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Abstract 
Sustainable agriculture can increase the efficiency of resource utilization, provide longer 
productivity and create a balance in the environment. A field experiment was conducted to study 
the use of organic and chemical fertilizers on biomass, essential oil content and essential oil 
yield as well as chemical compositions of Dracocephalum polychaetum Burnm in the first and 
second cutting. The treatments were: broiler litter (1700 kg ha-1), cow manure (2500 kg ha-1), 
sheep manure (1700 kg ha-1), chemical fertilizer (110 kg ha-1) and control (no fertilizer) in three 
replications. The results showed that D. polychaetum was most responsive to application of 
broiler litter as compared with the other treatments. Gas chromatography–mass spectrometry 
analysis indicated that neral, geranial, geranyl acetate and α-pinene were the major chemical 
compounds of D. polychaetum in the both cuttings. In the first cutting the plants treated with 
sheep manure had the highest neral content (28.24%). The highest geranial content (26.85%) in 
the first cutting was recorded in plants amended with chemical fertilizer, without significant 
difference with broiler litter (26.36%). In the first cutting the greatest α-pinene (15.52%) 
content was observed in the control treatment without significant difference with broiler litter 
(15.09%). Unlike the first cutting, plant amended with cow manure had the maximum neral 
(23.89%) and geranial (29.27%) contents in the second cutting. The present study demonstrated 
that the application of organic manure improved essential oil content and quality and aroma 
profile of D. polychaetum. 
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Introduction1 
The main challenge in agriculture is to 

increase crop production in a manner that is 

sustainable for the present and the future. 

The agricultural production and sustainable 

intensification goals in commercially 

important crops over both short and long-

terms demand depends on plant nutrient and 

soil management (Pandey et al., 2016). 

Although chemical fertilizers have been 
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extensively used in agriculture to improve 

yield (Siddiqui et al., 2011), long-term 

excessive application of these fertilizers has 

decreased soil quality and sustainability 

(Guo et al., 2010; Dinesh et al., 2010; 

Roelcke et al., 2004), which has become a 

major concern (Chaudhry et al., 2009).  

Manure can be used as an alternative to 

chemical fertilizer in sustainable agriculture 

(Dinesh et al., 2010). It improves chemical 

and physical properties of soil and enhances 

https://doi.org/10.1016/j.indcrop.2015.07.023
https://doi.org/10.1126/science.1182570
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organic matter, cation exchange, water 

holding capacity and ultimately adjusts the 

appropriate supply of essential nutrients for 

crop growth (Schlegel et al., 2015a,b; 

Govahi et al., 2015; Pandey et al., 2016). 

Manure may affect the chemical 

compositions and quality of medicinal plants 

(Emami Bistgani et al., 2018). Bajeli et al. 

(2016) showed that addition of manure such 

as cow manure, vermicompost and poultry 

manure led to increase in biomass and 

methanol content of Japanese mint (Mentha 

arvensis L.).  

Dracocephalum polychaetum Burnm. 

(Lamiaceae), which is known as 

“Badernjboei-Dennaei” or “Kermani 

Zarrin-giah” in Persian, is a medicinal herb 

endemic to Iran (Mozaffarian, 1998). This 

plant is mainly distributed in central and 

northern of Iran and grows at an altitude of 

1000-1800 m in high mountainous regions 

(Boroomand et al.. 2017; Rechinger, 1986).  

Various pharmacological effects such as 

antihyperlipidemic (Taghizadeh et al. 

2019), immunomodulatory (Pouraboli et al., 

2015), antinociceptive (Yaghoobi et al., 

2018) and cytotoxic effect (Boroomand et 

al., 2017) have been reported for D. 

polychaetum. The plant is also a source of 

essential oil (Saeidnia et al., 2004). The 

major chemical compositions of essential 

oil of this plant includes E-β-ocimene, 

nerol, α-pinene (Fattahi et al., 2016), α-

pinene and caryophyllene oxide (Javidnia et 

al., 2005), geranial (Saeidnia et al., 2007), 

α-pinene and methyl geranate (Monsef-

Esfahani et al., 2007). These chemical 

compositions are widely used in food and 

pharmaceutical industries.  

Organic farming of medicinal plants is 

very important due to their direct role in 

human health. Hence, the replacement of 

chemical fertilizers by manure in cropping 

these plants is a priority. Although there are 

relatively lots of reports on the benefits of 

manures in annual medicinal plants 

compared to chemical fertilizers, there is a 

lack of information on multi-cut medicinal 

plants such as D. polychaetum. On the other 

hand, multi-cut D. polychaetum only grows 

in cold and mountainous regions and in this 

specific condition the effect of organic 

manures is not studied. Therefore, the 

present study aimed to investigate the effect 

of application of manure on biomass, 

essential oil content, essential oil yield and 

chemical composition of essential oil in D. 

polychaetum plant in its first and second 

cuttings. 

