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Abstract: The utilization of nano-materials in plant physiology experiments as a factor represents a milestone
in the field of nanobiotechnology. This study is the first report on the effect of the anti-ethylene silver in the
crystalline form as engineered nanoparticles on microtuberization in potato compared to the ionic form Ag" as
silver thiosulphate (STS). Chemical reduction method was used to prepare the engineered silver nanoparticles
(AgNPs) which were monodispersed and spherical in shape and the most of the AgNPs about 80% were in a
size range (2-4 nm) according to the Transmission Electron Microscope (TEM) analysis. Different
concentrations (0, 0.5, 1, 2, 4, 8 and 16 mg/l) of AgNPs or Ag" as silver thiosulphate (STS) were used for
investigating their influence on microtubers induction in microtubers induction medium (MIM) and microtubers
formation in microtubers formation medium (MFM). The results exhibited that, the maximum average number
of microtubers/jar (18.95) was recorded using 1 mg/l of AgNPs compared to (14.60) using 8 mg/l of AgNO,
(STS). These increases in the average number of microtubers/jar represent 97.40% and 51.30% using AgNPs
and AgNO, (STS) compared to the control, respectively. Also, these results revealed that the use of AgNPs
at (1mg/1) promote the formation of microtubers in potato cv. Desirée at the highest level (97.40%) which
strongly indicate to the superiority of AgNPs over AgNO, (STS). Therefore, these results proved that AgNPs
at low concentration (1mg/l) were more effective for producing the highest promotion of microtuberization in
potato plant, which may be attributed to the superior properties of the crystalline form of nano-silver as AgNPs
compared to the ionic form Ag" as AgNO, (STS). In addition, these promising results are useful for the
advancement in microtubers production technology at large scale in Egypt. Furthermore, these results represent
an essential step for enhancing the research progress using the engineered naonmaterials in plant
nanobiotechnology.
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INTRODUCTION an economically important crop in Egypt used for food
and industry.
Potato plant is the most important food crop after In vitro culture of potato stems as explants for

cereals (rice and wheat) in the world, which cultivated in microtuberization has been used for rapid production of
the total area exceeded 19 million hectares [1, 2]. Potato is disease-free potato seeds. Potato microtubers represent
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an important plant material which can be easily stored,
transport and used effectively either for producing
minitubers or for direct planting into the field. The
advancement in microtubers research has vast potential
for improving microtubers production as an essential
technology for the production of potato seed tuber, also
for improving the programs of potato breeding and
conservation. In addition to the high potentiality of
microtubers as a source for exchange and
commercialization [3-13].

Ethylene inhibits the growth and morphogenesis in

several plant species [14]. It is well known that plant
cells produce ethylene during in vitro culture [15].
Some plants are very sensitive to ethylene such as

potato and the accumulated ethylene in vitro can strongly
retard the growth of shoots and reduce the leaf size. Also,
the concentrations about 0.1 ul 17" or less of ethylene can
cause growth distortion of potato plantlets [16].

Furthermore, AgNO, promoted regeneration and
growth of shoots in sweet potato, canola, sesame and in
jojoba [17-20]. In addition, AgNO,improved the induction
of embryogenic callus and regeneration of buffalograss
shoots, enhanced the development of roots on
regenerated shoots of faba bean [21, 22]. Also, AgNO,
elevated somatic embryogenesis in safflower plant and in
rice plants [23-25].

The advent of nano-science era vastly increased
the potentialities of research using the engineered
nano-materials in various fields. Thus, these engineered
nano-materials with a particular size and shape exhibit
novel properties and provide a possible horizon to find
effective solutions for complex problems [26]. The
application of the engineered nano-materials in agriculture
aims to produce high yield, reduce the amounts of
fertilizers and chemicals used for plant protection [27].
The influence of the engineered nano-materials on plants
including growth, development, yield and quality of plant
product [28].

