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1- Arbuscular Mycorrhizal Fungi
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1- Good agricultural practices
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Table 1- Soil analysis results befor beginning the experiment (depth 0-30 cm)
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Table 2- Analysis of variance (mean of squares) related to root colonization percentage of Mentha piperita
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Figure 1- Means of root colonization percentage in mycorrhiza fungi, 50 % chemical fertilize + mycorrhiza fungi and nano

fertilizer + mycorrhiza fungi treatements
The columns having one common letter are not significant differences at 5% probability level using Duncan Test.
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Table 3- Results of analysis of variance for soil and harvest fertilizers effect on Mentha piperita morphological traits
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118.845 %

Replication
Fertilizer treatements (T)

03007

™~

4.92%
812.396

117666.577

7955447

32.523°

6

@ glales

0.519

0.015
11.409 *

195821
12695.048%

9.857
233517

8.061

1527.158 %

6.66
1242605 %

a.‘_glla:'-

Errora

Harvest (H)

0.363 ==

5306335 %

1
6

2334.06™ 495987 % 4931147 01237 0.755 ==

9430 ™

7.801 ==

-

SRR s

T=H

Errorb

Coefficient of variation (%)

0.389
13.64

0.023
7.17

912.135

108.662
13.63

454315

14432
6.50

5.672

4.549
5.08

14

b ollas

(1) oy syt

14.14

13.98

3

So e gl pde g deeyd B g ) akees p3 )l cne i S 115 4 7

* %% and ns: Significant at 5 and 1% levels of probability and Non-significant
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[(etal., 2015
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Table 4- Means comparison of plant height, SPAD, leaf dry weigh, stem dry weigh, total dry weight and essential oil
percentage of Mentha piperita in treatement combinations of fertilizer patternsxcutting

Ol
Traits
O 9 89 S8 T s s s LS OB GlKis gy S K ogy el sy

co-r;rk()eiitgtrir:)enr;tof Plant height Jadg IS s Stem dry Total dry Essential oil

a (cm) 9 Leaf dry weight weight content

fertlllzer SPAD We|ght (g m.z) (g m.z) (%)

patternsxcutting (g.m‘z) ' :
T1 H1 37.68 3453 f 89.79°¢ 43417 133.2°¢ 2.153°
T1 H2 28.58" 53.30d 1335 7167 205.2 « 1.473°
T2 H1 48.25% 70.07b 135.9 72.44 ™ 208.3 ™ 2.920 %
T2 H2 4250° 82.90 a 254.62 127.9° 382.6° 1.527 %
T3 H1 50.75 2 40.50 ef 113. 6 ¢ 61.36 < 175 2.763°
T3 H2 33.33° 59.40 cd 126.7 ¢ 67.97 @ 194.6 « 1.647
T4 H1 50.08 ? 63.63 bc 140.3 74.94 ™ 215.3 " 2.750 ¢
T4 H2 40.92 ™ 65.40 bc 236.5% 120.2°® 356.7 2 1.750 ¢
T5 H1 47.33° 4150 e 92.72°¢ 42.28" 135°¢ 2.383°¢
T5 H2 34.42 % 63.86 bc 173.7° 86.61° 260.3° 14431
T6 H1 49.88° 61.50 ¢ 130.1« 67.17 197.2« 3.127°2
T6 H2 41.67° 77.03a 253.82 114.7° 350.5 2 1.713 %
T7 H1 47.75° 4340 ¢ 103.8 * 52.25 % 156.1 % 2.297°¢
T7 H2 34.17 % 61.17 c 143" 68.17 2112 1.543 %

D (I3 gixe gl duoy> iy Jlein] aws j3 (Sl (ge5l bl it S e G gl 45 ola pSSle gt ya 5
Means in each column followed by similar letter(s) are not significantly different at 5% probability level using Duncan Test.
{35595L Ao yd B+ + olowd 355 10)d ) TO (355 55L) TS (132,550l + oolonsdsS 2oy 0¢) T4 (152,600 3,5,18) T3 o obionsd 355 Ao pd Vo) T2 (sali) T1
(s> 02) H2 ((Jgl ) HL (132,5500 +35556) T7
T1 (Control), T2 (100% Chemical fertilizer), T3 (Mycorrhiza fungai), T4 (50% Chemical fertilizer+ Mycorrhiza), T5

