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Abstract
To examine the effect of priming on germination indices and some biochemical traits of

deteriorated triticale seeds, a factorial experiment was performed in a completely randomized
design with three replications at the Laboratory of Seed Science and Technology, Faculty of
Agriculture and Natural Resources, University of Mohaghegh Ardabili in 2023. Treatments
included seed deterioration (5%, 15%, and 25%) and priming (no prime, distilled water,
cytokinin, spermidine, salicylic acid, and auxin). The hormones used were prepared at a
concentration of 1 mM based on preliminary test results. In the initial test, concentrations of
0.25, 0.5, 1, 1.5, and 2 mM of each hormone were tested, and the most suitable concentration
was found to be 1 mM. The results showed that priming with auxin caused the most significant
increase in the activities of catalase (40.39%), superoxide dismutase (46.7%), polyphenol
oxidase (73.01%), and kayagol peroxidase (17.56%) compared to the control. Additionally, the
levels of malondialdehyde (21.1 nmol/g fresh weight), hydrogen peroxide (103 nmol/g fresh
weight), and superoxide (35 units) were the lowest in priming with auxin. The levels of Maillard
and Amadori products increased due to exhaustion, but decreased by 0.63 and 0.017,
respectively, in priming with auxin. In general, the results indicate that seed treatment with
auxin can mitigate the detrimental effects of exhaustion on certain triticale seedling traits and
enhance seedling growth by stimulating antioxidant enzymes and neutralizing free radicals.
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Introduction

Triticale (x Triticosecale), a hybrid of wheat and rye, exhibits superior biomass production and adaptability.
However, its seed viability can significantly decline due to deterioration during storage. Seed aging is
associated with oxidative stress, membrane degradation, and biochemical changes, including the
accumulation of Maillard and Amadori products. These changes impair seedling establishment and vigor.
Reactive oxygen species (ROS), including hydrogen peroxide (H,O;) and superoxide radicals (O;"), play a
crucial role in cellular damage. The antioxidant defense system, particularly enzymes like catalase (CAT),
superoxide dismutase (SOD), guaiacol peroxidase (POD), and polyphenol oxidase (PPO), counteract ROS
toxicity. Seed priming, particularly with plant growth regulators, has been recognized as a practical approach
to mitigate the effects of seed aging by enhancing antioxidant defenses and repairing cellular structures. In
this study, we investigated the effects of different priming treatments, including hydropriming, cytokinin,
spermidine, salicylic acid, and auxin, on seedling antioxidant activity and deterioration indices under
accelerated aging conditions.

Materials and Methods

A factorial experiment based on a completely randomized design with three replications was conducted at
the Seed Science and Technology Laboratory, University of Mohaghegh Ardabili, in 2023. The experiment
included three levels of seed deterioration (95%, 85%, and 75% viability) induced through accelerated aging
(40 °C and 100% RH), and six priming treatments: control (unprimed), hydropriming, cytokinin, spermidine,
salicylic acid, and auxin, all applied at 1 mM concentration based on preliminary trials. Priming was carried
out by soaking seeds for 24 hours at 25 °C, followed by drying to their initial moisture content. Antioxidant
enzyme activities (CAT, SOD, POD, PPO, and APX), ROS levels (H,O, and Oz’), and seed deterioration
indicators (Malondialdehyde — MDA, Maillard, and Amadori products) were evaluated using
spectrophotometric methods. Antioxidant capacity was also assessed via the DPPH radical scavenging assay.

Results and Discussion

Priming with auxin significantly enhanced the activity of CAT, SOD, POD, and PPO, especially under high
deterioration (75% viability). CAT activity increased by 40.39%, SOD by 46.7%, PPO by 73.01%, and POD
by 17.56% compared to unprimed controls. These enhancements imply a stronger enzymatic detoxification
of ROS, improving the seedling's resilience under oxidative stress. Ascorbate peroxidase (APX) activity was
also highest in auxin-primed seeds under severe aging.

Auxin-primed seeds exhibited the lowest levels of H,O, (103 nmol/g FW) and superoxide (35 U/1000),
indicating efficient ROS neutralization. Conversely, unprimed seeds with viability below 75% showed the
highest ROS accumulation. DPPH radical scavenging activity was also significantly higher in auxin-primed
seeds, confirming improved antioxidant potential.

