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ABSTRACT
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The study was carried out to find out the effect of halo and hormonal priming on papaya seeds. The
experiment was laid down in Completely Randomized Design (CRD) and was replicated thrice with nine
different treatments namely T1 (sodium chloride 600 PPM for 10 hours and gibberellic acid 50 PPM for 4
hours), T2 (sodium chloride 600 PPM for 10 hours and gibberellic acid 100 PPM for 4 hours), T3 (sodium
chloride 900 PPM for 10 hours and gibberellic acid 50 PPM), T4 (sodium chloride 900 PPM for 10 hours
and gibberellic acid 100 PPM for 4 hours), T5 (sodium chloride 600 PPM for 10 hours and benzyl adenine
50 PPM for 4 hours), T6 (sodium chloride 600 PPM for 10 hours and benzyl adenine 100 PPM for 4 hours),
T7 (sodium chloride 900 PPM for 10 hours and benzyl adenine 50 PPM for 4 hours), T8 (sodium chloride
900 PPM for 10 hours and benzyl adenine 100 PPM for 4 hours) and T9 (control: distilled water for 10
hours). Various attributes were observed for the study. From the entire experiment the results showed
that priming with Sodium chloride 600 PPM for 10 hours and gibberellic acid 50 PPM for 4 hours (T1)
was the best seed priming technique as it gave the maximum final germination percentage and which

performed better than other treatments.

HIGHLIGHTS

© Best results were obtained for the treatment of T1 i.e.; Sodium chloride 600 PPM for 10 hours and

gibberellic acid 50 PPM for 4 hours.

Keywords: Halo-priming, hormonal priming, growth hormone, gibberellic acid, benzyl adenine, sodium

chloride, seed germination

Seed germination in papaya is slow, erratic and is
also incomplete (Chako and Singh 1966). The seed
is enclosed within a gelatinous sarcotesta (aril, or
outer seed coat which is formed from the outer
integument. The sarcotesta can delay germination,
and also dormancy is observed in seeds from
which the aril has been removed. The theory of
seed priming was proposed by Heydecker et al.
1973. Seed priming is a process of regulating the
germination process by managing the temperature
and seed moisture content. Seed priming is an
effective technology to enhance rapid and uniform
emergence and to achieve high vigour, leading to
better stand establishment and yield (Harris et al.
2007). Various seed priming techniques have been

developed till date. Halo priming is a pre-sowing
soaking of seeds in salt solutions, which enhances
germination and seedling emergence uniformly
under adverse environmental conditions and
normal condition. NaCl, KCl, KNO,, and CaCl, are
used generally. Hormonal priming on the other
hand is soaking of seed in hormone solution. GA3,
Salicylic acid, Ascorbic acid, Cytokinins etc. can be
used for this. Hence, considering the importance of
priming, the present study was undertaken on Halo
and Hormonal priming of papaya seed.
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MATERIALS AND METHODS

Study area

The experiment has been executed on the effect
of halo priming followed by hormonal priming
in Papaya seed germination in the Department
of Horticulture, Institute of Agricultural Science,
University of Calcutta. This study has been done
in the month of June 2022.

Seed collection

For this experiment purpose, fully ripened Papaya
(Carica papaya L.) were collected from the Sealdah
Market, Kolkata. Thereafter seeds were extracted
out carefully from the fruit.

Tillage practices

The soil was collected from two different places
i.e. Baruipur Agricultural Farm and Institute of
Agricultural Science and mixed properly with coco
peat & leaf mold.

Treatment and experimental design

The experiment comprised of nine different
treatments such as: T1-Sodium chloride 600 PPM
and gibberellic acid 50 PPM, T2-Sodium chloride
600 PPM and gibberellic acid 100 PPM, T3-Sodium
chloride 900 PPM and gibberellic acid 50 PPM,
T4-Sodium chloride 900 PPM and gibberellic acid
100 PPM, T5-Sodium chloride 600 PPM and benzyl
adenine 50 PPM,T6-Sodium chloride 600 PPM
and benzyl adenine 100 PPM, T7-Sodium chloride
900 PPM and benzyl adenine 50 PPM, T8-Sodium
chloride 900 PPM and benzyl adenine 100 PPM,
T9 - Distilled water. The experiment was laid down
in Completely Randomized Design (Gomez and
Gomez 1984; Sheoran et al. 1998) method with these
nine treatments and three replications with 10 seeds
in each pot. The pots were filled with 50% coco
peat, 25% soil, 25% leaf mold in each of them. The
seeds of papaya were soaked in sodium chloride
(in different concentrations) for 10 hours and then
were taken out of water on filter paper to dry out
under room temperature and again the treated
seeds were soaked in growth hormone for 4 hours
i.e.; Gibberellic acid & Benzyl adenine (in different
concentrations). Thereafter seeds were sown in pots
containing the potting mixture at 10-15 m deep in
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soil. Further data were recorded on the basis of
specific incidents such as germination percentage
of seed (Nichols and Heydecker 1968), number of
leaves (Tian et al. 2014), length of leaves (Dhal et
al. 2022)., increase in length of roots (Mondal et al.,
2018)., increase in number of rootlets (Aryal 2020),
increase total length of seedling (Kumari et al. 2017).,
chlorophyll content (Ranganna et al. 2003). Every
day the pots had to expose out in the sun for 6 to
7 hrs. Irrigations were done on daily basis in the
evening until all the seeds germinated and then in
an interval of 2 days. Other cultural practices like
weeding and plant protection measures were done
uniformly in every pot.

