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Abstract

Background: Rice (Oryza sativa L) is a common staple food in Nigeria. However, cultivation is impaired by heavy
metal contamination, particularly iron (Fe). This study aimed to investigate the impacts of biosynthesized nanoparti-
cles (NPs) in enhancing the growth and yield components of rice sown in ferruginous soil. Viable seeds of O. sativa var.
nerica were sown in ferruginous and non-ferruginous soils. After four weeks, the plants were exposed to foliar sprays
of biosynthesized NPs from silver nitrate, using extracts of leaves of Carica papaya, Vernonia amygdalina, Moringa
oleifera, and Azadirachta indica; and the flowers of Hibiscus sabderiffa, following standard procedure. The originally
prepared stock solution was diluted to give 5, 15, and 30% concentrations of each synthesized NP,

Results: Results showed that soil ferrugenicity impeded the growth and yield of rice. Azadirachta-synthesized NPs
was better enhanced in the ferruginous soils, which might be due to Fe interaction and activities. Moreover, there was
increased antioxidant activity in the ferruginous rice compared to the non-ferruginous rice, thus it is evidence that
ferrugenicity is a major source of physiological stress for the rice plant.

Conclusion: The study provided evidence that Ag-NPs can enhance plant yield by huge proportions in ferruginous
soil, a condition (ferrugenicity) that was hitherto inimical to yield disposition of rice.
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Background

In the pursuit of food security, the emphasis among oth-
ers has been on the need to set up sustainable farms.
However, crop productivity may be significantly affected
by such environmental problems as soil metal levels
aggravated either by anthropogenic activities or natural
causes (Osawaru et al. 2013a, b; Ikhajiagbe and Ogwu
2020). Rice (Oryza sativa, Poaceae) is one of the leading
food crops for over half of the world’s population (FAO
2003). It is a major source of carbohydrate, vitamins and
minerals which provides energy for the body. Bruinsma
(2003) posited that rice is the foremost source of calories,
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whereas FAO (2001) estimated that per annum rice pro-
duction would need to increase beyond 586 million met-
ric tons to meet the proposed global demand of about
756 million metric tons by the year 2030. In Nigeria, it
is valued as the most consumed staple food and a major
cash crop. Nigerian per capita consumption has risen
immensely and was estimated at 10 per cent per annum
as a result of changes in consumer choices (Akande
2003). Also, inadequate domestic production had to be
complemented with massive importation and value at
different times (Saka and Lawal 2009).

Studies have shown that occasionally when food agen-
cies donate food to internally displaced persons, people
in need of rice is predominantly top of the list, thus the
importance of rice cultivation in Nigeria. Currently, the
Nigerian government is trying to ensure self-sustainabil-
ity in rice production by closing land borders where rice
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(and other items) are often illegally smuggled into the
country and enforcing acquisition of locally grown rice,
which has led to a drastic reduction in annual imports.
Owing to this decree, Kebbi state has gained a reputa-
tion as a champion of the rice revolution in Nigeria and
the recent declaration by the state government of a 150
billion naira profit from the rice effort in 2017 (Bivbere
2018). USAID (2010) reported that in West Africa, Nige-
ria, is the major rice importer, with an average annual
importation of 1.6 million metric tons since the year
2000. Nigeria produces only about 2.8 million metric tons
with a shortage of 1.6 million metric tons. Rice consump-
tion in Nigeria is expected to continue growing into the
future because of the country’s high population growth
rate, fast urbanization and unsatisfactory domestic pro-
duction. Faced with the threat of shortages in the supply
of rice, there is a need to increase domestic production of
Rice to contribute to food security in Nigeria. If there is
increased local production of rice for domestic consump-
tion and export, the country is sure to earn more than
enough foreign exchange to pursue sustainable economic
development (Ogwu 2019a, b; Osawaru and Ogwu 2020).
The adoption of technologies and improved management
practices should lead to a significant yield increase in rice
production (Nwite et al. 2010).

Recently, studies have shown that nanoparticles are
synthesized to enhance crop development. Nanoparti-
cles are particulate material with at least one dimension
of less than 100 nm. Silver nanoparticles (Ag-NP) are a
very important and frequently used tool in nanotechnol-
ogy, owing to the unique biological, physical and chemi-
cal properties. The efficiency of Ag-NPs is determined by
their size, chemical composition, reactivity, surface cov-
ering and the dose at which they are effective (Khodako-
vskaya et al. 2012). Currently, these Ag-NPs have invoked
much interest and are applied in various sectors includ-
ing biomedical catalysis, optical, electronic and agricul-
tural field. Also, studies have shown that nanoparticles
improve plant structural development (Ngo et al. 2014).
Plant-based synthesis of nanomaterials is gaining sig-
nificant interest owing to the use of mild experimental
conditions of pH, temperature and pressure. To prolong
the life span of these nanoparticles, stabilizing agents
and pathways that are non-toxic, and environmentally
friendly are now employed. The sensitivity and responses
towards these nanoparticles vary considerably among
plant species and growing conditions.

