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Abstract

Background and Objective: Drought stress is one of the most critical factors influencing
agricultural production, particularly in irrigated farming systems in arid and semi-arid regions of
the world. Organic fertilizers can mitigate the detrimental effects of drought stress on medicinal
plants. Developing new management strategies is essential to alleviate the negative impacts of
drought. Among the most effective approaches to plant nutrition management under drought
conditions is the use of organic fertilizers, which significantly contribute to sustainable agriculture
advancement and expansion. Therefore, this study aimed to investigate the effects of different
organic fertilizers in the cultivation medium of black seed and their influence on physiological
traits and seed yield under various irrigation intervals.
Methodology: This experiment was conducted using a completely randomized block design with
two factors and three replications. The first factor included four irrigation regimes: 20%, 40%,
60%, and 80% depletion of field capacity moisture. The second factor involved planting beds
composed of different organic materials at 5% (w/w) of pot soil, including normal soil (control),
normal soil + biochar, normal soil + compost, normal soil + vermicompost, and normal soil +
animal manure. Each pot contained six kilograms of soil. Initially, the soil was passed through a
2 mm sieve, and organic fertilizers were manually mixed with the soil in each pot at a rate of 5%
by weight. On February 19, black seeds were sown in plastic pots, with fifteen seeds per pot. Two
weeks after sowing, at the three-leaf stage, seedlings were thinned to six plants per pot. After
planting, all pots were irrigated uniformly. Upon the emergence of black seed plants and at the
four- to five-leaf stage, irrigation treatments were applied based on the designated moisture
depletion levels (20%, 40%, 60%, and 80%). Measured plant responses included leaf nitrogen,
phosphorus, and potassium content; ion leakage; relative water content; malondialdehyde
concentration; chlorophyll a and b content; and catalase and peroxidase enzyme activities. Finally,
variance analysis was conducted, and means were compared using Duncan’s multiple range test.
Results: The findings indicated that increased drought stress led to reduced nitrogen, phosphorus,
and potassium content in the leaves. Conversely, the highest concentrations of these nutrients
were observed under treatments with normal soil + vermicompost or animal manure. Rising
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drought stress also reduced leaf relative water content; specifically, irrigation at 40%, 60%, and
80% moisture depletion led to significant reductions of 7%, 15%, and 32%, respectively,
compared to 20% moisture depletion. At 60% depletion, compost, vermicompost, and animal
manure treatments significantly reduced ion leakage by 11.8%, 14.5%, and 12.2%, respectively.
Under 80% depletion, compost, and vermicompost significantly decreased malondialdehyde
levels by 15.2% and 17.8%, respectively, relative to the control. At 20% and 60% depletion, the
highest total chlorophyll content was observed in normal soil combined with vermicompost,
followed by animal manure and compost. Catalase and peroxidase activities increased
progressively with drought severity. At 80% depletion, the dry weight of aerial parts increased by
46% and 56% in the animal manure and vermicompost treatments, respectively, compared to the
control. Likewise, grain weight increased by 26% and 32% under these treatments at the same
drought level.

Conclusion: The results demonstrated that drought stress adversely affected black seed plants'
nutrient concentration and physiological traits. Applying normal soil with vermicompost or
animal manure effectively enhanced photosynthetic pigment levels, promoting plant growth.
Compared to vermicompost and animal manure, biochar, and compost had a relatively lower
impact on improving grain yield. Overall, vermicompost and animal manure are recommended
for cultivating black seed under varying humidity conditions.

Keywords: Catalase, Peroxidase, Malondialdehyde, Seed yield, Drought stress.
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Table 1. Chemical and physical characteristics of the soil used in the experiment

Cu Fe

zZn

Mn K P N

EC pH O.C.
Texture N
(s (mgkg™) %) 0
Clay-
1.08 74 0.45 6.2 0.56 32 112 7.2 0.1 0.39
loamy
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Table 2. Chemical characteristics of the organic fertilizers used in the experiment

N

P

K EC

Organic fertilizer (%) (mg kg (mg.kg™) (ds.m) pH
Animal manure 1.22 0.50 1.01 4.2 7.8
Vermicompost 131 0.82 1.30 3.6 7.4

