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ABSTRACT 
 

We evaluated the effect of 4000 mg zinc oxide (ZnO, 99%, 30 nm) nanoparticle on the 
physicochemical and microbiological properties of organic manure amended ultisol and loam soil 
cultivated with Arachis hypogaea using standard methods. The results indicate varying effects on 
the physicochemical properties in relation to the soil type. The pH of the control ultisol at 7.85 ± 
0.17 and 8.3 ± 0.12 in the amended ultisol whereas, the control loam was 7.15 ± 0.17 and 7.41 ± 
0.11 in the amended soil indicating 1.06- and 1.04-times higher difference than the controls 
respectively.  Phosphorus concentration at 57.82 ± 0.54%, 50.81 ± 0.22% and 55.97 ± 0.04%, 
59.97 ± 0.02% was 1.14 times lower in the ZnO amended ultisol and 1.07 times higher in amended 
loam soil compared to the respective controls. The organic matter content in the control and 
amended ultisol was 2.28 ± 0.32% and 0.91 ± 0.02%, 3.68 ± 0.36% and 0.36 ± 0.02% in the control 
and amended loam soil. The concentration of nitrate in the control ultisol was 0.05 ± 0.01% and 
0.03 ± 0.01% in the amended soil. The nitrate in the control loam soil was 0.08 ± 0.01% relative to 
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0.02 ± 0.01% in the treated soil and these differences were significant at p = 0.05. The 
concentration of nutritive salts was reduced and in contrast iron, copper, exchangeable acids, 
exchange capacity, clay and silt increased in the amended soils. Further to this, heterotrophic 
ammonia and nitrate-oxidizing bacterial population were inhibited in the amended soils and 
denitrifying organisms were stimulated. The organisms were members of the genera 
Pseudomonas, Xanthobacter, Enterobacter, Bacillus, Lactobacillus, Citrobacter, Nitrosomonas, 
Agromyces and Rhizobium. ZnO nanoparticles altered the soil physicochemical properties which 
exacerbated the negative effect on microbial abundance and varied with the soil type. 
 

 
Keywords: Ultisol; loam soil; ZnO nanoparticle; bacterial abundance; soil properties. 
 

1. INTRODUCTION 
 
The ecological role of the soil ranges from 
providing habitat for plants and animals, to site 
for biogeochemical processes mediated by 
microorganisms and influenced by changes in 
the soil physicochemical properties. These 
changes include alteration in the presence and 
composition of organic matter, environmental 
conditions and soil organisms [1] and 
contamination from anthropogenic and emerging 
xenobiotic substances such as engineered 
nanoparticles (ENPs). ENPs have a range of 
sizes less than 100 nm with novel physical, 
thermal, optical and biological capabilities and 
are incorporated into a number of consumer 
products. Most of these products including 
personal care products, release ENPs into the 
soil at the end of their life cycle and disposal [2]. 
Thus, the soil becomes the largest receptor and 
sink for aged nanoparticles. 
 
ENPs undergo different forms of interactions with 
soil properties and organisms which in turn alter 
the ecological function of the soil [3]. The soil 
properties that makeup up quality of the soil 
include: organic matter, pH, nitrogen content, 
cations, cation exchange capacity and minerals 
among others. Soil-ENPs interactions include 
aggregates formed with colloids, absorption, 
change in oxidation state, precipitation or 
formation of complexes with ligands [4,5]. The 
effect on soil properties can vary, for example, 
the soil pH is influenced by the accumulation of 
different types of nanoparticles [6]. Several 
studies [7,8,9,10] have reported increased pH of 
soils on exposure to different nanoparticles. Soil 
pH determines the function of a soil and is 
closely related to presence of, and absorption of 
nutrients, microbial activity and plant growth [8]. 
The ability of the soil to maintain the presence of 
positively charged ions (cation exchange 
capacity) is an important soil property that 
reflects on the structure, nutrient utilization and 
pH of soil [11].  

ENPs can also indirectly affect soil properties 
through the effect on soil microbial activities. For 
instance, copper oxide nanoparticles increased 
iron (II) oxide (Fe

2+
) in paddy soils exposed to 

CuO nanoparticles [8]. Increased Fe
2+

 was 
attributed to the nanoparticles exerting a 
stimulatory effect on iron reducing bacterial 
community in the soil. In addition, heavy metals 
in the soil contribute to plant growth although 
high concentrations exert harmful effects [12]. 
Iron in soils is reduced by microbial respiration 
and involves electron transfer from organic 
matter to Fe3+ which serves as the electron 
acceptor. Reduction of iron in soils affects the 
carbon, nitrogen and sulphur cycles [13]. 

 
However, several studies indicate the presence 
of ENPs in the soil environment may exert no 
negative effect on soil properties. For instance, 
the porosity of soil was not affected by bimetallic 
(Fe/Pd) nanoparticles [14], copper oxide and 
magnetite (Fe3O4) effect on clogging was 
minimal [6]. Also, copper oxide and magnetite 
nanoparticles exerted no effect on sorption 
capacity and organic matter although there was a 
change in dissolved organic matter attributed to 
short exposure time [15]. Here, we evaluated the 
effect of zinc oxide nanoparticles on the 
physicochemical properties of tropical ultisol and 
loam soils and bacterial abundance in groundnut 
(Arachis hypogaea) rhizosphere under 
greenhouse conditions.  
 
