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ABSTRACT 

In order to investigate the effects of water deficit and nitrogen fertilizers on peppermint’s essential oil yield and its 
compounds, the current experiment was conducted in Research Field of Tarbiat Modares University in 2018, based on split 
with three replications. The experimental treatments consisted of three irrigation regimes (respectively after depleting 25, 40 
and 55% of available water in root growth zone) as the main factor and six fertilizer treatments based on nitrogen 
requirement as sub-factors. The results showed that the highest essential oil yield was obtained under normal irrigation 
conditions with urea, while severe water deficit stress caused a reduction of 44% in dry matter and essential oil yield. In this 
study, 36 compounds were identified in essential oil. The most important components of essential oil were menthol, 
menthon, menthofuran, piperitone and menthol acetate. Water deficit increased the quality of essential oil (increased 
menthol and menthon and decreased menthofuran and polygon). In this regard, the use of nitrogen fertilizer increased both 
the quality and yield of essential oil. In general, it can be concluded that moderate water deficit accompanied with nitrogen 
fertilizer (urea alone or in combination with vermicompost) might increase the quality of peppermint’s essential oil. 
Increasing essential oil quality caused by water deficit, reduced quantitative essential oil yield. 
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 M�DH1. $;p�� ��� $��
�6 � $���	�
 b�P �� @ET7.  ��%H� Z��. / � $.�� F#!w	0� / � F#!w	0 ��!. :��5,#�.  
Table 1. Physical and chemical properties of soil in the test area and vermicompost and azocompost used 

FC 
(%) 

PWP 
(%) 

Zn 
(mg 
kg−1) 

Fe 
(mg 
kg−1) 

Available 
K 

(mg kg−1) 

Available 
P 

(mg kg−1) 
C/N 

Total 
N 

(%) 

Organic 
carbon 

(%) 
pH 

EC 
(dS 
m−1) 

Soil 
Texture 

 

16.45 9.26 1.14 8.40 520 27.6 0.099 0.14 1.4 7.4 1.43 Sandy 
Loam 

Soil 

- - 164 7445 14650 16450 22.304 1.393 - 7.97 2.25 - Vermicompost 
- - 34.5 8920 23700 5700 13.93 1.54 21.45 5.7 3.1 - Azocompost 
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 .F#� y�E^> <�� I��,2 �& K.�0 FE&�T. �� @0  

  
 M�DH2.  I��,2 ?2����� @�
m> )�(� %'�� ����&/ $���!0  %&$+5+6 1�782 ?2�#� e�"�0%> � ?2�#� �%�+	3 �kRP � � e�5N.  

Table 2. Results of variance analysis effect of irrigation regime and fertilization on dry matter, essential oil yield and 
composition of peppermint. 

Source of variation df 
Mean  of squares 

Dry matter Essential oil 
yield 

Menthone Menthol Menthofuran Piperitone 
Menthyl 
acetate 

β-pinene α-
phellandrene 

Eucalyptol 
Block 2 254853.1 1.36 0.073 0.074 0.092 0.054 0.072 0.167 0.090 0.107 
I 2 5223914.9** 1674.91** 

19.055** 69.119** 28.232** 8.728** 3.072** 0.902** 0.263 3.198** 
B×I 4 144795 2.78 0.058 0.051 0.042 0.063 0.049 0.022 0.053 0.034 
F 5 1105551.4** 1031.47** 32.420** 54.941** 21.663** 11.395** 11.298** 1.071** 0.228 0.118 
F×I 10 749458.5** 

390.15** 
2.017** 2.746** 1.162** 0.483** 3.582** 0.51** 0.337* 0.476** 

Sub error 10 48786.9 2.74 0.131 0.126 0.125 0.126 0.124 0.141 0.131 0.127 
C.V. (%) - 11.6 3.83 2.46 2.36 4.99 6.21 11.26 14.71 19.42 18.03 

I : )�(� �����&/F :    $���!0                                I: Irrigation regime, F: Fertilization  

@& :** � * L�>%> e��5>$78.DN�� k� � I7� M�	,G� uT# �� ���              *, **: Significantly differnece at 5% and 1% probability level, respectively  

 
M�DH @.��� 2.  I��,2 ?2����� @�
m> )�(� %'� � ����&/$���!0 > %&$+5+6 1�782 ?2�#� e�"�0%.  