The present study aims to demonstrate the effects of
Ag-NPs synthesized from Azadirachta indica (Meli-
aceae), Carica papaya (Caricaceae), Moringa oleifera
(Moringaceae), Vernonia amygdalina (Asteraceae), and
Hybridus sabdariffa (Malvaceae), in Rice (O. sativa). The
plant growth parameters (leaf surface area, shoot and
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root lengths, leaf number, sheath length, internode, num-
ber and length of ligule) were investigated.

Methods

Description of the study area

The experiment was conducted at the Department of
Plant Biology and Biotechnology Botanic Garden. The
site was predominated by annual weeds and grasses
before it was cleared for use. A list of these weed species
and their diversity patterns in the study area can be found
in Osawaru et al. (2014) while the climatic and environ-
mental conditions are fully described in Osawaru and
Ogwu (2013) and Ogwu et al. (2016).

Collection of plant samples

Leaves of four plant species (Carica papaya, Vernonia
amygdalina, Moringa oleifera, and Azadiracta indica)
and the flowers of Hibiscus sabdariffa were used in the
study. They were collected from healthy matured plant
stands within the study area.

Preparation of plant leaf/flower extracts

The samples were washed with de-ionized water and
were then crushed in sterile de-ionized water, boiled and
filtered through ethanol and then centrifuged following
the methods of Anandalakshi and Venugobal (2017).

Rice variety used
Rice variety used was Nerica was obtained from Raymos
Guanah Farms Limited, Delta State, Nigeria.

Soil collection and sowing

Ferruginous soil was collected from reddish soil portion
at the Botanic Garden, Department of Plant Biology and
Biotechnology (Ikhajiagbe et al. (2021), whereas non-
ferruginous soil was collected from mulched garden soil
at Faculty of Agriculture, University of Benin. Rice seeds
were sown at the rate of twenty seeds and thinned down
to five stands after two weeks.

Maintaining soil moisture

The set up was in the open (no shade) and as such
relied basically on rainfall. However, the soil moisture
was always maintained following the methods of USDA
(2010).

Synthesis of silver nanoparticles (Ag-NPs)

Ten millilitres of 1 mM aqueous solution of silver nitrate
(AgNO,) was used in the synthesis of NP using the pre-
pared leaf extract solution and strictly following methods
of Anandalakshi and Venugobal (2017). A colour change
from light yellow to the dark brown colour indicated the
formation of Ag-NPs. Thereafter, absorbance spectra of
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colloidal samples were taken in the range of 200-800 nm
using a UV-VIS Spectrophotometer at 800 nm with dis-
tilled water as a reference. The absorbance spectra were
compared with literature to confirm the formation of NP.

Application of synthesized Ag-NPs

Four weeks after sowing the rice, Ag-NPs synthesized in
the laboratory within that same day were applied to the
rice stands by foliar spray. A booster dose was applied
two weeks later.

Growth and yield parameters

Plant height, leaf length, number of leaves, leaf area, the
average length of the main root, number of primary root
branches, stem girth, plant dry weight and number of till-
ers were observed. Harvest time, spikelet, grain length
and diameter, shelling, the weight of panicle and foliar
necrosis were assessed as part of the yield characteristics.
Data were collected from samples at 12 and 17 weeks.

Soil physiochemical parameter

pH, Electric conductivity, Total organic carbon, Total
Nitrogen, Exchangeable acidity, Clay, Silt, Sand and
Fe were determined in the laboratory according to the
methods of APHA (2008).

Biochemical characteristics

Chlorophyll a, chlorophyll b, lycopene, and terpenoid of
fresh leaves were determined according to the method of
Moran (1982).

Statistical analysis

Data obtained from the analysis were subjected to sta-
tistical analysis mainly; descriptive statistics, as well as
association and inferential statistics. Analyses of variance
were conducted on a single factor basis since the soil
used in the experiment was homogenized and homoge-
neity of the entire plot was also assumed to evaluate the
data obtained.

