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Abstract: Since the global approach to the production of medicinal plants is effective in improving
the quantity and quality of the material, it seems that the nutrition of these plants through the ap-
plication of biological fertilizers in different environmental conditions is most in line with the pro-
duction goals of medicinal plants. Therefore, in order to investigate the effect of bio and non-bio
fertilizers on biochemical and morphological characteristics of Peppermint (Mentha piperita L.) un-
der different irrigation intervals, an experiment in the form of a split-plot in a randomized complete
design with 4 replications in the research farm of Agricultural and Natural Resources Research Cen-
ter, Yazd, Iran was conducted in 2020. Experimental factors including three irrigation intervals:
Control (every 7 days), every 12 days, every 17 days, and different levels of fertilizer including Con-
trol (without fertilizer application), mycorrhizal (Glomus), Azperium brasilense, Pseudomonas fluo-
rescens and chemical fertilizer (NPK). The results showed that with increasing irrigation intervals,
height decreased by 33%. Comparison of the mean of interaction effects of the treatments showed
that the biological yield decreased by 81% compared to the control treatment. Also, the highest rate
of biological yield was observed in the 7-day irrigation interval and mycorrhiza fertilizer. Compar-
ison of the mean of the data showed that with increasing the irrigation interval, the percentage of
essential oil increased. Also, the use of mycorrhiza had the highest percentage of essential oil
(2.54%). Therefore, the use of bio-fertilizers, especially mycorrhiza which can greatly reduce the
adverse effects of peppermint in dehydration stress conditions is recommended.
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1. Introduction

Peppermint (Mentha piperita L.), a perennial plant of the mint family, is one of the
most widely used medicinal plants. Widespread cultivation in the world will expose the
plant to non-living stress, including water deficit stress during the growing season. On
the other hand, the quantity and quality of active ingredients of medicinal plants in addi-
tion to genotype, is also affected by environmental factors [4,18]. Water and fertilizer are
the main factors determining the level of agricultural production in the world, in addition
to which they also affect the quantity and quality of medicinal plants [5]. Drought stress
and lack of irrigation are important environmental stresses that disrupt the function of
stomata, photosynthetic system, degradation of proteins and enzymes and reduce leaf
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area, causing the fall of flowers and fruits and thus reduce yield [1,15]. It has been shown
that bio- fertilizers have a lot of roles in improving the growth conditions of plants.The
results of research have shown that the use of Azospirillium during the reproductive
stage, especially the flowering stage, increases the activity of nitrogenase enzyme in the
roots of inoculated plants. As a result, the availability of nitrogen for the plant increases
the number of flowers and, consequently, increases grain yield [23]. Among phosphate-
solubilizing microorganisms, Pseudomonas bacteria is one of the most important types of
phosphate-solubilizing bacteria [20]. In addition to improving plant growth, mycorrhizal
fungi also increase nutrient uptake. One of the most important elements that is actively
and widely absorbed by mycorrhizae is phosphorus [7]. In recent years, mycorrhizal fungi
have been used in many plants to combat dehydration and drought stress [24]. Mycor-
rhiza fungi are a type of bio fertilizer that has a peaceful coexistence with plant roots
[12,16]. Therefore, this research was conducted with the aim of investigating The effect of
bio and non-bio fertilizers on biochemical and morphological characteristics of Pepper-
mint (Mentha piperita) under different irrigation intervals.

2. Materials and Methods

This experiment was performed as a split plot in the form of a randomized complete
block design with 4 replications and in 2020 in the research farm of Yazd Research Center,
Iran.

The results of chemical analysis of field soil are presented in Table 1.

Table 1. Analysis of soil texture and physical and chemicals characteristics of sample soil.

