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Table 1. Equations of germination indices and radicle anthocyanins content of Niger

(Index) (Equation) (Reference)
ESPC ISRV GP:(E']xluu oY) o)) e g | ot
inati SH

Germination percentage
. B - i Y T
S58le> s s GR:E[EW (YY) oK g " ls T
Germination rate '
4ilis) S3eilyr Lawgie o6 = (255 OAF) ol fSan 5 "l
Mean of daily v D
germination
Siale> arls Gl = (FTi % Ni)/S OAF) o 5en 5 lSul

Germination index
Seedling vigor index

Vigor index = (PL + RL) % GP (1) gl 51

RL{Troatmont) Y+\Y) ?)19\} 5,5,

——— % 100
Ri(Control)

Az iy, Cuglie duo,o
Percentage of radicle

resistance
FGP ccals 51 s 59, slows 11 d 3, 50 00 ailyz sla,dy slows (G ol s sla,d S olow SN wos aily> slo,d S slows :GN

RTIZ=

JS5S iyl 35, 2 50 00 dilex gl dy slaad N« (59,) blS 51 ey (o)les gloj T talesT 090 Job 1D« ol S5ailsz oo,
(o siilo) azady ) Jsb RL (o ool azadle Job PL woas ails sla)dy

GN, Total number of germinated seeds, SN, Number of tested seeds, Gi, number of germinated seeds in day
i, 1, Number of days after sowing, FGP, Final germination percentage, D, Test period, Ti, Counting time after
planting (day), Ni, Number of germinated seeds per day of counting, S, Total number of sowed seeds, PL,

Pedicel length (cm), RL, Radicle length (cm)

ialesl slo o o olew s i (Siailer slaatlis (miljly 45 Y Jgas

Table 2. Variance analysis of germination indices of Niger seed under experimental treatments

Slas o Sk
s e olsT 4 (Mean squares)
SOV Jf Sl ey il cepe allly) Sialsr bawgie
Germination Germination Mean of daily
percentage rate germination
0,3 il g9
Nanoparticle type 2 2.3% 0.2™ 0.05™
N)
e 3 11.47 7.9° 0.02"
Concentration (C)
TR
N x C&" 6 0.8™ 0.9" 0.02"
Errorl.s 24 1.0 2.5 0.02
(92%) el 2 - 1.0 37 1.0

CV (%)
e e i |y sy 0 g auo e ) Jleisl mhaw 58 (5,5 sime (g0 sre pas CoF T ek 5 * NS
ns “and ~* show not significant, significant at 5% and 1% probability levels, respectively.
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Table 3. Mean comparison of the effect of concentration of nanoparticles on some germination indices of
Niger seed

olyd gl el Siler oy Siiler ey alys, (Fiailsz Lawgie
(el s p Sk Germination Gl y3) Gles®)
concentration percentage Germination rate Mean of daily germination
(mg/1) (1/day) (Percentage/day)
0 100.0° 443" 14.3*
10 99.8° 443" 14.2*
30 98.6" 43.2% 14.1°
60 97.5 42.3° 13.9°
oy 0 Jleil mhaws [0 gl sme B g Ll Lld 5ILSD (g03] wlal (g 5o 50 alie By S J8la slyls slaSile

IRVARY

In each column, means having at least one common letter are not significantly different at 5 % probability

level.
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Table 4. Variance analysis of germination indices of Niger seed under experimental treatments

Sl po (Sils
4z (Mean square)
Sl ol bl Gialsr el azamy, Jsb agale Jsb an a3l azady; Cuglis
SOV (df)  Germination  Radicle Plumule Vigor Radicle
index length length index resistance
c)‘s 531-" 695 3 ok * %k *k ok
Nanoparticle type 2 0.0006 e 1.7 1.3 2.9 549.3
N)
Q—B-Lé ok * k% *% *
. 3 0.003 0.3 0.1 2.9 100.1
Concentration (C)
clale X 5 Y wx D *k *%
& 6 0.005 0.4 0.5 1.2 154.3
NxC
Uas-
24 0.0005 0.1 0.1 0.2 29.4
Error
(2052) Seet oy 1.8 6.1 8.0 53 57

