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ABSTRACT

Silver nanoparticles (AgNPs) were prepared by twethmods: biologically using Trichoderma viride cétee
supernatant and chemically with polyvinyl pyrroliglo(PVP) using gamma irradiation. The antimicrobaativity

of AgNPs was evaluated in the field against Alteéengolani which cause early blight disease of potdisease
severity, vegetative and biochemical parameterplafit were determined. AQNPs were characterizedJWyVis
spectroscopy, FT-IR spectroscopy, Dynamic Lightt&dag (DLS) and Transmission electron microsc6pEM).
AgNPs had a mean diameter (12.7 nm) using bioldgiegthod and (23 nm) with chemical method. Applcaof
AgNPs 150 pg/ml + 80O, (2 %) as plant foliar resulted in highly effectiutghibitor of disease severity that
recorded (8.39 %) compared to the untreated pl§B6s17 %) after 75 days of sowing. Also, a sigaificincrease

in growth and physiological parameters was recordéccumulation of Agn plant tissues reached minimum value.
Selenium nanoparticles (SeNPs) 0.5 pg/ml, ascadiit 300 pg/ml and 50, (2 %) reduced disease severity (9.81
%) significantly. SeNPs 0.5 pg/ml, AgNPs 150 pgnd KSQ, (2 %) showed disease severity (12.63%) but all
plant parameters were improved including physiatagiparameters and yield. It is concluded that application

of AgNPs and SeNPs are recommended as plant foli@ontrolling plant pathogen and improving playield.

Keywords: Silver and selenium nanoparticles, potato, eaibhbldisease, gamma irradiation.

INTRODUCTION

Potato Solanum tuberosurn.) is one of the most important vegetable crapshie world. In Egypt, potato has an
important position among all vegetable crops, wheveut 20% of total area devoted for vegetable ytion is
cultivated with potato [1].This crop is economigalnportant to Egypt and any disturbance in itsduiciion affects
severely its local and more importantly export ictda].

Potato plants are subjected to numerous pathogéichwause considerable loss in Egyptian quantéasind
gualitative potato yield. The fungal pathogglternaria solanicauses early blight disease [3].

Agricultural production is reduced worldwide evemyar due to plant diseases; therefore, millionsiafars have
been invested in efforts to control these plantakes.
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AgNPs exhibited remarkable antimicrobial activigainst both Gram-positive and Gram-negative baddtstrains
regardless of their drug-resistant mechanisms dsm @uld be considered as a potential antifung&int The
bactericidal and fungicidal activity have proveatt\gNPs kill microorganisms at such low concemrag, which
do not reveal acute toxic effects on human cefisaddition to overcoming resistance and loweringt aghen
compared to conventional antibiotics [#roduction of silver nanoparticles through fungs ls@veral advantages.
They include easy management in large-scale pramfuof nanoparticles, good dispersion of nanoplaréand much
higher amounts of protein expressions. One of thtergial applications of silver is to manage pldisease. The
antifungal activity of AQNPs is attributed to it§exts on the mycelia of the pathogenic fungi [$gnoparticles may
improve the growth of plants by enhancing photdsgsis and nitrogen-fixation capability in leavesd aoots
respectively where, nanopatrticles could promoteetiergy utilization and conversion efficiency [6].

There are three main methods for synthesis of nmetabparticles: physical, chemical and biologicatmods. The
radiation-induced AgNPs synthesis is a simple dedrcwhich involves radiolysis of aqueous solutioat provides
an efficient method to reduce metal ions [7]. Tinadiation, as a new method, had been extensivady to prepare
nano-scale clusters and materials. Radiation irtlueduction synthesis of AQNPs which offers someaathges
over the conventional methods, because of its syl It provides metal nanopatrticles in fully rezed, highly
pure and highly stable state [8].

Polyvinylpyrrolidone (PVP) was used as an excelldispersant in the preparation of silver nanopladidy
chemical reduction method. PVP inhibits aggrega#ind stabilizes the colloidal silver even when sagtdded [9].
Selenium (Se) is an essential nutrient for humand animals to form important selenoproteins, inicigd
glutathione peroxide, thioredoxin reductase [10]e Tontent of Se in plants can be increased iereifit ways; by
addition of Se to soil, soaking seeds in Se sahutiefore sowing, hydroponic and aeroponic cultorain a nutrient
solution containing Se, and foliar application tfrgs with Se solution [11].

Agricultural chemical

s used to prevent microbial pathogens are poisotmarimals and other microorganisms and also ao&vk to be
harmful to humans. So, the main aim of this stuslyatest the effect of silver and selenium nanopasids
antimicrobial agents to control early blight disea$ potato to be applied widely and safely.

EXPERIMENTAL SECTION

2.1 Biosynthesis of silver nanoparticles by fungaupernatant

Seven fungi, Trichoderma viride, Penicillium citrinum, Penicilim brevicompactum, Alternaria alternata,
Aspergillus niger, Aspergillus oryzeand Fusarium oxysporumvere used to synthesize silver nanoparticles. Fung
were inoculated in sterile medium (GYP) broth caritey, yeast extract 0.3%, glucose 1%, peptone Q%5 °C,

in shaking condition (180 rpm). After 72 h of inafion, the cultures were centrifuged at 5000 rpmilfd min and
the supernatants were used in synthesis of silaaoparticles. Aqueous solution of 1 mM AgNQ@.:1 v/v) was
mixed with fungal supernatant and the mixture wasipto a shaker at 32 °C (150 rpm). Control (withsilver
ions) was also run along with the experimentalkig8 ,12].

The process of irradiation was carried out at théidhal Centre for Radiation Research and TechydlNERRT).
The facility used wa&’Co-Gamma chamber 4000-A-India. Irradiation was qrened at a dose rate 2.9 kGy/ hr at
the time of the experiment. Aqueous solution of AgN5 ml) (ImM AgNG of final concentration) was mixed
with fungal supernatant (5 ml) then irradiated iffiedent gamma radiation doses 0.0, 0.5, 1.0,18, 25, 3.0, 5.0,
10, 15, 20, 25 and 30 kGy [8].

2.3 Chemical synthesis of silver nanopatrticles

AgNO; (1 mM) and PVP solutions were used for synthebileer nanoparticles. 10 mL of 2% PVP solutionswa
mixed with 90 ml of 1 mM AgN@solution. The mixtures were exposed to gamma tiadiat doses 0, 5, 10, 15,
20, 25 and 30 kGy at room temperature. After imtidh the produced AgNPs were characterized.

2.4 Effect of silver nitrate concentrations

Various concentrations, 50, 100, 200, 300, 400, 500, 700, 800, 900, 1000 and 1100 ppm of silveate were
used as substrate. The absorbance measured by siMe/spectrophotometer (T60 UV/Vis spectrometer).
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2.5 Characterization of silver nanoparticles

Formation of AgNPs was monitored by using UV-Visil@pectroscopy (T60 UV/Vis spectrometer). To detideer
nanoparticles the absorption range is 400 to 450 #fmFTIR measurements were carried out in ordeolitain
information about chemical groups present in furglglernatant as control and AgNPs sample. Averagicie
size and size distribution were determined by theachic light scattering technique (DLS) (PSS-NICOIG80-
ZLS, USA). Sample for transmission electron micopgc(TEM) shows the size and morphology of AgNPs.