2. MATERIALS AND METHODS 
 
2.1 Soil Sample Collection and 

Preparation 
 
The ultisol and loam soils were excavated from 
the University of Uyo Farm, Nwaniba Road, Uyo 
and transported to the greenhouse in the 
Department of Botany and Ecological Studies, 
University of Uyo, Uyo, Nigeria. The soils were 
amended with organic manure and spiked with 
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zinc oxide nanoparticles as previously reported 
[16]. Briefly, 14 kg of soil and 6 kg of organic 
manure (poultry dropping) were placed into 
seven wooden troughs (30 cm x 30 cm) lined 
with polyethene in duplicate. The organic manure 
amended soils were allowed to stand for 21 days 
and seeded with Arachis hypogea under 
greenhouse conditions. The plants were 
harvested after 10 weeks of growth and the soil 
sampled for analysis. The zinc oxide (ZnO, 99%, 
30 nm) nanoparticles were purchased from 
Nanostructured & Amorphous Materials Inc. 
(Texas, USA), the properties were provided by 
the manufacturer and used without further 
characterization. Choice of ZnO was based on 
the wide application in a variety of consumer 
products.  
 
2.1.1 The greenhouse 
 
The greenhouse was constructed over a land 
space of 3.6 x 4m and 2.7 m in height to 
accommodate the troughs with adequate space 
for walkway. Transparent roofing sheets resting 
on galvanized pipes as support were used and 
the perimeter covered with wire net to prevent 
rodents and trespassers. The whole structure 
was reinforced with transparent polyethene for 
enhanced illumination during the day and 
maintain optimum temperature during the rainy 
and cold conditions. The ambient temperature of 
the soil and greenhouse was monitored 
throughout the period of planting and growth of 
the plant using a mercury thermometer. 
 

2.2 Soil Physicochemical Analysis 
 
The control ultisol and loam soil and the 4000 mg 
kg⁻¹ ZnO nanoparticles amended soils were 
selected to represent a pristine soil condition and 
a worst-case scenario of ZnO nanoparticles input 
into the garden soil ecosystem through fertilizer 
application. The bulk ultisol and loam soils were 
collected from the control and 4000 mg ZnO 
nanoparticles amendments and analyzed for the 
following physical and chemical properties. 
Physicochemical analysis of the soil was carried 
out according to standard procedures [17,18]. 
The samples were digested and analysed for 
hydrogen ion, exchangeable cation and basic 
salt, potassium, sodium, magnesium, calcium, 
iron, copper, exchangeable acids, cation 
exchange capacity, organic matter, available 
nitrate and phosphate. The Bouyoucos 
(Hydrometer) method was employed for particle 
size distribution analysis. The conductivity meter 
was used to measure the electrical conductivity 

and the pH was determined by the electrometric 
method in 1:1 soil/water ratio. 
 

2.3 Enumeration, Characterization and 
Identification of Bacteria  

 
The enumeration, characterization and 
identification of heterotrophic bacterial 
abundance were carried out as previously 
reported [16]. Briefly, matured plants were 
uprooted to obtain the rhizosphere soil and bulk 
samples collected, serially diluted, inoculated by 
pour-plate onto Nutrient Agar (Oxoid) and 
incubated at 28 ± 2°C for 24 hours and discrete 
colonies enumerated. The bacterial isolates were 
characterized based on their cultural and 
morphological attributes and response to 
standard biochemical tests [19] and compared 
with those of known taxa using the Bergey’s 
Manual of Determinative Bacteriology [20]. 
 
2.4 Statistical Analysis 
 
The data were subjected to analysis of variance 
(ANOVA) and Kruskal Wallis test on log-
transformed values using Statistical Package for 
the Social Science (SPSS version 20.0, IBM 
Corp, USA). Results are presented as mean ± 
standard deviation with levels of significance 
maintained at 95% for each test. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Greenhouse Condition 
 
Temperature is an important environmental 
requirement for enzyme activity and microbial 
growth and different soil microorganisms and 
plants have varying temperature regime for 
optimum performance. The average temperature 
of the greenhouse throughout the period of plant 
growth was 26.18 ± 0.85°C, 30.36 ± 2.36°C and 
28.09 ± 1.66°C in the morning, afternoon and 
evening respectively. In the ultisol, the average 
temperature was 26.73 ± 0.63°C, 30.82 ± 1.89°C 
and 29.09 ± 1.11°C, whereas in the loam soil, 
26.73 ± 0.63°C, 31 ± 1.9°C and 29.09 ± 1.11°C 
were recorded in the morning, afternoon and 
evening respectively. 
 

3.2 Effect of ZnO Nanoparticles on Soil 
pH, Hydrogen Ion, Exchangeable 
Cation and Basic Salt 

 
The soil pH determines the function of a soil and 
relates to presence of and absorption of 
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nutrients, microbial activity and plant growth [8]. 
ZnO nanoparticles induced a higher pH in the 
treated ultisol and loam soils in contrast to the 
control. The pH of the control ultisol at 7.85 ± 
0.17 was lower than 8.3 ± 0.12 of the amended 
ultisol indicating 1.06 times higher value than the 
control. The pH of the control loam was 7.15 ± 
0.17 and 7.41 ± 0.11 in the ZnO treated soil and 
suggests 1.04 times higher difference than that 
of the control. The differences between the pH of 
the treated soils and the controls were significant 
at p = 0.05. The results indicate that the ZnO 
nanoparticles induced changes that increased 
the pH of the ultisol and loam soils. Several 
studies indicate that ENPs such as copper oxide 
nanoparticles [8], zero-valent iron nanoparticles 
[10] and ZnO nanoparticles [7,9] induced 
changes in soil pH during acute and chronic 
exposures. These results are consistent with the 
present study in which ZnO nanoparticles raised 
the pH of the ultisol and loam soils.  

