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Effects of foliar application of nano iron oxide and biofertilizers on the activity of
antioxidant enzymes and some physiological characteristics of the root and aerial
parts in black cumin (Nigella sativa L.)
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ABSTRACT

In order to study the effects of foliar application of nano iron oxide particles and biofertilizers on root growth,
antioxidant enzymes activity in two parts of root and leaf, as well as some other physiological characteristics of black
cumin (Nigella sativa L.) a pot experiment with factorial arrangement in randomized complete block design with
three replications was carried out in 2017 growing season at the Faculty of Agriculture, University of Shahrood. The
first factor was foliar applications of nano iron oxide at three levels (Fo= control, F,=1.5 and F,=3 g /1 1 water) and
the second factor was biofertilizers at five levels (BO= Control, Bi= Glomus Intraradices, B,= Glomus mosseae, By=
Azospirillum and B,= Azotobacter solution). The results showed that activity of antioxidant enzymes catalase,
polyphenol oxidase in two parts of root and leaf was influenced by two factors of biological fertilizers and foliar
application of nanoiron oxide particles, so that the use of biofertilizers reduced and with increasing iron oxide
concentration, activity they increased. The highest activity of ascorbate peroxidase in leaf was obtained from F,B,
treatment. The interaction effect of foliar application of nanoiron oxide particles and biofertilizers had a significant
effect on photosynthetic pigments and aerial dry weight, so that the highest amount of chlorophyll a was obtained
from F,B, treatment, chlorophyll b, aerial dry weight and iron of aerial from F,B, treatment. According to the results
of the experiment, the symbiosis with G. intrarardits fungus caused a significant increase in the absorption of
nitrogen and iron elements in the plant.
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Table 1. Physical and Chemical properties of soil at experimental site

. EC (ds.m” Phosphorus Potassium Organic Silt Clay Sand .
0,
Nitrogen (%) D) pH (ppm) (ppm) atter (%) (%) %) %) Soil texture
0.11 1.8 7.66 19 0.3 44 32 24 Loamy-Clay
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Figure 1. Mean comparison interaction effect of foliar application of nano iron oxide and biofertilizers on black
cumin plant dry weight (F, F; and F,, respectively, foliar application of nano iron oxide in concentrations of 0, 1.5
and 3 g/1 and By, By, B,, B3 and B4, as control, mycorrhiza G. intraradices, G. mosseae, Azospirilium and

Azotobacter bacteria)
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Table 2. Results of variance analysis effect of foliar application of nano iron oxide and biofertilizers on some traits of

black cumin

Mean of squares

Source of variation df  Root Plant Rootdry  Plant dry Carotenoid Chlorophyll ~ Chlorophyll
length height weight weight arotenot b a
Block 2 1.73™  12.84™ 0.00013™ 0.0065™ 0.00014 ™ 0.0024 ™ 0.0015 ™
Iron Nanopaticle 2 055™ 248™  0.00031° 0.0087"  0.0728 0.538 4328 "™
Biofertilizers 4 85187 133.637 0.00106 " 0.03927  0.2951 1.188 50197
Iron Nanopaticle x biofertilizers 8 2.79™  2.17™  0.00007™ 0.0074"  0.0021 ™ 0.04 ™ 0.515™
Error 28 2.0 5.95 0.00006 0.0027 0.003 0.183 0.157
Ccv 13.92 5.86 16.97 16.92 451 6.42 1.85

Sl sire glds 955 5 0,0 ) 90 Jlaizl mhaw (o o pime gl s i 4y ms g %

*, ** ns: Significantly difference at 5 and 1% of probability levels, and non-significantly different, respectively.
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Table 3. Mean comparison effect of foliar application of nano iron oxide and biofertilizers on some traits of black cumin

Root length ~ Plant height Root dry weight Plant dry weight Carotenoid ~ Chlorophyllb  Chlorophyll a
(cm) (cm) (& (3] (ug/gFW)  (ug/gFW)  (ug/gF.W)
Foliar application of iron oxide nanoparticle (g/L)