2.6 Field experiment

Field experiments were carried out at Tanta towhar@ia governorate during winter 2014 growing seast
evaluate the efficacy of silver nanoparticles aggilion on severity of early blight disease of potatants, Accent
variety that supplied from EI- Gemmeza AgricultuRgsearch Station (El — Gharbia Governorate- Egypter
natural field conditions. The fungicide KocfdéCopper (I1) hydroxide, 53.8%) was used in thisdstas a positive
control at the recommended dose (0.9 g/l that sgmied as 315 ppm of copper metal) and 1.8 g/Irépaesented
as (631 ppm of copper metal). Silver nanopartiglese used at concentration of 150 ppm. Dipotassulphate
(K,SQO,, 99%) that obtained from EI-Gomhoraia Company @hemicals and Pharmaceuticals was used at
concentrations (1 and 2 %). All treatments wereliagpas foliar spray three times with 10 days inaér Field
experiments consist of plots 10 x 7 m each compyisif 23 rows and 10 holes /row. All plots receiveatitional
agricultural practices such as irrigation. The agerof records of the surveyed replicates (platskéch particular
treatment was calculated. Disease severity of ealipht was estimated using the disease scale footo 4
suggested by [13] as follows:

Zero = no leaf lesion;

1= lesions on < 25% of leaf area,;

2 = lesion no 26-50% of leaf area;

3 = lesion no 51-75% of leaf area

4 = |esions no 76 up to 100% of leaf area.

Disease severity was calculated according to thatexn [14]:

Disease severity E (No. of infected plants x No. Scale)/Total No ptdints x highness No. scalex 100.

2.6.1 Effect of infection byA. solani on growth parameters and yield of potato plants

Random samples of five plants were taken from epéoy at 75 days after planting. Plant height, Bsamumber/
plant, fresh weight, dry weight, leaf weight, numbémain stems of treatments were determined.akvést time,
90 days after planting, the average harvested yigls calculated for all applied treatments as nunolbéubers/
plant number of tubers/ line and weight of tubgtaht at the end of the growing season.

2.6.2 Effect of the different treatments on chloropyll content of potato plant leaves

Chlorophyll content in potato plants leaves aft@rdays after planting was determined accordind. . [A known
area (two disks, each 1 cm?) from the fourth fressdf from the top was taken and extracted by 5 friNON-

dimethyl formamide (DMF), in dark bottles for 24us. The intensity of the colour was measurel at647 and
664 nm wave length using spectrophotometer.

Chlorophyll content was calculated using the foilagvequations by [16].
Chl. a=12.46 Req— 2.49 Ass7 ng/ ml.

Chl. b =-5.6 Ags + 23.26 A7 pg/ ml.

Total chl. = 7.04 B4+ 20.27 Asg7pg/ ml.

Agesis the absorption at = 664 nm.

Ag47is the absorption at= 647 nm.

Then chlorophyll was calculated as assigned tatba of the leaf.

2.6.3 Specific-gravity (SG) determination

In determining the SG, healthy and marketable gizele tubers were selected randomly from the dertves of
two of the six replications. Then, tubers were olshand weighed in both air and water by the mettfod 7].
Finally, the SG value was computed using the folllgrequation:

SG = Weight of tuber in air / (Weight of tuber iim a Weight of tuber in water).
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Moreover, to convert tuber specific gravity (SG)diy matter content and starch content percentggeaents as
follow: The equation from [18] of starch (%) = 18%+ 199.07 x (specific gravity — 1.0988) was usedonvert
the SG value to starch content.

The equation from [19] of dry matter (%) = -214.820218.1852 x (specific gravity) was used to contlee SG
value to dry matter content.

2.7 Biochemical analysis

2.7.1 Preparation of potato sample supernatant

3 ml of 50 mM sodium phosphate buffer pH-7 (extiactuffer) in an ice cold mortar and pestle wasdusThe
extract was centrifuged at 10000 rpm for 10 mine Blupernatant was kept as such at refrigeratedtmondntil
further use and the same was employed for the merasumt of all biochemical parameters studied [20].

2.7.2 Protein content assay of potato plants andbers[21]

To an aliquot (50ul) of the supernatant dilutedltonl with extraction buffer. 5 ml of Coomassie laiht blue
(CBB) G-250 was added and mixed thoroughly. Thedimice was read at 595 nm in (T60 UV/Vis spectterme
against a reagent blank. The amount of proteincaszilated using standard prepared with differemicentrations
of bovine serum albumin (BSA) ranging from 10 pgtml100 pg/ml as (mg/g dry weight of potato plaatsl
tubers).

2.7.3 Reducing sugars content estimation of potafgants and tubers

The reducing sugars content of plant green panstalmers extracts were determined by the dinittw\der acid
(DNSA) method [22]. A calibration plot was drawnings a standard glucose solution in the range of@glL ™.
For the estimation of reducing sugars, 200uL ofsilygernatant was added to 800uL of distilled wister test tube
and hydrolyzed with 172uL of 12 N HCI at’&B for 8 min. The hydrolyzed sample after neutraiorawith 20%
NaOH, was used for the determination of reducingassi Optical density was measured spectrophotarakyr
(T60 UV/Vis spectrometer) at 540 nm. The reducingass were calculated from the standard plot ofgge as
(mg/g dry weight of potato plants and tubers).

2.7.4 Catalase (CAT) assay of potato plants and tebs

CAT activity in plant green parts and tubers exsasas measured according to Chandlee and Scasdailib
slight modifications [23]. The reaction mixture ¢aiming 2.5 ml of 100 mM sodium phosphate bufféd (0), 0.1
ml of 10 mM HO, and 0.2 ml of enzyme extract was used to assay @&ivity. The assay mixture without
enzyme extract served as control. Optical densiéty measured at 230 nm up to 3 min at every 1 mma interval
by taking the first reading after the addition gfdd (at 1 min).

The enzyme activity was expressed in U/ml (U = 1 wiMH,O, reduction per min per mg of protein). Activity can
be calculated by using the following formula [24]:

Volume activity (U/ml) =AA x34.4 xdf

Where,A A/ min is the change in absorbency per 1 min.
df: Dilution factor

2.7.5 Polyphenol oxidase (PPO) of potato plants artidbers

PPO enzyme activity was determined in plant greets@and tubers extracts with a spectrophotometendasuring
the initial rate of quinone formation as indicatgdan increase in absorbance at 410 nm at 1 mimuéeintervals at
30°C by using catechol as substrate. The actifiRO was determined by reaction mixture which aiored of 0.1
ml freshly prepared crude enzyme extract, 3.9 mL@® mM phosphate buffer (pH 7.0) and 1.0 ml ofrb®I
catechol. PPO activity was assayed in triplicate #re results expressed as means. One unit (UPGf &ttivity
was defined as the amount of the enzyme that isetkethe absorbance by 0.001 miffuteder the conditions of the
assay [25].

The following equation was used to calculate poéyphl oxidase activity [26].
ACtiVity (U/ml) = [(AF sample™ Alsamplg - (AFbIank_ Alblank)]/ (0-001 X t)-
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Where: Akmpieis the final absorption of the sample,sfhis the initial absorption of the sample, fRis the
final absorption of the blank, Al.«is the initial absorption of the blank, t is theaction time in minutes.

