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Extended abstract

Introduction: Deterioration reduces the quality of seeds. Oilseeds like Nigella are highly susceptible to
seed aging. Seed priming enhances the quality of deteriorated seeds by improving germination indices and
increasing the activity of antioxidant enzymes. This research aimed to investigate the extent of damage
caused by accelerated aging treatment on the germination characteristics and antioxidant enzyme activity of
Nigella seeds and the possibility of mitigating the adverse effects of aging through hormonal priming with
cytokinin.

Materials and methods: This research was carried out in the form of a completely random basic design
with four replications in the seed technology laboratory of Khuzestan University of Agricultural Sciences and
Natural Resources in 2017. The treatments included hormonal priming with cytokinin at five levels (0
(control), 10, 20, 40, and 80 m/l) for two durations (12 and 24 hours), and aging under 100% relative
humidity and a temperature of 45 °C at five levels (no aging, 24, 48, 72, and 96 h).

Results: The analysis of variance results indicated that germination indices were only influenced by
main and two-way effects at the 5% and 1% probability levels, while the three-way interactions, including
aging, hormone concentration, and priming duration, were significant for plant growth and longitudinal and
weight indices at the 1% probability level. Furthermore, it was evident that the priming treatment mitigated
the negative effects of aging, with the concentration of 10 milligrams per liter of cytokinin for a duration of
12 h having the most significant impact among the hormone concentrations used on the measured traits. The
highest germination percentage (88%) and the lowest germination percentage (63.33%) were observed at
concentrations of 10 and 80 mg/l, respectively. The use of cytokinin at optimal concentration improved
catalase activity and protein levels. The results showed that in the control conditions, the activity of the
catalase enzyme was 0.76 units per mg of protein and the amount of protein was 0.51 mg/g, which reached
0.97 units per mg of protein and 0.79 mg/g with seed priming.

Conclusion: Based on the results obtained from this research, aging led to a reduction in germination
indices, the activity of antioxidant enzymes, and seed protein content. The best treatment applied was
cytokinin hormone priming for aged Nigella seeds at a concentration of 10 mg/l for 12 h. According to the
results, the application of cytokinin at its optimal concentration (10 mg/l) improved the catalase enzyme
activity and protein content. Therefore, it can be suggested that hormonal priming with cytokinin helps
mitigate the adverse effects of aging in Nigella plants.
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Highlights:

1- The impact of hormonal priming with cytokinin at concentrations of 10, 20, 40, and 80 mg/L on
aged Nigella seeds was investigated.

2- The use of a concentration of 10 mg/1 of cytokinin hormone for 12 hours was introduced as the best
treatment.

3- Cytokinin was introduced as a significant hormone that enhances the activity of antioxidant
enzymes and physiological traits in aged Nigella seeds.
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Table 1. Analysis of variance for hormone concentration, time of priming and seed deterioration on germination indices
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Fig 1. Mean comparison for effects of cytokinin (A), seed deterioration (B) and priming time (C) on germination of
Nigella sativa. Different letters represent a significant difference at p<0.05 based on Duncan's multiple range test.
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Fig 2. Interaction of hormone concentrations and seed deterioration on mean germination time of Nigella sativa.

Different letters represent a significant difference at p<0.05 based on Duncan's multiple range test.
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Fig 3. Interaction of seed deterioration and priming time on mean germination time of Nigella sativa. Different letters
represent a significant difference at p<0.05 based on Duncan's multiple range test.
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Fig 4. Interaction of hormone concentrations and seed deterioration on germination rate of Nigella sativa. Different
letters represent a significant difference at p<0.05 based on Duncan's multiple range test.
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Table 2. Analysis of variance for hormone concentration and priming time and seed deterioration on seedling growth and

seed vigor of Nigella sativa

Mean Square Sl yo uSileo
- S .- sl 9 o
S @b ool ez o st J’{’ LS Job 5"{::5 b > N
S.0.V dfr Az, 448 Seedlin i Ak
Radicle Hypocotyl lengthg Seedling Length \\X;gfrt
dry weight vigour i
length length y weight  vigour index index
- (D) Js; 4 5707 11.90" 1327 0.99076" 12.02" 091"
Deterioration
(H) o552 ‘fj‘l" 4 82537 107.54™ 1857 1.16749" 9277 126"
Hormone concentration
I R T 129 071™ 1.09™  0.00006™ 1317 0.04"
Priming time
Jsyose g 1.66 2.71 0.40 0.157453 2.10 0.09
HxD
weiln derogese -y 304" 5657 047" 0.04554™ 336" 0.03"
HxT
=, | cloix Mot . . X .
el ey 4 0.55 0.57™ 0.07™  0.26452 0.81 0.14
DxT
=il dlepdlosss g 092" 218" 09357 0156617 154" 0.05™
HxDxT
SRl g 0.209 0.25 0.037" 0.018 0.25 0.01
Error
(00)9) Slyeed w2 - 24.05 19.05 25.92 20.12 2324 23.93