Materials and methods 

Location and experimental design  
The seeds of D. polychaetum were obtained 

from Kerman Herb Company, Kerman, Iran. 

Initially, seeds of D. polychaetum were sown 

in coco-peat: peat moss mix (70:30 w:w) on 

plastic germination trays and  then 

germinated. Sixty days after sowing, 

seedlings (with uniform size) were selected 

and then were transplanted into the 

experimental plots in 21 November, 2017.  

A field experiment was conducted based 

on randomized block design with five 

treatments and three replications in 2018 at 

the research field of Darab, Fars, Iran 

(54°55E, 28°75 N; 1180 m above sea level). 

According to Koppen climate classification, 

the region is cold semi-arid, with an average 

annual precipitation of 221 mm and an 

average monthly temperature of 16.1 °C.  

The treatments were included: 110 kg ha-

1 chemical fertilizer (100:50:50 NPK), 1700 

kg ha-1 broiler litter, 2500 kg ha−1 cow 

manure, 1700 kg ha -1 sheep manure, and 

control (without fertilizer) (Rostaei et al., 

2018a).  

Soil samples were randomly collected 

from a depth of 0-30 cm from 10 different 

spots using a soil auger. All soil samples 

were air-dried in the laboratory for 4 days 

and then crushed and sieved using a 2 mm 

sieve. The physical and chemical properties 

of the soil and the organic manures were 

analyzed and indicated in Table 1. 

Seedlings were grown in accordance 

with organic farming practices with no use 

of herbicide or pesticide applications. 

Manures and chemical fertilizer were 

https://doi.org/10.1016/j.indcrop.2015.04.053
https://doi.org/10.1016/j.indcrop.2016.04.035
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https://link.springer.com/article/10.1007/s10600-007-0027-z
https://en.wikipedia.org/wiki/Cold_semi-arid_climate
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applied to the soil before transplanting the 

seedlings. The plots were irrigated 

immediately after transplanting the 

seedlings in November. The size of each 

plot was 2.40 × 3.60 m and consisted of five 

rows. Weeds were controlled by hand 

weeding during the growing season. 

D. polychaetum biomass  
Aerial parts of D. polychaetum were cut at 

50% of flowering on 30th June 2018 (first 

cutting; 223 days after transplanting the 

seedling) and 26th August 2018 (second 

cutting; 55 days after first cutting). The 

whole plants were harvested when they 

were 10 cm above ground level in each plot 

using manual shears. Leaves, stems and 

flowers were separated, dried in the shade 

for 5 days and weighed.  

Isolation of essential oil 
The above ground parts of the D. 

polychaetum were harvested in September, 

dried in shade and powdered. About 50 g of 

the powder were hydro-distilled for 3.5 

hours using a Clevenger apparatus 

according to British Pharmacopoeia (1988). 

The samples of essential oils were 

dehydrated using anhydrous sodium 

sulphate. Then the extracted essential oil 

was stored in sealed vials at 4 °C until gas 

chromatography analysis. The essential oil 

yield was determined as kg ha−1 and 

calculated using the following equation 

(Emami Bistgani et al., 2018):  

Essential oil yield (kg ha-1) = (biomass kg. 

ha-1×essential oil content g kg -1)/1000 

Gas chromatography analysis 
Gas chromatography (GC) was performed 

using a Thermo-UFM gas chromatography 

equipped with a flame ionization detector 

(FID) and DB-5 column (10 m × 0.1 mm 

i.d., film thickness 0.4 μm). Helium was 

used as the carrier gas at a flow rate of 0.5 

mL per min. The oven temperature was 

initiated at 60 °C, then increased to 285 °C 

at a rate of 40 °C/min and kept for 3 min at 

285 °C. The temperature of injector and FID 

detector was 280 °C.  

Gas chromatography–mass spectrometry 
analysis 
Gas chromatography–mass spectrometry 

(GC–MS) analysis was carried out using an 

Agilent 7890A/5975C GC-MS system 

equipped with a DB-5 fused silica column 

(30 m × 0.25 mm i.d., film thickness 0.25 

μm). The oven temperature was 

programmed as follows: The oven 

temperature was initiated at 60 °C, and then 

was increased from 60 to 220 °C at a rate of 

3 °C/min; subsequently the temperature was 

enhanced to 240 °C at 20 °C/min and kept 

at this temperature for 3 min. The injector 

and transfer line temperature were 260 °C 

and 280 °C, respectively. Carrier gas was 

helium with a linear velocity of 30.6 cm/s; 

split ratio 1:100, ionization energy 70 Ev 

and scan time 1 s. The mass range was 40–

300 m/z (Adams 2007). 

Identification of essential oil chemical 
compositions 
The chemical compositions of the essential 

oil samples were determined by comparing 

their mass spectra with those held in the 

computer library or achieved using 

authentic components. Retention indices 

were calculated using the retention times of 

n-alkanes (C6-C24) injected after the 

essential oil under the same conditions. The 

identities of the chemical components were 

confirmed by comparing with relative 

retention indices, either with those of 

authentic components or with data 

published in the literature (Adams, 2007; 

Fattahi et al., 2016). 

