophotometer at 760 nm.

The DPPH radical scavenging activity was
measured using methodology given by Brand-
Williams et al. (1995). Different known sample
aliquots were collected using methanol, and the
volume was built up to 1 ml. It was then filled
with 3 ml of DPPH reagent and properly mixed
before being incubated at 370°C for 20 minutes.
Absorbance of oxidized solution was read
against methanol as a blank at 517 nm.

Statistical analysis : The data obtained
from nutritional analysis and organoleptic
evaluation was statistically analyzed by using
mean, standard error and ANOVA (one-way and
two-way analysis). Replicates were used for
experiments.

Results

Groundnut meal (GM), sesame meal (SM),
flaxseed meal (FM) and composite meal (CM;
Peanut meal, sesame meal and flaxseed meal
mixed in equal proportions) were analyzed for
their nutritional composition. Moisture content
of the selected oilseed meals varied from 0.33
per cent to 1.73 per cent. Protein content of
sesame, flaxseed, groundnut and composite
meal was 37.16 per cent, 36.71 per cent,
40.12 per cent, and 38.06 per cent,
respectively. Flaxseed meal contained 32.03 per
cent of crude fat, followed by composite meal
which contained 19.01 per cent, sesame meal
contained 13.54 per cent, and groundnut meal
contained 10.95 per cent. The data indicated
that ash content was highest in sesame meal i.e.
8.72 per cent followed by groundnut meal with
7.46 per cent, composite meal with 6.64 per
cent, and flaxseed meal with 3.10 per cent.
Crude fiber content of sesame meal, flaxseed
meal, groundnut meal and composite meal was
7.55 per cent, 6.43 per cent, 5.66, and 9.58,
respectively (Table 1).

Antioxidant activity was determined as
Torolox equivalent antioxidant capacity. The
data indicated antioxidant activity of groundnut
meal was 11.06mg TE 100-1 g, followed by
sesame meal had 10.77mg TE 100-1 g, flaxseed
meal indicated 10.76mg TE 100-1 g and com-
posite meal had 9.18mg TE 100-1 g (Fig. 1).

Total phenol content was determined as
Gallic acid equivalent. Total phenol content was
1070.6mg GAE 100-1 g in flaxseed meal,
711.45mg GAE 100-1 g in composite meal,
693.44 mg GAE 100-1 g in groundnut meal and
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583.64 mg GAE 100-1 g in sesame meal
(Table 2).

Protein digestibility of sesame, flaxseed,
groundnut and composite meal showed
significant (P�0.05) difference in its values.  In-
vitro protein digestibility was observed to be
81.09 per cent, 79.09 per cent, 78.50 per
cent, and 75.11 per cent in groundnut meal,
flaxseed meal, sesame meal and composite
meal, respectively (Table 3). 

The amount of phytic acid was significantly
(P�0.05) different among sesame, flaxseed,
groundnut, and composite meal. Highest
amount was 314.00 mg 100-1 which was found
in sesame meal, followed by 304.79 mg 100-1

g in composite meal, 285.80 mg 100-1 g in
flaxseed meal and 276.60 mg 100-1 g in
groundnut meal (Table 3). 

Discussion

Peanut meal/groundnut meal : Present
data on nutritional composition of selected
oilseed meals indicated that groundnut meal
contained 1.73 per cent moisture and 40.12
percent protein (Table 1). Results obtained for
protein in present study were similar to values
earlier reported by Myint et al. (2018), Gupta et
al. (2011), and Allan et al. (2000) .i.e. 41.7 per
cent, 42.87 per cent and 41.2 per cent,
respectively. Crude protein of meal was quite
high might be due to ample amount of protein
present in peanut. Crude fat content was 10.95

per cent. Results obtained for crude fat were in
accordance with values given earlier by Awoniyi
et al. (2003), Adewolu et al. (2010), Munguti et
al. (2012) and Heuze et al. (2017) who also
reported crude fat content as 9.90 percent,
10.56 per cent, 9.40 per cent, and 9.80 per
cent, respectively. Crude fat of peanut meal was
low as peanut meal was obtained by hot pressed
oil extraction method. Crude fiber content (5.66
per cent) found in present meal was almost
similar to the values reported in earlier study by
Masoero et al. (1994), Adewolu et al. (2010),
and Myint et al. (2018) and values were 5.84
per cent, 4.80 per cent and 5.40 per cent,
respectively. Ash content obtained in peanut
meal (7.46 per cent) in agreement to values
similar to values observed in earlier study by
Masoero et al. (1994), Awoniyi et al. (2003),
Singh et al. (2006), and Singh et al. (2010).
Antioxidant activity determined as torolox
equivalent antioxidant capacity in the form of
DPPH radical scavenging activity was 11.06mg
TE/100gm. Total phenol content was
determined as gallic acid equivalent. High total
phenol content (693.44mg GAE 100-1 gm)
observed may be due to presence of
proanthocyanidins and free form of p-coumaric
acids which are known as polyphenols and have
antioxidant properties (Rasmussen et al. 2005).
In vitro protein digestibility found in groundnut
meal (81.09 per cent) was comparable to the
values reported earlier as 81.62 per cent by
Yang et al. (2016). The phytic acid content was
276.60 mg 100-1 gm. 
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Table 1. Proximate composition of sesame, flaxseed, and groundnut meal (%, on dry matter basis)

Oilseed meals Moisture* Crude Crude Ash Crude Carbo-
protein fat Ash fiber hydrate

Sesame Meal (SM) 1.60±0.01 37.16±0.14 13.54±0.15 8.72±0.17 7.55±0.01 31.43±0.42
Flaxseed meal (FM) 0.33±0.01 36.71±0.28 32.03±0.26 3.10±0.00 6.43±0.03 21.4±0.09
Groundnut meal (GM) 1.73±0.11 40.12±0.40 10.95±0.04 7.46±0.07 5.66±0.14 34.08±0.25
Composite meal (CM) 1.23±0.07 38.06±0.40 19.01±0.11 6.64±0.08 9.58±0.20 25.48±0.53
C.D.( P�0.05) 0.24 1.08 0.55 0.34 0.42 4.08

Values are mean±SE of three independent determinations. * On fresh weight basis; SE=Standard error.



Sesame meal : As per data obtained from
present study, crude protein content obtained in
sesame meal was 37.16 per cent which was
similar to the earlier findings of NRC (1984),
Isarakul et al. (1993), Hossain et al. (1997), and
Hira et al. (2002) which was 35.7 per cent,
35.7 per cent and 36.3 per cent, 38.24 per
cent and 35.16 per cent, respectively. Crude
protein content observed in sesame meal was
similar with protein content of flaxseed meal
protein content. Crude fat content (13.54%) was
comparable to the 13.11 per cent which was
earlier reported by Babiker (2012). Crude fiber
content (7.55%) is in agreement with earlier
findings of 7.90 per cent, 7.61 per cent, and
7.30 per cent as earlier reported by Brito et al.
(1982), Hossain et al. (1997), and Heuze et al.
(2017), respectively. Mineral content was high
as indicated by high ash content (8.72%).
Results of ash was in cordinance with values
given earlier by Isarakul et al. (1993), Hira et al.
(2002), Nadeem et al. (2005), Heuze et al.
(2017), and Son et al. (2017). Antioxidant
activity and total phenol content observed in the
present study was found 10.77mg TE 100-1 gm
and 583.64mg GAE 100-1 gm, respectively.
Total phenol content of sesame meal detected
higher in comparison to that reported earlier in
findings given by Sarkis et al. (2015) which
might be due to some of the chemical reactions
occurring during oil extraction due to which
insoluble phenolic compounds convert to soluble
forms, and so many new compounds are formed
such as sesamol, vanillic acid, 3-hydroxy benzoic
acid, filicinic acid, 4-hydroxy benzoic acid, and
3,4-dimethoxy phenol Kang et al. (1999).
Phytic acid content was 314 mg 100-1 gm and
can be comparable to sesame seed (307.61-
324.91) reported earlier by Zebib et al. (2015)
which indicated phytic acid content of sesame
meal might not decrease during oil extraction.
In vitro protein digestibility of sesame meal was
detected 78.50 per cent in the present study
(Table 3).

Flaxseed meal : Data obtained from
present study indicated that the moisture and
crude fat content were 0.33 per cent and 32.03
per cent, respectively. Crude fat was in
agreement with the findings reported earlier by
Gutierrez et al. (2010) and Imran et al. (2015),
who stated that the fat content of flaxseed meal
was ranged from 29.00-32.00 per cent. High
fat content observed in flaxseed meal which
might be due to reason that because it was
obtained by cold press method of oil extraction.
Crude protein content was 36.71 per cent
which was in agreement with value of crude
proteins reported earlier as 37.74 per cent,
37.5 per cent, 36.44 per cent and 38.42 per
cent, and 38.40 per cent by Batterhem et al.
(1991), Bhatty et al. (1992), Bell et al. (1993)
& Bell et al. (1993), and Kyntaja et al. (2014),
repectively.  Ash content of present study can
be matched with the earlier findings of Heuze et
al. (2017) .i.e.4.70 per cent. However, Kyntaja
et al. (2014) reported higher values for ash 5.10
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Table 2. Total phenol content sesame, flaxseed, and
groundnut meal (on dry matter basis)

Oilseed meals TPC
(mg GAE 
100-1 g)

Sesame Meal (SM) 583.64±0.34
Flaxseed meal (FM) 1070.6±0.19
Groundnut meal (GM) 693.44±0.20
Composite meal (CM) 711.45±0.33
C.D.( P�0.05) 0.97

Values are mean±SEof three independent determinations.
* SE=Standard error

Fig. 1. Antioxidant activity of sesame, flaxseed,
groundnut, and composite meal.



per cent. Antioxidant activity of flaxseed meal
and sesame meal was found similar as per
present study i.e. 10.76 per cent and 10.77,
respectively. The values for total phenol content
in the present study (1070.60mg GAE 100-1

gm) was found within the range earlier given by
(776 mg GAE 100-1 gm to 2255 mg GAE
100-1 gm) by Engy et al. (2017). Flaxseed meal,
total phenol content was detected high which
might be due to the presence of secoisolari-
ciresinol diglucoside (SDG). It is also known as
lignan and has antioxidant properties for the
cure of type-1 and type-2 diabetes.
Hyperglycemia in type-2 diabetes can be caused
by an increase in the expression of
phosphoenolpyruvate carboxykinase (PEPCK),
which is a rate-limiting enzyme in the gluconeo-
genesis. Secoisolariciresinol diglucoside (SDG)
suppresses the expression of phosphoenol-
pyruvate carboxykinase (PEPCK) geneand and
this is known as hypoglycemic effect. SDG is
effective in preventing and delaying in the
development of type-1 and type-2 diabetes
because it codes the key enzyme PEPCK, which
is responsible for the synthesis of glucose. Once,
ingested SDG converts to enterodoil (ED) and
entero-lactone (EL); they can inhibit the prostate
and endometerium cancer cells Prasad et al.
(2002). Results of present investigation
regarding in-vitro protein digestibility (79.09 per
cent) indicated that protein digestibility was
good. Phytic acid content was observed 285.80
mg 100-1 gm in the present study which
matched to content (270 mg 100-1 gm) earlier
reported by Bhatty et al. (1992).

Composite meal : Composite meal was
prepared by mixing equal amount of peanut,
sesame and flaxseed meal. Present study
revealed that moisture, crude protein, crude fat,
ash and crude fiber  was observed 1.23 per cent,
38.06 per cent, 19.01 per cent, 6.64 per cent,
and 9.58 per cent, respectively. Results of
present investigation regarding antioxidant
activity was found low i.e. 9.18mg TE 100-1

gm. Total phenol content was observed
711.45mg GAE 100-1 gm, phytic acid content
was observed 304.79 mg 100-1 gm and protein
digestibility was observed 75.11 per cent. 

Comparison of nutrient content of
oilseed meals : Comparison of protein and
moisture of all the selected oilseed meals
indicated that it was significantly (P<0.05) high
in groundnut meal. Sesame and flaxseed had
almost similar protein. Comparison of fat
content of all the oilseed meals indicated that
crude fat content of flaxseed meal was
significantly high (32.03%) as compared to
sesame meal, groundnut meal and composite
meal. High fat content in flaxseed meal was due
to fact that oil from flaxseed was extracted with
cold pressed method in which the oil retention
is more in meal. Groundnut meal had lowest fat
i.e. 10.95 per cent. Significant (P<0.05)
difference observed in fat content among all oil
seed meals may be due to fat content of oil seed
and method of oil extraction used. The
comparison of ash content among sesame,
flaxseed, groundnut and composite meal
revealed that ash content was significantly
(P�0.05) high in sesame meal and lowest in
flaxseed meal. A variation was observed in crude
fiber content among all oil seed meals evaluated.
Maximum amount of crude fiber was found in
composite meal and lowest found in groundnut
meal. Significant (P<0.05) differences were
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Table 3. Phytic acid and protein digestibility of sesame,
flaxseed, and groundnut meal (on dry matter basis)

Oilseed meals Phytic acid Protein 
(mg 100-1 digestibility
gm) (%) 

Sesame meal (SM) 314.00±0.02 78.50±0.04
Flaxseed meal (FM) 285.80±0.15 79.09±0.22
Groundnut meal (GM) 276.60±0.14 81.09±0.08
Composite meal (CM) 304.79±7.69 75.11±0.40
C.D.( P�0.05) 12.74±0.00 0.9±0.00

Values are mean±SEof three independent determinations.
* SE=Standard error



observed in crude fiber content among all the oil
seed meals. Almost similar antioxidant activity
was observed in sesame and flaxseed meal while
lowest amount was observed in composite meal.
Total phenol content was high in all the seed
meals however significant variations was noticed
among all oil seed meals being highest in
flaxseed meal and lowest in sesame meal. Data
in respect to phytic acid content revealed that
almost similar values was observed in groundnut
and flaxseed meal whereas the significant
(P<0.05) higher amount was found in sesame
meal and lowest amount was found in composite
meal. Protein digestibility was significantly
(P<0.05) low in composite meal. However,
sesame, peanut and flaxseed meal had almost
similar digestibility.

Conclusion

The present study was carried out to
nutritionally evaluate the by-products of oil
extraction. Sesame, flaxseed, groundnut and
composite meal (mixture of sesame, flaxseed,
and groundnut meal) were nutritionally
evaluated. Sesame and groundnut meal other
ingredients were procured from local market,
Hisar and cold pressed flaxseed meal was
procured by India mart. Sesame meal and
groundnut meal were cleaned from foreign
material, ground and sieved to obtain fine
powder for nutritional evaluation.

Results of nutritional evaluation indicated that
sesame meal, flaxseed meal, peanut meal and
composite meal (SM, GM, and FM were mixed
in equal proportions) were rich in crude protein
content i.e. 37.16 per cent, 36.71 per cent,
40.12 per cent, and 38.06 per cent,
respectively. Sesame meal, flaxseed meal,
peanut meal and composite meal moisture
content was 1.60 per cent, 0.33 per cent, 1.73
per cent, and 1.23 per cent, respectively.  In
flaxseed meal, crude fat was higher than sesame
meal, peanut meal and composite meal because

flaxseed meal was obtained by cold press
extraction.  Oilseed meals were also find to be
rich in minerals as their ash content was found
to be high and ranged between 3.10-8.72 per
cent. Antioxidant activity was almost similar
among sesame meal (10.77 mg TE 100-1 gm)
and flaxseed meal (10.76 mg TE 100-1 gm)
whereas highest was found in groundnut meal
(11.06 mg TE 100-1 gm) and lowest was found
in composite meal (9.18 mg TE 100-1 gm).
Total phenol content was highest in flaxseed
meal (1070.60 mg GAE 100-1 gm) followed by
composite meal (711.45 mg GAE 100-1 gm),
peanut meal (693.44 mg GAE 100-1 gm) and
lowest amount was found in sesame meal
(583.64mg GAE 100-1 gm).  In-vitro protein
digestibility ranged between 75.11 to 81.09 per
cent. Phytic acid amount was maximum in
sesame meal (314 mg 100-1 gm), followed by
composite meal (304.79 mg 100-1 gm),
flaxseed meal (285.80 mg 100-1 gm) and
groundnut meal (276.60 mg 100-1 gm).

Value added product should be developed
from sesame meal, flaxseed meal, and
groundnut meal which can be used individually
or in combination for enrichment of daily diet at
low cost. It can be helpful for improving nutri-
tional status of community and may contribute
to eradicate the problem of malnutrition.
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The largest growers of sorghum are India,
America and Nigeria. India contributes 9.45%
of the world’s sorghum production with 5.82
million hectares area and 5.39 million tonnes of
total production (Gite et al., 2015). The major
constraints that reduce sorghum productivity are
abiotic and biotic stress. Sorghum is moderately
salt tolerant, that is well adapted in arid and
semi-arid regions where salinity is the major
problem. The reason for selecting sorghum for
this study is: being a dual crop grown for both
food and fodder. Salt stress toxicity is a
worldwide agricultural and eco-environmental
problem. Approximately one-third of the world
land surface is arid and semi-arid, out of which
one half is affected by salinity (Liang et al.

1996). In India, approximately 6.7 lakh hectare
of the cultivated land area are adversely affected
by salinity. In Haryana alone, it is 5 lakh hectare.
Salt stress in plants retards their growth and
results in a reduction of natural vegetation due
to osmotic and ionic effects in soil solution.
Short-term effects include a reduction on growth
by salt due to osmotic effects. Long-term effects
include excessive salt absorption, which causes
plants to suffer ionic stress, leading to premature
leaf aging following a reduction in the available
photosynthetic area to maintain growth which
was due to decreased activity of photosynthetic
enzymes in Calvin cycle (Misra et al., 1997).
The major constraints for plant growth and
productivity are ion toxicity with excessive
uptake of mainly Na+ as well as nutrient
imbalance caused by disturbed uptake of
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Abstract
Little is known about the impact of salicylic acid in sorghum under salt stress. Sorghum genotype HJ 513

was used for the experiment, which was carried out as factorial in a completely randomized design. Plants
were grown in screen houses under four salt levels (0, 5.0, 7.5 and 10.0 dS m-1 NaCl) and three salicylic acid,
SA (0, 25 and 50 ppm) levels with twelve different combinations. Sorghum leaves were harvested at bloom
stage (80 DAS) and assayed for electrolytic leakage percentage (ELP) i.e. 93.81% in HJ 513, osmolytes content
(Proline value increased from 59.75 to 86.56 (µg g-1 DW) in HJ 513 under 10 dS m-1 with respect to control,
total soluble carbohydrate content also increased from control to 10 dS m-1 i.e. 0.21 to 0.42 (mg g-1 DW) in
HJ 513, glycine betaine content increased from control to 10 dS m-1 i.e. 135.67 to 286.63 (µmole g-1 DW)
in HJ 513 The specific activities of the superoxide dismutase, catalase and peroxidase under salt stress (10 dS
m-1) increased 69.12%, 255.29% and 92.65% in HJ 513 respectively.  Compared with the plants treated
with salt alone, added salicylic acid significantly decreased ELP and significantly enhanced osmolytes
concentration and also the antioxidant enzymatic activity in salt-stressed leaves of that genotype. That SA
effect was time-dependent and became stronger as the experiment continued. It could be concluded that higher
activities of SOD, CAT and POX in salt-stressed leaves induced by SA addition may protect the plant tissues
from membrane oxidative damage under salt stress, thus mitigating salt toxicity and improving the growth of
sorghum plants. The results of the present experiment coincided with the conclusion that SA may be involved
in metabolic or physiological changes in plants.
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essential mineral nutrients such as K+. As a
result of maintaining the cytoplasmic K+ and
Mg2+ concentrations at levels required for
proper essential enzyme activities, these plants
can achieve osmotic adjustment through the
synthesis of osmoprotectants and prevent the
buildup of toxic levels of reactive oxygen species
(ROS) which generally occurs under saline
conditions. In many salt-tolerant species the
increased contents of amino acids such as
proline and glycine betaine were observed.
malondialdehyde (MDA) accumulates rapidly
(Fadzilla et al. 1997, Hernandez et al. 1993,
Lutts et al. 1996), which increases the
permeability of plasma membranes, so which
leads to reducing the water potential of soil
solution and decreases plant ability for water
uptake. Furthermore, the inevitable excessive
absorption and accumulation of salts in plants
experiencing salinity cause ion imbalance and
toxicity (Ashraf and Harris, 2004); (Parida and
Das, 2005). Salt stress in plants is also
associated with many secondary physiological
changes such as reduction of enzyme activity, an
increase of oxidative stress, membrane
dysfunction, reduced photosynthesis and other
morpho-anatomical alterations (Parida and Das,
2005); (Tester and Davenport, 2003). Adverse
environmental conditions cannot be tolerated by
plants and they are not able to move from one
place to another, so for survival, plants do some
metabolic changes under stress conditions like a
synthesis of some organic metabolites or some
growth regulators. According to Iqbal and Ashraf
(2007), stress tolerance is achieved by the
application of these growth regulators in plants.
A new scheme for amelioration salt stress is to
overcome the irregularities in plant physiological
mechanisms by some of the plant growth
regulators and nutrients. According to Senaratna
et al. (2000), plant growth and development
and their interaction with other organisms is
controlled by salicylic acid (SA).

Salicylic acid is classified as a phenolic

compound a plant hormone endogenous
regulator, which can regulate plant growth and
also provides protection against biotic and
abiotic stresses such as salt stress (Kaya et al.,
2002). The effect of salicylic acid on plant
physiological processes varies and depends on
species, developmental stage and environmental
conditions (Shraiy and Hegazi, 2009). Salicylic
acid application influences a wide variety of
plant processes, including stomatal regulation,
chlorophyll content, photosynthesis (Yildirim et
al., 2008) and also seed yield (Khodary, 2004).
The ameliorative effect of SA on the growth of
crop plants under abiotic stress conditions may
have been due to its role in nutrient uptake
(Glass 1974), water relations (Barkosky and
Einhelling 1993), stomatal regulation (Larque-
saavedra, 1979; Arfan et al., 2007),
photosynthesis and growth (Khan et al., 2003;
Arfan et al., 2007). Evidence indicates that SA
is an endogenous signal molecule for the
activation of plant growth and plant defense
responses to systemic acquired resistance and
pathogen attack local (hypersensitive response;
Klessig and Malamy, 1994). It has been shown
that SA can markedly improve germination
under salt stress, and exogenously applied SA
can significantly increase plant growth under
both saline and non-saline conditions,
particularly at the 500 uM/L level (Kováˇcik et
al., 2009). Therefore, an experiment was
conducted to determine whether foliar-applied
SA could induce salt tolerance in sorghum plants
and to draw relationships between antioxidant
enzyme activity and osmolytes concentration to
elucidate the mechanism associated with
improved salinity tolerance in sorghum due to
exogenously applied SA. The objective of this
research is to determine the physiological
response (ELP, osmolytes content and the
activities of the antioxidant enzymes) associated
with enhanced tolerance resulting from the
application of SA to salinity stress. 
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Material and methods

Plant Material, Treatment and Plant
Growth Conditions : Seed of sorghum
genotype (HJ 513) was collected from Forage
Section, Department of Genetics and Plant
Breeding, Chaudhary Charan Singh Haryana
Agricultural University, Hisar (Haryana). Dune
sand was taken from gangwa village. Each
plastic pot was filled with 10 kg sand. Then the
seeds of sorghum were sterilized in 1% sodium
hypochlorite (NaOCl) solution for 5 min to avoid
contamination before using them for
experimentation. Ten seeds were sown in each
pot of 25 cm diameter with equal depth and
distance containing 10 kg well-washed sand.
After germination, seedlings were thinned to
three of equal size. According to Hoagland and
Arnon, (1950), hoagland nutrient solution was
used to each pot after every week and moisture
content of the sand was maintained daily by
adding 200 ml distilled water to each pot.
Before sowing, pots were saturated with desired
levels of salt i.e. Control (0), 5.0, 7.5 and 10.0
dS m-1. The control pots were irrigated with
canal water. Salicylic acid (0, 25 and 50 mg l-1)
will be applied exogenously with the help of
manual sprayer after 70 days after sowing
(DAS). Present research work was carried out in
Department of Botany and Plant physiology,
CCS HAU, Hisar; to mitigate the adverse effects
of salt on electrolyte leakage, osmolytes
concentration, and activity of antioxidant
enzymes in sorghum genotype by the foliar
application of salicylic acid. Arrangement of the
experiment was completely randomized design
with three replicates. The sampling was done at
vegetative stage. 

Membrane permeability (Electrolyte
leakage) : This parameter was included to have
more information on the membrane stability and
thereby on the relative ion content in the
apoplastic space. Electrolyte leakage was
assessed as described by Sullivan and Ross

(1979). Leaf samples were collected from
control as well as treated plants. One hundered
mg of leaf tissue was taken separately in 20 ml
test tube containing 10 ml of de-ionized water.
These samples were incubated for 3-4 hr at
room temperature. The conductance of
decanted liquid containing effluxed electrolytes
was determined with a conductivity meter and
designated as ECa (Before boiling). Then the
samples were subjected to heating at 1000C in
a water bath for 30 minutes. After cooling, the
electrical conductivity of the solutions was
measured and designated as ECb (After boiling).
The electrolyte leakage was expressed by the
following formula: 

ECa
Electrolyte leakage (%) = –––––––– x 100

ECb

Determination of compatible
osmolytes content : The proline content of
cell free extract was estimated by the method of
Bates et al. (1973). Three hundred mg of leaf
tissue was homogenized in 3ml of 3% aqueous
sulpho-salicylic acid and the residue was
removed by centrifugation at 12,000 rpm for 10
min then 2ml of the supernatant was taken then
add 2 ml acid-ninhydrin and 2 ml of glacial
acetic acid in a test tube. Test tubes were kept
in water bath for 1 hour at 100°C and the
reaction is terminated in an ice bath. The
reaction mixture was extracted with 4 ml
toluene, mixed vigorously and left at room
temperature for 30 min until separation of the
two phases. The chromophore-containing
toluene (upper phase) was warmed to room
temperature and its optical density was
measured at 520 nm using toluene as blank.
The proline concentration was determined from
a standard curve using L-Proline. 

Total soluble carbohydrates were determined
with the method of Yemm and Willis (1954),
using anthrone reagent.  An aliquot from the
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extract, which was made by using 80 % ethanol,
measuring 0.2 ml was evaporated to dryness in
a test tube in a boiling water bath. On cooling
the residue left in the tube was dissolved in 1 ml
of distilled water and mixed with 4.0 ml of the
anthrone reagent. The mixture was heated in a
water bath for 10 minutes. After cooling,
absorbance was recorded at 620 nm using
Spectrophotometer. Standard curve was
prepared using graded concentration (20-100
µg ml-1) of D-Glucose and the data was
expressed as mg g-1 DW. 

Glycine betaine was estimated according to
the method of Grieve and Grattan (1983). Leaf
extract was prepared in 20 ml of test tubes by
chopping 0.5 g leaves in 5 ml of 0.05% toluene.
All the tubes were kept for 24 hr at 25°C. After
filteration 0.5 ml of extract was mixed with 1 ml
of 2 N HCl solution and 0.1 ml of potassium tri-
iodide solution (containing 7.5 g iodine and 10
g potassium iodide in 100 ml of 1 N HCl) was
added and shaken in ice cold water bath for 90
min and then 2 ml of ice cold water was added
after gentle shaking and then 10 ml of 1, 2-
dichloroethane (chilled at -10°C) was pour in it.
By passing continuous stream of air for 1-2
minutes two layer were separated, upper
aqueous layer was discarded and optical density
of organic layer was recorded at 365 nm.
Standard curve was prepared using graded
concentration of glycine betaine and the data
were expressed as µmole g-1 DW of the tissue.

Specific activity of antioxidant
enzymes: Specific activity of SOD was
estimated by the method of Giannopolitis and
Ries (1977) with little modifications. The
reaction mixture contained 1 ml of enzyme
extract and to this added 0.5 ml of each of
methionine, NBT, EDTA and Na2CO3 and the
total volume of 4 ml was made with buffer in
each set adjusting the pH at 10.2 then 0.5 ml
of riboflavin was added to each set in the last.
The tubes were shaken and placed 30 cm from

light source (8 x 20 W fluorescent lamps). The
reaction was allowed to run for 10 minutes and
then stopped by switching off the light. The
tubes were immediately covered with a black
cloth. The absorbance was recorded at 560 nm
and it is expressed as unit mg-1 protein min-1.
Catalase (CAT) activity was estimated by the
method of Aebi (1983). Enzyme extract was
made with 0.1M phosphate buffer (pH 7.0), five
hundred µl of extract was taken and to this
added 0.2 ml of 0.1 M H2O2 and 1.5 ml of 50
mM potassium phosphate buffer. The enzyme
sample was added immediately at the time of
taking the absorbance and incubated for 3
minutes. The change in absorbance was
recorded at 240 nm at an interval of 15 seconds
for 1.5 minute. The specific activity of enzyme
was expressed as unit mg-1 protein min-1. The
procedure of Siegel and Siegel (1986) was
followed for estimating peroxidase activity.
Three ml of reaction mixture contained 0.1 M
phosphate buffer (pH 7.0), 0.1 mM guaiacol
and 100 µl cell free extract. Reaction was started
with the addition of 0.1 mM H2O2 and increase
in absorbance at 470 nm was recorded for 2
min. The activity was calculated using the
extinction coefficient value of 26.6 mM-1 cm-1

for guaicol. One unit of enzyme activity was
equivalent to µmol of H2O2 consumed per
minute during the reaction. 

Statistical analysis : The data were
analysed statistically for ANOVA using complete
randomized design (CRD) by using OPSTAT
programme. Treatments were compared with
CD values at 5% level of significance.

Results and discussion

Electrolyte leakage in two genotype of
sorghum was higher at salt stress treatment as
compared to unstressed condition. Several
authors like Kukreja et al. (2006) and Rani
(2004) reported that electrolyte leakage
increased consistently with increasing levels of
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salt stress due to the accumulation of H2O2
content. McNeil et al. (1999) observed that
percent increase in electrolytes under salt stress
was due to the displacement of Ca2+ membrane
protein and also change in the composition of
membrane lipids, which alter membrane
permeability. Increment in electrolyte leakage by
93.81% in HJ 513, as compared to the control
under salt stress (10.0 dS m-1) in HJ 513, shown
in Fig. 1. However, exogenous SA application
(50 mg l-1) reduces the leakage of electrolytes as
compared to the control under salt stress (10 dS
m-1) i.e., by 19.93% in HJ 513. Foliar
application of SA decreased the electrolyte
leakage under salt stress as well as in control
condition. Clarke et al. (2004) stated that SA
caused an overall decline in electrolyte leakage
explaining its role in the maintenance of
membrane integrity by electrostatic binding with
negatively charged phospholipid head. 

Figure 2, 3 and 4, shows the effect of salt
stress and SA treatments on total soluble
carbohydrate, proline and glycine betaine
content in sorghum genotype. The
concentration of proline content was affected by
salinity and SA treatments (p < 0.05). Salt stress
increased the proline and glycine betaine
content as compared to the non-saline
conditions. Increased proline content showed
positive relationship with decreasing water
potential of leaf and it is also increased with the

possible way through increased proteolysis.
Increased proline accumulation was also noticed
by the various workers i.e. Durgaprasad et al.
(1996), Ashraf (1997), Singh (2003), Kukreja et
al. (2006) and Nandwal et al. (2000, 2007).
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Fig. 1. Effect of salt stress on Electrolyte
leakage (%) and its mitigation by salicylic
acid in sorghum genotype HJ 513 at
80 DAS

Fig. 2. Effect of salt stress on total soluble
carbohydrate (mg g-1 DW) and its
mitigation by salicylic acid in sorghum
genotype HJ 513 at 80 DAS

Fig. 3. Effect of salt stress on prline content (µg
g-1 DW) and its mitigation by salicylic
acid in sorghum genotype HJ 513 at
80 DAS

Fig. 4. Effect of salt stress on glycine betaine
content (µmole g-1 DW) and its
mitigation by salicylic acid in sorghum
genotype HJ 513 at 80 DAS



Inze and Montagu (1995), also reported the
accumulation of proline for osmotic adjustment
which is an adaptive mechanism under salt
stress. Sakhabodinova et al. (2004) and Arfan
(2007) also reported proline increase in wheat
under saline condition. Glycine betaine has main
role to protect the membrane, enzymes and also
to stabilize photosystem II protein pigment
complexes under stressful conditions
(Papageorgiou and Morata, 1995). The glycine
betaine content also increased under stress
condition in barley (Nakamura, 2001) and in
Radix astragali (Tan et al. 2006). Total soluble
carbohydrate was significantly increased with the
increasing  levels of salt stress from control to
10 dS m-1 sorghum at 80 DAS. This increase
was from control to 10 dS m-1 i.e. 0.21 to 0.42
in HJ 513 (Fig. 2). This result was also favoured
by Singh (2003), Kukreja et al. (2006) and
Nandwal et al. (2007), suggested that increased
level of total soluble carbohydrates is due to the
breakdown of starch. Application of 50 mg l-1

SA also caused increase in total soluble
carbohydrates in sorghum under stressed as well
as in un-stressed conditions in HJ 513
genotype. Similarly, increase in the total soluble
sugar was observed after exogenous application
of SA to drought stressed shallot plants (Ahmad
et al., 2014). Kaur et al. (2011) studied in
Indian mustard that total soluble carbohydrates
increased after foliar application of salicylic acid.
Increase in proline content was estimated in
stressed as well as in un-stressed conditions after
application of SA. Maximum increment was
noticed at 50 mg l-1 of salicylic acid in sorghum
i.e. value increase from 86.56 to 98.43 in HJ
513 at 10 dS m-1 of salt level (Fig. 3). Proline is
one of the important compounds of defense
reactions of plants under salt stress, it must be
expected that pretreatment with salicylic acid
contributes to this amino acid accumulation
under stress through maintaining an enhanced
level of ABA in seedlings (Kuznetsov and
Shevyakova, 1999). However, glycine betaine

values also increased after the foliar application
of both concentration of salicylic acid under
stressed as well as in un-stressed plants. But at
50 mg l-1 of SA brought more increment in
glycine betaine value i.e. 286.63 to 329.30 in
HJ 513 at 10 dS m-1 of salt level (Fig. 4). Foliar
application of salicylic acid also increased all the
osmolytes under salt stress. Accumulated glycine
betaine might serve as an intercellular osmotic
balance and it can be closely correlated with the
elevation of osmotic pressure (Kavikishore et al.,
1995). 

Figure 5, 6 and 7 showed that antioxidant
enzyme activity dramatically increased due to salt
stress. The lowest and highest activity was
observed in control and 10 dS m-1 salt stress
treatments, respectively. The activity of SOD
significantly increased in stressed plants
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Fig. 5. Effect of salt stress on superoxide
dismutase (unit mg-1 protein min-1) and
its mitigation by salicylic acid in
sorghum genotype HJ 513 at 80 DAS

Fig. 6. Effect of salt stress on catalase  (unit
mg-1 protein min-1) and its mitigation by
salicylic acid in sorghum genotype HJ
513 at 80 DAS



compared to control plants in sorghum.
Maximum per cent increase was noticed at 10
dS m-1 of salt level like 69.12% in HJ 513 with
respect to control (Fig. 5).  Similar results have
been obtained by Maksimova and Matukhin
(1965) on stressed millet leaves. Specific activity
of catalase (unit mg-1 protein min-1) increased
with every increment of salt level (from control
to 10 dS m-1) in sorghum at 80 DAS. Per cent
increase in specific activity of catalase was
calculated in HJ 513 (255.29%) at 10 dS m-1

of salt level (Fig. 6). Catalase is tetrameric heme
containing enzyme that catalyze the reaction by
converting hydrogen peroxide into water and
oxygen. The present results are same with
earlier findings in wheat (Sairam et al., 2002)
and chickpea (Singh et al., 2001 and Kukreja
et al., 2006). Per cent increase in peroxidase
activity was observed in HJ 513 (92.65 %) at 10
dS m-1 of salt level with respect to control (Fig.
7). Similar increase in activity of peroxidase was
seen under salt stress in chickpea by Kukreja et
al. (2006). Many researchers i.e. Meloni and
Martínez (2009), Chernane et al. (2015) and
Mickky and Aldesuquy (2017) have also been
advocated the increase in specific activity of all
the enzymes (SOD, CAT and POX) under salt
stress. Application of salicylic acid further
enhanced the specific activity of SOD, CAT and
POX under salt stress which is clearly seen in our
research findings. Foliar spray of SA (25 and 50

mg l-1) brought significant increment in the
specific activity of SOD in sorghum, but more
increment was observed at 50 mg l-1 in HJ 513
(12.38%) with respect to their control at 5 dS
m-1 of salt level (Fig. 5). Exogenous application
of SA of both concentrations, significantly
enhanced the specific activity of catalase under
stressed and un-stressed conditions, but this
increase was more towards 50 mg l-1 of SA
under stressed condition (Fig. 6). Treatment with
SA enhanced the specific activity of POX, but
more enhancement was noticed at 50 mg l-1 of
SA in stressed as well as in un-stressed
conditions and this increase was on higher side
at 7.5 dS m-1 of salt level in sorghum (Fig. 7).
The specific activity of all the enzymes increased
after application of SA because synthesized ROS
must be mitigated. Similar observations were
also noticed by Ebrahimian and Bybordi (2012).
SA is a fundamental requirement for successful
mitigation of salt stress because of ROS
produced under salt stress damage the
membrane structure, protein and DNA
structure, which ultimately leads to death.
Similar results were observed by He et al. (2005)
in Kentucky blue grass. Based on these findings,
the SA treatments may ameliorate the negative
effect of salinity on the growth of sorghum. The
addition of SA could offer an economical and
simple application to the salt sensitive plant of
sorghum production problems in aridisol caused
by high salinity but further studies are required
in order to determine the efficiency of these
materials under natural field conditions.