The utilization of nano-materials in plant physiology
experiments as a factor represents a milestone in the
field of nanobiotechnology. The application of AgNPs
(50 ppm) in combination with nitroxin increased yield and
weight of potato minitubers [29]. Furthermore, the use of
nano-materials at the level of in vitro culture of plants has
emerged and several reports indicated to the usefulness
of nanoparticles if used in culture media at a suitable
concentration [30]. For instance, the use of silver
nanoparticles (AgNPs) in culture media at 10 mg/l
increased callus formation, shoot induction and the
number of regenerated shoots of Tecomella undulata
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plant [31]. Also, the nodal segments of 7. undulate
cultured on MS medium supplemented with 60 mg/l of
AgNPs significantly increased shoot regeneration
(%) and the average number of shoots/explant [32].
The addition of 5 mg/l of BA, 3 mg/l of NAA and 8 mg/l of
AgNPs (30-90 nm) to MS medium increased callus
formation (89%) and callus fresh weight/explant of
Solanum nigrum plant [33]. The effect of AgNPs on
potato  plants in vitro did not study until recently.
Thus, Ehsanpour and Nejati [34] reported that AgNPs at
0.5, 1, 1.5 and 2 ppm increased leaf area of in vitro potato
plants cv. White Desirée, but the shoot and root length
were dramatically decreased.

So far there are no reports on the effect of silver
nanoparticles on microtuberization in potato plant.
Therefore, the aim of the present study was to investigate
the effect of silver as anti-ethylene either in the crystalline
form as sliver nanoparticles (AgNPs) or in the ionic form
Ag" as silver thiosulphate on microtuberization in potato
cv. Desirée.

MATERIALS AND METHODS

Synthesis of the Engineered Silver Nanoparticles: The
engineered silver nanoparticles (AgNPs) in a size range of
1-5 nm were chemically synthesized according to the
method described by Van Dong et al. [35] with some
modifications. In brief, silver nitrate (AgNO,) was reduced
using sodium borohydride (NaBH,) in the presence of
trisodium citrate dihydrate (CH;O,Na;.2H,0) and
polyvinylpyrrolidone (PVP; Mw= 40,0000) as stabilizing
and capping agent, all materials were purchased from
Sigma. Thus, one ml of 5 mM of an aqueous solution of
AgNO; was added to 47.5 ml of deionized H,O in a 100 ml
flask with vigorous stirring at room temperature. After
5Smin, 0.5 ml of 30 mM (trisodium citrate dihydrate) and
0.5 ml of 5 mg/ml (PVP) were added. Finally, a cold
aqueous solution 0.5 ml of 50 mM (NaBH,) was added and
the color of the solution changed immediately to a light
yellow due to the formation of the AgNPs.

Characterization of the Engineered Silver Nanoparticles:
The engineered silver nanoparticles (AgNPs) were
characterized by the surface plasmon peak using the
UV/VIS spectrophotometer (JASCO Model-V530).
Thereafter, the samples of the synthesized AgNPs were
suspended in ethanol (70 %) and sonicated for full
dispersion (15 min) before determining the size of the
particles using the Transmission Electron Microscope
(TEM) JEM 1400-JEOL-Japan.
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Table 1: Composition of different media used for induction and formation of potato microtubers, (a) the original MS medium, (b) the modified MS medium
containing low level of ammonium and (c) the improved media formula used for the microtubers induction medium (MIM) and the microtubers
formation medium (MFM).

(c) ) the improved media
(a) MS (b) Modified MS MIM MFM

Substances mg/l mg/l mg/l mg/1

Salts

MS salts without (NH,NO;, KNO, and KH,PO,) 913.36 913.36 913.36 913.36

KNO, 1900 1900 2628.6 4044

NH,NO, 1650 165 165 825

KH,PO, 170 170 510 510

Amino acids

Casein hydrolysate - - 300 1000

Glycine 2 2 - -

Carbohydrates

Sucrose 30,000 30,000 90,000 80,000

Myo-inositol 100 100 150 250

Vitamins

Thiamine.HCI 0.1 0.1 10 10

Pyridoxine.HCI 0.5 0.5 1 1

Nicotinic acid 0.5 0.5 1 1

Pantothenate - - 0.5 0.5

Biotin - - 0.01 0.01

Riboflavin - - 0.01 0.01

Folic acid - - 0.01 0.01

Plant growth regulators

6-Benzylaminopurine (BAP) - - 10 10

Gelrite - - 2,000 2,000

pH - - 5.8 5.8

Plant material: Potato (Solanum tuberosum cv. Desirée)
virus-free seed tubers were provided from the Agricultural
Research Centre, Ministry of Agriculture and Land
Reclamation, Giza, Egypt.

