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Table 1- Meteorological data of Gonbad Kavous area during the period of Black cumin growth (2017-2018)
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Months of the year (°C) (%) Rainfall
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(Jan) cyege 6.7 77 329
(Feb) sl 11.7 71 61.7
(Mar) 35595 15.6 75 40.9
(APr) cuiges) 20.3 68 40.4
(May) sb > 26.6 59 7.8
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Table 2- Soil properties of experiment site (depth 0-30 cm)
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Soil _d Sand oY) T Organic Self- A o S S
Silt (%) 0 Clay (%) Available Total carbon  peytralizing pH EC
texture (%) phosphorus  nitrogen % ; -1
(opm) %) (%) material ds.m
pp 0 (%)
LSO'L; 56 13 31 13 0.08 0.78 108 7.6 0.96
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Table 3- Analysis of variance of some black cumin traits at different levels of irrigation and salicylic acid
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Mean square
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Plant Number of umf € ofseeds  weightof  Plant il Essential ~ Grain
height lateral o per follicle dry oil yield yield
branches follicle follicle er plant  weight content
per plant Perp g

S L 2 0.030™ 1.86™ 0.217™ 9.16™ 0.0003™ 0.354™ 0.0069™ 0.398™  3350.6™
Replication
(1) ot 3 15.28"™ 7.06™ 6.972™ 187.36™ 0.006™ 1.86™ 01387 3917 229451
Irrigation
ol Slels aox ox o ox . . aox o -
SA) 2 18.26 6.57 0.954 409.42 0.006 6.50 0.054 14.69 74621
Salicylic N N » » » » »
acid 6 1.46 0.581 1.63 67.42 0.001 0.501 0.0096™ 1.14™  8876.8
IXSA
UETror 22 0.480 0.188 0.458 3.73 0.0002 0.154 0.0054 0.761 995.3
Syl 15 4.9 5.4 2.2 4.6 6.9 13.8 14.6 2.9
CV (%)

Lo 0 g ) zokaw j3 )b bzxe > gimepE iy % ks NS
ns, * and ** not significant, significant at 0.01 and 0.05 probability level, respectively.



VY Loluogas g oTpS G bulpd 50 Selomadlo sl 053,18 09265 55l
wlaalow obS Ol (A w3 Sylwmdlw sl g (65l Blisee gl Joliio 51 23 W 9 —€ Joi
Table 4- Slice interaction effects of different levels of irrigation and salicylic acid on some black cumin traits
Loy laxi P
Treatments Sy i) 4>L...j Sl g P &3 dlaws Js-v:-; 039 M“ 0 )

] ! Plant LIPS o J s w9 © & 3
)bl aw <., height Number of ¥ Number of ~ Weightof — Plantdry  Seed yield
Irrigation S (cm) lateral Number of  geeqs per  follicle per weight (kg. ha™)
level Salicylic branches follicle follicle plant (g) (9)

acid per plant

R S; 41.16b 6.40b 10.63b 71.28b 0.274b 4.50c 817c
e . S 45.1a 8.36a 12.83a 91.08a 0.351a 5.62a 935b
(Dry farming) S5 43.53ab 8.53a 11.36b 86.73a 0.374a 5.02b 1006a
LSD 5% 2.03 1.53 1.15 6.17 0.054 0.28 51.14
S Al e > oyl LS S; 46.01a 7.70a 11.73b 80.36b 0.330a 5.14b 873b
(Once irrigation at S, 46.75a 9.16a 14.33a 87.32ab 0.356a 6.57a 1063a
flowering stage) S3 45.76a 9.06a 12.30ab 92.73a 0.377a 5.34ab 1164a
LSD 5% 2.06 2.05 2.24 10.24 0.047 1.28 156
2 dleye 3 o)l b S 43.93a 8.86a 12.20a 84.37¢ 0.380a 5.36a 1092a
4;13 " S 46.90a 10.16a 12.40a 93.52b 0.410a 6.10a 1151a

