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ABSTRACT

Fruits are widely regarded as protective food necessary for maintaining human health.
Though growing fruit crops is a highly remunerative enterprise, their cultivation faces
many challenges like fluctuations in climatic factors, irregular bearing, pests and diseases
etc. This causes instability in production and productivity with low economic returns
from per unit area. Alternate bearer fruit cultivars are one of the serious economic
problems to the fruit growers. Physiological factors like carbohydrate reserves, nutrient
metabolism and phytohormones are known to be involved in flowering thereby regulating
bearing habit. Draining out of carbohydrate and nitrogen reserves during ‘On’ year is
known to lead to a lean crop in the ‘Off” year as they are important for fruit bud initiation
i.e., high C/N ratio helps for fruit bud initiation. The developing fruit provides a strong
sink for photo assimilates. It was therefore, thought that depletion of photo assimilates,
especially carbohydrates from the bud which prevents flowering induction, a hypothesis
known as the nutritional theory. Knowledge about impact of carbohydrates and nutrients
along with other important factors influencing flowering process is helpful in

understanding the phenomena of bearing in fruit crops.

Keywords : Bearing habit, Carbohydrate metabolism, Fruit Crops, Nutrient uptake,

FLOWER bud initiation is the key developmental
stage in plant growth, particularly for horticultural
crops such as the fruit trees because it determines the
success of commercial orchards by its influence on
fruit quantity and quality as well as stability of
production from year to year. Fruit crops like mango,
apple, citrus, litchi, olive efc. show irregular bearing.
Improved technologies such as high-density planting,
innovations in propagation, micro irrigation, protected
cultivation, breeding for regular bearing, rootstock
breeding for quality features and so on can help
increase fruit yield. Fruit trees with various rootstock
and scion combinations exhibit a variety of
anatomical, physiological and biochemical
characteristics. This will be helpful in understanding
the impacts of the rootstock on different horticultural
traits in fruit trees (Habibi ef al., 2022).

Rootstock, Scion

Major Research Gaps in Fruit Breeding for
Regular Bearing

The instability in fruit production with good crop
during one year and low or no crop in the following
year is called as alternate bearing. Commonly used
terms related to alternate bearing include biennial
bearing and irregular bearing. Monselise and
Goldschmidt (1982) reported that this phenomenon
is present in many fruit tree crops, viz., nuts (hazelnuts,
pecans, pistachios and walnuts), temperate fruits
(apple, apricot, pears and prunes), subtropical fruits
(avocados, citrus and olives), tropical fruits (litchi and
mango). Over the previous few years, India’s
horticulture production has increased. During last
decade, area under horticulture grew by 2.6 per cent
per annum with 4.8 per cent increase in production
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Flowering/ Bearing

Carbohydrate Metabolism:

Total Sugars. Reducing
Sugars, Starch, C/Netc.,

Mineral Nutrients:
Macro (N, P.K Ca Mg) and
Micro (B, Fe, Mn. Cu. Zn)

- I .- .

Rootstoc

k

Fig. 1 : Rootstock influence on flowering or bearing habit of fruit crops via CHO metabolism and mineral nutrients.

(NHB, 2020-2021). However, variable fruit yield
throughout subsequent years is a serious issue that
restricts fruit crop productivity. Due to long juvenile
phase, heterozygous in nature, breeding methods
applicability for regular bearing is very cumber
some. Research on perennial crops for regular
bearing has been carried out by several workers
(Sharma et al., 2019). There are many factors to
regulate bearing of crop and carbohydrate
metabolism and nutrient up take also play an
important role in bearing of crop. Role of rootstock
for regular bearing is still meager therefore;
present review highlights the role of rootstock in
bearing.

Impact of Rootstocks on Physiological Traits of
Fruit Crops

Numerous studies (Goncalves et al.,, 2003 and
Hartmann et al., 2011) have shown that scion-

rootstock interactions influence the physiological
traits of plants like photosynthetic variables
(stomatal conductance, rate of transpiration, net rate
of photosynthesis), water relations, anti-oxidant
enzyme activities, total soluble protein (TSP)
concentrations, mineral uptake, plant size, flowering,
timing of fruit set, fruit quality and yield efficiency.

In grape, cherry and apple, genotypic effect of the
rootstocks has altered the photosynthesis of the scion
(Verma et al., 2010). Satisha et al. (2007); Singh and
Rajan (2009); Koepke and Dhingra (2013); Bavaresco
and Lovisolo (2015) found that water use efficiency
(WUE), photosynthesis variables efc. significantly
differed among rootstocks and stress levels in fruit
crops. Several studies (Loreti et al.,, 2002; Haak
et al., 2006; Sotiropoulos, 2006; Bosa et al., 2014)
on pear and quince rootstocks indicated that scion-
rootstock interactions have an impact on gas
exchange, tree vigour, fruit set, yield and fruit quality.
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Rootstock Influence on Flowering via CHO
Metabolism

Effect of Rootstock on Carbohydrate Partitioning

Carbon and Nitrogen are the key elements because
it is an energy-producing factor and build tissues,
respectively. The importance of the Nitrogen
Carbon (NC) ratio in flowering concept has been
known since 1918. It was documented by the work
of Kraus and Kraybill. Foster et al. (2017) studied
that rootstock affects the partitioning of carbo
hydrates on both sides of the graft union in apple.
Shu et al. (2017); Wang et al. (2016) found that plant
growth regulators, proteins, mineral nutrients and
water, are exchanged between the scion and root stock.
Dayal et al. (2017) assessed the potential role of
polyembryonic rootstocks on tree growth, yield
and physiology of five mango cultivars. It is
concluded that rootstocks alter most of the
physio-chemical parameters of scion cultivars in
mango though the extent of regulation of activities
was scion specific.

In mango several studies (Reddy et al., 2003; Smith
et al., 2003) found that the use of rootstocks has
improved the growth, yield and fruit quality of
mango. Costes et al. (2003); Costes and Garcia-
Villanueva, (2007) found that in fruit crops, like
apple, rootstock impacts on scion growth habits
which can affect the balance between reproductive
and vegetative growth. Jover et al. (2012) observed
that sucrose and starch concentrations in root bark
appeared to be related with fruit sink strength. The
phloem is main channel in supply of carbohydrates
to developing plant tissues, including the flower
(Boldingh et al., 2016).

Yang et al. (2021) hypothesized that crop load
manipulation has long been used to alter source - sink
relationship to improve fruit quality and mitigate
biennial bearing in fruit crops. Kviklys and
Samuoliene (2020) reported that return to bloom
was dependent on rootstock, scion and crop load
and was negatively correlated to sorbitol in the buds.
Abdullah et al. (2020) concluded that mango rootstock
can affect canopy architecture of scion as early as in

the first year of growth following grafting. Fu et al.
(2016) showed that grafting was associated with
significantly increased plant growth, fruit yields and
enhanced photosynthetic capacities in melon
(Cucumis melo).

Importance of CHO Metabolism in Flowering /
Fruiting

Experimental evidence indicates that maturity of
terminal shoot and accumulation of carbohydrate in
the leaves and shoot apex are in some way associated
with the synthesis of the floral stimulus in mango trees
(Davenport, 2009). Nath and Singh, (2014) suggested
that carbohydrate distribution pattern may serve as
an indication for the judging of the floral induction
effect in litchi. Barbier ez al. (2015) investigated how
sugar availability modulates the hormonal network
during bud outgrowth in Rosa hybrid. Upreti et al.
(2014) studied the role of carbohydrates in the
paclobutrazol induced floral initiation in mango cv.
Totapuri. The results indicated that paclobutrazol
induced flowering is accompanied by an increase in
starch in leaf concomitant with an increase in soluble
sugars in the apical buds. Maurel et al. (2004) found
that vegetative buds of peach (Prunus persica L.
Batsch.) trees act as strong sinks and their bud break
capacity can be profoundly affected by carbohydrate
availability during the rest period (November-
February). Boldingh (2016) reported that high

carbohydrate and boron content in flowers of |

avocado at anthesis must for fruit setting. Iglesias
et al. (2002) generated source - sink imbalances by
defoliation and sucrose supplementation by stem
injection in cv. Okitsu of Satsuma mandarins and
reported that sucrose supplementation increased citrus
fruit set by more than 10 per cent.

Syvertsen et al. (2003) showed that leaves
immediately adjacent to fruit were smaller, had lower
leaf nitrogen and carbohydrate concentrations, lower
leaf dry mass per area (LDM,) and lower net
assimilation of CO2 (A ) than leaves on non-fruiting
branches of the same trees in ‘Spring’ navel Orange
(Citrus sinensis (L.) Osbeck). Carbohydrate
partitioning also play important role in alternate
bearing. Davie et al. (1995) emphasized that
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carbohydrate reserve must be increased in the tree at
the flower induction to fruit set stage to modify the
alternate bearing. Further, Jyothi et al. (1998) studied
the biochemical changes in alternate and regular
bearing varieties. In regular bearing trees, reducing
sugars were highest at flower bud differentiation
(FBD). Non-reducing and total sugar levels rise and
fall pattern was noted from FBD to maturity.

Slow mobilization of starch reserves may be one
limiting factor in citrus. Ulger ef al. (2004) in their
studies found a higher C/N ratio (1.5 times more in
‘Off” than ‘On’ year) during the initiation period and
an increased yield in the following year, suggest that
sugar levels are associated with floral initiation in
olives. Gawankar et al. (2019) studied that growth
and fruitfulness of a plant is greatly influenced by the
relative proportions of carbohydrates and nitrogen.
Muiioz-Fambuena et al. (2013) did the proteomic
analysis of leaves and floral buds from ‘On’ and ‘Oft”
trees at the time of floral induction in citrus showed
the importance of C and N compounds for flowering.

Saxena et al. (2014) showed that Amrapali being the
regular cultivar, contained higher levels of total and
reducing sugar and protein content in all the
developmental stages of flowering as compared to
biennial cultivars. The forms of sugar, as well as the
ratio of reducing to non-reducing sugar and the total
sugars, have a significant impact on fruit bud
differentiation. Das ef al. (2019) in their experiment
analyzed the carbohydrate levels during flowering in
two mango cultivars, Amrapali (regular bearer) and
Dashehari (alternate bearer), contrasting for bearing
habit. Regular bearer cv. Amrapali has a higher
carbohydrate content than alternate bearer Dashehari
during the ‘Off” year. Capelli et al. (2021) investigated
the role of hormones and carbohydrates on the
negative effects of reproduction on vegetative growth
in mango cultivars. Singh and Sharma, (2008)
observed that physiological and biochemical changes
associated with the flowering in mango.
Shivashankara & Mathai, (2000); Urban et al. (2008)
suggested that the changes in photosynthetic rate
associated with flowering are reversible, it is
associated with carbohydrate reserves accumulation

in reproductive shoot. Vemmos, (2005) reported that
reduction in sucrose movement from leaves to
inflorescent buds inhibits bud growth and triggers
inflorescent bud abscission in pistachio (Pistacia vera
L.). Goetz et al. (2021) showed that during the end of
flowering transition, dominance inhibition of
inflorescence shoot growth by fruit load is mediated
by auxin and sugar signaling in Arabidopsis. Martinez-
Alcantara et al. (2015) concluded that carbon
utilization by fruit limits shoot growth in alternate-
bearing citrus tree. In star fruit (Averrhoa carambola)
drought stress increased the flowering rate in both
drooping and water shoots (Pingping et al., 2017).
Stress caused increased accumulation of carbo
hydrates which may related to flowering.

Rootstocks-CHOs-Alternate Bearing

Fruiting depletes the carbohydrate supply, which is
one of the most essential factors for biennial bearing
in perennial fruit crops and is connected with floral
induction. Diversion of assimilates from shoot apices
to floral primordial is required for floral initiation.
Off-season, summer flowering and winter fruiting was
induced in mango cvs. Dashehari and Totapuri, which
normally do not flower out of season, when their
defoliated shoots were grafted onto the shoots of the
off-season cv Royal Special. Off-season flowering
could be readily induced in single flowering cultivars
such as Alphonso and Dashehari by veneer grafting
their defoliated receptor shoots onto leafy donor
shoots of multi-flowering cultivars such as Royal
Special (Kulkarni, 1986).

Some rootstocks can affect flowering time by altering
the chilling requirement and lead to flowers opening
(Atkinson and Else, 2001). Furthermore, the rootstock
can influence the alteration of vegetative shoots to
flowering buds (Seleznyova et al., 2008). In addition,
rootstocks determine the number of flowers on a tree
caused by changes in scion architecture, shoot growth,
and orientation (Van Hooijdonk et al., 2011). Fruit
rootstocks can induce precocious scion flowering.
Rootstocks might affect alternate bearing through
physiological factors favouring production, such as
the amount of photosynthate translocated into parts
of the roots (Kriedemann,1969). Dwarf apple
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rootstocks affect precocity and flowering time due to
carbohydrate metabolism and enhanced carbon
partitioning to the reproductive areas (Fazio et al.,
2014). Dubey et al. (2021) observed that rootstock
influenced the vigour of scion and yield, but minimal
alterations in fruit quality. Cohen ef al., (2022)
reported that for vegetative rootstocks alternate
bearing index (ABI) values were lower than the
seedling rootstocks in avocado.

Rootstock Influence on Flowering via Nutrient
Metabolism

Effect of Rootstock on Mineral Nutrient Uptake

Several reports (Cheng and Raba, 2009; North and
Cook, 2006), showed that rootstocks can affect the
mineral uptake of tree. According to several research,
rootstock selection can have a considerable impact
on nutrient uptake (Ibacache and Sierra, 2009;
Covarrubias et al., 2016; Habran et al., 2016; Lecourt
et al., 2015; Zamboni et al., 2016). Mickelbart et al.
(2007) studied nutrient concentrations in ‘Hass’
avocado (Persea americana Mill.). In addition, citrus
rootstocks affected boron uptake (Guidong et al.,
2011; Liu et al., 2013; Mei et al., 2011; Wang et al.,
2016). Rootstocks can affect mineral uptake, transport,
and use efficiency from the soil through the root to
the scion (Amiri et al., 2014; Nawaz et al., 2016).
These attributes may be due to root architecture,
changing the activities of ion transporters, changes in
hormonal levels and miRNAs (Meister et al., 2014;
Zeng et al., 2014).

The different architectures of grapevine rootstocks
affected nitrogen use efficiency (NUE) and
Phosphorus (P) uptake. The total nitrogen
accumulation and NUE were affected in various citrus
rootstocks, as rough lemon had more potential of
NUE than ‘Cleopatra’ mandarin (Sorgona et al., 2006).
Prunus rootstocks significantly affected macro and
microelements in leaves of cherry (Hrotko et al.,
2014), peach (Mestre et al., 2015; Zarrouk et al., 2005)
and plum (Reig et al., 2018), as well as flowers in
cherry (Jiménez et al., 2004) and peach (Zarrouk
et al., 2005). Consequently, rootstock modifies the
transport of nutrients. For example, eight distinct K

transporters have been found in ‘Carrizo citrange’ and
‘Cleopatra’ mandarins (Caballero et al., 2013). The
activities of ferric-related uptake and transport genes
(NASI, FRD3 and NRMAP3) significantly increased
ferrous uptake in apple rootstocks under iron-deficient
conditions (Zha et al., 2014). Two Prunus rootstocks
showed increased expression of Ferric chelate
reductase (FCR) and the iron transporter genes grown
under iron-deficient conditions (Gonzalo et al., 2011).
Different grape rootstocks improved nitrate uptake by
affecting the activities of low and high-affinity nitrate
transporter genes (Tomasi et al., 2015). In pear
rootstocks, transcripts of ammonium transporters have
been found to be affected by the rootstock (Li et al.,
2016; Mota et al., 2007). Nitrogen uptake and
transport in two graft combinations of grapevine,
conferring different vigour to the scion. The low
vigour rootstock had higher nitrate uptake capacity
and assimilation in roots after nitrate resupply than
the high vigour rootstock, which is potentially linked
to the higher carbohydrate status of the low vigour
rootstock. Sarkhosh et al. (2021) investigated the
effect of rootstock on scion nutritional status and the
selection of rootstock-scion combinations for variety
development.

Importance of Mineral Nutrients in Flowering/
Fruiting

Role of nutrients in irregular bearing also studied in
many fruit crops. Nafees et al. (2013); El-Motaium et
al. (2019) recommended nitrogen fertilizer to mitigate
alternate bearing in mango. Fernandez-Escobar et al.
(1999); Turktas et al. (2013), studied mineral nutrients
in olive leaves during the alternate-bearing cycle. It
was concluded that alternate bearing influenced leaf-
nutrient content of olive trees. Pillay et al. (2005)
observed that lower levels of leaf boron could help
identify an ‘Off” tree. Thus, signified the role of
mineral elements in regulating the flowering.
Baninasab et al. (2007) demonstrated that N, P and K
concentrations were significantly lower in many
organs of ‘On’ trees (presenting major bud abscission)
than of ‘Off” trees of Pistachio. Okada (2004);
Mirsoleimani et al. (2014) showed that reserved
nutrients status in citrus can predict the fruit
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productivity. Gundesli et al. (2021) studied the
seasonal changes in mineral nutrient contents in the
leaf and shoot tissues of pistachio trees as well as the
relationship between these changes and alternate
bearing.

There is some evidence of an interrelationship
between transport and metabolism of carbohydrates
as well as movement and accumulation of K. It is well
established that K acts as an osmoticum for the
transport and storage of sugars (Giaquinta et al.,
1983). Thus, in ‘On’ trees there would be an enhanced
requirement for K as an osmoticum for the transport
of sucrose to the developing fruits. Krishnamurthy
et al. (2013) investigated the influence of
carbohydrates, mineral nutrients and plant hormones
in alternate bearing of Black Pepper (Piper nigrum
L.) and their study indicated that efficient utilization
of metabolites in ‘On’ year may render vine weak in
the subsequent year coupled with poor remobilization
into developing berries, which could make it an ‘Off”
year. Physiological and biochemical attributes that
help the rootstocks to control plant vigour have
generally focused on hormone biosynthesis, nutrient
uptake (Khan et al., 2020), carbohydrates (Gemma
and Iwahori, 1998).

Molecular Aspects: Bearing

The transport of molecules, mainly miRNA, small
RNA and proteins across graft union through the
phloem are important communication between
rootstock and scion (Harada, 2010; Pant ef al., 2008;
Xing et al., 2016). The long-distance of mRNA, small
RNA and protein as graft-transmissible signals are
currently developing as new mechanisms to influence
horticultural attributes in rootstock / scion relation
ships and play a crucial function in molecular aspects
of grafting (Loupit and Cookson, 2020). Guo et al.,
2021 did fruit transcriptomics analysis revealed
important differences in gene expression between
pumpkin-grafted and self-grafted watermelon plants,
highlighting a particular impact in ABA-signaling,
sucrose transport and carotenoid metabolism related
genes associated to the ripening process affected by
the pumpkin rootstock.

Goncalves ef al., 2019 recommended that the
rootstock was responsible for inducing the drought
tolerance in scion cultivar by up regulating the
transcription of genes associated to the cell wall,
biotic as well as abiotic stress resistance, antioxidant
systems, soluble carbohydrate, transcription factors
(TFs), protein kinases (PKs) and proteins involved in
the abscisic acid (ABA) signaling pathway and at the
same time by down regulating the activity of genes
involved in the light reaction, metabolic processes
and biosynthesis of ethylene. Li et al. (2003) found
that gene expression is related to starch accumulation
in all ‘Off” tree organs. RNA levels of all the genes
examined were high in leaves and bark that
accumulated high concentrations of starch and low in
roots with declining starch concentrations. Yanik
et al. (2013) performed a comprehensive study on the
olive tree miRNA related to the alternate bearing. Wahl
et al. (2013) studied the role of carbohydrates
especially Trehalose-6-Phosphate in flowering of
Arabidopsis thaliana. The loss of TREHALOSE-6-
PHOSPHATE SYNTHASE 1 (TPS1) causes
Arabidopsis thaliana to flower extremely late. This
suggests that TPS1 is required for the timely initiation
of flowering. It was concluded that the T6P pathway
affects flowering both in the leaves and at the shoot
meristem. Nebauer et al. (2014) carried out an
experiment to find the relation between the seasonal
variation of expression and activity of the genes
involved in carbon metabolism and the partition and
allocation of carbohydrates in ‘Salustiana’ sweet
orange trees with different crop loads. Sharma et al.
(2020) studied the molecular mechanisms underlying
alternate bearing in mango (Mangifera indica L.) via
transcriptome wide gene expression profiling of both
regular and irregular mango varieties. Gould et al.
(2019) showed differences in sugar delivery rate to
the flower reflected by differences in 7PS expression.
Yang et al. (2014) showed that mature leaves had
higher expression levels of the floral promoter and
florigen in litchi. The enzymes like Sucrose 6
Phosphate Synthase, Trehalose Phosphate Synthase,
Citrate Synthase, Alcohol Dehydrogenase involved in
the process of carbohydrate metabolism of plants
(Brownleader et al., 1997). Micallef et al. (1995)
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reported the involvement of Sucrose Phosphate
Synthase (SPS) gene in flowering of transgenic
tomato. Role of Citrate synthase (CS) gene in
flowering of transgenic tobacco and transgenic
Arabidopsis plants (Han et al. 2013, 2017) was
reported. Studies (Eldik et al., 1998 and Gregerson
et al,, 1991) indicated the involvement of Alcohol
dehydrogenase activity in flowering. In plants grown
under normal, aerobic conditions, adh genes are only
transcribed in the anther, whereas ADH enzyme
activity is localized in the pollen.

Effective Nutrition Regulation to Mitigate
Irregular Bearing

The efficient utilization of metabolites and nutrients
in on year may render the shoot week in the subsequent
year coupled with poor remobilization into developing
fruits, which could make it an ‘Off” year.

The nutrients level during critical stages of plant
growth plays an important role in production.
Therefore, maintaining optimum nutrient balance in
plant is essential. Appropriate levels of N, P, K, Mg,
S and micronutrients were found necessary along
with proper balance of Ca and other cations for
flowering and fruit bearing.

The seasonal pattern of nutrient uptake and
partitioning is a key component of fertilizer
management in orchards. Matching both the time and
the rates of fertilizer application with the time of a
plant’s high nutrient demand, not only maximizes
yield, but also increases nutrient-use efficiency and
thus, reduces the potential for pollution.

The nutrient management during ‘Off” year to obtain
higher yields and measures to achieve higher
remobilization into developing fruits and enhan
cement of hormone levels through exogenous
supplement during flower primordial initiation and
early flowering stages during ‘Off” year are helpful
to counter the alternate bearing effect.

Conclusion and Future Thrust

Fruit removal studies have shown that flowering and
fruiting are high energy requiring processes and

deplete high amounts of stored carbohydrates,
nitrogen reserves as well as other mineral nutrients
from previous season and there are no reserves to
support the next year crop. This knowledge about
impact of carbohydrates and nutrients along with other
important factors influencing flowering processes
helpful in understanding the phenomena of bearing
in fruit crops and to take proper actions which will be
helpful in reducing the impact of irregular bearing on
productivity of fruit crops.
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ABSTRACT

Despite the landmark of green revolution, our nation’s intensive chemical farming has

severely polluted land, food, potable water, and air. When you eat food that was produced

in these circumstances, the contaminants are taken into your body. Sustainable agriculture
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practiced by Agnihotra is the solution to our issues. Agni means ‘fire’. According to the
Vedas, ‘HEAL THE ATMOSPHERE AND IT WILL HEAL YOU”’, hotra signifies ‘going
to heal’. The far more important feature of Agnihotra is that it unites the forces of the
five variables of earth, air, water, sun and space to bring about tiny differences in biota.

It is the vital spark in Homa farming. It is used when all hope is lost and has proven to

be useful in raising crop output and minimizing microbial contamination pathogenicity,
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soil and water decontamination, pest and disease infestation. Regularly incorporating

agnihotra will enhance the impact of that activity on the farm.

Keywords : Biota, Dawn and dusk, Pathogenicity, Photochemical

GNIHOTRA 1is a traditional domestic solemnity,
Aperformed to maintain harmony between living
beings and nature, without harming and by giving
respect. Agnihotra, the simplest form of ‘Yajna’
performed at sunset/sunrise in which cow dung is
burnt in a copper pot by using cow ghee and brown
rice as oblations along with chanting of mantras of
sun and fire. Agnihotra is mentioned and explained
by traditional Vedic literature, i.e., The Grihya-Sutra
(Rules of Vedic domestic ceremonies), (1) 1.2, 1.9
and 1.10 of Asvalayana Grihya-Sutra, (2) 1.1 and 1.3
of Gobhila Grihya-Sutra, (3) 1.5 of Khadira Grihya
Sutra, (4) some part of Sankhayana Grihya-Sutra
[Muller,2004].

Agnihotra is a purifying fire derived from the
Ayurvedic system of medicine. It is a daily procedure
of cleansing the environment by lighting a carefully
prepared fire at sunrise and dusk. As described in the
Rigveda, the holy monks of the Ancient Indus
civilization (9500 years ago) practiced Agnihotra
yagya in order to purify the atmosphere. The phrase
is ‘Kramishchmiv rastischmiya gnenkalpt ama’.

Chapter 18 of the Yajurveda hymns No. 1 to 29 states
that Yajna is the fundamental building block of
agricultural, physical, mental and spiritual
advancement. It also provides happiness to the
kingdom Plantae, boosts metabolism and guards
against pollution of the air. Additionally, the Bhagavad
Geeta, Krishiparasara Agnipuran and Vriksha
Ayurveda have all the reference agnihotra. In the
Vedas, it is stated, ' HEAL THE ATMOSPHERE AND
IT WILL HEAL YOU’. Any individual from any
background is welcome to do agnihotra and improve
their home’s atmosphere. Millions of persons across
the globe have learned that Agnihotra helps in
reducing tension, promotes more mental clarity,
enhances wellness, boosts vitality and infuses the soul
with affection. It is an excellent assistance in the
treatment of drug and alcohol addiction. Agnihotra
also feeds plant life and protects it from damaging
radiation and deadly microorganisms.

Agnihotra is an ancient science that was imparted in
sanskrit at the time of creation. Sanskrit was never
anyone’s native tongue; it is a vibrational language.
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With Sanskrit mantras and fire prepared with certain
organic compounds and timed to the sunrise/sunset
biorhythm, a little copper pyramid of a specified size
(2.25 inches *6 inches) and shape is used to prepare
the fire. The items which are required for performing
agnihotra are brown rice, dried cow dung, and ghee
(clarified unsalted butter). Mantras are chanted at
sunrise and dusk and a tiny amount of rice and ghee
is added to the fire. The beats and chants produce
subtle energies in addition to the energy from the
flames. These energies are produced or released into
the environment by the use of fire. This, together with
the properties of the materials burnt, results in the
full effect of this restorative HOMA (healing fire) and
also known as havan. The Agnihotra pyramid emits a
lot of healing energy.

Throughout Agnihotra period, enormous amounts of
energy is focused in the surrounding of the copper
pyramid of Agnihotra. It creates a magnetic field that
balances off detrimental energy while boosting good
energy. As a result, the performance of one who does
Agnihotra creates a favourable pattern. Agnihotra
removes impurities from the environment and
neutralizes dangerous radiation. Plant life benefits
from the resulting atmosphere.

The ghee after burning with the other materials in the
form of heat or as radiation released into the
atmosphere and binds to the soil’s molecular structure,
letting the soil retain more moisture. Plants growing
in the Agnihotra environment are more drought
resistant. Agnihotra alters the cellular structure of the
plant, directing more nutrients to the fruit and less to
the leaves, stem and roots. Many practitioners have
discovered that fruits and vegetables produced in
Agnihotra environment have greater size, flavour,
texture and yield. The use of Agnihotra in the garden
minimizes insect issues and Homa (healing fire)
practises make organic gardening and farming simpler.
In the middle of the twentieth century, the Indian
teacher Parama Sadguru Shree Gajanan Maharaj and
his student, Shree Vasant V. Paranjpe, found historical
information on the Agnihotra pyramid fire. Though it
is becoming more common in Western Countries,
organic farming is now mostly performed by
landowners in USA and India [Shinogi et al., 2016].

Agnihotra’s medicinal characteristics include the
ability to rejuvenate brain cells, invigorate the skin,
and purify the blood. It is a comprehensive attitude to
life. Many people who are typically allergic to smoke
find that sitting in the Agnihotra environment heals
them. The therapeutic properties of Agnihotra are
imprinted in the resulting ash. Thousands of
individuals throughout the world have reported
remarkable healings from Agnihotra ash for a variety
of diseases.

Why was Agnihotra Chosen

Chemical fertilizers and insecticides needed in
increasing doses and intensity or changing formulae
over time. Then there comes a point when nothing
grows unless you utilize them. They contaminate the
soil and sub soil water if used. When we eat food
cultivated under these circumstances, we consume
hazardous toxins. Then, after a few years, nothing
grows at all. These are some of the reasons why certain
communities began to consider organic farming and
biological pest management. This worked for a while,
but when the pollution load of the atmosphere rose
and things became more complicated, organic farmers
faced enormous challenges. So the only solution to
all these problems is agnihotra (Vala, 2021).

Agnihotra Forms

1. Agnihotrahoma : This is the most important ritual
and ought to be done each day at dawn and sunset.

2. Vyahruti Homa : Except for at dusk and dawn, it
may be carried out at any point of day or night.
Additionally, it is carried out before beginning Om
Tryambakam Homa.

3. Om Tryambakam Homa must be performed for a
minimum of 4 hours. It needs to be performed for
a complete 24 hours on supermoon and non-moon
days. Om Tryambakam Homa increased the
amount and quality of agricultural crops, as well
as their resilience to unfavourable environmental
variables and pests (Pathade & Abhang, 2014).
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Basic Material Required for Agnihotra

1. Copper pyramid : Only copper and gold pyramid
containers are utilised for agnihotra fire since they
work as an antidote to all our troubles.

2. Dried cow dung : cow dung is very much
auspicious according to scriptures among the
animal faeces on the planet. It is antiseptic,
anti-thermal and anti-radioactive. When burned,
it emits gases that inhibit the growth of hazardous
microbes found in contaminated air and purify the
atmosphere.

3. Pure ghee : Cow ghee is a natural disinfectant
that helps to minimize toxicity in the air. When
cow’s ghee is burnt with rice, it emits gases
such as propylene oxide, ethylene oxide and
formaldehyde, which limit the growth of
dangerous germs (Shinogi et al., 2016)

4. Brown rice or unbroken and unpolished rice :
Polished rice loses nutritional value, hence brown
rice is used. Only unbroken rises may be employed
in agnihotra because if they are fractured, the
subtle energy structure is disrupted and hence
unsuitable for healing.

5. Mantras : Mantras should be said clearly and with
complete concentration or completely absorbed
inside the chanting of mantras. Mantra chanting
generates subtle energy in the surroundings and
the human consciousness.

Inverted Copper Pyramid Agnihotra Vessel

The inverted pyramid pot is considered to be a cosmic
energy collector. Copper is the finest heat and
electromagnetic wave conductor. The Sanskrit
Agnihotra mantras produce certain vibrations that are
helpful to the mind and the environment. The design
of the copper pot allows for better use of incoming
air and effective burning of chemicals.

Ghee from Cows (Clarified butter) :

Cow ghee, known as the ‘mother of all remedies’ in
Ayurveda, functions as a transporter of subtle healing
forces. Cow ghee, which is applied on the rice grains
before oblation, aids in the quick burning of wood

cellulose and carbohydrates in rice. When all of the
volatile compounds in the surrounding atmosphere are
dispersed, they are vulnerable to photochemical
reactions in the sunlight the fumes, smoke or vapours
produced by the burning components soar to great
heights in space. The volatile oils produced by the
appropriately lit fire disperse into the surrounding
environment together with the air particles

It can be emphasized that the goal of agnihotra is to
vaporize the contributions made in the form of burnt
offerings or they are heated up to conversion into
gaseous form, instead of combusting them. As a
result, these compounds spread into the surrounding
air and improve air quality.

Cow Dung Cakes

Cow dung cakes extracts have been shown to have
antibacterial properties. The fumes generated by
Agnihotra have been proved scientifically to posses
antibacterial properties as reported earlier. Fumigation
by using chemicals like formaldehyde has hazardous
effects on the body, but Agnihotra fumes have not only
been reported to control microbial load but also to
heal the atmosphere and purify the air. The reduction
in microbial load may be caused by volatile organic
compounds released during the burning of Agnihotra
material which is mainly constituted by cow dung
cakes (Rajeswari ef al., 2016).

Unbreakable Fresh Rice

Because rice is the most plentiful food grain on the
planet, raw unbroken complete rice grain is ideal for
usage. It is a key part of the Agnihotra ceremony. In
Agnihotra, the rice grains burn with a sound. Rice
burning emits gases such as ethylene oxide, propylene
oxide, formaldehyde and vita propyo lactone. These
gases aid in the purification of the atmosphere and
the destruction of germs.

Ash of Agnihotra

Certain scientific research have demonstrated the
beneficial impact of Agnihotra ash in organic
gardening. Phosphorus solubility in soil has been
observed to be boosted by Agnihotra ash (Kratz &
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Source: homafarming .com

Schnug, 2007). Ash has been demonstrated to have
beneficial impacts on rice seed germination and soil
fertility (Devi ef al., 2004; Sharma et al., 2013).

Agnihotra Procedure

Perform the following steps for the agnihotra fire’s
preparation just before morning light and dusk:

1. Place a flat piece of dehydrated cow dung cake in
the copper pyramid’s base. Set up the stack of
hardened cow dung so that air may flow across it.

2. Use a small amount of Ghee to ignite a portion of
cow dung. Put this glowing bit of cow dung dried
piece in the pyramid’s middle. The pyramid’s
waste will soon spontaneously combust. To avoid
damaging it with oral germs, do not blow on the
flames though.

3. Put some ghee over a few rice kernels and place
them on a dish or in your left palm.

4. Chant the first Sutra at aptly sunrise, then add a
few kernels of rice to the bonfire after the syllable

SWAHA. Add some rice to the fire after reciting
the second sutra. The morning Agnihotra is now
complete.

5. Redo the mantra also with evening sunset. This
brings the evening Agnihotra to an end. Aim to
devote far more time as you can for
concentration after each Agnihotra. As long as the
fire goes itself out, you can sit (Pathade & Abhang,
2014).

What took Place during Agnihotra?

It needs to be underlined that Agnihotra’s goal is to
vapourize or to heat the contributions given in the
type of burnt offerings sufficiently to convert them to
vapors, instead of to burn them. The gases and fumes
released by the burning parts reach vast altitudes in
universe. When all of the volatile compounds in the
surrounding atmosphere are dispersed, they are
vulnerable to photochemical reactions in the sunshine.
When yagya is conducted, the scent may be easily
perceived in the surroundings due to the dispersion
of compounds such as terpinol, eugenol, ammonia,
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~SUNRISE MANTRA~

Sooryaya Swaha,

Sooryaya dam Na Mama |

Prajapataye Swah
Prajapataye ldam Na Ma

Agnaye Swaha,
Agnaye |dam Na Mama |

Prajapataye Swaha,

Prajapataye |dam Na Mama ||

~SUNSET MANTRA~
3[oolel dIal
3[961°] 3G of A

USR] ZdIal
9151 LY (9 (9 5G ol il

(Parkhe Pariwar Trusts, 2020)

indol, formalin and so on. As a result, these
compounds spread into the surrounding air and
improve air quality (Jani, 2020).

How to Make an Agnihotra Fire

Spread ghee over a few cow dung pieces (arrange
them in the Agnihotra pot in such a way to permit
free passage on air). Begin the fire a few minutes
before sunrise/sunset and chant the agnihotra

mantras (after the word SWAHA add a few grains of
rice grains coated with ghee to the fire). Agnihotra
get finished in 10 minutes and it is best to sit
quietly or meditate until the fire is extinguished.
The ash residue left after agnihotra is gathered in a
cloth on a regular basis. The fine sieved ash is known
as ‘the miracle powder’, and it is used as a fertiliser
in homa cultivation as a growth promoter and
pesticide (Choudhary et al., 2020).

TABLE 1

Homa farming vs conventional farming

Homa agriculture

Conventional agriculture

The environment is regarded as the most essential source
of nourishment in Homa farming since it provides 75
percent of the nutrients in plants.

In normal farming the environmental factors are not
considered

Production after harvest per hectare is more

Lesser production in the normal agriculture

The shelf life of various perishable goods like vegetables
fruits etc. have more

In case of normal agriculture there is not much longer shelf
life. To preserve them they require more inputs while storage

Table 1 contd.

20



Mysore J. Agric. Sci., 57 (1) : 16-24 (2023)

KANCHAN YADAV AND SHILPA KAUSHAL

Homa agriculture

Conventional agriculture

The cost of production inn homa farming is much lesser
than that of other modern techniques

The cost of cultivation in other methods is more than the
homa farming (Bhatia et al., 2022).

For example: Homa farming shows a drastic increase in
yield of guava with high quality as compared to normal
farming and other organic farming systems (Ram and
Pathak, 2005)

In aresearch conducted by (Kumari ez al., 2018) to compare
the effectiveness of agnihotra fire and regular fire on
bacterial count, one plate containing bacteria was placed
in the agnihotra room and the other in the control room
next to the agnihotra room at some distance. Bacterial count
was greatly decreased when compared to regular fire, and
bacterial count was also decreased to some extent in plant
placed in control room (near agnihotra room) (Berk and
Dubey, 2020).

Effect of Agmibotra on plant growth

L L

Teeatod

Source : (Pathade & Abhang, 2014)
Fig. 1 : Comparison in the length of plants treated with agnihotra

Ferazily b e

Unircaked

A Case Study from Australia

A!mm.fmhmm»x&u Aumrhin 1986
mmwmw

* He was following the batic teachings of Atharva Veda tradition
which he had learned directly from Vasantji - sunrise/sunset
Agnihotra, offerings to lire with Mrityunjaya Mantra four hours

ummmemmmtmmwmmu
tested for radioactivity.

* Scientists were shocked to find that milk ond fodder on fis
farm had normul rodloectivity wiile oll the surrounding farms
bad much higher cadioactivity.

* This was a direct proof how knowledge from Atharva veda and
Guru Tradition of India protected his farm from Radioactivity.

(Adhikari, 2015)

Resonance Point

Resonance Technique is a component of HOMA
Organic Farming in which basic procedures are
utilised to quickly repair huge tracts of unhealthy soil.

