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ABSTRACT. In this research, effect of vermicompost and PGPR of Physiological traits on lemon balm under
experimental drought stress was investigated as the split- split plot in a randomized complete block design
with three replications. Treatments included irrigation (normal and drought irrigation), vermicompost
fertilizer (consuming 0, 5 and 10 t/ha) and PGPR (Pseudomonas fluorescent, Azotobacter + Azospirillum,
Azotobacter + Azospirillum + Pseudomonas and no fertilizer). Traits including oil yield, oil percentage, total
chlorophyll content, electrical conductivity, relative water content and proline were evaluated. Analysis of
variance showed that the effect of irrigation on all traits was significant at the statistical probability level of 1
%. Vermicompost fertilizer effect on oil percentage, total chlorophyll and relative water content was
significant at the level of 1% and its effect on essential oil yield and Electrical conductivity was significant at
the level of 5%. Effect of bio-fertilizers on oil percentage, oil yield and total chlorophyll was significant at the
level of 1% and its effect on proline and relative water content was significant at the level of 5%. The mean
comparison results of irrigation effect showed that normal irrigation had the highest oil yield, total
chlorophyll, relative water content and proline.
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INTRODUCTION

Drought stress is especially important in countries
where crop agriculture is essentially rain-fed (Ludlow
and Muchow, 1990). Drought stress causes an increase
in solute concentration in the environment, leading to
an osmotic flow of water out of plant cells. This in turn
causes the solute concentration inside plant cells to
increase, thus lowering water potential and disrupting
membranes along with essential processes like
photosynthesis. Lemon balm is a perennial plant with
the height of 30 to 80 cm, its leaves are oval and heart-
shaped, serrated, covered with fluff, and the leaf surface
is uneven and has multiple nodules including secretory
fluff, and its fruit is tetraakene and brown (Douglas,
1993). Drought is the most common abiotic
environmental stress limited the production at
approximately 25 % of the world agricultural land.
Yield losses include more than two- thirds of the total
damage of abiotic stresses due to drought, salinity and
other factors (Bohnert and Bressan, 2001). Drought is a
widespread and unpredictable phenomenon that can

severely decrease grain and forage yield and yield
stability in many areas (Yadav et al., 2002). Bio-
fertilizer is a densely populated preservative of one or
more types of useful terricolous microorganism, their
metabolic phenomenon are used to provide the nutrients
needed by plants, control soil-borne diseases and
maintain the stability of soil structure (Vessey, 2003).
Vermicompost is a rich source of high and low
consuming elements, vitamins, enzymes and hormones
promoting plant growth. Therefore, applying it in
sustainable agriculture led to high and rapid growth of
plants including medicinal plants as well as increasing
population growth and activity of beneficial soil
microorganisms (Prabha et al., 2007). Misra and
Srivastava (2005) investigated the effect of irrigation on
mint plant and found that adequate irrigation would
increase the growth and essential oil of mint.
Azospirillum and Azotobacter increased the quality and
yield stability, particularly in the production of
medicinal plants (Sharma, 2003).
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The results of a greenhouse experiment on marjoram
(Majorana hortensis) in Egypt suggested that bio-
fertilizers containing Azotobacter and phosphate
solubilizing bacteria had a significant effect on growth,
oil rate and also the inhibitory effect of essential oils on
the growth of gram-positive bacteria, gram-negative
bacteria and fungi (Fatima et al., 1999). The research
conducted on the effect of vermicompost on the
quantity and quality fertilizer active substance showed
that consuming vermicompost led to significant
improvement 62 in the quantity and quality of essential
oil s in basil medicinal plant (Anwar et al., 2005).
Effect of different levels of biological and chemical
fertilizers on Pogostemon cablin indicated that the
integrated treatment of Azospirillum, Azotobacter,
mycorrhiza, 75 % nitrogen and phosphorous and 100%
potassium led to the highest growth, essential oil yield
and fresh biomass (Manjunatha et al., 2002). Effect of
biofertilizers on the two medicinal plants of chamomile
and calendula were examined in an experiment in Cuba.
The results showed that applying these fertilizers
increased oil yield and improved the medicinal qualities
in calendula, while it increased flower yield in
chamomile, had no effect in the essential oils quality
(Sanches et al., 2005). In this study, the effect of
drought, vermicompost fertilizer and bio-fertilizers on
physiological traits of lemon balm was investigated.

