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ABSTRACT

In this experiment, we had 15 lysimeters, that were planted coriander (Shahr-
e Rey variety) in 1 to 5 lysimeters and were irrigated by domestic wastewater
with BOD

5
 about 150 mg/lit and primary drainage water were accumulated at

2010. In the 6 to 9 lysimeters was planted coriander (Shahryar variety) and
were irrigated by primary drainage water and then, were accumulated
secondary drainage water. We have irrigation 10, 11 and 12 lysimeters by
secondary drainage water that was planted inside the coriander (Varamin
variety). In order to compare plants characteristics, in 13, 14 and 15 lysimeters
were planted Shahryar variety, Shahr-e Rey variety and Varamin variety
respectively and were irrigated by agronomical water. The results showed
that the soil could reduce BOD

5 
and COD from 150 and 232 mg/lit to 11 and

18 mg/lit respectively in secondary drainage water. The essential oil yield of
Shahryar variety 17% increased under irrigation by secondary drainage
water into irrigation by agronomical water. Therefore, the use of secondary
drainage water can be increase the quantity and quality yields in plants and
the other hand, protects sweet water resources.
2010 Trade Science Inc. - INDIA

INTRODUCTION

Coriander (Coriandrum sativum) has been used
in Chinese cooking and medicine for millennia. It be-
longs to the parsley family, as does anise, caraway, dill
and fennel. The fruits and leaves of coriander possess
very different flavors and hence are used in different
ways to flavor food. Coriander is an annual herb native
to the Mediterranean region and Western Asia. How-
ever, commercial supplies now come from Turkey, In-
dia, Bulgaria, Russia, and Morocco. Coriander is a very

ancient herb. It is mentioned in ancient Egyptian, San-
skrit, Greek and Latin writings. The ancient records
reveal that coriander was used for both culinary and
medicinal purposes. It was one of the substances uti-
lized by Hippocrates, and other Greek physicians, for
medicinal purposes. The Romans made coriander a
popular spice, and introduced it to Great Britain. It was
later brought to America, and was one of the first spices
grown in New England. Coriander grows wild in Pal-
estine. Hence, it�s no surprise that it is mentioned in the

Bible. The manna that was provided for the Israelites in
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the wilderness of the Sinai Peninsula during the Exodus
was described as being �like coriander seed� and tast-

ing like wafers made with honey (Exodus 16:31)[4].
Domestic wastewater treatment is focused generally on
treating blackwater. Blackwater is the perfect medium
for the growth of pathogenic bacteria. Therefore, it is
extremely necessary to treat it before reuse or to be
discharged into rivers and lakes. Discharge of untreated
or partially treated wastewaters containing carbon (C),
nitrogen (N), and phosphorus (P) into receiving waters
can lead to eutrophication. As a result, it is necessary to
develop treatment systems that efficiently and economi-
cally remove nutrients from these wastewaters. Biologi-
cal nutrient removal methods have advantages over
physical and chemical methods, including low waste

sludge production and low capital and operational costs.
Biofilm wastewater treatment systems, which are char-
acterized by their compactness, simple operation, and
easy maintenance, can be more stable in treating waste-
waters with high flow and substrate variations than sus-
pended-growth activated sludge systems. In addition,
biofilm systems can be more suitable for small-scale
wastewater or industrial wastewater treatment than ac-
tivated sludge systems[10]. Federal and state laws re-
quire that domestic wastewater be treated through a
two- or three-step process with the end products be-
ing sewage effluent and biosolids. Domestic wastewa-
ter effluent is essentially clear water that contains low
concentrations of plant nutrients and traces of organic
matter. It is chlorinated to destroy any pathogens[8].
Perennial aromatic plants are cultivated as cash-crops
for fresh or dry herb production, or as a source of es-
sential oils and natural antioxidants. These summer crops
require substantial amounts of water, up to 7000 to 9000
m3 ha�1 throughout the growing season, to satisfy their
potential for intensive biomass production[5]. Hundreds
of hectares of these crops are required to facilitate an
economically viable industrial production system. There-
fore, shortage of fresh water for irrigation in arid and
semiarid regions restricts utilization of aromatic plants
as industrial crops. Replacement of fresh water with
treated effluent for irrigation of these plants could pro-
mote development of large-scale production systems
for biomass, essential oil, and natural antioxidants in
arid and semiarid zones. No information is currently
available concerning the effect of irrigation with treated
municipal effluent on growth and development of crops,
essential oil yield or antioxidant production. Salinity and
heavy metals contained in treated effluents may increase
antioxidant activity and reactive oxygen production in
plants. Increased antioxidant content and antioxidant
activity were demonstrated in many plants in response
to environmental stresses[9]. In some medicinal plants,
water resources induced changes in antioxidants which
were suggested to be involved in prevention of plant
tissues damage[2]. Shortage of water in arid and semi-
arid regions throughout the world dictates utilization of
marginal water, of low quality, for irrigation. Treated
urban effluents, which may affect yield quantity and qual-
ity, are the most common alternative for agricultural irri-
gation[5]. Despite the cost of waste water treatment and

