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Plants are subjected to a variety of stress factors throughout their life cycles, which adversely
affect their growth, development, and yield. This study was conducted in 2024 at the Seed
Technology Laboratory of Agricultural Sciences and Natural Resources University of
Khuzestan to investigate the effects of seed priming with cytokinin on enhancing salt stress
tolerance during the germination and seedling growth stages of salvia (Salvia sahendica)
under saline conditions. The research was designed as a factorial experiment within a
completely randomized design. The first factor consisted of varying salinity levels (0, 50,
100, 200, and 250 mM NacCl), while the second factor involved seed priming treatments,
comprising combinations of priming duration (12 and 24 hours) and cytokinin
concentrations (0, 50, 100, 150, and 200 mg/L). The results indicated that increasing salinity
levels significantly reduced germination characteristics and vigor in sage. However, seed
priming with 50 mg/L cytokinin significantly mitigated the detrimental effects of salt stress
on seed germination traits. Furthermore, the activities of the antioxidant enzymes catalase
and peroxidase were enhanced in primed seeds, suggesting a protective role of these
compounds against oxidative stress induced by salinity. Overall, the findings of this study
demonstrate that seed priming with 50 mg/L cytokinin for duration of 24 hours serves as an
effective treatment for improving germination and early seedling growth of sage,
particularly under salt stress conditions.
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EXTENDED ABSTRACT

Introduction

Sage (Salvia officinalis L.), a member of the Salvia genus
within the Lamiaceae family, is propagated through
seeds. This plant is famous for its medicinal properties,
attributed to the presence of bioactive compounds within
its tissues. The leaves of sage contain constituents such
as tannic acid, ursolic acid, fumaric acid, niacin,
nicotinamide, flavanones, and caffeic acid, which have
demonstrated efficacy in the treatment of conditions such
as diabetes and hyperlipidemia. Furthermore, the
essential oil of sage, rich in compounds like cineole,
borneol, and thujone, has been recognized for its
therapeutic potential in managing Alzheimer’s disease.
Abiotic stresses, such as salinity, hinders normal plant
growth and development, resulted in substantial
economic losses. Salinity modifies seed water uptake by
elevating osmotic pressure and accumulating toxic ions
such as sodium, thereby impairing enzyme activity,
germination, and overall plant development. Seed
priming with growth regulators, such as cytokinin, has
emerged as an effective strategy to enhance germination
and seedling growth under saline conditions. Cytokinin,
a key plant hormone in regulating cell division and
growth, plays a critical role in mitigating environmental
stress responses. This study aims to investigate the
effects of seed priming with cytokinin on salinity stress
tolerance in sage, particularly during the germination and
early seedling growth stages.

Materials and Methods

This research was conducted as a factorial experiment
based on a completely randomized design with three
replicates, performed in the Seed Technology Laboratory
at Agricultural and Natural Resources University of
Khuzestan in 2024. The first factor comprised salinity
levels (0, 50, 100, 200, and 250 mM sodium chloride),
while the second factor involved seed priming with
cytokinin at varying concentrations (0, 50, 100, 150, and
200 mg L) and priming durations (12 and 24 hours).
Seeds underwent a standard germination test (ISTA,
2012), with germination defined by the emergence of
healthy radicles and shoots. The germinator temperature
was maintained at 20°C, and petri dishes were inspected
daily to count germinated seeds. For each replicate, 15
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seedlings were randomly selected from three petri dishes,
and their radicle and shoot lengths were measured.
Priming was performed using 400 seeds per container in
cytokinin solutions, followed by rinsing and air-drying
prior to sowing. Antioxidant enzyme activities
(peroxidase and catalase) were assessed using the
methods of Hemeda and Klein (1990) at wavelengths of
470 nm and 240 nm, respectively. Traits evaluated
included final germination percentage, germination rate
index, germination index, seed vigor, and radicle and
shoot lengths. Data were analyzed using Minitab version
16, with Tukey’s test applied at a 5% significance level.