MATERIALS AND METHODS

A. Treatments
In this research, effect of vermicompost and bio-
fertilizers on lemon balm under experimental drought
stress was investigated as the split- split plot in a
randomized complete block design with three
replications. Treatments included irrigation (normal and
drought irrigation), vermicompost fertilizer (consuming
0, 5 and 10 t/ha) and biological fertilizers
(Pseudomonas fluorescent, Azotobacter +
Azospirillum, Azotobacter + Azospirillum +
Pseudomonas and no fertilizer). Traits including oil
yield, oil percentage, total chlorophyll content,
membrane stability, relative water content and proline
were evaluated.

B. Plant material
Each subplot was 8 square meters, distance of each
stack was 50 cm, the distance between plants was 40
cm on each line and there were 10 plants on each line.
Distance within each block was 34 m and distance
between plots within a block was 2 lines or a meter.
When 6 leaves grew on lemon balm and its height was
8-10 cm, it was removed from medium and roots were
washed completely and placed in growth promoting
bacteria inoculum for 24 hours (Populations of bacteria
in each inoculum was 1 × 10cell/ MI).

Table 1: Chemical and physical characteristics for soil of experimental field.

Soil
depth
(cm)

Silt
%

Sand
%

Clay
%

Fe
(ppm)

Mn
(ppm)

Cu
(ppm)

Zn
(ppm)

Mg
(ppm)

Ca
Meg/lit

K
(ppm)

P
(ppm)

N
(%)

EC
ds/m

pH

0-30 38/78 25/51 35/71 3/18 12/88 0/42 0/37 68 9/87 580 8/16 0/09 1/02 7/48

From the branches exposed to the open air and dried in
shade, 100 g was selected and after crushing the
samples using steam distillation method by Clevenger
apparatus, the plant oil was extracted. Characteristics of
the site soil were shown in Table 1.

C. Assessing proline concentration
Two tenths of a gram of a seedling was weighed and
pulverized in a china mortar containing three milliliters
of three percent sulfosalicylic acid. The homogenate
obtained was centrifuged for 150 minutes in a
centrifuge machine at 18000 revolutions per minute and
two milliliters of the filtered extracts were transferred to
tubes having caps. To each of these tubes were added
two milliliters of the Ninhydrin Reagent and two
milliliters of glacial acetic acid. After the tubes were
capped, they were placed at 100°C water for one hour.
The tubes were then cooled, four milliliters of toluene

were added to each of them, and they were shaken for
15 to 20 seconds in a vortex mixer. The red supernatant
that contained the proline dissolved in toluene was
removed and put in the spectrophotometer
simultaneously with the standard sample and its
absorption level was read at 520 nanometers. The
standard curve was used to determine the proline
concentration in milligrams per gram of fresh leaf tissue
(Bates et al., 1973).

D. Measuring the total chlorophyll
Firstly, 0.25 g fresh leaves were chopped and
pulverized in a porcelain mortar with 5 ml distilled
water to form a uniform mass. Then, the mixture was
poured into a volumetric flask 25ml and raised to the 25
ml volume with distilled water.
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The 0.5 ml of the resulting solution was removed and
mixed with 4.5 ml acetone 0.80 and then centrifuged
(300 rpm for 10 min). The supernatant was removed
(there was a little sediment at the bottom of the
centrifuge tube) and poured in clean tubes and obtained
the absorption at wavelengths 490, 638, 663, 645, and
647 nm by spectrophotometer and calculated the
concentration of pigments using the following relations.
(A, b, and c are read numbers at different wavelengths).

1. Chla (mg/l) = (12.25*a663) - (2.79*a647)
2. Chb (mg/l) = (21.5*a647) - (5.1*a663)
3. Chla + b (mg/l) = (7.15*a663) + (18.71*a647)

E. Measuring relative water content and electrical
conductivity
For measuring the relative water content, 10 expanded
leaves from the same height of plant were selected and
their wet weight was measured. Then, these segments
were placed in distilled water in low intensity light for
24 hours to determine the turgor weight. After
measuring turgor weight, the leaves were dried in 75 o
129 c for 48 hours and their dry weight was calculated.
(FW, DW, and TW are fresh weight, dry weight, and
turgor weight, respectively). For measuring the
Electrical conductivity, 7 fully mature leaves were
selected from each treatment and after weighing, were
placed in 10 ml mannitol solution with osmotic pressure
of 2 - load at 20°C for 24 hours. Electrical conductivity
of the solution was measured using Micro Electrical
Conductivity Meter Devices (Model GP 383) (Heath
and Packer, 1968).

