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MAHMOUD, A.W.M. — ABDELAZIZ, S.M. — EL-MOGY, M.M. - ABDELDAYM, E.A.: Effect of foliar ZnO and
FeO nanoparticles application on growth and nutritional quality of red radish and assessment of their accumulation
on human health. Agriculture (Pol'nohospodarstvo), vol. 65, 2019, no. 1, pp. 16-29.

In order to assess the effects of green synthesized nanoparticles (GNPs) of Zn and Fe oxides on plant growth traits,
photosynthetic capacity and nutritional quality of red radish (cv. Champion), two open field experiments were organised
based on RCBD with four replicates. Treatments included: chicken manure, foliar application of ZnO + FeO (GNPs at a rate
of 60 and 50 ppm, respectively), chicken manure plus ZnO + FeO (GNPs). This study revealed that growth and yield of radish
plants significantly increased by ZnO + FeO nanoparticles application. The maximum vegetative growth, leaf pigments and
root quality (diameter and weight) were recorded in plants treated with ZnO + FeO (GNPs) alone or in combination with
chicken manure. Furthermore, the combined application of chicken manure with ZnO and FeO significantly improved the
concentration of anthocyanins, phenols, tannins, flavonoids, crude protein and carbohydrates contents in radish root than
single treatment. Similar trends were noted in photosynthesis rate, water use efficiency and values of Zn and Fe contents. In
addition, health risk index for Zn and Fe were less than 1, which indicated to red radish plants supplied with ZnO and FeO
GNPs were free of risks on human health. It was concluded that combination between chicken manure and ZnO + FeO GNPs
can be considered as appropriate strategy for improving yield and nutritional status of red radish.
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Red radish (Raphanus sativus) is one of the
most important vegetable crops belongs to Bras-
sicaceae family. It grows well worldwide; espe-
cially in both tropical and subtropical regions. In
ancient era, the radish had been grown intensively
in the Mediterranean regions and subsequently its
cultivation expanded in China and in Japan (Kita-
mura 1958). In recent decades, several researches
focused on potential medical properties of radish.
Where, the red radish has significant amounts of
minerals, vitamin C and by-products which play
key role in human health. Numerous studies con-

firmed that plant phenols have many medical ben-
efits and used as anti-inflammatory, anti-allergic
(Rashid & Ryan 2004; Duartea et al. 2018) an-
ti-atherosclerotic, anti-thrombotic, antiviral (Ca-
tel-Ferreira et al. 2015), anti-bacterial (Cushnie &
Lamb 2011), and anti-carcinogenic agents (Ibra-
him et al. 2012). Furthermore, the red colour in
radish genotypes is associated to anthocyanins
and its derivatives. Pelargonidin, one of anthocya-
nins derivatives in red radish, is stable natural col-
orant for enhancing the foodstuff colour (Miiller-
Maatsch ef al. 2016).
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Many scientists reported that micronutrients had
simulative influence on plant biomass, yield quanti-
ty and accumulation of by-products compounds in
economic parts of plants (Welch & Shuman 1995).
On the other wise, unavailability of micronutrients,
especially zinc and iron, in Mediterranean soils is
significantly correlated to some soil chemical prop-
erties such as high pH, high salinity level, and low
organic matter as well as have free calcium carbon-
ate. Consequently, micronutrient deficiencies in
those soils are considered the most important lim-
iting factor to crop quantity and quality (Prasad et
al. 2012). Shortages of iron (Fe) and zinc (Zn) in
food are a worldwide problem, impairing growth
of children and development of pregnant and lac-
tating women (Stein 2010). Micronutrient bio-for-
tification, the technique of elevating micronutrients
containing Fe and Zn in the edible parts of economic
crops, considered as sustainable and applicable ap-
proach to reduce micronutrient malnutrition (Bevis
2015).

In addition, policy of various governments world-
wide, including the European Union (EC 2007) had
deeply prohibited the overuse of agrochemical in-
puts, pushing to assume alternative and sustainable
strategies. The one of most innovative and sustain-
able strategy to overcome the problem of micronu-
trient deficiency in alkaline soil is convert their salts
into nano-forms and spraying them as foliar fer-
tilisers on plants or coating the nano-fertilisers with
nano-materials to control released nutrients (Rashid
& Ryan 2004). In particular, nanomaterial recently
has been used widely in various scientific areas as
medicinal, pharmaceutical, physical and agricultur-
al science (Duhan et al. 2017). These materials have
been employed in several agriculture practices due
to their efficiency in plant protection and nutrition
(Tavicoli et al. 2017). Green synthesized nanofer-
tilisers can be defined as synthesize nanonutrients
from plant and/or microorganisms materials, this is
better than using chemical materials that leave haz-
ard compounds in the environment (Thakur et al.
2018). Utilization of foliar, capsulated or green syn-
thesized nanofertilisers is a new strategy has start-
ed to attract attention in agriculture currently. They
are also considered the most important promising
approaches for sustainable agriculture with high
production, low deterioration and feed the world

