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Abstract Humic acid is natural biological organic, which
has a high effect on plant growth and quality. However, the
mechanisms of the promoting effect of humic acid on the
volatile composition were rarely reported. In this study, the
effects of soil application of humic acid on the chemical
composition and nutrients uptake of Thymus vulgaris were
investigated. Treatments comprised 0, 50, 75 and
100 g m~*. Essential oil was extracted by hydrodistillation
and analyzed using GC-MS and GC-FID. Essential oil
content was enhanced by increase of the humic acid level
and its content ranged from 0.8% (control) to 2.0%
(75 g m~2). Thirty-two volatile compounds were identified
and these compounds were considerably affected by humic
acid. The highest percentage of thymol (74.15%), carvacrol
(6.20%), p-cymene (4.24%), borneol (3.42%), trans-
caryophyllene (1.70%) and cis-sabinene hydrate (1.35%) as
major compounds were observed in 7. vulgaris under
100 g m™* humic acid. There was a linear relationship
(R2 = 97%) between humic acid levels and thymol as a
major compound. The oils were dominated by oxygenated
monoterpenes followed by monoterpene hydrocarbons and
sesquiterpene hydrocarbons. Based on the path coefficient
analysis, the highest direct effects on essential oil content
were observed in monoterpene esters (3.465) and oxy-
genated sesquiterpenes (3.146). The humic acid application
also enhanced the uptake of N, P, K, Mg and Fe in garden
thyme. The highest N (2.42%), P (0.75%), K (2.63%), Mg
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(0.23%) and Fe (1436.58 ppm) were observed in medium
supplemented with 100 g m~ humic acid. In all, the uti-
lization of humic acid could positively change nutrients
uptake, essential oil content and its major constituents in 7.
vulgaris.
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Introduction

The Thymus genus consisting of 215 species, is one of the
most popular medicinal plants that belongs to the Lami-
aceae family. Thyme is small shrub and herbaceous
perennial in the Mediterranean region which has been
recognized as the center of the thyme genus (Cronquist
1988). Thymus, with the popular Persian name of “Avishan
or Azorbe,” consists of 14 native species which are found
wild in many regions of Iran. Thymus vulgaris L. is a
medicinal and aromatic plant which grows in the northern
part of the Western Mediterranean region (Al-Ramamneh
2009), and it is commercially cultivated in many countries
(Al-Ramamneh 2009; Badi et al. 2004; Letchamo et al.
1995). The inflorescence and volatile constituents of thyme
are commonly used as the herbal tea, flavoring agents and
for many medicinal purposes (Stahl-Biskup and Saez
2003). In Iran, decoction and infusion of the flowers, stem,
and leaves of thyme are used as digestive, anti-inflamma-
tory, carminative, expectorant and antispasmodic (Ghasemi
Pirbalouti 2009; Nickavar et al. 2005). The essential oil
from the shoots and leaves of T. vulgaris contains mainly
monoterpenes, and sesquiterpenes (Ghasemi Pirbalouti
et al. 2013, 2014). Previous studies have shown thymol,

carvacrol, p-cymene and y-terpinene as the major
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components of the essential oils from garden thyme
(Ghasemi Pirbalouti et al. 2014; Nickavar et al. 2005).

Humic substances are the blackish- or brownish-colored
organic compositions with large molecular weights and
complex structures constructed by the decomposition of
plant or animal remain (Lee et al. 2004). It has also been
applied as soil amendments to ameliorate chemical and
physical attributes (Suh et al. 2014). Humic substances
include humic acid, humin, and fulvic acid depending on
its solvability at various pH (Lee et al. 2004). It is
demonstrated that humic substances, irrespective of their
nature, origin, and characteristics, usually enhance plant
yields, seed germination, physico-chemical characteristics
and directly or indirectly stimulate absorption by roots
(Nardi et al. 2002; Nikbakht et al. 2008).

Humic acid is known to contain carboxyl, alcoholic
hydroxyl, ketone, quinoide and phenolic hydroxyl (Canel-
las et al. 2015). However, the chemical structures of humic
substances have not clearly been clarified because of the
complexity of the molecules (Lee et al. 2004). Conse-
quently, the functional properties of molecules with various
structures and reaction mechanisms are also not well
known (Mora et al. 2010).

