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ABSTRACT: A laboratory experiment was conducted in a Completely Randomized Design (CRD) with four
replications during Rabi, 2020-2021 at Naini Agricultural Institute, Sam Higginbottom University of
Agriculture Technology and Sciences, Prayagraj. The genetically pure seeds of sorghum var. SPV 1411
(Parbhanimoti) was used for the study. The sorghum seeds primed with treatments (Neem leaf, Parthenium
leaf, Azospirillum sp., Pseudomonas fluorescens, Boron, Zinc sulphate) were subjected to germination studies
in laboratory, seed germination and seedling growth parameters were recorded. Analysis of variance revealed
significant mean sum of squares due to seed priming treatments. The highest germination percentage (95%),
root length (14.79 cm), shoot length (19.65cm), seedling length (34.44cm), fresh weight (1.71g), dry weight
(0.20g), vigor index 1 (3272) and vigor index 2 (19.23) were observed in T12 (Combination of Azospirillum sp.
+ Pseudomonas fluorescens + Zinc sulphate + Boron) followed by T11 (Zinc sulphate + Boron). While
significantly minimum was recorded in T0 (Control) (84.5%, 9.07cm, 14.01cm, 23.08cm, 1.28g, 0.14g, 1951.59,
11.40) respectively.
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INTRODUCTION

Sorghum (Sorghum bicolor L.) Moench the word
sorghum is derived from the Latin word “Sorgo” which
mean ‘rising above’. The cultivated sorghum originated
in Ethiopia. It is one of the most important grain and
fodder crop grown in tropical and subtropical regions in
India. It is commonly known as great millet due to
larger size of grain among millets and vast area under it
(Vavilov, 1935). It is believed to have spread from
Africa to India.
It is predominantly a self-pollinated crop. It has
chromosome number 2n=20. Sorghum belongs to
family Poaceae, subfamily Panicoidae, tribe
Andropogonae and the sub tribe Sorghastrae (Price,
2005). Millets comprise of different types like finger
millet, foxtail millet, proso millet, pearl millet including
sorghum which are well considered as the crops of
antiquity mainly known for their drought resistance,
insects, pests and disease resistance (Devi et al., 2014).
Sorghum is a warm-season cereal widely grown in
semiarid, sub-humid, and humid tropical and
subtropical regions of the world, where minimum mean
temperatures during the growing season generally stay
above l8°C (Singh, 1985).

Due to its versatile use, drought hardiness, stability of
yield and adaptability over wide range of climates,
sorghum has maintained its importance and
dependability. Hence it proved its popularity with
growers, especially in marginal areas with least fertile
and low water holding capacity soils where, only few
other crops can be grown.
Seed priming has presented promising and even
surprising results, for many crop seeds. Priming in its
traditional sense, is soaking of seeds in water before
sowing, has been the experience of farmers in India in
an attempt to improve crop stand establishment but the
practice was without the knowledge of the safe limit of
soaking duration. Heydecker, (1973) reported that seed
priming is one of the most important developments to
help rapid and uniform germination and emergence of
seeds and to increase seed tolerance to adverse
environmental conditions.
Research on priming has proved that crop seeds primed
with water germinated early, root and shoot
development started rapidly, grew more vigorously and
seedling length was also significantly greater than non-
primed seeds. This technique helps seeds to evenly
germinate even under adverse soil conditions. Bio-
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priming could also reduce the amount of bio-control
agents that must be applied to the seed (Singh et al.,
2003). Bio-priming is a seed treatment system that
involves coating the seed with fungal or bacterial bio-
control agents. Bio-agents can be applied as seed
treatment, seed coating, seed priming and soil
drenching, of which, most effective technique is seed
priming because it may be used for reducing diseases,
improvement of germination, vigour, seedling
establishment and yield in crops (Talebian et al., 2008).
Biopriming treatment is potentially able to promote
quick and even germination as well as better plant
growth (Moeinzadeh et al., 2010). Bio-priming is
directly involved in the enrichment of plant
development by the excretion of compounds and
mineral solubilisation (Sukanya et al., 2018).
Azospirillum has the capacity of nitrogen fixation,
synthesis of phytohormones and other compounds
including auxins, gibberlins, ethylene and promotes
plant growth. Pseudomonas fluorescens belong to plant
growth promoting bacteria, enhances growth, solubilize
minerals, produce antibiotic enzymes against
pathogens, and help in its absorption by roots. The use
of mixed inoculants was able to boost up higher vigor
index and plant growth rather than the single one.
Yadav et al., (2010) reported that mixed inoculant
application had improved better seed germination and
plant growth than the single one.
The role of zinc and iron in crop nutrition is well
recognized as it is used for bio-synthesis of plant
auxins, nitrogen metabolism, oxidation-reduction
reactions, which are considered to be necessary for
plant growth and development, chlorophyll formation,
photosynthesis, important enzyme system and
respiration in plants. Boron also plays a very important
role in vital functions of the plant, including meristem,
sugar and hydrocarbon metabolism and their transfer,
RNA and cytokinin production and transfer, pollen
building and seed formation Murthy et al., (2006).
Realizing the importance of sorghum as a popular and
commercially important annual cereal crop, need has
been felt to investigate the effect of seed priming
techniques to improve the germination characteristics of
sorghum seeds and production of healthy and stocky
seedlings besides producing the good quality and
vigorous seeds that will exhibit profuse seedling
parameter. Keeping in view the above facts, the present
studies have been planned.

