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Impact of Humic Acid and Nano-Fe Chelate on Improving Vegetative
Traits, Yield and Essential Oil Content of Black Cumin (Nigella sativa)
under Drought Stress
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Table 1. Some of meteorological data of Eghlid site during crop season 2018-2019.
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Mont"h .y ;;i)hfall Monthlz)/?)umldlty Monthly(totér;wperature Months of o, el
(mm) - — — the year Crop season
Cugb (2Ske Los eSSk
Mean of humidity =~ Mean of temperature
113 37 124 April a8
11.2 46 13.3 May i)
4.2 28 21.4 June ols,> \¥ay
0 17 24 July 5 2018
0 18 24 August ol 5
0 21 21.8 September s
2425 42 10.7 April RRYTSE
8.9 34 14.8 May i,
4.2 30 21 June ols 5 YYAA
21 26.2 July o 2019
22 24 August old e
0 20 22 September I
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Source: Eghlid Meteorological Organization.
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Table 2. Some of the physical and chemical characteristics of the soil used in this experiment.
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S doys SoSIl cglan S s
P K 398 oy i H Electrical Soil
(mg. k) (mg. kb N (%) Organic conductivity depth
carbon (%) @ds.m cm)
7 420 0.05 0.5 7.72 0.504 0-30
Mn Zn Fe Cu Clay(% Silt(%) Sand(%)
(mg. kb (mg. k) (mg. k) (mg. k) ")) (&de) (o)
7.9 0.69 3.94 0.095 22 34 44
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Table 3. Mean comparison of the interaction effect of humic acid and nano-Fe chelate on plant height, leaf
protein, oil content and essential oil of black cumin.

Soogad WS 4
S oal Gl oS el S o9 O£95 Ol odbul as
Humic  Nano-Fe Plantheight (cm) Leaf protein (mg/g fw) Oil content (9%6) Essential oil (%)
acid chelate

0 50.94f 3.58h 37.97d 0.90g

0 1 52.94ef 3.97f 38.67c 1.17f
2 54.27de 4.20de 39.33b 1.54¢

0 54.94cde 3.85¢ 35.56g 1.19f

250 1 59.88ab 4.26d 36.19f 1.32
2 60.22a 4.74a 36.72e 1.57¢

0 57.44abc 4.14e 37.99d 1.42d

500 1 56.94cd 4.38¢ 40.58a 1.78b
2 57.11bc 4.53b 40.61a 1.97a

35,105 gl sime WS o0 LLSD (g0l as 0 8 Jloirl o 58 alis o b sl nSileo ygim 5o 50
In each column, means with similar letter are not significantly different at p<0.05 based on LSD test.
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Table 4. Means comparison results of the interaction effect of irrigation x Fe nano chelate on number of main
branches, leaf protein, oil content% and Essential oil % of black cumin.

sk ool oS4l ol axle slaws P Oy Ol ORI JEWRS
Irrigation Fe nano Number of main Leaf prot:iﬁélglgr fw) Oil content Essential oil
chelate branches (%) (%)
0 7.88b 3.83e 36.07e 1.17f
50 1 10.16a 4.08c 38.21c 1.32e
2 9.5a 4.35b 38.71b 1.57c
0 8.16b 3.81e 37.68d 1.14f
75 1 9.5a 4.13c 38.40c 1.41d
2 10a 4.54a 38.71b 1.67b
0 9.88a 3.94d 37.78d 1.19f
100 1 10.38a 4.40b 38.83b 1.54c
2 9.6a 4.57a 39.24a 1.83a

35,05 O S0 L LSD 9031 aio 0 0 v 50 aslis g o b (sl nuSloo ¢ygims o 40
In each column, means with similar letters are not significantly different at p<0.05 of LSD test.
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Table 5. Means comparison results of the interaction effect of humic acid and Fe nano chelate on vegetative
characteristics and yield of black cumin medicinal plant under drouth stress.