Nardi et al. (2002) proposed that humic acid could
directly influence plant growth components such as cell
permeability, respiration, photosynthesis, and cell elonga-
tion. Previous researches have shown other effects of
humic substances on fruits (Arancon et al. 2006; Pilanal
and Kaplan 2003), vegetables (Tuefenkci et al. 2006; Yil-
dirim 2007), cereals (Delfine et al. 2005; Jones et al. 2007)
and Lolium perenne (Verlinden et al. 2010). This was
followed by a reduce in the incidence of plant disease
(Naidu et al. 2013; Olivares et al. 2015; Singh et al. 2010).
In addition to the notable changes on nutrient uptake and
plant primary metabolism, secondary metabolism may also
be strongly affected by humic substances (Canellas et al.
2015; Schiavon et al. 2010).

Varanini and Pinton (1995) reported that humic acid
enhanced absorption of micro- and macro-elements in
plants. Humic acid can enhance plant growth by promoting
the bioavailability of nutrients via reform of the soil
environment at the roots (Chen et al. 2004). Humic acid
was the main source of nitrogen (N), phosphorus (P), and
potassium (K) (Panuccio et al. 2001). Haghighi et al.
(2014) showed that humic acid had advantageous effects
on nutrient uptake, particularly in availability and transport
of micronutrients.

In all, the effect of humic acid on the nutrients uptake
and volatile composition of thyme has rarely been reported.
Therefore, this study aimed to examine the effects of
application to soil of humic acid on the nutrients uptake
and chemical composition of garden thyme as new natural
agricultural supplements.
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Materials and methods
Plant material and cultivation

Garden thyme (7. vulgaris L. German cultivar ‘Deutscher
Winter’) seedlings (F;) were purchased from a Pakan Seed
Company, Isfahan, Iran. Seedlings were transferred on
April 5 and harvested (about 25 cm heights) before flow-
ering on October 6, 2016, at the greenhouse of medicinal
plants garden, Hamadan (48°51' N 34°80’ E), Iran. The
unicolor and uniform plantlets (about 10 cm heights) were
cultured in plots (1 x 1 m) filled with clay loam soil
(36.25% clay, 30% silt, and 33.75% sand) and perlite (2:1).
In addition, soil mixture depth was 30 cm. The chemical
properties of the soil mixture are shown in Table 1. Each
experimental plot accommodated nine plants. Three repli-
cations per treatment were involved in a randomized
complete block design. Garden thyme was grown under
controlled conditions in the greenhouse (day/night 16/8 h,
light intensity 150 pmol m 2 s~ ', 28 £ 2 °C/22 + 2 °C
day/night, and relative humidity 55-75%). Humic acid
[containing nitrogen (N), 1.3%; carbon (C), 62.2%; oxygen
(0), 36.8%; and hydrogen (H), 2.4%] was purchased from
the Kimia Pars Shayankar Company, Tehran, Iran. The
humic acid powder was spread and mixed well in plots.
Treatments were as follows: (1) control, (2) 50 g m2, 3)
75 ¢ m “and (4) 100 g m~2. In this study, no systemic
pesticide and additional fertilizer were used during the
entire experiment, and weed control was done manually.
The plots were irrigated when 50% of soil available water
was depleted (irrigation intervals varied from 7 to 9 days).
Samples were aerial parts of nine plants in each plot and
before the flowering stage were harvested.

Table 1 Properties of the soil used in this study

Characteristic Unit Content
Clay % 36.25
Silt % 30
Sand %o 33.75
Texture - Clay-loam
N (total) mg kg™ 0.076
P (available) mg kg™! 5.33

K (available) mg kg™! 273

EC ds m™' 1.41
pH - 7.32
Organic matter % 1.19

EC electrical conductivity
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Essential oil isolation

The essential oil of air-dried leaf samples (30 g) was iso-
lated by hydrodistillation (250 ml of water in 500 ml round
bottomed flask) for 3 h, using a Clevenger-type apparatus
as recommended method in British pharmacopeia (British
Pharmacopeia, 1998). The essential oil was dried over
anhydrous sodium sulfate (Na,SO,4) and kept at 4 °C in the
dark vial until analyzed and tested. The essential oil con-
tent was calculated in % (v/w) of air dry leaf matter.

GC-FID analysis

GC analysis was performed using a Thermoquest gas
chromatograph with a flame ionization detector (FID). The
analysis was carried out on the fused silica capillary DB-5
column (30 m x 0.25 mm i.d.; film thickness 0.25 pm).
The injector and detector temperatures were kept at 250
and 300 °C, respectively. N was used as the carrier gas at a
flow rate of 1.1 ml min~'; oven temperature program was
60-250 °C at the rate of 4 °C min~' and finally held
isothermally for 10 min; split ratio was 1:50.

