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In recent years, supplying of suitable fodder in the conditions of environmental stress has
been the concern of many researchers and producers, and the investigation of plants such as
curly dock that can produce desirable biomass as alternative fodder has been considered.
This study evaluated the effects of salinity stress and seed priming on the germination and
seedling growth of curly dock. A factorial experiment based on a Completely Randomized
Design (CRD) with three replications was conducted in 2023. Factors included five salinity
levels (0, 3, 6, 9, and 12 dS.m™%) and four priming treatments: SiO, nanopriming, salicylic
acid (SA) hormopriming, KNO; halopriming, and hydropriming (control). Results indicated
that the highest germination percentages occurred with SiO, (94%) and SA (92.33%) under
non-saline conditions, while the lowest (20.66%) was recorded at 12 dS.m™! with
hydropriming. KNO3 halopriming at 6 dS.m™ yielded the highest synchronization index
(1.81). High salinity levels negatively impacted seedling vigor across all treatments. The
maximum allometric coefficient (1.56) was observed with SiO, nanopriming under non-
saline conditions. Notably, at 12 dS.m™, SA hormopriming increased radicle and plumule
dry weights by 87% and 92%, respectively, compared to the control, and significantly
mitigated the negative effects of extreme salinity on total biomass. Overall, seed priming,
particularly with SiO, nanoparticles and salicylic acid, effectively alleviates salinity stress
and enhances the germination and early growth of curly dock, making it a viable option for
fodder production in saline environments.
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EXTENDED ABSTRACT

Introduction

Salinity stress is a significant abiotic factor that restricts
agricultural output, especially in arid and semi-arid
zones. Seed germination and seedling establishment,
which are the most vulnerable growth phases in many
plants, are negatively affected by osmatic stress, ionic
imbalance, and oxidative damage. Considering the rising
demand for sustainable fodder production under difficult
environmental circumstances, there is a crucial
requirement to find plant species that can withstand these
conditions, as well as efficient agricultural techniques to
lessen the effects of stress. Curly dock (Rumex crispus
L.), a perennial wild plant prevalent in Iran and similar
climates, has demonstrated potential. Its value is
recognized not only in medicine but also as a possible
alternative feed source, given its advantageous biomass
production and nutritional content (including vitamins,
minerals, and essential oils). However, the plant’s
germination and initial growth responses to salinity
stress, as well as strategies to facilitate its establishment,
have received scant attention.

Seed priming is a proven, economical pre-sowing method
that promotes germination rate, uniformity, and stress
tolerance by instigating physiological and biochemical
alterations within seeds. The aim of this study was to
address the deficit in understanding regarding the
potential of curly dock as an alternative fodder in saline
conditions, while evaluating the comparative efficacy of
distinct seed priming strategies (SiO, nanopriming, SA
hormopriming, KNO; halopriming, and hydropriming)
in mitigating the adverse effects of salinity stress on its
germination and seedling growth attributes.

Materials and Methods

The study was conducted in 2023 at the Crop Physiology
Laboratory, Ferdowsi University of Mashhad, Iran,
employing a factorial experiment and a completely
randomized design (CRD) with three replications. The
experiment’s factors were comprised of five salinity
levels: control (0 dS.m™) and four saline concentrations
(3, 6, 9, and 12 dS.m™* NaCl), alongside four seed
priming treatments: 1) Nanopriming with Silicon dioxide
(Si0,), 2) Hormopriming with Salicylic Acid (SA), 3)
Halopriming with Potassium Nitrate (KNO3), and 4)
Hydropriming (distilled water) as the control priming
treatment. The seeds of curly dock were surface-
sterilized, followed by priming through a 24-hour
soaking in their respective solutions. Subsequently,
twenty-five seeds from each treatment were placed into
sterilized Petri dishes, each containing filter paper and 5
ml of the corresponding saline or non-saline solutions,
and then incubated in a germinator at 25°C. The number
of germinated seeds (distinguished by the emergence of
the radicle) was recorded daily for a fortnight.