(Nanofertilizer), T6 (50% Chemical fertilizer+ 50% nanofertilizer), T7 (Nanofertilizer+ Mycorrhiza). H1 (Firat harvest), H2 (Second
harvest)

395 Bliseo glgil 5,18 ”;U Codd Jald slas uilwl 3,50as g digy o 43 ol (ad L dand lo duylio -0 Joua
Table 5- Means comparison of number of lateral branche per plant and essential oil yeild of Mentha piperita affected by
different fertilizer application

il o los Lyt 2 3 e S5 Slass ol e
Treatements Number of lateral branche per plant Essenz‘]amqg)yle
b 12.85° 2.94°¢
Control ' '
Gtlpond 395 dop3 V- 19.332 599
100% Chemicla fertilizer
lgSale @8 16.68 4.02°
Mycorrhiza fungai
1315555k 250 + o lowdngS Lo yd O+ . .
50% Chemical fertilizer+ Mycorrhiza 19.42 6.07
fungai
> o 15.41" 348%™
Nano fertilizer
355 b o yd B¢+ oliosd 355 Mo pd B+
50% Chemical fertilizer+ 50% Nano 18.11% 6.072
fertilizer
l)J)?g\’L‘ C)Le + >9§ 9"1" 1740 ab 343 bc

Nano fertilizer+ Mycorrhiza fungai

Dy 6l sime gls duoy> gy Jlein] grdaw j3 S ygejl bl cdiads S nitie g gl &S la pSile gt
Means in each column followed by similar letter(s) are not significantly different at 5% probability level using Duncan Test.
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Table 6- Means comparison of plant height, number of lateral branches per plant, SPAD, leaf dry weigh, stem dry weigh,
total dry weight and essential oil percentage of Mentha piperita in between of cuttings

o slis L L alaxs ) S 49 By Sl -t e
Y EW, & s il sl & Blw S oj9 S5 S o9 ol ao
o Plant L BB e S » Stem dry Total dry Essential ol
Harvest height Number of 9 Leaf dry weight weight
(cm) lateral branches SPAD weight (g.m? (g.m? content
per plant (9.m?)
o 47.39° 11° 50.99 115.18" 59.12" 174.30" 262°
First cutting
PS> O 36.51°" 23.062 65.90 2 186.27 2 93.89°2 280.16 ° 1.59°

Second cutting

D (I gixe gl duoyd i et aws j3 (S g0l bl citnns S e gy gyl 45 e pSSle gt ya 5
Means in each column followed by similar letter(s) are not significantly different at 5% probability level using Duncan Test.
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Table 7- Ingredients detected in essential oil of Mentha piperita in the first cutting affected by different fertilizer application