o

(Once irrigation at S3 44.65a 9.43a 10.90b 99.35a 0.391a 5.59 1171a
grain filling stage)
LSD 5% 3.12 1.85 1.15 4.55 0.092 1.95 90.16
Ao ) cui i )bl Hb 93 S; 4451a 9.33a 13.93a 91.83a 0.370a 5.36b 1265h

b s c S, 46.56a 10.30a 14.46a 92.65a 0.369a 7.62a 1290ab
g ma et S, 44.90a 9.50 12.13a 92.42a 0.388a 5.49b 1330a
filling stages)
LSD 5% 3.28 1.62 4.024 6.93 0.045 1.68 41.22
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In each column, averages that have at least one common alphabet, do not differ significantly from the LSD test at 5% probability
level. S1, S2 and S3, respectively, Non application of salicylic acid, Priming and foliar spraying treatments.
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Introduction
Black cumin (Nigella sativa L.) is an annual plant from the buttercup family that has been used in food
industry and cosmetic products in addition to its medicinal value. It is well known that abiotic stresses especially
drought stress are very restrictive factors for agricultural production around the world. Drought stress affects a
vast range of morphological, physiological and biochemical characteristics of plants. Due to the decrease and
shortage of agricultural water resources, researchers have conducted various researches to find materials that
increase the efficiency of water use and maintenance in plants. One of these compounds is salicylic acid, and this
material is naturally present in most plants and affects many physiological activities of the cell. Due to the
decrease and shortage of agricultural water resources, researchers have conducted various researches to find
materials that increase the efficiency of water use and maintenance in plants. One of these compounds is
salicylic acid, and this material is naturally present in most plants and affects many physiological activities of the
cell. Salicylic acid is a naturally occurring plant hormone that controls plant growth and induces water deficit
tolerance in plants. One of these compounds is salicylic acid, and this material is naturally present in most plants

and affects many physiological activities of the cell. Salicylic acid is a naturally occurring plant hormone that
controls plant growth and induces water deficit tolerance in plants.

Materials and Methods

This study was conducted based on randomized complete design with factorial arrangement of treatment and
three replications at research field of Gonbad Kavous University, Iran in 2018 winter and spring. Different
irrigation regimes at four levels including no irrigation (dry farming), once irrigation at flowering stage, once
irrigation at grain filling stage and twice irrigation at flowering and grain filling stages as well as salicylic acid
factor at three levels including no application (control), seed priming (with 0.5 mM concentration), foliar
spraying (with 0.5 mM concentration) were studied. After application of the treatments, the necessary sampling
was done and the traits such as plant height, number of lateral branches, number of follicle per plant, number of
seeds per follicle, weight of follicle per plant, plant dry weight, essential oil content, essential oil yield and,
finally, grain yield in the plant were evaluated. Statistical calculations were performed using SAS 9.1 software.
The mean of studied traits was also compared by using the least significant difference between the protected
LSD at 5% probability level. The required graphs were also drawn using Excel software.

Results and Discussion

The results showed that simple effects of irrigation and salicylic acid on all traits were significant. The effects
of irrigation and salicylic acid on all studied traits were also significant, except essential oil percentage and
essential oil yield. The use of salicylic acid increased morphological traits. Also, the effects of irrigation and

salicylic acid on all studied traits were significant, except essential oil percentage and essential oil yield. The use
of salicylic acid increased morphological traits. The highest amount of essential oil and essential oil yield in
irrigation levels were related to the irrigation at filling stage (0.65%) and twice irrigation at flowering and grain
filling stages (7.93 kg ha™), respectively. Salicylic acid treatment was the most essential oil and essential oil
yield for salting. The highest grain yield (1330 kg ha™) was obtained in foliar spraying application of salicylic
acid under twice irrigated conditions and the lowest grain yield (817 kg ha™) was obtained in non-application of
salicylic acid at dry farming conditions.
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Conclusions

Salicylic acid is able to reduce the negative effects of drought stress on black cumin plant. In general, the
results showed that by using salicylic acid in the form of foliar application and twice irrigation, optimal yield of
black cumin was achieved.
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