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Abstract

Background and Objectives

An important requirement of agronomic planning is to evaluate different plant nutrition systems
in order to achieve high yield and quality, especially in medicinal plants. With the correct method
of increasing soil fertilization and plant nutrition, it is possible to reduce the erosion and
conservation of biodiversity, preserve the environment, and increase the efficiency of inputs. This
research was carried out with the aim of improving the quantitative and qualitative performance
of lemon balm with bio fertilizers such as mycorrhiza fungi, biophosphate fertilizer, and
vermicompost.

Materials and Methods

The experiment was conducted in spring and summer of 2016 in a field covered by Agriculture
Jihad of Guilan, located in Khoshkabijar District of Rasht, Iran. In this research, the experiment
was conducted considering three factors: factorial contains mycorrhizal inoculation (M; = non-
inoculated and M, = inoculated), phosphate biofertilizers (P, = 0, P, = 50 and P; = 100 kg ha™)
and vermicompost (V; = 0, V, =5 and V5 = 10 tons ha™) layout based on a randomized complete
block design with 18 treatments and three replications. Also, one plot was allocated to control in
each replication and only chemical fertilizers (use of 90 kg ha™ of fertilizer of urea, triple super
phosphate 90 kg ha™ and potassium sulfate 90 kg ha™) and data obtained from control plot,
mycorrhizal, phosphate biofertilizers, and vermicompost were used based on a randomized
complete block.

Results

According to the results of this experiment, the highest number of leaf yield, essential oil
percentage, biological yield, essential oil yield, total chlorophyll and carotenoids in inoculation
with mycorrhiza was obtained. The application of 100 kg of phosphate biofertilizers had a
significant effect on all measured biofertilizers. Fertilizer treatment of 100 kg ha™ had the best
result in all measured traits. Also, the best result was obtained with the use of 10 tons of
vermicompost per hectare in biological yield (4808.2 kg ha™), essential oil (0.13%), and total
chlorophyll (1.54 mg gr'*FW). There were positive and synergic interactions between factors. For
example, positive interaction between inoculation of mycorrhiza and phosphate biofertilizers on
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leaf yield and essential oil yield, and synergic interaction between mycorrhiza and vermicompost
on biological yield were obsereved.

Discussion

The results of this study show that the treatment of inoculums with mycorrhiza, consumption of
100 kg of phosphate biofertilizers and 10 tons of vermicompost per hectare could provide the
best situation to achieve the highest quantitative (5290 kg ha™) and qualitative yield (0.26%
essential oil) of lemon balm in a sustainable agricultural system.
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Table 1. Results of physical and chemical analysis of soil and vermicompost

R A T Ja,_f O A TR PR e G500
Clay Silt Sand Nitroge Organic EC H Potassium Phosphorus Soil sample
total carbon P P texture P
aoyd 2o o3 Ogko 3 o
% dS/m ppm
0 sk s
26 53 21 0.04 0.57 0.9 7 137 2.8 Silty ~ Soil
loam
- - - 12 102 54 72 110 15 - e s

Vermicompost
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Table 2. Variance analysis of quantitative and qualitative traits of lemon balm
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Carc;'inoid Chl-clJ—l(’)ct)?)hyll Essential oil Leil/ielzes Biological yield ‘5; J Source of variation
* 1S
0.03™ 1.65"™ 0.07™ 1755.72 9131122.35™ 2 o A
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*k * ok * Ex 3 ‘
0.01 0.62 0.021 158.79 1095397.8™ 1 _ 055
Mycorrhizal
*k *k *k *k *k sy olawd >
0.12 7.9 0.009 12278.16™  690283.63 2 e 4

Bio phosphate

856135 2 _ S s
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S 6w Jlize 5

0.001" 0.001"™ 0.0002"™ 51.88 "™

0.002" 0.04"™ 0.00005™  168.24" 1899.85™ 2

0.001" 0.003"™ 0.00001™  1.74™ 13384.8™ 2

0.001" 0.008"™ 0.00003"™  6.72"™ 16457.91™ 4

0.001™ 0.002"™ 0.00003™ 1.18™ 696.69™ 4 .
Interaction three factor
L
0.001 0.13 0.0004 90.11 40462.72 34
Error
Ol S o b
22.6 14.3 16.3 10.8 4.2 S e
C.V. (%)
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***and ns: significant at a probability level of 1%, 5% and non significant.
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Table 3. Mean Comparison of quantitative and qualitative traits of lemon balm as affected by biofertilizers

and vermicompost
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In each column, averages with at least one common alphabet have no significant difference in the Tukey test at the 5%
probability level.
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Table 4. Variance analysis of quantitative and qualitative traits of lemon balm as affected by of biofertilizers
and vermicompost and control