Control 11.60 a 41.20 a 0.044 b 0.283 b 1.15b 1.04 ¢ 3.58¢
1.5 1193 a 41.70 a 0.049 ab 0.322 ab 1.25a 1.23b 392b
3 11.93 a 42.00 a 0.053 a 0.327 a 1.29a 140 a 4.63 a
Biofertilizers

Control 6.44 ¢ 3495b 0.035¢ 0.245¢ 093¢ 0.86 ¢ 290e¢
G. intraradices 13.11 ab 4283 a 0.063a 0411a 1.38a 1.62 a 4.87a
G. mosseae 12.33b 42.83 a 0.055a 0.341b 1.37a 1.61a 450b
Azospirillum 14.16 a 4494 a 0.046 b 0.280 ¢ 1.23b 1.26b 4.09¢
Azotobacter 13.05 ab 42.61 a 0.044 b 0.276 ¢ 1.25b 093¢ 3.85d

In each column means with similar letters do not have significant difference.
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Table 4. Results of variance analysis effect of foliar application of nano iron oxide and biofertilizers on some
enzymes activity of black cumin

Mean of squares

Source of variation df Protein Polyphenol oxidase Ascorbate peroxidase Catalase

Root Leaf Root Leaf Root Leaf
Block 2 6.55 0.000009  0.00074™  0.00031  0.00001™  0.0000005  0.000013"
Iron Nanopaticle 4 1114417 0.0016" 0.1392" 0.00035"  0.0061™  0.000061"  0.000089"
Biofertilizers 4 291777 0.0059” 0.0198™ 0.0091"  0.00080  0.000162" 0.00037"
Iron Nanopaticle x biofertilizers 8 552" 0.0001™  0.000512™  0.00009™  0.00014"  0.000002™  0.00000096™
Error 28 1.75 0.00023 0.00072 0.00007  0.000048  0.000004 0.0000027

CV 2.80 11.04 14.39 6.15 14.97 8.07 5.27

SIS s Dol 39 g doye Vg O Jliiol mhaw jo ls s Sglds oS 4y ms g
*, ** ns: Significantly difference at 5 and 1% of probability levels, and non-significantly different, respectively.
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Table 5. Mean comparison effect of foliar application of iron oxide nanoparticle and biofertilizers on some traits of black

