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Abstract

The present work of nanoecotoxicity wants to propose a new plant stadeg
from the rice plant. The model takes into consideration the ingfaghgineered
nanoparticles (Ag, Co, Ni, CeOFg0,, TiO,) on rice plants that were weakened
by infections ofXanthomonas oryzagv oryzaebacteria. The results indicate that
some NPs increase the rice sensitivity to the pathogen wihiéggsodecrease the
virulence of the pathogen towards rice. No-enrichment in componerdal met
concentration is detected in above organs of rice, with exceptioNi-biPs
treatment. An imbalance of major elements in infectedaiops treated with NPs
was investigated.
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Introduction

Nanoparticles (NPs) are entities that can be either of natugah, or generated by
engineering processes or unintentionally produced by combustion Redvi

find their way into aquatic, terrestrial and atmospheric environiizinesh et al.,
2010). Nanotechnology is currently an area of intense sciemtifcest due to a
wide variety of potential applications of this products iontedical, optical and
electronic fields, but could also present possible negaffeets from the medical
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and environmental point of view. Indeed, most of these effectsckaied to the
high surface to volume ratio, which can make the particles wemgtive or
catalytic due to their size, namely from 1 t0100 nm. They can pessgh cell
membranes in organisms, and their interactions with biologigatems are
relatively unknown. The importance of understanding the NPs impadhen
environment is growing day by day due to the potential increatbhe a€lease into
the environment and also because NPs are present in sengghatts already on
the market. The plants are essential base of environmeritiRsidvill inevitably
interact with plants, these interactions, such as uptake and @atiom in plant
biomass, will greatly affect their fate and transport ingheironment. NPs could
exert physical and/or chemical toxicity on plants (Ma et al, ROllie interaction
between NPs and plants were object of studies (Lin et al., 2fi€l)sing the
potential toxicity and both positive and negative or negligiblectsf have been
described (Menard et al., 2006). Evidence that NPs penettatplamt cell were
also reported with or without showing adverse effects (Khodakovskaya 2009;
Birbaum et al., 2010; Cifuentes et al., 2010).

In this work, we propose a complex biological systems repmsent rice crop
and Xanthomonas oryzapv oryzae,its pathogen, to study the effects of NPs on
crop, pathogen and the interaction between crop-pathogen. The riceerdprie
staple food for more than two billion people every day. Thezenaany bacteria
associated to rice, some of these are pathogenic and causedsewages to the
crop, such asXanthomonas oryzaev oryzae (Shen and Ronald, 2002),
Burkholderia gluma&ndB. plantarii (Cottyn et al., 1996; Coenye et al., 1999) and
Pseudomonas fuscovagin@é@attiuzzo et al., 2011). In particulakanthomonas
oryzae pv oryzae (Xo0 cause bacterial blight one of the most destructive rice
disease, resulting in 10% to 80% yield losses, endangering worldwide fooitlysecur
(Zhu et al., 2000). Protection of crop plants from bacterial siisean substantially
improve agricultural production. Synthetic or fumigant chemicalsluding
inorganic, organic and metallic compounds are agents controllingdpaliseases
with advise impact on the environment. The alternative is sista@ce of rice by
means of new transgenic technique. Recently, engineered NPsbassd were
tested as antimicrobial agents; they entry in cells of many bategi&scherichia
coli, Pseudomonak The graphene oxide exhibits a high efficiency to inactiee t
bacteria pathogen of rise (Chen et al., 2013).

With these considerations, the aim of this study was to eeallipthe efficiency

of Xanthomonas oryzagv oryzae (Xookxposed to metal (Ag, Co, Ni) and metal
oxides (Ce@ FeO, TiO,) nanoparticles infecting rice crop; 2) the effects of NPs
on rice crop infected byoo after their addition to soil, mimicking the NPs
contamination due to polluted biosolid or wastewater.

Images using electron microscopy (ESEM-EDX) were carriedmetaluate the
pathogens culture, while the assessment of the uptake and taginsiaf NPs in
crops was determined using inductive coupled plasma spectro(hei®yOES)
after acidic mineralization of different organs (root, stem, pansdeds).
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Materials and methods

Bacterial strain and growth conditions

The bacterial strain used in this studyXenthomonas oryzagv. oryzaexXKK.12
(Xo0), isolated in Kerala State (India) and previously reported asydeghly
virulent to rice (Ferlugaet al, 2007).Xoo was grown at 28°C on peptone-yeast
extract liquid medium (PY; 0,8% peptone, 0.2% yeast extract, K240,
0,05% KHPO,, 0,025% MgSQ@ 7H,0O, 0.5% glucose w/v) or on peptone-sucrose
agar plates (peptone 1%, sucrose 1%, agar 1,5% Wbg.was grown in PY
medium with and without NPs at concentration of fganL™.