GC-MS analysis

The GC-MS analysis was carried out by use of Thermo-
quest-Finnigan gas chromatograph equipped with fused
silica capillary DB-5 column (60 m x 0.25 mm i.d.; film
thickness 0.25 ym) coupled with a TRACE mass
(Manchester, UK). Helium was used as carrier gas with the
ionization voltage of 70 eV. Ion source and interface
temperatures were 200 and 250 °C, respectively. Mass
range was from 35 to 456 amu. Oven temperature program
was the same given above for the GC.

Identification and quantification of the oil
components

The constituents of essential oils were identified by cal-
culation of their retention indices under temperature-pro-
grammed conditions for n-alkanes (C¢4—C,4) and the oil on
a DB-5 column under the same chromatographic condi-
tions. Identification of individual compounds was done by
comparison of their mass spectra with those of the internal
reference mass spectra library (Adams and Wiley 7.0) or
with authentic compounds and confirmed by comparison of
their retention indices with authentic compounds or with
those reported in the literature (Adams 1997). For quan-
tification purposes, relative area percentages obtained by
FID were used without the use of correction factors.

Plant analysis

Fully expanded leaves were collected, washed thoroughly
with tap water and then deionized water, dried at 65 °C to
constant weight, and ground to determine their mineral
composition. The determination of organically bound N in
the leaf samples was based on the Kjeldahl method
(Schuman et al. 1973). The extraction of K, P, magnesium
(Mg), and iron (Fe) from the plant tissue material was
performed using 1 N hydrochloric acid (HCI) after dry
ashing at 550 °C for 5 h (Savvas and Gizas 2002). Total K
was directly measured by flame spectrophotometry using
an Evans Electro Selenium LTB (Plaza et al. 2016) flame
photometer. The concentrations of Mg and Fe in the leaf
extracts were determined by atomic absorption spec-
trophotometry (Perkin-Elmer, Waltham, Mass., USA),
while P was determined by the vanadomolybdophosphoric
colorimetric method (Hogue et al. 1970), using a Helios
Gamma spectrophotometer.

Data analysis

The experiment was conducted in a one-way analysis of
variance with three replications. Data were subjected to
analysis of variance and means were separated by Dun-
can’s multiple range test (DMRT) at P < 0.05 significance
level in SAS (Software Version 9.1 SAS). Correlation and
path analysis were performed in SPSS (IBM SPSS Soft-
ware Version 22) and Path2 software, respectively. Path
analysis was carried out using the procedure suggested by
Dewey and Lu (1959), which has been used to quantify a
perceived biological relationship through partitioning of
correlation coefficients into direct and indirect effects.

Results and discussion

This study examined the effects of various levels of humic
acid (control, 50, 75 and 100 g mfz) on the chemical
composition of 7. vulgaris. Results showed that with the
increase of humic acid levels, the essential oil content was
enhanced compared to the control (Table 2). The essential
oil content ranged from 0.8% (control) to 2.0% (75 g m_z).
The chemical composition of the garden thyme was eval-
uated using both GC—FID and GC-MS techniques. Quan-
tity and quality of chemical compositions were affected by
humic acid treatments (Table 2). The GC-MS analysis
resulted in the identification of thirty-two constituents of
the oil composition. Their sums constitution of the oils
were 98.64% (control), 99.55% (50 g m2), 99.52%
(75 g m~2) and 99.80% (100 g m™?).

The major identified compounds in the oil from 7. vul-
garis under humic acid application were thymol, carvacrol,
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Table 2 Effect of soil

application of humic acid on oil
chemical compositions of 1¢ 2 3 4
Thymus vulgaris

No.  Compound RI® %° ANOVA!