2.7.6 Determination of antioxidant activity of potao plants and tubers extracts
The assay was conducted following the procedufg&f

1ml of potato extract (plant green parts/tuberss added to 1 ml of Immol DPPH (2, 2-diphenyl-2ryitydrazyl)
radical ethanolic solution. Absorbance of the sasplas measured &t 517 nm. The readings were compared to
the control sample consisting of ethanol 95 % mdtef extract. The antioxidant activity is expresses percent
scavenging activity and calculated using the foltayequation:

Antioxidant activity %= [(Abs of control- Abs of s#ple)/ Abs of control] x 100.

2.7.7 Silver and copper metals concentrations in ffierent plant tissues by atomic absorption spectraopy
Plant samples were digested in concentrated rtiid analytical grade and,8, at 5:1 ratio by using Micriwave
Labstation Digestor, Milston, MLS 1200 Mega, Italyace elements (Ag and Cu metals) were estimagagsing
Atomic Absorption (Thermo Scientific ICE 3000, sers AA Spectroscopy), England. For each elemeoisks
solution was prepared (1000 ppm) and was dilutedéoial standards for calibration curve. All s@uas were of
analytical grade obtained from Ultra-Pure WatetiSteELGA, England with high purity and resistivitg Q cm*
[28].

2.8.1 Preparation of selenium nanopatrticles

Selenious acid (0.04 mM) under stirring was mixathwlutathione (GSH) concentration as (0.2 mM) 200 mg
bovine albumin solution in 100 ml deionized wafene pH of the mixture was adjusted to 7.2 with Ill.Godium
hydroxide to initiate the reaction. The reactiostéal one hour under sonication condition, duringctvithe red
elemental Se and oxidized glutathione (GSSG) forriiée red solution was dialyzed against doublyiltest water
for 96 h with the water changing every 24 h to sef@aGSSG from Nano-Se [29, 30].

2.8.2 Effect of selenium nanoparticles on diseaseverity, growth and yield of potato

Selenium nanoparticles (SeNPs) at concentratiopi® and ascorbic acid at concentration 300 ppnoaddNPs

and KSO, were applied. Disease severity and all vegetadivé biochemical assays as mentioned before were
carried out to potato samples.

3. Statistical analysis
All the previous results were statistically analyzesing the least significant difference test (LSD)P<0.05
according to Finney [31]. The data analyzed by S&@8vare ver. 15.

RESULTS AND DISCUSSION

3.1. Screening of different fungi for synthesis oAg nanopatrticles

There was a simple biological way for synthesizihg silver nanoparticles extracellulary using aesoptant of
seven different fungal species. These fungi afeichoderma viride, Penicillium citrinum, Penicilim
brevicompactum, Alternaria alternata, Aspergillusger, Aspergillus oryzeaand Fusarium oxysporumThe
synthesis of nanoparticles were formed within 2dreavhen silver ions were mixed with fungal sup&naand
showed yellowish brown colour solution as a respasfs surface Plasmon resonance (SPR) with a peé®&5anm
that clearly indicates the formation of silver npadicles [32].Trichoderma viridecultural supernatant was found
to exhibit a strong potential for rapid reductiohsilver ions as shown in Figurel.The strength olfoar was
according to the ability of fungal species to ssilae silver nanoparticles. Changing colour wastdwexcitation of
surface Plasmon vibrations, a characteristic ptgpafr the metallic nature of the nanoparticles, ebhindicated
formation of silver nanoparticles. The formationdastability of silver nanoparticles in colloidal lston was
monitored by using UV-Vis spectral analysis.
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Figurel. UV-Vis spectra of AQNPs synthesized by fgal supernatants

The narrow peak indicates that nanoparticles wesh dispersed in the solution without aggregatidhe peak
absorbance of 280 nm arises due to electronicagiails in tyrosine and tryptophan residues of ttotgin founded
in the supernatant that are act as capping agéatgNPs [33].

3.2 Synthesis of Ag nanopatrticles using gamma irraation

A method using gamma radiation provides more coievierand a cleaner approach. AgN&eparated to Agand
NO? ions in the aqueous solution as shown in EquatioBamma radiolysis of aqueous solution yields seve
producct)s including hydrated electrons and hydraglems (H) having the powerful reducing ability that reduog"
into Ag” [34].

H20—> -gq, H30+, Hz, H., OH, HzOz (1)
AgNO; ———» A+ NO; (2)
Ag+ + e-aq—P A(b (3)
Ag'+H ——» AY+H" 4)

The growth of silver nanoparticles by reductionff to Ag is stepwise. These neutral %sgoms at first dimerize
when they encounter or associate with the excedsohg trapped in the individual loops of cell fregpernatant.
The charged dimer clusters Zgnay further react with excess silver cations byascade of coalescence processes
to form trimer, tetramer and higher order silvar musters (A, ) and also the doubly charged 3AgAY", etc.
The aggregation of these clusters into higher nietelusters and nanoparticles occurs as the nticlean the
solution increases. The competition between thaeatiah of free silver ions and absorbed ones igrotiad by the
rate of reducing radical formation [35]. Silver a® formed by the irradiation tended to coalesce aligomers
(Equation 5), which progressively grew into lardgesters (Equation 6). The aqueous electrons reavditbdthe Adg
clusters to form the relatively stabilized Ag clkust (Equation 7) as illustrated in [8].

Ag® + A — 5  Ag )]
nAg” + Ad, ____ (Ab, (6)
(Ag)n + N€ygq —»  (AD, (7)
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Figure 2. Optical density of AGNPs after gamma irraiation at different doses

Figure 2 shows that, after gamma irradiation oftomex of T. viridie supernatant and AgNG@rom 0.5 up to 30 kGy
compared with unirradiated control. For all doste® characteristic surface Plasmon resonance pwakilfer
nanoparticles appeatr, that is indication of AgN&snation while, the maximum AgNPs production wad s#Gy.
On the other hand, over than 15 kGy the producifolhgNPs was decreased.

3.3 Effect of different silver nitrate concentrations on silver nanoparticles synthesis

Different concentrations of silver nitrate in theaction mixture were used in order to evaluate rtfaimum
concentration of the substrate for nanoparticleslpction after gamma irradiation at 15 kGy as shawtable 1.
By gradual increase in concentration of AgNG@ to 1000 ppm, the nanoparticles production wasensed.
However, by further increasing of AgN@oncentration the production of AQNPs decreased.

