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1. Introduction

The aim of this study was to investigate the effects of compost and
vermicompost on growth and physiological characters such as
antioxidant, phenol, proline and secondary metabolites of Lippia
citriodora in salinity stress. Compost which is prepared from municipal
solid waste is the stabilization of organic compounds under aerobic
conditions and is produced by the activity of living microorganisms.
Vermicompost is prepared from agricultural waste and using various
worms. Compost and vermicompost were applied at three levels of 0%,
10% and 30% of pot volume, as well as salinity of 70 mM NacCl to the
three month-old plants in a greenhouse. The compost (10% and 30%)
and the vermicompost 30% reduced growth and increased proline
content, however the vermicompost at 10% improved the growth and
phenolic compounds of the plants under salinity stress. These fertilizers
at high levels, containing large amounts of organic matters and high
salts contents, which increase toxicity and salinity and reduce plant
growth. Vermicompost is better fertilizer than compost.

About 30% to 50% of crop yields are attributed
to use of natural or synthetic fertilizers
(Gowariker et al. 2009, Stewart et al. 2005).
Chemical fertilizers are essential to enhance
proper growth and crop yield, but these fertilizers
may endanger ecosystems, soil, plants, human
and animal lives also (Mishra &Dash 2014).
Fertilizers act as catalysts in providing nutrients
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to the plants for their better growth and yield
(Ameta et al. 2015).

Municipal waste compost as an affordable
organic fertilizer with a proper and valuable
function can be used as a suitable substitute for
sustainable agriculture and organic planting from
a special site (Summner 2003). The use of
compost and vermicompost in agriculture and
environment, shows that it have to be compatible
with plant growth (Omrani et al. 2005). Compost
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can be used to increase the amount of soil organic
matter, water holding capacity and provide
nutrients for plants (Levy &Taylor 2003).
Municipal waste compost often contains low
amounts of mineral elements compare to
chemical fertilizers (Sikora &Enkiri 1999). The
contents of municipal waste compost may be
introduced into groundwater with irrigation water
and also harmful for germination and growth of
plants. Therefore, the effects of compost
produced from urban waste on sprouts, including
early and mature stages of plant growth require
further study. It has been shown that several
compounds can introduce phytotoxicity in
compost including: ammonia, which is especially
important when composting materials with low
carbon to nitrogen ratio, and ethylene oxide,
which is synthesized during the decomposition of
the compost after being applied to the soil (Barral
&Paradelo 2011). In addition organic acids,
which are produced during the decomposition of
fresh organic residues, including acetic acid and
isobutyric acids (Shiralipour et al. 1997),
phenols, which are present in some agricultural
wastes and salt, which are present mainly in food
wastes, and heavy metals (Prasad 2013). Salinity
is one of the most environmental factor that limit
plant production (Ashraf &Harris 2004, Hussain
et al. 2009). Salinity in water and soil is one of
the major abiotic stress on plant growth. (Cirillo
et al. 2016, Colla et al. 2010) The toxic effects of
salinity can be depend on plant species and soil
conditions (Tang et al. 2015). Salt-induced ion
toxicity due to nutrient imbalance in the cytosol
(Munns 2005). Excessive ClI© and Na*
absorption, leading to Ca?* and K* deficiency and
to other nutrient imbalances. All these responses
to salinity can reduce plant growth (Hernandez et
al. 1993, Mittova et al. 2004). In salinity, plants
have to activate different physiological and
biochemical mechanisms (Ashraf &Harris 2013).
Lemon verbena, scientifically known as Lippia
citriodora, is a deciduous shrub of the
Verbenaceae family, which grows to a height of
3-5 m. The long light green leaves of this plant
are located on the stem in stacks of three. It has
small and white flowers. The plant is woody at
the bottom and near the soil surface. The genus
lippia has over 200 species, among which L.
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citriodora is especially important. L. citriodora
synonym is Aloysia citriodora (Roodbaraky et al.
2017). At present, this species is cultivated on a
large scale in Iran. The leaves and vegetative
organs of this plant are antipyretic, analgesic,
carminative, digestive and calming. It can also be
used for colds and headaches. The lemon verbena
tea is highly calming and soothing (Valentao et
al. 2002). In addition to the essence, its leaf
contains alkaloids, flavonoids, mucilage, tannin
and phenolic acids (Roodbaraky et al. 2017). The
essential oils and leaves are used in the perfume
industry and for food production (Pascual et al.
2001). Considering the fact that lemon is a
valuable medicinal plant that has many medicinal
properties, this study aimed to investigate and
evaluate the processed fertilizers of compost and
vermicompost on growth, essential oil chemical
compounds and some physiological characters
such as antioxidant, phenol and proline in various
states of salinity stress.

