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Abstract

Introduction: Onion (Allium cepa L.) is a vegetable of family Alliaceae. Onion in addition to being used as food is one
of the most widely consumed vegetables. Nitrogen is an important com]})onent of protein and its availability is imFortant for
optimal product performance. Excessive use of nitrogen at the end of the season increases leaf growth and delays onion
maturation, thus reducing Kield. The use of nitrogen affects the growth and yield of onions as well as the precursors of onion
flavor. Excessive use of chemical fertilizers, including nitrogen, has negative effects on the environment and human health
(Noura and Nesreen., 2019). Although selenium is not an essential element for plant growth, its beneficial effects on plant
tolerance to environmental stresses have often been reported. Selenium is also a vital nutrient for humans and animals.
Plants play an important role in the transmission of selenium from the soil to humans and animals. The antioxidant and anti-
cancer properties of some selenium compounds justify the cultivation of selenium-enriched vegetables (Groth et al., 2020).
Nitrogen and selenium fertilizers interact in many cases. For example, the uptake and assimilation of nitrogen and selenium
is very similar, and there are many common products of nitrogen and selenium metabolism in plants (Klikocka et al., 2017).
Therefore, the aim of this study was to investigate the effect of selenium on improving some physiological characteristics
and precursors of onion flavor and also the methods of using urea fertilizer in order to reduce urea fertilizer consumption
and improve quantitative and qualitative yield of onion in field conditions.

Material and methods: In the present study, the effect of different levels of selenium and nitrogen split on activity
antioxidant enzymes and flavor precursors of Isfahan yellow iandraces onion was studied. In this experiment, the factors
involved the management of nitrogen use in 6 levels including control, total fertilization at the time of transplantation and
one-third fertilization recommended at the time of transplantation+ one-third fertilization at the time of bulb initiati9n+ one-
third fertilization at the time of bulb growth, and the second factor is the selenium in 3 levels: 0, 10 and 50 mg L™ sodium
selenate. Plant harvesting when the leaves of more than 50% of the plants have turned yellow and is done in late October.
Some physiological characteristics were measured, including antioxidant enzymes (catalase and peroxidase), amino acids

(serine and methionine, cysteine and glutathione, flavor precursors and nutrients (total sulfur and total nitrogen). Analysis of
amino acids and precursors of onion flavor was performed by HPLC.

Results and discussion: At all three levels of nitrogen, the activity of the enzyme catalase increased with increasing
selenium concentration. Selenium is an important element in increasing antioxidant activity in plants, microorganisms,
animals and humans. In addition, selenium reduces the amount of lipid peroxidation and hydrogen peroxide by increasing
the activity of antioxidant enzymes, thus delaying aging. As a result, selenium spraying increases the activity of antioxidant
enzymes and reduces the content of free radicals in the cells that are produced during the ‘physiological processes of the
plant, thus reducing the damage caused by oxidative stress to plant cells. At all three levels of nitrogen, with increasing
selenium concentration, the total nitrogen content of onion bulb increased (Table 4). Regulation of nitrogen metabolism is
associated with increased nitrate reductase activity. The enzyme nitrate reductase is responsible for converting nitrate to
nitrite, which is an essential enzyme for nitrogen metabolism. Selenium also has a positive effect on the activity of the
enzyme nitrate reductase. At all three levels of nitrogen, the amount of amino acids in onion bulb decreased with increasin

selenium concentration (Table 6). Plant nutrition and fertilization can have a significant effect on the amino acid content o
plant tissues. In plants, selenium metabolism is closely related to the metabolism of nitrogenous substances, especially
amino acids, and selenium leads to improved nitrogen assimilation process, which leads to a decrease in nitrate levels and an
increase in amino acid levels. As the concentration of selenium increased in all three levels of nitrogen, the precursors of
onion flavor decreased (Table 8). Selenium has led to changes in the precursors of onion flavor, which is due to the
increased absorption of selenium and its participation in the structure of sulfur amino acids. The effect of selenium on the
biosynthesis pathway of precursors of onion flavor is similar to when onions grow in conditions with low sulfur levels.
Nitrogen can affect the amount of flavor precursors by affecting sulfate uptake.