Table (1). Effect of silver nitrate concentration @ silver nanoparticles synthesis by gamma irradiate T. viride (15 kGy)

AgNO; conc. (ppm) Optical density at 430 nm
50 0.876
100 1.912
200 3.542
300 4.154
400 4.726
500 5.234
600 5.362
700 5.381
800 5.537
900 5.595
1000 5.601
1100 4.492

3.4 Characterization of silver nanoparticles synthsized by gamma irradiatedT. viride supernatant

3.4.1 Fourier Transmission Infra-Red (FT-IR)

Fourier Transform Infrared spectroscopy (FT-IR) swaments are carried out to identify the posdildenolecules
responsible for the reduction of the Agns and protein molecules that act as cappingtagégure 3. shows the
FT-IR spectrum of 15 kGy gamma irradiatedviride supernatant (control) and silver nanoparticlesids observed
that the N—H stretching band at 3425.6"caf blank was shifted to 3430 ¢hin AgNPs. This suggests that the
formation of AgNPs was promoted by N-H bond [36he frequency of the C=0 stretching vibrationTinviride
supernatant shifted from 1631.62 tio 1624.71 ci in AgNPs. The decreasing frequency of the C-Qtcdineg
vibration implies thafl. viride supernatant molecules use the oxygen atom in ogklb® coordinate with the metal
ion in the AgNPs solution [7]. In AgNPs FT-IR sperh indicate formation of a new peak at 781.14'amhich
may be assigned to one of the vibration modes efGA{B7]. In the case of silver nanoparticles, tieappearance
of a peaks (2925.88 cthand appearance of a peak (1320'kmay be attributed to the contribution towards the
stabilization of the AgNPs by OH bond deformatignsiiver metal surface [35].
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Figure 4. a) DLS (mean diameter = 14.5 nm, Num = 00%)
b) TEM graphs (average diameter of 12.7 nm) of AgN$synthesized byl. viride cell free supernatant
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3.4.2 Dynamic Light Scattering (DLS) and Transmisgin electron microscope (TEM) graphs of AQNPs

Average particle size was determined by DLS. Figurepresents graph of AgNPs solution exhibit & verrow
size distribution with small particles size. Thetdbution of the hydrodynamic diameter of the naamticles show
peak (approximately 100 % of the particle diameker) its maximum diameter at 14.5 nm. TEM imagAg@RPs
with spherical shape and the average diameter of hth. The nanoparticles were monodispersed without
aggregation indicating stabilization of the nandigles by a protein capping agent [7].

3.5 Chemical synthesis of silver nanoparticles ugjngamma irradiation

After mixing of PVP solution and AgN{QLmM) were exposed to gamma irradiation at doses @0, 15, 20, 25
and 30 kGy deep brown colour appeared indicating tbrmation of polyvinylpyrrolidone coated silver
nanoparticles (PVP-AgNPs).

3.6 Characterization of silver nanoparticles synthsized chemically

3.6.1. Effect of different doses of gamma irradiatin on synthesis of PVP-AgNPs (UV-vis) and FT-IR
spectroscopy

In case of PVP-AgNPss the irradiation dose increases, the surfacar®lasesonance (SPR) band red shifted
which mean an increase in particles size. At ganrmadiation 30 kGy, a characteristic SPR band fdPPAgNPs
was obtained at 450 nm (Figure 5a).

FT-IR spectrum of PVP-AgNPs was used in the rarfg800- 4000 crit. As shown in (Figure 5b) FT-IR results
revealed that bands on this spectrum are centerdd2#.54 crit which results from vibration of the tertiary
nitrogen, and at 3403.43 chassigned to environmental (-OH). Also, the peakl®0 cn' represents the functional
(-C-N) present in PVP [38], shifts to 1221.75 ‘trafter embedding of silver nanoparticles. The pshitting
corresponding to (-C-N) bond towards higher wavebeimmay be attributed to chemical coordination giNRs
with (-C-N) bond .On the other hand, the peakshatrange of 1630 up to 1660 ¢rin pure PVP due to (-C=0)
bonds [39], shift to 1664.76 chafter the formation of AGNPs within PVP polymeuch a change may occur due
to the bond weakening as a result the partial bfonehation with the surface of silver atoms whicheptually
passive the surface of AgNPs. That result confibosding between AgNPs with polyvinylpyrrolidoneustiure.
Thus polyvinylpyrrolidone can be used as effecttadbilizer because the nitrogen atom of PVP interaith silver
and forms a protective shell [38].

T ases ey Ton FE===y 1008 =5a

0 T T T T T T T T T T 7 t |
200 250 300 350 400 450 500 550 600 650 700 750 800 850
‘Wavelength [nm]

(a) (b)
Figure 5. (a) Effect of different doses of gamma iediation on synthesis of PVP-AgNPs at 30 kGy
(b) FT-IR spectrum of gamma irradiated PVP-AgNPs at30 kGy

3.6.2 Dynamic light scattering (DLS) and TEM analyss

DLS indicates for particles size with mean diamete27.7 nm for PVP-AgNPs at 30 kGy of gamma irasidn
dose.TEM micrograph of PVP-AgNPs showed the pagiappear to be spherical and remain fairly dsgbwith
diameter of 23 nm as presented in Figure 6.
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Figure 6. a) Particle size distribution of PVP-AgNR by DLS, b) TEM image of PVP-AgNPs

It was clear that, particle size AgNPs synthesibadogically by gamma irradiated of. viride supernatant is
smaller than the particle size of PVP-AgNPs. Sopuged the smaller nanoparticles to be appliederfidid.

3.7 Field experiment

3.7.1 Effect of treatments on early blight diseasgeverity and vegetative growth of potato plants

Eighteen combinations of treatments recorded, dissaverity ranging from (8.39 %) to (28.33 %) empared
with control (86.17 %) after 75 days of sowing aswn in table (2). In addition, a combination betweAgNPs
150 ppm and KSO, (2%) exhibited the lowest disease severity contpari¢h other combinations to give (8.39 %)
as shown in table (2).

The application of silver nanoparticles 150 ppnngigantly limited the development of early bligtiisease on
leaves of potato compared with control and otheattments which do not containing silver nanopasidlike
fungicides and KSQ,individually or in combination with each other).

It is worthy to mention that, 100 ppm concentratidrsilver nanoparticles was used as foliar apfibeaalso, but it
gave less effects in disease severity, vegetatidebdochemical parameters of plant as compared &5t ppm
concentration of AgNPs. So, application of AgNPsL&0 ppm was more favourable and was used itiedt
experiments.

Similar results were observed by Jugtgal [40] in the field when green onion plants wereateel with different
concentrations of nano-silver (10, 25, 50, and gpf). The effective inhibition to contrdclerotium cepivorum
was observed from the dry weight of the onion. Samed was found by El-Batat al [41] who found that, the
foliar application of gum acacia-AgNPs and AgN& 0.0, 5, 10, 20 and 60 ppm significantly incezhplant
height, root length, number of leaves/plant, thevés’ area, total fresh and dry weights/plant aieddyof two

varieties (Bronco and Nebraska) of the common l§Baaseolus vulgarit.).

Data in table (2) revealed that, the highest valuglant height, leaves number/ plant, fresh wegyid dry weight
of the potato plants were obtained with the treatnoé nano silver 150 ppm and ,80, 2% to give (57.3 cm , 17
leaves , 84.82 g and 9.21 g, respectively). Thesefmombination of AgNPs with J60O,was best result. So, we can
avoid using very harm fungicide treatment. In casty the number of stems did not affect by silvenaparticles
treatment. So, there is no significant differenedween treatments in number of stems/plant. Basi@l [42]
recognized that, adding silver nanoparticles ineedavater uptake in carnatioiénthus caryophyllysmore than
the control. Uptake rate depends on the size amdulface properties of nanoparticles.