Results

Soil physico-chemical properties

The results presented in Additional file 1: Table 1 shows
the physical and chemical properties of the ferruginous
and non-ferruginous soils used in this study. The result
showed that originally the non-ferruginous soil pH was
6.37+0.34 with electric conductivity of 297.24 ps/cm.
However, the iron content is significantly lower than the
ferruginous soil at 203.19+19.23 mg/kg.

Growth characteristics
The effect of Ag-NPs on morphological parameters was
measured in terms of leaf length, plant height, no of
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leaves, stem girth, no of tillers, no of roots, the width of
flag leaf, length of flag leaf (Tables 1, 2, 3, 4). There was
a significant increase in leaf length in AZ30% (75.0 cm)
compared to the control (49.8 cm). Similarly, plant height
ranged from 31.0 cm in AZ5% to 59 cm in AZ30% com-
pared to 40 cm of plant height in the control. The num-
ber of leaves significantly increased upon application of
nanoparticles. In the control, for example, there were 8
leaves (control) during harvest; however, these number of
leaves had increased to as much as 26 leaves in MO5%,
25 leaves in VA15% and 24 leaves in ZO30%. There gen-
erally 3—-6 additional tillers per plant in the Nano-inter-
vened plant compared to 2 additional tillers in the control
(Table 1). Table 2 shows a continuation of growth param-
eters obtained during 17 weeks after sowing (12 weeks
after application of nanoparticles) in the rice stands sown
in the ferruginous soil. There were significant differences
in plant height in MO5% (81.84 cm) compared to Control
(25.45 cm). Stem width of VA5%, MO15% and ZO30%
were same (3.20 cm) compared to control (1.5 cm). The
number of leaves was significantly higher in AZ30% (28)
than control (15). Generally, the number of tillers per
plant ranged between 1 and 5 in the nano-intervened
plant compared to control. However, there were no sig-
nificant differences in the number of tillers and numbers
of roots in the nano-intervened plant (p=0.001). The
root depth in CA5% (63.00 cm) was significantly different
from control (28.00 cm) (Table 2).

Table 3 compares the growth parameters of rice plants
exposed to nanoparticles and sown in ferruginous (F)
and non-ferruginous (N) soils at 12 weeks after sowing
(8 weeks after nano-intervention), it was observed that
there were no significant differences in ZO5%, AZ15%,
CA15%, ZO15%, VA15%, MO15%, Z0O30% and the con-
trol in terms of plant height. Similarly, the leave length of
CA5%, ZO5%, VA5%, MO5%, CA15%, VA15%, MO15%,
AZ30%, CA30%, ZO30, VA30% and MO30% were signifi-
cantly the same with the control (p=0.001). The num-
ber of leaves of CA5%, VA5%, MO5%, CA15%, VA15%,
AZ30%, CA30%, ZO30%, VA30% (p=0.001) were sig-
nificantly different from the control (p =0.742). The leaf
width of ZO5%, CA15% and VA30% (p=0.001) were sig-
nificantly different from the control (»p =0.735).

Yield characteristics

The mean number of days to panicle emergence is pre-
sented in Table 4. The result showed that AZ5% did not
affect yield parameter at all in non-ferruginous soil,
implying that the concentration of the nanoparticles
might be toxic to the plant, whereas in ferruginous soil,
there was emergence of the panicle. However, there
was no significant difference in the emergence of pani-
cle in ZO15%, CA30%, ZO30%, VA30% as well as in
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Table 2 The effects of nanoparticles on plant growth parameters at 17 weeks after sowing (12 weeks after application of
nanoparticles) in ferruginous soil

Treatment Plant Stem width (cm) No. of leaves Flag leaf Flag leaf No. of tillers No. of roots Root depth (cm)
height length (cm)  width (cm)
(cm)

AZ5% 6791 30 17 2450 1.5 3 19 56.0
CA5% 69.86 3.0 10 36.50 14 2 20 63.0
Z05% 81.34 27 7 24.10 14 2 37 61.0
VA15% 74.85 2.5 5 25.00 13 1 25 275
MO5% 81.84 3.0 18 19.00 15 3 26 320
AZ15% 62.87 2.6 15 24.50 15 3 19 330
CA15% 69.86 26 11 31.00 16 2 24 44.0
Z015% 7535 22 6 27.50 1.5 2 46 49.0
VA5% 3493 32 20 21.00 13 4 10 370
MO15% 67.86 32 14 23.50 1 2 23 27.0
AZ30% 61.88 30 28 36.50 1.8 5 18 47.0
CA30% 489 27 13 35.00 14 3 15 46.5
Z030% 58.88 32 22 22.00 1.1 5 26 40.0
VA30% 65.87 25 13 28.00 1.1 5 31 47.5
MO30% 55.89 3.1 12 25.00 0.8 2 28 17.5
Control 2545 1.5 15 21.87 0.8 3 7 280
p value 0.016 0.562 <0.001 0.487 0.722 <0.001 <0.001 0.048
LSD(0.05) 28.1 1.8 7 194 2 14 239