grown rapidly (Sekhon 2014). Substitution of green
synthesized nanofertiliser with traditional fertilisers
is approach to reduce nutrient losses, improve soil
fertility, conserve energy and increase farm profit-
ability (Naderi & Abedi 2012; Mishra et al. 2016).
In agriculture area, nanotechnology can provide
friendly environmentally strategy to remediate wa-
ter and soils, thus promoting world food production
and quality (Prasad et al. 2014; Sekhon 2014). In
this regard, foliar application of nanoformulation
micronutrient also is considered more proper than
the land application, due to the quickly overcoming
on deficient, easy to apply, minimizing of the tox-
icity resulting of accumulation micronutrient and
avoiding the immobilization of trace elements in
soil. Zinc and iron elements are playing fundamen-
tal role in building or activation of various enzymes
involves to nutrients absorption, biosynthesis of
metabolic compounds and phytohormone formation
(Dhir et al. 2011; Elanchezhian et al. 2017). Zinc
and iron deficiency in plants can cause distinctive
symptoms; included leaf necrosis, stunted growth,
reduced leaf size and number, reduced crop quality
and quantity (Fageria 2016). These symptoms are
more associated to some physiological processes as
rate of transpiration and photosynthesis, dysfunction
of relevant enzymes, reduced of nutrient absorption,
plant wilting and imbalance water relations (Prasad
2004; Dhir et al. 2011).

This investigation is aim to examine the com-
bined application of ZnO and FeO GNPs on plant
growth and foodstuff content of red radish, with
considering impact of this practice on human health.
The difference in mean plant biomass, indigenous
nutrient content, pigments concentration, secondary
compounds and photosynthetic parameters of red
radish among treatments were also evaluated.

MATERIAL AND METHODS

Experimental design and location

This study was performed at Giza Governorate,
Egypt over two winter seasons (first of October until
the middle of December 2016 and 2017). This area
is located in 30°01°10.3”N, 31°10°05.9”E, 24 m
above sea level. Physical-chemical analysis of ex-
perimental soil and applied chicken manure are
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shows in Tables 1, 2. Prior to sowing, the soil of ex-
periments were mechanically ploughed and planked
twice till the soil surface has been settled and estab-
lished the plots. The seeds (15 g) of red radish (Ra-
phanus sativus cv. Champion) were sown in each
plots with a distance of 40 cm between rows and
5 cm between plants in plots with 6 m?(3 m x 2 m).
The treatments included: 1) soil application of
chicken manure at the rate of 9.6 t/ha, 2) foliar
application with GNPs of FeO (50 ppm) and ZnO
(60 ppm) and 3) soil application of chicken ma-
nure (9.6 t/ha) plus foliar supplementation of FeO
(50 ppm) and ZnO (60 ppm). The treatments were
arranged in randomized complete block design with
four replicates. The plants of radish were supplied
with ZnO + FeO GNPs after 30 days from sowing
for two times with 15 days interval as recommended
by Elizabath et al. (2017). All treatments were re-
ceived the recommended doses of mineral fertilisers
(50kgN,25kgP,0,, and 125 kg K/ha). After 70 day,
all roots samples were collected from each treatment
for chemical analysis.

Green synthesis of zinc oxide and iron oxide NPs

Nano iron was extracted from Saccharomyces
cerevisiae cells in suspension culture, which obtain
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TEM Mode: Imaging
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HV=a0,0kv
Direct Hag: 200000x%
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25.Lit
Frint Mag: 210000x @ 211 mm
TEM Mode: Imaging

from Microbiology Department of National Re-
search Centre, Giza, Egypt, as described by Bag et
al. (1998). All cultures were centrifuged, washed re-
peatedly and dialyzed until no free iron ion was ob-
served in the deionized water. Then, precipitation in
aqueous ammonia (0.3 mol/L) and coated tetrame-
thylammonium hydroxide under vigorous stirring
for 2 h using magnetic stirring, precipitate was then
separated by magnetic filtration using a permanent
magnet, and washed with distilled water until a neu-
tral pH was obtained. Nano zinc extracted from
lactic acid bacteria (LAB) (Leuconostoc mesen-
teroides) according to Mrvcic et al. (2009). This
strain was developed by Microbiology Department,
Faculty of Agriculture, Cairo University, Egypt.
Transmission electron microscope (TEM) was per-
formed to determine the nano size of the used ele-
ments (Figure 1A, B).

