
89 

 

International Journal of 
Agriculture and Biosciences  

www.ijagbio.com P-ISSN: 2305-6622 E-ISSN: 2306-3599 editor@ijagbio.com 
 

RESEARCH ARTICLE 
 

Effect of Irrigation Frequency and Planting Density on Herbage Biomass, Essential Oil 
Production and Mucilage Yield of Dragon’s Head (Lallemantia iberica Fish. et Mey.) 
 
Safar Nasrollahzadeh1 and Parisa Aghaei-Gharachorlou2 
 

1Associated Professor, Department of Plant Ecophysiology, Faculty of Agriculture, Tabriz University, Tabriz, I.R. of 
Iran; 2Department of Plant Eco-Physiology, Faculty of Agriculture, Tabriz University, Tabriz, I.R. of Iran 
 

 
ARTICLE INFO 
 

  
ABSTRACT 
 

 

Received: 
Revised: 
Accepted: 

 

January 10, 2014 
February 22, 2014 
April 10, 2014 

 In order to investigate the effect of different irrigation treatments and plant 
density on herbage biomass, essential oil production, grain and mucilage yield 
of Dragon’s head (Lallemantia iberica Fish. et Mey.), an experiment was 
carried out as split-plot based on randomized complete block design with four 
replications at the Research Farm of the Faculty of Agriculture, University of 
Tabriz, Iran in 2012. Irrigation treatments (I1, I2, I3, I4 and I5: irrigation after 70, 
100, 130, 160 and 190 mm evaporation from class A pan, respectively) were 
assigned to main plots and four plant density levels (D1, D2, D3 and D4: 200, 
300, 400, 500 plant/m2) were allocated to the sub plots. Different planting 
densities were employed by changing plant spaces within rows. Herbage 
biomass and essential oil percentage of shoot were measured at flowering stage. 
Essential oil percentage increased with decrease in irrigation frequency. Both 
herbage biomass and essential oil yield positively responded to frequent 
irrigation. Mucilage percentage and mucilage and grain yield decreased with 
drought severity. Essential oil percentage and yield, herbage biomass and 
mucilage percentage indicated no response to planting density. Highest essential 
oil yield was achieved on I2 treatment. Highest mucilage and grain yield were 
achieved under I1 treatment, but difference between I1 and I2 treatments was not 
significant. The greatest grain yield and mucilage production was obtained from 
400 plant/m2. According to the results we found, irrigation after 100 mm 
evaporation from class A pan and density of  400 plant/m2 is a better treatment 
combination for Dragon’s head grain, essential oil and mucilage production. 
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INTRODUCTION 

 
In dry areas, the major factor limiting agricultural 

production is water. Drought stress is one of the most 
important environmental stresses affecting agricultural 
productivity around the world and may result in 
considerable yield reductions (Ludlow and Muchow, 
1990). Decreasing the growth trend of roots and shoots, 
leaf area, photosynthesis, transpiration, plant height and 
dry weight are some of the drought-induced losses 
reported by Jiang and Huang (2000). Plant responses to 
drought stress are very complex and include adaptive 
changes or deleterious effects (Chaves et al., 2002). The 
effects of drought stress are observed in the form of 
phenological responses, morphological adaptations, 
physiological changes and biochemical adaptations. Plant 
reactions are affected by the amount of soil water directly 

or indirectly. All physiological processes like 
photosynthesis, transpiration, cell turgidity, and cell and 
tissue growth in plants are directly affected by water 
availability (Sarker et al., 2005). For achieving high yield, 
an adequate water supply is required during the growing 
season. The period at the beginning of the flowering stage 
is most sensitive to water shortage, while maximum yield 
and yield components were obtained with full irrigation, 
almost the maximum yield generally were obtained when 
irrigation was made to provide adequate water during 
flowering and fruit formation periods (Blum, 2005). 
Response of essential oil yield and composition to water 
stress varies with duration and severity of stress. 
According to literature, the production of primary 
metabolites and essential oil yield may decline when 
plants are exposed to sustained water stress (Panrong et 
al., 2006). Letchamo et al. (1995) found positive 
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correlations among photosynthesis, herbage yield and 
essential oil yield in thyme (Thymus vulgaris L.). 
Putievesky et al. (1990) reported that as irrigation 
intervals became more extended, herbage yield and 
essential oil yield were reduced in Pelargonium 
graveolens. Similarly, a report by Rajeswara-Rao et al. 
(1996) indicated that a wet season encouraged vegetative 
growth of rose scented geranium and resulted in higher 
essential oil yield. Hasani et al. (2003) reported water 
deficit reduced plant height, stem diameter, leaf area, 
shoot weight and mucilage yield in Ocimum basilicum. 