. N ol
235 S ) GosadSuis &5 T1 T2 T3 T4 TS T6 T7
Row  Essential oil ingredients . Retention
ol indices
1 a-Pinene ReeaH]| 931 0.62 0.60 0.60 0.59 0.56 0.57 0.55
2 Subinene Ol 970 0.59 0.58 0.56 0.57 0.54 0.55 0.53
3 B-Pinene Oy 975 101 0.97 0.98 0.97 0.94 0.93 0.93
4 Myrcene w0 988 0.62 0.69 0.71 0.70 0.70 0.45 0.67
5 3-Octanol Jststr 1000 0.27 0.40 0.42 0.44 0.43 0.40 0.40
6 a-Terpinene -4l 1017 0.05 0.04 - - - - -
7 Limonene iged 1026 1.46 1.42 1.54 147 1.48 1.36 1.50
8 1,8-Cineole J gtV A 1029 6.51 6.03 6.02 5.90 6.31 5.89 6.34
9 ,~Terpinene Oy 1058 0.20 0.15 0.26 0.08 0.27 0.24 0.26
10 cis-Sabinene hydrate WLT:\‘:W 1066 2.02 2.26 1.83 2.24 1.85 2.26 1.90
o
11 Linalol Jeld 1103 0.49 0.46 0.47 0.46 0.46 0.43 0.48
12 Menthone D9 1152 2477 3497 2454 30.98 24.76 34.24 25.24
13 Menthofuran Olysdeiin 1161 1.96 2.21 214 2.13 2 1.98 1.80
14 neo-Menthol Jgtio— s 1163 4.02 2.78 3.99 3.13 3.73 2.74 3.70
15 Menthol Jsie 1175 3546 2673 3425 3024 3460 28 34.39
16 Terpinene-4-ol JT—\‘—M; 1177 0.73 0.72 0.84 0.72 0.87 0.75 0.83
17 neo-iso-Menthol Jstio—gjubg5 1184 2.84 3.46 3.98 3.82 4.08 3.55 3.76
18 Pulegone O de 1236 122 1.25 1.56 1.30 1.42 1.22 1.27
19 Piperitone 5%y 1252 0.65 0.74 0.66 0.73 0.64 0.76 0.65
20 neo-Menthy acetate Oliwl e g% 1273 0.26 0.70 0.19 0.08 0.08 - 0.23
21 p-Menth-I-en-9-ol el 1294 230 199 243 198 215 190 220
Jra- gl
22 iso-Menthy! acetate Ol Juiiog 5] 1307 0.02 - - - - - -
23 B-bourbonene el 1382 0.77 0.88 1.01 0.96 1 0.91 0.97
24 (E)-Caryophyllene sk 1S 1416 160 129 170 1.36 1.58 1.31 1.79
25 (E)-p-Farnesene Cyannssy =Ly 1457 0.25 0.14 0.26 0.16 0.25 0.22 0.28
26 Germacrene D & Sy 1479 1.8 1.42 1.92 1.54 1.82 1.50 1.98
27 Elixene Ol 1494 0.34 0.14 0.32 0.17 0.30 0.09 0.32
28 Viridiflorol Josless g 1589 0.65 0.43 0.65 0.50 0.62 0.47 0.64
Total Indentified (%) 9363 9282 9382 9321 9344 9293 9359

2o pd B+ olosd 365 1oy 04) TO (555 $i6) TS (152,55 le 2B + oslawdngS 2o yd 8+) T4 (15,555 258 3,5,8) T3 o ol 355 doyd Vo +) T2 (s2ls) T1

(325555 &) B +548 95b) T7 (365" 4l
T1 (Control), T2 (100% Chemical fertilizer), T3 (Mycorrhiza), T4 (50% Chemical fertilizer+Mycorrhiza), T5 (Nanofertilizer), T6
(50% Chemical fertilizer+50% nanofertilizer), T7 (Nanofertilizer+ Mycorrhiza)

Ao ) S e Clen b Seiw 5 4 e 5l S i weid S iiwgd Codyls ol 8l dan y ove Sy wlegn yiul3dl
Ormeno ) 3 s ba Bei 5 i wge (£9) (ko )5 o) d5—meS b Sei 5 i wen sl 5L 3y5—0 dls—s pol s 4 ou 13 4
.(and Fernandez, 2012 asg Loyl yu 09 e (Hofmeyer et al., 2010) i salgs