Plant growth parameters and total yield

Ten plants from each plot were selected random-
ly to estimate growth parameters of radish plants.
Chlorophyll concentration and leaf area were mea-
sured on adult fourth leaf of each plant using Chlo-
rophyll meter (model SPAD 502 Minolta Co. Japan)
and leaf area meter (model C1 202 Laser Areame-

100 nm
HV=a0,0kv
Direct Hag: 100000x%

Figure 1. (A) Scanning Electron Microscopy (SEM) for green synthesized of FeO NPs and (B) For ZnO NPs
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ter), respectively. Plant height was determined using
a graduated meter and root diameters using digital
calliper. Fresh weight of roots was measured using
a digital balance. Root dry weight was recorded us-
ing forced-air drying oven at 75°C until constant the
weight. The weight of radish roots per experimental
plot was recorded and total yield was calculated in
ton per hectare.

Total phenolic compounds, tannins content, and total
flavonoids in roots

Total phenolic compounds were measured by
spectrophotometric method and using Folin-Ciocal-
teu reagent according to Singleton & Rossi (1965).
Concentration of tannins in root were quantified by
using Folin-Ciocalteu reagent method and the results
were expressed as milligrams gallic acid equivalent
per gram of dry weight (mg GAE/g dry weight) as
described by Chahardehi et al. (2009). Total flavo-
noid was determined by using Meda et al. (2005)
method with minor modifications. Briefly, 0.25 mL
of sample (1 mg/mL) was added to a tube containing
1 mL of double-distilled water. Next, 0.075 mL of
5% NaNO,, 0.075 mL of 10% AICI, and 0.5 mL of
1 M NaOH were added at 0, 5 and 6 min, sequen-
tially. Finally, the volume of the reacting solution
was adjusted to 2.5 mL with double-distilled water.
The absorbance of the solution at a wavelength of
410 nm was detected using the Ultrospec 2100 pro
spectrophotometers. Quercetin is a ubiquitous fla-
vonoid, present in many plant extract, was used as
standard to quantify the total flavonoid content of hot
water extract of the spice extracts.

Crude protein, total carotenoids, total carbohydrates,
and total anthocyanins in roots

The total nitrogen content (N) was determined
by using the modified-micro-Kjeldahel method as
described by AOAC (1990). Protein content was
estimated through multiplying values of nitrogen in
conversion factor (6.25). Total carotenoids were cal-
culated as described by Nornai (1982) method. De-
termination of total carbohydrates were performed
using phosphomolybdic acid method as described by
Helrich (1990). Total anthocyanins were extracted
from fresh radish root with ethanol and HCI (85:15)
at 5°C overnight. The extract solution was measured
at wavelength 520 nm. The concentration of anthocy-
anins was calculated as described by Francis (1982).

Photosynthesis rate, respiration rate, and water use
efficiency

Measurement of photosynthesis rate on an
area basis (umol CO,/m?/s), respiration rate
(mol H,O/m?/s), and water use efficiency of five
different leaves per treatment was monitored us-
ing a LICOR 6400 (Lincoln, Nebraska, USA) in-
frared gas analyzer (IRGA). Light intensity (Pho-
tosynthetically active radiation, PAR) within the
sampling chamber was set at 1,500 pumol/m?/s,
using a Li-6400-02B LED light source (LI-
COR). The CO, flow into the chamber was
maintained at a concentration of 400 pmol/mol
using an LI-6400-01 CO, mixer (LI-COR). The
measurements were performed at mooring be-
tween 9:00 and 12:00 a.m. Water use efficiency
(WUE) of radish leaf was calculated as the ratio
between net CO, exchange and transpiration from
measurements of leaf gas exchange (Erice et al.
2011).

Determination of Zn and Fe concentrations in
roots

Dried samples (0.5 g) were digested by con-
centrated H,SO, (99.7%). Concentration of Fe
and Zn were determined using atomic absorption
spectrophotometer (Pye Unicam model SP-1900,
US) according to method described by Allen et
al. (1984).