See S L . 1o olaws
IR st SmSasg o T
L Sl oo Number of (p5) S92 ¥ 9 _ SW olaas e
sk . umber o 5 Number of
Irrigation Humic Fe lateral Plant fresh | umber o Number of
acid nano branches weight (g) Plant dry pods seeds per
chelate weighth (g) pod
0 3.7f 72.79 37.2hi 72.3fg 88.7cd
0 1 3.7f 83.29 37.2hi 71.7fg 83.0e
2 5.2a-f 73.59 38.5hi 66.7fg 92.0a-d
0 5.2a-f 99.5fg 49.8e-1 77.7fg 101.3bc
50 250 1 5.5a-e 72.8¢ 33.51 69.7fg 103.8a-d
2 4.5def 139.5¢-f 65.8¢c-g 110.0b-f 97.5a-d
0 5.0b-f 76.0g 41.5hi 83.3efg 95.3a-d
500 1 5.0b-f 75.29 42 5hi 72.0fg 84.8e
2 4.0ef 108.7efg 51.5e- 95.0d-g 96.7cd
75 0 0 3.5f 109.8efg 48.8f- 81.7efg 101.5a-d
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1 6.7ab 134.8def 67.8¢c-g 94.7d-g 92.0cde
2 5.5a-f 141.5c¢-f 66.7d-h 108.0b-f 107.3a-d
0 6.8a 120.8efg 64.0d-i 103.0b-g 117.3a-d
250 1 5.5a-e 101.5fg 41.8hi 95.3d-g 98.3cde
2 5.0b-f 157.5¢-f 78.7hcd 109.7b-f 122.5a
0 5.2a-f 140.5¢-f 55.8d-i 107.7b-f 112.2a-d
500 1 6.2a-d 157.2b-f 82.7b-f 98.0c-g 112.5a-d
2 6.3abc 145.8b-e 79.5b-e 130.7bcd 115.5a-d
0 3.5f 99.0gf 59.2f- 68.3fg 92.0ed
0 1 6.3abc 198.8ab 90.0ab 128.3cd 114.0a-d
2 4.8c-f 110.5efg 57.5g-i 89.3d-g 119.2ab
0 4.3ef 107.5efg 64.8d-i 123.3b-e 110.5a-d
100 250 1 5.2a-f 112.8efg 57.0g-i 82.0efg 97.7de
2 6.5abc 171.7a-c 98.2a 145.7ab 98.7b-d
0 4.3ef 172.3a-c 78.7a-e 140.0abc 110.2a-d
500 1 4.2¢ef 134.8def 79.0a-d 130.7bcd 110.0a-d
2 6.7ab 199.8a 88.8abc 177.7a 104.0a-d

3l M K0S, L LSD 5031 0o 0 8 mhaws 5o aslie gy b sl Sl cygim 5o 50
In each column, means with similar letters are not significantly different at p<0.05 of LSD test.
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Table 5. Continued.
T . PUUETAS o L oS les 59,8
o = Fenano (1 <0 I o S35 o FS) G iis o 505 ok
Irrigation H;C?:j'c chelate 1000-seed weight (g) Yield (kg/ha)  Sucrose (mg/gr fw)
0 2.40efg 444.7jkI 9.9cd
0 1 2.37fg 413.3Im 9.8cd
2 2.58bc 490.0ij 8.5efg
0 2.25h 313.3m 10.9b
50 250 1 2.45ef 446.7jkI 11.1b
2 2.34g 516.7jk 11.9a
0 2.17h-k 493.3ij 11.9a
500 1 2.18hij 536.7gh 11.9a
2 2.08kI 546.7gh 12.1a
0 2.369 606.7d 5.4ij
0 1 2.38fg 583.3gh 4.7
2 2.6b 833.3d 5.6ij
0 2.22hi 530.0gh 6.0hi
75 250 1 2.56¢d 713.3d 6.5jhi
2 2.49de 803.3bc 7.1hij
0 2.41efg 730.0d 6.9ijh
500 1 2.22h 826.7b 7.7ghi
2 2.23h 1036.7a 7.9fgh
100 0 0 2.41efg 556.7gh 7.8ghi
1 2.42efg 556.7gh 7.7ghi
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2 2.39fg 726.7d 8.0e-h
0 2.9a 530.0hi 9.8cd
250 1 2.58bc 616.7ef 9.3de
2 2.46ef 653.3¢ 8.8ef
0 2.10jKI 586.7fgh 9.8cd
500 1 2.02l 540.0ghi 10.7bc
2 2.13ijk 730.0cd 11.4ab