Nanopatrticles could promote the energy utilizatiaom conversion efficiency [43]. Also, applicatiof pmtassium
increases plant height, crop vigour and imparstasice against diseases.
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Table 2.Effect of different treatments on potato phnt growth in the field

PIH o Eff FW DW
Treatments (cm) LN/p | DS% % NS @ @

Control (untreated) 27 g 86.17 0.00 2 | 2093 | 2.24
Koc. 631 ppm 39 10 | 2227 | 7415 | # 457 | 4.84° |
Koc. 315 ppm 378 & | 2819 | 695F | £ | 423F | 45% |
AgN 150 ppm 44 17 | 1398 | 83858 | # | 7418 | 810
K.SOu(2 %) 436% | 13 | 2497 | 71.0F | & | 55.09 | 5.73
K2SOs (1 %) 4F 17 | 27.04 | 68.62° | ¥ | 59.77 | 6.54
Koc. 315ppm+AgN150ppm 473 | 14 [ 1160 | 8654 | 5 | 7568 | 7.8
Koc. 631 ppm+AgN 150 ppm 487" | 13 149 [ 8270 | ¥ [ 50.83 | 543
Ko315ppm+AgN 150ppm+ K(1%) | 57 17 11312 | 8477 | 4 | 8467 | 914

Koc. 631ppm+AgN 150ppm+K(1%) 47 17 [ 1097 | 8734 | & 47 4.9%
Koc.315ppm+AgN150ppm+K(2%) | 49.6 1¥ [ 1518 | 8241 | & [ 57017 | 5.8%
Koc.631ppm+AgN150ppm+K(2 %) 53.3 1° | 120P | 86.08' | # | 68.1F | 6.76

Koc.315 ppm+K(1%) 48.3" 17 | 2307 | 7328 | 3 | 81.90 | 8.78
Koc.631 ppm+K(1%) 453 1F | 2833 | 6712 | 5 | 7857 | 8.24
Koc.315 ppm+K(2 %) 54.3 11° [ 2184 | 7465 | ¥ | 6067 | 6.7F
Koc.631 ppm+K(2 %) 437€ | 1 | 2467 | 7137 | & | 4128 | 4.4%
AgN150 ppm+K(1 %) 48.8 13 9.1P | 89.42 [ ¥ [ 84.2% | 9.04
AgN150 ppm+K (2 %) 57.3" | 17 839 | 9026 | 5° | 84.87 | 9.2°°
LSD 075 | 085 [ 1.07 160 | 06] 1.06 | 089

* Koc.: Kocide, AgN: silver nanoparticles, K»8Q, PIH: Plant height, LN/p: leaves number/plant, DS@isease severity
FW: Fresh wt./ plant (gm), DW: Dry weight/ plant (grivS: number of main stems, Eff %: Efficiency, LE&ast significant differencélean values were followed
by the same letters column are not significantffedent (Duncan's multiple range test)

3.7.2 Effect of different treatments on chlorophylicontent, potato tubers yield and quality of tubersin the
field

In the same accordance, Kocid15 ppm + AgNPs 150 ppm +80, (1 %) gave the best chlorophyll a, b and total
chlorophyll (the values of 0.1002, 0.0238 and 03L&/ cnf, respectively) followed by AgNPs 150 ppm $3O,
(2%) that recorded (0.0895, 0.0195 and 0.1094 mj/ espectively) to be the best treatments in betveemtrol
and other treatment, table (3). Enhanced photostiotpigment contents were recorded in leaveBadrgonium
zonaletreated with silver nanoparticles when comparethéocontrol [44].

Data in table (3) showed that, all treatments rp@gato yield, but AGQNPs 150 ppm »80, 2% followed by AgNPs
150 ppm + KSO, 1% recorded the highest number of tubers/plant, beunof tubers/ line and weight of tubers/
plant. Similar results were observed by Tahmastbal [45] who showed that, Nitroxin fertilizer + 50 nhg/
nanosilver gave best effects compared to contislb ATreharet al [46] recorded that, potassium increases the size
of tubers. So, potassium developed the yield breiging the number and yield of large sized tubers.

Specific gravity was influenced by different treatmts. The highest SG, starch content (%) and diyem&o)
values were obtained from AgNPs 150 ppm #S&, 2 % (1.113 g/cth 28.66 % and 20.40 %, respectively)
followed by AgNPs 150 ppm + #0, 1% which recorded (1.102 g/én25.52 % and 18.20 %, respectively) as
shown in table (3). But, we noted that the combamabf AgNPs and KSO, gave the highest improving effect that
means AgNPs improve the enhancing effect eB®; in a significant way. So, we can indicate that AgNand
K,SOy had a positive effect in increasing potato qual@e. that, high specific gravity values were resufi®m
stimulation of photosynthetic efficiency of growingop and starch deposition in the tuber [47].

3.7.3 Effect of treatments on reducing sugar conténprotein content, enzymes and absorbed Cu and Agf
potato plants and tubers in field

As shown in table (4) silver nanoparticles 150 ppmcombination with KSO, (2%) significantly decreased
reducing sugar contents in tubers which recorde@329 mg/g dry weight) comparing with untreatedtcol and
other combinations. The processing industry regupetatoes with well-defined tuber characterist€ssuitable
consumer preference and processing qualities. Lamteat of reducing sugars is preferred as theyltrésuight
colours of desirable quality [48].

Data in table (4) showed that, in potato greensp&gNPs 150 ppm + 450, 1% gave the highest protein content
(31.83 mg/g dry weight) followed by AgNPs 150 ppnK3sSQO, 2 % (28.23 mg/g DW). While, in potato tuber,
AgNPs 150 ppm + SO, 2 % recorded the highest protein content (38.1&ndgy wt.). From the results it was
clear that, application of AgQNPs 150 ppm 43K, 1 % and 2 % improve the protein content of potafthough
potato is not considered a main source of proteineuman nutrition, its protein is of high qualiéynd its biological
value compares with that of whole eggs [49]. Silwanoparticles with their antimicrobial and hormdike

944



El-Batal A. I. et al J. Chem. Pharm. Res., 2016, 8(4):934-951

characteristics increased total protein content].[580lso, Salama [51] revealed that, application sifver
nanoparticles at 60 ppm caused an increase inipraatent ofPhaseolus vulgariandZea mays

Table 3.Effect of different treatments on chlorophyl content, potato tubers yield and quality of tubes in the field

Treatments Ch.a Ch.b Tot.ch | NTP | NTL WTP SG DM St
Control (Untreated) 0.0448 | 0.0090 | 0.0548 & 96" 1154 1.03f | 10.03 4.07
Koc. 631 ppm 0.0647 | 0.0163° | 0.0818 F 100 [ 172.9 | 1.056 | 1548 | 9.04
Koc. 315 ppm 0.072F | 0.0166° | 0.0887 F 96 | 21065 | 1.058 | 1592 | 9.44
AgN 150 ppm 0.085Z | 0.0183 | 0.1035 6° 144 | 270.8 | 1.079 | 2050 | 13.62
K(2 %) 0.0883 | 0.0192 | 0.1077 5° 120" | 296.18 | 1.078 | 20.28 | 13.42
K (1 %) 0.0602 | 0.0236 | 0.084F 5P 120 | 2576 | 1.06Z2 | 16.79 | 10.24
Koc.315ppm+AgN150ppm 0.0693 | 0.023 | 0.0946 7 168 | 353.85 | 1.093 | 23.56 | 16.41
Koc.631ppm+AgN150ppm 0.0736 | 0.018%" | 0.0915 Iy 115 | 196.3 [ 1.067° | 17.88 [ 11.2%

