Journal of Agroecology
Homepage: https://agry.um.ac.ir/ R

Research Article
BV Vol. 14, No. 3, Fall 2022, p. 561-578

Evaluation of Biochar Application with Organic and Biological Fertilizers on the
Quantity and Quality of Peppermint (Mentha piperita L.) Essential Oil in
Ecological Agriculture

F. Zaefarian*"“, V. Akbarpour?, M. Kaveh® and M. Habibi?®

How to cite this article:

Received: 27-08-2020 Zaefarian, F., Akbarpour, V., Kaveh, M., and Habibi, M., 2022. Evaluation of
Revised: 01-05-2021 biochar application with organic and biological fertilizers on the quantity and
Accepted: 06-11-2021 quality of peppermint (Mentha piperita L.) essential oil in ecological agriculture.

Available Online: 13-12-2022 Journal of Agroecology 14(3): 561-578.
DOI: 10.22067/agry.2021.20307.0

Introduction

Cultivation of medicinal and aromatic plants has had long a special rank in the traditional agricultural systems of
Iran and these systems have played an important role in creating diversity and sustainability. Management of soil
nutrients using organic fertilizers is among the major pillars of sustainable agriculture. Peppermint (Mentha piperita
L.) is a medicinal plant, in which proper nutrition and absorption of mineral elements play an important role in
increasing its quantitative and qualitative performance. The high cost of fertilizers in farming systems, soil pollution,
and degradation of soil are factors that caused to full use of available renewable nutrient sources of the plant
(organic and biological) with the optimal application of fertilizers in order to maintain fertility, structure, biological
activity, exchange capacity and water-holding capacity of the water in the soil. The global approach to balance
nutrition and the production of medicinal plants, towards the use of sustainable agricultural systems and the use of
management methods, such as the application of biofertilizers, is improving the gquantitative and qualitative
performance of these plants. So, the use of natural inputs such as organic and biological fertilizers seems to be a
good way to move towards a sustainable production system. Accordingly, due to the possible effect of organic
fertilizers such as biochar and vermicompost and biological fertilizers like mycorrhizal fungi and plant growth-
promoting bacteria on the quantity and quality of peppermint essential oil, this research was carried out under
organic conditions.

Materials and Methods

The present research was conducted as a factorial layout based on a randomized complete block design in three
replications at Sari Agricultural Sciences and Natural Resources University in 2017. The experimental site is located
at 36° 39'42" N latitude and 53°03°54" E longitude with -11 m above sea level. Soil samples were taken from depths
of 0-30 cm before land preparation. Treatment consisted of biochar on two levels (0 and 10 ton ha') and organic and
biological fertilizers on five levels (no fertilizer, vermicompost (10 ton ha), Pseudomonas fluorescens, Azotobacter
and Arbuscular mycorrhizal (Glomus mosseae, G. intradices and G. etunicatum. Weeds and pests were controlled
mechanically or by hand and no herbicides or pesticides were used. The measured properties also included the
peppermint yield, essential oil, and essential oil compounds.
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Results and Discussion

The results of the analysis of variance showed that the simple effects of biochar and organic and biological
fertilizers had a significant effect on the shoot fresh weight at 1% of probability level, while the interaction effect of
experimental treatments on this trait did not have a significant effect. According to the results, the application of 10
tons ha of biochar, caused a 42.96% increase in shoot fresh weight compared to no application. In the study of the
simple effect of organic and biological fertilizers on shoot fresh weight, the results showed that the highest and
lowest ones were obtained with mycorrhiza application and control (no application of organic and biological
fertilizers) with an average of 667.95 and 418.08 g m, respectively. The highest shoot dry weight with an average
of 89.08 g m was associated with the combined use of biochar and mycorrhiza and the lowest one belonged to the
control (no application of biochar and organic and biological fertilizers) with an average of 61.76 g m2. The results
also showed that the interaction of biochar and organic and biological fertilizers on essential oil compounds such as
Menthone, Menthol, a-Pinene, Cineol-1,8, iso Menthone, Pulegone, Piperitone oxide, Menthyl acetate, and
Menthofuran was significant.

Conclusion

In general, the results showed that the use of biochar and biological and organic fertilizers can be effective in
both the quality and quantity of peppermint essential oil when the highest percentage of essential oil and the most
peppermint essential oil compounds were obtained in treatments with an application of biochar and biological and
organic fertilizers. Where, the use of the bacterium Azobacter and Pseudomonas with biochar had the greatest effect
on the quality of peppermint essential oil, especially in Menthol and Menton compounds. Finally, it can be
concluded that the combined use of biochar with biological fertilizers has a significant impact on the quantitative
and qualitative increase of peppermint essential oil in ecological or low-input agriculture.
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Fig. 1- Influence of the effects of the experimental treatment on dry weight of peppermint (g.m2)
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Table 5- Analysis of variance (mean of squares) of the effects of the experimental treatment on essential oil (%) of

peppermint
Oy wolio @il as ool Aoy
S.0.V. d.f Essential oil (%)
S
: 2 0.014
Block
g o
: 1 7.60
Biochar
> 4 2.11™
Fertilizer
595% ) lgu
. . 0.38™
Biochar xfertilizer
> 18 0.17
Error
Ol
W 17.21
CV (%)

o i 9 S Jlain] maw )3 I gime g ) Sxe yuE s ik g e NS
ns, * and **: are non-significant and significant at 5 and 1% probability levels, respectively.