F. Measuring Percentage and Oil Yield
100 g flowering branch was selected from each
treatment and dried adjacent to the open air and shade,
each sample was separately chopped in mill and poured
in the 2-liter flask and after adding 1.5 l distilled water,
shook the flask to mix water and plant. Essential oil
extraction by Clevenger apparatus was continued for 2
hours. Data was analyzed with SAS software and the
mean comparison was compared with Duncan multiple
range test at 5% level.

RESULTS AND DISCUSSION

A. Oil yield
Analysis of variance showed that the effect of irrigation
on essential oil yield and the effect of vermicompost
were significant at the level of 1% and 5%,
respectively. Effect of bio- fertilizers on the mentioned
trait was significant at the level of 1%. The mutual
effect of irrigation× vermicompost and irrigation ×
vermicompost × biological fertilizers on oil yield and
the mutual effect of vermicompost × biological
fertilizers were significant at the level of 1% and 5%,
respectively (Table 2). The results of the mean
comparison of irrigation effect on essential oil yield
showed that normal irrigation and drought with the
means of 7.64 and 6.6 kilogram per hectare had the
highest and the lowest oil yield, respectively (Table 3).
Fatima et al. (1999) showed in a research that water
stress in studied varieties of C. winterianus increased
significantly oil content and decreased significantly oil
yield.

The mean comparison results of vermicompost effect
on the oil yield showed that consuming 5 and 10 t ha,
respectively, with the means of 7.55 and 6.96 kg/ha had
the highest and control treatment with a mean of 6.84

kg per hectare had the lowest oil yield. Consuming 5
and 10 tons per hectare showed 10.38 and 1. 75%
increases in comparison with control treatment (Table
4).
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Furthermore, a study conducted on the effect of
vermicompost fertilizer on basil medicinal plant
showed that consuming 5 tons vermicompost improved
significantly the essential oil content and the quality in
basil (Anwar et al., 2005).

The mean comparison results of bio-fertilizer effect on
the oil yield showed that Pseudomonas bio-fertilizer
and control treatment with the means of 7.7 and 6.39
(kg/ha) had the highest and the lowest oil yield,
respectively.

Table 6: Mean comparison effect of irrigation × vermicompost and vermicompost × biofertilizer on
physiological traits of Lemon Balm.

Pseudomonas biofertilizer showed 20.5% increases in
comparison with control treatment (Table 5). In a
greenhouse experiment conducted on comparing
organic and mineral fertilizers and combined
application of Azospirillum, Azotobacter and phosphate
solubilizing bacteria on marjoram1 no significant
differences observed in oil yield and biomass between
treatments (Gewailyet et al., 2006) The mean
comparison results of mutual effect of drought ×

vermicompost  showed that normal irrigation treatment
× consuming 5 tons vermicompost  fertilizer and
drought × consuming 5 tons per hectare vermicompost
with the means of 8.25 and 5.43 kg per hectare had the
highest and lowest oil yield, respectively. Normal
irrigation × consuming 5 tons vermicompost fertilizer
had 51.93 % increases in comparison with drought ×
consuming 5 tons per hectare vermicompost.
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The highest essential oil yield and vegetative yield was
related to the integrated treatment of 75 % nitrogen,
phosphorus, and potassium chemical fertilizers with
biological fertilizers reported in a research on different
levels of nitrogen, phosphorus, and potassium chemical
fertilizers and bio-fertilizers on basil (Ajimoddin et al.,
2005). The mean comparison results of mutual effect of
vermicompost × biological fertilizers showed that the
treatment of consuming 10 tons per hectare
Pseudomonas + Azotobacter + Azospirillum and
consuming 10 tons per hectare × Pseudomonas with the
means of 8.41 and 8.28 kilogram per hectare had the
highest and the control treatment with the mean of 5.46
kilogram per hectare had the lowest oil yield.
Consuming 10 tons per hectare × Pseudomonas +
Azotobacter + Azospirillum and consuming 10 tons per
hectare × Pseudomonas showed, respectively, 54.09