CA Carica papaya, VA Vernonia amygdalina, MO Moringa oleiofera, AZ Azadiracta indica ZO Hibiscus sabdariffa

Table 3 The effects of nanoparticles on growth parameters of rice plants exposed to nanoparticles and sown in ferruginous (F) and
non-ferruginous (N) soils at 12 weeks after sowing (8 weeks after nano-intervention)

Treatment Plant height (cm) Leave length (cm) No. of leaves Leaf width (cm)
F N p value F N p value F N p value F N p value

AZ5% 33.65 30.94 0318 38.96 422 0.033 21 17 0313 14 14 0933
CA5% 37.92 3493 0.137 2398 55.7 <0.001 8 14 <0.001 0.8 15 <0.001
Z05% 71.86 31.94 <0.001 35.96 62.8 <0.001 15 11 0.138 1.1 1.2 0.632
VA5% 2395 40.92 0.025 13.99 53 <0.001 8 25 <0.001 0.6 1.1 0.125
MO5% 55.89 509 0.552 3197 725 <0.001 10 26 <0.001 1.2 0.7 0.092
AZ15% 3892 4491 <0.001 4296 559 0.031 9 12 0.522 1.3 1.1 0.144
CA15% 37.92 47.21 <0.001 37.96 63.5 <0.001 13 22 <0.001 0.7 13 <0.001
7015% 69.86 49.9 <0.001 4296 55 0.003 21 19 0.723 13 14 0.042
VA15% 2395 53.89 <0.001 20.98 535 <0.001 7 25 <0.001 05 0.6 0.152
MO15% 55.89 3792 <0.001 2897 68.8 <0.001 1M Il 0912 1.1 0.7 0318
AZ30% 479 58.88 0.053 35.96 75 <0.001 14 11 <0.001 1.3 1.2 0.627
CA30% 19.96 47.6 0.032 12.99 555 <0.001 6 17 <0.001 04 0.6 0.061
Z030% 41.92 46.91 <0.001 3497 538 <0.001 10 24 <0.001 1.1 15 0.139
VA30% 489 479 0.792 16.98 65 <0.001 9 16 <0.001 0.5 1.2 <0.001
MO30% 46.41 514 0418 30.97 57.5 <0.001 13 12 0.772 1.1 1.2 0.639
Control 489 39.92 <0.001 28.13 49.8 <0.001 10 8 0.742 13 14 0.735

CA Carica papaya, VA Vernonia amygdalina, MO Moringa oleiofera, AZ Azadiracta indica ZO Hibiscus sabdariffa

the control of both soils. Table 5 shows the plant yield on yield parameter, which might imply possible toxicity
parameter at plant harvest at 12 weeks after sowing. The  of nanoparticles concentration to the plant. There was
result showed that AZ5% did not have significant effects  a significant difference in the shelling per cent obtained



Ikhajiagbe et al. Bull Natl Res Cent (2021) 45:62

upon the application of nanoparticles. As recorded,
61.45% shelling was obtained in the control compared to
83.83% shelling in VA30% and 84.22% shelling in AZ30%.
It is also important to note that, the highest percentage
shelling was obtained in CA30% with over 100% shelling
obtained compared to the control (Table 3). The weight
of panicles in the study ranged from 0.08 to 2.281 g. Simi-
larly, the highest yield in terms of weight of rice grain
was recorded in VA5% (2.281 g) compared to the control
which recorded 0.672 g. Weight of rice grain in AZ15%,
CA15%, VA15%AZ30%CA30%, MO30% were generally
greater than 1 g. Result of the study showed that there
was no significant difference in the length of the grain
(1.4-1.6) and the diameter (0.40-0.50 cm) of the rice
grains.