Continued table 2. Results of variance analysis effect of irrigation regime and fertilization on essential oil 
compositions of peppermint. 

Source of 
variation  

df 
Mean of squares 

Gama-Terpinene Isomenthone Carvone Pulegone β-Caryophyllen α-pinene Camphene Sabinene 1-octanol-3-ol 
Block 2 0.197 0.0973 0.117 0.072 0.135 0.085 0.095 0.103 0.154 
I 2 0.654** 1.811** 0.026 0.625* 0.367* 0.11 0.485* 0.591* 0.345 
B×I 4 0.022 0.072 0.032 0.052 0.038 0.044 0.038 0.056 0.096 
F 5 0.22 1.253** 0.098 0.439 0.878** 0.547** 0.523** 0.937** 0.378** 
F×I 10 0.439* 1.506** 0.473** 0.673** 0.596** 0.194 0.321* 0.657** 0.314** 
Sub error 10 0.151 0.143 0.129 0.125 0.141 0.125 0.124 0.141 0.038 
C.V. (%) - 18.65 16.51 18.81 17.44 21.02 18.51 19.78 18.53 15.65 

I : )�(� �����&/F :    $���!0                                I: Irrigation regime, F: Fertilization  

@& :** � * L�>%> e��5>$78.DN�� k� � I7� M�	,G� uT# �� ���              *, **: Significantly differnece at 5% and 1% probability level, respectively  

 
 M�DH @.���2.  I��,2 ?2����� @�
m> )�(� %'� � ����&/$���!0  %&$+5+6 1�782 ?2�#� e�"�0%>.  

Continued table 2. Results of variance analysis effect of irrigation regime and fertilization on essential oil compositions 
of peppermint.  

Source of variation df 
Mean of squares 

Myrcene α-
Terpinene β-Ocymene 1,8-cineole Limonene 

Para-
Cymene Neomenthol Isopulegole Linalool 

Block 2 0.153 0.09 0.152 0.051 0.09 0.11 0.13 0.085 0.086 
I 2 0.396  0.264   0.037 0.56* 0.125 2.667** 2.926** 0.472* 0.021 
B×I 4 0.094 0.053 0.1 0.073 0.064 0.096 0.027 0.058 0.046 
F 5   0.581**   0.228 0.206** 0.56** 0.2 0.211 7.41** 0.229 0.342* 
F×I 10 0.483** 0.337* 0.373** 0.574** 0.409* 0.611** 2.036** 0.315* 0.509** 
Sub error 10 0.034 0.131   0.035 0.13 0.138 0.1 0.131 0.132 0.126 
C.V. (%) - 12.40   19.42 15.33 20.82 17.98 25.05 14.73 19.29 16.34 

I : )�(� �����&/F :    $���!0                                I: Irrigation regime, F: Fertilization  

@& :** � * L�>%> e��5>$78.DN�� k� � I7� M�	,G� uT# �� ���              *, **: Significantly differnece at 5% and 1% probability level, respectively  

 
 M�DH @.���2.  I��,2 ?2����� @�
m> )�(� %'� � ����&/$���!0  %&$+5+6 1�782 ?2�#� e�"�0%>.  

Continued table 2. Results of variance analysis effect of irrigation regime and fertilization on essential oil compositions 

of peppermint. 

Source of variation df 

Mean of squares 

Dihydrocarvone Myrtenal Dihydrocarvyl 

acetate α-Humulen β-

Bourbonene Carvacrol Borneol δ-Cadinen Germacren D α-Murrolene 

Block 2 0.177 0.039 0.198 0.159 0.252 0.129 0.106 0.102 0.066 0.093 
I 2 0.549* 1.361* 0.452 2.698** 1.028* 1.569** 0.141 0.634 0.662* 0.431* 
B×I 4 0.049 0.08 0.088 0.089 0.09 0.027 0.033 0.1 0.054 0.028 
F 5 0.48** 0.195 0.173** 0.177** 0.835** 0.83** 0.415* 0.422** 0.528** 0.188** 
F×I 10 0.995** 0.411** 0.544** 0.233** 0.147** 0.586** 0.369* 0.403** 0.854** 0.229** 

