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ABSTRACT

The addition of organic amendments has been shown to promote the germination, growth, and yields of
plants. The aims of the study were to evaluate the effect of organic wastes (compost and vermicompost
produced from municipal solid waste and manure) and biofertilizer on germination growth, yield and quality
of basil which are an important medicinal plant. The experimental design for this study was a split–plot
randomized complete design with four replicates. Main plot treatments were giving irrigation at 4–, 7– and
14–days interval, in each irrigation 200 ml water was applied per pot. Subplot treatments consisted addition
of (a) 40 t compost ha-1; (b) 40 t vermicompost ha-1; (c) 40 t animal manure ha-1; (d) full recommended rates
of inorganic fertilizer: biofertilizer along with 130–95–95 kg NPK ha-1; and (e) unamended soil (considered
the control treatment). The effect of different fertilizer and drought stress on the final percentage of seedling
emergence, the required time for 50% seedling emergence, the required time for maximum establishment, the
average time of emergence, cumulative emergence rate, seedling emergence rate and seedling vigor index was
evaluated. At the end of the pot experiment when plants reached commercial maturity (117 days), after the
last measurement of plant height and number of leaves and lateral branch the Whole plants were cut at the
soil surface. At the end of the pot experiment when plants reached commercial maturity, after the last
measurement of plant height and number of leaves and lateral branch the Whole plants were cut to measuring
the total dry and fresh weight of aerial part, dry weight of leaves and stems, as well as leaf area per pot. In
addition to, the amount of essential oil in aerial parts and essential oil yield were investigated. The results of
the experiment confirmed that organic and bio- fertilizers through improving soil physical and chemical
properties increased seedlings germination of basil. Morphological characteristics of basil seedlings decreased
from soil water potential of -0.3bar to -8 bar and the least morphological characteristics was occurred in the
most severe drought stress (soil water potential of -8 bar). Organic and bio- fertilizers, due to the nutritional
needs of plants increased the number of lateral branches and leaves per plants, plant height and dry weight
of plants. Essential oil yield of aerial parts were influenced by different fertilizer and the drought stress.
Among different fertilizer, essential oil content exhibited the greatest amount in organic fertilizer (compost,
vermicompost and manure), while in drought stress treatments, soil water potential of -8 bar revealed the
greatest essential oil content.
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Introduction 

Agriculture in Sistan region, Southeast Iran
suffers from major constraints like high temperature

and water deficiency. Organic matter content of
dryland soils in hot and dry areas is chemically and
biologically less stable [3]. It is difficult to increase
soil organic matter or even maintain it in the sub-
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tropics as organic matter turnover is high and crop
residues are removed from the field, used as fodder
by roaming animals or burned. Low input of organic
matter in semiarid regions makes soil structure and
its stability less favorable for agriculture [16]

It has been shown, that the amendment of soil
with organic matter leads to increase in sustainability
in agricultural production because it possesses many
desirable properties such as high water holding
capabilities, cation exchange capacity, ability to
sequester contaminants (both organic and inorganic),
enhanced nutrient uptake, plant hormone-like activity
and beneficial effects on the physical, chemical and
biological characteristics of soil [1,32]. 

The application of organic wastes, such as
animal manure [19], sewage sludge [2], crop residues
[15,30], or by-products with high organic matter
content [28,29], to soil is a current environmental
and agricultural practice for maintaining soil organic
matter, reclaiming degraded soils, and supplying plant
nutrients.