MATERIALS AND METHODS

The experimental material for present investigation
comprised of thirteen priming treatments including
control on sorghum seed. The experiment was
conducted in Completely Randomized Design (CRD)
with four replications.
Treatments details: The genetically pure seeds of
sorghum var. SPV 1411 (Parbhanimoti) was used for
the study. SPV 1411 (Parbhanimoti) seeds are very bold
type with pearly white colour and were subjected to

various pre sowing treatments like Neem leaf extract,
Parthenium leaf extract, Azospirillum sp, Pseudomonas
fluorescens, Boron, Zinc sulphate along with distilled
water and dry seed as control.
The seeds were tested for the standard germination test
adopting between paper (BP) method as per ISTA
(2013) rules. The observations for various seedling
characters viz. Germination percent, root length, shoot
length, seedling length, fresh weight of seedling, dry
weight of seedling, vigor index 1, 2 were recorded.
Neem leaf extract was prepared according to Paul and
Sharma. Two hundred and fifty matured neem leaves
(250g) were homogenized in a pre-chilled pestle and
mortar using 250 ml chilled, sterilized distilled water
(Dilution of 1:1). The extract was filtered through four
layers of moistened muslin cloth. The supernatant thus
obtained was designated as concentrated leaf extract
and seeds were soaked by making dilution of required
concentration. Further, 3 ml filtrate was added to 100
ml to get 3 per cent solution. This solution is used for
soaking the seeds as per the required weight by volume
ratio of seed to solution. Seed to solution ratio of 1:0.5
were made and soaked for 8 hrs. Then the seeds were
air dried overnight.

RESULTS AND DISCUSSION

All the seed quality parameters differed significantly
due to seed priming treatments. Sorghum seeds primed
with T12 (Combination of Azospirillum sp. @20%+
Pseudomonas fluorescens @20 %+ Zinc sulphate
@0.1% + Boron @0.1%) recorded significantly higher
seed germination percentage (95%), root length
(14.79cm), shoot length (19.65cm), seedling length
(34.44cm) fresh weight  of seedling (1.71g) dry weight
of seedling (0.20 g) vigour index I (3272) Vigor index
II (19.23). While significantly minimum was recorded
T0 (Control) (84.5%, 9.07cm, 14.01cm, 23.08cm,
1.28g, 0.14g, 1951.59, 11.40) respectively.
Germination Percent: For Germination percent T12
(Combination of Azospirillum sp. + Pseudomonas
fluorescens + Zinc sulphate + Boron) (95%), T11 (Zinc
sulphate + Boron) (0.1%) (93.5%), T2 (Parthenium leaf
extract) (3%) (93.5%), and T10 (Boron) (0.1%) (91%),
were significantly higher in comparison to control.
However, these treatments were statistically at par to
each other. The combined application enhanced
germination rate and plant growth. The above data was
confirmed with the findings of Yadav et al., (2013);
Noumavo et al., (2013).
Root length: For root length, T12 (Combination of
Azospirillum sp. + Pseudomonas fluorescens + Zinc
sulphate + Boron) (14.79 cm), T11 (Zinc sulphate +
Boron) (0.1%) (14.29cm), T5 (Azospirillum sp.) (20%)
(13.7cm) and T8 (Pseudomonas fluorescens) (20%)
(13.69cm) were significantly higher in comparison to
control. The results showed are similar to the findings
of Chakradhar et al., (2017); Suliasih and Widawati
(2017).
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Fig. 1. Germination Percent as affected by various treatments in sorghum.