2.  Materials and Methods
The Experiments were conducted at the
greenhouse of Shiraz University, Iran. This

experiment consisted of 18 different treatments
including three levels of compost (0%, 10% and
30% of pot volume), three Ilevels of
vermicompost (0%, 10% and 30 % of pot
volume) and two levels of salinity stress (0 and
70 mM) and with three replications. Therefore,
the experiment included a total of 54 pots. Pots
were placed in the greenhouse at 28/15°C, and
16/8 h light/dark periods. Sodium chloride
solution was used for salinity stress in plants.
Sodium chloride solution was added to the three
month-old plants in three steps, each of which
were 8 days apart. Compost was prepared from
municipal solid wastes and vermicompost from
agricultural wastes both produced by Shiraz
municipality. Soils and fertilizers were mixed
together according to the treatments. Plants were
collected after 30 days of treatment. The fresh
weight of seedlings were measured and then, the
plants were frozen by liquid nitrogen and were
kept for further experiments. The antioxidant of
the L. citriodora extract was determined by
DPPH method (Shimada et al. 1992). At first, 24
mg of DPPH was dissolved in 100 ml of
methanol and diluted 10:45 with methanol and
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stored at 4 C’. Extracts (150 pl) were added to
2850 ul of DPPH. After one hour absorbance was
measured at 515nm by the Shimadzu UV-160A
(Japan) model spectrophotometer. Using trolox
as a standard, total phenolic content of the extract
was determined by the Folin-Ciocalteu (Kim et
al. 2007) .Free proline content was measured by
spectrophotometer ~ following the ninhydrin
method (Bates et al. 1973).The essential oil was
analyzed by GC/MS in the central laboratory of
Shiraz University. In this experiment, leaves of
L. citriodora were dried at room temperature in
shade for 1 week. Dried leaves with distilled
water were poured into the flask and heated for 2
hours. The essential oil was collected from
evaporation, cooled with water and then
refrigerated at 4°C for qualitative analysis.
Isolation and identification of essential oil
compounds was performed using gas
chromatography-mass spectrometry (GC-MS).
For this purpose, one microliter of each essential
oil was diluted in 2 ml dichloromethane and one
microliter of it was injected into GC-MS. The

essential oil compounds were detected and mass
spectra of samples were measured. The volatile
components of the leaves were analyzed using an
Agilent model 7890-A series gas chromatography
and Agilent model 5975-C mass spectrometry
(USA). The compounds were identified by
comparing the retention indices (RI, HP-5) with
those reported in the literature and also by
comparing their mass spectra with the Wiley GC-
MS Library, Adams Library, Mass Finder 2.1
Library data and published mass spectra data
(McLafferty 1989, Sparkman 1997).The data was
analyzed using SPSS 16.0 software, and mean
comparisons were made with Duncan’s multiple
range test at 0.05 (P< 0.05). Data was expressed
as mean + standard error (SE). Some physical
and chemical properties of the used soil was
analyzed by a commercial laboratory and
compost was analyzed by Shiraz municipality
laboratory. The data of the physical and chemical
properties of the soil and compost are shown
respectively in table 1 and table 2.

Table 1. Physical and chemical properties of the soil

TDS TH TA Y EC K* Mg? Na* Ca® Anion N OoC | OM
(mg/L) | (mg/L) (mg/L) P (mScm™) | (mE/L) | (mE/L) | (ME/L) | (ME/L) (mE/L) (%) (%) (%)
780.53 | 525.00 | 162.50 | 7.98 1.18 0.04 1.25 4.17 9.25 10.16 0.004 | 0.40 | 0.06
TDS total dissolved solids, TH total hardness, TA total alkaline, OC organic carbon, OM organic matter
Table 2. Physical and chemical properties of the compost
CIN Speci_ftic pH | Ammonium (%) | Salt (dS/m) | Moisture (%) | N (%) | OC (%) = OM (%)
gravity
18 0.5 8 0.009 6 32 15 30 50
OC organic carbon, OM organic matter
3. Results & Discussion
The results of the fresh weight of the shoots citriodora decreases under salt stress in

