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ABSTRACT

The present study aims to investigate the effects of
hydroxylapatite (HA-NPS) and zinc oxide (ZnO-NPs) Nanoparticles
on seed germination of four plant species; radish (Raphanus sativus),
tomato (Solanum lycopersicum), wheat (Triticum aestivum L.) and
cucumber (Cucumis sativus L.). Seeds were treated with DI-water
(control) and Nanoparticles suspensions (HA-NPS and ZnO-NPs)
solutions, at six concentrations of 10, 20, 50, 100, 200 and 500 ppm.
The treatment of HA-NPS showed inhibition effect on all treated seed
germination with significant dose dependent. The inhibition effect was
related positively with HA-NPS concentration and was significant at
the rate of 50 ppm in radish and tomatoes, and at 100 ppm in
cucumber and wheat seeds. In ZnO-NPs treatment, the inhibition
effect was related positively with ZnO-NPs concentration and was
significant started from 20 ppm in radish, tomatoes, and cucumber.
Meanwhile, wheat seeds were weakly responded to ZnO-NPs
inhibition showing significant effect when applied at 200 ppm. The
germination index data (combined seed germination and root
elongation), indicated that the response of the tested seeds against
Hydroxylapatite Nanoparticles was evident at the highest applied rate
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(500 ppm), and was as follows: Radish > Tomatoes > wheat >

Cucumber. In ZnO-NPs treatment was Radish > Tomatoes >

Cucumber > wheat.

Key words: Hydroxylapatite, Zinc Oxide, Nanoparticles, Seed
germination.

INTRODUCTION

Nanotechnology has enormous potential uses and benefits.
Nowadays tremendous research has been carried out to explore the
positive impacts of Nanoparticles on the plant growth and
development while few studies reported their negative -effect.
Nanoparticles are the atomic or molecular aggregates having size
dimension between 1 to 100 nm. They have diverse and unique
physic-chemical properties as compared to other bulk materials (Nel
et al., 2006). The Nanoparticles, with their ultra-small size, specific
shape, geometric structure, and unique properties, may have the
potential for increased toxicity (Arruda et al., 2015).

Fertilizers are very important for plant growth and development.
Most of the applied fertilizers are rendered unavailable to plants due
to many factors, such as leaching, degradation by photolysis,
hydrolysis, and decomposition (DeRose et al., 2010). Hence, it is
necessary to minimize nutrient losses in fertilization, and to increase
the crop yield through the exploitation of new applications with the
help of Nanotechnology and Nanomaterials.

The presence of Nanoparticles on the root surface can change the
surface chemistry of the roots and consequently affect the uptake of
nutrients into the plant root (Mirzajani et al., 2013) thus; these have
to be taken into consideration too.

Seed germination and seedling growth are being widely used to
test phytotoxicity of many chemical species such as engineered
Nanomaterials which may be released into the environment because it
is crucial stage in plant growth and it is also an important phenomenon
in agriculture because it is regarded as thread of life of plants that
ensure its survival (Igbal et al., 2016).

Seed germination, shoot and root elongation measurements are
quite rapid for use on acute phytotoxicity tests with several
advantages: sensitivity, simplicity, low cost, and suitability for
reactive chemicals and contaminated soil samples (Munzuroglu and
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Geckil, 2002). Therefore, this study aimed to compare the effect of
different concentrations of selected Nanoparticles on seed germination
of four plants when used as Nanofertilzers compared to untreated.

MATERIALS AND METHODS

Nanoparticles:

Two types of Nanoparticles (hydroxylapatite and zinc oxide)
were used in this study.