On the other hand, plant density is one of the main 
factors determining seed yield (Long et al., 2001). In fact, 
the yield of plant is the result of the competition within 
and outside of the plant on the environmental factors and 
the maximum yield will be obtained when, this 
competition has decreased and the plant has the maximum 
using of these environmental factors. Plant density is one 
of the most important factors affecting yield, yield 
components, oil and essential oil in medicinal plants. 
Najafi and Moghadam (2002) reported that with increase 
in the plant density seed and biological yield increased. 
Arabaci and Bayram (2004) reported that the highest 
effective substances yield in the Basil (Ocimum basilicum 
L.) was obtained in lower plant density. The maximum oil 
percentage and oil yield in Coriander (Coriandrum 
sativum L.) were obtained in density 30 plant/m2 (Masood 
et al., 2004). 

Dragon’s head (Lallemantia iberica Fish. et Mey.) is 
an annual herb belongs to Lamiaceae family and spreads 
in southwestern Asia and Europe (Ursu and Borcean, 
2012). It grows well in arid zones and requires a light 
well-drained soil (Ion et al., 2011). Dragon’s head is a 
valuable species, i.e. all plant parts (leaves or seeds) can 
be economically used (Hedrick, 1972). However, it is 
mainly cultivated for its seeds that contain about 30% oil 
with iodic index between 163 and 203. These seeds are 
used traditionally as stimulant, diuretic and expectorant as 
well as food (Naghibi, 1999). 

A better understanding of the effects of irrigation 
frequency and planting density on local and neglected 
crops can help to determine optimal irrigation scheduling. 
It is expected that good management and adoption of 
suitable practices will improve the water conservation and 
result in more efficient crop production under both rain 
fed and irrigated conditions (Wang and Tian, 2004). A 
question that also needs to be resolved is if different plant 
populations are relevant factors determining the final crop 
yield under different irrigation frequencies. In this study, 
we investigated the response of Dragon’s head to 
irrigation frequency and planting density. 

 
MATERIALS AND METHODS 

 
Site description and experimental design 

The field experiment was conducted in 2012 at the 
Research Farm of the University of Tabriz, Iran (latitude 
38°05_N, longitude 46°17_E, altitude 1360 m above sea 
level). The climate of research area is characterized by 
mean annual precipitation of 285 mm, mean annual 
temperature of 10°C, mean annual maximum temperature 
of 16.6°C and mean annual minimum temperature of 
4.2°C. The experiment was arranged as split plot design 

with four replications. Irrigation treatments (I1, I2, I3, I4 
and I5: irrigation after 70, 100, 130, 160 and 190 mm 
evaporation from class A pan, respectively) were assigned 
to main plots and four plant density levels (D1, D2, D3 and 
D4: 200, 300, 400, 500 plant/ m2) were allocated to the 
sub plots. All plots were irrigated immediately after 
sowing. Irrigation treatments were applied after seedling 
establishment. Hand weeding of the experimental area 
was performed as required. 
 
Measurement of traits 

In full flowering stage one square meter of three 
central rows were taken from each plot to determine the 
herbage biomass yield. Collected materials were weighted 
after drying in a heater at 45°C for 72 h. Essential oils 
were extracted from dried aerial parts of the collected 
samples of each treatment by hydro distillation for 3h, 
using a Clevenger-type apparatus (British Pharmacopeia, 
1998) and essential oil percentage was calculated. Also at 
maturity, to determine of grain yield an area equal to 1 m2 
was harvested from middle part of each plot considering 
border effect. Harvested plants were dried in 25°C and 
under shadow and air flow, and then grains were 
separated from the remains by threshing. Mucilage 
contents in the seed were determined according to Sharma 
and Koul (1986). Based on essential oil percentage and 
herbage biomass, and from the mucilage percentage and 
grain yield, essential oil yield and mucilage yield were 
calculated, respectively. 
 