Table 6 shows the plant yield characteristics at
17 weeks after sowing in the ferruginous soils; 68.13%
shelling was obtained in the control compared to 84.53%
shelling in CA30%, 82.41% shelling in AZ5%, 81.24%
shelling in AZ15%, 81.23% shelling in ZO5% and 81.21%
shelling in VA5%. The weight of panicles in the study
ranged from 0.43 to 5.84 g. The highest weight of panicle
was recorded in AZ15% (5.84 g) compared to the control
(1.41 g). The highest yield in terms of weight of rice grain
was recorded in AZ15% (4.66 g) compared to the con-
trol which recorded 1.97 g. Weight of rice grain per plant
in ZO5%, AZ15%, CA15%, MO15%, AZ30%, Z0O30%,
VA30% and MO30% were generally greater than 1 g.
Table 7 shows the comparison of yield parameters of test
plants under experimental conditions. It was observed
that AZ15% in the ferruginous soil recorded + 366 yields
while in non-ferruginous soil, it recorded+41.8 com-
pared to the control where no yield was recorded. VA5%
in the non-ferruginous soil had+ 128 yields as against
— 5 yields in ferruginous soil. Generally, there was a sig-
nificant difference in yields in ferruginous soils and the
non-ferruginous soils. The occurrences of foliar necro-
sis during the study of the experimental conditions are
presented in Table 8. Prominently necrosis appeared
first like patches and then spread all over the plant until
the entire leaf become necrotic. These were observed in
AZ5%, MO5%, MO15% and AZ30%. In some other cases,
necrosis began at the tip of the leaf and then later spread
downwards until the entire leaf became necrotic in
CA5%, ZO5%, VA5%, AZ15%, ZO15%, VA15%, CA30%,
MO30% and the control in Ferruginous soils, whereas
similar observation was seen in non-ferruginous soils. In
MO15% necrosis appeared first like burnt patches as well
as a couple of brown patches and thereafter the entire
leaf became necrotic in both ferruginous and non-ferrug-
inous soils. Table 8 further shows modal necrotic time.
In this case, the result presented the maximum time for
a modal leaf to become entirely necrotic compared to
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Fig. 1 Terpenoids activity in rice plants exposed to the experimental

conditions. Keys: N plant innon-ferruginous soil, F plant inferruginous
soil, CA Caricapapaya, VA Vernoniaamygdalina, MO Moringaoleifera, AZ
Azadiractaindica ZO Hibiscus sabdariffa
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Fig. 2 Lycopene activity in rice plants exposed to the experimental
conditions. Keys: N plant innon-ferruginous soil, F plant inferruginous
soil, CA Caricapapaya, VA Vernoniaamygdalina, MO Moringaoleifera, AZ
Azadiractaindica ZO Hibiscus sabdariffa
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Fig. 3 Chlorophyllin leaves of in rice plants exposed to the
experimental conditions. Keys: N plant innon-ferruginous soil, F plant
inferruginous soil, CA Caricapapaya, VA Vernoniaamygdalina, MO
Moringaoleifera, AZ Azadiractaindica ZO Hibiscus sabdariffa
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when the necrotic sign was first noticed (see also Addi-
tional file 1: Tables 2 and 3).

Biochemical characteristics

Results of terpenoids activity in rice plants exposed to
the experimental condition are presented in Fig. 1. Plants
sown in ferruginous soil had significantly higher terpe-
noid activity. The lycopene activity (Fig. 2) in rice plants
exposed to various experimental conditions showed
that lycopene in Ferruginous soils was generally high
as compared to the control. The chlorophyll contents

(Fig. 3) of the leaves shows that there were changes in
the chlorophyll pattern. In chlorophyll 4, the trend lines
superimpose on each other, that is, the patterns in both
non-ferruginous and ferruginous soils were the same.
In Fig. 4a prominently the leaves in AZ5% during the
first week was olive drab until the sixth week, but there
was a drop in the shade of green to green—yellow col-
our, which might be an indication that the plants were
becoming relatively chlorotic. In CA15% the prominent
foliar colour was olive drab between the first and the
fifth week; however, upon application of nanoparticle, it
maintained the olive drab colour but showed a relatively



Ikhajiagbe et al. Bull Natl Res Cent (2021) 45:62

Foliar yield (g) o

b
__35
S 3
B 25
Q2 2
>
> 15
8 1
© 05
L
0 —
R39<LoNzo0x:5N2328 3
N §§0N>g§ON>g o

Fig.5 a Foliar yield of N-rice plants at 12 weeks after sowing in
non-ferruginous soil. Keys: N plant innon-ferruginous soil, F plant
inferruginous soil, CA Caricapapaya, VA Vernoniaamygdalina, MO
Moringaoleifera, AZ Azadiractaindica ZO Hibiscus sabdariffa. b
Foliar yield of F-rice plants at 17 weeks after sowing in ferruginous
soil. Keys: N plant innon-ferruginous soil, F plant inferruginous soil,
CA Caricapapaya, VA Vernoniaamygdalina, MO Moringaoleifera, AZ
Azadiractaindica ZO Hibiscus sabdariffa

