EXTENDED ABSTRACT

Introduction

Salinity is one of the major limiting factors affecting crop production in arid and semi-arid
regions. Although sugar beet (Beta vulgaris L.) is relatively more tolerant to salinity than
many other field crops, it can be adversely affected by osmotic stress, ion toxicity, and
nutrient uptake disturbances, particularly under high salt concentrations. An increase in
sodium and chloride concentrations in the root environment can reduce osmotic potential,
disrupt ionic balance, and interfere with potassium uptake, thereby impairing dmportant
physiological and metabolic processes. The adverse effects of salinity stress inclu uced

plant growth, impaired photosynthesis and protein synthesis, alterad in er@rgy
metabolism, and increased production of reactive oxygen specie > ExcgsSive
accumulation of ROS can cause membrane lipid peroxidati®g, protein oxidaign cellular

damage. To cope with these conditions, plants activate joxidant ddliense systems
involving enzymes such as superoxide dismutase, cat
peroxidase, and polyphenol oxidase. >\
Potassium, as an essential plant nutrient, play@a

serve as an effective nutritional strategy for miflgating the adverse effects of salinity.
Accordingly, this study was conduct@U to investigg# the interactive effects of salinity stress
and potassium sulfate application on zyme activities and selected biochemical
mechanisms associated with saliyity toleg@liice in sugar beet cv. Shokoufa under greenhouse
conditions.

.e

Method

The study was
season using s
based on a r
treatm@ansisted of five levels of irrigation water salinity, including 0, 5, 10, 15, and 20
dSm™, two levels of potassium sulfate application, including 0 and 50 kg ha™'. In total,
the treatments were applied to 30 pots containing sugar beet seedlings. Salinity treatments
were imposed by adding predetermined amounts of salt to the irrigation water, while
potassium sulfate was applied after plant establishment. Other plant nutritional requirements
were supplied according to recommended agronomic practices.

To evaluate the biochemical responses of the plants to the experimental treatments, the
activities of several antioxidant and defense-related enzymes, including catalase (CAT),
peroxidase (POD), superoxide dismutase (SOD), polyphenol oxidase (PPO), phenylalanine
ammonia-lyase (PAL), and ascorbate peroxidase (APX), were determined. Enzyme

ed under greenhouse conditions during the 2018-2019 growing
et cv. Shokoufa. The experiment was arranged as a factorial experiment
mized complete block design with three replications. Experimental
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activities were measured using spectrophotometric methods at the specific wavelengths
corresponding to each enzyme. In addition, the concentrations of two important compatible
osmolytes, proline and glycine betaine, were determined. Proline content was measured
according to the method of Bates et al. (1973) while glycine betaine was determined using
the method described by Grieve and Grattan. The obtained data were analyzed to determine
the effects of salinity levels, potassium sulfate application, and their interaction on the
measured biochemical traits.

Results
The results showed that salinity stress significantly altered antioxidant enzyme act@igies and
biochemical characteristics of sugar beet cv. Shokoufa. Catalase activity decre ith

increasing salinity. The highest CAT activity was recorded under the non-
with a mean value of 4.78, whereas the lowest value, 1.26, was obse
water salinity of 20 dS m™'. Application of 50 kg ha™! pot®gium sulfate a
affected CAT activity and was able to prevent a substantial ine in thi
salinity stress.
In contrast, increasing salinity resulted in greate@accumuylati
highest concentration observed at the high
at 50 kg ha™ reduced glycine betaine con % compared with the control
treatment. This reduction may be attribute ved osmotic status resulting from
adequate potassium supply and, consequently,Na reduced requirement for compatible
osmolyte accumulation.Proline congggt was alsosignificantly affected by salinity and
exhibited a decreasing trend. The hi centration was recorded under the non-
saline condition, whereas the lowes entration occurred at 20 dS m™'. This finding
indicates that prolin@ccumulati n in th@¥tudied cultivar did not necessarily increase with
increasing sa@' inteM@ify, sug that osmotic adjustment may also have been
achieved througigoth ogical and biochemical mechanisms.

Peroxidase activity a reased with increasing salinity. The highest POD activity was
observed 1 nd 5 dS m™! treatments, whereas the lowest activity was recorded at
20 dS m'. In ast, phenylalanine ammonia-lyase activity increased with increasing

gionificantly
nzyme under

glycine betaine, with the
plication of potassium sulfate

salinit its maximum at 20 dS m™'. The increase in PAL activity may indicate
activau@( the phenylpropanoid pathway and an enhanced capacity of the plant to
synthesize secondary defense compounds under stress conditions.