RESULTS AND DISCUSSION

Germination percentage

It is revealed from experimental result presented in
Table 1 that the highest percentages was recorded as
83.33% in T9 (control: distilled water for 10 hours)
whereas the lowest germination percentage was
26.67% in T6 (sodium chrolide, 600 PPM for 10
hours and benzyl adenine 100 PPM for 4 hours),
T7 (sodium chloride, 900 PPM for 10 hours and
benzyl adenine 50 PPM for 4 hours) and T8 (sodium
chloride, 900 PPM for 10 hours and benzyl adenine
100 PPM for 4 hours) and this total observation was
done on 30 DAS.

Table 1: Germination percentage of the papaya
seedlings as influenced by halo priming followed by
hormonal priming

Treatments 30 DAS 35 DAS
T1 80.00 83.33
T2 56.67 66.67
T3 70.00 66.67
T4 60.00 63.33
T5 36.67 26.67
T6 26.67 26.67
T7 26.67 23.33
T8 26.67 13.33
T9 83.33 86.67
CD 19.111 18.222
SEmz 6.383 6.086

Further, it is observed on 35 DAS the highest
germination percentage was recorded as 86.67%
in T9 (Control: distilled water for 10 hours) which
was closely followed by T1 (sodium chloride 600
PPM for 10 hours and gibberellic acid 50 PPM for

Online ISSN : 2230-732X



Combination of Halo Priming Accompanied with Hormonal Priming on Papaya Seed Development

4 hours) showing of 83.33% and lowest germination
percentage was recorded as 13.33% in T8 (sodium
chloride, 900 PPM for 10 hours and benzyl adenine
100 PPM for 6 hours).

Number of leaves

It has been revealed from experimental results
presented in Table 2 that the collected highest mean
number of leaves of 30 DAS was 4.50 which was
observed in the treatment of T1 (sodium chloride,
600 PPM for 10 hours and gibberellic acid, 50 PPM
for 4 hours) and T9 (control: distilled water for
10 hours) whereas lowest mean number of leaves
was 3.67 observed in the treatment of T5 (sodium
chloride 600 PPM for 10 hours and benzyl adenine,
50 PPM for 4 hours) and T7 (sodium chloride, 900
PPM for 10 hours and benzyl adenine ,50 PPM for
4 hours) and these above data was recorded on 30
days. Next observations was done on 35 days where
highest mean number of leaves of 5.67 was shared
by the treatment T8 (sodium chloride, 900 PPM for
10 hours) and T9 (control: distilled water for 10
hours), this was followed by T5 (sodium chloride
600 PPM for 10 hours and benzyl adenine, 50 PPM
for 4 hours) and T7 (sodium chloride, 900 PPM for
10 hours and benzyl adenine 50 PPM for 4 hours)
showing 5.33 and 5.00 no. of leaves respectively. The
lowest mean number of leaves was 4.33 which was
observed on the treatment of T6 (sodium chloride
600 PPM for 10 hours and benzyl adenine 100 PPM
for 4 hours).

Table 2: Number of leaves of the papaya seedlings
as influenced by halo priming followed by hormonal

priming
Treatments 30 DAS 35 DAS
T1 4.50 4.67
T2 4.17 4.67
T3 4.00 4.67
T4 4.17 4.83
T5 3.67 5.33
T6 4.00 4.33
T7 3.67 5.00
T8 4.33 5.67
T9 4.50 5.67
CD NS NS
SEm+ 0.299 0.614
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Length of leaves

