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Table 1. Germination traits measured in the experiment.
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Table 2. Analysis of variance of germination traits under effect of silver nano particles.
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S.0.¥ of Germination  Germinati Germination = Germination Vigor index Root Shoot Seedling
freedom  percentage on index rate energy length length length
TP 9 2643/09° 11473 500.12" 0.041" 22374730 551 099" 7.40%*
Genotype
o sk ke e ke ek ns ns ns
Treat 2 2987.78 137.94 817.21 0.119 142280.54 245 <Y 1.99
)w*%?j *k *k *k *k
Genotypex 18 371.42 14.81 5225 0.008" 27228.45 037" 023" 0.89"
Treat
s
] 60 156.66 6 17.70 0.006 8537.30 0.46 0.14 0.71
Residual
s o
e 17.58 17.43 17.43 9.14 18.18 15.95 12.74 11.76

Coefficient of variation

ns

de s S Jleiml mhaw jo jls g
,"and *" indicates non significant, significant at 5% and 1% probability levels.
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Table 3. Comparison Mean of Germination traits between genotypes.
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Genotype Germination Germinati ~ Ger minati_?n Germination Vigor (el) Shoot Seedling
percentage (%) on index rate (day™) energy index lengt(;lo(tcm) length length
(cm) (cm)
Nf”“"’ 53.89% 10.71°¢ 18.52°¢ 0.85" 352.88% 412" 2.48¢ 6.60°
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mb-87-14 62.78% 15.52¢ 20.37° 0.80"4 423.82°¢ 424° 2.60° 6.84™
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Table 4. Comparison Mean of Germination traits between different levels of nano particles.
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(Y5 Ge::rcl:;?;m: Germination (”‘) )b‘ Germination Vigor Root length Shoot length Seedling
Nano p o 8 index Germination energy index (cm) (cm) length (cm)
treatment (%) rate (day™)
0 58.68" 11.59" 18.11° 0.78" 429.37 4.31" 2.86" 717
1 74.68" 15.05° 26.79" 0.89* 557.24" 4.51" 2.98" 7.49"
5 77" 15.52° 27.48" 0.89* 537.63" 3.97° 3.01" 6.98"
e yales Olo (i Sweod O Jous
Table 5. The correlation between germination traits.
oy s oo By Sl sk Jsb
o3lsx Sl Pl (alex e apady, 4l
Germination  Germination  Germination  Germination Vigor Root Shoot
percentage index rate energy index length length
Fi4lgr pasl N
Germination
index
(538 8 . .
Germination 0.982 0.987
rate
5815 550 . . .
Germination 0.877 0.889 0.946
energy
el 0.915" 0.922" 0.934" 0.874"
Vigor index
Az ade) Jsb 0.298 0.313 0.373 0.464 0.617
Root length
5L,
az Sl Job 0.007 0.017 0.031 -0.047 0.226 0.189
Shoot length
azals Job
Seedling 0.261 0.278 0.335 0.384 0.618 0.934™ 0.527
length

RSP A FIRW-SNE Wiy PCE I SR ST COWON- 2

** indicates significant correlation at 1% probability level.
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Table 6. Special values and cumulative percent of variance in principle components

analysis for germination traits between genotypes.

wlao ol adlgo
Characteristics First
component
Sialez wo o 0.93
Germination percentage
il Ll 0.94
Germination index
Sialgs sy 0.96
Germination rate
& i4lex 55! 0.93
Germination energy
ke 0.99
Vigor index
azdly; Job 0.6
Root length
azale Job 0.16
Shoot length
Seedling length
oi9 yolio 523
Special values
obslg 3l e 65.43
Percentage Of the variance
gg’*""’" u‘"b)lﬁ 65.43

Cumulative variance

p9d adlge
Second component

-0.32

-0.31

-0.26

-0.21

0.07

0.65

0.67

0.81

22.92

88.35
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Figure 1. Bi-plot of principal components analysis based on germination traits for barley genotypes.
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Special values and cumulative percent of variance in principal

components analysis for germination traits between different levels of nano

particles.
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Abstract

Introduction: Nanotechnology involves the construction and exploitation of materials and systems through
control of the matter at the nanoscale. Nanotechnology is the use of scientific and technical knowledge, which
has great potential for improving the quality of human life in various fields such as agriculture and
manufacturing. The technology using nanoparticles and biological nanosensors can improve the rapid
identification of pathogens and plants, against pests, increase the ability of plants to absorb nutrients, reducing
the use of pesticides and also by monitoring soil conditions, plant growth on abiotic can maximize the utilization
of inputs conventionally such as fertilizers, pesticides, irrigation and environmental conditions such as
temperature, solar radiation and humidity, causing increased food production and food supply.

Materials and methods: : In this study, the effect of nanosilver particles was evaluated on germination and
seedling growth of ten barely plant genotypes in a factorial experiment based on completely randomized block
design with three replications, under laboratory conditions at 2015 y in Ilam university. In the experiment,
examined factors included different concentrations of silver (0, 1% and 5%) and 6 varieties and 4 lines of
cultivated barley. Traits such as germination percentage, germination index, germination rate, germination
energy, vigor index, root length, shoot length and seedling length were measured.

Results and discussion: Analysis of variance showed that the different concentrations of nanosilver (0, 1% and
5%) were significantly different at 1%. for germination percentage, germination index, germination rate,
germination energy and vigor index. In other word, different silver nanoparticles had different effects on traits
such as germination percentage, germination index, and germination energy and so on. Also significant
differences at 1% were observed among genotypes for all traits studied indicating genotypic diversity in the
population studied. Genotype and nanosilver interaction had significant difference (P>0.01) for germination
percentage, germination index, and germination rate and vigor index but for energy germination, root length,
shoot length and seedling length were not significant. This means that different barley genotypes had various
responses to varied silver nanoparticles treatments. According to correlation results, the germination percentage
and germination index had the highest correlation (1) and the lowest correlation was observed between
germination percentage and length of Plumule (0.007). According to principal component analysis investigating
the diversity of traits among genotypes, two components were extracted with eigenvalues more than one. Where,
65.43 and 22.92 percent of the variance were explained by these two components, respectively
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overall 88.35% of the total variance. The first component was assigned as a component indicating germination
parameters (such as: germination percentage, germination index, germination energy) . The second component,
assigned as a component indicating growth. Nosrat, [zeh, Ten sarasary and mb-88-2 genotypes had the highest
amount of germination characteristics. Also the principal components analysis to examine variability between
different levels of nanoparticles showed that two components with eigenvalues over than one were extracted
which explained 74.73 and 25.27 percent of the variance, respectively, all amount of variance was explained.
The first component nominated as the germination parameters and shoot length and the second component as
root and seedling length. Moreover, according to PCA results for examining the diversity of traits between
different levels of nanoparticles, the highest amounts of traits were observed (P>0.01) of nanoparticles in
comparison with control. On the other hand, 1 and 5% levels of nanoparticles did not make much difference
with each other, for different traits. These observations also confirmed the results of mean comparisons. In
conclusion, results showed that the silver nanoparticles increase the germination parameters such as
germination percentage, germination index, germination rate, germination energy and vigor index though did
not affect shoot length. The results could indicate intrinsic and practical effects and impacts of silver
nanoparticles on biology.
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