 
The mean hydrogen ions in the control ultisol 
was 1.3 ± 0.09 compared to 3.89 ± 0.12 Cmol 
kg⁻¹ in the control loam soil indicating 2.99 times 
higher content than the ultisol (Fig. 1b). The 
hydrogen ions in control ultisol was 1.3 ± 0.09 
relative to 0.12 ± 0.01 Cmol kg⁻¹ in the ultisol 
amended with ZnO nanoparticles suggests 10.83 
times higher concentration in the control ultisol 

than the ZnO amended ultisol. The control                    
loam soil with 3.89 ± 0.12 and 3.49 ± 0.01 Cmol 
kg⁻¹ in the ZnO amended loam soil indicates 
1.11 times higher concentration than the treated 
loam soil. The difference in the control and 
amended ultisol and loam soils were significant 
at p = 0.05. The empirical evidence suggests 
reduced hydrogen ions in the treated ultisol and 
loam soils, and subsequent increase in pH 
compared to the control soils. Thus, ZnO induced 
a higher pH in the amended soils. The probable 
reason is that the ZnO nanoparticles consumed 
H+ in the soil solution with the production of Zn2+ 
[21]. 
 
The mean exchangeable cations content of the 
control ultisol was 16.09 ± 0.12 relative to 11.52 
± 0.12 Cmol kg⁻¹ in the amended soil (Fig. 1 c) 
indicating 1.4 times higher content than the 
treated soil. In the control loam soil, the mean 
exchangeable cations content was 19.18 ± 0.19 
Cmol kg⁻¹ in relation to 12.08 ± 0.03 Cmol kg⁻¹ in 
amended soil. The exchangeable cation content 
in the control soil was 1.59 times higher than the 
treated soil. These differences were significant at 
p = 0.05. In the ultisol and loam soils exposed to 
ZnO nanoparticles, exchangeable cations 
content was reduced compared to the controls 
which caused an increase in the potassium 
concentration.  

  

 
 

Fig. 1. Influence of zinc oxide nanoparticles on the (a) pH (b) hydrogen ion (c) exchangeable 
cation and (d) basic salt concentration in ultisol and loam soils 
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The mean basic salt content of the control ultisol 
was 96.08 ± 0.03 in relation to 98.74 ± 0.30 Cmol 
kg⁻¹ in the treated soil (Fig. 1d) which was 1.03 
times higher than the control. In loam soil, the 
mean basic salt content of the control was 90.92 
± 0.09 compared to 85.29 ± 0.34 Cmol kg⁻¹ in 
the treated soil and indicates 1.07 times higher 
than the treated soil. In the control soils, the 
mean basic salt content of the ultisol was 1.13 
times higher than the loam soil and these 
differences were significant at p = 0.05. The 
salinity of the control ultisol was higher than the 
control loam soil, however, salinity increased on 
amendment with ZnO nanoparticles indicating 
that the plants and microorganisms in the ultisol 
were exposed to higher salt stress caused by the 
ZnO nanoparticles. In the loam soil, the salinity 
was however reduced on amendment with ZnO 
nanoparticles (Fig. 1d). Salinity stress usually 
leads to reduced soil osmotic potential, nutritional 
imbalance and negative impact on biochemical 
and physiological processes in the soil [22]. 
Nevertheless, nanoparticles have been 
associated with increased plant growth despite 
salinity stress [23].  
 

3.3 Effect of Zinc Oxide Nanoparticles on 
Soil Potassium, Sodium, Magnesium 
and Calcium Content 

 

The mean potassium content of the control and 
ZnO amended ultisol was 0.09 ± 0.01 Cmol kg⁻¹ 
and 0.05 ± 0.01 Cmol kg⁻¹ respectively (Fig. 2a). 
The result indicates that the potassium content in 

the control soil was 1.8 times higher than the 
treated soil and the difference was significant at 
p = 0.05.  In loam soil, the mean potassium 
content of the control was 0.08 ± 0.01 Cmol kg⁻¹ 
compared to 0.08 ± 0.01 Cmol kg⁻¹ in the treated 
soil. There was no difference between the 
potassium content in the treated soil and the 
control.  
 
The mean sodium content of the control ultisol at 
0.18 ± 0.01 Cmol kg⁻¹ was higher than 0.12 ± 
0.01 Cmol kg⁻¹ in the ZnO amended soil (Fig. 
2b). The result shows that the sodium content in 
the control soil was 1.5 times higher than the 
ZnO amended soil. The difference was low but 
significant at p = 0.05. In loam soil, the mean 
sodium content of the control was 0.21 ± 0.01 
Cmol kg⁻¹ in relation to 0.22 ± 0.01 Cmol kg⁻¹ in 
the ZnO nanoparticle treated soil indicating that 
the sodium content in the treated soil was 1.05 
times higher than the control. The difference 
between the sodium content in control and the 
amended soil was however not significant (p = 
0.05). In the present study, calcium, potassium 
and sodium ions concentration in the ZnO 
amended ultisol were low relative to the control 
ultisol. The calcium ions were lower in the 
amended loam soils compared to the control, 
whereas sodium and potassium ions were stable 
despite the amendment with ZnO nanoparticles. 
The reduced cations content indicates that                   
ZnO nanoparticles induced a rapid uptake by       
soil biota as a response to oxidative stress                   
[24].  

  

 
 

Fig. 2. Effect of zinc oxide nanoparticles on the concentrations of (a) potassium, (b) sodium, 
(c) magnesium and (d) calcium in the ultisol and loam soils 

 

0

0.02

0.04

0.06

0.08

0.1

Ultisol/Control Ultisol/4000 Loam/Control Loam/4000

⁻
P

ot
as

si
um

 
(C

m
ol

 k
g

¹)

ZnO Concentration (mg kgˉ¹)

(a)

0

0.05

0.1

0.15

0.2

0.25

Ultisol/Control Ultisol/4000 Loam/Control Loam/4000

⁻
S

od
iu

m
 (

C
m

ol
 k

g
¹)

ZnO Concentration (mg kgˉ¹)

(b)

0

1

2

3

4

5

Ultisol/Control Ultisol/4000 Loam/Control Loam/4000

⁻
M

ag
ne

si
um

 
(C

m
ol

 k
g

¹)