The parameters assessed comprised germination
percentage (GP), germination rate (GR), mean
germination time (MGT), synchronization index (SlI),
seedling vigor index I (SVI-I), and seedling vigor index
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Il (SVI-II). Following the germination period, typical
seedlings were chosen to assess radicle and plumule
lengths. Subsequently, seedlings underwent oven-drying
to ascertain radicle dry weight (RDW), plumule dry
weight (PDW), total biomass (TB), radicle-to-plumule
dry weight ratio (R/P), and the allometric coefficient
(radicle length/plumule length). Data analysis was
performed using SAS software (Ver. 9.4). Analysis of
variance (ANOVA) was conducted, and mean
comparisons were carried out using Duncan’s multiple
range test at the 5% probability level (p < 0.05).

Results and Discussion

The interaction between salinity and priming treatments
significantly affected the majority of the measured traits,
indicating the complex interplay between the magnitude
of stress and the effectiveness of priming.

Regarding germination indices, the highest percentages
(94% and 92.33%) were documented under non-saline
conditions  with  SiO, nanopriming and SA
hormopriming, respectively. Conversely, the lowest
germination percentage (20.66%) was observed with the
combination of hydropriming and the highest salinity
level (12 dS.m™). It is interesting that salinity stress
increased the germination rate, with the highest GR (8.20
seeds/day) observed at 12 dS.m™, indicating a stress-
avoidance mechanism where curly dock accelerates
germination under high salt conditions. However, this
resulted in decreased germination uniformity, indicated
by the lowest synchronization index (0.50) at 12 dS.m™.
Treatment with KNO; at 6 dS.m™ resulted in the greatest
Sl (1.81), suggesting more coordinated germination
under mild stress. The study revealed that seedling length
and vigor were adversely affected by salinity stress. At
the most severe salinity level of 12 dS.m™, SA
hormopriming substantially increased RDW and PDW
by 87% and 92%, respectively, in comparison to the
hydroprimed control. This underscores SA’s critical role
in diminishing ionic and oxidative harm, which in turn
promotes improved resource distribution and
development, particularly under conditions of
considerable stress. Priming improved the seedling vigor
indices, which combined germination and growth
parameters. The greatest SVI-1 was observed with SiO,
nanopriming under non-saline conditions. Although high
salinity  significantly  decreased  SVI-II, SA
hormopriming and hydropriming increased this index
compared to other primings at 9 dS.m™%. Under SiO,
nanopriming, the allometric coefficient was at its
maximum (1.56) without salinity. This result suggests a
greater emphasis on root growth relative to shoot growth,
which may be beneficial for the uptake of water and
nutrients. Salinity and priming also affected the dry
weight ratio of the radicle to the plumule (R/P). In
general, a higher salinity level increased the R/P ratio.
Priming treatments like KNO; at 6 dS.m™ and SiO, at 9
dS.m™ additionally enhanced it compared to the control
at the same salinity level, suggesting a shift in
partitioning induced by priming that favors root
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development under stress. The improved performance of
SiO, nanopriming, specifically under non-saline and
low-stress conditions, is believed to be a result of
silicon’s effect on boosting metabolic activity,
reinforcing cell walls, and possibly influencing the
expression of stress-related genes. Under high salinity,
the pronounced effectiveness of SA hormopriming
corresponds to its known role as a central signaling
molecule in systemic acquired resistance, thus promoting
the activation of antioxidant defense systems and
safeguarding cellular machinery. The use of KNOj;
halopriming probably improved osmotic adjustment, as
well as providing essential nutrients (K* and NO3~) that
are critical for enzyme activation and ionic balance
maintenance under saline conditions. The concept of
“stress memory” or “acquired tolerance” is germane,
because priming essentially pre-conditions the seeds,
promoting a more accelerated and efficient physiological
response in the event of repeated salinity stress.

