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The Impact of Selenium (Nano and Bulk) on the Absorption of Macro- and
Microelements and Growth Characteristics of Spinach (Spinacia oleracea
L. cv. Virofly)
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Fig. 1. The impact of nano-Selenium and Sodium Selenate treatments on leaf dry matter in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with Tucky
test (P<0.05).
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Fig. 2. The impact of nano-Selenium and Sodium Selenate treatments on root dry matter in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with Tucky
test (p< 0.05).
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Fig. 3. The impact of nano-Selenium and Sodium Selenate treatments on areal organ length in spinach virofly

variety. Values are the average of three repetitions and the same letters indicate no significant difference
with Tucky test (p< 0.05).
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Fig. 4. The impact of nano-Selenium and Sodium Selenate treatments on root length in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with Tucky
test (P<0.05).
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Fig. 5. The impact of nano-Selenium and Sodium Selenate treatments on leaf number in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with Tucky

test (P<0.05).
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Fig. 6. The impact of nano-Selenium and Sodium Selenate treatments on the content of leaf nitrate in spinach

virofly variety. Values are the average of three repetitions and the same letters indicate no significant
difference with Tucky test (P< 0.05).
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Fig. 7. The impact of nano-Selenium and Sodium Selenate treatments on Ca content in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with Tucky
test (P<0.05).
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Fig. 8. The impact of nano-Selenium and Sodium Selenate treatments on P content in spinach virofly variety.
Values are the average of three repetitions and the same letters indicate no significant difference with
Tucky test (P< 0.05).
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nano-Selenium and Sodium Selenate treatments on Na content in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with Tucky

test (P< 0.05).
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Fig. 10. The impact of nano-Selenium and Sodium Selenate treatments on Fe content in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with
Tucky test (P<0.05).
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Fig. 11. The impact of nano-Selenium and Sodium Selenate treatments on Zn content in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with
Tucky test (P< 0.05).
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Fig. 12. The impact of nano-Selenium and Sodium Selenate treatments on Mn content in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with
Tucky test (P<0.05).

gk

s V+ ekl Jlass ,o anld Jlas & S S (ol IYFITY (al38 5| Sl o5 pseiles slsions 4 gy gl
FYOIVA Gl ol Lol o aals Loy S S poeilr (8l g 5 poidhogil ol g (o Ve 0215 Sl L 0
ey b odalie poriler Glime Il 525 s Sl Lilisie gohaw Covi 39 oS ponilegil plin o Ve v
2 Glas N Ol ke (2708 5 o Sl plg g Ve boad ot (bS50 (Plias +1T0) pseiles slyon
QY JS8) del casas vals s olals

#1Nano selenium (ppm)

@ Sodium Selenate (mg/L)
0.30

0.25
0.20
0.15
0.10
0.05
0.00

a a a a

Se (ppm)

(Pl o

control 5 10 20
bl

Treatments
Al S By 9,185 (xS0lee polite (g g o8, gl )3 porib Sy p otk 5 portbugil e JIAY S
Lol (P<0.05) S5 9031 b lo cme WS pae
Fig. 13. The impact of nano-Selenium and Sodium Selenate treatments on Se content in spinach virofly variety.

Values are the average of three repetitions and the same letters indicate no significant difference with
Tucky test (P<0.05).
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Plants absorb Se element from the soil and enter it into the food chain as the best source of
selenium for humans and animals. In the current research, the effects of selenium (bulk and
nano forms) were investigated on the absorption of macro and micro elements and growth
characteristics of spinach under greenhouse conditions. The experiment was carried out in a
completely randomized design. The factors were foliar spraying of nano selenium (5, 10 and
20 ppm), sodium selenate (5, 10 and 20 ppm) and distilled water (control plants). Based on the
findings, an improvement was observed in root dry matter, shoot length, leaf number, and Ca
and Se contents with increasing the levels of treatments, in contrast, high levels of both
treatments declined the content of leaf nitrate, Na and Mn. Leaf dry matter and P and Mg
contents were boosted at the level of 10 ppm of both treatments, and lessened at higher levels.
The highest root length and Fe and Zn contents were observed at 5 ppm of nano-Se. This
indicates the additive effects of low Se concentrations on root tip meristem cell division as well
as plant water relations via transport of essential elements. However, the reduction of the
mentioned traits occurred at higher levels of both treatments (20 ppm). Eventually, among the
different levels of both Se treatments, the best one was 10 ppm Nano-Se. However, it can be
stated that selecting the best treatment depends on the type of plant species, the type of utilized
treatment, and the effective level on studied traits.

Keywords: Leaf number, Ferrous, Nano selenium, Phosphorus, Root length, Sodium, Sodium
selenite, Zinc


mailto:shamili@ut.ac.ir
https://journal-irshs.ir/article-1-705-en.html
http://www.tcpdf.org