Intake risk assessment

Intake risk of Fe and Zn supplied to red radish
due to the application of green nanoparticles of
ZnO and FeO on human health was considered
by different methods. These methods include the
daily intake of metals (DIM) along with the meth-
ods used for the health risk assessment (Alloway
1995; Hodson 2004). The health risk assessment
methods include hazard quotient (HQ) and health
risk index (HRI) (Rattan ef al. 2005; Khan et al.
2015). Intake risk assessment was calculated us-
ing the equations below:

Hazard quotient (HQ) = (W
X (Mplant) / (RfD X B)

p. lant)

where: Wplant — the dry weight of contaminated plant
materials [mg/d], Mplam — the concentration of metal

in vegetables [mg/kg], RD — the food reference
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dose for the metal [values of Zn and Fe are 0.30 and
0.70 mg/kg bw/day, respectively] and B is the body
mass [65 kg] according to WHO (1993)

DIM (Daily Intake of Metals) = C

metal factor

X (Dfood intake / B)
where: C__ is the heavy metals concentration in
plant [mg/kg]; C, - the conversion factor (0.085),

— the value of the daily intake of vegetable

food intake

HRI (Health Risk Index) = DIM /R D.

Data analysis

The interactions between treatments and years
for the all variables studied were insignificant; so
data were combined over the two growing seasons.
The treatments were arranged in randomized com-
plete block design with four replicates. The obtained
data from combined analysis were subjected to the
statisticall analysis of variance and means were
compared at 0.05 level according to Tukey test us-
ing SPSS software version 13. Correlation analysis
was performed using Pearson correlation methods.

RESULTS

Chemical analysis of soil and applied chicken
manure

Experimental soil is characterized by clay tex-
ture according to USDA soil textural classification
system (USDA 1998), alkaline pH, with low val-
ue of available Zn and Fe contents. The electrical
conductivity (EC) of the soil was 1.65 dS/m which
classified as non-saline soil. Organic matter and to-
tal N contents in the soil analysis indicated a medi-
um level of fertility (Table 1). Available phosphorus
(P) content resulted low probably because the high
calcium content that is responsible for the removal
of P as insoluble calcium phosphates salts (Ab-
del-Dayem et al. 2012).

Table 2 refers to chemical properties of used
chicken manure during two seasons. Chicken ma-
nure was characterized by a natural pH, a high
organic matter (OM) content but a low C/N ratio
(18.20 and 14.70 in the first and the second year,
respectively. The difference in C/N ratio could be
attributed to amount carbon-rich material (sawdust)

Table 1

Physical-chemical properties of experimental soil during the two seasons

Parameter 2016 2017
Texture Clay Clay
Clay [%] 37.10 37.80
Silt [%] 36.20 35.90
Fine sand [%] 22.90 23.10
pH 7.76 7.87
EC [dS/m] 1.65 1.59
Organic matter [%] 1.55 1.77
Ca** [meq/1] 7.10 7.24
Mg [meq/1] 2.87 3.01
K*[meq/1] 0.27 0.33
Na* [meq/1] 5.88 6.22
Available Zn [ppm] 0.29 0.33
Available Fe [ppm] 2.87 3.26
Available N [ppm] 27.10 30.10
Available P [ppm] 20.54 22.55
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Table 2

Chemical analysis of applied chicken manure over two seasons

Parameter 2016 2017
Total N [%] 2.60 3.02
Total P [%] 0.70 0.97
Total K [%] 1.15 1.21
Total Fe [ppm] 26.50 30.20
Total Zn [ppm] 34.30 32.10
Total Mn [ppm] 16.00 15.70
pH 6.87 6.80
C/N ratio 18.20 12.70
Organic matter [%] 62.40 66.50
Table 3

Effect of treatments on plant growth parameters, chlorophyll of leaves, and total yield of red radish

Growth parameters Chicken manure FeO + ZnO GNPs Chicken manure + FeO + ZnO
owtipa (T1) (T2) (T3)
Plant height [cm] 24.35+1.85° 23.50+1.40° 26.01+0.67
Leaf area [cm?] 73.61+1.30° 72.86+1.55° 77.49+1.66°
Fresh weight of root [g] 59.71£1.51° 61.53£1.09% 63.33+0.46°
Dry weight of root [g] 11.88+0.47¢ 12.68+0.06" 14.98+0.13¢
Root diameter [mm] 20.31+0.30° 18.01+0.40¢ 23.07+0.62°
Leaf chlorophyll [SPAD] 35.35+0.70¢ 37.84+0.44° 40.76+0.65*
Leaf carotenoids [mg/g fw] 7.45+0.37° 7.23+0.46° 8.58+0.46°
Total yield [t/ha] 16.06£1.49° 16.87£1.22% 18.48+0.30*

Values + SD followed by the same letter are not statistically different according to Tukey test (P < 0.05%)

Table 4

Effect of treatments on primary and secondary metabolic compounds of radish root over two seasons

. .. Chicken manure FeO + ZnO GNPs Chicken manure + FeO + ZnO
Chemical composition
(T1) (T2) (T3)

Total phenols [%] 62.74+0.56¢ 67.05+0.81° 74.81+£0.70?