A single RESONANCE POINT has the ability to heal
up to 200 acres (80 hectares) of land. It heals the same
amount of human work is necessary to mend one acre
as it is to heal two hundred acres. Ten new copper
pyramids must be installed, activated with Mantra,
and placed on the farm in a specified configuration
by a volunteer for Homa Treatment who is authorised
to place resonance places. In addition, two simple
dwellings must be built out of readily accessible,
inexpensive natural materials such as wood, earthen
blocks, carpets, bamboo, stones, cane, etc. These
dwellings won’t be used as homes. They just serve
to protect the person conducting the task. [http://
homafarming.com/resonance-point/].

Applications of Homa Farming in Agriculture

In water purification : One of the primary benefits
of doing Yajnya is the use of Agnihotra for water
purification. Water is purified only when Agnihotra

Parameters for Average seed weight

Protein content %

Oil content Urease activity™

oil seed crop per 1000 seeds in seed %in seeds [in average]
Conventional agriculture 103.66¢g 39.15¢g 19.54¢ 7.94¢
Homa organic farming 142.60g 39.50g 19.62¢g 7.86
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Agnihotra hut

Diagram of the Agnihotra Hut

Made of natural materials
like straw, straw mats,

adobe bricks, bamboo, wood,
stones and other easily
available natural materials

— |
¥
Floor is elevated with
clay, stones, adobe
bricks, wood, ete.

im

im

minimum

Trymbkam hut

Diagram of the Tryambakam Hut
{ 2 copper pyramids)

Made of natural materials

Agnihotra additional

Om Tryvambakam Homa

. g 3
.i'.A' E E

S5m

Floor is elevated with E
clay, stomes, adobe
bricks, woed, etc.

4m

minimum

Every day at dawn and dusk, the AGNIHOTRA bonfire is
conducted in the main hut, also known as the Agnihotra
hut.

The Agnihotra Hut will be somewhat bigger than the OM
TRYAMBAKAM Hut (approximately 4x5m).

If feasible, it would be excellent to construct this cottage in
the middle of the farmland.

The HEALING HUT is another name for it. Persons who
are ill can sit around and undergo treatment

The dimension must be around 3 x 4 metres, with the larger
side pointing in the EAST/WEST direction. To perform
the flames, one must enter from the WEST and lid down
facing the EAST.

The fire itself is the healer. The region becomes a healing
spot for sick people, animals, and plants even if we are
lighting the flames for agricultural purposes.

A hole that is 30 cm x 30 cm and around 50 cm deep should
be excavated close to and parallel to the EAST wall.

Face EAST while doing HOMA.

Just after primary pyramid has been triggered, it is covered,
a stack of sand is erected on top of it, about 50 cm above
ground, and a second active pyramid is positioned right
above it, perfectly oriented to the east.

Two pyramids—one on the right for OM TRYAMBAKAM
HOMA and the other on the left for AGNIHOTRA—are to
be erected in this HEALING hut on tiny muddy foundations.

In this position, the individual seated on the floor ahead of
the column is at chest level with the pyramid on the column.
The pyramid on the column serves as a resonating pyramid.

Om Tryambakam Homa must be conducted for four hours
each day and for twenty-four hours on whole and no moon
days in order to have the most impact.

Then, on the right and left sides in front of the main column,
two more of the triggered pyramids are positioned on small
mud slabs. Daily AGNIHOTRA is performed on the left,
and other sporadic Homa fires are performed on the right.
In this hut, there are a total of four pyramids.

It is preferable to build this hut close to the farm’s entry so
that visitors may enter and exit without interfering with the
secrecy of individuals who live and/or work there.

(Bhatia et al., 2022)

In this hut, Agnihotra must be performed beginning at dusk.
It is similar to turning this point on at sunset.

The Agnihotra hut is a sanctuary of stillness, where only
the designated Mantras are chanted. In this manner, the tiny
healing forces are not obstructed.

This hut is the Generator of Healing Energies.
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is performed in an enclosed space, without any
physical contact between water and ash or fumes of
Agnihotra. Experiments done in Agnihotra
environment with water samples stored in Faraday
cages (steel, aluminium and copper) reveal less
progress in water purification than those not kept
in Faraday cages. This is due to variations in the
amount of dissolved oxygen caused by the absorption
of infrared rays from Agnihotra and the increase in
temperature within Faraday cages.

Applications of Agnihotra

Control air pollution : Fumes of Agnihotra are of
medicinal use, they control pollution of an ambient
air. An Agnihotra fume shows antimicrobial properties
by killing or decreasing the growth of microbes which
resulted in the reduction of microbial load in the
surrounding environment.

Agnihotra Applications for Mitigating Microbial
Pathogenicity

Agnihotra’s performance demonstrates a reduction in
Microbial load in the surrounding environment.
Microbes are reduced by direct killing or by inhibiting
their growth; this may be due to the production of
antimicrobial compounds from burning material or
diffusion of microbes with fumes in upper strata in
such a way that residual population is kept within
nature’s tolerable limit. In vitro investigations on the
bioenergetics system of S. aureus demonstrate that
Agnihotra does not kill harmful bacteria but
decreases their pathogenicity by decreasing coagulase
synthesis. Experiments were carried out on albino
mice in vivo demonstrated that when a virus treated
with Agnihotra is injected into a mouse, it does not
cause any harm. Diseases will not be created as a result
of a lesion or an abscess.

Homa farming is a reliable technique to producing
plants in a clean and healthy environment. Plants
produced in a homa environment germinate quicker,
develop earlier, have a longer shelf life and
production or yield much higher because when we
conduct homa, we make the plants joyful and use all
of their energy to boost their output. Homa farming is

an efficient agricultural method that increases output
by 25-30 per cent. It minimises microbial burden in
air and water, lowers SOX (sulphur oxides) and NOx
(nitrogen oxides) levels in the atmosphere and is
environmentally friendly. Organic farming is a long-
term process. Agnihotra ash, it acts as a miracle
powder. The raw material reduces the conductivity,
hardness, microbial population and biological oxygen
requirement of the row water.

Agnihotra ash functions as an antifungal agent,
inhibiting the development of fungal hyphae and
soil-borne diseases. Agnihotra fumes not only regulate
microbial activity, but also cure and purify the air. It
is suggested that homa farming be tested in
multilocational trials so that this practise may be
advocated as a technology and a wide number of
farmers become aware of this approach and
incorporate it into their everyday farm practises in
order to achieve substantial outcomes. It must be
spread around the world in order to assist the national
economy and farmers.

REFERENCES

ABHANG, P., PatiL, M. AND MogHE, P., 2015, Beneficial
effects of agnihotra on environment and agriculture.
International Journal of Agricultural Science and
Research (1JASR), 5 : 111 - 119.

ABHANG, P., PatiL, M. aND MogHE, P., 2015, Beneficial
effects of agnihotra on environment and agriculture,
Int. J. Agr. Sci. Res., 5(2): 111 - 120.

ApHikarl, T., 2015, Agnihotra farming. https://
www.slideshare.net/TapanAdhikari/agnihotra-farming

BEerk, U. aND DuBEY, A. K., 2020, Global covid 19 and
agnihotra. International Journal of global science
Research, 7 (1) : 1243 - 1255.

BERK, U. AND SHARMA, S., 2015, Effect of agnihotra energy
field on water purification. Indian J. Tradit Knowle.,
1(1):63-68.

BHaTIA, S., RoHILLA, A. AND KAUSHAL, S., 2022, A review
on homa farming - A vedic touch to modern agriculture.
International Journal of Advances in Agricultural

23

)
Q
Q
=
)

RS

A

~
]
5

=
~
=

QO
N
80

X

S~

The Mysore Journal o




$
S
3
Q
A
~
N
=
=
S
go
SNy
S
~
S
3
~
N
3
gx
S
~
=

Mysore J. Agric. Sci., 57 (1) : 16-24 (2023)

KANCHAN YADAV AND SHILPA KAUSHAL

Science and Technology, 9 : 14 - 25. https://doi.org/
10.47856/ijaast.2022.v09i05.003.

CHOUDHARY, M., CHOUDHARY, S. AND GARG, K., 2020, Homa
farming - A vedic touch to morden agriculture, pp. : 4.

Devi, H. J., Swamy, N. V. C. aND NAGENDRA, H., 2004,
Effect of agnihotra on the germination of rice seeds.
Vol. 3(3), July 2004, pp. 231-239.

GoLEcHHA, G. R, SETHI, I. G. AND DESHPANDE, U. R., 1991,
AGNIHOTRAV 1n the treatment of alcoholism. Indian J.
Psychiatry, 33 (1) : 20 - 26.

Jani, C., 2020, Agnihotra : Homa organic farming. Agrinenv.
Com., pp. : 67.

Kratz, S. AND ScHNUG, E., 2007, Homa farming - A
vedic fire for agriculture : Influence of agnihotra ash
on water solubility of soil P. Land baufors chung
Volkenrode, 57 : 207 - 211.

Kumari, A., SHARMA, P. M., Yabpav, J. anp Vam, P. K.,
2018, An urgent need for sustainable agricultural
practices : A review of natural, organic ayurvedic
and homa farming over chemical farming. Asian

Journal of research in Crop science, 1 (3) : 1 - 20.

MULLER, F. M., 2004, The grihya - sutras part I : The sacred
books of the east part twenty-nine, (Kessinger
Publishing, USA), pp.: 115-172.

PaTHADE, G. R. AND ABHANG, P., 2014, Scientific study of
vedic knowledge agnihotra.

Ram, R. A. anD PatHAK, R. K., 2005, Integration of organic
farming practices for sustainable production of guava:
A case study. Int. Guava Sym., pp. : 357 - 363.

RaJEswARI, S., PoonGoTHAL, E. AND HEMALATHA, N., 2016,
Antimicrobial activites of cow dung extracts against
human pathogens. International Journal of
Current Pharmaceutical Research, 8,9. https://doi.org/
10.22159/ijcpr.2016v8i4.15268

SHARMA, S. K., SENGUPTA, T., SUNAR, K. K., BERK, U., DAVE,
V. B. M., Ganpni, T. S. aND CHAURASIA, R., 2013, Ash
amended with yellow soil as the growth regulator for

Zea mays.

Sumoar, K. C., SRivasTava, S., Rasamr, K. G., RosiN, 2016,
Homa organic farming : Science behind concepts and
methodologies. Indian farmer, 3 (12) : 850 - 853.

https://www.speakingtree.in/blog/vedic-combustion-
science

http://shodhganga.inflibnet.ac.in/bitstream/10603/2491/12/
12_chapter%206.pdf

http://homafarming.com/resonance-point/

Trusts, P. P., 2020, Agnihotra Disciplines Retrieved
2022/12/15 from https://scontent.fixc4-1.fna.fbcdn.net/
v/t1.6435-9119980233 4372529206155000 3507769
672311787884 n.jpg? nc _cat=110 & ccb=1-
7& nc_sid=9267fe & nc_ohc=qRvucSYI
Fd4AX8MjBRI & nc_ht=scontent. fixc4
1.fna&oh=00_ AfBMqYvp8xxOWPSIiEOzL
M9p2uZVbQZoio GwFrDX-00R9 Ng &
0e=63C231B9

VaLa, Y. B., 2021, Agnihotra : A vedic touch to modern
agriculture. Just Agriculture, 1 (8).

24



Mpysore J. Agric. Sci., 57 (1) : 25-32 (2023)

Evaluation of Ashwagandha [Withania somnifera (L.) Dunal] Genotypes for
Growth and Yield Attributes under Bengaluru Condition

ABDULRAZAQ BEPARI, G. GoPINATH, K. N. SRINIVASAPPA AND C. SUNEETHA
Department of Horticulture, College of Agriculture, UAS, GKVK, Bengaluru - 560 065

AUTHORS CONTRIBUTION

ABDULRAZAQ BEPARI :
Conceptualization, data
collection and investigation;
G. GOPINATH :

Data visualization and
review;

K. N. SRINIVASAPPA :
Conceptualization and
supervision;

C. SUNEETHA :
Reviewing

Corresponding Author :
MR. ABDULRAZAQ BEPARI
Department of Horticulture,
College of Agriculture,
UAS, GKVK Bengaluru

Received : September 2022

e-Mail : abepari94@gmail.com

ABSTRACT

The present investigation was carried-out at the Department of Horticulture, College of
Agriculture, UAS, GKVK, Bengaluru with the aim of evaluating thirty-two genotypes
of ashwagandha [Withania somnifera (L.) Dunal] for growth and yield parameters
under Bengaluru conditions during late Kharif 2020 and 2021 by adopting a randomized
complete block design with three replications. Various growth and yield parameters,
viz., days to 50 per cent germination, plant height, branches per plant, days to 50
per cent flowering, length of main root, diameter of main root, dry weight of root
plant! and dry root yield were recorded. Among all genotypes, DWS-319 taken minimum
days to 50 per cent germination (11 days), whereas genotype DWS-132 taken maximum
days to 50 per cent germination (25 days). Genotype DWS-09 was found as the superior
genotype for plant height (74.25 cm), diameter of main root (2.82 cm), dry weight of
root plant? (7.57 g), dry root yield plot' (416.35 g) and dry root yield ha! (16.01 q).
Among the genotypes, DWS-280 and DWS-279 were superior in branches per plant
(17.81) and length of main root (21.67 cm) respectively. The present study indicates
that genotype DWS-09 recorded the highest mean performance for growth and yield
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character under Bengaluru conditions.

Keywords : Ashwagandha, Genotypes, Evaluation, Growth and Yield

SHWAGANDHA [Withania somnifera (L.) Dunal]
A(2n=48), commonly known as ‘Winter cherry,’
is an important cultivated medicinal crop of India.
It is an erect, evergreen, perennial shrub of
the Solanaceae family native to the Indian
sub-continent. It is also known as’ ‘Indian Ginseng’
because the roots are compared with the roots
of Chinese Ginseng (Panax ginseng) for their
restorative properties (Devi, 1996). Several types
of alkaloids are found in this plant, among which
withanine and somniferine are important. The total
alkaloid content in Indian type roots has been
reported to range between 0.13 and 0.31 per cent.
Ashwagandha fruits and seeds are diuretic in nature.
The paste prepared out of its leaves is used for
curing inflammation of tubercular glands and that
of its roots for curing skin diseases, bronchitis and
ulcers. In ancient Ayurvedic literature, ashwagandha

is mentioned as an important drug. Withaferine-A
is used as an antibiotic, anti-stress, neuroprotective,
antitumor, anti-arthritic, analgesic and anti-
inflammatory drug. The drug is mainly used in
Ayurvedic and Unani preparations. Hence, this drug
is receiving a great deal of attention. It is also found
useful in treating different disorders such as
Parkinson’s, dementia, memory loss, stress-induced
diseases and malignoma. It is commonly used for
emaciation of children, debility from old age,
rheumatism, leucoderma, constipation, insomnia,
nervous breakdown and goitre (Singh et al., 2011).

Ashwagandha grows in the dry parts of sub-tropical
regions. Rajasthan, Punjab, Haryana, Uttar Pradesh,
Gujarat, Maharashtra and Madhya Pradesh are
the major Ashwagandha producing states in the
country. Recently, it has also been cultivated in the
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southern states of Karnataka and Andhra Pradesh.
India’s annual requirement of roots is around 7000
tons while production is hardly 1400 tons since it
has potential to grow under rainfed conditions and
there is a need to increase its cultivation in newer areas
in south India. However, there is an apparent lack of
improved genotypes of ashwagandha to increase the
yield potential. Therefore, the present investigation
was carried out to evaluate the existing variability for
higher growth and yield.

MATERIAL AND METHODS

The present investigation, comprising 32 genotypes
of ashwagandha, evaluation was carried out during
2020 and 2021 late kharif at the Horticulture Research
Station, Department of Horticulture, College of
Agriculture, UAS, GKVK, Bengaluru. The treatments
included thirty-two genotypes of ashwagandha,
with their sources of collection enlisted in
Table 1. The experiment was conducted using
Randomized Complete Block Design (RCBD) with
three replications in Bengaluru conditions following
30 cm x 20 cm spacing with the individual gross
plot size of 2.6 m*. The required area for experiment
was marked prior to layout at Horticulture Research
Station, Department of Horticulture for the years
2020, 2021 and the experimental plot was ploughed
with a tractor followed by levelling and planking with
a view to having a fine tilth of the experimental plot.
Weeds and debris were removed so as to obtain a
clean and fine tilth texture. The recommended doses
of organic manures and fertilizers were applied at
the time of field preparation. 10-12 tons of FYM,
15 kg of nitrogen and 25 kg of phosphorus per
hectare were applied at the time of land preparation
of experimental plots. Seeds were sown to a depth
of 1 to 2 cm by line sowing method. The crop received
regular intercultural operations and irrigation.
Standard agronomic practices and plant protection
measures were adopted as per the schedule. Five plants
from each plot were randomly chosen and tagged in
order to record observations.

The observations on various growth parameters
were recorded at different growth stages at 45,

TaBLE 1

List of ashwagandha genotypes along with their
sources used in the study

Treatments Genotypes Sources

DWS-05

DWS-09

DWS-22

DWS-40

DWS-41

DWS-132
DWS-141
DWS-143
DWS-144
DWS-197
DWS-250
DWS-252
DWS-253
DWS-257
DWS-258
DWS-259
DWS-260
DWS-262
DWS-270
DWS-272
DWS-279
DWS-280
DWS-281
DWS-284
DWS-296
DWS-309
DWS-315
DWS-316

DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DMAPR, Boriavi, Anand, Gujarat
DWS-317 DMAPR, Boriavi, Anand, Gujarat
DWS-319 DMAPR, Boriavi, Anand, Gujarat

Arka AshwaITHR, Bengaluru
gandha

Poshita
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CIMAP Research Station,
Bengaluru

Note : DMAPR —Directorate of Medicinal and Aromatic Plants
Research

DWS- Directorate Withania somnifera
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75%, 105", 135" days after sowing and at harvest.
The yield parameters were recorded after harvest
and the replicated mean data was subjected to
statistical analysis for interpretation, using
Randomized Complete Block Design (Panse and
Sukhatme, 1957).

RESuULTS AND DISCUSSION
Growth Parameters
Days to 50 per cent Germination

Ashwagandha genotypes exhibit variability with
respect to various growth parameters (Table 2).
Days to 50 per cent germination were recorded and
ranged from 11 to 25 days (Table 2). The genotype
DWS-132 took the maximum days to 50 per cent
germination (25 days), while DWS-143 (24 days)
and DWS-144 (23 days) were on par with each other.
Minimum days to 50 per cent germination was
observed in DWS-319 and DWS-252 (11 days),
followed by DWS-141 (12 days). Early germination
might be attributed to a soft seed coat, whereas
late germination might be attributed to the genotypes
hard seed coat. The results from the present
investigation are in conformity with the findings of
Gami ef al. (2015) in ashwagandha.

Plant Height

The plant height was found significant among
genotypes and the data analysed is presented in
Table 2. The data revealed that the significantly
maximum plant height was found in genotype
DWS-09 (74.25 cm), which was followed by DWS-
309 (72.15 cm) and DWS-259 (71 cm) and the lowest
plant height (42.42 c¢cm) was recorded in genotype
DWS-40. The variations in plant growth phases
among different ashwagandha genotypes could
be attributed to genetic traits of the individual
genotype, genetic heritability and growth variability
among genotypes, as well as soil and climatic
conditions favourable to vigorous growth and
nutrition management. Similar results were obtained
by Polaiah ef al. (2013) and Gami ef al. (2015) in
ashwagandha.

No. of Branches Per Plant

Analysed mean data and its range for the thirty-two
genotypes with respect to branches per plant are
presented in Table 2. The data revealed that the
significantly maximum branches per plant was found
in genotype DWS-280 (17.81), which was followed
by DWS-296 (16.38) and DWS-270 (15.67) and
the lowest branches per plant (6.10) was recorded in
genotype DWS-132. The increased number of
branches per plant could be attributed to the
requirement of developing plants for more
carbohydrates, which might have forced the plants of
these genotypes to produce more branches. other
reason for the increased in branch number might be
enhanced cell division, which might have increased
the number of vegetative buds on the main stem. The
variation in the number of branches among different
genotypes was also reported by Sundesha ez al. (2016)
and Gami et al. (2015) in ashwagandha.

Days to 50 Per cent Flowering

Data pertaining to days to 50 per cent flowering
recorded from different treatments is presented in
Table 2. Significant differences were observed
between the genotypes for days to 50 per cent
flowering during both the years 2020 and 2021.
Genotype DWS-252 recorded significantly minimum
number of days to 50 per cent flowering (65 days)
followed by genotypes DWS-319 and DWS-279
(66 days). The genotypes DWS-143 and DWS-257
were taken maximum number of days to 50 per cent
flowering (84 days). The variation might be due to
inherited genetic makeup and characteristic features
of a genotype. The results from the present
investigation agree with the findings of Joshi et al.
(2014) and Gami et al. (2015) in ashwagandha.

Yield Parameters
Length of Main Root

The length of main root was found significant among
genotypes and the analysed data is presented in
Table 3. The data revealed that the highest length
of main root (21.67 cm) was found in DWS-279,
which was followed by DWS-09 (19.65 cm) and
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TABLE 2
Performance of ashwagandha genotypes for growth and days to 50 per cent flowering

0, 1 0,
Treatments Genotypes Days to 50% Plant height No. of branches ~ Days to 50 %

germination (cm) per plant flowering
T, DWS-05 17 52.56 10.25 72.00
T, DWS-09 14 74.25 12.21 67.00
T, DWS-22 16 53.33 12.00 73.00
T, DWS-40 18 42.42 11.67 79.00
T, DWS-41 15 66.52 14.12 75.00
T, DWS-132 25 53.44 6.10 80.00
T, DWS-141 12 49.20 12.33 70.00
T, DWS-143 24 62.50 11.20 84.00
T, DWS-144 23 49.67 11.47 71.00
T, DWS-197 15 51.85 9.50 72.00
T, DWS-250 17 47.69 11.64 73.00
T, DWS-252 11 56.22 13.35 65.00
T, DWS-253 20 52.54 10.30 79.00
T, DWS-257 20 53.44 14.00 84.00
T, DWS-258 16 4525 8.54 77.00
T, DWS-259 21 71.00 12.42 75.00
T, DWS-260 14 55.25 12.69 70.00
T, DWS-262 18 60.20 12.75 74.00
T, DWS-270 15 63.70 15.67 68.00
T, DWS-272 14 54.30 11.90 69.00
T, DWS-279 13 51.26 14.20 66.00
T, DWS-280 14 58.67 17.81 73.00
T, DWS-281 17 4833 9.84 72.00
2 T, DWS-284 13 60.71 10.46 70.00
N T, DWS-296 13 59.50 16.38 71.00
3 T, DWS-309 15 72.15 11.85 73.00
§ T, DWS-315 19 50.67 10.45 78.00
= T, DWS-316 16 47.55 9.56 71.00
go T, DWS-317 13 59.00 11.61 73.00
;‘g T, DWS-319 11 65.71 14.83 66.00
= T, Arka Ashwagandha 14 54.64 10.64 72.00
S T, Poshita 14 56.59 11.13 70.00
?i Mean 16.16 56.25 11.96 72.88
S S. Em () 0.07 0.16 0.05 0.10
%‘ C.D. @ 5% 0.21 0.46 0.14 0.28
S
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DWS-41 (18.86 cm) and the least length of main root
(10.17 cm) was obtained in DWS-315. The variation
in length of the main root among different genotypes
may be due to vigour of the plant and other related
plant characters. Similar results were reported
by Sangwan et al. (2013) and Sundesha and Tank
(2013) in ashwagandha.

Diameter of Main Root

The analysed mean data with respective diameter
of main root was found significant among genotypes
(Table 3). The data revealed that the highest
diameter of main root (2.82 ¢cm) was found in
DWS-09, which was followed by DWS-279 (2.71 cm)
and DWS-41 (2.60 cm) and the least diameter of
main root (1.44 cm) was obtained in DWS-143.
Singh et al. (2017) reported that the genetic variability
exists in ashwagandha for dry root yield associated
with root diameter. The findings are in consistent
with the results obtained by Chaudhary ef al. (2016)
and Srivastava et al. (2017) in ashwagandha.

Dry Weight of Root Per Plant

The dry weight of root per plant was ranged from
3.34 to 7.57 g (Table 3). The maximum dry weight
of root per plant was recorded in DWS-09 (7.57 g),
followed by DWS-279 (6.80 g) and DWS-41(6.13 g).
The minimum dry weight of root per plant was
observed in DWS-22 (3.34 g). The variation in the
root yield may be due to variations in the genetic
makeup of genotypes. Similar results were obtained
by Chaudhary et al. (2016) in ashwagandha.

Dry Root Yield Per Plot and Dry Root Yield Per
Hectare

Dry root yield per plot ranged from 183.70 to
416.35 g (Table 3). The maximum dry root yield
per plot was recorded in DWS-09 (416.35 g),
followed by DWS-279 (374 g) and DWS-41
(337.15 g). The minimum dry root yield per plot
was observed in DWS-22 (183.70 g). Similarly, dry
root yield per hectare ranged from 7.07 to 16.01 q
(Table 3). The maximum dry root yield was recorded
in DWS-09 (16.01 gha'), followed by DWS-279
(14.98 gha'') and DWS-41(12.97 gha). The

minimum dry root yield was observed in DWS-22
(7.07 gha''). This variation might be due to
differences in the vegetative growth of genotypes
which lead to variation in photosynthesis and
ultimately effect on dry root weight. The yield of
root is directly related with higher number of
branches. Similar results were reported by Patel and
Desai (2017) in ashwagandha.

Fresh Weight of Per Plant

There was significant variation among genotypes in
the analysed mean data with associated fresh weight
of per plant (Table 4). Data revealed that DWS-09
had the highest fresh weight per plant (133.58 g),
which was on par with DWS-279 (132.19 g) and
followed by DWS-41 (131.74 g) and the DWS-132
had showed the lowest fresh weight per plant
(45.75 g). The findings are in consistent with the
results obtained by Srivastava et al. (2017) in
ashwagandha.

Dry Weight of Per Plant

The dry weight of per plant was ranged from 16.79 to
45.93 g (Table 4). The maximum dry weight of per
plant was recorded in DWS-09 (45.93 g), which
was followed by DWS-241 (42.73 g) and DWS-279
(40.80 g). The minimum dry weight of per plant
was observed in DWS- 132 (16.79 g). Variations in

the genotypes genetic make-up could be the source

of the variance in dry weight. Similar results were
obtained by Chaudhary et al. (2016) and Singh et al.
(2017) in ashwagandha.

Seed Yield Per Plant and Seed Yield Per Hectare

Seed yield per plant ranged from 2.76 to 13.87 g
(Table 4). The maximum seed yield per plant was
recorded in DWS-296 (13.87 g), which was followed
by DWS-41 (12.23 g) and DWS-280 (12.05 g). The
minimum seed yield per plant was noticed in
DWS-132 (2.76 g). Similarly, seed yield per hectare
ranged from 2.34 to 11.74 q (Table 4). The maximum
seed yield was found in DWS-296 (11.74 gha™'), which
was followed by DWS-41 (10.34 gha') and DWS-
280 (10.20 gha'). The minimum seed yield was
noticed in DWS-132 (2.34 gha™'). This might be due
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TABLE 3
Performance of ashwagandha genotypes for yield attributes

tramens Grogpes LIRS D f Do withof oo id Dot

T, DWS-05 14.67 1.61 4.07 223.85 8.61

T, DWS-09 19.65 2.82 7.57 416.35 16.01

T, DWS-22 11.67 1.79 3.34 183.70 7.07

T, DWS-40 11.00 1.76 4.60 253.00 9.73

T, DWS-41 18.86 2.60 6.13 337.15 12.97

T, DWS-132 14.53 1.54 3.95 217.25 8.36

T, DWS-141 17.53 2.08 5.42 298.10 11.47

T, DWS-143 14.00 1.44 4.80 264.00 10.15

T, DWS-144 13.00 1.71 3.59 197.45 7.59

T, DWS-197 15.48 1.64 4.53 249.15 9.58

T, DWS-250 12.58 1.51 4.28 235.40 9.05

T, DWS-252 18.17 2.20 4.57 251.35 9.67

T, DWS-253 12.34 1.58 3.55 195.25 7.51

T, DWS-257 14.95 2.18 4.92 270.60 10.41

T, DWS-258 15.17 1.81 3.96 217.80 8.38

T, DWS-259 12.17 2.16 5.46 300.30 11.55

T, DWS-260 17.33 2.10 5.75 316.25 12.16

T, DWS-262 15.83 1.55 4.16 228.80 8.80

T, DWS-270 12.67 1.95 5.12 281.60 10.83

T, DWS-272 16.00 2.14 4.25 233.75 8.99

T, DWS-279 21.67 2.71 6.80 374.00 14.38

T, DWS-280 16.33 2.38 5.64 310.20 11.93

T,, DWS-281 11.50 1.69 4.17 229.35 8.82

T, DWS-284 11.17 1.83 4.49 246.95 9.50

§ T, DWS-296 16.85 1.59 4.60 253.00 9.73

§ T, DWS-309 14.58 2.00 4.88 268.40 10.32

Eb T, DWS-315 10.17 1.47 3.89 213.95 8.23

§ T, DWS-316 15.67 1.85 3.69 202.95 7.81

% T, DWS-317 15.00 1.92 4.55 250.25 9.63

E\, T,, DWS-319 17.25 2.27 6.00 330.00 12.69

‘Zi T,  Arka Ashwagandha 13.33 2.04 5.15 283.25 10.89

3 T, Poshita 17.90 1.90 5.30 291.50 11.21

§ Mean 14.97 1.93 4.79 263.28 10.13

B S. Em (%) 0.06 0.01 0.02 1.10 0.04

§ C.D. @ 5% 0.16 0.02 0.06 3.12 0.12
gx
=
&~
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TaBLE 4

Performance of ashwagandha genotypes for yield characters

emens  Genonges A DY A S
T, DWS-05 99.66 26.67 8.11 6.86
T, DWS-09 133.58 45.93 11.83 10.01
T, DWS-22 57.50 20.90 2.94 2.49
T, DWS-40 63.12 24.76 3.21 2.71
T, DWS-41 131.74 42.73 12.23 10.34
T, DWS-132 45.75 16.79 2.76 2.34
T, DWS-141 70.71 27.42 5.10 431
T, DWS-143 90.00 26.10 3.21 2.72
T, DWS-144 52.71 18.86 3.60 3.04
T, DWS-197 104.57 27.37 6.51 5.51
T, DWS-250 78.10 23.54 4.75 4.02
T, DWS-252 121.92 34.04 9.03 7.64
T, DWS-253 70.00 18.91 5.88 4.98
T, DWS-257 97.91 31.47 9.15 7.74
T, DWS-258 76.24 23.74 4.86 4.11
T, DWS-259 94.76 26.97 4.50 3.81
T, DWS-260 99.24 31.41 6.67 5.64
T, DWS-262 62.20 20.71 5.89 4.98
T, DWS-270 114.83 33.87 8.61 7.29
T,, DWS-272 87.86 23.03 6.05 5.12
T, DWS-279 132.19 40.80 11.89 10.06
T, DWS-280 116.16 39.46 12.05 10.20
T,, DWS-281 81.90 22.59 6.25 5.29

T, DWS-284 92.22 27.91 7.13 6.03 .

T, DWS-296 109.94 40.18 13.87 11.74 3

T, DWS-309 71.43 23.50 5.80 4.90 §

T,, DWS-315 50.66 19.42 4.35 3.68 =

T, DWS-316 83.97 21.31 5.28 4.47 3

T, DWS-317 88.73 23.81 3.73 3.15 §

T, DWS-319 126.46 36.36 9.25 7.83 3:0

T, Arka Ashwagandha 115.34 31.24 7.16 6.06 S

T, Poshita 118.22 32.60 6.87 5.81 §

Mean 91.86 28.26 6.83 5.78 3

S. Em (+) 0.53 0.16 0.47 0.34 N

CD. @ 5% 1.51 0.45 1.32 0.97 2

=
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~
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to variations in genotypes' reproductive development,
which affect seed yield through regulating
photosynthesis. The number of berries and branches
has a direct impact on seed yield. Patel and Desai
(2017) reported similar results in ashwagandha.

Study indicates that DWS-09 showed the highest
mean performance in terms of growth and yield
characteristics. DWS-279 and DWS-41 were found
on par with respective to yield parameters.
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Climate change has resulted in a highly unpredictable pattern of rainfall which is
often insufficient for agriculture. Rice, being staple food and a water intensive crop,
the water conservation strategy without much compromise in yield is always a challenge.
The majority of water lost is because of the transpiration process, which is regulated
by small opening on the leaf surface called stomata. Studying the stomatal arrangement
between the genotypes paves the way to understand physiological responses of stomata
to varying moisture regimes. In this study, the spatial variability of stomata existing
in three well known rice varieties viz.,, APO, Dhaksha and IR 64 was studied along
with its effect on transpiration. Image J software was used to measure the stomatal size

Corresponding Author : and phenomics facility was used to measure the transpiration. The data on stomatal
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frequency from both the lower and upper surface showed that APO and IR 64 had
considerably higher stomatal frequency in the flag leaf with Dhaksha having higher
stomatal frequency among all the three rice varieties. Total dry matter, cumulative water
transpired and water use efficiency were significantly higher for Dhaksha followed
by APO. The higher stomatal number in flag leaf and second leaf and lower stomatal
number and higher size in third and fourth leaf of Dhaksha could be an adaptive strategy
of the genotype to reduce the water loss from the leaves under water limited condition.

This study indicates that higher stomatal numbers at top leaves and lower stomatal
Received : August 2022 v : P

Accepted : November 2022

number at lower leaves is best suited for rice under aerobic condition to increase water
productivity without decreasing yield.

Keywords : Stomatal traits, Water use efficiency, Rice genotypes

LIMATE change has a greater impact on agriculture.

With the increasing demand for fresh water
from civic and industrial sectors, water shortage
would have a strong adverse effect on agricultural
practices. Thus, there has been an increasing trend
towards accessing ground water through tube wells.
These anthropogenic interventions have exacerbated
water crisis by depleting the water table.

Rice (Oryza sativa L.), the staple diet for more
than half of the world population, is a water intensive
crop. To sustain food security, under the scenario
of a changing climate, it is imperative that the water
productivity of rice has to be enhanced which can

be achieved either by the adoption of specific water
saving practices or by genetic enhancement to
improve crop tolerance to water limitation stress
(Vijayaraghavareddy et al., 2020a). Semi-irrigated
aerobic cultivation and upland rice is being
practiced under both rainfed and irrigated
conditions. However, concomitant reduction in yield
is often noticed due to higher spikelet fertility. This
led to the adoption of physiological breeding. For
example, Dhaksha, has also been developed by
introgressing specific physiological traits such as
water use and water use efficiency (WUE) to grow
under aerobic conditions (Sheshshayee et al., 2019).
Other approach was double haploids breeding

33

)
V)
)
=
)

RS

A

~
]
~
=

~
=
Q

N
80

X

S~

The Mysore Journal o,




$
S
3
Q
A
~
N
=
=
S
E:o
SNy
S
~
S
3
~
N
3
gx
S
~
=

Mysore J. Agric. Sci., 57 (1) : 33-42 (2023)

ABHISHREE RAMACHANDRA et al.

technique for developing new varieties of crops
(Chaitanya and Raju, 2022). It has become
necessary to focus on water conservation strategy
without much compromise in yield. There is a
need to improve the yield of local rice varieties
to combat the food demands of the increasing
population (Karthika and Shanker, 2022).

Many studies have reported the improvement in
water use efficiency (WUE) of the rice crop. The
WUE is the function of the amount of dry matter
produced per unit of water transpired. In plants,
water can be used efficiently by regulating the
transpiration process. This transpiration process is
regulated by many external factors like light,
temperature, humidity and an internal factor i.e.
stomata. Stomata are extracellular openings present
on the leaf surface. These provide access to the
mesophyll cells (Zeiger et al., 1987; Hetherington and
Woodward, 2003). Stomata are not uniform among
the plants; their size, shape and number vary within
and across different species. They exhibit differences
in their development and patterning on the epidermis
(Caine et al., 2016).

The stomatal movements are the major driving
force for both CO, fixation and transpiration. Due to
varying response of rice crops to varied climatic
conditions, there is differential arrangement of
stomata (i.e. stomatal density and guard cell size) on
leaf surface. These differences have led to the
differential response of plants to stress resulting in

differences in potential yield. Evolutionarily
various stomatal traits have been altered enabling
the plants to adopt to new environment (Taylor et al.,
2012; Drake et al., 2013; Haworth ef al., 2018).
The plants with smaller size stomata show fast
response to changing environmental conditions
unlike the large sized stomata (Franks and Beerling,
2009 and Drake ef al., 2013 and Lawson & Blatt,
2014). When the ratio of cell surface area to
volume of smaller cells is higher, they facilitate
faster ion fluxes, leading to faster guard cell turgor
changes and a more rapid conductance response
(Lawson and Chabrand, 2019).

An investigation was carried out to assess the role
of stomatal factors such as number and size, in
governing the variability in WUE. These influences
were examined in rice cultivars representing the
three distinct cultivation ecosystems, viz., irrigated
(IR64), rainfed upland (APO) and semi-irrigated
aerobic (Dhaksha). Studying the variability of
stomatal factors in these genotypes paves the way
to understand physiological responses of stomata
to varying moisture regimes.

MATERIAL AND METHODS
Plant Material and Environment

The experiment was conducted in the phenomics
facility established in the Department of Crop
Physiology, University of Agricultural Sciences,
GKVK, Bengaluru, during Rabi 2022 (Fig. 1A).

Fig. 1: (A) High throughput phenomics facility established at Department of Crop Physiology, University of
Agricultural Sciences, Bangalore. (B) Automated software controlled system enables the measurement of hourly transpiration
and cumulative water transpired.
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Three well known Rice varieties viz., Dhaksha,
IR-64 and APO were used in studying the variability
existing in the stomatal traits and water use.

Growing Conditions

The germinated seeds of Dhaksha, IR-64 and APO
were directly sown into the pots of 30L capacity.
Pots were filled with red soil and FYM in 3:1 ratio.
Thinning was carried out at 21 days after sowing
(DAS) to maintain two plants per pot. Recommended
dose of fertilizers (100N: 50P: 50K) was added in
three split doses during sowing, after thinning and
at flowering. All the prophylactic measures were
taken whenever necessary. The field capacity was
calculated as described by Vijayaraghavareddy et al.,
2020a. The moisture conditions of 100 per cent
Field Capacity (FC) (control) were maintained
during the entire crop growth period by gravimetric
method using the mini-lysimeter phenomics facility.