Statistical analysis 

Statistical analysis of the data based on split-plot 
design was performed using MSTAT-C software. Duncan 
multiple range test was applied to compare means of each 
trait at the 5% probability level. 

 
RESULTS AND DISCUSSION 

 
According to the results showed, irrigation treatments 

significantly affected herbage biomass at 1% probability 
level but, plant density and interaction had no effect on 
this trait (Table 1). Herbage biomass production was 
reduced as irrigation intervals increased. Highest herbage 
biomass (504.7 g/m2) was achieved under without drought 
stress treatment (Fig. 1). Previous results clearly indicated 
that any change in the amount of irrigation water in 
optimum condition reduces the yield of Matricaria 
recutita L. and Fumaria purpurea (Omidbaigi, 1993), and 
Atropa belladonna (Baricevic et al., 1999). Water deficit 
reduces plant photosynthesis by closing stomata, 
decreasing leaf area, stomata gravity, chloroplast and 
protoplast hydration, and protein and chlorophyll 
synthesis. However, reducing of photosyntate transport 
accumulates the products in leaves results in diminution in 
photosynthesis, limiting growth and crop yield (Hornok, 
1992; Levitt, 1980). 

Our results showed that irrigation treatments had 
significant effect on essential oil percentage (Table 1). 
The highest essential oil percentage was obtained at I4 
irrigation treatment, (Fig. 2). Simon et al. (1992) reported 
that water stress increased essential oil amount of sweet 
basil (Ocimum basilicum). Baher et al. (2002) found that 
severe water stress (66% field capacity) decreased yield of  
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Table 1: Analysis of variance for essential oil percentage, yield 
and herbage biomass of Dragon’s head affected by different 
irrigation and plant density treatments. 

S.O.V df 
Mean Square 

Essential oil 
percentage 

Essential 
oil yield 

Herbage 
biomass

Block 3 0.011 0.105 232.942 
Irrigation  4 0.528 ** 27.01 ** 364255.501 ** 
Error1 12 0.01 0.166 966.385 
Plant density  3 0.003 0.026 900.277 
Interaction 12 0.005 0.178 535.150 
Error2 45 0.014 0.207 771.454 
**: Significant at 1% probability level. 
 

 
 
Fig. 1: Effect of different irrigation treatments (I1, I2, I3, I4 and I5: 
irrigation after 70, 100, 130, 160 and 190 mm evaporation from 
class A pan, respectively) on herbage biomass of Dragon’s head 
(Different letters indicate significant difference at P≤0.05). 
 
savory (Satureja hortensis) but essential oil percentage 
was increased. Karamzadeh (2003) also reported that 
water stress increased the essential oil percentages of 
lavender (Lavandula officinalis) and absinthium 
(Artemisia absinthium). Also, Amarjit et al. (1992) in dill 
and Darzi et al. (2002) in fennel showed that the increase 
in plant density had no significant effect on essential oil 
percentage of which confirms the results of the current 
study. However, Haj-seyed-hadi et al. (2004) reported the 
increase in essential oil percentage of chamomile at lower 
densities. 

Analysis of variance indicated that irrigation 
significantly affected essential oil yield, but plant density 
and their interaction had no effect on this trait (Table 1). 
An increase in essential oil yield was observed under I2 
treatment, but a decrease occurred with drought severity 
(Fig. 3). Our results showed that herbage biomass 
gradually decreased (P<0.01) as irrigation limited more 
from I1 to I5, however essential oil percentage 
significantly increased in this condition. It seems that 
decrease of essential oil yield in I3 and I4 treatments were 
due to decreasing of herbage biomass yield. There are 
various studies on the effects of irrigation intervals on 
production of different crops. Lawal and Rahman (2007) 
employed different irrigation intervals varying from 5 to 
15 days in 2 years, and they found yields changes of 
pepper (Capsicum annuum L.) in the first year but no 
changes of pepper yield in the second year under different 
irrigation intervals. Ucan et al. (2007) found no difference 
in the yield of sesame (Sesamum indicum L.) using 
irrigation intervals of 7, 14, and 21 days in a 2-year 
experiment. They concluded that the irrigation interval 
could be extended to 21 days without decreasing yield. 

