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Tablel. Farm soil physical and chemical properties

Soil texture Total N P H Electrical conductivity Organic
(%) (mg kg?) (mg kg P (dS.m?) matter (%)
Sandy clay loam 0.1 12.7 472.0 75 0.9 0.9
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Table 2. Compounds per centage in M acromix gold, Ecoquel micromix, and Vitalem fortefertilizers

M acromix gold

Ecoquel micromix Vitalem forte

N 11.0%
P 7.5%
K 10.0%
B 0.1%
Fe(EDTA) 0.6%
Zn (EDTA) 0.6%
Mn (EDTA) 0.3%
Cu (EDTA) 0.1%
Mg 0.3%
Co
Mo
Amino acids

0.5%
6.0%
1.2%
2.5%
0.6%

0.02%
0.4%
2.0% 14.3%
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Table 3. ANOVA of different irrigation levels and fertilizer sour ces effects on some Mentha piperita traits

SOV, d.f Plant height NlImeer of Chl_orophyll Tota_ll fresh Total dry yidd
. eaves index yield
Block 2 4.88"s 0.19"s 6.51ns 98234.82 12399.45"
Irrigation 2 544.09 3190.52" 386.37" 234090.99™ 29720.93"
First error 4 79.88 77.81 49.62 2598.32 1029.03
Fertilizer source 3 59.78™ 250.43" 31.23ns 98042.26™ 9786.97""
Irrigation x Fertilizer source 6 54.08™ 198.15 34.35"s 64123.6" 7484.31
Tota error 18 8.41 71.61 2441 10567.04 815.64
C.V. (%) 9.26 7.91 13.21 14.61 10.23

n.s., *, and **: non-significant and significant at 5 and 1% probability levels, respectively.

rControl #Macromix gold »Vitalem forte = Ecoquel micromix
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Figure 1. Mentha piperita plant height at different irrigation levelswith fertilizer sources application
The means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 2. Mentha piperita leaves number at different irrigation levelswith fertilizer sources application
The means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 3. Mentha piperita chlorophyll index at different irrigation levels
The means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 4. Mentha piperita total fresh weight at different irrigation levelswith fertilizer sources application
The means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 5. Mentha piperita total dry weight at different irrigation levelswith fertilizer sources application
The means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table4. ANOVA of different irrigation levels and fertilizer sour ces effects on Mentha piperita content and
essential oil yield

SO.V. d.f. Essential oil content Essential oil yield
Block 2 0.02"s 3.42
Irrigation 2 1.69 4.43"
First error 4 0.14 0.16
Fertilizer source 3 0.139" 2.84"
Irrigation x Fertilizer source 6 0.18" 4.49"
Total error 18 0.02 0.28
C.V. (%) 8.85 16,51

n.s., *, and **: non-significant and significant at 5 and 1% probability levels, respectively.
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Figure 6. Mentha piperita essential oil content at different irrigation levelswith fertilizer sour ces application
The means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 7. Mentha piperita essential il yield at different irrigation levelswith fertilizer sources application
The means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 5. Mentha piperita essential oil compounds at different irrigation levelswith fertilizer sources application