Table 4 Mean number of days to panicle emergence

Treatment Period (days)

N F p value
AZ5% 0 119 Nil
CA5% 89 94 0.012
Z05% 89 101 0.009
VA5% 87 98 0.038
MO5% 87 93 0218
AZ15% 90 97 0.043
CA15% 90 95 0331
Z015% 89 97 <0.001
VA15% 90 93 0.735
MO15% 87 89 0.835
AZ30% 90 96 0.004
CA30% 89 103 <0.001
Z7030% 87 102 <0.001
VA30% 87 94 <0.001
MO30% 92 95 0.629
Control 92 99 <0.001
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chlorotic disposition to green—yellow especially in CA5%
(Fig. 4b). Generally also in VA5%, there was a prominent
foliar colour disposition (olive drab) (Fig. 4d). However,
with MO15% upon application of nanoparticles in the
5 weeks wherein the prominent colour was originally
olive drab there was an improvement in the colour of the
leaf to green. Throughout the experiment, no leaf showed
the dark green coloured disposition. Figure 5a shows
the foliar yield of the nano-intervened plant at 12 weeks
after sowing in non-ferruginous soil. AZ15%, CA30% had
a high foliar yield compared to the control. VA5% had
a low yield. It was observed generally that other nano-
intervened plant had high yield than the control.

Figure 5b shows the foliar yield of a nano-intervened
plant at 17 weeks after sowing in ferruginous soil. It
was observed that the foliar yields were generally low
compared to the control, although AZ15% and Ca30%
had significant growth. Correspondence analysis was
conducted to show the association between treatment
and some selected growth and yield parameters (Addi-
tional file 1: Fig. 3). The result showed a close association
between MO15% and the number of grains. This perhaps
may indicate the possibility for this particular treatment
to have great influence in the test plant. ZO30% was
found to be closely associated with the number of roots,
plant height, root weight an indication that perhaps this
particular treatment may have an influence on the said
parameters compared to the others. Additional file 1:
Fig. 4 shows a dendrogram from cluster analysis using
Ward’s method to present the association between the
treatments in the study. The result showed that AZ5%
was a standalone and as such exerted a completely dif-
ferent influence compared to the others. The control was
closely associated with MO15% an indication that per-
haps it may have entirely influenced the treatment the
way others did and so may have a relatively similar effect
as though there was no application of nanoparticles.
CA5% was also more associated with ZO15%. Finally,
a bivariate correlation of growth and yield parameters
under the influence of applied nanoparticles showed a
significant relationship between plant height and shelling
per cent (r=0.509, p<0.05) (Additional file 1: Table 4).
Similarly, grain weight correlated significantly bivariately
with shelling per cent (r=0.706, p<0.01). Root weight
was also bivariate positively with the number of leaves
(r=0.626, p=<0.1).

Discussion

The growth characteristics and yield performance of rice
after exposure to biosynthesized nanoparticles in ferrugi-
nous soil and non-ferruginous soils have been assessed.
Ferrugenicity is defined most especially the iron and alu-
minium content of the soil (Saheed and Ikhajiagbe 2020;
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Table 5 The effects of nanoparticles on the yield of rice plants at 12 weeks after sowing (8 weeks after application of nanoparticles) in
non-ferruginous soil

Treatment Wt. of spikelets/ Wt. of rice grain/ No. of grains/plant Length of rice Diameter of grain Shelling (%)
plant. (g) plant (g) grain (cm)
AZ5% 0 0 0 0 0 0
CA5% 0.823 0674 76 1.6 0.5 81.92
Z05% 1.14 0.828 103 15 0.5 7361
VA5% 2.691 2.281 155 15 04 82.64
MO5% 1.034 0.633 115 14 04 61.76
AZ15% 1.715 1418 142 16 0.5 8348
CA15% 1.379 1.08 133 14 04 78.62
Z015% 0.657 0.533 80 15 04 81.93
VA15% 1.694 1454 145 14 0.5 83.83
MO15% 1.382 0978 162 1.5 04 72.95
AZ30% 1.967 1.707 130 14 04 84.22
CA30% 1.683 1.715 106 14 04 101.26
Z030% 0.662 0435 98 15 04 66.38
VA30% 0.752 0.504 125 14 0.5 67.32
MO30% 1.946 1.556 116 14 0.5 79.53
Control 1.136 0.672 169 14 04 6145
p value 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
LSD(0.05) 0.684 0.530 21 0.6 0.2 3641