Results

The findings revealed that cytokinin priming
significantly enhanced radicle length under non-saline
conditions, with the longest radicle (59.53 mm) recorded
at 50 mg L™t cytokinin for 24 hours. Conversely, at 250
mM salinity without priming, no growth was observed.
At moderate salinity (100 mM), primed plants exhibited
improved growth (37.87 mm) compared to the control.
Shoot length decreased with increasing salinity, with the
maximum length (10.98 mm) observed at 50 mg L™
cytokinin for 24 hours under non-saline conditions. The
final germination percentage reached 93.33% in the
aforementioned treatment but declined significantly at
severe salinity levels (200 and 250 mM). The
germination rate index peaked (10.17) at 50 mg L™
cytokinin for 12 hours under non-saline conditions. Both
germination index and seed vigor improved in primed
treatments but diminished with rising salinity.
Antioxidant enzyme activities increased in primed
treatments, potentially contributing to enhanced salinity
stress tolerance.

Conclusion

Seed priming of sage with cytokinin, particularly at 50
mg L™ for 24 hours, significantly improved germination,
radicle and shoot growth, and salinity stress tolerance.
This technique mitigates the adverse effects of salinity by
enhancing antioxidant enzyme activity and regulating
cell division, offering a promising approach for
sustainable agriculture.
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Table 2- Comparative analysis of the germination traits of sage seedlings subjected to salt stress and cytokinin treatment

3 Sl
LB i s a o ) Dl it doss Gl e el el el M) s Jb €M) bl I L
L2 Q,)’,*JS”‘ - Final Germination Germination Rate Germination o ) e
3 E Priming (_Cytokl_nm Percentage Index Index Radicle Length Shoot Length Seed Vigor
3 Concentration* Time)
1 90.66a-c 9.96a-b 146.66a 12.74g-i 6.044d-g 17.02g-h
2 82.66a-g 8.51a-e 13.33a-d 48.58b 9.34ab 47.84b
3 92ab 10.17a 149.33a 14.92f-h 7.28b-d 20.50f-g
4 93.33a 9.61a-c 139.33a-b 59.53a 10.98a 65.81a
5 89.33a-d 9.42a-d 141a-b 11.95g-k 4.71e-j 14.869-1
0 6 86.66a-¢ 8.18a-g 124.66a-f 33.17cd 6.09-f 33.97c-d
7 74.66a-h 7.81a-h 119.6a-h 9.79h-m 6.26c- 11.80h-n
8 68a-j 5.72g-r 95.33c-0 30.76d 7.11b-d 25.65e-f
9 73.33a-i 7.41c-j 112a-k 9.36i-n 6.26c- 11.49h-0
10 73.33a-i 6.92d-m 108.66a-m 25.43e 8.74ab 25.14e-f
11 84a-g 6.84e-n 119.66a-h 7.44i-r 4.11le-m 9.70k-r
1 84a-g 7.76a-i 128a-e 9.06i-0 4.61e-k 11.44h-0
2 84a-g 7.27c-j 121.66a-g 28.66de 5.65d-h 28.89d-e
3 89.33a-d 8.65a-e 136a-c 11.92g-1 5.69d-h 15.699-j
4 84a-g 8.26a-f 124a-f 37.87c 8.49bc 38.97¢c
5 85.33a-f 8.33a-e 132.33a-c 8.13i-q 3.78f-0 10.10j-q
100 6 77.33a-h 7.59b-i 119a-i 17.03fg 4.063e-n 16.23g-i
7 68a-j 7.05d-k 109.33a-| 6.6067I-t 2.93i-q 6.53n-u
8 65.33a-j 5.27i-u 90d-p 18.98f 4.66e-j 15.49g-k
9 66.66a-j 6.78e-0 105.33b-n 7.09j-s 4.68e-j 7.97m-t