cumin
Protei Polyphenol oxidase Ascorbate peroxidase Catalase
Treatment ( r/o ?I{V) (umol/g F.W) (umol/g F.W) (umol/g F.W)
meer Root Leaf Root Leaf Root Leaf
Foliar application of iron oxide nanoparticle (g/L)
Control 4445¢ 0.128b 0.182¢ 0.131b 0.030 ¢ 0.024 b 0.028 ¢
1.5 47.35b 0.139 ab 0.190 b 0.137 ab 0.040 b 0.027a 0.030b
3 4997 a 0.149a 0.282a 0.140 a 0.069 a 0.027 a 0.033 a
Biofertilizers
Control 38.64¢ 0.176 a 0.247a 0.171a 0.057a 0.030 a 0.041 a
G. intraradices 5329a 0.111¢ 0.137 ¢ 0.092 ¢ 0.034 ¢ 0.021 ¢ 0.027d
G. mosseae 51.09b 0.118¢ 0.141¢ 0.117d 0.040 ¢ 0.023 be 0.024 ¢
Azospirillum 4798 ¢ 0.140 b 0.202b 0.143 ¢ 0.047b 0.025b 0.032b
Azotobacter 45.29d 0.148 b 0.209 b 0.158 b 0.053 ab 0.031a 0.030 ¢
In each column means with similar letters do not have significant difference. 5,5 (gl s gl Al By y b (slanSiles oygi 2 50
it 3| g Glomus z )8 slboaisS 55 b Lds IS (5955 )15 g Judg IS) (6 pimwid Grailuss,
Wog 8,56 6 5L Mo 1wl plas bosls byl ajps gbs
olid oals (g Lol 4y izl wSe IS 0,50 4o 55U Gy GsS g ol ST gl Lol Jelxe
Lo 5 0eST ol 3l Jsbme Lol il s ol ool mhas 13 b ga Lde)lS clile oyl sine
55U 5l 90 lite 1 g o sime (i sloosS Y OUSE 0 a8 aisSilen (Y Joaz) cuils sy
o2l anST 6l il Jolze b ool e ols olas laosls e YL L oLl s caslie @ Judg kS
JUTPE NI NNE JPNE SRRRREL R S ysloty xb 009388 s IS fine ok Jslows
Gl b olen aS g sbay il (lEl (ol sime o8 aenSToil alss G rme 51a L S lime yp pion
w2l Gl 5 055515 (e sl apnSTgl il lrsSee sz B g 1 o a8 4w chile L
6ol U 5IF; o Fp jlewd 90 oy Siali8l ol Ll sosS e oy i Jol> G ointraradices
565 Sy sodgS jled (V) Jgazx) diagd g Olee 2 Lo SL 5l e yeSee slag)B (S
4 Coms |y alaalew ol )0 095 Gline Cudly Oy 2558 e il b Sy 3 Lidg)lS
aSoyebay was Wl gl cae jebay wals (FoBp) wals slajles 51 s,y opl joa Jdg,l5
B L ks o WSS e optde Fo 5l ool oSt g6 cdale [iali3l b ol jon ol ool
L Glo s Colas oS 0l Jol> G. intraradices aS 5 ebds i 00938l ji b Ldg IS e p Fr a
655k agS 90 b oS maili § et G. mosseae $b )5 dw alg Bpae 51 b Ldg IS lie o yiin
(Y Jga2) 08,5 18 gom ad, 40 b, S e 5 o2 e 2eS g G. mosseae g 5 g ol auS]



el gy Sy 50055 5 (2T 0T b Sl Jglome oS 1o Sen 5 (5 p2m dkog2 A\

.Marius et al., 2005)

aly 9 Sy 50 lawst (T slags 5T clled
b ool Jeloe ols lid osls il )y 4y 500 gl
2 o b ) sloosS o 5 ol 0]
2 5leST J2 (g VB sl T codlad 5ee
VU (F Jyio) sitils sl oS ats, 5 5y
ol edled e o Fr a0 Fy 3l oSt gl cdale 28,
Wi o3l Sy 5 ady) iSw 90 2 50 il g
5 Sy el onl Collad liee it 45 (5 5boa,
ol ol 351 5 0,5 4 2l ol 5 4,
pae Lyl o 5 cudled Glie (0 %eS o a9
Ol Gliae el Gy 4ol 0ST gl b Jgloe
YA 9 WY Jolae coi e (Fp) valds Jles 0 cud By
haeasT J w3l (slp Gl ol 5 wivg wo )y
éﬁg M)\) \; 9 M) J\)L&A w);it 55); 9 d.w) )\)

~ 2

z

[ C

Lo 1.5 A =

on =

2 =

2 1 —

= =

= =

£ 0.5 =

e —

E =

S o- =

BO Bl B2 B3 B4
FO

Clorophyll a (ng/g F.W)
S = N W kA 0O

Vo om0 )13 3l Con 1) (g tmgid Cud s oS
Ol b gpimgid slaailass, Jlade oliEl clde
cole p oal b Jdsa ool sl b e
ool Sl 2 ol 1 cceslydl i slaslo i
Fagn 3wl nl g el ST 35kd 59 018
Sl g jlogin &5 Siilggidsiel -]
Jiles (Marschner, 1995) sl ).».sl.) Sl (6 Fwgid
S Bhslme oy b e 5o ialeil ol
ool 2g0aS a5 0 5155 5 jol oS (55, ol IS
b el IS i 20lS 5 odle Wl o ol S ol 5o
Yousef Zadeh ef al., ) 29 ol jorr 059555 ralS
N C)'“i Ol il sy oo Sl 4l by (2016
) Grimsd GlalasS, Glre Gl ge olS o yiiws
IREX e
Wlgige aud i SRl 1 08 slag B
sl antls e 3l ol o Ldg)lS olre 55,
Ol w8y Syme slag St 86 L bl e
e olye 5 ol L a5 o5 Gl &K
w3 oo 3 olS LS o e Ojgen | 6

