Fane-Fane Int’l Multidisciplinary Journal, Vol. 7, NO.2, November, 2023 www.fanefanejournal.com

Osmopriming and Hormonal Priming Combined Improve Germination and Seedling
Growth of Rice Var. FARO44
Lawan Gana Ali*, Abubakar Haruna, Rabiu Sabo, Mustapha Abdulkarim

!Department of Science Laboratory Technology, School of Science, Mai Idris Alooma
Polytechnic Geidam, Yobe State Nigeria

“Corresponding author: lawanganaali@yahoo.com

Abstract

Osmopriming and hormonal priming have been practiced by farmers to stimulate fast germination and
seedling growth of various crop species. In this study, laboratory experiments were carried out to
examine the effect of combined osmopriming with potassium nitrate and hormonal priming with
salicylic acid to promote germination and seedling growth of FARO44 rice. In the laboratory, FARO44
rice seeds soaked in 5 % KNO3;+200 mM SA and 2.5% KNO3z+350 mM SA were germinated in
specimen bottles for two weeks. Each treatment was replicated five times. The results revealed that
combined osmopriming and hormonal priming with 5% KNO3+200 mM SA and 2.5% KNO3+350 mM
SA had significantly improved germination index and decreased mean germination time of FARO44
rice compared to control. However, germination percentage had not been improved substantially
compared to control. However, there were no marked differences in GI and MGT between 5%
KNO3+200 mM SA and 2.5% KNO3z+350 mM SA osmoprimed and hormonal primed rice. Moreover,
the results indicated that combined osmo-hormonal priming with 5% KNO3+200 mM SA and 2.5%
KNO;+350 mM SA had increased seedling growth, seedling vigour and biomass of FAROA44 rice
seedlings. However, length of plumule of FARO44 rice seedlings was not affected by these processes
compared to control.
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Introduction

Osmopriming is the physiological process of
presoaking seeds in low osmotic solutions.
Compounds mostly used for osmopriming
seeds comprise of glycerol, polyethylene
glycol, mannitol, sorbitol as well as inorganic
salts like CaCl;, M@gSO., KH2PO. K3POs,
KNOs, KCI, and NaCl. Seed priming with salts
sometimes called halopriming (Lutts et al.,
2016). Osmopriming of cereals are proven to
promotes germination, seedling emergence and
growth. Osmopriming activates important pre-
germination metabolic processes prior to
appearance of the radicle (Jisha et al., 2013;
Jisha & Puthur, 2014). This technique enhances
germination and quality of seedling
establishment, improves growth as well as
flowering in plants (Bhargava, 2013; Jisha et
al., 2013). Osmopriming is important in
minimizing the risks of poor seedling
emergence under stressful conditions of salinity
and water (Kaya et al., 2004; Bhargava, 2013).
Osmopriming enhances the performance rice
seeds by allowing the initiation of essential
metabolic processes thereby giving them
unparalleled advantages over un-osmoprimed
seeds.

On the other hand, hormonal priming involves
the physiological process of presoaking seeds in
different hormones such as kinetin, gibberellic
acid (GAs), salicylic acid, ascorbate and so on
to enhance growth as well as rapid seedlings
development (Yadav et al., 2018). Controlled
soaking of seeds in plants’ hormones causes
rapid multiplication and growth of plants
particularly during unfavourable environmental
conditions. Changes stimulated by hormonal
priming have significant effects on increasing
germination as well as uniform seedling
appearance particularly of several cereals in
stressed conditions (Farooq et al., 2009).
Hormonal primed seeds are characterized with
faster germination and more uniform seedling

emergence compared to their non-hormonal
primed counterparts.

Poor germination, seedling growth and
establishment have been main issues ravaging
rice production in drier ecosystems that lead to
decline in yields. Despite the reliability of
physiological processes of osmopriming and
hormonal priming with chemicals and
hormones in enhancement of germination as
well as rice seedling growth, there is scanty of
study of employing these processes in
increasing germination and seedling growth of
FARO44 rice. Hence, this paper was examined
the effect of combined osmopriming with
potassium nitrate and hormonal priming with
salicylic acid to improve germination and
seedling growth of FARO44 rice.

Materials and methods
Study Location

This study was performed in the Biology
Laboratory of the Department of Science
Laboratory Technology, School of Science,
Mai Idris Alooma Polytechnic, Geidam, Yobe
State, Nigeria.