Treatment

(c)

0

2

4

6

8

10

12

14

16

Ultisol/Control Ultisol/4000 Loam/Control Loam/4000

⁻
C

al
ci

um
 

(C
m

ol
 k

g
¹)

Treatment

(d)



 
 
 
 

Oghenerume et al.; IJPSS, 32(8): 88-100, 2020; Article no.IJPSS.59974 
 
 

 
93 

 

The mean magnesium content of the control 
ultisol was 3.95 ± 0.06 Cmol kg⁻¹ and 2.80 ± 0.12 
Cmol kg⁻¹ in the treated soil (Fig. 2c) which was 
1.41 times higher than ZnO nanoparticles 
amended soil. The content in the control loam 
soil was 3.35 ± 0.01 Cmol kg⁻¹ relative to 2.20 ± 
0.23 Cmol kg⁻¹ in the ZnO nanoparticles 
amended soil suggesting 1.52 times higher value 
than the amended soil. The differences between 
the magnesium content in the control and 
amended soils were significant at p = .05. 
Magnesium serves as a cofactor for most 
enzymes, maintain membranes and nucleic acid 
formation, stabilize ribosome, cell growth and 
division [25]. Transport of magnesium ion (Mg

2+
) 

into cells is usually based on requirements and 
regulated in response to changing environmental 
conditions. The concentration of Mg

2+
 in the 

control ultisol and loam soil was higher than the 
treated soils (Fig. 2c) and indicates that ZnO 
nanoparticles induced the uptake of Mg2+ by both 
microorganisms and Arachis hypogae. ENPs 
such as TiO2 nanoparticles induced the activities 
of Mg2+-ATPase of spinach chloroplast and in 
turn, lead to increased uptake Mg

2+ 
[26]. An 

increase in Mg2+ intracellularly is associated with 
susceptibility of plants to pathogens, inhibition of 
cell division and ribosomal activities [27], 
whereas influx of Mg

2+
 is a coping mechanism of 

microorganisms to stress [28]. Thus, the results 
suggest that the ZnO nanoparticles was a 
stressor for the plant and soil microorganisms 
and led to increased uptake of Mg2+ . 
 
The mean calcium content of the control ultisol 
was 11.7 ± 0.12 Cmol kg⁻¹ and 6.4 ± 0.16 Cmol 
kg⁻¹ in the treated soil (Fig. 2d) which was 1.83 
times higher than zinc oxide nanoparticles 
amended soil. In the loam soil, the mean calcium 
content of the control was 13.75 ± 0.17 Cmol 
kg⁻¹ compared to 8.25 ± 0.29 Cmol kg⁻¹ in the 
ZnO nanoparticles amended soil and indicates 
1.67 times higher value than the amended soil. 
The differences in the calcium content in both 
soils were significant at p = 0.05. Calcium is an 
important element in soil which helps in plant 
growth. Magnesium and calcium ions interact 
competitively in cells in relation to enzyme 
activity [25]. Calcium uptake and translocation by 
plants are influenced by presence or absence of 
cations, nitrates, exchange capacity, root 
temperature and metabolic inhibitors in the soil 
[29]. Here, the control ultisol and loam soils 
recorded higher calcium ions compared to the 
soils amended with ZnO nanoparticles (Fig. 2d) 
and suggest induced use of calcium by the soil 
biota. 

3.4 Effect of ZnO Nanoparticles on Iron, 
Copper, Exchangeable Acids and 
Exchange Capacity 

 
The iron content of the amended ultisol soil at 
93.21 ± 0.23 mg kg⁻¹ was 8.63 times higher than 
the control with 10.80 ± 0.24 mg kg⁻¹ (Fig. 3a). In 
loam soil, the mean iron content of the amended 
soil was 90.9 ± 0.16 mg kg⁻¹ compared to the 
control at 9.79 ± 0.5 mg kg and indicated 9.29 
times higher value than the control. In the control 
ultisol, the mean copper content was 0.032 ± 
0.001 and 0.064 ± 0.002 mg kg⁻¹ in the ZnO 
nanoparticles treated soil (Fig. 3b) indicating that 
copper content in the treated soil was 2 times 
higher than the control. In contrast, the control 
loam soil was 0.042 ± 0.001 mg kg⁻¹ and 0.071 ± 
0.001 mg kg⁻¹ in the treated soil (Figure) which 
was 1.69 times higher than the control. The 
differences between the iron and copper 
contents in the control and treated soils were 
significant at p = 0.05.  
 
Iron and copper are both important elements in 
soils and contribute to plant growth although high 
concentrations exert harmful effects [12]. Iron in 
soils is reduced by microbial respiration and 
involves electron transfer from organic matter to 
Fe3+ which serves as the electron acceptor. 
Reduction of iron in soils affects the carbon, 
nitrogen and sulphur cycles [13]. The results 
show an increase in iron (Fe2+) content in the 
ultisol and loam soil amended with ZnO 
nanoparticles (Fig. 3a) and indicate negative 
effect of ZnO nanoparticles on the activity of iron 
reducing bacteria. Similar findings which Fe

2+
 

rapidly increased in paddy soils exposed to 
copper oxide nanoparticles have been reported 
[8]. The increase in Fe2+ content is attributed to 
the nanoparticles exerting a stimulatory effect on 
dissimilatory iron reduction in soil.  
 
Copper in soils assist the enzymes responsible 
for photosynthesis, respiration and formation of 
lignin and deficiencies inhibit nodulation and 
nitrogen-fixation, delay flowering and plant yield 
[30]. Copper content in the ZnO nanoparticle 
amended ultisol and loam soils were higher than 
the control soils (Fig. 3b) and signify induced 
accumulation of copper ions. High copper 
content in soils exacerbates the toxic effect of 
xenobiotics evidenced in delayed germination 
and reduced shoot vigor [30]. The germination 
and growth response of A. hypogaea in the 
ultisol and loam soils were negatively impacted 
[16] and accumulation of copper ions, in part, 



 
 
 
 

Oghenerume et al.; IJPSS, 32(8): 88-100, 2020; Article no.IJPSS.59974 
 
 

 
94 

 

probably contributed to the poor plant 
performance.  
 