Maintaining the Soil Moisture Status with
Phenomics Facility

The mini-lysimeter phenomics platform provides
the cumulative water transpired by each genotype
based on the gravimetric approach (Fig. 1B). The
MLM drought simulator platform is capable of
gravimetric determination of water loss due to the
Evapo-Transpiration of container grown plants
on a ‘real-time’ basis (Vijayaraghavareddy et al.,
2020b and Lekshmy et al., 2021). Combined with a
smart transpiration-interfaced automated irrigation
facility, it ensures the precise maintenance of a
specific water regime in the soil. The most prominent
feature of this automated irrigation facility comes
from its ability to ensure exactly the same level of
soil moisture status for plants irrespective of
differences in water used.

Measurement of Stomatal Paramaters

The leaf impressions for stomatal imprints were
taken from flag leaf, second leaf, third leaf and
fourth leaf from the top during the anthesis stage.
The stomatal impressions were made using the nail
enamel method. The nail enamel was smeared on the
middle portion of leaf surface and allowed to dry for

a minute and the smear was imprinted on the
microscopic slides using the cello tape. Impressions
were made for both the abaxial and adaxial sides of
the same leaf for each variety, maintaining four
replications for each variety (3 varieties x 2 surfaces
x 4 replications x 3 images per slide) (Reddy et al.,
2020). The imaging was done using automated
fluorescent microscope (EVOS M700) at
magnification of 400X. The stomatal frequency
was calculated by manually counting the number of
stomata per microscopic area under 400X
magnifaction and was further converted to number
of stomata per mm? area (Franks and Beerling, 2009).
The product of stomatal length and width as taken
as stomatal size.

The stomatal length and stomatal width were
measured using Image J software, an imaging tool,
considering six stomata per microscopic view. From
the tool bar the image to be analyzed was opened.
Before starting the measurement of length or width
of stomata using Image J, the standard scale was set
using the scale mentioned in the image taken from
the microscope (in the present experiment the scale
was set to 75 um). After setting the scale, the
actual measurements were done using straight line
tool. After drawing each line to the required length
and / or width, the line drawn was measured by the
software. The measured data was exported to excel
sheets and calculated as stomatal size by multiplying
stomatal length and stomatal width.

Measurement of Morpho-Physiological
Parameters and Transpiration

When the plants reached physiological maturity
(110 DAS), the panicles, leaves, stems and roots
were separated from the plants and oven dried
at 70°C for 3 days. The total leaf area (TLA) was
calculated by multiplying the specific leaf area
(SLA) (cm?/g) with total dry weight of the leaves.
The SLA is the ratio of leaf area to leaf dry weight
(Garnier et al., 2001). After threshing of panicles, the
total weight of filled grains obtained was considered
as yield per pot. The TDM was calculated by adding
the dry weights of leaf, stem, root and yield.
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Cumulative water transpired (CWT) was measured
using the phenomics facility. Total water transpired
from 20 Days after sowing (DAS) to 100 DAS
was computed to arrive at total evapo-transpiration.
The soil surface of the pots was covered with beads
to avoid the evaporation loss of water. However,
empty pots without plants were maintained to arrive
at total evaporation loss of water for the crop
period. Total evapo-transpiration was deducted with
evaporation loss of water to arrive at CWT. Mean
transpiration rate (MTR) was calculated as a
ratio of CWT to the total leaf area. The WUE was

calculated by taking the ratio of total biomass to the
CWT by the plant between 20 DAS and 100 DAS.

REsuLTS AND DISCUSSION
Measurement of Stomata Using ImageJ

High-throughput phenotyping methods are becoming
very crucial for developing genotypes for stress
tolerance. Many software-based tools are highly
used for measuring morpho-physiological traits
(Zang and Zang 2018). However, traits such as
stomatal size are not well studied due to lack of
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Fig. 2: Detailed illustration of measuring stomatal length and width using ImageJ software
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phenotyping tools. Though scanning electron
microscopy is highly used, it is not preferable to
adopt for large set of genotypes or mapping
population due to high cost of the technique. In this
study, a quick method was standardized to measure
the stomatal size in rice genotypes using Imagel
software. This system needs a clear image taken
from the imprint method. In this study, fluorescent
microscope was used for taking the images. Imagel
is an open source freeware mainly used for image
analysis (Chatterjee ef al., 2020). Images taken from
the microscope were exported to the ImagelJ software
and the scale was set in um (Fig. 2). Randomly five
stomata were selected and measured for length and
width. When the image to be analyzed is opened,
in the tool bar, the ‘Image’ - ‘Type’ was set to 8 bit.
Next, by selecting the straight line tool, the length
was drawn on the scale bar in the image opened.
By using ‘Analyse’ tool the scale was set to the same
length as the scale bar (75 pm for 400x magnification).
After setting the scale, using the same straight line
tool, a line was drawn horizontally on the stomatal
aperture which indicated the stomatal length and
a line drawn vertically in the center of stomata
indicated the stomatal width. The length and width
of the measured stomata are taken from the results
tab and exported to Microsoft excel for further
analysis (Fig. 2).

Variability in Stomatal Number and Size among
the Rice Genotypes

The stomata in rice are arranged alternatively in
parallel rows on both the lower and upper leaf
surface (Fig. 3). In APO, the flag leaf had higher
stomatal frequency, whereas in Dhaksha both second
leaf and flag leaf recorded higher stomatal frequency
compared to other leaves (Fig. 4A). IR 64 did not
show any difference in stomatal frequency between
flag leaf, second and third leaf. In the fourth leaf,
stomatal frequency was lower for IR 64 compared to
APO and Dhaksha (Fig. 4A). Previous defoliation
experiments have shown the importance of flag leaf
during grain filling, where plants without flag leaf
had a significant reduction in the yield (Acevedo
etal.,2021). Flag leaf is the major source contributor
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Fig. 3: Impressions of lower (left panel) and upper (rlght panel)

leaf surface under magnification of 400 X. A) APO, B)
Dhaksha, C) IR 64. Arrows indicate stomata.

during grain filling. Hence, higher stomatal frequency
attributes to enhanced carbon fixation in the flag
leaf (Acevedo et al.,2021). Under aerobic conditions,
water use efficiency also plays a major role
especially in semi aquatic crop plants like rice
(Sheshshayee et al., 2003). Hence, it could be
possible that in both aerobic type genotypes APO and
Dhaksha, leaves which has greater light interception
(flag leaf and second leaf) had the more number of
stomata compared to lower leaves (Fig. 4A). There
was no significant difference between the stomatal
frequency of upper and lower surface except for
fourth leaf of APO and IR 64. The lower surface of
the fourth leaf of APO had lower stomatal frequency
compared to upper surface. However, the lower
surface of the fourth leaf of IR 64 had higher
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TaBLE 1

Variability in Stomatal frequency of lower and upper leaf surface among Apo, Dhaksha, IR64 through Flourescence microscope

with 400X magnification

Stomatal frequency (per mm? area)

Upper surface

Lower surface

Fourth Leaf

Second Leaf Third Leaf Fourth Leaf Flag Leaf Second Leaf Third Leaf

Flag Leaf

505.15 £ 5.13

+ 30.49

435.71

532.03 +£13.58 498.43 +60.23

476.03 + 8.46 492.83 + 846 380.82 + 13.99

645.16 + 28.71

APO

77.15 +£ 45.21
56.50 + 20.25

776.21 +£10.08 562.28 + 83.29

621.64 +95.81

561.16 + 26.24

49395 +17.78

651.88 +62.77
520.83 +34.92

650.76 £ 46.60
599.24 + 19.11

Dhaksha
IR 64

570.12 + 25.44

516.35 +£38.95

484,99 +19.69

539.87 £52.52 46595 +102.27

stomatal frequency (465.95 per mm? area) compared
to upper surface (256.50 per mm? area). In Dhaksha,
second and third leaf had high frequency of stomata
in upper surface compared to lower surface
(Table 1).

Stomatal size measured using ImageJ showed that,
IR64 has the higher stomatal size in the fourth
leaf compared to other top leaves. Whereas, Dhaksha
had more stomatal size in both third and fourth leaf
compared to flag leaf and second leaf (Fig. 4B).
Genotype APO did not show any significant
difference except for the flag leaf. Many studies
have shown that increasing the stomatal size decreases
stomatal density (Chatterjee et al., 2020). Between
upper and lower surface no significant difference
in stomatal size was noticed in any genotype except
for fourth leaf of APO (Table 2). Our data also showed
anegative association between size and frequency of
the stomata (Fig.5A). Size and frequency of the
stomata between upper and lower surface did not
show a strong association (R?*=0.42 and R*=0.31
respectively) (Fig. 5B). The cause for variability in
stomatal frequency and stomatal size existing
between abaxial and adaxial surface and different
leaves within same plant and the variability existing
between the varieties needs to be further verified.

Difference in the Cumulative Water Transpired
Between the Genotypes

The higher stomatal frequencies on all the four
leaves in Dhaksha and APO contributed for higher
transpiration during the entire growth period
(Table 3). Because of higher stomatal frequency and
size in APO and Dhaksha, the water transpired
measured in term of cumulative water transpired
(CWT) was significantly higher. IR64, a lowland
cultivar showed significantly lower CWT because
of lower stomatal size and frequency. It is well
established that stomata is the major internal factor
that drives transpiration. Higher stomatal number
associates with higher carbon gain to more
conductance. This study also confirms that higher
stomatal number resulted in higher CWT in both
APO and Dhaksha.
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causing any yield penalties under both the well
watered and water limited conditions (Caine et al.,
2019). It is most important to conserve water without
greater compromise in yield to reduce the effects of
climate change on future agriculture.

Morpho-Physiological and Transpiration among
the Genotypes

Total dry matter (TDM) was significantly higher in
Dhaksha and APO. However, yield per pot was
significantly higher in Dhaksha compared to APO.
The yield was significantly lower in IR 64. (Table 3).
This could be due to the experience of mild drought
stress under aerobic conditions. It has been well
documented that, for lowland cultivars a smaller
reduction in water availability causes significant
yield loss (Vijayaraghavareddy et al., 2020a). The
reduction in yield also depends on the stage of stress
occurrence. Since in the plants were maintained in
aerobic conditions throughout the crop period, IR 64,
the lowland cultivar might have experienced mild
stress during all critical growth phases and hence
resulted in lower yield. Among the genotypes,
Dhaksha had the higher leaf area (5503.40 cm?)
(Table 3). CWT for entire crop period was also
significantly higher for APO and Dhaksha.
Difference in the CWT could be due to existing
differences in the leaf area. Hence we calculated
the MTR and it was significantly lower for
Dhaksha indicating the lower transpiration per unit
leaf area. APO recorded the higher MTR compared
to IR 64. The lower MTR in Dhaksha could also be
due to lower stomatal frequency in third and fourth
leaf (Table 3). Since the lower leaves of the canopy

TaBLE 3

Variability in transpiration and morpho-physiological traits among APO, Dhaksha, IR 64. Cumulative water
transpired (CWT), Total dry matter (TDM), Total leaf Area (TLA),
Water use efficiency (WUE) and Yield in Apo, Dhaksha and IR 64 respectively.

CWT (L) TDM (g/pot) TLA (cm2/pot) WUE (g/L) MTR (ml/cm2)  Yield (g/pot)
APO 116.79 £ 0.70 368.80 £ 3530 5068.45 +209.60 3.16 + 0.31 23.1 £1.0 107.20 £ 8.71
Dhaksha  115.81 + 0.75 374.37 + 123.67 5503.40 + 388.05 324 + 1.09 204 £ 1.3 196.78 + 27.37
IR 64 82.41 + 0.16 220.12 £+ 7.34 391729 + 27.70  2.67 + 0.09 21.1 £ 1.5 65.60 £ 3.87
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experience shade due to overlapping of leaves,
carbon assimilation would be substantially low.
Hence in Dhaksha, this could be a drought adaptive
mechanism to reduce transpiration by minimizing
the stomatal frequency in lower leaves. The water use
efficiency (WUE) of both aerobic cultivars APO and
Dhaksha was significantly higher compared to
lowland cultivar IR 64. The genotype Dhaksha
has been developed by physiological breeding by
crossing high root and high WUE parents
(Sheshshayee et al., 2019). Hence despite the higher
CWT, higher WUE indicates a better carbon
assimilatory capacity.

This study depicts the importance of high through
put techniques for measurement of drought adaptive
mechanisms and the spatial variations in stomatal
number and size indicates a strong GXE interaction.
The importance of stomatal traits in determining the
WUE explains the need of improving this trait for
achieving drought tolerance.
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ABSTRACT

An assessment was made to identify a superior combination of microbial inoculants for
attaining maximum quinoa yield based on the relationships among soil nutrients with
different beneficial micro-flora and yield under semi-arid alfisols under green house
conditions. Five microbial cultures viz., Azotobacter chroococcum, Bacillus megaterium,
Fraturia aurantia, Pseudomonas fluorescens and Glomus fasciculatum were tested
in the study. Pure cultures of selected isolates were sub-cultured on specific medium
and maintained in slants for further studies. Seventeen treatments were tested for
identifying a superior treatment for attaining maximum soil nutrients, apart from the
beneficial microflora and quinoa yield. The Analysis of Variance indicated that the
treatments differed significantly in influencing the different parameters and quinoa yield.
Based on Duncan’s Multiple Range Test, T . inoculated with Azotobacter chroococcum
+ Bacillus megaterium + Pseudomonas fluorescens was superior for attaining
significantly higher soil N and P nutrients, seed calcium, magnesium and zinc, free
living N fixers and phosphorus solubilizing bacteria, while T, was superior for attaining
significantly higher soil K, nutrients and potassium solubilizing bacteria. However, T
was superior for chlamydospore count per 50 g of soil.

Keywords : Beneficial micro-organisms, Quinoa, Nutrient obserption

AMONG different crops, Quinoa (Chenopodium
quinoa Wild) commonly known as golden grain,
is one of the main food crops of the Andean mountains
of Latin America. The crop species has been safe
guarded for thousands of years by the inhabitants of
Andean region and many countries have recently
discovered this crop. The species is characterized by
an outstanding protein quality, apart from a high
content of most of the vitamins and minerals. The
Food and Agricultural Organization (FAO) has
considered quinoa as one of the crops that is destined
to offer food security in the 21%century. An increased
consumption of quinoa in the western world and also
Asia would improve the markets in all countries which
have a traditional production of quinoa. There is a
necessity of about 300-1000 mm of rainfall during

growing season and no rain is required during the seed
maturity and harvesting stages. The quinoa crop would
grow efficiently in a sandy, well drained soil with low
nutrient content, moderate salinity with soil pH value
of'about 6.0-8.5. The seed bed should be well prepared
and also properly drained in order to avoid water
logging condition. The crop would respond to fertilizer
Nitrogen and requires NPK @ 120:50:50 kg/ha.

Asper FAO, the quinoa grain would provide all amino
acids that are essential to the human life in optimum
quantities and could be comparable with milk. The
protein content of quinoa would range from 7.47-
22.08 per cent with high concentration of lysine,
isoleucine, methionine, histidine, cystine and glycine.
The ash content of quinoa would be about 3.4 per
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cent and contains high amount of calcium, iron, zinc,
copper and manganese. The oil content is about 1.8-
9.5 per cent and is rich in essential fatty acids like
linoleate and linolenate. Quinoa seed is rich in
thiamine (0.4 mg), folic acid (78.1 mg), vitamin C
(16.4 mg), riboflavin (0.39 mg) and carotene
(0.39 mg) in 100 g seed. The calorific value is about
350 cal/100 g grain, which is more than that of other
cereal and legume foods. Quinoa contains natural anti
oxidants like a-tocopheral (5.3 mg), y-tocopheral
(2.6 mg) in 100 g seed and phytoestrogens which
prevent chronic diseases like osteoporosis, breast
cancer, heart diseases and other feminine problems
caused by lack of oestrogen during menopause stage
(Bhargava et al., 2006).

The importance of beneficial soil micro-organisms in
increasing crop productivity has been well
documented. The microbial inoculants includes both
symbiotic and asymbiotic Nitrogen fixing bacteria,
phosphate solubilizing or mobilizing microorganisms,
organic matter degraders etc. Many researchers have
worked on the fundamental as well as applied aspects
of various microbial inoculants in various crops. Soil
bio-amendments would provide a promising
alternative to reduce the harmful effects of pesticides
and chemical fertilizers (Bashan, 1998). The plant
growth promotion by PGPB may be either through
bio-fertilization, phytostimulation or bio-control of
plant pathogens (Bashan and De Bashan, 2005). The
ability of microorganisms to release various
metabolites affecting the plant health and growth
would be considered as one of the most prominent
factors in the soil fertility (Ping and Boland, 2004).
In addition to the above mentioned traits, PGPB
must also be rhizosphere competent to flourish and
survive in the soil following inoculation (Cattelan
et al., 1999). It would be essential to study the
effectiveness of different beneficial microorganisms
to maximize the plant growth responses. Based on
their adaptability and efficiency, both in-vitro and
in-vivo study, we could use these micro-organisms
under real agricultural situations for efficient
management of soil health in order to promote plant
growth, apart from crop production.

MATERIAL AND METHODS

A research study was conducted at University of
Agricultural Sciences (UAS), Bangalore to study the
effect of beneficial microorganisms on the free living
nitrogen fixers, phosphorus solubilizing bacteria,
potassium solubilizing bacteria and Chlamydospore
count per 50 g of soil and yield of quinoa under pot
culture conditions. Free living nitrogen fixer,
phosphate solubilizer and potassium solubilizer were
collected, purified, mass multiplied, formulated and
used in the study. The procedures and techniques
adopted as well as material used in the study are
described in the following sections.

Microbial Culture Collection and its Maintenance

Different microbial cultures used in our study are (i)
Azotobacter chroococcum (i) Bacillus megaterium
(ii1) Frateuria aurantia (iv) Pseudomonas fluorescens
and (v) Glomus fasciculatum. These cultures were
obtained from Biofertilizer lab, Department of
Agricultural Microbiology, UAS, Bangalore. The
24-h old pure cultures of Azotobacter chroococcum
Bacillus megaterium, Pseudomonas fluorescens and
Fraturia aurantia were inoculated aseptically into
flasks containing Waksmann No.77 broth, Sperber’s
broth, King’s B broth and Aleksandrow broth medium
respectively with the help of inoculation loop and
were incubated at 30°C for 3 days for growth. The
pure cultures were maintained in the slants for future
study (Sahu and Brahmaprakash, 2018).

Azotobacter chroococcum was grown on Waksman
No.77 medium, while Bacillus megaterium was
grown on Sperber’s medium. Similarly, Pseudomonas
fluorescens was grown on king’s B medium, while
Frateuria aurantia was grown on Aleksandrow Agar
medium. Pure cultures of Azotobacter chroococcum,
Bacillus megaterium, Fraturia aurantia and
Pseudomonas fluorescens isolates were subcultured
on the specific medium viz., Waksman No.77,
Pikovskaya’s agar medium, Aleksandrow Agar and
king’s B medium respectively and were maintained
in the slants for future study ( Gangaraddi and
Brahmaprakash, 2018).
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TaBLE 1

Chemical properties of the soil

Chemical properties

Parameter value

Reference

Soil pH 6.6
Electrical conductivity (dS m™) 0.24
Organic carbon (%) 0.56
Available nitrogen (kg ha™) 342
Available phosphorus (kg ha') 38.21
Available potassium (kg ha') 2345

pH meter (Piper, 1966)

Conductometry (Jackson, 1973)

Wet oxidation method (Piper, 1966)

Alkaline permanganate method (Subbaiah and Asija, 1956)
Bray’s method (Jackson, 1973)

Flame photometry method (Jackson, 1973)

Experimental Details

The experiment was conducted with the objective of
studying the effect of selected microbial inoculants
on the growth and yield of quinoa under greenhouse
condition with 17 treatments and each with
3 replications. The soil was sieved with a4 mm sieve
and mixed thoroughly in order to get a homogenous
mixture. The pots were filled with well homogenised
pot mixture of the soil:sand: FYM in the ratio of 2:1:1

@ 10 kg/pot.
Soil Chemical Properties

The soil samples were analyzed for different
parameters viz., soil reaction (pH), electrical
conductivity (EC), organic carbon (OC), nitrogen (N),
phosphorus (P) and potassium (K) by standard
procedures as described in Table 1.

Estimation of soil available N was made by using
alkaline potassium permanganate method (Subbaiah
and Asija, 1956). The soil of 0.5 g was treated with
an excess of alkaline 0.32 per cent potassium
permanganate (alkaline with 25 % NaOH solution).
The liberated ammonia was trapped in the boric acid
and was determined by the titration against the
standard 1IN H,SO,. The available N (kg/ha) was
computed using the titer value. The available
phosphorous in soil (kg/ha) was measured by using
Brays-1 reagent. The extracted P was measured
by the ascorbic acid method. The intensity of blue
colour was measured by using the Spectrophotometer
at 660 nm as described by Jackson (1973). The soil K
was extracted from air-dried soil samples by shaking
with 0.5M ammonium acetate solution for 30 minutes.

This was found to effectively displace the potentially
available K ions. The K content of the filtered extract
was determined by using the flame Photometer
(Jackson, 1973).

Treatment Details

Seventeen treatments were considered by including
a control (uninoculated) treatment. The treatments
were : (1) T,: Control (only RDF); (ii) T,: Azotobacter
chroococcum; (iii) T,: Bacillus megaterium; (iv)
T,: Glomus fasciculatum; (v) T,: Frateuria aurantia;
(vi) T,: Pseudomonas fluorescens; (vii) T.:
Azotobacter chroococcum + Bacillus megaterium,
(viii) T,: Azotobacter chroococcum + Glomus
Jfasciculatum; (ix) T,: Azotobacter chroococcum +
Frateuria aurantia; (x) T, : Azotobacter chroococcum
+ Pseudomonas fluorescens; (xi) T : Bacillus
megaterium+ Glomus fasciculatum; (xii) T ,: Bacillus
megaterium + Frateuria aurantia; (xiii) T  ;: Bacillus
megaterium + Pseudomonas fluorescens; (Xiv)
T ,: Glomus fasciculatum + Pseudomonas fluores
cens; (xv) T : Glomus fasciculatum + Frateuria
aurantia; (xvi) T, . Frateuria aurantia + Pseudo
monas fluorescens and (xvii) T . Azotobacter
chroococcum + Bacillus megaterium + Pseudomonas
fluorescens.

Treatment Imposition / Inoculation

The microbial inoculants of A. chroococcum,
B. megaterium, F. aurantia and P, fluorescens cultures
were separately mixed with carrier (talc) and kept for
a week for stabilization at room temperature. About
10 g of each carrier based inoculants was applied in
each pot just before sowing. Before sowing of quinoa
crop, the seed germination (%) test was conducted in
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laboratory condition by paper towel method. About
90 per cent germination was observed for the given
seeds. The different parameters assessed in this study.

Statistical Analysis

Statistical analysis of data was carried out based on
Analysis of Variance using WASP 2.0 (Web Agri Stat
Package) software (www.icargoa.res.in/wasp/
index.php). Based on Duncan’s Multiple Range Test
(DMRT), the treatments were compared and tested
for significant differences. The treatments were
ranked for different parameters and superior
treatments were identified based on the rank sums.
Estimates of correlation between different
parameters were derived and tested to assess the
importance of different parameters for explaining the
variability in data.

RESULTS AND DISCUSSION

Effect of Microbial Inoculants on Post-Harvest Soil
Nutrients

Based on Analysis of Variance, the treatments were
significantly different in influencing the post-harvest
soil N, P and K nutrients at p < 0.05 level of
significance. The soil N ranged from 315.4 - 367.1
kg/ha with mean of 333.7 kg/ha (CV of 4.2%), while
the soil P ranged from 30.4 - 48.2 kg/ha with mean of
39.1 kg/ha (CV of 14.9%). The soil K ranged from
146.5-215.4 kg/ha with mean of 168.1 kg/ha (CV of
13.6%).

Significantly higher soil nitrogen of 367.1 kg/ha and
soil P of48.2 kg/ha were attained by T, of Azotobacter
chroococcum + Bacillus megaterium + Pseudomonas
fluorescens, while lowest soil N of 315.4 kg/ha and
soil P of 30.4 kg/ha were attained by T . However,
significantly higher soil K of 215.4 kg/ha was attained
by T of Frateuria aurantia + Pseudomonas
fluorescens, while lowest soil K of 146.5 kg/ha was
attained by T,. Based on DMRT criteria, T , was
superior compared to all other treatments for attaining
significantly higher post-harvest soil N and P, while
T, was superior for post-harvest soil K (Table 2).

The increase (%) in soil N of a treatment over control
ranged from 0.3-14.1 per cent with mean of 5.7 per
cent (CV of 65.2%), while the increase in soil P of a
treatment over control ranged from 3.3-36.9 per cent
with mean of 21.9 per cent (CV of 51.3%). Similarly,
the increase in soil K of a treatment over control
ranged from 0-32.0 per cent with mean of 12.2 per
cent (CV of 90.2%) (Table 2). Highest soil N and P
were attained by the triple inoculant receiving
treatment. This was due to the microbial inoculants
that favour N fixation capacity by Azotobacter
chroococcum and also PGPR activity. Chandra et al.,
(2010) reported about an increased dry matter
production by application of microbial inoculants,
which in turn significantly enhanced the nutrition
with respect to N and P supply to the crop, apart from
maintaining significantly higher soil N and P under
all inoculated treatments. In a study by Bhattacharya
(2001), the author has observed about significant
response to application of biofertilizers for different
crops in agriculture. Das et al., (2007) observed
significant effect of microbial inoculants when they
applied in Stevia rebaudiana Bert commonly grown
under the sub-tropics in India.

Effect of Microbial Inoculants on the Beneficial
Microflora in Quinoa

Based on Analysis of Variance, the treatments were
significantly different in influencing the beneficial
microflora (No x CFUg™ of soil) at p < 0.05 level of
significance. The Free living N fixers (10°) ranged
from 44.60 - 46.28 mg/100 g with mean of 45.15 mg/
100 g (CV of 1.0%), while the phosphorus solubilizing
bacteria (PSB) ranged from 19.31-37.21 with mean
0f 20.74 (CV of 16.1%). The potassium solubilizing
bacteria (KSB) ranged from 14.12-31.61 with mean
of 20.74 (CV of 32.0%), while the chlamydospore
count per 50 g of soil ranged from 21.2-58.2 with mean
of34.6 (CV 0f28.4%). Significantly higher free living
N fixers 0f 48.31 and PSB of 37.21 were attained by
T, of Azotobacter chroococcum + Bacillus
megaterium + Pseudomonas fluorescens, while
significantly higher KSB of 31.61 was attained by
T, of Frateuria aurantia + Pseudomonas fluore
scens and significantly higher chlamydospore of
28.2 was attained by T, of Glomus fasciculatum +
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TABLE 2

Effect of different treatments on post-harvest soil N, P and K nutrients and their increase
over control in quinoa

Treatments NPK content of soil (Kg/ha) Increase (%) over control
N P K N P K
T, = Control (only RDF) 315.40¢ 3041™ 146.467
T, = Azotobacter chroococcum (Ac) 340.40° 39.33¢ 160.40 < 7.3 22.7 8.7
T, = Bacillus megaterium (Bm) 332.60%* 4533¢ 184.32¢ 5.2 32.9 20.5
T, = Glomus fasciculatum (Gm) 316.33} 31.55! 146.461 0.3 3.6 0.0
T, = Frateuria aurantia (Fa) 325.40 ¢ 42.45¢1 159.24¢ 3.1 28.4 8.0
T, = Pseudomonas fluorescens (Pf) 334.40 <% 44334 190.15¢ 5.7 314 23.0
T, = Azotobacter chroococcum + 341.60° 32.08! 147.60 1 7.7 5.2 0.7
Bacillus megaterium
T, = Azotobacter chroococcum + 333.60% 43.35¢ 162.22 ¢ 5.5 29.9 9.7
Glomus fasciculatum
T, = Azotobacter chroococcum + 338.24 % 37.26! 184.32¢ 6.8 18.4 20.5
Frateuria aurantia
T,,= Azotobacter chroococcum + 362.33® 31.45! 146.60 13.0 3.3 0.1
Pseudomonas fluorescens
T,, = Bacillus megaterium + 327.20 %" 46.33° 162.53 ¢ 3.6 34.4 9.9
Glomus fasciculatum
T,,= Bacillus megaterium + 326.26¢" 45.60° 189.60 © 33 333 22.7
Frateuria aurantia
T,,= Bacillus megaterium + 330.33 ¢k 36.531 150.60 & 4.5 16.8 2.7
Pseudomonas fluorescens
T,, = Glomus fasciculatum + 337.33bed 35.33«k 150.06 & 6.5 14.0 2.4
Pseudomonas fluorescens
T,, = Glomus fasciculatum + 320.401 37.331 210.20° 1.6 18.6 30.3
Frateuria aurantia
T, = Frateuria aurantia + 324.24Hn 38.56" 215.40°® 2.7 21.2 32.0
Pseudomonas fluorescens
T,,= Azotobacter chroococcum + 367.13* 48.20* 152.22 ¢ 14.1 36.9 3.8 -
Bacillus megaterium + §
Pseudomonas fluorescens S
Minimum 315.4 304 146.5 0.3 3.3 0.0 é’
Maximum 367.1 48.2 215.4 14.1 36.9 32.0 §
Mean 333.7 39.1 168.1 5.7 21.9 12.2 \S
SD14.1 5.8 22.9 3.7 11.3 11.0 &
CV (%) 4.2 14.9 13.6 65.2 51.3 90.2 §
3
Frateuria aurantia. The lowest free living N fixers criteria, T,, was superior for attaining significantly §
of 16.67, PSB of 19.31 and chlamydospore count higher free living N fixers and PSB, while T, was %
per 50g of soil of 21.2 were attained by T,, while superior for KSB and T,, was superior for §
lowest KSB of 14.12 was attained by T, of Bacillus chlamydospore count per 50 g of soil and compared §
megaterium (Bm) treatment. Based on DMRT to all other treatments based on the study (Table 3). g
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TABLE 3

Beneficial microflora influenced by different treatments and their increase over control in quinoa

Beneficial microflora (No x CFUg! of soil)

Increase (%) over control

Free living

Chlamydospore Free living

KSB Chlamydospore

Treatments PSB KSB PSB
N fixers (10?) (-102) count per 50g N fixers (10%) (-10?) count per 50g

(10% of soil (10%) of soil
T, =Control ~ 16.67 19.31! 15.104 21.20™
(only RDF)
T, 35.109 24.01% 16.101 31.081 52.5 19.6 6.2 31.8
T, 22.05! 37.10* 14.121 29.117 24 .4 48.0 -6.9 27.2
T, 18.21" 36.31° 29.81°¢ 53.21° 8.5 46.8 493 60.2
T, 23.61k 35.32¢ 30.81° 37.30° 29.4 45.3 51.0 43.2
T, 20.11m™ 27.001 1920 31.031 17.1 28.5 21.4 31.7
T, 46.01°¢ 37.10* 17.30¢ 32.10" 63.8 48.0 12.7 34.0
T, 43.21¢ 30.80% 14.211 35.00¢ 61.4 37.3 -6.3 394
T, 38.33¢ 33.10¢ 16.101 38.30°¢ 56.5 41.7 6.2 44.6
T, 47.61° 29.21*h 17.20¢ 29.7871 65.0 339 12.2 28.8
T, 39.33f 30.61¢ 17.31¢ 42.10°¢ 57.6 36.9 12.8 49.6
T, 38.32¢ 31.20¢ 17.41 ¢ 31.33n 56.5 38.1 133 323
T, 36.211 31.60° 16.61" 25.10% 54.0 38.9 9.1 15.5
T, 41.21°¢ 31.20" 19.76 ¢ 41.07¢ 59.5 38.1 23.6 48.4
T 37.21*t 26.319 30.71° 58.20° 55.2 26.6 50.8 63.6
T, 38.21¢ 35.41¢ 31.61°* 29.231 56.4 455 52.2 27.5
T, 48.31° 37.21* 29.26¢ 23.07! 65.5 48.1 48.4 8.1
Minimum 16.67 19.31 14.12 21.20 8.5 19.6 -6.9 8.1
Maximum 48.31 37.21 31.61 58.20 65.5 48.1 52.2 63.6
Mean 34.69 31.34 20.74 34.60 49.0 38.8 222 36.6
SD 10.48 5.06 6.63 9.84 18.2 8.4 21.1 14.8
CV (%) 30.2 16.1 32.0 28.4 37.2 21.7 94.8 40.3

The increase (%) in free living N fixers attained by a
treatment over control ranged from 8.5-65.5 per cent
with mean of 49.0 per cent (CV of 37.2%), while the
increase in PSB of a treatment over control ranged
from 19.6-48.1 per cent with mean of 38.8 per cent
(CV of 21.7 %). Similarly, the increase in KSB of a
treatment over control ranged from -6.9-52.2 per cent
with mean of 22.2 per cent (CV of 94.8%), while the
increase of chlamydospore count per 50 g of soil of a
treatment over control ranged from 8.1-63.6 per cent
with mean of 36.6 per cent (CV of 40.3%) (Table 3).
Based on the analysis, the treatment T, gave highest
increase of free living N fixers and PSB, while T

gave highest increase of KSB and T ; gave highest
increase of chlamydospore count per 50 g of soil
compared to all other treatments. T, gave lowest
increase of 8.5 per cent of free living N fixers, while
T, gave lowest increase of 19.6 per cent of PSB.
Similarly, T, gave lowest increase of -6.9 per cent of
KSB, while T, gave lowest increase of 8.1 per cent
of chlamydospore count per 50 g of soil compared to
all other treatments. In a study by Gu et al. (2009),
the authors observed similar results on the effects of
different amendments on the beneficial urease,
invertase, dehydrogenase and polyphenoloxidase
activities in a paddy soil.

48



Mysore J. Agric. Sci., 57 (1) : 43-51 (2023)

B. AMEER PASHA et al.

Effect of Microbial Inoculants on the Yield of
Quinoa

Based on Analysis of Variance, the treatments were
significantly different in influencing the quinoa grain
yield (kg/ha) at p < 0.05 level of significance. The
grain yield ranged from 1683-2350 kg/ha with mean
of 1943 kg/ha (CV 0f9.4%). Significantly higher grain
yield of 2350 kg/ha was attained by T, involving
Azotobacter chroococcum + Bacillus megaterium ~+
Pseudomonas fluorescens, while lowest grain yield
of 1683 kg/ha was attained by T,. The increase (%)
of a treatment over control ranged from 2.0-28.4 per
cent for grain yield with mean of 13.5 per cent and
CV of 55.5 % (Table 4). Thus, significantly higher
grain yield (kg/ha) was attained by T, involving

17

Azotobacter chroococcum + Bacillus megaterium +
Pseudomonas fluorescens compared to other
treatments. Based on DMRT criteria, T, was superior
compared to all other treatments for attaining
significantly higher quinoa grain yield (kg/ha)
(Table 4). Our results are in agreement with the results
reported by Shehata et al., (2010) on the celeriac plant
and also with the results of Erdal Elkoca et al., (2008)
in a study on chickpea.

Relationship Between Beneficial Microflora of
Free N Fixers, PSB and KSB and Chlamydos Pore
count in Quinoa

The relationships between beneficial microflora
(No x CFU/g soil) viz., free living N fixers, phosphorus
solubilizing bacteria (PSB) and potassium solubilizing

TABLE 4

Effect of beneficial microorganisms on yield and yield increase (%) over control in quinoa

Treatments Grain yield (kg/ha) Increase (%) over control
T, = Control (only RDF) 1683 ¢
T, = Azotobacterchroococcum 2117 20.5
T, = Bacillus megaterium 18421 8.6
T, = Glomus fasciculatum 1717 <° 2.0
T, = Frateuriaaurantia 18831 10.6
T, = Pseudomonas fluorescens 1783 ™ 5.6
T, = Azotobacterchroococcum+Bacillusmegaterium 2050 ¢ 17.9
T, = Azotobacterchroococcum+Glomusfasciculatum 2083 ¢ 19.2
T, = Azotobacterchroococcum + Frateuriaaurantia 2117 ¢ 20.5
T,, = Azotobacterchroococcum + Pseudomonas fluorescens 2183° 22.9
T, = Bacillus megaterium + Glomus fasciculatum 1767 4.7
T,, = Bacillus megaterium + Frateuriaaurantia 1833k 8.2
T,, = Bacillus megaterium+Pseudomonas fluorescens 1933 ¢ 12.9
T,, = Glomus fasciculatum+Pseudomonas fluorescens 1967 ¢ 14.4
T,, = Glomus fasciculatum + Frateuriaaurantia 1817 7.4
T, = Frateuriaaurantia + Pseudomonas fluorescens 1900 ® 11.4
T,, = Azotobacterchroococcum + Bacillus megaterium + Pseudomonas fluorescens 2350 * 28.4
Minimum 1683 2.0
Maximum 2350 28.4
Mean 1943 13.5
SD 183 7.5
CV (%) 9.4 55.5
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Fig. 1 : Relationship between beneficial microflora and chlamydos pore count of soil in quinoa

bacteria (KSB) with Chlamydos pore count per 50 g
of soil are depicted in Fig. 1. The Chlamydos pore
count per 50 g of soil was found to decrease with a
rate of change of -0.065 for an unit change in free
living N fixers, while it increased with a rate of change
of 0.145 for an unit change in PSB and 0.615 for an
unit change in KSB based on the study. The changes
in chlamydos pore count per 50 g of soil occurred
with a coefficient of determination values of 0.004,
0.005 and 0.171 for predicting through free living
N fixers, PSB and KSB respectively. When VAM
fungus was inoculated in cowpea, Thiagarajan and
Ahmad (1994) have observed significant relationship
between phosphatase activity and cytokinin content
in cowpea. In a similar study by Nannipieri et al.,
(2003), the authors have observed significant
relationships based on the different microbial activities
on the soil chemical and biological parameters.