Fig. 2. Root length as affected by various treatments in sorghum.

Shoot length: For shoot length, highest shoot length
was recorded in T12 (Combination of Azospirillum sp.
+ Pseudomonas fluorescens + Zinc sulphate + Boron)
(19.65 cm) and T11 (Zinc  sulphate + Boron)   (0.1%)
(18.42cm). The results of present study is in agreement
with the findings reported by Sakthivel et al., (2009):
Sivasankaridevi et al., (2013); Sivakalai and
Krishnaveni, (2017).

Seedling length: For seedling length (cm), T12
(Combination of Azospirillum sp. + Pseudomonas
fluorescens + Zinc sulphate +   Boron) (34.44 cm),  and
T11 (Zinc sulphate + Boron) (0.1%) (32.71cm) were
found significantly higher in comparison to control and
other treatments. Similar findings has been reported by
Sridevi and Manonmani, (2016); Gangadharayya et al.,
(2019).

Fig. 3. Shoot length as affected by various treatments in sorghum.

Fig. 4. Seedling length as affected by various treatments in sorghum.
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Fresh weight of seedling: For seedling fresh weight
(g), T12 (Combination of Azospirillum sp. +
Pseudomonas fluorescens + Zinc sulphate + Boron)
(1.71g), followed by T11 (Zinc sulphate + Boron)
(0.1%) (1.61g), T9 (Zinc sulphate) (0.1%) (1.51g), T8
(Pseudomonas fluorescens) (20%) (1.51g), T10 (Boron)
(0.1%) (1.47g) were found significantly higher in
comparison to control.
Dry weight of Seedling weight: For seedlings dry
weight (g), treatments, T12 (Combination of
Azospirillum sp. + Pseudomonas fluorescens + Zinc
sulphate + Boron) (0.2g) was significantly higher to
control as well as other treatments.

Vigor index I: For Vigor index I, all the treatments
were significantly higher in comparison to control.
Among the treatments, T12 and T11, though was
statistically at par to each other but significantly higher
than control and other treatments.
Vigor index II: For Vigor index II, treatments T12
(Combination of Azospirillum sp. + Pseudomonas
fluorescens + Zinc sulphate + Boron) (19.23) was
significantly higher to control as well as other
significant treatments. Similar findings have been
reported by Shaukat et al., (2006); Niranjan et al.,
(2007); Hameeda et al., (2006).

Fig. 5. Fresh weight of seedling as affected by various treatments in sorghum.

Fig. 6. Dry weight of Seedling as affected by various treatments in sorghum.

Fig. 7. Vigor index I as affected by various treatments in sorghum.
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Fig. 8. Vigor index II as affected by various treatments in sorghum.

Table 1: Mean performance of treatments for different characters in sorghum (Sorghum bicolour L.)

Sr. No. Treatment details Germination
%

Root
length

Shoot
length

Seedling
length

Fresh
weight of
Seedling

Dry weight
of Seedling

Vigor
index I

Vigor
index

II
1. T0 (Control) 84.50 9.07 14.01 23.08 1.28 0.14 1951.49 11.40
2. T1 (Neem leaf extract) (3%) 87.25 10.35 15.15 25.50 1.36 0.15 2228.14 13.48

3.
T2 (Parthenium leaf extract)

(3%)
93.50 11.51 15.03 26.54 1.36 0.15 2479.04 14.20

4. T3 (Azospirillum sp.) (5%) 89.50 11.69 16.30 28.00 1.34 0.15 2505.71 13.69
5. T4 (Azospirillum sp.) (10%) 88.25 11.93 16.00 27.93 1.39 0.15 2466.74 13.54
6. T5 (Azospirillum sp.) (20%) 87.50 13.70 18.03 31.73 1.42 0.17 2774.73 14.49