Sub error 10 0.043 0.131 0.041 0.036 0.039 0.126 0.126 0.031 0.125 0.042 
C.V. (%) - 14.91 20.59 13.852 15.96 13.62 22.49 20.18 19.19 21.02 23.61 

I : )�(� �����&/F :$���!0                                    I: Irrigation regime, F: Fertilization  

@& :** � * L�>%> e��5>$78.DN�� k� � I7� M�	,G� uT# �� ���              *, **: Significantly differnece at 5% and 1% probability level, respectively  
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M�DH 3.  <�h2��. @V��E.K&�E,. %'�  ����&/ )�(�� $���!0 $+5+6 1�782 ?2�#� e�"�0%> � ?2�#� �%�+	3 %&. 

Table 3. Mean comparison interaction effect of irrigation regime and fertilization on essential oil yield and 
composition of peppermint. 
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1.8ef 1.6cd 2.7a-d 2.5e-i 6.5cde 6.3h 16.20e 13.10kl 74.00a 3158.33a F1 

I1 

2.2bcd 2.1abc 2.4b-f 3.4c 8.6a 9.9a 10.53j 11.50o 40.20h 1966.66e F2 
2.4ab 1.7bcd 3.1a 2.3g-i 6.1def 8.6d 12.80h 14.00ij 59.30d 2641.70bc F3 
2.9a 1.8bcd 2.6a-e 2.9c-f 5.5g-i 8.8cd 12.60h 14.8gh 65.10c 2841.66ab F4 
2.9a 1.8bcd 2.8abc 3.1cd 7.2b 9.4ab 11.70i 12.4mn 46.50f 2108.33de F5 
2.4ab 1.9bcd 2.3c-f 2.8d-g 5.0ijk 7.3fg 14.0g 15.5ef 38.60h 2016.70de F6 
1.5e-g 2.0a-d 1.8fg 3.0c-e 6.0e-g 4.1k 20.50a 13.7jk 44.50fg 2033.33de F1 

I2 

2.0b-e 2.0a-d 2.9abc 2.9c-f 6.5cde 9.3bc 11.50i 12.8lmn 47.00f 2316.70cde F2 
2.3bc 2.3ab 2.4b-f 3.1cd 5.2h-j 7.8ef 13.70g 15.4fg 27.70ij 1095.83g F3 
1.9b-f 1.5d 2.1def 2.4f-i 4.7j-l 7.2g 15.10f 16.3d 50.60e 2158.33de F4 
1.7d-g 1.4d 3.2a 2.5e-i 6.6cd 7.9e 13.90g 13.0lm 43.30g 2341.66cd F5 
1.8ef 1.4d 1.4g 7.7a 3.8n 5.7i 17.10d 18.9a 29.80i 1116.66g F6 
2.0b-e 2.6a 2.0e-g 2.7d-h 5.3hi 4.4jk 19.60b 15.2fg 28.20ij 979.20g F1 

I3 

2.0b-e 1.7bcd 2.6a-e 2.2hi 7.0bc 8.8cd 12.80h 12.2n 22.60k 1112.50g F2 
1.5e-g 1.9bcd 2.9abc 2.0i 4.6kl 5.5i 17.00d 16.1de 26.60j 1060.40g F3 
1.2g 1.8bcd 3.1a 2.5e-i 4.0mn 4.9j 18.30c 18.2b 50.63e 1740.00ef F4 
1.4fg 1.8bcd 3.0ab 2.6e-h 5.7fgh 6.9g 15.00f 14.5hi 26.40j 1166.66g F5 
1.6e-g 2.2abc 2.7a-d 5.7b 4.4lm 4.8j 18.50c 17.0c 38.70h 1595.83f F6 

I1 � I2  �I3  = @�+->  � ?� ����&/ L�>%> @&25 �40  �55   �b�P :��5,#� K&�U F&!W� DN��F1 �F2 �F3 �F4 �F5 �F6@& :  L�>%>100  ��!0 ��D& �$���	�
 �!0 DN��50 

 + $���	�
 �!0 DN��50  �F#!w	0� / DN��100 $.�� DN��  �F#!w	0100  � F#!w	0� / DN��50  + $���	�
 �!0 DN��50 $.�� DN��  .F#!w	0  

�� %� �!,# <�h2��. $��� �& KU�DG k� B%G �b%,R. e��5> $78. ���� �� uT# M�	,G� 5 DN�� D2��D2.  
I1, I2 and I3: Irrigation after depleting (25, 40 and 55%) available soil water, respectively. F1, F2, F3, F4, F5, F6: 100% chemical, No fertilizer, 50% 
chemical + 50% azocompost, 100% vermicompost, 100%  azocompost, 50% chemical + 50% vermicompost, respectively. 