Statistical analysis 
All the measured traits (biomass, essential 

oil content, essential oil yield and chemical 

compositions of essential oil) in both 

cuttings were statistically analyzed based 

on randomized block design using software 

statistical analysis system (SAS, Ver. 9.4). 

Means were compared using the least 

https://www.pharmacopoeia.com/
https://doi.org/10.1016/j.indcrop.2018.05.048
https://scholar.google.co.uk/scholar?hl=en&as_sdt=0%2C5&q=denti%EF%AC%81cation+of+Essential+Oil+Components+by+Gas+Chromatography%2FMass+Spectrometry%2C+4th+ed&btnG=
https://scholar.google.co.uk/scholar?hl=en&as_sdt=0%2C5&q=denti%EF%AC%81cation+of+Essential+Oil+Components+by+Gas+Chromatography%2FMass+Spectrometry%2C+4th+ed&btnG=
https://doi.org/10.1016/j.jarmap.2016.04.002
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significant difference (LSD) test at 5% 

probability level.  
Table 1. Physical and chemical properties of field soil (depth of 0-30 cm) and organic manures (broiler 

litter, cow manure and sheep manure). 

Parameter Soil Broiler litter Cow manure Sheep manure 

Texture Silty clay loam - - - 

EC (dS m-1) 0.23 4.73 1.95 2.43 

pH 7.55 8.19 8.70 8.33 

Nitrogen (g kg−1) 0.06 29.1 19.9 28.6 

Phosphorus (g kg−1) 0.028 5.5 2.6 2.7 

Potassium (g kg−1) 0.48 16.3 16.7 23.6 

 
Results  

Aboveground biomass 
The aboveground biomass of D. 

polychaetum was significantly affected by 

different fertilization treatments (p<0.001) 

in the first cutting, second cutting and sum 

of two consecutive cuttings (Table 2). In 

the first cutting, the aboveground biomass 

of D. polychaetum was similar to those of 

treatments of cow manure (on average 

1291 kg ha-1) and sheep manure (on 

average 1306 kg ha-1) (Fig. 1A). Also, the 

aboveground biomass of D. polychaetum 

was not significantly different in plants 

treated using chemical fertilizer and sheep 

manure. The aboveground biomass in cow 

manure, sheep manure and chemical 

fertilizer application was significantly 

different from those of broiler litter and 

control. In the first cutting the aboveground 

biomass of broiler treatment was twice as 

much as that of the control (Fig. 1A).  

In the second cutting, the aboveground 

biomass of D. polychaetum using sheep 

manure, cow manure and chemical fertilizer 

was similar and significantly less than that 

of the broiler litter (Fig. 1B).  

The results demonstrated that the total 

aboveground biomass (sum of two 

consecutive cuttings) was not significantly 

different in plants that were treated with 

chemical fertilizer, sheep manure and cow 

manure (Fig. 1C). The highest 

aboveground biomass of D. polychaetum 

was recorded in broiler litter; it was 49% 

more than the one in control (Fig 1C). 

The aboveground biomass of D. 

polychaetum in the second cutting was 

significantly enhanced compared with the 

one in the first cutting (Fig. 1A and 1B). It 

seems that plants at early growth stage 

allocate their assimilation to 

proper establishment, while after the first 

cutting; the plants complete their growth 

and development and increase biomass 

production. Furthermore, plants treated with 

chemical fertilizer in the first cutting had 

higher biomass than the second cutting (Fig. 

1A and 1B). In the first cutting, increase in 

biomass in plants treated with chemical 

fertilizer could be possibly attributed to the 

further release of nutrients such as nitrogen 

and phosphorus in the early growth season. 

Essential oil content 
Our results showed that there was a 

significant difference in essential oil content 

of D. polychaetum under different 

fertilization treatments (Table 2) in the first 

and second cuttings. In the first cutting, 

essential oil content of D. polychaetum was 

not significantly different in plants fertilized 

with cow manure and those that were not 

fertilized. The essential oil content of D. 

polychaetum was similar in treatments 

using broiler litter (on average by 0.93 %), 

chemical fertilizer (on average by 0.87%) 

and sheep manure (on average by 0.74%) 

(Fig. 2A). The results showed that the 

highest and lowest essential oil contents of 
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D. polychaetum in the first cutting were 

respectively obtained from the treatment in 

which broiler litter (0.93%) and cow 

manure (0.39%) were used. 

As presented in Fig. 2B in the second 

cutting, the essential oil content of D. 

polychaetum was similar to that of the 

treatments in them cow manure (on average 

by 1.19%) and sheep manure (on average by 

1.23%) were used. Also essential oil content 

of D. polychaetum was not significantly 

different in plants treated with cow manure 

and broiler litter. The essential oil content in 

these treatments was significantly higher 

than that of chemical fertilizer and control 

treatments (Fig. 2B). The minimum 

essential oil content in the second cutting 

was obtained from the plants treated with 

chemical fertilizer. 