An assessment has been made in this paper to identify
a superior combination of microbial inoculants
based on the soil nutrients with different beneficial
micro-flora under semi-arid Alfisols. The study was
conducted under glass house conditions in the
University of Agricultural Sciences, Bangalore. Five
microbial cultures Viz., Azotobacter chroococcum,

Bacillus megaterium, Fraturia aurantia,

Pseudomonas fluorescens and Glomus fasciculatum
were tested in the study. Pure cultures of selected
Azotobacter chroococcum, Bacillus megaterium,
Fraturia aurantia and Pseudomonas fluorescens
isolates were sub-cultured on specific medium and
maintained in slants for further studies. Seventeen
treatments were tested for identifying a superior
treatment for attaining maximum soil, plant and seed
nutrients, apart from the beneficial microflora and
quinoa yield. The Analysis of Variance indicated that
the treatments differed significantly in influencing the
different parameters and quinoa yield. Based on
Duncan’s Multiple Range Test, T . inoculated with
Azotobacter chroococcum + Bacillus megaterium +
Pseudomonas fluorescens was superior for attaining
significantly higher soil N and P nutrients, free living
N fixers and phosphorus solubilizing bacteria, while
T, was superior for attaining significantly higher soil
K nutrients and potassium solubilizing bacteria.
However, T ; was superior for chlamydospore count
per 50 g of soil.
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ABSTRACT

Finger millet is an important food crop that is grown in arid and semi-arid parts of
Africa and Asia and it serves as a staple food source for millions of people. Blast is the
most devastating disease affecting it at every stage of growth and development. In
recent years, endophytes received attention because of their potential to increase crop
yield without massive application of synthetic chemicals. Landraces are traditional,
regional ecotypes that have adapted to their natural environment, some possess resistance

to the blast disease. In this study, 42 bacterial endophytes were isolated from fifteen

Design of the work and . .. .. . . . .
criticgaI; revisiovrr of the landraces and were screened for their antagonistic activity against Pyricularia grisea,
article causal agent of finger millet blast. Seed constitutes high number of bacterial colonies

with the landrace, thenemundaga ragi. The isolates HMS-1 (91.04%), GPRS-1 (92.54%)
and GPRR (92.54%) were efficient in inhibiting the pathogen growth in both dual culture

plate and biomass assay by means of antibiosis and hyper parasitism. Hence, one can
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explore the microflora of these landraces and can utilize them as best microbial inoculants

for management of blast disease, to improve plant growth and crop yield.
Keywords : Antagonistic activity, Endophytes, Landraces, Pyricularia grisea

leaf, neck and fingers, causing yield loss of about

FINGER millet [Elusine coracana (L.)] is grown
28-36 per cent (Nagaraja et al., 2010).

widely in different agroecosystems and is an
important  crop for its diverse nutritional value and
well suited to adverse growing conditions. It is
cultivated in  more than 25 countries of Africa and
Asia, occupies about 12 per cent of the total global
millet area (Vetriventhan et al., 2015). It can withstand
biotic and abiotic stresses, therefore it is considered
as one of the important cereal crops grown under

There are many strategies to manage the blast disease,
like use of resistant cultivars, fungicide application,
optimum fertilizer application and appropriate
planting dates (Bonman, 1992). Fungicides like
carbendazim, mancozeb and tricyclazole are
effective in controlling blast disease (Netam et al.,

8
S
3
Q
A
~
S
=
=
2
§qo
S
S
~
S
3
~
N
3
)
s
©
~
N~

rainfed conditions (Chandra et al., 2016).

Biotic constrains affecting the crop are mainly
diseases such as blast, foot rot, smut, leaf blight etc.
Among them blast is one of the predominant disease,
caused by Magnaporthe grisea (anamorph:
Pyricularia grisea), the fungus infects all stages of
plant growth, attacking different plant parts like stem,

2014), but these synthetic fungicides are hazardous
to human health, leaves a negative impact on the
environment (Budnik and Baur, 2009) and also
repeated application of chemicals may induce
resistance in the pathogen. In this perspective, it is
desirable to identify eco-friendly, economical and
farmer-friendly approaches to control the blast, one
of the methods can be use of microbial agents.
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In recent decades, the novel research on biological
control of plant diseases demonstrated the role of a
particular class of microbes that colonize the internal
tissues of the host plant, referred to as endophytes,
and hypothesized that they confer host plant
resistance against fungal pathogens (Mousa and
Raizada, 2013). Endophytes are living entities which
may be either fungi or bacteria living within the plant
tissues for at least a part of their life cycle without
causing any apparent symptoms with more beneficial
effect on their host plants (Pablo et al., 2015).

Wild plants grow and resist pathogens without the use
of fungicides, a landrace is a dynamic population or
populations of a cultivated plant that has historical
origin, distinct identity and lacks formal crop
improvement, as well as often being genetically
diverse, locally adapted and associated with
traditional farming systems. Plant defences are
stronger in landraces in modern varieties (Davila-
Flores et al., 2013 and Camacho Villa et al., 2005).
Plant growth promoting bacteria (PGPB) elicit
induced systemic resistance (ISR) to secure plants
against aerial pathogens, where chances of direct
contact between the pathogen and biocontrol agent
are very rare (Afroz et al., 2017). Thus in the present
study we hypothesized that cross inoculation of
endophytes from landraces to susceptible variety
will impart resistance to the pathogen, in turn results
in higher yield in an eco-friendly manner. Hence,
study was taken up to isolate bacterial endophytes

TABLE 1
Landraces used for endophytes isolation

Sample Abbreviation
Guppe Ragi Seeds GPRS
Haaluguli Ragi Seeds HGRS
Guppe Ragi Root GPRR
Thenemundaga Ragi Seeds TMRS
Hasirumundaga Ragi Seeds HMS
Dodda Ragi Shoot DRP
Hasirumundaga Ragi HMS
Haaluragi Root HRR
Biliragi Shoot BRP
Keenya Ragi Root KRR
Thenemundaga Ragi Seeds TMRS
Hasirumundaga Ragi HMS
Hasirumundaga Ragi HMS
Keenya Ragi Seeds KRS
Dodda Ragi Seeds DRS

from landraces of finger millet and screen against
blast disease caused by Pyricularia grisea.

MATERIAL AND METHODS

Isolation of Endophytes from Landraces of Finger
Millet

Isolation was carried from different parts of plant like
root, shoot, leaf and seeds. Landraces seeds were
collected from All India Coordinated Research
Programme on Millets (AICRP), Zonal Agricultural
Research Station (ZARS), V. C. Farm, Mandya,
Karnataka, as listed in Table 1 and Plate 1. The plant

Plate 1 : Finger millet landraces
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samples were washed and cut into 2-3 cm and
the pieces were surface-sterilized by immersing in
70 per cent ethanol for 1 minute, followed by dipping
plant samples in 1.5 per cent sodium hypochlorite.
The plant samples were washed with distilled water
to remove traces of sodium hypochlorite. Washing was
repeated with sterile distilled water 5-6 times. The
surface sterilized samples were blot-dried using
sterile filter paper and were cut into 2 halves and
each half was impregnated on nutrient agar plates in
triplicate and plating was done from the final wash,
which serves as the control. The plates were incubated
at room temperature for 24 - 48 hours (Bacon et al.,
2002).

Isolation of Pathogen

Diseased plant samples were collected from finger
millet fields located in ZARS, UAS, GKVK,
Bangalore. Samples were thoroughly washed and
infected specimen was cut into small pieces measuring
2-3 cm in size with sterile blade. These bits were
surface sterilized by dipping them in 2 per cent
sodium hypochlorite solution (Riker and Riker, 1936)
for 30 seconds and then washed thrice in sterilized
distilled water for 45 seconds each to remove the
traces of sodium hypochlorite. These bits were
incubated in a humid chamber at 28 °C for 24 h to
induce sporulation. The spore mass from individual
lesion was streaked on 4 per cent water agar and
then transferred to ragi yeast lactose agar (RYLA)
medium under aseptic conditions and incubated at
25+2 °C (Jabbar and Nagaraja, 2018).

Pathogenicity Test

Pathogenicity test was performed on finger millet
plants (Variety - udurumallige), by using modified
procedure described by Jia et al. (2003). Plants were
grown in controlled conditions at 24-30 °C with
sufficient day light and high humidity. Plants were
inoculated with 2 ml of spore suspension with
sufficient spore density by piercing slightly with
sterile needle and were sealed with plastic bag as
high humidity was required for fungal penetration in
to host plant. Disease symptoms were monitored
daily and plants were maintained till symptoms were
noticed (Laxman, 2017).

Pure axenic form of fungus was obtained and
morphological characteristics of blast fungus showed
greyish colony with circular smooth margin and
concentric ring pattern on RYLA (Plate 2). Isolated
culture could infect the same variety of finger millet
from where organism was isolated. Hence, the Koch’s
postulates were proved. The characteristic feature of
pyriform shaped conidial pattern confirms the
pathogen as Pyricularia grisea (Kulkarni and
Peshwe, 2019).

Plate 2 : a) Culture of Pyricularia grisea, b) Microscopic

view of P. grisea spores
Screening for Biocontrol Activity of Endophytic
Bacteria Against Blast Pathogen

Dual culture plate assay : Endophytic isolates were
screened for their antagonist activity against blast
pathogen, Pyricularia grisea, according to dual
culture plate assay (Dennis and Webster, 1971), in
which both endophytic bacterial isolate and pathogen
were inoculated on single potato dextrose agar
(PDA) plate. The pathogen (5 mm diameter disc)
was inoculated at the centre of PDA plate and
24-hour old culture of endophytic bacteria (10% cfu/
ml) was streaked at corner of the plate and incubated
at 27 °C for four to eight days in triplicates.
Observations were recorded when there was a full
growth of pathogen in the control plate. The per cent
inhibition on growth of the test pathogen was
calculated using formula as suggested by Vincent
(1927).

Where,
I = Per cent inhibition,
C = Growth of fungal plant pathogens in control

(mm),
T = Growth of fungal plant pathogens in dual
culture plate (mm)

54



Mysore J. Agric. Sci., 57 (1) : 52-58 (2023)

K. B. BHAGYASHREE ef al.

Biomass Method

Fungal growth inhibition by endophytic isolates was
measured using mycelial mat weight determination
method (Opgenorth and Endo, 1983). Both
pathogenic fungus and the antagonistic bacterial
endophyte were Co-inoculated to the culture flasks.
To each flask containing 100 ml broth, 8 mm disc
of the pathogenic fungi along with 1 ml of 24-hrs old
endophytic bacterial culture (10° cfu/ ml) was
inoculated and flasks inoculated with only pathogen
was used as control. The flasks were incubated at
30 °C for 10 days, then the contents were filtered
through a pre-weighed Whatman filter paper
and were dried in oven at 105 °C for 48 hrs. The
reduction in weight of co-inoculated flasks was
determined in comparison with the control flasks.

RESULTS AND DISCUSSION

Isolation of Endophytic Bacteria from Landraces
of Finger Millet

Forty-two bacterial endophytes were isolated from
the fifteen landraces and number of bacteria isolated
were more from the landrace thenemundaga ragi (6),
followed by keenya ragi (4), guppe ragi (4), mundaga
ragi (4) and hasirumundaga ragi (4) the isolates from
each landrace is represented in Fig. 1. Number of
bacteria isolated from seeds (16) were more compared
to other parts suggesting that a large population of
endophytic bacteria reside inside the finger millet

Number of isolates
[§¥])

1
0.5 E :
n ||
HGR GLR KR

N g ﬁ
HMV KTR KKR BM

seeds. Higher number of endophytic bacteria indicates
their possible contribution in promoting seed
germination and establishment or modulating other
physiological functions since a given plant species
normally harbours a wide range of microbial species,
the specific composition of which is shaped by
complex interactions with the host plant and the
environment (Pan et al., 2008). Different studies
demonstrated that the seed microbiome plays an
important role in seed germination and seedling
development. Thus endophytes play a positive role in
root and shoot development, in the formation of root
hairs and help to increase the chlorophyll content of
seedlings (Shearin et al., 2018).

Screening for Biocontrol Activity

The most commonly reported mechanism for
biocontrol by rhizospheric bacteria and endophytic
bacteria is antagonism through predation, competition,
and production of enzymes or chemicals that are
antagonist in nature. Unlike rhizospheric microbes,
the endophytes have an alternative mechanism of
biocontrol known as Induced Systemic Resistance
(ISR) where bacterial metabolites affect the plant in
such a way as to increase the plants resistance
to pathogens (Kloepper and Ryu, 2006). Among
42 endophytic isolates, based on their different
morphological and colony characteristics, 33 isolates
were selected for antagonistic activity screening.
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M root
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Fig. 1 : Endophytic bacterial isolates from different plant parts of finger millet landraces
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Fig. 2 : Antagonistic activity of bacterial endophytes in dual plate assay

In dual culture plate assay, zone of inhibition by
isolates were measured and per cent inhibition was
calculated by comparing control. The results are
summarized in the Fig. 2. The per cent inhibition by
bacterial isolates were between 32 and 93 per cent.
Highest antagonistic activity was shown by isolates
GPRR and GPRS-1 (92.54%) from landrace
Guppe ragi followed by HMS-1 (91.04%) and
lowest activity was reported in isolate KRL
(32.84 %) of Keenya ragi.

It is clearly observed that the growth of fungal
mycelium was inhibited by bacterial endophyte
that is due to the hyper parasitism and production
of antagonistic substances and also different locality
and inherent microflora of landraces can be the
reason for their difference in biocontrol activity
(Misganaw et al., 2019). Endophytes from GPU, blast
resistant variety, Stenotrophomonas maltophilia and
Lactobacillus aerocolonigenes were reported to hold
a strong antagonistic activity against M. grisea. The
production of alkaline serine proteolytic enzyme,
induction of host systemic acquired resistance and
thiobutacin production by S. maltophilia and
L. aerocolonigenes respectively might play a key
role in its biocontrol activity against oomycetes
and some ascomycetes fungi. The high abundance
of these species in GPU might have a potential role
in the resistant reaction of this cultivar against the
blast pathogen (Prasanna kumar et al., 2020).

In biomass assay, the per cent reduction in dry
weight of the mycelium mat of plant pathogens by

the bacterial endophytes is presented in Fig.3.
The highest per cent reduction of dry weight of
mycelium was shown by isolate GPRS-1 (96.02%)
isolated from seeds of landrace Guppe Ragi and
lowest activity was found with the isolate GRS
(24.77 %). Pathogen growth was inhibited due to
the microbial activity by production of enzymes,
secondary metabolites and by competing for limited
nutrients or space (Suman et al., 2016). The filtrates
of S. globisporus JK-1 suppressed the growth of
M. oryzae in dual culture as well as inhibited
conidial germination and appressorial formation as
demonstrated by detached leaf assay. Kumar et al.
(2020) evaluated the antifungal activity of bacterial
seed endophytes showed inhibition of growth of
tested fungal pathogens Alternaria sp., Curvularia
sp., Fusarium oxysporum and Rhizoctonia solani
by Paenibacillus dendritiformis with per centage
inhibition 54.54, 58.33, 30.43 and 50 per cent
respectively. Bacterial endophytic isolates from
minor millets, KMS 5 (62.22 %) and PML 3
(82.05 %) were able to inhibit the growth of
Rhizoctonia solani (Raveendra and Shivaprakash,
2018), the suppression of mycelial growth of fungal
pathogen by bacterial endophytes may be due to the
production of inhibitory allelochemicals, volatile
and non-volatile compounds, hydrogen cyanide and
cell wall degrading enzymes. .

Thirty-three bacterial isoloates were screened
against blast pathogen under in vitro conditions.
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Fig. 3 : Antagonistic activity of bacterial endophytes in biomass assay

Based on dual culture assay, 20 isolates were
selected and screened in biomass method. Among
15 landraces, thenemundaga ragi had harboured
high endophytic bacteria and finger millet seed
contributed for higher population. Three isolates
HMS-1, GPRS-1 and GPRR were efficient in
inhibiting growth of the pathogen P, grisea. Efficiency
of these isolates from landraces can be exploited as a
bio agent in controlling blast.
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ABSTRACT

Potato micro-tuberization is an effective and efficient in-vitro technique for
production of micro tubers through single node cuttings. This technique accelerates
the production of high quality disease free potato seeds faster and cheaper than
the other methods. However, micro-tuberization is regulated by several key factors
such as photoperiod, lower temperature, carbon sources and plant hormones.
In the present study, we showed that, short day condition induces tuberization
with more efficiency when sucrose is used as a source of carbon than maltose.
Further, 50g/l of sucrose was found to be very effective, while increased
concentration was rather lethal for growth and micro-tuberization in potato.
Although, both BAP @ 2ppm and kinetin @ 1ppm were found to be effective as a
source of cytokinin to induce micro-tuberization, kinetin can be a better source of
cytokinin as its requirement is only 1 ppm as against 2 ppm of BAP. Taken together,
single node cuttings cultured on MS media supplemented with 50g/l sucrose and
1 ppm of kinetin and exposed to a short day condition of 8 hrs. light with 16 hrs.
of dark period would be an ideal situation for efficient induction of micro-tubers
in potato.

Keywords : Micro-tuberization, Carbon source, Plant hormones, Short days,
Sucrose, Kinetin

[V—V]TRO production of tubers through culturing
of nodal cuttings is often referred to as Micro-
tuberization (Badoni and Chauhan, 2010). Micro
tubers have many advantages that make them ideal
planting material for producing high quality seed
potatoes. Compared with in-vitro plantlets, micro
tubers are more robust, easier to handle and can be
stored for a longer period (Mc-Cown and Joyce,
1991). In fact, micro tuber production technology
offers a wide range of advantages of small space
requirement, ease of transport and storage and
accelerates the production of high quality disease
free potato seeds faster and cheaper than other
methods (Ranalli, 1997; Nistor et al., 2010 and
Raveesha, 2014). In India, the advances in micro tuber
productionare considered as second ‘green revolution’
in agriculture and are expected to make farming more
efficient, profitable and environmentally safe in

addition to helping the farmers economically, socially
and commercially.

Potato micro-tuberization is rather influenced by
several in-vitro tuber inducing factors like media
composition, short day photoperiodic conditions
(8h/16h) (Nistor et al., 2010), low temperature
(18-21° C), sucrose or maltose, phyto-hormones
like 6-BAP, kinetin and others (Mamiya et al.,
2020). Many researchers have reported that, MS
basal medium is quite effective and efficient for
micro-propagation and micro-tuberization in potato
(Hussey and Stacey, 1981; Roselli et al., 1987;
Aburkhes et al., 1991; Gopal et al., 1998 and
Ozkaynak and Samanci, 2005). In addition, the short
day photoperiods highly influence potato micro-
tuberization and would promote aerial stolons and
tubers from axillary meristems (Macwan et al., 2017;
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Ali et al., 2018 and Kondhare ef al., 2021). Besides
photoperiod, low temperature (18-21 °C) seems to
be very crucial factor that promotes miro-tuberization
in potatoes under in-vitro conditions (Nistor et al.,
2010 and Macwan ef al., 2017). A slight increase in
temperature would inhibit potato micro tuber
formation (Wang and Hu, 1982 and Salem and
Hossain, 2017). In addition, altering the media
composition with sucrose will further increase the
micro-tuberization process. Sucrose is the main
tuber inducing stimulus and signaling molecule for
micro tuber induction in potato. Therefore, supplying
a sufficient amount of sucrose as a carbon source
would stimulate plant growth and development,
tissue proliferation and increases micro tuber weight
and diameter (Perl et al., 1991; Khuri and Moorby,
1995; Yu et al., 2000; Donnelly et al., 2003 and
Nistor et al., 2010). Maltose is also serving as
another important carbon source for the development
of a healthy and vigorous plantlets from the nodal
explants (Rahman et a/., 2015). Like sucrose, maltose
would also regulate the formation of micro tuber
number, tuber weight and micro tuber diameter
(Altindal and Karadogan, 2010). However, which
carbon source would favor micro-tuberization more
effectively needs further examination.

Phytohormones like BAP and kinetin also play a
major role in micro-tuberization in potatoes. BAP is
the potential option to increase micro tuber number,
size, weight and tuber diameter (Fufa and Diro, 2014;
Rahman et al., 2015; Dessoky et al., 2016; Borna et
al., 2019 and Meenakshi, 2020). However, even
kinetin also shown to regulate micro-tuberization
under in-vitro conditions from single nodal cuttings
(Dessoky et al., 2016 and Olga et al., 2022). The
sucrose and kinetin together play a critical role in
micro tuber size and tuber weight (Ali et al., 2018).
Therefore, the main objective of the present study is
to standardize the photoperiodic conditions with most
effective carbon source and hormonal combination
for effective plant growth and micro-tuberization in
potato. As many factors regulate micro-tuberization
in potato, it is necessary to standardize each of these
factors for effective micro-tuberization.

MATERIAL AND METHODS

Planting Material

The experiments were conducted at the Plant Tissue
Culture Laboratory, Department of Crop Physiology,
UAS, GKVK, Bangalore. The virus-free planting
material was procured from the Central Potato
Research Institute (CPRI), Shimla and the College of
Horticulture, Bengaluru campus, UHS, Bagalkot.

In-vitro Micro-Propagation of Potato and
Induction of Micro-Tuberization

Potato micro-propagation is a very important tissue
culture technique to multiply plantlets within a short
period of time (Pruski et al., 2002). However,
multiplication of plantlets in-vitro requires
standardization of media, carbon source, plant
hormones including regulation of photoperiod. In this
context, the said conditions / parameters were
standardized. Towards multiplication of plantlets,
five important potato cultivars namely, Kufri-Jyoti
(KJ), Kufri-Himalini (KH), Kufri-Chipsona-1
(KC-1), Kufri-Chipsona-3 (KC-3) and Kufri-
Chipsona-4 (KC-4) were used. As standardization
of micro-propagation protocol is a pre requisite
for micro tuber production in potato, the micro-
propagation protocol was standardized with an
overall objective of producing micro tubers in potato.

Standardization of Media Composition

Single nodal explants made from 21 days old potato
plantlets were inoculated into a growing MS media.
The media composition for micro - tuberization of
potato plantlets consist of 75 per cent of basal
MS medium supplemented with standardized
concentration of sucrose and the plant hormone
and the pH was adjusted to 5.8. To this, 5g/l agar was
added which served as a solidified agent. The media
was autoclaved at 121 °C for 15 min and after
two hours, media was poured into the tissue culture
bottles to inoculate the single nodal explants. After
solidification of media, single nodal explants were
inoculated under the laminar air flow chamber
(LAF) and the inoculated bottles were kept exposed
to standardized photoperiodic treatment. After

60



Mysore J. Agric. Sci., 57 (1) : 59-70 (2023)

S. R. BHARATH AND B. MOHAN RAJU

21 days of inoculation, the bottles were observed for
in-vitro grown plantlets and the growth parameters
were recorded in them. Towards inducing micro-
tubers, the plantlets were allowed to grow in the
same growing condition for some more days and
finally, the number of tuber inducing plants and
the micro tuber number and size were recorded
under each treatment.

Carbon Sources for Induction of Micro-
Tuberization in Potato

Carbon source is very important for robust plant
growth and micro-tuberization. In this regard,
two carbon sources namely, sucrose and maltose
@ 50g/1 of each was used in the media separately to
examine which carbon source favoring robust plant
growth and micro-tuberization. Our preliminary
experiment indicated that, sucrose is a better source
of carbon than maltose and hence, the sucrose
concentration was further standardized to examine
whether or not the altered carbon source brings in
better micro-tuberization in potato. As sucrose is
serving as an important carbon source and also a
micro tuber inducing stimulus (Nistor et al., 2010),
different concentrations of sucrose were used
which include 30g/1 (T1), 40g/1 (T2), 50g/1 (T3),
60g/1 (T4), 80g/1 (T5) and 100g/1 (T6) along with
the normal MS media.

Standardization of Hormone Source for Effective
Micro-Tuberization

Besides media, carbon source and photoperiod,
plant hormone is also equally important for effective
micro-tuberization. In this context, different cytokinin
sources namely, kinetin and BAP were used in the
MS media and examined which cytokinin source
induces effective micro-tuberization in potato.
Accordingly, the cytokinin source which induced
more micro tuber was considered as standardized
hormone source.

Standardization of Photoperiodic Conditions

Different photoperiodic treatments were given to
the cultured single node cuttings to standardize the
photoperiodic condition. These treatments include

complete dark (T1), complete light (T2), short days
(T3) and long days (T4). Complete dark treatment
was given in a dark chamber where, complete darkness
was maintained all through the day and during the
entire growing / culturing period. However, complete
light treatment was given through light chambers
using LED lights with an intensity of 4000 Lux.
Short days were created for about 8 hours of light
treatment with 16 hours of darkness using an
automatic timer. Similarly, long days were also
created by exposing the bottles to artificial light for
16hrs and dark for 8hrs through timer regulation.

Multiplication of Potato Plantlets In-vitro

After standardizing various elements of micro-
propagation in potato, five different cultivars as
mentioned above were cultured in-vitro and
plantlets were multiplied. A flowchart depicting
the standardization of various elements of micro-
propagation of potato under in-vitro condition is
given in flowchart 1.

Induction of Micro-Tuberization in Potato

As our main objective is to produce micro tubers in
potato, single node cuttings of Kufri Jyoti, one of
the leading cultivars of potato in India with high
multiplication rate, robust growth and wider
adaptability including disease resistance was used.
Single node cuttings made from 21 days old plantlets
were inoculated into the MS-media supplemented
with 50g/1 of sucrose and 1 ppm kinetin. Later, the
cultured bottles were kept in short day condition
of 8h photoperiod (4000 lux) and 16 hr. of dark
all through the experimental period and observed
for micro-tuberization. The inoculated bottles were
kept inside the BOD incubator where the temperature
was maintained at 18 °C with an RH of 80 per cent.
At the end of 45 days, initiation of micro tubers
was observed and recorded. The flowchart depicting
the steps followed for micro-tuberization is given in
flowchart 2.

Statistical Analysis

Data on plant height, number of nodes, no. of leaves,
micro-tuber number, weight and tuber diameter were
collected during harvest. Further, all the collected data
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Single node cuttings

Carbon Source Hormone Source
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Different Concentrations of Sucrose

Flowchart 1: A Flowchart depicting standardization of various elements for micro-propagation in potato
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Flowchart 2: Schematic representation of different steps involved in micro-tuber production in potato

el
V)
)
=
)
=
Q
A
~
N
S
=
~
~
S
QO
S
N
%)
E
B
~
S
N
3
=
S
\
2
S
¢!
)
S
~
&~

62




Mysore J. Agric. Sci., 57 (1) : 59-70 (2023)

S. R. BHARATH AND B. MOHAN RAJU

were analyzed by analysis of variance and the means
were compared according to DMRT (Duncan’s
Multiple Range Test) and the mean separation was
done at 5 and 1 per cent level of significance.

RESsuLTS AND DiscussioN

Potato micro-propagation is regulated by several
factors which include photoperiod, media
composition, carbon source and even plant
hormones. Therefore, in the present study, the
influence of the said parameters was evaluated
for micro tuber induction in potato.

Mass Multiplication of Potato Plantlets

Initially, mass multiplication of potato plantlets free
from pests and diseases were taken up to generate
the required number of plantlets for inducing
micro-tuberization. Accordingly, mass multiplication
was taken up in 5 varieties of potato. Initially, 5 plants
each were taken from each of the varieties and
sub cultured the single node cuttings for 21 days
and end of which, the plantlets generated were
again sub cultured to produce more number of
plantlets (Flowchart 3). Accordingly, at the end of

3 sub culturing, sufficient number of plantlets were
produced. Interestingly, Kufri Jyoti, one of the
leading varieties (Srikant Tengli and Mohan Raju,
2022) produced significantly higher number of
plantlets of 1250 while, Kufri Chipsona had only 750
plantlets to suggest the variation in number of plantlets
generated at the end of each sub culturing. It appears
that, Kufri Jyoti responds very well to sub culturing
and mass multiplication compared to the other
varieties (Flowchart 3). Such differential response was
also noticed by Pavithra (2020) while working with
different cultivars of potato, where she found
significant variation in number of plantlets generated
at each cycle due to higher rate of mortality in some
cultivars (Flowchart 3).

Effect of Carbon Sources on Growth and
Micro-Tuberization in Potato

Although maltose and sucrose serve as carbon
source for in vitro grown plantlets, sucrose seems
to be very effective as a source of carbon as it is
not only triggered the vegetative growth, but even
the micro-tuberization in potato. Single node cuttings
cultured under in-vitro media with sucrose as a

' Micro-propagation in potato ‘
Kufri-lyothi Kufri-Himalini Kufri-Chipsona Kufri-Chipsona | | Kufri-Chipsona
(K1) (KH) (KC-1) (KC-3) (KC-4)
R | | 1
5 plantlets | | 5 plantlets | 5 plantlets | 5 plantlets | | 5plantlets |
¢ | subculture 'i" 'L ‘L ‘L
. (21DAl) — . e . . % ' ;
(20 ) (18 (16 ) 18 )
Jv Il subculture ¢ l’ ¢ J’
——_ (21 DAI) . A ~ - : :
“s00)  (.350) [ 450 (350 ( 300
J' 1l subculture ¢ ¢ _ ‘L '1'
Ca2s0 ™M eps ) (1125 (875 (750

Flowchart 3: Mass multiplication of different cultivars of potato under in-vitro conditions and their success rate

Note: Single node cuttings were used in every sub-culturing steps
DAI-Days after inoculation
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source of carbon showed significantly higher
number of nodes, leaf number and even the root
length. In addition, more than 80 per cent of the
plantlets produced micro tubers as against only
25 per cent with maltose as carbon source. Further,
the number of micro tubers per plant and also the
fresh weight of micro tuber was significantly higher
when sucrose was used as a carbon source instead
of maltose. The results therefore suggest that,
sucrose seems to be the ideal carbon source than
maltose for effective growth and micro-tuberization
in potato (Table 1 and Plate 1).

The importance of sucrose as a source of carbon
for effective micro-tuberization has been reported
by several other workers. Accordingly, increased
biomass, micro tubers, micro tuber dry matter was
promoted with sucrose as a source of carbon

Maltose-50g/1

Sucrose-50g/

Maltose-50g /1

Plate 1: Plant growth and micro-tuberization as influenced by
different carbon source

compared to the other sources of carbon (Gopal
et al., 2004 and Altindal and karadogan, 2010). In
several earlier studies, it has been reported that,
concentration of sucrose decides the efficiency of
micro-tuberization in potato. In one of the studies,
Hossain et al. (2017) have reported that, the micro-
tuberization and micro tuber number was highest in 8
per cent sucrose and as the sucrose concentration
increased, they observed decreased micro-
tuberization. Similar observation was also made by
others where they showed improved
tuberization when the sucrose concentration increased
from 3-8 per cent in the media (Omokolo
et al., 2003 and Macwan et al., 2017).

micro-

Sucrose is rather serving as energy source and
osmotically active compound and at higher
concentration, it serves as a signaling molecule
for micro tuber formation (Perl et al., 1991,
Donnelly et al., 2003 and Gibson, 2005). According
to Garner and Blake (1989), the use of 8 per cent
sucrose would increase the tuber initiation, number
and weight of micro-tubers compared to 4 per cent
sucrose concentration. However, further increase
in the concentration of sucrose up to 12 per cent
caused a delay in tuber initiation resulting in smaller
tubers.

In this direction, when we examined the concentration
of sucrose on plant growth and micro-tuberization,
we found that, the plant growth, number of nodes,
number of leaves and root length increased up to a

TaBLE 1

Effect of different sources of carbon on growth and micro-tuberization in potato (Var. Kufti Jyoti)

Pllant No. of No. of Root % M%c.ro— Number of Micro
Treatments height length tuberizing  micro tubers tuber fresh
(cm) nodes R (cm) plants /plant weight (g)
Maltose-50g/1 13.67* 21.89° 19.89° 7.39° 25.00® 0.31° 0.09°
Sucrose-50g/1 12.33°® 36.56° 32.78% 8.10® 83.33 @ 1.18 ¢ 0.18 @
CD (P<0.01) 0.67 ** 0.32 ** 0.44 ** 0.23 ** 1.14 ** 0.038 ** 5.37 **
SE(m) 0.17 0.08 0.11 0.06 0.28 0.009 1.33
SE(d) 0.24 0.12 0.15 0.08 0.40 0.013 1.89
CV (%) 2.22 0.48 0.72 1.28 2.71 2.197 2.70

** Significant at 1% level
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TaBLE 2

Effect of different concentrations of sucrose on various growth parameters in in-vitro
grown potato plantlets (Var. Kufri Jyoti)

Treatments Plant height No. of nodes No. of leaves Root length
(cm) (no.) (no.) (cm)
T -Sucrose-30g/1 8.28 ¢ 19.11¢ 15.67 ¢ 6.78 b
T,-Sucrose-40g/1 10.17° 25.73¢ 20.89°¢ 6.50 ¢
T,-Sucrose-50g/1 11.832 34.67° 32.74* 7.78 *
T,-Sucrose-60g/1 9.29°¢ 33.67° 33.44: 6.93°
T,-Sucrose-80g/1 8.224 34.50 31.44° 6.67 >
T,-Sucrose-100g/1 7.78 ¢ 16.54 ¢ 18.78 ¢ 6.12¢
CD (P<0.01) 0.68 ** 0.85 ** 1.23 ** 0.33 **
SE(m) 0.22 0.28 0.40 0.11
SE(d) 0.31 0.39 0.56 0.15
CV (%) 4.13 1.74 2.69 2.74
** Significant at 1% level
a b
90 a
= 80 -
£ 70 g 12
2 60 b < 10 :
§ 50 c = 08 J '
£ 40 d = 06 i
= 20 2 04
g 20 g 02
= 10| = & L e e
= = 0.0 -
30 40 50 60 80 100 0 40 86 100
Sucrose (g/1) Sucrose (g/1)
i ’ 4.0
~ 100 a 2
Z 90 I = 35
= 80 b E 30
& 70 =
2 60 d e I g 25
= 50 : t SRR b
& 40 = 15 <
= 30 o
2 20 £ Lo
s 10 e e g 05 e e
g 0 S 0.0
= 30 40 50 60 80 100 30 40 80 100
Suerose (g/1) Sucrose (g/1)

Fig. 1: Effect of different concentrations of sucrose on micro-tuberization in potato (Var. Kufti Jyoti); a) % Micro-tuberizing plants

b) Micro tuber number/ plant, ¢) micro tuber fresh weight and d) Micro tuber diameter
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concentration of 50 g/l from 30g/1 (Table 2). Further,
the number of tuberizing plants and the number of
micro tubers per plant with tuber fresh weight and
diameter increased gradually with increased
concentration of sucrose (Plate 1 and Fig.1). However,
with increase in sucrose concentration in the media
beyond 50g/1, a reduction in said parameters was
observed which corroborates with the results of
earlier workers. Very interestingly, significantly very
high number of micro tuberizing plants coupled with
increased micro tubers per plant as well as fresh
weight and diameter observed in plants grown in a
media supplemented with 50g/1 of sucrose compared
with the rest of the concentrations. However, at a very
high concentration of 100 mg/1 of sucrose, we did not
observe any tuberizing plants suggesting that, the
higher concentration of sucrose becomes lethal for
micro-tuberization in potato (Fig.1).

Effect of Cytokinin on Micro-Tuberization in
Potato

Cytokinin plays an important role in micro-
tuberization in potato. In this regard, different sources
of cytokinins namely, BAP and kinetin were included
in the growth media separately. While the BAP was
used at a concentration of 1, 2, 4 and 6 ppm, the
kinetin was used at a concentration of 0.5 and 1.0
ppm separately. The results of the study indicated that,
2 ppm BAP was found to be effective in increasing
the micro-tuberization with higher number of micro
tubers per plant coupled with more fresh weight
and diameter compared to control and other
concentrations of BAP (Fig 2). Similarly, 1 ppm of
kinetin was found to be effective than 0.5 ppm and
interestingly, the response was similar to that of
BAP at 2 ppm. At 1 ppm of kinetin, nearly 79 per cent

a

100 a
i b
& 20
(=9
oo | €
o
o0
)
2 d
g 20 I
= i
= 0 1 2 4 6

BAP (ppm)

C

70

a
T 60
£ 50
] b
5 40
& 30 .
g d
o 20
= 10 ' ;
5 0
= 0 1 2 4 6
BAT (ppm)

2 .
)
=
8 15 b
8
g 10
o C
B 05 j d
S e
é 0.0 i
0 1 2 4 &
_ BAT (ppm)
d
P
= a
=]
=
g 7 2 d
o 2
]
j 0] 1 2 4 &
BEAT (ppm)

Fig. 2: Effect of 6-BAP on micro-tuberization in potato; a) % Micro-tuberizing plants b) Micro tuber number per plant ¢) Micro
tuber fresh weight and d) Micro tuber diameter
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Fig. 3: Effect of Kinetin on micro-tuberization in potato; a) % Micro tuberizing plants b) Micro tuber number per plant ¢) Micro
tuber fresh weight and d) Micro tuber diameter

of micro-tuberizing plants was observed with
significantly higher fresh weight and diameter of
micro tubers compared to 0.5 ppm of kinetin (Fig 3).
The results therefore suggest that, 1 ppm of kinetin is
effective for micro-tuberization in potato.

In contrast to our observations, others have found
BAP as a good source of cytokinin for effective micro-
tuberization. Accordingly, cultured medium
supplemented with 2.25 mg/l (Meenakshi, 2020) and
5 mg/l of BAP (Dessoky et al., 2016) showed higher
percentage of tuberizing plants as well as micro
tubers suggesting the other sources of cytokinin would
also do the job of inducing micro tubers in potato.
Our study however indicates that, 1 ppm of kinetin
would be sufficient to bring in the desired effect on
micro tuberization in potato.