Malondialdehyde (MDA), a key marker of membrane lipid peroxidation, was lowest in auxin-primed seeds
(21.1 nmol/g FW) and highest in cytokinin-primed seeds under severe aging (60.2 nmol/g FW). This
reduction in MDA highlights the protective role of auxin against membrane degradation.

Both Amadori and Maillard product levels were elevated under seed aging, but auxin priming substantially
reduced their accumulation. Amadori content dropped to 0.017 (A550), and Maillard product index declined
to 0.63%, indicating reduced non-enzymatic glycation and oxidative damage to proteins.

Auxin may activate transcription factors and gene networks associated with antioxidant enzymes, enhancing
their expression during germination. Similar observations were reported in rice and soybean, where auxin
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priming improved photosynthesis, chlorophyll content, and stress tolerance by modulating ROS signaling.
Polyamines, such as spermidine, also showed beneficial effects by stabilizing membranes and scavenging
ROS, although to a lesser extent than auxin.

Conclusion

Priming triticale seeds with auxin significantly enhances antioxidant enzyme activities, mitigates oxidative
damage, and reduces biochemical markers of seed deterioration. This leads to improved seedling vigor even
under severe aging stress. Among the treatments studied, auxin was the most effective in restoring
physiological and biochemical seed quality, followed by salicylic acid and spermidine. Seed priming,
therefore, represents a promising pre-sowing strategy to extend seed longevity and enhance field emergence
under stress conditions.
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Table 1- Analysis of variance (mean square) for seed vigor treatments and priming on antioxidant enzymes, MDA and

Maillard and Amadori triticale

Mean square

Sources of Guaiacol- Ascorbate-
df PPO CAT SOD MDA
variation POD POD
Seed vigor 2 162™ 91.8" 1871% 29" 1698™ 0.00™
Seed priming 5 53.77" 76.9™ 28.4™ 14.4™ 2617 0.00™
Seed vigor x seed " " v "
6.83 2.18"™ 41.6 5.37 1.68 0.00™
priming
Error 34 0.51 0.462 4.36 1.07 3.78 0.00
C.V. (%) 7.57 2.65 3.92 0.97 5.35 2.19

70 Jlaz! c|=.~ 23 )15 Sae g Aoy S Jlez| c)a,d 03,13 gaa i3 Saa e LS Sa % g s s

Ns, * and ** ns and ** are respectively non- significant and significant at 5% and 1% probability level
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Table 2- Analysis of variance (mean square) for seed vigor treatments and priming on antioxidant
enzymes, MDA and Maillard and Amadori triticale

Mean square

Sources of variation df Mailard Amadori H,0, 0, DPPH
Seed vigor 2 0.72™ 0.0003™ 104™ 2523™ 451"
Seed priming 5 0.17" 0.00017" 303" 640™ 4.69"
Seed vigor x seed . .
o 10 0.003™ 0.00%* 67.9 16.7 0.07™
priming

Error 34 0.0018 0.00 28.8 6.6 11.13

C.V. (%) 5.13 4.12 3.61 4.56 1.8

10 Jlazrl el 53 5l3 s 5 ooy S Jlaz| s 53 Jl3 e ¢l Gma b 5 ¥ 5 ok IS

ns, * and ** ns and ** are respectively non- significant and significant at 5% and 1% probability level
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Table 3- Mean comparison for the effect of seed vigor and priming on antioxidant enzymes, MDA and Amadori triticale.

CAT
Treatment PPO . SOD Guaiacol-
o (micromol . ) MDA (nmol/g ) H202 (nmol/g
combinati (U/mg H202/mi (U/min g POD (U/min W) Amadori (A550) FW 02- (U*1000)
on Protein) FWn;m & FW) g FW) )