ef

9 F1 Fo ) ailoolew (6 5msid soailoSs; lime o s so0sS Q@T aenST 9l b Joloee Blate J1 Sl aglio ¥ S
152,850 @, walds s 54y By 9B By By By g 5l 10 0 5T 510 oo slackale jo Q,mi QenSTgil il Jelore sy Fy

(GSLes5l g pouls syl sl (6 55U «G. mosseae (G. intraradices

Figure 2. Mean comparison interaction effect of foliar application of nano iron oxide and biofertilizers on black cumin
photosynthetic pigmentation (F,, F; and F,, respectively, foliar application of nano iron oxide in concentrations of 0, 1.5 and
3 g/1 and By, By, B,, B3 and By, as control, mycorrhiza G. intraradices, G. mosseae, Azospirilium and Azotobacter bacteria).
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Figure 3. Mean comparison interaction effect of foliar application of nano iron oxide and biofertilizers on activity enzyme of
ascorbate peroxidase in leaf and soluble protein of black cumin (F, F; and F,, respectively, foliar application of nano iron

oxide in concentrations of 0, 1.5 and 3 g/1 and By, B, B,, B; and By, as control, mycorrhiza G. intraradices, G. mosseae,
Azospirilium and Azotobacter bacteria).
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Table 6. Results of variance analysis effect of foliar application of nano iron oxide and biofertilizers on root and
aerial part nitrogen and iron of black cumin

Mean of squares

Source of variation df N N Fe Fe

root aerial Root aerial
Block 2 0.002 ™ 0.0008 ™ 2776.4™ 842535 ™
Iron Nanopaticle 2 0.010™ 0.0255 "™ 2923527 26960.62
Biofertilizers 4 0.207 0.4780 411288/7 303349.58
Iron Nanopaticle x biofertilizers 8 0.004 ™ 0.0056 ™ 11452 14269.95 "
Error 28 0.008 0.0109 7254.3 6112.04
C.V. (%) 12.99 8.55 14.98 9.49

SIS s Dol 39 g doye Vg O Jliiol mhaw jo ls s Sglds oS 4y ms g
*, ** ns: Significantly difference at 5 and 1% of probability levels, and non-significantly different, respectively.
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Table 7. Mean comparison effect of foliar application of nano iron oxide and biofertilizers on root and aerial part
nitrogen and iron of black cumin

N N Fe Fe
root aerial root aerial
Foliar application of iron oxide nanoparticle (g/L)
Control 0.675 a 1.178 a 5204b 777.0 b
1.5 0.723 a 1.224 ab 577.6 ab 833.3 ab
3 0.719 a 1.261 a 607.3 a 860.1 a
Biofertilizers
Control 0.546 ¢ 0.865d 323.0e 619.2d
G. intraradices 0.909 a 1.488a 836.4 a 10793 a
G. mosseae 0.790 b 1.298 b 732.8b 921.7b
Azospirillum 0.711b 1.292b 530.7 ¢ 806.7 ¢
Azotobacter 0.571 ¢ 1.162 ¢ 419.2d 690.4 d
In each column means with similar letters do not have significant difference. 25l gl gime ol aglie gy b sl Sibes g o 50

Fe concentration aerial
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Figure 4. Mean comparison interaction effect of foliar application of nano iron oxide and biofertilizers on iron aerial part of
black cumin (Fy, F; and F,, respectively, foliar application of nano iron oxide in concentrations of 0, 1.5 and 3 g /1 and B,,
By, B,, B; and By, as control, mycorrhiza G. intraradices, G. mosseae, Azospirilium and Azotobacter bacteria)
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