Overall, at the second cutting essential oil 

content was increased in broiler litter, cow 

manure, sheep manure and control (Fig. 2A 

and 2B). The maximum difference between 

cuttings was recorded in the cow manure 

treatment. In the second cutting, plants 

amended with chemical fertilizer had lower 

essential oil content as compared with that 

of the first cutting (Fig. 2A and 2B).   

 

 

 

Fig. 1. Effects of different fertilizer sources on above ground biomass of D. polychaetum in the first cutting 

(A),  second cutting (B) and sum of two cuttings (C).  

Means with different letters are significantly different 

Table 2. Analysis of variance for above ground biomass and essential oil content of multi-cut D. 

polychaetum as affected by different fertilizer sources 

Source of 

variation 

df Above ground biomass  Essential oil content 

 
First 

cutting 

Second 

cutting 

Sum of two 

cuttings 
 

First 

cutting 

Second 

cutting 

Block 2 87 ns 1148 ns 1832 ns  0.062 ns 0.001 ns 

Treatment 4 264438** 428111** 1356998**  0.17** 0.17** 
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Error 8 412 1495 3210  0.017 0.005 

CV (%) - 1.62 2.06 1.81  19.5 7.16 

LSD - 38.22 72.82 106.69  0.25 0.13 
ns  and **: non-significant and significant at P  ≤ 0.001, respectively 

Table 3. Analysis of variance for essential oil yield of multi-cut D. polychaetum as affected by different 

fertilizer sources 

Source of variation df 
Essential oil yield 

First cutting Second cutting Sum of two cuttings 

Block 2 12 ns 0.45 ns 8.03 ns 

Treatment 4 62.25** 0.125** 255** 

Error 8 3.84 1.92 4.09 

CV (%) - 21.93 7.26 7.21 

LSD - 3.68 2.61 3.81 
nS and **: non -significant and significant at P ≤ 0.001, respectively. 

 

 

 

Fig. 2. Effect of different fertilizer sources on essential oil content of D. polychaetum in the first cutting (A) 

and second cutting (B). Means with different letters are significantly different 

Essential oil yield 
Essential oil yield of D. polychaetum was 

significantly affected by different 

fertilization treatments (p<0.001) in the first 

and second cuttings (Table 3.). In the first 

cutting, essential oil yield D. polychaetum 

was not significantly different in plants 

received chemical fertilizer (on average by 

11.66 kg ha-1) and sheep manure (on average 

by 9.74 kg ha-1). Also the essential oil yield 

of D. polychaetum was similar in treatments 

of broiler litter (on average by 14.56 kg ha-1) 

and chemical fertilizer (on average by 11.66 

kg ha-1) (Fig. 3A). The essential oil yield in 

treatments of broiler litter, sheep manure and 

chemical fertilizer significantly enhanced 

compared with cow manure and unfertilized 

treatments. The greatest essential oil yield of 

D. polychaetum was achieved in broiler litter 

treatment (Fig. 3A).  
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In the second cutting, the essential oil yield 

of D. polychaetum was similar in broiler litter, 

sheep manure and cow manure treatments (on 

average by 25.08, 23.71, and 22.61 kg ha-1, 

respectively) (Fig. 3B). The essential oil yield 

in these treatments significantly increased in 

comparison with the chemical fertilizer and 

control. The greatest essential oil yield of D. 

polychaetum was recorded in broiler litter 

(Fig. 3B).  

According to our results, total essential 

oil yield responses were significantly 

positive under all fertilization methods 

relative to those obtained from treatments in 

them no fertilizers were used (Fig. 3C). The 

magnitude of total essential oil yield 

elevation exhibited the following order: 

broiler litter 39.65 kg ha-1) > sheep manure 

(33.46 kg ha-1) > cow manure (27.67 kg ha-

1) > chemical fertilizer (24.16 kg ha-1) > 

control (15.35 kg ha-1) (Fig. 3C).  

 As presented in Fig. 2A, 2B, 3A and 3B, 

application of broiler litter produced the 

highest aboveground in first and second 

cuttings, and created maximum essential oil 

content in the first cutting and ultimately 

enhanced essential oil yield in both cuttings. 

In the first cutting, plants treated with 

chemical fertilizer had relatively high 

amount of aboveground and essential oil 

content as compared with those in the 

second cutting. Therefore, these plants had 

higher essential oil yield in the first cutting 

than those in the second cutting. Cow 

manure and sheep manure had higher 

aboveground and essential oil content in the 

second cutting over the first cutting. In the 

first and second cuttings the lowest essential 

oil yield of D. polychaetum was recorded in 

untreated plants. 
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Fig. 3. Effect of different fertilizer sources on essential oil yield of D. polychaetum in the first cutting (A), 

second cutting (B) and sum of two cuttings (C). Means with different letters are significantly different 

Chemical composition of essential oil 
The essential oil chemical compositions that 

were identified from the aerial parts of D. 

polychaetum are listed in Table 4 and 5. 