Effect of Photoperiod on Micro-Tuberization in
Potato

Micro-tuberization in potato is influenced by
photoperiod. While some reports indicated a good

response in complete darkness, yet others showed
the requirement of short days or longer days for
micro-tuberization. In this regard, the effect of
photoperiod on micro-tuberization was examined by
exposing the single node cuttings of potato under
in-vitro condition to either complete darkness or
complete light or short days or long days. The results
indicated that, both complete darkness or complete
light for 24 hours a day did not show any response
for micro-tuberization although they put on some
plant height. However, short day photoperiod of 8 hrs.
of light and 16hrs of dark period showed a higher
micro-tuberization under hormonal treatment.
Accordingly, under control condition without
hormone treatment, the number of micro tubers
produced per plant was 0.56 as against 1.29 tubers
observed under hormonal treatment which is
significant. Further, the average fresh weight and
diameter of micro tubers was 108 mg and 3.88 mm
respectively for the micro tubers produced under
hormonal treatment, while, it was 81.6 mg and 1.92
mm respectively for control (Table 3).
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TABLE 3

Effect of photoperiod on micro-tuberization in potato (Var. Kuftri Jyoti)

No. of micro

Average fresh Average diameter

Treatments Plant height (cm) tubers/plant W(:E,::rgi rrnnz(i;):ro of mig:r;(:nt)ubers
Control Hormone Control ~ Hormone Control Hormone  Control Hormone
T - Complete Dark 19.10 ® 9.26° 0.00° 0.00 © 0.00° 0.00°¢ 0.00° 0.00 ©
T,- Complete Light 8.56 ¢ 943 0.00° 0.00 © 0.00° 0.00 ¢ 0.00° 0.00°
T.- Short Days 9.02° 8.50 ¢ 0.56* 1.29 @ 81.6° 108.0° 1.92°2 3.88¢2
T,- Long Days 9.24° 5924 0.00° 0.69* 0.00° 98.0° 0.00° 3.06°
CD (P<0.01) 0.33 ** 0.11 ** 0.004 **  0.012 ** 0.37 ** 1.35 **  0.037 ** 0.08 **
CXH 1.046 0.037 0.016 0.491
SE (m) 0.11 0.04 0.001 0.004 0.12 0.45 0.012 0.03
SE (d) 0.16 0.06 0.002 0.005 0.17 0.63 0.017 0.04
CV (%) 2.15 1.06 1.97 1.74 1.34 1.94 5.65 3.53

** Significant at 1% level

Under long day conditions, micro-tuberization did not
take place in control treatment. However, with the
intervention of hormones, tuberization did take place
with low efficiency both in number of micro-
tuberizing plants as well as fresh weight and tuber
diameter. The results therefore suggest that, short day
condition induces micro-tuberization in potato. Very
interestingly, when micro-tuberization is not possible
under long day conditions, with the intervention of
cytokinin, the plants could be made to induce micro-
tuberization although the number and fresh weight
and diameter is significantly lower compared to the
plants exposed to short day conditions (Table 3).

Induction of tuberization in dark or at low light
intensities with a light period of 8 hrs has been shown
by several earlier workers (Struik and Wiersema, 1999;
Dobrfinski, 2000 and Martlnez-Garcfa et al., 2002).
However, in contrary to this, Macwan et al., (2017)
have reported that, light conditions of 16 hrs.
photoperiod was found to be the best at a temperature
of 18 °C for tuberization with micro tubers showing
increased weight and size. Similarly, cultures
incubated at 20 °C either in dark for 8 weeks or
two weeks in 16-h photoperiod followed by 6 weeks
in dark, a combination of both dark and 16h-
photoperiods promoted micro-tuberization in potato

(Salem and Hassanein, 2016) suggesting both short
days and long days would influence micro-
tuberization in potato. However, in our study, we
found that, short days favored micro-tuberization
with no tuberization under long days.

In-vitro micro-tuberization is an effective way of
producing disease free quality planting material in
potato which not only saves space significantly, but
tubers can also be stored for longer time. However,
it is influenced by several factors and the present
study revealed that, micro-tuberization was found to
be effective when single node cuttings were cultured
on MS media supplemented with 50g/l of sucrose
and Img/1 of kinetin and keeping the cultured bottles
in short day conditions of 8 hrs. light with 16 hrs. of
dark period.
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ABSTRACT

The present investigation was undertaken in Kolar district of Karnataka state during
2021-22 to analyse the farmer’s perception about the Koramangala-Challaghatta Valley
project (K.C. Valley Project),
project in the country. It’s a rare irrigation project and first of its kind in the country.

which is deemed to be a unique
Under this project, treated sewage water is used to fill irrigation tanks in Kolar and
Chikkaballapura districts. Data was collected personally by the researcher through
pretested interview schedule from 180 respondents. It was found that 40.00 per cent
of marginal farmers belonged to better perception category followed by average (38.33%)
and good (21.67%) perception category respectively. More than half of the small
farmers (55.00%) belonged to average perception category followed by good (31.67%)
and better perception (13.33%). Nearly two third of the big farmers (63.33%) belonged
to good perception category followed by better (26.67 %) and average
perception (10.00 %) category respectively. Relative importance index of perception
as expressed by farmers is mentioned in this paper.

Keywords : K. C.Valley project, Perception, Treated water

THE sustenance of life depends on the natural
resources. Burgeoning growth in population
exerting tremendous pressure on the land and other
water resources. Due to rapid industrialization, the
effluents are discharging into the lakes and water
bodies. In most of the metropolitan cities it is a
common phenomenon. Due to lack of drainage
system, sometimes water will over flows and
stagnates in puddles. Today, an estimated 80.00
per cent of global wastewater is being discharged
untreated into the world’s waterways (Anonymous,
2017). This affects the biological diversity of
aquatic ecosystems and disrupts the fundamental
web of our life support systems, on which a wide
range of sectors from urban development to food
production and industry depend.

In India, our capacity to treat sewage water is low
as there is a low underground sewerage to transport

wastewater and low number of Sewage Treatment
Plants (STPs). Only two per cent towns
in the country have both these facilities. Overall,
there is capacity to treat only about 37 per cent of
the 62 billion litres of sewage water generated daily
by urban India. Currently, Bangalore generates 1400
Million Liters waste water per day (MLD), as per
Bangalore Water Supply and Sewerage Board
conservative estimates. The city has total treatment
capacity of 721 MLD, but only 520 MLD gets
treated on an average.

Globally, area under groundwater irrigation is highest
in India (38 million ha) followed by China (19 million
ha) and USA (17 million ha). In Karnataka, total
replineshable groundwater potential for the state is
estimated at 17.03 Billion Cubic Meters (BCM)
received from both monsoon and non-monsoon
seasons rainfall constitutes 9.48 BCM and recharge
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of 7.55 BCM from other sources (Krishna Raj and
Chandrakanth, 2015). Kolar district has 26,144
hectares gross irrigated area, of which 17,135
(10.22%) hectares was net irrigated and remaining
area was rainfed. Total number of wells in the
district were 29,936 and ground water availability
with the depth of 1,150 feet. Major irrigation
sources include wells, bore wells and ponds etc.
during the year 2012. The Central Ground Water
Board (CGWB) assessment team reported about
the groundwater situation of Kolar district. During
2016, the Kolar district falls in over exploited
category across all blocks. There is a possibility to
improve area under irrigation by augmenting
groundwater recharge in all taluks as these blocks
have exceeded the safer limits and fall in over-
exploited category (Anonymous, 2020).

Considering the significance of waste water on
production and productivity of agriculture and to
meet the escalated demand for water, Karnataka
Government’s ambitious project of supplying treated
water from Bengaluru to the arid districts came into
existence during 2016 as Koramangala - Challagatta
(K.C.) valley project aimed at increasing the
groundwater table in Kolar district. Kolar is a
drought prone area and ground water level is depleting
over the years. A farmer used to spend up to Rs.5 lakh
to sink a borewell with the hope of finding water.
Often, the water used to dry up very soon and he
would be left with a huge debt to repay. This
K.C. Valley needs to be emulated across the Kolar
to solve the problem of dry borewells and poor
groundwater level. In K.C. Valley project, Bangalore
sewage treated water is supplying to Kolar district.
In this regard, it is essential to analyze the farmer’s
perception, acceptance and any religious barriers in
utilization of sewage treated water for domestic as
well as irrigation purpose. The present paper has
been conceptualized with the objective of measuring
perception of farmers towards K.C. Valley project.

Perception

According to Ray (1991), perception is an activity
through which an individual becomes aware of
objects around him and of events taking place. He

considers perception as selective and we perceive
what we want to perceive. Individual differs in
perceiving the things and it is crucial to study the
perception of people when a new project is
implemented. Researcher operationally defined the
Perception as ‘process of awareness, comprehension
or understanding and interpretation of KC valley
project by the farmers’.

METHODOLOGY

The present study was purposively carried out in
Kolar district of Karnataka State. Kolar and
Srinivaspura taluks were selected purposively for the
study as the numbers of tanks filled were more in
these two taluks. The ex-post facto research design
was used. Random sampling method was employed
for the selection of respondents. The primary data
were collected from 180 farm households, consisting
of 90 farm households in Kolar taluk and 90 from
Srinivaspura taluk. From each taluk, 30 marginal,
30 small and 30 big farmers were selected. The data
were collected from the respondents through personal
interview method using pre-tested and well-structured
schedules. The responses were scored, classified,
analyzed to calculate the mean score, Standard
deviation and Relative importance Index using
Microsoft excel -2019 and Kruskal-Wallis H test
using SPSS.

Relative Importance Index

Relative Importance Index is calculated for each of
the indicators of perception and ranked accordingly.

The RII derived to summarize the importance of each
indicator:

XW  5ng+4n, +3n3 +2n; + 1Iny

RIT=74 5N

Where,

W =weighting as assigned on Likert’s scale by each
respondent in a range from 1 to 5, where
1=Strongly disagree, 2=Disagree, 3=Undecided,
4=Agree and 5=Strongly Agree.

A = Highest weight (here it is 5)

N = Total number in the sample.
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Kruskal - Wallis H test

The Kruskal - Wallis H test is a non-parametric
one-way ANOVA on ranks used for testing whether
samples originate from the same distribution. It was
used in the study for comparing more than two
independent samples of equal or different sample
sizes.

RESsuLTS AND DiscussioN

Overall Perception of Farmers towards K.C. Valley
Project

The data presented in the Table 1 depicts the overall
perception of farmers towards K. C. Valley project.
It is evident that two fifth of marginal farmers
(40.00 %) belonged to better perception category
followed by average (38.33%) and good (21.67%)
perception category. Majority of the marginal famers
had better to good perception. The probable reason is
that, farmers might have availed irrigation facilities
all round the year due to implementation of K.C.
Valley project which enabled them to practice different
cropping system, that resulted in securing better
returns. The results are in line with the findings of
Rajvendra and Kinjulck (2012).

It is clear from the Table 1, that more than half of
the small farmers (55.00%) belonged to average
perception category followed by good (31.67%)
and better (13.33%) perception. More than three fifth
of the big farmers (63.33%) belonged to good

perception category followed by better (26.67 %) and
average (10.00 %) perception category. The results
are in conformity with the Younus (2013).

Majority of the small and big farmers had average to
good perception; the probable reason for average and
good perception may be that small and big farmers
were not satisfied with the water quality. Further,
they were more cosmopolite and educated, had
knowledge regarding the importance of water quality,
effects in agriculture. Majority of them also expressed
their views during interview that because of the
increase in water availability, marginal farmers and
labourers working in their field are also started
cultivating crops all-round the year and competing
with small and big farmers. Further, In addition to
this, they expressed that due to increased supply of
produce they are not getting better prices for the
produce in the market. This may be the reason for
having average to good perception.

Overall, it is apparent from the table that almost equal
number of farmers spread over into better (36.11%),
good (32.22%) and average perception (36.11%)
categories. The results are in line with Gopika and
Lalitha (2018).

The farmers in the K.C. Valley region are having both
positive as well as negative perception towards the
project in their own way with so many benefits as
well as lacunas. Hence, farmers were distributed over
different perception categories.

TaBLE 1

Overall perception of farmers towards K.C. valley project

Marginal farmers Small farmers Big farmers Total No. of
(n,=60) (n,=60) (n,=60) farmers (n = 180)
Categories
No % No % No % No %
Average (< 67.11) 23 38.33 33 55.00 6 10.00 57 31.67
Good (67.11 - 83.99) 13 21.67 19 31.67 38 63.33 58 32.22
Better (> 83.99) 24 40.00 8 13.33 16 26.67 65 36.11

Mean =75.55 ; SD=16.87
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Statement Wise Perception of Farmers towards
K.C. Valley Project based on Relative Importance
Index

Marginal Farmer’s Perception towards K. C.
Valley Project based on Relative Importance Index

The data presented in Table 2 indicates that, marginal
farmers strongly perceived the statement K.C. Valley
project helped in increasing ground water table as
relatively important (Rank I) followed by treated
water reduces the demand and stress on fresh water
supply (Rank II), treated water is harmful for
consumption (Rank III), treated water will be
an alternative to fresh water irrigation sources
(Rank IV), cropping pattern has been changed after
increased availability of ground water (Rank V),
increasing in livestock farming by cultivation of
more pasture through treated water (Rank VI) and
treated water smells and it is unhygienic (Rank VII).

Marginal farmers expressed the following statement
as moderately important: groundwater contamination
after implementation of project (Rank VIII),
cropping intensity has been increased after the
implementation of K.C. Valley project (Rank IX)
followed by use of treated water can leads to lower
production cost and is economical (Rank X). The
statement irrigation with waste water allows you to
produce high value crops (Rank XI), income has
been increased after the implementation of project
(Rank XII), use of treated water will affect the
health of the farmers and animals (Rank XIII) and
the statement project helps in effective utilization of
waste water (Rank XIV).

Relatively least important statements as perceived
by marginal farmers were irrigation with treated
water will act as insurance against drought and
seasonal variability (Rank XV), willing to pay for the
waste water (Rank XVI), treated water increases the
nutrient availability to the crop (Rank XVII),
Increase in ground water availability will increase
the agricultural production as well as productivity
(Rank XVIII) followed by the statement sewage
treated water helps in increasing the speed of growth
of crop (Rank XIX) and trust in the technology for
making water safe for reuse (Rank XX).

The statement K.C. Valley project helped in
increasing ground water table treated water reduces
the demand and stress on fresh water supply was
perceived as relatively important. Probable reason
might be that treated water supply in Kolar region
has enhanced the ground water recharge through deep
percolation, water table has been increased and
farmers are getting water at lowest feet as well.
Treated water is used by the farmers for domestic as
well as agricultural purposes. So by utilization of
freely available water for irrigation as well as
consumption, it is acting as an alternative source
for fresh water.

Small Farmer’s Perception towards K.C. Valley
Project based on Relative Importance Index

The data presented in the Table 2 elicit the relative
importance of small farmer’s perception towards
K.C. Valley project. Relatively most important
statements as expressed by small farmers were
K.C. Valley project helped in increasing ground
water table (Rank I), treated water is harmful for
consumption (Rank II), treated water reduces the
demand and stress on fresh water supply (Rank III),
treated water smells and it is unhygienic (Rank IV)
followed by the statement cropping pattern has
been changed after increase in groundwater table
and cropping intensity has been increased after the
implementation of K.C. Valley project (Rank V),
project helps in effective utilization of waste water
(Rank VII).

Moderately important statements as expressed by
small farmers are increasing in livestock farming
by cultivation of more pasture through treated water
(Rank VIII), waste water will be an alternative to fresh
water irrigation sources (Rank IX) groundwater
contamination after implementation of project
(Rank X). The statement treated water increases
the nutrient availability to the crop (Rank XI),
willing to pay for treated waste water and improved
drainage facilities as (Rank XII), the use of treated
water will affect the health of the farmers and
animals (Rank XIII) use of treated water can
leads to lower production cost and is economical
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TABLE 2
Statement wise perception of farmers towards K.C. valley project based on
relative importance index

(n=180)
Marginal farmers Small farmers Big farmers
(n,= 60) (n,= 60) (n,= 60)
Statements
RII Rank RII Rank RII Rank
Do you perceive treated water is harmful for consumption 0.790 I 0.847 11 0.793 XII
Do you perceive treated water smells and it is unhygienic 0.750 VII 0.793 v 0.840 VII

Do you perceive, the use of treated water will affect the health  0.681 XIII 0.690  XIII 0.797 X1
of the farmers and animals

K.C. valley project helped in increasing ground water table 0.950 I 0.977 I 0.970 I
Do you find groundwater contamination after implementation  0.713 VIII 0.720 X 0.677 XIX
of project

Increase in ground water availability will increase the 0.623 XVIII 0.617 XVII 0.690 XVIII
agricultural production as well as productivity

Do you have trust in the technology for making water 0.417 XX 0.460 XIX 0.397 XX
safe for reuse

Irrigation with waste water allows you to produce high 0.688 XI 0.663 XV 0.729  XVI
value crops

Do you perceive that project helps in effective utilization 0.680 XIV 0.763 VII 0.847 VI
of waste water

Do you perceive that because of increase in ground water 0.780 \% 0.767 \% 0.863 v
availability cropping pattern has been changed

Cropping intensity has been increased after the 0.710 IX 0.767 A% 0.877 III
implementation of K.C. valley project

Do you perceive that treated water reduces the demand and 0.793 I 0.810 I 0.747 XIV
stress on fresh water supply

Do you perceive that treated water increases the nutrient 0.647 XVII 0.700 XI 0.900 II
availability to the crop

Do you perceive that use of treated water can leads to lower 0.703 X 0.680 XIV 0.757 XIII
production cost and is economical

Irrigation with treated water will act as insurance against 0.677 XV 0.653 XVI 0.873 v
drought and seasonal variability

Is there is increasing in livestock farming by cultivation of more 0.751 VI 0.760  VIII 0.813 X

pasture through treated water

Sewage treated water helps in increasing the speed of growth ~ 0.540  XIX 0.280 XX 0.737 XV
of crop

Do you perceive, waste water will be an alternative to fresh 0.783 v 0.747 IX 0.823 IX
water irrigation sources

Are you willing to pay for treated waste water and improved 0.670  XVI 0.693 XII 0.830  VIII
drainage facilities

Do you perceive that your income has been increased after 0.683 XII 0.590 XVIII 0.720 XVII
the implementation of project
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(Rank XIV), irrigation with waste water allows
you to produce high value crops (Rank XV).

Small farmers perceived the following statements as
relatively least important. The statement irrigation
with treated water will act as insurance against
drought and seasonal variability (Rank X VI), Increase
in ground water availability will increase the
agricultural production as well as productivity (Rank
XVII), income has been increased after the
implementation of project (Rank XVIII), trust in the
technology for making water safe for reuse (Rank
XIX) followed by sewage treated water helps in
increasing the speed of growth of (Rank XX).

The statement K.C. Valley project helped in
increasing ground water table treated water is harmful
for consumption is perceived as relatively important.
The probable reason treated water may remove
contaminants but leave behind some of the by
products, when they enter in the distribution system
they might to harmful for consumption. Farmers
expressed the statement sewage treated water helps
in increasing the speed of growth of crop as least.
Irrigation with treated water has proven beneficial
effects on plant health and soil quality in countries
having low water resources such as Middle East,
United Arab emirates, Israel, Kuwait, Malta, Qatar
and Saudi Arabia (Hashem and Xuebin, 2021). Lack
of knowledge regarding these beneficial effects
of using water may be the probable reason for this.

Big Farmer’s Perception towards K.C. Valley
Project based on Relative Importance Index

The data presented in Table 2, throws the light on the
Relative importance of big farmer’s perception
towards K.C. Valley Project. Big farmers perceive
the following statements as relatively important.
The statement K.C. Valley project helped in
increasing ground water table (Rank I) treated
water increases the nutrient availability to the crop
(Rank II), cropping intensity has been increased
after the implementation of K.C. Valley project
(Rank III), irrigation with treated water will act as
insurance against drought and seasonal variability
Rank (IV), cropping pattern has been changed due to

increase in ground water availability (Rank V).
The project helps in effective utilization of waste
water (Rank VI)

Moderately important statement as perceived by
big farmers are sewage treated water smells and it is
unhygienic (Rank VII), willing to pay for treated
waste water and improved drainage facilities (Rank
VIII), waste water will be an alternative to fresh
water irrigation sources (Rank IX) and increasing in
livestock farming by cultivation of more pasture
through treated water (Rank X). The statement the
use of treated water will affect the health of the
farmers and animals (Rank XI), treated water is
harmful for consumption (Rank XII) treated water
can leads to lower production cost and is economical
(Rank XIII), treated water reduces the demand and
stress on fresh water supply (Rank IV), Sewage
treated water helps in increasing the speed of growth
of crop (Rank XV).

The statement irrigation with waste water allows you
to produce high value crops (Rank XVI), income has
been increased after the implementation of project
(Rank XVII), ground water availability will increase
the agricultural production as well as productivity
(Rank XVIII) followed by groundwater contamination
after implementation of project (XIX) and trust
in the technology for making water safe for reuse
(Rank XX).

The statement K.C. Valley project helped in
increasing ground water table as highly important
and ranked first important. Kolar district ground
water table is plummeted below ground level over
past few years. The supply of K.C. Valley water has
helped in increasing the water table as well as water
availability. The statement groundwater contamination
after implementation of project and trust in the
technology for making water safe for reuse is
perceived as least important by farmers. The probable
reason might be in long range the soil quality and
water quality may deteriorate by accumulation of
impurities if water is not treated properly and farmers
lacks knowledge and awareness about the water
treatment process as well as treatment plant.
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Statement wise Overall Farmers Perception
towards K.C. Valley Project based on Relative
Importance Index

The data presented in Table 3, depicts the relative
importance of farmers perception towards K.C. Valley
project. Relatively most important statements as
expressed by overall farmers are K.C. Valley project
helped in increasing ground water (Rank 1), treated
water is harmful for consumption (Rank II), treated
water smells and it is unhygienic (Rank III), the use
of treated water will affect the health of the farmers
and animals (Rank IV) followed by increase in
livestock farming by cultivation of more pasture
through treated water (Rank V). The statement
treated water reduces the demand and stress on fresh

water supply (Rank VI), cropping intensity has been
increased after the implementation of K.C. Valley
project (Rank VII).

Moderately important statements as expressed
by overall farmers are project helps in effective
utilization of waste water (VIII), cropping pattern
has been changed due to increase in groundwater
availability (Rank IX), irrigation with treated water
will act as insurance against drought and seasonal
variability (Rank X), treated water increases the
nutrient availability to the crop ranked (Rank XI),
willing to pay for treated waste water and improved
drainage facilities (Rank XII), treated water can
leads to lower production cost and is economical
(XIII), waste water will be an alternative to fresh

TaBLE 3

Statement wise overallfarmersperception towards K. C. valley project based on

relative importance index

(n=180)
Statements RII Rank
Do you think treated water is harmful for consumption 0.810 I
Do you think treated water smells and it is unhygienic 0.799 III
Do you think, the use of treated water will affect the health of the farmers and animals 0.794 v
KC valley project helped in increasing ground water table 0.824 I
Do you find groundwater contamination after implementation of project 0.724 XV
Increase in ground water availability will increase the agricultural production as well as productivity 0.666 XVIII
Do you have trust in the technology for making water safe for reuse 0.391 XX
Irrigation with waste water allows you to produce high value crops 0.714 XVI
Do you think, project helps in effective utilization of waste water 0.757 VIII
Do you think , because of increase in ground water availability cropping pattern has been changed 0.750 X
Cropping intensity has been increased after the implementation of KC valley project 0.763 VII
Do you think, treated water reduces the demand and stress on fresh water supply 0.790 VI
Do you think , treated water increases the nutrient availability to the crop 0.747 XI
Do you think use of treated water can leads to lower production cost and is economical 0.743 XIII
Irrigation with treated water will act as insurance against drought and seasonal variability 0.749 X
Is there is increasing in livestock farming by cultivation of more pasture through treated water 0.791 \%
Sewage treated water helps in increasing the speed of growth of crop 0.568 XIX
Do you think , waste water will be an alternative to fresh water irrigation sources 0.730 X1V
Are you willing to pay for treated waste water and improved drainage facilities 0.744 XII
Do you think, your income has been increased after the implementation of project 0.693 XVII

*RII- Relative Importance Index
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water irrigation sources (Rank IV), groundwater
contamination after implementation of project
(Rank XV).

Relatively least important statement as expressed
by overall farmers were waste water allows you to
produce high value crops (Rank XVI), income has
been increased after the implementation of project
(Rank XVII), Increase in ground water availability
will increase the agricultural production as well as
productivity (Rank XVIII) and sewage treated
water helps in increasing the speed of growth of crop
(Rank XIX) and trust in the technology for making
water safe for reuse (Rank XX).

The statement K.C. Valley project helped in
increasing ground water table perceived as highly
important by marginal, small and big farmers. The
farmers in Kolar district were facing severe droughts
and decline in groundwater table over the past few
years. K.C. Valley becomes relevation to farmers in
building confidence among them and K.C. Valley
project has been implemented with the objective of
groundwater recharge and it has successfully
accomplishing the objective.

The statement trust in the technology for making
water safe for reuseranked relatively least important
by the farmers the probable reason may be that
authorities might not create any awareness regarding
the treatment process, frequent servicing needs to be
done in treatment plant which may not be visible to
farmers, farmers having limited knowledge on
wastewater management.

Statement wise Perception of Farmers towards
K.C. Valley Project

The data presented in the Table 4, indicates the
statement wise perception of farmers towards K.C.
Valley project. Table 4, portrays that more than three
fourth (86.11%) of the farmers strongly agreed the
statement K.C. Valley project helped in increasing
ground water table. The farmers in Kolar district were
facing severe droughts and decline in groundwater
table over the past few years. K.C. Valley becomes
relevation to farmers in building confidence among

them. K.C. Valley project has been implemented with
the objective of groundwater recharge and the purpose
has been achieved. Hence, they opinioned that it
helped in increasing the ground water table. The
results are in conformity with the findings of Ramesh
(2020).

The statement the use of treated water will affect
the health of the farmers and animal was strongly
agreed by 43.89 per cent of respondents. The probable
reason might be that, during the interview farmers
expressed that there was a occurrence of death of
animals by direct consumption of water from the lake.
So, farmers were afraid about that and if water is used
for drinking purpose without filtering it might cause
diarrhea and other health issues.

It is evident from the table that two-fifth (42.78%) of
the respondents strongly agreed that cropping pattern
has been changed due to increase in groundwater
availability after the implementation of the project
and agreed the statement cropping intensity has been
increased after the implementation of K.C. Valley
project (48.33%). The results of Pavithra and Gaddi
(2022) also revealed that crop diversification in
K.C. Valley region was comparatively higher compare
to Non K.C. Valley region. After implementation of
project, there is an increased water availability,
which made farmers to cultivate more number of
vegetable crops in K.C. Valley region. Thus, there
was an increased cropping intensity in the project
area irrespective of farmer’s category. The respondents
are cultivating vegetables in all the three agriculture
seasons due to increased water table as well as water
availability. Further, they adopted multiple cropping
as well as sequential cropping in that region which
could be the probable reason for the same. Apart from
this, particularly marginal farmers started cultivating
vegetables and flower crops instead of cereal crops
because of availability of water.

Equal number of the respondents (43.89%) strongly
agreed on the statement that use of treated water will
affect the health of farmers, found groundwater
contamination after the implementation of project the
treated water sometime consists of human fecal waste,
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TABLE 4
Statement wise perception of farmers towards K.C. valley project
(n=180)
Mean
Statements SA A UD DA SDA Rank
score
Do you perceive treated water is harmful 65 59 56 0 0 4.05 1T
for consumption (36.11) (32.78) (31.11) (0.00) (0.00)
Do you perceive treated water smells and 42 101 31 6 0 3.99 v
it is unhygienic (23.33) (56.12) (17.22) (3.33)  (0.00)
Do you perceive, the use of treated water will affect 79 60 24 17 0 4.12 11
the health of the farmers and animals (43.89) (33.33) (13.33) (9.44) (0.00)
KC valley project helped in increasing ground 155 19 6 0 0 4.83 I
water table (86.11) (10.56) (3.33)(11.11)  (0.00)
Do you find groundwater contamination after 79 12 32 57 0 3.63 XV
implementation of project (43.89) (6.67) (17.78)(31.67)  (0.00)
Increase in ground water availability will increase 36 29 77 34 4 3.33 XVIII
the agricultural production as well as productivity (20.00) (16.11) (42.78)(18.89) (2.22)
Do you have trust in the technology for making 0 7 43 65 65 1.96 XX
water safe for reuse (0.00) (3.89) (23.89)(36.11) (36.11)
Irrigation with waste water allows you to produce 50 55 33 30 12 3.56 XVII
high value crops (27.78) (30.56) (18.33)(16.67)  (6.67)
Do you perceive, project helps in effective 72 40 34 26 8 3.79 IX
utilization of waste water (40.00) (22.22) (18.89)(14.44) (4.44)
Do you perceive , because of increase in ground 77 38 17 40 8 3.76 XI
water availability cropping pattern has been changed (42.78) (21.11) (9.44)(22.22) (4.44)
Cropping intensity has been increased after the 57 87 23 4 9 3.99 v
implementation of KC valley project (31.68) (48.33) (12.78) (2.22) (5.00)
Do you perceive, treated water reduces the demand 59 32 70 15 4 3.71 X111
and stress on fresh water supply (32.78) (17.78) (38.89) (8.33) (2.22)
Do you perceive, treated water increases the nutrient 77 30 45 21 7 3.83 Vil
availability to the crop (42.78) (16.67) (25.00) (11.67)  (3.89)
Do you perceive use of treated water can leads 61 54 15 44 6 3.67 X1V
to lower production cost and is economical (33.89) (30.00) (8.33)(24.44) (3.33)
Irrigation with treated water will act as insurance 63 70 12 27 8 3.85 VII
against drought and seasonal variability (35.00) (38.89) (6.67)(15.00) (4.44)
Is there is increasing in livestock farming 64 34 37 40 5 3.62 XVI
by cultivation of more pasture through treated water  (35.56) (18.89) (20.56)(25.56)  (2.78)
Sewage treated water helps in increasing the speed 35 62 16 46 21 3.24 XIX
of growth of crop (19.44) (34.44) (8.89)(25.56) (11.67)
Do you perceive , waste water will be an alternative 61 62 21 24 12 3.76 XI
to fresh water irrigation sources (33.89) (34.44) (11.67)(13.33)  (6.67)
Are you willing to pay for treated waste water and 69 41 40 23 7 3.79 IX
improved drainage facilities (38.33) (22.78) (22.22)(12.78)  (3.89)
Do you perceive, your income has been increased 54 66 46 11 3 3.87 VI
after the implementation of project (30.00) (36.67) (25.56) (6.11) (1.67)
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medicinal and industrial wastages; if the water is not
treated properly it may cause harmful effect on human
beings. Direct consumption of water by humans as
well as animals for drinking purpose has caused
diarrhea and vomiting. Direct release of improperly
treated water may contaminate the groundwater.
Hence they perceive that in the long run treated water
will affect the health of the farmers. Due to increased
water availability to farmers, farmers started fodder
crops in the waste land, when water flows through
the channel pasture growth has become more
prominent in that area that has given chance for rearing
more livestock animals in that area. While informal
discussion with the researcher some of the respondents
expressed that some of the animals died by
consumption of sewage water directly from the lake.
So, people might have negative opinion about water
quality.

More than fifty percent of the respondents (56.12%)
agreed that treated water smells and it is unhygienic.
Some bacterial growth occurs in the drains, some
anaerobic decomposition of organic compounds will
takes place. More than two fifth of the respondents
(43.89%) agreed that waste water will be an
alternative to fresh water irrigation sources. The
probable reason may be that, famers are using treated
water as alternative for all the domestic as well as
irrigation purposes as a result they perceive waste
water is an alternative to freshwater irrigation source.

Nearly fifty percent of the respondents (42.78%) were
undecided about the statement ground water
availability will increase the agricultural production
as well as productivity. About 40.00 per cent of the
respondents disagreed the statement that sewage
treated water helps in increasing the speed of growth
of crop.

None of them strongly disagreed on the statement
that do you have trust in the technology for making
water safe for reuse. Famers are not having trust in
the technology, because sometime water color is not
good, it smells and they feel that it is unhygienic.
Hence, frequent checking of the quality of water as
well as soil needs to be done in project area to make
water safe for reuse.

Significant per cent of farmers perceived that their
income has been increased after the implementation
of project, irrigation with treated water acts as
insurance against drought and seasonal variability,
use of treated water can leads to lower production
cost and economical

Comparison of Perception of Marginal, Small and
Big Farmers about K.C. Valley Project

Kruskal wallies test was applied to test the significant
difference between marginal, small and big farmers.
(Table 5). The mean rank obtained from the test for
big farmers is 108.78 followed by small farmers (mean
rank = 95.73) and marginal farmers (mean rank =
108.78) respectively. It is found that there is a
significant difference in perception of marginal, small
and big farmers about K.C. Valley project at one per
cent of probability. Perception depends on individual
and vary from one person to another person, small
farmers perceive the things in one way, marginal
farmers perceive in another way and big farmers
perceive in different way. Hence, there exists a
significant difference between them.

Majority of the respondents had both positive as well
as negative perception about K.C. Valley project.
Significant per centage of farmers expressed that the
use of treated water will affect the health of the
farmers and animals, treated water is harmful for

TABLE 5

Comparison of perception of marginal, small and big farmers about K.C.valley project

Category Sample size Mean Rank H-Value P
Marginal farmers 60 66.99 20.239 0.001
Small farmers 60 95.73
Big farmers 60 108.78
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consumption in the long run as its smells and
unhygienic. It indicates that people lacks trust and
confidence in public agencies as well as decline in
belief that best technologies can remove impurities
and germs. In this regard, there is a need of
multidisciplinary action in educating farmers to
develop trust and confidence. Frequent water quality
testing and monitoring is needed at the grass root level
by concerned agencies so that in the long run farmers
develops confidence about the technology followed
to treat sewage water and use the water effectively
and efficiently for agricultural and other purposes.
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ABSTRACT

The field and laboratory experiments were conducted at ZARS, V. C. Farm, Mandya,
during kharif 2020 to study the phenology of parental lines of promising maize
hybrids for their seed production potentiality. The results revealed that mean sum of
squares due to parental lines indicated significant differences for growth and yield
parameters viz., field emergence, plant height, cob length, cob weight, number of rows
per cob, number kernels per row and seed yield per hectare and quality parameters
viz., hundred seed weight, seed germination, mean seedling length and seedling
vigour index I and II. Among the parental lines MAI-729 has showed significantly
higher cob weight (114.33 g), hundred seed weight (29.11 g), seed yield per hectare
(45.71 q ha'!) and seed vigour index-I and IT (3550 and 7673, respectively). Therefore,

MAI-729 line could be recommended for breeding and seed production programmes.

Keywords : Parental lines, Days to 50 per cent flowering, Seed yield, Quality

MAIZE (Zea mays L.) is one of the important
versatile and staple cereal crops of the world

and ranks next to wheat and rice. Maize has been an
important cereal because of its great production
potential and adaptability under wide range of
environments. Maize occupies an important place in
Indian economy, like rice, wheat and millets. Besides
being a potential source of food for human being, it is
also used for feeding cattle, poultry and industries for
the production of starch, syrup, alcohol, acetic acid,
lactic acid etc.

Globally, maize is cultivated on an area of 193.7
million hectares with production of 1147.7 million
ton with productivity of 5750 kg ha'! (FAO, 2020). In
India, maize is grown over an area of 9.89 million
hectares with a production of 31.65 million ton and
productivity of 3199 kg ha’l. In Karnataka, it is
cultivated in an area of 1.34 million hectares with
production of 3.98 million ton accounting the
productivity of 3305 kg ha! (DES., 2021).

Maize is the only cereal crop which will be grown
in various seasons and requires moderate climate for
their growth. Being a C, plant, it is physiologically
more efficient and has higher yield potential and
wider adaptability over environmental conditions.
The production and utilization potential of maize in
the recent times is not only attracting the attention of
research scientists, but also evolving major National
and International Research thrusts, with a view to
provide solutions to various problems of maize
particularly in terms of poor genetic potential, low
seed yield, poor adaptation to various agro ecologies
and overall poor performance of some varieties.
For achieving the successes of crop improvement
programme not only depend on amount of genetic
variability present in the population but also, it can
be achieved through selection of genotypes based
on phenological parameters viz., days to 50 per cent
tasseling and silking days to maturity, plant height,
number of rows per cob, grain number per cob, seed
yield traits and seed quality traits (germination,
seedling length and seedling vigour index).

82



Mysore J. Agric. Sci., 57 (1) : 82-88 (2023)

T. N. DEEPAK AND S. N. VASUDEVAN

The study of phenology is one of the most important
functions that determines the crop growth and
development of any crop and is essential to acquire
knowledge on the physiological response of the crop
under different field conditions. The phenology of
the crop is influenced by parameters like the crop
genotype, nutrient, biotic, abiotic, yield potential
and weather parameters (Chakravarthy and
Jagannathan, 2014). Hence, study of phenological
characters would make possible to selection of
varieties for future breeding, propagation and
production purpose.

METHODOLOGY

The experiment was laid out in randomized complete
block design during kharif 2020 to study the crop
growth, days to flowering, seed yield and quality in
parental lines of promising maize hybrids with three
replications at ZARS, V.C. Farm, Mandya and
Department of Seed Science and Technology, UAS,
GKVK, Bengaluru. Seeds of each parental lines were
sown on a 3 m long row with an inter-plant spacing
of 30 cm and an inter- row spacing of 60 cm. Normal
agronomic practices were followed to raise the crop.
The experiment consists of ten treatments (parental

lines) viz. P : MAI 729, P,: MAI 105, P.: NAI 137,
P,: SKV 50, P.: CAL 1443, P,: CML 451, P.: DH
388, P,: DH 371, P: DH 376, P,: DH 545.
Observations on growth and yield attributes were
recorded on five randomly selected plants from each
plot during kharif 2020 season. Freshly harvested
seeds of parental lines were collected and an
observation on seed quality attributes was recorded
as per the ISTA rules (ISTA., 2019).

RESULTS AND DISCUSSION

Growth and Yield Parameters

The results of phenology of parental lines of maize
hybrids examined on field emergence were significant
(Table 1). However, NAI-137 had significantly
highest field emergence (90.50%) followed by
MAI-729, MAI-105, SKVV-50, CAL-1443 and
CML-451, while DH-376 had the lowest (65.00%).
The ultimate test of seed vitality is field emergence.
This variation in field emergence among parental
lines could be attributed to their genetic makeup, as
reported by Sharma et al. (2020) in maize.