2B Losd Bpas CungueS g CungpaS a9 gyl 1) s g
bl 3, Slas g o> Gl el jaud g (g s Cl> )
5y Slos 9y ¢ idg3 ,> (Gupta et al.,, 2002) 45,5 o
5l =sb 1, (Artemisia pallens L.) 4o 9,5 olS 3 uslu!
4535 ()5 CamgraS (0yg Bpan jl Jol Suts odle il
L5l o bwlyed o Sidg} wlhe gols b a5 (Pandey, 2005)

(Anwar et al., 2005; Liuc & Pank, 2005)
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Table 6- Mean comparison of the effects of the experimental treatment on essential oil (%) of peppermint

s oolul duo
Treatment Essential oil (%)
o aals 1.91
Biochar Control
10 (ton.hah) 2.92
LSD 5% 0.32
355 Gy pis 1.47
No fertilizer
CawgaeS (o039 2.92
Vermicompost
i 5 I sleoss bigegdgus 2.49
Organic and biological fertilizers Pseudomonas
5Lyl 23
Azotobacter
3055 2.49
Mycorrhiza
LSD 5% 0.5
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Table 7- Analysis of variance (mean of squares) of the effects of the experimental treatment on essential oil compounds of

peppermint
Clwsi glie Sl g 355 255% Jlrgm s Ol coyd
S.0.V. Block Biochar  Fertilizer ~ Biocharxfertilizer Error  C.V. (%)
ool Sles 5 S5 as
Essential oil T 2 1 4 4 18 -
d.f
compounds
Jye - 5.72 237.44™  129.75" 23.22" 6.30 5.72
Menthol
oy - 315  70.71%  95.92™ 8.92" 2.39 6.55
Menthone
i — )] wx x ox
o W - 0.0003 0.09 0.42 0.005 0.0005 4.17
a-pinene
”“‘L“’ - 0.001 0.07" 0.05" 0.002"s 0.0009 5.63
Sabinene
"“ = - 0.0006 0.17 0.13" 0.012m 0.005 6.55
B-Pinene
oeple - 0.001 0.07 0.04™ 0.002" 0.001 9.35
Myrcene
. B - 0.0002 0.19™ 0.48™ 0.02m 0.005 5.77
Limonene
AV g - 006  1095™  0.057® 0.28" 0.76 741
Cineol-1,8
09 53 - 216  29.44™ 9347 3.06" 0.82 5.89
Iso menthone
ojsk - 0.082 9.47 6.83" 0.32" 0.079 5.73
Pulegone
| e *x *
_ *“‘fs o - 0.0001 0.4 0.001™ 0.003 0.001 4.97
Piperitone oxide
Sl Jete - 0.00003 0.40™ 0.102™ 0.13" 0.008 10.92
Menthyl acetate
ohebse - 0052  9.06™  0.079™ 0.53™ 0.044 2.61
Menthofuran

o i 9 S Jlain! maw )3 5 gime g ) Sxe uE ad s ik g s NS
ns, * and **: are non-significant and significant at 5 and 1% probability levels, respectively.
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Table 8- Mean comparison of the effects of the experimental treatment on essential oil compounds of peppermint

Sy el Seom S
Compound name Biochar 10 (ton.ha™) Biochar 0 (ton.ha™) '})SO /E)
T1 T2 Ts Ta Ts T T2 Ts Ta Ts

Jsiie 38,53 4253 47.13 5473 50.21 36.05 40.69 4049 43.05 4472 3.04
Menthol

ygiie 19.28 2050 2998 28.70 27.26 18.14 19.78 26.30 2186 2426 1.88
Menthone

oy~ 049 051 065 0.76 0.65 042 046 053 056 054 0.03
a-Pinene

A=Y gt 404 426 445 466 4.28 3.18 3473 313 279 3.09 1.06
Cineol-1,8

o5 93] 1158 1230 1725 2293 18.01 10.74 11.70 1491 18.75 16.07 1.10
Iso Menthone

ik 403 429 682 6.09 6.09 330 361 553 427 500 0.34
Pulegone

deST 95y 075 075 073 082 0.76 060 065 0.64 060 0.62 0.04
Piperitone oxide

eS| ko 096 124 109 0.62 0.82 062 080 052 070 091 0.11
Menthyl acetate

oygdgiie 8.09 919 892 820 851 679 749 736 7.69 8.08 0.25
Menthofuran
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Table 9- Mean comparison of the experimental treatments effects on essential oil compounds of peppermint

Sl Ol oonle
Treatment B-pinene (%) Myrcene (%)
oW aals 1.04 0.42
Biochar Control
10 (ton.ha-1) 1.19 0.52
LSD 5% 0.05 0.02
365 Gyas pic 0.87 0.34
No fertilizer
CargeeS 039 1.21 0.43
Vermicompost
T s olisogdgw 1.16 0.51
Organic agnu;éfoflogdicaﬁertilizers Pseudomonas
S5 bgis! 1.09 0.49
Azotobacter
52950 1.25 0.57
Mycorrhiza
LSD 5% 0.09 0.04
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