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A B S T R A C T 

Background: Water stress is one of the most important abiotic stresses, which 
limits plant growth and yield in dryland conditions. Balangu (Lallemantia spp), is 
a plant in Lamiaceae family and has several nutritional and medicinal 
applications. This experiment was carried out in the farm of Yasouj Agricultural 
and Natural Resources Research Center in 2017-2018. This study was conducted 
in a randomized complete block design with five medicinal plant landraces of 
Balangu (Kerman, Isfahan, Kurdistan, Mashhad, and Malekan) in four replications 
in dryland conditions. Due to the water limitation in arid and semi-arid regions 
and the importance of the Balangu medicinal plant, the objectives of this 
experiment was to improve the yield, percentage, and yield of mucilage as well as 
seed oil of Balangu landraces in dryland conditions. 
Methods: The measured traits in this experiment included grain yield, 
percentage of mucilage, and seed oil. The percentage of mucilage was measured 
by heat one gram of dry grain with 10 ml of 0.1 N hydrochloric acid until 
discoloration occurs in the grain shell, then 60 ml of 96% ethyl alcohol was added 
to the resulting mucilage solution and it was refrigerated for five hours. The 
resulting precipitate was placed in an oven for 12 hours after filtration at 50 °C . 
After these steps, the amount of mucilage was recorded as a percentage. The seed 
oil percentage was measured by Soxhlet method. First, the desired seeds were 
milled. Then, the milled samples were passed through a 20 mesh sieve and about 
5 to 10 grams of powdered seeds were wrapped in filter paper. Next, a sample of 
filter paper with seed powder was placed in the cartridge of Soxhlet extractor 
machine. For each sample, according to the volume of the balloon, about 150 ml of 
petroleum gasoline solvent (with a boiling point of 40 to 60 °C-) was poured into 
the balloon, and the device was then turned on and the cold tap was turned on. 
After about 4 to 4.5 hours, the sample oil was extracted and transferred to a 
balloon. After the above steps, the sample was removed from the refrigerant and 
dried in an oven. After that, the solvent was separated from the oil. The analysis of 
variance was does through SAS 9. 2 statistical program and the means were 
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compared with Duncan’s multiple range test in 5% level of probability. 
Results: The results showed that in dryland conditions, grain yield, mucilage, and 
oil of Balangu landraces were significant at 5% probability level. The highest 
grain yield was obtained from Kurdistan and Mashhad landraces with average 
yields of 529 and 515 kg ha-1, respectively. They also had higher mucilage and 
seed oil yield than other landraces tested. The lowest grain yield was obtained 
from Kerman and Malekan landraces at the rate of 458 and 491 kg ha-1. 
Conclusion: The results of this study indicated that among the landraces, the 
highest yield, mucilage, and grain oil gained in dryland conditions which belong to 
Kurdistan and Mashhad landraces. Overall, the results of this study concluded 
that the landraces of Kurdistan and Mashhad are recommended for cultivation in 
dryland conditions due to high yield, mucilage, and grain oil. 

1. Introduction 

he increasing approach to the use of 
medicinal plants worldwide makes 
clearer the importance of 
cultivation and production of these 

plants. Currently, the demand for medicinal 
plants as consumables products is increasing in 
the health and pharmaceutical industries. 

Balangu (Lallemantia spp), is an annual, 
herbaceous, and drought tolerant medicinal 
plant belonging to Lamiaceae family, and its 
seeds are rich in edible oils [1]. Its origin is in 
the Caucasus [2] and the Middle East [3]. This 
plant has been found in different parts of Iran 
[4]. Its seeds containing essential oil and 
mucilage, and have antioxidant properties. 
Balangu seeds are used in the treatment of 
various disorders, such as some neurological 
disorders. This plant is further considered as a 
type of sexual stimulant and expectorant among 
local medicines in Iran [5]. Balangu seeds are 
traditionally used as a fortifier, diuretic, and 
stimulant in relieving coughs caused by colds in 
Venice [6]. Likewise, it is used to relieve 
bleeding gums, inflammation [7] and 
strengthen the liver and kidneys [5]. Balangu oil 
has medicinal, nutritional, lighting, polishing, 
and painting uses [8]. 