Rice growth

The plant used for the study of host-bacteria interactioBriza sativaltalian
cultivar Baldo. Rice was grown either in a greenhouse (without casftraimidity

and light, temperature kept below 32°C) for GeCo, TiQ, Ni -NPs treatments
and in a phytotron (with temperature of 27°C, relative humidity of 50% agtta |
dark photoperiod of 16:8) for Ag-NP treatment. Rice was fertilizetl %0 g/ni of

iron sulfate and 5 g/frof ammonium sulphate every two weeks, and daily watered.
For this reason we present the data separated for the t¥evenif growth
conditions.

Nanoparticles

The plants were exposed to: magnetite;Qze15-20 nm), passivated cobalt (Co,
28 nm), titanium oxide (Tig) 20-160 nm), nickel (Ni, 62 nm), silicon oxide ($jO
4-40 nm), cerium oxide (CeP50-105 nm), tin oxide (SN 61 nm). All the
chemicals and reagents were purchased from Sigma Aldricly)(Itahless
otherwise stated. SpOCeQ and FgO, NPs were provided by Nanostructured &
Amorphous Materials, Inc (Houston, USA) with at least 98% puBi{}, was
provided by Tal Materials Inc (Michigan, USA) with at leas®®®urity. By
manufacturer’s information the specific surface area a2, 8-15, > 40 m and
400 nf/g and the particle size, calculated from the specific sertaea and by
Transmission Electron Microscopy was 61, 50-105, 20-30, 4-40 nm fop, ShO
Ce( FeO, and SiQ, respectively. Stocks of NPs at concentration of 10 md mL
were used and always sonicated before the appropriate dilution.

Experimental design

To assess the influence of NPs on the virulencéanthomonas oryzaav oryzae
(Xo0), rice leaves were infected by means of the clipping mefirediously
reported by Ferlugat al, (2007). Briefly, 45 to 60 days old rice leaves, grown in
greenhouse and phytotron, were infected with overnight culturgsmfollowing

the schema in which the control was the rice infectedKby (R/Xoo) and the
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treatments were: i) rice+NP infected ¥go (R-NP/Xo00), ii) rice infected byXoo-

NP treated (R{oo-NP) and iii) rice+NP infected boo+NP (R-NPXooNP). The
NPs were added to soil at 500 pg'kof dry weight, while the pathogens were
grown in pure culture with NPs at concentratiorl@® pg mL™.

Optical density Olgyo of the overnight cultures oKoo grown with NPs was
measured and the cell number diluted to 2xh0™. These diluted cultures were
used to inoculate rice leaves, 3 to 4 leaves martpten plants for each treatment
combination (RKoo-NP and R-NPXoo-NP) were tested. Scissors were dipped into
the cultures and then used to cut the tip of mavés. Plants were then incubated
for 24 hours in a humidity chamber (27°C and mbant95% of humidity), then
moved to the greenhouse. Virulence and symptome measured after two weeks
by measuring the lesion lengths caused by the gatisoalong the central vein
(Figure 1). A preliminary experiment compared hi treatments, while a second
experiment was performed limited to Co-, Ge@nd TiQ-NPs, which showed to
enhance the bacteria virulence.

Figure 1
Lesion along the central vein on leaves
inoculated with Xanthomonas oryzae pv oryzae
by the clipping method. The measure of the
lesions in cm is the parameter of the bacteria
virulence

Plants were grown in trays (50x40x9cm) as twengnid per tray, one tray for
each NP tested. Rice plants were grown up to theplaiion of the flowering stage
and seeds production and they were harvested atgsad for: i) average number
of panicles per plant, ii) number of seeds conteyrstarch (“full seeds” vs “empty
seeds”); iii) percentage of germination of “fullesis” (seeds were germinated in
microtitre plates, one seed in one well with theliton of 100 mL of sterile
water). In addition seeds were tested for the gmation ability under standard
germination condition (in Petri dishes, onto a wateaked filter paper, at 28°C for
four days).