Culture Media of Induction and Formation of Potato
Microtubers: The culture media used in the present work
were sustainably developed through a set of preliminary
experiments conducted in our laboratories according to
intensive studies on media composition used for
microtuberization in potato. Thus, the developed protocol
used in this study including two media; the first medium
for microtubers induction and the second medium for
microtubers formation.

Preconditioning of the explants for high capacity of
microtubers induction was performed through the culture
of the in vitro shoots of potato cv. Desirée as explants
containing 3-5 nodes of potato for two weeks on the
microtubers induction medium (MIM) containing 9 %
sucrose, (10 mg/l) 6-Benzylaminopurine (BAP), BS
vitamins according to Gamborg ef al. [36], in addition to
the additional vitamins, myo-inositol and casein
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hydrolysate as shown in (Table 1) in jars (200 ml)
containing 25 ml/jar. The (MIM) medium containing a low
level of total nitrogen (30 mM) compared to the original
MS medium which containing (60.01 mM) [37]. Moreover,
the ratio between Nitrate: Ammonium was adjusted to be;
14:1 (28 mM nitrate: 2 mM ammonium) which represents a
very low level of ammonium 2 mM (165 mg/l of NH,NO;)
which about 1/10 in MS medium, as the modified low
ammonium MS medium (b), compared to (39.4 mM nitrate:
20.61 mM ammonium) in MS medium (a) as shown in
Table 1. In addition to the elevated concentration of
potassium (29.75 mM) and phosphorus (3.75 mM)
compared to (20.04 mM of K) and (1.25 mM of P) in MS
medium. Thereafter, the explants of potato were
subcultured on microtubers formation medium (MFM)
containing 8 % sucrose and (10 mg/l) 6-
Benzylaminopurine (BAP) in jars (400 ml) containing 50
ml/jar for 6 weeks. The (MFM) medium containing total
nitrogen 60 mM with nitrate: ammonium ratio; 5:1 (50 mM
nitrate: 10 mM ammonium), a high concentration of
potassium (43.75 mM) and a high concentration of
phosphorus (3.75 mM) as shown in (Table 1).
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Different concentrations (0, 0.5, 1,2, 4, 8 and 16 mg/1)
of AgNPs or AgNO,; as silver thiosulfate (STS; which was
freshly prepared and containing 2 mg/ml AgNO,)
according to Perl er al. [38] were added to the culture
media, then the double concentrated solution (2x) of the
culture medium (500 ml) was filter sterilized using a 0.22
pm filter (Millipore-GVWP04700), the medium was
prepared by mixing the filter-sterilized solution with the
double concentrated Gelrite (500 ml which were sterilized
by the autoclave) and divided into a proper volume in
sterile jars. After 6 weeks of culture on the (MFM), the
produced microtubers of each treatment were collected
and the data were recorded.

Statistical Analysis: Statistical analyses of the
recorded data were performed according to
Snedecor and Cochran [39]. Each treatment was replicated
(20 replicates/treatment) and each replicate contains one
jar (6 explants/jar). The least significant difference test
(L.S.D.) at the level (p< 0.05) was used to compare the
mean values (£SE of twenty replicates; n = 20) of
treatments.

RESULTS AND DISCUSSION

Characterization of the Engineered Silver Nanoparticles
(AgNPs): The synthesis of the engineered silver
nanoparticles (AgNPs) in this study was achieved using

1.6 1
1.4 1
1.2 4
1.0 4
0.8 4
0.6 1
0.4 4
0.2 4

Absorbance

the method of Van Dong et al. [35] with the described
modifications in materials and methods which resulted in
the production of ultrafine spherical AgNPs (the yellow
solution of silver).

