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Table 1- Physical-chemical properties of soil of experimental farms (0-30 cm)
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Table 2- Analysis of variance of the effect of iron and zinc nano chelates on some yield traits and yield components in black seed
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*and ™ are significant at 1% probability levels and non-significant, respectively

2 S9) gohae pld o Jilite Sl g (V Joa2) 392 3 dne g2
oS 335 et {F Jpe) 2,5 ssalio ool g 52
PY 9y NS gy a3 ¥ ol SN 65U s o (VAEF)
oo il sbe (5 Jpia) 15 sanlin A5 4550 lalS )3 50
I JpmS @ ol it 9 U5 Bl plEl e o)
2l 28 o Gg > JouS i il Coge wlyly jiiwgid
Blsbre slajles o 130 5 1S3 oy I Jobs
Gl sme Bl ag > BME Dusi 1 (69, 5 ol WS 348 &b
» e sl Sl (Baghae et al., 2011) cuol aush
bacsdan o) 9b (Bl Jglone 45 03,5 o3lie 9l (sladgS” slalews
GBI Gl 31 I & o a5 5 JS (e 5sle il e
(Morovat et al., 2019) 3,5 o &g 0 AN dlws yiul3dl
Joa) 23 2525 45 cme M) sals b (g5les S 5 plod

(v

5 gl basls sy sdie oy oS b I oolinal
bwg asls slawi 5 ol lis )b pxe p1 (55,8 0955 (5,8
welie zls (Morovat et al., 2019) wNus cusds gl 348
2o g el 01 G5 5 (a3 )3 (ool 4315 (I3 5%
buwg $U b 4 (ol dlge 4 (g ptod Sgpe 1) (al¥l
b e ylasay (Abdelkader et al., 2019) xS ol oLS
9 g dlge JUil 5 o (M Gb C)go 385 Bras
ol sl st 4 Al eSS slaygesee
Sl o S50 Gl caw ol nl asgazme 5 wbie
Rameshraddy et ) 53,5 .o b sladdle slaws iolisl 4 ol
(Mentha s glim > g9y 9 ool Sk sl=e (al., 2019
00,5 basls sl il Coge (65 5 coo spicata L)
.(Aghdasi et al., 2018)
Gy ja JgeusS alaas

ol Sl bodls il 5 Jpa 5 Jobs b b
oS 31 3 ol blize 51 izpon 5 (555 9 08 (B sbwe



YV

aloolow 8 )Slos gl32l 9 0, 5kos 11595 9 u.bi LS 4L sm‘al.sz}bu Sl ‘obl&m 9699l

wildolws 0bS )3 3,50os (51301 5 3 ) Shas Wlho (A 32 (59 9 ] CLREMS $U J1 il Hlg 4320 -F Joua
Table 3- Analysis of variance of the effect of iron and zinc nano chelates on some yield traits and yield components in black seed
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Table 4- Analysis of shear variance interaction of zinc surfaces at different iron levels for some yield traits and yield

components
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height of lateral of pods  ofseed per  weight per
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<l WS gl
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Fe3 2 oRe 87.73 0.03™ 14.69 16.33ns 0.0554
Y ool o Zn Tehran
s < = 70.63"™ 0.77" 2011%  8L44** 00195
Goonbad

<ol 2oy S Jloin] e )0 HId gime BB 3535 9 5 gime BB pie simd i oy

ns

" and ™ are significant at 1% probability levels and non-significant, respectively

Fel=nano chelated iron 1.5 per thousand, Fe2= nano chelated iron 4 per thousand, Fe3= chelated iron 3 per thousand

3800s (glial g 5ot Olio (B 2 (5132 o2l Cilisee golans 53 (59, Tobw Jilie ST (25 (il yly 41555 -0 g
Table 5- Analysis of shear variance interaction of zinc surfaces at different iron levels for some yield traits and yield

components
MSilas e ggooe
a3 . N3 oj9 5 Slos
2 SH ol JgmsS 5had als , PalbaSles P Sujgdem dNes CUilyp ad Ll
o2l Zn S Location SUj9om . .
Fe 895 DF C_:apsule 1000- Biological &0 yo & Fo H_arvest
diameter seed ie?d Seed yield  Biological yield index
weight y
Fel wox ax wx ox aox x
o g 71 Tehran ), 1.805 0.771 4.361 3498.62 3977.14 358.097
PO 89 2 - * - - - -
s Goonbad +.s 3.810 0.013 0.715 2894.95 1144.76 134.110
EEZ , , Tehran ol 1.9057  3.2137 12,6737 38537.917 18606.19" 1657.028"
< U
IR Goonbad +:s  10.086™  0.519" 32.49™ 16996.82"" 51979.75™ 210.267"
Fe3 2 Tehran s 0.203™ 0.368™ 1.447 213.96™ 2316.44 57.09"™
Y ol oM 2 o o
“‘; | 9 Goonbad +:s 0.0174™  0.018™ 0.38"™ 349.92 598.63™ 33.87
J p)
¥ ns

ol dio > S o] a3 ) gime AR 3539 g 55 gxe BB pae oL i iay g

““and ™ are significant at 1% probability levels and non-significant, respectively