According to GC–MS analysis, 23 chemical 

compounds were identified in the first cutting 

and presented 97.57% - 98.51% of the total 

essential oils (Table 4). Neral (19.86%±2.55-

28.24%±5.10), geranial (15.89%±2.89-

26.85%±1.55), geranyl acetate (7.16%±1.37-

20.68%±2.68) and α-pinene (11.28%±3.12-

15.52%±2.52) were major chemical 

constituents of D. polychaetum in the first 

cutting.  

In the second cutting (Table 5), the main 

chemical components of the essential oil 

were geranial (15.74%±2.14-

29.27%±1.81), neral (19.71%±2.21-

23.89%±1.40), geranyl acetate 

11.61%±0.77-20.53%±3.54) and α-pinene 

(9.93%±2.91-15.37%±4.37). Camphene 

was found in control in both cuttings, but 

was not detected in fertilized treatments 

(Table 4 and 5). Trans limonen oxide, cis-p-

mentha-2, 8-dien-1-ol, trans carveol and 

geraniol were higher in control as compared 

with other treatments in the first and second 

cuttings.  

Table 4. The chemical compositions (%) of the first cutting of D. polychaetum treated with different 

fertilizers 

Compound KIa 

Treatments 

Broiler litter 
Cow 

manure 

Sheep 

manure 

Chemical 

fertilizer 
Control 

α-Pinene 943 15.09 ±6.96 
14.74 

±8.28 
12.36 ±4.03 

11.28 

±3.12 
15.52 ±2.52 

Camphene 960 - - - - 0.27 ±0.07 

Sabinene 978 0.46 ±0.19 0.46 ±0.29 0.36 ±0.15 0.39 ±0.11 0.19 ±0.09 

β-Pinene 986 1.9 ±0.47 1.99 ±0.55 2.09 ±0.39 1.58 ±0.31 0.95 ±0.15 

Myrcene 998 0.26 ±0.09 0.25 ±0.12 0.22 ±0.07 0.21 ±0.03 0.22 ±0.02 

α-Terpinene 1013 0.44 ±0.17 0.55 ±0.34 0.49 ±0.16 0.45 ±0.08 0.67 ±0.17 

p-Cymene 1028 0.14 ±0.02 0.11 ±0.09 0.13 ±0.04 0.05 ±0.09 0.21 ±0.01 

Limonene 1035 6.16 ±1.59 7.51 ±4.82 7.76 ±3.45 5.5 ±1.39 4.27 ±1.07 

1,8-Cineol 1038 0.91 ±0.31 0.97 ±0.63 0.5 ±0.44 0.76 ±0.14 - 

(Z) β-Ocimene 1040 0.34 ±0.06 0.12 ±0.21 0.52 ±0.34 0.33 ±0.07 0.88 ±0.08 

Unknown - 0.19 ±0.12 0.05 ±0.08 0.06 ±0.1 0.32 ±0.13 0.15 ±0.05 

Linalool 1100 0.22 ±0.02 0.19 ±0.07 0.21 ±0.04 0.19 ±0.02 0.17 ±0.07 

α-Campholenal 1132 1.2 ±0.13 1.03 ±0.30 1.19 ±0.15 1.22 ±0.18 1.57 ±0.12 

Trans limonen oxide 1146 1.38 ±0.19 1.04 ±0.25 0.98 ±0.03 1.46 ±0.34 3.37 ±0.27 

Unknown - 0.81 ±0.16 0.68 ±0.16 0.7 ±0.15 0.79 ±0.13 0.57 ±0.07 

Cis-p-mentha-2,8-dien-1-ol 1175 1.24 ±0.38 1.03±0.51 0.93 ±0.17 1.27 ±30 2.76 ±0.14 
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Unknown - 1.17 ±0.20 0.99 ±0.13 1.06 ±0.10 1.11 ±0.21 0.62 ±0.08 