Conclusion

Taking the above parameters into
consideration it can be concluded that salt stress
reduced the morpho-physiological and
biochemical parameters leading to ultimately
reduction in productivity in sorghum (HJ 513).
The reduction was calculated based upon higher
electrolyte leakage, lesser accumulation of
osmolytes and increased antioxidative activites
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Fig. 7. Effect of salt stress on peroxidase (unit
mg-1 protein min-1) and its mitigation by
salicylic acid in sorghum genotype HJ
513 at 80 DAS



with increasing levels of salt stress from control
to 10 dS m-1. Deleterious effects were more
pronounced at higher level of salt (10 dS m-1)
stress. Better ameliorating effect was seen at 50
mg l-1 of SA based on the lower values of
electrolyte leakage (%)and higher accumulation
of osmolytes and further increment in
antioxidative activites. Hence, this study
concluded that the sorghum genotype showed
better response in mitigating salt stress with
foliar application of 50 mg l-1 SA.
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The influence of climate change and
variability on agricultural production is
enormous. Indian agriculture, in particular, is
extremely subject to changes in climate
conditions. The south-west monsoon's
performance, as well as ideal weather
conditions, is critical to Indian agriculture's
prosperity. Farmers and policymakers alike are
concerned about unusual weather patterns. The
burning of fossil fuels by automobiles, coal by
power plants, industrial sector emissions of
greenhouse gases, large-scale deforestation, and
other factors have contributed to an increase in
the earth's surface temperature and a shift in
rainfall patterns in recent years. Changes in
climate factors have resulted in a loss of
moisture, an increase in the frequency of
cyclones, thunderstorms, and floods, as well as
a rise in sea level perhaps resulting in the

devastation of several coastal cities and towns.
In terms of food grain production, even a small
increase in the earth's surface temperature could
result in a significant drop in the country's wheat
production, as well as a significant reduction in
the quality of rice (especially basmati rice), fruits,
vegetables, and medicinal plant products that are
highly valued for export. Various research
workers (Jain et al., 1980; Rathore et al., 2001;
Saseendran et al., 1999; Mall et al., 2006) have
worked in this direction to workout relationship
between crop yield and weather variables. An
attempt has been made in the present paper to
study the forecasting of pre-harvest wheat yield
using discriminant function analysis of
meteorological parameters of Kurukshetra
district of Haryana.

Materials And Methods

The research was carried out in the
Kurukshetra area of eastern Haryana, India, at
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Latitude 29°-52� to 30°- 12� and Longitude 76°-
26� to 77°-04� in the North Eastern part of
Haryana State. It lies in the eastern plain zone
of Haryana.  On the surface, the soils are loamy
sand to sandy loam, and in the subsurface, sandy
loam to clay loam, however they are easily
ploughable. Wheat farming is a natural choice
for the area due to the ideal climate, soil, and
lack of irrigation facilities. Wheat crops are often
cultivated during the rabi season, when the
weather is more conducive to their growth.Time
series data on yield for wheat crop of
Kurukshetra district of Haryana for 35 years
(1985-86 to 2019-20) have been collected from
the Statistical Abstract of Haryana. Weekly
weather data on the weather variables of
Kurukshetra district of Haryana during the
different growth phases of wheat crop
pertaining to the period 1985-86 to 2019-20
have been obtained from the Department of
Agro Meteorology, Chaudhary Charan Singh
Haryana Agriculture University of Hisar,
Haryana. The data have been collected up to the
first 27 weeks of the crop cultivation which
include 41st standard meteorological week
(SMW) to 52nd SMW of a year and 1st SMW to
15th SMW of the next year. The data on five
weather variables viz., Minimum Temperature,
Maximum Temperature, Relative humidity,
Rainfall and Sun-shine (hr) have been used in the
study.

Statistical Methodology : The technique
of discriminant function analysis is used to
identify an appropriate function that
discriminates best between sets of observations
from two or more groups and classifying the
future observations into one of the previously
defined groups. Consider that observations are
classified into k non-overlapping groups on the
basis p variables. The technique identifies linear
functions where the coefficients of the variables
are determined in such a way that the variation
between the groups gets maximized relative to
the variation within the groups. The maximum

number of discriminant functions that can be
obtained is   equal to minimum of (k-1) and p.
These functions are used to calculate
discriminant scores, which are used to classify
the observations into different groups. Agrawal
et. al (2012) developed forecast models for
wheat yield in Kanpur district of Uttar Pradesh
using discriminant function analysis technique
that provided reliable yield forecast about two
months before harvest. This paper applies the
technique used by them along with a few
modifications for the development of suitable
models for pre-harvest forecast of wheat yield in
Kurukshetra district of Haryana. In order to
apply discriminant function analysis for
modeling yield using weather variables, crop
years have been divided into three groups
namely congenial, normal and adverse on the
basis of crop yield adjusted for trend effect. Data
on weather variables in these three groups were
used to develop linear discriminant functions and
the discriminant scores were obtained for each
year. These scores were used along with year as
regressors and crop yield as regressand in
developing the forecast models. In the present
study the number of groups is three and number
of weather variables is five, therefore only two
discriminant functions are sufficient for
discriminating a crop year into either of the
three groups.

Three groups of crop years, viz. adverse,
normal and congenial have been obtained as
follows: Let y and s be the mean and standard
deviation of the adjusted crop yields of n years.
The adjusted crop yields less than or equal to -s
would form adverse group, the adjusted crop
yields between -s and +s would from normal
group and adjusted crop yields above or equal to
+s would from congenial group.

It is, however, known that weather variables
affect the crop differently during different phases
of crop development. Its effect depends not only
on its magnitude but also on its distribution
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pattern over the crop season. Therefore, using
weekly weather data as such in developing the
model poses a problem as no. of independent
variables in the regression model would increase
enormously. To solve this problem, following
weather indices have been developed using the
procedure of Agrawal et al. (1983, 1986).

where Zij is un-weighted (for j=0) and
weighted (for j=1) weather indices for ith
weather variable and is the un- weighted (for j=0)
and weighted (for j=1) weather indices for
interaction between ith and iith weather variables.
Xiw is the value of the ith weather variable in
wth week, riw/rii’w is correlation coefficient of
yield adjusted for trend effect with ith weather
variable/product of ith and iith weather variable
in wth week, n is the number of weeks
considered in developing the indices and p is
number of weather variables. Here, p=5 and
n=27, i.e. 27 weeks data from 41st week to
52nd week of a year and 1st week to 15th week
of the next year have been utilized for
constructing weighted and un-weighted weather
indices of weather variables along with their
interactions. In all 30 indices (15 weighted and
15 un-weighted) consisting of 5 weighted
weather indices and 10 weighted interaction
indices, and5 un-weighted and 10 un-weighted
interaction indices have been constructed.
Besides, some more suitable strategies have
been suggested. In all, six possible models are
attempted. First two are the best models
reported by Aggrawal et al. (2012) and last four
are newly proposed. Models are developed using
regression analysis. Only the first 32 years data
from 1985 to 2016 have been utilized for
modeling the yield and remaining three years

yield data of 2017-2020 have been used for
validation of the models.

Model 1 : This model is the 2nd model of
Agrawal et al. (2012).Using five weighted
weather indices of five weather variables,
discriminant function analysis was carried out
and two discriminant functions have been
obtained. Two sets of discriminant scores for the
years under consideration from these two
discriminant functions were obtained. For
developing forecast model, these two sets of
discriminant scores along with the trend variable
were utilized as the regressors and the yield as
the regressand. The form of model considered
is as follows:

y = bo + b1ds1 + b2ds2 + b3T + e

where y is un-trended crop yield, âi( i
=0,1,2,3) are model parameter, ds1 and ds2 are
two sets of discriminant scores, T is the trend
variable and e is error term assumed to follow
independently N (0, ó2). This model utilizes the
complete data over 20 weeks and also considers
relative importance of weather variables in
different weeks.

Model 2 : This model is 4th model of
Agrawal et al. (2012). Two discriminant
functions and there from two sets of discriminant
scores were obtained using the first week data
(41st SMW) on five weather variables. Two sets
of discriminant scores obtained from first week
data and data on five weather variables in the
second week (42nd SMW) were used as
discriminating variables, so in all there were 7
discriminating variables, and based on these 7
discriminating variables the discriminant analysis
has been done and, therefore , two sets of
discriminant scores were obtained. This process
was repeated up to the last week till the time of
forecast (8th SMW or 20th week) and finally two
sets of discriminant scores (ds1 and ds2) were
obtained. Based on these two sets of scores
obtained at the 20th week, the forecasting model
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taking yield as the regressand and the
discriminant scores and the trend as the
regressor variables has been fitted similar to that
given in Model 1.

Model 3 : In this model, five weighted and
five un-weighted weather indices of five weather
variables were used as discriminating variables in
the discriminant function analysis. Two sets of
scores from two discriminant functions were
obtained. The forecasting model were fitted
taking the yield as the regressand and the two
sets of scores (ds1 and ds2) and the trend as the
regressors.

Model 4 : In this model, all 30 indices
(weighted and unweighted including interaction
indices) were used as discriminating variables in
discriminant analysis and two sets of
discriminant scores from two discriminant
functions were obtained. Forecasting model
were fitted taking untrended yield as the
regressand variable and the two sets of
discriminant scores (ds1 and ds2) and the trend
as the regressor variables.

Model 5 : In this model, discriminant
function analysis was carried out using the data
on the first weather variable spread over 20
weeks using (41st SMW to 8th SMW of next
year). Using two sets of discriminant scores
obtained from two discriminant function of data
on the first weather variable and 20 weeks data
of the second variable, discriminant function
analysis were again performed and two sets of
discriminant scores were obtained (here the
discriminating variables will now become 22).
Using these two sets of discriminant scores and
20 week data of third variable were again used
to carry out discriminant analysis and
subsequently two sets of discriminant scores
were obtained. This process was continued up
to fifth weather variable, and ultimately we got
two sets of discriminant scores ds1 and ds2 and
forecast model was developed.

Model 6 : In this model, discriminant
function analysis were carried out using the
unweighted and weighted averages (weather
indices) for the first weather variable (here
discriminating factors will be only two). Using
the two sets of discriminant scores obtained on
the basis of first weather variable and
unweighted and weighted averages (weather
indices) for the second weather variable,
discriminant function analysis were further
carried out(here, the discriminating factors will
be four). This process was continued up to fifth
weather variables, and finally we got two sets of
discriminant scores ds1 and ds2 and forecast
model was developed.

Comparison and validation of forecast
models : Different procedures have been used
in the present study for the comparison and the
validation of the models developed. These
procedures are given below. The six models
were compared on the basis of adjusted
coefficient of determination (R2 adj), the percent
deviation of forecast from actual and percent
standard error (SE).

Results and Discussion

The forecast models developed under the six
procedures along with R2 and R2 adj are given
in Table 1. In all the models, the time trend
variable T has been found to be significant at
one percent probability level of significance (P <
0.01). First discriminant score (ds1) has been
found to be significant at P < 0.01 in all the
models except in model 2. Adjusted coefficient
of determination (R2 adj) was found to be
maximum of 70.2 percent in model 5 while it
was minimum (68.2%) in model 6. Based on
these forecast models, the forecast yields for the
2017-18 to 2019-20 were obtained and the
results are presented in Table 2. It is evident
from the results of the Table 2 that percent
deviation of forecast yield from actual yield
varied from 1.17 (in model 5) to 7.24 (in model
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6) over three years. The percent standard error
(cv) of forecast yields have also been computed
for all the models and are presented in the Table
2. The percent standard error (cv) of forecast has

been found to be minimum, i.e. 0.72 for 2019-
20 in model 5 as compared to other models.
However, on the basis of the overall results of
the Table 1 and 2, it can be concluded that the
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Table 1. Wheat yield forecast models

Model Forecast regression equation R2 (%) R2 adj
(%)

1. Yield =  -1.011* + 0.663**ds1-0.002ds2 + 1.024**T 72.8 70.2
(5.338)    (0.307 )        (0.391)       (0.127)

2. Yield =   0.392* + 0.024ds1 - 0.206ds2 + 0.991**T 71.2 68.4
(5.402)     (0.132)      (0.127)         (0.129)

3. Yield =   -0.800* - 0.249**ds1 – 0.225ds2 + 1.019**T 72.0 69.3
(5.296)     (0.150)         (0262)      (0.126)

4. Yield =   -0.308 - 0.439**ds1 -0.173ds2 + 1.007**T 72.2 69.5
(5.471)    (0.231)    (0.392)         (0.130)

5. Yield =    0.494 - 0.568**ds1 - 0.281ds2 + 0.988**T 72.8 70.2
(5.621)    (0.290)     (0.443)  (0.134)

6. Yield =   0.679 + 0.065*ds1 - 0.017ds2 + 0.984**T 71.0 68.2
(5.337)    (0.041)         (0.073)        (0.127)

Note: Figures in brackets denote Standard Error of regression coefficients.*P < 0.05, **P < 0.01

Table 2. Estimate of important parameters for the comparison of models for Kurukshetra   district of Haryana

Model Year Actual Predicted Percent Percent R2 Adjusted RMSE
yield yield deviation standard (%) R2
(Kg ha-1) (kg ha-1) error (%) 

D1 2017-18 48.20 47.66 1.10 0.84 72.8 70.2 0.77
2018-19 49.51 48.62 1.78 0.82
2019-20 47.12 47.95 1.76 0.83

D2 2017-18 48.20 47.89 0.62 0.91 71.2 68.4 1.14
2018-19 49.51 48.70 1.61 0.90
2019-20 47.12 48.91 3.80 0.89

D3 2017-18 48.20 47.45 1.54 0.92 72.0 69.3 1.26
2018-19 49.51 48.00 3.03 0.91
2019-20 47.12 48.52 2.98 0.90

D4 2017-18 48.20 46.87 2.74 1.98 72.2 69.5 1.42
2018-19 49.51 48.63 1.77 1.91
2019-20 47.12 49.01 4.02 1.89

D5 2017-18 48.20 47.63 1.17 0.91 72.8 70.2 0.73
2018-19 49.51 48.64 1.75 0.88
2019-20 47.12 47.86 1.57 0.72

D6 2017-18 48.20 49.63 2.96 0.75 71.0 68.2 2.15
2018-19 49.51 49.97 0.93 0.74
2019-20 47.12 50.53 7.24 0.73



proposed model 5 is the most suitable model
among all the models to forecast wheat yield in
Kurukshetra district of Eastern Haryana. Hence,
a reliable forecast of wheat yield about two
months before the harvest can be obtained from
the proposed model 5.
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Growth and Yield

A study was conducted by Choudhary et al.
(2005) at Palampur (Himachal Pradesh) to see
the effect of nutrient management practices on
the productivity of sorghum and found
consistent increase in yield with increasing level
of NPK from 50 to 150 per cent of
recommended coupled with 10 t ha-1 FYM. The
study of Kagne et al. (2008) showed positive
effects of fetilisers, organic manures and bio-
fertilizers on growth and yield of sweet sorghum
under rainfed conditions of Akola (Maharashtra).
Application of vermicompost (2.5t ha-1)+
Azospirillium + phosphorus solubilising
organisms + recommended NPK through
inorganic sources resulted in higher productivity
which was attributed to better nutrient availability
from vermicompost, nitrogen fixation by
Azospirillium and solubilization of phosphorus
by phosphorus solubilising organisms. In clay
loam soils of Coimbatore (Tamil Nadu), Jayanthi
et al. (2002) observed significant response of
integrated nutrient management on yields of
sorghum. Significantly better plant height, green
and dry fodder yields obtained with the

application of 50% of RDF+ FYM @10t ha-1+
vermicompost @10t ha-1. In clayey loam soils of
Raipur (Chhattisgarh) significantly superior
green and dry fodder yields of sorghum recorded
with application of 100 per cent recommended
dose of fertilizer along with biofertilizers (Deva,
2015). In nitrogen deficient soils of Lucknow
(Uttar Pradesh), Singh et al. (2015) observed
that the yield attributing characters, grain and
straw yields in dual purpose sorghum crop
significantly improved with application of 50%
of recommended fertilizer dose along with
organic nutrient sources over others and
statistically at par with 100 per cent of
recommended dose of fertilisers.

Crop Quality

Nutrient management study also influences
the quality of the produce with respect to
nutritional composition. In clay loam soils of
Coimbatore (Tamil Nadu), Jayanthi et al. (2002)
recorded significantly superior results of quality
parameters in in fodder sorghum. Significantly
better crude protein content and yield was
obtained with application of 50% of RDF+ 10t
ha-1 FYM + 10t ha-1 vermicompost which was
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Several studies have found that using chemical fertilisers on a regular basis has a negative impact on soil

health and productivity by altering the physical, chemical, and biological aspects of the soil. Organic sources,
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statistically at par with 100% RDF. A study
conducted in sandy loam soils of Dehradun
(Uttrakhand) revealed that the combined
application of organic and inorganic nutrients in
improved the quality of sorghum crop.
Significantly higher crude protein content and
yield recorded with application of 50% RDF +
vermicompost + Azotobacter (Singh and Pallavi
2019). Significant better effect on crude protein
content of rainfed sorghum were also obtained
by Rao et al. (2007) with the application of 5t
FYM ha-1 + 50 per cent recommended dose of
fertilizers in sandy clay loam soils of Rajasthan
at Pali-Marwar. Tiwana and Chaudhary (2009)
at Ludhiana (Punjab) observed higher In Vitro
Dry Matter Digestibility (IVDMD) in irrigated
sorghum when crop was grown with 75 per cent
recommended dose of N through fertilizer + 25
per cent N through farmyard manure or
vermicompost compared to the application of
50 per cent recommended dose of N through
fertilizer + 50 per cent nitrogen through
farmyard manure or vermicompost and 100 per
cent recommended dose of fertilizer alone.
Application of Azotobacter + 75 per cent
nitrogen phosphorus + recommended
potassium and zinc + phosphorus solubilising
organisms in oat resulted in higher grain crude
protein yield grown under red and lateritic soil
conditions of Sriniketan (West Bengal) by Jena
et al. (2017). Patil et al. (2018) at Tirupati
(Andhra Pradesh) also reported a significant
improvement in quality parameters of sorghum
with the conjoint use of 75 per cent
recommended dose of fertilizers, poultry manure
(2t ha-1), Azospirillium and phosphorus
solubilising organisms @5 kg ha-1. Sharma et al.
(2004) at Jorhat (Assam) observed that the
combined application of 50% RDF+
vermicompost @5t ha-1+ FYM@ 2.5t ha-1 in
sandy loam soils significantly increased the crude
protein content in sorghum. This might be
because of organic sources that result in slow
release of nutrients which prevents losses of

nutrients and promotes the uptake of nutrients
which eventually increases the crude protein
content. 

Nutritional Uptake

The study of Meena (2009) reported a
significant increase in nitrogen, phosphorus and
potassium uptake with the integrated use of
inorganic fertilizers and bio-fertilizers in single
cut forage sorghum under sandy loam textured
soil in arid conditions of Udaipur (Rajasthan).
Available nitrogen, phosphorus and potassium
contents in soil was also increased due to
solubilisation of unavailable form of nutrients by
the action of microbial population. Choudhary
and Gautam (2007) in sandy clay loam soils of
New Delhi indicated a significant increase in the
uptake of nitrogen and phosphorus with the
application of FYM @10 t ha-1, biofertilizer and
inorganic sources of nutrients (40 kg N ha-1 +40
kg P2O5 ha-1) in sorghum. Higher uptake of N
and P might be due to improved and effective
plant root system and enhanced concentration
of nutrients in soils. Higher uptake of
macronutrients was observed in finger millet
with the combined use of FYM, bio-fertilizers,
ZnSO4, borax, 100 per cent recommended
NPK by Roy et al. (2018) under clay loam soil
conditions of Ranchi (Jharkhand). The findings
of Aditi et al. (2019) at Navsari (Gujarat) also
reported higher uptake of macro and
micronutrient in rainfed forage sorghum with the
combined application of 100 per cent
recommended NPK with bio compost and bio-
fertilizer. Use of bio-fertilizers enhanced the
microbial population which resulted in
solubilization of organic form of nutrients
present in soil and further uptake by the crop
plants. In sandy loam soils of Agra (Uttar
Pradesh) Pandey (2018) significant and
consistent improvement in uptake of nutrients
was observed in sorghum. Highest NPK uptake
was recorded with 75% recommended NPK +5
t ha-1 FYM +20 kg ha-1 sulphur.
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Soil Properties

Kumar and Dhar (2006) in clay loam soils
at Jhansi (Uttar Pradesh) found out that the
application of 50% RDF + 5t ha-1 FYM + 5 t
ha-1 vermicompost significantly improved the
soil organic carbon content available N (221.5
kg ha-1), P (21.9 kg ha-1) and K (257.8 kg
ha-1). Integrated use of inorganic fertilizers and
bio-fertilizer (Azospirillium + phosphorus
solubilising organisms) in sorghum improved
available nitrogen and phosphorus stock
available in red sandy loam soil of Hyderabad
(Andhra Pradesh) (Divya et al. 2017). The
integrated nutrient management study
conducted by Jain et al. (2018) in sorghum at
Gwalior (Madhya Pradesh) concluded that both
micro and macro nutrients availability increased
for crop due to better effect on soil physical,
chemical and biological properties due to the
application of organic manures. 
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Abstract
As oxidative stress has been linked to the advancement of a number of degenerative illnesses, bioactive

substances including polyphenols, anthocyanins, and carotenoids have sparked the interest of food scientists
and manufacturers for their health-promoting and disease-preventive properties. The objective of this study
was to develop anthocyanin-rich biscuits using purple wheat (100%) and compare their physical and nutritional
content with commonly consumed wheat (100%) biscuits. Biscuits were analyzed for thickness, width and
spread ratio. 9-point hedonic scale was used for analysis of organoleptic acceptability. Biscuits were analyzed
for nutritional parameters i.e., proximate composition, sugars, total and available (in vitro) calcium, iron and
zinc, in vitro digestibility of protein and starch, phytic acid, total lysine, DPPH radical scavenging activity, total
phenolic content (TPC), total flavonoid content (TFC) and total anthocyanin content (TAC). T-test was used to
compare the differences between regular wheat and purple wheat. Results of thickness, width and spread ratio
of purple wheat prepared biscuits was 0.81 cm, 3.04 cm and 3.75 (W T-1) respectively.  Biscuits prepared
with purple wheat depicted significantly higher (P<0.05) protein, fat, fiber, carbohydrates and mineral content
than regular wheat. Total lysine, in-vitro digestibility of protein and starch were also observed higher in purple
wheat biscuits i.e., 4.24 g 16-1 g N, 82.57% and 42.98% respectively. Total antioxidant activity of purple
wheat prepared biscuits also had significantly (P<0.01) higher DPPH activity (65.64 mg TE 100-1 g), TPC
(125.4 mg GAE 100-1 g), TFC (66.19 mg RE 100-1 g) and TAC (3.01 mg C3GE 100-1 g) than regular wheat.

Key words : Purple wheat, Anthocyanin, Antioxidant, Thickness, Biscuit.

______________

Purple wheat grain demand increasing
dramatically in last 2 years because of the
potential of genotypes in developing cultivars
having the benefit of human health. Commonly

consumed wheat (Triticum aestivum) is tawny
in color and has a low amount of anthocyanin
whereas purple wheat contains a high amount
of anthocyanin along with other phytochemicals
that grabbing attention over the world nowadays
(Sytar et al. 2018; Calderaro et al. 2019).
Anthocyanin possesses strong anti-microbial
activity against various Gram-positive and Gram-

1. *Dept. of Food and Nutrition, 2. Dept. of Foods and
Nutrition, 3. Dept. of Extension Education and Communi-
cation Management, 4. Dept. of Mathematics and Statistics,
and 5. Dept. of Statistics, Kirori Mal College, University of
Delhi, Delhi.



negative human pathogens (Burdulis et al.
2009; Cisowska et al. 2011). Oxidative stress
has been implicated in the progression of a
number of degenerative diseases, including
diabetes, rheumatoid arthritis, osteoporosis,
cancer, cystic fibrosis, Alzheimer's disease (AD),
Parkinson's disease (PD), and amyotrophic
lateral sclerosis (ALS). These diseases are
characterized by extensive oxidative damage to
lipids, proteins, and DNA (Arts & Hollman,
2005; Uttara et al. 2009; Patel et al. 2013). 

In recent years, importance of bioactive
compounds such as polyphenols, pigments, and
carotenoids have attracted more and more
interest of both the communities of food
researchers and food manufactures due to their
health-promoting and disease-preventing effects
in both in vitro and in vivo studies (Havrlentov
et al. 2014). Purple wheat bran contains high
antioxidant capacity determined by 3 assay
ABTS (2,2’-azino- bis (3- ehtylbenzthiazoline- 6-
sulphonic acid), DPPH (1,1 diphenyl- 2-
picrylhydrazyl), and ORAC (oxygen radical
absorbance capacity) with 74, 94, and 100
percent inhibition of free radical 2 ion as
supported by in vitro research evidences (Gamel
et al. 2020). Purple wheat possesses anti- aging
properties and reported that anthocyanin extract
from purple wheat extends the life span of wild
type and mev-1 (hn1) mutant worms by 9.2 to
10.5 percent as these worms were found to be
sensitive to oxidative stress reported in vivo
study (Chen et al. 2013). 

Biofortified crops such as purple wheat have
huge market potential. Apart from having
health-promoting effects, these grains possessed
all the features required for commercial product
development, paving way for their industrial
utilization (Knievel et al. 2009; Sharma et al.
2018). Addition of purple wheat in diet can
contribute a significant amount of anthocyanin
without the fear of increasing blood sugar while
having large proportions of blueberries. Purple

wheat contained ash (5.5%), crude protein
(8.5%), crude fat (3.03%), crude fiber (7.3%),
moisture content (10.76%), utilized
carbohydrate (64.85%) and dry gluten (0.283 g).
It also contained condensed tannin, total phenol
and anthocyanin content (25.6 mg 100-1 g, 253
mg 100-1 g and 197.4 mg 100-1 g), respectively
(Kassegn, 2017). 

In baking process free phenolic acid
increases in bread, cookie, and muffin while
bound phenolic acid content decreases in bread
but least affected on muffin and cookie products.
Colored wheat bran antioxidant properties as
affected by thermal processing (Abdel- Aal and
Rabaski 2013). Bread and bakery products
become part of our diet because they are rich in
nutrients and dietary fiber. Common wheat flour
has low antioxidant property 3 so there is a need
to fortify it with colored wheat flour for
improving nutrition and health benefits (Dziki et
al. 2014). The addition of 2 to 6 percent purple
wheat flour bran into common wheat flour
during noodles making increased the amount of
dietary fiber and antioxidant content of the final
product (Song et al. 2013). Commonly
consumed bakery item biscuit has a longer shelf
life and can be used to harbor functional
ingredients for human health. Purple wheat
biscuit reported high antioxidant activity and
total phenolic compounds (Pasqualone et al.
2015). Colored wheat is not only rich in
antioxidant activity but also contains a higher
amount of proteins, essential amino acids, and
essential nutrients like zinc, iron, and
magnesium than common wheat (Tian et al.,
2018). Because of its nutritional characteristics,
purple wheat is highly suitable for product
making and commercial utilization (Sharma et
al., 2018). Keeping these facts in view, this
research was undertaken to develop
anthocyanins rich pasta using biofortified purple
wheat and to evaluate biscuit for physical,
sensory and nutritional aspects.
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Materials and Methods

Collection of samples : Seed sample of
purple wheat was obtained from National Agri-
Food Biotechnology Institute (NABI), Punjab and
other ingredients required for the preparation of
products and packaging materials were
purchased from the local market in a single lot.
Grain sample was cleaned and freed from
broken seeds, dust and other foreign materials.

Physical Characteristics of biscuits :
Width and thickness of biscuits thus, prepared
were measured using vernier calliper. Randomly
five biscuits were taken. After measuring the
width of biscuit from one side, it was rotated at
90C and remeasured to get the average width
(W) and then thickness (T) of biscuits were
measured. Spread ratio was calculated according
to AACC method 10-50 D (AACC, 1983).
Spread ratio was the ratio of biscuits width to
the thickness (W/T) and was determined by
dividing width (cm) by thickness (cm).

Sensory analysis : Cooked biscuit was
evaluated in terms of color, taste, aroma,
appearance, texture and overall acceptability
using 9-point hedonic rating scale by a panel of
30 semi-trained judges. Rating of pasta was
expressed on a 9 to 1 point rating scale as liked
extremely, liked very much, liked moderately,
liked slightly, neither liked nor disliked, disliked
slightly, disliked moderately, disliked very much
and disliked extremely, respectively. An overall
acceptability score of 6 or above was considered
acceptable and further evaluated for nutritional
parameters.

Nutritional composition : The
Association of Official Analytical Chemists
(AOAC, 2010) methods were used to determine
the moisture, carbohydrate, fats, protein, and
ash in cooked and dried pasta samples. The
micro-Kjeldhal apparatus was used to determine
the nitrogen concentration of the samples. To
convert it to crude protein, the nitrogen value

was multiplied by 6.25. The moisture and ash
contents of pasta were measured using weight
difference method, while crude fat was
determined using the Socs Plus apparatus using
petroleum ether as the solvent, crude fiber was
analyzed as acid and alkali resistant. 

Samples for total sugars and starch were
extracted using 80% ethanol by employing the
methodology of Cerning and Guilhot (1973) and
the contents were estimated using the methods
of Yemm and Willis (1954). Reducing sugar was
determined according the methods of Somogyi
(1945) and non-reducing sugar was calculated as
a difference of total soluble sugar and reducing
sugar.

The acid digested (HNO3:HClO4; 5:1 v/v)
samples were estimated for total calcium, iron
and zinc by Atomic Absorption Spectrophoto-
meter 240 FS (Australia) using the method
earlier mentioned by John et al., (2020). In vitro
available calcium and zinc were extracted as per
method of Kim and Zemel (1986) and sample
for in vitro available iron was extracted as per
the methodology of Rao and Prabhavathi (1978)
earlier described by John et al., (2020). 

In vitro protein digestibility (%) was estimated
using modified enzymatic method explained by
Mertz et al. (1983) and In vitro starch
digestibility (mg maltose released per g of starch)
was assessed as per the method given by Singh
et al. (1982). Total lysine (g 16-1 gN) was
estimated by the method of Balsubramanian and
Sadasivam (1987). Phytic acid (mg 100-1 g)
content was analyzed by using the method of
Davies and Reid (1979).

Antioxidant activity : Total anthocyanin
content (TAC) was analysed in a type U-1100
spectrophotometer by following the
methodology of Abdel-Aal and Hucl (1999), the
acidified MeOH extract was filled in 1 cm thick
cavities and measured at 535 nm. An empty
microcuvette was used to set the reading to zero,
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followed by a cuvette containing just acidified
MeOH. Using the calibration curve, the findings
were determined and reported as mg cyanidin-
3-glucoside equivalents per kg dry matter (ppm).
The extinction coefficient was used to compute
the total anthocyanin concentrations.

Total phenolic content (TPC) was measured
spectrophotometrically using the Folin-Ciocalteu
reagent as described by Singleton (1999).
Acidified MeOH extract (0.1 ml) was added to
the reaction mixture, which was then oxidised
using 0.5 ml Folin-Ciocalteu reagent (1:10 Folin-
Ciocalteu:water) and 0.8 ml 7.5 percent
Na2CO3. Instead of extract, 0.1 ml water was
used to prepare the blank. The combination was
heated in a water bath at 50°C for 5 minutes
and then cooled to room temperature before
being measured using a type U-1100
spectrophotometer at 760 nm.

Total flavonoids content was estimated using
aluminium chloride colorimetric technique
explained by Zhishen et al., (1999). From
various sample aliquots, a final amount of 5 ml
was prepared using distilled water. Then, in test
tubes, added 0.5 ml of 5% NaNO2 and, after 5
minutes, added 0.6 ml of 10% AlCl3 and mixed
again. After 6 minutes, 2 ml of 1N NaOH was
added and stirred. With the addition of 2.1 ml
distilled water, a volume of 10 ml was made.
Pink colour absorption was measured at 510
nm.

The DPPH radical scavenging activity was
measured using methodology given by Brand-
Williams et al. (1995). Different known sample
aliquots were collected using methanol, and the
volume was built up to 1 ml. It was then filled
with 3 ml of DPPH reagent and properly mixed
before being incubated at 370°C for 20 minutes.
Absorbance of oxidised solution was read
against methanol as a blank at 517nm.

Statistical analysis : The data obtained
was statistically analyzed in terms of mean,

standard deviation and independent t- test (equal
variance t- test and unequal variance t- test) was
used to differentiate between normal and purple
wheat as well as their products for physical,
functional and nutritional composition.

Results

The data on physical characteristics i.e.,
thickness, width and spread ratio of biscuit.
Thickness and width of wheat flour-based
biscuits was found to be 0.81cm and 3.04cm,
respectively whereas thickness and width of
purple wheat flour-based biscuit was 0.8cm and
3.02cm, respectively. A non-significant
difference was observed for thickness and width
between the biscuits prepared using normal and
purple wheat flour. Spread ratio of wheat flour-
based biscuit was higher (3.77) than the biscuits
48 prepared with purple wheat flour (3.75).
However, this difference was found to be non-
significant.

Purple wheat flour-based biscuits was
adjudged as liked very much by obtaining the
mean score of 8.86 for overall acceptability.
Results indicated that purple wheat-based
biscuits attained higher scores for aroma,
texture, taste, and overall acceptability whereas
regular wheat flour-based biscuits attained higher
scores for colour and appearance (Table 2).

The content of moisture, crude protein, ash,
fat and crude fiber were found to be 2.61

Journal of Agriculture Research and Technology 79

Table 1. Physical characteristics of biscuits

Physical Thick- Width Spread 
charac- ness (cm) ratio 
teristics (cm) (W/T)

Biscuit
Wheat (control) 0.80 ± 0.01 3.02 ± 0.04 3.77 ± 0.04
Purple Wheat 0.81 ± 0.01 3.04 ± 0.06 3.75 ± 0.06
t- value 2.45NS 0.96NS 1.39NS

NS= non- significant (there was no difference between
variables)



percent, 11.04 percent, 1.32 percent, 18.14
percent and 3.03 percent, respectively in the
biscuits prepared from normal wheat flour. On
the other hand, biscuits prepared using purple
wheat flour had 2.07 percent of moisture,
13.17 percent of crude protein, 1.8 percent of
ash 18.84 percent of fat and 4.68 percent of
crude fiber. Non-significant difference was
observed for moisture content of biscuits
developed using normal wheat and purple wheat
flour. Further, it was observed that biscuits
prepared with purple wheat flour had
significantly (P<0.05) higher contents of protein,
ash, fat and crude fiber than the biscuits
prepared using normal wheat flour.

The starch content (34.52%) of biscuits
prepared with normal wheat flour was
significantly (P<0.01) higher that of biscuits
prepared with purple wheat flour (31.94%). The
contents of total soluble sugars (31.12%),
reducing sugars (2.28%) and non-reducing
sugars (28.84%) were significantly (P<0.01)
higher in the biscuits prepared with purple
wheat flour than the total soluble sugars
(25.57%), reducing sugars (1.08%) and non-
reducing sugars (24.49%) contents of biscuits
prepared with normal wheat flour.

Total iron, calcium and zinc content of wheat
flour-based biscuits were depicted to be 4.39 mg
100-1 g, 31.74 mg 100-1 g and 3.28 mg
100-1 g whereas 6.58 mg 100-1 g, 53.18 mg
100-1 g and 4.45 mg 100-1 g were found in

purple wheat flour-based biscuits. Available iron,
calcium and zinc content of wheat flour-based
biscuits were observed to be 1.07 mg 100-1 g,
13.85 mg per 100g and 0.89 mg 100-1 g,
whereas 1.78 mg 100-1 g, 28.26 mg 100-1 g
and 1.72 mg 100-1 g available iron, calcium and
zinc content were found in purple wheat flour-
based biscuits (Table 4). 

As per the results represented in Table 4, it
was observed that biscuits prepared using purple
wheat had significantly (P<0.01) higher
digestibility of protein (82.57%) and starch
(40.98 mg maltose g-1) than the normal wheat-
based biscuits. Results showed that biscuits
prepared with normal wheat flour contained
2.33 g 16-1 gN of total lysine whereas biscuits
prepared with purple wheat flour had
significantly (P<0.05) higher content (4.24 g
16-1 gN) of total lysine. The phytic acid content
in normal wheat-based biscuits was found to be
129.58 mg 100-1 g which was found to be
significantly lower in purple wheat-based biscuits
i.e., 97.71 g 100-1 g.

Results showed that 65.64 mg TE per 100g,
125.4 mg GAE 100-1 g, 66.19 mg RE 100-1 g
and 3.01 mg C3GE 100-1 g of DPPH, TPC,
TFC and TAC content was observed in purple
wheat flour-based biscuits. Purple wheat-based
biscuits had significantly (P<0.01) higher DPPH,
TPC, TFC and TAC as compared to normal
wheat-based biscuits (Table 5). 
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Table 2. Mean scores of organoleptic characteristics of biscuits

Products Mean Scores
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Color Appearance Aroma Texture Taste Overall 

acceptability

Biscuit
Wheat (control) 9 ± 0.52 9 ± 0.52 8.3 ± 0.48 8.2 ± 0.63 8.4 ± 0.48 8.58 ± 0.526
Purple Wheat 8.7 ± 0.45 8.9 ± 0.78 9 ± 0.28 8.74 ± 0.46 8.98 ± 0.48 8.86 ± 0.49
t-value 1.51NS 0.37NS 4.36* 2.40NS 2.96NS 1.37NS

NS= non- significant (there was no difference between variables). *=significant difference at 5% level of significance



Discussion

The present study was investigated to
develop biscuits with purple wheat. A non-
significant difference was observed in present
study for physical characteristics (thickness,
width and spread ratio) of purple wheat and
common wheat-based biscuit (Table 1).
According to Pasqualone et al., (2015) spread
ratio of purple wheat flour biscuit was lower than
control that might be due to high gluten index
and low friability (texture). Results of present
study are closely related to earlier study done by
Pasqualone et al., (2015). 

Overall acceptability of purple wheat- based
products was recorded higher than normal
wheat- based products. Color and appearance
were found higher in normal wheat-based
products, whereas mean scores of aroma,
texture and taste were found higher in purple
wheat- based products and adjudged as liked
very much by panelists. Pasqualone et al.,
(2015) reported significance difference in color
of purple wheat and convectional wheat but no
significance difference found in taste attributes.
Chen et al. (2013) discovered that bran-
enriched flour changed the rheological
characteristics of dough, affecting the end-
quality products and sensory qualities. 