The most abundant organic material, locally
available is municipal organic wastes which could
easily be used as sources of organic material and
nutrients. In the region, household wastes are mostly
low in heavy metals and toxic compounds, due to
diminutive size of industrial activities but they often
contain human pathogens, so that their application to
agricultural soil has to be restricted. Organic waste
composting or vermicomposting have been proposed
as techniques to reduce pathogens and organic
contaminants while generating a valuable product rich
in plant nutrients [17]. Composting is the most
economical and sustainable option for on-site organic
waste management as it is easy to operate and can
be conducted in contained space. Although, thermo
composting has been adopted as a basic tool for on-
site waste decomposition, there are some
disadvantages of traditional thermo composting
methods such as long duration of the process,
frequent aeration required, loss of nutrients (e.g.,
gassing off of nitrogen) and a heterogeneous end
product [25]. Moreover, in nature, organic wastes are
recycled by a variety of soil decomposer organisms
involving mainly bacteria and fungi as well as
detritus-feeding invertebrates especially earthworms
[9,26]. In recent years, the waste decomposition
potential of some humus-feeder earthworms has been
proven in literature. The non thermophilic
biodegradation of organic material through the
interaction between earthworms and microorganisms
is termed vermicomposting [5]. Earthworms thereby
reduce numbers of human pathogens, an effect
obtained in traditional composting by increases in
temperature, but vermicomposting is generally faster
[10]. It has been reported that vermicompost of
variety of wastes increases crop yield [12,11] and
appears to give better grain and biological yields than

conventional organic fertilizer [31].
Sweet basil (Ocimum basilicum) belonging to the

Lamiaceae (Labiatae) family, is an essential oil crop
that can be used in food, perfumery, and
pharmaceutical industry [7]. Basil has been cultivated
from ancient times both as an ornamental plant and
to extract essential oil [14]. The high economic value
of this plant is due to the presence of phenyl
propanoids, like eugenol, chavicol and their
derivatives, or terpenoids, like the monoterpene
alcohol linalool, methyl cinnamate and limonene [27].

Like those of most of the cultivated plants,
growth and yield of basil can be affected by
environmental constraints such as drought. Even
though it is believed that organic materials is
beneficial to protect plant growth from drought stress
[13], controlled studies to scientifically establish this
fact have been few and far between. To the authors’
knowledge, there are no reports in the literature
concerning the Protective effects of compost or
vermicompost derived from municipal solid waste
and animal manure on basil response to drought.
Therefore, the main objective of this research
reported here was to investigate the effects of
drought and the application of three different types of
organic fertilizer along with inorganic macro-nutrients
to potting substrate on the growth, metal
accumulation and essential oil content of sweet basil
under greenhouse conditions. In this experiment
macronutrients are equalized between treatments, so
that growth responses to vermicomposts are not
nutrient-mediated.

Materials and methods

2.1. Site Description and Organic Fertilizer
Characterization:

The experiment was conducted in 2010 using the
greenhouse and field facilities of the University of
Zabol, in Southeast Iran (61°293N, 31°23E, 450 m
above sea level), which has a warm and arid climate
with a mean annual temperature of 23 °C and
average annual precipitation of 63 mm. The sandy
loam soil [19% clay (<2 µm), 21% silt (2-20 µm),
41% fine sand (20-200 µm) and 19% coarse sand
(200-2000 µm)], with a pH of 7.8, organic mater
0.11%, N-No3 2.9 ppm, P (Olsen) 2.2 ppm, and K
156 ppm (0-30 cm depth)] used in this study was
collected from experimental agriculture farm of Zabol
University. The soil was collected from the first
10cm of the soil surface, air-dried and afterwards
sieved at 2mm.

Commercial city refuse compost and
vermicompost used in this study, produced in the
professional compost factory in the city of Mashhad,
Iran. The vermicompost is obtained by the action of
Californian red earthworm (Eisenia fetida).  Cattle
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manure supplied by an animal husbandry in Zabol,
Iran. Compost, vermicompost and manure were air-
dried, sieved for two particle sizes (<0.075 mm and
<2 mm) and stored in plastic bottles. The basic
Physiochemical properties of the different organic
fertilizer tested are summarized in Table 1.

2.2. Experimental Layout and Nutritional Treatments:

The experimental design for this study was a
split–plot randomized complete design with four
replicates. Main plot treatments were giving irrigation
at 4–, 7– and 14–days interval, in each irrigation 200
ml water was applied per pot. Subplot treatments
consisted addition of (a) 40 t compost ha-1; (b) 40 t
vermicompost ha-1; (c) 40 t animal manure ha-1; (d)
full recommended rates of inorganic fertilizer:
130–95–95 kg NPK ha-1; and (e) unamended soil
(considered the control treatment). The mixture of
organic fertilizer with soil was done by hand to
obtain better homogeneity. The value of 40 t ha-1

compost and vermicompost for basil is recommended
by Zheljazkov and Warman [33,34]. 