9 09— JLsl 2,5 ol 8l 5o )b 5l 59 4 Sl A
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Table 8- Ingredients detected in essential oil of Mentha piperita in the second cutting affected by different fertilizer

application
N sl
23 Essential il Gowassus &Mt 11 T2 T3 T4 TS Te T7
Row ingredients ] Retention
ol indices
1 a-Pinene oyl 931 0.48 0.40 0.46 0.44 0.43 0.42 0.45
2 Subinene Oyl 970 0.44 0.39 0.42 0.41 0.41 0.41 0.42
3 [Pinene e 975 0.60 0.66 0.75 0.69 0.72 0.68 0.74
4 Myrcene O yo 988 0.22 0.21 0.21 0.21 0.20 0.20 0.22
5 3-Octanol J yl:!’H“ 1000 0.15 0.17 0.13 0.14 0.15 0.17 0.16
6 a-Terpinene epvtij] 1017 0.12 0.10 0.11 0.10 0.12 0.11 0.12
7 Limonene eed 1026 1.46 1.44 1.35 1.57 1.35 1.53 1.46
8 1,8-Cineole Jsfaw— Y oA 1029 5.23 4.73 493 451 4.99 4.56 5.04
9 ,~Terpinene Oy L 1058 0.20 0.17 0.19 0.18 0.21 0.20 0.20
10 cis-Sabinene hydrate WLT;E:W 1066 1.58 1.90 1.67 1.93 1.56 1.74 1.61
Sl
11 Linalol Jod 1103 0.22 0.29 0.25 0.31 0.28 0.26 0.23
12 Menthone Oygiie 1152 5.03 9.46 4.99 1466 487 1417  6.09
13 Menthofuran Olysdgiie 1161 4.20 2.67 3.50 2.65 3.50 2.59 3.64
14 neo-Menthol Jge—g5 1163 5.86 4.96 6.20 4.83 5.78 4.61 5.57
15 Menthol Jeiie 1175 4588 4572 4549 4242 4631 4296 45.97
16 Terpinene-4-ol J?—\‘—O;ﬁ): 1177 0.57 0.50 0.54 0.50 0.61 0.57 0.56
17 neo-iso-menthol Jsiio—g b4 1184 1.99 1.67 2 1.46 1.96 142 1.90
18 Pulegone O5de 1236 0.04 0.07 - 0.10 0.02 0.09 0.02
19 Piperitone 05y 1252 0.40 0.50 0.42 0.54 0.42 0.54 0.42
20 neo-Menthy acetate Ol oo 1273 0.97 0.72 1.02 0.70 0.97 0.67 0.91
—oh i
21 p-Menth-l-en-9-ol Jia 1294 1399 1234 1416 1141 1461 1180 13.89
22 iso-Menthyl acetate bl Jutie— g3 1307 0.71 0.64 0.72 0.59 0.74 0.60 0.70
23 S-Bourbonene Oenyerl 1382 0.60 0.54 0.59 0.52 0.60 0.50 0.59
24 (E)-Caryophyllene Oalbgs IS 1416 2.15 2.11 213 1.93 2.19 1.95 2.18
25 (E)-p-Farnesene RV 1457 0.49 0.46 0.48 0.43 0.49 0.44 0.49
26 Germacrene D &> Sy 1479 2.35 2.47 2.39 2.33 2.41 2.35 2.38
27 Elixene oSl 1494 0.34 0.35 0.36 0.33 0.36 0.33 0.35
28 Viridiflorol Jyslisy g 1589 0.71 0.68 0.74 0.64 0.74 0.63 0.71
Total Indentified (%) 96.95 96.77 96.16 96.49 96.97 96.53 96.98
{26556 doyd B+ + oliord 365 oy 0+) TO (55595L) TS ((l5)650 e + o losddsS dop> 0+) T4 (135,655Le 3,0)18) T3 o liawd 565 dop3 Vo) T2 (anlis) T1