CV (%)

s oo i ) 0 )0 0 5 as, ) Jlaisl e ;o (6)ls gime (5 5 sixe pas oS5 ks g+ NS
ns, “and " show not significant, significant at 5% and 1% probability level, respectively.
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Table 5. Mean comparison of the interaction effect of type and concentration of nanoparticles on some
germination indices of Niger seed

0,5 5l ke ol azady, Job azails Job  am asls Azdiy; Cwglie
Nanoparticle  Concentration T Radicle Plumule Vigor Radicle
(mg/1) Germination length length (cm) index resistance (%)
index (cm)
0 1.29° 5.6® 4.7 10.3% 100.0%®
Pl aenSTi 10 1.31% 5.9° 3.6 9.5% 105.3*
Tio, 30 1.39° 5.8%® 4.4 10.1* 102.0%®
60 1.33% 5.9° 4.3%® 10.0° 104.9*
€ ab’ a a ab
Sls 0 1.2§Cd 5.6bc 4.7a 10.3a 100.20
10 1.34 53 4.7 10.0 93.7
Pamerhe 30 1.29° 4.6° 4.5 9.0 82.1¢
Si0, 60 1.37% 4.9% 4.5 9.1b 87.2¢¢
0 1.27° 5.6® 4.7 10.3% 100.0%™
S e 5l 10 1.36™° 4.8 3.9 8.6° 85.0%
CNT 30 1.33% 5.5%® 4.1%¢ 9.5%® 98.3%
60 1.29° 4.7 3.1¢ 7.7¢ 84.5¢
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In each column, means having at least one common letter are not significantly different at 5% probability

level.
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Table 6. Variance analysis of germination indices of Niger seed and content of radicle Anthocyanin under
experimental treatments

(Mean square) ol e o Sles

i ol e Sy ” “”Li SES (s BRST SES ()
df  Anthocyanin Plumule dry Radicle Radicle
tent fresh weight fresh weight  dry weight
con weight
O):) yu &93 *k *k ok * *
Nanopar‘[icle type 2 15.9 1763.1 75.14 490.4 9.8
N
L_A.hl.c ek ek Kk Kk ek
. 3 44.1 1801.6 43.8 2150.1 21.8
Concentration (C)
clale X 5 *k *k Ak *k *k
& 6 3.9 7513.1 152.6 786.4 20.2
NxC
Uas-
24 0.1 165.2 3.4 94.9 3.5
Error
(o) Sl ey 49 25 1.2 5.0 34
CV (%)

e oo lii ) 0s 0 0 g asye N Jleisl e (0 (6,0 gime oS )T Ay g x
ns,” and ~* show not significant, significant at 5% and 1% probability levels, respectively.

olew)ls azay ) criliwgis] gima 5 Jjailsm Glosasli p bl 6l cdale 5 gg (EiSKen Sl duulio — Y Jgux
Table 7. Mean comparison of the interaction effect of type and concentration of nanoparticles on germination
indices and content of radicle Anthocyanin of Niger

R O T I IS TR AN Axddy; 5 O Si (39
0,5 b bl Anthocyanin Plumule az il Radicle azaiy,
Nanoparticle ~ Concentratio content1 weight Plumule Fre.sh Radicle dry
n (mg/1) (mmol g7) fresh dry weight Weight weight
0 241 530.0° 154.7° 208.3° 54.0°
PYVECR IRV PN 10 2.7 520.0° 156.0° 211.3° 56.3%
TiO, 30 3.8° 476.74 148.4° 170.0¢ 51.5%
60 7.0° 481.7¢ 144.6% 190.0° 54.0%
. 0 2.4' 530.0° 154.6° 208.3° 54.0%
e Tl e d b cd ab
10 3.9 490.3 155.2 175.0 56.3
aetle 30 4.3 483.3¢ 146.7% 153.3¢ 52.6°
Si0, 60 8.3 560.0° 162.7 210.0° 49.2°
0 241 529.0° 154.7° 208.3° 54.0°
o0 seisl 10 6.9° 490.0° 147.1¢ 208.3* 49.1
CNT 30 7.5° 609.3° 156.6° 184.75¢ 54.0%
60 8.3 475.7 142.2¢ 207.3° 57.1%
oy B Jlisl mhaw jo (gl e S| g)ll Lld 5ILSD (yg03T polal 5 gt ,o 50 alive B> S JBlas lyls slo . Silo
RYARY