Conclusions: As the concentration of selenium increased, the total sulfur content decreased, which resulted in a decrease
in the amount of amino acids and flavor precursors. The results showed that the combined use of selenium and nitrogen had
a positive effect on the amount of antioxidant enzymes, amino acids and onion flavor precursors. In addition, split time of
nitrogen fertilizer affected the physiological characteristics studied. Therefore, the use of three-stage nitrogen fertilizer
(Consumption of one-third of recommended fertilizer at the time of transplantation+one-third fertilizer at the time of bulb
initiation+one-third fertilizer at the time of bulb growth) with 50 mg L™ of sodium selenate is recommended.
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Table 1. Soil test result

soil texture Organic carbon’. N total (mg/kg)

P (mg/kg) K (mg/kg) EC (dS/m) pH

Clay-Silt 0.8 0.08

14 450 0.90 7.90
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Table 2. Analysis of variance effect of different levels of selenium and nitrogen split on activity antioxidant enzymes of
onion bulb

Mean squares

Source of variation df Activity of catalase enzyme Activity of peroxidase enzyme
Se 2 405.23™ 5.69™
N split 2 1014.29™ 1.72™
SexN split 4 54.55™ 0.34™
Block 2 90.58"™ 0.50™
Error 16 8.82 0.646
(OAV) - 10.56 8.11
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Figure 1. Effect of different levels of selenium and nitrogen split on catalase activity of onion bulb
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N1, N and N3 show Control, Consumption of total fertilizer at the time of transplantation, Consumption of one-third of

recommended fertilizer at the time of transplantation+one-third fertilizer at the time of bulb initiation+one-third fertilizer at
the time of bulb growth, respectively; Se;, Se, and Segshow the 0, 10 and 50 mg L™ sodium selenate, respectively
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Figure 2. Effect of different levels of selenium on peroxidase activity ofonion bulb
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Table 3. Analysis of variance effect of different levels of selenium and nitrogen split on amount of total nitrogen and
total sulfur of onion bulb

Mean squares

Source of variation df Total nitrogen Total sulfur
Se 2 1811.66™ 619.0”
N split 2 3587.28™ 3301.20"
SexN split 4 420.12" 1051.63™
Block 2 13.45" 9.54"™
Error 16 25.91 26.49
CV - 475 5.90

Aoy S Jlazl o 3 s e 5 ls sxe b o S kR 5 S
ns and **: non- significant and significant at the 1% level of probability, respectively

CiS Oley 3 p Sy G me jlad 53 153858 Ol 5 b (F ) Lo pSle alis s ol

bl 2 53 0, S L 00 58 Lol an # s dn 55 0le 53 p s St (B35 3o £ 5 Olaj 53 p s Sie Ll
olasd 3 35 bl 2 0 S e O Lol s (558 05) dalii Slosd 3 IS 3,555 Ole (2 5055 A5 el
Oles 3 ol ao 5 555 IS Do 53 5o &S Ml 3 3l 0L 2als 155,558 Ole o sibes el (2130 58 05

Ol s an 5 Ol 53 p s St (B35 s 9,8 Oloj )3 p e St Ll LIS Ol 53 p g Sy Do 5 6L

iy B e 5 25 D i

2 Sy S rme lasles 53 e IS 0558 e op5eS 5 oot o dsir) LSSl alis mlo b
jrj,:a.l_wj_g)_)r}j&ﬁa' LG\JA.A C)—w wj.? QLA)JJ r).w&'i'dﬁﬁcjw @JJ g)l.d))b ryu@*—;h:ug;.«:sdu)
g_ﬁlb&gl)_élt_gojj;:;cb.ﬂuﬁp W eMuﬂﬁMQmJ@ﬂfﬁ&:ﬂﬁl{obﬂ(Jﬁon{) dals L

sl olas ulssl sl Cyﬁdj}ﬁ O\ﬂr,-m.l-w;