(52555 L +3455L) T7
T1 (Control), T2 (100% Chemical fertilizer), T3 (Mycorrhiza), T4 (50% Chemical fertilizer+Mycorrhiza), TS5 (Nanofertilizer), T6
(50% Chemical fertilizer+50% nanofertilizer), T7 (Nanofertilizer+ Mycorrhiza)
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Table 9- Monoterpenes and Sesquiterpenes percentage of essential oil of Mentha piperita in the first cutting affected by

different fertilizer application
. . - b los
ol OS5 g 5 Treatements
Grouped essential oil compounds T1 - T3 Ta T5 T6 T7
Monoterpene Hydrocarbons
. . 4.71 4.45 4.66 4.37 4.48 4.30 4.44
A0S g)ded sl igige
Oxygenated Monoterpenes
Sl el S 83.26 83.66 82.88 83.71 82.96 83.72 82.78
WS sl gige
Sesquiterpene Hydrocarbonates
. e 4.73 3.88 5.21 4.18 4.96 4.03 5.33
S gy Sy 55
Oxygenated Sesquiterpenes
. . s 0.64 0.43 0.65 0.50 0.62 0.47 0.64
eS| Sl 5 S5
Other Compositions
S S 0.27 0.40 0.42 0.44 0.43 0.41 0.40
Total Indentified Compounds (%)
el e 93.63 92.82 93.82 93.21 93.44 92.93 93.59

{3555 2o pd B+ + oliosd 365 oy 0+) TO (55555L) TS o(l5)550 Lk + olossdsS 1o p3 0+) T4 (135,555ke 3,0)8) T3 o bawds 565 Ao p3 Vo) T2 (aalis) T1

(395l +35550) T7
T1 (Control), T2 (100% Chemical fertilizer), T3 (Mycorrhiza), T4 (50% Chemical fertilizer+Mycorrhiza), T5 (Nanofertilizer), T6
(50% Chemical fertilizer+50% nanofertilizer), T7 (Nanofertilizer+ Mycorrhiza)
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Table 10- Monoterpenes and Sesquiterpenes percentage of essential oil of Mentha piperita in the second cutting affected by

different fertilizer application
. - W) lo
il OS5 (gaing )5 Treatements
Grouped essential oil compounds T1 T2 T3 T4 T5 T6 T7
Monoterpene Hydrocarbons
. . 351 3.36 3.48 3.58 3.43 3.56 3.59
Ay gyde sy igise
Oxygenated Monoterpenes
255081 sl i 86.66 86.63 85.87 86.58 86.61 86.59  86.53
S| S S gige
Sesquiterpene Hydrocarbonates
. e 5.92 5.93 5.94 5.54 6.04 5.58 5.98
a5 g e Sl S S5S
Oxygenated Sesquiterpenes 071 068 074 064 074 063 071
@581 Sl 5 555 o0 ' ' ' ' ' ' '
Other Compositions
s el 5 0.15 0.17 0.13 0.14 0.15 0.17 0.16
Total Indentified Compounds (%)
. e e 96.95 96.77 96.16 96.49 96.97 96.53 96.98
0w &LM:L.M) L_JL.AS)J E9ome

2659l Lo pd B+ + oliosd 355 1uoyd 0+) TO (55595L) TS (15,050 + olonsd 365 o )d 8+) T4 (15,655 5,3)l8) T3 ((olossd 365 oy Ve +) T2 (salis) T1

(52555 L +34553L) T7
T1 (Control), T2 (100% Chemical fertilizer), T3 (Mycorrhiza), T4 (50% Chemical fertilizer+Mycorrhiza), T5 (Nanofertilizer), T6
(50% Chemical fertilizer+50% nanofertilizer), T7 (Nanofertilizer+ Mycorrhiza)
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Introduction