Fel=nano chelated iron 1.5 per thousand, Fe2= nano chelated iron 4 per thousand, Fe3= chelated iron 3 per thousand
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Table 7- Analysis of variance of orthogonal comparisons of experimental treatments on some yield traits and yield

components
. X Pl 39
S5 ol e s ew)! ol a3l o » ‘JM s JomsS 53 &l slaws JgmnsS
e o WL Pl_ant Number of A Number ofseed per Seed
SOV Location height lateral branche Number of pods weight per
(cm) pods per plant pods (q)
I Tehran s 1 819.47: 6.00*; 80.67: 1738.08: 0.014:
Goonbad .5 1 636.54 16.67 96.00 3128.17 0.037
felzn2ls  TENTAN ol 1 1387.76*; 20.16: 130.67: 3360.66: 0.037:
Goonbad .5 1 16650.04 28.16 130.66 6208.16 0.066
T Tehran s 1 557.02: 2.67; 42.66: 1172.92; 0.0089:
Goonbad .5 1 436.91 6.00 73.50 1872.66 0.0267
foomls | ehran s 1 2242.66" 28.16" 130.66" 4004.16™ 0.104™
Goonbad .5 1 1998.37" 60.17" 160.17" 6468.16" 0.075™
f027N2 ol Tehran ;s 1 3504.16" 54.00" 216.00" 6800.66" 0.2169™
Goonbad .5 1 3513.84™ 130.66™ 280.17" 9520.17" 0.0888™
I Tehran s 1 659.40:: 6.0*; 80.66: 1290.67: 0.011:
Goonbad .5 1 580.17 135 80.67 2320.65 0.013
—— Tehran s 1 153.52: 0.672 42.66: 150.00; o.ooz:
Goonbad .5 1 132.54 2.66 37.50 504.16 0.003
—— Tehran s 1 308.16: 1.52 42.67: 280.17: 0.0038:
Goonbad .5 1 261.36 6.0 60.17 912.67 0.0049
f03713sals Tehran lxs 1 19.44™ 0.17f 13.5o: 130.66; o.ooo4i
Goonbad .5 1 19.08™ 15 16.67 308.17 0.0013
clSy-wls  Tehran ol 1 1461.89" 1517 137.95™ 2816.30" 0.0453"
S)less Goonbad s 1 1354.30" 3557 164.89™ 5000.90" 0.0474™
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Table 8- Analysis of variance of orthogonal comparisons of experimental treatments on some yield traits and yield

components
2 ,SJ»& .
5 i 3 Slos 3 il 3 ,Slos ) ) ol
5 ol “@» e 5, 3 359 ’ . o 53 Sajglom .
o & &y Capsule 1000-seed S9em Qo po Sl
S.0.Vv DF diameter weigh (g) Biological Seed yield & Harvest
(mm) yield (g) (g.m? Biological jndex (96)
yield (g.m™)
Tehran ;s 1 9.70™ 0.99" 11.34™ 5426.43" 18150.00™ 79557
felznl-sals _ - - o o - -
Goonbad .5 1 20.83 1.49 16.40 13939.14 26241.70 905.28
Tehran e 1 15.94™ 3.96" 29.61" 16917.66" 47383.71*  2197.27"
felzn2-.als - o - - - ok
Goonbad .5 1 28.34 1.47 27.52 28510.83 44032.66 1536.00
~ Tehran s 1 439" 0.714™ 6.68" 2339.59™ 10685.04™ 438.27"
felzn3-.als x - - o o o
Goonbad .5 1 6.99 1.833 21.69 8908.91 34716.83 496.86
~ Tehran 1 15.32" 8.906" 56.86 41800.11™ 90970.91™ 2619.617
fe2znl-.als o o - o ke ke
Goonbad .5 1 37.80 1.773 68.68 36429.16 109890.67 1235.63
~ Tehran g 1 20.46" 11.02” 5557 117656.007  79718.43™ 7018.52™
fe2zn2-.als o o - o ke ke
Goonbad .5 1 69.22 1.23 110.51 64979.226 176816.66 1686.73
Tehran ) 1 6.82" 0.952™ 9.88" 4275204~ 15810.67"" 696.17"
fe2zn3-.aals , . ns . . o o
Goonbad .5 1 14.66 0.128 7.24 5352.106 11580.83 445.48
fedznl sty ONTAN O 1 0.020™ 0.482* 3.37" 770.67° 5400 17334°
Goonbad .5 1 1.717* 0.059™ 2.03*" 1066.67¢ 3248.026* 114.41*
fe3mnp-y,  TEMTAN O 1 0.018™ 0.742" 5.80* 1176.00* 92082.66* 210.87°
Goonbad .5 1 1.685" 0.096™ 2.02* 2105.63* 3229.44* 235.62*
fe3n3 L TENTAN Ol 1 0.170™ 0.002"™ 0.54"™ 196.77™ 864" 21.13™
Goonbad .5 1 1.306" 0.006™ 0.45"™ 377.62™ 726™ 51.04%
clSy-wls  Tehran ol 1 8.99* 3.59" 26.48* 19678.55* 41386.34* 1864.3*
Solowd Goonbad 1.5 1 25.58* 1.14* 33.74* 22143.01* 53978.04* 1096.1*
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Introduction