Considering the fact that only thirty percent of
the total nitrogen, phosphorus and potassium from
manure, compost and vermicompost was assumed to
be as plant-available for first year and major
nutrients content of organic amendment (Table 1) all
manure-, compost- and vermicompost- treated pots
were supplemented with appropriate amounts of
inorganic fertilizer, to equalize the total
recommended full rate of available nitrogen,
phosphorus, and potassium (85–155–125 kgNPKha-1)
among treatments. Seventy-five percent of the
nitrogen was applied as pre-plant fertilizers and the
rest were applied to all pots through fertigation after
a month.

The pot experiment ran from the 30 of
September 2007 to 24 of January 2008 or started the
23 of September 2007 and lasted until the 17 of
January 2008. Plastic pots with 20 cm in diameter
and 19 cm in height were filled out with 1.8 dm3 of
each substrate, and five seeds of sweet basil
(Ocimum basilicum L. var. keshkeny levelu) were
sown at a depth of approximately 2 cm. At 14 d
after planting, the seedlings were thinned to 3 plants
per pot. The minimum and maximum greenhouse
temperature during the test was 11 and 28 °C. 

2.3. Plant sampling:

During the crop time beginning seven days after
emergence plant height, number of leaves per plant,
and number of lateral branch per plant were
measured weekly. At the end of the pot experiment
when plants reached commercial maturity (117 days),
after the last measurement of plant height and
number of leaves and lateral branch the Whole plants

were cut at the soil surface. Leaves were removed
from each sample plant and passed through a
portable leaf area measuring machine (LI 3100, LI-
COR Inc., Lincoln, Nebraska, USA). All leaves and
stems of plants were weighed to determine fresh
shoot weights, placed into paper bags, oven-dried at
60 °C for 72 h and weighed again for dry shoot
weights. Leaf chlorophyll content, an indication of N
uptake by the plants, was determined using SPAD
502 meter (Minolta Corporation, Japan). After
removal of plants, changes in physical and chemical
and biological properties of the mixtures were
determined.

2.4. Analysis of Plant, Growth Media and Compost: 

Harvested samples of plant were washed and
oven dried at 55 °C for 72 h and the dried plant
parts were ground to powder. A lot of 1.0 g powder
of each plant sample was digested with 10 N HNO3,
and sample-digests were subjected to element
analysis by an atomic absorption spectrophotometer
(model, Shimadzu AA-670); and for determining Na
and K contents, a flame photometer (model,
JENWAY-PFP7) was used.   

The pH (1:1) of each soil sample (5 g, dry
basis) was measured with a pH meter (DMP 200,
DMS). The electrical conductivity of soil samples
were determined by a digital conductivity meter
(Digison model D1-909) [21]. Nitrogen estimations
were done by the Kjeldahl method, and available
phosphorous was measured by the Olsen method.
Potassium was estimated by Ammonium acetate
method [4]. Ca, Mg, Cu, Fe, Mn, Cu, Zn, Ni, Cd,
Pb, Co and Cr in soil were analyzed by atomic
absorption spectrophotometry (model, Perkin-Elmer
3030) [24]. For measuring these elements in compost,
compost was digested by Nitric Acid and Perchloric
[20] and then extract were used to measuring
elements according to standard methods. Amount of
phosphorus in the samples was measured with a
spectrophotometer (model, WAP) and potassium by
the flame photometer (model, JENWAY-PFP7).
Micro and macro nutrients content were determined
by Atomic-emission spectrometry.

Finally, analysis of data obtained using packaged
software Mstat-C and SAS was performed and
comparison test with Duncan's multiple range. 

Results and discussion

Physicochemical Properties of Used Organic
Materials:

Analysis of chemical characteristics of organic
fertilizers (municipal compost, municipal
vermicompost, cow manure) used in the study
indicated that compost has more nitrogen,
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phosphorus, potassium, iron, manganese, zinc and
copper compared with vermicompost and cattle
manure (Table 2). pH manure was more than
municipal compost, which may have a negative
impact on sensitive plants in high levels of
application. However C/N ratio was lowest and
highest in manure and compost, respectively.