α-Terpineol 1191 0.37 ±0.09 0.41 ±0.21 0.52 ±0.10 0.53 ±0.1 0.52 ±0.02 

Myrtenol 1198 0.24 ±0.25 0.35 ±0.19 0.62 ±0.59 0.25 ±0.03 0.34 ±0.12 

Trans carveol 1210 0.56 ±0.26 0.55±0.19 0.43 ±0.12 0.56 ±0.16 1.52 ±0.12 

Neral 1242 26.4 ±3.74 
25.83 

±7.99 
28.24 ±5.10 

27.73 

±4.98 
19.86 ±2.55 

Geraniol 1250 0.13 ±0.03 0.19 ±0.10 0.51 ±0.55 0.12 ±0.1 0.74 ±0.04 

Geranial 1265 26.36 ±2.92 
23.93 

±3.95 
24.75 ±1.89 

26.85 

±1.55 
15.89 ±2.89 

Methyl geranate 1328 5.9 ±1.41 6.61 ±1.55 6.32 ±1.46 6.17 ±0.92 6.76 ±0.16 

α-Cubebene 1360 0.45 ±0.1 0.62 ±0.28 0.53 ±0.16 0.68 ±0.18 0.89 ±0.09 

Geranyl acetate 1376 7.16 ±1.37 9.30 ±4.37 7.95 ±1.80 9.65 ±2.21 20.68 ±2.68 

Germacrene D 1480 0.28 ±0.15 0.26±0.1 0.34 ±0.13 0.34 ±0.1 0.26 ±0.1 

Total identified  97.59 98.04 97.95 97.57 98.51 

a: Calculated Kovats Index. b: Least significant difference (LSD α= 0.05). 
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Table 5. The chemical compositions (%) of the second cutting of D. polychaetum treated with different 

fertilizers 

Compound KIa 

Treatments 

Broiler litter 
Cow 

manure 

Sheep 

manure 

Chemical 

fertilizer 
Control 

α-Pinene 943 13.86 ±1.41 9.93 ±2.91 13.41 ±0.71 14.39 ±2.61 15.37 ±4.37 

Camphene 960 - - - - 0.12 ±0.04 

Sabinene 978 0.51 ±0.07 0.45 ±0.11 0.5 ±0.03 0.57 ±0.14 0.04 ±0.02 

β-Pinene 986 1.68 ±0.13 1.41 ±0.24 1.65 ±0.07 2.25 ±0.56 0.8 ±0.2 

Myrcene 998 0.24 ±0.02 0.19 ±0.04 0.26 ±0.01 0.27 ±0.05 0.07 ±0.03 

α-Terpinene 1013 0.28 ±0.07 0.29 ±0.02 0.26 ±0.01 0.55 ±0.16 0.52 ±0.12 

p-Cymene 1028 0.22 ±0.08 0.2 ±0.01 0.26 ±0.05 0.22 ±0.0 0.06 ±0.04 

Limonene 1035 6.82 ±1.75 6.59 ±1.29 6.22 ±1.14 10.14 ±2.56 4.12 ±0.88 

1,8-Cineol 1038 0.27 ±0.47 - - - - 

(Z) β-Ocimene 1040 0.71 ±0.36 0.94 ±0.13 1.02 ±0.06 1.13 ±0.18 1.03 ±0.2 

Unknown - 0.51 ±0.04 0.54 ±0.04 0.54 ±0.04 0.49 ±0.09 0.3 ±0.2 

Linalool 1100 0.25 ±0.02 0.23 ±0.04 0.27 ±0.02 0.31 ±0.06 0.32 ±0.1 

α-Campholenal 1132 0.86 ±0.06 0.97 ±0.0 0.93 ±0.06 0.91 ±0.02 1.72 ±0.12 

Trans limonen oxide 1146 0.98 ±0.26 0.95 ±0.1 1.09 ±0.19 0.71 ±0.11 3.52 ±0.3 

Unknown - 0.44 ±0.04 0.45 ±0.005 0.47 ±0.02 0.42 ±0.005 0.72 ±0.2 

Cis-p-mentha-2,8-dien-1-ol 1175 1.38 ±0.35 1.67 ±0.10 1.73 ±0.1 1.23 ±0.28 2.91 ±0.2 

Unknown - 0.78 ±0.12 0.74 ±0.01 0.74 ±0.01 0.72 ±0.03 0.77 ±0.28 

α-Terpineol 1191 0.27 ±0.04 0.3 ±0.05 0.28 ±0.03 0.21 ±0.02 0.67 ±0.3 

Myrtenol 1198 0.32 ±0.05 0.3 ±0.06 0.29 ±0.05 0.29 ±0.02 0.49 ±0.29 

Trans carveol 1210 0.6 ±0.12 1.31 ±0.49 0.77 ±0.1 1.5 ±0.4 1.67 ±0.3 

Neral 1242 20.95 ±0.86 23.89 ±1.40 21.38 ±0.84 20.41 ±1.96 19.71 ±2.21 

Geraniol 1250 0.19±0.08 0.19 ±0.05 0.18 ±0.02 0.09 ±0.09 0.59 ±0.09 

Geranial 1265 25.75 ±1.64 29.27 ±1.81 26.01 ±0.45 23.07 ±3.11 15.74 ±2.14 

Methyl geranate 1328 6.86 ±0.36 6.59 ±0.96 6.71 ±0.34 5.53 ±0.87 6.61 ±0.21 

α-Cubebene 1360 0.69 ±0.09 0.59 ±0.17 0.61 ±0.16 0.58 ±0. 1 0.74 ±0.24 

Geranyl acetate 1376 14.2 ±2.43 11.61 ±0.77 13.96 ±1.73 13.58 ±0.1 20.53 ±3.54 

Germacrene D 1480 0.16 ±0.04 0.17 ±0.02 0.22 ±0.04 0.21±0.01 0.11 ±0.04 

Total identified  98.05 98.04 98.01 98.15 97.46 

a: Calculated Kovats Index. b: Least significant difference (LSD α= 0.05). 