Tannins [mg GAE/g dw] 51.02+1.49° 53.59+1.62% 55.17+1.30°

Total flavonoids [%] 22.69+1.10° 24.99+1.11® 27.07+£0.92°

Crude protein [%)] 4.87+0.56° 4.72+0.22° 5.88+0.56°

Total carbohydrates [%] 20.57+1.57¢ 23.85+1.08° 25.99+1.04°
Anthocyanins [mg/100 g fw] 152.81+6.19° 156.02+4.51° 164.63+5.14°

Values + SD within each line followed by the same letter are not statistically different according to Tukey test (P < 0.05%)
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Figure 2. Effect of treatments (T1 = Plants amended with
chicken manure alone, T2 = Plants supplied with foliar FeO
+7Zn0O GNPs, and T3 = Plants amended with chicken manure
and FeO + ZnO GNPs) on (A) photosynthesis rate, (B) wa-
ter use efficiency, (C) transpiration rate. Columns followed
by the same letter are not statistically different according to
Tukey test (P < 0.05%). Vertical bars indicate to standard
deviation (£ SD).
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that mixed with chicken dungs, where it was low in
second year (2017). Similar results were observed
by Troy et al. (2012) who found that the C/N ratio of
pig manure increased with increasing the amount of
sawdust used. This manure also has proper amount
of total N, P, Ca, K, Zn and Fe that probably were
rapidly mineralized in soil considering the low C/N
ratio, especially, in second season (C/N = 14.6).

Plant growth and total yield

Data in Table 3 shows that foliar application of
ZnO and FeO GNPs positively improved vegetative
growth and total yield of red radish grown in clay
soil. The statistical analysis showed that the high-
est values of plant height, leaf area, fresh and dry
weight of root, root diameter, total chlorophyll, and
total yield were recorded in T3 treatment. More-
over, insignificant differences were noted among
T1 treatment and T3 in pervious parameters, except
root diameter and total chlorophyll content. The
highest value of total chlorophyll content was found
in T3 (40.76=0.65) while, T1 treatment was record-
ed the lowest values (35.35+0.70).

Total phenolic compounds, tannins and flavonoids
The obtained results showed that concentration
of total phenolic compounds; tannins and flavonoids
in roots of red radish were also affected by foliar
application of ZnO and FeO GNPs (p < 0.05; Table
4). The maximum percentage (74.81£0.70%) of to-
tal phenol in root was recorded in T3 followed by
T2 (67.05+£0.81) in comparison to T1 (62.74+0.56).
Highest values of tannins and flavonoids contents in
root were found in T3 compared to other treatments.
Concentration of tannins and flavonoids in root in-
creased by 10.6% and 11.9%, respectively with T3,
if compared to T1. While, the concentration of tan-
nins and total flavonoids in radish roots remained
unchanged with T1 and T2 treatments (Table 4).

Crude protein, total carbohydrates, and anthocya-
nins concentration

It is evident from Table 4 that concentration of
crude protein, total carbohydrates, and anthocyanins
in radish root over two seasons were significant-
ly changed by application of ZnO and FeO GNPs.
The highest percentage of roots crude protein con-
tent was recorded in T3 (5.88+0.56) in comparison
to T1 (4.87+0.56). While, the differences between
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T1 and T2 in roots crude protein content concentra-
tion was not significant. Such findings were found
in total carbohydrate and anthocyanins concentra-
tions. Where, the maximum percentages of carbo-
hydrate and anthocyanins in roots were reported in
T3 (25.99+1.04 and 164.63%5.14, respectively) and
the lowest percentage were found in T1 (20.57£1.57
and 152.81+6.19, respectively).

Photosynthesis rate, transpiration rate and water
use efficiency

According to ANOVA analysis (Figure 2), pho-
tosynthesis rates, transpiration rate, and water use
efficiency significantly affected by foliar application
of ZnO and FeO GNPs (p <0.05). The combined ap-
plication (T3) gave the highest values of net photo-
synthesis rate (Figure 2A) and water use efficiency
(Figure 2B) followed by T2 when compared to T1
treatment. Conversely, lowest value of respiration
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rate in plant leaves was observed in T3 whereas the
maximum value was noted in T1 (Figure 2C).