1. (E)-2-Hexenal 867.44 0.14 0.16 0.14 0.15 -
Aliphatic aldehydes - 0.14* 0.16* 0.14* 0.15% ns
2. o-Thujene 925 0.23 0.27 0.27 0.26 -
3. o-Pinene 931.97 0.25 0.25 0.23 0.27 -
4. Camphene 947.09 0.23 0.20 0.20 0.25 -
5. Sabinene 970.93 0.04 0.07 0.03 0.06 -
6. p-Myrcene 987.20 0.16 0.18 0.19 0.20 -
7. o-Terpinene 1014.66 0.35 0.50 0.55 0.48 -
8. p-Cymene 102222 346" 4.26° 371° 424* %
9. Limonene 1025.77 0.10 0.12 0.18 0.21 -
10.  y-Terpinene 1054.66 224>  235° 2.79* 240> *
11. o-Terpinolene 1084.88 0.06 0.07 0.10 0.05 -
Monoterpene hydrocarbons - 7.12% 8.27" 8.25" 8.42° ®
12. 1-Octen-3-ol 975 0.93 0.99 0.92 0.9 -
Aliphatic alcohols - 0.93* 0.99* 0.92? 0.9? ns
13. 1,8-Cineole 1028.44 0.58 0.45 0.47 0.53 -
14.  cis-Sabinene hydrate 1063.55  1.33* 1.18* 1.24% 1.35% ns
15. Linalool 1096 1.73* 1.65% 1.64* 1.58* ns
16.  Borneol 1168.10  3.12>  3.11° 3.19° 3420 %
17. 4-Terpineol 1179.74 0.63 0.76 0.67 0.60 -
18. o-Terpineol 1199.56 0.17 0.30 0.20 0.12 -
19.  Thymol 1297.87  73.08° 7328 7378  74.15*  *
20. Carvacrol 1303.13 6.18° 5.99* 6.03* 6.20* ns
Oxygenated monoterpenes - 86.82°  86.72" 87.22"* 8795
21. Bornyl formate 1228.01 0.18 0.13 0.14 0.12 -
22. Linalyl acetate 1263.83 0.11 0.12 0.16 0.13 -
23. Thymol acetate - - - - 0.09 -
24. Geranyl propanoate 1464.22 0.25 0.21 0.19 0.22 -
25. Isobornyl propionate 1368.62 0.11 0.1 0.11 0.13 -
26. Citronellyl propionate 1432.92 0.06 0.06 - 0.08 -
Monoterpenes esters - 0.71°* 0.2 0.06" 0.77% *
27. trans-Caryophyllene 1412.19  1.69° 1.61* 1.49* 1.70* ns
28. o-Humulene 1446.34 0.09 0.08 - 0.06 -
29. y-Cadinene 1468.30 - 0.05 - - -
30. 7-Cadinene 1505.57 0.12 0.11 0.1 0.1 -
31. J-Cadinene 1515.02 0.22 0.25 0.23 0.22 -
Sesquiterpene hydrocarbons — — 2.12% 2.1% 1.82° 2.08* ns
32. Ledene oxide-(II) 1575.53 0.8 0.65 0.57 091 -
Oxygenated sesquiterpenes - 0.8° 0.65" 0.57" 0.91* *
Total - 98.64 99.55 99.52 99.80
Essential oil content (v/w) - 0.8¢ 1.5° 28 1.8% *

“RI: retention indices relative to C¢—C,4 n-alkanes on a DB-5 column
PRelative percentage obtained from peak area
“Different levels of humic acid: 1. 0 g m™2 2. 50 g m™>% 3. 75 g m~% 4. 100 g m >

dAnalysis of variance; values of major compounds with same letters in a row are not significantly different
at 5% level using Duncan’s multiple range test

Values of essential oil families are shown in bold
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p-cymene, borneol, y-terpinene, trans-caryophyllene and
cis-sabinene  hydrate, respectively. Above-mentioned
major compounds in thyme species have previously been
reported (Amiri 2011; Ghasemi Pirbalouti et al. 2013;
Rahimmalek et al. 2009; Sajjadi and Khatamsaz 2003).
Results of the statistical analysis showed that there were
considerable differences between humic acid treatments in
major volatile compounds (Table 2). The soil application
of humic acid noticeably increased thymol, p-Cymene and
borneol percentages, but there were no statistically signif-
icant correlation between humic acid treatments and car-
vacrol and linalool percentages. GC-FID chromatograms
of the essential oils from different levels of humic acid with
identified major compounds are presented in Fig. 1. The