In order to protect biodiversity, especially medicinal herb, and crude herbal drugs from the wild origin,
Biological Diversity Act (2002) and Rule (2004) were enforced which compelled the herbal industries and
medicinal plant growers for conventional cultivation of medicinal herbs. However, intensive cultivation of these
medicinal herbs and herbal drugs to meet the global demand has led to aggravated use of chemical fertilizers and
pesticides and consequently questioning their safety and integrity. Moreover, total fertilizer nutrient
(N+P,05+K,0) consumption was estimated at 170.7 and 175.7 million tons in 2010 and 2011, respectively
which estimated consumption of N, P, and K fertilizers is expected to increase from current consumption levels
by 172%, 175%, and 150%, respectively by 2050. Excessive using of chemical fertilizers caused serious
environmental issues globally such as reduction of plant diversity, instability of economic yield, an increase of
pest and disease damages, intensification of soil erosion. These increasing concerns regarding the negative
impacts of these systems on the environment and human health suggest that more effort is needed to develop
sustainable agricultural systems with higher productivity and improved efficiency. Application of nano-
fertilizers and biofertilizers such as arbuscular mycorrhizal fungi (AM) is regarded as one of the promising
approaches to increasing crop productivity. Nano-materials (NMs) are defined as materials that with at least one
dimension less than 100 which can improve one or more nutrients absorption for plants and enhance their growth
and yields. The AM fungi are a fundamental group of soil micro-organisms, symbiotically associated with nearly
80% of plant species.
Peppermint (Mentha piperita L.), which is a hybrid between Mentha spicata and Mentha Aquatica belonging to
a family, Lamiaceae, is one of the most important essential oil-bearing plants. The objective of this experiment
was an evaluation of the quantity and quality traits of peppermint under the integrated application of chemical
and nano-fertilizers and arbuscular mycorrhizal fungi.

Materials and Methods

In order to investigate the effects of different fertilizers on the quantity and quality of peppermint at the first
and second cuttings, a field experiment study was carried out as split-plot in time based on a randomized
complete block design (RCBD) with seven treatments and three replications and two cutting times at the faculty
of Agriculture, University of Maragheh, Iran, in 2017. The main factor was different fertilizer treatments
included no fertilizer (control), chemical fertilizer (CF), arbuscular mycorrhiza fungi (AMF) (Glomus mussels),
50% CF+ AMF, Nano-fertilizers (NF), 50% NF+ 50% CF, NF+ AMF and the sub-factor was cutting time (first
and second cutting). In AM fungi treatments, 80 g of the soil containing mycorrhizal fungi hyphae and the
remains of the root and spores (1000 g spore.10™ g soil) was added to soil in planting times. Also, Nitrogen
Nano-fertilizer used with 2 ml/L concentration. Moreover, phosphorus, potassium, iron and zinc Nano-fertilizers
applied with 1 g.L™" concentration. Furthermore, manganese Nano-fertilizer used in 0.5 g/L concentration.
Additionally, the foliar application of Nano-fertilizers was carried out in two-stage (One month after the
cultivation and one month after first cutting).

Results and Discussion

The results demonstrated that the highest total dry matter yield (382.6 g.m?) was achieved under 100% CF
followed by 50% CF+ AMF and 50% NF+ 50% CF treatments, respectively. On the other hand, the highest (6.1
g.m?) and lowest (2.9 g.m?) essential oil yield were obtained under 50% CF+ AMF and control, respectively.
Chemical analysis of the essential oil demonstrated that in all treatments, menthol, menthone, 1, 8 cineole, neo-
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iso menthol, neo-menthol, Menthofuran, and p-Menth-1-en-9-ol were the main dominant components. The
highest amount of menthol was obtained in nano-fertilizer treatment and at the second cutting. Furthermore,
monoterpene hydrocarbons were the major fraction of the essential oil in both harvests.

Conclusions

Based on the results, integrative application of 50% CF+ AMF and 50% CF+ 50% NF had a higher
significant impact on the morphological traits compared with other treatments. The highest dry matter yield was
achieved in the second cutting with the application of CF that was not significantly impacted with 50% CF+
AMF and 50% CF+ 50% NF treatments. Also, the highest essential oil content was obtained the integrative
application of 50% CF+ 50% NF that was 7.1% higher than CF in the first cutting. In addition, the essential oil
yield productivity increased 198% with application of 50% CF+ AMF and 50% CF+ 50% NF compared with
control. Based on the essential oil compounds, the highest (46.31%) and the lowest (26.73%) content of menthol
was recorded in the second cutting fertilized with NF and first cutting fertilized with CF. Generally, based on the
obtained results, integrative application of AMF and NF with 50% CF increased the quality and quantity

productivity of peppermint compared with 100% CF.
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