Sample collection

FARO44 rice seeds were obtained from
Badeggi Rice Research Institute in Niger State,
Nigeria in West Africa. FARO44 rice is a new
rice variety developed in Nigeria, it is cultivated
in different parts of Nigeria in irrigation as well
as rain-fed agriculture (Oluwaseyi &
Nehemmiah, 2016).

Optimisation of osmopriming and hormonal
priming chemicals and duration

Preliminary studies were carried out to
optimised the osmopriming and hormonal
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priming chemicals (salicylic acid and
potassium nitrate) and duration. FARO44 rice
seeds were presoaked in  different
concentrations of potassium nitrate (KNOs) and
salicylic acid (SA) (Zheng et al., 2016). The
effective concentrations of 2.5% and 5% KNOs
and 200 mM and 350 mM SA and 8 hour
soaking time were used on the bases of
germination and seedling growth performances
such as germination percentage, germination
index, mean germination time, seedling length,
shoot and root length and seedling vigour
(Hussain et al., 2016; Zheng et al., 2016).

Osmopriming and hormonal
treatment and seed germination

priming

Prior to presoaking of seeds, all beakers and
specimen bottles were kept in an oven for 15
hours at 75 °C; while the different soaking
solutions of SA and KNO3 were prepared and
kept in a deep freezer (-20°C).

Sterilized FAROA44 rice seeds were presoaked
separately in 10 ml each of 2.5% as well as 5%
(w/v) of KNO3 and 200 mM and 350 mM
solutions (w/v) of SA for 8 hours as described
by Chunthaburee et al. (2014), Yan (2015) &
Abdel Latef & Tran (2016). The systems were
placed in laboratory at 25 °C as well as and
photoperiod of 12h light/12 h dark. The ratio of
1:4 (w/v) seeds to volume of solution was
retained throughout the osmopriming and
hormonal priming processes. The seeds were
then thoroughly rinsed with distilled water and
air-dried for 48 hours to their initial mass of
11.1% at 25 °C (Anosheh et al., 2011; Khan et
al., 2019)

Combined osmoprimed and hormonal primed
rice seeds in KNOs and SA were germinated in
specimen bottles lined with Whatman filter
(No.1 90mm) and 7 ml distilled water applied
for two weeks in laboratory growth room with
temperature of 25 °C as well as a photoperiod
of 12h light/12 h dark (Anwar et al., 2013; Khan
et al.,, 2019). Each treatment had five
replications. The first record of germinations

was taken on the second day while the last was
taken on the fourteenth day. Seed was
considered germinated if the emerged radicle
measures at least 2 mm long (Chunthaburee et
al., 2014; Ruttanaruangboworn et al., 2017). All
the measurements were based on randomly
picked six normal rice seedlings in every
replication. At the end of the experiment, final
germination percentages were computed (Yan,
2015).

Statistical analyses

The osmopriming and hormonal priming
experiments were laid down in a completely
randomized design with five replicates per each
treatments (Azeem et al., 2015). Data normality
was tested with Shapiro Wilk test prior to
analyses. One-way ANOVA) was carried out
for comparing the effects of osmopriming and
hormonal priming on germination and growth
of seedling attributes studied (Khatami et al.,
2015). Significant means differences were
separated with Duncan's Multiple Range Test
(DMRT) (P <£0.05) (Yan, 2015).

RESULTS

Effect of hormonal and osmopriming on
germination of rice

The analyses of variance showed that
osmopriming and hormonal priming KNO3 and
SA had no significant effect (P < 0.05) on
percentage of germination (GP) of FARO44
rice in comparison to control (non-osmoprimed
and non-hormonal primed seeds) as detailed in
Table 1. Osmoprimed and hormonal primed
seeds with 5% KNO3+200 mM SA as well as
25% KNO3+350 mM SA significantly
recorded maximum germination indices (Gl) of
3.5 and 3.6 compared to control with lower Gl
of 2.3. However, there were no significant
differences between 5% KNO3+200 mM SA
and 2.5% KNO3+350 mM SA osmo-hormonal
primed rice seeds. It was evident that there were
marked significant differences in the mean
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germination time (MGT) of 5% KNO3+200 within two days and 4 hours while 2.5%
mM SA and 25% KNO3;+350 mM SA KNO3;+350 mM SA primed rice seeds took 2
osmoprimed and hormonal primed rice seeds days and 3 hours to complete germination
compared to control. The 5% KNO3+200 mM compared to 3 days and 5 hours for control rice
primed rice seeds completed germination seeds as presented in Table 1 below.