Koc.315ppm+AgN150ppm+ K(1%)| 0.100Z | 0.0238 | 0.1243 & 144 | 310.65 | 1.098 [ 24.2F [ 17.0F
Koc.631ppm+AgN150ppm+K (1 %) 0.0523 | 0.0163 | 0.0687 | 7 168 | 32025 [ 1.077 | 20.06 | 13.2%
Koc.315ppm+AgN150ppm+K (2%)| 0.0814 | 0.0203 | 0.1019 & 144 | 268.09 | 1.087 | 22.28 [ 15.22
6
g

Koc.631ppm+AgN150ppm+K (2 %] 0.0793 | 0.0217 | 0.1010 146 | 2503 | 1.09% | 24.0Ff | 16.8T

Koc.315 ppm+ K (1%) 0.079F | 0.0196 | 0.0981 197" [ 3557 | 1.075 | 19.63 | 12.8%
Koc.631 ppm+ K (1%) 0.0660 | 0.0197° | 0.0857" 5° 120" [ 208.35 [ 1.064 | 17.23 | 10.64
Koc.315 ppm+ K (2%) 0.0696 | 0.0195 | 0.0889 | 10 240 | 365.45 | 1.08F | 21.37 | 14.43
Koc.631 ppm+ K (2%) 0.0742 | 0.0195 | 0.0937 & 197 | 2449 | 1.07F° | 18.76 | 12.08
AgN150 ppm+ K (1 %) 0.0796 | 0.0197 | 0.0993 | 10 [ 240 | 369.45 | 1.102 | 2552 | 18.20
AgN150 ppm+ K (2 %) 0.089% | 0.0195 | 0.1094 | 12° | 264 | 376.7" | 1.113 | 28.66" | 20.40
LSD 0.25 0.081 0.01 095 5.5 3.6 0.014 0.77 0.53

*Ch a: Chlorophyll a fg/ cnf), Ch b: Chlorophyll b{g/ cnf), Tot.ch: total chlorophyll{g/ cnf), NTP: number of tubers/plant, NTL: number of nsiiine, WTP:
weight of tubers/plant (g), SG: Specific gravitjc(@’), DM: Dry matter content (%), St: Starch content) (4SD: Least significant difference. Mean valuesewe
followed by the same letters column are not sigaiftly different (Duncan's multiple range test)

Results in table (4) showed that, in case of botlatp green parts and tubers the most value ofasatactivity was
reported by AgNPs 150 ppm +,80, (2 %) (had 28.78 and 46.92 U/ml, respectively). the same results
mentioned before stile the combination of AgNPshwW{tSO, had a significant role in enhancement of biochemica
parameters of potato. Catalase plays a centralimofeaintaining balance of cellular hydrogen pedexin plants.
The significance of catalases in the antioxidarienee system of plants has been proven by varitudies [52].
According to Priyadarshiret al[53] nanosilver particles decreasegds production and increased the efficiency of
redox reactions. Similar result was reported bysKmarajet al [20] that high activity of catalase was recordesif
leaf samples of plants subjected to nanosilvetrireat, In contrast, Pozvedt al [54] found that, catalase activity in
shoot of canola Rrassica napuslL.) treated by silver nanoparticles remained withgignificant changes in
comparison to the control plants.

Data in table (4) showed that, combination of AgNI®® ppm + KSO, (2%) recorded the lowest polyphenol
oxidase activity (9.67 U/ml of potato plant extractd 17.34 U/ml of tuber extract) that cause entyntaowning
which improved the phytochemical parameters of foota be more acceptable in consumer using and etiagk
and cooking processes. Enzymatic browning of payath oxidase of raw agro-materials is a major gobin the
food industry and one of the main causes of quidig during postharvest handling and processiBy [bresults
in unpleasant appearance and the concomitant gevelat of off flavours catalyzed oxidation of moremd
diphenols to o-quinones. The o-quinones are higdgtive compounds and can polymerize spontanetustrm
brown pigment (melanin), or react with amino aadsl proteins [56].

Natural antioxidants that are present in plants @gponsible for inhibiting or preventing the deteius
consequences of oxidative stress. As shown in {@léhe antioxidant activity of AQNPs 150 ppm +3O;, (2 %)
that reported (68.48 in tuber) was the highestoaittant activity among the untreated control oraiter tested
treatments, but with potato plant antioxidant eatibn recorded that Kocifle31 ppm + AgNPs 150 ppm +80,

2 % gave the highest antioxidant (67.56 %) followisdAgNPs 150 ppm+ SO, 1 % (65.06 %). Potatoes are
regarded as a significant antioxidant source indoumutrition. Vinodet al[57] concluded that, antioxidants may be
useful in preventing the deleterious consequenceoxiflation processes and so, the importance ofralatu
antioxidants is increasing day by day. Also potatbave received substantial interest as a valusdiliece of
antioxidants.

Naturally, the accumulations of both metals (Ag &umetals) in plants are higher in plant greetspdwan tubers.

The data in table (4) revealed that, the rate e@lawlation of Cu in treatments using fungicidesngigantly
increased compared by control and other treatmeattsontain fungicides. On the other hand, the edation of
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Ag in treatments containing AgNPs rarely increaseer control and indicated safety of silver nantipkas

application as fungicides. Generally, the rateofumulation of Cu in different potato parts (plant tubers) is
more than the rate of Ag accumulation. The spraystbparticles may get absorbed through the stoofdemaves
and translocated in plant. Nanoparticles have higictivity because of more specific surface aremrendensity of
reactive areas, or increased reactivity of thesasapn the particle surfaces. These features io-seade simplify
their absorption in plants [58].

In the accordance of animal toxicity to AgNPs, Anghal [59] reported that, LEy of AgNPs in normal and
irradiated (4Gy) mice is 268.781(ppm) and 425.981(), respectively.

3.8 Effect of selenium nanoparticles (SeNPs) on piagrowth

Hartikainenet al [60] applied Se in low concentrations to contrahrgl diseases where Se was used in ryegrass
(Lolium perenng at concentrations 0.1 and 1.0 ppm Se. So, iptheent investigation selenium at 0.5 ppm was
used as a trial to control early blight diseas@athto using the previous best combination (150 pNPs and
K,S0,2%) in addition to 300 ppm ascorbic acid.

In this respect, results in table (5) revealed,ttie early blight disease is sufficiently conteallwith all treatments
compared with highest infected control (86.17 %)t By comparing results, treatment no.3 was thet mifasctive

one in controlling the disease (DS of 9.81 %) fokal by treatment no. 2 (DS of 12.63 %) and finaiatment no.
4 (DS of 15.10 %). As the same results, Sarf@Hrfound that, Se slightly reduced the inciden€early blight on

tomato plants.

Concerning the vegetative growth treatment no. 4 wee best effective treatment on stem no./pladyds
no./plant, plant height, fresh weight and dry wei¢b, 16, 47.5 cm, 105.29 g and 13.92 g, respdgjivé\s
mentioned before AgNPs and30, have a significant promoting growth effect. Sadiidn of SeNPs and ascorbic
acid to that combination gave additional promotiaffect. Selenium can exert beneficial effects atv lo
concentrations; it has been shown to promote thevthr of plants subjected to stress [62]. Seleniudditeon
resulted in a significant enhancement of dry maiteduction of vegetative parts as well as podseet! dry weight
of canola Brassica napus.) plants when applied in 2@y Se plant[63].