VI1IxP1 5.1 19.8 413" 97.6" 36.4° 0.026" 149¢f 52¢hi
VIxP2 5.54 21.5 43.68 100.4# 30.2¢ 0.025" 132" 491
VIxP3 6.2 23.68 45.8% 102.8f 27.4h 0.0234 120° 45k
VI1xP4 7.6" 25.1¢f 45.9% 103.6° 23.6 0.022'™ 115 41k
VI1xP5 6.4% 23.9¢ 45.1# 102.5° 24,70 0.0234 117 43k
VIxP6 8.3t 26.3¢ 45.9° 106.3¢ 21.1% 0.017" 103/ 35!
V2xP1 6.71 21.6' 44.3¢ 99.4¢ 41.74 0.032° 176° 69°
V2xP2 7.8 23.7¢" 45.8% 102.8° 37.3¢ 0.03% 1634 66°
V2xP3 9.2¢f 26.4¢ 49.6° 105.7¢ 35.1¢f 0.027¢ 155% 58
V2xP4 10.5¢ 27.1¢ 50.7¢ 108.9¢ 33.1% 0.024* 1431 L
V2xP5 10.14 26.24 S1.1° 106.3¢ 34.6 0.0251 145% 541
V2xP6 12.6° 28.8% 58.34 111.7° 28.9" 0.021™ 131" 42k
V3xP1 7.6" 22.6M 51.8¢ 103.5° 54.6° 0.039° 204 82%
V3xP2 8.9'% 24.3% 55.84 106.9¢ 60.2° 0.036° 189° 75°
V3xP3 11.7¢ 28.7¢ 64.2¢ 109.7¢ 48.2% 0.031¢ 173¢ 68°
V3xP4 13.9° 29.9° 68.7 110.7% 45.9¢ 0.028% 157% 61%
V3xP5 14.1° 28.6¢ 70.1° 112.1° 46.2¢ 0.029< 1614 65
V3xP6 18.9* 33.2¢ 77.5% 118.4° 34.2¢f 0.022'™ 139& 56

LSD 1.19 1.12 3.46 1.72 3.22 0.0018 8.91 4.26

sl (S s b Sl e OT L Sl 8im s pde o 4 Po sPscPucPy Py Py v 57AD (/38 (Ss g p o ia V3 5 V2 ¢ V)
A o L Sl 050 5T el p (513 stmn (55T Bt O s o 53 alie (3 b (1o 80l oS 5 Kl ol U Sl ¢ pokon el
V1, V, and V; are 95%, 85% and 75% of viability, respectively. P1, P2, P3, P4, P5, and P6 are without priming, priming with distilled water, priming

with cytokinin, priming with spermidine, priming with salicylic acid and auxin, respectively. Means with similar letters in each column are not
statistically different based on Duncan's test.
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Figure 1- Comparison of the effect of deterioration on Ascorbat-POD activity in triticale seedling (Values are the mean of three
replicates £SE of three separate measurements, in each coloumn different letters show significant difference at 5% probability level)
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Figure 2- Comparison of the effect of priming on Ascorbat-POD activity in triticale seedling (Values are the mean of three replicates
1SE of three separate measurements, in each coloumn different letters show significant difference at 5% probability level)

o AeS 5740 Sogup 33 A IS Slans =T (DPPH) _J5"  Slows™l 5T Cud b
(F USKE) T st IVD S 3 gu b 55 (VF/8Y) Ol e sl o3l 1 b ¢ ulyly 4 s 4 4 L
8ol ey 5 gage G SMnST| BT B> (bt Vb o 3 JS GleeST BT 2 by (Sa g

2315 0bLE 5 &S s (3L (S5 s b ila 13,55 Lyl 5 Cd b Ol i b (Y Jod) 5y 5l gme deo o



vf OLan 5 ki M5/ (x Triticosecale) & i Hdo (83 p g7 Lozl 5 Sl =T e 2 Koasl ;5

(Kaur etal., 2022 ) 3 3% o0 oslazul

"

DPPH g gl

IS SlasT 5T oé b Lbso ¢l DPPH Ul

[ T
|
15
14k
5
0 L - -
TEEG RELG oy

Seed dererioranion (¥l

Ost o 3 Sslite oy o el 50k 51l gllas £ SG aw S0k Waesls) Ja 5 glaydo DPPH ;S50 5 1 auslie ¥ K2

(Sl 3 0 Jlozm! el 3 (55LT Sl e sl S

Figure 3- Comparison of the effect of priming on DPPH in triticale seeds (Values are the mean of three replicates £SE of three

separate measurements, in each coloumn different letters show significant difference at 5% probability level)
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Figure 4- Comparison of the effect of deterioration on Mailard products in triticale seeds (Values are the mean of three replicates
1SE of three separate measurements, in each coloumn different letters show significant difference at 5% probability level)
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