Compost 0.20 0.26 0.20 1.3 6.2
Biochar 0.16 0.11 0.16 2.8 7.8
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Table 3. ANOVA of irrigation and organic fertilizer effects on some growth and physiological characteristics of

Nigella sativa

Leaf Leaf Leaf lon . Relativ Total

S.O.V. d.f. nitrog phospho potassi leaka Malondiald e water Chlorop  Chlorop chlorop
ehyde hyll a hyll b
en rus um ge content hyll a+b
Irrigation 3 182"  0003"  0389"  3856™ 228" 16255° 128"  0089™ 203"
regime (1)
Organic a4 0876 gooom 00407 10407 24" 054" 3790  0082" 078"
fertilizer (O)
Ix0 12 %7 o001 0005 157 0.987 " 557 002" 0002  0.020°
Er):gf”memal 40 0064 000005 0007 115 0.898 229 0.015 0.008 0.020
C.V. (%) B 12.4 9.3 75 8.3 10.0 7.4 9.1 10.4 10.5
e 31555 5 bl b Gl 4520 ¥ Joae aslsl
Continued Table 3. ANOVA of irrigation and organic fertilizer effects ...
S.0.V. d.f. Catalase Peroxidase Pl_ant Shoo_t dry Root dry Seed weight
height weight weight

Irrigation regime (1) 3 0.275™ 3.043™ 139.4™ 1545 ™ 16.2" 0.506™
Organic fertilizer (O) 4 0.019 ™ 0.173™ 54.0™ 41.4™ 0.645 ™ 0.373"
I x0O 12 0.002" 0.025 " 1.05M™ 105™ 0.204 ™ 0.110~
Experimental error 40 0.001 0.015 3.70 2.50 0.206 0.032
C.V. (%) 10.0 9.7 9.6 8.7 11.2 13.7