CV (%)

Qo0 ) 50 sl Jleisl e (ol pxe g jlo e oS 5 4 sk g % IS
ns,* and ** indicate non- significant and significant p<0.05 and p<0.01, respectively
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Table 3. Mean comparison of hormone concentration, priming time and seed deterioration interaction on radical length,

hypocotyl length and seedlind length of Nigella sativa

azaiy, Jsb azadle Jsb azals Jsb
Js; oS 5T Radicle length (cm) Hypocotyl length (cm)  Seedling length (cm)
Deterioration Cytokinin Sealy olej Siealpy oo Ssl ol
(hours) (mg/1) Priming time (hours) Priming time (hours) Priming time (hours)
12 24 12 24 12 24

0 3,03 1.53% 129 .78 4328 2317

10 3.95% 4.55% 0.925™ 48P 4870 6.04%

0 20 2,428 2.60% 0.727* 0.63" 304k 3.23%
40 0.65™ 0.47%" 0.58™ 0.53°° 1.23%  1.00%"

80 0.76™ 0.83%" 0.94%"  .94¢! L7t 178

0 1.68™ 1.25™ 0.61™* 0.55%° 2.30+° 1.81"*

10 4.35% 5.61% 0.81" 1.26%" 5.16™ 6.87°

24 20 2.48¢ 2.53¢ 0.60™  0.87e" 308" 3417
40 0.89°" 0.66™ 1.07¢ 0.948" 1.96™9  1.61°"

80 0.40%" 0.28" 0.52°% 0.36° 0.92%  0.64™

0 2.48% 1.o1™ 0.60™ 0.82"° 3.09™ 1.83""

10 5.64° 4.88" L16™ 063" 6.81"  5.52%

48 20 2,578 3.02fh 0.52°% 147 310" 4.49™
40 1.09™* 0.76" 0.98°* 0.62™° 2.07™ 13977

80 0.38%¢ 0.00" 0.46%* 0.00! 0.84" 0.00"

0 2.07" 0.857 0.61™* 0.59™ 2,69 1.447

10 5.91° 4.24% 1.99° 1.16%" 7.90° 5.41%

72 20 3.06 3.39° 1.02°7 1.61° 4.09M 5.007¢
40 0.44%" 0.57™ 0.60™* 1.18°¢ 1.04™ 1.76™*

80 0.00" 0.32" 0.00' 0.721" 0.00" 1.04™

0 1.61<° 0.50%" 0.95™ o517 256" LOIYY

10 2.32Mk 3.39°f 0.59"* 0.87™° 2917 4.25%"
9 20 1.87™ 1.58%P 0.67" 0.45™ 2,55k 2.03™d
40 0.00" 0.00" 0.00' 0.00' 0.00" 0.00"

80 0.00" 0.00" 0.00" 0.00' 0.00" 0.00"
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Different letters represent a significant difference at p<0.05 based on Duncan's multiple range test.
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Table 4. Mean comparison of hormone concentration, priming time and seed deterioration interaction on seedling dry