 
Discussion 

The biomass increase of D. polychaetum 

following the use of broiler litter may be 

linked to the instant availability of both 

macro- and micro-nutrients for a longer 

period during plant growth (Pandey et al., 

2016; Chand et al., 2012), improvement of 

soil physical, chemical and biological 

properties (Schlegel et al. 2015 a,b) and 

enhancement of water holding and cation 

exchange capacities (Pandey et al., 2016). 

Also regarding soil pH (Table 1), organic 

matter in organic manures with 

modification of rhizosphere pH can 

improve the availability of nutrients 

(especially phosphorus) in the root 

rhizosphere, and this condition is not 

created for chemical fertilizers treatment 

(Salehi et al., 2018). Organic matter of cow 

manure has lower decomposability 

compared to that of broiler litter, due to its 

higher ratio of carbon and nitrogen (Pandey 

et al., 2016). For this reason, in the first 

cutting, the biomass of different parts of the 

plants fertilized with cow manure was lower 

than those fertilized with broiler litter 

(Table 1). 

Previous studies also proved the positive 

effects of manure application on the 

biomass of aromatic plants (Dinesh et al., 

https://doi.org/10.1016/j.indcrop.2016.04.035
https://doi.org/10.1016/j.indcrop.2016.04.035
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2010). For instance in dill (Anethum 

graveolens), in comparison with the 

commercial fertilizer treatment, its biomass 

was significantly increased by the 

application of broiler litter (Rostaei et al., 

2018a). Bajeli et al. (2016) also observed 

that the use of manures such as farmyard 

manure, vermicompost and poultry manure 

either alone, or in combination with one 

another increased the biomass of Japanese 

mint (Mentha arvensis L.). Fallah et al. 

(2018) illustrated that manure application 

improves the biomass of dragonhead 

(Dracocephalum moldavica) compare to 

synthetic fertilizers. 

Lower essential oil content that obtained 

from the use of cow manure in the first 

cutting could be result of slow 

decomposition in cow manure (Singh et al., 

2014) (Fig. 2A), which had the high carbon: 

nitrogen ratio compared with the other kinds 

of manures (Table 1). Cow manure released 

a little amount of nutrients in the plant 

rhizosphere (Alizadeh et al., 2012). In the 

second cutting, constant mineralization of 

the nutrients from the cow manure, 

increased the essential oil compared with 

the first cutting (Fig. 2B). In addition, a 

greater duration for cow manure in the soil 

(from transplanting of the seedlings to 

second cutting) can affect the chemical and 

physical properties of soil and improve 

nutrients availability and provide other 

beneficial conditions for plant growth, thus 

the plant can produce more secondary 

metabolite. In contrast, higher supply of 

nutrients such as nitrogen and phosphorus 

of chemical fertilizer in early growth season 

(Alizadeh et al., 2012) can increase essential 

oil content in the first cutting compared with 

the second cutting (Fig. 2A and 2B). 

Increase in essential oil production by 

broiler litter and sheep manure application 

could be attributed to faster decomposition 

(Alizadeh et al., 2012) and the higher 

supply of nutrients such as nitrogen, 

phosphorus and micronutrients (Table 1). 

Nitrogen nutrition plays a key role in the 

development and division of cells 

containing essential oil, essential oil 

channels, secretory ducts and glandular 

trichomes (Yousefzadeh et al., 2013). Also, 

phosphorus and micronutrients play an 

important role in enhancement of secondary 

metabolites content (Alizadeh et al., 2010). 

Bajeli et al. (2016) indicated that the 

addition of manure enhanced essential oil 

content of Japanese mint. With regard to 

dill, compared to control and chemical 

fertilizer treatments, the addition of 

vermicompost at 10 t ha-1 improved the 

essential oil content by 15% and 9% (Anwar 

et al., 2005). 

The increased of the essential oil yield of 

D. polychaetum under organic manure 

application is due to the increase of higher 

and longer availability of essential nutrients 

such as nitrogen, phosphorus and 

micronutrient (Table 1) that enhances the 

uptake of nutrients by plants, leading to 

higher biomass accumulation (Fig. 2A and 

2B) and secondary metabolites production 

(Fig. 3A and 3B) (Anwar et al., 2005; 

Emami Bistgani et al., 2018; Rostaei et al., 

2018b). Several studies indicated that 

organic manure enhanced the essential oil 

yield of medicinal plants. Singh et al. (2014) 

illustrated that addition of farmyard manure 

enhances the essential oil yield of basil 

(ocimum basilum L.) as compared to 

commercial fertilizers. Rostaei et al. 2018a 

reported that the application of organic 

manure led to an increase in essential oil 

yield of dill. The essential oil yield of 

dragonhead (Dracocephalum moldavica) 

increased due to the application of organic 

manure over synthetic fertilizer (Fallah et 

al., 2018).  