TABLE 1 : The analysis of lysimeters soil before irrigation
by domestic wastewater

Parameters Density Parameters Density 

Cd (meq/lit) 0.02 HCO3
- (meq/lit) 5 

Cu (meq/lit) 2.45 Cl (meq/lit) 5 

Mn (meq/lit) 8.12 P (meq/lit) 35 

Zn (meq/lit) 1.45 K (meq/lit) 20 

Ni (meq/lit) 0.004 Ca (meq/lit) 28.8 

Mg (meq/lit) 25.4 SO4
-2 (meq/lit) 2.12 

Fe (meq/lit) 10.03 Ca(OH)2 (%) 10 

Pb (meq/lit) 1.75 Humus (%) 0.85 

CO3
-2 (meq/lit) 0 pH 7.8 

 TABLE 2 : The chemical quality of domestic wastewater, pri-
mary drainage water and secondary drainage water and com-
pare them with standards of Iran and FAO

Parameters Domestic 
wastewater 

Primary 
drainage water 

Secondary 
drainage water 

Cd (meq/lit) 0.05 0.02 0 

Ni (meq/lit) 1.86 0.99 0.02 

Mg (meq/lit) 2.75 1.96 1.7 

HCO3
- (meq/lit) 11.17 9.7 8.7 

Cl (meq/lit) 8.7 7.97 6.27 

P (mg/lit) 3.47 2.17 1.7 

K (mg/lit) 2.77 1.97 1.7 

Ca (meq/lit) 3.57 3.07 2.67 

SO4
-2 (meq/lit) 3.47 3.17 2 

Na (meq/lit) 13.87 12.07 11.87 

C (mg/lit) 150.48 58.07 30.07 

N (mg/lit) 32.17 24.17 20.17 

Salinity (ds/m) 1.87 1.68 1.57 

pH 7.7 7.71 7.37 
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distribution, annual crop costs are lower when irrigating
with effluents because the price of effluent water in some
areas is lower compared to potable water[6].

MATERIALS AND METHODS

This study was conducted on experimental field of
Islamic Azad University, Shahr-e-Qods Branch at Iran
(27°38 N, 40°21 E; 1417 m above sea level) during
2009-2010, with clay loam soil, mean annual tempera-
ture (31°C) and rainfall in the study area is distributed

with an annual mean of 215 mm. The volume of each
lysimeter was 150 lit (Height = 100 cm and Radius =
30 cm) filled by clay loam soil consisted of 19.9% clay,
22.09% silt and 58.72% sand and in order to prevent
water influx from field to lysimeters, those placed on
metal legs (height = 40 cm). After filling lysimeters by
clay loam soil, plants seeds were planted and were irri-
gated with agronomical water and apparent specific
weight of soil was 1.52 g/cm3 (TABLE 1).

In this experiment, we had 15 lysimeters, that were
planted coriander (Shahr-e Rey variety) in 1 to 5
lysimeters and were irrigated by domestic wastewater
with BOD

5
 about 150 mg/lit and primary drainage water

were accumulated. In the 6 to 9 lysimeters was planted
coriander (Shahryar variety) and were irrigated by
primary drainage water and then, were accumulated
secondary drainage water. We have irrigation 10, 11
and 12 lysimeters by secondary drainage water that
was planted inside the coriander (Varamin variety). In
order to compare plants characteristics, in 13, 14 and
15 lysimeters were planted Shahryar variety, Shahr-e
Rey variety and Varamin variety respectively and were
irrigated by agronomical water.