Biscuit was observed to have higher crude
protein, fat, crude fiber and ash content in all
purple wheat- based products as compared to
control however, had lower moisture content
than normal wheat- based products. Results of
present study are in close proximity of earlier
investigations conducted by Pasqualone et al.,
(2015). According to Pasqualone et al., (2015)
moisture content of purple wheat- based biscuits
was 7.7 percent while in normal wheat- based
biscuit it was reported as 7.9 percent. Purple
wheat- based biscuit contained higher protein
than conventional biscuit due to the presence of
high protein content in purple wheat.
Carbohydrate (total soluble sugar, reducing

sugar, non- reducing sugar and starch) content
was found higher in all purple wheat- based
products except starch (Table 3). Total minerals
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Table 3. Proximate and carbohydrate composition of
biscuits (%, on dry matter basis)

Parameters Wheat Purple t- 
(control) wheat value

Moisture 2.61 ± 0.83 2.07 ± 0.17 1.10NS
Crude Protein 11.04 ± 1.26 13.17 ± 0.22 6.67**
Ash 1.32 ± 0.1 1.80 ± 0.02 8.15*
Fat 18.14 ± 0.56 18.84 ± 0.28 3.87*
Crude fiber 3.03 ± 0.6 4.68 ± 0.6 6.46**
Total Soluble 25.57 ± 0.59 31.12 ± 0.84 18.73**
Sugar
Reducing Sugar 1.08 ± 0.27 2.28 ± 0.51 7.2**
Non- Reducing 24.49 ± 0.82 28.84 ± 1.12 10.86**
Sugar
Starch 34.52 ± 1.21 31.94 ± 1.13 5.40**

NS= non- significant (there was no difference between
variables). *=significant difference at 5% level of significance.
**=significant difference at 1% level of significance. Values
are mean ± SD of three independent determinations

Table 4. Mineral profile and digestibility of macronutrients
of biscuits (on dry matter basis)

Products Wheat Purple t- 
(control) wheat value

Iron 4.39 ± 1.23 6.58 ± 0.24 6.05**
(mg 100 g-1)

Calcium 31.74 ± 0.62 53.18 ± 0.93 66.45**
(mg 100-1 g)

Zinc 3.28 ± 0.19 4.45 ± 0.38 9.54**
(mg 100-1 g)

Available iron 1.07 ± 0.31 1.78 ± 0.47 4.37*
(mg 100-1 g) (24.37) (27.05)

Available calcium 13.85 ± 0.61 28.26 ± 0.67 55.10**
(mg 100-1 g) (43.63) (53.14)

Available zinc 0.89 ± 0.21 1.72 ± 0.96 2.92*
(mg 100-1 g) (27.22) (38.70)

Protein 75.00 ± 2.89 82.57 ± 2.71 6.62**
digestibility %

Starch digestibility 34.92 ± 2.17 40.98 ± 3.05 5.61**
(mg maltose 
released g-1)

*=significant difference at 5% level of significance.
**=significant difference at 1% level of significance. Values
are mean ± SD of three independent determinations



(iron, calcium and zinc) and available minerals
(iron, calcium and zinc) was reported higher in
all purple wheat-based products than control
(Table 4). In vitro digestibility of protein and total
lysine content were recorded higher in all
products prepared from purple wheat as
compared to normal wheat- based products.
Starch digestibility and phytic acid content were
noticed lower in all purple wheat- based products
as compared to wheat- based products (Table 4-
5). Total lysine content higher in all products
prepared from purple wheat might be due to
high protein content present in purple wheat.
Availability of minerals and protein digestion
were also high in all purple wheat prepared
products due to 79 less phytic acid content
present in purple wheat. Carbohydrate (total
soluble sugar, reducing sugar and non- reducing
sugar and starch) contents were recorded high
in all purple wheat products except starch
because purple wheat contained less starch
amount than normal wheat.

Cooking's influence on the antioxidant
activity has been described by many authors.
Results of present study are closely related with
study of other workers Li et al., (2015),
Pasqualone et al., (2015), Yu and Beta (2015)
and Parizad et al., (2020). DPPH radical
scavenging activity and TPC content reported
higher in purple wheatbased biscuit than
conventional due to higher bioactive compound
present in purple wheat Pasqualone et al.,
(2015). Antioxidant activity was reported lower
in products than flour might be due to loss of
antioxidant while mixing and kneading process
was done and in this study noodle preparation
was done Li et al., (2015). In the present study
total flavonoid content in all products was
recorded lower than flour. This loss might be
occurred due to the breakdown of flavonoid
during heating or extraction of glycosides by
steam (Li et al., (2015). High anthocyanin
content was observed in purple wheat- based
products whereas in normal wheat- based

products, lower anthocyanin content was found.
Similar results were reported by other workers,
Pasqualone et al., (2015). Anthocyanin content
is water soluble, high heat, temperature and light
sensitive. Anthocyanin content was decreased
might be due to higher degree of hydroxylation
and methoxylation of aglycon. In biscuit, TAC
content was decreased than raw wheat might be
due to diluting effect of other ingredients and
combined effect of light, air and thermal
treatment. TAC might be affected by oxidative
enzyme such as polyphenol oxidase Pasqualone
et al., (2015). The antioxidant activity of biscuits
made from purple wheat was increased by more
than 15 percent (Pasqualone et al., (2015).
Most of the research studies have shown that,
while anthocyanin concentration decreases
during heat treatment and product preparation,
antioxidant activity increases or decreases far
less than anthocyanin content decreases. This
might be due to an increase in overall phenolic
content, or it could be because the breakdown
product of anthocyanins after heating and has
stronger antioxidant activity than the coloured
and glycocylated forms (Kumari et al., 2020).
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Table 5. Phytic acid, total lysine and antioxidant profile of
biscuits

Products Wheat Purple t- 
(control) wheat value

Phytic acid 129.58 ± 1.2 97.71 ± 1.6 55.20**
(mg 100-1 g)

Total lysine 2.33 ± 0.29 4.24 ± 0.23 8.94*
(g 16-1 gN)

DPPH 25.93 ± 1.13 65.64 ± 1.08 88.00**
(mg TE 100-1 g)

TPC 102.04 ± 1.28 125.4 ± 1.36 43.33**
(mg GAE 100-1 g)

TFC 31.07 ± 1.2 66.19 ± 1.41 65.71**
(mg RE 100-1 g)

TAC 0.29± 0.02 3.01 ± 0.09 78.25**
(mg C3GE 100-1 g)

**=significant difference at 1% level of significance. TPC:
Total Phenolic Content;  TFC: Total Flavonoid Content;
TAC: Total anthocyanin content. Values are mean ± SD of
three independent determinations



Conclusion

Considering the nutritional and antioxidant
profiles of purple wheat, as well as the sensory
and physical characteristics of the developed
product, it is possible to conclude that purple
wheat can be successfully used to develop
nutritious and appealing biscuits with the
antioxidant power of large quantity of
blueberries without sacrificing sensory attributes
of final product. Purple wheat biscuits had
higher levels of protein, dietary fibre, antioxidant
and minerals and also enhanced availability and
digestibility of nutrient. Developed biscuits may
be beneficial in the treatment of oxidative stress
due to its high antioxidant content and it will also
add diversity due to its unique colour. Further,
food products developed with purple wheat may
offer health benefits due to its high antioxidant
activity however; further research should be
conducted to analyze its retention and
bioavailability during high pressure high
temperature cooking. 
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Soil is a central link in the chain of
interconnected domains comprising the
terrestrial ecosystem. As human population
continue to increase, human disturbance of the
earth's ecosystem to produce food and fiber will
place greater demand on soils to supply essential
nutrients. The practice of intensive cropping
with hybrid varieties for boosting food
production caused decline in the level of
nutrients in the soil at which productivity of
crops cannot be sustained.

Tea is one of the most popular and widely
consumed hot beverages worldwide. It is mainly
grown in Asia, Africa, South America, and
around the Black and Caspian Seas. About 75
per cent of the world’s tea production is
represented by four biggest tea producing
countries viz., China, India, Sri Lanka and
Kenya. Approximately 507,196 ha area of land
is under tea cultivation in India, which is

confined mainly to Assam, Himachal Pradesh,
Kerala, Karnataka, Uttarakhand, Arunachal
Pradesh, Meghalaya, Nagaland, Mizoram,
Sikkim, Orissa, and Tripura (Jain, 1999).
Himachal Pradesh has boast a large area of land
dedicated to tea estate in its mid hills sub-humid
zone (Sood, 2016).

Tea is a shade loving plant and prefers a
warm, humid environment. Its roots penetrate
upto 1.5 m soil depth. However, majority of the
feeder roots lies up to 0.6 m depth. One tonne
of tea leaves removes 40 kg nitrogen, 12 kg
phosphorus and 24 kg potassium (Bonheure
and Willson, 1992).

Average green leaf tea productivity in
Himachal Pradesh is 800 kg ha-1 which is much
lower as compared to average production of
India (1668 kg ha-1) as well as of world (1143
kg ha-1). The low productivity of tea in many
states was attributed to poor soil health
conditions (Anonymous, 2011). The soil health
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Abstract
Assessment of different soil attributes provides an insight into the soil-related constraints and potentials for

sustainable agricultural planning. In the present investigation, 37 tea gardens were selected at random from
tea growing areas of Himachal Pradesh during 2017-19 to evaluate the status of different soil attributes in
surface (0-0.30 m) and sub-surface (0.30-0.60 m) soils.  All the collected soil samples were analyzed for particle
density, porosity, water stable aggregates, electrical conductivity, exchangeable Ca and Mg and microbial count
as per standard procedures. The particle density, porosity and water stable aggregates in soils of tea gardens
varied from 2.58 to 2.64 Mg m3, 39 to 57% and 26 to 58%. The electrical conductivity, exchangeable Ca
and Mg were in the range of 85 to 210 dS m-1, 1.2 to 4.0 cmol (p+) kg-1 and 0.6 to 2.3 cmol (p+) kg-1 with
a mean value of 134±35.8, 2.7±0.8 and 1.4±0.4, respectively. With regards to microbial count, the bacterial
population ranged from 49 to 71 x 106 CFU, fungal population ranged from 36 to 69 x 104 CFU and
actinomycetes population varied from 31 to 58 x 104 CFU.
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problems generally arose as a result of long-term
unscientific management choices.

Materials and Methods

Tea growing areas in Himachal Pradesh lies
between 31°59'19'' to 32°17'44'' N latitude and
76°18'39'' E to 76°46'14'' E longitude. The
study area is characterized on gently (3 to 5 %)
to moderately sloping (10 to 15 %), fluvio-glacial
terraces and steeply sloping (>25 %) hill slopes
(Sood, 2016). Generally, soils of tea gardens
occurring on hill slopes are medium in depth (50

to 100 cm), coarse-loamy and acidic to neutral
in reaction and qualify for Entisols, while those
of tea gardens on terraces are deep, coarse to
fine loamy and acidic and qualify for Inceptisols
and Alfisoils (Sidhu et al., 1997). Tea growing
areas of Himachal Pradesh were thoroughly
traversed during December, 2017. Thirty-seven
soil sampling sites/tea growers were selected
randomly from Kangra and Mandi districts
Location of the selected sites has been described
in Table 1.

To assess the soil health status of plantation
crops, surface (0-0.30 m) soil samples were
collected from each tea garden by following the
methodology given by (Mishra et al., 2009). Soil
sampling was done in the month of January to
February, 2018. The soil samples collected were
processed for laboratory determinations by
following the standard procedures (Table 2).

Results and Discussion

The data related to soil physico-chemical and
biological attributes presented under the
following heads:

Particle density : The particle density in
soils of tea gardens varied from 2.57 to 2.63 Mg
m-3 with a mean value of 2.60±0.02 Mg m-3 in
the surface soil. The lowest value (2.57 Mg m-3)
was recorded in Darang, Narghota and
Ghaniyara (Table 3), whereas the highest (2.63
Mg m-3) was recorded in Gugga Saloh-II,
Bhawarna, Jeahru, Bindraban and Bundla-II. In
sub-surface soils, the particle density in soils
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Table 1. Location of the selected tea gardens

S.No. Location S.No. Location

1 Dugni 20 Sidhbari
2 Paprola 21 Tanda
3 Tikka  Balla 22 Sungal
4 Usthear 23 Dharer
5 Darang 24 Jeahru
6 Oder 25 Ahju
7 Bhadal Devi 26 Dheluhar-I
8 Gugga Saloh-I 27 Lambapatta
9 Gugga Saloh-II 28 Bindraban
10 Bhawarna 29 Chauntra
11 Chhatar 30 Bundla-I
12 Alhilal 31 Bundla-II
13 Salan 32 Kloond
14 Holsu 33 Gopalpur
15 Thakurdwara 34 Balla
16 Dheluhar-II 35 Narghota
17 Deogran 36 Chowgan
18 Khalet 37 Ghaniyara
19 Sidhpur

Table 2. Analytical methods used for soil analysis

Parameter Method Reference

PD Pycnometer method Gupta and Dhakshinamoorthy (1980)
Porosity Empirical method Gupta and Dhakshinamoorthy (1980)
% WSA (>0.6 m) Wet sieving method Ekwue et al. (2018)
EC Conductimetric method Jackson (1973)
Available nutrients: Ca & Mg Flame photometric method/ Atomic Absorption Jackson (1973)

Spectrophotometric (AAS) method
Microbial population Standard plate count technique Wollum (1982)



varied from 2.59 to 2.65 Mg m-3 with a mean
value of 2.61±0.02 Mg m-3. The increasing
trend of particle density in the subsurface soils
was registered during the study. This might be
due to higher soil organic matter content of
surface soils in comparison to sub-surface soils,
which lead to increase in the volume of soil
without much effect on weight of soil, resulting
in decrease in particle density of surface soil.

The results were in consonance with the findings
of Tolimir et al. (2020).

Porosity : Data pertaining to porosity in
table 3 revealed that the soil porosity of tea
gardens ranged between 40 to 58% with a
mean value of 44±5% in the surface soil. The
minimum porosity (40%) was recorded in
Bhawarna, Jeahru and Bindraban, whereas the
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Table 3. Distribution of physical soil attributes in tea gardens studied

Site PD (Mg m-3) Porosity (%) WSA (%)
–––––––––––––––––––––––––––––– ––––––––––––––––––––––––– ––––––––––––––––––––––––
S Sb Mean S Sb Mean S Sb Mean

Dugni 2.60 2.61 2.61 43 42 43 39 36 38
Paprola 2.61 2.62 2.62 41 40 41 30 26 28
Tikka  Balla 2.60 2.61 2.61 42 40 41 46 41 44
Usthear 2.61 2.62 2.62 41 41 41 38 32 35
Darang 2.57 2.59 2.58 56 54 55 54 49 52
Oder 2.61 2.62 2.62 41 40 41 41 33 37
Bhadal Devi 2.60 2.62 2.61 42 41 41 46 45 46
Gugga Saloh-I 2.62 2.63 2.63 41 39 40 37 35 36
Gugga Saloh-II 2.63 2.64 2.64 41 40 40 27 24 26
Bhawarna 2.63 2.64 2.64 40 39 39 26 23 25
Chhatar 2.58 2.60 2.59 48 48 48 49 45 47
Alhilal 2.58 2.59 2.59 50 49 50 49 44 47
Salan 2.60 2.61 2.61 43 42 43 42 39 41
Holsu 2.60 2.62 2.61 42 40 41 44 39 42
Thakurdwara 2.62 2.64 2.63 41 39 40 38 31 35
Dheluhar II 2.61 2.63 2.62 41 40 41 40 35 38
Deogran 2.61 2.63 2.62 41 39 40 38 33 36
Khalet 2.62 2.64 2.63 41 39 40 40 36 38
Sidhpur 2.59 2.60 2.60 46 44 45 48 42 45
Sidhbari 2.59 2.60 2.60 46 46 46 48 42 45
Tanda 2.58 2.59 2.59 48 47 48 50 45 48
Sungal 2.59 2.61 2.60 47 46 47 50 45 48
Dharer 2.59 2.60 2.60 44 43 44 45 39 42
Jeahru 2.63 2.65 2.64 40 40 40 30 24 27
Ahju 2.59 2.60 2.60 48 46 47 55 49 52
Dheluhar I 2.62 2.63 2.63 41 41 41 40 36 38
Lambapatta 2.59 2.60 2.60 45 43 44 52 47 50
Bindraban 2.63 2.64 2.64 40 39 39 34 29 32
Chauntra 2.59 2.60 2.60 44 43 43 39 32 36
Bundla-I 2.60 2.61 2.61 42 42 42 47 40 44
Bundla-II 2.63 2.64 2.64 41 40 41 27 24 26
Kloond 2.59 2.60 2.60 46 45 46 44 40 42
Gopalpur 2.58 2.59 2.59 52 51 52 49 42 46
Balla 2.60 2.62 2.61 42 40 41 47 42 45
Narghota 2.57 2.59 2.58 58 56 57 59 52 56
Chowgan 2.60 2.61 2.61 42 40 41 47 41 44
Ghaniyara 2.57 2.59 2.58 54 53 53 56 50 53
Mean ± SD 2.60±0.02 2.61±0.02 2.61±0.02 44±5 43±5 44±5 43±8 38±8 41±8

Note: S=surface, Sb=sub-surface



maximum (58%) was recorded in Narghota. In
sub-surface soils, the porosity in soils varied from
39 to 56% with a mean value of 43±5%. While
comparing surface vs. sub-surface soils, the
porosity of subsurface soils was less than the
surface soils. This might be due to higher
compaction along with increasing bulk density
with depth, which resulted in lower porosity in

the sub-surface soils. Similar findings were
reported by Pongmala et al. (2022) and Tolimir
et al. (2020) who recorded depth wise decrease
in porosity in soils.

Water stable aggregates : Data presented
in Table 3 depicts the water stable aggregates in
soils of tea gardens. In the surface soils, the
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Table 4. Distribution of chemical soil attributes in tea gardens studied

Site EC (µs cm-1) Exchangeable bases {cmol (p+) kg-1}
–––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––––––––––
S Sb Mean Ca Mg

––––––––––––––––––––––––– ––––––––––––––––––––––––
S Sb Mean S Sb Mean

Dugni 150 180 165 2.9 3.1 3.0 1.3 1.4 1.3
Paprola 120 160 140 2.1 2.2 2.2 0.9 1.0 0.9
Tikka  Balla 80 120 100 2.2 2.3 2.2 1.1 1.1 1.1
Usthear 180 210 195 2.3 2.4 2.3 1.4 1.5 1.4
Darang 130 160 145 3.5 3.9 3.7 1.8 2.0 1.9
Oder 120 160 140 2.2 2.4 2.3 1.2 1.2 1.2
Bhadal Devi 90 130 110 1.8 1.9 1.8 1.0 1.1 1.1
Gugga Saloh-I 110 140 125 2.3 2.4 2.3 1.1 1.2 1.2
Gugga Saloh-II 80 120 100 1.5 1.5 1.5 0.8 0.9 0.9
Bhawarna 140 170 155 1.2 1.3 1.2 0.6 0.7 0.6
Chhatar 90 120 105 3.7 3.8 3.8 2.0 2.1 2.0
Alhilal 130 160 145 3.5 3.8 3.7 1.9 2.0 2.0
Salan 190 230 210 2.8 3.0 2.9 1.2 1.3 1.2
Holsu 180 210 195 2.4 2.5 2.4 1.1 1.2 1.1
Thakurdwara 150 170 160 2.1 2.2 2.2 1.0 1.0 1.0
Dheluhar-II 80 110 95 1.6 1.8 1.7 1.0 1.1 1.0
Deogran 180 210 195 1.9 2.1 2.0 1.2 1.3 1.3
Khalet 120 150 135 2.1 2.5 2.3 1.2 1.4 1.3
Sidhpur 110 140 125 3.0 3.2 3.1 1.7 1.8 1.8
Sidhbari 190 220 205 3.0 3.3 3.1 1.7 1.9 1.8
Tanda 90 130 110 3.0 3.3 3.1 1.8 2.0 1.9
Sungal 100 140 120 3.8 4.2 4.0 1.7 1.9 1.8
Dharer 170 200 185 2.8 2.8 2.8 1.7 1.7 1.7
Jeahru 110 140 125 2.0 2.0 2.0 1.3 1.3 1.3
Ahju 100 130 115 3.3 3.5 3.4 2.1 2.2 2.2
Dheluhar-I 80 110 95 1.7 1.8 1.7 1.0 1.0 1.0
Lambapatta 90 120 105 2.7 3.0 2.9 1.7 1.9 1.8
Bindraban 120 150 135 1.7 1.9 1.8 0.7 0.8 0.8
Chauntra 70 100 85 2.9 3.1 3.0 1.5 1.7 1.6
Bundla-I 110 140 125 2.3 2.4 2.3 1.2 1.3 1.2
Bundla-II 160 190 175 1.9 2.0 2.0 0.9 0.9 0.9
Kloond 100 130 115 3.3 3.6 3.5 1.6 1.8 1.7
Gopalpur 70 110 90 3.8 3.9 3.8 1.9 2.0 2.0
Balla 120 160 140 2.3 2.6 2.4 1.0 1.1 1.1
Narghota 90 120 105 3.7 4.0 3.9 2.2 2.4 2.3
Chowgan 70 110 90 2.2 2.5 2.3 1.1 1.2 1.2
Ghaniyara 90 120 105 3.5 3.6 3.5 2.1 2.1 2.1
Mean ± SD 118±36.5 151±35.2 134±35.8 2.6±0.7 2.8±0.8 2.7±0.8 1.4±0.4 1.5±0.5    1.4±0.4

Note: S = Surface, Sb = Sub-surface



water stable aggregates varied from 26 to 59%
with a mean value of 43±8% in the surface soil,
however in the sub-surface soil samples, the
water stable aggregates ranged from 23 to 52%
with a mean value of 38±8%.  From the mean
value of both surfaces, it was revealed that the
the lowest value (25%) was recorded in
Bhawarna, whereas the highest (56%) was

recorded in Narghota, Higher water stable
aggregates in soils might be due to higher
organic matter content and enhanced microbial
activity which secretes binding material during
the decomposition process, giving rise to better
structure and stable aggregates. The results were
in consonance with the findings of Bless et al.
(2022) and Baker et al. (2004).
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Table 5. Distribution of biological soil attributes in tea gardens studied

Site Microbial population
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Bacteria (CFU x 106) Fungi (CFU x 104) Actinomycetes (CFU x 105)
–––––––––––––––––––––––––––– –––––––––––––––––––––––––––– –––––––––––––––––––––––––––
S Sb Mean S Sb Mean S Sb Mean

Dugni 79 30 55 42 37 43 45 30 38
Paprola 77 28 53 44 31 44 43 20 32
Tikka  Balla 89 33 61 46 37 49 56 34 45
Usthear 78 26 52 54 24 49 45 26 36
Darang 94 33 64 73 35 64 62 27 45
Oder 83 31 57 68 28 58 50 43 47
Bhadal Devi 89 31 60 77 29 65 57 41 49
GuggaSaloh-I 74 29 52 40 24 41 42 20 31
GuggaSaloh-II 73 28 51 37 21 39 42 40 41
Bhawarna 72 26 49 32 14 36 41 48 45
Chhatar 95 37 66 63 33 59 63 37 50
Alhilal 96 32 64 83 36 69 64 51 58
Salan 78 25 52 52 25 48 44 37 41
Holsu 84 31 58 61 32 55 52 38 45
Thakurdwara 73 28 51 46 22 44 41 22 32
Dheluhar-II 81 32 57 46 28 46 46 38 42
Deogran 83 36 60 55 19 51 49 35 42
Khalet 82 31 57 65 36 56 48 41 45
Sidhpur 86 30 58 53 20 52 53 26 40
Sidhbari 86 35 61 49 32 50 54 24 39
Tanda 92 28 60 73 23 64 60 26 43
Sungal 97 41 69 64 28 60 66 45 56
Dharer 88 36 62 71 31 61 55 33 44
Jeahru 76 29 53 40 22 41 43 32 38
Ahju 94 29 62 71 34 63 61 39 50
Dheluhar-I 81 29 55 47 16 47 47 36 42
Lambapatta 85 33 59 67 20 59 52 27 40
Bindraban 75 28 52 55 32 49 42 37 40
Chauntra 80 30 55 50 25 48 46 32 39
Bundla-I 90 32 61 49 23 51 58 23 41
Bundla-II 77 32 55 48 17 46 44 33 39
Kloond 87 27 57 48 26 50 55 25 40
Gopalpur 97 35 66 74 36 65 65 29 47
Balla 91 36 64 79 23 66 59 40 50
Narghota 99 38 69 67 37 62 68 32 50
Chowgan 84 40 62 45 19 47 51 41 46
Ghaniyara 98 43 71 66 38 62 67 47 57
Mean±SD 85±8.0 32±4.3 58±5.7 57±13.2 27±6.9 42±8.8 52±8.4 34±8.1    43±6.4

Note: S = Surface, Sb = Sub-surface



Electrical conductivity : The electrical
conductivity in soils of tea gardens varied from
70 to 190 µS cm-1 with a mean value of
118±36.5 µS cm-1 in the surface soil. The
lowest value (70 µS cm-1) was recorded in
Chauntra, Gopalpur and Chowgan (Table 4),
whereas the highest (190 µS cm-1) was recorded
in Salan and Sidhbari. In sub-surface soils, the
electrical conductivity in soils varied from 100 to
230 µS cm-1 with a mean value of 151±35.2
µS cm-1. The increasing trends of electrical
conductivity in the subsurface soils were
recorded during the study. This might be due to
leaching of soluble salts from surface to sub-
surface layers, which lead to their accumulation
in the lower layers (Wani et al., 2017). These
results are in agreement with the findings of soils
Kumar et al. (2021), Singh et al. (2016), Muche
et al. (2015) and Mahajan et al. (2007).

Exchangeable Ca : Data pertaining to
exchangeable Ca in table 4 revealed that the
exchangeable Ca of tea gardens ranged between
1.2 to 3.8 cmol (p+) kg-1 with a mean value of
2.6±0.7 cmol (p+) kg-1 in the surface soil. The
minimum exchangeable Ca (1.2 cmol (p+) kg-1)
was recorded in Bhawarna (Table 1), whereas
the maximum (3.8 cmol (p+) kg-1) was recorded
in Sungal and Gopalpur. In sub-surface soils, the
exchangeable Ca in soils varied from 1.3 to 4.2
cmol (p+) kg-1 with a mean value of 2.8±0.8
cmol (p+) kg-1. While comparing surface vs. sub-
surface soils, the exchangeable Ca of subsurface
soils were higher than the surface soils. This
might be due to the leaching of basic cations
from the surface soil to the sub-surface layer,
which lead to their deposition in the sub-surface
layer. Similar findings were reported by Wani et
al. (2017) and Kirmani et al. (2013)

Exchangeable Mg : Data presented in
Table 4 depicts the exchangeable Mg in soils of
tea gardens. In the surface soils, the
exchangeable Mg varied from 0.6 to 2.2 cmol
(p+) kg-1 with a mean value of 1.4±0.4 cmol (p+)

kg-1 in the surface soil, however in the sub-
surface soil samples, the exchangeable Mg
ranged from 0.7 to 2.4 cmol (p+) kg-1 with a
mean value of 1.5±0.5 cmol (p+) kg-1.  From
the mean value of both surfaces, it was revealed
that the the lowest value (0.6 cmol (p+) kg-1) was
recorded in Bhawarna, whereas the highest (2.3
cmol (p+) kg-1) was recorded in Narghota.
Higher exchangeable Mg in soils might be due
to enhanced organic matter content, which
released exchangeable nutrients from the
exchange sites in soil upon decomposition of
organic matter. The results were in consonance
with the findings of Dar et al. (2013) and
Sharma et al. (2005).

Microbial Count : Data pertaining to
microbial count presented in Table 5. It was
evident from data that bacterial population, in
soils of selected tea gardens of Himachal
Pradesh ranged from 72 to 99 CFU x 106 in
surface and 25 to 43 CFU x 106 in sub-surface
soil. Also, the fungal population ranged from 25
to 43 CFU x 104 with mean value of 43 CFU x
104 in the surface soil, whereas 14 to 38 CFU
x 104 in sub-surface soil. The actinomycetes
population under different tea gardens varied
from 41 to 68 CFU x 105 in surface soil
samples and 20 to 51 CFU x 105 in sub-surface
soil samples. The microbial population in the
sub-surface soils drastically decreases, while
comparing with the surface samples. This might
be due to better aeration, moisture availability
and higher organic matter content in the surface
soil, which stimulate microbial population in the
soil. Similar findings were reported by
Raghukumar et al. (2001) and Krishna et al.
(2012) who recorded depth wise decrease in
microbial community in soils of Kerala.

Conclusion

Last of all, it is inferred that constant removal
of nutrients from the soil in the tea gardens
requires continuous fertilization to sustain fertility
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and productivity of the soil. The balanced
nutrient application is essential approach in
order to get optimum yield along with minimal
cost. From the experimental data it is revealed
that 0-0.30 m depth having higher physical and
biological properties, whereas chemical
properties showed lowered status as compared
to 0.30-0.60 m in all tea gardens. These figures
indicated that there is a considerable scope of
improving soil health and thereby, increasing soil
productivity by adopting scientific soil
management practices in tea gardens.
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Abstract
In this study the filamentous fungi Trichoderma atroviride AD-130 was evaluated for production of cellulases

as well as xylanase. An attempt has been made to optimize the cultural and nutritional conditions for cellulases
and xylanase production by Trichoderma atroviride AD-130 under submerged fermentation. The
lignocellulosic biomass of Saccharum munja was used as carbon source for cellulases and xylanase production.
Whole   fermentation   process   was carried out in 250 mL Erlenmeyer flasks with agitation speed of 170rpm.
The maximum titers of cellulases (FPase 1.01 U mL-1, CMCase 2.69 U mL-1, b-glucosidase 0.82 U mL-1)
and xylanase (82.99 U mL-1) were obtained on 5th and 4th day respectively when Trichoderma atroviride
AD-130 was grown at initial medium having pH 6.0 at 30°C using 2.0% (w/v) Saccharum munja biomass as
substrate.

Key words : Trichoderma atroviride AD-130, Saccharum munja, Cellulase, Xylanase,
Ethanol.

______________

Substantial research efforts have been made
for biochemical conversion of agricultural
lignocellulosic biomass (LB) into ethanol. The
general process for converting LB into
bioethanol take in steps like feedstock
pretreatment, enzymatic hydrolysis, sugar
fermentation, separation of lignin residue, and
the recovery and purification of ethanol to

meetfuel specifications (Meng et al., 2021).
However, the cost ofethanol production from LB
is relatively high based on current technologies,
and the major challenges are  the  low yield and
high cost  of the enzymatic hydrolysis process
(Vaez, S., et al., 2021) which is achieved by a
sequence of reactions with the main
components of cellulase complex enzymes
[endoglucanases (EG), cellobiohydrolases (CBH),
b-glucosidases (BGL)] responsible for converting
cellulosic part into fermentable sugars. But, in
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annual plants and hardwoods ,xylan, the most
abundant non-cellulosic polysaccharide
accounting for 20-35% of the total dry weight
in biomass must also be hydrolysed in the
presence of decomposing enzyme, viz., xylanase
(Wang, Z. et al.,2020, Seema Devi et al.,
2012).

Thus, the complex enzymes ‘cellulases and
xylanase’ play crucial role in the degradation of
lignocellulosic materials. Currently the cost of
enzymes is also too high and research is
continuing to bring down the cost of enzymes as
in many bioconversion strategies, the cellulases
required for biomass conversion may account for
as much as 40% ofthe total process cost
(Ghazanfar M et al., 2022). Therefore, large-
scale low cost production of cellulases is very
important through microorganism selection and
improved fermentation process conditions
(Yusuf, A.. A and Inamboo, F.L. 2021).
Moreover, the ability offilamentous fungi to
secrete large amounts ofcellulolytic proteins has
motivated their extensive use for the production
of industrial enzymes (Sivamani, S et al., 2018).
Among the cellulolytic fungi, Trichoderma spp.
and Aspergillus spp. Have been widely studied
for their ability to secrete high levels of cellulose
degrading enzymes. Hence, the filamentous
fungus Aspergillus was envisaged to be one of
the major agents of decomposition and decay
for the present study owing to its potential to
produce a broad range of enzymes including
cellulases as well as xylanase (Aggarwal et al.,
2022).

The production of cellulases and xylanase is
greatly influenced by media components,
especially carbon and nitrogen sources, minerals
and physical factors such as pH, temperature
and moisture (Pabon et al., 2020). In order to
obtain maximum enzyme production,
development of a suitable medium and culture
conditions is necessary. Although the use of
expensive substrate is one of the major problems

in cellulases production by fermentation but the
choice of substrate for enzyme production
ultimately governs the cost of production.

Reduction in the production cost and
improvement in cellulases yield could also be
achieved using appropriate and low cost carbon
and nitrogen sources in the formulation of
fermentation medium (Shanmugam R et al.,
2022). Therefore, the use of abundantly
available and cost-effective agricultural by
products must allow reduction of the overall
production cost of the decomposing enzymes
which could be resolved by isolating  cellulolytic
strains  with  high  levels  of cellulases as  well
as xylanase productivity, optimizing fermenta-
tion conditions while making useof cheaper
agricultural and industrial substrates as carbon or
nitrogen source in the fermentation medium
(Anil K et al., 2014, Seema Devi et al.,2015,
2016). Hence, the optimization of all the
process parameters was being considered as
pre-requisite to make the process of enzyme
production cost-effective at large scale and
submerged fermentation process was preferably
selected because of more nutrients availability,
sufficient oxygen supply and less time required
for the fermentation than other fermentation
techniques (Seema Devi et al., 2012).

This study was aimed at evaluating growth
conditions that affect the production of cellulases
and xylanase by using Trichoderma
atrovirideAD-130 and optimizing their cultiva-
tion conditionsunder submerged fermentation
(SmF) using lignocellulosic biomass (LB) of
Saccharum munjaas substrate.

Materials and Methods

Collection of substrate : Lignocellulosic
biomass (LB) of Saccharum munja was
collected from Tilyar Lake on National Highway
(NH) 10, Rohtak which is located at a latitude of
30°1`N and longitude of 75°17`E. The collected
LB was washed with distilled water and then
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dried at 70°C till constant weight. The feedstock
was oven-dried and size-reduced to pass through
a 2 mm sieve and stored in sealed plastic bags
at room temperature for carrying out further
experiments.

Microorganism : Trichoderma atroviride
AD-130 was isolated from soil sample was
cultivated and maintained on potato dextrose
agar (PDA) at 4°C.

Preparation of Spore Suspension : The
slants of seven days old cultures were wet by
adding 10 mL of sterilized distilled water. The
spores were scratched by sterile wire loop to
break clumps and obtained homogenous spore
suspension. One milli liter of spore suspension
containing 1x107 spores was used as inoculum.

Medium Preparation for Enzyme
Production : The selected fungus, viz.,
Trichoderma atrovirideAD-130 was grown in
Mandels and Sternburg (1976) media in
Erlenmeyer flasks. The media contained (per
liter of distilled water): proteose-peptone 1.0 g,
(NH4)2SO4 1.4 g, KH2PO4 2.0 g, Urea 0.3 g,
MgSO4 0.3 g, CaCl2 0.3 g, FeSO4.7H2O 5.0
mg, MnSO4. 7H2O mg, ZnSO4.7H2O 1.4mg
and CoCl2 0.002 g. Then, 50mL of the liquid
media containing 1.0 g of LB was placed in 250
mL Erlenmeyer flasks and sterilised at 121°C for
15 minutes. After sterilization, the media was
allowed to cool and inoculated with 1.0mL
spore suspension of the fungus containing
approximately 1 x 107 spores per milliliter
counted with the help of haemocytometer and
flasks were incubated in shaker at 180rpm. The
effect of different variables, viz., pH, incubation
period and temperature were studied on
cellulases and xylanase productionby‘one
variable at one time’ approach.

Enzyme Extraction : One millilitre of the
culture filtrate was withdrawn under aseptic
conditions at desired intervals and centrifuged at
10,000rpm for 10minutes at 4°C to remove

unwanted particles and spores. The
supernatants obtained after centrifugation were
used as enzyme source and assayed for filter
paperase (FPase), carboxymethyl cellulase
(CMCase), b-glucosidase and xylanase.

Enzyme assay : The FPase and
Carboxymethyl cellulose (CMCase) activities
were measured according to IUPAC method of
Ghose (1987). Xylanase and �-glucosidase assays
were performed according to the method of
Ghose and Bisaria (1987). The reducing sugar
concentration was estimated by DNSA method
(Miller, 1959).

Results and Discussion

Effect of Incubation Period on Enzyme
Production of Trichoderma atrovirideAD-
130 : In Figure 1, the effect of incubation
period at regular intervals upto seven days on
various cellulases and xylanase production by
Trichoderma atrovirideAD-130 on ligno-
cellulosic biomass of Saccharum munja under
submerged cultivation has been shown. FPase,
CMCase, b-glucosidase and xylanase activity (U
mL-1) ranged from 0.4 to 0.99, 0.71 to 2.09,
0.25 to 0.67 and 41.23 to 65.86 respectively.
Trichoderma atrovirideAD-130 gave maximum
production of FPase (0.99 U mL-1), CMCase
(2.09 U mL-1) and b-glucosidase (0.67 U mL-1)
on fifth day while the maximum production of
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Fig. 1. Effect of incubation period on cellulase
and xylanase (U mL-1) Trichoderma
atroviride AD-130



xylanase (65.86 U mL-1) was achieved on 4th

day. 

Thus, it could be predicted from the effect of
incubation period on the production of various
enzymes, viz., FPase, CMCase, b-glucosidase
and xylanase released by Trichoderma
atrovirideAD-130 under submerged cultivation
on lignocellulosic biomass of Saccharum munja
that the fungus expressed its maximum cellulase
activity on 5th day and xylanase activity on 4th
day. Corroborative results were obtained by
many researchers like Ahmed et al. (2008)
could achieve maximum production of FPase,
CMCase and b-glucosidase from T. Harzianum
at  120  hours  while  Gupta R. et  al.,  (2009)
and Sun F. and Chen H. (2007) obtained
maximum cellulases production from A. niger
and A. phoenix respectively at 120 hours
incubation period and Sukumaran et al., (2005)
reported maximum xylanase production from
Aspergillus  foetidus on  the  fourth  day  while
maximum  xylanase  Production  by Penicillium
sclerotiorum during 5 days was reported by
(Zhu, J.Y., and Pan, X.J.,2010). Substantiating
the results, other  researchers  found  different
incubation  times  for maximum cellulases
production as the time-course required to reach
maximum level of cellulases and xylanase activity
might be affected by several factors, including
the presence of different ratios of amorphous to
crystalline cellulose (Gundupalli et al., 2022 ).

Effect of pH on Enzyme Production of
Trichoderma atrovirideAD-130 : Figure 2
also represents the effect of pH on the
production of cellulase and xylanase by the
fungus Trichoderma atrovirideAD-130 grown
under submerged cultivation using lignocellulosic
biomass of Saccharum munja. The production
of FPase, CMCase, b-glucosidase and xylanase
(U mL-1) by Trichoderma atrovirideAD-130 has
been found to be varying from 0.81 to 1.01,
0.78 to 2.69, 0.39 to 0.82 and 39.75 to
82.99. FPase, CMCase, b-glucosidase and

xylanase activity of Trichoderma sp. R-4 was
found to increase along with the increase in pH
upto 6.0. Decrease in production of FPase,
CMCase, b-glucosidase and xylanase was
observed beyond pH 6.0. 

The maximum production of FPase,
CMCase, b-glucosidase and xylanase by the
fungus Trichoderma atrovirideAD-130 grown
under submerged cultivation at pH 6.0 has been
found to be 1.01, 2.69, 0.82 and 82.99 U
mL-1 respectively.Corroborative results were
also obtained by many researchers, for example,
Sarkar et al., (2012) found that Aspergillus
fumigates exhibited maximum cellulases and
xylanase activity at 4.0 and 5.0 pH respectively,
Knob and Carmona (2008) found maximum
xylanase production by Penicillium
sclerotiorum at pH 6.5 while Badal C.S. and
Michael A.C. (2008). found highest xylanase
production by Aspergillus niger at initial pH
7.0. This could have been owing to the change
in morphology of microorganism at a particular
pH which in turn might have affected the
extracellular secretion of enzymes (Arti Devi et
al., 2022) as the cellulases and xylanase are
inducible enzymes and induction efficiency of
substrates depends on their chemical
composition and morphological structure.

