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Abstract

Having a qualitative model of any system helps to analyze and examine it. Plants have different qualitative models to investigate the effects of
different substances, including acids and nano-materials, on them. In this article, the effect of iron nano-chelate on the drought stress of Nigella sativa
has been investigated. The experiment was carried out as a split factorial design in the form of a randomized complete block design with three
treatments in 3 replications. The main plots include three levels of irrigation (50, 75 and 100), the percentage of available water and sub-factors of
humic acid with three zero levels of 250 and 500 mg/liter in two times of stemming and the beginning of flowering in the form of foliar spraying and
nano iron chelate solution with three zero levels. 1 and 2 grams per liter were applied at the stem and flowering stage. The results showed that drought
stress led to a decrease in the average of the studied traits. Applying the treatment of 50% available water leads to a decrease in plant height (8%), the
number of main branches (26%), the number of secondary branches (13%), the number of capsules (50%), the number of seeds in the capsule (34%),
capsule weight. (21%), thousand seed weight (5%), dry and wet plant weight (41 and 40%), yield per hectare (24%), oil content (2%) and essential oil
(31%). Both levels of humic acid led to the adjustment of the effects of stress in such a way that these two levels increased the yield by 16% and 21%
compared to the control treatment. Regarding the iron nanochelate treatment, it was found that the levels of 1 and 2 grams per liter led to a 16% and
27% increase in yield compared to the control. In general, the results of the research showed that the combined application of 500 mg/L of humic acid
and 2 g/L of iron nanochelate leads to the improve the vegetative and biochemical factors of black seed plant both in non-stressed and stressed
conditions.
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88.7 «cd 723 fg 3.7 ef 8 d 53 gh 0 0.0 50.0
83.0 ed 717 fg 3.7 ef 8 d 49 i 1
92.0 ad 66.7 fg 52 a-f 9 cd 51 hi 2
101.3 be 717 g 52 a-f 10 be 53 gh 0 250.0
103.8 a-d 69.7 fg 55 a-e 10 be 52 ghi 1
97.5 ad 110.0 b-f 4.5 def 10 be 54 fgh 2
953 a-d 83.3 efg 50 cf 9 cd 52 ghi 0 500.0
84.8 e 72.0 fg 50 a-f 11 ab 54 fgh 1
96.7 cd 95.0 d-g 40 f 9 «cod 57 def 2
101.5 ad 81.7 efg 35 ef 8 d 57 def 0 0 75
92.0 cde 94.7 d-g 6.7 ab 8 d 55 efg 1
107.3 a-d 108.0 b-f 55 a-f 11 ab 53 gh 2
117.3 a-d 103.0 b-g 6.8 ab 12 a 61 ab 0 250
98.3 cde 953 d-g 55 ef 10 bc 60 abc 1
1225 a 109.7 b-f 50 b-f 11 ab 60 abc 2
112.2 ad 107.7 b-f 52 df 10 be 59 bed 0 500
112.5 ad 98.0 c-g 6.2 def 11 ab 59 bced 1
1155 a-d 130.7 bed 6.3 a-e 10 bc 63 a 2
92.0 ed 683 fg 35 ef 8 d 55 efg 0 0 100
1140 ad 128.3 «cd 6.3 abc 9 «cd 59 bed 1
119.2 ab 89.3 d-g 4.8 cf 10 be 58 cde 2
110.5 a-d 123.3 b-e 43 ef 9 cd 57 def 0 250
97.7 de 82.0 efg 52 b-f 9 cd 57 def 1
98.7 b-d 145.7 ab 6.5 ad 11 ab 58 cde 2
1102 a-d 140.0 abc 43 cf 9 cd 58 cde 0 500
110.0 a-d 130.7 bed 42 ef 8 d 55 efg 1
104.0 a-d 1777 a 6.7 a 10 be 59 bed 2
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4447 jkl 727 g 37.2 hi 24 fg 05 fg 0 0.0 50.0
4133 Im 832 g 37.2 hi 24 fg 05 e-g 1
490.0 ij 735 g 38.5 hi 24 efg 05 g 2
3133 m 99.5 fg 49.8 e-l 24 fg 0.6 d-g 0 250.0
446.7 jkl 728 g 335 1 24 fg 05 c-g 1
516.7 jk 139.5 c-f 65.8 c-g 24 efg 0.6 b-g 2
4933 ij 76.0 ¢ 41.5 hi 2.6 bc 0.7 abc 0 500.0
536.7 gh 752 g 42.5 hi 27 b 0.7 b-f 1
546.7 gh 108.7 efg 51.5 e-l 24 fg 0.5 efg 2
606.7 d 109.8 efg 48.8 f-1 23 h 0.7 a-d 0 0 75
583.3 gh 134.8 def 67.8 c-g 2.2 hi 0.8 abc 1
8333 d 141.5 c-f 66.7 d-h 29 a 09 a 2
530.0 gh 120.8 efg 64.0 d-i 2.5 ef 0.8 abc 0 250
7133 d 101.5 fg 41.8 hi 2.6 cd 0.7 c-g 1
803.3 bc 1575 cf 78.7 bed 2.6 bc 0.7 b-e 2
730.0 d 140.5 c-f 55.8 d-i 23 g 0.7 b-f 0 500
826.7 b 1572 b-f 82.7 b-f 2.5 de 0.8 abc 1