Preparation of hydroxylapatite Nanoparticles:

Hydroxylapatite (HA-NPS) was synthesized from calcium
hydroxide and orthophosphoric acid. Both chemicals were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Hydroxylapatite prepared
via wet-chemical precipitation method as described by Bianco et al.
(2007). In the present work, calcium ions react with phosphate ions
based on a molar ratio of Ca/P = 1.67.Calcium hydroxide was
dissolved in deionized water (Milli-Q, Millipore, USA) under
vigorously stirring at 1000 rpm/min for 12 h at 25 °C. The prepared
orthophosphoric acid solution was slowly added dropwise into the
stirring suspension of calcium hydroxide in distilled water. The
precipitated materials were allowed to settle overnight before
filtration. The filtered precipitation was rinsed three times by using
deionized water and then dried overnight in an oven at 100 °C for 2 h.

Physical, Chemical and Morphological Characterization:

The formation process of HA-NPS crystal was investigated by
X-ray diffraction (XRD, X’pert Pro, PanAnalytical, Netherlands) in
the 20 range 0° to 80° using CuKal radiation (A=1.54056 A). The
morphology and size distribution of the synthesized HA-NPS powder
was characterized with a transmission electron microscope (HR-TEM,
Tecnia G20, FEI, Netherlands), operating at 80 kV. An aspect ratio
can be defined by the ratio length/width of the HA-NPS Nanocrystals.
All  preparation procedures and characterization of calcium
Nanoparticles were done at the Nanotechnology &Advanced
Materials Central Lab, ARC, Giza, Egypt.
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Preparation of zinc oxide Nanoparticles:

Zinc oxide was synthesized by the precipitation method. In a
typical procedure, 14.38 g of zinc sulfate heptahydrate was dissolved
in 50 ml of deionized water (Milli-Q, Millipore, USA) and then, 4 g of
sodium hydroxide in 50 ml of deionized water was added dropwise
under magnetic stirring. After the addition was completed, the stirring
was continued for 30 min. The precipitates were filtered and washed
using pure water several times. Then the precipitates were dried at
60°C for 24 h and dried at 400°C for 2 h. The crystalline and phase
structure of the synthesized ZnO NPs was studied by an X-ray
diffractometer (XRD, X’Pert Pro, PanAlytical, Netherlands). The
morphology and size were determined by the transmission electron
microscopy ((TEM, Tecnai G20, FEI, Netherlands).

Seeds:

Seeds of four plant species; radish (Raphanussativus), tomato
(Solanum lycopersicum), wheat (Triticum aestivumL.) and cucumber
(Cucumis sativus L.) were used for the test as recommended by
Migliore et al. (2003).

Preparation of HA-NPS and ZnO NPs suspensions:

Weight of 1 g from HA-NPS and ZnO-NPs were suspended
individually in 1 liter of deionized water (DI-water) and dispersed by
ultrasonic vibration (100 W, 40 kHz) for 30 min to prepare 1000 ppm
stock solution for each. The stock solutions were diluted by DI- water
to make serial concentrations of10, 20, 50, 100, 200 and 500 ppm.
Small magnetic bars were placed in the prepared solution for stirring
before use to avoid aggregation of the particles.

Germination assay:

Germination assay was carried out according to Yang and
Watts (2005). Seeds were immersed in sodium hypochlorite (10%)
solution for 10 min to ensure surface sterility, then rinsed three times
with DI-water. After rinsing, seeds were prepared for assay by soaking
in DI-water for control treatment and in the suspension of HA-NPS or
ZnO-NPs for 2 h., (Kikui et al., 2005). One piece of filter paper was
put into a Petri dish (10 mm) and 10 soaked seeds were transferred
onto the filter paper and 5 ml of DI-water or test Nanoparticles
suspension were added/dish with three replicates for each
treatment/concentration. Petri dishes were covered and placed in an
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incubator for 7 days in the dark at 28+2°C. After the incubation
period, root and shoot length, germination percentage, relative
elongation %, relative germination rate and germination index were
recorded. The results were compared with the untreatment (control)
for each seed type.

