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Introduction

The ever-increasing tendency to the use of medicinal plants in the world has grown concerns about their
cultivation and production processes. As medicinal plants are more compatible with the nature, special interest
and attention has recently been given to herb therapy, and use of medicinal plants, being limited by the rise of
pharmaceutical drugs, has become again common and widespread due to a number of reasons. Nigella sativa L. is
one of the herbs that has a variety of uses and has been being used in iran’s traditional medicine since old times.
Today this plant is considered as one of the most important kinds of medicine. Therefore, it is of great importance
to conduct some researches on the herbs around the country due to different ecological requirements. N. sativa
belonging to buttercup family, with the scientific name of Ranunculaceae, is an annual, dicotyledonous,
herbaceous plant. In several studies, N. sativa has been reported to have anti-oxidative, anti-inflammatory,
strengthening of immune system, and anti-histamine and oil extract properties. Furthermore, several effects such
as lowering blood sugar, lipids, and hypertension, excretion of bile and uric acid, protection of liver, kidney and
cardiovascular tissues as well as anti-seizure, anti-cancer, anti-microbial and anti-parasitic effects related to this
plant have been reported. The aim of the present study is to improve the yield and yield components and oil of
medicinal plant N. sativa by anti-transpiration compounds under drought stress conditions.

Materials and Methods

An experiment was conducted at Research Station,Faculty of Agriculture, Ferdowsi University of Mashhad, in
2012-2013. The research was performed using a split plot experiment based on a randomized complete block
design with three replications. The irrigation intervals (8 and 16 days) in main plots and anti-transpiration
compounds of chitosan (0.25, 0.5 and 1%), Plantogopsyllium mucilage (0.5, 1 and 1.5%) and arabic gum (0.25,
0.5 and 0.75 %) were put in subplots with three replications. Also, the distance between the main plots in each
block and distance between the two blocks were assigned as 100 cm and 200 cm, respectively; so that the moisture
content of a plot had no effect on the adjacent plots. Planting date was April16 and planting was performed by
hand in 0.5cm-deep furrows. Throughout the growing season, anti-transpiration compounds were applied
concurrently with the imposition of drought stress, administered weekly at sunset until the flowering stage.
Subsequently, yield, yield components, and oil content were measured.

Results and Discussion
Results showed that irrigation intervals had significant effects on all studied characteristics with the exception
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of 1000 seed weight. ncreasing irrigation intervals reduced percentage yield and yield components and oil of black
cumin grains. Anti-transpirants compounds did have significant effects on percentage of oil and yield and yield
components of black cumin grains. There were significant difference between different anti-transpirants
compounds in terms of oil and yield components yield and of black cumin grains. The 8 days irrigation interval
produced more grain yield compared with 16 days irrigation intervals (621.56 vs. 484.23 kg/ha). The highest oil
(27.74%) and lowest (21.74%), respectively, at treatment anti-transpirants compound chitosanl percent With 8
days irrigation interval and gam arabic 0.25 percent was obtained with 16 days irrigation interval and chitosan
stimulating abscisic acid synthesis in the treated plant would result in stomatal closure, reduction of stomatal
conductance, transpiration rate and water content. They also pointed out that the anti-transpiration effect of
chitosan was because of its stimulatory effect in increasing abscisic acid concentration in the treated leaves of bean
plant. As the above compounds are natural and biodegradable, as well as safer and less expensive than other
chemical anti-transpiration compounds, they can serve as a good alternative to the chemical compounds. Cognition
and expertise in water relations of plant and drought stress tolerance is considered as the main program in
agriculture and the ability to withstand this stress is of great economic importance.

Conclusion
The anti-transpiration compounds led to significant changes in terms of all the studied traits compared to the
control, indicating the effectiveness of theses natural compounds. Providing the appropriate conditions, 1%
chitosan treatment can enhance the yield under drought stress. Spraying by arabic gum did not improve the growth
conditions. According to this experiment, 1% chitosan treatment and 1.5% Plantago psyllium mucilage is
considered the most appropriate strategy to enhance the yield of Nigella sativa under drought stress.
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content, and harvest index in Nigella sativa.
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ns, * and ** :non- significant and significant at the 5% and 1% of probability levels, respectively.
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Figure 1- The interactioneffect of irrigation intervals xanti- transpirant compounds on the seed yield of Nigella sativa (LSD,
p<0.05)
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Table 3- The yield, yield components and oil content of Nigella sativa under different levels of irrigation intervals and anti -
transpiration compounds in Nigella sativa
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Irrigation intervals (day)
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In each column, means followed by at least one common letter are not significantly different at 5% of probability level based on LSD
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Figure 2-The interaction effect of irrigation intervals xanti-transpirant compounds on the oil content of Nigella sativa seeds
(LSD, p<0.05)
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Table 4- The interaction effect of irrigation intervals xanti- transpirant compounds on the yield, yield components and oil
contents of Nigella sativa seeds
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Treatments Number of capsules per plant  Number of seeds per capsule Seed weight per plant  Harvest index

11Ky 6.45¢c 65.88¢ 1.02b 34.15a
11K2 7.36b 66.63b 1.06b 34.35a
11K3 8.2a 70.93a 1.14a 34.51a
1M1 6.29cd 57.86i 0.68d 30.22defg
11M2 6cde 59.25h 0.68d 30.27def
11M3 6cde 61.84f 0.69d 30.59cd
11G1 5.34fg 56.87Kj 0.64ed 29.73ghi
11G2 5.21fg 58.93h 0.64ed 29.81efghi
11Gs 4.97gh 59.35h 0.64ed 30.21defg
ILC 5.18fg 57.27ji 0.64ed 29.77fghi
12Ky 6.33c 62.87¢ 0.83c 30.80c
12K2 7.28b 64.83d 0.86¢ 31.98b
12K3 6.28cd 63.02e 0.86¢ 32.11b
12M1 5.7¢ef 56.92kj 0.57f 30.11defgh
12M2 5.7¢ef 56.87kj 0.64ed 30.10defgh
12M3 5.74def 60.92¢g 0.64ed 30.16defgh
12G1 5.58ef 53.01m 0.64ed 29.46i
12G2 4.55hi 54.971 0.60ef 29.65hi
12Gs 5.38fg 57.97i 0.58f 30.31cde
1.C 4.32i 57.92i 0.55f 28.55j
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In each column, means followed by at least one common letter are not significantly different at 5% of probability level based on LSD
test.
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11=8 days irrigation interval, 12=16 days irrigation interval, K1=chitosan 0.25%, K2=chitosan 0.5%, K3=chitosan 1%, M1=mucilage
0.5%, M2=mucilage 1%, M3= mucilage 1.5%, G1=gum 0.25%, G2=gum 0.5%, G3=0.75%
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