Table 1: Osmo-hormonal priming influence on germination characteristics of FARO44 rice

Concentrations of osmo- Germination Germination Mean Germination
hormonal priming agents Percentage (%) Index Time (Days)
Control 100 +0.0? 2.3+0.0° 3.5+£0.0

5% KNO3+200 mM SA 100 + 0.0? 35+0.1° 24+00°
2.5% KNO3+350 mM SA 98.9£0.1° 3.6+0.1° 2.4+0.1°
Levels of 0.397 0.000 0.000
Significance

Means + SE values in the columns having the same letter (s) are not significantly different according to Duncan’s
Multiple Range Test (P < 0.05), while figures with different letters were statistically different.

Effects of Osmopriming and hormonal KNO3+350 mM SA primed seedlings.
priming upon growth of rice seedling Osmoprimed and hormonal priming had not
significantly affected the plumule length of
FARO44 rice seedlings as seen in Table 2
below. The 5% KNO3+200 mM SA and 2.5%
KNO3;+350 mM SA osmo-hormonal priming
had significant effect in promoting root length
of FARO44 rice seedlings compared to
control’s root. The 5% KNO3;+200 mM SA
osmo-hormonal primed seedlings had root
length of 6.7 cm while 2.5% KNO3;+350 mM
SA had root length of 7.1 cm and control with
root length of 5.2 cm. There was no marked
difference in root length of 5% KNO3+200 mM
SA and 2.5% KNO3;+350 mM SA osmo-
hormonal primed seedlings

Variance analyses showed that 5% KNO3+200
mM SA and 25% KNO;+350 mM SA
osmoprimed and hormonal primed FARO44
rice seedlings had recorded significantly (P <
0.05) maximum seedling height in comparison
to control seedlings as detailed in Table 2. The
5% KNO3+200 mM SA osmoprimed and
hormonal primed rice seedlings had seedling
height of 12.6 cm while 2.5% KNO3+350 mM
SA osmo-hormonal primed seedlings had
seedling height of 12.9 cm compared to 10.7 cm
seedling height for control. There was no
significant difference in seedling height
between 5% KNO3z+200 mM SA and 2.5%

Table 2: Effect of osmo-hormonal priming on seedling growth FAROA44 rice

Concentrations of osmo- Seedling height Plumule length Root length (cm)
hormonal priming agents (cm) (cm)

Control 10.7+0.4° 5.8+0.12 5.2+0.3°
5% KNO3+200 mM SA 12.6+0.5? 6.2+0.22 6.7+0.42
2.5% KNO3+350 mM SA 12.9+0.52 5.9+0.22 7.1+0.42
Levels of 0.003 0.202 0.001
Significance

Means + SE values in the columns having the same letter (s) are not significantly different according to Duncan’s
Multiple Range Test (P < 0.05), while figures with different letters are statistically different.
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Effect of osmo-hormonal priming on
biomass of FAROA44 rice seedlings

It has been observed that 5% KNO3+200 mM
SA and 2.5% KNOs3+350 mM SA osmo-
hormonal priming had significantly (P < 0.05)
affected seedling biomass both fresh weight and
dry weight of rice seedlings as detailed in Table
3 below. Seedlings osmo-hormonal primed
with 5% KNO3+200 mM SA had seedling fresh
weight of 116.4 mg and seedling dry weight of
28.8 mg while seedlings osmo-hormonal
primed 2.5% KNO3+350 mM SA had seedling

fresh weight of 116.1 mg and seedling dry
weight of 29.7 mg. Control had lower seedling
fresh weight of 110.6 mg and seedling dry
weight of 27.9 mg. However, there was no
marked difference in seedling fresh weight
between 2.5% KNO3;+350 mM SA osmo-
hormonal primed and 5% KNO3+200 mM SA
primed rice seedlings, although 2.5%
KNO;+350 mM SA osmo-hormonal primed
rice seedlings had higher seedling dry weight
than 5% KNO3;+200 mM SA osmo-hormonal
primed rice seedlings.