The aqueous solution of the engineered AgNPs
was scanned using the spectrophotometer
(UV/VIS - JASCO - V530) and the surface plasmon
resonance peak of the AgNPs was appeared as a
single peak at 400 nm and confirmed the presence of
AgNPs (Fig. 1). This result of the surface plasmon
resonance peak of AgNPs is in accordance with the
results of Van Dong ef al. [35]. Scanning of the solutions
of metal-nanoparticles using the spectrophotometer
UV/VIS absorbance is a useful technique and produce
specific peaks related to the size and the shape of
nanoparticles [40]. The use of the UV—Vis spectrum
analysis is frequently used for characterization of AgNPs
[35].

The size of the engineered AgNPs was determined
using the TEM. Thus, the TEM micrograph in (Fig. 2)
showed that the produced AgNPs were monodispersed
and spherical in shape with a size range (1- 8 nm).
Moreover, most of the AgNPs about 80% were in a size
range (2-4 nm) as shown in (Fig 3). These results are in
accordance with those obtained by Van Dong ef al. [35]
using the same method and they reported that the
ultrasmall size (1-12 nm) of silver nanoparticles with an
average diameter of 4 nm was obtained.

Ag-NPs

U T T T
250 300 350 400

450 500 550

Wavelength (nm)

Fig. 1: The photograph of the engineered AgNPs using the absorption UV-visible spectrum. The sample was scanned
and the peak of the engineered AgNPs appeared near 400 nm.
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Fig. 2: The TEM micrograph of the engineered AgNPs with illustrated particle size. The monodispersed AgNPs are

ultrafine and spherical in shape with a size range (1-8 nm). Scale bar; 100 nm.
40

10 4

Distribution percentage of Ag-NPs (%)

Size of Ag-NPs (nm)
Fig. 3: The distribution percentage of the engineered AgNPs. The size of AgNPs (2-4 nm) represents about 80% of the
produced silver nanoparticles.
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Media Composition for the Production of Microtubers in
Potato: Preliminary experiments were conducted in our
laboratories and resulted in the current improved protocol
used in this study. Thus, the microtubers of potato were
produced through two phases; the induction of
microtubers (the explants were cultured on MIM for 2
weeks) and the formation of microtubers (the explants
were cultured on MFM for 6 weeks).

In this study, the media used containing (8-9 %
sucrose) were filter sterilized which mean that sucrose did
not hydrolyze to glucose and fructose. Therefore, this
protocol is standard to evaluate individual factors
influencing the production of microtubers in potato. The
high concentration of sucrose proved to be essential for
microtuber formation in potato and also for producing
micotubers in a large size [38, 41-47]. In addition, the
growth of the induced microtubers is dependent on the
availability of sucrose in the culture medium; the growth
rate of microtubers was limited when sucrose was
hydrolyzed to glucose and fructose [46]. The microtubers
induction medium (MIM) containing a low level of total
nitrogen (30 mM) and nitrate: ammonium ratio 14:1 (28 mm
nitrate: 2 mm ammonium) as shown in (Table 1). This low
level of ammonium is also important for microtuber
induction in potato. Thus, in the microtubers induction
medium (MIM) containing a ratio between total nitrogen
and sucrose (30 mM nitrogen: 9% sucrose). In addition,
the microtubers formation medium (MFM) containing 60
mM of total nitrogen and nitrate: ammonium ratio 5:1
(50 mM nitrate: 10 mM ammonium) and the ratio between
total nitrogen and sucrose (60 mM nitrogen: 8% sucrose).
Moreover, the concentrations of potassium and
phosphorus were elevated to 43.75 mM and 3.75 mM in
MFM, respectively.

These modifications are in accordance with findings
of several workers which increased the formation of
microtubers in different potato genotypes [48-54].
Accordingly, low level of total nitrogen in the culture
medium is essential to induce microtuberization in potato
[55, 56]. The ratio between the total nitrogen and sucrose
(N:C) and the ratio between nitrate: ammonium is
important for microtuberization in potato [48, 50]. The low
levels of ammonium in culture media during the
preconditioning of the potato plants used as a source for
microtubers production resulted in increasing the number
of the induced microtubers [49, 54, 57]. In addition, the
high ratio (5:1) between nitrate:ammonium (50 mM
nitrate:10 mM ammonium) promoted the growth of the
produced microtubers (82%) weighed >1.0 g compared
with only 22% weighed >1.0 g in the medium containing

134

the low ratio 2:1 (40 mM nitrate: 20 mM ammonium)
according to Chen and Liao [57]. The higher
concentrations of potassium and phosphorus than those
in MS medium enhanced the microtuberization in potato
cultivars (Nicola and Russet Burbank) according to
Radouani and Lauer [12].