Effect of Temperature on Enzymes
Production : Incubation temperature is a very
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production by Trichoderma atroviride
AD-130



important physical factor which influences the
metabolic activities of microorganisms. The
effect of temperature on cellulase production
was determined by incubating the culture flasks
of Trichoderma atrovirideAD-130 at different
temperatures of 24, 27, 30, 33 and 37°C. The
initial pH of fermentation medium was adjusted
to 6.0 and culture flasks were incubated at 180
rpm. Figure 3 shows the effect of different
incubation temperatures (24-37°C) on cellulase
and xylanase production by Trichoderma
atrovirideAD-130.

Cellulase and xylanase production by
Trichoderma atrovirideAD-130 was found to
increase gradually when incubation temperature
increased from 24 to 30°C. The maximum
production of FPase 1.01 U mL-1, CMCase
(2.69 U mL-1), b-glucosidase (0.82 U mL-1) and
xylanase (82.99 U mL-1) by Trichoderma
atrovirideAD-130 was observed at 30°C.
Further increase in incubation temperature from
30 to 33°C or above resulted in decreased
cellulase and xylanase production.Contrary to
the above results, different cellulolytic fungi were
found to produce maximum cellulases at 28°C,
for example, T. Viride (Zhou et al., 2008), T.
Harzianum (Ahmad Idi and Mohamad S. Eva
(2011), T. Asperullum (Chen Y et al., 2010) and
A. niger (Harun M.Y et al.,2011) yielded
maximum cellulases at 28°C.On the other hand,

Baig et al. (2004) reported maximum cellulases
production by T. Reesei at 30°C while (Ahamed,
A., and Vermette, P 2008) found maximum
cellulases and xylanase activity by Aspergillus
fumigates at 30°C. However, as many
researchers had reported on variety of optimum
temperatures, it could be suggested that the
optimal condition for cellulases production
depended not only upon the variation of the
microorganism (Sukhang et al., 2020) but also
the temperature variation of the culture
conditions.

Conclusions

There is a growing demand for cellulases and
xylanases in the market for a variety of
applications, among which the bioconversion of
lignocellulosic biomass for ethanol production is
the fore most one.The results of present study
revealed that maximum production of FPase,
CMCase, b-glucosidase and xylanase by the
fungus Trichoderma atrovirideAD-130 grown
under submerged cultivation at pH 6.0 has been
found to be 1.01, 2.69, 0.82 respectively
on5thday and xylanase 82.99 U mL-1 on 4th

day at 2%(w/v) substrate concentration, 30°C,
170 rpm and initial pH 6.0 of the basal medium
under SmF. Use of low costlignocellulosic
biomass of Saccharum munja as substrate make
the process of enzyme production more cost
effective.  Further investigations are required to
enhance the cellulolytic enzyme activity by
means of carbon and nitrogen sources from
submerged fermentation.
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Abstract
In any crop improvement programme, for developing better genotypes the choice of suitable parents is a

matter of great concern to the plant breeders.  Therefore, it is imperative to know the role of important
characters in the selection experiments aimed to increase seed yield. The present study has been conducted
using Linear Discriminant function coefficient, Correlation between variables and discriminant scores and mean
decrease in Gini index were used for computing relative importance of individual characters of Indian mustard
discrimination between low and high oil content population of Indian mustard. Using the correlation between
variables and discriminant score, the most important variables affecting the seed yield were secondary branches,
primary branches and days to maturity. The three most important variables discriminating between oil content
were siliqua length, secondary branches and seeds per siliqua.

Key words :

______________

India is the largest producer of oilseed in the
world covering approximately 12 per cent of

total cropped area of the country. Over the past
few decades, breeding programs, in India, have
followed pure line breeding methods for
development of new varieties primarily through
the exploitation of genetic variability that existed
among the adapted pool of elite germplasms. It
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has resulted in only marginal improvement in
productivity. To realize further gains in
productivity, it is important to utilize new sources
of variation which would lead to broadening the
genetic base of the existing varieties.
Productivity can also be substantially increased
by heterosis breeding. To boost up further
productivity of Indian mustard hybridization and
exploitation of heterosis may play significant role
in coming years. For developing better
genotypes/hybrids, the choice of suitable
parents is a matter of great concern to the plant
breeders. For this purpose, breeders conduct
experiments and record data on large number
of variables. The analysis and interpretation of
such data sets is often difficult and causes several
problems. Different variables in the data carry
different amounts of information. Some will be
more informative in some sense than others. So,
the researchers may wish to reduce the number
of variables for the final decision making while
maintaining high performance by discarding
those least useful. It is useful to identify and
ignore the variables which simply complicate the
analysis and do not provide any extra
information. Variable selection is, thus employed
in order to find most important or useful
variables for various data mining tasks such as
classification and discriminant. 

Several methods to select variables that are
subsequently used in discriminant analysis are
proposed and analysed. McCabe (1975)
proposed an algorithm for computing statistics
for all possible subsets of variables for a
discriminant function analysis. McLachlan
(1976) developed a method for selecting
variables for the linear discriminant function in
case of two multivariate normal populations.
McKay and Campbell (1982a) reviewed the
variable-selection methods in discriminant
function analysis. McKay and Campbell (1982b)
addressed the problem where the aim was to
allocate future entities of unknown origin to the
groups. Rencher (1993) examined the effect of

each variable on the Hotelling’s T2, Wilkˊs
Lambda and R2 statistic and stated the
contribution of each variable. McLachlan (2004)
gave a detailed account of discriminant analysis
and statistical pattern recognition. Breiman
(2001) proposed random forests method, by
adding an additional layer of randomness to
bagging. In addition to constructing each tree
using a different bootstrap sample of the data,
random forests change how the classification or
regression trees are constructed. Han et al.
(2016) proposed a new method based on
Random Forest to select variables using Mean
Decrease Accuracy and Mean Decrease Gini.
Chavent et al. (2019) evaluated a novel
methodology for dimension reduction and
variable selection, which combines clustering of
variables and feature selection using random
forests. The present study has been designed to
find important characters of Indian mustard
which can discriminate between high and low oil
content genotypes. For this purpose, three
variable selection methods (Univariate t-test,
Wilk’s lambda Criterion and Random Forests
Algorithm) for classification and discrimination
were used and compared. Keeping in view the
above points in mind, the present study was
planned with the objectives to study relative
importance of Indian mustard characters for
classification and discrimination of genotypes.
The 310 genotypes were divided into two
Groups according to the low and high yielding
genotypes on the basis of seed yield and oil
content.

Materials and Methods

The study was conducted on Indian mustard
(Brassica juncea). Secondary data on 310 Indian
mustard genotypes were obtained from an
experiment conducted by Oilseeds Section of
the Department of Genetics and Plant Breeding,
CCS HAU, Hisar during rabi season of 2015-
16. The observations were recorded on three
plants per row per character per plot.
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Following methods were used to study the
relative importance of the variables of the Indian
Mustard.

(i) Magnitude of Linear Discriminant function
coefficient

(ii) Correlation between variables and
discriminant scores

(iii) Variable importance using mean decrease in
Gini index

Measures to identify the relative importance
of variables that discriminate between two
independent groups are based on discriminant
analysis. It quantifies the relative importance of
a variable based on its contribution to grouping
effects and discriminant function scores (Huberty
and Wisenbaker, 1992; Thomas, 1997).
Discriminant Analysis (DA) measures variable
importance and identify one or more linear
combinations of the variables that maximize
group separation. It is based on functions of the
discriminant function coefficients and includes
standardized discriminant function coefficients
(Huberty and Wisenbaker, 1992; Thomas,
1992). The standardized discriminant function
coefficient is one commonly adopted variable
importance measure. Another method to find
the importance of the discriminators is to find
the correlation between discriminant function
and discriminatory variables (Huberty, 1971).

Discriminant analysis (DA) is a multivariate
statistical technique concerned with separating
distinct sets of objects or observations and with
allocating new objects to previously defined
groups. Discrimination terminology was
introduced by Fisher in the first discriminatory
problems (Fisher 1936). Linear discriminant
analysis is most widely used statistical methods
for classification problems. The discriminant
function is the linear combination of these p
variables that maximizes the distance between
two group mean vectors. A linear combination

D = a'X = a1X1 + a2X2 +… +apXp,

where Xˊ= (X1, X2, …, Xp) transforms each
observation vector to a scalar. The discriminant
function coefficient vector is estimated by  

â = S-1 (x–(1) - x–(2))

where x–(1), x–(2) and S-1 denote the sample
mean vectors and pooled sample covariance
matrix computed from the samples from two
multivariate normal populations Np (µ(1), S) and
Np (µ(2), S). The variable importance measures
based on discriminant function coefficients can
be used to rank variables according to their
contributions to group separation (Huberty and
Wisenbaker, 1992).

Another approach to identify the relative
importance of the variable is to examining
correlation between each outcome variable and
each linear discriminant function. For each
object the value of discriminant function is
computed, and then Pearson correlation
coefficient between it and the original variables
are found. These correlations are often called
structure or loading. Only within group
correlations are considered.  The variables that
correlate highly with linear discriminant function
are considered important.  For two groups there
is single linear discriminant function. To access
the relative contribution of the variable, the rank
ordering maybe reasonable assessment
approach. In this approach we find the
correlation discriminant score and discriminatory
variables (Huberty & Wisenbaker, 1992). The
correlation coefficient of all the values of D and
Xj (j=1, 2, …, p) is used to measure the
contribution of jth variable in discriminating the
groups. The most contributing variable is one for
which the above-mentioned correlation
coefficient is maximum.

Results and Discussion

Criteria of magnitude of discriminant
function coefficients was applied for computing
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relative importance of individual characters of
Indian mustard groups formed for classification
and discrimination. The objective of discriminant
analysis was to develop discriminant functions
which are linear combination of independent
variables that will discriminate between the
categories of the dependent variable. It enables
to examine whether significant differences exist
among the groups, in terms of the predictor
variables. It also evaluates the accuracy of the
classification. Magnitudes of the coefficients
were indicators of the relative importance of
variables, as variables with large coefficients
contribute more to the overall discriminant
function. Variables ranks orderings according to
Discriminant function coefficient using all
variable under scheme: low (seed yield and oil
content) and high (seed yield and oil content) are
presented in Table 1.

Based on the coefficients of the discriminant
function, variables thousand seeds weight, siliqua
length, seed per siliqua and primary branches
are observed as the most important variables.
These variables contribute more to the
discriminant score for discriminating between
the groups partitioned on the basis of low seed
yield with low oil content and high seed yield
with high oil content. Variables plant height,

days to flowering and main shoot length are the
least contributing variables in the discrimination
of groups as shown in Table 1.

The variables secondary branches, primary
branches, siliqua number on main shoot and
seeds per siliqua are considered as important
variables. Clearly these variables contribute more
towards the discrimination of the groups
formed. Variables 1000 seed weight, days to
flowering and main shoot length are least
important variables for discrimination. 

The results of Table 1 describe that
secondary branches is found to be the most
important variable. It means if this variable is
removed from the model then the mean
decrease in gini (or decrease in impurity) will be
around 8.06. Higher the value of mean decrease
gini index better is the variable for prediction.
The second most important variable after
secondary branches is siliqua number on main
shoot having gini index values as 5.80 followed
by primary branches and seeds per siliqua are.
The least important variable is siliqua length. 

In Table 2 the Spearman correlation and the
t-value under the null hypothesis of zero
correlation were presented. It showed that a
correlation of 0.71 between Mean Decrease
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Table 1. Relative Importance of Variables determined by different methods

Linear discriminant function coefficient Correlation with discriminant score Mean Decrease Gini
––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––
Variables Linear discriminant Ranks Variables Correlation with Ranks Vari- Mean decr- Ranks

function coefficient discriminant score ables ease gini

DF -0.03 9 DF -0.06 9 DF 2.61 9
PB 0.29 4 PB 0.47 2 PB 4.67 3
SB 0.13 5 SB 0.61 1 SB 8.06 1
MSL -0.03 8 MSL 0.00 10 MSL 3.14 7
PH 0.00 10 PH 0.11 7 PH 4.00 5
SL -0.79 2 SL -0.22 5 SL 2.35 10
SNOMS 0.08 6 SNOMS 0.30 3 SNOMS 5.80 2
SPERS 0.36 3 SPERS 0.22 4 SPERS 4.58 4
DM 0.05 7 DM 0.19 6 DM 2.67 8
TSW 0.96 1 TSW 0.1 8 TSW 3.47 6



Gini and Correlation with discriminant score,
which is significant with t-value 2.84 at 5% level
of significance. This indicates the ranks of these
two methods are in agreement with each other.

According to the ranks obtained under two
methods (Correlation with discriminant score
and Mean Decrease Gini) first four variables
(Secondary branches, primary branches, seeds
per siliqua, siliqua number on main shoot) are
same. Ranks showed that variable secondary
branches is most important variable, primary
branches and siliqua number on main shoot as
second and third important variable whereas
seeds per siliqua was on fourth rank. 

Conclusion

Three methods viz., Linear Discriminant
function coefficient, Correlation between
variables and discriminant scores and mean
decrease in Gini index were used for computing
relative importance of individual characters of
Indian mustard discrimination between low and
high oil content population of Indian mustard.
Using the correlation between variables and
discriminant score, the most important variables
affecting the seed yield were secondary
branches, primary branches and days to
maturity. The three most important variables
discriminating between oil content were siliqua
length, secondary branches and seeds per
siliqua. Most important variables discriminating
between low seed yield with low oil content and
high seed yield with high oil content groups were

secondary branches, primary branches and
siliqua number of main shoot.  The variable,
number of secondary branches have been found
to be the most important for classification and
discrimination of Indian mustard genotypes for
seed yield and oil content.
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Abstract
Conservation and conventional tillage directly affects soil environment for crop production. Conservation

tillage provides a layer of crop residue which increases soil fertility, soil erosion, leaching of fertilizer, pesticides
and herbicides into the ground water. Studies conducted in different climate zones showed that no-tillage resulted
in acidification of surface layer when continued for several years compared to conventional tillage. Some study
shows Conservation tillage enhance water infiltration rate and reduce moisture evaporation from soil, while
some other study stated slower water infiltration rate in no tillage soil then on tilled. surface tillage and no
tillage instead of conventional tillage are to control soil erosion, enhance crop performance, and use energy
more efficiently. Decomposition of crop residues kept on the soil surface possibly release allele-chemicals which
further strengthen the inhibitory effects on weed seed germination and early growth and development of weed
plant. As with impact of tillage on root distribution, no-tillage causes greater and deeper water accumulation
in the soil profile and greater root growth. Higher labor, animal or equipment requirement is a major drawback
of conventional tillage. Conservational tillage allows elimination of several operations, depending on the
conservation tillage systems used. Observation of numerous studies reveals that zero-tillage is superior to
conventional tillage resulting in higher yields. Similarly several studies reveals that crops grown under zero
tillage have yields as similar as or better than those grown under conventional tillage.

Key words :

______________

In moving the pattern of agriculture trend
from traditional agriculture to modern
agriculture, the use of energy has increased
particularly fossil fuel resources. Tillage aims to
create a soil environment favorable to plant
growth. Different types of tillage systems have
different tillage depths and capacity to change
soil physical and chemical properties that affect
the crop yield and quality (Strudley et al. 2008).
Time and frequency of tillage also has significant

effect on crop production (Stenberg et al.
1997). Important soil physical properties such
as bulk density, penetration resistance, water
infiltration, hydraulic conductivity and soil
compaction are affected by tillage (Hamza and
Anderson, 2005).  Soil manipulation can
change fertility status markedly and the changes
may be manifested in good or poor
performance of crops (Aiyellari et al. 2002).
Zero tillage increases soil fertility, decreases soil



erosion, leaching of fertilizer, pesticides and
herbicides into the ground water. Conventional
tillage and zero tillage defiantly affect soil
aggregation and soil bulk density. Zero tillage
improves activity of earth worm and other soil
micro flora. Some studies showed that soil
microbial activity was higher with conventional
tillage due to better aeration. Numerous studies
conducted in different climate zones showed that
no-tillage resulted in acidification of surface layer
when continued for several years compared to
conventional tillage. Tillage of the soil stimulates
microbial decomposition of soil organic matter,
which results in emissions of CO2 to the
atmosphere (Cristina et al. 2010). Therefore,
minimizing the amount of tillage promotes
sequestration of carbon in the soil. In the last
decades advancements in weed control methods
and farm machinery now allow many crops to
be grown with minimum tillage. According to
Bhatt and kukul 2015 zero tillage enhance water
infiltration rate and reduce moisture evaporation
from soil, while some other study stated slower
water infiltration rate in no tillage soil then on
tilled. Soil organic carbon increases in no tillage
due to higher residue on soil surface, while other
work reported that higher organic matter in
conventional tillage at upper soil layer (Sharma
et al. 2016). In many ecological zones and on
different soil types, crop response to tillage and
indeed the economic viability of tillage systems
are still subjects of investigation (Adamu and
Abdulrazaq 2004).  Several studies have shown
that conventional tillage increased the yield of
crops while some workers revealed that crops
grown under zero tillage have yielded as similar
as or better than those grown under
conventional tillage, and other scientist revealed
no yield difference between any tillage systems.

1.  Tillage operations in various forms have
been practiced from the very inception of
growing plants. Primitive man used tools to

disturb the soils for placing the seeds. Tillage is
needed to make proper seed-bed, which varies
with the crop to follow and largely depends
upon soil types, nature of preceding crop and
residue management systems. Tillage alters the
physicochemical properties of soil by mixing the
upper fertile profile with the lower profile.
Seedling emergence is critical for better
establishment of crop. Hence, it is important to
ensure an adequate seed and soil contact to
facilitate water movement into seed, which
intern depends upon physical characters of seed
bed, thus affect germination and plant stand
(Bouaziz, 1987). Tillage helps in controlling
weeds by burying weed seeds and emerged
seedlings leaving a rough surface to hinder weed
seed germination, expose underground parts of
perennial weeds leading to their desiccation
(Subbulakshmi, 2007). The resource-
conservation and sustainability in agricultural
technologies play a major role in modern
agriculture. Recent trend of tillage demonstrates
steps toward limiting mechanical manipulation
of the soil. The goal in emphasizing surface
tillage and no tillage instead of conventional
tillage are to control soil erosion, enhance crop
performance, and use energy more efficiently
(Sprague, 1986). Recently, a new outlook to soil
preservation by applying zero tillage becomes
illustrious. Unsuitable management practices
cause degradation in soil health (depletion of
organic matter and other nutrients) as well as
decline in crop productivity (Ramos et el.,
2011). Any kind of conservation tillage (zero,
strip, mulch, chisel, ridge and plow tillage, the
latter with special plows that retain at least 30%
plant residuals or plant mulch on the surface)
provides safe land use from environmental,
social and economic points of view (Moteva et
al., 2016). The zero tillage practices highly
reduce water and wind erosion, enhance and
preserve soil fertility, conserve nutrients and soil
moisture, improve production and labor
efficiency, reduce the specific energy
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consumption and the production costs
(Vrazhnov, 2013).

2.  The objective of the paper is to compare
the influence of conventional tillage and no-
tillage technology on soil physical properties and
other environmental effect. Scattered
information about the advantages and
disadvantages of conventional and zero tillage is
there in the agriculture literature. A review of
those studies will be advantageous to bring such
information in a single envelop.  

3. Tillage and environment

3.1. Energy use Conservation tillage in
crop production is a greatest opportunities to
conserve energy. The net energy and monetary
return of a cropping system can be quantified
for sound planning of sustainable systems
(Chaudhary et al., 2006). An estimated 17 liters
ha 1 of diesel-fuel equivalents (DFE = 41 MJ per
liter) of energy is required for moldboard plowing
to 20 cm depth. In contrast, chisel -plowing to
20 cm requires 1.18 and disking requires 0.64
liters ha 1 DFE (Frye, 1984). In no-tillage, tillage
is eliminated and thus reduced energy
consumption. Some, but not all, of the energy
conservation is offset by slightly greater need for
herbicides in no-tillage. Ozturnk et al., (2006)
found that zero tillage recorded lower energy
consumption compared to ploughed soils.
Subbulakshmi, (2007) in her study reported that
energy consumption was higher with
conventional tillage while, lowest total energy
was used by zero tillage. Even though lower
energy consumption was recorded by zero
tillage, higher energy output, net energy, energy
use efficiency and energy productivity were
higher with continuous conventional tillage due
to increased crop productivity.

3.2 Soil physical properties

3.2.1 Soil compaction and bulk
density: Soil compaction is related to soil

physical properties such as soil textural
parameters (e.g., sand, silt. and clay content),
moisture content, bulk density, and cropping
system, along with tillage practices (Taylor and
Gardner, 1963). Bulk density is defined as the
oven dry mass of soil per unit volume. Good soil
structures are described by increased in soil
macro aggregates and porosity. The bulk density
is increase with increase in soil compaction, as
compacting forces squeeze the volume of soil via
eliminating pore spaces. Most of the field
operations in the modern agriculture from
sowing to harvesting are done mechanically by
using heavy wheeled machines which can
compact the soil at every passage (Williamson
and Neilsen, 2000). The soil compaction by a
machine, in general, depends on the soil
strength and loading of machine (Alakukku et
al., 2003). Soil compaction varies depending on
the depth. Different technological operations of
soil tillage demonstrate different effects on soil
compaction of middle and deep layers. Soil
compaction of middle layer only can be altered
using conventional tillage methods such as
ploughing, disking, and loosening by shallow
cultivators. On the other hand, same machines
cannot be used to reduce soil compaction of
deeper layers. To the contrary, deep ploughing
or disking might even lead to more compact soil
of deeper layers (Sarauskis et al., 2011). 

Blevins and Frye, (1993) at Kentucky
revealed that, no significant effect on bulk
density after 20 years of corn production
compared no-tillage and moldboard-plow tillage.
The surface of soil in moldboard-plow system
had higher bulk density than the surface 0-5 cm
of the no-tillage soil. Hill and Cruse (1985)
reported no significant effect of tillage methods
(no-tillage, conventional tillage, and minimum
tillage) on bulk density of a loess-derived Iowa
soil. Reduced yield of rice using zero tillage was
observed due to higher strength and bulk density
of surface soil layer (Sharma et al., 1988).
Pratibha et al., (1994) reported that ploughing
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once with tractor drawn mould board plough
plus rotavator twice resulted in lower bulk
density and higher moisture availability.
Similarly, Cavalaris and Gemtos, (2002) mould
board ploughing created great stresses during
tillage that caused shear planes and resulted in
soil loosening. Bulk density in both the depths
(0-8 cm, 8-16 cm) was highest in zero tillage
treatment and lowest in conventional tillage due
to natural soil consolidation and minimum
disturbance of soil by tillage operation in zero
tillage (John Anurag and Singh, 2007).

Conventional tillage can change significantly
the soil physical properties within a growing
season. For example, one experiment in France
with conventional tillage shows bulk density
increasing 15% to 20% from its initial value in a
growing season of maize. The study also showed
that the hydraulic conductivity decreased three
to six times, according to the soil layer, and was
negatively correlated with the bulk density
(Alletto, et al., 2015). In the case of no tillage,
changes in soil properties are observed only
after several years. In a study conducted by Dam,
et al., (2005) sandy loam soil with a
monoculture of maize in Canada, over a period
of 11 years, bulk density in a no tillage system
increased only 10% at a depth of 0 to 10 cm
compared to conventional tillage.

3.2.2. Soil water conservation During
periods of water stress the capacity of a soil to
supply water to plants is evaluated by the soil
infiltration rate, soil water holding capacity, rate
of evaporation, effective rooting depth, position
of the landscape, and depth to the water table.
Of these, tillage can significantly affect
infiltration and evaporation in all soils and affects
available water holding capacity and effective
rooting depth in some soils. Arshad et al.,
(1999) coined higher water retention and
infiltration rates under zero tilled plots which
might be due to the redistribution of pore size
classes into more small pores (Table 1). ZT

wheat mulched plots dried at a slower pace than
that of the CT un-mulched plots of wheat (Bhatt,
2015; Drury et al., 1999).

3.2.3 Water infiltration rate : Tillage and
compaction significantly influence soil-hydraulic
properties, infiltration, soil-water retention and
soil-water flow (Klute, 1982; Onstad and
Voorhees, 1987). Tillage can have both
favorable and unfavorable effects on different
physical properties of treated topsoil. Water
infiltration into the soil profile and runoff losses
in arable lands are related to the condition of the
top layer. The tillage treatment (included no-till)
of the top layer plays a key role in changes of
the hydro-physical properties, mainly saturated
hydraulic conductivity of the treated layer.
Higher amounts of residue on the soil surface
increases water infiltration (Lang and Mallett,
1984). Using conservation tillage practice
reduces runoff (1.2 and 2.2%) and increase
infiltration than ploughed soil (8.3 and 21.5%)
at 1 and 15% slope respectively because of
surface residues (Rockwood and Lal (1974).
Lindstrom et al., (1984) stated that, no till
treatment is results in higher bulk density,
greater penetrometer resistance, and lower
volume of macrospores and reduced infiltration
rate. Gangwar et al., 2010 observed minimum
infiltration rates in the zero tilled plots (0.75 cm

Sushil Kumar et al.108

Table 1. Infiltration rate as affected by different tillage and
crop residue management system (Soil type Silt
Loam) (Source: Arshad et al., 1999)

Cumulative Infiltration rate (cm h-1)
time ––––––––––––––––––––––––––––––
(min) Convent- Zero 

ional tillage tillage

10 25 25
20 12.5 12.5
25 6.5 9.7
33 4.5 6.8
78 4.6 6.5
120 4.5 6.3
150 4.4 6.2
185 4.2 6.2



h-1) followed by plots where residue burned
(1.44 cm h-1) and highest in plots where residues
incorporated (1.50 cm h-1). They also observed
detachment of soil particles from raindrop
impact and subsequent soil crusting at a slower
rate on no-tillage surface than on the tilled
reducing the Infiltration rate.

3.3.4 Evaporation : As comparative to
conventional tillage plant residue left on the soil
surface reduces the rate of water evaporation in
conservation tillage. Mulch provides protection
against short-term but not long-term droughts.
Bond and Willis (1969) stated that mulching
provides protection against drought 7 to 14
days. Smika (1976) compared the effects of
conventional, minimum and no-tillage
treatments on soil water loss during a 34 day
period following 165 mm of rainfall. At 34 days,
soil with the conventional tillage treatment had
dried to less than 0.1 cm cm-1 to 12 cm depth
and the minimum tillage soil had dried to that
water content to 9 cm depth. In contrast, soil
with the no-tillage treatment dried to the 0.1 cm
cm-1 water content only to 5 cm depth. Jasa
(2007) back-calculated the ‘water savings’ of
reduced- and no-till compared to a clean-tilled
moldboard plow system, based on three extra
bushels of soybean per extra inch of available
water. His analysis was based on dry land data,
from the Rogers Memorial Farm near Lincoln,
Nebraska, in low rainfall years (2000 and 2006).
He calculated that, in 2000, more than 200 mm
(8 inches) of additional water was available for
crop use by the no-till system, compared to a
moldboard plow system, and more than 100
mm (4 inches) of additional water was available
for crop use compared to a double-disk tillage
system.

3.3.5 Soil Organic Carbon : The loss of
carbon from agricultural soils has been, in part,
attributed to tillage, a common practice
providing a number of benefits to farmers. The
promotion of less intensive tillage practices and

no tillage aims to mitigate negative impacts on
soil quality and to preserve soil organic carbon
(Haddaway et al., 2017). The comparison is
made by Frye et al., (1985) on a soil that is
initially low in soil organic matter; the organic
matter content will usually increase with
conservation tillage, but remain fairly constant,
or perhaps decrease further, with conventional
tillage. Doran (1980) found that the organic
carbon contents of surface soil (0-7.5 cm) with
no-till averaged 1.25 and 1.20 (25 and 20%)
times higher no-till than for conventionally tilled
soil. 

4. Tillage and crop environment

4.1 Distribution of Plant Root : Take
up of nutrients and water depends upon
distribution of plant root. Root systems serves as
a bridge between the impacts of agricultural
practices on soil and changes in shoot function
and harvested yield (Klepper, 1990).Tillage
affects root development and function, which by
far the most important component in crop
growth (Godwin, 1990). As with impact of
tillage on root distribution, no-tillage causes
greater and deeper water accumulation in the
soil profile and greater root growth
(Lampurlanés et al., 2001). Merrill et al., (1996)
observes that spring wheat roots penetrate to
greater soil depths under no tillage than under
spring disking, with larger root length density
due to the cooler soil and superior soil water
conservation in the near-surface zone. However,
no-tillage practice can gradually increase
mechanical impediment of the surface soil,
limiting the distribution of roots in the upper soil
profile and root downward progression
(Mosaddeghi et al., 2009). Siridas et al., (2001)
recorded thicker barley roots under conventional
tillage than under no tillage. Lampurlanes and
Cantero- Martinez, 2003 stated that root length
density profiles sometimes showed greater
values for no tillage than for the other tillage
systems, revealing a good soil condition for root
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growth under no tillage. Therefore, an increase
in soil strength is observed under no tillage in the
first year after its introduction and doesn’t
greatly affect root growth in well structured soils.
Similarly Qin et al., 2004.revealed that no
tillage resulted in a slightly lower root length
density and a slightly larger mean root diameter
compared with conventional tillage.

4.2 weed control : Differential tillage
systems placed the weed seeds at varying soil
depths, where they may or may not able to
receive the light, moisture and nutrients in ample
amounts to germinate (Singh et al., 2015).
According to Clements et al., (1996), lower total
weeds at early crop growth stage with either
country plough tillage or cultivator tillage against
minimum tillage. Kandasamy and Krishna kumar
(1997) observed that the effect of summer
ploughing in reducing sedges was more
pronounced. They also reported that tractor and
power tiller puddling controlled most of the
weeds except broad-leaved weeds in rice.
Adequate tillage checks and delays the
emergence of weeds and provides a more
favorable environment for early crop
establishment. In addition to this, decomposition
of crop residues kept on the soil surface possibly
release allele-chemicals which further strengthen
the inhibitory effects on weed seed germination
and early growth and development of weed
plant. The studies on long-term trials on zero till
have shown that Palmaris minor stand decreased
over the three-year period because of the
combined effect of the herbicides and zero tillage
(Rice-Wheat Consortium and CIMMYT 2003).
High input use without any significant yield gains
and without compensating in the form of
increased price of wheat have drained farmers
of cash and squeezed them into financial
difficulties. Zero tillage, therefore, can help
farmers to pay for new herbicides. Any tillage
system that leaves substantial mulch at the
surface provides shading that may suppress
weeds because the environment is unfavorable

for germination of some weeds. Research has
shown that rye killed in spring inhibits the
growth of weeds (Smeda and Weller, 1988). No-
till planting reduced emergence of hairy
nightshade by 77 to 99% and Powell amaranth
emergence by 50 to 87% compared with
conventional tilled planting. Buhler et al. 1994)
recorded higher density of perennial grass weeds
in reduced tillage systems as the rooting depth
of the soil was not disturbed. According to
Peachey et al., (2004) weed density increased
as soil disturbance increased.

5. Tillage and Crop Economic

Higher labor, animal or equipment
requirement is a major drawback of conventional
tillage. Conservational tillage allows elimination
of several operations, depending on the
conservation tillage systems used. Maximum
reduction in operations occurs with no-tillage
system, but this system generally involves the use
of herbicides to control weeds (Wiese et al.,
1979). In India, widespread adoption of zero
tillage method of cultivation was started in
Haryana state. Resource conserving
technologies such as zero tillage, surface seeding
and raised bed in both rice and wheat have been
found beneficial in terms of reducing cultivation
cost and energy consumption and improving
farmers income (Gupta and Seth, 2007).
Savings in input cost, fuel consumption and
irrigation water use have been reported due to
zero tillage in wheat (Malik et al., 2002, 2003,
Bhushan et al., 2007).

6. Tillage and crop Yield

Impact of tillage on crop yield is related to its
effects on root growth (Boone & Veen, 1994),
water and nutrient use efficiencies (Davis, 1994)
and ultimately the agronomic yield (Lal, 1993).
In contrast, a number of reviews have shown
that no-till practices can reduce crop productivity
due to the potential for soil water-logging and/or
cooler soil temperatures which can inhibit crop
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establishment, compaction which can affect root
growth, or altered soil fertility requirements
which may lead to nutrient deficiencies (Alvarez
and Steinbach, 2009, Ogle et al., 2012, Van
den Putte et al., 2010). Mahli et al., 1988 also
stated that zero tillage resulted in lower yields
than conventional tillage in barley. However, this
was contrast to the findings of Brandt (1989)
who observed that zero-tillage was superior to
conventional tillage resulting in higher yields.
Similarly several studies reveled that crops
grown under zero tillage have yielded as similar
as or better than those grown under
conventional tillage (Mahli and Nyborg, 1990;
McAndrew et al., 1994).

Conclusion

The technology to effectively cultivate crops
utilizing a variety of conservation tillage
strategies is accessible in the modern world to
farmers. Crop residue management strategies
and tillage techniques have been turned from a
concept into a system that efficiently minimizes
erosion, decreases soil degradation, is cost-
effective, and is ecologically acceptable thanks
to an alliance of farmers, scientists, and
agribusiness. The constraints and suitability of
adopting conservation tillage techniques are
determined by soil characteristics and their
biological surroundings. 
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Brinjal or eggplant (Solanum melongena L.)
is an important Solanaceous crop of sub tropics
and tropics which can be grown throughout the
year. In India, it is one of the most common,
popular and principal vegetable crops grown
throughout the country except higher altitudes.
It is cultivated in an area of about 669 thousand
hectare with a production of 12.4 lakh metric
tonnes in India (Anonymous, 2017). It is an
important vegetable crop grown in almost all
parts of the country, which being a centre of
origin has a huge genetic divergence and offers
much scope for improvement through heterosis
breeding. The required goal of increasing the
productivity in the quickest possible time can be
achieved only through heterosis breeding
(Kakizaki, 1931). Heterosis is the exploitation of
hybrid vigour in brinjal and has been recognized
as a practical tool for providing the breeder a
means of increasing yield and other economic
traits. Brinjal, often a self-pollinated crop that
also shows some degree of crossing and
therefore, it has the advantages of easy crossing,

production of large number of seeds per cross
and low seed requirement per unit area which
facilitates its hybrid seed production for
exploitation of heterosis.

Material and Methods

The present experiment was carried out at
The Research Farm of Department of Vegetable
Science, Chaudhary Charan Singh Haryana
Agricultural University, Hisar located at 29° 10�
latitude North, 75° 46� longitude East and
215.2 m above mean sea level with semi-arid
subtropical climate during spring-summer and
rainy season of 2017. The experimental
material comprised of 18 parents: 15 as lines
(HE-100, HE-101, HE-102, HE-103, HE-104,
HE-105, HE-106, HE-107, HE-108, HE-109,
HE-110, HE-111, HE-112, HE-113 & HE-114)
and 3 as testers {BR-112, Hisar Shyamal (H 8)
and HLB-12} of brinjal along with 45 cross
combinations and standard check. 

Seeds of eighteen genotypes (15 lines and 3
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Abstract
The present study was conducted to estimate the magnitude of heterosis for thirteen characters in brinjal.

The analysis of variance revealed that the genotype selected were having sufficient amount of genetic variability
amongst them to carry out further genetic analysis. Forty five F1 hybrids (generated by line x tester mating
design using diverse fifteen lines and three testers) along with 18 parents and standard check hybrid (Punjab
Sadabahar) were evaluated in a randomized block design with three replications at The Research Farm of
Department of Vegetable Science, Chaudhary Charan Singh Haryana Agricultural University, Hisar. Highest
heterotic value for fruit yield per plant was observed in cross combinations HE-100 x H-8 (42.27%) followed
by HE-100 x HLB-12 (40.97%), HE-106 x BR-112 (37.54%) and HE-101 x BR-112 (36.46%). The cross
combinations HE-100 x BR-112 followed by HE-100 x H-8 and HE-100 x HLB-12 showed earliness among
all the crosses.
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testers) were sown on 18th November, 2016 in
nursery bed and seedlings of these genotypes
were transplanted on 23rd January, 2017 for
making crosses in a line x tester mating fashion.
Forty-five F1 crosses were made by crossing 15
lines with 3 testers and seeds of 45 F1 hybrids
along with self-seeds of 18 parents were
harvested separately. Forty five F1 crosses along
with 15 parents and one standard check were
sown on 15th June, 2017. Thirty five days old
seedlings were planted at spacing of 75 x 60 cm
on 20th July 2017 with 3 replications
accommodating 15 plants in each treatment in
Randomized Block Design. Five competitive
plants were selected randomly in each
genotypes replication for recording the
observations (Plant height (cm), Number of
branches plant-1, Days to 50 per cent flowering,
Days to first fruit harvest, Number of flowers
cluster-1, Number of fruits cluster-1, Fruit length
(cm), Fruit diameter (cm), Fruit length to fruit
diameter ratio, Number of fruits plant-1, Average
fruit weight (g), Fruit yield plant-1 (kg) and Fruit
yield hectare-1 (q). All the recommended cultural
practices of the crop were adopted for raising
the crop successfully. The magnitude of
heterosis was estimated in relation to mid
parent, better parent and commercial check, as
percentage increase or decrease of F1s over the
respective mid parental value or better parental
value or commercial check, respectively. 

Results and Discussion

The analysis of variance for different
characters was computed in brinjal among 64
genotypes described in Table 1. It reveals that
the mean sum of squares for all the 13
characters were highly significant. The analysis
of variance was carried out by using the
randomized block design (RBD) and the line x
tester mating design separately for the different
characters to be observed on the selected plants.
The analysis of variance reveals that the
genotype selected for the current investigations

were having sufficient amount of genetic
variability among the genotypes to carry out
further genetical analysis. Wide range of
heterosis was observed among all the
characteristics as shown in Table 2.