The black seed is scientifically known as Nigella sativa L. from the family Ranunculaceae, which is

susceptible to deficiencies in micro elements, including iron and poor soils. The concentration of Fe and Zn in
soil solution is usually very low and is mostly mixed with organic matter. The solubility of Zn and Fe is strongly
dependent on soil acidity. Managing nutrient intake can improve plant growth and product quality. Inappropriate
nutrient management in today's common practice results in degraded agricultural ecosystems and endangered
human health, and these problems have necessitated rethinking ways to increase crop production. Rezaei et al.
(2016) reported increasing yield traits in stevia plant through using nano iron and zinc and manganese solution.
Foliar application of micronutrients can improve grain and oil yield by improving yield components. In the
present study, the effect of iron and zinc nanoparticle foliar application on morphophysiological and
phytochemical changes of black seed has been evaluated.

Materials and Methods

The experiment was carried out as a factorial experiment based on a randomized complete block design with
three replications in the research field of Gonbade-Kavous University of Agriculture and Natural Resources
University of Tarbiat Modares University in 2018-2019. Experimental treatments included control (no foliar
application), iron nutrient (iron nano chelates at 1.5 and 4 in a thousand + 3 iron per thousand chelate) and zinc
nutrient (zinc nano chelate at 1.5 and 3 in a thousand) and chelate (3 in a thousand) which was used as foliar
application. Treatments were applied at 8-10 leaf stage and at the time of capsule filling. The experimental plots
were two meters wide with four rows of 50 cm and the length of each plot was 6 m. There was a distance of one
meter between each trial unit and a distance of 2 meters between each block. Midlines were used for sampling.
Data were analyzed using SAS ver 9.3 statistical software and LSD test was performed at 5% level.

Results and Discussion

The results showed that the studied traits such as plant height, number of lateral branch, number of pods per
plant, number of seed per pods, seed weight per pods, capsule diameter, 1000-seedweight, yield seed,
biologicalyield and harvestindex were affected by main effects and interactions of the treatment compounds in
Tehran and Goonbade-Kavus fields. Application of iron and zinc chelates in the form of nano-chelates had the
highest effect on yield and yield components of the black-seeded medicinal plant in comparison to the chelate
form. Maximum grain yield (217.44 g.m™ in Goonbade-kavus and 288.66 g.m in Tehran), biological yield (582
g.m? in Goonbade-kavus and 352.93 g.m? in Tehran) and harvest index (37.43% in Goonbade-kavus and
76.467% in Tehran) were observed in the nano-treatment of iron chelate 4 per thousand and the lowest value of
seedyield (25.2 g.m? in Goonbade-kavus and 20.05 g.m? in Tehran), biological yield (260.67 g.m? in
Goonbade-kavus and 130.67 g.m™ in Tehran) and harvest index (25.2% in Goonbade-kavus and 11.81% in
Tehran) were observed in iron and zinc chelates.

Conclusions

Based on the results obtained and considering the different measured properties, the application of iron and
zinc in the form of nano will have a positive effect on the quantitative performance of black seed. given the role
of micronutrients in some enzymes and their effective role in protein synthesis, this increase in yield can be
justified compared to control.
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