I Adgigls J5 Jdg il o33 g goshes  odgicw)osdos (S5 4>y Oyt 2l
Carotenoid  Total Chlorophyll Essential oil Leaf fresh yield Biological yield df Source of variation
| <
0.0063 0.02 0.0005 52.8 8814.33 2 L o
Replication
ok sox *x *x - L
0.02 1.54 0.01 1803.88 12212.13 18 o
Treatment
o
0.00 21 0.02 0.0002 6.64 6153.5 36
Error
( Ol ks o b
12.54 9.79 12.55 10.22 16.52 ) S
C.V. (%)

.,bu,-#ﬁ;,M,;&Ju,\cb)a,b@u%;qnsj**
** and ns: significant at a probability level of 1% and non significant.



ko3 5 oS 3 Shas il i 31 b5, 5 Sl e fvs

il Jale 53 Jlime D1 S0 e
O (115 o S aS a5 5 2l oS
02035505 3, Shee ST Gy 355 (613 e
T 53 o5 el el ol sl les
03 sl Me LB (65 Gyl S gaS soyy Calides
T 53 il pe mhaw Jold glasled L 4 lie
R G BB g C VR NP Sy
el O oo oS e olie Uit s o558
s> > Bastami and Majidian (2015) .(0 Jsu>)
5058 il 48" s ST 0Ly 58 oS 555
13355 5 o3 Dl 58 & o 1 3T o i
Coils e le 5 4ils 5 Shes 035 s j 5 Shes
iy ji8 ol

Sy p S5 sy 3 5 Doan et al. (2015)

5S35 S pn 5 L3 5 AT ()3 5 Sas
05 e2pia) 3 Shee il BB 1
S wmils Gl LoT s 8 dale ls b awlis
g_.}j@aj:@v\:ujqatﬁd_gb-c‘;u Lgh(;gb\{}..éé
L8 Carge S sy Jlslp eslial BB 5 paenS
I o sm 3 Ay 3 G b 15 QLS s
313 OLES L Kk g lie i 0T 03 5l 3 Shas
e Sles 4 by 035 s Sles S S
5 ) Dlad 355 3, pe ) S il
4 bg e 035 3 Sles o e 5 Con S 009
Slid ¢ F SV e ) S b il e

A0 Jgdr) el st Cow 5aS” cnys 5V 5 St

LD 9 Curgead” 039 13299500 ¢ g ) SBSS pT Lo 4903k AT 9 (o Do eSilio duglio -0 J9u
Table 5. Mean comparison of quantitative and qualitative traits of lemon balm as affected by
biological fertilizers, mycorrhiza, vermicompost and control

S i F 5 § 3 sChes 0398 s 3 3 Khos
e T e I
g Essential oil % | eaf freshyield ~ Biological yield ~ Treatment
Carotenoid Total Chlorophyll ka ha® ka hat
(mg gr'* FW) (mg gr FW) (kg her) (kg ha’)
0.05' 0.45' 0.02' 3507 3803’ M;P,V;
0.12f 1.02%" 0.09" 3687" 3935' M;P,V,
0.17° 1.51¢ 0.14" 3749° 3999' M3P; V3
0.07" 0.64" 0.03 3579' 3833' M;P,V,
0.17¢ 1.45%" 0.14" 3721° 4010' M;P,V,
0.25° 2.18"¢ 0.16% 3768™ 4319" M;P,V,
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0.15° 1.33" 0.11" 3660° 5040 M,P;V;
0.21° 1.79°" 0.15° 3764 5142° M,P;V,
0.41° 3.51° 0.26° 3802° 5290° M,P5V/;
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In each column, averages with at least one common alphabet have no significant difference in the Tukey test at the 5%

probability level.

M; = non- inoculated, M, = inoculated, P; = 0 Bio phosphate, P, = 50 kg ha* Bio phosphate, P; = 100 kg ha™* Bio
phosphate, V; = 0 Vermicompost, VV, = 5 ton ha™* Vermicompost, V5 = 10 ton ha™* Vermicompost.
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Table 6. Mean Comparison of some lemon balm traits as affected by the interactions effect
between inoculum mycorrhizal and phosphate fertilizer
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In each column, averages with at least one common alphabet have no significant difference in the Tukey test at the 5%
probability level.
M; = non- inoculated, M, = inoculated, P, = 0 Bio phosphate, P, = 50 kg ha™ Bio phosphate, P; = 100 kg ha™ Bio
phosphate.
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Table 8. Simple correlation coefficient between traits in lemon balm

I Adgguls” 5 g N bl a5 g 58 Ko 0855 S 3 & Ko Olae
Carotenoid  Total Chlorophyll Essential oil  Leaf fresh yield Biological yield Factors
1 E}}:Lg»d_). S SL“.O
Biological yield
* df 55 SL&
0.55 *
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*K * L‘"‘ Loy
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** and *: Significant at a probability level of 1% and 5%.
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