Zinc and iron concentrations in leaves and roots
As expected, the maximum concentrations of Fe
and Zn in roots and leaves tissue were observed in
T2 and T3 compared to T1 (Figure 3), with insig-
nificant differences among both treatments. Higher
accumulation of Zn and Fe was observed in radish
root in T3 followed by T2 when compared to T1.

Correlation study

Data in Table 5 revealed a positive relationship
between photosynthesis rate and water use efficien-
cy with Zn and Fe accumulation in leaves and roots
of treatment (T3), while a negative correlation was
noted for transpiration rate. Leaf pigments, either
chlorophyll or carotenoids, were correlated posi-
tively to leaf photosynthesis rate, Zn and Fe in roots
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Figure 3. Effect of treatments (T 1 = plants amended with poultry manure alone, T2 = plants supplied with foliar FeO + ZnO
GNPs alone, T3 = plants amended with poultry manure and FeO + ZnO GNPs) on (A) leaf Zn content, (B) root Zn content,
(C) leaf Fe content, and root Fe content of red radish. Columns followed by the same letter are not statistically different
according to Tukey test (P < 0.05%). Vertical bar indicates to standard deviation (+ SD).
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Table 5

Correlation study between Zn and Fe with tested parameters of red radish plants

Parameters 1 2 3 4 5 6 7 8 9 10
1. Plant height 1.00

2. Leafarea 0.94* 1.00

3. Root fresh weight 0.84* 0.95* 1.00

4. Root dry weight 0.78" 0.88" 0.95* 1.00

5. Root diameter 0.64* 0.72* 0.89* 0.90* 1.00

6. Total yield 0.83* 0.69* 0.69* 0.70" 0.72% 1.00

7. Root crude protein 0.96" 0.95* 0.82* 0.80" | 0.56 0.67* 1.00

8. Root Fe content 0.75* 0.92* 0.88" 0.83* 0.62* 0.36 0.85* 1.00

9. Leaf chlorophyll 0.60* 0.79* 0.93* 0.86" 0.89* 0.50 0.57 0.79* 1.00

10. Leaf carotenoid content 0.84* 0.83* 0.86" 0.90* 0.83" | 0.92* 0.77* 0.61* 0.72* 1.00
11. Root carbohydrates 0.95* 0.96* 0.86" 0.83* 0.62* | 0.77* 0.95* 0.81* 0.66" 0.88"
12. Root phenols content 0.95* 0.87* 0.82% 0.83* 0.74* | 0.94" 0.88* 0.63* 0.59* 0.94*
13. Root tannins 0.83" 0.89* 0.86" 0.85" 0.68° | 0.77" 0.82% 0.73* 0.74* 0.93*
14. Root flavonoids 0.66" 0.79* 0.92* 0.98* 0.95" | 0.67* 0.65* 0.73* 0.90* 0.87*
15. Root anthocyanins -0.01 -0.09 0.03 0.07 0.27 0.23 -0.13 | -0.19 0.06 0.14
16. Leaf Fe content 0.60* 0.77* 0.91% 0.82* 0.85% 0.39 0.58 0.84* 0.96* 0.59
17. Leaf Zn content 0.61" 0.79* 0.89* 0.76" 0.79* | 0.38 0.60* 0.84* 0.93* 0.55
18. Photosynthetic rate 0.73* 0.78* 0.91* 0.86 097" | 0.75* 0.62* 0.65* 0.88" 0.81*
19. Transpiration rate 0.56 | —-0.72* | —-0.84* | —0.73" | -0.79* | —0.38 -0.54" | -0.76" | —0.88" | —0.53
20. Water use efficiency 0.69* 0.77* 091" 0.86" 0.97* | 0.70* 0.60 0.67* 0.90* 0.78*
21. Root Zn content 0.68" 0.87* 0.92* 0.91* 0.76" | 0.39 0.77* 0.96* 0.88" 0.66"