showed that those treated with vermicompost
10% alone and control plants had the highest
growth. Four out of 18 experiments were dried
in the first week of treatment, including:
compost 30% with vermicompost 10% under
salt stress, compost 30% with vermicompost
10% without salt stress, compost 30% without
vermicompost with salt stress, compost 30%
with vermicompost 30% without salt stress. The
two remaining with compost 30% had the
lowest growth (Fig 1). Figure 2 shows that the
total antioxidant level released by of L.
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comparison to the control when combined with
compost and or vermicompost 30%. Compost at
10% and 30% levels significantly (P< 0.05)
reduced the antioxidant level compared to the
control. Figure 3 shows that total phenolic
content decreased in plants treated by compost
fertilizer. However in salinity stress alone, and
when treated with vermicompost 10% alone
increased the phenolic content (P< 0.05) in
comprison to the control.Phenolic content
decreased with the increase of compost (10%
and 30%) and vermicompost 30% fertilizers,
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compared to the control. The lowest phenol is vermicompost 10% alone, the phenolic content
from the combination of compost 30%, did not change in comprison to the control (P<
vermicompost 30% and salinity.The proline 0.05). The highest level of proline was in the
increased under salt stress and in different combination of compost 10%, vermicompost
levels and combinations of compost and 10% and salinity.

vermicompost. However when treated with
14
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Figurel. Effects of the interaction of salinity, compost and vermicompost against the growth of L. citriodora . So : salinity
stress 0, Si: salinity stress 70 mM, Co: compost 0%, C1: compost 10%, C2: compost 30%, Vo: vermicompost 0%, V1:
vermicompost 10%, V2: vermicompost 30%. Means with the same letters have no significant difference (P< 0.05).
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Figure 2. Effects of interaction of salinity, compost and vermicompost against the total antioxidant level released from
L. citriodora . So : salinity stress 0, Si: salinity stress 70 mM, Co: compost 0%, C1: compost 10%, C.: compost 30%, Vo:
vermicompost 0%, V1: vermicompost 10%, V2: vermicompost 30%. Means with same letters have no significant
difference (P< 0.05).
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Figure 3. Effects of interaction of salinity, compost and vermicompost against the phenol content of L. citriodora . So:
salinity stress 0, Si: salinity stress 70 m M, Co: compost 0%, C1: compost 10%, Cz: compost 30%, Vo: vermicompost
0%, V1: vermicompost 10%, V2: vermicompost 30%.Means with same letters have no significant difference (P< 0.05).
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Figure 4. Effects of interaction of salinity, compost and vermicompost against the proline of L. citriodora . So : salinity
stress 0, Si: salinity stress 70 mM, Co: compost 0%, C1: compost 10%, C2: compost 30%, Vo: vermicompost 0%, Vi:
vermicompost 10%, V2: vermicompost 30%.Means with same letters have no significant difference (P< 0.05).

Table 3 shows that essential oil compounds and sometimes decreased the secondary
change with compost, vermicompost and metabolite, but application of salinity alone
salinity in different directions. The results increased the essential oil composition of L.
showed that the fertilizers sometimes increased citriodora (Table 3).

Table 3: Effect of compost, vermicompost and salt stress on essential oil compounds percentage

Compounds CoVoSo | CoV12So  Ci12VoSo | CoVi12S:1 | C12VeS:  Ci12V12So  Ci12V12S1 CoVoS1

dl-Limonene 6.30 6.72 6.34 5.33 4.17 5.51 - 7.74
1,3,6-Octatriene,

3,7-dimethyl-, (E) - 2.691 2.84 2.39 3.97 - 161

1,8-Cineole 3.82 3.82 3.10 242 1.12 2.49 - 4.04
6-MethylShepten- | 046 069 100 041 0.63 . 0.34
2,6-Octadienal, 3,7-

dimethyl-, (2) 3.85 2.68 2.69 2.84 - 0.17 - 3.96

Cyclohexane, - 191 271 201 1.80 2.06 . 1.78
ethenyl
Trans-

Caryophyllene 2.18 - 411 3.96 4.52 4.50 - 2.33
Z-Citral 21.98 23.12 23.63 23.63 24.46 24.66 2.11 22.56
Benzene - 0.37 0.89 0.47 0.46 0.49 - 0.48