The Effect of AgNPs or STS on
Microtuberization in Potato cv. Desiree: To enhance the
production of microtubers in potato cv. Desiree in this
study we used the developed protocol containing the
improved media in addition to silver as anti-ethylene in
two forms; the ionic form Ag" as silver thiosulphate (STS)
and the crystalline form as silver nanoparticles (AgNPs).
The influence of the inclusion of AgNPs or silver
thiosulphate (STS) in culture media at different
concentrations (0, 0.5, 1, 2, 4, 8 and 16 mg/l) on
microtuberization in potato (cv. Desirée) are shown in
(Table 2 and Fig. 4). The initiation of microtubers
formation (days to microtubers initiation) was affected
positively by the inclusion of silver in the culture medium.
However, different concentrations of AgNPs significantly
decreased the period to initiate the microtubers formation
compared to AgNO,; (STS) which recorded significant
decreases with only four concentrations (2, 4, 8 and 16
mg/l). The short period to initiate the microtubers
formation (10.95 days) was recorded using 1 mg/l of
AgNPs compared to the control treatment (20.95 days).
Moreover, the average number of microtubers was
increased due to the addition of AgNPs or AgNO, (STS)
in culture media. The maximum average number of
microtubers/jar (18.95) was recorded using 1 mg/l of
AgNPs compared to (14.60) using 8 mg/l of AgNO, (STS).
This increase in the average number of microtubers/jar
was about (97.40%) using 1 mg/l of AgNPs and about
(51.30%) using 8 mg/l of AgNO; (STS) compared to the
control treatments. In addition, the highest average
number of the produced microtubers was accompanied
with the highest average weight of microtuber (312.18 mg
or 238.22 mg) and the highest average diameter of
microtuber (10.15 mm or 8.12 mm) using 1 mg/l of AgNPs
or 8 mg/l of AgNO, (STS), respectively.

The use of AgNPs at different concentrations
resulted in significant increases in the average number of
the produced microtubers while the use of AgNO, (STS)
resulted in significant increases with only four
concentrations (2, 4, 8 and 16 mg/1). Moreover, the results
confirmed that the different concentrations of AgNPs
were superior to AgNO, (STS) and recorded significant
increases in the average number of the produced
microtubers/jar.

in vitro



s B i

h‘-—

S

e

J. Hort. Sci. & Ornamen. Plants, 10 (3): 129-139, 2018

Fig. 4: Silver nanoparticles (AgNPs) promote microtubers formation in potato cv. Desirée. (A) Potato shoots used for
microtuberization. (B) Shoot explants of potato cultured on microtubers induction medium (MIM) + AgNPs. (C)
Initiation of microtubers after two weeks on MIM + AgNPs. (D) Production of microtubers after 6 weeks on MFM
+ AgNPs. (E) Harvest of microtubers after 6 weeks of culture on MFM + AgNPs.

Table 2:  Effect of different concentrations of silver nanoparticles (AgNPs) or AgNO, (STS) on the initiation of microtubers formation (days), the average number of the produced microtubers/
jar, the average weight of microtuber (mg) and the average diameter of microtuber (mm).

Days to microtubers initiation

Avg. No. of microtubers/ jar

Avg. weight of microtuber (mg)

Avg. diameter of microtuber (mm)

Conc. mg/l (STS) AgNPs (STS) AgNPs (STS) AgNPs (STS) AgNPs
Control (0) 20.90+0.25 20.95£0.26 9.65+0.13 9.60+0.12 123.11+1.91 123.12+1.89 5.37+0.05 5.45+0.06
0.5 20.10£0.22 12.60£0.14 10.80+0.14 13.65£0.17 178.54+2.82 217.3344.07 6.79+0.07 7.9140.11
1 18.80£0.21 10.95£0.12 11.50£0.16 18.95£0.23 211.4743.11 312.18+5.65 7.18+0.08 10.15+0.18
2 16.90£0.20 11.85£0.13 12.70+0.18 18.10£0.21 217.58+4.13 289.14+5.46 7.5140.09 9.65+0.17
4 14.85+0.16 11.95£0.14 13.750.19 17.8540.18 226.87+4.82 274.28+5.14 7.6440.11 9.39+0.15
8 13.30£0.14 12.30£0.15 14.60+0.21 16.95+0.17 238.2245.43 266.95+4.71 8.120.13 9.06+0.14
16 14.20£0.15 12.6540.15 14.35+0.20 16.45£0.16 235.4845.12 257.46+4.56 7.84+0.12 8.81+0.12
LSD.at0.05 224 1.98 40.53 0.92

