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Table 1. Experimental soil characteristics

Texture Organic H EC Available potassium  Available phosphorus  Nitrogen

carbon (%) P ds.mt (ppm) (ppm) (%)

Loamy Sandy 0.8 7.6 0.41 194.5 13 0.09
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Table 2. Experimental biochar characteristics
Nitrogen K P Zn Cu Mn Fe Mg EC pH
(%) (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm) ds.m'

1.74 18227 2384 156 274 8476 306 1301 1221 7.81 9.13
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Table 3. ANOVA of different levels of drought stress and biochar effects on antioxidant enzyme activity
and osmolyte accumulation in Nigella sativa

Mean squares

Sources of -
Variations 9f Hydrogen Superoxi . Malondialdehy ; Water soluble ~ Ethanol Osmotic
eroxide . de Peroxidase de Proline carbohydrates soluble otential
P dismutase Y carbohydrates P

Replication 2 2293** 964** 0.09** 3.3** 0.05** 9.7** 28.7** 0.13**

Irrigation(l) 2 72868**  27626** 3.3** 240.6** 1.5%* 333.9*%* 604.8** 1.1%*

Biochar(B) 1  11100**  4047** 0.6** 5.9** 0.06** 31.6%* 60.8%* 0.06>*

IxB 2 444%* 554** 0.06** 1.4%* 0.01** 7.1%* 7.9%* 0.02**

Error 10 52.5 20.1 0.002 0.15 0.001 0.23 0.42 0.001

CV (%) 2.6 24 2.8 3.8 2.5 2.7 21 1.8

*, and **: significant at 5, and 1% probability levels, respectively.
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Figure 1. Means comparison of H20: content in Nigella sativa under different levels of

drought stress and biochar

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 superoxide dismutase (SOD) activity in Nigella sativa under different levels of

drought stress and biochar

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 peroxidase (POD) activity in Nigella sativa under different levels
of drought stress and biochar
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 malondialdehyde (MDA) accumulation in Nigella sativa under
different levels of drought stress and biochar
Means with common letters are in the same statistical group at 5% probability level (LSD test).



o Sais A 5 e

AT ol 53 Ll el s5my Sl sine ol
O\ Sl g 028 pae 53,8 e oy < BV
Yo Ll 0o ooy Sl i 5 Sl s

(0 JSs) s eamlie a5 5 208 pas ]

Yay

o Sl
Flw 5 Jol a3l bl a5 GLJ ool
2 oo Sl 2 olasm 20 ] sw)
5 08 ple (Y Jsux) ss Db e 1Y Jlas) CL“
PRI RO A TP gl 2 e 2 pas

2 e Bjochar - === Bjochar +

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Proline (umol g FW)

40

70 100

Different levels of drought stress (%FC)

Figure 5. Means comparison of proline content in ~Nigella sativa under different levels of
drought stress and biochar
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 water-soluble carbohydrates content in Nigella sativa under
different levels of drought stress and biochar
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 ethanol-soluble carbohydrates content in Nigella sativa under
different levels of drought stress and biochar
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Abstract

Nigella sativa L. is a valuable medicinal plant that is widely used in different industries.
Accumulation of compatible osmolytes is one of the common responses of plants under drought
stress. To investigate the effects of irrigation regimes and biochar (resulting from the heating of
cattle manure) on N. sativa, a factorial experiment was conducted in a completely randomized
design with three replications in the greenhouse of the Faculty of Agriculture at the University
of Kurdistan in 2018. The experimental factors consisted of three drought stress levels (40, 70,
and 100% of FC) and two biochar use levels (0 and 15 tons.ha*). The ANOVA results showed
that the interaction effects of drought stress and biochar were significant on hydrogen peroxide,
malondialdehyde, superoxide dismutase, peroxidase, proline, soluble carbohydrates (water and
ethanol soluble), and osmotic potential. Increasing the intensity of drought stress enhanced the
amount of hydrogen peroxide, malondialdehyde, superoxide dismutase, peroxidase, proline, and
soluble carbohydrates (water and ethanol soluble) and caused the osmotic potential to become
more negative. Biochar application decreased the negative effects of drought stress so that
hydrogen peroxide, malondialdehyde, superoxide dismutase, peroxidase, proline, and soluble
carbohydrates (water and ethanol soluble) amounts were lower than the treatments without
biochar. Overall, the present research results proved the useful and effective role of biochar in
improving the physiological traits and protective osmolytes of N. sativa under drought stress.

Keywords: Antioxidant enzymes, compatible osmolytes, proline, oxidative stress, water
deficiency.



