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Abstract

Background and objectives: In recent years, green manure has received attention due to its
positive effects on soil health and the quality and quantity of plants. It has been reported that
intercropping legumes with cereal as green manures improves soil fertility and nutrient
availability, increasing plant productivity. In addition to green manures, applying organic
(vermicompost) and biofertilizers (arbuscular mycorrhizal fungi) can positively affect the plant's
productivity and quality. Considering the adverse effects of chemical fertilizers on the bio-
active compounds of medicinal and aromatic plants, improving the quantity and quality
characteristics, especially in low-input conditions, has become a significant challenge in the
agricultural sector. Therefore, the study aimed to investigate the effectiveness of green manures
and bio- and organic fertilizers on the nutrient content and morphological and phytochemical
characteristics of peppermint.
Methodology: The experiment was conducted as a randomized complete block design (RCBD)
with 8 treatments and three replications at the Faculty of Agriculture, University of Maragheh,
Iran, in 2022. The treatments included green manures [barley monoculture, hairy vetch
monoculture and replacement intercropping of 75% hairy vetch+ 25% barley, 50% hairy vetch+
50% barley and 25% hairy vetch+ 75% barley], arbuscular mycorrhizal fungi (AMF) and
vermicompost. Before harvesting, peppermint's growth characteristics, including plant height,
number of leaves, number of nodes, and number of lateral branches, were randomly measured in
10 samples from each treatment. To measure the dry matter yield of peppermint, 3.2 m2 of each
plot was harvested randomly after removing the marginal effects. The peppermint EO was
extracted using a Clevenger by water distillation. Moreover, the EO constituents were analyzed
using GC-MS (GC-MS; 5977A, Agilent) and GC-FID (Agilent 7990B). Data analysis was
performed with SAS (version 9.3) software. Also, the significant differences among means were
compared with the LSD test at P< 0.05.
Results: The results demonstrated that the highest N (18.05 g kg-1) and K (18.25 g kg-1)
content was obtained by applying green manure as intercropping of 50% hairy vetch+50%
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barley. However, the highest content of P (1.75 g kg-1) was achieved in the AMF application.
The maximum dry yield of peppermint (292.67 g m-2) was observed when green manure was
applied as an intercropping of 50% hairy vetch+50% barley, which had no significant difference
from the AMF application. Additionally, the maximum essential oil content (1.84%) and
essential oil yield (5.39 g m-2) was achieved by applying green manure as intercropping of 50%
hairy vetch+50% barley. The essential oil analysis showed that the significant constituents of
peppermint essential oil were menthol (32.74-38.06%), menthone (18.33-21.42%), and
1,8cineol (5.20-6.12%). The maximum content of menthol and cineol was obtained by applying
green manure as intercropping of 50% hairy vetch+50% barley.

Conclusion: Generally, the study results demonstrated that applying green manure as
intercropping of 50% hairy vetch+50% barley as a sustainable strategy can improve
peppermint's essential oil quantity and quality.
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Table 3. ANOVA of peppermint nutrients affected by different fertilizer sources

S.0.V. d.f. N P K
Repetition 2 0.93™ 0.04ns 2.52m
Treatment 7 9.81™ 0.12" 15.88™

Experimental error 14 14.71 0.43 31.46
C.V. (%) 6.63 12.44 9.72

ns. * and ™ non-significant, significant at 5, and 1% probability levels, respectively.
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Table 4. Means comparison of peppermint nutrients affected by different fertilizer sources

Treatment N P K
(9-kg™h) (9-kg?) (9-kg?)
Control 12.734 1.16° 12.704
Vicia villosa monoculture (Bm) 14.30% 1.21¢ 13.21¢
Hordeum vulgare monoculture (Hm) 14.47% 1.30b¢ 15.37b¢
25% Hm + 75% Bm 14.70°¢ 1.40% 13.53c
50% Hm + 50% Bm 18.052 1.612 18.252
75% Hm + 25% Bm 15.55%¢ 1.45%¢ 15.210-d
AMF 17.13% 1.752 17.67%
Vermicompost 16.72% 1.45%¢ 16.53°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 5. ANOVA of peppermint yield components affected by different fertilizer sources

. Nodes per Lateral Leaves per Leaf greenness
SOV. d.f. Plant height plant branches plant (SPAD)
Repetition 2 149.72m 2.05m 2.19m 11791.48" 19.04ns
Treatment 7 346.14" 7.53" 7.13" 34897.03™ 38.26"
Experimental error 14 758.61 30.95 17.76 74657.24 190.77
C.V. (%) 14.15 12.08 6.33 14.22 9.57

ns * and ™: non-significant, significant at 5, and 1% probability levels, respectively
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Table 6. Means comparison of peppermint yield components affected by different fertilizer sources

Plant Nodes per Lateral Leaves per L eaf areenness

Treatment height plant branches plant (sgp AD)
(Cm) (NO.) (NO.) (NO.)