In Table 3, the first reading was taken on 30 DAS
in which highest leaf length was 1.43 cm in the
treatment of T2 (sodium chloride, 600 PPM for 10
hours and gibberellic acid, 100 PPM for 4 hours)
and T6 (sodium chloride, 600 PPM for 10 hours and
benzyl adenine, 100 PPM for 4 hours) and lowest
leaf length was 1.17 cm observed in the treatment
of T4 (sodium chloride 900 PPM for 10 hours
and gibberellic acid 100 PPM for 6 hours) and T7
(sodium chloride 900 PPM for 10 hours and benzyl
adenine 50 PPM for 4 hours). The second reading
was followed on 35 DAS and where the highest leaf
length was 1.63 cm in the treatment of T8 (sodium
chloride 900 PPM for 10 hours and benzyl adenine
100 PPM for 4 hours) and T7 (sodium chloride 900
PPM for 10 hours and benzyl adenine 50 PPM for
4 hours). Other treatments maintained significant
acceptable length of leaves, however the lowest
length of leaf was 1.10 cm in the treatment of T5
(sodium chloride 600 PPM for 10 hours and benzyl
adenine 50 PPM for 4 hours).

Table 3: Length of leaves of the papaya seedlings as
influenced by halo priming followed by hormonal

priming
Treatments 30 DAS 35 DAS
T1 1.40 1.40
T2 1.43 1.37
T3 1.40 1.47
T4 1.17 1.53
T5 1.20 1.10
T6 1.43 1.33
T7 1.17 1.63
T8 1.20 1.63
T9 1.40 1.53
CD NS 0.503
SEm# 0.118 0.168
Length of roots

It is being observed from experimental results
shown in Table 4, that highest root length of 4.27
cm was observed in T9 (control: distilled water
for 10 hours) followed by T1 (sodium chloride 600
PPM for 10 hours and gibberellic acid 50 PPM for
4 hours) of 4.02 cm whereas the lowest root length
of 1.43 cm was observed in T5 (sodium chloride 600
PPM for 10 hours and benzyl adenine 100 PPM for
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6 hours) on 30 DAS. For the next observation on 35
DAS the highest root length of 4.80 cm was observed
in T6 (sodium chloride 600 PPM for 10 hours and
benzyl adenine 100 PPM for 4hours) which was
very closely succeeded by T5 (sodium chloride 600
PPM for 10 hours and benzyl adenine 50 PPM for
4 hours) showing a root length of 4.77 and 4.42 cm
then the lowest root length of 2.73 cm was observed
in T8 (sodium chloride 900 PPM for 10 hours and
benzyl adenine 100 PPM for 4 hours). Then on the
last reading of 40 DAS the maximum root length,
4.83 cm was observed in T5 (sodium chloride 600
PPM for 10 hours and benzyl adenine 50 PPM for
4 hours). Also the treatments T6 (sodium chloride
600 PPM for 10 hours and benzyl adenine 100 PPM
for 4 hours), T3 (sodium chloride 900 PPM for 10
hours and gibberellic acid 50 PPM for 4 hours), T9
(control: distilled water for 10 hours), T4 (sodium
chloride 900 PPM for 10 hours and gibberellic acid
100 PPM for 6 hours), T7 (sodium chloride 900 PPM
for 10 hours and benzyl adenine 50 PPM for 4 hours)
and T1 (sodium chloride 600 PPM for 10 hours and
gibberellic acid 50 PPM for 4 hours) showed the
mean length of root above 4 cm. Lastly the lowest
root length of 3.33 cm was observed in T8 (sodium
chloride 900 PPM for 10 hours and benzyl adenine
100 PPM for 4 hours) on 40 DAS.

Table 4: Length of roots of the papaya seedlings as
influenced by halo priming followed by hormonal

priming
Treatments 30 DAS 35 DAS 40 DAS
T1 4.02 442 4.02
T2 3.53 3.63 3.93
T3 3.88 4.07 4.38
T4 3.75 3.87 4.15
T5 1.43 4.77 4.83
T6 3.50 4.80 4.77
T7 3.03 3.53 4.03
T8 1.80 2.73 3.33
T9 4.27 3.73 4.33
CD 0.183 1.212 NS
SEm+ 0.395 0.405 0.481