At the end of the rice growth cycle ten rice planesre sampled and divided in
root, stem and inflorescences. The rice tissue® wieied in a forced air oven
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(T<40°C) and homogenized (in a blender with blades made of pargutit,
carefully checked to not introduce any further metal contaminaticsamples).
Unwashed plant samples were used. The mineralization ofistree$s was carried
out according to Vittori Antisari et al., (2011). Briefly, 0.25gb-sample of plant
tissues was dissolved in 8 mL of concentrated kif#Qprapure, Meck) plus 2 mL
of H,O, (Carlo Erba for electronic use). The mineralization wasiezhrout in
Teflon bombs in a microwave oven (Milestone, 1200). After cooliotytisns
were made up to 20 mL with distilled water (Milli-Q, Mglhre) and then filtered
with Whatman 42. The accuracy of the instrumental method and aahlytic
procedures used was checked using reference material, whiatunwvafier every
10 samples to check for drift in the sensitivity. The refeeematerials, provided
by the European Commission Institute for Reference Materials @aduvements,
were: CRM 060 (aquatic plants), CRM 062 (Olive leaves). Thatisn, obtained
after mineralisation for both samples and reference mkstenere analysed by
Inductive Coupled Plasma Optical Emission Spectrometry (IEBYQ(Spectro
Ametek, Arcos).

Statistical analysis of data was performed by one-wayOXNs analysis of
variance with post-hoc Turkey’s multiple comparison test.

Results

Greenhouse experiments: Influence of NPs treatments orice-Xoo system
After 14 days from infection witlikanthomonas oryzgav oryzae(Xoo) the length

of lesions (in cm) was analysed and the treatments with@&g-, and TiQ-NPs
were more virulent than the control (R/Xo00), as well as tegative treatment of
Xoowith Co-NPs (R/X00-Co) showed a lower lesion length than dméral. The
rice plants contaminated with Ni- ands;Bg NPs showed the same behaviour and
no significant differences with respect to the control was observear{dathown).
The exposure of the rice plants at Co-, ge@nd TiQ-NPs, added into soil
through irrigation water, showed more virulent disease and tpesgemed to be
more sensitive tdXoo infection. These results induced to plan new experiments
testing again Co-, Ceand TiQ-NPs. One-way ANOVA test was performed to
underline statistically differences among the differenttneats and the results for
CeQ-, Co-, and Ti@-NPs treatments were reported in Table 1.

Interaction between Xanthomonas oryzae pv oryzae and NPs using ESEM-
EDX.

The interaction betweerXoo and NPs was detected by means of electron
microscopy (ESEM-EDX); Figure 1 shows the pathogen grown in Pdiume
without NPs, while in Figure 2 and 3 two examples<ob grown in the presence
of FgO,4- and Co-NP, respectively, were reported.
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Table 1. Using One-way ANOVA analysis of variance with gust- Turkey’s (p<0.05)
multiple comparison test of Figure 2 (Ti, Ce and@dy)

Rice+TiO,-NP Mean Diff. g P < 0.05 95% CI of diff
Rice+Ti/Xoo+TivsRice+Ti/Xo0 -2.1 2.5 ns -5.0t0 0.75
ice+Ti/Xoo+TivsRice/Xoo 6.6 9.0 *kk 4.1t09.1
Rice+Ti/XoovsRice/Xo00 8.8 11.7 ol 6.2t011.3
Rice +CeQ-NP Mean Diff. q P <0.05 95% CI of diff
Rice+Ce/Xoo+SvsRice+Ce/Xo00 1.0 1.3 ns -1.5t03.5
Rice+Ce/Xoo+SvsRice/Xo0 6.3 9.7 *kk 41t08.4
Rice+Ce/Xoo vsRice/Xoo 5.3 8.2 il 3.1t07.4
Rice +Co-NP Mean Diff. g P <0.05 95% CI of diff
Rice+Co/ Xoo+CaossRice+Co/Xoo -0.4596 0.5605 ns -3.5t02.6
Rice+Co/Xoo+Cors Rice/Xoo 29 4.3 * 0.4to5.4
Rice+Co/Xoo+CossRice/Xoo+Co 6.1 9.0 *kk 3.61t08.6
Rice+Co/Xoovs Rice/Xo0 3.4 4.8 *x 0.8t05.9
Rice+Co/Xoovs Rice/Xoo+Co 6.6 9.3 *kk 3.9t09.2
Rice/Xooss Rice/Xoo+Co 3.2 6.1 il 1.3t05.2

The results obtained confirmed th&o grown in laboratory media in presence of
Co-NPs was less virulent in the rice plant. In &ddi the rice plant displays
slightly higher sensitivity toKoo infection when they are grown after addition of
Co-NPs. Ce@ and TiQ-NPs into soil inducing significantly (p<0.05) high
pathogen virulence than the control one.