Table 6 The effects of nanoparticles on the yield of rice plants at 17 weeks after sowing (12 weeks after application of nanoparticles)
in ferruginous soil

Treatment No. of spikelets/plant Wt. of panicle (g) Root biomass (g) Wt. of Grain per plant Shelling (%)
)

AZ5% 87 136 131 0.92 8241
CA5% 113 0.9 1.82 0.66 78.24
Z05% 56 292 133 241 81.23
VA15% 81 1.19 0.71 0.95 7891
MO5% 47 043 24 0.29 7043
AZ15% 167 5.84 1.05 4.66 81.24
CA15% 180 0.78 1.26 153 80.09
7015% 37 031 19 0.24 79.11
VA5% 133 0.8 0.88 0.59 81.21
MO15% 43 1.64 1.16 1.21 79.23
AZ30% 144 234 2.08 1.892 7831
CA30% 310 2.58 1.2 097 84.53
Z030% 69 1.57 375 1.04 7134
VA30% 0 1.22 0.58 1.02 68.91
MO30% 155 0.71 117 1.1 73.10
Control 0 141 137 197 68.13
p value 0.022 <0.001 0.093 <0.001 0.093
LSD(0.05) 39 038 1.06 0.56 39.73

Ikhajiagbe et al. 2021). The imbalance soil chemical con-  as reported by Urriago-Ospina et al. (2020). However,
stituent present physicochemical limitations to growth in their study, Urriago-Ospina (2020) opined that resto-
and development of plants especially non-native ones ration and rehabilitation have proven to be successful in
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Table 7 Comparison of the yield performance of rice plants
exposed to nanoparticles and sown in ferruginous and non-
ferruginous soils
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the improvement and management of ferruginous soils.
On the other hand, nanoparticles have been reported to
enhance the germination and growth of economic plants
and in turn crop production (Aslani et al. 2014; Sadak

The growth patterns recorded in our investigation are
in line with the findings of Hao et al. (2016) where they
reported that exposure of rice to nanoparticles led stimu-
lated root elongation and promoted shoot growth. Thue-
sombat et al. (2014) found plant growth decreases with
increasing sizes and concentration of Ag-NPs. Gruyer
et al. (2013) reported that Ag-NPs exhibit both positive
and negative species-dependent effects on root elon-
gation. They reported increased root length in barley,
although was inhibited in lettuce. The effects of Ag-NPs
on germination of eleven wetland plants species (Pani-
cum virgatum, Juncus effuses, Scirpus cyperinus, Lolium
multiflorum, Carex lurida, C. crinita, C. vulpinoidea, C.
scoparia, Phytolaca americana, Eupatorium fistulosum,
Lobelia cardinalis,) and establish Ag-NPs improved the
germination rate of Eupatorium fistulosum only (Yin
et al. 2012). Rezvani et al. (2012) established that Ag-NP

Treatments Wt. of grain/plant ~ p value Change in Wt. of
@) grain/plant (%) 2019).
N F N F
AZ5% 0 092 <0.001 — 100 -8
CA5% 0.674 0.66 0.887 —326 —34
Z05% 0.828 241 <0.001 —172 +141
VA5% 2.281 0.95 <0.001 +128.1 -5
MO5% 0.633 0.29 0.125 —36.7 —71
AZ15% 1418 4.66 <0.001 +41.8 + 366
CA15% 1.08 1.53 0.748 +38 +53
Z015% 0.533 0.24 0426 —46.7 — 76
VA15% 1454 0.59 <0.001 +454 —41
MO15% 0978 1.21 0.662 —22 +21
AZ30% 1.707 1.892 0.831 +70.7 +89
CA30% 1.715 097 0.003 +715 -3
Z030% 0435 1.04 <0.001 —56.5 +4
VA30% 0.504 1.02 <0.001 — 496 +2
MO30% 1.556 1.1 0.173 +556 +10
Control 0672 1.62 <0.001 Nil Nil

N Plants sown in non-ferruginous soils (N rice plants were harvested after
12 weeks), F Plants sown in ferruginous soils (F-rice plants were harvested at
17 weeks after sowing)

induces root growth by blocking ethylene in Crocus
sativus. Further, the observed effects might likely result
from the morphological, physiological, biochemical and

Table 8 Occurrence of foliar necrosis during the study under experimental condition

Treatments  Pattern of necrosis Ferruginous Non-ferruginous
MNT (days) FNP (%) MNT (days) FNP (%)