and 51.64% increases in comparison with control
treatment (Table 6). The mean comparison results of
mutual effect of drought × vermicompost × biological
fertilizers on oil yield showed that normal irrigation
treatment × consuming 10 tons per hectare ×
Pseudomonas and normal irrigation × consuming 10
tons per hectare × Pseudomonas inoculation +
Azotobacter + Azospirillum with the means of 8.96 and
8.93 kg/ha had the highest and drought treatment × lack
of consuming vermicompost  × lack of consuming bio-
fertilizer with the mean of 4.43 kg/ha had the lowest oil
yield (Fig. 1). Kalra (2003), in a research conducted on
different fertilizer treatments on the oil percentage of
peppermint observed that the essential oil in
vermicompost, cow manure, Azotobacter and
Azospirillum brasilense treatments would be equal to
control treatment (using chemical fertilizers).

B. Essential oil percentage
Results of variance analysis showed that the effect of
irrigation, vermicompost and bio- fertilizer on oil
percentage was significant at the level of 1% (Table 2).
The mean comparison results of irrigatio1n effect on
essential oil percentage showed that drought and
normal irrigation with the means 42 of 0.24% and 0.2%
had the highest and the lowest percentage (Table 3).
The mean comparison results of vermicompost effect
on essential oil showed that consuming 5 and 10 tons
per hectare and the control treatment with the means of
0.23% and 0.2% had the highest and the lowest oil
percentage, respectively. In a research, effect of
different fertilizer treatments on the oil percentage of
mentha (Mentha piperita) was examined and the results

showed that vermicompost  treatment, cow manure and
Azospirillum sp and Azotobacter sp would be equal to
control treatment (using chemical fertilizer) (Kalra,
2003). The mean comparison results of biofertilizers
effect on the mentioned trait showed that Pseudomonas
fluorescence bacteria and the control treatment with the
means of 0.24 and 0.2% had the highest and lowest oil
percentage; Respectively. Pseudomonas fluorescence
bacteria had 20 % increases in comparison with the
control treatment (Table 5). Research conducted on
consuming bio- fertilizers on fennel showed that
consuming different levels of bio fertilizers improved
quality and quantity of essential oil in this medicinal
plant in comparison with chemical fertilizers treatment
(EL-Ghadban et al., 2006).
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C. Total chlorophyll
Results of variance analysis showed that the effect of
irrigation, vermicompost, bio fertilizer and mutual
effect of drought × vermicompost  on total chlorophyll
was significant at the level of 1%.

Furthermore, the mutual effect of drought ×
vermicompost × bio-fertilizer on total chlorophyll was
significant at the level of 5% (Table 2). The mean
comparison results of irrigation effect on the mentioned
trait showed that in normal irrigation and drought with
the means of 17.3 and 14.28 mg per fresh weight had
the highest and lowest total chlorophyll, respectively.
Normal irrigation had 16.73% increases in comparison
with drought (Table 3). The mean comparison results of
vermicompost fertilizer effect showed that consuming 5
and 10 t/ha with the means of 16.5 and 16.43 mg per
fresh weight had the highest and lack of consuming
vermicompost with the mean of 15.26 mg ml had the
lowest total chlorophyll. Consuming 5 and 10 tons per
hectare had 8.12 and 7.66 % increases in comparison
with control treatment (Table 4). Thus, consuming
appropriate amounts of vermicompost increased the
total chlorophyll and raised the rate of photosynthesis in
plants through improving soil microbial activities and
producing growth regulators, as well as accessing to a
greater amount of food for the plant (Jat and Ahlawal,
2004). The mean comparison results of bio-fertilizers
effect on total chlorophyll showed that Pseudomonas
fluorescent and control with the means of 16.7 and 15
mg per fresh weight had the highest and lowest total