The mean exchangeable acid content of the 
control ultisol was 0.62 ± 0.03 Cmol kg⁻¹ and 0.6 
± 0.07 Cmol kg⁻¹ in the amended soil (Fig. 3c) 
and indicates 1.03 times higher value than the 
treated soil. In loam soil, 1.77 ± 0.02 Cmol kg⁻¹ 
mean exchangeable acid content of the control 
was similar to 1.77 ± 0.05 Cmol kg⁻¹ of the 
amended soil. The differences between the 
exchangeable acid content were not significant at 
p = 0.05.  The result indicates that the ZnO 
nanoparticles did not alter the exchangeable 
acids present in both soils and the reasons are 
unclear at the moment.  
 
The mean exchange capacity for the control 
ultisol at 0.15 ± 0.06 d s⁻¹ and 0.23 ± 0.01 d s⁻¹ 
in the soil amended with zinc oxide nanoparticle 
(Fig. 3d) indicates 1.53 times higher value in the 
amended soil than the control. The mean 
exchange capacity for the control loam soil at 
0.35 ± 0.03 d s⁻¹ was lower than 0.53 ± 0.03 d 
s⁻¹ in the ZnO nanoparticles amended soil with 
1.51 times higher value than the control. The 
differences between the exchange capacity of 
the ZnO nanoparticles amended and the control 
soils were significant at p = 0.05. The presence 
and maintenance of positively charged ions is an 
essential property with influence on the structure, 
nutrient utilization and pH of soil [11]. The cation 
exchange capacity of the ultisol and loam soil 
exposed to ZnO nanoparticles was higher than 
the control soils and in agreement with related 
studies. For instance, volcanic ash nanoparticles 
increased the cation exchange capacity of 
Andisol soil which increased at high 
decomposition rate [31]. Here, there was 
increased decomposition rates indicated by the 
reduced organic matter content, in addition, to 
the enhanced exchange capacity in utisol and 
loam soils amended with ZnO nanoparticles. 
 

3.5 Effect of ZnO Nanoparticles on 
Particle Fraction, Organic Matter and 
Available Nitrate 

 

The particle size of the control and ZnO 
amended ultisol was 91.91 ± 1.06 %, 2.98 ± 
0.27%, 4.47 ± 0.26% and 83.04 ± 0.32, 8.08 ± 
0.91%, 8.58 ± 0.23% for sand, silt and clay 
fractions respectively (Fig. 4a). The sand content 
in the control ultisol was 1.11 times higher than 
the treatment, whereas the silt and clay content 

in the treated soil was 2.71 and 1.91 times higher 
than the control respectively. The particle size of 
the control and ZnO amended loam soil was 
90.83 ± 0.94%, 2.99 ± 0.01%, 4.45 ± 0.41%, and 
87.86 ± 0.76, 4.65 ± 0.52% and 6.19 ± 0.22% for 
sand, silt and clay fractions respectively (Fig. 4a). 
The sand content in the control was 1.03 times 
higher than the treated soil, whereas the silt and 
clay content in the ZnO amended soil was 1.56 
and 1.39 times higher than the control. The 
results indicate changes in the particle fractions 
of the two soil types because of ZnO 
nanoparticles interaction, and the differences 
were significant at p = 0.05. Soil particles confers 
a structure that cause variations of oxygen 
availability over a small distance, leading to a 
presence of both aerobic and anaerobic 
conditions [32] and ZnO nanoparticle interaction 
with the soil particles increased this effect. 
 
The organic matter content of the control ultisol 
was 2.28 ± 0.32% and 0.91 ± 0.02% in the 
treated soil (Fig. 4b) indicating 2.51 times higher 
value than the amended soil. The organic matter 
content of the control loam soil was 3.68 ± 0.36% 
and 0.36 ± 0.02% in the amended loam soil 
which was 10.22 times higher than the soil 
exposed to ZnO nanoparticles. These differences 
were significant at p = 0.05.  
 
Soil organic matter synthesized primarily from 
plant remains degraded by microorganisms plays 
important roles in how the soil is formed, 
aggregates stabilized and soil fertility maintained 
[33,34]. The organic matter content in the control 
ultisol and loam soils were relatively higher than 
the soils amended with ZnO nanoparticles (Fig. 
4b). The ZnO nanoparticles induced an increase 
in decomposition of organic matter in both the 
ultisol and loam soils probably because of the 
catalytic properties of the nanoparticles. This is 
consistent with other studies in which ENPs are 
reported to be highly specific and reactive 
because of their nanoscale size and catalytic 
properties [35]. Here, the ZnO nanoparticles 
exerted catalytic effect in the ultisol and loam 
soils and increased decomposition of the organic 
matter. Other ENPs such as iron oxide 
nanoparticles have been associated with 
increased decomposition of organic matter and 
soil enzyme activities [36]. The results suggest 
that the ZnO nanoparticles, in part, stimulated 
microbial activities that resulted in breakdown 
and use of the organic matter and, in part, 
induced catalytic degradation in the soil. 
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Fig. 3. Influence of zinc oxide nanoparticles on the concentrations of (a) iron, (b) copper, (c) 
exchangeable acid and (d) exchange capacity in the ultisol and loam soils 

 

 
 
Fig. 4. Effect of ZnO nanoparticles on soil (a) particle fraction, (b) organic matter (c) available 

nitrate and (d) phosphorus in the ultisol and loam soil 
 
The concentration of nitrate in the control ultisol 
was 0.05 ± 0.01% compared to 0.03 ± 0.01% in 
the treated soil (Fig. 4c) and indicates 1.7 times 
higher than the soil exposed to zinc oxide 
nanoparticles. However, the differences between 
the nitrate content in both soils was not 
significant at p = 0.05. Nitrates in the control 
loam soil were 0.08 ± 0.01% relative to 0.02 ± 
0.01% in the treated soil. The concentration of 

nitrate in the control loam soil was 4 times higher 
than the ZnO nanoparticles amended soil and 
this difference was significant at p = 0.05. Soil 
microorganisms immobilize and convert nitrate 
ions to organic forms used by plants for growth 
and generally contributes to soil fertility.  
 
