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Table 1. Analysis of variance (mean squares) of the effects of sodium selenate and sodium selenite on morphological characteristics

in Mentha piperita.
Source of variation ~ df MS
Leaf fresh  Leafdry Root Root Total Stem Stem fresh Stem dry
weight weight volume length biomass diameter weight weight
Treatment 6 7.727% 1.8121%" 135413 15305™ 14.8166™  0.10883" 39.757" 2.9842*
Error 14 1.487 0.3367 5.667 1.775 0.7677 0.02524 4.292 0.4709
CV (%) 8.5 13.05 3.4 4.1 3.5 52 9.4 11.9

Aas e 0L |y A3 0 5 ) Jlad C)la..c 23 b s g

e

** and * show significant at 1 and 5 percent probability levels, respectively.
45l ,kd Stem diameter (mm) (LS s pf) 8l 656 05 :Stem fresh weight (g plant™) (sLS s Df) Bl Kis o5, Stem dry weight (g plant™)

: Root volume (mm’ plant”) (& & 53 s g5lw) 4y Jsb Root length (cm plant™) (LS s pf) JS e55¢y 5 Total biomass (g plant") «( ;e Le)

(LS s fff) S 036 05 Leaf fresh weight (g plant™) (olS s (ajf) S Sas 035 Leaf dry weight (gplant™) (455 53 oSl e a) 4l >

(S gl 53 3550 Sla S s » e S 5 e Sl S0k gl Y g

Table 2. Mean comparisons of the effect of sodium selenate and sodium selenite on morphological characteristics in Mentha piperita.

Concentration Leaf. fresh Leafdry Root volume  Root length T otal 'Stem Stem.fr&sh Sterp dry
Treatment ) weight weight g biomass  diameter weight weight
(mg1") -1 4y (mn’plant’)  (emplant?) 1 1 -1
(gplant’)  (gplant’) (gplant’)  (mm)  (gplant)) (gplant’)
Control 0 14,242 4.83® 67.67% 30.70% 24.03b 2.93b 20.633 5.974®
Selenate 4 15.482 5.08° 71.67% 33.23% 27.122 3.47° 25.882 7.87*
Selenate 8 13.51% 3.90% 67.00° 31.63% 23.23bed 3.20% 24.14* 6.38®
Selenate 12 11.69° 3.28° 56.33¢ 28.90° 21.18¢ 3.00% 17.36 5.41°
Selenite 4 16.432 5.32# 77.00° 35.96° 26.752 3.33q® 24.46° 6.83%®
Selenite 15.25% 4.74% 74.67% 32.018% 25.328 3.17%® 22.892® 6.09%
Selenite 12 13.25% 3.68® 70.338b¢ 30.53% 22.32¢d 2.03® 16.50° 4.76°

I ol pme M| s s o da..e):LSD Q,«)‘T bl ks S 2l iy > lols AS&La_-ﬂKSL,a Q5w A 3
In each column, numbers with similar letters are not significantly different (LSD, p < 0.05).
4l ks :Stem diameter (mm) «(oLS > pf) 8l 636 05 :Stem fresh weight (g plant”) (sLS s Df) Bl Kis o5, Stem dry weight (g plant™)

: Root volume (mm® plant™) (&5 5 3 e le) aiy; Jsb Root length (em plant™) «(olS s (ajf) JS o555y 5 Total biomass (g plant™) (e Je)
(LS 50 %) S 036 05 Leaf fresh weight (g plant™) (ol s 05) S iz 055 Leaf dry weight (gplant™) (&5 5> Ko o o) ady) oo
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Abstract

To investigate the effect of sodium selenate (Na,SeOs) and sodium selenite (Na,SeOs;) on some
morphological characteristics and nutrients concentration in peppermint, an experiment was conducted in a
completely randomized design with four replications. Different levels of sodium selenate and sodium
selenite (0, 4, 8, and 12 mg I'") were applied in soilless cultivation in the research greenhouse of the Faculty
of Agriculture, Ferdowsi University of Mashhad. Then morphological traits and the concentrations of
nutrients in the leaf were measured in the flowering stage. The results showed that the application of two
forms of selenium at a concentration of 4 mg 1" increased the growth traits in peppermint. The highest
concentration of both salts decreased the plant growth. The results also showed that with increasing the
concentration of selenite and sodium selenate, the selenium concentration increased, but the use of sodium
selenate caused higher concentration of this element in the leaf. At a concentration of 4 mg 1! selenium, the
concentrations of macronutrients including nitrogen, phosphorus, potassium, calcium, and magnesium in the
leaf increased by 43.7, 11.1, 3.2, 11.6, and 9.2%, respectively, compared to the control but were not
significant. The highest nitrogen concentration was observed at the concentration of 4 mg 1! sodium selenite
43.7% greater than the control. With increasing the concentration of selenium, except for molybdenum and
manganese, the concentration of zinc, iron, boron, and copper increased. The highest concentrations of iron
and boron were obtained at 12 mg 1! sodium selenate, 60.2 and 25.7% greater compared to the control,
respectively. The highest concentrations of zinc and copper measured at 12 mg I'! sodium selenite were 63.3
and 40.6% greater than the control, respectively. In general, it is concluded that 4 mg I"! of sodium selenate
can be applied to improve the growth and nutritional condition of the peppermint.