Geranyl acetate - - 0.28 6.23 - 0.26 - 2.04

Benzene, 1-(1,5-

dimethyl-4-hexenyl)- = 18.56 33.73 31.05 29.29 20.08 31.90 - 32.43
4-methyl
2,6- Octadien-1-ol,
3,7-dimethyl-, 3.66 2.03 2.17 - - - - 3.86
acetate, (2)
Decane - - - - 0.57 2.19 9.00 -
Citral - 1.49 - 34.26 38.21 - 5.14 -
Isopropyl Myristate - - 0.33 1.096 2.52 0.69 1.63 -
Di-(2-
ethylhexyl)phthalate ) ) i ) ) i 2252 )
1,2-
Benzenedicarboxylic - - - - - - 45.08 -
acid, 3-nitro
Octadecane - - - - 0.88 - 2.29 -

So : salinity stress 0, Si: salinity stress 70 m M, Co: compost 0%, C1: compost 10%, C2: compost 30%, Vo: vermicompost
0%, V1: vermicompost 10%, V2: vermicompost 30%
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In this study, the salinity reduced the fresh
weight of the shoots, which is consistent with
some of the results previously (Najafi
&Khavari-Nejad 2010). The results also reveal
that the fresh and dry-weights of leaves, stems
and roots were significantly decreased by
increasing salinity level (Dunlap &Binzel
1996). Plant growth reduce under salinity and
high sodium uptake reduces water movement
through the root. The salinity influence turgor
and photosynthesis (Munns 1992). Pre-
treatment with some molecules can increase
tolerance to salt stress (Hossain et al. 2015).
The application of vermicompost as processed
organic fertilizer sometimes can induce salt
tolerance in L. citriodora and sometimes
increase the growth of the plant (Paul
&Metzger 2005) and sometimes growth did not
increase (Bachman &Metzger 2007). In our
study the vermicompost 10% without compost
increased the shoot’s fresh weight in salinity
and without salinity (Fig.1). Plants use enzymes
and non-enzymatic antioxidant defense systems
to counteract the adverse effects of active
oxygen species (Wu et al. 2012). The
interaction of vermicompost humic acid with
the plant root system activates the antioxidant
enzymes and thus controls the amount of free
radicals (Garcia et al. 2012). According to this
study, the compost fertilizer shoot decreased in
growth, which could be due to its toxicity.
Phytotoxic effects of compost is the result of
several factors, including: ammonia, ethylene
oxide, organic acids and salt (Rawat &Suthar
2014). The data shows that the vermicompost
10% alone helped the plant to increase
antioxidant levels in salt stress but compost did
not. This plant is sensitive to salt stress and the
total antioxidant decrease in salinity alone
compared to the control the lowest total
antioxidant combination of compost 30%
vermicompost 30% and salinity (Fig.1).The
high levels of organic compounds and toxicity
of fertilizer can change the activity of the
enzyme phenylalanine ammonilase that is a key
enzyme in the phenol biosynthesis compounds
(Asami et al. 2003, Estiarte et al. 1994).
Phenolic compounds are non-enzymatic
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antioxidants. So differences between total
antioxidant and total phenol (Fig 2 and 3) can
be explained by this difference.At high salinity,
plants need to synthesize some organic solutes
such as proline as a free amino acid (Gharsallah
et al. 2016). Proline has a significant role in
reactive oxygen species scavenging and
membrane stability (Ahanger et al. 2014). By
mixing the compost, vermicompost and salinity
in the treatment, proline content was increased
(Fig.4). The highest proline content was in the
mixed compost 10%, vermicompost 10% and
salinity. Proline was accumulated in the leaf of
plants in response to stress. According to the
results of this experiment, salinity stress
increased the amount of proline. Proline
protects metabolic processes in stress by
replacing water and maintenance of cellular
structures (Zhifang &Loescher 2003). It has
been reported that high levels of leaf proline
can protect plants against severe stress and
increase stress tolerance (Cvikrova et al. 2013,
Ruiz-Lozano 2003). In salinity plant balances
its water potential by adjustment of osmolytes
(Hasegawa et al. 2000), and accumulation of
osmolytes reduces osmotic potential (Munns
2002). Fertilizer treated plants show higher
proline content compared to control plants,
even under stressful environments (Salehi et al.
2016).The production of secondary metabolites
in medicinal plants is not always at the same
level, and there are several factors that affect
the production of these compounds. Individual
genotype variations, developmental stages,
access to minerals and stress conditions are
among these factors and in response to salinity
or drought stress, the production of secondary
compounds may increase or decrease (Aghai et
al. 2014).Since the presence of phosphorus and
other nutrients and their availability are
essential for the formation of essential oils, it
can be discussed that the use of fertilizers can
increase the essential oil percentage. Due to the
sensitivity of the L. citriodora to salinity and its
sensitivity to the compost and vermicompost
fertilizers, changes in the secondary metabolites
and removal of some compounds and synthesis
of others occur. Therefore, use of fertilizers in
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medicinal plants should be optimized. The
unusual changes of essential oil (%) were in
compost 10% and 30 % and vermicompost 10%
and 30%, under salt stress.The absence of data
for some compounds may be related to their
biosynthesis or not being detected by GC/MS.
These results are in agreement with those
observed on Melissa officinalis (Santos et al.
2009) and on Thymus vulgaris (Hendawy et al.
2010) and on rosemary (Valiki et al. 2015).