Normal irrigation

Moderate water stress

Severe water stress

No. Compound No Macromix Vitaem  Ecoquel No Macromix Vitalem Ecoquel No Macromix Vitalem Ecoquel
fertilizer gold forte micromix  fertilizer gold forte micromix  fertilizer gold forte micromix
1 o-pinene 0.5 0.6 0.2 0.2 04 04 0.6 0.3 0.5 0.2 0.3 0.4
2 Sabinene 0.3 0.6 04 0.6 0.3 04 0.4 0.4 0.6 0.4 0.5 0.5
3 B-pinene 0.6 0.9 0.6 0.9 04 0.3 0.9 0.9 0.7 0.4 0.6 0.7
4 Myrcene 0.6 0.6 0.7 0.6 0.7 04 0.6 0.7 0.5 0.5 0.5 0.5
5 3-octanol 0.3 0.3 0.2 0.2 0.2 0.3 0.4 0.4 04 0.5 04 0.4
6 o-terpinene 0.04 0.03 - - - - - - - 0.04 - -
7 Limonene 12 13 14 12 1 12 14 15 11 12 13 13
8 1,8-Cineole 54 54 5.2 5.7 5.8 6.2 6.1 5.8 51 6 5.8 51
9 y-terpinene 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.2 0.3 0.1 0.2 0.2
10 cis-sabinene hydrate 23 21 1.7 2.2 18 18 22 1.7 25 21 16 18
11 Linaol 0.2 0.3 0.5 0.3 04 0.5 0.4 0.5 0.5 0.3 0.2 0.3
12 Menthone 255 276 254 26.1 26.2 28.1 26.7 27 259 26.4 26.5 259
13 Menthofuran 22 18 19 2.1 17 15 2 18 2.1 2.2 16 2
14 Neo-menthol 34 2.8 34 31 3.2 3.2 3.7 2.7 29 31 34 3.2
15 M enthol 34.6 36.8 38.7 36.3 36.7 40.9 38.9 40.1 35.3 37.7 38.3 36.2
16 Terpinene-4-ol 0.7 0.7 0.8 0.7 0.9 0.5 0.7 0.8 0.8 0.5 0.6 0.6
17 Neo-iso-menthol 2.8 34 29 33 34 31 3.2 35 31 3.7 2.8 2.6
18 Pulegone 16 12 15 13 14 12 12 11 15 12 14 15
19 Piperitone 0.7 0.8 0.8 0.8 0.7 0.9 0.9 0.7 0.8 0.7 0.8 0.7
20 Neo-menthy acetate 0.7 0.6 0.7 0.6 0.6 04 0.5 0.7 0.8 0.6 0.5 0.5
21 Menth-I-en-9-ol-p 3.3 3 34 29 2.8 3.2 29 3.2 2.8 29 2.7 29
22 f3-bourbonene 0.8 0.8 11 1 11 0.7 0.9 0.7 1 0.9 0.8 0.8
23 (E)-caryophylene 22 1.9 2.2 2 2.2 17 1.9 2.3 2.1 2.2 19 2
24 (E)-B-farnesene 0.3 0.1 0.3 0.1 0.2 0.1 0.2 0.3 0.2 0.2 0.2 0.1
25 Germacrene d 1.8 1.7 16 18 13 16 13 2 1.7 21 16 2
26 Viridiflorol 0.6 0.4 0.6 0.5 0.6 04 0.5 0.3 0.5 0.4 0.7 0.6
Total 92.7 95.8 96.4 94.6 94.1 929.1 98.7 98.6 93.7 96.5 95.2 92.8
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Abstract

To evaluate the effects of different irrigation levels and foliar application of nutrients, on dry
matter yield and essential oil content and composition of peppermint (Mentha piperita L.), a
field experiment was conducted as a split plot based on a randomized complete block design,
with 12 treatments and three replications, at the faculty of Agriculture, University of Maragheh,
Iran in 2021. The factors included irrigation as the main factor at three levels (irrigation after
20 (contral), 40 (moderate stress), and 60% (severe stress) of the maximum allowable moisture
depletion) and fertilizer source as the sub-factor at four levels (non-application of fertilizer
(control), and foliar application of Macromix gold, Ecoguel micromix, and Vitaem forte). The
results demonstrated that the highest (280.5 g.m?) and lowest (113.7 g.m?) total dry weight
were obtained under normal irrigation conditions (control) with the application of Macromix
gold and severe stress without fertilizer application, respectively. Total dry weight decreased by
22.7 and 40.3% under moderate and severe drought stress conditions, respectively compared to
normal irrigation. Macromix gold, Vitalem forte, and Ecoquel micromix application enhanced
the amount of total dry weight by 37.7, 23.8, and 17.1% compared to no fertilizer application,
respectively. The highest content (2.1%) and essential oil yield (4.5 g.m) and also the highest
amount of menthol (40.9%), menthone (28.1%), and cineole (6.2%) in the essential oil were
observerd under moderate water stress conditions fertilized with Macromix gold. Based on the
obtained results, the foliar application of Macromix gold could be recommended as an effective
solution to enhance the quantity and quality of the peppermint essential oil under drought stress
conditions.

Keywords:. Essentia oil content, water deficit, medicina plants, Macromix gold, menthol.