Significant difference was observed among the
parental lines for plant height at harvest. The plant

TaBLE 1

Mean performance of parental lines of maize hybrids for their growth parameters

. Field Plant height Days to 50 % Days to 50 % Days to Cob length
Parental lines emergence (%) (cm) tasseling silking maturity (cm)
P, : MAI-729 85.27 152.33 55.00 57.00 102.00 13.36
P, : MAI-105 83.33 149.33 57.00 58.00 104.00 13.48
P, : NAI-137 90.50 151.00 56.00 58.00 106.00 11.89
P, : SKV-50 82.90 142.67 54.00 54.00 97.00 9.42
P, : CAL-1443 80.00 133.00 58.00 59.00 113.00 13.83
P, : CML-451 83.33 127.67 63.00 65.00 114.00 12.50
P, : DH-388 75.00 147.00 57.00 57.00 95.00 9.83
P, : DH-376 65.00 146.33 62.00 64.00 97.00 8.83
P, : DH-371 79.17 161.67 57.00 57.00 97.00 14.67
P, : DH-545 70.00 137.00 57.00 57.00 108.00 10.17
Mean 79.45 144.80 57.60 58.60 103.30 11.80
SEm+ 3.62 5.19 2.55 2.61 4.58 0.63
CD (P=0.05) 10.84 15.57 NS NS NS 1.87
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height ranged from 127.67 cm (CML-451) to 161.67
cm (DH-371) with a mean of 144.80 cm (Table 1).
Significantly higher plant height was noticed in DH-
371 followed by MAI-729, MAI-105, NAI-137,
DH-388 and DH-376. The lowest plant height was
found in CML-451. Plant height is an important trait
because it is often associated with logging and
lodging of plants under unfavorable situations. This
variation may be attributed to their genetic
background. Higher plant height may be attributable
to earlier field emergence, which boosted the plant’s
resistance to heat and drought, resulting in higher
plant height at harvest. The similar findings reported
by Hidayat et al. (2008) and Manjunath et al. (2018)
in maize.

Days to 50 per cent tasseling and silking did not
differ significantly among parental lines (Table 1).
However, SKV-50 had taken lesser days for flowering
(54.00 and 54.00 days, respectively) and CML-451
has taken longer days to flowering (63.00 and 65.00
days, respectively). Furthermore, all the parental lines
come under medium and late flowering groups as
per the DUS guidelines. These parental populations
were noted to be quite earlier than the checks and
could be used as germplasm source in developing
varieties with early maturity. Variability may be
attributed to their differential genetic constitution
and also due to speed of emergence, improved field
stand and vigorous growth of plant. The above results
are in line with previous findings of Hidayat et al.
(2008) and Kiran and Channakeshava. (2017)
in maize.

Non-significant difference was noticed for number
of days taken to maturity among parental lines.
CML-451 matured in 114 days while, CAL-1443 and
DH-545 taken 113 and 108 days for maturation,
respectively. The earliest maturation was noticed in
DH-388 (Table 1). Flowering and maturity period are
essential qualities that are typically taken into
account before a variety is released for commercial
use. Early flowering and maturity ensure the visible
uniformity of a crop field which is always preferred
by farmers. This might be due to better utilization
nutrients and moisture among the parental lines

populations. Similar results were also reported by
Ibrahim and Mukhtar (2016) and Anil kumar (2018).

The phenotypic character pertaining to cob length
varied significantly among the parental lines
(Table 1). It was found that higher cob length recorded
in DH-371 (14.67cm) followed by MAI-729,
MAI-105 and CAL-1443. Whereas the parental line
DH-376 (8.83 cm) recorded lower cob length. The
trait cob weight also differed significantly among
the parental lines (Table 2 and Fig. 1). It was ranged
from 54.27 grams (DH-376) to 114.33 grams
(MAI-729) with a mean of 85.79 grams. However,
higher cob weight recorded in MAI-729 followed
by MAI-105 and DH-371 while, lowest cob weight
was noticed in DH-376.

Significant differences were observed among
parental lines of promising maize hybrids for number
of rows per cob. The number of rows per cob ranged
from 11.33 (DH-388 and DH-376) to 16.67
(CAL-1443) with amean of 13.78. Similarly, the trait
number of kernels per row also differed significantly
among parental lines. The number of kernels per row
was ranged from 16.33 (DH-376) to 23.94 (MAI-729)
with a mean of 19.44 (Table 2).

Wietholter et al. (2008) concluded that, the traits
contributed majorly to the classification of Brazilian
corn landraces were plant height, ear insertion, female
flowering, male flowering and kernel row number
per ear, cob length and cob diameter. Though both
qualitative and quantitative characters could be a
better descriptive for grouping the maize genotypes,
but high heritable traits are much useful in selection
of inbreds for further breeding programme. Similar
results were in line with Shashibhaskar (2015) in
maize, Madhukeshwara and Sajjan (2015) in maize
and Arjun ef al. (2021) in white maize.

Seed yield per cob and seed yield per hectare showed
significant differences among the parental lines of
promising maize hybrids (Table 2). Among parental
lines, MAI-729 lines showed highest seed yield
per cob and seed yield per hectare (94.61 g and
45.71 q ha’!, respectively) which was followed by
MAI-105. Whereas lower seed yield per cob and
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TABLE 2

Mean performance of parental lines of maize hybrids for yield parameters

Parental lines Cob weight (g) rz)\lvtfl:l ;eerrcoofb kei\tlll:l:l;eerr(;f)w seerego}l])lilgd) Sizdh?;c)ld
P, : MAI-729 114.33 15.45 23.94 94.61 45.71
P, : MAI-105 113.44 16.58 20.67 90.08 43.37
P, : NAI-137 93.40 14.73 22.07 72.60 37.96
P, : SKV-50 71.33 12.72 16.39 58.72 28.94
P, : CAL-1443 80.67 16.67 21.00 66.33 30.96
P, : CML-451 86.67 14.67 17.33 69.67 33.54
P, : DH-388 63.60 11.33 16.67 53.33 24.63
P, : DH-376 54.27 11.33 16.33 43.00 17.89
P, : DH-371 106.82 12.67 23.00 90.00 38.25
P, : DH-545 73.33 11.67 17.00 63.67 23.21
Mean 85.79 13.78 19.44 70.20 32.45
SEm+ 3.96 0.62 1.37 3.39 1.66
CD(P=0.05) 11.87 1.85 4.11 10.15 4.97

seed yield per hectare was recorded in DH-376
(43.00 gand 17.89 q ha!).

The variation in the yield potential is probably due
to the diverse background of parental lines (Fig. 1).
Positive and significant association of cob weight
and hundred seed weight contribute to more seed
yield. The significant positive correlation between
seed yield to hundred seed weight and cob weight
implies that the selection of these traits is important
to improve the seed yield of the parental lines (Prasad
and Shrestha, 2020). The above findings were in
accordance with Daniel (2014) and Dhakal et al.
(2017) in maize genotypes.

= 3

bt Uob Weaght (@)  ==@==Seed yield (g ha *)

Cob weight (g)
Seed vield per hectare (q)

Farental lines

e .

Fig. 1: Variation of cob weight (g) and seed yield (q ha'') in
parental lines of maize hybrids

Seed Quality Parameters

Hundred seed weight is one of the important
distinguishing features used by several scientists to
differentiate several crop varieties. The study
revealed that hundred seed weight was differed
significantly among the parental lines (Table 3).
Significantly higher hundred seed weight was
observed in MAI-729 (29.11 g) followed by NAI-137,
CAL-1443 and CML-451. Whereas lower hundred
seed weight was observed in DH-376 (19.18 g).
The variation among the parental lines might be due
to inherent genotypic differential conditions that had
existed during the crop growth, seed development
and maturation stage. The genotypic variation in
hundred seed weight may also be due to the reserved
food material accumulated in the genotypes. Similar
pattern of classification was reported earlier by
Pinnisch et al. (2012) in maize and Bhusal ez al. (2017)
in sorghum.

Among the parental lines no significant differences
were observed for seed germination percentage. The
seed germination percentage ranged from 91.33 to
98.33 with a mean of 95.93 per cent (Table 3).
However maximum seed germination percentage
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was observed in MAI-729 (98.33%) and minimum
seed germination percentage was observed in DH-376
(91.33%). This is due to increase in activity of
enzymes such as amylase, protease and lipase which
have great role in breakdown of macromolecules
for growth and development of embryo that ultimately
resulted in higher seedling emergence. Similar
findings were reported by Hidayat et al. (2008) and
Manjunatha et a/. (2018) in maize genotypes.

Significant differences were observed among the
parental lines of promising maize hybrids for shoot,
root and mean seedling length (Table 3). The results
showed that highest shoot, root and mean seedling
length was recorded in MAI-729 (17.07, 19.03 and
36.10 cm, respectively) which was followed by
NAI-137, CAL-1443 and CML-451. Whereas lowest
shoot, root and mean seedling length was recorded
in DH-376 (13.16, 16.35 and 29.52 cm, respectively).

Mean seedling dry weight was differed significantly
among the parental lines (Table 3). Higher
mean seedling dry weight was observed in MAI-729
(78.03 mg) which was followed by MAI-105,
NAI-137 and CML-451 and lower seedling dry weight
was observed in DH-376 (63.12 mg).

Among the parental lines significant differences were
observed for seedling vigour index I and II (Table 3
and Fig. 2). Significantly higher seedling vigour
index-I and II was recorded in MAI-729 (3550
and 7673, respectively) and lower seedling vigour
index-I and II was recorded in DH-376 (2696 and
5765, respectively).

m Seedling vigonr index-T = Seedling vigour index -1
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g. 2 : Variation of seedling vigour index-I and II in parental
lines of maize hybrids

Significant variation was found among parental
lines for seed quality parameters viz., shoot, root
and mean seedling length, seedling dry weight and
seed vigour index except germination percentage.
Variation among the parental lines might be due to
accumulation reserve food material viz. carbohydrates,
protein and soluble sugars that existed during seed
formation, development and maturation stage. The
mean seedling length, seedling dry weight and
seedling vigour index were all positively correlated
with hundred seed weight. Similar findings were
reported by Ahammad et al. (2014), Anil Kumar
(2018) and Vijay Lakshmi and Siddaraju (2021)
in maize.

Electrical conductivity of seed leachate was differed
significantly among the parental lines of promising
maize hybrids (Table 3). The results revealed that
MAI-729 recorded significantly lower electrical
conductivity of seed leachate (188.00 uSm™) and
higher electrical conductivity of seed leachate was
recorded in DH-376 (317.33 uSm). The reduction
in the value of electrical conductivity of seed leachate
with diversity of parental lines or genotypes may be
because of critical maintains of structural integrity
and cell membranes permeability. The results were in
accordance with the findings of Kiran and
Channakeshava (2018) and Omar et al. (2022) in
maize.

Based on the above experimental results, it can be
inferred that MAI-729 is the better performer
among the parental lines in terms of growth,
higher seed yield and good quality aspects. Therefore,
it was suggested that study of phenological characters
would be most supporter for selection of parental
lines in breeding and seed production programmes.
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ABSTRACT

The present research study was conducted in Andhra Pradesh, Karnataka, Kerala,
Lakshadweep, Puducherry, Tamil Nadu and Telangana during 2019-2020 to analyze
the knowledge of Krishi Vigyan Kendra (KVK) scientists regarding social media.
The sample consisted of 161 scientists out of a population of 542 scientists from
117 Krishi Vigyan Kendras in the above mentioned states. The results revealed that a
greater proportion of KVK scientists (39.14%) had high knowledge regarding
social media, whereas slightly more than one-third (36.64%) of KVK scientists
had medium level of knowledge regarding the social media and nearly one-fourth, i.e.,
24.22 per cent of respondents had low knowledge regarding social media. The
independent variables, namely, education, e-readiness, innovative proneness and
trainings that were received by the KVK scientists seemed to have positive and also a
relationship that was significant, with knowledge level of the KVK agricultural
scientists with the level of probability being one per cent. Twenty-one independent
variables contributed to the tune of 87.15 per cent to the knowledge of KVK scientists
regarding social media. Sixteen of the independent variables screened for the path
analysis had a positive and direct effect on knowledge of the agricultural scientists of
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KVKs regarding social media.

Keywords : Knowledge, Social media, KVK scientists, Agricultural development

THE growth in significance of social media among
professionals and researchers of agriculture, over
the past few years, has been remarkable. Capturing
millions of users from all over the world, social media
has become one of the most popular means of
interacting and information-sharing. Social media can
be defined as web based tools of electronic
communication that allow users to interact, create,
share, retrieve and exchange information and ideas in
any form (text, pictures, video, etc.) that can be
discussed upon, archived and used by anyone in
virtual communities and networks (Suchiradipta and
Saravanan, 2016). The annual growth rate of social
media users worldwide is 13 per cent whereas in India
it is 31 per cent. In the agricultural sector, there is an
increasing rate of social media usage amongst
stakeholders. Today, farmers are using Facebook,

Twitter and other tools to access and disseminate the
news. Farmers are sharing pictures of their farms on
Facebook; selling products on Twitter and connecting
with experts on WhatsApp. The scientists of Krishi
Vigyan Kendras (KVKs) play a pro-active role in
transferring latest technologies with beneficial
impacts to the farmers at grassroots level. They
continuously improve their knowledge and skills by
updating themselves regarding latest information and
technologies. Social media speeds up connections
between scientists in the virtual space and it can be
used effectively by the KVK scientists for agricultural
development (Jayashree, 2018). In this backdrop, the
present study has been carried out with the following
specific objectives :

1. To analyse the knowledge of KVK Scientists
regarding social media and
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2. Toknow the relationship between personal, socio-
economic, psychological and communication
characteristics of KVK scientists and their
knowledge regarding social media.

MATERIAL AND METHODS

The present study was carried out in Andhra Pradesh,
Karnataka, Kerala, Lakshadweep, Puducherry, Tamil
Nadu and Telangana during 2019-2020. One hundred
and sixty one scientists working in 117 Krishi Vigyan
Kendras were purposively selected as the sample of
the study. Ex post-facto research design was adopted
for conducting the study. Knowledge level of KVK
scientists in the present study was operationalized as
the quantum of scientific information known to the
scientists about the tasks that can be performed using
selected social media.

A list of eleven selected social media was enlisted
and the scientists had to tick the activities/ tasks that
the particular social media could be used for. A
preliminary survey was conducted using Google
forms to know the usage of social media by KVK
scientists under the jurisdiction of University of
Agricultural Sciences, Bengaluru, as well as from
scientists working in other KVKs of Karnataka,
Central Silk board, ISEC (Institute for Social and
Economic Change, Bengaluru), IGFRI (Indian
Grassland and fodder Research institute, Jhansi) and
CICR (Central Institute for Cotton Research, Nagpur).
Based on the preliminary survey, 11 social media
platforms were selected for the study, namely:
Facebook, WhatsApp, YouTube, Instagram, Twitter,
Telegram, LinkedIn, Skype, Messenger, Quora and
Research Gate.

The correct responses were awarded a score of one.
The wrong answers were allotted a score of 0. If no
attempt was made against a particular social media, a
total score of 0 was allotted for knowledge regarding
that particular social media. Also, if a respondent
scored nine or more than nine for a particular social
media, he/she was considered to have complete
knowledge regarding that social media. If the
respondent scored one to eight for a particular social
media, he/she was considered to have partial

knowledge regarding that social media. The
summation of scores for a particular respondent
indicated his/her knowledge level about social media.
Based on the total score obtained, the respondents
were classified into three categories namely, ‘low’,
‘medium’ and ‘high’ using mean (42.00) and half
standard deviation (11.82) as a measure of check. The
collected data was scored, tabulated and analysed
using frequency, mean, standard deviation, correlation
test and path analysis.

REsuLTS AND DiscussioNn

1. Personal, Socio-Economic, Psychological and
Communication Characteristics of KVK
Scientists

Larger proportion of KVK scientists were of middle
age (70.19%), studied up to Ph.D. (Agri.) degree
(45.96%), having more job experience (47.20%) with
semi-urban background (41.61%), as depicted in
Table 1 A. Larger number of KVK scientists were

TaBLE 1A
Personal characteristics of KVK scientists
(n=161)
n o KVK Scientists
Characteristics Category Number _ Por cont
Age Young 29 18.01
Middle 113 70.19
Old 19 11.80
Education M.Tech. 5 3.11
(Agri. Engineering)
MHSc. 7 4.35
MVSec. 12 7.45
M.Sc.(Agri) 63 39.13
Ph.D. (Agri.) 74 45.96
Rural urban Rural 41 25.47
background Semi-urban 67 41.61
Urban 53 32.92
i) Job Less 45 27.95
experience Moderate 76 47.20
More 40 24.85
ii) Social Less 65 40.37
media experience Moderate 54 33.54
More 42 26.09
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noticed as having high level of job satisfaction
(37.27%), high job performance level (39.75%), low
achievement motivation level (42.24%), medium
level of innovative proneness (54.04%), scientific
orientation (63.98%), perceived work load (37.89%)
and job involvement (40.99%), high level of
e-readiness (44.72%), organisational climate (46.58%)
and finally, low level of competition orientation
(44.10%) as depicted in Table 1 B. Comparatively, a

TaBLE 1B
Psychological characteristics of KVK scientists
(n=161)
KVK Scientists
Characteristics Category
Number Per cent
Job satisfaction Low 47 29.19
Medium 54 33.54
High 60 37.27
Job performance Low 40 24.85
Medium 57 35.40
High 64 39.75
Achievement Low 68 42.24
motivation Medium 42 26.09
High 51 31.67
Innovative Low 44 27.33
proneness Medium 87 54.04
High 30 18.63
Scientific orientationLow 28 17.39
Medium 103 63.98
High 30 18.63
Perceived work load Low 39 24.22
Medium 61 37.89
High 61 37.89
Job involvement Low 35 21.74
Medium 66 40.99
High 60 37.27
e-readiness Low 41 25.47
Medium 48 29.81
High 72 44.72
Organizational Low 48 29.82
climate Medium 38 23.60
High 75 46.58
Competition Low 71 44.10
Orientation Medium 50 31.06
High 40 24.84

TaBLE 1C
Socio-economic and communication characteristics
of KVK scientists
(n=161)
ch o c KVK Scientists
aracteristics ategory Number  Per cent
Awards/ recognition Low 63 39.13
received Medium 72 44.72
High 26 16.15
Abroad exposure  Low 103 63.98
Medium 30 18.63
High 28 17.39
Field activities Less 96 59.63
conducted Moderate 29 18.01
More 36 22.36
Mass media Low 77 47.83
utilization Medium 35 21.74
High 49 30.43
Trainings received Less 70 43.48
Moderate 54 33.54
More 37 22.98
Number of Less 43 26.71
publications Moderate 84 52.17
More 34 21.12
Participation in Low 64 39.75
seminars/ Medium 65 40.37
conferences High 32 19.88

higher proportion of scientists were in the medium
level in obtaining awards/ recognition (44.72%), had
low level of abroad exposure (63.98%), had conducted
less number of field activities (59.63%), with low
utilization pattern of mass media utilization (47.83%),
with less number of trainings received (43.48%),
moderate number of publications (52.17%) and
medium participation in seminars/ conferences
(40.37%) as shown in Table 1 C.

2. Knowledge of KVK Scientists Regarding
Individual Social Media

The results in Table 2 provide conclusive evidence
regarding knowledge of KVK scientists regarding
selected individual social media. A great majority
(67.70%) of the KVK scientists possessed complete
knowledge regarding WhatsApp whereas 55.90 per
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TABLE 2
Knowledge of KVK scientists regarding individual social media (n=161)
Knowledge level
Social media Complete knowledge Partial knowledge No knowledge
Number Per cent Number Per cent Number Per cent
Facebook 85 52.80 68 42.24 8 4.96
WhatsApp 109 67.70 47 29.19 3.11
YouTube 90 55.90 53 32.92 18 11.18
Instagram 33 20.50 56 34.78 72 44.72
Twitter 67 41.61 39 24.23 55 34.16
Telegram 48 29.81 59 36.65 54 33.54
LinkedIn 65 40.37 55 34.16 41 25.47
Skype 42 26.09 62 38.51 57 35.40
Messenger 54 33.54 41 25.67 66 40.99
Quora 24 1491 44 27.33 93 57.76
ResearchGate 78 48.45 43 26.71 40 24.84

cent respondents had complete knowledge regarding
YouTube, 52.80 per cent respondents had complete
knowledge regarding Facebook, 48.45 per cent
respondents had complete knowledge regarding
ResearchGate, 41.61 per cent had complete
knowledge regarding Twitter, 40.37 per cent had
complete knowledge regarding LinkedIn, 33.54
per cent complete knowledge regarding Messenger,
29.81 per cent had complete knowledge on Telegram,
26.09 per cent had complete knowledge on Skype,
20.50 per cent respondents had complete knowledge
on Instagram and only 14.91 per cent KVK scientists
had complete knowledge regarding Quora.

A close view at the results of Table 2 also reveals that
42.24 per cent respondents had partial knowledge
regarding Facebook, followed by Skype (38.51%),
Telegram (36.65%), Instagram (34.78%), LinkedIn
(34.16%), YouTube (32.92%), WhatsApp (29.19%),
Quora (27.33%), ResearchGate (26.71%), Messenger
(25.67%) and Twitter (24.23%). The results in Table
2 further revealed that 57.76 per cent KVK scientists
had no knowledge regarding Quora, whereas 44.72
per cent had no knowledge regarding Instagram, 40.99
per cent had no knowledge regarding Messenger,
35.40 per cent respondents had no knowledge

regarding Skype, 34.16 per cent scientists had no
knowledge regarding Twitter, 33.54 per cent
respondents had no knowledge regarding Telegram,
24.84 per cent of them had no knowledge regarding
ResearchGate, 11.18 per cent KVK scientists did
not have knowledge regarding YouTube, 4.96 per cent
had no knowledge regarding Facebook and only
3.11 per cent KVK scientists didn’t have knowledge
regarding WhatsApp.

Overall Knowledge of KVK Scientists Regarding
Social Media

The bird’s eye perusal of Table 3 shows that greater
proportion of the KVK scientists (39.14%) had high
knowledge regarding social media, whereas slightly
more than one-third (36.64%) of respondents
possessed medium level of knowledge regarding
social media and finally, 24.22 per cent KVK
scientists possessed low knowledge regarding social
media. It may be inferred from findings that 75.78
per cent KVK scientists possessed medium to high
knowledge level regarding social media. Majority of
the respondents have good amount of knowledge with
regard to social media as it is imperative as educated
scientists, to have know-how regarding such useful
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TABLE 3

Overall knowledge of KVK scientists regarding
social media

(n=161)
) KVK Scientists
Categories
Number Per cent

Low (< 30.19 score ) 39 24.22
Medium ( 30.19 — 53.82 score) 59 36.64
High (> 53.82 score ) 63 39.14
Total 161 100.00

Mean= 42.00; Standard deviation = 23.63

information sharing and communication platforms as
social media. Findings akin were put forth by Aisar
et al. (2015), Rashmi and Sapna (2016) and Ayushi
(2018).

Since there is difference in respect of knowledge
level among KVK scientists regarding social media,
the set forth hypothesis, that is, there’s no difference
in knowledge level regarding social media among
KVK scientists, is rejected.

3. Relationship between Personal, Socio-
Economic, Psychological and Communication
Characteristics of KVK Scientists and their
Knowledge Regarding Social Media

The results in Table 4 reveal that education, innovative
proneness, e-readiness and trainings received
had positive and significant relationship with
knowledge of KVK scientists at one per cent level
of probability. Whereas, job experience, job
performance, achievement motivation, scientific
orientation, job involvement, competition orientation,
awards/ recognition received, abroad exposure/
countries visited, field activities conducted, mass
media utilization, number of publications and
participation in seminars/ conferences were found to
have a significant relationship with knowledge of
KVK scientists regarding social media at five per cent
level of probability. Age was the only independent
variable that had negative but significant relationship
with their knowledge regarding social media, at level
of probability being five per cent. The remaining four
variables, namely, rural urban background, job

TABLE 4

Relationship of personal, socio-economic,
psychological and communication characteristics
with knowledge of KVK Scientists regarding

social media

(n=161)
Independent Variables Sggg;t;?
Age -0.211*
Education 0.4012 **
Rural urban background 0.092 N8
Job experience 0.201*
Job satisfaction 0.192Ns
Job performance 0.199 *
Achievement motivation 0.216*
Innovative proneness 0.313 **
Scientific orientation 0.202 *
Perceived work load 0.099 ™8
Job involvement 0.222°*
e-readiness 0.300 **
Organizational climate 0.062 8
Competition Orientation 0.239*
Awards/ recognition received 0.248 *
Abroad exposure/ countries visited 0.226 *
Field activities conducted 0.210*
Mass media utilization 0.251*
Trainings received 0.410 **
Number of publications 0.244 *
Participation in seminars/ conferences 0.233 *

NS=Non-significant, * Significant at 5 per cent level, **
Significant at 1 per cent level

satisfaction, perceived workload and organizational
climate were not having significant relationship with
knowledge regarding social media.

4. Direct, Indirect and the Largest Indirect Effect
of Selected Personal, Socio-Economic,
Psychological and Communication
Characteristics of KVK Scientists on their
Knowledge Regarding Social Media

Path co-efficient of the personal, socio-economic,
psychological and communication characteristics of
KVK scientists with respect to direct effects, the total
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indirect effects and the largest indirect effects that
were channelled through other independent variables
on knowledge regarding social media are presented
in Fig. 1. For path analysis, sixteen variables were
considered that having positive, significant
relationship with the knowledge of KVK scientists
regarding social media. All the sixteen independent
variables selected for path analysis did have a positive,
direct effect on knowledge of KVK scientists
regarding social media.

Ranking of variables based on the total direct effects
on knowledge of KVK scientists regarding social
media reveals that trainings received (X14) had
highest direct effect (0.497) on knowledge of KVK
scientists regarding social media, followed by
e-readiness (X8) with direct effect value of 0.412 and
education (X1) with direct effect value of 0.312.

With respect to total indirect effect of the personal,
psychological, socio-economic, and communication

X1 Education
X2 Job experience

X3 Job performance

X4 Achievement motivation
X5 Innovative proneness
X6 Scientific orientation
X7 Job involvement

X8 e-readiness

regari
media

Knowledge
g social

X
I

characteristics on knowledge of KVK scientists
regarding social media, it was found to be quite
substantial. The ranking of these effects revealed that
trainings received (X 14) ranked highest with the total
indirect effect of 0.389, followed by e-readiness (X8)
with total indirect effect of 0.381, education (X1) with
a total indirect effect value of 0.333, innovative
proneness (X5) with a total indirect effect value of
0.331, achievement motivation (X4) with a total
indirect effect value of 0.296.

Further, it’s evident from results that first largest
indirect effect channelled was through trainings
received (X14) in case of seven variables namely,
education (X1), job experience (X2), achievement
motivation (X4), e-readiness (X8), competition
orientation (X9), abroad exposure/ countries visited
(X11) and mass media utilization (X13).

Training on social media helps the agricultural
scientists to gain valuable knowledge on integration

X9 Competition Orientation

X10 Awards/ recognmition received

X11 Abroad exposure/ countries visited
X12 Field activities conducted

X13 Mass media utilization

X14 Tramings received

X15 Number of publications

X16 Participation in seminars/ conferences

. = "
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Fig. 1 : Path Analysis showing the effects of profile of KVK scientists on their knowledge regarding social media
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of different types of social media, technicalities of
social media, content creation and use of social media
in general. Training will help the scientists to handle
social media effectively and in the process, know more
about the intricacies of social media. This is the reason
why training can be considered the forerunner of
knowledge of KVK scientists regarding social media
as it had highest direct effect on knowledge regarding
social media. Training was followed by e-readiness,
education, achievement motivation, innovative
proneness, job involvement, scientific orientation,
competition orientation, mass media utilization, job
experience and job performance.

Majority of the KVK scientists were seen to have
complete knowledge regarding two to three popular
social media only. They have no knowledge regarding
several social media listed specifically in the study
and the possibly unlisted social media platforms
available in the ever-growing virtual world. Thus, it
is essential that all the KVK scientists who need more
knowledge regarding social media have to attend
online webinars or e-courses on social media, its uses
and features, in order to gain better knowledge
regarding social media.
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ABSTRACT

The field experiment was conducted at Zonal Agricultural Research Station, University
of Agricultural Sciences, GKVK, Bengaluru during summer 2021 to evaluate the effect
of new generation mesotrione herbicide on growth and yield of maize (Zea mays L.).
The experiment consists of application of different doses of mesotrione herbicide as
early post emergent (EPoE) and weed free check and unweeded control were replicated
thrice in RCBD. Major weeds observed were Alternanthra sessilis, Borreria articularis,
Euphorbia geniculata, Cynodon dactylon, Dactyloctenium aegyptium, Echinochloa
colonum, Eleusine indica and Cyperus rotundus. Post-emergent application of
mesotrione 48 per cent SC @ 120 ml a.i. ha'! recoded higher kernel yield, stover
yield of maize and lower weed index value (6273 kg ha'', 7583.7 kg ha! and 4.07%,
respectively) and it was on par with mesotrione 48 per cent SC @ 144 ml a.i. ha’!
(6075 kg ha'!, 7430 kg ha'! and 7.08%, respectively). Weedy check recorded a kernel
yield (3090.7 kg ha'), lower stover yield (4096.3 kg ha') of maize and higher weed

index value (52.72%) compared to other treatments.

Received : July 2022
Accepted : October 2022

MAIZE (Zea mays L.) is the world’s third most
important cereal grain after wheat and rice.
It is grown primarily for grain and secondarily for
fodder. Globally, maize is cultivated on an area of
193.7 m ha with production of 1147.7 m t and a
productivity of 5750 kg ha'!. In India, it is cultivated
on an area of 9.89 m ha with a production of 31.65 m
t and the productivity of 3199 kg ha! (Anonmous.,
2021a). The predominant maize growing states that
contributes more than 80 per cent of the total maize
production are Andhra Pradesh (20.9%), Karnataka
(16.5%), Rajasthan (9.9%), Maharashtra (9.1%),
Bihar (8.9%), Uttar Pradesh (6.1%), Madhya Pradesh
(5.7%) and Himachal Pradesh (4.4%). In Karnataka,
itis cultivated on an area of 1.3 m ha with a production
of 3.96 m t and an average productivity of 3305 kg

Keywords : Mesotrione, Weed flora, Growth, Yield and Weed index

ha! (Anonmous., 2021b). Recently with the release
of improved cultivars and hybrids, the grain yield has
been increased but still the maize crop faces many
problems.

Weeds are one of the most important factor affecting
maize production. Because of higher quantity of
fertilizer application, wider spacing and initial slow
growth, maize is more susceptible for weed
competition, being maximum during initial 2 to 6
weeks after sowing. This suggests the importance of
maintaining the fields weed free during this critical
period of weed competition. The extent of reduction
in grain yield of maize has been reported to be in the
range of 33 to 50 per cent depending on the intensity
and persistence of weed density in standing crop
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(Sharma et al., 2000). Atrazine has been found to be
the most effective pre emergence herbicide and is
widely used in maize, but its usage does not control
late emerged weeds and there are reports of persistence
of atrazine in soil resulting in residual effects. To
manage complex and dynamic weed flora in maize
during later stages of crop growth, the new generation
herbicides needs to be evaluated.

Presently, efficacy of mesotrione herbicide has
not been tested for wide spectrum weed control in
maize under Eastern Dry Zone of Karnataka.
Therefore, to study the efficacy of new generation
mesotrione herbicide on maize, the present
investigation was undertaken.

MATERIAL AND METHODS

A field experiment was conducted during Summer-
2021 at the field unit of Agronomy, Zonal Agricultural
Research Station, University of Agricultural Sciences,
GKVK, Bengaluru. The experimental site is situated
in the Eastern Dry Zone (Zone - V) of Karnataka
which is situated between 12° 51' N Latitude and
77° 35' E Longitude at an altitude of 930 m above
Mean Sea Level (MSL). The soil of the experimental
site was sandy loam in its texture. The moisture
content at field capacity was 18.63 per cent with a
bulk density of 1.43 g cc!'. The soil of the site is
slightly acidic in reaction (pH 5.8) with medium
electrical conductivity (0.32 dS m™) and organic
carbon content (0.50%). It has low available
nitrogen (253.60 kg ha!), medium phosphorus (32.24
kg ha') and potassium (283.2 kg ha'!), respectively.
The experiment included eight treatments laid out in
randomized complete block design with three
replications. Treatments involved of early post
emergence application of different doses of
mesotrione herbicide. T -Mesotrione 48 per cent
SC @ 72 ml a.i. ha', T -Mesotrione 48 per cent SC
@ 96 ml a.i. ha'!, T,-Mesotrione 48 per cent SC @
120 ml a.i. ha”', T,-Mesotrione 48 per cent SC @ 144
ml a.i. ha'!, T -Mesotrione 48 per cent SC @ 288 ml
a.i. ha',T.-2,4-D Amine Salt 58 per cent SL @ 500 g

a.i. ha', T, -Weed free Check and T,-Weedy Check.
Treatment imposition was done at two to three leaf
stage of weeds. The maize hybrid MAH 14-5 seeds
were sown in lines at the rate of 15 kg ha' at a depth
of 4-5 cm, maintaining 60 cm row and 30 cm plant
spacing. The crop was fertilized with 100 kg N, 75 kg
PO, and 40 kg K O ha" through urea, single super
phosphate and muiate of potash, respectively. The crop
was sown during 19" January 2021 and harvested at
13" May 2021.Weed index (WI) was calculated as
per standard formulae as:

Yield of weed free plot — Yield of

treated plot
WI (%) = x 100
Yield of weed free plot
RESULTS AND DISCUSSION
Effect on Weed Flora

The dominated weed flora observed in the
experimental plots were Cyperus rotundus, the
grasses were Cynodon dactylon, Dactyloctenium
aegyptium, Digitaria marginata, Echinochloa
colonum, Eleusine indica and the broad leaf weeds
were Alternanthra sessilis, Amaranths viridis,
Borreria articularis and Euphorbia geniculata.
Application of mesotrione 48 per cent SC @ 288 ml

a.i. ha'! recorded lower total weed density and |

weed dry weight (10.73 m? and 14.53 g m?) and at
par with mesotrione 48 per cent SC @ 144 ml a.i.
ha! (15.80 m? and 18.83 g m?) and mesotrione
48 per cent SC @ 120 ml a.i. ha' (20.53 m2 and 21.43
g m?). Whereas, weedy check recorded highest total
weed density and dry weight (78.33 m? and 100.53 g
m?) at 45 days of the crop stage (Table. 1). The
application of mesotrione inhibits the enzyme
4-hydroxyphenylpyruvate dioxygenase (HPPD)
activity. In plants, HPPD is necessary for the
biosynthesis of tocopherols and plastoquinone, which
is essential to carotenoid production. Inhibition of
the pathway ultimately leads to bleaching of leaves
as chlorophyll is degraded, followed by plant
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death as a result of achieving higher weed control
efficiency. Whereas, weedy check recorded the
higher weed density and dry weight due to the
non-interruption for growth of weeds. Similar results
were reported by Ahmed and Susheela (2012) at
Hyderabad, Geetha Kumari (2014) at Hebbal,
Bengaluru, Veeresh (2015) and Poojitha ez al. (2021)

Effect on Maize Growth

Early post emergence (EPoE) application of
mesotrione 48 per cent SC @ 120 ml a.i. ha!
herbicide significantly recorded higher values
of growth attributes and at par with mesotrione
48 per cent SC @ 144 ml a.i. ha' and mesotrione 48
per cent SC @ 288 ml a.i. ha'. Whereas, weed free
plot was significantly superior to all other treatments
with respect of growth attributes like plant height,
leaf area and dry matter production.

Plant Height

The data pertaining to plant height (cm) at different
growth stages of maize as influenced by different
doses of mesotrione herbicide are presented in
Table 1.

At 30 days after sowing (DAS), application of
mesotrione 48 per cent SC @ 144 ml a.i. ha'! was
recorded higher plant height (44.3 cm) and it was on
par with all other treatments except weed free check
(38.6 cm).

Among herbicide treatments, significantly higher
plant height at 60, 90 DAS and at harvest (154, 180.7
and 183.8 cm, respectively) was recorded in
mesotrione 48 per cent SC @ 120 ml a.i. ha! and it
was on par with mesotrione 48 per cent SC @ 144 ml
a.i. ha'(145.3, 178, and 181.1 cm, respectively) and

TaBLE 1

Category wise weed density and weed dry weight at 45 DAS of maize as influence by
different doses of mesotrione herbicide

Weed density at 45 DAS (Number m?) Weed dry weight at 45 DAS (g m?)

Treatments
Sedges* Grasses” BLW~* Total* Sedges* Grasses” BLW* Total*
T, 2.20 3.95 4.13 5.97 2.58 4.40 4.46 6.63
(4.0) (14.6) (16.33) (35.00) (5.83) (18.40) (19.00) (43.23)
T, 1.99 3.85 3.79 5.59 2.12 4.15 4.26 6.16
(3.0) (14.0) (13.33) (30.33) (3.53) (16.40) (17.13) (37.07)
T, 1.72 3.14 3.25 4.63 1.95 3.18 3.20 4.74
(2.0) (9.0) (9.53) (20.53) (2.83) (9.23) (9.37) (21.43)
. T, 1.82 2.63 291 4.09 1.93 3.04 2.97 4.45
§ (2.3) (6.0) (7.47) (15.80) (2.73) (8.23) (7.87) (18.83)
§ T, 1.49 2.38 2.37 3.42 1.69 2.60 2.75 3.93
Z; (1.3) 4.7) (4.67) (10.73) (2.10) (5.87) (6.57) (14.53)
§ T, 3.13 5.4 2.87 6.63 3.28 4.71 3.39 6.54
_\5 (9.0) (26.6) (7.27) (42.93) (9.80) (21.53) (10.50) (41.83)
‘%O T, 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
S (0.0) (0.0) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
§ T, 3.39 5.79 5.96 8.90 3.77 6.74 6.57 10.07
§ (11.0) (32.6) (34.67) (78.33) (13.53) (44.67) (42.33) (100.53)
B S.Em+ 0.27 0.15 0.18 0.22 0.21 0.22 0.20 0.18
;% C.D.at5% 0.81 0.44 0.56 0.66 0.64 0.66 0.61 0.56
%A Data within parentheses are original values; + - square root (x+1) transformation, BLW- Broad leaved weeds
S
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TABLE 2

Plant height (cm) of maize at different growth stages as influenced by different doses of mesotrione herbicide

Treatments 30 DAS 60 DAS 90 DAS At harvest
T, : Mesotrione 48% SC @ 72 ml a.i. ha' as EPoE 40.7 135.3 155.3 159.4
T, : Mesotrione 48% SC @ 96 ml a.i. ha'' as EPoE 41.5 136.0 160.7 163.1
T, : Mesotrione 48% SC @ 120 ml a.i. ha'' as EPoE 43.2 154.0 180.7 183.8
T, : Mesotrione 48% SC @ 144 ml a.i. ha'' as EPoE 443 145.3 178.0 181.1
T, : Mesotrione 48% SC @ 288 ml a.i. ha'' as EPoE 43.5 145.7 177.3 182.0
T, : 2,4-D Amine Salt 58% SL @ 500 g a.i. ha! as EPoE 41.3 121.3 143.0 146.1
T,: Weed free check 46.1 165.3 195.3 210.4
T, : Weedy check 38.6 112.3 125.3 130.1
S.Em+ 1.72 5.40 7.21 7.35
C.D. @ 5% 5.22 16.37 21.87 22.29

EPoE- Early post emergence application, SE-Soluble concentrate

mesotrione 48 per cent SC @ 288 ml a.i. ha' (145.7,
177.3, and 182 cm, respectively). Whereas, lower
plant height was recorded in weedy check (112.3,
125.3 and 130.1 cm, respectively).