Conclusion

The results of this study clearly show that salinity stress
has a considerable negative impact on the germination
and early seedling growth of curly dock. However, seed
priming, especially with salicylic acid (hormopriming)
and silicon dioxide nanoparticles (nanopriming), offers a
functional and enduring method for reducing these
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negative consequences. Under severe salinity stress (12
dS.m™), Salicylic Acid was most effective, dramatically
improving seedling dry weight and biomass, thus is the
recommended priming method for curly dock
establishment in highly saline soils. SiO, significantly
improved root development (demonstrated by a higher
allometric coefficient) and seedling vigor, proving
beneficial in non-saline and moderately saline
environments. KNO; halopriming significantly enhanced
germination synchronization and proved particularly
effective in boosting total biomass under moderate
salinity levels (6-9 dS.m™). In summary, although curly
dock demonstrates inherent tolerance mechanisms such
as accelerated germination under salt stress, its
establishment and productivity in saline environments
may be significantly improved through customized seed
priming. Utilization of these priming techniques, in
particular SA and SiO,, allows for a practical, low-input
approach to grow curly dock as a resilient alternative
fodder crop, supporting sustainable livestock production
in saline environments. Subsequent research should
concentrate on the field validation of these priming
techniques and investigate their sustained impact on the
forage yield and quality of curly dock.
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Table 1- Analysis of variance (mean of squares) of some germination characteristics and seedling growth of curly dock
affected different types of seed priming in conditions of salinity stress

Sl e =2 S8l ey Sl e G5l Ol e lelons ) omal s sl Y ol i sl
syl i i i i
Source of variance € Germination Germination VMe_an . Synchronization index Seedling vigour 1 Seedling vigour 2
df percentage rate germination time
Kol o .
T 3 151.52™ 1.16 0.86" 0.03™ 5622.51 2766.32™
Priming
o 4 5774.68™ 41.46™ 1.05" 3.12" 213518.87" 371153.43"
Salinity
X ‘g/A |
et 12 222.80 0.28™ 0.91" 0.05" 5422.65™ 8441.89"
PrimingxSalinity
il sl
; 40 91.85 0.16 0.36 0.02 1323.80 3854.57
Experimental error
(4 y3) Ol ks g
o) S - 15.33 6.71 22.22 11.51 14.94 16.01
CV (%)
e s v s P
. b ey, b ; o ey oS 055 - e .
Sl e - : el Jsb 83506 . o dila arile & arady ) JS oo g
Source of variance ! Radicle Plumule length i Radicle dry . . il Total biomass
of length g Allon_1e_tr|c weight Plumgle dry D_ry weight of
coefficient weight radicle to plumule
el « « ,. x - - .
o 3 0.42 0.17 0.17 0.0007 0.0012 0.53 0.14
Priming
el 4 4.95™ 1.16™ 0.90™ 0.0016™ 0.0011™ 3.45™ 0.36™
Salinity
ax o Kas| . - - - - -
ST 12 0.54 0.06" 0.16 0.0011 0.0006 0.87 0.22
PrimingxSalinity
il sl
i 40 0.11 0.06 0.04 0.000003 0.0000006 0.02 0.002
Experimental error
(Ao )3) Ol ks
= e - 19.66 12.45 17.07 20.74 6.73 23.00 24.87

CV (%)

L2330 5 Jlea| ch,., BEBIENEE ) 5)19@“(.& S 4w g wn NS
ns, ** and * are non-significant and significant at the 0.01 and 0.05 of probability level, respectively
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Table 2- Mean comparison of simple effect of priming types and different levels of salinity on some germination
characteristics of curly dock

il A 38 Sl S

S s Slublanr ol C s il o sl
Germination Germination rate Mean germination time Synchronization | ety
percentage 1 9 ynen Seedling vigour 1 Seedling vigour 2
%) (seed.day™) (day) index
Sl gl
Priming types
ke 4155 il 56
“N“ i (S’-bﬂ; 63.20° 5.83b 2.65% 1.28% 263.17% 397.15°
anopriming (SiO:
Sl el 6Ky
e el Sl 66.46° 5.77° 2.63® 1.24b 256.05% 389.20°
Hormopriming (salisylic acid)
SRCHERRE- IR
:I";' B (erflé ) 58.932 6.342 3.06° 1.36% 222.27° 367.922
alopriming 3
(aals) Ko
y d”’ s :é“’: ) 61.33° 6.19° 2510 1.28% 232,13 396.00°
ydropriming (Control
(a2 ez i) S0 sl
Salinity levels (dS.m%)
0 88.50? 3.66° 2.72% 1.54° 416.56% 581.96°
3 78.00° 4,794 2.807 1.53° 321.54° 502.23°
6 57.41° 6.08° 3.072 1.80% 198.71° 344.89°¢
9 56.83¢ 7.43° 2.72% 1.09¢ 216.74¢ 387.69°
12 31.66¢ 8.20% 2.25° 0.50¢ 63.47¢ 121.18¢
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In each column, means followed by the same letters are not significantly different (p<0.05), at 5% probability level