Table 5 continued

Parameters 11 12 13 14 15 16 17 18 19 20 21
1. Plant height

2. Leafarea

3. Root fresh weight

4. Root dry weight

5. Root diameter

6. Total yield

7. Root crude protein

8. Root Fe content

9. Leaf chlorophyll

10. Leaf carotenoid content

11. Root carbohydrates 1.00

12. Root phenols content 0917 | 1.00

13. Root tannins 0.95°| 0.85"| 1.00

14. Root flavonoids 0.72* | 0.75| 0.79* | 1.00

15. Root anthocyanins -0.09 | 0.11 | -0.05 | 0.14 1.00

16. Leaf Fe content 0.59 | 0.54 0.60" | 0.84* | 0.03 1.00

17. Leaf Zn content 0.60" | 0.53 0.58 | 0.76" | —-0.01 | 0.85" | 1.00

18. Photosynthetic rate 0.67°| 0.78° | 0.69"| 0.89" | 032 | 0.87" | 0.84" | 1.00

19. Transpiration rate -0.53 [-0.51 | -0.52 | -0.75"| 0.20 | -0.94" | -0.94" | -0.79* | 1.00

20. Water use efficiency 0.65°| 0.74* | 0.67°| 090" | 0.31 090" | 0.87°| 0.99" |-0.8+2| 1.00
21. Root Zn content 0.757| 0.62 | 0.73*| 0.86" | —0.09 | 091" | 0.88" | 0.757 |-0.8+2| 0.77°| 1.00
*Significant at p < 0.05
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and leaves. Additionally, a positive associations
was observed between plant growth parameters
(plant height, leaf area, and root diameter, fresh
and dry biomasses of root) and total yield with leaf
photosynthesis rate, Zn and Fe in roots and leaves.
Similar association were observed for root carbo-
hydrates content. High positive correlation was
found between root carbohydrate with phenols and
flavonoids. Similar positive correlation was found
between phenols, flavonoids and Zn accumulation
in leaves and roots. While above-mentioned pa-
rameters were significantly correlated negatively
with leaf transpiration rate (P < 0.05).

Health risk assessment

The data presented in Table 6 shows that the level
of Zn and Fe in radish plants (roots and leaves) fo-
liarly treated with ZnO and FeO GNPs. Calculated
hazard quotient (HQ) was significantly higher for
Zn and Fe in plants treated with T3 followed by
T2 when compared to T1. Similar findings were
recorded in HRI values. Minimum values of HRI
were found in T1 while the maximum values were
seen in T3 and T2. Despite, the values of HRI for
Zn and Fe were lower the permissible limits set by
to WHO/FAO (less than 1). No significant differ-
ences were found between treatments in DIM val-
ues.

DISCUSSION

The agribusiness sectors and consumers are
more concerning to valuable food for basic nutrition
and for health benefits. However, it is estimated that
over sixty percent of world are iron deficient and
over thirty percent are zinc deficient (Stein 2010).
This situation is practically related to production of
crops in regions with low mineral availability and /
or consumption of food (Graham ef al. 1992). In this
connection, application of elements in nano forms,
as fertiliser to reduce the adverse effects resulting
of their deficiency edible parts of plants, is consid-
ered as a sustainable approach to correct their ratio
in plants as well as improving nutritional quality.
Generally, performance of nanoparticles is based on
several properties such as size of particles, chemical
structure, surface covering, rate and doses of appli-
cation (Khodakovskaya et al. 2012). Zinc and Fe are
essential elements for crop growth and production
(Fageria 2016). Both microelements also are neces-
sary in activation of many enzymes that existent in
photosynthetic tissues and necessary for chlorophyll
formation (Ramani & Kannan 1985). It was report-
ed that zinc play a vital role in activation of enzymes
related to protein biosynthesis and metabolism of
carbohydrates (Mathpal et al. 2015). In the current
study, our results showed foliar application of ZnO

Table 6

Calculation the health risk assessment for Zn and Fe in red radish roots supplied with chicken manure and ZnO+FeO GNPs

Treatment Chicken manure FeO + ZnO GNPs Chicken manure + FeO + ZnO GNPs
(T1) (T2) (T3)

Microelement Fe Zn Fe Zn Fe Zn

@RD 0.3 0.7 0.3 0.7 0.3 0.7

®B 65 65 65 65 65 65

OC, o 0.085 0.085 0.085 0.085 0.085 0.085

HQ 0.170 +0.0° 0.499 +0.06° 0.240+0.007* 0.680 + 0.007° 0.341+0.007¢ 0.984+0.003*

DIM 0.01 £0.0005* | 0.02+0.0009* | 0.02+0.0001* | 0.02+0.0008 0.02 £0.007¢ 0.03+ 0.0009*

HRI 0.039 +0.0001° | 0.02+0.0013* | 0.06+0.0013* | 0.035+0.0021* | 0.07+ 0.0009* 0.04 +0.0017*

Values + SD followed by the same letter are not statistically different according to Tukey test (P < 0.05%). (‘”R/D

(Food

reference doses, mg/kg/day) for Zn and Fe according to Yang and Liu (2012); ®B = the average body weight was taken as