AZ5% Appeared first like patches and then spread all over the leaf until entire leaf became 3 45 5 100
necrotic

CA5% Began at the tip of the leaf and spread downwards until entire leaf became necrotic 4 35 8 29

Z05% Began at the tip of the leaf and spread downwards until entire leaf became necrotic 2 38 4 33

VA5% Began at the tip of the leaf and spread downwards until entire leaf became necrotic 4 35 7 50

MO5% Appeared first like patches and then spread all over the leaf until entire leaf became 6 40 11 28
necrotic

AZ15% Began at the tip of the leaf and spread downwards until entire leaf became necrotic 4 21 14

CA15% Appeared first like patches located within the middle of the leaves, and then spread all 3 29 23
over the leaf until entire leaf became necrotic

Z015% Began at the tip of the leaf and spread downwards until entire leaf became necrotic 3 33 5 27

VA15% Began at the tip of the leaf and spread downwards until entire leaf became necrotic 3 23 5 18

MO15% Appeared first like burnt patches as well as a couple of brown patches. Thereafter the 7 30 11 35
entire leaf became necrotic

AZ30% Appeared first like patches located within the middle of the leaves, and then spread all 5 40 8 17
over the leaf until entire leaf became necrotic

CA30% Began at the tip of the leaf and spread downwards until entire leaf became necrotic 8 38 12 25

Z7030% Began at the tip of the leaf and spread downwards until entire leaf became necrotic 5 41 7 29

VA30% Began at the tip of the leaf and spread downwards until entire leaf became necrotic 2 56 4 40

MO30% Began at the tip of the leaf and spread downwards until entire leaf became necrotic 3 22 6 13

Control Began at the tip of the leaf and spread downwards until entire leaf became necrotic 4 34 6 20

p value Not applicable 0.169 0.512 <0.001 <0.001

MNT Modal necrosis time, FNP Foliar necrosis percent, CA Carica papaya, VA Vernonia amygdalina, MO Moringa oleiofera, AZ Azadiracta indica ZO Hibiscus sabderiffa
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genotoxic interaction between the plants, nanomaterial
and environmental conditions (Nair 2016).

Yield promotion and disease prevention have previ-
ously been reported from exposing rice to nanoparti-
cles (Elamawi et al. 2020). The most effective treatment
was AZ15% and CA30% in non-ferruginous soils.
Increase in yield by the application of nanoparticles has
been suggested earlier by several authors. Sharon et al.
(2010) reported that silver is an excellent growth simu-
lator. Najafi and Jamei (2014); Razzaq et al. (2016) and
Sadak (2019) had similar results of improving the role
of Ag-NP treatments. This increase in yield and yield
components possibly is attributed to the increases in
photosynthetic pigments, growth parameters, and IAA
of treated rice plants. These yield performance may be
linked to higher physiological efficiency for water use,
phosphorus absorption and retention, photosynthetic
rate, and biomass accumulation (Miranda-Villagomez
et al. 2019). Spraying the rice plant (Fig. 5a) with Ag
NPs showed a differential increase in the yield compo-
nents of the rice plants.

According to data from Krishnaraj et al. (2012) and
Monica and Cremonini (2009), only a few numbers
of studies on Ag-NPs have conducted on plants. NPs
have been known to have both positive and negative
effects on plant growth and development but little is
known about the effects on NPs on plant phytochemi-
cals. Recently, Krishnaraj et al. (2012) examined the
effects of biologically synthesized Ag-NPs on hydro-
ponically grown Bacopa monnieri growth metabo-
lism, where they observed that biosynthesized Ag-NPs
demonstrated a significant effect on seed germination
and induced the synthesis of carbohydrate, protein
and decreased in the total antioxidant activities. Fur-
thermore, biologically synthesized Ag-NPs improved
germination of seeds and the growth of Boswellia oval-
iofoliolata trees (Savithramma et al. 2012). Previous
works have suggested that Ag-NDPs increased leaf area,
shoot and root length (plants growth parameters) and
chlorophyll, antioxidant enzymes, carbohydrate and
protein contents (biochemical attributes) of Brassica
juncea, common bean and corn (Salama 2012; Sharma
et al. 2012).

Conclusion

This study has revealed the effects of Ag-NP on Oryza
sativa var. nerica. The different treatments showed closed
association in some selected growth and yield param-
eters but most important was the significant increase in
yield (AZ15% and CA30%) and vigour in non-ferruginous
soils. The outcome of this present study may be useful in
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finding the potential of nanoparticles in crop improve-
ment and other agricultural applications.
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