At the maturity, we collected plants from each
lysimeters for determination of flowering shoot yield and
total dry matter. Then, were selected 100g flowering
shoot dry matter for determination of essential oil
percentage by Clevenger. Finally, essential oil yield was
determined by the following formula[1].
Essential oil yield = Essential oil percentageFlowering shoot yield

Also, the chemical quality of domestic wastewater,
primary drainage water and secondary drainage water
were determined for compare with standards of Iran
and FAO. Finally, data were subjected to repeated
measure analysis.

RESULTS AND DISCUSSION

The chemical quality of domestic wastewater, pri-
mary drainage water and secondary drainage water is
shown in TABLE 2. Also, in the TABLE 3 is shown
amount removed of biological, chemical and microbial
pollutants in domestic wastewater by crossing the soil
profile in 2 stages.

The final results showed that use the secondary
drainage water for Shahryar variety irrigation increased
plat characteristics to compare with agronomical wa-
ter. In the agronomical water irrigation condition the
amount of essential oil yield, biological yield, flowering
shoot yield and essential oil percentage were 10.2 kg/
ha, 4900 kg/ha, 410 kg/ha and 0.48% respectively.
But highest essential oil yield (12 kg/ha), biological yield
(5400 kg/ha), flowering shoot yield (500 kg/ha) and
essential oil percentage (0.66%) were obtained under
irrigation by secondary drainage water (TABLE 4).
Evaluation of accumulation of different elements in
Shahryar variety shoot showed that accumulation of
elements such as nitrogen, phosphorus, potassium, cal-
cium and protein were increased under irrigation by
secondary drainage water but the cadmium element was
reduced under this condition (TABLE 5).

The understanding of how the plants respond to
the agronomic growing conditions is a prerequisite for
the prediction of essential oil and for controlling oil quality.
This is especially important since changes in the chemi-
cal composition affect the commercial value of the oil,
with consequences to the grower�s income. As it was

shown in our results, the use of secondary drainage
water had a positive effect on most of the emphasized
growth compounds. In contrary, secondary drainage
water supply in soil achieved a situation for plant to
absorb by root growth the nutrients. However, sec-
ondary drainage water element isn�t in essential oil com-

ponents, but the our final results indicated that applica-
tions secondary drainage water increased essential oil
content of Shahryar variety, because the secondary
drainage water element (N, P, K, �) develops leaf

area, lateral stem, number of flower and because of
increase of the essential oil yield, because elements are
the major nutrients that influence plants yield and pro-
tein concentration. When the amount of available soil
nutrients limits yield potential, additions of secondary
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drainage water can substantially increase plants yield.
The interaction between the amount of the essential oil
percentage and flowering shoot yield is considered im-
portant as two components of the essential oil yield.
The essential oil percentage increased under the use of
secondary drainage water and also, essential oil yield
increased under this condition. Therefore, each increaser
factor of essential oil percentage and flowering shoot
yield, can increases essential oil yield. Our results were
similar to the findings of Bernstein et al.[3]. They to evalu-
ate the effect of irrigation with secondary-treated efflu-
ent on plant development, essential oil yield, antioxidant
activity and selected antioxidant phenolic compounds
in two commercial cultivars of the aromatic species,
oregano (Origanum vulgare L.) and rosemary
(Rosmarinus officinalis L.). The applied treated efflu-
ent contained higher levels of Na, Cl, HCO

3,
�1 P, K,

NH
4

+1, NO
3
�1, Ca+Mg, B, Mn, and Fe than the local

potable water used as control, and were characterized
by higher values of electrical conductivity (EC), pH, and
sodium absorption ratio (SAR). The results demonstrate
that both oregano and rosemary are suitable as indus-

trial crops for essential oil and antioxidant production
under irrigation with secondary-treated municipal efflu-
ent because their yield quantity and quality were not
affected. In addition to affects on the irrigated crops,
much effort is currently made to study potential effects
of irrigation by wastewater on chemical and physical
properties of soils. In the present study, the secondary
drainage water used were of homely origin, contained
only moderate levels of salts, and did not contain el-
evated levels of heavy metals. Heavy metal accumula-
tion therefore did not appear in the soil or the plant
tissues and salinity effects on the plants were moderate.