10 73.33a-i 5.75f-r 101b-n 15.94fg 4.71ej 15.15g-k
11 74.66a-h 5.49h-s 101.66b-n 5.52m-t 3.05i-q 6.27n-v
1 58.66e-I 4.41m-x 79.66h-q 6.63k-t 3.83f-0 5.95n-v
2 81.33a-g 6.28e-q 113.66a-k 11.75g-1 4.37e-1 13.12h-m
3 86.66a-¢ 7.08c-k 123.6a-f 8.60i-p 4.66e-j 11.42h-0
4 81.33a-g 6.92d-m 114.66a-k 24.97e 5.81d-h 24.87e-f
5 77.33a-h 6.71e-p 115.33a-k 5.03m-u 3.05i-q 6.27n-v
150 6 77.33a-h 7d-1 116.66a-j 7.20j-r 3.26i-q 8.09m-t
7 61.33c-I 5.33h-t 90d-p 5.12m-u 2.3k-r 4.550-w
8 42.66j-0 2.97s-a 53.33p-s 8.7i-p 3.69g-0 5.27p-w
9 57.33e-I 4.461-x 80.66g-q 5.06m-u 2.82j-q 4.48q-w
10 58.66e-1 4.38n-y 78i-q 11.78g-1 3.72g-0 9.09I-s
11 58.66e-I 3.57r-z 68m-s 3.65p-u 1.95m-r 3.33s-w
1 66.66a-j 4.280-y 81g-q 3.68p-u 2.48j-q 4.07r-w
2 60d-1 4.15¢-z 75k-r 4.17n-u 2.13I-r 3.77s-w
3 56f-m 4.22p-y 76.33j-r 7.14j-s 3.56h-p 5.890-v
4 62.66b-1 5.02j-v 87.33e-p 12.389-j 5.24d-i 11.11i-p
5 64a-k 4.68k-w 86.66f-p 4.87m-u 1.99m-r 4.41g-w
200 6 50.66h-n 3.98¢-z 70.31-s 3.990-u 2.221-r 3.12t-w
7 44i-0 3.22r-z 590-s 3.20g-u 1.510-r 2.07u-w
8 44i-0 3.05s-a 550-s 5.9m-t 2.81j-q 3.84r-w
9 49.33h-n 3.70r-z 67.66m-s 4.39n-u 2.29k-r 3.28s-w
10 41.33j-0 2.94t-aa 52.33p-t 4.81m-u 2.44j-q 3.11t-w
11 14.660 0.64aa 11.66t Ou Or ow
1 42.66j-0 2.60v-aa 49.33p-t 1.86s-u 1.18qr 1.28u-w
2 48h-n 2.61v-aa 49.66p-t 2.15r-u 1.25p-r 1.68u-w
3 26.66m-0 1.64z-aa 31.67s-t 3.48p-u 1.77m-r 1.40u-w
4 54.669-n 3.53r-z 67.33n-s 4.99m-u 2.76j-q 4.350-w
5 41.33j-0 2.85t-aa 54p-s 2.62r-u or 1.08u-w
250 6 38.66j-0 2.77u-aa 51p-t 2.59r-u 1.690-r 1.656u-w
7 34.66k-0 2.08x-aa 400-t 1.75tu or 0.62v-w
8 41.33j-0 2.67v-aa 50.66p-t 4.10n-u 2.071-r 2.55t-w
9 33.33l-0 2.18w-aa 41g-t 1.76tu or 0.60v-w
10 25.33n0 1.64z-aa 32s-t 2.950-u 1.73n-r 1.16u-w
11 14.660 0.64aa 11.66t On Or ow
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The means of treatments sharing a common letter do not differ significantly from each other at the 5% probability level.

The treatments, in order, include: 1- Hydropriming for 12 hours, 2- Hydropriming for 24 hours, 3- Cytokinin 50 mg/L for 12 hours, 4- Cytokinin 50 mg/L for 24 hours, 5-
Cytokinin 100 mg/L for 12 hours, 6- Cytokinin 100 mg/L for 24 hours, 7- Cytokinin 150 mg/L for 12 hours, 8- Cytokinin 150 mg/L for 24 hours, 9- Cytokinin 200 mg/L for
12 hours, 10- Cytokinin 200 mg/L for 24 hours, 11- Control treatment or no priming"
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Table 3- Analysis of variance for antioxidant enzymes

(MS) Sl o Sl
Ol s GL'.» T HESE
STy Colad UL Il
(S.0.V) (df) ST T
Peroxidase activity Catalase activity
55 5 1 142.83** 106.49™
Cytokinin
i 4 12.26%* 6.35%
Salinity stress
ot A 4 1.06" 1.22°
Salinity stressxCytokinin
2T sl
e 20 0.67 0.33
Error
( 3) Ol kS o
o U 9.07 8.99

(C.V%)

=and ** represent significant at 1 and 5% probability, respectively.
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