Leaf Area in Each Pot:

Different organic materials and fertilizers as well
as drought stress influenced the leaf area in each pot
at P>99% confidence level, whereas the interaction
of fertilizers * drought stress on this trait was
significant at at P>95% confidence level (Table 4).
Trend of leaf area per pot in different drought stress
treatments revealed that the greatest leaf area
occurred in soil water potential of -0.3 bar, while
plants in soil water potential of -4 bar had the least
leaf area (Table 3). Among fertilizer treatments
municipal compost and control (no fertilizer)
exhibited the greatest and the lowest leaf area
(Table3).

Researches have shown that organic fertilizers
and bio fertilizers enhance leaf area due to improving
water holding capacity and nutrients of soil. Arancon
et al. [5] declared that soils treated with
vermicompost had significantly higher microbial
populations and these microorganisms can produce
plant growth regulators or hormones that increase
plant and leaf area growth. Mciginnis et al., [23]
attributed leaf area increasing in basil following
municipal vermicompost application to improve the
physical properties of growth medium. These results
are consistent with findings of Atie et al. [6] on
tomato and cucumber, Arancon et al. [5] on
strawberry and Mciginnis et al., [23] on basil.

Morphological Characteristics Dry Weight:

A statistically significant differences (p<0.01)
have been found to exist between different fertilizer
and drought stress treatments on dry weight (Table
4). Soil water potential of -0.3 with 19.2 g dry
weight pot-1 had the greatest dry weight, while there
is no significant difference among two other level of
drought treatment (Table 3). There was a significant
difference between different fertilizers in dry weight
and greatest dry weight occurred in compost (19 g
dry weight pot-1). As shown in table 3 the
interaction of drought stress and fertilizers on dry
weight was significant. The results of this study are
consistent with those of Arancon et al. [5] and
Mciginnis et al., [23], who reported that organic
fertilizer application significantly increases growth
and biomass production in different varieties of
strawberry and basil.

Plant height:

A statistically significant differences (p<0.01)
have been found to exist between drought and
different fertilizer treatments on plant height (Table
4). Soil water potential of -0.3 with 53 cm had the
greatest plant height. Different fertilizers increase
plant height significantly compared with control
(Table 3). Interaction of fertilizers * drought stress
on this trait was significant at P>95% confidence
level. The results of this study are consistent with
those of Gajalakshmi and Abbasi [18] on tomato and
Atiyeh et al. [6] on marigold. Increasing in height
may be due to stimulation in auxin production [6].

Number of Lateral Branches per Plant:

A statistically significant differences (p<0.01)
have been found to exist between drought and
different fertilizer stress treatments on number of
lateral branches per plant (Table 4). Soil water
potential of -0.3 with 5.1 lateral branches had the
greatest lateral branches per plant, while Soil water
potential of -8 with 3.3 lateral branches exhibited the
lowest lateral branches per plant. Different fertilizers
increase number of lateral branches per plant
compared with control (Table 3). Interaction of
fertilizers * drought stress on this trait was
significant at P>95% confidence level (Table 4).

Number of Leaves per Plant:

A statistically significant differences (p<0.01)
have been found to exist between drought and
different fertilizer stress treatments on number of
leaves per plant (Table 4). Soil water potential of -
0.3 with 10.7 leaves had the greatest leaves per
plant, while Soil water potential of -8 had the least
leaves per plant. Different fertilizers increase number
of lateral branches per plant compared with control
(Table 3). Interaction of fertilizers * drought stress
on this trait was not significant (Table 4). 

Qualitative Characteristics:

Essential oil percentage:

No statistically significant differences have been
found to exist between drought stress and different
fertilizer on Essential oil percentage (Table 6).
Average essential oil percentage across all treatment
was 1.57% (by weight).

Essential Oil Yield:

No statistically significant differences have been
found to exist between drought stress and different
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fertilizer on essential oil yield, but iinteraction of
fertilizers * drought stress on this trait was
significant (Table 6). Different fertilizer application
increased essential oil production, so that compost,
vermicompost, manure and biofertilizer + inorganic
P increased essential oil yield by 15.1%, 14.6%,
16.0, 12.9% and 15.4%, respectively (Table 5).