Figure 1. Xanthomonas oryzae pv oryzaells grown in PY medium without NPs and
observed by electron microscopy (ESEM-EDX)

The electron microscope images showed that the etidgr{Figure 2) seemed to
form a cluster and aggregates of nanoparticleshencells ofXoo. The Co-NP

26



EQA — Environmental quality / Qualité de I'Environnemié Qualita ambientale, 16 (2014) 21-33

showed little aggregates of smaller sizes, isolgtedicles (Figure 3), also the
presence of Co-NP seemed to released organic sabsthy cells (Figure 3).

Figure 2.
Xanthomonas
oryzaepv
oryzaecells
grown in PY
medium with
Fe and
observed
under
scanning
electron
microscopy
(ESEM-EDX)

5.0 pm

Figure 3.
Xanthomonas
oryzaepv
oryzaecells
grown in PY
medium with
Co and
observed
under
scanning
electron
microscope
(ESEM-EDX)

Panicle and seed formation and fertility.The rice plants overcome the pathogen
infection were grown up to the seeds formation; thenber of both panicles and
seeds were counted (Table 2). No significant déffiees were found between the
treatments and the control, even if, as expectedrite no-exposed atoo and at
DOI: 10.6092/issn.2281-4485/4556
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NPs showed high parameters, the contrary for the crops infectixe Imathogens.
The calculation of germination percentage was performed Withseeds” and no
significant differences in germination rate were observedmong the different
seed batches/samples (Table 2).

Although the statistical elaboration of data (ANOVA) did not shsignificant
results, nevertheless a strong trend was observed fogffinets exerted by the
exposure to the different NPs. Thus, we calculated thevelask (RR) showing
the probability of the effect occurring in the exposed group versumaxposed
group. (Sistrom and Garvan, 2004)

P event when exposed
P event when non-exposed

RR =

Generally, on the basis of this statistical approach the prapaifinegative effect
on seed germination arising from NPs exposure increased thaworitrel ones;
about 2.5 times greater in the plants exposed to Ni-NP ti@rcantrol. The
incidence of exposure to NPs was relevant mainly for the expos$uice plants at
NPs. In fact the presence of Ni-, Co- and:(e NPs could decrease the
germination of the seed on rice plants contaminated. At the 8ara the presence
of Co-NP (R+Co/Xo0 and R+Co/X00-Co) in infected plants couldlianage the
germination phenomenon.

Table2. Number panicles/rice plants, full seed and gerniorapercentage are reported.

Number panicles/plant Full seed Germination

SD % SD % SD

R 2.7 0.7 88.1 2.1 89.0 6.5
R/Xoo 1.8 11 76.4 0.5 81.2 35
R/Xo0-Co 2.6 0.5 86.6 0.6 83.7 4.0
R+Ce 1.8 0.8 79.4 0.3 84.2 7.4
R+Ce/Xo0 1.8 1.0 79.4 0.2 82.0 9.5
R+Ce/Xo00-Ce 1.8 0.7 87.1 0.2 86.3 55
R+Co 1.4 0.6 72.1 0.4 87.3 3.4
R+Co/Xoo 1.7 0.7 72.1 0.1 88.3 4.5
R+Co/Xo0-Co 1.2 0.4 85.1 0.8 86.3 25
R+Ni 14 0.6 84.7 1.0 78.0 8.0
R+Ni/Xo00 1.3 0.7 85.4 0.2 75.7 8.4
R+Ni/Xo00-Ni 15 0.5 84.0 0.4 80.3 8.6
R+Fe304 1.7 0.7 81.7 0.8 81.2 6.9
R+Fe/Xoo0 1.8 0.7 85.8 0.6 80.3 9.0
R+Fe/Xoo-Fe 1.6 0.7 77.6 0.5 82.0 6.1
R+TIO, 14 0.6 79.4 0.9 83.0 4.2
R+Ti/Xo0 14 0.7 78.1 0.6 83.7 4.0
R+Ti/Xo0o0-Ti 14 0.5 79.4 0.7 82.3 5.1

Total concentration of elements arising NPs in rice crops

Component metal concentration (e.g. Ce, Co, Ni, Fe, Ti) arising fiémirice
crops organs is shown in Table 3. The ANOVA test confirmed that
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concentration of Co, Ce and Ni in roots was statisticalljdrigp<0.05) than the
respective controls (R/Xoo and R/Xo00-Co), while no differeneese found for
Fe;0,- and TiQ-NPs treatments (Table 3).