Growth characters : The maximum
heterosis for plant height was observed in cross
combination HE-100 x BR-112 (42.82%)
followed by the cross combination HE-100 x H-
8 (38.12%), HE-101 x BR-112 (35.77%) and
HE-101x H-8 (32.55%). The range of heterosis
over the standard check for number of branches
per plant varied from -34.18 to 54.43%. The
maximum heterosis was showed by the cross
HE-100 x HLB-12 (54.43%) followed by the
crosses HE-100 x BR-112 (45.57%), HE-101 x
HLB-12 (20.25%) and HE-111 x H-8 (17.72%).
Heterosis for number of branches per plant has
also been reported earlier by Dharwad et al.
(2012), Venkata-Naresh et al. (2014), Balwani
et al. (2017), Kumar et al. (2017) and
Sivakumar et al. (2017).
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Table 1. Analysis of variance for various characters in a
line x tester set of brinjal

Characters Mean sum of square
––––––––––––––––––––––––––––
Repli- Geno- Error
cation types

Degree of freedom 2 62 124
Plant height (cm) 4.797 285.741* 5.164
No. of branches plant-1 0.083 6.842* 0.053
Days to 50% flowering 1.342 142.42* 2.538
Days to first fruit harvest 2.222 182.051* 4.488
No. of flowers cluster-1 0.032 3.502* 0.044
No. of fruits cluster-1 0.045 1.072* 0.035
Fruit length (cm) 0.078 29.821* 0.083
Fruit diameter (cm) 0.007 3.231* 0.036
Fruit length to fruit 0.021 4.114* 0.031
diameter ratio
Number of fruits plant-1 0.704 135.568* 1.005
Average fruit weight (g) 2.345 1,301.29* 6.882
Fruit yield plant-1 (kg) 0.003 0.176* 0.011
Fruit yield hectare-1 (q) 164.378 8,702.44*  529.685

*Significant at 5% level of significance
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Earliness characters : Earliness, one of
the most desirable characters for brinjal is
indicated by days required for 50% flowering
and days to 1st harvest and the crosses with
negative significant heterosis were considered as
desirable for these two traits. Heterotic effects
for days to 50% flowering varied from -32.46 to
31.80%. Presence of negative heterosis
expressed earliness. The maximum heterosis
was recorded in the cross HE-100 x BR-112 (-
32.46%), HE-100 x H-8 (-26.97%), HE-100 x
HLB-12 (-25.22%), HE-112 x H-8 (-21.49%)
and HE-114 x HLB-12 (-20.61%) which
expresses earliness over the check. Significant
heterosis in negative direction was earlier
observed by Makani et al. (2013), Dubey et al.
(2014), Balwani et al. (2017), Kumar et al.
(2017) and Sivakumar et al. (2017). Heterosis
over the standard check for days to first fruit
harvesting varied from -6.59 to 7.92%. The
maximum negative heterosis was recorded in
cross combination HE-100 x BR-112 (-24.17%)
followed by HE-114 x BR-112 (-18.81%) and
HE-100 x H-8 (-16.21%) which expresses
earliness over the check. The results are in
favour of Chowdhury et al. (2010), Makani et
al. (2013), Venkata-Naresh et al. (2014) and
Balwani et al. (2017).

Yield and yield attributing characters :
The maximum heterosis for number of flowers
per cluster was showed by the cross HE-100 x
HLB-12 (78.72%) followed by the crosses HE-
108 x HLB-12 (65.96%), HE-107 x HLB-12
(59.57%) and HE-100 x H-8 (53.19%). The
maximum heterosis over best parent was shown
by cross HE-101 x BR-112 (16.67%). These
outcomes are in accordance with the findings of
Dharwad et al. (2012) and Dubey et al. (2014).
The maximum heterosis for number of fruits per
cluster was showed by the cross HE-100 x HLB-
12 (186.67%) followed by the crosses HE-107
x HLB-12 (146.67%), HE-108 x HLB-12
(120.00%) and HE-100 x H-8 (113.33%). Only
three cross combination HE-100 x HLB-12

Rahul et al.118

Table 3. Best crosses on the basis of standard heterosis for
different characters

Characters Desirable Standard
crosses check 

(%)

Plant height HE-100 x BR-112 42.82
HE-100 x H-8 38.12
HE-101 x BR-112 35.77

No. of branches plant-1 HE-100 x HLB-12 54.43
HE-100 x BR-112 45.57
HE-101 x HLB-12 20.25

Days to 50% flowering HE-100 x BR-112 -32.46
HE-100 x H-8 -26.97
HE-100 x HLB-12 -25.22

Days to first fruit harvest HE-100 x BR-112 -24.17
HE-114 x BR-112 -18.81
HE-100 x H-8 -16.21

No. of flowers cluster-1 HE-100 x HLB-12 78.72
HE-108 x HLB-12 65.96
HE-107 x HLB-12 59.57

No. of fruits cluster-1 HE-100 x HLB-12 186.67
HE-107 x HLB-12 146.67
HE-108 x HLB-12 120.00

Fruit length HE-100 x HLB-12 12.50
HE-100 x BR-112 10.53
HE-112 x HLB-12 5.92

Fruit diameter HE-103 x BR-112 115.15
HE-114 x BR-112 93.94
HE-106 x BR-112 87.88

Fruit length to fruit HE-100 x HLB-12 48.99
diameter ratio HE-112 x HLB-12 32.70

HE-107 x HLB-12 27.07

Average fruit weight HE-101 x BR-112 93.92
HE-106 x BR-112 84.65
HE-103 x BR-112 75.08

Number of fruits plant-1 HE-107 x HLB-12 87.65
HE-108 x HLB-12 71.60
HE-100 x HLB-12 58.02

Fruit yield plant-1 HE-100 x H-8 42.27
HE-100 x HLB-12 40.97
HE-106 x BR-112 37.54

Fruit yield ha-1 HE-100 x H-8 42.27
HE-100 x HLB-12 40.97
HE-106 x BR-112 37.54



(12.50%), HE-100 x BR-112 (10.53%) and HE-
112 x HLB-12 (5.92%) had significant positive
heterosis over check for fruit length while rest of
the cross combinations showed significantly
negative heterosis. The crosses HE-103 x BR-
112 (115.15%) followed by HE-114 x BR-112
(93.94%) and HE-106 x BR-112 (87.88%)
showed the highest heterotic effect for fruit
diameter. The range of heterosis over the
standard check for average fruit weight varied
from 36.02 to 93.92%. The maximum
heterosis was observed in cross combination
HE-101 x BR-112 (93.92%) followed by the
cross combinations HE-106 x BR-112
(84.65%), HE-103 x BR-112 (75.08%) and HE-
112 x BR-112 (72.64%). Positive heterosis for
average fruit weight was also reported by
Venkata-Naresh et al. (2014), Balwani et al.
(2017), Kumar et al. (2017) and Sivakumar et
al. (2017). The heterotic effects of crosses over
the standard check for number of fruits per plant
varied from -30.45 to 87.65%. Maximum
heterosis was observed in cross combination
HE-107 x HLB-12 (87.65%) which was
followed by HE-108 x HLB-12 (71.60%), HE-
100 x HLB-12 (58.02%) and HE-111 x HLB-
12 (44.86%). The results are in favour of
Makani et al. (2013), Venkata-Naresh et al.
(2014), Balwani et al. (2017) and Kumar et al.
(2017). The heterotic effects of crosses over the
standard check for fruit yield plant-1 varied from
-10.47 to 42.27%. Out of 45 crosses, 36
exhibited significantly positive heterosis. The
maximum was observed in cross HE-100 x H-8
(42.27%) which was closely followed by HE-100
x HLB-12 (40.97%), HE-106 x BR-112
(37.54%) and HE-101 x BR-112 (36.46%).
These results are matching with the results of
Reddy and Patel (2014), Venkata-Naresh et al.
(2014), Ramani et al. (2015), Balwani et al.
(2017), Patel et al. (2017) and Sivakumar et al.
(2017). The maximum heterosis was observed
in cross HE-100 x H-8 (42.27%) for fruit yield
per hectare which was closely followed by HE-

100 x HLB-12 (40.97%), HE-106 x BR-112
(37.54%) and HE-101 x BR-112 (36.46%).
Chowdhury et al. (2010) also reported high
heterosis for fruit yield hectare-1. Best cross
combinations on the basis of standard heterosis
are shown in Table No. 3.

Conclusion

The cross combinations HE-100 x BR-112
followed by HE-100 x H-8 and HE-100 x HLB-
12 showes earliness as compared to other
crosses. These were the good combinations for
earliness and also higher yield was obtained in
them. Highest heterotic value for fruit yield per
plant was observed in cross combinations HE-
100 x H-8 (42.27%) followed by HE-100 x
HLB-12 (40.97%), HE-106 x BR-112 (37.54%)
and HE-101 x BR-112 (36.46%). On the basis
of present study, it may be concluded that
among 45 crosses, ten hybrids viz. HE-100 x H-
8 (505.51 q), HE-100 x HLB-12 (500.90 q),
HE-106 x BR-112 (488.70 q), HE-101 x BR-
112 (484.88 q), HE-100 x BR-112 (483.66 q),
HE-109 x BR-112 (482.09 q), HE-114 x BR-
112 (478.14 q), HE-101 x H-8 (476.56 q), HE-
101 x HLB-12 (472.23 q) and HE-109 x H-8
(470.34 q) have high heterosis and per se
performance should be further tested in yield
trial based on quality traits to get superior
hybrids for evaluation.
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Agricultural accidents have been a serious
issue in the agriculture sector of the country
(Kumar et al., 1998). With the objective to
increase the food grain production to feed the
growing population, the farm mechanization is
being promoted at the larger scale in the country
(Gite et al., 2020). This involved use of
numerous types of farm equipment for various
operations to tackle the constraints like
timeliness, labour shortage, saving in inputs, etc.
Many a times, family members of the farmers
and farm laborers face risks, mainly because
most of the work done on the farm is tedious,
energy and time consuming. For operation of
the advanced machines requires experience and
skill. Lack of this, the accidents may occur
(Kumar et al., 2008). Accidents in agriculture

are a worldwide problem. A survey on accidents
in agriculture was launched in the state of
Madhya Pradesh. Central Institute of Agricultural
Engineering, Bhopal conducted agricultural
accident survey in Madhya Pradesh during
1995-96, 2004-05 and 2013-13, where fatal
accidents are reported as 9.2%, 6% and 10.5%
respectively. Such data would help in making
more logical estimates for the economic impact
of agricultural accidents (Agrawal and Potdar,
2019). Keeping in view the above and on the
basis of the data generated during the
Agricultural Accident Survey, “Survey of
Agricultural Accidents and Creation of Data
Bank” has been done.

Methods for the study of accidents include
statistical and science analysis, the study of
safety attitudes and safety behavior, near-crash
studies, speed and work experiments, interviews
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An IoT based agricultural accidents monitoring system has been developed to know cause and analysis of
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mobile app and a server-based software. Android Studio and Adobe Dreamweaver was used for development
of android app for creating, publishing, and managing websites and mobile content while MySQL,
J2EEtechnology were used to develop web applications, CVS is a version control system used for Source
Configuration Management (SCM).  Eclipse was used to develop packages and Apache Tomcat for web server
environment in which Java code can run. The developed multi lingual application is user friendly with multi-
level security and can be operated by persons using any android-based mobile phone. The system can generate
reports as per the access authentication. The analysis includes accidents type and nature, total number, farm
machinery related, hand-tools related and other accidents. Apart from research organizations this system can
revolutionize safety in agriculture through manufacturers, policy makers, insurance companies for
implementation of more safety features, safety standards on the equipment, creating awareness whereby
bringing down accidents to the minimum level for more safe tomorrow in the field of agriculture.
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and many others (Anon. 2002). Tractor is often
involved in accidents in agricultural field work.
Combine harvesters, feed processing machines
and other types of equipment also cause
considerable injuries. Various types of
agricultural accidents occur while using different
tools and machinery in agricultural mechaniza-
tion, which results in loss of agricultural work
(Nag and Nag, 2004). Surveys are essential to
know about these agricultural accidents.
Academic study and survey in agricultural
accident surveys, especially question surveys,
can be lengthy and may involve hundreds of
questions that take hours to answer (Kiranmayi
et al., 2022).

Compiling long surveys is a time consuming
and tedious thus making it error prone during
data entry. To address this problem, the
widespread use of smart phones and mobile
devices presents a possible solution. Mobile apps
are the next leading tool for scientific research,
with the potential to facilitate analytics on the
go.

IoT based Agricultural Accident Survey
Monitoring System/Mobile Application that
allows to analyze and participate in surveys
electronically in a safe, simple and easy to use.
Collected data is easily exported to spreadsheets
for later statistical analysis, displacing physical
collection of survey responses and manual data
entry.

This allows for additional confidential
protection and prevents data entry errors while
maximizing participants' convenience. The
mobile application facilitates data collection
ranging from simple surveys to long multi-type
studies and assists in study and data collection.

These apps are mainly focused on data
analysis of accidents with machinery and
equipment in agriculture. The primary data is
collected through interview and questionnaire
approach.

Materials and methods

Internet based software has been used for
IoT based app and website creation. All-in-one
visual development tool used to create, publish
and manage Adobe Dreamweaver website and
mobile content

(IoT) based app : Android Studio has been
used to develop the Accident Survey Mobile
App. Android Studio is the official integrated
development environment for Google's Android
operating system, built on the IntelliJ IDEA
IntelliIDEA software from Jet Brains and
designed specifically for Android development.

Database / Web Software : My SQL
Database is an object-relational database
management system, which is used to store all
the master and accident survey data in this
application. This application uses J2EE
technology which is mainly used to develop web
applications in Java by taking the help of HTML
pages or specific applet and defining Java-based
applications.

CVSvs is a version control system used for
source configuration management (SCM).
Eclipse is used to develop packages for software
Mathematica. The development environment
includes the Eclipse Java Development Tools
(JDT) for Java.
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Eclipse has been used to develop packages
and Apache Tomcat for web server
environments in which Java code can run.

Results and Discussion

Multilingual (Hindi, English, Tamil, Punjabi,
Oriya, Marathi) app is user friendly with multi-
layered security, can be operated by anyone
using any Android based mobile phone and
generate reports as per system access
authentication. could. The analysis includes the
type, nature, total number of accidents,
information related to agricultural machinery,
manual equipment and other accidents.

A secure, simple and easy-to-use app to help
you create and analyze surveys on Android and

server-based software web application
platforms. Provisions have also been made for
email based login authenticity, Aadhaar and
bank details. The mobile application is a three-
tiered system that can be used for surveying
villages, the app also has the capability to enter
data, upload photographs and record the length
of time from where the data has been collected.

Part-I 1 of the survey proforma will be used
for collection of basic information of the village
and Part-II will be used for collection of detailed
information on the incident and Part-III will be
used for collection of information of Victim III
covered in II . The App has a provision to
edit/correct/store the data locally on the mobile
before submitting it to the server.

These survey answers will be uploaded
through Android App (IoT), in which key
information such as total accidents, severity of
accidents, nature of accidents, causes of
accidents, age of victims, educational status,
effects of accidents etc., and pictures of injuries
Will take and upload through app. After the
survey is completed, this information (database)
will automatically be stored in the web software,
using which the data can be analyzed, managed.

Web software, enables users to create
surveys with ease. Users can specify the
name/title and type of survey they want to
create

The backend software, Agricultural Accident
Survey Software can be accessed through the
link. This software is user restricted and
authentication is required to access the software.
It has three levels of certification, coordination
cell (administrator), state level certification
(AICRP center administrator) and village level
certification (area investigator).

The data entered through "Agril Accidents
Survey App" (IoT) can be accessed through this
software to view, correct and generate reports.

Journal of Agriculture Research and Technology 123

Fig. 2. Developed Android based Mobile app



The software can be used to generate reports of
incidents, number of victims, classification,
factors, economic losses etc.

The backend can be used to help change
passwords, add state administrators to monitor
survey progress, and add/block admins to add
surveyors to perform survey tasks. In addition
the software has the capability to analyze and
generate reports of tables, villages, states and all
over India as per certification.

Conclusions

Agricultural mechanization as well as

increasing application of other agricultural inputs
has increased productivity and production on
farms. But, the unintentional neglect of
ergonomic aspects in the design and operation
of various tools and machinery has also led to
many casualties and injuries due to accidents
while carrying out various agricultural activities.

Although some accident surveys were
conducted by collecting data on agricultural
accidents in the country, it needs to be continued
to monitor the impact on agricultural operations.
Surveys are widely used to collect information
from research studies. However, this process is
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Fig. 3. Agriculture accident information analysis backend software

Table 1. Parameters recorded during agricultural accident survey

Village basic information Incidence information Accident victim information 

Population of village Date and time of accident Victim information 
Agricultural labor information Place of accident and number of victims Work on the machine involved in the accident 
Net cultivated area Category of accident Severity of accidents 
No. of Machines/Equipment Nature and reasons of accident Type of victim's injury 
Village crop details Photos of accident Photos of victim 



time-consuming and error-prone, therefore,
taking into account the extent and severity of the
problem in quantitative terms, I0T based
agricultural accident monitoring systems have
been developed.

This collected information will be used by the
research organizations, apart from the research
organizations, to provide compensation to the
insurance companies, to implement more safety
features through policy makers, safety standards
on equipment, etc. to the agricultural machinery
manufacturers. can revolutionize security in
agriculture through, Due to which awareness
can be created among the agricultural machine
users and farmers, so that agricultural accidents
can be brought in the area of safe tomorrow by
minimizing them. Being a multilingual app, it is
easy for the client to use and it tracks the live
location, thereby proving the accuracy of the
app information. Accidents can be prevented by
technical, human and organizational measures.
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The population of the world will increase to
9.1 billion approximately 34% as of today by the
end of 2050. Food requirement will increase by
70 percent and due to rapid urbanization, land
availability for agriculture will decrease drastically
in the coming years. India will be the most
populated country by 2050 and presently it is
already lagging the domestic food production.
The main reason for reduced food production is
the lack of planning, unpredictable weather
conditions, improper harvesting and irrigation
techniques and livestock mismanagement. In the
last few years, nature has experienced a drastic
change in weather conditions due to global
warming. The average temperature of the earth
has been increased due to which there is
uncertainty in climatic conditions. Frequent
droughts, heavy rainfall are the biggest challenge
for poor farmers. According to the government

of India annual economic survey, adverse
climatic conditions, reduce the farmer’s income
by 20-25%. Precision agriculture [1-2] is
one of the solutions to ensure food security for
the entire world [3]. Precision agriculture also
abbreviated as digital agriculture is a technology-
enabled data-driven sustainable farm
management system. It is basically the adoption
of modern information technologies, software
tools, and smart embedded devices for decision
support in agriculture [4]. Precision farming is
an important part of the third agriculture
revolution [5]. Digital technologies such as IoT
[6], AI, data analytics, cloud computing, and
block-chain technology play a key role in
precision agriculture. In precision farming, IoT
based smart sensors are deployed in the
agriculture land for collecting data related to soil
nutrients, fertilizers, and water requirements as
well as for analysing the crop growth. Autono-
mous and semi-autonomous devices such as an
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Agriculture plays a vital role in the economic growth of the country. To meet out the food requirement of

the increase of population is a challenging task with frequent changes in climatic conditions and limited
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unmanned aerial vehicle (UAV) [7] and robots
are used for identifying weed and disease in the
plants using computer vision techniques.
Satellite images are also used in precision
agriculture for monitoring the field and identify-
ing the diseases in the plants. The data obtained
from the deployed sensors [8] are processed and
analyzed using ML algorithms to make farming
practice more controlled and optimized. 

Machine Learning Applications

Plants and crops disease detection : In
2050, human agricultural crop yield will need to
increase by an estimated 70 percent to sustain
the expected population size. By a particular
statistics, crop diseases currently reduce the yield
of the six most important food crops by 42
percent, and some farms are wiped out entirely
on an annual basis. Thus, it becomes of utmost
importance to find methods by leveraging
technology for accurate crop disease detection.
This is where machine learning techniques can
help. Deep learning algorithms can be trained
on crops and plants images with good accuracy
for crop disease detection. The challenge is to
get the plant/crop images and then labelled
images. One of the prevalent techniques used
currently is Unmanned Aerial Vehicles (UAVs)
paired with large-scale backend systems
involving machine learning models for detecting
crop diseases. In order to address the challenge
associated with data collection, modeling
technique such as generative adversarial network
(GAN) can be used to generate synthetic data
using the crop disease images. One of the other
challenge for training models having high
accuracy is class imbalance in the collected data.
This is where DC-GAN (Deep convolutional
GAN) plays a great role to alleviate the class
imbalance issue by generating synthetic images.
A deep convolutional neural network (CNN)
model (such as EfficientNet) can then be trained
to classify and detect crops / plants diseases.
The CNN model can be trained to identify

ailments that made their physical presence on
the leaf and/or stem of the crop and detect
diseases. Recall that generative adversarial
networks are pairs of neural networks that are
divided into two roles: generator and
discriminator. The generator learns to develop
synthetic images of some class, while the
discriminator learns to discern between real and
synthetic images. The models train off of each
other to improve results.

Crop yield prediction : Predicting the
crop yield accurately will help farmers know
when they should start harvesting so that they
can maximize their profits by selling it at an
appropriate price. Crop yield prediction is about
forecasting the expected yield of agriculture
crops in a given period. Crop yield prediction is
extremely challenging due to its dependence on
multiple factors such as crop genotype,
environmental factors, management practices,
and their interactions. The machine learning
models are built to predict crop yields by taking
into consideration different factors that affect it
such as weather data (temperature, rainfall), soil
moisture sensors, astronomy images etc., thus
predicting accurate yield values for an agriculture
field before harvest time. These techniques can
be used by farmers on daily basis with high
accuracy which enable them to make decisions
on when to harvest crops, how much pesticide
needs to be applied and what fertilizers need to
be used. Deep learning models can be used to
predict agriculture production in large scale with
an accurate estimation of the yield. This will help
farmers make important decisions related to
cropping patterns and crop management
leading to better yields during harvest season.
Algorithms such as multi-linear regression, Lasso
regression, LightGBM, random forest, XGBoost
and deep neural networks (CNN, LSTM etc)
have been used for crop yield predictions.

Crop row detection : Crop row detection
is a key element in developing vision based
navigation robots in agricultural robotics. Recent
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work on crop row detection has used deep
learning based methods thereby overcoming the
major challenges in implementing a real world
vision based navigation system. Some of the key
aspects in crop row detection are weed density,
growth stages, shadows and discontinuities etc.
CNN architectures can be used for crop row
detection based on weed density, growth stages,
shadows etc.

Identify water stress in plant : Plant
water stress may occur due to the limited
availability of water to the roots/soil or due to
increased transpiration. These factors adversely
affect plant physiology and photosynthetic ability
to the extent that it has been shown to have
inhibitory effects in both growth and yield. Early
identification of plant water stress status enables
suitable corrective measures to be applied to
obtain the expected crop yield. It is necessary to
identify potential plant water stress during the
early stages of growth to introduce corrective
irrigation and alleviate stress. This is where
machine learning techniques come into picture.
Machine learning techniques can be used to
estimate leaf water content (LWC) which is then
further used to estimate water stress in the
plants. Leaf water content (LWC) is a measure
that can be used to estimate water content and
identify stressed plants. LWC during the early
crop growth stages is an important indicator of
plant productivity and yield. Different techniques
can be used for data collection. They include
usage of sensors or UAVs. Usage of sensors can,
however, prove to be very expensive. Ensemble
and regressor methods can be used to predict
the LWC value. And, classification models can
be used to classify the water stress based on
LWC and other parameters.

Crop mapping : Crop type mapping at the
field level is critical for a variety of applications
in agricultural monitoring. Crop type mapping
at the field resolution is a prerequisite to
mapping farm management and yield outcomes

at large spatial scale. This task is all the more
urgent in a time when populations in food-
insecure regions continue to increase and
climate change is predicted to adversely affect
global agriculture. Traditionally, crop type
information has been obtained from field surveys
and censuses, but such surveys are expensive
and time consuming to conduct. This is where
machine learning techniques are applied on the
satellite data for crop type maps. Classification
algorithms such as LDA, random forest can be
used for crop classification and mapping.

Crop selection prediction : Machine
learning techniques can be used to  help the
farmers select the crop efficiently and maximize
crop yield with minimal cost. The machine
learning models can be trained to predict most
appropriate crop selection and yield for different
regions. One will be required to select different
types of crops, identify features and then train
model to classify the crop selection for different
regions. Algorithms such as SVM, random
forest, logistic regression, deep neural networks
etc, can be used to train such models. Features
used in such models can be related to weather
parameters (rainfall, temperature etc.), fertilizers
used, land type, soil-related information etc.

Irrigation detection : Detecting irrigation
is critical to understand water usage and
promote better water management. Such data
will potentially enable the study of climate
change impact on agricultural water sources,
monitor water usage, help detect water theft and
illegal agriculture and inform policy decisions
and regulations related to water compliance and
management. Machine learning techniques can
be used for irrigation detection. However, this is
a complex problem to solve with the help of ML
techniques due to the lack of curated and labell-
ed data available that are centered around irriga-
tion systems. This is where pre-trained models
can help. This will be classification models and
the target label is a binary variable indicating
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whether the land in the image is permanently
irrigated or not. CNN models can be trained to
classify the land as irrigated or otherwise.

Ground water level prediction :
Groundwater is the largest storage of freshwater
resources, which serves as the major inventory
for most of the human consumption through
agriculture, industrial, and domestic water
supply. Deep neural networks can be trained to
forecast ground-water levels. Deep learning
methods are known to produce accurate results
even with the limited information available in
this case, which is mostly satellite data and
hydro-meteorological parameters.

Machine learning applications are more
prevalent in agriculture than you might think.
The agriculture industry has a lot of data, but
they may not know how to leverage it with
machine learning models for better crop
selection and yield prediction.

Iot Applications In Precision
Agriculture :  Precision agriculture refers to a
system with minimizing direct involvement of the
caretaker/farmer except when there is an urgent
need or an emergency i.e. when there is a failure
in the system. IoT helps in maintaining the
defined standards of parameters needed for day
to day work in agriculture. The parameters can
be measured using the required sensors and can
be uploaded to an IoT cloud for remote
monitoring so that the direct involvement of
farmers is minimized. The IoT cloud can be used
for control purposes also, say for example in
detecting and avoiding animal intrusion in the
agriculture field. Sensors are an integral part of
IoT for precision agriculture without which the
monitoring and controlling becomes next to
impossible task. Figure 6 shows the trend search
of keywords “IoT in agriculture” and “sensor in
agriculture” on google in the last 10 years. Apart
from monitoring and controlling, IoT in
agriculture is also used as datastorage techno-
logy. Parameters like properties of soil, crop

yield, seasonal behaviour data, temperature
changes, etc can be stored on the IoT cloud
which will be helpful in analyses, prediction, and
deciding on estimated crop production.

Conclusion 

Precision agriculture is empowering the
farmers with technology intending to get
optimum outputs with precise inputs. IoT
enabled smart sensors, actuators, satellite
images, robots, drones are some of the key tech-
nological revolutions that boosted the agriculture
industry. These components play a vital role in
collecting real-time data and accordingly making
decisions without human support. Artificial
intelligence which is the automation of intelligent
behaviour is continuously benefiting our planet
and helping humans in various aspects of life.
The impact of AI and IoT in smart farm
management is discussed with a brief
introduction to ML application in agriculture.
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The sequential development of disease
symptoms were observed and recorded in
inoculated wilt sick pots maintain in experiment
field. The first incidence of disease was recorded
after 30 days of showing. Fusarium wilt first
appear as slight vein clearing on the outer
portion of younger leaves, followed by epinasty
(downward dropping) of older leaves. The
seedling droop down followed by sudden death.
The infected root, collar region and main stem
showing the typical symptoms and browning of
the vascular tissue is strong evidence of the
disease. Further on older plant symptoms
appear during flowering and pod maturation.
One hundred ten genotypes screened in natural
field condition with three replications during
Rabi season of 2019. Two rows of 4 m length
spaced 45 cm apart with plant to plant distance
of 15 cm. After every genotypes, one row to
L.9-12 (a Fusarium wilt of susceptible variety of

Lentil) was planted and the experi-mental plot
also surrounded by two rows of L.9-12 to ensure
uniform spread of the disease.

Nine different combinations of various plant
extracts, fungicides and bio-agents were
evaluated under field conditions for their
comparative efficacy against seed germination
and wilt disease incidence, disease control
against wilt disease of lentil by seed treatment,
soil application and soil drenching methods.
Effect of different concentration of fungicide and
plant extract, bio agents against the pathogen
Fusarium oxysporum f. sp. lentis on mycelial
growth were evaluated and the different
concentration of fungicide and plant extract
(Metalaxyl 8% + Mancozeb 64% @ 1000 ppm)
against pathogen on per cent inhibition were
recorded maximally i.e. 100% followed by
Neem Leaf extract (Azadirachta indica @ 10%)
(84.11%), Garlic (Allium sativum @ 10%)
(74.89%) respectively, Percent wilt disease
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Abstract
Lentil (Lens esculenta Monech) is an important Rabi pulse crop grown throughout India. Lentil plays an

important role in the supply of the protein to under nourished vegetarian population of the country. It suffers
from a number of diseases. Wilt of lentil caused by F. oxysporum f. sp. lentis is one of the wide spread and
destructive diseases in India. The sequential development of disease symptoms were observed and recorded in
inoculated wilt sick pots maintain in experiment field. The first incidence of disease was recorded after 30 days
of showing. Effect of different concentration of fungicide and plant extract, bio agents against the pathogen
Fusarium oxysporum f. sp. lentis on mycelial growth, Table 3, 4 and 5 illustrates the different concentration
of fungicide and plant extract (Metalaxyl 8% + Mancozeb 64% @ 1000 ppm) against pathogen on per cent
inhibition were recorded maximally i.e. 100 % followed by Neem Leaf extract (Azadirachta indica @ 10%)
(84.11%), Garlic (Allium sativum @ 10%) (74.89 %) respectively, Percent wilt disease incidence was found at
par in Seed treatments with neem leaf extract 10% (46.47%), Trichoderma viride and Trichoderma
harzianum @ 4 g kg-1 seed (48.18), Metalaxyl 8% + Mancozeb 64% @ 2.5g/kg seed + seed treatment with
Trichoderma harzianum @ 4 g kg-1 seed (58.42).
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incidence was found at par in Seed treatments
with neem leaf extract 10% (46.47%),
Trichoderma viride and Trichoderma
harzianum @ 4 g kg-1 seed (48.18), Metalaxyl
8% + Mancozeb 64% @ 2.5 g kg-1 seed + seed
treatment with Trichoderma harzianum @ 4 g
kg-1 seed (58.42).

Lentil (Lens culinaris Medik L.) is
ancient grain legume and one of the important
cultivated pulse crop in India as well as its
subcontinents, it contains proteins which helps
to under nourished vegetarian population. Uttar
Pradesh is one of the major lentil growing areas
0.46 million hectares with production of 0.45%
with yield of 978 kg hectare-1. Lentil crop
cultivated at 1.32 million hectare and production
of 1.18 million tonnes with the yield of 894 kg
hectare-1 in all over India. (Anonymous, 2020-
21). It is a self-pollinated legume crop belongs
to the Fabaceae family with diploid chromosome
viz. 2n = 2X = 14. (Kumar et al., 2021). It
suffers from different kinds of diseases among
these wild of lentil caused by Fusarium
oxysporum f. sp. lentis is major destructive as
well as widely spread disease. Different strategies
have been tried to control the disease and its
pathogen with the help of biological, chemical
and cultural methods (Ram and Pandey, 2011;
Sinnha and Sinha, 2004; Khan and Mehnaz,
2003; Srivastava et al. 1999). 

Materials and Methods

Isolation and purification of the pathogen
and its pathogenicity tests

Symptomatology : The sequential
development of disease symptoms were
observed and recorded in inoculated wilt sick
pots maintain in experiment field. The first
incidence of disease was recorded after 30 days
of showing. Fusarium wilt first appear as slight
vein clearing on the outer portion of younger
leaves, followed by epinasty (downward
dropping) of older leaves. The seedling was

droop down followed by sudden death. The
infected root, collar region and main stem
showing the typical symptoms and browning of
the vascular tissue is strong evidence of the
disease. Further on older plant symptoms
appear during flowering and pod maturation.

Isolation

Evaluation of lentil genotypes against
fusarium wilt of lentil the source of
resistance : One hundred ten  genotypes were
screened in natural field condition with three
replications during Rabi season of 2019. Two
rows of 4 m length spaced 45 cm apart with
plant to plant distance of 15 cm. After every
genotypes, one row to L.9-12 (a Fusarium wilt
of lentil susceptible variety of  Lentil) was
planted and the experimental plot was also
surrounded by two rows of L.9-12 to ensure
uniform spread of the disease.

Observation on disease severity were
recorded at 15 days interval, starting with
first appearance of symptoms till the
maturity of crop
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Infected plant of lentil  Fusarium wilt
Healthy Plant of lentil

Efficacy of botanicals against in
Fusarium oxysporum f. sp. Lentis vitro:
The locally available 5 plants which have
antifungal properties was selected for this study.
The extract of these plants were screened at 5
and 10 per cent concentration against Fusarium
oxysporum f. sp. Lentis by using poison food
technique. The data on mycelial growth were
recorded at  and 7 days of incubation.

List of plants with common name, English
name, botanical name, family and their part
used are given in table.

Efficacy of bioagents against Fusarium
oxysporum f. sp. Lentis in vitro : The
efficacy of Trichoderma viride and
Trichoderma harzianum against Fusarium
oxysporum f. sp. Lentis were assessed by using
dual culture technique by measuring the radial
growth of against Fusarium oxysporum f. sp.
Lentis as well as that of Trichoderma spp.

List of bio-agents used in management of
Fusarium oxysporum f. sp. Lentis:
1. Trichoderma viride 
2. Trichoderma harzianum
3. Trichoderma virens 
4. Psedomonas fluorescens
5. Bacillus subtilis

Efficacy of chemicals against Fusarium
oxysporum f. sp. Lentis in vitro : The 2
fungicides viz., benomyl were selected and
evaluated at 100, 200, and 500, ppm
concentration against  Fusarium oxysorum f.
sp. Lentis by using poison food technique. The
data on mycelial growth were recorded at and 7
days of incubation.

List of fungicides, trade name, chemical
name and their source of supply used in
management Lens culinaris is as-

Common name - Benomyl, Trade name -
Benlate, Chemical name - Dithane M45 and
Source - Florida

Per cent inhibition over control was
calculated by applying the following formula:

C - T
I = –––––––––– x 100

C

Where, I = Per cent inhibition, C = Colony
diameter in control (mm) and T = Colony
diameter in treated (mm)

Management of Fusarium oxysporum
f. sp. lentis. in vivo : Efficacy of fungicide
against Fusarium oxysporum f. sp. lentis.
Efficacy of plant extracts against Fusarium
oxysporum f. sp. lentis. Efficacy of bio-agents
against Fusarium oxysporum f. sp. lentis. 

In Vivo Study : The present investigation
were carried out during Rabi 2019 at students
instructional farm of A. N. D. University of
Agriculture and Technology Kumarganj,
Ayodhya (U.P.) India located at latitude 26.47
0N, longitude 82.12 0E and altitude 113m
above the sea level.  

Design and Layout : The experiment was
laid out in randomized block design (RBD) with
Nine Treatments and three replications.
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––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Common English Botanical Family Part 
name name name used
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Neem Neem Azadirachta indica Meliaceae Leaves
Lahsun Garlic Allium sativum Liliaceae Bulb
Pyaz Onion Allium cepa Liliaceae Bulb
Adarakh Ginger Zingiber officinale Zingiberaceae Rhizome
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––



Date of Sowing : Rabi :  7-11-2020

Plot size : 4.0 m x 3 m2

Spacing : 30 x10 cm

Variety : L.9-12. A susceptible Variety L.9-
12 was used in this experiment. 

Land preparation : The land was prepared
by through ploughing and harrowing and soil
was brought to a fine tilth.

Application : DAP / 5 kg = 600 m2 was
applied as broadcasting method at the sowing. 

Treatments : T1 : Seed treatment with
Benomyl @ 2 gm kg-1 seed + neem leaf extracts
(10%), T2 : Seed treatment with Benomyl @ 2
gm kg-1 seed + garlic bulbs extract (10%), T3 :
Seed treatment with Benomyl @ 2 gm kg-1 seed
+ onion bulbs extract (10%). T4 : Seed treatment
with Benomyl @ 2 gm kg-1 seed + zinger
rhizome extracts (10%), T5 : Seed treatment
with Trichoderma viride @ 4 gm kg-1 seed, T6 :
Seed treatment with Trichoderma harzianum
@ 4 gm kg-1 seed, T7 : Seed treatment with
Pseudomonas fluorescens @ 6 gm kg-1 seed, T8:
Seed treatment with Bacillus subtilis @ 4 gm
kg-1 and T9 : Control. 

1. Isolation, identification of the
pathogen and its pathogenicity : The
infected plant showing the typical symptoms of
the fusarium wilt of lentil will be collected and
brought to the laboratory. The pathogen will be
isolated on Potato Dextrose Agar (PDA) from
the diseased plants collected from field.

2. Screening of lentil genotypes
against Fusarium oxysporum f. sp.
lentis in field condition : Available 100
genotypes of lentil will be evaluated for source
of resistance against Fusarium wilt in field
condition. The appearance of disease
sympotoms, the percentage of dead plants was
recorded following the method proposed by

Bayaa and Erskine (1990). The following
formula was used to calculate wilt disease
incidence

3. Efficacy of different botanicals and
bio-agents against Fusarium oxysporium
f. sp. lentis under in vitro condition : The
effectiveness of the fungicide Benomyl (500 and
1000 ppm), plant extract like neem leaf
(Azadirachta indica), garlic bulbs (Allium
sativum), onion bulbs (Allium cepa), and zinger
rhizome (Zingiber officinale) in vitro at 5% and
10% concentration evaluated in food poison
technique under in vitro condition.