Results in table (5) and figure (7) also, repottieat treatment no. 4 (SeNPs 0.5 ppm, ascorbic 3@ ppm,
AgNPs 150 ppm and 480, 2%) effected in high degree in increasing potéttdyand potato quality that made it a
recommended treatment. The combinations of thederfawith each other enhanced the plant growtinestioned
before and as a result the same effect exert oryidié and quality. Tubers no./ plant, tubers Wanp, specific
gravity, dry matter and starch content results waseollow; (12, 520.07 g, 1.321 g/&n80.21% and 23.15 %,
respectively).

The additional promoting effect of Se may be dudtgaaction as an antioxidant, inhibiting lipid peidation as
reported by Hartikaineet al [60] in ryegrassl{olium perenngwhen applied at concentrations 0.1 ppm and 10 pp
Se. Results reported by Khalifa and Sameer [64yvskdathat, antioxidants slightly reduced the incicienf green
mold on orange fruits. Se also increased yielduimpkins Cucurbita pepdat a concentration1.5 ppm [65].

Chlorophyll content was increased by all applieshtments over the untreated control. But treatmen# was the
best treatment. Chlorophyll a, chlorophyll b antatahlorophyll were as (0.1002, 0.035321 and 0323&g/c,
respectively). At similar research, the respiratpoyential ofEruca sativa measured by electron transport system
(ETS) activity, significantly increased in selenitim@ated plant seeds. Possible explanations dadlass: (1) some

of respiratory enzymes might need Se for theiwvigti(2) Se may intensify plant metabolism [66].

Dong et al [67] reported that, selenium (10-50 ppm Se) sigaittly increased chlorogenic acid, chlorophyll and
carotenoids by 200-400% of leaves lgfcium chinenské. Moreover, Moldovanaet al [68] observed amazing
results increasing chlorophyll content in onidklium cepa plants by supplementation of zinc and selenium in
doses 50 and 100 ppm, respectively.

Concerning our results table (6) showed that, tlgascontent reduced by all treatments comparell witreated

control that recorded (45.9 mg/g DW of potato tsheWhile, treatment no. 4 was more effective icrdasing
reducing sugar content (25.46 mg/g DW of potatetsp High sugar content reduced potato quality affetting
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on the colour of potato. In the forming work, wesebved that AgNPs and,8O, 2% reduced reducing sugar
content. Also, application of Se reduced the sugmtent. These results agree with the results ah&tuand
Knowles [69] who recorded that, soluble sugars elzsed by Se treatment of potato.

In this study, we reported that all treatments stobWwigher protein content compared with untreatadrol. The
most effective treatment was no. 4 (45.31 mg/g D\Wabato tubers). It may be attributed that mosthef added Se
was allocated in tubers into the organic fractisolble proteins, residue and amino acids) in &idib the effect
of AgNPs and KSO, 2% in increasing protein content as mentionedreef8e enrichment improved the nutritive
quality of potato by increasing the amount of oiige®e in tubers [70]. Similar results observed gjibbland and
Keivanfar [63] who recorded higher photosynthesite rand protein content in the leaves of Se treplaats of
canola Brassica napus.) when applied in 20 ppm Se compared with cdntro

Also, as shown in table (6) treatment no. 4 gawe hHighest catalase activity (43.25 U/ml of tubetraot) as
compared with catalase activity of control (16.92ml). In addition, the untreated control had theHhwst
polyphenol oxidase activity (46.67 U/ml of tubetrext). But, all treatments decrease PPO actiVitgatment no.3
decreases significantly the PPO activity to beittfierior treatment (19.02 U/ml of tuber extractiafRening is an
enzymatic reaction caused by the oxidation of pherammpounds catalyzed by PPO following cell ipjy71].
Therefore, raw darkening of fresh-cut potatoes lbesn prevented by using antibrowning agents (ibtrig) as
ascorbic acid [72].

In this study, Se application lead to decreasawfdarkening in the tubers when applied in 0.5 pphis beneficial
effect of Se can be ascribed to its antioxidativaecfion, delaying the oxidation reaction in the ygnatic
discolouration process. It is well documented thatow concentrations Se acts as an antioxidarit B8, it is
suggested that a low Se concentration can direffidet the activity of PPO in tubers. This assuompis supported
by results of Nowalet al[74] demonstrating that, the selenite at 0.45 mS8wkg' caused decrease in the activity
of PPO.

As mentioned before, AgNPs +,80, 2% gave high antioxidant activity. Here we notédtt the highest
antioxidant activity was reported by treatment n¢72.34 %) compared with untreated control (47.7.3%)
Cultivation of plants enriched with Se could be effective way of producing Se-rich foodstuffs whican be
beneficial to health.

Recently it has been shown that Se is able to abgtihe water status of plants under conditiordrofight. As done
by previous search where, selenate via foliar sg@ay, or 20 mg Se plarij resulted in Se-biofortified tomato
fruits, with Se content levels which are low enoagitl do not pose a health risk. The Se-biofortifreiits showed

enhanced levels of the antioxidant [75]. Se is irtgod in the metabolism of cyanobacteria and solaetg, being

involved in their antioxidative processes [76].

Ascorbic acid is one of antioxidants present imntda Ascorbic acid is abundant in leaf tissue angresent in
millimolar concentrations in the chloroplast stromacorbic acid serves many functions in plants. &ample, it
is a major redox buffer and serves as a requirddctar for several enzymes and as a major antioxifia7].

Ascorbic acid also regulates cell division and giojv8].
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Table 4. Effect of treatments on reducing sugar cdant, protein content and polyphenol oxidase of pato plants and tubers in the field