Table 3: Effect of osmo-hormonal priming on biomass of FARO44 rice seedling

Concentrations of osmo-
hormonal priming agents

Seedling fresh weight (mg)

Seedling dry weight (mg)

Control 110.6+0.9° 27.9+0.2¢
5% KNO3+200 mM SA 116.4+1.28 28.8+0.2°
2.5% KNO3+350 mM SA 116.1+1.52 29.7+0.3?
Levels of 0.002 0.000
Significance

Means * SE values in the columns having the same letter (s) are not significantly different according to Duncan’s
Multiple Range Test (P < 0.05), while figures with different letters were statistically different.

Effect of osmo-hormonal
seedling vigour of rice

priming on

Osmo-hormonal priming of FARO44 rice with
5% KNO3+200 mM SA and 2.5% KNO3+350
mM SA had significantly marked effects (P <
0.05) on seedling vigour indices | and Il as
detailed in Table 4 below. Rice seedling osmo-

hormonal primed with 5% KNO3+200 mM SA
had seedling vigour index | (SVI 1) of 1259.7
and seedling vigour index Il (SVI 1) of 2884.7
while rice seedlings osmo-hormonal primed
with 2.5% KNO3+350 mM SA had SVI | of
1239.9 and SVI Il of 2889.3. Un-osmo-
hormonal primed rice seedlings (control) had
SVI10of 1069.7 and SVI Il of 2798.7 lower than
that of osmo-hormonal primed seedlings.

Table 4: Effect of osmo-hormonal priming on seedling vigour of FARO44 rice seedling

Concentrations of osmo- SVI I SVI I
hormonal priming agents

Control 1069.7+39° 2798.7+21.1°
5% KNO3+200mM SA 1259.7+25.8? 2884+21.62
2.5% KNO3:+350mM SA 1239.9+36.3? 2889.3+10.42
Levels of 0.005 0.001
Significance

Means + SE values in the columns having the same letter (s) are not significantly different according to Duncan’s
Multiple Range Test (P < 0.05), while figures with different letters were statistically different.
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Discussions

Combined osmopriming and hormonal
priming with 5% KNO3+200 mM SA as
well as 2.5% KNO3z+350 mM SA had
improved germination index and decreased
mean germination time of FAROA44 rice
compared control. However, germination
percentage had not been improved
considerably  compared to  control.
However, there were no marked differences
in Gl and MGT between 5% KNO3+200
mM SA and 2.5% KNO3+350 mM SA
osmoprimed and hormonal primed rice.
Moreover, the results indicated that osmo-
hormonal priming with 5% KNO3z+200 mM
SA and 2.5% KNO3+350 mM SA had
increased seedling growth, seedling vigour
and biomass of FARO44 rice seedlings.
Despite the effectiveness of these
processes, plumule length of FARO44 rice
seedlings was not affected. Similar findings
were reported by Farooq et al. (2006) on
hormonal priming of fine and course rice
varieties with 10 and 20 ppm salicylic acid
and ascorbic acid for 48 h at 27°C found the
treatments enhanced seed germination and
seedling growth. The study of Rehman et al.
(2015) revealed that maize seed hormonal
priming with 50 mg/L salicylic acid for 18
h have significantly reduced the mean
seedling emergence time (MET) and the
time required by seedlings to reach 50%
emergence. Likewise, salicylic acid
hormonal priming improved seedling
vigour, shoot length, root length, seedling
fresh and dry weights equally increased
compared to unprimed and hydroprimed
seedlings. In the study conducted of
Esmaeili and Heidarzade (2012) on
osmopriming 12 different rice cultivars
with 0.75 and 1.5% concentrations of
KNO3 and 3 and 6dS/m NaCl for 24 h at

25°C  affected positively both the
germination percentage and germination
rate of two cultivars (Tarom & Neda)
compared to control.

Conclusions

Combined osmopriming and hormonal
priming with 5% KNO3+200 mM SA and
2.5% KNO3+350 mM SA had improved
germination, seedling growth and seedling
vigour of FARO44 rice. However, there
were no marked differences between the
two aforementioned combinations in terms
of germination, seedling biomass and
vigour increase as both indicated almost
similar responses in improving these
attributes. Thus, these combinations of 5%
KNO3+200 mM SA and 2.5% KNO3z+350
mM SA had been suggested for farmers to
apply in order to improve faster rice
germination as well as seedling growth of
FARO44 rice grown in Nigeria under rain
fed and irrigated systems.
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