Soil EC (oH) Sand Clay Loam ocC K P N
Texture (dS.m™) P (%) (%) (%) (%) (ppm) (ppm) (%)
Sandy 2.05 7.66 75 10 15 0.339 19.08 14.8 0.029
loam

In this experiment, water deficit stress treatment was applied using irrigation inter-
val, which includes: control treatment (every 7 days), mild stress (every 12 days) and se-
vere stress (every 17 days) as the main factor and biological fertilizers. Azospirillium, Glo-
mus (mycorrhiza), Pseudomonas, NPK fertilizer and control treatment (without fertilizer
application) were considered as secondary factors. Use of mycorrhiza bio-fertilizer was
done in the form of sand inoculum. Pseudomonas and Azosporillium bacteria were used
by immersing the roots in them. NPK fertilizer was also used in granular form. After pre-
paring the suitable substrate, blocking and preparing the plots and in the 11-leaf stage, the
seedlings were transferred to the field. The sub-plots had dimensions of 4 m in length and
3.5 m in width. Each experimental unit consisted of 4 planting rows with a spacing of 70
cm between rows and 50 cm on the row. After transplanting, the first irrigation in the field
was done by flood. When the plants were fully established (14-15 leaves), water deficit
treatment was applied by drip irrigation method and adjustment of irrigation frequency
and according to the plan map, the volume of irrigation water was the same for all treat-
ments each time (with the meter contract from The same volume of water was used). Wa-
ter deficit continued until the plants were fully flowering and the plants were harvested
at full flowering stage.

2.1. Measurement of Plant Height and Biological Yield

Sampling was done at the time of full flowering. The plants were harvested by re-
moving the marginal effects and after drying the samples as dry shade and at room tem-
perature of 18 to 22 °C, the dry weight of each sample was measured. Finally, the obtained
values were calculated in terms of grams per plant. Several plants were selected by re-
moving the marginal effects and the height of the tallest branch was measured with a
ruler.



Chem. Proc. 2022, 4, x FOR PEER REVIEW 3 of6

2.2. Assessing the Percentage of Essential Oil

After harvesting and drying the plants, first the mill and then the weight and finally
the essential oil was extracted. Essential oil extraction was performed in the laboratory
using water distillation by an essential oil extractor (Clevenger). Water distillation is used
to separate water-insoluble substances (such as essential oils). Using this method, it is easy
to extract essential oils from the desired plants. Finally, the extracted essential oil was
poured into small glass containers (previously weighed and the empty weight of the glass
was recorded) and weighed with an electric scale. The weight of essential oil was recorded
in grams and calculated as a percentage.

2.3. Data Analysis

Finally, the obtained data were statistically analyzed using SAS statistical software
(V9.4) and Excel~ software was used to draw the graphs. Mean comparisons were per-
formed using LSD test at 5% probability level.

3. Results and Discussion
3.1. Height

The results of data analysis show a significant effect of irrigation interval on height
(p <0.05) (Table 2).

Table 2. Analysis of variance of Height, Biological yield and percentage of Essential oil in treated
Mentha with bio and non-bio fertilizers under different irrigation interval.

Mean Square

Source of Variance df Height (cm) Biological Yield (kg/plant)  Essential Oil (%)
Repetition (R) 2 4.25 103.62 ns 0.0010 ns
(irrigation interval) (A) 2 123.89 * 97268.88 ** 0.059 **
Fertilizers (B) 4 6.48 ns 18605.18 ** 0.0055 **
irrigation interval 8 6.39 s 18036.88 ** 0.00017 ns
Fertilizers
Error 24 6.98 270.33 0.00025
C.V. (%) 11.87 6.35 4.69

ns, *, **: non-significantly difference and significantly differences at 5 and 1% of probability levels,
respectively.

Comparison of mean data showed that the highest plant height (23.62 cm) in control
(every 7 days) and the lowest (15.65 cm) in every 17 days irrigation interval was observed.
This means that with increasing irrigation interval, plant height decreased by 50.92% (Ta-
ble 3).

Table 3. Means comparison of effect of irrigation interval on height and essential oil percentage in
Mentha (Mentha piperita).