Plants in nature are constantly exposed to 
the kinds of living and non-living stresses. 
Among these stresses, drought stress is one of 
the most unfavorable factors of growth and 
productivity and a serious threat to sustainable 
crop production and food security in the face of 
climate change [9]. Water is one of the 
environmental factors which has a major 
impact on the growth and development of the 

amount of active ingredients in medicinal 
plants. Water deficit is one of the factors 
affecting the quantity of production, which in 
some cases reduces crop yield by 50% [10]. 
Plants accumulate more secondary compounds 
when exposed to water scarcity than under 
normal water conditions [11]. 

Due to humidity restrictions,high 
temperatures in dryland conditions, and 
selection of landraces of Balangu medicinal 
plan, it is important for these areas to have high 
germination rate and fast establishment. 
Incresingly, the green percentage is one of the 
important factors in increasing the yield of 
Balangu in dryland conditions [12]. In the study 
of yield, yield components, and water use 
efficiency under drought stress conditions, it 
was found that water stress caused a significant 
decrease of 31.70% of leaf area index in 
Balangu. There was observed a positive and 
significant correlation between water use 
efficiency and grain weight (0.52), grain yield 
(0.98), and biological yield (0.61) [13]. In a 
study on Balangua landraces in dryland and 
supplementary irrigation conditions, it was 
reported that in supplementary irrigation 
conditions, plant height, and in dryland 
conditions, the number of main branches 
showed the highest correlation coefficient with 
grain yield [14]. The results of research on 
some characteristics of Balangu revealed that 
the effect of fertilizer on quality characteristics 
was not significant except for mucilage and 
seed yield. The effect of density was significant 
on mucilage yield and swelling [15]. In another 
study, the results showed that increasing the 
discharge of usable soil water increased the 
percentage of mucilage. The highest percentage 
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of grain mucilage was related to the treatment 
of 60% of the usable soil water discharge. In 
general, the percentage of mucilage in Balangu 
seeds increased under the influence of the 
decrease in the amount of irrigation water, the 
decrease, and the percentage of protein 
decreased [13]. 

Some substances in the outer covering of the 
seed, such as the mucilage in the cell walls, 
increase the amount of water absorbed. 
Mucilage increases seed moisture and 
germination by protecting the seed from drying 
out at germination, early seedling growth by 
maintaining moisture content [16], 
andincreasing seed-soil contact levels [17]. 

Due to the water limitation in arid and semi-
arid regions and the importance of the Balangu 
medicinal plant, the purpose of this experiment 
was to improve the yield, percentage, and yield 
of mucilage and seed oil of Balangu landraces in 
dryland conditions. 

2. Materials and methods 

The study was conducted during 2017–18 in 
the farm of Yasouj Agricultural and Natural 

Resources Research Center, Iran, with the 
latitude of 41° 30´ N, longitude of 31° 51´ E, and 
1740 meters’ elevation from sea level. The long-
term annual average air temperature is 17.8 °C, 
and average rainfall for 30 years is 630 mm. 
The climatic conditions of the experimental 
sites were semi-arid with relatively hot dry 
summer and cold in winter season. 

The research was carried out in a 
randomized complete block design with five 
treatments consist of Kerman, Isfahan, 
Kurdistan, Mashhad, and Malekan landraces in 
four replications under dryland conditions. 
Each experimental plot consisted of 8 lines 4-m 
with a line spacing of 25 cm, and a spacing of 4 
cm between the plants. On the first of 
November, the seeds were sown to a depth of 
1.5 cm, and the seeds were covered with 3 cm 
of light soil. 

Prior to planting, a compound soil surface 
(0–30 cm) sample was gathered, exposed to dry 
air, passed through a 2-mm sieve, and sent to 
the laboratory. The physicochemical 
characteristics of the soil are presented in Table 
1. 