The relative elongation %, relative germination rate and
germination index were calculated as follows:

Relative germination rate = Seeds germinated in test sample = 100
Seeds germinated in control

Relative root elongation = Mean root length in test sample = 100
Mean root length in control

Germination Index = Relative germination rate * Relative root elongation

100

Statistical analysis

The statistical analysis was done by using SPSS statistical
software (Landau and Everitt, 2004).The results were presented as
mean + SD (standard deviation). Each of the experimental values was
compared with the corresponding control. Statistical significance was
accepted when the probability of the result assuming the null
hypothesis (p) is less than 0.05.

RESULTS AND DISCUSSION
1.Characterization of synthesized hydoxylapatite Nanoparticles

1.1.X-Ray diffraction (XRD):

The X-ray diffraction patterns of as-synthesized calcium
phosphates are shown in Fig. (1). The XRD spectra obtained have
characteristic peaks consistent with the International Centre for
Diffraction JCPDS files number 00-064-0738 files for HA-NPS. The
HA-NPs exhibited several signals at 20 = 25.88, 31.77, 32.19, 32.91,
and 49.49, corresponding to the diffraction planes (002), (12 1), (11
2), (03 0), and (1 2 3), respectively.
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Fig. 1. XRD patterns of hydroxyapatite (HA) powders synthesized.

1.2. Transmission electron microscopy (TEM):

The TEM image of the HA-NPS Nanoparticles is shown in Fig.
(2). The needle-like morphology of the apatite particles with a width

less than 10-16 nm and a length about 30-55 nm was clearly
observed.
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1.3.XRD analysis:

The XRD pattern of the synthesized ZnO-NPs s is shown in fig.
(3). The peaks at 20 = 31.77°, 34.4°, 36.26°, 47.54°, 56.60°, 62.86°,
66.38°, 67.95°, 69.09°, 72.57°, and 76.97°were assigned to (100),
(002), (101), (102), (110), (103), (200), (112), (201), (004), and (202)
of ZnO-NPs, indicating that the crystalline structure of synthesized
ZnO-NPs presented a hexagonal phase structure of the wurtzite
(Zincite, JCPDS 5-0664).
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Figure3. The XRD pattern of the synthesized ZnO-NPs.

2.Characterization of synthesized zinc oxide Nanoparticles
2.1.TEM analysis:

High Resolution Transmission Electron Microscopic (HR-TEM)
studies were carried out to find out exact particle size of synthesized
ZnO-NPs. TEM images as illustrated at Fig. (4) ZnO-NPs which
having particle size in the range of 20-32 nm with nearly spherical
shaped particles.
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Figure 4 TEM image of the synthesized ZnO-NPs.

3.Effects of HA-NPS and ZnO-NPs suspensions on seed
germination

3.1.Effects of HA-NPS:

Data in Table (1a) and (1b) showed that HA-NPS suspension
decreased the root and shoot length of all treated seeds compared with
control. The results showed inhibition effect on all treated seed
germination with a clear significant dose dependent. The inhibition
effect was related positively with HA-NPS concentration and was
significant at the rate of 50 ppm in radish and tomatoes, and at 100
ppm in cucumber and wheat seeds. The concentration of 500 ppm
showed the highest inhibition effect comparing to control and
significantly decreased root and shoot length of all tested seeds being
4.32, 5.31, 3.02 and5.32 cm for root and 5.25, 3.08, 1.27 and 5.01 cm
for shoot of radish, tomatoes, cucumber and wheat seeds, respectively.

The data, revealed that the relative % root or shoot length at the
concentration 500 ppm of HA-NPS recorded 48.16 or 87.06 % for
radish, 78.32 or 68.29 % for tomatoes, 84.59 or 61.95% for cucumber,
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81.60 or 77.78% for wheat, respectively. From the germination index
data (combined seed germination and root elongation), its indicated
that the sensitivity of the tested seeds against Hydroxylapatite
Nanoparticles at the highest applied rate (500 ppm) was as follows:

Radish > Tomatoes > wheat > Cucumber

Table la. The Effect of HA-NPS suspensions on Radish and
Tomatoes seeds.