4- Conclusion

Optimum non-toxic levels of fertilizers can
improve growth plant in combination with
salinity. Vermicompost is a better fertilizer than
compost for growth and reducing stress. Hence,
it could be recommended to apply
vermicompost at low level in regions of salted
soils or irrigated with saline water, to help the
plants. Salt stress, compost and high level of
vermicompost all reduced growth of L.
citriodora.  Salt  stress, compost and
vermicompost increase the proline content of L.
citriodora. None of the treatments increased
total antioxidants but salinity alone and
vermicompost  10%  increased  phenolic
compounds. The results showed that compost
reduced growth and increased proline content
but vermicompost at 10% level improved the
growth of plants under salinity stress. These
fertilizers at high levels, containing large
amounts of organic matters and high salts
which increase the salinity of the soil and
reduce plant growth.

Acknowledgment

We would like to thank the Shiraz University
Research Council for financial support of this
research.

References
- Aghai K, Talai N, Kanani M, Yazdani M
(2014): Effect of salt stress on some

physiological and biochemical parameters of
two Salvia species. Journal of Plant Process and
Function 3, 85-96

- Ahanger MA, Tyagi SR, Wani MR, Ahmad P
(2014): Drought tolerance: role of organic
osmolytes, growth regulators, and mineral
nutrients, Physiological mechanisms and

2141

adaptation strategies in plants under changing
environment. Springer, pp. 25-55

- Ameta SK, Sharma S, Ameta R, Ameta SC
(2015): Effect of compost of Parthenium
hysterophorus on seed germination and survival
of radish (Raphanus sativus): a comparative
study. International Journal of Bioassays 4,
4325-4328

- Asami DK, Hong Y-J, Barrett DM, Mitchell
AE (2003): Comparison of the total phenolic
and ascorbic acid content of freeze-dried and
air-dried marionberry, strawberry, and corn
grown using conventional, organic, and
sustainable agricultural practices. Journal of
agricultural and food chemistry 51, 1237-1241

- Ashraf M, Harris P (2004): Potential
biochemical indicators of salinity tolerance in
plants. Plant science 166, 3-16

- Ashraf M, Harris PJ (2013): Photosynthesis
under stressful environments: an overview.
Photosynthetica 51, 163-190

- Bachman GR, Metzger JD (2007): Physical
and chemical characteristics of a commercial
potting substrate amended with vermicompost
produced from two different manure sources.
HortTechnology 17, 336-340

- Barral MT, Paradelo R (2011): A review on
the use of phytotoxicity as a compost quality
indicator. Dyn Soil Dyn Plant 5, 36-44

- Bates LS, Waldren RP, Teare | (1973): Rapid
determination of free proline for water-stress
studies. Plant and soil 39, 205-207

- Cirillo C, Rouphael Y, Caputo R, Raimondi
G, Sifola M, De Pascale S (2016): Effects of
high salinity and the exogenous application of
an osmolyte on growth, photosynthesis, and
mineral composition in two ornamental shrubs.
The Journal of Horticultural Science and
Biotechnology 91, 14-22

- Colla G, Rouphael Y, Leonardi C, Bie Z
(2010): Role of grafting in vegetable crops
grown under saline conditions. Scientia
Horticulturae 127, 147-155