Treatments RST RSP PCT PCP AAT [ AAP PPOT [ PPOP | CATT | CATP [ CuT [ CuP AgT AgP
Control(untreated) 45.9 25.7 14.5 6.97 47.73 | 4394 | 46.67 | 2767 | 16.92 | 13.80 | 5.02 19.1F 0.408 1.487a
Koc. 631 ppm 3854 | 18.3F | 12.62 | 10.23 | 58.8F | 49.0Ff | 28.34 | 16.30 | 2959 [ 15.4F [ 8.03 96.17 | 0.2938 | 1.29
Koc. 315 ppm 41.08 [ 16.17 | 2119 | 12.3F | 52.7F | 46.78 | 46.67 | 22.18 | 2456 | 2359 | 6.10 | 62.97 | 0.454 1.013
AgN 150 ppm 28.17 | 1266 | 32.7 15.9F | 60.68 | 53.44 [ 243 13.46 | 31.26 | 253 586 | 1657 | 0.5714 | 2.434
K(2 %) 2839 | 2411 | 29.30 | 14.1F | 65.49 | 58.6 2718 | 153 30.93 | 2004 | 6.79° | 17.84 | 0.762 1.50
K (1 %) 34317 | 2811 | 3789 | 11.§ 56.35 | 4365 | 36.34 | 19.7] 2230 | 185 6.13° | 18.46 | 0500 | 2.064
Koc.315ppm+AgN150ppm | 29.90 | 2058 | 31.46 | 11.59° | 70.2F | 4544 | 27.85 | 147 | 4453 | 25.78 | 6.15° | 62.07 | 1.396 3.850
Koc. 631ppm+AgN150 ppm| 38.48 | 1338 | 17.49 | 19.74 | 6477 | 5290 | 2824 | 14.3 4578 | 26.2F | 7.07" | 75.93 | 05818 | 4.698
Koc.315ppm+AgN150ppm+ 30.27 | 14.2% | 29.23 | 2558 | 75.18 | 59.11 | 23.5F | 13.18 | 3564 | 2337 | 6.8 | 61.99 | 1.039 3.744
K(1%)
Koc.631ppm+AgN 29.67 | 1143 | 36.39 | 1590 | 64.39 | 66.1F | 25.89 | 16.3 4249 | 272% | 56F | 60.7F | 0.764 | 7.828
150ppm+K(1 %)
Koc.315ppm+AgN 26.5 11.6P | 2889 | 19.30 | 7348 | 5470 | 33.67 | 13.08 | 3259 | 15.3¢ | 7.01§ | 6537 1.68F | 4.468&
150ppm+K(2%)
Koc.631ppm+AgN 3330 | 21.01 [ 2569 | 22.0 | 7299 | 6756 | 18.34 | 23.4%" | 36.41 | 17.34 | 8.60 79.92" | 0767 | 7.36%"
150ppm+K(2 %)
Koc.315ppm+K(1%) 30.87 | 1656 | 16.77 | 20.1F | 58.74 | 51.92 | 43.3 24217 | 19.26 | 2551 [ 7.77 [ 4463 | 0414 1.941
Koc.631ppm+K(1%) 36.58 | 21.74 [ 30.34 [ 17.19 | 50.0P | 44.08 | 37.34" | 17 2456 | 2245 | 576 | 83.80 | 0.863 1.174
Koc.315ppm+K(2 %) 4349 | 265K | 2481 | 21.43" | 6652 | 47.67 | 40.26 | 20.6 35.16 | 1866 | 7.57 | 70.1F | 0.2164 | 0.900
Koc.631ppm+K(2 %) 39.9F | 18.06 | 2253 | 1755 | 65.17 | 4523 | 35.3& | 27.7 18.78 | 19.24 | 6.73 | 90.2P [ 0.409 1.027
AgN150ppm+K(1 %) 2779 | 145F | 3353F | 31.8% | 7399 | 65.08 | 21.08 | 11.6 3966 | 2456 | 3.78 | 1518 | 0.714 | 2.299" |
AgN150ppm+K(2 %) 2329 | 119 | 38.18 | 2828 | 75.86 | 62.48 | 17.38 | 9.67 46.92 | 28.78 | 5.06 | 20.06 | 0.883 2.350
LSD 1.47 0.74 1.35 1.38 0.75 0.81 0.67 0.80 0.78 690. | 0.49 0.70 0.049 0.12

*RST: Reducing sugar in tubers (mg/dry wt.), RSRiuBieg sugar in plant (mg/g dry wt.).PCT: Proteiontent in tubers (mg/g dry wt), PCP: Protein cornten
plant (mg/g dry wt). AAT: Antioxidant activity inlters (%), AAP: Antioxidant activity in tubers (9%)POT: Polyphenol oxidase activity in tuber extréddfml),
PPOP: Polyphenol oxidase activity in plant extr@dfml). CATT: Catalase activity in tubers extratt/fnl), CATP: Catalase activity in plant extract (lj. CuT:
Absorbed Cu in tubers (Mg/ml), CuP: Absorbed Cu lanp (Mg/ml). AgT: Absorbed Ag in tubers (Mg/ml), PAgAbsorbed Ag in plant (Mg/ml), LSD: Least

significant difference, Mean values were followedHgysame letters column are not significantlyedéht (Duncan's multiple range test)

(b)

(©

(d)

Figure 7. (a): Untreated control, (b): SeNPs 0.5 pp+ ascorbic acid 300 ppm +AgNPs150 ppm, (c): SeNB$ ppm+ ascorbic acid 300
ppm + K;S0, 2%,
(d): SeNPs0.5ppm+ ascorbic acid 300 ppm+ AgNPs 1ppm + K,SO, 2%
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Table 5. Effect of different combined treatments orpotato plant growth and yield to relation to earlyblight disease

Treat

re: Treatments PIH | LNP | DS% | Effe% | NS | Fw | bw | NTP | wTP | sG | om | sT
1 | Control (untreated) 57 & | 8617 | 000 | 7 | 3385 | 473 | & | 322 | 1.03F | 1003 | 407
2 | SeNPsO.5ppm+ 382 | 12 | 1263 | 8534 | ® | 8559 | 1086 | 4 | 4692 | 1.00% | 2895 | 18.14

Ascor.300ppm+AgNPs150ppm

SeNPs0.5ppm+  Ascor.300ppm+

>0 436 | 14 9.8 | 886f | 4 | 90.2f | 12.7F 6 | 465.56 | 1.092 | 27.38 | 16.72

SeNPs0.5ppm+Ascor.300ppm

4 +AGNPS 150ppm-K 2% 478 | 16 | 1510 | 8247 | 5 | 1052 | 13.¢ 17 | 520.07 | 1.32f | 30.2f | 23.14
LSD 425] 185 2.73 293] 095 46 110 1.85 54]9 600[ 1.38 1.44
Table 6. Effect of different combined treatments ompotato plant biochemical parameters to relation tceearly blight disease
Treat

no Treatments Ch.a Ch.b Tot.ch. RST PCT CATT | PPOT| AAT

1 Control (Untreated) 0.0448 | 0.0090 0.0548 45.9 14.5 16.92 | 46.67 | 52.87

2 SeNPs0.5ppm+Ascor.300ppm+AgNPs150ppm 00g7D0.02948 | 0.11638 | 32.16 | 39.64 | 31.65 | 22.3% | 57.6%

3 SeNPs0.5ppm+Ascor.300ppnySQ, 2% 0.090% | 0.02968 | 0.11989 | 35.38 | 41.25 | 35.87 | 19.07 | 72.34

4 SeNPs0.5ppm+ascor.300ppm+AgNPs150ppB8a£2% | 0.1003 | 0.0353 | 0.1353 [ 25.48 [ 45.3T | 43.2% | 31.34 | 65.54
LSD 0.0039 0.006 0.0038 3.1 4.24 1.69 3.20 4.3

PIH: Plant height, LN/p: leaves number/plant, DS8isease severity, Eff %: Efficiency, NS: numbenain stems, FW: Fresh wt./plant (gm),DW: Dry weigiiaht

(gm), Ch a:Chlorophyll a (mg/ cin Ch b:Chlorophyll b (mg/ cfi, Tot.ch: total chlorophyll, RST: Reducing sugatibers (mg/dry wt.), PCT: Protein content in
tubers (mg/g dry wt),CATT: Catalase activity in¢ulextract (U/ml), PPOT: Polyphenol oxidase adgivn tuber extract (U/ml), AAT: Antioxidant activin tubers
(%), LSD: Least significant differendélean values were followed by the same letters cornamot significantly different (Duncan's multiplnge test)

CONCLUSION

In conclusion we can say that, using silver ancersiam nanoparticels limited environmental pollutiand
excessive use of chemical compounds in the fielgeSand selenium nanoparticles reduced diseagerisg in
potato and improved vegetative and chemical parrsef the plant. It is expected that the applaratf silver and
selenium nanoparticles at low concentrations wélelsonomic, eco-friendly, and decrease farm manageoosts.
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