Radish Tomatoes

Conc. Relative Relative g := : 3 Relative Relative g := ; %
root Shoot shoot | € . | £ % root Shoot .| B8

(ppm) Root(em) length (cm) length 3 E i3 Root(cm) length (cm) shout 5 E %
% % :é 5 % length % Z£ 5
(CIPI;[I}T'DD 8.970.04a | 100.00 | 6.03+0.03a | 100.00 | 100.00 | 100.00 | | 6.78+0.07a | 100.00 | 431+0.07a| 100.00 | 100.00 | 100.00
10 | 880+0.03a| 9810 |590:0.05a| 97.84 | 9579 | 9397 | | 6.75:0.04a | 99.56 | 438+0.04a | 0702 | 9783 | 9739
0 [ 853005 | 9500 | 586003 9751 | 93.68 | 80.09 | | 6.710.03a| 9897 |427+0.02a| 94.68 | 9565 | 94.60
50 | 335+0.0% | 6221 |540:0.0% | 96.02 | 913§ | 3697 | | 571x001b | S$421 | 32:0.0% | 7206 | 9348 | 783
100 | 5494009 | 61.20 | 5.40+0.0% | 8935 | 8947 | 5476 | | 5.612003h | 8274 | 321+0.01c| TLI8 | 8696 | 7195
200 | 52140.0% | 58.08 | 537000 | $9.05 | 8421 | 4891 | | 351x001c | 8127 | 3.18+0.01c| 7051 | 76.09 | 61.83
500 | 43400c | 4816 | 3250.0% | $7.06 | 63.16 | 30.42 | | 5310024 | 7832 | 3.08+0.0Lc| 6829 | 67.39 | 3178

Values are means of three replicates of each parameter = standard deviation. Means within each column
followed by the same leffer are not significantly at p > 0.05.

¥ Relative germination rate comparing with control

HGermination Index = (Relative germination rate x Relative root length)/100
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Table 1b. The Effect of HA-NPS suspensions on Cucumber and
Wheat seeds.

Cucumber Wheat
Conc. Relative Relative ¢ :: ; Relative Relative : :: 3
(ppm) | Root{cm) root Shoot shoot | 2 £ §§ Root(cm) root Shoot (cm) shoot | 3 g gE
length (cm) length EEREE length length EERECE
% % e B % % "o B
(CD[II;?I'OD 357+0.06a | 100.00 | 2.05:0.07a | 100.00 | 100.00 | 100.00 | | 6.5240.07a| 100.00 | 533+0.06a | 100.00 | 100.00 | 100.00

10 | 356+0.05a | 99.72 | 1.9240.06a | 93.66 | 96.67 | 96.40 | | 6.42+0.03a| 9847 | 5.3240.07a | 9981 | 9556 | 94.09

20 | 3.530.04a| 9888 | 1.65t0.05a| 8049 | 9778 | 96.68 | | 6.3240.05a| 9693 | 523+0.05a | 9812 | 9556 | 9262

50 | 34940042 | 97.76 | 137£0.09a| 7639 | 88.39 | 86.90 | | 6.22£0.06a| 9540 | 513:0.03a | 9625 | 9333 | 89.04

100 | 3.3220.00b | 93.00 | 147t0.02b | 7L71 | 87.78 | 8163 | | 6.12:0.00b | 9387 | 5.0320.05zh | 9437 | §8.89 | 83.44

200 | 321x0.01b | 8992 | 13620026 | 66.34 | 80.00 | L3 | | 533:0.02¢c| 8L75 | 448:0.01b | §4.05 | 8333 | 68.12

500 | 3.0240.01b | S$4.59 | 127+0.02b| 6195 | 7778 | 6580 | | 5.3240.02c | SL.60 | 4.45:0.00h | 8349 | 778 | 63.46

Values are means of three replicates of each parameter = standard deviation. Means within each column
followed by the same letter are not significantly atp » 0.05.