4. Management of fusarium wilt of
lentil : The effectiveness of benomyl @ 2 gm
kg-1 seed + neem leaf extract 10%,  2.5 g kg-1

seed, bio-agent Pseudomonas fluoresens @ 6
g kg-1 seed and Trichoderma  harzianum and
Trichoderma  viride @ 4 g kg-1 seed. will be
applied as seed treatment at Students”
Instructional Farm,  Acharya Narendra Deva
University of Agriculture and Technology,
Kumarganj, Ayodha. And all recommended
agronomical practices will be followed while
conducting the experiment

Expermental Findings

First appearance of disease : Disease
intensity was recorded at 15 days interval.
Rating was done on 1-9 scale (Mayee and Datar,
1986). These numerical ratings were used to
calculate the per cent disease intensity (PDI) as
follows:

Sum of all numeric rating
PDI = –––––––––––––––––––––––––––––––––––––––– x 100

Total no. of leaves examined x Maximum grade

Per cent disease control was calculated by
using the following formula:

PDI in unprotected plot x PDI in protected plot
PDC = ––––––––––––––––––––––––––––––––––––––– x 100

PDI in unprotected plot

Journal of Agriculture Research and Technology 133



Per cent increase in yield was
calculated by using the following formula:

Yield in protected plot - 
Yield in unprotected plot

Avoidable loss in yield (%) = ––––––––––––––––––––– x 100
Yield in protected plot

Per cent disease incidence formula

No. of infected plants

Per cent disease incidence = ––––––––––––––––––––  x 100

Total no. of plants

Results and Discussion

Nine different combinations of various plant
extracts, fungicides and bio-agents were
evaluated under field conditions for their
comparative efficacy against seed germination
and wilt disease incidence, disease control
against wilt disease of lentil by seed treatment,
soil application and soil drenching methods.
Different bio-agents and plant extracts were used
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Table 1. Effect of different concentration of plant extract,
and fungicide against Fusarium oxysporum f. sp.
lentis on mycelial growth in vitro at 7 days

Plant extract/Fungicide Dose Mycelial 
growth 
(mm)

Benomyl 500ppm 500 00.00
ppm

Neem leaf extract (Azadirachta indica) 5% 10.60
Neem 5% 11.13
Garlic 5% 10.80
Onion 5% 11.30
Ginger 5% 11.90
Control 5% 80.12
SEm± 0.42
CD at 5% 1.31

Table 2. Effect of different concentration of fungicide and
plant extract, bio agents against Fusarium
oxysporum f. sp. lentis on mycelial growth in
vitro at 7 days

Plant extract/Fungicide Dose Mycelial 
growth 
(mm)

Benomyl  1000 00.00
ppm

Neem Leaf extrect (Azadirachta indica) 10% 10.60
Garlic (Allium sativum) 10% 10.80
Onion (Allium cepa) 10% 11.30
Ginger (Zingiber officinale) 10% 11.90
Control 10% 80.12
SEm±                 0.42
CD at  5 %                   1.31

Table 3. Effect of different concentration of fungicide and
plant extract against F. oxysporum f. sp. lentis
on per cent inhibition in vitro at 7 days

Plant extracts/ Fungicide Dose Per cent
inhibition

Metalaxyl 8% + Mancozeb 64% 1000 100
ppm

Neem Leaf extrect (Azadirachta indica) 10% 84.11
Garlic (Allium sativum) 10% 74.89
Onion (Allium cepa) 10% 72.44
Ginger (Zingiber officinale) 10% 70.89
Metalaxyl 8% + Mancozeb 64% + 10% 66.22
Trichoderma harzianum
Parthenium (Parthenium 10% 61.56
hysterophorus)
Metalaxyl 8% + Mancozeb 64% 10% 55.33
Control 0.00
SEm± 1.72
CD at  5 % 5.21

Table 4. Effect of different concentration of fungicide and
plant extract against F. oxysporum f. sp. lentis
on per cent inhibition in vitro at 7 days

Metalaxyl 8 % + Mancozeb 64 % 1000 100
ppm

Neem Leaf extrect (Azadirachta indica) 10% 84.11
Garlic (Allium sativum) 10% 74.89
Onion (Allium cepa) 10% 72.44
Ginger (Zingiber officinale) 10% 70.89
Metalaxyl 8% + Mancozeb 64% + 10% 66.22
Trichoderma harzianum
Parthenium (Parthenium hysterophorus) 10% 61.56
Metalaxyl 8% + Mancozeb 64% 10% 55.33
Control 0.00
SEm± 1.72
CD at  5 % 5.21



at their different doses and lentil grain yield was
also recorded. 

The evident states from the Table 1 and
Table 2 that the Effect of different concentration
of fungicide and plant extract, bio agents against
the pathogen Fusarium oxysporum f. sp. lentis
on mycelial growth, Table 3, 4 and 5 illustrates
the different concentration of fungicide and
plant extract (Metalaxyl 8% + Mancozeb 64% @
1000 ppm) against pathogen on per cent
inhibition were recorded maximally i.e. 100%
followed by Neem Leaf extract (Azadirachta
indica @ 10%) (84.11%), Garlic (Allium
sativum @ 10%) (74.89%) respectively, Percent
wilt disease incidence was found at par in Seed
treatments with neem leaf extract 10%
(46.47%), Trichoderma viride and
Trichoderma harzianum @ 4 g kg-1 seed
(48.18), Metalaxyl 8% + Mancozeb 64% @ 2.5
g kg-1 seed + seed treatment with Trichoderma
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Table 5. Efficacy of bio-agents against F. oxysporum f. sp.
lentis on radial growth and growth Inhibition
using dual culture technique after 7 days
incubation

Fungal antagonist Radial Growth 
growth inhibition 
(mm) (%)

Trichoderma harzianum 20.24 56.86 (48.94)

Pseudomonas fluorescence 11.34 79.91 (63.39)

Trichoderma virence 22.76 47.67 (43.66)

Trichoderma viride 17.27 67.11(55.01)

Bacillus subtilis 21.13 52.37 (46.35)

Control 42.00 00.00 (0.28)

SEm± 0.84 1.33

CD at  5 % 3.63 4.89

Table 6. Effect of seed dresser fungicides, botanicals and bio-agents against F. oxysporum f. sp. lentis on per cent disease
incidence in vivo

Treatment Gram Per cent disease incidence
kg-1 ––––––––––––––––––––––––––––
seed At 30 At 45 At 60 

DAS DAS DAS

T1 - Seed treatment with Metalaxyl 8% + Mancozeb 64 % @ 2.5 g-1 kg seed 2.5 27.90 29.85 34.03
(31.87) (33.11) (35.68)

T2 - Seed treatments with neem leaf extract (10%). 2 35.00 37.45 42.69
(36.25) (37.73) (40.79)

T3 - Seed treatment with Trichoderma viride @ 4 g-1 kg seed. 4 30.90 33.06 37.69
(33.75) (35.10) (37.84)

T4 - Seed treatment with Trichoderma harzianum @4 g-1 kg seed 4 32.80 35.10 40.01
(34.93) (36.33) (39.23)

T5 - Seed treatment with Metalaxyl  8% + Mancozeb 64% @ 2.5 g kg-1 seed + 2.5 26.30 28.14 32.08
seed treatments with neem leaf extract  (10%) (30.85) (32.03) (34.49)

T6 - Seed treatment with Trichoderma viride @ 4 g-1 kg seed 2.5 18.60 19.90. 22.69
(25.55) (26.47) (28.44)

T7 - Seed treatment with Metalaxyl 8% + Mancozeb 64% @ 2.5 g kg-1 seed + 2.5 20.40 21.83 24.88
seed treatment with Trichoderma harzianum @ 4 g kg-1 seed (26.85) (27.83) (29.92)

T8 - Seed treatment with Metalaxyl 8% + Mancozeb 64% @ 2.5 g kg-1 seed + 2.5 12.30 13.16 15.00
seed treatment with neem. Leaf extract (5%) + seed treatment with (20.53) (22.27) (22.79)
Trichoderma viride @ 4 g kg-1 seed

T9 - Control 80.00 90.00 90.00

(63.56) (71.57) (72.25)

SEm± 1.13 0.67 1.69

CD at 5% 3.39 2.03 5.11



harzianum @ 4 g kg-1 seed (58.42). These
similar findings have been recorded by the
Ansari (2003) who reported that Integrated
disease management strategies including the use
of alum, zinc and biocontrol agents in vitro
studies revealed that the maximum increase in
seed germination, disese control was observed
in Trichoderma harzianum + zince and
Pseudomonas fluorescens + alum + zinc also
similar observations with Singh et al. 2017.

Conclusion

Lentil (Lens esculenta Monech) is an
important Rabi pulse crop grown throughout
India. Lentil plays an important role in the
supply of the protein to under nourished
vegetarian population of the country. It suffers

from a number of diseases. Wilt of lentil caused
by F. oxysporum f. sp. lentis is one of the wide
spread and destructive diseases in India. Use of
botanicals plant extracts and bio-agents are
environment safe, pollution free for
management of wilt disease. Many plant extracts
are known for their antifungal activity.
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Abstract
An experiment was conducted for determination of most suitable planting dates for cultivation of potato

during Rabi season of 2011-12 and 2012-13 at Main Experiment Station, Department of Vegetable Science,
Narendra Deva University of Agriculture and Technology, Kumarganj, Faizabad (U.P.). Five planting dates (17
October, 27 October, 7 November, 17 November and 27 November) and four varieties (Kufri Ashoka, Kufri
Pushkar, Kufri Bahar and Kufri Arun) were arranged in Randomized Block Design with factorial concept,
replicated four. Total tuber yield (q ha-1), total number of tubers plant-1, total number and weight of “A” grade
(>75g), “B” grade (50-75g), “C” grade (25-50g) and “D” grade (0-25g) tubers plant-1. The result revealed that
planting on 17 November produced maximum tuber yield i.e. 391.59 quintal and 404.59 quintal per hectare
during 2011-12 and 2012-13, respectively. However, the minimum total tuber yield i.e. 282.61 q ha-1 and
291.74 q ha-1 was recorded when planted on 27 November during both the years of investigation. Among
the varieties the maximum total tuber yield was obtained i.e. 376.33 quintal hectare-1 in variety Arun followed
by Kufri Pushkar. However the variety Kufri Ashoka and Kufri Bahar found to be at par during 2011-12 and
2012-13, respectively.

Key words :

______________

Potato (Solanum tuberosum L.) belongs to
family ‘solanaceae’ is one of the most important
vegetable crops grown throughout India. The
major state of the country growing potato are
Uttar Pradesh, West Bengal, Bihar and Gujarat,
however, the maximum productivity of the crop

is found in West Bengal followed by Gujarat.
Potato plays an important role in Indian diet
since multifarious preparations are prepared
from it. It is consumed as cooked vegetable and
being versatile can be mixed with almost every
cooked vegetable. It is also used for making



chips, potato powder, French-fries and for the
extraction of starch. In some areas, it is often
consumed as a substitute of cereals. It is also
used as thickener in soups and gravies. Potato
starch has molding cast candies, such as jelly
bens and gumdrops, as thickening agent in
synthetic jellies and ice creams, as dusting agent
mixed with powdered sugars, for candy gums,
chewing gums etc. Potato is considered a
protective food since potato supply a substantial
amounts of vitamin C and B group vitamins,
which are essential for nervous system, normal
digestion and skin health. Its consumption plays
an important role in preventing teeth decay
because of its lack of stickiness and cleaning
effects. It is also used in the textile industry for
sizing of cotton and spun rayon.

Potato plant is very sensitive to climate
factors such as temperature and day length,
which exert a considerable influence on its
growth and development. A temperature of 15-
20°C is optimum for sprouting and emergence
of tubers. Maximum tuberization taken place a
mean temperature of about 20°C. Soil has great
influence on yield and quality of the potato
tubers. Crop grown on coarse textured (light)
soils produces better quality tubers with
characteristic shape and bright skin colour,
which fetches higher price in the market,
however, tuber grown in loamy soils have
comparatively better keeping quality than those
grown in sandy soils, as the latter become too
hot by the time of main and late crops are
harvested (Anonymous, 1960).

The criteria for working out the optimum
time of planting is that the temperature at
planting should be below 32°C, while minimum
temperature should be less than 20°C by about
25-30 days after planting  and the available
growing period with this temperature range
should be more than 70 days so that economic
yield could be obtained. Potato crop planted on
10 20 September at Jalandhar and harvested on

24 November resulted in higher yield as
compared to the crop planted on September,
however, the per day yield was higher with delay
in planting due to favourable environment during
plant growth and development stages
(Anonymous, 1974). 

A number of factors like availability of quality
seed of good variety, optimum time of planting,
use of fertilizer, spacing, weed management etc.
Play an important role in deciding the
productivity and quality of produce. White
(1980) noted that time of planting was
important factor in deciding the potato yield.
The result and studies conducted in India and
abroad indicated that planting dates and
selection of cultivars has great influence on
growth and yield of potato. Therefore, selection
of proper variety and suitable time planting is an
important aspect to study.

Materials and Methods

The experiment was carried out during Rabi
season of 2011-12 and 2012-13 at Main
Experiment Station, Department of Vegetable
Science, Narendra Deva University of
Agriculture and Technology, Kumarganj,
Faizabad (U.P.). The experiment was laid out in
randomized block design with factorial concept
and replicated four times. There were twenty
treatment combination involving five planting
dates viz. 17th October, 27th October, 7th

November, 17th November and 27th November
and four varieties viz. Kufri Ashoka, Kufri
Pushkar, Kufri Bahar and Kufri Arun were used
for planting during 2011-12 and 2012-13.
Tubers of 2.5-3.0 cm diameter disease free
certified seed tubers were used and
recommended package of practices for potato
FYM @ 25tonnes ha-1 + 150: 100: 120 Kg
ha-1 was used. At the last ploughing, the whole
quantity of FYM @ 20 tonnes per hectare was
incorporated in the soil. In addition to this half
quantity of nitrogen and full phosphorus and
potassium were applied in rows about 4-5 cm

Singh et al.138



away from seed tubers and remaining quantity
of nitrogen was top dressed in furrow at the time
of earthing up. The tubers were planted on the
surface of plots at a spacing of 60 cm x 20 cm
and covered with soil to make the ridges.
Irrigations were applied by tube well at
fortnightly interval. Earthing up was done at 30
days after planting of tubers with the help of
Kudal. At the same time remaining dose of
nitrogen was also applied. Application of Indofil
M-45 @ 2.5 kg ha-1 was done against late blight
disease of potato. The crop was dehaulmed after
110 days of planting after 10 days of
dehaulming to allow tuber hardening (curing).
For determining the size of tuber, the produce
of each plot was graded and weighted
separately. The tubers above 75 g were counted
in ‘A’ grade, 50-75 g were placed in ‘B’ grade,
25-50 g were kept in ‘C’ grade and less than 25
g were noted in ‘D’ grade. 

After harvesting of selected plants the total
tubers were counted and calculated the number
of tubers per plant on the basis of tubers number
of five plants. The same number of tubers per
plant was used for this purpose. Each grade of
tubers were weighed and calculated on the basis
tubers weight of five plants. Number of tubers
per plant was used for number of A, B, C and D
grade tubers per plant purpose. Each grade of
tubers were separated and counted the number
of tubers per plant grade wise. The same tubers
graded for number of tubers per plant were used
for Weight of A, B, C and D grade tubers per
plant. Statistical analysis of data recorded in all
observations were carried out by method of
analysis of variance and treatments were
compared with the help of critical difference,
following the techniques described by Panse and
Sukhatme (1961) and results were evaluated at
5% level of significance.

Results and Discussion

An examination of data presented that

planting on 17 November produced maximum
tuber yield i.e. 391.59 quintal and 404.59
quintal per hectare during 2011-12 and 2012-
13, respectively (Table 1). However, the
minimum total tuber yield i.e. 282.61 q ha-1 and
291.74 q ha-1 was recorded when planted on
27 November during both the years of
investigation. Among the varieties the maximum
total tuber yield was obtained i.e. 376.33 quintal
per hectare in variety Arun followed by Kufri
Pushkar. However the variety Kufri Ashoka and
Kufri Bahar found to be at par during 2011-12
and 2012-13, respectively. The combination of
planting dates and varieties have showed
significant results on total tuber yield. The
maximum production was obtained i.e. 471.48
quintal and 487.33 quintal per hectare when
variety Kufri Arun was planted on 17 November.
However, the minimum production of total
tubers was recorded in variety Kufri Bahar when
planted on 17 October during both the years of
experimentation.

The total number of tubers per plant was
recorded significantly higher with 17 November
planting and was lowest in first planting date 17
October and last planting date 27 November.
Both the dates were outside the optimum
planting window for potato planting in this
region. More number of tubers is related to the
availability of abundant photosynthetes which
could be expected to be higher with 17
November planting than other planting dates.
The present study showed that total number of
tubers decreased with delayed planting as
compared to the optimum date of planting. The
results confirm the findings of Gupta (1990) who
stated that delay in planting date reduced total
number of tubers per sq. m. Raj et al. (1997)
obtained highest number of tubers from 1st May
planted potato crop compared to 15th April
planting at CPRI, Shimla. However, the present
results are in contradiction to the findings of
Ezekil and Bhargava (1992) who observed that
more total number of tubers with latest planting
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date. But this could be expected since the study
was carried out under temperate conditions,
where 15 April is optimum time of potato
planting.

Among the varieties, Kufri Arun produced
maximum number of tubers followed by Kufri
Pushkar. The interaction effect revealed that all
the varieties produced lowest total number of
tubers in the earliest planted crop. Total number
of tubers per plant and plot was decreased in all
the varieties with the delay in planting time then
optimum. The present results showed similarity
to results reported by Samul (1982) who
reported that delay in planting reduced the
number of tubers per plant in all the cultivars.

The number of ‘C’ grade (25-50g) and ‘D’
grade (<25g) tubers increased significantly with
delay in planting and was maximum with 27

November planting and minimum with 17
October planting, respectively. However,
number of ‘A’ grade (>75g) tubers was
significantly poor with delayed planting 27
November. The maximum number of tubers of
this grade was observed with 17 November
planting closely followed by planting on 7
November. 17 November planting also
produced maximum number of ‘B’ grade (50-
75g) tubers followed by 7 November. The
present investigation showed that the number of
‘A’ and ‘B’ grade tubers decreased with delay in
planting whereas the number of ‘C’ and ‘D’
grade tubers increased with delayed planting
(Table 1). The results confirm the findings of
Torres (1979) who reported that late planting
dates resulted in more number of smaller tubers
due to early initiation of tuber formation.

The varieties also showed significant
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Table 1. Effect of planting dates and varieties on yield and number of tubers of potato (2011-12 and 2012-13)

Treatments Tubers Total No. of tubers No. of tubers No. of tubers No. of tubers 
yield no. of plant-1 plant-1 plant-1 plant-1
(q tubers “A” grade “B” grade “C” grade “D” grade
ha-1) plant-1 (>75g) (50-75g) (25-50g) (0-25g)

–––––––––––––––––– ––––––––––––– –––––––––––––– ––––––––––––– ––––––––––––– ––––––––––––––
2011-12 2012-13 11-12 12-13 11-12 12-13 11-12 12-13 11-12 12-13 11-12 12-13

Planting dates (D)
17 October 291.78 304.98 6.99 7.27 1.91 1.97 1.77 1.90 1.53 1.58 1.78 1.83
27 October 330.13 341.72 8.11 8.35 2.17 2.24 2.40 2.47 1.74 1.80 1.80 1.85
7 November 367.86 380.68 9.31 9.58 2.49 2.56 2.59 2.67 2.10 2.16 2.14 2.19
17 November 391.59 404.59 9.71 9.98 2.50 2.58 2.70 2.76 2.26 2.33 2.26 2.32
27 November 282.61 291.74 8.18 8.55 1.64 1.69 2.00 2.05 2.28 2.35 2.39 2.46
SEM 5.322 5.591 0.140 0.141 0.034 0.035 0.038 0.038 0.032 0.033 0.33 0.035
C.D. (P=0.05) 15.073 15.834 0.395 0.398 0.097 0.098 0.109 0.108 0.091 0.092 0.094 0.100

Cultivars (V)
Kufri Ashoka 309.09 320.18 7.90 8.12 1.95 2.01 2.09 2.14 1.84 1.90 2.02 2.08
Kufri Pushkar 343.23 355.53 8.49 8.76 2.15 2.21 2.32 2.41 2.02 2.07 2.00 2.06
Kufri Bahar 302.53 313.40 7.91 8.17 1.90 1.84 2.14 2.24 1.94 2.00 2.04 2.10
Kufri Arun 376.33 389.87 9.53 9.92 2.56 2.76 2.61 2.69 2.13 2.19 2.23 2.28
SEM 4.761 5.001 0.125 0.126 0.031 0.031 0.034 0.034 0.029 0.029 0.030 0.032
C.D. (P=0.05) 13.481 14.162 0.353 0.365 0.087 0.088 0.097 0.097 0.081 0.082 0.084 0.089

Interaction (D x V)
SEM 10.645 11.182 0.279 0.281 0.069 0.069 0.077 0.076 0.064 0.065 0.066 0.071
C.D. (P=0.05) 30.145 31.667 0.790 0.797 0.194 0.196 0.217 0.217 0.182 0.184 0.188 0.200



difference among each other along with their
interaction with planting dates. Among the
varieties, Kufri Arun produced maximum
number of ‘A’, ‘B’, ‘C’ and ‘D’ grade tubers
whereas, the number of ‘B’ and ‘C’ grade tubers
was lowest in variety Kufri Ashoka. Maximum
number of ‘D’ grade tubers was counted in
variety Kufri Arun followed by Kufri Bahar and
Kufri Ashoka. These results are similar findings
of Torres (1979) and Pateal et al. (2000) who
reported varietal difference of different grade of
tubers in Kufri Badshah, Kufri Laukar and
Desiree. Interaction effect of planting and
cultivars showed considerable variation in
number of tubers of different grades. In general,
Kufri Arun produced maximum number of
tubers of different grades when planted on 17
November.

Significantly maximum weight of ‘A’ grade
(>75g) and ‘B’ tubers was recorded with 17

November planting and minimum with 27
November. Planting on 17 November also
produced more weight of ‘C’ and ‘D’ grade
tubers closely followed with 7 November
planting and lowest weight of same grade tubers
found in early planting 17 October. The present
investigation showed that weight of ‘C’ and ‘D’
grade tubers increased with delay in planting
(Table No. 2). The results were conforming to
Bhatti et al. (1984) who reported that maximum
weight of tubers was recorded on 15 October
planting. Patel et al. (2000) also reported that
weight of (0-25 g) tubers was significantly lowest
in third week of November than third week of
December which might be due to the different
agro-climatic conditions.

Total yield of tubers was significantly
influenced by planting dates. It is evident from
the results that maximum total tuber yield was
respond significantly with early planting being

Journal of Agriculture Research and Technology 141

Table 2. Effect of planting dates and varieties on weight of tubers plant-1 of potato (2011-12 and 2012-13) 

Treatments Total weight of Wt. of tubers Wt. of tubers Wt. of tubers Wt. of tubers 
tubers plant-1 plant-1 (g) “A” plant-1 (g) “B” plant-1 (g) “C” plant-1 (g) “D” 

(g) grade (>75g) grade (50-75g) grade (25-50g) grade (0-25g)
––––––––––––––––––– –––––––––––––––– –––––––––––––––– –––––––––––––––– –––––––––––––––
2011-12 2012-13 11-12 12-13 11-12 12-13 11-12 12-13 11-12 12-13

Planting dates (D)
17 October 392.77 404.55 183.28 188.78 125.32 129.07 59.40 61.19 27.88 28.72
27 October 430.67 443.60 189.53 195.23 150.12 154.72 62.81 64.70 28.79 29.65
7 November 472.96 487.15 209.46 215.75 166.41 171.40 64.20 66.13 32.90 33.88
17 November 514.49 528.73 239.78 248.68 181.37 186.52 64.73 66.67 33.61 34.62
27 November 383.41 395.02 167.21 172.22 119.09 122.67 62.13 64.00 31.29 32.23
SEM 6.914 7.231 3.043 3.208 2.490 2.535 1.007 1.055 0.498 0.504
C.D. (P=0.05) 19.607 20.477 8.617 9.086 7.052 7.178 NS NS 1.410 1.428

Cultivars (V)
Kufri Ashoka 407.94 419.94 199.29 205.09 121.86 125.46 57.58 59.31 29.21 30.09
Kufri Pushkar 452.68 466.01 197.94 203.69 158.11 162.69 66.05 68.03 30.59 31.50
Kufri Bahar 399.01 410.82 181.63 186.90 127.78 131.63 58.54 60.30 31.06 31.99
Kufri Arun 495.81 510.45 212.56 220.94 186.09 191.62 68.44 70.50 32.72 33.70
SEM 6.193 6.468 2.722 2.870 2.227 2.267 0.901 0.943 0.445 0.451
C.D. (P=0.05) 17.537 18.315 7.708 8.127 6.308 6.420 NS NS 1.261 1.278

Interaction (D x V)
SEM 13.847 14.462 6.086 6.417 4.981 5.069 0.996 1.009
C.D. (P=0.05) 39.214 40.955 17.235 18.172 14.105 14.356 NS NS 2.820 2.857



maximum on 17 November followed by 7
November. The total yield was obtained low in
earlier and late planting than 17 November. The
results confirm the findings of Ezekil and
Bhargava (1997) who reported that low yield in
the early crop was mainly due to a small short
canopy leading to reduced interception of solar
radiation. Further high temperature during early
crop season lowest total tuber yield through
reduced partitioning of photosynthates to the
tubers. Sharma and Prashad (1999) observed
total tuber yield was highest from potatos
planted on 30 October and lowest when planted
on 20 November in Kufri Badshah under Delhi
conditions. Patel et al. (2000) and Khan et al.
(2011) found similar results.

Among the varieties Kufri Arun produced
maximum yield of tubers followed by Kufri
Pushkar, Kufri Ashoka and Kufri Bahar.
Interaction effect revealed that all the varieties
produced maximum tuber yield with 17
November except Kufri Asoka on 7 November.
However, after 17 November it was observed
that delayed in planting gradually reduced the
total tuber yield in all the varieties, while lower
tuber yield was recorded on earlier and later
planting than 17 November. The results confirm
the findings of Ezekil and Bhargava (1992) and
Sharma and Prasad (1999) who reported that
Kufri Badshsh gave maximum tuber yield on 20
October planting. 
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Wheat (Triticum aestivum L.) is one of the
major cereal food crops of the world and has
very important role in attaining food security.
About 19 per cent of the calories and 21 per
cent of protein needs of human are satisfied by
wheat day by day on the planet (Braun et al.,
2010). Because of its wide adaptability, it tends
to become established under different agro-
climatic conditions. It is grown on about 215
million hectares (mha) with an annual production
of about 700 million tonnes (mt) of wheat in the
world (FAO, 2018). It is estimated that demand
of wheat will be 900 mt by 2050 (FAO, 2006).
Besides this, there is a prediction of decline in
cultivated area of wheat in India and China due
to climate change (Nelson et al., 2010).

It is the second most important source of
staple food grain next to rice in India. It
contributes upto 35 - 40% of total food grain
production. Wheat is cultivated on an area of 30
mha in India having production and productivity
of 97 mt and 3230 kg ha-1, respectively (USDA-
FAS, 2018).About 35 per cent of India’s wheat
production comes from the two north-western
states i.e. Haryana and Punjab. In Haryana, it is
cultivated on an area of 2.56 mha with a
production and productivity of 12.4 mt and
4841 kg ha-1, respectively (Anonymous, 2018).

Introduction of dwarf wheat varieties coupled
with intensive input (assured irrigation and
fertilizers) use after Green Revolution led to
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Abstract
Wheat (Triticum aestivum L.) is one of the major cereal food crops of the world and has very important

role in attaining food security. Introduction of dwarf wheat varieties coupled with intensive input (assured
irrigation and fertilizers) use after Green Revolution led to complex problem of both grassy and broad leaved
weeds. Weed management is very important for achieving higher wheat production. Mechanical, cultural,
biological and chemical methods can be adopted for weed management in wheat. Due to industrialization,
labour is becoming scarce and costly. Among these methods, chemical weed control is more efficient, less
costly and less time consuming. Pre-emergence herbicides cannot control the late flushes of weeds especially,
grassy weeds. Post emergence herbicides are very effective against weeds in wheat. However, herbicides are
effective against some weed groups due to mode of action and they do not kill other weeds. To control other
weeds, another herbicide is needed which involves more cost, time and labour. To overcome this, sequential
application of herbicides, herbicidal mixtures and herbicidal combinations are used. The herbicidal combinations
could be very effective against both grassy as well as broad leaved weeds and help to reduce cost, time and
labour. Application herbicidal combinations viz. clodinafop + metsulfuron (vesta) 60 g ha-1, sulfosulfuron +
metsulfuron (total) 32 g ha-1 and mesosulfuron + iodosulfuron (atlantis) 14.4 g ha-1 as well as tank  mixture of
pinoxaden + carfentrazone (50 + 20 g ha-1) is the best way for managing complex weed flora in wheat as of
now. Modification in application method like tank mixture with micronutrients also have potential of increasing
the weed control efficiency of herbicides and yield of wheat. To give precise and concise information weed
management in wheat, his article reviews the latest herbicides recommended for weed management in wheat.
Recent advances in herbicidal mixture, combinations and application techniques are also being included in this
review.

Key words : Wheat, complex weed flora, herbicides, herbicidal combinations, tank mix.



complex problem of both grassy and broad
leaved weeds. There is more noteworthy
extension to build wheat efficiency by
conquering any hindrance among potential and
accomplished yield. Wheat efficiency is an after
effect of numerous components, yet weed
administration is one of the major and less
minded reasons for low yield. Weeds utilize the
available nutrients as well as moisture and they
also compete for space and sunlight with the
crop plants. Diverse type of weed flora attacks
wheat due to diverse growing conditions and
cultivation practices. Major grassy weeds like
Phalaris minor and Avena ludoviciana, and
broad leaved weeds like Chenopodium album,
Rumex dentatus, Angallis arvensis,
Convolvulus arvensis, Fumaria parviflora,
Malva parviflora etc. are affecting wheat
productivity in wheat growing areas of Haryana,
Punjab, parts of Delhi, Uttrakhand and Uttar
Pradesh states in north-western Indian Plains,
and other wheat growing areas. Grassy weeds,
broadleaf weeds and complex flora reduce wheat
yield upto 30, 24 and 48 percent, respectively
and wheat yield varies upto the extent of 22 per
cent due to the weeds (Khan and Haq, 2002).
Yield losses not only depend on weed factors like
species and density but also varies with crop
factors such as time of sowing &emergence,
cultivar, planting density, soil and environmental
factors (Malik and Singh, 1993; Khera et al.,
1995; Malik and Singh, 1995; Afentouli and
Eleftherohorionos, 1996; Chhokar and Malik,
2002)  and under very severe infestation the
losses could be as high as 80 per cent to even
total crop failure leading to immature harvest for
fodder (Malik and Singh, 1995).Along with
reducing the yield,weeds hinder the harvesting
operation also (Chhokar et al., 2012).

Therefore, weed management is very
important for achieving higher wheat
production. Mechanical, cultural, biological and
chemical methods can be adopted for weed
management in wheat (Chhokar et al., 2012).

Due to industrialization, labour is becoming
scarce and costly. In addition, grassy weeds can’t
be controlled efficiently by mechanical/manual
methods due to lesser spacing and
morphological similarities. Among these
methods, chemical weed control is more
efficient, less costly and less time consuming.
However, herbicides are effective against some
weed groups due to mode of action and they do
not kill other weeds. To control other weeds,
another herbicide is needed which involves more
cost, time and labour. To overcome this,
herbicidal combinations, herbicidal mixtures and
sequential application of herbicides are used.
These herbicides could be very effective against
both grassy as well as broad leaved weeds and
help to reduce cost, time and labour. 

Weed flora associated with wheat :
Wheat is generally infests with complex weed
flora (grassy, broad-leaved weeds and sedges).
Weed flora is not always same at all locations,
but it varies over time and location. After green
revolution, weed flora has shifted more towards
more grassy weeds than broad-leaved weeds
(Bhan, 1972). However weeds like Cersium
arvense and Convolvulus arvensis are also
reported as major weed of wheat growing areas
of Punjab and Haryana (Gill and Brar, 1975). In
Punjab, the weed flora of wheat consists mainly
of grassy weeds like Phalaris minor, Avena
ludoviciana and broad leaf weeds like
Chenopodium album, Cirsium arvense,
Medicago denticulataand Convolvulus
arvensis (Singh et al., 1993). In Haryana,
grassy weeds particularly Phalaris minor and
Avena ludoviciana as well as Medicago
denticulata, Circium arvense Rumex
maritimus, Melilotus indica and Convolvulus
arvensis dominates the weed flora of wheat in
eastern Haryana whereas in western Haryana,
weeds like Chenopodium album, Asphodelus
tenuifolius, Trigonella polycerata, Fumaria
parviflora, Sisymbrium irio, Euphorbia
dracunculoides, Sapponaria vaccaria,
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Desmostachya bipinnata, Zizyphus
rotundifolia and Aerva javanica dominates
(Singh et al., 1995). Weed population of wheat
field comprises of complex weed flora (Table 1).

Economic losses caused by weeds :
Weeds have potential of 100 per cent grain yield
loss and use of wheat crop as fodder (Malik and
Singh, 1995). P. minor causes highest grain
yield reduction in wheat (39.25%) followed by
(29.14%) by Melilotus spp. (Singh et al., 1997).
Wheat yield varied to the extent of 22 per cent
due to weeds (Khan and Haq, 2002). Weed
causes 2nd highest economic losses in wheat
after rice in monetary terms and weeds caused
yield losses upto the extent of 41 per cent in
wheat. However, spatial variability in losses
caused by weeds is observed which is attributed
to soil and climatic conditions (Gharde et al.,
2018). Reduction in yield depends upon weeds
species and density (Table 2).

Chemical weed management : Weed
control is critical for increasing wheat yields.
Weed control in wheat can be accomplished
through mechanical, cultural, biological, and
chemical means (Chhokar et al., 2012). Labor
is becoming scarce and expensive as a result of
industrialization. Furthermore, because to their
smaller spacing and morphological similarities,
grassy weeds are difficult to control mechanically
or manually. Chemical weed management is the
most efficient, least expensive, and least time-
consuming of these approaches. Herbicides, on
the other hand, are effective against particular
weed groups and do not kill other weeds due to
their method of action. Another herbicide is
required to control other weeds, which adds to
the expense, time, and effort. Herbicide
combinations, herbicide mixes, and sequential
application of herbicides are employed to
combat this. These herbicides have the potential
to be quite effective against both grassy as well
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Table 1. Major weed flora of wheat

Weeds References

Avena ludoviciana, Phalaris minor (30 and 10 %), Chenopodium album (30 %), Melilotus spp. Yadav et al. (2004).
(15 %), Fumaria parviflora, Rumex retroflex, Convolvulus arvensis (7, 5, 3 %)

Phalaris minor, Melilotus indica, Medicago denticulata, Chenopodium album and Shyam et al. (2009)
Rumex acetosella (56.0, 12.4, 8.2, 7.5 and 6.3 %, respectively). Coronopus didymus, 
Lathyrus aphaca, Fumaria parvifloraa, Vicia sativa, Polygonum plebeium and 
Cyperus rotundus. (9.6 %)

Grassy weeds (79 %) and broad leaf weeds (21%). Major weeds - Chenopodium murale, Patel et al. (2017)
Chenopodium album, Phalaris minor, Melilotus alba, Avena fatua, Asphodelus tenuifolius and
Setaria tomentosa

Major broad leaved weeds - Chenopodium album, Anagallis arvensis, Melilotus alba and Kushwaha et al. (2018)
Convolvulus arvensis. Grassy weeds - Phalaris minor, Cynodon dactylon and Cyperus rotundus

Table 2. Economic losses by weeds in wheat

Weeds Grain yield reduction (%) References

Broad leaved weeds 7-50% Kurchania et al. (2002)
Complex weed flora 48% Khan and Haq (2002) 
Grassy weeds 30%
Broad leaved weeds 24%
P. minor 47-48% Dhima and Eleftherohorinos (2003)
Complex weed flora 20-32 %, 38%, 58.3%, 50% Mongia et al. (2005); Gopinath et al. (2007); Sharma et al. (2009); 

Malik et al. (2012)



as broad leaved weeds and help to reduce cost,
time and labour. 

Pre-emergence herbicides : Use of pre-
emergence herbicides in wheat is uncommon.
Application of pre-emergence herbicides in
wheat does not provide satisfactory weed control
consistently especially, control of grassy weeds
as they emerge late in the season. Weed control
efficiency due to use of pre-emergence
herbicides in wheat varies from 37.6% to 82.4%
(Table 3).

Post emergence herbicides : Use of post-
emergence herbicides in wheat is very common.
They are generally sprayed at 30-35 days after
sowing. They consistently controls the weeds in
wheat. However, they are applied in four ways
for enhancing their efficacy-

1. Sequential application of herbicides

2. Herbicidal mixtures

3. Herbicidal combinations

4. Herbicides tank mixed with other
agrochemicals

Sequential application of herbicides- Some
herbicides can’t be tank mixed as they are
antagonist to each other, thereby reducing their
efficacy. To use two or more antagonist
herbicides, sequential application of herbicides
is recommended in wheat.  Sequential
application of pendimethalin 1000 g ha-1 or
trifluralin 1000 g ha-1 just after sowing followed
by clodinafop 60 g ha-1 or sulfosulfuron 25 g
ha-1 (35days after sowing) provides 90-100%
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Table 3. Weed control efficiency of pre-emergence herbicides in wheat

Herbicides Dose Weed control References
efficiency (%)

Pyroxasulfone 0.15 kg a.i. ha-1 39.8 Naseer-ud-Din et al. (2011)
Terbutryn + Triasulfuron 0.18 kg a.i. ha-1 37.6
Flufenacet + Pyroxasulfone 0.24 + 0.15 kg a.i. ha-1 38.2
Pendimethalin  0.75 kg ha-1 54.4 Kaur et al. (2017)
Pendimethalin  1.0 kg ha-1 73.5
Metribuzin 0.175 kg ha-1 52.9
Metribuzin 0.21 kg ha-1 69.1
Pendimethalin + Metribuzin 0.75 + 0175 kg ha-1 73.5
Pendimethalin + Metribuzin 1.0 + 0.175 kg ha-1 82.4
Pendimethalin  2.5 l ha-1 72.6 Kaur et al. (2018)
Pendimethalin 3.75 l ha-1 76.9

Table 4. Weed management by sequential application of herbicides in wheat

Herbicides Dose WCE References
(%)

Pendimethalin (PE) fb 2,4-D (PoE) 1 kg ha-1 fb 2 kg ha-1 80.6 Ghosh et al.
Pendimethalin (PE) fb Metsulfuron methyl (PoE) 1 kg ha-1 fb 4 g ha-1 81.9 (2017)
Metribuzin (PE) fb Metsulfuron methyl (PoE) 175 g ha-1 fb 4 g ha-1 80.3
Pendimethalin + pyroxasulfone fb pinoxaden 1500 + 102 g ha-1 g fb 60 g ha-1 84.4-88.7 Punia et al. 
Pendimethalin + pyroxasulfone fb mesosulfuron + iodosulfuron1500 + 102 g ha-1 fb 14.4 g ha-1 87.5-93.5 (2020)
Pendimethalin + metribuzin fb mesosulfuron + iodosulfuron 1000 + 175 g ha-1 fb 14.4 g ha-1 66.8-72.3
Pendimethalin + metribuzin fb pinoxaden 1000 + 175 g ha-1 fb 60 g ha-1 51.9-66.7



control of herbicide resistant P. minor along with
broadleaf weeds in wheat (Yadav et al., 2016).
Sequential application of pendimethalin (0.75
1.0-1 kg ha-1, pre-emergence) followed by
sulfosulfuron (0.018 kg ha-1, post emergence)
provides weed control efficiency (WCE) > 90%
(Kaur et al., 2017). Sequential application of
pendimethalin + metribuzin (2000 g ha-1, pre-
emergence) followed by post emergence
application of sulfosulfuron (25 g ha-1),
sulfosulfuron + metsulfuron (32 g ha-1),
pinoxaden (50 g ha-1) and mesosulfuron +
iodosulfuron (14.4 g ha-1) provides WCE > 85%
(Raseed et al., 2020). Sequential application of
pre and post emergence herbicides is also done
(Table 4). 