Trait
Treatment Height (cm) Essential Oil (%)
Control (each 7 days) 23.62 2 2.04°
Each 12 days 15.68" 2.053a
Each 17 days 15.65° 2.056 2

The reason for the decrease in plant height in water deficit conditions is the reduction
of turgor pressure and consequently the reduction of cell division and enlargement com-
pared to non-stress conditions [8]. Studies have shown that water deficit reduces height
in plants. In Fenugreek [2], Basil [17,6], Salvia officinalis, Yarrow, Plantago ovata, Pot marigold,
Chamomile [6], Giant Blue Hyssop [21] and Moldavian dragonhead [6] reports in this field.
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3.2. Biological Yield

The results of data analysis show a significant interaction between fertilizer and irri-
gation interval on biological yield (p <0.01) (Table 2). Figure 1 shows that biological yield
decreased by 81% compared to the control treatment. The highest biological yield (460.99
g/plant) in control irrigation interval (every 7 days) and mycorrhiza fertilizer and the low-
est (87.56 g/plant) in everyl7 days irrigation interval and Azospirillum fertilizer was ob-
tained.

H Control O Mycorrhiza @ Azospirillum
¥4 Pseudomonas t NPK

600

400

200 ghah h ghgh

0

Control(7days) 12 days 17 days

Biological yield(gr/plant)

irrigation interval(day)

Figure 1. Comparison of the mean interactions of irrigation interval and biological and non-biolog-
ical fertilizers on the biological yield of Mntha piperita.

Biological yield decreased under water deficit conditions. It seems that the main rea-
son is related to the reduction of cell division in the vegetative growth stage and finally
the reduction in height, number of lateral branches and biomass produced by the plant.
Water deficit reduces the accumulation of dry matter in the plant and thus reduces bio-
logical yield [10]. Ref [19] while examining different soil moisture regimes on a type of
mint concluded that increasing soil moisture significantly increased dry matter accumu-
lation. Regarding the positive effect of application of fungal treatments on biological yield,
it can be stated that mycorrhizal fungus through hyphae expansion and development of
root system, provides more water absorption for the plant and after absorbing more wa-
ter, more nutrients are absorbed. They lead to the production and accumulation of more
dry matter in the plant [3,9]. Investigating the effect of water deficit on peppermint (Men-
tha piperata L.), it was reported that water deficit reduces the dry weight of leaves, stems
and roots. Bio-fertilizers also provide plant nutrients in solution by producing soluble se-
cretions and reducing acidity [14,22].

3.3. Percentage of Essential Oil

The results of data analysis showed a significant effect of irrigation interval and fer-
tilizer on the percentage of essential oil (p < 0.01) (Table 2). Comparison of the mean of
irrigation interval data showed that with increasing irrigation interval, the percentage of
peppermint essential oil increased so that the highest percentage of essential oil (2.056%)
in every17 days irrigation interval and the lowest (2.04%) was observed in control irriga-
tion interval (every 7 days) (Table 3).

Also, among the fertilizer factor, the use of mycorrhiza had the highest percentage of
essential oil (2.54%). Azospirillum and Pseudomonas fertilizers were second and third,
respectively. The control fertilizer agent had the lowest percentage of essential oil (2.49%)
(Table 4).
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Table 4. Means comparison of effect of fertilizers on essential oil percentage in Mntha piperita.

Treatment Trait
Fertilizer Essential Oil Percentage
Control 249«
Mycorrhiza 2542
Azospirillum 2520
Pseudomonas 251«
NPK 2.504

It is thought that under conditions of water deficit stress, the production of active
ingredients increases due to the prevention of intracellular oxidation. In basil, it was re-
ported that with decreasing soil moisture, the percentage of essential oil increased [11].
After investigating the effect of mycorrhiza on quantitative and qualitative characteristics
of peppermint, researchers reported that root colonization was improved by inoculation
with this fungus and as a result, growth characteristics, dry matter yield and essential oil
content of the plant increased compared to the control [13].

4. Conclusions

According to the results of this study, it is concluded that with increasing irrigation
interval, plant height and biological yield decreased and the percentage of essential oil
increased. The use of mycorrhiza also showed the highest percentage of essential oil and
biological yield. Therefore, the use of bio-fertilizers, especially mycorrhiza can greatly re-
duce the adverse effects of this plant in conditions of water deficit. Therefore, the use of
mycorrhiza is recommended in conditions of reducing the irrigation interval in Pepper-
mint.
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