7.
T6 (Pseudomonas fluorescens)

(5%)
88.50 11.48 16.95 28.43 1.40 0.16 2517.81 13.81

8.
T7 (Pseudomonas fluorescens)

(10%)
85.75 11.88 16.43 28.31 1.44 0.16 2428.21 13.33

9.
T8 (Pseudomonas fluorescens)

(20%)
88.00 13.69 17.57 31.26 1.51 0.18 2751.51 15.82

10. T9 (Zinc sulphate) (0.1%) 88.25 12.20 16.10 28.30 1.51 0.16 2498.37 14.25
11. T10 (Boron) (0.1%) 91.00 11.51 16.60 28.11 1.47 0.17 2558.11 15.09

12.
T11 (Zinc sulphate + Boron)

(0.1%)
93.50 14.29 18.42 32.71 1.61 0.18 3058.28 17.13

13.

T12 (Combination of
Azospirillum sp. +

Pseudomonas fluorescens +
Zinc sulphate + Boron)

95.00 14.79 19.65 34.44 1.71 0.20 3272.00 19.23

Mean 89.27 12.16 16.63 28.8 1.45 0.16 2576.16 14.57
Minimum 84.50 9.07 14.01 23.08 1.28 0.14 1951.49 11.40
Maximum 95.00 14.79 19.65 34.44 1.71 0.20 3272.00 19.23

S.Em 1.474 0.566 0.496 0.683 0.067 0.005 81.616 0.5
S.Ed 2.085 0.801 0.702 0.965 0.095 0.007 115.4 0.707

CD(5%) 4.217 1.62 1.42 1.952 0.192 0.014 233.47 1.43
CV 3.3 9.31 5.97 4.74 9.28 6.13 6.34 6.86

Bio-priming is the treatment of seeds with beneficial
micro-organisms. Micro-organism which protect plants
from pathogens and improve their growth are used
Karthikeyan et al., (2009) observed that Azospirillum
brasilense and Pseudomonas fluorescens primed seeds
increased plant parameters such as leaf number, length
of roots and height. These plant growth promoting
Rhizobacteria show beneficial effect as they have the
potential to produce growth hormones (GA3 and IAA),
help in nitrogen fixation, produce antibiotic enzymes
against pathogens, solubilize minerals and help in its
absorption by roots. Primed seeds increased the
emergence and development of seedling along with
increased dry matter of roots.

Such seed treatment promotes germination through
environmental signals, mRNA activation/depression,
membrane permeability and effect on pathogens.
Pseudomonas fluorescens also helps to enhance the
seed metabolic efficiency of primed seeds. The higher
metabolic efficiency leading to mobilization of reserved
food to the embryo for early initiation of germination
was reported by Atia et al., (2006). The increase in the
application of boron and zinc sulphate may be
explained on the ground that boron is involved in the
active photosynthesis which ultimately help towards the
growth parameters. Increase in growth parameters
might be due to improved physiological activity like
photosynthesis and translocation of food material.
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CONCLUSION

It is concluded from the present investigation of seed
treatments with different kind of priming were found
affecting significantly different  characters  of   growth
under study in sorghum. Priming with T12
(Combination of Azospirillum sp. + Pseudomonas
fluorescens + Zinc sulphate + Boron) was found
significantly superior which affected all the growth
parameters in sorghum in comparison to control and
other treatments. Thus, application of Azospirillum sp.
+ Pseudomonas fluorescens + Zinc sulphate + Boron) is
useful for improving seed quality in sorghum.
Therefore on behalf of this study suggested
combination of bio-inoculants and micronutrients were
capable to increase germination and seedling
parameters. The use of bio-inoculants is an efficient
approach to replace chemicals which are ecofriendly,
non-hazardous and non-toxic for sustainable sorghum
cultivation. Further investigations under field
conditions might be needed to clarify the role of bio-
inoculants and micronutrients in sorghum and other
crops for commercial cultivation by farmers.
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