Number of rootlets

Variations in rootlet numbers were observed in
case of different replications in different pots. It is
noticeable from Table 5 that the highest number of
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rootlets of 14 was observed in T9 (control : distilled
water for 10 hours) whereas, lowest number of
rootlets, 6.33 was recorded in T5 (sodium chloride
600 PPM for 10 hours and benzyl adenine 50 PPM
for 4 hours) on 30 DAS. Next observation was
done on 35 DAS which shows the highest number
of rootlets of 17 in T3 (sodium chloride 900 PPM
for 10 hours and gibberellic acid 100 PPM for 4
hours) followed by 14.67 in T5 (sodium chloride
600 PPM for 10 hours and benzyl adenine 50 PPM
for 4 hours) and the lowest number rootlets, 6 was
observed in T8 (sodium chloride 900 PPM for 10
hours and benzyl adenine 100 PM for 4 hours). In
last observation on 40 DAS the maximum number of
rootlets of 19 was observed in T3 (sodium chloride
900 PPM for 10 hours and gibberellic acid 50 PPM
for 4 hours) succeeded by T4 (sodium chloride 900
PPM for 10 hours and gibberellic acid 100 PPM for
6 hours) with 18.83 and lowest number of rootlets
of 7.67, were observed in T8 (sodium chloride 900
PPM for 10 hours and benzyl adenine 100 PPM for
4 hours).

Table 5: Number of rootlets of the papaya seedlings
as influenced by halo priming followed by hormonal

priming

Treatment 30 DAS 35 DAS 40 DAS
T1 10.00 13.33 13.67
T2 9.17 13.67 13.33
T3 12.50 17.00 19.00
T4 12.67 13.17 18.83
T5 6.33 14.67 13.33
T6 10.00 13.33 14.00
T7 10.00 11.33 12.00
T8 9.33 6.00 7.67
T9 14.00 13.67 13.33
CD 3.497 3.314 3.768
SEm+ 1.168 1.107 1.258

Total length of seedling

Table 6 shows the highest seedling length of 12.13
cm was observed in T9 (control for 10 hours) and
the lowest seedling length was 3.63 cm which was
observed in T5 (sodium chloride 600 PPM for 10
hours and benzyl adenine 50 PPM for 4 hours) on
30 DAS. Then on 35 DAS, the highest total length
of seedling, 14.20 cm was observed in T9 (control:
distilled water for 10 hours) and the lowest length
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of seedling, 9.70 cm was observed in T8 (sodium
chloride 900 PPM for 10 hours and benzyl adenine
4 hours). Lastly on 40 DAS the highest length of
seedling of 17.32 cm was observed in T9 (control for
10 hours). But the seedlings under other treatments
showed good response and documented a standard
total length of the plants throughout the study
period.

Table 6: Total length of the papaya seedlings as
influenced by halo priming followed by hormonal

priming
Treatments 30 DAS 35 DAS 40 DAS
T1 11.52 11.87 12.61
T2 10.28 12.37 12.70
T3 12.10 12.43 12.93
T4 11.12 11.67 13.32
T5 3.63 12.33 13.70
T6 10.77 12.33 13.07
17 11.27 11.83 12.87
T8 10.90 9.70 11.23
T9 12.13 14.20 17.32
CD 1.823 NS 2.855
SEmz 0.609 0.934 0.953
Chlorophyll content

Table 7 shows the highest content of chlorophyll
a, for 30 DAS was 0.025 mg/ml, observed in T9
(control for 10 hours) while the lowest content of
chlorophyll a, 0.002 mg/ml observed in T5 (sodium
chloride 600 PPM for 10 hours and benzyl adenine
50 PPM for 4 hours), T6 (sodium chloride 600 PPM
for 10 hours and benzyl adenine 100 PPM for 4
hours) and T7 (sodium chloride 900 PPM for 10
hours and benzyl adenine 50 PPM for 4 hours) on
30 DAS. For chlorophyll b, 0.013 mg/ml observed
in T9 (control: distilled water for 10 hours) while
the lowest content of chlorophyll b, 0.00 mg/ml was
observed in T7 (sodium chloride 900 PPM for 10
hours and benzyl adenine 50 PPM for 4 hours). And
then for total chlorophyll, 0.038 mg/ml observed
in T9 (control for 10 hours) and the lowest content
of total chlorophyll of 0.002 mg/ml was seen in T7
(sodium chloride 900 PPM for 10 hours and benzyl
adenine 50 PPM for 4 hours). An increasing trend
for chlorophyll was seen in the next interval, the
highest content of chlorophyll a at 35 DAS of 0.013
mg/ml observed in T9 (control: distilled water for

Print ISSN : 0974-1712

679

LJAEB

10 hours) while the lowest content of 0.002 mg/ml
was observed in T5 (sodium chloride 600 PPM for
10 hours and benzyl adenine 50 PPM for 4 hours)
and T6 (sodium chloride 600 PPM for 10 hours and
benzyl adenine 100 PPM for 4 hours). Chlorophyll b
content at the same interval was 0.012 mg/ml in T6
(sodium chloride 600 PPM for 10 hours and benzyl
adenine 100 PPM for 4 hours) and lowest value of b
0.001 mg/ml was observed in T5 (sodium chloride
600 PPM for 10 hours and benzyl adenine 50 PPM
for 4 hours) and T8 (sodium chloride 900 PPM for 10
hours and benzyl adenine 4 hours) respectively. In
case of total chlorophyll content it was 0.023 mg/ml
observed in T9 (control: distilled water for 10 hours).