peaks of some compounds were overlapped and not sepa-
rated. Therefore, these compounds are not shown in Fig. 1.
The results showed that the most compounds amount
affected by humic acid (Table 2). These increases in some
main constituents were considerable. The highest percent-
age of thymol (74.15%), carvacrol (6.20%), p-cymene
(4.24%), borneol (3.42%), trans-caryophyllene (1.70%)
and cis-sabinene hydrate (1.35%) were observed in T.
vulgaris under 100 g m~? humic acid. The lowest per-
centage of thymol, carvacrol and p-cymene were observed
in control treatments. However, there were no significant
differences between treatment 2 and 3 and control. A linear
relationship (R* = 97%) was found between humic acid
levels and thymol as a major compound (Fig. 2). Thymol,
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Fig. 1 Gas chromatography-flame ionization detector (GC-FID) chromatograms of the essential oil from Thymus vulgaris affected by
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Fig. 2 Regression relationship between humic acid levels and thymol
as a major compound in the oil of Thymus vulgaris

as a major constituent of the essential oil of the thyme, is an
oxygenated monoterpene which configured in chloroplasts
from freshly fixed carbon (Bohlmann et al. 1998) and its
levels maybe related to CO, formation and acquisition of
photosynthesis intermediates (Loreto et al. 1996).

As shown in Table 2, identified compounds based on
chemical families have been classified into seven groups:
(1) aliphatic aldehydes, (2) monoterpene hydrocarbons, (3)
aliphatic alcohols, (4) oxygenated monoterpenes, (5),
monoterpenes esters (6) sesquiterpene hydrocarbons and
(7) oxygenated sesquiterpenes. Similarly, previous resear-
ches indicated that major chemical groups acquired from
the essential oils of 7. vulgaris were oxygenated
monoterpenes and monoterpene hydrocarbons, and the
amounts of other groups were low (Alavi-Samani et al.
2015; Amiri 2011; Ghasemi Pirbalouti et al. 2014). The
results showed that humic acid treatments had significant
effects on monoterpene hydrocarbons, oxygenated
monoterpenes, monoterpenes esters and Oxygenated
sesquiterpenes. The highest monoterpene hydrocarbons
(8.42%), oxygenated monoterpenes (87.95%), monoterpe-
nes esters (0.77%) and Oxygenated sesquiterpenes (0.91%)
were noticeably affected by medium supplemented with
100 g m~2 humic acid. While humic acid application had
no significant effects on aliphatic aldehydes, aliphatic
alcohols, and sesquiterpene hydrocarbons. Previously, the
effect of humic acid application on other secondary
metabolites has been reported. Schiavon et al. (2010)
showed that humic acid increased the expression of the
phenylalanine ammonialyase that catalyzes the first phase
in the biosynthesis of phenylpropanoid, by transforming
tyrosine to p-coumaric acid and phenylalanine to trans-
cinnamic acid. The expression of these enzymes was
accompanied by phenol repletion in leaves. It has been
reported that the compounds related to the shikimic path-
way (flavonoids, some alkaloids such as isoquinoline
alkaloids, tocopherols, and phenols) are agitated by humic
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acid (Schiavon et al. 2010). In addition, an enzymatic
system such as peroxidase and non-enzymatic antioxidant
systems such as glutathione, ascorbate, phenols, alkaloids,
carotenoids and tocopherols have been affected by humic
acid treatments (Canellas et al. 2015; Pizzeghello et al.
2001).

The correlations coefficients among chemical essential
oil families and essential oil content in 7. vulgaris are
presented in Table 3. Oxygenated sesquiterpenes were
positively correlated with monoterpenes esters, sesquiter-
pene hydrocarbons, and essential oil content. Correlation
between monoterpene hydrocarbons and oxygenated
monoterpenes were significantly positive. Also, there were
significantly positive correlations between aliphatic alde-
hydes with monoterpene hydrocarbons and aliphatic alco-
hols. In addition, monoterpenes esters were significantly
correlated to sesquiterpene hydrocarbons, oxygenated
sesquiterpenes, and essential oil content. But no positive
correlation was observed between other indices.

The path coefficient analysis results are shown in
Table 4. The highest direct effects on essential oil content
were observed in monoterpene esters (3.465) and oxy-
genated sesquiterpenes (3.146). The direct effects of ali-
phatic aldehydes, monoterpene hydrocarbons, and
sesquiterpene hydrocarbons were negative. Whereas, the
highest positive indirect effect of aliphatic aldehydes,
monoterpene hydrocarbons and sesquiterpene hydrocar-
bons via monoterpene esters were 1.677, 2.439 and 3.375,
respectively. Path coefficient analysis helps in the dividing
of correlation coefficient into indirect and direct effects of
different traits on antioxidant or any other attributes (Khan
et al. 2009). The results showed that monoterpenes esters,
oxygenated sesquiterpenes, and oxygenated monoterpenes
were effective major factors on essential oil content.