Iranian Journal of Seed Science and Technology

Vol.: 15, No.: 1, Spring of 2026

Ol al 5k 5318 5 p ke & 45

VO Sl o) oplad )0 A



a0 QI)KAA}LgJ:al

3 ORTYV) oy ey S oad 8 o3 5 ol DI 35 Swolud sl 9 Ji4ilga Olo) (ke

o g e 5o VY (st 5 Skl el 6Ky 50 50 S 5 it s g etalia ¥ gl )3 5 sbole
= =

AT s G VYA Sml i slle glajled 53 i jas S5l Olej ke

&S 38l G S hs (Fn s Caltue o 5 Sl gl ke S R PP JUPNES
Table 3- Mean comparison of interaction effect of priming types and different levels of salinity on some germination
characteristics of curly dock

S5l Ol ke Siwbler jasls

Kl g5 (o 2 o) 058 o Sonchroninati Y el 4y Lesls Y eomal s Lasls
Priming type Salinity (dS.m™) Meatri]rggr(r(rj\;;z)mon yne i;(()jr(;lxzatlon Seedling vigour 1 Seedling vigour 2
Kol 56
s 2 7gebcde 1.25¢% 492.032 655.00°
Nanopriming
Ko
aleale 2 g7bcdet 1.47¢d 417.89° 571.33%®
Hormopriming 0
GXNAATIN
) ”! 2.77%cde 1.70%c 378.67% 556.63%°
Halopriming
(dals) Koas)
e 2,85 1.71%¢ 377.66% 544,873
Hydropriming (Control)
FLasl 56
= ~-)‘i}j 2. G4abede 1.743bc 349.84¢d 516.83b
Nanopriming
Ko
el 3.39%¢ 1510 343,44 502.00°°
Hormopriming 3
G AATIN
s ,! 2 Arpodet 1.46% 317.51¢d 507.93%
Halopriming
(dals) Koas)
L) Bl 2 73abcde 1.42¢ 275.36°19 482.17*
Hydropriming (Control)
5/_ | HY .
Keny ,_f,}j 2 ggabede 1.892 210.569"i 334.63f
Nanopriming
ol .
= J'-',J;‘“)?A 3.572 1.76% 187.94Mi 363.00°f
Hormopriming 6
ESITAIN N
A 3,04 181° 170,221k 304.33"
Halopriming
(-uu)_%‘ﬁjﬂ?h 2 7gabede 1.798c 226.10fni 377.60%f
Hydropriming (Control)
Kol 56 j
= ,_f,}j 2 7ebede 1.04¢ 155.69k 319.23f
Nanopriming
Kras
A 2.3t 1.01° 287.43% 458.87°4
Hormopriming 9
ESITAIN .
) “! 3.79° 1.26% 182.40" 322.00f
Halopriming
(dals) Koas)
e N HASE 2.00¢f 1.04¢ 241.44™h 450,67
Hydropriming (Control)
Kasl 56
- ,.Ji}j 2 pcdef 0.45f 107.734 160.07¢
Nanopriming
K
A 1.38" 0.47° 43.53" 50.80¢
Hormopriming 12
AN
.’ 3,24 0.57° 62.53™ 148.709
Halopriming
(dals) Koas)
s e b B Lol 2 160 0.51f 40.08™ 125.179

Hydropriming (Control)

LSS b (61 snn g5 deo 53 0 Jlaz o 53 S 2k 3 G Jil 611 (518 Sile 0 g2 a3

In each column, means followed by the same letters are not significantly different (p<0.05), at 5% probability level
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Figure 2- Radicle length of curly dock affected by different amounts of salinity and types of priminig
Ll (gl e Splis oSS b gubeT L 31 esS nte 0 S5 il (slls gla o Sobe cis a5
In each trait, Means followed by the same letters are not significantly different (p<0.05)
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Table 4- Mean comparison of simple effect of priming types and different levels of salinity on some seedling growth
characteristics of curly dock