chlorophyll, respectively. It was also observed that the
Pseudomonas bacteria had 10.59 % increases in
comparison with control (Table 5). The mean
comparison results of irrigation mutual effect
vermicompost showed that normal irrigation ×
consuming 5 tons per ha vermicompost  and drought
treatment  lack of consuming vermicompost  fertilizer
with the means of 18.38 and 14  mg ml had the highest
and the lowest total chlorophyll, respectively (Table 6).
Vermicompost is the source of organic substance,
improving soil water 278 holding capacity, increasing
nutrients, increasing the activity of hormone-like plants,
and consequently increases the plants morphological
and physiological traits (Bachman and Metzger 2008).
The mean comparison results of irrigation mutual effect
× vermicompost × bio-fertilizer on total chlorophyll
showed that normal irrigation treatment × consuming 5
tons per ha vermicompost × Pseudomonas fluorescent
bacteria and drought × lack of consuming
vermicompost  fertilizer× lack of consuming bio-
fertilizer with the means of 20 and 12 .6 mg ml had the
highest and the lowest total chlorophyll, respectively
(Fig. 2). Zaidi and Saghir Khan (2005) increased yield
in the experiments conducted on the effects of Nitrogen
Fixation (Brady rhizobium sp.), Phosphate Solubilizing
bacteria (Bacillus subtilis) and mycorrhiza fungi
(Glumus fasciculatum) on growth, chlorophyll content,
grain yield, node, grain protein, nitrogen and
phosphorus uptake of mung bean (Vigna radiate L.),
which grew on soil under phosphorus deficiency.
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D. Electrical conductivity measurement for
Cytoplasmic Membrane Stability
Cytoplasmic membrane response changes against
various environmental factors and conditions such as
heat, drought and freezing and affects the plant growth
due to its role on controlling exchanges of water and
solutes to maintain cell turgor. Plants resistance against
environmental stresses increased through cytoplasmic
membrane stability by enhancing the ability of plants to
maintain turgor (Ingram and Bartels, 1996). Analysis of
variance showed that the irrigation effect and the
mutual effect of irrigation × vermicompost fertilizer on
electrical conductivity were significant at the level of 1
% and vermicompost effect was significant at the level
of 5 % (Table 2). The mean comparison results of
irrigation effects on electrical conductivity showed that
Drought stress and normal irrigation with the means of
460.04 and 497.5 ? Siemens/cm had the highest and the
lowest stability. (Table 3). Heuer (1994) proved that
there was a logical relationship between physiological
reactions such as high relative humidity, high
cytoplasmic membrane stability and water potential and
resistance mechanisms to drought. The mean
comparison results of vermicompost effects on
electrical conductivity showed that control treatment
and consuming 5 tons per hectare vermicompost with
the means of 456.84 and 411.5μSiemens/cm had the
highest and the lowest electrical conductivity,
respectively. Control had 11.01 % increases in
comparison with Consuming 5 tons per hectare
vermicompost (Table 4).
The mean comparison results of irrigation mutual effect
vermicompost  fertilizer on electrical conductivity
showed that the drought consuming 5 tons ha
vermicompost  and normal irrigation Non
vermicompost  fertilizer with the means of 458.81 and
374.87μSiemens/cm had the highest and lowest
electrical conductivity, respectively (Table 6).

E. Relative Water Content (RWC)
Results of variance analysis showed that the effect of
irrigation, vermicompost fertilizer and mutual effect of
irrigation vermicompost on relative water content were
significant at the 1% level and the effect of bio-
fertilizer was significant at the 5% level (Table 2). The
mean comparison results of the irrigation effect on the
mentioned trait showed that normal irrigation and
drought with the means of 78.57 % and 70.87% had the
highest and the lowest relative water content,
respectively. Drought decreased by 10.86% in
comparison with normal irrigation (Table 2). The mean
comparison results of vermicompost fertilizer effect on
relative water content showed that consuming 5 tons
vermicompost and control treatment with the means of
77.73 and 71.2 had the highest and lowest relative
water content, respectively.