Herbicidal mixtures and herbicidal
combinations- The herbicidal mixtures and
combinations have advantage of expanding the
scope of control of weed flora. Use of these
products provides simultaneous control of grassy
as well as broad leaved weeds. These provides
management of herbicide resistance to some

extent. These reduce the dose of herbicide
required for effective weed control; thereby, are
economical and ecologically safe. There are
various herbicidal mixtures found compatible to
each other as tank mixed. For instance, the
herbicidal mixtures fenoxaprop + chlorsulfuron
@ 100 + 20 g ha-1, clodinafop + chlorsulfuron
@ 50 + 20 g ha-1, tralkoxydim + chlorsulfuron
@ 250 + 20 g ha-1, sulfosulfuron +
chlorsulfuron @ 15 + 10 g ha-1 and isoproturon
+ 2, 4 - D sodium salt @ 750 + 500 g ha-1

provides more than 70 percent control of
complex weed flora (Yadav et al., 2004). Tank
mixed application of isoproturon + metsulfuron
methyl (500 + 4 g ha-1), isoproturon +
carfentrazone ethyl (500 + 10 g ha-1),
fenoxaprop-p-ethyl + metsulfuron methyl (100
+ 4 g ha-1) and fenoxaprop-p-ethyl +
carfentrazone ethyl (100 + 10 g ha-1) as post-
emergence spray result into higher WCE than
their sole application (Chopra et al., 2008).
Tank mixture of carfentrazone + isoproturon (20
+ 650 g ha-1) controls the weeds of wheat crop
most effectively. The herbicides are compatible
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Table 5. Weed management by herbicidal mixtures in wheat

Herbicidal mixtures Dose WCE (%) References

Clodinafop + metsulfuron-methyl 60 + 4 g ha-1 83.2 Choudhary (2016)
Clodinfop + metribuzin 60 + 210 g ha-1 92 Kushwaha et al. (2018)
Pinoxaden + metribuzin 40 + 210 g ha-1 83.9
Sulfosulfuron + metribuzin 25 + 210 g ha-1 86.8
Isoproturon + 2, 4-D 1000 + 500 g ha-1 80.5

Table 6. Weed management by herbicidal combinations in wheat

Herbicidal mixtures Dose WCE (%) References

Sulfosulfuron + metsulfuron (Total) 32 g ha-1 86.2-87.7 Sasode et al. (2017)
Pinoxaden + metsulfuron (premix) 64 g ha-1 87.1-89.7
Mesosulfuron + iodosulfuron (Atlantis) 14.4 g ha-1 87.6-88.4
Clodinafop + metsulfuron (Vesta) 64 g ha-1 82.1-85.1
Sulfosulfuron + metsulfuron (Total) 32 g ha-1 > 90 Chaudhari et al. (2017)
Mesosulfuron + iodosulfuron (Atlantis) 14.4 g ha-1
Clodinafop + metsulfuron (Vesta) 64 g ha-1
Fenoxaprop + metribuzin (Accord Plus) 330 g ha-1 85.6 Kushwaha et al. (2018)



with each other. Weed control efficiency
increases from 73 per cent with carfentrazone
alone, 80 per cent with isoproturon alone to 96
per cent with carfentrazone + isoproturon tank
mix. Herbicides have synergistic effect on
herbicidal activity when applied as mixture
(Chippa and Nepalia, 2014). Application of
herbicides as tank mixed are more effective than
alone application. Application of clodinafop (60
g ha-1) + metsulfuron (2.5 g ha-1) as tank mixed
provides grain yield of wheat very close to weed
free. Weed control efficiency of 85.1 per cent
can be achieved by tank mix application of
sulfosulfuron + metsulfuron whereas efficiency
of sulfosulfuron alone is 62.2 per cent. Similar
results are obtained by tank mix application of
clodinafop + metsulfuron and sulfosulfuron +
carfentrazone-ethyl (Tomar and Tomar, 2014).
Ready mix herbicidal combinations have
advantage of compatibility of herbicides and
lower dosage as compared to tank mixing.
Some viable and economical weed management
options as herbicidal mixtures are given in Table
5. However, some of the herbicidal mixtures are
antagonistic and can’t be used as tank mixed
such as clodinafop + 2, 4 - D (60 + 400 g ha-1)
and isoproturon (1000 g ha-1) + 2, 4 - D (400 g
ha-1) (Choudhary, 2016).

Herbicidal combinations eliminate the
problem of information on compatibility of

herbicides as herbicidal tank mixtures. For
instance, ready mix herbicidal combinations of
clodinafop-propargyl 15% + metsulfuron-methyl
1% (75 g ha-1 + 0.2% surfactant) provides
satisfactory weed control and higher grain yield
as compared to sequential application of
ingredient herbicides of ready mix formulation
(Kaur et al., 2015). The ready mix application
of mesosulfuron + iodosulfuron (24.0 + 4.8 g
ha-1) effectively checks the complex weed flora
of wheat and does not causes any significant
injury to crop. Application of mesosulfuron
(18.0 g ha-1) + iodosulfuron (3.6 g ha-1),
sulfosulfuron (20 g ha-1) + metsulfuron (4.0 g
ha-1) and clodinafop (60.0 g ha-1) + metsulfuron
(4.0 g ha-1) also gave satisfactory weed control
(Pal et al., 2016). Ready mix herbicidal
combinations viz. clodinafop propargyl 15% +
metsulfuron-methyl 1% (Vesta) @ 300, 400,
500 and 800 g ha-1, mesosulfuron +
iodosulfuron (Atlantis) @ 400 g ha-1,
sulfosulfuron + metsulfuron methyl (Total) @ 32
g  ha-1, fenoxaprop + metribuzin (Accord Plus )
@ 1250 g ha-1 and clodinafop (60 g/ha) + 2, 4
- D (500 g ha-1) are effective and economical
weed management option in wheat (Tiwari et
al., 2016). Efficient weed control in wheat was
achieved with application of ready mix herbicidal
combinations as compared to application of
single herbicide. Even 100 per cent weed
control efficiency is achieved with ready mix
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Table 7. Compatibility of herbicides with other agrochemicals in wheat

Herbicides Agrochemical Compatibility

Tribenuron Zinc Compatible
Isoproturon Urea Not compatible
2, 4 - D + MCPA Iron, Zinc and Mangnese Compatible
Bromoxynil + MCPA 
Tribenoron-methyl
Florasulam + 2,4-D Azoxystrobin/ Compatible
Bromoxynil + 2,4-D trifloxystrobin + prothioconazole Not compatible
Sulfosulfuron + metsulfuron Zinc Compatible
Mesosulfuron + iodosulfuron Or / and
Clodinafop + metsulfuron Iron
Pinoxaden + carfentrazone



application of sulfosulfuron (75%) +
metsulfuron-methyl (5% WG) @ 32 g ha-1,
clodinafop (15%) + metsulfuron-methyl (1% WP)
@ 64 g ha-1 and mesosulfuron (3%) +
iodosulfuron (0.6% WDG) @ 14.4 g ha-1

whereas weed control efficiency of application
of metsulfuron-methyl (4.0 g ha-1), clodinafop-
propargyl (60 g ha-1) and sulfosulfuron (25 g
ha-1) is only 23, 62 and 97 per cent,
respectively. However, injurious effects of
application of mesosulfuron (3%) + iodosulfuron-
methyl sodium (0.6% WDG) are also observed
(Patel et al., 2017). Herbicidal combinations are
effective against P. minor which was found to
be resistant to single herbicide application. Weed
control efficiency is only 40-50% by single
herbicide application which increased to 85-
90% by herbicidal combinations (Punia et al.,
2017). Some of best recommended herbicidal
combinations in wheat are given in Table 6.

Herbicides tank mixed with other
agrochemicals- Now a days, co-application of
herbicides along with other agrochemicals is
becoming popular due to following advantages-

1. Reduced cost of application

2. Increased efficacy of herbicides

3. More favourable soil conditions

Herbicides can be used as tank mixed with
other agrochemicals. Compatibility of herbicides
should be tested before use. Time of spray of
post emergence herbicides coincides with time
of foliar the application of micronutrients in
wheat. Therefore, herbicides should be tested
for compatibility with other agrochemicals. 

Conclusion

From the review of available literature, it can
be concluded that chemical weed management
in wheat is more effective and economical than
their counterparts. For chemical weed
management, we have option of using sole

herbicide, sequential application of herbicide,
use of herbicidal mixture and herbicidal
combinations. Among these options, use of
herbicidal combinations is more economically
viable, ecologically safe and environmentally
sound. Efficacy and efficiency of herbicidal
combinations can be increased by using them as
tank mixed with compatible agrochemicals,
especially micronutrients. 
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Sunflower is an important oilseed crop
widely adopted and accepted for its high quality
edible oil. It is grown over 23.28 million hectares
in the world with 39.42 million ton production
and 1690 kg per hectare productivity
(Anonymous, 2016). Sunflower (Helianthus
annuus L.) belongs to the genus Helianthus of
the family Asteraceae, which includes 20 genera
with 400 species. The cultivated sunflower is
believed to have originated from wild Helianthus
annuus in the south-western USA. The
cultivation of sunflower in India started from
1972 after the introduction of Russian varieties
such as Peredovick (EC 68414) and Armavirskii
(EC 68415) and has acquired the status of an
important commercial oilseed crop with greater
spread across a number of agro - climatic and

geographical regions. In India, Sunflower is
known as “Surajmukhi” and it covers an area of
5.9 million hectare with production of 3.23
million ton and productivity of 736 kg/ha
(Anonymous, 2016). Karnataka, Andhra
Pradesh, Maharashtra and Tamil Nadu are
considered as traditional sunflower growing
states whereas, Punjab, Haryana, West Bengal
and Uttar Pradesh are promising spring
sunflower growing states. Sunflower is a rich
source of good quality edible oil and it well fitted
in our cropping pattern also. Sunflower, being a
highly cross pollinated crop is ideally suited for
exploitation of heterosis. The aim of breeding
programme is to develop hybrids with high seed
yield and oil yield potential having superior
agronomic and economic advantages over
varieties (high productivity, high oil content,
uniformity, etc.). Hence, sunflower hybrid
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Abstract
The present investigation entitled “Heterosis studies in sunflower (Helianthus annuus L.) was undertaken

to estimate the heterosis for seed yield and its components in sunflower. The 15 CMS lines and 5 restorer
lines were crossed in line x tester model to produce 76 hybrids. The crosses were made at research area of
Oilseed Section, Department of Genetics and Plant Breeding, CCS HAU, Hisar during the spring season of
2014. Hybrids and parents were evaluated under four different environments i.e. Summer 2014, last week of
August (E1) and First week of Sept. (E2) and during spring 2015, i.e. first week of February (E3) and last week
of February (E4). Data on five randomly selected plants from each genotype in each replication were recorded
on different quantitative characters viz. plant height (cm), head diameter (cm), stem diameter (cm) days to 50%
flowering, days to maturity, hundred seed weight (g), seed yield per plant (g), oil content (%), hull content (%),
percent seed filling, germination (%), electrical conductivity (µScm-1 g-1), viability (%), vigour index I, vigour
index II, palmitic acid (%), stearic acid (%), oleic acid (%) and linoleic acid (%) in all the test environments.
Hybrids CMS 207 A x HRHA 5-3, CMS 852 A x RHA 271, CMS 207 A x RHA 297, CMS 234 A x 6D-1
and CMS 207 A x 6D-1 were found better and superior for heterosis ,  seed yield and its contributing trait and
also for oil content. The hybrids with good heterotic value could be directly used for heterosis breeding because
of their dominant nature. The use of genotypes in hybridization from these results is likely to produce more
heterotic combination in future.

Key word : Sunflower, Heterosis, Hybrid , Hybridization.
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development is the main objective of breeding
programme. Heterosis has been commercially
exploited in sunflower and is expected to
enhance productivity further.

Materials and Method

The experimental material consisted of 15
CMS (cytoplasmic male sterile) lines used as seed
parents viz., CMS 11A, CMS 17A, CMS 44A,
CMSH 91A, CMS 103A, CMS 148A, CMS
207A, CMS 234A, CMS 302A, CMS 607A,
CMS 852A, CMS ARG-2, CMS ARG-3, CMS
ARG-6 and CMS DV-10 and five restorers (R
line) used as a pollen parents namely 6D-1,
HRHA 5-3, HRHA 4-2, RHA 297 and RHA
271 which were grown in paired rows and
crossed in Line X Tester design to obtain 75 F1
hybrids, and there was a commercial check
hybrid HSFH 848. Each CMS and restorer lines
were grown in 2 rows of 4 meter length with a
spacing of 45 cm x 30 cm. 

Crossing Procedure : During the spring
season of 2014, all the F1‟s were obtained by
crossing the cytoplasmic male sterile lines with
restorer lines. The cytoplasmic male sterile lines
and restorer lines were sown in the field to affect
crossing. At the time of flowering, all the heads
in lines and testers were covered with muslin
cloth bags to prevent open pollination. The
pollen of the five restorer lines were collected
separately in petridishes with the help of camel
hairbrush during morning hours (7:00 to 11:00
AM) and pollinated to each of the cytoplasmic
male sterile lines separately and the cloth bag
was covered again after pollination. Pollination
was done till all the florets in the capitulum
showed sign of drying. The heads of all the
resultant 75 hybrids were collected, dried and
threshed. The well filled seeds from each cross
were separated out for hybrid evaluation. The
hybrid evaluation was conducted over 4
environments during 2014 -2015 i.e. Summer
2014 Last week of August (E1) and First week
of September (E2) and during spring 2015, i.e.

first week of February (E3) and last week of
February (E4).

Results and Discussion

Heterosis of hybrids (F1) over their respective
better parents and standard check HSFH 848
was calculated for seed yield and its component
traits and expressed in percentage. Over the
environments (Table 1), the mean sum of
squares, due to replications were found
significant which emphasizes presence of
enough variations in the environment. The
mean sum of squares due to partitioning
component parents, males, females, hybrids,
location, hybrid x location, (parent vs. hybrid) x
location were found significant for seed yield and
its all component characters except electrical
conductivity which was significant for male,
female vs male and parents vs hybrids.

Plant height : Over the environments, the
heterosis over better parent and standard check
had positive and significant heterosis. The
prominent hybrids over better parent were CMS
103 A x HRHA 5-3 (42.07%), CMSH 91 A x
HRHA 4-2 (43.27%) and CMSH 91 A x HRHA
5-3 (40.72%) showed positive and significant
heterosis and major hybrids over standard check
were CMS 17 A x 6D-1 (27.34%), CMS 607 A
x RHA 271 (26.60%) and CMS 302 A x RHA
297 (26.12%) showed positive and significant
heterosis for this trait. In pooled analysis,
heterosis over better parent ranged from
10.94% (CMS 852 A x HRHA 5-3) to 43.27%
(CMSH 91 A x HRHA 4-2) and over standard
check varied from 4.95% (CMS 23 x A x HRHA
4-2) to 32.88% (CMS 607 A x HRHA 5-3) for
this trait. The results revealed that some
experimental hybrids were taller/dwarf than
standard check and these dwarf hybrids probably
suit for mechanization and intercropping without
much reduction in their yield levels. The results
are supported by the findings of Shankara
(1981), Govindaraju (1986) and Shivakumar
(1989).
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Head diameter : Over the environments
(Table 1.1), the heterosis were positive and
significant for all the hybrids. The major hybrids
over better parent were CMS 207 A x RHA
297 (82.56%), CMS 17 A x HRHA 5-3
(75.95%) and ARG 6A x 6D-1(71.60%) and the
prominent hybrids over standard check were
CMS 17 A x HRHA 5-3 (37.99%), CMS 148 A
x HRHA 4-2 (30.97%) and CMS 207 A x RHA
297 (29.72%) for this trait . Heterosis over all
the environments ranged from 10.94% (CMS
852A X HRHA 5-3) to 43.27% (CMSH 91 A
X HRHA 4-2) over better parent and 4.95%
(CMS 234 A X HRHA 4-2) to 32.88% (CMS
607 A X HRHA 5-3) over standard check as
presented in table 1.1. Positive heterotic effects
have been reported by most of the researchers
for this trait. Goksoy et al. (2000), Radhika et
al. (2001), Phad et al. (2002), Alone et al.
(2003) and Manivannan et al. (2005) reported
significant positive heterosis, indicated positive
influence of cytoplasmic sources on heterosis for
head diameter.

Stem diameter : In pooled analysis, it was
recorded (Table 1.1) that seventy five hybrids
over better parent and seventy one hybrids over
standard check showed positive and significant
heterosis for stem diameter. The hybrids, CMS
148 A x HRHA 4-2 (106.55%), CMS 44 A x
RHA 297 (80.93%) and CMS 234 A x RHA
271 (76.21%) showed positive and significant
heterosis over better parent whereas, the hybrids
CMS 44 A x RHA 297 (23.66%), CMS 17A x
HRHA 5-3 (23.16%) and CMS 234 A x RHA
271 (21.77%) were found to be positive and
significant heterosis over standard check. In
pooled analysis, heterosis over better parent
ranged from 36.53% (ARG 6A X RHA 271) to
106.55% (CMS 148 AX HRHA 4-2 and over
standard check ranged from -6.66% (CMS 44 A
X HRHA 4-2) to 23.16% (CMS 17-A X HRHA
5-3) as presented in Table1.1. The positive
heterosis of moderate magnitude for stem girth
was reported by Govindaraju et al. (1992) and
Gangappa et al. (1997).

Days to 50% flowering : Over the
environments, fifty three hybrids over better
parent showed negative and significant heterosis
per cent. The hybrids, CMS 148 A x HRHA 4-
2 (-6.11%), CMS 302 A x 6D-1 (-4.56%) and
ARG 2A x 6D-1 (-2.81%) were found to be
negative and significant over better parent
whereas, sixty eight hybrid over standard check
showed significant heterosis per cent, whereas
but the only one hybrid viz., CMS 302 A x 6D-
1 (-1.45%) observed negative and significant
heterosis over the standard check for early
flowering. over all the environment the heterosis
over better parent ranged from -6.11% (CMS
148 AX HRHA 4-2) to 10.71% (CMS 103 AX
HRHA 5-3) and over standard check varied from
10.30% (DV 10 X HRHA 4-2) to -1.45% (CMS
302 A X 6D-1) for days to 50% flowering. The
existence of both significant positive and
negative heterotic effects over check suggests
the presence of non-additive gene action for this
trait. Giriraj et al. (1986), Gangappa et al.
(1997), Radhika et al. (2001), Singh and Singh
(2003) and Manivannan et al. (2005) have also
reported heterosis for earliness in sunflower
hybrids.

Days to maturity : Over the environments,
fifty seven hybrids over better parent showed
significant heterosis and three hybrids, namely,
CMS 148 A x RHA 297 (-2.88%), CMS 103 A
x RHA 271 (-2.08%) and CMS 103 A x HRHA
4-2 (-2.71%) exhibited negative and significant
heterosis per cent, whereas, seventy three
hybrids showed positive and significant heterosis
per cent for early maturity over standard check.
over all the environment the heterosis over
better parent ranged from - 2.88% (CMS 148
A X RHA 297) to 10.82% (CMS 302 A X
HRHA 5-3) and over standcheck varied from
0.96% (CMS 11 A X RHA 271) to 7.50% (CMS
302 A X  HRHA 5-3) for this trait. Phad et al.
(2002), Bajaj et al. (2003) and Alone et al.
(2003) have also reported heterosis for early
maturity in hybrids.
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Hundred seed weight (g) : Over the
environments, seventy five hybrids over better
parent and seventy four hybrids over standard
check showed positive and significant heterosis
percent. The prominent hybrids over better
parent were CMS 17 A x RHA 271 (75.69%),
CMS 17 A x HRHA 4-2 (74.85%) and CMS 44
A x 6D-1 (73.39%) while the major hybrids over
standard check were CMS 17 A x RHA
271(34.16%), CMS 44 A x 6D-1(31.12%) and
CMS 103 A x  6D-1 (30.73%) for this trait.
Over the environments (table 4.40 ) heterosis
over better parent and standard check ranged
from -16.82% (ARG 2A X RHA 297) to
75.69% (CMS 17-A X RHA 271) and -2.42%
(DV 10 X HRHA 4-2) to 34.16% (CMS 17-A X
RHA 271) respectively. Studies conducted by
Sawant et al. (2007), Sujatha and Reedy (2009)
have observed sufficient heterosis for this trait.

Seed yield plant-1 : In pooled analysis
(Table 1.1), seventy five hybrids showed the
positive and significant heterosis over both the
parents i.e. over better parent and over standard
check. The hybrids, CMS 302 A x HRHA 4-2
(111.18%), CMS 44 A x HRHA 4-2 (108.34%)
and CMS 234 A x 6D-1 (100.28%) showed
positive and significant heterosis percent over
better parent whereas the hybrids, CMS 207 A
x HRHA 5-3 (38.55%),CMS 148 A x HRHA 5-
3 (32.74%) and CMSH 91 A x 6D-1 (31.89%)
were observed to have positive and significant
heterosis percent over standard check for this
trait . over the environments heterosis over
better parent varied from 31.17% (CMS 44 A
X RHA 271) to 111.18% (CMS 302 A X
HRHA 4-2) and over standard check from
5.15% (CMS 44 A X RHA 271) to 38.55%
(CMS 207 A X HRHA 5-3). High degree of
heterosis (more than 100 %) for seed yield was
reported by Limbore et al. (1998) and Lande et
al (1998) in sunflower.  Naware (1999) noticed
highest standard heterosis to the extent of 85.63
per cent in the hybrid 302 A x SS-56. Higher
standard heterosis for seed yield plant-1 also
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have been reported by Habib et al. (2007) and
Khan et al. (2008).

Oil content (%) : Over the environments,
seventy five crosses over the better parent and
sixty six crosses over standard check showed
significant heterosis per cent. The hybrids, CMS
207 A x HRH A5-3 (8.67%), CMS 11 A x
HRHA 5-3 (7.09%) and CMS 207 A x 6D-1
(6.90%) showed positive and significant
heterosis over better parent whereas, the hybrids
CMS 207 A x RHA 297 (6.52%), CMS 207 A
x 6D-1 (6.63%) and CMS 17A x 6D-1 (5.28%)
were observed to have positive and significant
heterosis over the standard check for this trait.
over all the environments heterosis ranged from
-11.73% (CMS 234 A X HRHA 4-2) to 8.67%
(CMS 207 A X HRHA 5-3) and from -0.44%
(CMSH 91 A X RHA 297) to 6.63% (CMS 207
A X 6D -1) over better parent and standard
check respectively, for oil content. A varying
degree of negative heterosis for oil content was
noticed over better parent and over standard
check. Similar results were reported by several
workers viz., Gill and Punia (1996), Harini
(1992), Kumar et al. (1999) and Alone et al.
(2003). Higher heterosis for oil content has
earlier been reported by Devi et al. (2005), Kaya
(2005a) and Sujatha and Reddy (2009).

Hull content (%) : Over the environments,
seventy one hybrids over better parent and sixty
eight hybrids over standard check showed
negative and significant heterosis per cent. The
results indicated that the heterosis over better
parent was observed by the hybrids, CMS 148
A x HRHA 5-3 (-10.87%), CMS 148 A x 6D-1
(-7.03%) and CMS 148 A x RHA 297 (-4.83%)
whereas the hybrids CMS 207 A x 6D-1 (-
6.23%) and CMS 44 A x HRHA 5-3 (-4.30%)
were found to be negative and significant
heterosis over standard check for this trait. In
pooled analysis, heterosis ranged from -10.87%
(CMS 148 A X HRHA 5-3) to 75.08% (ARG
6A X 6D-1) and from -6.23% (CMS 207 A X

6D -1) to 33.52% (DV 10 X HRHA 4-2) over
better parent and standard check respectively.

Percent seed filling : Over the
environments, seventy four hybrids over better
parent and seventy five hybrid over standard
check showed positive and significant heterosis
per cent. The hybrids, CMS 44A x 6D-1
(110.07%), ARG 3A x 6D-1 (107.40%) and
ARG 6A x 6D-1 (102. 81%) were observed to
have positive and significant heterosis over
better parent and the hybrids ARG 6A x RHA
297 (61.69%), ARG 2A x 6D-1 (60.55%) and
CMS 207 A x RHA 297 (58.96%) showed
positive and significant heterosis over standard
check for this trait. Over the environments,
heterosis over better parent and standard check
ranged from 1.63% (CMS 17 -A X HRHA 4-2)
to 110.07% (CMS 44 A X 6D-1), 23.45%
(CMS 607 A X RHA 297) 61.69% (ARG 6 A X
RHA 297) respectively. Ahire et al. (1994)
recorded highest heterosis in cross EC 42283 x
EC 75270 and EC 73260 x EC 68414 for seed
filled percent. Burali and Jadhav (2001) and
Dudhe (2004) also reported the comparable
results with present investigation.

Germination (%) : In pooled analysis, fifty
five hybrids over better parent and seventy three
hybrids over standard check showed significant
heterosis per cent. The hybrids CMS 234 A x
RHA 297 (65.21%), CMS 852 A x RHA 297
(20.36%) and ARG 2 A x RHA 297 (14.98%)
showed positive and significant heterosis over
better parent and the hybrids CMS 852 A x 6D-
1 (40.45%), CMS 148 A x HRHA 4-2 (39.90%)
and CMS 607 A x HRHA 4-2 (39.66%) were
observed to have positive and significant
heterosis over standard check for this trait. In
pooled analysis, heterosis ranged from -28.80%
(CMS 302 A X HRHA 4-2) to 65.21% (CMS
234 A X RHA 297) over better parent and from
-5.30% (CMS 302 A X HRHA 4-2) to 40.45%
(CMS 852 A X 6D -1) over standard check for
this trait.
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Table 1.2 Effects of heterosis for oil content and viability over the environments

Hybrids OC (%) HC (%) % SF GERM. (%) EC (µScm1g1) VIAB. (%)
––––––––––––– ––––––––––––– ––––––––––––– ––––––––––––– ––––––––––––– –––––––––––––
BP CHK BP CHK BP CHK BP CHK BP CHK BP CHK

CMS 11 A x 6D-1 0.74 0.49 20.46* 3.35* 45.30* 46.07* 5.32* 33.51* -45.66* -49.09* 10.11* 48.15*

CMS 11 A x RHA 271 5.07* 3.56* 22.38* 12.65* 48.32* 49.11* -0.26 33.63* -52.04* -55.05* 5.72* 53.55*

CMS 11 A x HRHA 4-2 -10.07* 2.94* 19.33* 7.08* 50.83* 51.63* 1.34 26.00* -20.90* -25.88* 0.51 35.23*

CMS 11 A x HRHA 5-3 7.09* 1.15* 7.40* -0.23 43.52* 44.29* 12.55* 38.75* -53.19* -56.14* 13.66* 52.92*

CMS 11 A x RHA 297 -1.78* 3.62* 36.28* 16.92* 54.90* 55.72* 10.56* 36.29* -65.38* -48.12* 8.79* 46.38*

CMS 17-A x 6D-1 5.55* 5.28* 14.04* 18.43* 19.88* 49.00* 9.90* 39.32* -49.67* -54.67* 16.28* 54.38*

CMS 17-A x RHA 271 1.67* 1.39* -2.82 0.93 12.29* 39.56* -23.35* 2.70 24.78* 12.43* -23.73* 10.77*

CMS 17 –A x HRHA 4-2 -9.74* 3.31* -1.37 2.42 1.63 26.31* 0.97 25.54* -14.89* -23.33* 4.25* 36.46*

CMS 17 -A x HRHA 5-3 2.29* 2.01* 0.92 4.80* 22.26* 51.96* 7.89* 33.60* -41.41* -47.18* 11.44* 43.70*

CMS 17 A x RHA 297 -4.23* 1.04 4.78* 8.82* 18.28* 47.01* 8.52* 34.38* -67.80* -51.73* 15.84* 48.58*

CMS 44 A x 6D-1 -0.98 1.53* 57.64* 14.55* 110.07* 51.62* 9.86* 39.27* -46.99* -54.26* 13.65* 51.42*

CMS 44 A x RHA 271 1.48* 4.04* 15.67* 6.47* 67.27* 53.44* 1.92 36.55* -39.39* -47.71* 3.90* 50.90*

CMS 44 A x HRHA 4-2 -11.17* 1.68* 13.45* 1.81 58.27* 53.56* 9.92* 37.80* -28.26* -38.10* 13.59* 51.34*

CMS 44 A x HRHA 5-3 0.27 2.81* 3.02 -4.30* 41.93* 36.70* 6.02* 32.91* -42.11* -50.03* 10.37* 47.05*

CMS 44 A x RHA 297 -3.22* 2.10* 30.86* 5.89* 93.57* 58.32* -4.01* 20.33* -46.70* -20.09* 1.38 35.07*

CMS 148 A x 6D-1 -7.09* 2.06* -7.03* 1.18 28.77* 42.07* 3.21 38.94* -46.65* -48.59* 9.96* 55.65*

CMS 148 A x RHA 271 -7.35* 1.77* -3.57* 4.95* 33.92* 47.76* -9.16* 22.29* -55.08* -56.70* -7.18* 34.81*

CMS 148 A x HRHA 4-2 -11.61* 1.17* 15.84* 26.07* 37.93* 52.18* 3.92* 39.90* -50.30* -52.12* 6.86* 51.26*

CMS 148 A x HRHA 5-3 -7.81* 1.26* -10.87* -2.99 33.84* 47.66* -6.57* 25.77* -30.49* -33.02* -1.16 39.90*

CMS 148 A x RHA 297 -6.63* 2.56* -4.83* 3.58* 17.08* 29.17* -26.03* -0.42 -36.64* -4.99* -21.92* 10.52*

CMSH 91 A x 6D-1 4.32* 4.82* 20.67* 0.89 27.19* 34.30* 5.68* 34.91* -22.21* -40.01* 8.70* 44.31*

CMSH 91 A x RHA 271 2.76* 3.25* 21.73* 12.04* 36.79* 44.43* -7.63* 23.75* -22.84* -40.45* -8.11* 33.45*

CMSH 91 A x HRHA 4-2 -10.86* 2.03* 33.71* 19.99* 38.95* 46.71* 3.37 31.96* -11.80* -31.93* 13.19* 48.17*

CMSH 91 A x HRHA 5-3 0.82 1.30* 22.21* 13.53* 46.06* 54.22* 4.74* 33.71* -35.41* -50.18* 8.47* 40.96*

CMSH 91 A x RHA 297 -5.63* -0.44 34.03* 12.07* 38.27* 46.00* -3.71* 22.92* -42.00* -13.04* 3.44* 34.42*

CMS 103 A x 6D-1 -5.33* -0.09 48.97* 16.38* 37.30* 41.92* 2.33 33.11* -18.78* -36.02* 8.71* 52.01*

CMS 103 A x RHA 271 -1.37* 4.09* 33.18* 22.58* 43.49* 48.32* 3.54 38.71* -9.83* -29.00* 5.12* 52.67*

CMS 103 A x HRHA 4-2 -10.86* 2.03* 31.90* 18.36* 46.56* 51.49* 3.54 34.68* -21.14* -37.90* 5.63* 47.72*

CMS 103 A x HRHA 5-3 -4.07* 1.24* 18.18* 9.79* 29.09* 33.43* -27.09* -5.16* 55.10* 22.12* -24.90* 5.01*

CMS 103 A x RHA 297 -3.75* 1.57* 32.13* 6.92* 20.20* 24.25* -1.90 27.60* -52.12* -28.23* 0.91 41.11*

CMS 234 A x 6D-1 1.93* 1.68* 53.42* 21.21* 29.52* 34.89* -17.68* 4.35* 2.59* 27.91* -15.52* 12.16*

CMS 234A x RHA 271 1.09 0.22 31.80* 21.31* 27.11* 32.38* -0.55 33.24* -49.33* -36.81* 0.00 45.23*

CMS 234 A x HRHA 4-2 -11.73* 1.04 37.54* 23.42* 48.45* 54.61* 9.51* 36.16* -47.29* -34.31* 12.78* 47.63*

CMS 234 A x HRHA 5-3 1.62* 0.75 28.39* 19.27* 48.35* 54.50* 8.69* 33.75* -42.89* -28.79* 15.30* 48.69*

CMS 234 A x RHA 297 -4.10* 1.17* 41.63* 14.61* 40.85* 46.69* 65.21* 33.44* -65.51* -48.27* 83.65* 46.75*

CMS 302 A x 6D-1 -5.11* 1.86* 67.64* 21.81* 89.21* 54.45* 0.20 33.27* -40.95* -50.18* 6.76* 48.00*

CMS 302 A x RHA 271 -3.24* 3.87* 39.09* 28.02* 54.18* 41.42* -5.53* 26.57* -3.60* -18.63* -5.88* 36.69*

CMS 302 A x HRHA 4-2 -9.61* 3.47* 43.79* 29.04* 33.22* 29.25* -28.80* -5.30* 10.90* -6.35* -21.60* 8.68*

CMS 302 A x HRHA 5-3 -4.37* 2.65* 31.03* 21.72* 34.04* 29.11* -0.63 32.17* -27.84* -39.10* 4.36* 44.67*

CMS 302 A x RHA 297 -4.02* 3.03* 59.46* 29.04* 90.95* 56.17* 1.61 35.15* -54.21* -31.35* 6.84* 48.11*

CMS 607 A x 6D-1 -7.38* 1.39* 28.98* 19.94* 72.118 38.86* -17.49* 4.59* 7.21* 23.77* -15.00* 12.84*

CMS 607 A x RHA 271 -5.52* 3.43* 34.81* 25.36* 44.14* 32.22* 0.78 35.01* -46.65* -38.43* 2.51* 48.88*

CMS 607 A x HRHA 4-2 -10.73* 2.19* 28.13* 19.14* 59.21* 54.48* 12.33* 39.66* -52.76* -45.45* 17.68* 54.04*

CMS 607 A x HRHA 5-3 -6.77* 2.06* 32.89* 23.57* 38.40* 33.30* -5.10* 16.79* -30.11* -19.30* -0.45 28.38*

CMS 607 A x RHA 297 -6.95* 1.86* 21.36* 12.86* 50.93* 23.45* -11.31* -3.25* -34.16* -1.32* -0.79 5.93*



Electrical conductivity : Over the
environments (Table 1.2), seventy three
hybrids over better parent and seventy five
hybrids over standard check showed negative
and significant heterosis percent. The heterosis
over better parent were observed by the hybrids
CMS 17 A x RHA 297 (-67.80%), CMS 234 A
x RHA 297 (-65.51%) and CMS 11A x RHA
297 (-65.38%) and the hybrids CMS 148 A x
RHA 271 (-56.70%), CMS 11 A x HRHA 5-3

(-56.14%) and CMS 11 A x RHA 271
(-55.05%) were found to be negative and
significant heterosis over standard check HSFH
848 for this trait. Over all the environments,
heterosis ranged from -67.80% (CMS 17 A X
RHA 297) to 55.10% (CMS 103 A X HRHA
5-3) and from -56.70% (CMS 148 AX RHA
271) to 279% (CMS 234 A X 6D-1) over
better parent and over standard check
respectively.
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Table 1.2 Contd.

Hybrids OC (%) HC (%) % SF GERM. (%) EC (µScm1g1) VIAB. (%)
––––––––––––– ––––––––––––– ––––––––––––– ––––––––––––– ––––––––––––– –––––––––––––
BP CHK BP CHK BP CHK BP CHK BP CHK BP CHK

CMS 852 A x 6D -1 0.81 1.24* 44.46* 11.18* 78.56* 29.46* 10.79* 40.45* -50.22* -34.99* 14.25* 51.68*

CMS 852 A x RHA 271 0.39 0.82 26.08* 16.06* 69.66* 55.63* 0.43 34.55* -50.00* -34.67* 1.86 47.93*

CMS 852 A x HRHA 4-2 -11.44* 1.37* 37.44* 23.34* 55.55* 50.92* 7.78* 34.01* -49.25* -33.73* 10.36* 44.47*

CMS 852A x HRHA 5-3 1.67* 2.10* 35.77* 26.12* 52.61* 46.99* 4.46* 28.54* -31.71* -10.78* 9.65* 41.40*

CMS 852 A x RHA 297 -0.98 4.46* 51.50* 22.59* 71.85* 40.55* 20.36* 27.17* -40.82* -11.28* 21.05* 34.43*

ARG 2A x 6D-1 -8.97* -0.09 36.79* 25.94* 77.84* 60.55* 9.69* 39.05* -37.37* -42.22* 16.17* 54.23*

ARG 2A x RHA 271 -6.27* 2.87* 37.14* 26.26* 45.00* 33.01* -22.51* 3.82* 18.26* 9.08* -21.27* 14.34*

ARG 2A x HRHA 4-2 -9.34* 3.78* 36.08* 25.28* 31.82* 27.89* 2.98 28.04* -4.35* -11.75* 7.78* 41.09*

ARG 2A x HRHA 5-3 -5.99* 3.18* 35.49* 25.87* 53.75* 48.08* 2.77 26.46* -36.94* -41.83* 8.82* 40.33*

ARG 2A x RHA 297 -4.72* 4.58* 34.00* 23.37* 59.61* 44.10* 14.98* 33.86* -60.09* -40.19* 19.71* 41.08*

ARG 3A x 6D -1 0.68 2.32* 44.04* 7.57* 107.40* 56.08* 6.87* 35.47* -23.55* -32.90* 10.19* 46.28*

ARG 3A x RHA 271 1.55* 3.20* 26.80* 16.72* 60.55* 47.27* -9.10* 21.79* 6.25* -6.79* -9.41* 31.56*

ARG 3A x HRHA 4-2 -10.24* 2.74* 24.88* 12.06* 51.43* 46.92* 1.71 28.02* -45.65* -52.35* 3.68* 36.84*

ARG 3A x HRHA 5-3 0.61 2.25* 26.48* 17.49* 62.23* 56.26* 7.36* 35.13* -42.19* -49.29* 9.91* 45.07*

ARG 3A x RHA 297 -5.03* 0.20 37.82* 11.53* 93.92* 58.61* 4.57* 31.63* -64.40* -46.65* 6.57* 40.66*

ARG 6A x 6D-1 -3.58* 3.14* 75.08* 27.21* 102.81* 46.38* -9.28* 22.41* -41.47* -43.18* -10.39* 29.28*

ARG 6A x RHA 271 -5.44* 1.15* 38.73* 27.69* 64.56* 50.95* 2.02 37.65* -41.98* -43.71* -1.15 43.57*

ARG 6A x HRHA 4-2 -8.27* 4.99* 32.44* 18.85* 47.80* 43.40* -5.02* 28.16* -40.26* -42.01* -4.42* 37.90*

ARG 6A x HRHA 5-3 -2.80* 3.98* 20.75* 12.17* 60.44* 54.53* 2.83 38.75* -34.81* -36.72* 4.32* 50.51*

ARG 6 A x RHA 297 -5.01* 1.61* 53.70* 24.38* 97.69* 61.69* 3.10* 39.12* -61.53* -42.30* 3.60* 49.47*

DV 10 x 6D -1 2.74* 3.828* 39.80* 28.41* 31.10* 33.58* -5.41* 23.91* -34.23* -40.39* -5.84* 31.53*

DV 10 x RHA 271 1.43* 2.50* 35.67* 24.88* 45.92* 48.68* -4.38* 28.10* -42.66* -48.00* -5.01* 37.96*

DV 10 x HRHA 4-2 -10.61* 2.32* 45.36* 33.52* 37.14* 39.73* -2.19 28.12* -47.62* -52.50* -0.87 38.48*

DV 10 x HRHA 5-3 0.78 1.83* 38.06* 28.26* 48.17* 50.98* -6.20* 22.87* -21.81* -29.11* -5.62* 31.84*

DV -10 x RHA 297 -1.38* 4.04* 31.35* 20.65* 48.71* 51.52* -10.41* 17.35* -24.43* 13.28* -8.64* 27.62*

CMS 207 A x 6D -1 6.90* 6.63* 8.58* -6.23* 35.40* 41.46* 4.53* 32.51* -36.45* -34.78* 4.88* 39.24*

CMS 207 A x RHA 271 5.27* 3.76* 27.37* 17.24* 48.72* 55.37* -9.84* 20.79* -19.37* -17.24* -8.02* 33.59*

CMS 207 A x HRHA 4-2 -9.70 3.36* 30.28* 16.90* 43.31* 49.72* 1.23 25.86* -31.01* -29.23* 4.86* 37.26*

CMS 207 A x HRHA 5-3 8.67* 4.02* 33.37* 23.90* 50.61* 57.34* 12.16* 38.02* -33.30* -31.58* 14.71* 47.93*

CMS 207 A x RHA 297 0.97 6.52* 35.92* 17.39* 52.15* 58.96* 14.46* 36.22* -41.61* -12.46* 24.20* 52.61*

SE 0.65 0.56 1.74 1.66 1.37 1.28 1.50 1.45 0.03 0.03 1.14 1.05

CDat5% 1.31 1.12 3.48 3.32 2.74 2.56 3.00 2.90 0.06 0.06 2.28 2.10

CHK = Check



Viability (%) : Over the environments, sixty
five hybrids over better parent and seventy five
hybrid over standard check showed positive and
significant heterosis per cent. The results
indicated that the heterosis over better parent
were observed by the hybrids CMS 234 A x
HRHA 5-3 (83.65%), CMS 852 A x RHA 297
(21.05%) and CMS 207 A x RHA 271
(24.20%) exhibited positive and significant
heterosis and the hybrids, CMS 148 A x 6D-1
(55.65%), ARG 2A x 6D-1 (54.23%) and CMS
607 A x HRHA 4-2 (54.04%) were found to be
positive and significant heterosis over standard
check HSFH 848 for this trait. In pooled
analysis, heterosis ranged from -24.90% (CMS
103 AX HRHA 5-3) to 83.65% (CMS 234 A X
RHA 297) over better parent and from 5.93%
(CMS 607 A X RHA 297) to 55.65% (CMS
148 A X 6D-1) over standard check Vigour
index –I. Over the environments, the hybrids
CMS 302 A x RHA 297 (45.84), CMS 11 A x
HRHA 5-3 (42.67) and CMS 11 A x RHA 297
(41.71) were found to be positive and significant
heterosis over better parent however, the
hybrids, CMS 11 A x HRHA 5-3 (39.99), CMS
11 A x RHA 297 (38.78) and CMS 302 A x
RHA 271 (38.68) were observed  to have
positive and significant heterosis over standard
check for this trait. Over the environments,
heterosis over better parent ranged from -
42.39% (ARG 3A X RHA 271) to 46.87%
(CMS 11 A X RHA 297) and over standard
check -5.25% (CMS 148 A X RHA 297) to
39.99% (CMS 11 A X HRHA 5-3).