VA4 Glicusy 9 b oY o lacki F 099 8L GLALS dadii ale dy el

o o JS 258 5 JS 03578 Olome 05555 bati 5 p s lises = glas S1LF J g

Table 4. Effect of different levels of selenium and nitrogen split on amount of total nitrogen and total sulfur of onion

bulb
Treatment Total nitrogen (mg/gDW) Total sulfur (mg/gDW)

N;Se, 81.6' 76.90°"

N;Se, 94% 79.10"

N;Se; 101° 50.43°

N,Se; 90.4° 112.50°

N_Se, 96.8% 91.70°

N,Se; 110.4° 74.25°

N;Se; 100.3¢ 121.16%

N;Se, 138.7° 103.70°

N;Se; 150.2° 83.66%

das o Ol Ao )5 0 Jl.a:é'\cld—.d)i‘))‘}ﬁ\JW\QL—LAJ}Q}f-))]);;&ﬂk_éw‘r-»@u&d}f'éjw\./.:Sj..;j.ﬂ)ﬁ

In each column means that common letters are significantly different at the 5% level are Duncan's multiple range test
’C)Jw JL&J BE) (:}M;,Q‘&;u CMZSQLA))Q C}M&i g_B)w elis Qlﬂj)b ol 4:..9}5 Q}SJS ‘;}S Oy J\AJJ ol %‘J;‘U_NS)NZ N

ﬁhamﬁﬂr;&aO'j\'

Lj.i..a e 563 B SeZ ‘Sel S'C}_..: dx g5 Ol s ryp<.:+£.!c}..~

N1, N2 and N3 show Control, Consumption of total fertilizer at the time of transplantation, Consumption of one-third of
recommended fertilizer at the time of transplantation+one-third fertilizer at the time of bulb initiation+one-third fertilizer at
the time of bulb growth, respectively; Se;, Se, and Se; show the 0, 10 and 50 mg L™ sodium selenate, respectively
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Table 5. Analysis of variance effect of different levels of selenium and nitrogen split on some amino acids of onion bulb

Mean squares

Source of variation df Serine Cysteine Methionine Glutathione
Se 2 0.44™ 133.68" 0.46™ 29.59"
N split 2 17.16™ 283.34" 7.2117 1603.95™
SexN split 4 0.95™ 21.48™ 0.564™ 85.20"
Block 2 0.52"™ 4.49™ 0.29™ 7.40™
Error 16 0.37 451 0.20 6.97
CcCV - 3.92 6.78 4.26 7.59

MJA&.&)@JW\@.«)JJ\)@M})\)@MR%}QHE% EREUN]

ns, * and s:: non- significant, significant at the 5% and 1% level of probability, respectively

3 G il SUadeal (B Olges p 055 55 Jarei 5 p st s = gla 315 J g

Table 6. Effect of different levels of selenium and nitrogen split on some amino acids of onion bulb

Treatment Serine (pug/gFW) Cysteine (ng/gFW) Methionine (ng/gFW) Glutathione (ng/gFW)

N;Se; 413 33.4° 2.84f 25.11°
N;Se, 3.73f 29.02 2.428 22.11°
N;Se; 39 21.55f 1.90" 19.37f
N,Se; 5.3° 37.7% 3.86° 37.75°
N,Se, 4.96" 34.4% 3.501 32.52¢
N,Ses 4.4° 28.8° 3.17° 29.83¢
N3Se; 6.77 40.4° 4.35° 55.22

N3Se, 6.55°% 36.16° 4.15® 42.23°
N3Se; 5.82° 30.46" 3.96™ 37.75°

s o OLiS Ao s 0 JW\CEM)AI)JB@MQM\QLLAJ& Sy g ol gme Bl wlie By - gl S 5 e o
(Ogjl; Slawls d Q)nﬂ)