Irrigation regimes on Nepeta binaludensis Jamzad, with 
the common Persian name of pune-sa, showed that the 
highest herbage biomass and essential oil yield were 
obtained at irrigation intervals of 7 and 14 days compared 
to 21 days (Nadjafi, 2006). Mirsa and Sircastava (2000) 
reported that moderate water stress decreased leaf area, 
herbage biomass and essential oil yield in peppermint 
(Mentha piperita). Katsoulas et al. (2006) studied the 
effect of irrigation frequency on production and quality of 
rose (Rosa hybrida, cv. First Red) flowers and found that 
higher irrigation frequency improved the biomass 
production but did not affect the quality of harvested 
flowers. 

Irrigation regime and plant density have significant 
effects (P<0.01) on the grain yield of Dragon’s head 
(Table 2). Means comparison indicated that the maximum 
grain yield (158.1 g/m2) produced by I1 followed by I2 
(irrigation at 70 and 100 mm evaporation from class A 
pan, respectively) (Fig. 4), but difference between I1 and 
I2 treatments was not significant. The minimum yield 
(50.1 g/m2) caused by I5 treatment (irrigation at 190 mm 
evaporation from class A pan) (Fig. 4). The lowest grain 
yield (101.5 g/m2) was obtained from D1 (200 plant/m2), 
increased by increasing plant density and gave a 
maximum value (123 g/m2) at D3 (400 plant/m2). After 
that, dense planting (500 plant/m2) led to decreased yield 
because of competition (Fig. 5).  

Previous results clearly indicated that any change in 
the amount of irrigation water in optimum condition 
reduces the yield of Matricaria recutita L. and Fumaria 
purpurea (Omidbaigi, 1993), and Atropa belladonna 
(Baricevic et al., 1999). Water deficit reduces plant 
photosynthesis by closing stomata, decreasing leaf area, 
stomata gravity, chloroplast and protoplast hydration, and 
protein and chlorophyll synthesis. However, reducing of 
photosyntate transport accumulates the products in leaves 
results in diminution in photosynthesis, limiting growth 
and crop yield (Hornok, 1992). Optimum planting density 
is a key to achieve maximum crop production especially 
when water is a limiting factor. Yield reduction, however, 
reported by any changes in plant density compared with 
optimal one (Lloveras et al., 2004). If plant density is too 
high, the decrease in the availability of water per plant 
generates a marked fall in yield per plant that is not offset 
by the increase in the number of plants (Vega et al., 
2001). 

Plant density had no significant effect on the grain 
mucilage percentage, whereas grain mucilage percentage 
significantly affected (P<0.01) by irrigation treatments 
(Table 2). Maximum mucilage percentage (2.929) was 
obtained from I1 treatment, and the minimum (1.06) 
obtained from I5 treatment (Fig. 6). Khodashenas (1995) 
reported row space and plant space had no significant 
effect on mucilage and gam percent in Borago officinalis. 
Farahani (2009) reported that depending upon the plant 
species and plant genotypes, drought stress can increase, 
decrease or have no effect on the levels of metabolites. 
Khazaie (2007) also reported that water stress decreased 
the mucilage percentages of isabgol (Plantago ovata L.). 
Tabrizi (2004) showed that irrigation intervals and plant 
density did not affect mucilage percentage of Isabgol. But, 
Koocheki et al. (2007) reported that drought stress 
increased mucilage percentage and reduced mucilage yield. 
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Fig. 2: Effect of different irrigation treatments (I1, I2, I3, I4 and 
I5: irrigation after 70, 100, 130, 160 and 190 mm evaporation 
from class A pan, respectively) on essential oil percentage of 
Dragon’s head (Different letters indicate significant difference at 
P≤0.05). 
 

 
 
Fig. 3: Effect of different irrigation treatments (I1, I2, I3, I4 and I5: 
irrigation after 70, 100, 130, 160 and 190 mm evaporation from 
class A pan, respectively) on essential oil yield of Dragon’s head 
(Different letters indicate significant difference at P≤0.05). 
 

 
 
Fig. 4: Effect of different irrigation treatments (I1, I2, I3, I4 and 
I5: irrigation after 70, 100, 130, 160 and 190 mm evaporation 
from class A pan, respectively) on grain yield of Dragon’s head 
(Different letters indicate significant difference at P≤0.05). 
 