In both control and NP-treatment, Ce and Co concentration in epige@uns avgs
always lower than detection limits (DL) The storage of ireide plants treated
with magnetite and infected by bokoo and XooFeO, was lower in roots and
stem (p<0.01) than those of respective controls, while no sigmiifttHierence was
found in seeds. In TiENP treatments, the Ti concentration in stems was
significant higher (p<0.01) than the controls, while no differemas found for the
other organs. The Ni amount was detected in stem in ricegtansed at Ni-NPs,
the Ni concentration was also significantly higher in roots (p<@@8 0.01,
respectively) in both rice treatments with Ni-NP added to soil.

Ce Co Fe Ni Ti Table 3
ug g Total concentration

Panicles elements arising from
R-NP/Xo0 DL DL 33.7 DL 2.1 nanoparticles in rice
R/Xo0 DL DL 31.2 DL 2.6 organs.
ANOVA ns ns ANOVA one-way is
R-NP/Xoo-NP DL DL 21.9 DL 1.7 performed using Tukey
R/Xo0-Co DL DL 25.9 DL 1.6 test (p<0.05)
ANOVA ns ns
Stem
R-NP/Xo0 DL DL 47.8 DL 2.7
R/Xo0 DL DL 62.1 DL 0.9
ANOVA * *
R-NP/Xo0-NP DL DL 427 0.9 2.7
R/Xo00-Co DL DL 75.5 DL 0.9
ANOVA *% *%* *%
Root
R-NP/Xo0 2.3 5.9 1757 3.4 31.3
R/Xo0 DL 0.5 2307 1.2 29.3
ANOVA *x o ns * ns
R-NP/Xo0-NP 3.1 5.2 1403 112 243
R/Xo0-Co DL 0.6 1787 1.6 20.9
ANOVA *% *% * *% ns

Distribution of major elements in rice plant organs

The rice plants harvested at the end of the crop cycle amalysed for major
elements; in Table 4 are shown the data obtained by ricedrgath NPs and
inoculated withXoo.

Generally, the Ca and Na concentration in panicles of ricespteedted with NPs
were lower (p<0.05) than those of control. The major elements wwaten in
stem varied as a function of NPs treatments without hlgisiend. We observed a
very low concentration of K and P in the stem of RXdid treatment, as well as a
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very high concentration of both of these nutrients in rootsv P concentration
was detected in roots treated with Co- angDré&PsXoo
The major nutrients concentration was not different betweemite plants treated
with NPs and the pathogens incubated with NPs and the contratizigsa(Table
4 - Continuation), with some exception, the values in stems wwerer lin rice
treated than the control. In particular, the treatments with, @a@Ni-NPs showed
a lack of K accumulation in rice stems (Table 4). Ni-NRttreent showed high
nutrients concentration in roots, for the other treatments no trend wervexhs

Table 4. Major elements in rice plant organs. The bold numdre significantly different
with respect to the control.

Ca K Mg Na P S

mg kg’
Panicles
R-Co/Xoo 664 4579 977 299 2322 874
R-CeQ/Xoo0 826 3907 1113 246 2243 898
R-Fe&O4/X00 594 4495 945 343 1971 937
R-Ni/Xoo0 594 4495 945 343 1971 937
R-TiO,/X00 589 4309 909 322 1973 913
Control (R/X00) 725 4410 1038 482 1896 1142
Stem
R-Co/Xoo0 4829 3626 1827 1823 435 1579
R-CeQ/Xoo 2974 2983 1721 2168 262 1573
R-FeO4/X00 3401 2744 1995 4206 710 2011
R-Ni/Xoo0 3939 169 1724 5444 146 1489
R-TiO,/X00 A772 2761 1995 2454 207 2023
Control (R/X00) 3661 3338 2808 3270 371 1966
Roots
R-Co/Xo0 5750 8117 1486 2886 582 1630
R-CeQ/Xoo 4868 7460 1166 4728 1250 2528
R-Fe0./Xo0 6454 7074 1430 3716 821 1928
R-Ni/Xoo0 10941 10415 3147 5451 3041 2857
R-TiO»/X00 8526 7179 1490 3809 1458 2749
Control (R/X00) 9402 6741 1785 3052 1068 2861