In each column means that common letters are significantly different at the 5% level are Duncan's multiple range test
gars Obes o typ<.1+;l.i.} CiS Ol s (j,..lgi.i b me L3S Olo) 3 el o 55 35S IS 058 O s e OLES S S Ng 5N Ny
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N1, N2 and N3 show Control, Consumption of total fertilizer at the time of transplantation, Consumption of one-third of

recommended fertilizer at the time of transplantation+one-third fertilizer at the time of bulb initiation+one-third fertilizer at
the time of bulb growth, respectively; Se,, Se, and Se; show the 0, 10 and 50 mg L™ sodium selenate, respectively
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Table 7. Analysis of variance effect of different levels of selenium and nitrogen split on flavor precursors of onion bulb

Mean squares

Source of variation df Methiin Propiin Isoalliin 2-Carb® GPECS0?
Se 2 0.48"™ 0.441"™ 0.130° 0.64" 0.86™
N split 2 0.5294™ 0.6204™ 0.3286" 0.0.467" 0.14™
SexN split 4 0.189" 0.848™ 0.404™ 0.173™ 0.16
Block 2 0.7 0.1343" 0.33™ 0.20™ 0.69"™
Error 16 0.21 0.997 0.25 0.10 0.36
CV - 3.64 59.77 6.79 6.77 7.85

Loy K o Jlea! ck.w 3l s g s e e S S ik 5 % NS

ns, * and **: non- significant, significant at the 5% and 1% level of probability, respectively
1: Carboxy propy! glutathione
2: Gamma glutamyl 1- propanyl cysteine sulfoxide

)L:.; C}w V‘b 6lhebl.a u’:ﬁf ijﬁs L,_....B‘g f},_..l.w s th.w;‘ A J‘9.\>
Table 8. Effect of different levels of selenium and nitrogen split on flavor precursors of onion bulb

Treatment Methiin (mg/gFW) Isoalliin (mg/gFW) 2-Carb (mg/gFW) GPECSO (mg/gFW)
N,Se; 1.05° 0.63° 0.44% 0.226%
N;Se, 1.03° 0.60° 0.40° 0.19°f
N;Se; 1.01° 0.43° 0.33 0.16°
N,Se; 1.39° 0.77° 0.55% 0.28%
N,Se, 1.28° 0.67° 0.519% 0.26%
N,Se; 1.16° 0.65° 0.48% 0.23%
N3Se; 1.537° 1.03% 0.61% 0.31%
N,Se, 1.5332 0.97 0.512° 0.27%
NaSe; 1.47% 0.83° 0.42" 0.22°

das o QLS A 3 0 Ju;;—\cladjsl))l;w\_éw}\ym)& Sy g s s g_'a)/k:;'-lr.x.o wlie iy, shled LS 5 a
(s (glawls e Osa3)

In each column means that common letters are significantly different at the 5% level are Duncan's multiple range test
o Obes 2 r}wu(ﬁ;l.i;‘ CiS Ol s DM;Q e L5 Oley 53 0l ano 5 35S IS S Oy s e OLES oS S Ng 5N Ny
e AR fﬁé‘?‘ Or 5V ho i 54 S8 558 S 5 s anw st Oloj 53 r}..:;iﬁgm'cy
N1, N and N3 show Control, Consumption of total fertilizer at the time of transplantation, Consumption of one-third of

recommended fertilizer at the time of transplantation+one-third fertilizer at the time of bulb initiation+one-third fertilizer at
the time of bulb growth, respectively; Sey, Se, and Se; show the 0, 10 and 50 mg L™ sodium selenate, respectively
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Figure 3. Effect of nitrogen split on propiin of onion bulb
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Ny, N, and N3 show Control, Consumption of total fertilizer at the time of transplantation, Consumption of one-third of
recommended fertilizer at the time of transplantation+one-third fertilizer at the time of bulb initiation+one-third fertilizer at
the time of bulb growth
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