In each column means followed by at least a common letter, are not significantly difference at 5% probability level. 
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Continued table 3. Mean comparison interaction effect of irrigation regime and fertilization on essential oil composition of 
peppermint. 
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1.40de 1.50bcd 1.90d-h 2.30ab 1.9bcd 2.7ab 2.1a-d 2.5bcd 2.1b-e F1 

I1 

1.42d 1.30c-f 1.93d-g 1.50efg 1.6cd 2.0c-f 1.9bcd 2.1b-f 1.6ef F2 
1.00f 1.40b-e 2.50a-d 2.40a 2.1abc 1.4g 1.5de 1.8e-g 2.3a-e F3 
1.10ef 1.60abc 2.00c-g 2.10a-d 1.8bcd 1.7fg 2.0abc 2.6bc 2.0c-f F4 
1.40de 1.00fgh 1.40gh 1.70c-f 2.7a 3.0a 2.6a 1.2g 2.7ab F5 
1.70bcd 0.90gh 1.80e-h 1.50efg 0.7f 2.4bcd 1.6cde 2.0c-f 2.8a F6 
1.60cd 1.20d-g 2.50a-d 1.80b-f 2.3ab 1.4g 1.9bcd 1.7fg 2.2a-e F1 

I2 

1.40de 1.30c-f 2.70ab 1.60d-g 1.7b-d 1.6fg 1.8b-e 2.1b-f 2.1b-e F2 
1.50d 1.30c-f 2.00c-g 1.60d-g 1.7b-d 2.3b-e 1.9bcd 2.7b 2.2a-e F3 
2.20a 1.70ab 3.00a 1.40efg 1.8b-d 1.7fg 2.2abc 2.1b-f 2.5a-c F4 
2.00ab 1.90a 1.60fgh 2.10a-d 2.0bc 2.1c-f 1.2e 2.0c-f 1.9c-f F5 
1.10ef 0.70h 1.60fgh 1.10g 2.0bc 1.9d-g 2.3ab 2.5b-d 1.8d-f F6 
1.00f 0.70h 1.60fgh 2.20abc 1.3def 2.4bcd 1.6cde 1.9d-f 2.1b-e F1 

I3 

2.20a 1.50bcd 1.30h 2.10a-d 2.3ab 2.5abc 1.7b-e 4.7a 1.8d-f F2 
0.80f 1.30c-f 2.60abc 1.90a-e 1.6cde 1.8e-g 2.1a-d 2.1e-f 1.4f F3 

1.90abc 0.90gh 2.10b-f 1.90a-e 1.7bcd 1.7fg 2.1a-d 2.3b-f 2.4a-d F4 
1.70bcd 1.10efg 1.50fgh 1.30fg 1.9bcd 1.8e-g 2.0a-d 2.4b-e 1.9c-f F5 
1.40de 1.00fgh 2.40a-e 1.60d-g 1.0ef 2.0c-f 1.9bcd 2.5b-d 1.7ef F6 

I1 � I2  �I3  = @�+->  � ?� ����&/ L�>%> @&25 �40  �55   �b�P :��5,#� K&�U F&!W� DN��F1 �F2 �F3 �F4 �F5 �F6@& :  L�>%>100  ��!0 ��D& �$���	�
 �!0 DN��50 

 + $���	�
 �!0 DN��50  �F#!w	0� / DN��100 $.�� DN��  �F#!w	0100  � F#!w	0� / DN��50  + $���	�
 �!0 DN��50 $.�� DN�� 	0 .F#!w  

�� %� �!,# <�h2��. $��� �& KU�DG k� B%G �b%,R. e��5> $78. ���� �� uT# M�	,G� 5 DN�� D2��D2.  
I1, I2 and I3: Irrigation after depleting (25, 40 and 55%) available soil water, respectively. F1, F2, F3, F4, F5, F6: 100% chemical, No fertilizer, 50% 
chemical + 50% azocompost, 100% vermicompost, 100%  azocompost, 50% chemical + 50% vermicompost, respectively. 