Table 1. Physicochemical properties of the farm soil (0–30 cm) 

Year 
Soil 

Texture 
pH 

EC 
(dS 
m-

1) 

Organic 
Matter 

(%) 

Total 
Nitrogen 

(%) 

Phosphorus Potassium Iron Zinc 

(mg kg-1) 

2017-
18 

C-L* 7.4 0.92 0.96 0.12 11 352 6.53 1.95 

* C-L: Clay-Loam 

Based on the results of soil analysis, nitrogen 
and phosphorus fertilizers were used from urea 
and triple superphosphate fertilizers. Land 
preparation operations including plowing, disc, 
and leveler were performed. After harvesting, 
grain yield, mucilage and seed oil percentage 
were determined. Mucilage and seed oil yield 
was obtained by multiplying the mucilage and 
oil percentage in the grain yield.  

The percentage of mucilage was measured 
by the method [18]. In this method, heat one 
gram of dry grain with 10 ml of 0.1 N 
hydrochloric acid until discoloration occurs in 
the grain shell, then add 60 ml of 96% ethyl 
alcohol to the resulting mucilage solution and 
refrigerate for five hours. The resulting 

precipitate was placed in an oven at 50 °C for 
12 hours after filtration. After these steps, the 
amount of mucilage was recorded as a 
percentage. Mucilage yield was calculated 
according to the following equation: 

(Grain yield × percentage of mucilage) = yield of 
mucilage                                                  Equation (1) 

The following was performed to an extractor 
and measure the seed oil percentage by Soxhlet 
method [19]. The desired seeds were initially 
milled. The milled samples were then passed 
through a 20 mesh sieve and about 5 to 10 
grams of powdered seeds (with an accuracy of 
0.10 grams) were wrapped in filter paper. Then, 
a sample of filter paper with seed powder was 
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placed in the cartridge of Soxhlet extractor 
machine. 

For each sample, according to the volume of 
the balloon, about 150 ml of petroleum gasoline 
solvent (with a boiling point of 40 to 60 °C) was 
poured into the balloon, and then the device 
was turned on and the cold tap was turned on. 
After about 4 to 4.5 hours, the sample oil was 
extracted and transferred to a balloon. After the 
above-mentioned steps, the sample was 
removed from the refrigerant and dried in an 
oven. Then, the solvent was separated from the 
oil. The following equation was used to 
calculate the percentage of seed oil: 

Seed oil percentage = (primary seed of the 
sample weight - drying and extraction oil from 
the sample of weight) / (primary seed of the 
sample weight) × 100                          Equation (2) 

Data analysis was performed using SAS 
software version 2.9. The means were 
compared using Duncan's test at 5% probability 
level. 

3. Results 

3.1. Grain yield 

The results of variance analysis revealed that 
under dryland conditions, grain yield of 
different Balangu landraces had a significant 
difference in the probability level of 5% (Table 
2). The landraces of Kurdistan and Mashhad 
had the highest grain yield with average yields 
of 529 and 515 kg ha-1, respectively. The lowest 
grain yield was related to Kerman and Malekan 
landraces at 458 and 491 kg ha-1 (Table 3). In a 
study, the reduction of vegetative and 
reproductive yield of Balangu in drought stress 
conditions was attributed to the reduction of 
canopy and photosynthesis [20]. 

3.2. Oil yield 

The oil yield trait under dryland conditions was 
significantly different at the 5% probability 
level (Table 2). The landraces of Kurdistan and 
Mashhad had the highest and the landraces of 
Kerman had the lowest oil content (Table 3). 
Although no significant difference was 
observed among the oil content of Balangu 
landraces, this difference was evident among 
the oil content. It seems that the reason for this 
is due to the greater control of the percentage 
of seed oil by genetic factors and the high 
impact of oil yield on changes in grain yield 
relative to the percentage of oil. Similarly, the 
reduction of Balangu oil due to water stress was 
reported by [20]. Many researchers have 
reported similar results in reducing the yield of 
Balangu seeds in dehydrated conditions [13, 
14]. 