Leaf Area

The data relating to the leaf area (cm? plant™)
as influenced by different doses of mesotrione
herbicide are presented in Table 2. Significantly higher
leaf area plant’! was recorded in weed free check at
all the stages of crop growth.

Among herbicide treatments, significantly higher
leaf area at 30, 60 and 90 DAS was recorded in

mesotrione 48 per cent SC @ 120 ml a.i. ha! (1905,
1322 and 5444 cm?, respectively) and it was on par
with mesotrione 48 per cent SC @ 288 ml a.i. ha'
(1874, 5120 and 5176 cm?, respectively) and
mesotrione 48 per cent SC @ 144 ml a.i. ha! (1857,
5060, and 5249 cm?, respectively). Whereas, lower
leaf area was recorded in weedy check (1232, 3958,
and 3780 cm?, respectively).

Dry Matter Production

The data relating to dry matter production (g plant™)
as influenced by different doses of mesotrione
herbicide are presented in Table 3.

TABLE 3

Leaf area (cm™ plant!) of maize at different growth stages as influenced by
different doses of mesotrione herbicide

Treatments 30 DAS 60 DAS 90 DAS
T, : Mesotrione 48% SC @ 72 ml a.i. ha™ as EPoE 1481 4173 4296
T, : Mesotrione 48% SC @ 96 ml a.i. ha™ as EPoE 1604 4310 4432
T, : Mesotrione 48% SC @ 120 ml a.i. ha'' as EPoE 1905 5322 5444
T, : Mesotrione 48% SC @ 144 ml a.i. ha'' as EPoE 1857 5060 5249
T, : Mesotrione 48% SC @ 288 ml a.i. ha'' as EPoE 1874 5120 5176
T, : 2,4-D Amine Salt 58% SL @ 500 g a.i. ha" as EPoE 1583 4032 4154
T,: Weed free check 2109 5857 6013
T, : Weedy check 1232 3958 3780
S.Em+ 77.0 196.3 195.6
C.D.@ 5% 233.8 595.5 593.5
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TABLE 4

Total dry matter production (g plant') of maize at different growth stages as influenced
by different doses of mesotrione herbicide

Treatments 30 DAS 60 DAS 90 DAS At harvest
T, : Mesotrione 48% SC @ 72 ml a.i. ha as EPoE 7.3 44.9 149.0 202.9
T, : Mesotrione 48% SC @ 96 ml a.i. ha as EPoE 7.6 49.8 153.0 222.3
T, : Mesotrione 48% SC @ 120 ml a.i. ha' as EPoE 8.5 54.5 193.0 258.9
T, : Mesotrione 48% SC @ 144 ml a.i. ha' as EPoE 8.3 53.3 173.9 232.8
T, : Mesotrione 48% SC @ 288 ml a.i. ha' as EPoE 8.1 51.6 172.1 234.7
T, : 2,4-D Amine Salt 58% SL @ 500 g a.i. ha" as EPoE 7.4 45.9 151.5 208.4
T, : Weed free check 8.8 57.7 197.3 272.5
T, : Weedy check 7.1 38.9 129.4 112.0
S.Em+ 0.46 2.80 8.77 11.42
C.D.@ 5% 1.39 8.49 26.61 34.65

Among herbicide treatments application of mesotrione
48% SC @ 120 ml a.i. ha! recorded higher dry matter
production at 30, 60, 90 DAS and at harvest (8.5, 54.5,
193 and 258.9 g plant!, respectively) and it was on
par with mesotrione 48 per cent SC @ 144 ml a.i.
ha'(8.3,53.3,173.9 and 232.8 g plant™!, respectively)
and mesotrione 48 per cent SC @ 288 ml a.i. ha!
(8.1, 51.6, 172.1 and 234.7 g plant, respectively).
Whereas, lower leaf area was recorded in weedy check
(7.1,38.9,129.4 and 112 g plant’!, respectively)

Among the herbicide treatments, significantly higher
plant height, leaf area, and total dry matter production
per plant at all stages of plant growth was recorded

with the application of mesotrione 48 per cent SC @
120 ml a.i. ha'! due to broad spectrum weed control
during critical period of crop weed competition
through which leads to better growth and development
of plant parts and ultimately produced higher plant
height, leaf area and total dry matter production
plant'. These results are in confirmity with the
findings of Chhokar ez al. (2019), Veeresh et al. (2014)
and Poojitha ef al. (2021).

Maize Crop Yield

The data pertaining to yield attributes of maize as
influenced by different doses of mesotrione herbicide
are presented in Table 4.

TABLE 5

Kernel weight per cob, kernel yield, stover yield, harvest index and weed index in maize as influenced by
different doses of mesotrione herbicide

Treatments Kernel weight Kernel yield  Stover yield ' Weed
per cob (g) (kg ha'!) (kg ha) index(%)

T, : Mesotrione 48% SC @ 72 ml a.i. ha'as EPoE 104.7 5286 6529 19.14
T, : Mesotrione 48% SC @ 96 ml a.i. ha'as EPoE 108.3 5502 6746 15.83
T, : Mesotrione 48% SC @ 120 ml a.i. ha"'as EPoE 131.7 6273 7583 4.07
T, : Mesotrione 48% SC @ 144 ml a.i. ha''as EPoE 126.0 6075 7430 7.08
T, : Mesotrione 48% SC @ 288 ml a.i. ha''as EPoE 122.7 5737 7016 12.25
T, : 2,4-D Amine Salt 58% SL @ 500 g a.i. ha" as EPoE 89.3 4730 6278 27.65
T, : Weed free check 142.3 6538 7695 0
T, : Weedy check 66.0 3090 4096 52.72
S.Em+t 5.0 99.3 146.6 -
C.D. @ 5% 15.1 301.2 444.6 -
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Weed free plot was significantly superior to all other
treatments with respect of yield attributes. Among
herbicide treatments, application of mesotrione 48 per
cent SC @ 120 ml a.i. ha'! recorded significantly
higher kernel weight per cob, kernel yield and stover
yield (131.7 g, 6273 kg ha' and 7583.7 kg ha') and it
was on par with mesotrione 48 per cent SC @ 144 ml
a.i. ha' (126 g, 6075 kg ha' and 7430 kg ha).
However, lower values were recorded in weedy check
(66 g,3090.7 kg ha! and 4096.3 kg ha'). Lower weed
index was noticed in the treatment with mesotrione
48% SC @ 120 ml a.i. ha'! (4.07%) followed by
mesotrione 48 per cent SC @ 144 ml a.i. ha' (7.08%)
and higher weed index value was recorded in weedy
check (52.72%). This is due to broad spectrum control
of weeds effectively during the critical period of crop
weed competition, which otherwise quite notorious
for imposing competition for light, space and nutrients
with the crop. It has provided a congenial environment
for better expression of growth and yield attributes.
The cumulative effect of all these yield components
resulted in increased seed yield. These results
document with the findings of Zhang et al. (2013)
and Swetha et al. (2015).
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ABSTRACT

The present study was conducted in Dakshina Kannada district of Coastal zone in
Karnataka state during 2022 to analyze the perception of bee keepers towards bee
keeping and to find out the association and extent of contribution of the profile
characteristics of bee keepers on their perception towards bee keeping. The data were
collected randomly from 60 bee keepers from five taluks of Dakshina Kannada using a
pre-tested interview schedule. Expost-factor research design was employed in the present
study. The results revealed that a high percentage (48.34%) of bee keepers had better
perception towards beekeeping. The chi square test revealed that 17 out of 22 independent
variables shown significant association with their perception towards beekeeping,
where in, number of bee hives, experience in beekeeping, innovativeness. training
on bee keeping and extension participation had highly significant association with
their perception towards bee keeping. Further, all the 22 profile characteristics of
beekeepers contributed to the tune of 73.10 per cent in developing better perception
towards beekeeping.

Received : August 2022
Accepted : December 2022

BEEKEEPING is an art and a mesmerizing science and
it offers an immense potential for providing
employment to the rural folk in India, where many
evergreen and moist deciduous forests, orchards efc.
constitute good beekeeping areas. The unique feature
of beekeeping is that the capital investment required
is small and unlike many other industries, it does not
need raw material, as nature offers the same in the
form of nectar and pollen. Beekeeping is a very
fascinating occupation and it can be practiced equally
by men, women, grown up children and even by
physically handicapped and old persons. The
investment required is low and the economic returns
are comparatively very high. Beekeeping improves
the economic condition of the farmers; restrict the
migration of rural youth to urban areas and helps
in holistic development of rural society. It is a
subsidiary, complementary, supplementary and a
family business enterprise which is pollution free
(Tarakini et al., 2020).

Keywords : Bee keeping, Beekeepers, Dakshina Kannada, Perception, Ecological

Benefits, Economic benefits

India is an exclusive country which habitats four
bee species. Of these: two domesticated species, viz.
Apis cerana (oriental honey bee) and A. mellifera
(occidental or European honeybee) and two
wildspecies, viz,. Apis dorsata (giant/rock honeybee
or dumna) and A. florea (dwarf honeybee). Honey
harvesting by smoking away the honeybees and
squeezing out their combs for honey has been
traditional in India for the last several thousand years.
Honeybees are special gift to mankind because
beekeeping can be done for both their pollination
services and their cherished products such as honey,
beeswax, propolis, bee venom, etc. These products
have their wide spread use in different small and
large scale industries in India.

Honey has been traditionally used in various diet
preparations, medicines, cosmetics, ointments and
house-hold items. Honeybee apiaries, thus, prove of
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great value in terms of food and medicinal security.
More than 2.50 lakh farmers in India are involved in
beekeeping. The average quantity of honey produced
per beehive per year in our country was 8.5 kg in
2014, as compared to 1.50 kg during 1953-54. During
2017-18, the global market for apicultural products
was estimated at USD $8,819 million. In India,
currently the total number of bee hives is estimated
at 12 lakhs. The country’s apiculture market size was
worth Rs. 16,818 million in 2018, is further projected
to reach Rs.33,128 million by 2024, with 12 per cent
average growth rate per year during (Jagadeesh et al.,
2022). Thus, keeping in view the importance of bee
keeping, In view of the importance of bee keeping,
the present study was undertaken with the following
specific objectives:

1. To analyze the perception of bee keepers towards
beekeeping and

2. To find out the association and extent of
contribution of profile characteristics of
beekeepers on the perception towards beekeeping

METHODOLOGY

The present study was conducted in the purposively
selected Dakshina Kannada district of Coastal zone
in Karnataka state during 2022. The list of beekeepers
who were maintaining at least five Apis cerena
colonies for the past three years and were members
and regular honey suppliers to the Beekeeper’s
Co-operative Society, Puttur of Dakshina Kannada
district was prepared by employing simple random
technique. Twelve beekeepers from all the five taluks
(Mangalore, Bantval, Puttur, Belatangadi and Sullya)
of Dakshina Kannada district were randomly selected
to constitute 60 bee keepers for the study.

The perception of beekeepers towards bee keeping
was considered as dependent variable for the study.
Perception of beekeepers towards bee keeping in the
present study is operationally defined ‘as the extent
of mental awareness of bee keepers about the
ecological and economic benefits of beekeeping’.
Summated rating scale suggested by Likert (1932)
and Edwards (1969) was followed to develop a

standardized scale for analyzing the perception of
beekeepers towards beekeeping. Fourteen and
eighteen statements originally selected under
ecological benefits and economic benefits. The
developed perception scale was found to be highly
reliable (0.771) and valid (0.8430). The developed
perception scale consists of 21 statements categorized
under ecological benefits (10 statements) and
economic benefits (11 statements) of rearing honey
bees. The response was collected on a five-point
continuum, namely, strongly agree, agree, undecided,
disagree and strongly disagree with an assigned score
of 5,4, 3,2 and 1 for positive statements and reverse
scoring for negative statements, respectively. The
perception score of this scale ranges from a minimum
of 21 to a maximum of 110 score. Based on the
mean (78.66) and half standard deviation (12.02),
the respondents were categorized as poor, good and
better perception. Higher score on this scale indicates
that the respondent has better perception towards bee
keeping and the lower perception score indicates that
the respondent has poor perception towards bee
keeping.

Information regarding 22 profile characteristics
(independent variables) of beekeepers were collected
using a structured schedule with suitable scales. The
collected data were scored, tabulated and analyzed
using frequency, mean, percentage, chi-square test and
multiple regression analysis.

RESULTS AND DISCUSSION

Perception of Beekeepers towards Beekeeping in
Coastal Zone of Karnataka

The results in Table 1 reveals the data on the
perception of beekeepers towards the ecological and
economic benefits of beekeeping.

Ecological Benefits of Rearing Honey Bee

It is observed from Table 1 that among the ten
perception statements with respect to the ecological
benefits of rearing honey bee, the statement ‘Bees play
akey role in pollination of agri-horticultural and other
crops ‘obtained perception score of 241 and was
accorded the first rank, while the statement
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TaBLE 1
Perception of beekeepers towards beekeeping in coastal zone of Karnataka (n=60)
n:
Beekeepers
Perception statements Perception Rank
score
Ecological benefits of rearing honey bee
Bees play a key role in pollination of agri-horticultural and other crops 241 I
Beekeeping is an environmentally friendly subsidiary income generating activity 236 II
Beekeeping has been a skillful low impact technologies to deliver great benefits to people 231 III
and biodiversity
Bees contribute to complex and interconnected ecosystems that allow a diverse number 208 v
of different species to co-exist
Closer the relationship between life forms and apiculture is realized, the much higher 205 A%
will be the consciousness of conservation of forest and crop species
Bees are responsible for the production of many seeds, nuts, berries, and fruit, which 201 \%!
serve as a vital food source for wild animals and man
Honey bee is a unique pollinator as it provides multiple by-products in addition to 199 VII
pollination services
Bees are the vital part of food chain and they act as a food source for predators 188 VIII
Beekeeping requires least land area and even, backyard is sufficient, hence it releases 181 IX
people from land demanding activities and reduces pressure on land
Bee hive fences are used as multi-dimensional conflict mitigation tool in protecting 161 X
crops against elephants raids - a livestock wild interface
Economic benefits of rearing honey bees
Apiculture is a non-farm income generating activity to increase income of the rural 226 I
and urban households
Apiculture can be integrated into already existing agriculture enterprises such as 224 II
piggery, diary, horticulture and field crops
Beekeeping is not labour intensive activity 202 1
Beekeeping is a cash crop 200 v
- Apiculture uses inexpensive, locally available resources, with quick returns 189 \%
)
= The growing market potential for honey and its products has resulted in bee keeping 187 VI
) . . .
.CSJ emerging as a viable enterprise
3 Beekeepers can be better organized by enrolling themselves in Beekeeping Associations 185 VII
5 for adopting improved techniques, increasing production and strengthening their
= position in the market
§ Bee keeping requires relatively lower levels of investment and is a non-physically 180 VIII
3:\0 demanding work
S Beekeeping is easy to manage even by women and children 169 IX
S
N By practicing beekeeping the farmer family becomes less vulnerable to economic 153 X
§ pressure strengthening their ability to look into the future
® Selling a secondary product such as bee wax, royal jelly, bee venom etc., brings a 151 X1
g far better return for the producer than selling the raw commodity
s
X
=
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‘Beekeeping is an environmentally friendly subsidiary
income generating activity’ received a score of 236
and was ranked second. The statement ‘Beekeeping
has been a skillful low impact technology to deliver
great benefits to people and biodiversity’ obtained a
perception score of 231 and was ranked third by the
beekeepers, whereas the statement ‘Bees contribute
to complex and interconnected ecosystems that allow
a diverse number of different species to co-exist’ was
ranked fourth with apperception score of 208. The
statement ‘Closer the relationship between life forms
and apiculture is realized, the much higher will be the
consciousness of conservation of forest and crop
species’ received a perception score of 205 and was
ranked fifth, while the statement ‘Bees are responsible
for the production of many seeds, nuts, berries and
fruits, which serve as a vital food source for wild
animals and man’ obtained a perception score of 201
and was ranked sixth.

The perception statement ‘Honey bee is a unique
pollinator as it provides multiple by-products in
addition to pollination services’ obtained an
perception score of 199 and was ranked seventh,
while the remaining three statements, namely, ‘Bees
are the vital part of food chain and they act as a food
source for predators’, ‘Beekeeping requires least land
area and even, backyard is sufficient, hence it releases
people from land demanding activities and reduces
pressure on land’ and ‘Bee hive fences are used as
multi-dimensional conflict mitigation tool in
protecting crops against elephants raids - a livestock
wild interface’ were ranked eighth (188 score), ninth
(181 score) and tenth (161 score), respectively.

Economic Benefits of Rearing Honey Bees

In respect of the perception of beekeepers towards
the economic benefits of rearing honey bee, the
statement ‘Beekeeping is a non-farm income
generating activity to increase income of the rural
and urban households’ obtained perception score of
226 and was assigned the first rank while the statement
‘Beekeeping can be integrated into already existing
agriculture enterprises such as piggery, diary,
horticulture and field crops’ received a score of 224

and was ranked second (Table 1). The perception
statement ‘Beekeeping is not a labour intensive
activity’ obtained a perception score of 202 and was
ranked third by the bee keepers, while the statement
‘Beekeeping is a cash crop’ was ranked fourth with a
perception score of 200. The statement ‘Beekeeping
uses inexpensive, locally available resources, with
quick returns’ received a perception score of 189 and
was ranked fifth, whereas the statement ‘The growing
market potential for honey and its products has
resulted in bee keeping emerging as a viable
enterprise’ obtained a perception score of 187 and was
ranked sixth. The statement ‘Beekeepers can be better
organized by enrolling themselves in Beekeeping
Associations for adopting improved techniques,
increasing production and strengthening their
position in the market’ obtained a perception score of
199 and was ranked seventh.

The perception statement ‘Bee keeping requires
relatively lower levels of investment and is a
non-physically demanding work’ was ranked eighth
with the score of 180, while the remaining three
statements, namely, ‘Beekeeping is easy to manage
even by women and children’, ‘By practicing
beekeeping the farmer family becomes less vulnerable
to economic pressure strengthening their ability to
look into the future” and ‘Selling a secondary product
such as bee wax, royal jelly, bee venom efc., brings a
far better return for the producer than selling the
raw commodity were ranked ninth (169 score), tenth
(153 score) and eleventh (151 score), respectively.

Beekeeping is an environmentally friendly activity
helping in the pollination of crops and is vital part of
the food chain requiring least land area. Besides,
beekeeping is also a non-farm activity which uses
locally available resources and family labour for
obtaining quick returns. The beekeepers are well
aware of the ecological and economic benefits of
beekeeping; hence they possess better perception
towards beekeeping.

Overall Perception of Beekeepers towards
Beekeeping

The results in Table 2 reveals that nearly half of
the beekeepers had better perception (48.34%)
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TABLE 2

Overall perception of beekeepers towards
beekeeping in coastal zone of Karnataka

(n=60)
. ) Beekeepers
Perception categories

Number Per cent
Poor (Below 72.65 score) 13 21.66
Good (72.65 to 84.67score) 18 30.00
Better (Above 84.67score) 29 48.34
Total 60 100.00
Mean 78.66
Standard deviation 12.02

Mean = 191.89; Standard deviation = 28.08

towards beekeeping, while 30.00 and 21.66 per cent
of the bee keepers had good and poor perception
towards beekeeping, respectively. The beekeepers are
well aware of the ecological and economic benefits
of beekeeping, hence more than three-fourth of the
beekeepers had good to better perception (78.34%)
towards beekeeping. The present findings are in line
with the findings of the study conducted by Preethi
et. al. (2017), Yehual et. al. (2013) and Sharma and
Das (2018).

Association between the Profile Characteristics of
Bee Keepers and their Perception towards
Beekeeping

The Chi square test was applied to find out the
association between profile characteristics of
beekeepers and their perception towards beekeeping
(Table 3). The results revealed that 17 out of 22
independent variables exhibited significant to highly
significant association with the perception of bee
keepers towards beekeeping. The variables such as
number of bee hives, experience in beekeeping,
innovativeness, training on bee keeping and extension
participation of bee keepers had a highly significant
association with their perception towards bee keeping
at one per cent level of probability, whereas education,
farming experience, annual income, achievement
motivation, scientific orientation, risk orientation,
cosmopoliteness, decision making ability, market
orientation, economic motivation, mass media

TABLE 3

Association between profile characteristics of bee
keepers with their perception towards beekeeping

(n=60)
Characteristics df Chi-square Conting§ncy
value coefficient
Age 4 2.367 N8 0.122
Education 4 11.673° 0.267
Family size 4 6.812 N8 0.187
Farm size 4 7.816 N8 0.189
Farming experience 4 11.888° 0.266
Number of bee hives 4 13968 0.269
Experience in beekeeping 4  14.891 ™ 0.287
Annual income 4 10.689° 0.265
Innovativeness 4 15.061 " 0.342
Achievement motivation 4  12.619° 0.311
Scientific orientation 4 11.692 * 0.268
Risk orientation 4  12.692° 0.309
Cosmoploiteness 4 11.600° 0.268
Decision making ability 4  12.692* 0.310
Credit orientation 4 5.692 N8 0.111
Market orientation 4 10.888° 0.262
Economic motivation 4  11.692° 0.265
Social participation 4 6.991 N8 0.188
Mass media exposure 4  12.620° 0.308
Training on beekeeping 4  15.699 ™ 0.343
Extension agency contact 4  13.612° 0.312
Extension participation 4  14.001 ™ 0.313

NS=Non-significant; *=Significant at 5%;
**= Significant at 1%; df=degrees of freedom

exposure and extension agency contact of bee keepers
were found to be having a significant association with
their perception towards bee keeping at five per cent
level of probability. Variables such as age, family size,
farm size, credit orientation and social participation
of bee keepers had a non-significant association with
their perception towards beekeeping, For every unit
increase in the education, farming experience, annual
income, achievement motivation, scientific
orientation, risk orientation, cosmopoliteness,
decision making ability, market orientation, economic
motivation, number of bee hives, experience in
beekeeping, innovativeness, mass media exposure,
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TABLE 4
Extent of contribution of profile characteristics of beekeepers on the perception towards beekeeping

. Regression SE of Regression ‘¢t

Characteristics coefficient coefficient value
Age 0.374 0.4161 1.110 N8
Education 0.276 0.5550 2.010 *
Family size 0.1936 01861 0.9610 N§
Farm size 0.7550 0.6161 0.8160 N§
Farming experience 0.3128 0.7879 2.5181 ™
Number of bee hives 0.2507 0.6816 2.718 ™
Experience in beekeeping 0.3295 0.9281 2.816 ™
Annual income 0.3702 0.7816 2.111 °
Innovativeness 0.4009 0.9618 2.399 °
Achievement motivation 0.3283 0.6928 2.110 *
Scientific orientation 0.3401 0.8100 2.381 °
Risk orientation 0.3884 0.8192 2.109 *
Cosmopoliteness 0.2410 0.5892 2.444 *
Decision making ability 0.3885 0.8128 2.108 *
Credit orientation 0.3399 0.6666 1.961 N8
Market orientation 0.3371 0.7866 2.333 °
Economic motivation 0.2412 0.5986 2481 °
Social participation 0.7523 0.8961 1.191 ™
Mass media exposure 0.3591 0.7981 2222 °
Training on beekeeping 0.3263 0.9191 2.8160
Extension agency contact 0.3860 0.8181 2.119 *
Extension participation 0.3228 0.9681 2.999 *

NS= Non-significant; *=Significant at 5%; **= Significant at 1%; R>=.731; F=22.66**

training on bee keeping, extension agency contact
and extension participation of bee keepers there will
be an increase in developing better perception
towards bee keeping. The above findings are in line
with the findings reported by Darshan et. al, (2019)
and Meghajit Sharma Shijagurumayum et al., (2022).

experience in beekeeping, innovativeness, mass
media exposure, training on bee keeping, extension
agency contact and extension participation of bee
keepers have significantly contributed in developing
better perception towards bee keeping, while age,
family size, farm size, credit orientation and social
Extent of Contribution of Profile Characteristics
of Beekeepers on the Perception towards Bee
keeping

participation of bee keeper have not significantly
contributed in developing better perception towards
bee keeping. All the 22 profile characteristics of

The results in Table 4 revealed that education, farming beekeepers had contributed to the tune of 73.10 per

experience, annual income, achievement motivation,
scientific orientation, risk orientation, cosmopolite
ness, decision making ability, market orientation,
economic motivation, number of bee hives,

cent (R2= 0.731) in developing better perception
towards beekeeping and the ‘F’ value (22.66) indicated
significant differences at one per cent level. Similar
findings were reported by Sharma et. al, (2022).
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It could be concluded from the results of the research
study that more than three fourth (78.34%) of the
beekeepers possessed good to better level of
perception towards beekeeping. Mass media exposure,
training on bee keeping, extension agency contact
and extension participation of beekeepers had
significant association with their perception towards
beekeeping. Therefore, the apiculturists and extension
personnel may conduct education activities
(discussion meeting, demonstration, farmers field
school and training programmes) to the beekeepers
regarding the scientific bee keeping practices for
developing better perception of beekeepers towards
beekeeping in getting increased honey yield and higher
returns. The mass media may also publish case studies
of successful beekeepers for motivating the
beekeepers to adopt sustainable beekeeping practices
for utilizing locally available resources and family
labour to get quick returns from beekeeping.
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ABSTRACT

The present study is aimed at assessing the extent and pattern of genetic variability
present among soybean germplasm accessions (2000) obtained from IISR
(Indian Institute of Soybean Research), Indore, Madhya Pradesh. It was studied at
University of Agricultural Sciences (UAS), Bangalore for 7 quantitative traits and
13 qualitative traits. The germplasm accessions along with three check entries were
sown in augmented design in 21 compact blocks during 2021 summer season at the
experimental plots of Zonal Agricultural Research Station (ZARS), UAS, GKVK,
Bengaluru. Substantial variability among the accessions for quantitative traits and
polymorphism for qualitative traits were documented. The germplasm accessions
could be grouped into 10 clusters following K-means clustering approach. The
variability parameters like mean, range of variation, GCV, PCV, heritability and
genetic advance were estimated for all traits. The differences between GCV and
PCV estimates were narrow for all traits indicating less contribution of environmental
factors in traits expression. High estimates of heritability coupled with high genetic
advance were observed in all traits. The traits with higher heritability and GA value
may indicate their variability and high selective value. Some of the germplasm accessions
were superior to the check KBS 23, JS 335 and DSB 21. The accessions contrasting for
individual and multiple traits were identified. These results are discussed in relation
to suitable strategies to be adopted for breeding soybean for improved productivity.

Keywords : GCV, Genetic advance, K-means clustering, Heritability, PCA, PCV

SOYBEAN (Glycine max L. Merril) is an annual self
-pollinated diploid legume (subfamily Fabaceae),
which is an important source of high quality
protein and oil in the world. It contains about
42 per cent protein, 20 per cent oil and 33 per cent
carbohydrate (Zhang et al., 2001). Cultivated
soybean has a genome size of 1.1 to 1.15 GB
with chromosome pair of twenty (2n=40). Owing to
its amino acids composition, the protein of soybean
is called a complete protein. Among the various
soybean growing countries in the world, USA stands
first in both production and productivity with
96.62 m.t. and 3157 kg/ha respectively from 306.03
lakh ha of area. Whereas, India in the fifth position

produces 9.00 m.t. with productivity of 800 kg/ha
from 112.5 lakh ha of area (USDA Foreign
agricultural service, 2020). India’s contribution to
the world soybean area is 10 per cent, but the
contribution to total world soybean grain is only
4 per cent indicating the poor level of productivity
of the crop in India as compared to other courtiers
(world average 2.2 t/ha). Hence it necessitates
broadening the genetic base through enhanced use of
diverse germplasm accessions.

Precise information on genetic variability and
diverse sources of germpalsm for traits of economic
importance is a prerequisite for enhanced use of
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germplasm for continued genetic improvement and
to cater to the needs of changing consumer
preferences. The remarkable progress made in plant
genetic resource management in recent days has
resulted in the collection of a huge set of plant
germplasm that hinders the very purpose for which
they exist (Odong et al., 2013). Frankel and Brown
(1984) proposed the concept of core collection that
could be established from an existing collection for
better management and utilization of plant genetic
resources. Characterization of a core set is an efficient
approach for exploring and capturing the genetic
diversity of large populations, as it represents the
maximum genetic diversity of the whole collection
and become a powerful tool for evaluation and
identification of trait-specific accessions in germplasm
(Gireesh et al., 2015).

Therefore, an investigation was carried out to assess
the variability for morpho-metric traits among
germplasm accessions at the University of
Agricultural Sciences (UAS), Bangalore which in
turn helps in understanding the limitations of the
domesticated germplasm and potential use of its wild
relatives in crop improvement.

MATERIAL AND METHODS

The material for the study comprised of
2000 germplasm accessions obtained from IISR
(Indian Institute of Soybean Research), Indore,
Madhya Pradesh and three check entries (KBS 23,
JS 335 and DSB 21). The 2000 germplasm accessions
and three check entries were sown in an augmented
design (Federer 1956) in 21 compact blocks during
2021 summer season in the experimental plots of
Zonal Agricultural Research Station (ZARS), UAS,
GKVK, Bengaluru (930 m above mean sea level;
12°C 58’ north latitude and 77°C 35’ east longitude).
Each block consisted of 100 germplasm accessions
and three checks (replicated twice). The seeds of
each entry were dibbled in a single row of 1.5-meter
length, using a row spacing of 45 X 10 cm. At the
time of sowing, a basal dose of 25:50:25 Kg
NPK ha' was applied to the experimental plot.
Recommended agronomic and plant protection
practices were followed to raise a healthy crop.

Using five randomly tagged plants, data were
recorded on 13 qualitative traits (hilum color, seed
coat color, early plant vigour, hypocotyl color,
flower color, leaf shape, leaflet color, plant
pubescence, plant pubescence color, plant
pubescence density, plant pubescence type, stem
determination, pod color) visually. Data were also
recorded on 7 quantitative traits viz. days to 50 per
cent flowering, plant height (cm), number of
secondary branches™!, number of pods”, days to
80 per cent maturity, 100 seed weight (g), seed
yield! (g) based on counting/measurement
using appropriate scale depending on the trait
following the descriptors developed by IISR.
Quantitative trait means of each of the 2003
accessions were adjusted for block effect. Block
effect was estimated as difference between trait
mean of check entries included in the i block and
trait mean of check entries of all the blocks (Federer,
1956). The number and per cent accessions belonging
to each class were counted and computed.

Statistical Analysis

Adjusted mean values of quantitative traits data
recorded on five random plants were subjected
to statistical analysis. Descriptive statistics such as
range and variance and their standardized values
standardized range (maximum-minimum/mean),
coefficient of variation (standard deviation/mean)
x 100 were estimated (Snedecor and Cochran, 1994)
to quantify variability and compare across traits. The
2003 soybean accessions were grouped into
10 clusters following model-based ‘K means’
clustering (Mac Queen, 1967) approach. The
significance of difference among the clusters
for means and variances of 7 quantitative traits was
examined using’t’ and Levene’s (Levene, 1960) tests,
respectively.

RESULTS AND DISCUSSION

An attempt was made to study the variability in the
soybean germplasm accessions by using 20 morph
metric characteristics and substantial variability
was documented for both qualitative and quantitative
traits.
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TaBLE 1
Variability for qualitative characteristics and their frequency in soybean germplasm

Traits Score Class Frequency Percentage
Hypocotyl color 1 Green 498 24.86
2 Purple 1505 75.14
Early plant vigour 1 Poor 89 4.44
2 Good 1608 80.28
3 Very good 306 15.28
Leaf shape 1 Broad 500 24.96
2 Indeterminate 1015 50.67
3 Narrow 488 24.36
Leaf color 1 White 561 28.01
2 Light green 959 47.88
3 Green 254 12.68
4 Dark green 229 11.43
Plant pubescence 0 Absent 51 2.55
1 Present 1952 97.45
Plant pubescence color 0 Absent 51 2.55
1 Grey 146 7.29
2 Light tawny 502 25.06
3 Tawny 1304 65.1
Plant pubescence density 0 Absent 51 2.55
1 Glaborus 100 4.99
3 Sparse 535 26.71
5 Semi-sparse 380 18.97
7 Normal 922 46.03
9 Dense 15 0.75
Plant pubescence type 0 Absent 51 2.55 '
1 Errect 1109 55.37 g
3 Semi-appressed 436 21.77 ’%
5 Appressed 277 13.83 2
7 Curly 113 5.64 §
9 Retrose tip 17 0.85 §
Stem determination 1 Determinate 1205 60.16 ;0::0
2 Semi-determinate 369 18.42 S
3 Indeterminate 429 21.42 E
Flower color 1 White 393 19.62 §
2 Light purple 233 11.63 ®
3 Purple 1067 53.27 3
4 Dark purple 310 15.48 %
S
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Traits Score Class Frequency Percentage

Pod color 1 Light brown 625 31.2
2 Brown 600 29.96
3 Dark brown 778 38.84
4 Black 0 0

Hilum color 1 Yellow 34 1.7
2 Buff 66 33
3 Brown 626 31.25
4 Green 2 0.1
5 Grey 187 9.34
6 Imperfect black 153 7.64
7 Black 935 46.68

Seed coat color 1 Yellowish white 266 13.28
2 Yellow 1246 62.21
3 Green 126 6.29
4 Buff 3 0.15
5 Reddish brown 81 4.04
6 Grey 0 0
7 Imperfect black 69 3.44
8 Black 212 10.58

Qualitative traits

Determinate type of accessions dominated the
collection (60.16%) followed by indeterminate
(21.42%) and semi-determinate (18.42%) types
(Table 1). Although an indeterminate growth habit
is attractive to develop high-yield soybean varieties
with higher number of pods, lodging in indeterminate
varieties remains a problem in India. As the
determinate and semi-determinate varieties have
shorter main stem length than the indeterminate
varieties, this trait can be useful to improve varieties
with high yield and low lodging risk hence
determinate growth habit always had an advantage.
Predominance of determinate types of accessions and
lower frequency of semi determinate or indeterminate
accessions in the USDA Soybean Germplasm
Collection database at National Plant Germplasm
System (NPGS) of 89 soybean germplasm accessions
have been documented (Zhixi et al., 2010).

Soybean is now being cultivated extensively for
commercial purpose, determinate type cultivars are

gaining popularity among the farmers. Determinate
type cultivars have more compact growth habit,
reduced branching, shorter internodes, reduced
above ground biomass and accelerated and
synchronized flowering and reduced period of pod
production leading to more uniform pod maturity and
stable harvest index. Further, determinate types do
not require support system (in contrast to
indeterminate types which require staking) enabling
high density planting to harness complete productivity
potential of cultivars. Hence, breeding for determinacy
is one of the major objectives of soybean breeding
to optimize allocation between vegetative and
reproductive phases. Shannon et al., (1971) and
Weaver et al., (1991) have reported a higher yield of
determinate type soybean lines.

Purple flowers (53.27%) dominated the collection
followed by white (19.62%), dark purple (15.48%)
and light purple (11.63%) flowers (Table 1).
Genotypes with purple hypocotyl (75.14%) were
highest compared to green hypocotyl (24.86%).
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Indeterminate leaf shape (50.67%) with light green
(47.88%) leaves type of accessions dominated the
collection followed by broad leaves (24.96%) and
narrow leaves (24.36%) with white (28.01%),
green (12.68%) and dark green (11.43%) leaves. Good
plant vigour type of accessions dominated the
collection (80.28%) followed by very good plant
vigour (15.28%) and poor plant vigour (4.44%)
types. High seedling vigour is considered a decisive
factor for the success of most field crops, as these
parameters contribute to uniform plant growth
maturity, better competition with weeds and
high productivity (Bewley et al., 2013 and Schuch
et al., 2009).

Accessions bearing pubescent (97.45%) pods which
of tawny (65.1%) and light tawny (25.06%) colored
pubescence were higher compared to non-pubescent
pods (2.5%) and grey colored pubescence (7.29%).
Dark brown pod color type of accessions dominated
the collection (38.84%) followed by light brown
(31.2%) and brown (29.96%) types. Genotypes with
yellow (62.21%), yellowish white (13.28%) colored
seed coat were found to be prominent over black
(10.58%), green (6.29%), reddish brown (4.04%),
imperfect black (3.44%) and buff (0.15%) colored
seed coat accessions. Further, seeds with black colored
hilum (46.68%) were higher followed by brown
(31.25%), imperfect black (7.64%), grey (9.34%), buff
(3.3%) and yellow (1.7%) hilum colored genotypes.
The dominance of yellow seeded genotypes in
the collection may be due to higher directional
selection for yellow seeded ones owing to their high
yield potential and consumer preference (Akito Kaga
etal, 2012).