In each column means followed by at least a common letter, are not significantly difference at 5% probability level. 
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Continued table 3. Mean comparison interaction effect of irrigation regime and fertilization on essential oil 
composition of peppermint. 
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1.30de 2.40cde 1.90abc 2.60ab 1.40a-d 1.90a-d 2.20abc 1.30cde 1.60cd F1 

I1 

1.43cde 5.66a 1.93abc 2.06b-e 1.06efg 1.90a-d 2.10abc 1.30cde 2.16abc F2 
1.80bcd 2.20c-f 2.50a 2.00cde 1.50abc 1.60cde 1.90bcd 1.90ab 1.70bcd F3 
2.30ab 2.80c 2.20abc 1.90cde 1.10d-g 1.30de 1.60cd 1.50bcd 1.80bcd F4 
1.80bcd 1.50gh 1.80bc 2.30abc 0.80g 1.30de 2.10abc 0.90efg 1.80bcd F5 
1.90a-d 2.30c-f 2.00abc 2.20abc 1.30b-e 1.60cde 2.00a-d 1.70abc 1.90bcd F6 
2.00abc 1.9e-h 1.60cd 1.90cde 1.50abc 2.10abc 1.60cd 1.70abc 2.00a-d F1 

I2 

1.60cde 5.00b 1.90abc 1.50e 1.20c-f 1.80bcd 2.20abc 1.30cde 2.00a-d F2 
1.10e 1.40h 1.90abc 2.60ab 0.80g 1.90a-d 2.60a 1.20c-f 2.30ab F3 

1.60cde 2.40cde 1.90abc 2.70a 1.00efg 1.60cde 2.00a-d 2.10a 1.50d F4 
1.10e 2.60cd 2.30ab 2.10bcd 1.70a 1.00e 2.50ab 2.10a 1.40d F5 

1.50cde 1.90e-h 1.60cd 2.00cde 0.90fg 1.60cde 2.00a-d 0.80efg 1.40d F6 
1.90a-d 1.80e-h 1.70bc 2.60ab 1.00efg 1.40de 2.60a 1.20c-f 2.60a F1 

I3 

2.30ab 2.10d-g 1.70bc 2.30abc 1.10e-g 2.50a 1.40d 0.43g 1.70bcd F2 
2.00abc 2.20c-f 1.9abc 2.20abc 1.70a 2.30ab 2.0a-d 0.80efg 1.90bcd F3 
1.70bcd 2.30c-f 1.00d 1.80cde 0.80g 2.10abc 2.00a-d 0.70fg 1.80bcd F4 
1.80bcd 1.70efg 2.00abc 2.70a 1.6ab 2.30ab 2.10abc 0.70fg 1.80bcd F5 
2.50a 2.00d-h 2.10abc 1.60de 1.40a-d 1.00e 2.30ab 1.10def 2.20abc F6 

I1 � I2  �I3  = @�+->  � ?� ����&/ L�>%> @&25 �40  �55   �b�P :��5,#� K&�U F&!W� DN��F1 �F2 �F3 �F4 �F5 �F6@& :  L�>%>100  ��!0 ��D& �$���	�
 �!0 DN��50 

 + $���	�
 �!0 DN��50  �F#!w	0� / DN��100 $.�� DN��  �F#!w	0100  � F#!w	0� / DN��50  + $���	�
 �!0 DN��50 $.�� DN��  .F#!w	0  

�� %� �!,# <�h2��. $��� �& KU�DG k� B%G �b%,R. e��5> $78. ���� �� uT# M�	,G� 5 DN�� D2��D2.  
I1, I2 and I3: Irrigation after depleting (25, 40 and 55%) available soil water, respectively. F1, F2, F3, F4, F5, F6: 100% chemical, No fertilizer, 50% 
chemical + 50% azocompost, 100% vermicompost, 100%  azocompost, 50% chemical + 50% vermicompost, respectively. 

