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Table 1. ANOVA of different Nigella sativa traits affected by drought stress and foliar application of
salicylic acid and polyamines

S0V d.f Plant ?riglg:’ Number of fertile Number of seeds 1000-seeds
i o height pweighty capsules per plant per capsule weight
drought stress (A) 3 1100™" 42.6™ 67.4™ 1894™ 6.62™
foliar application (B) 6 52.9™ 1.13™ 0.88 ns 70.01 ns 0.39™
AxB 18 35.3" 0.55™ 0.06 ns 9.03 ns 0.06™
Experimental error 56 14.4 0.23 221 120 0.01
C.V. (%) 7.88 12.05 14.47 14.46 6.61
=N Jsds sl
Continued table 1. ...
SOV, df Seed yield per ~ Biomass Oil Oil yield Essential oil Harvest
pot per pot percentage percentage index
drought stress (A) 3 541 1155™ 351 45.6™ 0.004™ 1330™
foliar application (B) 6 10.5™ 28.3™ 16.08™ 1.61™ 0.0008™ 181 ns
AxB 18 0.45ns 13.9" 10.4* 0.53" 0.0001™" 107 ns
Experimental error 56 1.92 5.93 4.7 0.22 0.00004 122
C.V. (%) 13.9 12.05 11.3 22.7 151 22.9

n.s. and **: non-significant and significant at 1% probability level, respectively.
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Figure 1. Means comparison of drought stress x foliar application of salicylic acid and

polyamines effects on Nigella sativa plant height

Drought stress (% of field capacity): FC25, FC50, FC75, and FC100; Foliar application: control, alicylic acid 0.5 mM (SAO0.5),
salicylic acid 1 mM (SAL), putrescine 0.5 mM (PUO0.5), putrescine 1 mM (PU1), spermidine 0.5 mM (SP0.5), spermidine 1 mM (SP1)
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 2. Means comparison of drought stress x foliar application of salicylic acid and polyamines effects on
Nigella sativa plant dry weight
Drought stress (% of field capacity): FC25, FC50, FC75, and FC100; Foliar application: control, alicylic acid 0.5 mM (SAO0.5),
salicylic acid 1 mM (SAL), putrescine 0.5 mM (PUO.5), putrescine 1 mM (PU1), spermidine 0.5 mM (SP0.5), spermidine 1 mM (SP1).
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 3. Means comparison of drought stress x foliar application of salicylic acid and

polyamines effects on Nigella sativa 1000-seed weight
Drought stress (% of field capacity): FC25, FC50, FC75, and FC100; Foliar application: control, alicylic acid 0.5 mM (SAO0.5),
salicylic acid 1 mM (SAL), putrescine 0.5 mM (PUO.5), putrescine 1 mM (PU1), spermidine 0.5 mM (SP0.5), spermidine 1 mM (SP1).
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 2. Means comparison of single effects of drought stress and foliar application of salicylic acid and
polyamines on different Nigella sativa traits

Plant height  Aerial parts dry Number of seeds Number of fertile 1000-seeds
(cm) weight (g) per capsule capsules per plant weight (g)
Drought stress
(% of field capacity)
25 39.5d 2.24d 8.46d 75.5¢ 1.40d
50 46.0c 3.49c 9.50c 85.4b 1.61c
75 50.9b 4.83b 10.53b 94.3a 2.31b
100 56.6a 5.60a 12.66a 96.2a 2.59a
Foliar application
control 46.08¢ 3.45¢ 9.96a 86.04a 1.61d
alicylic acid 0.5 mM 47.9bc 4.47a 10.4a 89.9a 1.89c
salicylic acid 1 mM 51.6a 4.16ab 10.7a 91.9a 2.06ab
putrescine 0.5 mM 47.6¢ 4.08ab 10.1a 87.05a 1.99bc
putrescine 1 mM 50.7ab 4.13ab 10.5a 88.6a 2.10ab
spermidine 0.5 mM 46.7c 3.95b 10.02a 84.8a 2.05ab