3.3. Mucilage yield 

The total yield of mucilage is the total grain 
harvested per hectare. According to Table 2, the 
mucilage landraces of Balangu was affected by 
dryland conditions. The production of 
secondary metabolites increases under stress 
conditions, and the production of mucilage is 
also a mechanism against water stress [21]. 
Since the yield of mucilage is a product of the 
amount of mucilage multiplied by the yield of 
grain, this trait changes naturally under the 
influence of grain yield. According to the 
results, the landraces of Kurdistan and 
Mashhad showed higher oil content, mucilage 
and seven times higher yield compared to 
Kerman and Malekan landraces. 

Table 2. Variance analysis (mean squares) of traits of Balangu landraces in dryland conditions 

Sources of 
variation 

Degrees 
of 

freedom 

Seed 
yield 

Oil (%) Oil yield Mucilage (%) Mucilage yield 

Replication 3 5.27 ns 1.07 ns 3.22 ns 0.079 ns 1.513ns 

Landraces 4 
4537.5 

** 
1. 93 ns 271.9 ** 1.55 ns 18.04 * 

Error 12 51.4 0.829 35.7 0.49 7.21 
C.V (%)  13.7 8.3 12.6 7.8 15.1 

*, ** and ns indicates significant levels at 0.05, 0.01 and non-significant 
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Table 3. Main Comparisons of Balangu landraces characteristics in dryland conditions 

Landraces 
Seed yield 
(kg.ha-1) 

Oil (%) 
Oil yield 
(kg.ha-1) 

Mucilage 
(%) 

Mucilage 
yield (kg.ha-1) 

Kerman 458e 41.3a 189.1d 4.1a 18. 8c 
Esfahan 503c 40.5ab 203.7c 3.9ab 19.6b 

Kurdistan 529a 39.9ab 211.1a 3.6abc 19.1b 
Mashhad 515b 40.7ab 209.6b 4.4a 22.7a 
Malekan 491 41.1a 201.8c 3.7ab 18.2c 

Different letters in the same column indicate significant differences at P < 0.05 (Based on Duncan's multiple 
range test) 

4. Discussion 

To overcome water deficit, the plant 
transfers some of the nutrients to the roots to 
develop the root system, and as a result, the 
allocated share to seed production is reduced. 
Yield is significantly reduced when drought 
occurs at any stage of plant growth and 
development [22]. It has been reported that the 
decrease in grain yield is due to changes in 
phenological stages or different environmental 
conditions such as exposure to water stress or 
end-of-season heat or in some cases non-use of 
early rainfall and soil moisture stored [20]. 

In dryland conditions, grain yield decreased 
in all Balangu landraces, but the rate of yield 
reduction in Kerman and Malekan landraces 
was more than Kurdistan and Mashhad 
landraces, which could be related to the ability 
of genetic and physiological adaptation. All 
Balangu landraces except Isfahan landrace had 
different yield, the lack of grain yield difference 
of Isfahan landrace could indicate that this 
species has genetic and ecological 
characteristics which are not much affected by 
the growing environment. 

High grain yield in Kurdistan and Mashhad 
landraces can indicate that these landraces are 
more resistant in water stress conditions. Given 
that mucilage yield is a product of the amount 
of mucilage multiplied by grain yield, it can be 
mentioned that the increase in mucilage yield is 
due to increased grain yield. These properties 
are likely under genetic control or less affected 
by the environment. 

6. Conclusion 

This oil-medicinal plant is one of the plants 
resistant to adverse environmental conditions, 
especially water deficit, due to its mucilage. Its 
seeds are widely used for food and medicinal 
purposes. Variance Analysis indicated that 
there was a significant difference in the mean 
yield of grain, mucilage, and oil of the landraces 
in dryland conditions. However, there was no 
significant difference among the mean 
percentage of mucilage and oil of Balangu 
landraces. Based on the results, Kurdistan and 
Mashhad landraces were identified as landraces 
with high yield, mucilage, and high grain oil in 
dryland conditions. Due to the necessity of 
production and cultivation of medicinal plants 
in agricultural systems, these cultivars are 
recommended for cultivation in dryland 
conditions. 
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