In each column means followed by at least a common letter, are not significantly difference at 5% probability level. 
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Continued table 3. Mean comparison interaction effect of irrigation regime and fertilization on essential oil 
composition of peppermint. 
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0.90ab 0.04g 2.00a-d 1.10def 0.60h 1.20de 1.80a-d 2.50a 1.40def F1 

I1 

0.80b 1.36ab 1.93a-e 1.23cde 0.66h 1.23de 1.70b-e 1.86b-e 1.23efg F2 
0.80b 0.90def 1.70c-f 2.1a 0.90fgh 1.80ab 0.11g 2.00a-d 2.30a F3 
1.10ab 0.70f 1.00hi 1.90a 1.00efg 1.40cd 0.90f 1.80b-e 1.90b F4 
1.00ab 0.90def 2.30ab 1.30cde 0.80gh 0.70f 1.90abc 1.80b-e 0.70i F5 
1.00ab 0.80ef 1.20f-i 1.50bc 0.9fgh 1.00ef 1.50cde 1.20fg 2.00ab F6 
0.80b 1.10bcd 2.00a-d 1.50bc 0.73gh 1.70abc 1.20ef 1.60c-g 1.80bc F1 

I2 

1.00ab 1.20bc 2.10a-d   1.80ab 1.40cd 1.50bcd 1.30def 2.20ab 1.10fgh F2 
0.90ab 1.00cde 2.20abc   1.80ab 1.30cde 1.40cd 1.60cde 1.10g 1.30efg F3 
1.00ab 0.21g 1.60d-f 1.20cde 1.00efg 2.00a 1.60cde 1.90b-e 1.50cde F4 
1.20a 0.70f 1.40e-h 1.89a 1.60bc 1.30de 1.50cde 1.90b-e 1.70bcd F5 

  1.00ab 0.80ef 1.90b-e 1.30cde 0.90fgh 0.80f 1.90abc 1.60c-g 0.80hi F6 
0.80b 1.20bc 0.70i 2.00a 1.80ab 1.70abc 2.20ab 1.90b-e 1.30efg F1 

I3 

0.80b 1.09bcd 1.40e-h   1.00ef 1.50bcd 1.69abc 2.00abc 1.40efg 2.00ab F2 
1.00ab 1.60a  1.30fgh 1.10def 1.40cd 2.00a 1.70b-e   1.50d-g 1.50cde F3 
0.09c 1.30b 1.90b-e 0.80f 2.00a 2.00a 1.30def 2.10abc 1.00hig F4 
1.20a 0.70f 2.50a 1.40cd 1.60bc 1.50bcd 2.30a 1.70b-f 1.40def F5 
0.26c 0.90def 1.10ghi 1.40cd 1.20def 1.30de 1.90abc 1.60c-g 0.26j F6 

I1 � I2  �I3  = @�+->  � ?� ����&/ L�>%> @&25 �40  �55   �b�P :��5,#� K&�U F&!W� DN��F1 �F2 �F3 �F4 �F5 �F6@& :  L�>%>100  ��!0 ��D& �$���	�
 �!0 DN��50 

 + $���	�
 �!0 DN��50  �F#!w	0� / DN��100 $.�� DN��  �F#!w	0100  � F#!w	0� / DN��50  + $���	�
 �!0 DN��50 $.�� DN��  .F#!w	0  

�� %� �!,# <�h2��. $��� �& KU�DG k� B%G �b%,R. e��5> $78. ���� �� uT# M�	,G� 5 DN�� 2D2��D.  
I1, I2 and I3: Irrigation after depleting (25, 40 and 55%) available soil water, respectively. F1, F2, F3, F4, F5, F6: 100% chemical, No fertilizer, 50% 
chemical + 50% azocompost, 100% vermicompost, 100%  azocompost, 50% chemical + 50% vermicompost, respectively. 

In each column means followed by at least a common letter, are not significantly difference at 5% probability level.  
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Figure 1. Mean comparison effect of fertilization on α-Pinene content in essential oil of peppermint ( 

F1, F2, F3, F4, F5, F6: 100% chemical, No fertilizer, 50% chemical + 50% azocompost, 100% vermicompost, 100% 
azocompost, 50% chemical + 50% vermicompost, respectively). 
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