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Table 1- Physical and chemical characteristics of soil of research farm
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Table 2- Monthly weather statistics in area of study
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Table 3- ANOVA (mean of squares) for some triats of Balangu populations under drought stress

F 0 TN s Lislas P Aol 0 a8 slaay
Oyt gale @R ady,ydeb Ay glis ! Sy o ; gy S s
S.0.V @313l Root Plant Plant ? il Number of Number of
df length height fresh Plant dry Number of flower cycle nutin
: weight branches y
weight per plant flower cycle
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ﬁ;“: 3 0.07 17.68 1.97 20.54 6.74 0.04 0.11
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Replicationx Population 6 ) 44.475 1.59 66.52 ) 0.09 )
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Figure 1- Interaction effect of drought xpopulation on root length of Balangu populations (DMRT, p<0.05)

el 48" (olB)l (T i 4l 3y o (4 53 (soke 53>
S (Y) S (g iy Sgdom 3 Sdas gLl )l (g5l
o325t ol dngs g A5) 4 )3 5 Jobo il el 29008
Hol (Jds o 33,5 (o0 il )lad S 5 Bl
o lalS gl b Sy jiSa oS o3Il 51 l oS ugune
b o g bl ialS 5 595 s oSy ek yialS o 4 b
g L 4 Gl (s 9 Wboo GRBE J olS (gjtiwgis JS
Caleg o 9 ol 4y eal bl ) (gjog sloodygl 3 0
Olesen (1) ohlSon 5 JsSi (V) 29300 ol Jlad ] 5,Skos
D39y JS )y a5 gli)) alS sals (gusboy i lEI L

i ga &m‘,l
1 e 4y e 8 3 ol (F Jy22) oy 4525
B (S Gl Ly (/1) 26,5 )5 5 St
Orlee b &gy gl 5 pas )3 & (gygbdy o) lay alS g
Cwds WA G5 50 e Bl YF/IVY glasy) & o 5lu YF/O)
(e Bl YY/A) g £li5)] olo)S Comes ddCunes (w3 el
Mt Eosnar 3 3303 S Lacuman /50 & o 5 abS
L)l (¥ Jgas) ob sl Liols8l (e ol YE/V) &35y elas)|
ashy ks oo bylpd (S5 Sluogas b o lals
4552 i) Ygoma (V) 255 0 5 )55 S 5 S 015 009



Pl ol 85l Comen dw (S jalg b 99 90 Oluogas p (Sl (i T (2l )l

zdls o, Sibe Jsb 5 boo,S ol ials ]

b gy G5 A 4D 3 |y 55 s o el)] tals” b

Curod g Swid i ol Ol Cov ojlus SIL Cluogad Sy —€ Joio
Table 4- Some of Balangu characteristics under drought stress and population
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atm)
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*Means with the same letters in each column are no different according to Duncan’s multiple range test at 5% of
probability level.
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Figure 2- Interaction effect of drought xpopulation on flower cycle per Balangu plant (DMRT, p<0.05)
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Figure 3- Interaction effect of drought xpopulation on number of nut per flower cycle in Balangu (DMRT, p<0.05)
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Figure 4- Interaction effect of drought xpopulation on number of seed per nut of Balangu (DMRT, p<0.05)
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Table 3- Analysis of variance (mean of squares) Balangu populations different under stress
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Figure 8- Interaction effect of drought xpopulation on oil yield of Balangu (MSRT, p<0.05)
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Figure 9- Interaction effect of drought xpopulation on superoxide dismutase enzyme activity in Balangu (MSRT, p<0.05)
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Table 5- Stepwise regression analysis for Balangu grain yield as a dependent variable and other traits as an independent