Analysis of variance of the data indicated that, the 
mucilage yield of Dragon’s head was significantly 
affected by irrigation treatments and plant density 
(P<0.01), but interaction of irrigation×plant density was 
not significant for this trait (Table 2). Maximum mucilage 
yield (4.63 g/m2) was obtained from I1; Irrigation at 70 
mm evaporation from class A pan, and the minimum 
mucilage yield (0.52 g/m2) achieved from irrigation at 190 
mm (I5) evaporation from class A pan (fig.7). The 
maximum  mucilage  yield  (3.001 g/m2) obtained from D3 

 
 
Fig. 5: Effect of different plant density levels (D1, D2, D3 and 
D4: 200, 300, 400, 500 plant/ m2) on grain yield of Dragon’s 
head (Different letters indicate significant difference at P≤0.05). 
 

 
 
Fig. 6: Effect of different irrigation treatments (I1, I2, I3, I4 and 
I5: irrigation after 70, 100, 130, 160 and 190 mm evaporation 
from class A pan, respectively) on grain mucilage percentage of 
Dragon’s head (Different letters indicate significant difference at 
P≤0.05). 
 

 
 
Fig. 7: Effect of different irrigation treatments (I1, I2, I3, I4 and 
I5: irrigation after 70, 100, 130, 160 and 190 mm evaporation 
from class A pan, respectively) on grain mucilage percentage of 
Dragon’s head (Different letters indicate significant difference at 
P≤0.05). 
 
Table 2: Analysis of variance of grain mucilage percentage and 
yield and grain yield of Dragon’s head affected by irrigation and 
plant density treatments. 

S.O.V df 

Mean Square 
Grain 

mucilage 
percentage

Grain 
mucilage 

yield 
Grain yield 

Block 3 0.008 * 0.032 15.339
Irrigation 4 9.683 ** 51.14 ** 34582.660 **
Error 12 0.002 0.022 45.683
Plant density 3 0.006 0.818 ** 1552.410 **
Interaction 12 0.002 0.063 34.703
Error 45 0.007 0.035 58.313
* and **: Significant at 5% and 1% probability level, respectively. 
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Fig. 8: Effect of different plant density levels (D1, D2, D3 and 
D4: 200, 300, 400, 500 plant/ m2) on grain mucilage yield of 
Dragon’s head (Different letters indicate significant difference at 
P≤0.05). 
 
(400 plant/m2), decreased with any changes in density, so 
that the minimum one (2.516 g/m2) was obtained from D1 
(200 plant/m2) (Fig. 8). 

With increasing drought severity, grain yield and 
mucilage percentage were reduced, consequently, 
maximum mucilage yield was observed in I1 treatment, 
but difference between I1 and I2 treatments was not 
significant. Therefore, irrigation after 100 mm 
evaporation from class A pan, is a suitable irrigation 
treatment for balance between mucilage percentage and 
seed yield that lead to the highest mucilage yield. 
Similarly, Rahimi et al. (2013) reported that drought 
stress increased mucilage percentage and reduced 
mucilage yield. 

Our results (Table 2) showed that difference for grain 
yield was obtained at the planting density of D3 (400 
plants/m2) compared with the other three planting 
densities (200, 300 and 500 plants/m2), also different 
planting densities did not show any effect on mucilage 
percentage statistically. The highest mucilage yield (3.001 
g/m2) was achieved at planting density of 400 plant/m2, 
while the lowest mucilage yield (2.516 g/m2) was 
obtained at the planting density of 200 plant/m2. These 
results are in agreement with the investigation of Dari and 
Alamdar (2005) on Plantago ovate. 
 
Conclusions 

In the present study, there was not significant 
differences between irrigation after 70 mm evaporation 
and 100 mm evaporation in herbage biomass and grain 
and mucilage yield, whereas highest essential oil yield 
was achieved on I2 (irrigation after 100 mm evaporation 
from class A pan) treatment. Thus, irrigation after 100 
mm evaporation recommended as the best irrigation 
interval for the semi-arid regions. On the other hand, it 
seems that plant density of 400 plant/m2 is most suitable 
for mucilage and grain yield of Dragon’s head. 
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