¥ Relative germination rate comparing with control
#Germination Index = (Relative germination rate  Relative root length)/100

3.2.Effect of ZnO-NPs

Root and shoot length:

Data presented in Table (2a) and (2b), revealed that ZnO-NPs
showed a similar pattern of HA-NPS. ZnO-NPs inhibited root growth
and decreased the root length of all treated seeds compared with the
untreatment. The inhibition effect was related positively to ZnO-NPs
concentration and was significant started from 20 ppm in radish,
tomatoes, and cucumber. Wheat seeds were more tolerant effect to
ZnO-NPs and were significant when applied at 200 ppm. At 500 ppm
showed the highest inhibition effect comparing to the control and
significantly decreased roots and shoots length of all tested seeds
being 1.13, 1.01, 1.02, and 4.1 cm for root and 4.02, 1.61, 1.25 and
5.01 cm for shoot of radish, tomatoes, cucumber and wheat seeds,
respectively.

Relative root and shoot length:

The data in Table (2a) and (2b) revealed that the relative % of
root or shoot length were correlated negatively with increasing ZnO-
NPs applied rate and showed the minimum relative % at the
concentration of 500 ppm and recorded 12.60 or 66.67% for radish,
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14.90 or 35.70% for tomatoes, 28.57 or 60.98% for cucumber and
62.88 or 94.00% for wheat seeds, respectively. According to the
germination index data (combined seed germination and root
elongation), the sensitivity of the tested seeds against Zinc oxide
Nanoparticles at the highest applied rate (500 ppm), was as follows:

Radish > Tomatoes > Cucumber > wheat

Table 2a. The Effect of ZnO-NPs suspensions on radish and
tomatoes seeds.

Radish Tomatoes

Conc. Relthe Relve | 2 - | - Relitre Reave | - | o
(ppm} Root{em) [root lengh]| Shoot (cm) | shoot EE; ES ROOT(tI]l] root length] Shoot (cm) | - shoot EE; EE
b bngth% | 2° | P F b lagh% | 2° | ©F

.. : .
89740 0Ma | 10000 | 6030098 | 10000 | 10000 | 10000 ||6.78+0.09 10000 | 431009 [ 1000 | 10000 | 10000

(Control)

10 7o | w6 [somnom | sy | wn | B [[S97007 s |4sma| w4 | s | 18
0| esanm | nis | ssae | wx | 2 | o (3770000 80 [imam| | sn | 85
5 9703 | 420 | smA0h | %36 | 8947 | @838 [277+0.0%| 486 | 3d6mb| Tan §6% | 353
100 (5000 | 840 | imAmh | o2 [ s | 0% 198001d 220 |0 | 6% 609 | 22
m W80le | 319 | 46200 | 662 | 6306 | 1465 [LIM00%| 1632 |301A0h| 6674 6520 | 10N
500 | oenost | a0 |amaod | g6 | 26 | es ||10000 1% | siaoie| B0 | 54 | 8%

Values are means of three replicates of each parameter + standard deviation. Means within each column

followed by the same letter are not significantly at p > 0.05.

* Relative germination rate comparing with control

*#Germination Index = (Relative germination rate x Relative root length)/100
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Table 2b. The Effect of ZnO-NPs suspensions on cucumber and
wheat seeds.

Cucumber Wheat

Cone Rebive Rave | s% | Redte Retie | s | -
(opm) | Rootien) frootenth| Shoot(cm) | shoot | Z 2 EE Root(cm) frootlength{ Stootcm) | shoot | 5 2 ES
By lewth% | 5| ©= B | 25| o=
eng =g 72 leng o e

0. ) 0
LITH 00 w000 | 2052006 | 100 | w000 | o000 |§.52=0.0%| 10w | 53w0pda| W0 | 10000 | 1000

(Control)