E-β-ocimene, nerol and α-pinene 

(Fattahi et al., 2016), geranial (Saeidnia et 

al., 2007), α-pinene and caryophyllene 

oxide (Javidnia et al., 2005) have been 

reported as major chemical compositions of 

D. polychaetum in previous studies of this 

plant at flowering stage. The highest neral 

(28.24%±5.10) content in the first cutting 

was recorded in treatment of sheep manure. 

In the first cutting, the maximum geranial 
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content (26.85%±1.55) was obtained in the 

plants treated with chemical fertilizer that 

was not significantly different from manure 

treatments. The highest percentage of α-

pinene in the first cutting was achieved in 

control and broiler litter (15.52±2.52% and 

15.09%±6.96, respectively). The maximum 

content of geranyl acetate (20.68%±2.68) in 

the first cutting was achieved in control 

treatment. In all fertilized treatments 

(broiler litter, cow manure, sheep manure 

and chemical fertilizer) the amount of neral 

and geranial was increased in comparison 

with their amounts in control. 

In the present study, application of 

organic manure and chemical fertilizer 

affected the chemical compounds of D. 

polychaetum (Table 4 and 5). Our results 

showed positive effects of organic manure 

on commercial major compositions. It 

seems that production of secondary 

metabolites depends on fertilization 

management (macro- and micro-nutrients) 

and organic manure mainly supplies 

available macro- and micro-nutrients for 

crop growth (Fallah et al., 2013). Nitrogen 

plays a key role in the biosynthesis of many 

organic compounds, including amino acids, 

proteins, enzymes and nucleic acids. Amino 

acids and enzymes play a pivotal role in the 

biosynthesis of numerous compounds that 

are essential oil constituent (Koeduka et al., 

2006). According to Rouached et al. (2010) 

phosphorus plays a significant role in 

different metabolic processes, being a 

constitute of nucleic acid, phospholipids 

and coenzymes activating the amino acid 

production used in protein synthesis, ATP, 

DNA and RNA. Additionally, iron and zinc 

act either as metal components of different 

enzymes or as regulatory, functional, 

structural cofactors. Thus these two 

nutrients are associated with protein 

synthesis, saccharide metabolism and 

photosynthesis (Marschner, 1995). Copper 

is involved in several physiological 

processes and acts as a cofactor for different 

enzymes and helps in photosynthetic 

electron transport (Yruela, 2005). 

Manganese has important functions in plant 

metabolism especially in chlorophyll 

synthesis, photosynthesis, amino acids and 

protein synthesis, nitrate reduction, 

activation of various enzymes and 

phytohormone regulation (Ghannadnia et 

al., 2014). Rostaei et al. (2018a) indicated 

that applying of broiler litter will lead to a 

significant increase in p-cymene content 

(33.69%) in dill. Also Pandey et al. (2016) 

demonstrated that in comparison with 

chemical fertilizers, application of poultry 

manure enhances methyl chavicol content 

(72.60%) in basil. Pandey et al. (2015) 

reported compare to chemical fertilizers, E-

ocimenone content of marigold (Tagetes 

minuta L.) increases with the use of 

farmyard manure. 

Conclusion 
The present study indicated that quantity 

and quality of multi-cut plant of D. 

polychaetum was significantly enhanced by 

various fertilization sources. The 

application of different fertilization sources 

enhanced biomass, essential oil content and 

essential oil yield in both first and second 

cuttings. The positive effect of organic 

manure was higher than the chemical 

fertilizer. The usage of broiler litter and 

sheep manure led to enhancement of 

quantity and quality in the both cuttings, 

while the advantage of chemical fertilizer 

and cow manure was considerable in the 

first and second cuttings, respectively. 

Neral, geranial, geranyl acetate and α-

pinene were detected as the major chemical 

compounds of D. polychaetum in both 

cuttings. The Control had the highest 

geranyl acetate content in both cuttings. In 

the first cutting, plants amended with sheep 

manure had the maximum neral content 

(28.24%). The greatest geranial content in 

the first cutting was obtained in plants 

treated with chemical fertilizer and broiler 

litter. At the first cutting the highest α-

pinene content was obtained in control and 

broiler litter treatments. Plants fertilized 

with cow manure had the highest neral and 
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geranial content in the second cutting. 

Overall, the advantages of application of 

organic manure can be summarized as the 

followings: improvement of the quality and 

commercial chemical compositions of D. 

polychaetum, removal the need for 

additional chemical fertilizer and added 

benefit to a sustainable agriculture. 
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