Results of other studies indicate increasing the
essential oil yield and improving the quality of
essential oils in basil [8] and chamomile [22]
following organic fertilizer application.

Acknowledgement this work has been supported
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University, Shirvan Branch.

Table 1: Physico-chemical properties of used soil in this experiment
pH C/N ratio N (%) P K Mn Cu Zn Fe

------------------------------------------------------------------------------------------------
mg kg-1

Compost 7.23 10.23 0.44 5432.12 8543.54 241.65 321.76 654.65 7865.52
Vermicompost 7.78 11.32 0.60 1732.91 5451.43 331.76 87.65 65.98 6543.65
Manure 8.23 13.14 0.72 2476.25 765.65 76.87 3.65 32.62 541.38

Table 2: Physicochemical properties of used organic materials in this experiment
Soil texture Soil particles (%) pH EC Total N (%) Organic P K Cu Zn Mn Fe

-------------------------- (m mohs/cm) matter (%) ------------------------------------------------------------
Sand Silt Clay Absorbable (mg kg-1)

Silty clay 10.6 42.1 47.3 7.7 1.4 0.12 1.08 6.65 453.43 3.34 2.23 15.32 65.47

Table 3: Mean simple effects of different organic fertilizers and drought on area per pot and morphological traits of basil.
Different fertilizer Leaf area per (cm2) pot Dry weight (g pot-1) Plant height (cm) branches No. plant-1 Leaves No. plant-1
Compost 135a 19.0a 51b 4.4a 10.1a
Vermicompost 127b 16.3c 49b 4.2b 9.5b
Manure 128b 17.8b 59a 4.3ab 9.4b
Biofertilizer 124b 18.5a 42c 4.1b 9.3b
Inorganic N + P 129b 18.2ab 44c 4.5a 9.5b
Control 85c 11.8d 37d 3.7c 7.6c
Drought stress (bar)
-0.3 141a 19.2a 53a 5.1a 10.7a
-4 121b 16.4b 44b 4.2b 9.2b
-8 102c 15.2b 44b 3.3c 7.8c
* Values followed by the same letter within the same columns do not differ significantly at p =5% according to DMRT. 

Table 4: Mean squares of different organic fertilizers and drought on area per pot and morphological traits of basil
SOV DF Leaf area per (cm2) pot Dry weight (g pot-1) Plant height (cm) Branches No. plant-1 Leaves No. plant-1

Replication 2 324.32 112.12 187.19 12.47 32.45
Different fertilizer (A) 5 2234.65** 1131.13** 1454.45** 543.65** 915.36**

Drought stress (B) 3 1166.88** 357.76** 593.65** 112.32** 487.54**

A*B 15 532.66* 180.65** 312.34* 81.76 ns 198.18 ns

Error 64.35 19.26 29.76 11.76 34.65
ns: not significant; (*) and (**) represent significant difference over control at p<0.05 and p<0.01, respectively

Table 5: Mean simple effects of different organic fertilizers and drought on essential oil percentage and essential oil yield of basil.
Different fertilizer Essential oil percentage Essential oil yield
Compost 1.5a 285b
Vermicompost 1.5a 277b
Manure 1.7a 303a
Biofertilizer 1.5a 244c
Inorganic N + P 1.6a 291b
Control 1.6a 189d
Drought stress (bar)
-0.3 1.6a 307a
-4 1.5a 246b
-8 1.6a 243b
* Values followed by the same letter within the same columns do not differ significantly at p =5% according to DMRT. 

Table 6: Mean squares of different organic fertilizers and drought essential oil percentage and essential oil yield of basil.
SOV DF Essential oil percentage Essential oil yield
Replication 2 0.004 341.347
Different fertilizer (A) 5 4.881 ns 816.655**
Drought stress (B) 3 1.361 ns 341.239**
A*B 15 0.029 ns 5.250 ns

Error 0.0002 4.876
ns: not significant; (*) and (**) represent significant difference over control at p<0.05 and p<0.01, respectively.
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