Ascorbate peroxidase activity was affected by both salinity and potassium sulfate
application, and their interaction was significant. The highest APX activity was recorded
under the combination of no potassium application and 20 dS m™ salinity. This response
may indicate activation of hydrogen peroxide-scavenging mechanisms under severe salinity
stress.

Furthermore, polyphenol oxidase and superoxide dismutase activities increased with
increasing salinity. Application of 50 kg ha™ potassium sulfate reduced PPO activity by
16.27% and SOD activity by 8.4% compared with the control. Nevertheless, at the highest
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salinity level, SOD activity increased by 41.66% compared with the non-saline condition.
The increase in SOD activity indicates activation of the plant antioxidant defense system in
response to enhanced ROS production under salinity stress.

Conclusions
Overall, the results demonstrated that increasing irrigation water salinity substantially altered
antioxidant enzyme activities and compatible osmolyte accumulation in sugar beet cv.
Shokoufa. The responses of antioxidant enzymes to salinity were not uniform. Activities of
SOD, PPO, PAL, and APX increased, whereas CAT and POD activities decreased with
increasing salinity. These differential responses suggest the activation of distingimgefense
pathways in response to salinity stress and indicate that some antioxidant enzymes m Ve a
threshold beyond which their effective activity is limited.

Potassium sulfate application was also able to mitigate some of the adver

intensity increased, the defensive capacity o
reductions in the activities of some key antioxi mes were observed at high salinity
levels. Therefore, integrated management of irrigati§p water quality and potassium nutrition,
together with the use of salt-tolerant culjggars, can confliibute to improving the productivity and
sustainability of sugar beet production ine envig@ments.

Abbreviation Journal title, 2021; vol(no): page



9 (S 1 £ 18 S 31 > Sl g by OWgw 39,5 9 (5 90 ).5.»13
WS vy Wiy ol (LB o]

Sy
Flswrp S b Gimgh cnl 29y Jlod & 28 )xise Mg 0aiS 390000 elge (ke (S (598 OIS Suiddes g St 3L
) ol o 55 o gy Jols o 0,5 2] 1S5 as b (ol JolS (slacSsly b B 3 )56 &ygeoy Gialol L plosl
Mfe S 2 gn (§9 Gl 3l (LS gl g2 (LS 13 £ )59k O+ 5 ) assliy Sl o 93 9 (3o 3 (e gwd Ve 9 VO Ve B
5 (PAL) 5Wlsgel 1 a3 5 (PPO) 31asus] Jgid Ly (POD) jlisuSlyy (SOD) hgaumsd sl ygms LCAT) SYLIS sl 5] ol
3 o e 4 1> s 2815 g, ol s 5 o 53 28l il (b ol Sl 5398 L5 05
Canlyy ()] B puan pae b duglio 1 (eawby Olgw b 13 o 5ohS B0 3)l8 3gr 455 4 gl ;3 0LS (6 jows] pualiis

Effects of Salinity and Potassium Sulfa
Antioxidant Enzymes and Compatib

e Activity of Some Defense,
Sugar Beet (C.V Shokofa)

Abstract
In arid and semi-arid regions, salinity stress is considef®d one of the major limiting factors for sugar
i te the interactive effects of salinity and
potassium sulfate application on ant@@xidant enzym@ activities and selected quantitative and

ized complete block design with three replications.
water salinity (0, 5, 10, 15, and 20 dS m™) and two
he results showed that increasing salinity significantly

conducted as a factorial arrangement in a fan
Treatments consisted qffive levels §f irrig
levels of potassium sulfate
affected the JBHWhes of C
polyphenol oxida!(PP

and sel itative and qualitative traits of the plant. Overall, the results indicated that adequate
potassi@uply can enhance sugar beet tolerance to salinity stress by strengthening antioxidant
defense chanisms and osmotic adjustment. Therefore, appropriate potassium nutrition
management can be considered an effective strategy for mitigating the adverse effects of salinity and
maintaining sugar beet yield and quality under saline conditions.

Keywords: Salinity Stress, Potassium Nutrition, Proline, Glycine Betaine.
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