Quantitative Traits

Analysis of variance represents the variability
among the germplasm accessions and it exhibited a
highly significant mean sum of square values for all
quantitative traits (Table 2). Mean squares due to
check varieties were significant for all traits except
for number of pods plant™!, while those due to ‘acces-
sions vs. check varieties’ were significant for all
traits except for days to 80 per cent maturity. These
results suggested significant differences among the
accessions and they differ from the checks.
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Descriptive Statistics of Quantitative Characters % .
=

It indicated the components of genetic variability, Eﬁ f = § 5 § § f § 3
heritability and genetic advance and it was g g~ ¥ @ =
computed using first and second-degree statistics. §'§
Presence of genetic variability per se is of less = © o = - = -
significance in crop breeding programmes. 'g%,? o B et B B
Knowledge on relative contribution of genetic and g g SR
non-genetic sources on the quantitative trait ”
variability is useful in formulating appropriate ) o e~
selection strategies to breed improved soybean § i % ; g ¥ % g
cultivars. The estimates of standardized range R
provide clues about the occurrence of accessions £ :f; :E
with extreme expression which varied with the trait. &8 éé I
However, standardized range per se does not g é s i ﬁ 2 2 = a . Sr' =
reflect variability in the expression of all the °§3 8 -7 “ o B
accessions. The estimates of GCV and PCV which g i
reflect average inter-accession differences are more é L 2l 5 % o 55 a5 |4d
useful statistics to understand variability among the A % NReElo o D@m= % |8
germplasm accessions. E R “ §
The accessions were highly variable for plant g o — o+ % o ~ E"
height (cm), number of pods plant!, 100 seed - E =] INC TG 3i
weight (g), seed yield plant'(g), hilum color, seed 5 § o == a2 A >
coat color, early plant vigour, hypocotyl color, flower = § %3 g
color, leaf shape, leaf color, plant pubescence, plant % R - - o — T
pubescence color, plant pubescence density, plant < =] D PR g
pubescence type, stem determination, pod color § =T o oo 1 E
traits as indicated by the estimates of PCV (>20%) % “é
(Table 3), the accessions were moderately variable f g o — % o o g{%l)
(10.1% < PCV < 19.9%) for days to 50 per cent 2| = 2z g2gcz
flowering and number of secondary branches plant™! = 3 H H A HoHoH A

§ traits. The accessions were least variable for days % 2 R NERS

B to 80 per cebt maturity (PCV=8.29%). Relatively A g 2T 5 g = g

%l narrow difference between PCV and GCV

E estimates for these traits has amply reflected

§ in higher broad-sense heritability estimates. The

§ differences between GCV and PCV estimates were & T oL

3:\0 narrow for all the traits indicating less contribution § g } = § C )

Bl of environmental factors in character expression “ S ESE 3 é %

S (Karnwal and Singh, 2009 and Aditya et al., 2011). = sz 2 Bl S8 =,

§ Thus selection based on the phenotypic = 2 2 g < g ° 3 E

M performance of these characters would be an Z; g g 8 g é 2 Z

3 cffective way to bring about considerable 8z 2 ° Z 8 S 3

% improvement of these characters (Akram et al., 2016).

S

114




Mysore J. Agric. Sci., 57 (1) : 109-119 (2023)

KAVERI CHAWAN et al.

Broad-sense heritability was higher (> 60%) for
all the traits, except for days to 80 per cent
maturity (51.95%), hypocotyl color (38.24%), leaf
shape (39.8%) and plant pubescence (39.94%). Plant
pubescence density (99.93%) followed by seed
yield plant! (98.45%) and hilum color (98.16%)
were more heritable than the other traits. Soybean
is predominantly a self-pollinated crop. Hence
the accessions used in the study are a mixture
of pure lines whose expression predominantly
determined by additive genetic effects and additive
x additive type of epistasis. Consequently, broad-sense
heritability is a reflection of narrow-sense herit
ability Thus selection of desired accessions for any
of the traits considered in the present investigation
would be effective as all the traits were highly
heritable.

In the present study, the estimates of expected
GAM were higher for seed yield plant! and plant
pubescence density (78.45 and 72.22%, respectively),
hilum color (63.21%), seed coat color (59.99%),
plant pubescence type (59.71%), stem
determination (54.37%), number of pods plant’
(49.94%), while they were lower for number of
secondary branches plant! (16.08%) and days to
80 per cent maturity (7.58%). Thus higher
estimates of expected genetic advance which
takes into account of variability and heritability
are conformity evidence for scope and effectiveness
of a selection of genotypes (Patil et al., 2011). One
of the major applications of estimating heritability
and the genetic parameters that compose the
heritability estimate is to compare the expected genetic
gains from selection based on alternative selection
strategies and different experimental designs
(Falconer and Mackay, 1996). The information elicited
from such comparisons could be used to design
optimal breeding strategies (Milligan et al., 1990).

Organization of Variability

The efficiency and pace of soybean improvement
programmes hinges on the precise information on
magnitude of fixable (additive and additive based
epitasis) component of genetic variability, gxe
(both spatial and temporal) interaction and DNA

marker-assisted chromosomal localization and
mode of action of genes controlling traits of economic
importance. The identification of accessions
contrasting for traits of economic importance is a
prerequisite for eliciting such information. Cluster
analysis helps in grouping of accessions sharing
similar characters in different clusters and to identify
genetically diverse and desirable genotypes.

The quantitative traits mean differences between
clusters were significant for all the traits (Table 4).
The trait variances among six clusters were
significant for all traits (Table 5). These results
suggested K-means clustering approach was
efficient to minimize with-in cluster variance and
maximize between-cluster variance as a result
of inclusion of diverse accessions into different
clusters. The estimates of the means of the quantitative
traits such as Days to 50 per cent flowering, plant
height, secondary branches plant’, number of pods
plant!, days to 80 per cent maturity, 100 seed weight,
seed yield plant! (g) were highest among the
accessions included in cluster X and Cluster VI
and were least among the accessions included
in cluster VIIL. It is desirable to choose germplasm
accessions from among those included in Cluster X
and Cluster VI for various applications in soybean
breeding research such as those already indicated.

Significant variability among the accessions for
quantitative traits was expected as they are landraces
which have evolved over millennia through a
combination of natural and human selection on the
variation originated by mutations and distributed
by recombination (Allard, 1999). These landraces
poses different combination of traits and hence
have better adaptability to different production
environment and / or a combination of production
environments. Through increased use of landraces,
efficiency of breeding soybean cultivars that are
suitable for diverse production constraints especially
that of terminal drought, a most frequently occurring
abiotic stress in regions where soybean is extensively
grown could be maximized.
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TaBLE 6

Trait-specific accessions for seven quantitative traits from 2000 germplasm accessions of soybean

Accessions Accessions
Characters with lowest Mean with highest Mean
value value value value
Days to 50% flowering SQL 32 44 UPSV 45 77
EC 308327 44 JS 82-780 77
TGX 844-313E 44 UPSL 28 77
EC 456650 44 UPSL 254 77
IC 501637 44 UPSM 858 77
JS 335 (Check) 47.54
Plant height (cm) N 928 33.02 GP 519 84.328
EC 39376 35.052 GC-60115-8 82.804
CAT 2086 A 35.052 JS 99-76 81.28
VP 1156 35.052 TGX 560-200 80.264
TGX 86-24-6F 35.052 HIMSO 1597 79.756
JS 335 (Check) 39.67
Number of secondary SEHORE 1 3.4 WT 89 7
branches plant™! UPSL 54 3.4 PS 1337 7
UPSL 750 A 3.4 PS 1347 7
EC 381884 34 EC 245986 7
UPSM 42 3.4 TGX 352-3D 6.8
JS 335 (Check) 5.86
Number of pods plant NRC 2755 22.4 JS 99-76 93.4
EC 457181 22.4 MACS 693 91.6
JS 80-39 23 TGX 825-3D 86.2
DT-21 23 V31 84.4
LEE 75 23 GP-434 82.4
JS 335 (Check) 54.36
Days to 80% maturity AGS-116 95 EC 39508 138
UPSL-77 95 UPSL 736 138
PS-1336 95 KB 19 138
NB 208 95 UPSL 758 138
EC 572126 95 UPSL 750 A 138
JS 335 (Check) 103.5
100 seed weight (g) EC 251356 6 TGX 1016-19 F 23.3
EC 250601 6 B 160-3 22.2
MACS 57 6.3 JS 20-82 21.59
JS 79-82 6.3 SQL7 21.38
EC 572087 6.3 EC 25196 21.3
JS 335 (Check) 15.19
Seed yield plant! (g) EC 457181 36.84 JS 99-76 295
IC 501785 37.04 MACS 693 292
EC 457211 42 TGX 825-3D 274.1
DT-21 42.7 V31 268.1
IC 501785 42.75 GP-434 266.5
JS 335 (Check) 118.09
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Traits-Specific Accessions

Exploitation of natural genetic variability aim to
meet short-term objectives as very often breeders
are forced to meet immediate requirement of the
farmers, consumers and end-users. Continued crop
genetic improvement to meet medium - and / long-
term requirements requires availability of variability
induced through deliberately planned crosses
among the genotypes harbouring desired
combination of traits. Evaluation of germplasm
provides information about the accessions / genotypes
with desired combination of traits.

TABLE 7
Superior accessions for multiple traits

Accessions Number of Seed yield
pods plant’! plant! (g)
TGX 825-3D 86.2 274.1
V3l 84.4 268.1
GP-434 82.4 266.5
JS 335 (Check) 54.36 118.09

Some of the germplasm accessions were superior
to the check JS 335 for 7 quantitative traits and
the top five accessions for these traits along
with contrasting lines are listed in Table 6. Three lines
among the top performing accessions exhibited
superiority for multiple traits and is listed in Table 7.
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Studies on Yield, Yield Attributes and Nutrient uptake of Cowpea as Influenced
by Integrated Nutrient Management
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KusHaL : ' ABSTRACT

Carried out experiment ;

M. R. ANAND : The field experiment entitled ‘Studies on yield, yield attributes and nutrient uptake of
Guidance ; cowpea as influenced by integrated nutrient management’ was conducted during
gAgGADHAR Esawar Rao & kharif-2020 at AICRP on Arid Legumes, Gandhi Krishi Vigyan Kendra, University of

. SEENAPPA : . . . . . L .

Conceptualization; Agricultural Sciences, Bangalore. Experiment consists combined application of nutrients
VIGHNESH ° (Urea, SSP, MOP used as a NPK sources) along with the seed treatment at the time of

Data analysis sowing. Totally there are nine treatments replicated thrice in randomized block design.
The yield and yield attributes were significantly varied with the combined application
of 100 per cent RDF + seed treatment with Rhizobium + PSB + 1 per cent 19:19:19

spray recorded higher number of pods plant! (27.1), pod length (17.0 cm) and number

Corresponding Author : of seeds pod! (16.9) and it was on par with 100 per cent RDF + seed treatment with
KusHAL Rhizobium + PSB + 2 per cent urea spray and 100 per cent RDF + seed treatment with
Department of Agronomy,

: Rhizobium + PSB, respectively. Whereas, lower number of pods plant! (21.4), pod
College of Agriculture,

-1 . 0 .
UAS, GKVK, Bengaluru length (10.4 cm) and number of seeds pod™ (10.3) were recorded with the application

of 100 per cent RDF(Control). Higher seed yield, net returns and BC ratio (1384 kg ha
!, Rs.38952 ha'and 2.53, respectively) recorded with application of 100 per cent RDF
+ seed treatment with Rhizobium + PSB + 1 per cent 19:19:19 spray. Whereas, lower
seed yield, net returns and BC ratio (735 kg ha', Rs.9584 ha'! and 1.39, respectively)
were recorded with 100 per cent RDF (Control).
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Accepted : January 2023

Keywords : Cowpea, RDF, Rhizobium, Phosphate solubilizing bacteria, Urea, 19:19:19
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COWPEA (Vigna unguiculata L. Walp) is one of
the most important pulse crop native to Central
Africa, belongs to family fabaceae. Cowpea is called
as ‘vegetable meat’ due to high content of protein in
grain with better biological value on dry weight basis.
It is mainly grown in tropical and subtropical regions
in the world for vegetable and grains and to lesser
extent as a fodder crop. Apart from this, it produces
heavy vegetative growth and covers the ground so well
that it checks the soil erosion. It serves as a cover
crop and improves soil fertility by fixing atmospheric
nitrogen. Cowpea yield remains low (less than 1 t ha-
1) in majority of the areas mainly due to lack of high
yielding varieties, low soil fertility and inappropriate
farming techniques (Salih, 2013).

Nutritionally, cowpea grains contain 23-25 per cent
of protein, 50-67 per cent of starch and several
vitamins and minerals, while immature green cowpea
pods are reported to contain 17-25 per cent of protein
and abundant essential minerals. Green cowpea pods
are often harvested and consumed as fresh vegetables.

Cowpea production worldwide is estimated to be
about 6.5 million metric tons annually from an area
of 14.5 million hectares. Over the last three decades,
global cowpea production grew at an average rate of
5 per cent, with 3.5 per cent annual growth in area
and 1.5 per cent growth in yield and the area expansion
accounting for 70 per cent of the total growth during
this period (Anonymous., 2013).
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Nutrients are directly related with the growth and
yield of cowpea. Application of nutrients through
integrated approach reduce the cost of cultivation and
also maintain as well as improve soil health by
increasing the fertility (Mahajan and Sharma, 2005),
whereas, non-monetary inputs like spacing also play
an important role for boosting the yield by increasing
the plant population per unit area.

Integrated Nutrient Management (INM) is a
phenomenon that involves the use of chemical
fertilizers in conjunction with organic manures and
bio-fertilizers (Mahajan and Sharma, 2005). The
basic concept of integrated nutrient management
is supply of required plant nutrients for sustaining
the anticipated crop productivity with a minimum
harmful effect on soil health and environment
(Balasubramanian, 1999). The combined effect of
organic and inorganic nutrient sources used as
integrated nutrient management has been proved
superior to the use of each component separately
(Palaniappan and Annadurai, 2007).

For boosting crop production, nutrient balance in the
soil is the key component. Scientists have been
concentrating their efforts on the efficient and
sensible use of available resources to boost the
total productivity and profitability per unit area
in order to meet the food and other demands of an
ever-increasing population.

Keeping these points in view, the present investigation
on ‘Studies on yield, yield attributes of cowpea as
influenced by integrated nutrient management under
changing climate’ was under taken during kharif 2020
at All India Co-ordinated Research Project on Arid
Legumes, University of Agricultural Sciences, Gandhi
Krishi Vignana Kendra, Bengaluru.

MATERIAL AND METHODS

A field experiment was conducted during kharif 2020
at All India Coordinated Research Project (AICRP)
on Arid Legumes, Gandhi Krishi Vigyana Kendra
(GKVK), University of Agricultural Sciences (UAS),
Bangalore, the centre is situated in the Agro-climatic
Zone-V: Eastern Dry Zone of Karnataka at 12°58'

North latitude and 77°35' East longitude with an
altitude of 924 m above mean sea level (MSL). Soil
of the experiment was red sandy loam soil (pH 6.2;
OC 0.46%) with low available nitrogen (239.04 kg
ha‘l), phosphorus (26.2 kg ha‘l) and potassium
(248.3kg ha'l) respectively. The experiment was laid
out in randomized complete block design (RCBD),
replicated thrice with nine treatments. In the
experimental site Horsegram (PHG-9) was grown
during the kharif season of year 2019 and later kept
fallow in rabi and summer seasons.

The land was prepared by using tractor drawn disc
plough once followed by cultivator twice. The seeds
were treated with Rhizobium and PSB culture and
shade dried before sowing. The treated seeds were
dibbled 2-3 cm in the furrows opened at 45 cm spacing
with the help of hand hoe. Two seeds were dibbled
per hill at 10 cm spacing. Sowing was done on
5% August, 2020 by using UAS Bangalore released
variety KBC-9 (Arka Garima x VS389) and
maintaining spacing as per the treatments using seed
rate of twenty-five kg ha-l. FYM was applied
before 15 days of sowing to all the treatment plots
at the rate of 2.5 tonnes ha-l. Urea, single super
phosphate and muriate of potash were used as a
source of NPK. Fertilizers were applied 25:50:25 kg
N, P»O5 and K7O ha'and 2.5 t ha! FYM was
applied as per the recommendation of package of

practices (UAS, Bangalore). Thinning was done at

15 DAS by pulling out the extra seedlings in each
hill and retaining only one seedling per hill. Hand
weeding was done at 25 DAS to keep plots free from
weeds. Earthing up was done at 30 DAS to encourage
for rapid growth and to prevent lodging. Dimethioate
@ 2 ml L' of water was given as spray to manage
aphids and others sucking pests, during the period of
50 per cent of flowering stage at 55 DAS foliar
nutrients were sprayed to the respective plots in
three replications. The crop has attained the maturity
at 85 DAS, the crop was harvested on 11" November,
2020 Subsequently, the pods from net plot area
was harvested and allowed for sun drying for about a
4-5 days. After five days of sun-drying, threshing was
done manually by beating the pods with a stick their
after seeds were cleaned manually. Plot wise seed and
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haulm weight were recorded separately from each net
plot after completion of threshing.

By using Fisher’s method of analysis of variance
technique which was given by Gomez and Gomez
(1984) the analysis and interpretation of data were
done.

Treatment details include, T 100 per cent RDF
(Control), T, 100 per cent RDF + foliar spray of urea
@ 2 per cent, T, 100 per cent RDF+ seed treatment
with Rhizobium + PSB, T, 100 per cent RDF + seed
treatment with Rhizobium + PSB + 2 per cent urea
spray, T, 100 per cent RDF + seed treatment with
Rhizobium +PSB+ 1 per cent 19:19:19 spray, T, 100
per cent RDF + 1 per cent 19:19:19 spray, T, 50 per
cent RDF + 2.5 tonnes ha'! FYM + 2 per cent urea
spray, T, 50 per cent RDF + 2.5 tonnes ha' FYM + 1
per cent 19:19:19 spray, T, 50 per cent RDF +2.5
tonnes ha' FYM.

The Recommended dose of fertilizer is 25 kg N + 50
kg P,0, + 25 kg K, O, for seed treatment 200 gram of

Rhizobium and PSB used for 10 kg of seeds. All the
foliar sprays were given at 50 per cent flowering stage.

RESULTS AND DISCUSSION
Yield Attributes

The data presenting in (Table 1 and Fig. 1,
respectively) revealed that maximum number of
yield attributes viz., No. of pods plant (27.1), No. of
seeds pod! (16.9), Pod length (17.0 cm) and Test
weight (10.9 grams) were recorded with the
application of 100 per cent RDF + seed treatment with

i EaPod length wiSeeds per pod ke Test weight sgmDods per plant 0
% p-
3
&
i
23 2
T L}
L ]
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= ]
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Fig. 1: Yield attributes of cowpea as influenced by integrated
nutrient management

TABLE 1

Yield attributes of cowpea as influenced by integrated nutrient management

No. of pods Pod length No. of seeds Test weight
Treatments . i
plant™! (cm) pod! (2)
T,: 100% RDF (Control) 214 10.4 10.3 9.6
T,: 100% RDF + foliar spray of urea @ 2% 248 13.4 13.8 10.2
T,: 100% RDF+ seed treatment with 259 15.4 15.4 10.5
Rhizobium + PSB
T,: 100% RDF+ seed treatment with 26.7 16.4 15.8 10.6
Rhizobium + PSB+ 2% urea spray
T,: 100% RDF + seed treatment with 27.1 17.0 16.9 10.9
Rhizobium + PSB + 1% 19:19:19 spray
T,: 100% RDF + 1% 19:19:19 spray 25.2 14.6 14.8 10.3
T,: 50% RDF + 2.5 tonnes ha” FYM + 23.0 11.7 11.3 10.1
2% urea spray
T,: 50% RDF + 2.5 tonnes ha” FYM + 23.9 12.7 13.0 10.2
1% 19:19:19 spray
T,: 50% RDF +2.5 tonnes ha' FYM 22.6 10.9 10.7 10.0
S.Em. + 0.62 0.70 0.67 0.61
C.D. (P=0.05) 1.85 2.10 2.08 -
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Rhizobium + PSB + 1 per cent 19:19:19 spray it is
statistically on par with the application of 100 per cent
RDF + seed treatment with Rhizobium + PSB + 2 per
cent urea spray (26.7, 15.8, 16.4 and 10.6,
respectively) and 100 per cent RDF + seed treatment
with Rhizobium + PSB (25.9, 15.4, 15.4 cm and 10.5
g, respectively), Whereas minimum number of yield
attributes viz., No. of pods plant!(21.4), No. of seeds
pod!(10.3 c¢cm), Pod length (10.4) and Test weight
(9.6 g.) were recorded in 100 per cent recommended
dose of fertililizer (control).

The yield attributes are the symbol of vigorous plant
growth and development. The optimum application
of nutrients through soil as well as foliar nutrition
offered easy availability for the absorption of macro
nutrients in cowpea. It might be due to the efficient
utilization of nitrogen helped for chlorophyll
metabolism and boost of the production of
carbohydrate. Phosphorus is essential for respiratory
mechanism, which favoured more photosynthesis and
vital for seed formation. Potassium plays important
role in translocation of starch and protein synthesis.
This was reflected in production of higher number of

pods per plant of cowpea. The results are in closely
associated with the findings of Manasa (2013),
Malesha ef al. (2014) and Sharma et al. (2015).

A reference to data in (Table 2 and Fig. 2), shows
that, the maximum seed yield (1384 kg ha'), haulm
yield (3267 kg ha') and harvest index (29.8%) were
recorded in treatment T, it is significantly on par
with the treatment T, (1343,3176 and 29.7%) and
T, (1291,3067 and 29.6%). However, minimum
number of seed yield (735 kg ha!), haulm yield (1904
kg ha') and harvest index (27.9%) were recorded in

ledSeed yield ssHaulm yield =$=Seed yield =si=HI|
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Fig. 2: Seed yield and haulm yield of cowpea as influenced by
integrated nutrient management

TAaBLE 2

Seed yield, haulm yield and harvest index of cowpea as influenced by integrated nutrient management

Seed yield Seed yield Haulm yield Harvest
Treatments (g plant™) (kg ha') (kg ha') Index (%)

T,: 100% RDF(Control) 3.3 735 1904 27.9

T,: 100% RDF + Foliar spray of urea @ 2% 5.2 1157 2804 29.2

T,: 100% RDF+ seed treatment with 5.8 1291 3067 29.6
Rhizobium + PSB

T,: 100% RDF+ Seed treatment with 6.0 1343 3176 29.7
Rhizobium + PSB + 2% urea spray

T.: 100% RDF + seed treatment with 6.2 1384 3267 29.8
Rhizobium + PSB + 1%19:19:19 spray

T,: 100% RDF + 1% 19:19:19 spray 5.5 1222 2926 29.5

T.: 50% RDF + 2.5 tonnes ha”' FYM + 4.3 945 2409 28.2
2% urea spray

T,: 50% RDF + 2.5 tonnes ha”' FYM + 4.9 1083 2641 29.1
1% 19:19:19 spray

T,: 50% RDF +2.5 tonnes ha' FYM 4.0 896 2265 28.4

S.Em. £+ 0.23 50.3 115.2

C.D. (P=0.05) 0.68 150.7 3453
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control. It might be due to the dual seed inoculation
benefited the plants by providing atmospheric N,
increased the root nodulation through better root
development and more nutrient availability and
rendering the insoluble Phosphorus into available
form also the entry of nutrients through foliar spray
resulted in the entry of water into the cell causing cell
elongation and cell division which leads to
better growth and development of a plant. At critical
stages of the crop growth macronutrients were
effectively absorbed and translocated to the
developing pods which lead to the better filling of
seeds in the pod as a result increase in seed yield.
The similar findings were reported by Vighnesh ef al.
(2022), Verma et al. (2009) and Amany (2007).

Nutrient Uptake

From the data presented in (Table 3 and Fig. 3),
significantly higher nitrogen, phosphorous and
potassium uptake (134.9 kg N ha",30.9 kg P,o, and
125.9 K 0 kg ha') as well as higher crude protein
content (27.5%) were observed with the application of
100 per cent RDF + seed treatment with Rhizobium +
PSB + 1 per cent 19:19:19 spray and it was
statistically on par with the combined application of

= N uptake Puptsle mmE uptalie —s—Crude Protein
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Fig. 3: Nitrogen (N), phosphorus (P,0,) and potassium (K,0)
uptake by cowpea as influenced by integrated
nutrient management

100 per cent RDF+ seed treatment with Rhizobium
+ PSB + 2 per cent urea (131.7, 29.5 and 119.7 kg
NPK ha'l, respectively) followed by 100 per
cent RDF+ seed treatment with Rhizobium + PSB
(117.2, 25.7 and 104.9 kg NPK ha’!, respectively).
However, the lower nitrogen, phosphorous and
potassium uptake (74.3, 16.1 and 83.2 kg NPK ha,
respectively) recorded in application with the 100 per
cent recommended dose of fertililizer alone.

The increased nutrient uptake with integrated nutrient
management because of increased balance supply of
nutrients and good response by the plants resulted in

TABLE 3
Nutrient uptakes Nitrogen (N), Phosphorous (P,o,) and Potassium (K ,0) of cowpea as influenced
by integrated nutrient management

Nutrient uptakes

Treatments N uptake P,o,uptake K o uptake
(kg ha!) (kg ha) (kg ha)
T,: 100% RDF(Control) 25:50:25 kg ha' NPK 74.3 16.1 83.2
T,: 100% RDF + foliar spray of urea @ 2% 103.2 22.1 96.9
T,: 100% RDF+ seed treatment with Rhizobium + PSB 117.2 25.7 104.9
T, 100% RDF + seed treatment with Rhizobium + PSB + 2% urea spray 131.7 29.5 119.7
T.: 100% RDF + seed treatment with Rhizobium+ PSB + 1% 19:19:19 spray 134.9 30.9 125.9
T,: 100% RDF + 1% 19:19:19 spray 107.4 23.6 101.2
T.: 50% RDF + 2.5 tonnes ha' FYM + 2% urea spray 84.9 17.8 90.6
T,: 50% RDF + 2.5 tonnes ha! FYM + 1%  19:19:19 spray 92.0 19.4 94.2
T,: 50% RDF + 2.5 tonnes ha”' FYM 77.2 16.6 87.7
SE(m)+ 3.83 0.24 4.32
C.D. (P=0.05) 11.49 0.73 12.94
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TABLE 4

Economics of cowpea as influenced by integrated nutrient management

Cost of Gross returns Net return B:C
Treatments cultivation (Rs. ha') (Rs. ha') Ratio
(A) (B) (C=B-A) (D=B/A)
T,: 100% RDF (Control) 24602 34186 9584 1.39
T,: 100% RDF + foliar spray of urea @ 2% spray 25202 53797 28595 2.13
T,: 100% RDF + seed treatment with 24782 60021 35239 2.42
Rhizobium + PSB
T,: 100% RDF+ seed treatment with 25382 62431 37049 2.46
Rhizobium + PSB + 2% urea
T,: 100% RDF + seed treatment with 25382 64334 38952 2.53
Rhizobium + PSB +1% 19:19:19 spray
T, : 100% RDF + 1% 19:19:19 spray 25202 56833 31631 2.26
T,: 50% RDF + 2.5 tonnes ha”' FYM + 27789 43937 16148 1.58
2% urea spray
T,: 50% RDF + 2.5 tonnes ha”' FYM + 27789 50364 22575 1.81
1% 19:19:19 spray
T,: 50% RDF + 2.5 tonnes ha' FYM 27189 41678 14489 1.53
enhanced translocation of nutrients to reproductive : .
structure viz., pods, seeds and other plant parts as well e | 25
as continuous availability of N, P and nutrients k000 :
throughout the crop growth period as the nutrients Tg 10000 | i
from inorganic sources were available to the crop in o 1
the early stages and the nutrients released from the m I Il I I | I I | ll s
organic sources become available in the later stages ol J AR AN NN NN l e l 5
of crop growth. It also might be due to dual inoculation IR W R

of seed treatments with Rhizobium and PSB. This dual
inoculation benefited the plants by providing
atmospheric N and rendering the insoluble phosphorus
into available form which also resulted in improved
nodulation and higher leghemoglobin content of root
nodules along with an increase in nitrogen uptake,
available soil nitrogen content and dry matter
production in cowpea. And entry of nutrients through
foliar spray resulted in the entry of water into the cell
causing cell elongation and cell division which leads
to better growth and development of plant. The results
were in colloboration with Venkatesh and Basu (2011),
Bhoye (2016) and Mudalagiriyappa et al. (2016).

Economics

It is evident from the data presented in (Table 4 and
Fig. 4), that the B:C ratio was found maximum in

Fig. 4: Economics of cowpea cultivation influenced by
integrated nutrient management

treatment T, (2.53). Whereas the minimum B:C ratio
was recorded in treatment T, (1.39). It might happen
due to high cost of cultivation. The benefit cost ratio
is the result of higher seed yield with the combined
application of different nutrients in integrated manner
because of greater availability of essential nutrients
to plant, better translocation of photosynthates leads
to higher haulm and seed yield. The results are in close
vicinity with the findings of Sangamesh (2020),
Jadhav and Kulkarni (2016) and Channabasavanna
etal. (2017).
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ABSTRACT

A field experiment was conducted in farmer’s field at Madenur village of Hassan district
during rabi 2020, to study the ‘Effect of nano-nitrogen, copper and zinc liquid fertilizers
on nutrient concentration, uptake and efficiency in potato (Solanum tuberosum L.)’.
The experiment was laid out in randomized complete block design comprising ten
treatments replicated thrice. The treatment includes combined and individual application
of nano fertilizers i.e. nitrogen, copper and zinc liquid fertilizers at 0.4 per cent to see
the release of the nutrients, uptake and its efficiency compared with a conventional
fertilizer. The results revealed that significantly higher nitrogen, copper and zinc
concentration in potato haulm and tuber, uptake and efficiency of applied nutrients was
observed in treatment T,  which received 50 per cent N, 50 per cent Zn and 100 per
cent PK application to soil inorganically along with 1% spray of Nano N at 25-30
DAP + 2™ spray of nano Zn after 10-15 days of 1* spray + 3™ spray of nano Cu after
10-15 days of 2™ spray, although the release of N, Zn and Cu was higher for applied
nano fertilizer than the conventional one. Analysis showed higher accumulation of
N, Zn and Cu in plants applied with nano fertilizer. Post-effect of nano fertilizer
concentration and uptake increased in plant with nano fertilizer treatment than the
conventional fertilizer.

Keywords : Nano fertilizers, Foliar spray, Micronutrients, Potato haulm

HE potato (Solanum tuberosum L.) is a starchy

tuber and a root vegetable native to the Americas.
The plant is a perennial in the night shade family
Solanaceae. Potato (Solanum tuberosum L.) is widely
used for many industrial and food applications and
considered one of the most important vegetable
crops in India and it is most economically valuable
vegetable crop, after tomato (Birch et al., 2012).
The vegetative and fruiting parts of the potato contain
the toxin solanine which is dangerous for human
consumption. Normal potato tubers that have been
grown and stored properly produce glyco
alkaloids in amounts small enough to be negligible
to human health but if green sections of the plant
are exposed to light, the tuber can accumulate a high

enough concentration of glycoalkaloids to affect
human health.

Modern agriculture depends mostly on inorganic
fertilizers, a greater portion of which is readily
removed from soil after harvesting. Nowadays
growers are striving to overcome the nutrient
deficiency and approach the genetic limit of plants.
Resorting to replace these nutrients is the ultimate
choice. Because of agricultural development, different
parts of the world have evidenced that fertilizer
application is the most efficient measure for
increasing crop production, sustainable yield growth
and food security. Fertilization increases crop
yields at a rate of 30 to 50 per cent, globally. About
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40 - 70 per cent of the nitrogen and 80 - 90 per cent
of the phosphorus of the applied fertilizers either are
lost into the environment or become unavailable
for crops. It not only causes major economic and
resource loss but also is responsible for serious
environmental pollution.

To overcome the problem of fertilizer use and
increase economical use, number of approaches have
been made. Among them: application of adequate
amount of fertilizer; deep placement of fertilizer;
use of granular urea; improving crop response
knowledge and use of slow release nano fertilizer
are notable (Ahmed et al. 2012).

Nano fertilizer, the most important field of
agriculture, has drawn the attention of the soil
scientists as well as the environmentalists due to its
capability to increase yield, improve soil fertility,
reduce pollution and make a favourable environment
for microorganisms. Nano particles with small size
and large surface area are expected to be the ideal
forms for use as a fertilizer in plants. Farmers are
applying different fertilizers for soil and as foliar
applications; however, the efficacy is low (Uma
et al., 2019). So that, application of nano fertilizers
in minute quantity improves crop growth and reduces
environmental pollution (Pruthviraj et al., 2022).
According to the present study, the rate of release
of nutrients from laboratory synthesized nano fertilizer
and its effects on crop production have been compared
with ordinary chemical fertilizer.

MATERIAL AND METHODS

The experiment was conducted during rabi 2020 to
study effect of nitrogen, copper and zinc liquid nano
fertilizers on soil properties, nutrient concentration,
uptake and nutrient use efficiency of potato (Solanum
tuberosum L.) at farmers field Madenur, College of
Agriculture, Hassan, Karnataka. Experiment was laid
out in a randomised complete block design with
ten treatments and three replicates. Treatments of this
research comprised of three nano fertilizers (Nano
nitrogen, nano copper and nano zinc at 0.4 per cent
concentration) under field conditions, potato crop
uptake and use efficiency of nano fertilizers were
studied.

Treatments Involved
T,- Control (0% N and Zn, 100% P & K fertilizers)
T,- Control + 2 sprays of water,

T, - Control + 2 sprays of Nano Nitrogen @
0.4%

T, - Control + 2 sprays of Nano Zinc @ 0.4%

T, - Control + 2 sprays of Nano Copper @ 0.4%

T, - RDF (100% NPK and ZnSO, @ 6 kg ha');
125:100:125 NPK kg ha' soil application

T, - RDF (50% N 100% PK ) soil application + 2
sprays of Nano Nitrogen

T, - RDF (50% Zn 100% NPK ) soil application + 2
sprays of Nano Zinc

T, - RDF + 2 sprays of Nano Copper

T,, - RDF (50% N, 50% Zn & 100% PK) + 1% spray
of Nano N at 25-30 DAP + 2" spray of nano Zn
after 10-15 days of 1% spray + 3™ spray of nano
Cu after 10-15 days of 2"spray.

Where, RDF was recommended dose of fertilizers
(125:100:125 NPK kg ha') and 100 per cent P and K
is common for all treatment.

Collection of Soil and Plant Samples

The initial soil samples were collected from different
sites of experimental field and a composite sample
was prepared. The initial soil sample was analysed
for various chemical properties. Treatment wise soil
samples were collected after harvest and were air
dried, the clods were gently broken using wooden
mallet, sieved through 2 mm sieve and stored in
polythene bags for further analysis. The initial soil
samples before treatment imposition was collected
and subjected for analysis physico-chemical
properties such as soil texture, pH and EC by
Jackson (1973), OC (Walkley and Black, 1934),
DTPA extractable available micro (Lindsay and
Norvell, 1978) and macro nutrients.

The nutrient composition of the plant species is not a
fixed entity. It varies from time to time in plants, soil
to soil and even species to species. Hence, a specific
plant part should be selected at a definite stage of the
plant growth. The physiologically matured plant part
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should be selected as it will not undergo rapid changes
in nutrient composition. The haulms were collected
at 75 days after planting and the tubers were collected
after harvest. The collected samples were first air
dried, then oven dried at 65 °C for 48 hours, grounded
in a Wiley mill and stored in brown paper covers for
chemical analysis. Representative plant samples
were collected treatment wise and analysed for
total NPK nutrients in haulm and tuber. The uptake
of these nutrients by potato crop was computed and
the results were expressed in kg ha! on dry weight
basis by using below formula.

Percentage of nutrients x

Nutrient Total dry matter production (kg/ha)
uptake =
(kg/ha) 100

Nutrient Use Efficiency (NUE) is a critically
important concept in the evaluation of crop production
systems. NUE was calculated by using partial factor
productivity (Dua et al., 2007).

Partial factor Total yield (kg / ha)
productivity = . -

Amount of nutrient applied (kg / ha
(ke/ke) pplied (kg / ha)

RESULTS AND DISCUSSION

Soil Characteristics of the Experimental Site

Some common physicochemical properties of the
soil were analysed before the experimental setup in
order to know the initial nutrient status of the soil
TABLE 1
Soil initial properties

Soil properties Values obtained

pH (1:2.5) soil water suspension 6.13
EC (dS m™) soil water extract 0.23
Organic carbon (%) 0.82
Available N (kg ha'!) 274.45
Available PO, (kg ha™) 27.30
Available K O (kg ha™) 156.50
Exchangeable Ca and Mg (cmol kg) 2.95 & 1.18
Available S (mg kg™) 10.21

DTPA Extractable Fe, Zn, Mn
and Cu (mg kg™)
Hot water-soluble Boron (mg kg™')

37.53,0.95,10.31
& 0.32 respectively
0.25

and represented in Table 1. The experimental soil
was silty loam in texture, slightly acidic in reaction
(pH 6.13). The soil having organic carbon 0.82 per
cent, electrical conductivity 0.23 dS m!, available
Nitrogen 274.45 kg ha’!, available Phosphorous
27.30 kg ha'!, available potassium 156.50 kg ha’,
Exchangeable Ca and Mg 2.95 and 1.18 cmol kg,
respectively, Available Sulphur 10.21 mg kg,
DTPA Extractable Fe, Zn, Mn and Cu 37.53, 0.95,
10.31 and 0.32 mg kg' respectively, Hot water-
soluble Boron 0.25 mg kg!.

Soil Chemical Properties and Nutrient Status after
the Harvest of Potato Crop

Initial Soil Chemical Properties : The data on
effect of nano nitrogen, copper and zinc liquid
fertilizers on potato is presented in Table 1. The
soil parameters like pH, EC, Soil organic carbon and
organic matter of soil did not show any significant
difference. However, the higher pH, EC and OC
(6.22, 0.44 dSm! and 0.83 %, respectively) was
found in the treatment T . Here it is observed that
there is a slight increase in pH, EC and OC compare
to initial values, it may be due to basal application of
fertilizers, FYM and crop residues. Elumalai and
Velmurugan in 2015, recorded similar observations
in red soils of Tamil Nadu, they also reported that
higher buffering capacity of soils will resist the
minute change in pH and EC.

Post-Harvest Nutrient Status of the Soil : The
nutrient status viz., available N, P,O,, K,O, S,
exchangeable Ca and Mg, DTPA extractable Zn,
Cu, Mn, Fe and B of the soil after harvest of potato
are presented in Table 2.

Among the macro nutrients the available nitrogen
content of the soil after harvest of potato crop was
found significant over the control but with respect to
available phosphorus and potassium content of the
soil after harvest of potato crop did not show any
significant difference between the treatments
imposed. It might be due to uniform application of
phosphorous and potassium fertilizers with same
amount of fertilizer to all the treatments. The presence
of nitrogen in the available form leads to early
growth, improves the quality of the yield and increases
protein conten