Consuming 5 tons per hectare vermicompost had 9.17
% increases in comparison with the control treatment
(Table 4). Investigating the effect of vermicompost
fertilizer on tomato growth traits showed that
vermicompost fertilizer improved growth traits such as
relative water content (Scott, 1988).
The mean comparison results of biologic fertilizer
effect on the mentioned trait showed that P. fluorescent
bacteria and the control treatment with the means of
75.9 % and 72.7 % had the highest and the lowest
relative water content, respectively. P. fluorescent
bacteria had 4.4 % increases in comparison with control
treatment (Table 5). Bio-fertilizer plays a significant
role in the process of photosynthesis and producing
green levels and increasing relative water content by
increasing nitrogen uptake and increasing its efficiency,
followed by growth and flowering (Han and Lee, 2006).
The mean comparison results of mutual effect of
irrigation vermicompost fertilizer on relative water
content showed that the normal irrigation treatment
consuming 5 tons per hectare vermicompost and normal
irrigation consuming 10 tons per hectare with the means
of 79.84% and 79.5%, respectively, had the highest and
drought tension Lack of vermicompost fertilizer with a
mean of 65.51% had the lowest relative water content.
Normal irrigation treatment 5 tons per hectare
vermicompost and normal irrigation× consuming 10
tons per hectare showed, respectively, 21.87% and
21.35% increases in comparison with control treatment.

F. Prolin
Results of variance analysis showed that the effect of
irrigation on proline contents was significant at the
level of 1% and the effect of biological fertilizer and
mutual effect of irrigation vermicompost was
significant at the level of 5% (Table 2). The mean
comparison results of the irrigation effect on proline
showed that drought and normal irrigation tension with
the means of 17.14 and 9.06 micrograms per gram dry
weight had the highest and the lowest proline weight,
respectively. Drought had 89.18 % increases in
comparison with normal irrigation tension (Table 3).

Although, proline can be one of the potential
regulators, it cannot be a very good indicator for water
scarcity because it is produced in plant tissues due to
different stresses (Natalie et. al. 1991). The mean
comparison results of biological fertilizer effects on
proline showed that Azotobacter Bacteria +
Azospirillum brasilense and P. fluorescent bacteria with
the means of 13.91 and 11.93 micrograms per gram dry
weight had the highest and the lowest proline,
respectively. P. fluorescent bacteria had 16.59%
decreases Azotobacter Bacteria + Azospirillum (Table
5) The biological fertilizer would enhance plant growth
as it was observed in a study conducted on the effect of
biological fertilizers treatments on fennel medicinal
plant (Kapoor et al., 2002).
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The mean comparison results of irrigation mutual effect
× vermicompost  on proline showed that drought ×
consuming 10 tons vermicompost  and normal
irrigation × 5 tons vericompost, normal irrigation × 10
tons vermicompost , and normal irrigation × the lack of
consuming vermicompost  treatments with the means of
18.42 and 9.8, 8.56, and 8.38 mg per g dry weight had
the highest and the lowest prolin, respectively (Table
6). Proline content rose with increasing severity of
drought tension. Proline molecules consist of
hydrophilic and hydrophobic sections. Soluble proline
can affect the solubility of various proteins and prevent
from albumin abnormality. Mutual relationship was
established between proline and hydrophobic proteins
surface and increased levels of hydrophilic protein
molecules enhanced their stability and prevented from
changing, and the plants increased probably their prolin
due to the above mentioned reasons (Kuznestov and
Shevykova, 1999).

CONCLUSIONS

The results of the mean comparison of irrigation effect
on essential oil yield showed that normal irrigation and
drought with the means of 7.64 and 6.6 kilogram per
hectare had the highest and the lowest oil yield,
respectively.
The mean comparison results of biological fertilizer
effects on proline showed that Azotobacter Bacteria +
Azospirillum brasilense and P. fluorescent bacteria with
the means of 13.91 and 11.93 micrograms per gram dry
weight had the highest and the lowest proline,
respectively. P. fluorescent bacteria had 16.59%
decreases Azotobacter Bacteria + Azospirillum.
The mean comparison results of biologic fertilizer
effect on the mentioned trait showed that P. fluorescent
bacteria and the control treatment with the means of
75.9 % and 72.7 % had the highest and the lowest
relative water content, respectively. P. fluorescent
bacteria had 4.4% increases in comparison with control
treatment.
The mean comparison results of irrigation effect on
essential oil percentage showed that drought and
normal irrigation with the means of 0.24% and 0.2%
had the highest and the lowest percentage.
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