- Cvikrova M, Gemperlové L, Martincova O,
Vankovd R (2013): Effect of drought and
combined drought and heat stress on polyamine
metabolism in proline-over-producing tobacco
plants. Plant physiology and biochemistry 73,
7-15



Journal of Environmental Sciences Studies (JESS) Volume 4 , Number 4, Winter 2019, 2135-2143

- Dunlap JR, Binzel ML (1996): NaCl reduces
indole-3-acetic acid levels in the roots of
tomato plants independent of stress-induced
abscisic acid. Plant physiology 112, 379-384

- Estiarte M, Filella I, Serra J, Penuelas J
(1994): Effects of nutrient and water stress on
leaf phenolic content of peppers and
susceptibility to generalist
herbivoreHelicoverpa armigera (Hubner).
Oecologia 99, 387-391

- Garcia AC, Santos LA, lzquierdo FG,
Sperandio MVL, Castro RN, Berbara RLL
(2012): Vermicompost humic acids as an
ecological pathway to protect rice plant against
oxidative stress. Ecological Engineering 47,
203-208

- Gharsallah C, Fakhfakh H, Grubb D, Gorsane
F (2016): Effect of salt stress on ion
concentration, proline content, antioxidant
enzyme activities and gene expression in
tomato cultivars. AoB Plants 8

- Gowariker V, Krishnamurthy V, Gowariker
S, Dhanorkar M, Paranjape K (2009): The
fertilizer encyclopedia. John Wiley & Sons

- Hasegawa PM, Bressan RA, Zhu J-K,
Bohnert HJ (2000): Plant cellular and molecular
responses to high salinity. Annual review of
plant biology 51, 463-499

- Hendawy S, Ezz EI-Din A, Aziz EE, Omer E
(2010): Productivity and oil quality of Thymus
vulgaris L. under organic fertilization
conditions. Ozean J. Appl. Sci 3, 203-216

- Hernandez JA, Corpas FJ, Gémez M, del Rio
LA, Sevilla F (1993): Salt-induced oxidative
stress mediated by activated oxygen species in
pea leaf mitochondria. Physiologia Plantarum
89, 103-110

- Hossain MA, Bhattacharjee S, Armin S-M,
Qian P, Xin W, Li H-Y, Burritt DJ, Fujita M,
Tran L-SP (2015): Hydrogen peroxide priming
modulates abiotic oxidative stress tolerance:
insights from ROS detoxification and
scavenging. Frontiers in plant science 6, 420

- Hussain K, Majeed A, Nawaz K, Nisar MF
(2009): Effect of different levels of salinity on
growth and ion contents of black seeds (Nigella
sativa L.). Current Research Journal of
Biological Sciences 1, 135-138

2142

- Kim KT, Yoo KM, Lee JW, Eom SH, Hwang
IK, Lee CY (2007): Protective effect of
steamed American ginseng (Panax
quinquefolius L.) on V79-4 cells induced by
oxidative stress. Journal of ethnopharmacology
111, 443-450

- Levy JS, Taylor BR (2003): Effects of pulp
mill solids and three composts on early growth
of tomatoes. Bioresource Technology 89, 297-
305

- McLafferty FW (1989): The Wiley/NBS
registry of mass spectral data

- Mishra P, Dash D (2014): Rejuvenation of
biofertilizer for sustainable agriculture and
economic development. Consilience, 41-61

- Mittova V, Guy M, Tal M, Volokita M
(2004): Salinity up-regulates the antioxidative
system in root mitochondria and peroxisomes
of the wild salt-tolerant tomato species
Lycopersicon pennellii. Journal of experimental
botany 55, 1105-1113

- Munns R (1992): A leaf elongation assay
detects an unknown growth inhibitor in xylem
sap from wheat and barley. Functional Plant
Biology 19, 127-135

- Munns R (2002): Comparative physiology of
salt and water stress. Plant, cell & environment
25, 239-250

- Munns R (2005): Genes and salt tolerance:
bringing them together. New phytologist 167,
645-663

- Najafi F, Khavari-Nejad R (2010): The
effects of salt stress on certain physiological
parameters in summer savory (Satureja
hortensis L.) plants. Journal of Stress
Physiology & Biochemistry 6

- Omrani G, Zamanzadeh M, Maleki A, Ashori
Y (2005): Earthworm ecology in the northern
part of Iran: with an emphasis on compost
worm Eisenia fetida. Journal of Applied
Sciences 5, 1434-1437