Control 46.43° 9.69¢ 15.64¢ 423.98° 34.28°
Vicia villosa monoculture (Bm) 49.57% 10.91¢ 16.54d° 467.52b¢ 35.92b¢
Hordeum vulgare monoculture (Hm) 51.22® 11.18%d 17.24¢cde 484.74%¢ 36.61%¢
25% Hm + 75% Bm 50.80%® 12.63%¢ 16.93¢de 491.50b¢ 38.71%¢
50% Hm + 50% Bm 58.70% 14.46° 20.282 593.39° 45,152
75% Hm + 25% Bm 51.86%® 13.06%¢ 17.78"d 527.08%¢ 39.328¢
AMF 54.79% 13.69% 19.36% 555.272 42.37®
Vermicompost 53.94%® 12.82%¢ 18.613¢ 513.41%¢ 37.24%¢

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test)
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Table 7. ANOVA of dry yield, content and essential oil yield of peppermint affected by different fertilizer sources

S.O.V. d.f. Dry matter yield Essential oil content Essential oil yield
Repetition 2 706.78" 0.13™ 0.30™
Treatment 7 3387.47 0.57" 2.94™

Experimental error 14 4311.08 0.05 0.35
C.V. (%) 7.33 11.04 14.08

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Figure 1. Means comparison of peppermint dry matter yield affected by different fertilizer sources
Bm: Vicia villosa monoculture; Hm: Hordeum vulgare monoculture; AMF: arbuscular mycorrhizal fungi.
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 2. Means comparison of peppermint essential oil content affected by different fertilizer sources
Bm: Vicia villosa monoculture; Hm: Hordeum vulgare monoculture; AMF: arbuscular mycorrhizal fungi.
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 3. Means comparison of peppermint essential oil yield affected by different fertilizer sources.
Bm: Vicia villosa monoculture; Hm: Hordeum vulgare monoculture; AMF: arbuscular mycorrhizal fungi.
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 8. Essential oil compounds of peppermint affected by different fertilizer sources

Treatment
. 25%HV+75%50%HV+50% 75%HV+25%
No Component RI RI lit C Bm HVm B B B AMF VC
1 a-pinene 931 932 0.3 0.3 0.3 0.6 0.3 0.5 04 03
2 sabinene 970 969 0.6 0.3 0.5 0.5 0.1 0.3 04 04
3 fS-pinene 975 974 0.8 0.5 0.8 0.8 0.8 0.7 08 0.9
4 myrcene 988 988 0.5 0.3 0.5 0.4 0.4 0.4 04 07
5 3-octanol 1000 998 0.2 0.1 0.2 0.5 0.1 0.5 01 09
6 a-terpinene 1017 1014 05 0.6 0.8 0.6 0.1 0.5 06 01
7 limonene 1026 1024 29 0.8 1.2 29 1.9 1.3 18 25
8 1,8-cineole 1029 1026 5.2 5.3 5.7 5.4 6.1 5.4 59 53
9 y-terpinene 1058 1054 0.6 0 0.2 0.8 0.5 0.5 02 02
10 cis-sabinene hydrate 1066 1065 1.4 0.9 1 1.3 1.1 0.9 1.2 1.2
11 linalool 1103 1095 0.8 0.4 0.5 0.4 0.4 0.4 04 04
12 menthone 1152 1148 183 199 209 18.7 211 18.7 214 204
13 menthofuran 1161 1159 3.2 3.8 2.3 3.2 11 2.9 2.3 18
14 d-terpineol 1162 1162 3.1 34 3.7 3.8 3.9 3.1 3.8 3.6
15 neo-menthol 1163 1161 3.1 3.2 3.7 3.4 3.8 3.7 35 32
16 menthol 1175 1167 327 352 362 355 38.1 37.2 364 36
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17 terpinen-4-ol 1177 1177 0.1 0.2 0.2 0.8 0.2 0.8 0.2 0.1
18 neo-isomenthol 1184 1184 34 3.6 4 3.3 3.8 3.7 3.8 3.6
19 pulegone 1236 1233 3.1 2.3 2.2 2.2 2 2 2.1 2.1
20 piperitone 1252 1252 2.6 19 2.2 2.6 15 24 13 15
21 neo-menthyl acetate 1273 1271 0.9 0.7 0.6 1 0.4 0.5 04 05
22 p-menth-1-en-9-0l 1294 1294 24 19 14 15 1.1 19 2.1 1.6
23 iso-menthyl acetate 1307 1304 0.5 0.3 0.3 0.2 0.2 0.2 0.2 0.3
24 S-bourbonene 1382 1387 0.9 0.4 0.3 04 0.1 04 0.1 0.6
25  (E)-caryophyllene 1416 1417 2.3 25 2.1 2 2.2 2.3 2.6 2.3
26 (E)-p-farnesene 1457 1454 0.7 0.1 0.3 0.4 0.4 0.5 0.9 0.5
27 germacrene D 1479 1484 3.1 34 3.2 3.3 3.2 3.3 3.3 3.1
28 elixene 1494 1492 15 13 11 0.9 0.9 11 0.4 11
29 viridiflorol 1589 1592 0.8 0.2 0.7 0.2 0.8 0.7 0.1 0.3

Total identified (%) 96.6 941 97.2 97.7 96.8 97.1 97.2 953

RI: Retention index; RI lit: Retention index calculated in reference books (Adams, 2007).

C: control; Bm: Vicia villosa monoculture; HVm: Hordeum vulgare monoculture; AMF: arbuscular mycorrhizal fungi; VC: vermicompost.
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