In each column, means having at least one common letter are not significantly different at 5% probability
level.
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Investigation of Seed Germination Indices and Anthocyanin Content of
Niger (Guizotia abyssinica) Seedling under the Effect of Three
Nanoparticles

Moazzameh Eskandarinasab', Mohammad Rafieiolhossaini> ", Partoo Roshandel’ and
Mahmoud Reza Tadayon3
Extended abstract

Introduction: The use of nanotechnology as a diverse and applied discipline is ongoing in almost all
areas of science. Fertilizers and nano-nutrients have the effective properties which help the production of
plants, depending on their needs to regulate the plant growth. Plants under stress conditions tend to produce
natural nanoparticles to continue their growth. Nano TiO, has a highly photocatalytic effect and as a catalyst,
it is mainly used in water, electronic devices, conversion and storage equipment of energy as suspension.
Sources of SiO, are very diverse, including natural nanoparticles, anthropogenic particles and engineering
nanoparticles. Although silicon is not an essential element for growth in many crops, it has beneficial effects
on plant growth and development. Today, carbon nanotubes are one of the most important materials in
industrial programs. These materials, with different production methods and specific properties, can play an
important role in the production of composite materials and have applications in medicine, electronics and
energy storage. The Niger plant, with the scientific name of Goizotia abyssinica (L.F) Cass, belongs to the
Asteraceae family. Its seeds are used in pharmacy, food industry, green manure and for feeding birds and
cows. Therefore, the purpose of this experiment was to investigate the effect of type and concentration of
three nanoparticles on some germination characteristics and anthocyanins content in Niger medicinal-oily
plant.

Materials and Methods: In order to evaluate the effect of three nanoparticles on seed germination of
Niger, an experiment was conducted as factorial in a completely randomized design with four replications.
The treatments of TiO,, SiO,, and CNT were used as the first factor while their concentrations in four levels
(zero, 10, 30 and 60 mg/l) were considered as the second factor. In this study, the traits of germination
percentage, germination rate and mean of daily germination, germination and vigour index, length, fresh and
dry weight of radicle and plumule, anthocyanin content and radicle resistance percentage were measured.

Results: The germination percentage, germination rate and mean of daily germination decreased by
increases in nanoparticles concentration. The favorable effect of TiO, on germination index was obtained at
the concentration of 30 mg/l and radicle dry weight at the concentration of 10 mg/l, compared to the control.
The positive effect of SiO, was obtained on germination index and radicle dry weight at the concentrations of
10 and 60 mg/l, the anthocyanin content and the fresh and dry weight of plumule at the concentration of 60
mg/l, compared to the control. In addition, the appropriate effect of CNT on germination index was observed
at the concentration of 10 and 30 mg/l, the anthocyanin content and radicle dry weight at the concentration of
60 mg/1 and plumule fresh weight at the concentration of 30 mg/I.

Conclusions: According to the results of this study, it seems that the effect of nanoparticles in plants,
apart from the plant itself, species, type and concentration of nanoparticles, varies depending on the growth
stage and physiology of the plant. It seems that nanoparticles can increase the water absorption of seeds at
some concentrations and increase seedling growth, which is because of their positive effects. Anthocyanins
are produced by exposure to stress due to their antioxidant activity. In general, it can be said that increasing
the concentration of nanoparticles causes the oxidative stress in the plant and the subsequent increase.
Therefore, it is recommended that by investigating the bad effects of nanoparticles on plants, if necessary,
use be made of nanoparticles at low concentrations (less than 60 mg/1) to increase the plant's efficiency.

Keywords: CNT, Mean of daily germination, Radicle dry weight, SiO,, TiO,

Highlights:

1- The effect of kind and concentration of nanoparticles on seed germination indices and anthocyanin
content of Niger seedling.

2- Investigating the interaction effect of nanoparticle type and concentration as the physical priming
factor of seeds on seed germination of multi-purpose Niger plant.
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