The mean (=SE) of twenty replicates
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The advancement in microtubers research has vast
potential for improving microtubers production as an
essential technology for the production of potato seed
tuber, also for improving the programs of potato breeding
and conservation. In addition to the high potentiality of
microtubers as a source for exchange and
commercialization [3-13].

This is the first report on the effect of silver
nanoparticles on microtuberization in potato. The
obtained results confirmed the positive influence of
AgNPs on the average number of the produced
microtubers which recorded the highest increase (97.40%)
using 1 mg/l of AgNPs compared to the control treatment.
Therefore, these results may be attributed to the role of
AgNPs in reducing the impact of ethylene on potato
explants during microtuberization. Also, these results
indicated that AgNPs were superior to AgNO, (STS) in
alleviating the retardation effect of ethylene on
microtuberization in potato plant. These results are in
accordance with reports on the effect of silver
thiosulphate as anti-ethylene on growth and
microtuberization in potato plant. Ethylene is released
from potato shoots cultured in vitro in closed boxes and
resulted in small leaves and slim stems [38]. Therefore, the
use of ethylene inhibitors such as AgNO; can enhance
the response of plant tissues grown in vitro. Thus, the
use of silver thiosulphate immensely increased the
development of potato shoots with large leaves compared
to the control [38]. Mingo-Castel ef al. [58] pointed to that
ethylene markedly inhibits in vitro tuberization in potato.
Zobayed et al. [59] concluded that removal of ethylene by
the forced-ventilation system effectively enhanced the
growth of in vitro potato cultures as well as this
ventilation treatment improved the tuberization in vitro
with an increase in the size of the produced tubers
compared to the closed system. In addition, the use of
AgNO,; in the culture medium of the diffusive-ventilation
system resulted in an increase in the size of potato leaves
and the number of the produced tubers compared to the
control without AgNO, and the sealed system. In
addition, no significant differences were recorded in the
number of the produced tubers between the diffusive-
ventilation system with AgNO; and the forced-ventilation
system, while the fresh weight of the tubers was markedly
increased in the forced-ventilation system.

CONCLUSIONS

We report here for the first time that, the anti-ethylene
silver in the crystalline form as engineered nanoparticles
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(AgNPs) in a size (2-4 nm) can strongly promote
microtuberization in potato compared to the ionic form
Ag" as silver thiosulphate (STS). Thus, the use of
AgNPs at (1 mg/l) promote the formation of microtubers
in potato cv. Desirée at the highest level (97.40%)
compared to (51.30%) which was recorded using (8 mg/I)
of (STS). The results showed that the highest average
number of microtubers/jar (18.95) was recorded using 1
mg/l of AgNPs compared to (14.60) using 8 mg/1 of AgNO;
(STS). These increases in the average number of
microtubers/jar represent 97.40% and 51.30% using
AgNPs and AgNO, (STS) compared to the control,
respectively. Also, these results revealed that the use of
AgNPs at (1 mg/l) promote the formation of microtubers
in potato cv. Desirée at the highest level (97.40%) which
strongly indicate to the superiority of AgNPs over AgNO,
(STS). Therefore, these results proved that AgNPs at
low concentration (1 mg/l) were more effective for
producing high promotion of microtuberization in potato
plant, which may be attributed to the superior properties
of the crystalline form of nano-silver as AgNPs compared
to the ionic form Ag" as (STS). In addition, these
promising results are useful for the advancement in
microtubers production technology at large scale in
Egypt. Furthermore, the utilization of nano-materials in
plant physiology experiments as a factor represents a
milestone in the field of nanobiotechnology.
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