= 4 o
kS £ b= l @
s S Y, 8 32 32 o g - 2
:%‘ g il; g 3 E a2 22 \“2 S o }‘ E
D~ - o v W s 2 X —~
;=5 328 79 Vﬁ)%@ %%@ ;25 338
b5 ¥ E 35 T3 3 S 153 . E
g 2 FE 1% i E FgT »e
= 4 = 3 >
32
A»
Kl gl
Priming types
ke 1251 a4
Nanobri & (S‘,b”)’ 1.94 2.08° 1.29% 0.0028° 0.0049¢ 0.71° 0.1521¢
anopriming (SiO2
Sl sl K]
. _*"“‘( I"I" 2 " 1.78% 1.860 1.16° 0.0145b 0.0167° 0.54¢ 0.2579°
ormopriming (salisylic aci
& Ol s oKl s
:"I S (Krjé | 1.59° 2.01% 1.31% 0.01622 0.0230? 0.56¢ 0.3000?
alopriming 3
(aal) Kios) r95n . . ;
Hydropritming (Contrl) 1.59 2,10 1.422 0.0039° 0.0040 0.95° 0.0819
y
Cro g mins so2) G55 sl
Salinity levels (dS.m™1)
0 2.662 2,208 0.88¢ 0.0006¢ 0.0064¢ 0.11° 0.2463
3 1.98 2.15% 1.17° 0.0002° 0.0026¢ 0.26¢ 0.0195¢
6 1.44¢ 2.022 1.46° 0.0018° 0.0067° 0.61° 0.0734¢
9 1.59¢ 2.20° 1.41° 0.02412 0.0199° 1.372 0.4682°
12 0.95¢ 1.47° 1.56° 0.0201° 0.02522 1.10° 0.1823¢
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In each column, means followed by the same letters are not significantly different (p<0.05), at 5% probability level
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Table 5- Mean comparison of interaction effect of priming types and different levels of salinity on some seedling
growth characteristics of curly dock
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el £ G riasdisd) S5t Allometric Radicle dry Plumule dry araile 4 araly) Total biomass
Priming type Salinity (dS.m) coefficient weight weight dry weight of ©)
(9) (9) radicle to plumule
N
e 1.56° 0.0003¢ 0.00649" 0.05¢ 0.274
Nanopriming
| »
AT 1.19% 0.00121 0.0044ik 0.29% 0.42°
Hormopriming 0
Koasl s
) jjj 0.96de 0.00049 0.0092¢ 0.04¢ 0.14¢f
Halopriming
(als) Ko )
P 1.07 0.0004¢ 0.0057" 0.07 013
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Ll 56
e 1.0 0.0002¢ 0.0006™ 0.42 0.019
Nanopriming
Keas!
et 1.24° 0.0003¢ 0.00751 0.04¢ 0.029
Hormopriming 3
Kol
) “j 0.97cdef 0.00019 0.0017'™ 0.08° 0.019
Halopriming
(dals) Koy
da s APTSERS 0.569 0.0003¢ 0.0007™ 0.49¢ 0.02¢
Hydropriming (Control)
sl 54
AT 0.601 0.0001¢ 0.0085¢' 0.01¢ 0.03¢
Nanopriming
Kol
TR 0.7 0.0007% 0.0129¢ 0.06° 0.14¢f
Hormopriming 6
Kol Jla
) ”J 0.71¢f9 0.0042¢f 0.0079¢f 1.37° 0.03¢
Halopriming
() Sl 0.80%% 0.0023° 0.0023' 1.02° 0.07%
Hydropriming (Control)
Kol st -
e 0.66°% 0.0081° 0.0039} 2.06° 0.35%
Nanopriming
o
AT 0.85%1 0.0088° 0.0079¢f 1.10% 017
Hormopriming 9
Koasl s
) ”j 0.70¢f9 0.0709% 0.06042 1.17% 1.232
Halopriming
(o) Sl 0.69° 0.0085¢ 0.00759 1.13% 0.10°%
Hydropriming (Control)
AR 3
e 0.67¢f 0.0052¢% 0.0052" 1.01° 0.07%
Nanopriming
K
R 0.64% 0.0614° 0.0508° 1.21% 0.52°
Hormopriming 12
Koasl s s
) NJ 0.65°f9 0.0058¢° 0.0407¢ 0.14¢ 0.06%
Halopriming
(als) Koo .
P 0.61% 0.0079% 0.0039% 2,08 0.07

Hydropriming (Control)
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In each column, means followed by the same letters are not significantly different (p<0.05), at 5% probability level
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