Table 7: Chlorophyll content (mg/ml) of the papaya
seedlings as influenced by halo priming followed by
hormonal priming

Treatments 30 DAS 35 DAS

Cha Chb TCh Cha Chb TCh
T1 0.016 0.005 0.016 0.008 0.005 0.013
T2 0.004 0.002 0.005 0.003 0.002 0.005
T3 0.003 0.001 0.004 0.005 0.003 0.008
T4 0.004 0.003 0.007 0.004 0.003 0.007
T5 0.002 0.001 0.003 0.002 0.001 0.004
T6 0.002 0.001 0.003 0.002 0.012 0.014
T7 0.002 0.000 0.002 0.005 0.003 0.007
T8 0.010 0.004 0.008 0.003 0.001 0.004
T9 0.025 0.013 0.038 0.013 0.010 0.023
CD 0.012 0.005 0.015 0.004 NS NS
SEmz* 0.004 0.002 0.005 0.001 0.004 0.005

Seed priming came out to be successful and
effective strategy for improving the germination
of papaya seeds. Significantly higher germination
percentage, observed in halo primed followed by
hormonal primed seeds as compared to non-primed
seeds indicated a positive effect of seed priming in
synchronizing the seed germination process (Table
1). A higher germination percentage, 86.67% was
recorded in seeds that were soaked in distilled water
for 10 hours similar work has been done by Khajjak
et al. (2022). In this experiment it was reported that,
the maximum germination percentage was given
by seed primed with distilled water for 10 hours.
Tian et al. (2014) also reported that the optimum
germination performance was observed after halo
priming and hormonal priming. Combination
of halo priming accompanied with hormonal
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priming on the papaya seed development showed
remarkable benefit on the number of leaves and
length of leaves (Table 2 and 3) etc. At week 4 to
week 5, the treatment showed significant difference
in the plant parameters in view. The maximum
number of leaves was 5.67 observed in treatment T8
(sodium chloride 900 PPM for 10 hours and benzyl
adenine 50 PPM for 4 hours). This may be due to
coco peat that assists to increase leave number in
plant, similar work has done by Ketter et al. (2014).
The highest length of leaves, 1.53 cm was recorded
in treatment T7 (sodium chloride 900 PPM for 10
hours and benzyl adenine 50 PPM for 4 hours) and
T8 (sodium chloride 900 PPM for 10 hours and
benzyl adenine 50 PPM for 4 hours) on 35 DAS
whereas the lowest length of leaves, 1.10 cm was
recorded in treatment of T4 (sodium chloride 900
PPM for 10 hours and gibberellic acid 100 PPM for 4
hours) on 35 DAS. Ghobadi et al. (2012) and Tian et
al. (2014) work also reported that wheat seeds were
treated with hormonal priming (gibberellic acid)
and osmo priming solution, increase the number
of leaves and length of leaves. Papaya seedlings
showed appreciable effect of halo priming followed
by hormonal priming on the length of root, number
of rootlets, and total length of seedling (Table 4, 5,
and 6). The number of rootlets per seedling was
increased with increasing in days. Overall highest
length of root was 4.83 cm in the treatment of T5
(sodium chloride 600 PPM for 10 hours and benzyl
adenine 50 PPM for 4 hours) on 40 DAS. Overall
highest number of rootlets, 19.00 was recorded in
T3 (sodium chloride 900 PPM for 10 hours and
gibberellic 50 PPM for 4 hours) on 40 DAS. Similar
experiment has been done by Rehman et al. (2021)
that signifies the role of seed priming in root
development and crop production. Furthermore,
it may also be due to 50% coco peat, 25% soil and
25% leaf mold which have a high-water absorption
capacity and also promotes root aeration as it retains
a good amount of air even in wet condition. It
has limited anti-fungal properties which helps in
keeping pests away.

CONCLUSION

From this study, it is concluded that the present
investigation of different concentration of priming
treatments showed significant effect on seed
germination and seed vigor parameters. The seed
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performances of papaya for all recorded parameters
were remarkably better after priming. However,
from the entire experiment, it was obtained that
the best priming treatments for seeds of papaya
were T1 (sodium chloride 600 PPM for 10 hours
and gibberellic acid 50 PPM for 4 hours) as it gave
the maximum final germination percentage and
performed better than other treatments.
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