variable
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*and **: significant at 5% and 1% of probability level, respectively.
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Introduction: Water deficit is one of the major abiotic stresses, which adversely affects crop growth and
yield. Plants use two different strategies, including drought avoidance and drought tolerance to grow under
drought stress. Drought avoidance species are able to have a normal growth, which is due to: 1) efficient and fast
metabolism, 2) high uptake of water and nutrients, and 3) little production of secondary metabolites under
deficient water conditions. While drought tolerance species maintain their regular growth, under drought stress,
by: 1) adjustment of osmotic potential, 2) changes in cell wall properties, and 3) production of antioxidants and
secondary metabolites, these species under prolong drought, and irrespective of plant type, plant produces higher
rate of secondary metabolites, as a non-enzymatic mechanism. Such products are able to maintain plant
activities, under oxidative stress, and in the presence of high rate of reactive oxygen species. Medicinal plants,
including Balangu (Lallemantia royleana Benth.), are cultivated across different parts of the world including
Iran for food and biodiesel purposes. Investigating the effects of drought stress on the production of secondary
compounds by medicinal plants is an important issue. According to the previous studies drought stress increases
the production of secondary compounds affecting the quality of medicinal plants. This must be considered when
developing tolerant medicinal plants under stress, especially if the quality of medicinal plants is of higher
importance than their quantity. The tolerance of medicinal plants is different under stress. Due to the importance
of drought and its effects on the growth and the quality of medicinal plants, in this research the effects of stress
intensity and plant species on the growth and physiology (including the medicinal contents) of Balangu plants
were investigated. To our knowledge, there are not much data on such effects. The objectives of this study were
to investigate the effects of drought stress on: 1) Balangu growth and yield, and 2) Balangu physiology including
the activities of morphological traits, yield components and oil yield and the production of antioxidant enzyme
affecting plant medicinal content.

Materials and Methods: This study was conducted to investigate grain yield, yield components, and
superoxide dismutase enzyme in three populations of Balangu (Lallemantia royleana Benth.) under drought
stress. This study was conducted as a split plot experiment based on randomized complete block design with
three replications at the experimental field of Shahed University during 2013-2014 growing season. The main
factor consisted of four levels of drought stress (soil moisture content of -0.5, -3.5, -6.5 and -9 atm) and three
Balangu Shirazi populations (Mashhad, Kerman and Taleghan) as sub-factors were considered. The main factor
included drought stress levels at four levels (soil moisture content of -0.5, -3.5, -6.5 and -9 atm) and three
Balangu Shirazi populations (Mashhad, Kerman and Taleghan) were considered as sub-plots. Measured traits
were included root length, plant height, fresh and dry weight per plant, grain yield, grain yield components,
mucilage percent and yield. In order to study the morphological traits, seven plants of each plot were selected
with consideration of marginal impacts. About four square meters of each plot was harvested at maturity for
determination of yield and its components.. The analysis of variance was does through SAS 9.12 statistical
program and the means were compared by Duncan's multiple range test in 5% level.

Results and Discussion: A set of yield and biochemical properties of three different species of Balangu
which were affected by drought levels were determined. According to the analysis of variance the yield and
biochemical properties of Balangu were significantly affected by drought, and there were significant differences
between three species. The results showed that drought stress had a significant effect on growth components,
yield components, grain yield, and oil yield and superoxide dismutase enzyme. With decrease of soil water
content, plant height traits (24.73 cm), the number of branches (5.44), fresh (17.36 g) and dry (3.80 g) weight of
plant, 1000-grain weight (1.51 g), harvest index (6.41 %), grain yield (157 kg.ha*) and oil yield (37.77 kg.ha?)
decreased. Root length and superoxide dismutase content increased by 24.02 and 66.63% under severe stress
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compared to no stress condition, respectively. The highest grain and oil yield was obtained in Mashhad
population under drought stress. In relatively severe stress conditions, the grain and oil yield of Taleghan
population increased with the mean of 315.75 and 86.5 kg.ha*, respectively. Under drought stress levels, the
lowest reduction was observed in some growth characteristics and grain yield of Kerman population.

Conclusion: Overall, the results of this study demonstrated that drought stress at flowering stage increased
root length and superoxide dismutase enzyme of the studied populations. Furthermore morphological traits, grain
yield components, harvest index, relative water content, grain yield and seed oil of Balangu populations were
decreased. The highest seed and oil yield gained under moderate stress which belongs to Taleghan population
and Mashhad population revealed the highest seed and oil yield under mild stress. Therefore, given the high
stresses, introducing high-yielding populations under relatively severe stresses can lead to water use efficiency
and irrigation management. Finally, the production of Taleghan population under relatively severe conditions
such as arid and semi-arid cropping systems is recommended.
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