5 M K05, L LSD (5051 wojo 8 grlans 0 ailiie By > L glanSilis ey o 50
In each column, means with similar letters are not significantly different at p<0.05 of LSD test.

o995 9 59,8 slesxe

Vet s 5o Sl Sogens 5 0] S 9l ool sl 45 00,8 pasetie Guilyls 4528 sloae el
i35 8yl ire 5a] OIS gl x dnsl Sooged x (o ksl A ans lize 51 wisgs Joime 59,5 (glgime sy
Ol o, 00 Lalyi o aS ol las el OIS 6 x auwl Sagun x (g Lol 05 15 gely 5o 39,50 lgiome anglie
Ol TS 1) 53 055 Y 5 sl Sagen 1) 53 05 (oo 00 Sl 1Y) (MGG W) (5:Sln (2 i (o s S8
Sl 5 p S e B0 ¢ Sles @ VA (MM W) Silie oy it s BB Ol oo ,0 VO Lol s jo el olais
Siles (s (wyiwd B Ol oo Ve Lls o g cails Golasl ol eSEE i 50 2,5 Y 5 sl Siogan
(O Jgaz) culs Lolais! ol el ol 10 6,5 Y g dul Seogud 2 o pyS due 00 Loy 4 VV/T (Mg/gr fw)

Oegy 2 R O S 5 sl Soogem «(55ll AlE g0 (iiSam s plad g ool D51 il g 3525 glaazes Gulolyy
i ool S i 10 05 Y g sl Singed il 3 0,5 oo YO slad 9 )8 (Y J5uz) w)F o S
DS 9p lyee YIOA (MYIGr fW) oy 2eS o] US4l OB pan pac g sl Sogud B pan pae Jles 9 F/YT (Mg/gr fw)
i oy B T7Y e+ Ll o ol oMl 2 1o w8 ¥ e Jlosl copmizman (F Jsiz) ol olis 1, 5
iy Oliee YIAY (MQIGr W)y S o yiss BB ST VO Laylyss jo ol oS gl b pas pae 5 F/OV (M/gr fw)
5 Sl Soged 2 (0 0,5 Lo 000 e Jlagl 00,5 o camline VS (o S jshiles (O Jga) ol olid ], Sy
o yiesd B ST Loyl jo sl Seaged Byan pac o F/FY (MY/Gr W) cp in yoyiws BB ST 7V -+ Loyl
Sl plas |y S ey oliee YIAY(MQ/Gr fW) oy eSS

Pt v W=, W=
Vv £ 39 d % E% E/
a2 E IE

o

Mo ol SUVD wlal AN )]

Fig.1. The interaction effect of humic acid and irrigation on leaf protein of black cumin. Columns with similar
letter have no significant difference (P<0.05) based on LSD test.
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Research article

Impact of Humic Acid and Nano-Fe Chelate on Improving Vegetative
Traits, Yield and Essential Oil Content of Black Cumin (Nigella sativa)
under Drought Stress

A. Hayati, M.M. Rahimi*, A.S. Kalidi and S.M. Hosseini'

In order to investigate the effects of humic acid and Fe nano-chelate on improvement of
vegetative characteristics, seed yield and essential oil content of black cumin (Nigella sativa)
under drought stress an experiment was done during two cropping seasons (2018-2019 and
2019-2020) in Agricultural and Natural Resources Research Station of Eghlid. The experiment
was conducted as a factorial split plot in a randomized complete block design with three
replications. The main plots were irrigation at three levels (50, 75 and 100% of available water),
humic acid at three levels (0, 250, and 500 mg/l) and nano-Fe chelate at three levels (0, 1 and
2 g/l). The results showed that drought stress reduced the vegetative and vyield traits. The
interaction of humic acid, nano-Fe chelate and drought stress showed that the highest yield
with 1036.7 kg/ha was observed in plants treated with 500 mg/l humic acid and 2 g/l iron nano
chelate with 75% water available use. Also, the highest essential oil, seed oil, and leaf protein
content was observed in plants treated with 500 mg/l humic acid and 2 g/l iron nano chelate
with 100% usable water. As a conclusion, application of humic acid and nano-Fe chelate leads
to the improvement of vegetative and chemical factors of black cumin in under drought stress
conditions.

Keywords: Drought stress, Black cumin, Seed oil, Humic acid.
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