The nitrate concentration in the control ultisol and 
loam soils were higher than the ZnO amended 
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soils (Fig. 4c). The result suggests in part, that 
the ammonia- and nitrate-oxidizing organisms 
were inhibited in the amended soil, and in part, 
that ZnO nanoparticles induced nitrate reduction 
by stimulating the growth of denitrifying 
organisms in both soils. The reduced nitrate 
content in both soils treated with ZnO 
nanoparticles is consistent with other studies, for 
instance, there was a decrease in denitrifying 
enzyme activity on exposure of five different soils 
to copper oxide nanoparticles [37]. Furthermore, 
nanoparticles act as catalyst for nitrate reducing 
bacteria such as gamma-Proteobacteria or 
Acidobacteria, [38] to stimulate growth evidenced 
in the increased use of nitrate through 
denitrification and/or dissimilatory nitrate 
reduction. 
 

3.6 Influence on Available Phosphate 
and Phosphate-solubilizing Bacterial 
Community 

 
The mean available phosphorus of the control 
ultisol was 57.82 ± 0.54% in relation to 50.81 ± 
0.22% of the treated soil (Fig. 4d) which was 
1.14 times higher the zinc oxide nanoparticles 
amended soil. In loam soil, the mean available 
phosphorus of the control was 55.97 ± 0.04% in 
contrast to 59.97 ± 0.02% in the treated soil.  The 
available phosphorus content in the ZnO 
nanoparticle treated soil was 1.07 times higher 
than the control and this difference was 
significant at p = 0.05. Phosphorus plays 
different roles in photosynthesis, energy transfer 
and metabolism of carbohydrates, either 
solubilized or mineralized from insoluble soil 
phosphate by microorganisms and/or addition of 
phosphate fertilizers. Examples of some 
phosphate-solubilizing microorganisms include 
members of the genera Pseudomonas, 
Agrobacterium, Aspergillus, Pythium, 
Azotobacter and Bacillus [39]. Depletion of 
phosphorus in agricultural soil causes 
deficiencies in plant growth. Here, the available 
phosphorus content in the control ultisol was 
higher than the treated soil indicating inhibition of 
phosphate-solubilizing bacteria by the ZnO 
nanoparticles. In contrast, phosphate-solubilizing 
bacterial activity was stimulated in the loam soil 
by the ZnO nanoparticles leading to increase in 
available phosphorus content compared to the 
control loam soil (Fig. 4d).  
 
Different soil stressors such as increase in 
sodium chloride and pH influences phosphorus 
solubilization [40]. Despite the negative effect of 
ZnO nanoparticles on phosphate-solubilizing 

bacteria which directly correlated with reduced 
phosphate content in the amended ultisol, 
Pseudomonas aeruginosa and P. alcaligenes 
were isolated from the ultisol and loam soils. 
ENPs such as ZnO are known to exert selective 
and varying inhibitory effects on microbial 
activity. For example, ZnO nanoparticles 
inhibited biofilm formation, production of 
pyocyanin, Pseudomonas quinolone potential 
and hemolytic activity of Pseudomonas 
aeruginosa with no effect on the cell growth [41]. 
Toxicity of nanoparticles was likely influenced by 
soil properties [42,43] which is consistent with 
the different effect exerted by the ZnO 
nanoparticles in the ultisol and loam soils. It is 
safe to assume that the soil component 
interacted with the nanoparticles for an additive, 
synergistic or potentiative effect on the microbes 
in the ultisol, whereas the effect was mitigated in 
the loam soil.  
 

3.7 Influence of ZnO Nanoparticles on 
Total Heterotrophic Bacterial 
Abundance in A. hypogaea 
rhizosphere and Bulk Soils 

 

The counts of total heterotrophic bacteria (THB) 
in the bulk ultisol (control) was 7.69 ± 0.54 
relative to 7.30 ± 0.49 Log10CFU g

-1
 in the 4000 

mg kg⁻¹ ZnO nanoparticles amended ultisol (Fig. 
5a). The results indicate that the THB counts in 
the control was 1.05 times higher than the ultisol 
amended with 4000 mg kg⁻¹ ZnO nanoparticles. 
The mean THB counts in the control loam soil at 
7.41 ± 0.51 compared to 7.15 ± 0.4 8 Log10CFU 
g -1 in the 4000 mg kg⁻¹ zinc oxide nanoparticles 
amended loam soil (Fig. 5a) and was 1.04 times 
higher than the amended soil. The differences 
between the THB counts for in the control and 
ZnO nanoparticle amended soils were significant 
at p = 0.05. 
 