s * and ™: non-significant, significant at 5,_and 1% probability levels, respectively.
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Table 4. Means comparison of irrigation x organic fertilizer interaction on some growth and physiological
characteristics of Nigella sativa
. Chlorophyll Total
Irrigati _ - _Leaf Leaf lon Malondialdehyde a chlorophyll
gation Organic fertilizer nitrogen hosphorus leakage (umol g* leaf a(mgg (mg g* leaf
regime 9 g phosp g H g leaf fresh 99
(%) (%) (%) fresh weight) . fresh
weight) .
weight)
control 2.015¢ 0.221 1 28.1 9" 8.2 2.54 9 3.36 99
20% soil + biochar 2.09 abc 0.240 b 254N 8.1f 2.57¢cf 3.4 cde
moisture soil + compost 2.06 of 0.244 &d 25.1h 8.0 2.63 be 3.61 bed
depletion soil + vermicompost 2722 0.255 249h 7.99 2912 4.00@
soil + animal manure 2.61® 0.253 @ 25.3N 8.0 2.842 3.78 %
control 1.93¢9 0.217 foh 33.99 9.3¢9 2.38 1 3.20 9
40% soil + biochar 2.05 of 0.238 cde 30.4 9" 8.8 ¢9 2.43 fg 3.29 ¢fo
moisture soil + compost 2.13 b 0.235 % 28.09" 8.7 99 2.48 ©9 3.37 %9
depletion soil + vermicompost 2.67°2 0.250 abc 27.7 9 8.5 ¢fo 2.72 3¢ 3.71°%
soil + animal manure 254 % 0.250 3¢ 2769 8.7 %9 2.68 bed 3.61 bed
control 1.64 foh 0.203 i 51.8 ¢ 112® 2.38 0 3119
60% soil + biochar 1.73 &N 0.208 9 47.0 ¢ 10.2 ¢ 2.45 49 3.28 fo
moisture soil + compost 1,77 ¢ 0.206 i 457 ¢f 9.8 bf 2.49 ©9 3.39 ¢9
depletion soil + vermicompost 2.25d 0.245 &d 4437 9.5b9 2.67 ¢ 3.62 bed
soil + animal manure 2,188 0.235 % 453 ¢ 10.4 &4 2.56 of 3.43 ¢f
control 1.38" 0.2011 68.0 2 1182 1.671 231
80% soil + biochar 1.42h 0.205 M 62.4% 10.9 ¢ 1.83 N 256"
moisture soil + compost 1.54 9" 0.208 9 56.6 bed 10.0 ¢ 1970 2.72"h
depletion soil + vermicompost 1.82¢h 0.229 ¢ 54,5 9.7 b9 2319 3.19 9
soil + animal manure 1.82¢h 0.216 Fi 59.5 ¢ 10.9 ¢ 2329 3.15f
e J S x okl S ol aylio —F Joi> aslsl
Continued Table 4. Means comparison of irrigation X organic fertilizer interaction ...
—_ _ _ - Catalase Peroxidase Shoot dry Seed weight
rrigation regime Organic fertilizer (umol mg (umol mg weight (g pot) (mg pot)
proteint min')  protein?! min?) ghtigp gp
control 0.241 0.80 1 20.2 bed 1.25 cde
20% moisture soil + biochar 0.231 0.731 22.1 ¢ 1.43 be
depletion soil + compost 0.21} 0.66 223%® 1.41 bed
soil + vermicompost 0.21! 0.66 2362 1792
soil + animal manure 0.211 0.671 2362 1.70 %
control 0.42 ¢f 1.34 ¢ 18.8 1 1.07 def
40% moisture soil + biochar 0.339" 1.10 9" 17.8 def 1.37 bed
depletion soil + compost 0.34 o 1.13 7 17.8 def 1.38 bed
soil + vermicompost 0.29 N 0.96 N 20.6 bed 1.49 ab¢
soil + animal manure 0.29 ni 0.98 i 19.1 ¢ 1.47 abc
control 0.51 bed 1.66 b 14.39 1.00 ¢f
60% moisture So_il + biochar 0.47 Zdi 1.50 je 16.4 ¢ 1.29 Cje
depletion _50|I + co_mpost 0.44 € 1.46 % 17.0 ©fo 1.32 cte
soil + vermicompost 0.39 1.23 1 19.3 cde 1.42 b¢
soil + animal manure 0.40 o 1.62 bed 18.7 def 1.42 bed
control 0.594 1938 11.0" 0.96f
80% moisture soil + biochar 0.56 ® 1.83%® 1469 1.03 ¢f
depletion ‘soil + compost 0.54 ac 1.76 abc 1469 1.01¢f
soil + vermicompost 0.48 cde 1.54 cde 17.2 ¢ 1.27 cde
soil + animal manure 0.48 cde 1,57 16.1 10 1,21 cde

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 5. Means comparison of irrigation effects on some growth and physiological characteristics of Nigella

sativa
Irrigation regime Leaf potassium  Relative water ~ Chlorophyll b (mg g?  Plant height Root dry weight
g 4 (%) content (%) leaf fresh weight) (cm) (g pot™?)
20% moisture depletion 1332 7492 0.9452 2312 6.35°
40% moisture depletion 1.282 69.6° 0.897 2 21.3° 7.532
60% moisture depletion 1.08° 63.3¢ 0.856 ° 19.1¢ 6.20°
80% moisture depletion 0.99°¢ 50.8 ¢ 0.763 ¢ 16.0 ¢ 4.98¢

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).

alsolw S50 558 5 g, Olio S 0 JT 355 ) oSols anglio 5 Jun
Table 6. Means comparison of organic fertilizer effects on some growth and physiological characteristics of

Nigella sativa
. . Chlorophyll b - Root dry
Organic fertilizer Leaf pgassmm Relattlvetwoa/ter (Mg g* leaf Plant height weight
(%) content (%6) fresh weight) (cm) (g pott)
control 1.09 ¢ 59.9° 0.751¢ 17.0¢ 5.945
soil + biochar 1.15 be 64.82 0.829° 18.8° 6.29
soil + compost 1.15 be 65.8 2 0.880° 196° 6.22 %
soil + vermicompost 1248 68.02 0.9752 2244 6.59 @
soil + animal manure 1.21® 64.62 0.891° 2152 6.30 ®

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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