spermidine 1 mM 47.04c 4.01b 10.3a 86.8a 2.14a
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Continued table 2. ...
Seed yield Biomass per pot Oil Oil yield Essential oil Harvest
per pot (g) (9) percentage (g.pot-1) percentage index
Drought stress
(% of field capacity)
25 4.59d 11.2d 15.8¢c 0.74d 0.062d 41.8c
50 7.19c 17.5¢ 17.6b 1.28¢c 0.046¢ 42.2c
75 11.88b 24.1b 18.5b 2.22b 0.035b 50.1b
100 16.05a 28.0a 25.2a 4.10a 0.030a 58.7a
Foliar application
control 8.92d 17.3c 17.9¢c 1.50e 0.036de 50.4ab
salicylic acid 0.5 mM 10.27bc 22.4a 19.5a-c 1.84bc 0.041cd 45.9b
salicylic acid 1 mM 11.47a 20.8ab 21.1a 2.17a 0.058a 55.0a
putrescine 0.5 mM 9.35cd 20.4ab 18.7bc 1.63de 0.037de 44.5b
putrescine 1 mM 10.65ab 20.7ab 20.4ab 1.96b 0.050b 49.9ab
spermidine 0.5 mM 8.98d 19.8b 18.1c 1.53e 0.035e 43.9b
spermidine 1 mM 9.86b-d 20.05b 19.09bc 1.75cd 0.045bc 47.9ab

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 4. Means comparison of drought stress x foliar application of salicylic acid and

polyamines effects on Nigella sativa biomass
Drought stress (% of field capacity): FC25, FC50, FC75, and FC100; Foliar application: control, alicylic acid 0.5 mM (SAO0.5),

salicylic acid 1 mM (SAL), putrescine 0.5 mM (PUO0.5), putrescine 1 mM (PU1), spermidine 0.5 mM (SP0.5), spermidine 1 mM (SP1).

Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 5. Means comparison of drought stress x foliar application of salicylic acid and
polyamines effects on Nigella sativa seeds oil content
Drought stress (% of field capacity): FC25, FC50, FC75, and FC100; Foliar application: control, alicylic acid 0.5 mM (SAQ.5),
salicylic acid 1 mM (SAL), putrescine 0.5 mM (PUO.5), putrescine 1 mM (PU1), spermidine 0.5 mM (SP0.5), spermidine 1 mM (SP1).
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 6 Means comparison of drought stress x foliar application of salicylic acid and
polyamines effects on Nigella sativa seeds oil yield

Drought stress (% of field capacity): FC25, FC50, FC75, and FC100; Foliar application: control, alicylic acid 0.5 mM (SA0.5),
salicylic acid 1 mM (SAL), putrescine 0.5 mM (PUO.5), putrescine 1 mM (PU1), spermidine 0.5 mM (SP0.5), spermidine 1 mM (SP1).
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 7. Means comparison of drought stress x foliar application of salicylic acid and
polyamines effects on Nigella sativa essential oil content
Drought stress (% of field capacity): FC25, FC50, FC75, and FC100; Foliar application: control, alicylic acid 0.5 mM (SAO.5),
salicylic acid 1 mM (SAL), putrescine 0.5 mM (PUO.5), putrescine 1 mM (PU1), spermidine 0.5 mM (SP0.5), spermidine 1 mM (SP1).
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Abstract

To investigate the effects of drought stress, salicylic acid, and polyamines on plant growth
yield and oil and seeds essential oil content in Nigella sativa L., a factorial experiment was
conducted in a completely randomized design with three replications in the research greenhouse
of Shirvan Azad University in 2020-21 cropping year. The experimental treatments included
drought stress at four levels (25, 50, 75, and 100% of field capacity) as the first factor and foliar
application of salicylic acid, putrescine, and spermidine each at two levels (0.5 and 1 mM) as
the second factor. The results showed that the highest number of fertile capsules per plant
(12.66), number of seeds per capsule (96.24), and harvest index (58.69%) were obtained in the
100% of field capacity treatment. Also, the highest seed yield per pot was obtained in the 100%
of field capacity treatment (16.05 g) and 1 mM salicylic acid (11.46 g). On the other hand, the
highest plant height (62.5 cm), dry weight of single plant (6.44 g), biomass in pot (32.2 g), oil
content (31.21%), and oil yield (5.71 g.pot™) were obtained in the treatment of 100% of field
capacity + 1 mM salicylic acid and also, the highest essential oil content (0.09%) was obtained
in the treatment of 25% of field capacity + 1 mM salicylic acid. Overall, the results showed that
full irrigation (100% of field capacity) + 1 mM salicylic acid foliar application was the best
treatment for N. sativa under greenhouse conditions. In general, the plant growth characteristics
decreased with increasing stress severity, but the negative effects of drought stress were
moderated with increasing the salicylic acid foliar application.

Keywords: Drought stress, salicylic acid, essential oil percentage, oil yield, harvest index.
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