The ecological role of microorganisms in 
promoting plant growth and nutrient cycling are 
essential and influenced by microbial abundance, 
diversity, intrinsic and extrinsic factors in the soil 
[44]. Here, the impact of ZnO nanoparticles on 
the bulk soil indicates that ZnO nanoparticles 
reduced the bacterial community abundance in 
both the ultisol and loam soil at 4000 mg kg⁻¹ 
(Fig. 5a). The result is consistent with other 
studies where ZnO nanoparticles caused in a 
decrease in abundance of soil bacterial 
community [45]. ZnO nanoparticles exerted 
inhibitory effect on soil bacterial population by the 
release of zinc ions (Zn

2+
) to induce oxidative 

stress, cell membrane damage and cytoplasmic 
leakage [46]. 
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Fig. 5. Effects of ZnO nanoparticles on microbial abundance in the bulk ultisol and loam soil 
and A. hypogaea rhizosphere 

 
The THB counts in the A. hypogaea rhizosphere 
from control ultisol was 7.00 ± 0.55 and 7.28 ± 
0.30 Log10CFU g

-1
 in the 4000 mg kg⁻¹ ZnO 

amended ultisol. The results indicate that the 
counts in the A. hypogaea rhizosphere from ZnO 
amended ultisol was higher than the control with 
a difference of 1.04. The THB abundance in the 
A. hypogaea rhizosphere for control loam soil 
was 6.80 ± 0.58 and 6.59 ± 0.48 Log10CFU g-1 in 
the 4000 mg kg⁻¹ ZnO amended loam soil. (Fig. 
5b) and indicates a 1.03 times higher counts in 
the control than the 4000 mg kg⁻¹ amended soil. 
The differences between the THB counts in the 
amended and control soils was significant at p = 
0.05. Indeed, the decomposition of organic 
matter had effect on bacterial composition [34] 
and correlated with the differences in the 
composition of A. hypogaea rhizosphere 
bacterial biomass and abundance in the 
amended and the controls ultisol and loam soil 
[16]. Further to this, nanoparticles are implicated 
in enhanced plant growth in environments with 
high salt concentration [23] which plausibly 
accounted for some of the positive impacts on 
the bacterial and A. hypogaea growth response 
[16] in the ultisol and loam soil despite the salt 
stress.  
 
The effect of ZnO nanoparticles on rhizosphere 
microbial abundance was however soil type 

dependent. For instance, in the ultisol, ZnO 
nanoparticles stimulated growth and increased 
bacterial abundance whereas in the loam soil, 
the ZnO nanoparticles reduced the abundance 
(Fig. 5b). Soil properties such as pH, texture, 
particle size distribution, structure, and organic 
matter content play a key role in the effect of 
nanoparticles on microorganisms [47]. The 
coating of soil organic matter on the surface 
nanoparticles reduced the direct contact between 
the microbial cells and nanoparticles [8] which 
probably accounted for the different effect of the 
nanoparticles on microorganisms in both soils. 
 

4. CONCLUSION 
 
The outcome of the interaction between the soil 
physicochemical properties, biomass and ZnO 
nanoparticles was inconsistent and varied 
according to soil type. ZnO nanoparticles exerted 
differential reduction and oxidation effects to alter 
the soil physicochemical properties. In addition, 
microbial mediated processes were either 
stimulated or inhibited based on these 
alterations.  The reduced nitrate concentration in 
both soils and phosphorus in ultisol reflects the 
inhibitory effects on phosphate-solubilizing and 
nitrate-fixing bacteria. ZnO nanoparticles induced 
an increased pH, exchangeable acids and 
exchange capacity, iron and copper, whereas the 
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concentration of nutritive salts was reduced and 
thus, modified the soil health and ecosystem 
function. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Dimesh RA, Manonmani S, Hamza V. 

Engineered nanoparticles in the soil and 
their potential implications to microbial 
activity. Geoderma, 2012;19(27):173-174. 

2. Zhang Y, Yu-Rui L, Robert JA, Michael R. 
Inventory of engineered nanoparticle-
containing consumer products available in 
the singapore retail market and likelihood 
of release into the aquatic environment. 
Inter J Environ Res Public Health. 
2015;12:8717–8743. 

3. Carbone C, Murugaboopathib G, Johna A, 
Sivakumarc R, Ganes R, Krithikae S, 
Priyae G. Significance of nanotechnology 
in food industry Apcbee Procedia. 
2014;8:109–113. 

4. Eduok S, Hendry C, Ferguson R, Martin B, 
Villa R, Jefferson B, Coulon F. Insights into 
the effect of mixed engineered 
nanoparticles on activated sludge 
performance. Fems Microbiol Ecol. 
2015;91(7):Fiv082 

5. Batley GE, Kirby JK, McLaughlin MJ. Fate 
and risks of nanomaterials in aquatic and 
terrestrial environments. Acc Chem Res. 
2012;46:854-864. 

6. Javed Z, Dashora K, Mishra M, Fasake 
VD, Srivastva A. Effect of accumulation of 
nanoparticles in soil health- a concern on 
future. Front Nanosci Nanotechnol. 
2019;5. 
DOI: 10.15761/FNN.1000182. 

7. Alves ML, Oliveira F, Luís CI, Nogueira 
PO, André JF, Márcio AB, Baretta CR. 
Influence of ZnO nanoparticles and a non-
nano ZnO on survival and reproduction of 
earthworm and springtail in tropical natural 
soil. Revista Brasileira de Ciência do Solo. 
2019;43:e0180133 

8. Shi J, Jien Y, Huaxiang F, Shu Z, Chen X. 
Effects of copper oxide nanoparticles on 
paddy soil properties and components. 
Nanomater. 2018;8:839 

9. Romero-Freire A, Lofts S, Martín-Peinado 
FJ, van Gestel CA. Effects of aging and 
soil properties on zinc oxide nanoparticle 

availability and its ecotoxicological effects 
to the earthworm Eisenia andrei. Environ 
Toxicol Chem. 2017;36:137-46. 

10. Cullen LG, Tilston EL, Mitchell GR, Collins 
CD, Shaw LJ. Assessing the impact of 
nano-and micro-scale zerovalent iron 
particles on soil microbial activities: 
Particle reactivity interferes with assay 
conditions and interpretation of genuine 
microbial effects. Chemos. 2011;82:1675–
1682. 