Vigour index-II : In pooled analysis,
seventy two hybrids over better parent and sixty
four hybrid over standard check showed positive
and significant heterosis per cent. The results
indicated that the heterosis over better parent
were observed by the hybrids CMS 234 A x
HRHA 4-2 (149.07%), CMS 234 A x RHA 297
(141.29%) and CMS 852 A x HRHA 4-2
(122.91%) and  heterosis over standard check
HSFH 848 by hybrids, CMS 103 A x 6D-1

(34.06%), CMS 103 A x RHA 271
(31.09%),CMS 148A x 6D-1 (29.05%) were
found to be positive and significant heterosis for
seedling vigour index II. Over all the
environments, heterosis ranged from -3.44%
(CMS 148 A X RHA 297) to 149.07% (CMS
234 A X HRHA 4-2) and from -34.82% (ARG
2A X HRHA 5-3) to 34.06% (CMS 103 A X
6D-1) over better parent and over standard
check respectively.

Palmitic acid (%) : Over the environments,
the heterosis over better parent were observed
by the hybrids CMS 207 A x HRHA 4-2
(82.53%), DV 10 x RHA 271 (45.28%) and
CMS 207 A x RHA 297 (37.84%) showed
positive and significant heterosis whereas the
heterosis over standard check were observed by
the hybrids CMS 207 A x HRHA 4-2 (82.15%),
ARG 6A x RHA 271 (39.91%) and DV 10 x
RHA 271 (38.53%) showed positive and
significant heterosis pooled analysis, heterosis
ranged from -14.64 (CMS 302 A X HRHA 5-
3) to 82.53% (CMS 207 A X HRHA 4-2) over
better parent and -12.45% (CMS 44 A X RHA
297) to 82.15% (CMS 207 A X HRHA 4-2)
over standard check. Heterosis for palmitic acid
has been recorded by Lokendrakumar et al.
(1998), Singh et al. (2002) and Giriraj and
Nagaraj (2003).

Stearic acid (%) : In pooled analysis (Table
1.3), it was recorded that the heterosis over
better parent were observed by the hybrids CMS
234 A x RHA 297 (66.35%), CMS 607 A x
6D-1 (51.05%) and CMS 103 A x RHA 297
(49.34%) whereas the heterosis over standard
check were observed by the hybrids, ARG 2A x
RHA 271 (101.07%), ARG 3A x RHA 297
(85.52%) and CMS 234A x RHA 297 (84.23%)
showed positive and significant heterosis for this
trait. over better parent and heterosis varied
from -12.47% (CMS 207 A X HRHA 4-2) to
101.07% (ARG 2A X RHA 271) over standard
check. The similar results were observed by
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Tabel 1.3 Estimation of heterosis effects for seedling vigour and linoleic acid over the environments

Hybrids VG I VG II PALM. (%) STER. (%) OLEIC (%) LINO. (%)
––––––––––––– ––––––––––––– ––––––––––––– ––––––––––––– ––––––––––––– –––––––––––––
BP CHK BP CHK BP CHK BP CHK BP CHK BP CHK

CMS 11 A x 6D-1 31.17 30.39* 68.57* 5.90* -9.26* -9.71* 2.00* 19.23* 5.05* 46.22* 10.08* 39.29*

CMS 11 A x RHA 271 22.02 28.80 69.20* 6.29* 8.77* 0.07 -19.97* -6.45* -11.48* 31.86* 15.02* 45.54*

CMS 11 A x HRHA 4-2 16.71 22.87 44.82* -9.02* 2.77* -2.55* 16.87* 42.63* -14.88* 16.96* 21.20* 53.36*

CMS 11 A x HRHA 5-3 42.67* 39.99* 51.70* -4.70* 2.00* -6.17* -22.14* 26.53* 1.69* 34.81* 9.90* 39.06*

CMS 11 A x RHA 297 41.71* 38.78* 57.24* -1.22 -7.07* -12.06* -0.41* 16.42* -11.56* 27.25* 16.18* 47.01*

CMS 17-A x 6D-1 25.90 30.71* 55.30* -2.91 -9.79* -10.24* -1.53* 36.17* 8.30* 50.75* 17.83* 28.08*

CMS 17-A x RHA 271 5.04 12.88 39.51* -12.79* 7.32* -6.43* -23.42* 5.90* -4.78* 41.85* 29.01* 40.23*

CMS 17 -A x HRHA 4-2 10.60 13.31 54.33* -3.52* 2.64* -2.68* 2.80* 42.16* 5.14* 44.47* 8.76* 18.22*

CMS 17 -A x HRHA 5-3 13.30 19.29 58.47* -0.93 13.50* -1.71* -32.16* 10.25* -4.26* 26.91* 42.13* 57.83*

CMS 17 A x RHA 297 22.88 27.41 81.61* 13.53* -5.14* -10.24* 1.28* 40.06* -15.58* 21.47* 43.97* 56.49*

CMS 44 A x 6D-1 38.24 27.38 84.88* 10.57* -3.59* -4.08* 25.52* 38.98* 6.94* 48.86* -3.78* 23.11*

CMS 44 A x RHA 271 8.55 16.72 66.79* 1.40 2.47* -10.66* 20.30* 26.92* -16.90* 23.79* 19.52* 52.91*

CMS 44 A x HRHA 4-2 20.63 26.99 55.17* -7.20* 0.01 -5.17* -1.10* 20.70* -2.34* 34.18* 1.25 29.54*

CMS 44 A x HRHA 5-3 39.87 29.14 46.07* -12.65* 6.63* -7.66* -21.49* 27.59* -7.26* 27.43* 21.28* 55.17*

CMS 44 A x RHA 297 26.32 13.82 36.21* -18.54* -7.47* -12.45* 15.16* 23.19* -3.30* 39.14* 15.12* 47.29*

CMS 148 A x 6D-1 17.27 23.93 87.27* 29.05* -6.09* -6.56* -12.30* 16.11* 0.27 40.60* 13.10* 40.23*

CMS 148 A x RHA 271 -0.65 4.87 42.70* -1.66 -0.03 -5.29* -17.20* 9.62* -4.11* 42.84* -8.93* 12.90*

CMS 148 A x HRHA 4-2 11.89 20.60 42.16* -2.04 -2.59* -7.64* -20.11* 5.76* -23.11* 7.81* 18.21* 46.56*

CMS 148 A x HRHA 5-3 5.81 11.34 31.22* -9.57* 4.80* -0.71* -12.34* 42.47* -12.57* 22.59* 15.13* 42.74* 

CMS 148 A x RHA 297 -10.81 -5.25 -3.44 -33.46* -1.17* -6.37* -6.80* 23.38* -2.80* 39.86* 12.79* 39.84*

CMSH 91 A x 6D-1 28.71 21.50 7.49 -25.14* 1.97* 4.34* 45.19* 60.76* -0.56 38.42* 11.19* 44.06*

CMSH 91 A x RHA 271 2.11 10.57 25.26* -12.76* -3.87* -1.63* 26.16* 32.72* -14.45* 27.43* 18.07* 52.98*

CMSH 91 A x HRHA 4-2 9.85 14.21 46.89* 2.30 -1.53* 0.75* 16.89* 42.65* 18.11* 62.28* -24.21* -1.81*

CMSH 91 A x HRHA 5-3 34.33 26.01 76.30* 22.78* 8.65* 11.17* -20.77* 28.75* 6.24* 40.83* 22.94* 59.28*

CMSH 91 A x RHA 297 11.00 9.45 67.55* 16.69* -1.47* 0.82* 8.64* 16.22* -6.29* 34.84* 8.93* 41.13*

CMS 103 A x 6D-1 40.98* 29.31 66.85* 34.06* 5.21* 4.68* 30.27* 44.24* -5.08* 32.13* 16.57* 45.44*

CMS 103 A x RHA 271 20.56 29.46 63.16* 31.09* 8.03* 2.54* 19.60* 29.06* -13.44* 28.95* 14.76* 43.17*

CMS 103 A x HRHA 4-2 15.91 19.14 42.67* 14.63* 10.07* 4.48* 18.43* 44.53* -10.28* 23.27* 12.47* 40.32*

CMS 103 A x HRHA 5-3 22.67 15.11 32.36* 6.35* 16.77* 10.84* -17.65* 33.82* -6.08* 24.50* 9.08* 36.09*

CMS 103 A x RHA 297 19.81 12.24 17.31* -5.74* 22.80* 16.56* 49.34* 61.15* -1.08 42.34* -15.90* 4.92*

CMS 234 A x 6D-1 19.38 8.22 68.33* -7.33* -2.81* -1.62* 45.45* 61.08* -6.88* 29.62* 8.99* 15.95*

CMS 234A x RHA 271 9.87 19.38 79.96* 9.41* 9.65* 10.99* 11.46* 23.43* -8.55* 36.22* 23.35* 31.22*

CMS 234 A x HRHA 4-2 22.43 25.95 149.07* 10.72* 13.86* 15.25* 14.10* 39.25* 23.11* 69.16* 20.51* 28.21*

CMS 234 A x HRHA 5-3 21.05 12.86 83.36* -4.08* 15.15* 16.56* -32.04* 10.44* 14.60* 51.91* 26.07* 40.00*

CMS 234 A x RHA 297 33.31 22.39 141.29* 6.60* 11.24* 12.60* 66.35* 84.23* 10.72* 59.32* 32.04* 43.29*

CMS 302 A x 6D-1 24.59 18.72 36.42* -9.53* -4.25* 10.89* 10.22* 63.94* 7.61* 49.79* 42.47* 54.86*

CMS 302 A x RHA 271 26.36 38.68* 34.50* -10.80* 5.45* 22.13* 20.80* 79.67* -0.57 48.11* 14.77* 24.75*

CMS 302 A x HRHA 4-2 19.94 21.70 17.28* -22.22* -3.66* 11.58* -12.15* 30.66* 1.43 39.37* 22.14* 32.77*

CMS 302 A x HRHA 5-3 28.02 21.80 32.04* -12.43*-14.64* -1.14* -24.49* 22.71* -8.29* 23.48* 28.78* 43.01*

CMS 302 A x RHA 297 45.84* 32.85* 36.40* -9.53* -2.05* 13.44* -37.64* -7.26* 4.87* 50.90* 36.37* 48.23*

CMS 607 A x 6D-1 19.28 27.15 34.70* -25.84* 19.09* 18.50* 51.05* 74.51* -8.13* 31.40* 17.50* 36.40*

CMS 607 A x RHA 271 9.08 16.37 37.62* -16.33* 18.81* 13.39* 14.32* 32.07* -20.10* 19.01* 22.62* 42.34*

CMS 607 A x HRHA 4-2 12.24 16.70 79.30* -20.30* 31.03* 25.06* 33.53* 62.96* 4.82* 49.91* -1.69* 14.13*

CMS 607 A x HRHA 5-3 8.23 16.45 53.21* -19.84* 14.29* 9.08* -29.36* 14.80* 0.01 43.04* 10.48* 28.25*

CMS 607 A x RHA 297 4.95 9.70 92.45* -23.07* 19.26* 13.82* 37.87* 59.29* 8.87* 56.65* -11.54* 2.69*



Lokendrakumar et al. (1998) and Singh et al.
(2002).  CMS 234 A x HRHA 4-2 (23.11%),
CMSH 91 A x HRHA 4-2 (18.11%) and CMS
234 A x HRHA 5-3 (14.60%) had positive and
significant heterosis whereas seventy five hybrids
over standard check had positive and significant
heterosis. The hybrids CMS 234 A x HRHA 4-
2 (69.16%), CMSH 91 A x HRHA 4-2
(62.28%) and ARG 2A x 6D-1 (61.64%) were

found to be positive and significant heterosis for
this trait.

Oleic acid (%) : Over the environments, it
was recorded that sixty five hybrids over better
parent had significant heterosis. The cross
combination Over all the environments,
heterosis ranged -58.03% (CMS 207 A X
HRHA 4-2) to 66.35% (CMS 234 A X RHA
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Tabel 1.3 Contd.

Hybrids VG I VG II PALM. (%) STER. (%) OLEIC (%) LINO. (%)
––––––––––––– ––––––––––––– ––––––––––––– ––––––––––––– ––––––––––––– –––––––––––––
BP CHK BP CHK BP CHK BP CHK BP CHK BP CHK

CMS 852 A x 6D -1 25.01 23.53 64.72* -9.32* 5.70* 8.36* 37.73* 65.82* -15.79* 17.22* 6.54* 24.96*

CMS 852 A x RHA 271 5.32 12.81 59.90* -2.78 25.84* 29.00* 7.26* 29.15* -5.99* 40.04* 20.26* 41.06*

CMS 852 A x HRHA 4-2 14.11 18.39 122.91* 15.04* 6.19* 8.86* -3.51* 17.76* -3.58* 33.73* 17.80* 38.17*

CMS 852A x HRHA 5-3 18.75 14.82 99.14* 4.18* 8.37* 11.09* -8.78* 48.25* 10.28* 52.96* 16.96* 37.18*

CMS 852 A x RHA 297 16.77 15.85 87.45* -3.26* 1.22* 3.76* 29.13* 55.48* -4.71* 37.11* 25.07* 46.70*

ARG 2A x 6D-1 16.95 18.36 22.41* -24.26* 3.48* 7.91* 27.00* 70.15* 11.84* 61.64* 9.11* 38.16*

ARG 2A x RHA 271 4.84 13.41 6.02* -34.40* 9.06* 13.72* 50.08* 101.07* -4.22* 42.67* 17.42* 48.67*

ARG 2A x HRHA 4-2 14.38 18.38 30.54* -19.22* 2.55* 6.93* -10.73* 19.60* 7.48* 55.34* -0.29 26.25*

ARG 2A x HRHA 5-3 7.73 10.67 5.35* -34.82* 8.64* 13.29* -25.58* 20.95* -10.67* 29.10* 27.77* 61.78*

ARG 2A x RHA 297 21.78 25.50 28.17* -20.70* 23.15* 28.42* 33.53* 78.90* 4.42* 50.91* 14.93* 45.52*

ARG 3A x 6D -1 32.15 20.31 10.72* -14.47* 4.08* 15.06* 5.87* 37.83* -6.40* 39.97* -8.95* 16.54*

ARG 3A x RHA 271 2.70 9.95 13.45* -12.36* 19.03* 31.60* 34.39* 74.95* -9.05* 36.02* -3.61* 23.37*

ARG 3A x HRHA 4-2 10.68 17.06 1.09 -21.91* 13.82* 25.84* 18.23* 53.92* 0.77 50.69* -12.70* 11.73*

ARG 3A x HRHA 5-3 40.35* 30.52* 10.54* -14.60* -2.69* 7.58* 9.42* 77.81* -9.63* 35.15* 9.89* 40.66*

ARG 3A x RHA 297 30.44 20.75 13.81* -12.08* 7.37* 18.71* 42.51* 85.52* -4.20* 43.26* 21.39* 55.37*

ARG 6A x 6D-1 7.63 10.90 30.77* 0.13 6.98* 13.67* -4.83* 41.91* -3.78* 37.67* 17.81* 48.75*

ARG 6A x RHA 271 11.62 20.53 18.95* -8.92* 31.67* 39.91* 2.57* 52.96* 0.02 48.99* 3.59* 30.80*

ARG 6A x HRHA 4-2 20.95 25.18 26.36* -3.25* 6.74* 13.42* -23.81* 13.62* 6.21* 51.98* 8.92* 37.53*

ARG 6A x HRHA 5-3 19.13 21.62 50.17* 14.98* 26.24* 34.14* -13.36* 40.79* -0.75 42.01* -0.54 25.59*

ARG 6 A x RHA 297 6.80 13.14 45.26* 11.23* -5.18* 0.75* -26.18* 10.09* -8.85* 31.15* 14.82* 44.98*

DV 10 x 6D -1 14.65 18.99 62.10* -5.24* 10.50* 9.95* 1.86* 12.78* -3.31* 34.59* 17.42* 46.90*

DV 10 x RHA 271 8.95 16.39 35.75* -17.46* 45.28* 38.53* 1.07* 10.46* -1.72* 46.40* 0.81 26.11*

DV 10 x HRHA 4-2 13.88 17.95 66.07* -2.92 30.83* 24.76* 17.99* 44.00* -7.21* 27.49* 16.71* 46.00*

DV 10 x HRHA 5-3 6.26 12.13 43.62* -16.04* 16.76* 11.34* -14.36* 39.17* 0.98 33.86* 16.21* 45.38*

DV -10 x RHA 297 3.15 7.71 34.60* -21.32* 24.17* 18.40* 2.71* 12.26* -8.58* 31.55* 26.83* 58.67*

CMS 207 A x 6D -1 26.67 14.53 33.54* -18.92* 28.45* 28.19* -47.90* 8.67* -13.14* 20.91* 26.07* 42.71*

CMS 207 A x RHA 271 -2.52 5.94 70.06* 3.40* 25.18* 24.92* -57.18* -10.68* -7.65* 37.57* 17.03* 32.48*

CMS 207 A x HRHA 4-2 10.16 14.37 61.79* -1.78 82.53* 82.15* -58.03* -12.47* 2.71* 41.12* 19.19* 34.92*

CMS 207 A x HRHA 5-3 34.01 26.30 92.65* 16.96* -0.13 -0.33 -48.03* 8.40* 5.93* 42.60* 28.92* 45.93*

CMS 207 A x RHA 297 38.49 26.37 72.27* 4.59* 37.84* 37.56* -42.39* 20.16* 1.06 45.42* 29.23* 46.29*

SE 21.00 18.00 1.62 1.52 0.24 0.21 0.18 0.17 0.80 0.77 0.82 0.76

CD at 5% 40.00 30.02 3.24 3.04 0.49 0.42 0.37 0.34 1.61 1.54 1.63 1.52

PH-Plant height, HD-Head diameter, SD-Stem diameter, DF-days to flowering, DM- days to maturity,100 Seed weight, SY- Seed yield
plant-1, OC-Oil content, HC-Hull content, % SF-Percent seed filling, GERM.-Germination, EC-Electrical conductivity, VIAB.-Viability,
VI I-Vigour index I, VI II- Vigour index II,PALM.-Palmitic acid, STER.-Stearic acid, OLEIC-Oleic acid, LINO. - Linolenic acid.



297) In pooled analysis, heterosis over better
parent ranged from -23.11% (CMS 148 A X
HRHA 4-2) to 23.11% (CMS 234 A X HRHA
4-2) and over standard check heterosis varied
from 7.81% (CMS 148 A X HRHA 4-2) to
69.16% (CMS 234 A X HRHA 4-2). Significant
heterosis for oleic acid has been reported by
Skoric et al. (1978), Baldani et al. (1991),
Shekar et al. (1998), Singh et al. (1999) and
Giriraj and Nagaraj (2003) in various studies.

Linoleic acid (%) : Over the environments
(table 1.3), seventy one hybrids over better
parent and seventy five hybrids over standard
check had positive and significant heterosis per
cent. The major hybrids over better parent were
CMS 17 A x RHA 297 (43.97%), CMS 302 A
x 6D-1 (42.47%) and CMS17 A x HRHA 4-2
(42.13%) and the prominent hybrids over
standard check were CMSH 91 A x HRHA 5-
3(59.28%), DV 10 x RHA 297 (58.67%) and
CMS 17 A x HRHA 5-3 (57.83%) showed
positive and significant heterosis for this trait.
Heterosis for this trait has been reported earlier
by Lokendrakumar et al. (1998), Rather et al.
(1999), Singh et al. (1999) and Giriraj and
Nagaraj (2003). The fatty acid biosynthesis
pathway shows the formation of palmitic acid-
stearic acid-oleic acid-linoleic acid in which oleic
acid is the precursor of linoleic, the unsaturated
fatty acid as it is formed in subsequent pathway.
Correlation between oleic and linoleic acid has
been found to be negative and highly significant
(Singh et al. 2002). Due to such association
among these traits, as oleic acid increases
linoleic acid decreases. Similar result were
reported by Giriraj et al. (1986),Goksoy et al.
(2000) Nehru et al. (2000), Seetharam et al.
(2001), Gill and Sheoran (2002), Khan et al.
(2004), Goksoy and Turan (2004), Kaya
(2005a), Khan et al. (2008), Karasu et al.
(2010) and Deshmukh et al (2016).
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Poplar (Populus deltoides) is a commercially
important tree species which belongs to
Salicaceae family and is well adapted to
temperate regions all around the world. Over the
world, total area of planted poplar is 8.6 million
ha (IPCC, 2012), whereas 0.27 million ha area
has been reported in India mostly in states like
Uttrakhand, Uttar Pradesh, Haryana and Punjab
etc. (ICFRE, 2016). Poplar is favored due to
higher productivity (approximately 48 m3 ha-1

yr-1), short rotation (5-8 years), straightness and
deciduous nature, making it more compatible to
agro-forestry systems. The cultivation of poplar
has generated huge employment in the rural
areas of India and has improved the overall rural
economy (Chavan and Dhillon, 2019). Its soft
attractive, strong and easily workable wood is
suitable for manufacturing of matches, furniture,
packing cases, plywood, sports goods, pulp and
paper, rayon, fiberboard and pencils (Sidhu and
Dhillon, 2007). Nowadays, poplar is seen as the
'green gold' of the countryside, mainly due to its
deciduous nature, fast growing habit, adapta-
bility to different environmental conditions and

silvicultural systems and above all high industrial
demand. Genetically improved, true-to-type and
uniform clonal planting stock of field-tested
clones adaptable to specific sites, has
revolutionized productivity of plantations of
Poplars and Eucalyptus with major improve-
ments in quality of produce and profitability
(Raina et al., 2012; Lal, 2014).

The tree is harvested at a short rotation of 6-
8 years, which provides a yield of 150-200 m3

ha-1 (mean annual increment of 20-25 m3 ha-1

year-1) in block plantation and 12-20 m3 ha-1

(mean annual increment of 2-3 m3 per ha per
year) in boundary plantations (Kishwan and
Kumar, 2013). The wood of the tree is mainly
used for plywood manufacturing in India. The
branches, tops and roots of the trees are also
used by plywood industries as a fuel, which helps
reduce fossil fuel use. Due to its fast growth and
wider adoptability, the tree has huge potential to
sequester carbon and mitigate CO2 from the
atmosphere (Dhiman, 2009; Singh and
Lodhiyal, 2009; Chauhan et al., 2010 and
Gera, 2012).
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Abstract
The study was conducted to explore the growth performance of the 19 promising clones of poplar at 12

and 24 months after planting. Data were statistically analyzed for different growth parameters viz., colour of
buds (after one month), total height, collar diameter, inter-nodal length, number of branches, volume index at
first and second year. Taxonomic evaluation (colour of buds) revealed that the clonal characters further represent
the source of germplasm from poplar of section Aigeirous. Results revealed that clone C-5 showed significantly
better performance for total height, collar diameter, inter-nodal length and volume index, Clone C-7 and PL-
5 had a higher number of branches in comparison to other clones. Clones SOLAN-13, SOLAN-8 FRI-72,
FRI-100 and WIMCO-62 were also found to be the promising clones for growth parameters. Clones C-5
showed better performance for all above mentioned growth characters over other clones. 

Key words : Poplar, volume production, height and  growth performances.



Keeping in view the ever-increasing demand
of poplar wood and the interest of farmers in
cultivation of poplar, different promising clones
have been developed by various research
organizations in the country, and are being
tested in a number of locations under “All India
coordinated research project on poplar
improvement” (Kumar et al., 1999).

Further, the results of this trial have shown
that increased commercial planting of poplar in
India has so far relied on the use of few clones
of poplar viz. ‘G-3’, ‘G-48’, ‘D-121’, ‘ST-67’,
‘S7C4’ and ‘S7C8’ (Chaturvedi, 1992). About
90 percent of the poplar plantations in India are
based on clones ‘G-48’, ‘G-3’ and ‘S7C15’
(Kumar et al., 1999). Several clones have
shown promising growth rates and are grown in
different parts of north India to meet the
demand of industrial raw material. Subsequently,
introduced clones were hybridized among
themselves to produce new clones by Institutes
like FRI, Dehradun and Dr. Y.S. Parmar
University of Horticulture and Forestry, Nauni
(Solan). This has resulted in the mushrooming of
private nurseries. Most of these nurseries are
selling ETP (entered transplanting) of commonly
known clones without proper authentication and
purity. Since, these clones look morphological
similar, sometimes mislabelling can also happen.
In the recent past, the highly narrow genetic
base of these poplar plantations has resulted in
the outbreak of leaf defoliators, bark eating
caterpillar, stem borers, etc. (Singh et al., 2004).
The yield of clone G-3, which once used to be
the most popular clone, is declining due to
attack by leaf blight disease. This clone is giving
way to other clones, e.g., S7C8, Uday, L-34/82
etc. Individual plantations are, however,
monoclonal (Kumar et al., 1999). Luna et al.,
(2011) reported that clone WSL - 39 achieved
the best growth and maximum volume in
Punjab, attaining a diameter of 14.74 cm;
height 14.42 m and volume 0.1040 m3 tree-1.
This clone outperformed the clones for growth

and volume since the beginning. The volume
production of clone Udai was at par with WSL–
39 at 2 and 3 years of age in Punjab. 

Materials and methods

The present investigation was carried out in
Department of Forestry, CCS Haryana
Agricultural University Hisar (Haryana). The
details of different poplar clones procured from
different institution which were form the basic
material for present study are as under, 

Hisar has a typical semi-arid climate with hot
and dry summer and extremely cold winter. The
soil at the planting site is sandy loam with an
average pH of 8.5. were planted at 5×4 m in
second week of February following randomized
block design with three replications with
standard package of practice. Six plants of each
clone from each of the three replications were
selected randomly for recording data on total
height, collar diameter, inter-nodal length,
number of branches and volume index at 12 and
24 months after planting colour of buds were
observed after one month plantation of cuttings
in the nursery. volume index was estimated as
per Chauhan (2008). The replicated data
recorded for all characters was analyzed
statistically (Panse and Sukhatme, 1967).
Significant differences were based on P ≤0.05.

Results and Discussion

Plant height (m) and diameter at breast
height (cm) : A perusal of data showed that
significant variation was there among all the
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Table 1. A list of different Clones of poplar (Populus
deltoides)

C-5 WSL-110(W7) L-48
C-7 PP9-(J1) FRI-72
C-12 PP9-20 FRI-100
C-20 PP9-25 UDAY
C-26 PL-5 WG-108
Solan-8 WIMCO-62
Solan- 13 FNR-605



clones at 12 MAP and 24 MAP. The clone C-5
showed better growth performance over other
clones in respect of height and dbh. The
differences in height and dbh among clones in
present study may be due to the genetic
variation among the clone and site quality.
Lowest value for plant height and dbh was
obtained in clone WG-108 both at 12 MAP and
24 MAP. The present study showed that ample
variation exists among the clones for height and
diameter. The reported variations among poplar
clones under study are in line with the findings
of Puri et al. (2002), Ozel et al. (2010) and
Dhillon et al. (2020) in poplar. 

Internodal length (cm) : Analysing the
genetic characteristics of internodal length is
critical for improving plant population structure

and increasing photosynthetic efficiency. The
clones under study varied significantly with each
other in terms of their internodal length. The
clone C-5 and C-20 showed higher internodal
length than other clones. Internodal length
among different clones varied from 3.50 to 6.00
cm and 8.00 to 21.33 cm at 12 and 24 MAP,
respectively. The results of present study are
similar with the findings of Kumar et al. (2017)
and Tomar and Srivastva, (2020), in which they
reported the internodal length of poplar ranges
from 4.40 to 5.80 cm after one year of planting.
Similarly, significant inter-clonal variation in
poplar clones was reported globally in literature
(Mir et al., 2017; Sidhu and Dhillon, 2007;
Singh and Singh, 2013; Stener and Westin,
2017; Ahmed, 2020).
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Table 2. Plant height, diameter at breast height (DBH) and Volume Index of different clones of poplar at 12 and 24 months
after plantation (MAP)

Clones Plant height (m) DBH (cm) Volume index (cm3)
––––––––––––––––––––––––– ––––––––––––––––––––––––– ––––––––––––––––––––––––––––––
12 MAP 24MAP 12 MAP 24MAP 12 MAP 24MAP

C-5 6.90 10.42 5.52 12.84 16505.40 136834.10
C-7 5.57 9.50 4.77 9.13 10030.19 62560.51
C-12 5.60 7.03 4.19 6.26 7906.08 22409.12
C-20 5.40 9.13 3.77 8.71 6041.94 54128.45
C-26 5.53 9.10 3.68 8.39 5888.64 51214.97
SOLAN-8 6.07 10.11 4.14 11.46 8404.03 104516.90
SOLAN-13 4.45 10.12 3.71 12.10 4723.61 116819.50
WSL-110 5.07 9.34 3.50 10.19 4946.30 75881.71
PP9-(J1) 6.27 7.57 3.41 8.92 5836.95 47254.52
PP9-20 5.03 7.18 3.40 8.49 4564.60 40822.29
PP9-25 4.60 6.82 3.43 7.86 4494.27 33660.83
PL-5 5.27 9.12 3.87 10.93 6201.47 85739.01
WIMCO-62 6.06 9.10 4.19 9.45 8414.44 64621.81
FNR-605 5.20 8.40 3.82 8.07 5970.59 42833.33
L-48 5.17 7.13 3.71 9.66 5522.10 52264.06
FRI-72 6.10 9.41 4.51 8.71 10204.30 56461.42
FRI-100 6.07 9.83 3.85 11.15 7141.12 96928.60
UDAY 4.80 6.33 3.50 7.22 4594.75 26041.40
WG-108 4.43 6.03 3.39 7.01 4046.91 23162.15
Mean 5.45 8.51 3.91 9.29 4.75 6917.77
Range 4.43-6.90 6.03- 10.42 3.39-5.52 6.26-12.84 3.50- 6.00 4046.91-16505.4
SE(m) 0.37 0.72 0.28 0.49 0.08 3319.00
CD at 5 % 1.07 2.08 0.80 1.40 0.22 1629.87



Number of branches plant-1 : The
number of branches plant-1 among different
poplar clones varied significantly both at 12 and
24 MAP in field. The number of branches
plant-1 at 12 MAP varied from 4-32 with the
general mean of 17.16. The numbers of
branches plant-1 were observed maximum in C-
7 (32.00) and in PL-5 (36.67) after 12 and 24
MAP, respectively. Other clones in present
investigation showed more number of branches
are SOLAN- 8 (30.00), C- 5 (28.00), C- 12
(28.00), C- 20 (20.00) and WSL- 110 (20.00)
after 12 MAP and FRI- 100 (36.33) C-5
(31.00), L-48 (31.00), FNR-605 (31.00) and C-
7 (22.67) after 24 MAP. Minimum numbers of
branches plant-1 were recorded clone UDAY
(4.00) and C-26 (19.33) at 12 and 24 MAP,
respectively (Table 2). 

In the present study, the numbers of
branches plant-1 were observed maximum in C-
7 (32.00) and PL- 5 (36.67) after 12 and 24
MAP, respectively. The Minimum numbers of
branches plant-1 were recorded in clone UDAY
(4.00) and C-26 (19.33). A significant variation
among the clones for number of branches was
observed at 12 and 24 MAP. Number of
branches are the characteristics of a plant
species showing adaptation to a particular
environment as reported earlier by Dhillon et al.
(2010). Masoodi et al. (2014) also reported that
the clones collected from three ecological
environments exhibit great variation in number
of branches. Similarly, significant differences in
the number of branches among genotypes of

Populus tremuloides have been reported by Burk
et al., (1983).

Colour of buds : A perusal of the data in
Table 3 showed that each clone had a distinct
pattern of buds and variation in colour. Light red
brown colour of buds was observed in clones C-
5, C-7, C-12, C-26, WSL-110, PL-5, Wimco-
62 and light greenish red brown colour was
observed in Solan-8, Solan-13, PP9 (J1), PP9-
20, PP9-25, FNR-605, FRI-72, FRI-100, Uday
and red brown in C-20 and WG-108. The
variation in colour of buds makes the clonal
material diagnostically recognizable in the field.
The substantial variation in colour of buds
available on stem branch-1 in present study
indicates that there is lot of genetic variability in
the clones. Further, colour of bud is a good
indicator to identify the poplar clones and also
helpful in subsequent improvement of this
versatile industrial tree species. A similar pattern
of distinct colouration of buds among 19
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Fig. 1. Number of branches  

Table 3. Leaf fall duration and colour of buds in different
clones of Poplar in field

Clones Colour of Buds

C-5 Lightly Red Brown
C-7 Lightly Red Brown
C-12 Lightly Red Brown
C-20 Red Brown
C-26 Lightly Red Brown
SOLAN-8 Greenish brown
SOLAN-13 Greenish brown
WSL-110(W7) Lightly Red Brown
PP9-(J1) Greenish brown
PP9-20 Greenish brown
PP9-25 Greenish brown
PL-5 Lightly Red Brown
WIMCO-62 Lightly Red Brown
FNR-605 Greenish brown
L-48 Lightly Greenish brown
FRI-72 Greenish brown
FRI-100 Greenish brown
UDAY Greenish Brown
WG-108 Red Brown



different clones was reported by Kumar et al.
(2017). Additionally, Chaudhari and Tewari
(2006) also reported systematic detail leading to
identity 20 poplar clones through morphological
characterization. Information on phonological
characters is useful for understanding genetic
and taxonomic relationships and such data are
prerequisite for initiating meaningful breeding
programmes (Kearns and Inouye 1997).
Information generated in the present study may
be used as a morphological marker to identify
the clones under study. Earlier, Alpana and
Biswas (1999) also reported that bud colour is
the potential trait for germplasm characteri-
zation of poplar.

Volume : Data recorded on volume of
different poplar clones at 12 and 24 MAP is
shown in Table 4.4. In present study, there was
a significant variation for volume which ranged
from (4046.91 to 16505.4 cm3). Clone C-5
showed maximum volume (16505.40 cm3)
followed by clone FRI-72 (10204.30 cm3), C-7
(10030.19 cm3), Wimco-62 (8414.44 cm3) and
Solan-8 (8404.03 cm3). The minimum volume
was recorded in clone WG-108 (4046.91 cm3)
at 12 MAP. During second year, the values of
volume ranged from 22409.12 to 136834.10
cm3). Clone C-5 (136834.10 cm3) retained its
supremacy after 24 MAP and recorded higher
volume index over other clones. The higher
volume index of clone C-5 may be attributed to
its genetic potential. The results of present study
are in conformity with the finding of Kumar et
al. 2017 and Tomar and Srivastva, 2020 in
poplar clones. The volume productions in the
present study ranged from 22409.12 to
136834.10 cm3 at 24 MAP which is
comparable with the previous studies carried out
in Punjab (Dhillion et al., 2013). Various
workers had also studied significant variation for
root length and volume among poplar clones
under field conditions (Singh, 2001; Puri et al.,
2002; Sidhu and Dhillon, 2007, Ozel et al.,
2010 and Dhillon et al., 2010).

Conclusion

C-5 clone was superior than the rest in terms
of total height, dbh, number of branches, ,
volume, and leaf biometrical. Other clones in
present investigation, Solan-13, Solan-8, FRI-
72, FRI-100, Wimco-62, also showed promising
performance in the study for all the above-
mentioned growth parameters.
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