70 kg for adults according to WHO (1993); @Conversion factor (waar

= 0.085) according to Latif et al. (2018).
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and FeO GNPs plus chicken manure caused a sig-
nificantimprovement in growth parameters (Table 3),
as Chaudhuri & Malodia (2017) reported. Addition-
ally, the correlation study in Table 5 shows a positive
correlation between agronomic traits as plant height,
leaf area and root diameter and dry weight) with Zn
and Fe content. Likewise, photosynthesis rate posi-
tively correlated to plant height (» = 0.73), leaf area
(r=0.78), chlorophyll content (» = 0.88), leaf carot-
enoids (r=0.81), carbohydrates contents (» = 0.67),
root diameters (» = 0.97) and total yield (» = 0.75).
This indicates that growth and yield promotion of
radish plant supplied with ZnO and FeO GNPs is
associated highly to leaf photosynthetic pigments
and photosynthesis rates that increase total carbo-
hydrate accumulation which act as main component
of dry matter. Such results confirmed by pervious
reports in different vegetable crops (Prasad et al.
2012; Elizabath et al. 2017). Several researchers
confirmed that the Fe and Zn either in normal forms
or in nanoforms had improved leaf photosynthetic
pigments and photosynthesis parameters (Duhan et
al. 2017; Rattan et al. 2005). This could be attribut-
ed to interference of Zn and Fe in structural and
catalytic component of proteins and enzymes for
normal development of pigment biosynthesis and
activation of photosynthesis (Rout & Sahoo 2015;
Mohammadi et al. 2018). Likewise, combined ap-
plication of ZnO and FeO GNPs improved the nu-
tritional value of red radish roots (Table 4). Interest-
ingly, this application also significantly increased
crude protein and total carbohydrate of radish roots.
Moreover, higher concentration of secondary meta-
bolic compounds (total phenols, tannins, flavonoids
and anthocyanins) with foliar application of ZnO
and FeO GNPs in this study was recorded (Table 4).
This findings could be attributed to enhancement of
carbohydrate. Where, carbohydrates are fundamen-
tal compounds essential to produce phenolic com-
pounds through the shikimic acid pathway where
extra carbohydrates derived from glycolysis and
the pentose phosphate pathway are transformed
into aromatic amino acids (Shui et al. 2009). Shui
et al. (2009) reported that a higher concentration of
secondary metabolites was associated to the equi-
librium between carbohydrate source and sink; the
increasing source-sink ratio, the higher production
of secondary metabolites could be take placed.
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Correlation study revealed that carbohydrates con-
centration positively correlated with total phenols
(r = 0.91), tannins (» = 0.95), and flavonoids
(r=0.72), as shown in Table 5. Other scientist sug-
gested that the accumulation of secondary metab-
olites is linked to enhancement of photosynthesis
activity. A positive relationship was found between
photosynthesis rates and total phenols (» = 0.78),
tannins (» = 0.69) and flavonoids (» = 0.89). Both
microelements (Zn and Fe) play a vital role in mo-
tivating photosynthesis processes and improving
the translocation of carbohydrate to different parts
of radish plant (Ghasemzadeh er al. 2011). The
improvement of translocation indirectly could be
increased the biosynthesis of total phenols, flavo-
noids, and tannins of treated plants with ZnO and
FeO GNPs fertilisers (Kamenickova et al. 2013).
Maximum Zn and Fe accumulations in different
parts of radish plants were found in plants treated
with combined treatment (Figure 3). Besides, a pos-
itive relationship between leaf Zn and Fe concen-
trations and root Zn and Fe contents (» = 0.88 and
r = 0.84, respectively) was found, as shown in Ta-
ble 5. In fact, concentration of Zn and Fe in roots
supplied with ZnO and FeO GNPs did not reach to
toxicity level according to data of health risk in-
dex (Table 6). Where, health risk index for Zn and
Fe in roots did not across the allowable limit set
by WHO/FAO (less than 1). This indicated that all
treated plants with ZnO and FeO GNPs were fit for
consumption.

CONCLUSIONS

Bio-nanotechnology is a recent area having
many prospective to surely effect on the agriculture
and food quality. Current investigation was conclud-
ed that combined application of ZnO and FeO GNPs
(at rate 60 ppm and 50 ppm, respectively) improved
morphological and physiological traits as well as
nutritional quality of red radish. Furthermore, up-
graded of iron and zinc levels in radish roots did not
leave any adverse impacts on human health. This
study has identified that green synthesized nanofer-
tilisers (ZnO and FeO) have simulative effects on
the plant growth, quantity and quality of radish.
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