As shown in Table 5, the effect of humic acid on
nutrients content of leaves was markedly significant. The
highest N (2.42%), P (0.75%), K (2.63%), Mg (0.23%) and
Fe (1436.58 ppm) were observed in medium supplemented
with 100 g m~? humic acid. These finding has been
approved by previous researches (Atiyeh et al. 2002;
Ayuso et al. 1996; Yazdani et al. 2014). Humic acid plays a
role in the incorporation of nitrate uptake through an
interaction with plasma membrane H'-ATPase (Pinton
et al. 1999). In addition, it can increase the solubility P
compounds in soil with its chelating capacity. Previous
researches have shown that humic acid has been widely
considered as natural chelates for cationic micronutrients
(Varanini and Pinton 1995). Sanchez-Sanchez et al. (2006)
reported that the addition of humic acid might ameliorate
Fe uptake by chelating free Fe and so hamper its immo-
bilization. Morard et al. (2010) also described that cationic
micronutrients could be related to hydrogen bonds inward
the structure of humic acid. Humic acid might upgrade
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Table.3 C?orrelatlon betw§en Variables 1 2 3 4 5 6 7 ]

essential oils components in

Thymus vulgaris 1. Aliphatic aldehydes 1 0960" 0.678™ 0.985° 0.489™ 0.484™ 0276™ 0.484™
2. Monoterpene hydrocarbons 1 0.778™ 0.900°  0.709™ 0.704™  0.526™ 0.704™
3. Aliphatic alcohols 1 0.601™ 0.807° 0.809" 0.732™ 0.810"
4. Oxygenated monoterpenes 1 0.341™ 0.336™ 0.119™ 0.336™
5. Monoterpenes esters 1 0.999™  0.972° 0999
6. Sesquiterpene 1 0.974"  0.999"

hydrocarbons

7. Oxygenated sesquiterpenes 1 0.974"
8. Essential oil content 1
*Significant at P < 0.05
**Significant at P < 0.01
"Non-significant

Table 4 Path analysis of essential oil components in Thymus vulgaris

Character 1 2 3 4 5 6 7 Pooled effects

1. Aliphatic aldehydes - 0.344 — 2.147 0.040 0.916 1.538 1.677 — 1.199 0.484

2. Monoterpene hydrocarbons — 0.330 — 2237 0.046 0.837 2.230 2.439 —2.285 0.704

3. Aliphatic alcohols —0.233 — 1.74 0.060 0.559 2.539 2.803 — 3.180 0.810

4. Oxygenated monoterpenes —0.339 —2.013 0.036 0.930 1.072 1.164 — 0517 0.336

5. Oxygenated sesquiterpenes — 0.169 — 1.586 0.048 0.317 3.146 3.461 — 4.231 0.999

6. Monoterpenes esters — 0.167 — 1.575 0.048 0.312 3.143 3.465 — 4.231 0.999

7. Sesquiterpene hydrocarbons — 0.095 - 1.177 0.044 0110 3.075 3.375 — 4.344 0.974

Bold values are direct effect

Table 5 Effects of different levels of humic acid on N, P, K, Mg and Conclusion

Fe concentrations of the leaves of Thymus vulgaris

Humic acid (g m3) N(@%) P(%) K (%) Mg (%) Fe (ppm)
0 0.76%  0.14° 0.80° 0.10¢ 399.06¢
50 125 031° 2.10° 0.13¢ 781.35¢
75 1.78°  0.64* 222°  0.20° 1149.57°
100 242 075°  2.63*  0.23° 1436.58"

Mean in each column followed by same letters are not significantly
different at 5% level using Duncan’s multiple range test

plant development via the induction of carbon and N
metabolism. Glutamate dehydrogenase, nitrate reductase
and glutamine synthetase are enzymes connected to N
assimilation pathways and were incited by humic acid
(Canellas et al. 2013; Hernandez et al. 2015). Humic acid is
considered to stimulate microbial activity. This biological
activity increased the enhancement of water solvable P and
total N content (Busato et al. 2012).

The present study indicated that humic acid affected sec-
ondary metabolites (quantity and quality of chemical
compositions) and nutrients uptake in 7. vulgaris. Thus, the
utilization of humic acid could be pondered as a strong
biotechnological approach for plant growth development in
sustainable agriculture systems. In addition, humic acid is
constructed to positively change biological activities,
essential oil content and its major constituents in T.
vulgaris.
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