weight, length and weight vigour index of Nigella sativa

azalS Sas s ah Job s i iy pals
Js; S g Seedling dry weight Length vigour index Weight vigour index
Deterioration ~ Cytokinin Sl oo Sl ol Sl ol
(hours) (mg/1) Priming time (hours) Priming time (hours) Priming time (hours)
12 24 12 24 12 24
0 0.83%° 1.00® 3.42%¢ 1.80"" 0.64°" 0.78>¢
10 1.03° 0.90*¢ 4.68% 5.14° 0.99° 0.74>f
0 20 0.90*¢ 0.83"¢ 2.68" 2.63¢ 0.75>" 0.68%¢
40 0.47"k 0.46™ 1.00™ 0.62™ 0.387 0.29™°
80 0.714h 0.73%¢ 1.25™ 1.04™ 0.50¢" 0.43"®
0 0.96*° 0.437 1.90"™ 1.43™7 0.80"° 0.37°
10 0.96%° 0.96%° 4.75% 6.58" 0.89*° 0.93%®
24 20 0.93*¢ 0.96* 2.56M 273" 0.79* 0.77""
40 0.83%° 0.66% 1.67%° 1.12™ 0.71°% 0.470m
80 0.40% 0.46™ 0.69%" 0.44" 0.30" 0.31%°
0 0.90%4 0.83%° 2.43Mk 151" 0.70%# 0.69%8
10 0.83%¢ 0.80** 6.72° 4.79% 0.82%¢ 0.68°¢
48 20 0.96"° 0.90*4 2.68" 3.78% 0.84"° 0.75>"
40 1.00% 1.00® 1.80"" 1.03™ 0.86™¢ 0.74>"
80 0.73%¢ 0.00! 0.58%" 0.00" 0.50%" 0.00
0 0.50™% 0.76°" 2.09™ 0.92°" 0.39"° 0.50¢"
10 1.00® 0.93%¢ 4.83" 4.56°¢ 0.86™¢ 0.79*
72 20 0.83%¢ 0.96"° 2.80™" 4.10°° 0.575 0.79*¢
40 0.40% 0.80** 0.75P¢ 1.15™* 0.29™° 0.528%
80 0.00! 0.81>* 0.00" 0.58%" 0.00P 0.44+"
0 0.33 0.46™ 1.59*° 0.54%" 0.20® 0.24™
10 0.90*¢ 0.80" 2.14™ 3.46F 0.66™" 0.65°"
96 20 0.00! 0.53¢* 1.45+4 1.05™ 0.30*° 0.30™
40 0.60" 0.00! 0.00" 0.00" 0.00° 0.00
80 0.00! 0.00! 0.00" 0.00" 0.00 0.00°
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Different letters represent a significant difference at p<0.05 based on Duncan's multiple range test.
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Table S. Analysis of variance for antioxidant enzymes and protein content of seeds Nigella sativa affected by seed
priming and deterioration

Mean Squares Slay o (5 Silo

S le golilaz o

SOV af YL SlossTyy OeSe
Catalase Peroxidase Protein
o ol 1 0.324%:* 0.0294"™ 0.585%%
Priming (P)
o J's 4 0.197%%* 0.2451%* 0.1407%*
Deterioration (D)
JloyeSnil 4 0.0069™ 0.0964™ 0.0105™
PxD
bl > 20 0.0182 0.0353 0.0263
Error
G2 JUUES ST
(10,2) Sl 22 - 15.57 236 247
CV (%)

doy) 50 slhs Jloixl mdaw [0 o giae g lo xe pué ol 4y i g DS
ns,* and ** indicate non- significant and significant p<0.05 and p<0.01, respectively
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Fig 5. Changes in antioxidant enzyme activity and protein content affected by deterioration. Different letters represent a
significant difference at p<0.05 based on Duncan's multiple range test.
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Fig 6. Changes in antioxidant enzyme activity and protein content affected by seed priming with cytokinin. Different
letters represent a significant difference at p<0.05 based on Duncan's multiple range test.
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Table 6. The results of multivariate linear regression Cytokininx Timex Degradation on the evaluated traits

Coefficients Beta
o aJoleo F R2
Trait Equation (L) ckle (T) s (G) s
Density Time Deterioration
S3lez %oy 9784 0221xL- 0.4445T- 0.180%G -0.500" -0.213*  -0.488" 17.59™ 0.534

Percentage of germination

ok

Si¥loz oles Begie Y3344 000651 + 0.003%T +0.006xG  0.354™ 0.032% 0445 7.36™ 0324

Mean germination time

ok

S3l7 Sy 030 0.000475L- 0.00023%T- 0.00043xG -0352° -0.037™  -0.384" 5777 0273

Germination rate

ok

et b Y =3.60- 0.035%L- 0.016xT — 0.008xG -0.598™ -0.056™  -0.157"  9.61" 0.385

Radicle length

sk

ar8le Jsb v o 101-0.006XL + 0.004xT- 0.003xG  -0417" 0.059™  -0.255™ 4917 0.243

Hypocotyl length
azlS Jsb
Seedling length
azalS St o
Seedling dry weight

ok

Y =4.61- 0.041xL - 0.012xT - 0.011xG -0.592" -0.035™  -0.187"  9.68" 0.387

Y =1.03- 0.005xL — 0.00003xT — 0.004xG ~ -0.486"" -0.001™  -0.408™  10.34™ 0.403

sk

b Ay 4 08-0.036xL— 0.016xT—0.012xG  -0.562" -0.052™ 0219  8.89™ 0367

Length vigour index

w9 Ay 20,92 0.005%L — 0.003XT- 0.004%G -0.536™ -0.059™  -0.443"  14.54™ 0.487

Weight vigour index

il ge (Cele) Jlsy loy Do =G g (Ceeles) Smaly loy e = T (1 1 o5 o) (ueS g lale =L
L= Concentration of cytokinin T= Duration of priming (h) and GT= the time of deterioration (h)
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