1036.7 a 145.8 b-e 79.5 b-e 2.5 ef 05 g 2
556.7 gh 99.0 gf 59.2 f-] 22 ik 0.7 b-e 0 0 100
556.7 gh 198.8 ab 90.0 ab 24 efg 0.8 abc 1
726.7 d 110.5 efg 57.5 gt 2.1 o 0.7 a-d 2
530.0 hi 107.5 efg 64.8 d-i 2.1 hij 0.7 b-e 0 250
616.7 ef 112.8 efg 57.0 g-i 22 h 0.7 b-g 1
6533 e 171.7 a-c 98.2 a 2.0 1 0.7 ab 2
586.7 fgh 172.3 a-c 78.7 a-e 2.1 kl 0.8 abc 0 500
540.0 ghi 134.8  def 79.0 a-d 22 h 0.8 ab 1
730.0 cd 199.8 a 88.8 abc 2.1 ik 0.6 b-g 2
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09 n 379 h 20.5 m 0 0.0 50.0
09 n 38.0 h 20.6 Im 1

09 n 38.1 gh 204 ki 2

1.1 m 385 fg 20.8 klm 0 250.0

1.2 klm 38.6 ef 21.0 j-m 1

1.3 g1 39.0 e 21.2 il 2

1.5 fgh 394 d 21.7 ijk 0 500.0

15 e 38.8 ef 21.5 jkl 1

1.6 h-k 39.8 cd 21.8 hij 2

1.2 m 355 m 22.5 ghi 0 0 75
1.1 lmn 356 m 227 gh 1

1.2 jkl 357 Im 22.5 ghi 2

1.2 il 359 Im 22.6 gh 0 250

1.3 gh 36.1 kil 229 fg 1

1.5 ef 36.6 ij 23.0 fg 2

1.5 ef 36.5 klm 23.2 efg 0 500

1.6 cde 36.8 ij 233 efg 1

1.7 ¢ 369 i 23.7 ef 2

14 fg 349 n 24.8 bce 0 0 100
14 fg 395 d 249 bce 1

1.5 cde 39.6 d 24.8 bc 2

1.7 ¢ 403 b 255 ¢ 0 250

1.8 b 40.6 ab 24.0 de 1

19 ab 409 a 26.0 ab 2

1.8 b 40.2 cb 25.6 cb 0 500

1.9 ab 40.6 ab 26.0 ab 1

22 a 41.0 a 26.6 a 2