0 P30 v | m0e | %3 | wa | 0 64002 war |30 | wa | we | B3
N NBA00 68 |1 | e | 4 | o539 6322003 969 | 520 | 925 | %67 | 01

0 [LI7=00e| n5 | inamb | s | 83 | 96 ||02=004k| %25 s | 9 [ %67 | 8255
W00 JL23005] 345 | 130000 | 6390 | 22 | 288 [|6.130.03f 9402 |5l | %61 | T | 6895
W0 [LIS005c| 305 | 1zs0m | e | v | 250 ||4900% ([ sis |soeosh| w30 | mm | s
00 | 1L0=00c| s |20t | aa | 37 | aest || 41009 es [so=00m| wm | o | 40

Values are means of three replicates of each parameter + standard deviation. Means within each column
followed by the same letter are not significantly at p > 0.05.

¥ Relative germination rate comparing with control

¥ Germination Index = (Relative germination rate x Relative root length)/100

Accordingly, its concluded that cucumber and wheat seed
showed the lowest significant response against HA-NPS and ZnO-NPs
Nanoparticles treatment comparing to radish and tomatoes seed, that
might be depend on Nanoparticles type or the plant species (Ngo et
al., 2014 and Dewez et al. 2005). Figure 5, indicated that (1) ZnO-
NPs showed more inhibition effect than HA-NPS on seed germination
index except wheat which showed a converse results. The inhibition
effect of HA-NPs on seeds germination/growth may be due to that
HA-NPs can reduce the plant uptake of water and element to plant,
(Lietal., 2016).

The treatment with HA-NPs with high concentrations (1,000 and
2,000pg/ml)  could cause some negative effect on seeds
germination/growth as reported by Bala et al., (2014). Also, ZnO-NPs
caused a concentration dependent inhibition of root length of garlic
(Allium sativum L.) when treated with 50 mg "', for 24 h where the
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root growth was completely blocked, which could be due to the total
percentage of abnormal cells increased with the increase of ZnO-NPs
concentration and the prolonging of treatment time, (Hossain et al.,
2016).

120.00
120,00 ----HA
—Zn0
10000 | 100.00
80.00 §0.00
2 60,00 £ 6000
- -]
§ E
& 4000 < 40,00
£ F
E =
A £
& 20,00 £ 2000
e
000 0.00
le NP P ,;@' 1.@ c,@ le. f PP .."& %@ ﬁ@
Concentration (ppm) Concentration (ppm)
Radish Tomatoes
120.00 _—
120,00 ————g0
100.00
10000 |
80.00
-]
) £ 8000
< 60.00 K
E: 2
g = 60,00
2 a0 £
g 2 4000
£ 20,00 g
o ]
~ 2000
0,00
Qp'. DA 5@ q? 5100 0.00
Concentration (ppm) N N
C b Concentration (ppm)
ucumoer
Wheat

Figure (5). The effect of Hydroxylapatite and Zinc oxide nanoparticles suspensions
on different treated seeds Germination Index.
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The results of ZnO-NPs are in agreement with Shaymurat et al.
(2012), who indicated that ZnO-NPs have been shown to induce
oxidative stress in soybean (G. max) seedlings at a concentration of
500 mg L. Plant growth, rigidity of roots, and root cell viability were
markedly affected by ZnO-NPs stress. Oxidation—reduction cascade
related genes, such as GDSL motif lipase 5, SKUS5 similar 4, galactose
oxidase, and quinone reductase were down-regulated in ZnO-NPs
treatment.

Moreover, some Nanoparticles are taken up by plant roots and
transported to the above ground parts of the plant through the vascular
system, depending on the composition, shape, size of Nanoparticle,
and anatomy of the plant. Some Nanoparticles remain adhered to the
plant roots. Toxicity of Nanoparticles may be attributed to two
different actions: (1) a chemical toxicity based on the chemical
composition, e.g., release of toxic ions; and (2) stress or stimuli
caused by the surface, size and/or shape of the particles (Lin, 2007).
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