- Pascual M, Slowing K, Carretero E, Mata DS,
Villar A (2001): Lippia: traditional uses,
chemistry and pharmacology: a review. Journal
of ethnopharmacology 76, 201-214

- Paul LC, Metzger JD (2005): Impact of
vermicompost on vegetable transplant quality.
HortScience 40, 2020-2023



Journal of Environmental Sciences Studies (JESS) Volume 4 , Number 4, Winter 2019, 2135-2143

- Prasad MNV (2013): Heavy metal stress in
plants: from biomolecules to ecosystems.
Springer Science & Business Media

- Rawat I, Suthar S (2014): Composting of
tropical toxic weed Lantana camera L. biomass
and its suitability for agronomic applications.
Compost science & utilization 22, 105-115

- Roodbaraky M, Mehrafarin A, Khalighi-
Sigaroodi F, Badi HN (2017): Changes in
essential oil content of Lippia citriodora in
response to induction of bio-active compounds
and plant growth regulators. Ukrainian Journal
of Ecology 7, 619-626

- Ruiz-Lozano JM (2003): Arbuscular
mycorrhizal symbiosis and alleviation of
osmotic stress. New perspectives for molecular
studies. Mycorrhiza 13, 309-317

- Salehi A, Tasdighi H, Gholamhoseini M
(2016): Evaluation of proline, chlorophyll,
soluble sugar content and uptake of nutrients in
the German chamomile (Matricaria chamomilla
L.) under drought stress and organic fertilizer
treatments. Asian Pacific journal of tropical
biomedicine 6, 886-891

- Santos M, Mendonca M, Carvalho Filho J,
Dantas I, Silva-Mann R, Blank A (2009): Cattle
manure and biofertilizer on the cultivation of
lemon balm (Melissa officinalis L.). Revista
Brasileira de Plantas Medicinais 11, 355-359

- Shimada K, Fujikawa K, Yahara K, Nakamura
T (1992): Antioxidative properties of xanthan
on the autoxidation of soybean oil in
cyclodextrin emulsion. Journal of agricultural
and food chemistry 40, 945-948

- Shiralipour A, McConnell DB, Smith WH
(1997): Phytotoxic effects of a short-chain fatty
acid on seed germination and root length of
Cucumis sativus cv.‘Poinset’. Compost Science
& Utilization 5, 47-52

- Sikora L, Enkiri N (1999): Growth of tall
fescue in compost/fertilizer blends. Soil science
164, 62-69

- Sparkman OD (1997): Identification of
essential oil components by gas

2143

chromatography/mass spectroscopy Robert P.
Adams. Journal of the American Society for
Mass Spectrometry 8, 671-672

- Stewart W, Dibb D, Johnston A, Smyth T
(2005): The contribution of commercial
fertilizer nutrients to food production.
Agronomy Journal 97, 1-6

- Summner J (2003): The natural history of
medicinal plants Timber press. Inc., Oregon

- Tang X, Mu X, Shao H, Wang H, Brestic M
(2015): Global plant-responding mechanisms to
salt stress: physiological and molecular levels
and implications in biotechnology. Ciritical
reviews in biotechnology 35, 425-437

- Valentao P, Fernandes E, Carvalho F,
Andrade PB, Seabra RM, de Lourdes Bastos M
(2002): Studies on the antioxidant activity of
Lippia citriodora infusion: scavenging effect on
superoxide radical, hydroxyl radical and
hypochlorous acid. Biological and
Pharmaceutical Bulletin 25, 1324-1327

- Valiki SRH, Ghanbari S, Akbarzadeh M,
Alamdari MG, Golmohammadzadeh S (2015):
Effect of organic and chemical fertilizers on dry
yield, essential oil and compounds on rosemary
(Rosemarinus officinalis L.), Biological Forum.
Research Trend, pp. 773

-Wu H, Wu X, Li Z, Duan L, Zhang M (2012):
Physiological evaluation of drought stress
tolerance and recovery in cauliflower (Brassica
oleracea L.) seedlings treated with methyl
jasmonate and coronatine. Journal of Plant
Growth Regulation 31, 113-123

- Zhifang G, Loescher W (2003): Expression of
a celery mannose 6-phosphate reductase in
Arabidopsis thaliana enhances salt tolerance
and induces biosynthesis of both mannitol and a
glucosyl-mannitol  dimer. Plant, Cell &
Environment 26, 275-283