Discussion

The interaction between NPs andhnthomonas oryzaev oryzae was tested
measuring the length of infection in the leavesn@Liiu et al., 2006); Co-NP
treatment shows the best efficiency in inhibiting the disease. For this reason, in
all the experiments, the symptoms of control without NPs expos(me) (is
compared withXoo grown in the presence of Co-NP. The culturing pathogens
treated with Co-NP shows an interaction between the single néokgsaand
pathogens cells, while the interaction between the other NPhamathogen cells
show cluster and agglomerations of nanoparticles. These latgments do not
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alter theXoo virulence and pathogenicity. The exposure of rice crops at sétee N
(Co-, CeQ and TiQ) magnify the virulence of pathogen attack and the hypothesis
can be due to a more vulnerability of crops exposed to NPs.

Table 4.Continuation

Ca K Mg Na P S

mg kg*
Panicles
R-Co/Xo00-Co 539 4299 900 259 2217 824
R-CeQ/Xo00-CeQ 609 4346 1043 291 2213 995
R-FeO,/Xoo0-FeO, 540 3941 1036 249 2100 881
R-Ni/X00-Ni 447 4411 849 288 1833 976
R-TiO,/X00-TiO, 618 4835 1000 344 2190 980
Control (R/X00-Co) 715 4320 1025 478 1883 1005
Stem
R-Co/Xo00-Co 4495 3458 1771 1444 286 1532
R-CeQ/Xo0-CeQ 2717 nd 1506 2749 315 1725
R-FeO,/Xoo-FeO, 3067 5236 2209 2300 297 1355
R-Ni/X00-Ni 3763 nd 1644 5786 175 1472
R-TiO,/Xo00- TiO, 2506 2290 1468 2833 548 1616
Control (R/X00-Co) 4350 4074 2877 3683 297 1804
Roots
R-Co/Xo00-Co 6905 6770 1542 2837 1041 2090
R-CeQ/Xo00-CeQ 7754 7758 1454 3780 1808 2935
R-FgO./Xoo-FeO, 4937 7783 1349 4698 1153 2363
R-Ni/X00-Ni 9267 9003 2335 4488 2338 2740
R-TiO,/Xoo- TiO, 7569 7585 1536 3510 1624 2610
Control (R/Xo00-Co) 7005 6773 1628 3840 1201 2598

Many discordant results are found in literature: about the ttierabetween
nanoparticles and crops for examples NP showed no evidence of
phytotoxicity in terms of germination and root elongation of tomatSesg et al.,
2013); on the other hands, genotoxicity of FXIP was assesséa vivo in plants
andin vitro in human lymphocytes (Ghosh et al., 2010).

Low translocation of nanopatrticles in rice organs is found mekperiments, the
infection withXoodo not affect the NPs translocation. ICP-OES data shovitihat
component metal concentration in above ground rice organs (e.g. ledavesjss
low for both infection treatments. Different translocation éha for NPs is
detected for other crops (Wang et al., 2012; Servin et al., Z13; Vittori
Antisari et al., 2015).

Generally, little is known about the influence of NPs on plamienail composition
or on the macro- and microelement accumulation in different plgainer In our
case a decrease of Ca and Na concentration in panicles isvags &dalanced by
an accumulation in the roots. In all cases, with exception for Relifand R-
Ni/Xo00-Ni, it appears that the plant will absorb a smaller amofititese elements
from the soil. This phenomenon is associated with an increase @fd®ve organs
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of rice. This evidence suggests a competitive inhibition ajomnutrients due to
NPs added into soils and alXooinfection.

Conclusions

The question of the uptake, bioaccumulation, biotransformation dadfridPs in
food crops is still not well understood.

The metal oxides and metallic engineered NPs were found tadiféering effects
on Xanthomonas oryza@v oryzae and Co-NP inhibits the virulence of this
important disease of rice.

The presence of nanopatrticles in soil do not influence the disdasce plants,
exacerbating the symptoms. An imbalance of major elementseictéaf rice crops
treated with NPs was observed.
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