CONCLUSION

Our results demonstrate that secondary drainage
water is suitable for growth and quality production of
Shahryar variety essential oil production in areas where
water supply is limited. In addition, for large-scale pro-
duction not otherwise possible due to lack of water,
cultivation with effluents has an additive economical
benefit to the farmers. Therefore, irrigation of Shahryar
variety with the secondary drainage water can reduce
stress on the plants, increase essential oil production,
and may lead to an economic advantage over regular
water irrigation. Practically, our findings may suggest
farmers and agricultural researchers to consider care-
fully on limiting or control the huge water resources by
the use of secondary drainage water.

REFRENCES

[1] H.Aliabadi Farahani, M.H.Lebaschi, A.Hamidi;
J.Adv.Natur.Appl.Sci., 2(2), 55-59 (2008).

[2] H.Aliabadi Farahani, S.A.R.Valadabadi, J.Dane-
shian, M.A.Khalvati; J.Med.Plant.Res., 3(5), 329-
333 (2009).

[3] N.Bernstein, D.Chaimovitch, N.Dudai; Agron J.,
101, 1-10 (2009).

[4] A.Dierchesen; �Promoting the Conservation and Use

of Underutilizied and Neglected Crop�, Coriander,

International Plant Genetic Resource Institute
(IPGRI), Italy, 82 (1996).

[5] N.Dudai; �Factors Affecting Content and Compo-

sition of Essential Oils in Aromatic Plants�, In: R.Dris

(Ed.,) Crops Growth, Quality and Biotechnology, 3,
Quality Management of Food Crops for Processing

TABLE 3 : The amount of biological, chemical and micro-
bial pollutants in domestic wastewater, primary drainage
water and secondary drainage water

 Domestic 
wastewater 

Primary 
drainage water 

Secondary 
drainage water 

Coliform (n/100ml) 1.110 18 210 5 1.410 3 

Fecal Coliform (n/100ml) 1.110 18 210 5 1.410 3 

Parasite eggs 1.47 0 0 

COD (mg/lit) 237 37 17 

BOD5 (mg/lit) 157 17 10 

TABLE 4 : Effect of irrigation by secondary drainage water
on Shahryar variety characteristics to compare with
agronomical water

 Secondary drainage water Agronomical water

Biological yield 5407 kg/ha 4920 kg/ha 

Flowering shoot yield 507 kg/ha 417 kg/ha 

Essential oil yield 17 kg/ha 10.7 kg/ha 

Essential oil percentage 0.67% 0.47 % 

TABLE 5 : Accumulation of different elements in Shahryar
variety shoot

 N 
(%) 

P 
(%) 

K 
(%) 

Protein 
(%) 

Ca 
(mg/kg) 

Cd 
(mg/kg) 

Secondary drainage water 7.16 0.16 3.86 18.16 237 0 

Agronomical water 6.86 0.16 3.46 14.06 226 0.02 



.310 Well water on essential oil content in coriander (Coriandrum sativum L.)

Current Research Paper
ESAIJ, 5(5) October 2010

An Indian Journal
Environmental ScienceEnvironmental Science

Technology, WFL Publ., Helsinki, Finland, 77-90
(2005).

[6] P.Fine, R.Halperin, H.Hadas; J.Environ.Manage.,
78, 163-169 (2006).

[7] Kh.A.Khalid; International Agrophysics, 20(4), 289-
296 (2006).

[8] G.Kidder; �Using Waste Products in Forage Pro-

duction�, Florida Coop.Ext.Service SL 179, Univ.of

Florida, Gainesville, (2001).
[9] R.Mittler; Trends Plant Sci., 7, 405-410 (2002).
[10] M.Rodgers, G.Wu, X.Zhan; J.Environ.Qual., 37,

977-982 (2008).