Keywords: Nutrient concentration, Root length, Selenium, Total biomass.

Background and Objective: Peppermint (Mentha piperita L.), belonging to the Lamiaceae family, has been
planted as a valuable medicinal plant in many countries (3). Peppermint essential oil and herb are used in
traditional medicine to treat colds, muscle cramps, nausea and toothache, and as a flavoring and disinfectant
(2). Selenium is one of the useful elements, and its deficiency or toxicity can play an important role in human
and animal health and nutrition. Most growth and vegetation characteristics of plants increase due to
selenium application. Selenium at low concentrations can increase the uptake of elements and
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nutrients by plants and as a result, may increase biomass and improve plant growth. However, it may
decrease plant growth at its high concentrations (1). This study was conducted to investigate the effect of
sodium selenate and selenite on some morphological characteristics and nutrients concentration in
peppermint.

Methods: A pot experiment in a soilless culture medium (sand bed) was conducted in a completely
randomized design with four replications. The treatments included different levels of sodium selenate and
selenite (4, 8, and 12 mg I'"). The Hoagland’s nutrient solution was prepared and its pH and EC were
adjusted. In March 2021, healthy rhizomes of peppermint (5—7 cm) were prepared from the research farm of
Ferdowsi University of Mashhad. Before planting in pots, the pots were disinfected and washed several times
with 3% hydrochloric acid (HCl) and distilled water to be completely free of any waste and elements. A
sauce was placed under each pot to collect leachate. The pots were placed in a greenhouse and irrigated with
distilled water. The nutrient solution was added to the culture medium according to the plant growth stage
and environmental conditions. At the flowering stage, the plant was sampled and morphological traits (leaf
fresh and dry weight, stem diameter, stem fresh and dry weight, root length, root volume, and total biomass)
and the concentrations of macro- and micro-nutrients (nitrogen, phosphorus, potassium, calcium,
magnesium, selenium, iron, zinc, copper, barium, molybdenum, and manganese) in the leaf were measured.

Results: The effect of sodium selenate and selenite on all the measured traits except stem diameter was
significant at 1% probability level. The mean comparisons showed that with increasing the selenium
concentration, the plant growth characteristics decreased. The application of two forms of selenium at low
concentration (i.e., 4 mg 1) increased the total biomass by 11.3%. The application of 4 mg I'' sodium
selenite increased root volume and length by 13.8 and 17.1%, respectively. The results also showed that with
increasing the concentration of sodium selenite and selenate, the selenium concentration in the leaves
increased, but selenate was more effective than selenite to increase the selenium concentration in the leaves.
At low selenium concentrations, the concentration of macronutrients increased and with increasing the
selenium concentration, an increase in the concentration of microelements (except for molybdenum and
manganese) was observed.

Conclusions: In general, due to the importance of medicinal plants and health, human nutrition, and based
on the results, the application of 4 mg I'! sodium selenate and sodium selenite effectively improved the
growth and increased the concentration of nutrients in the peppermint.

References:

1. Amerian, M., Dashti, F., Delshad, M., 2014. Effect of different sources and levels of selenium on growth
and some physiological characteristics of onion (4l/lium cepa L.). Journal of Plant Production Technology.
12(2): 163-179.

2. Asadi, M., Nasiri, Y., Mola Ali Abasiyan, S., Morshedloo, M., 2019. Evaluation of quantitative and
qualitative yield of peppermint under the influence of amino acids, chemical and organic fertilizers.
Agricultural Knowledge and Sustainable Production 28(3): 258-275.

3. Keshavarz, H., Modarres Sanavy, S.A.M., Mehdipour Afra, M., 2018. Organic and chemical fertilizer
affected yield and essential oil of two Mint species. Journal of Essential Oil Bearing Plants 21: 1674—1681.

16