11. Hazelton PA, Murphy BW. Interpreting soil 
test results: What do all the numbers 
mean? CSIRO Publishing: Melbourne; 
2007. 

12. Sorensen PC, Oelsligle DD, Trudser D. 
Extraction of Zn, Fe and Mn from 1971 
soils with 0.1 N hydrochloric acid as 
affected by soil properties, solution: soil 
ratio, and length of extraction period. Soil 
Sci. 1971;111:352-159. 

13. Liu JY, Wang ZY, Liu FD, Kane AB, Hurt 
RH. Chemical transformations of 
nanosilver in biological environments. ACS 
Nanotechnol. 2012;6:9887–9899. 

14. Elliot DW, Zhang WX. Field Assessment of 
nanoscale bimetallic particles for 
groundwater treatment Environ Sci 
Technol. 2001;35:4922-4926. 

15. Ben-Moshe T, Frenk S, Dror I, Minz D, 
Berkowitz B. Effects of metal oxide 
nanoparticles on soil properties. Chemos. 
2013;90:640-646. 

16. Oghenerume P, Eduok S, Ita B, John O, 
Bassey I. Impact of zinc oxide 
nanoparticles amended organic manure on 
Arachis hypogaea growth response and 
rhizosphere bacterial community. Inter J 
Plant Soil Sci. 2020;32(5):24-35. 

17. Association of official analytical          
chemists (AOAC). Official methods of 
analysis (19th Edition) AOAC. Washington 
DC; 2012. 

18. Udo EJ, Ibia TO, Ogunwale JA, Ano AO, 
Esu IE. Manual of soil, plant and water 
analysis. Sibon Books Limited, Lagos; 
2009 

19. Cheesbrough M. District laboratory 
practice in tropical countries. Cambridge 
University Press; 2006 

20. Holt JG, Krieg NR, Sneath PHA, Stanley 
JT, William ST. Bargey’s manual of 
determinative bacteriology. Williams and 
Wilikins, Baltimore; 1994. 

21. Voegelin A, Pfister S, Scheinost AC, 
Marcus MA, Kretzschmar R. Changes in 
zinc speciation in field soil after 



 
 
 
 

Oghenerume et al.; IJPSS, 32(8): 88-100, 2020; Article no.IJPSS.59974 
 
 

 
99 

 

contamination with zinc oxide. Environ Sci 
Technol. 2005;39:6616–6623. 

22. Ashraf M. Organic substances responsible 
for salt tolerance in Eruca sativa. Biologia 
Plantarum. 1994;36:255-259. 

23. Kalteh M, Alipour ZT, Ashraf S, Aliabadi 
MM, Nosratabadi AF. Effect of silica 
nanoparticles on basil (Ocimum basilicum) 
under salinity stress. J Chem Health Risks. 
2014;4:49-55. 

24. Camejo D, Guzmán-Cedeño Á, Moreno A. 
Reactive oxygen species, essential 
molecules, during plant–pathogen 
interactions. Plant Physiol Biochem. 
2016;103:10-23. 

25. Walker GM. The roles of magnesium in 
biotechnology. Critical Reviews in 
Biotechnology. 1994;14(4):311-354.  

26. Hong FH, Zhou J, Liu C, Yang F, Wu C, 
Zheng L, Yang P. Effect of nano TiO2 on 
photochemical reaction of chloroplasts of 
spinach. Biol Trace Element Res. 
2005;105(1-3):269-279. 

27. Huber D, Jones J. The role of magnesium 
in plant disease. Plant Soil. 
2013;368(1/2):73-85. 

28. Lee D, Laporta L, Maja BF, Chae M, 
Zhouxin S, Steven PB, Jordi GO, Gürol 
MS. Magnesium flux modulates ribosomes 
to increase bacterial survival. Cell. 
2019;177(2):352-360. 

29. Wallace A, Mueller RT. Calcium uptake 
and distribution in plants. Journal of Plant 
Nutrition. 1980;2:1-2. 

30. Schulte EE, Kelling KA. Soil and applied 
copper. Understanding Plant Nutrients, 
A2527; 2004. 

31. Fitriatin BN, Fatimah I, Sofyan ET. The 
effect of phosphate solubilizing bacteria 
and organic fertilizer on phosphatase, 
available P, P uptake and growth sweet 
corn in Andisols. Earth Environ Sci. 
2018;215:012002. 

32. Rotthauwe JH, Witzel KP, Liesack W. The 
ammonia monooxygenase structural gene 
amoA as a functional marker: Molecular 
fine-scale analysis of natural ammonia-
oxidizing populations. Appl Environ 
Microbiol. 1997;63:4704–4712. 

33. Castellano MJ, Mueller KE, Olk DC, 
Sawyer JE, Six J. Integrating plant litter 
quality, soil organic matter stabilization, 
and the carbon saturation concept. Global 
Change Biol. 2015;21(105):3200–3209. 

34. Neumann D, Heuer A, Hemkemeyer M, 
Martens R, Christoph C. Importance of soil 
organic matter for the diversity of 

microorganisms involved in the 
degradation of organic pollutants The 
ISME J. 2014;8:1289–1300. 

35. Lee HV, Juan JC. Nanocatalysis for the 
conversion of non-edible biomass to 
biogasoline via deoxygenation reaction. In: 
Rai, M., da Silva, S.S. (Eds.), 
Nanotechnology for Bioenergy and Biofuel 
Production; 2017. 
Available:http://dx.doi.org/10.1007/978-3-

319-45459-799, 2017 
36. Zhang L, Yuan Z, Jiachao Z, Guangming, 

Z, Haoran D, Weicheng C, Wei F, Yujun C, 
Yaoyao W, Qin N. Impacts of iron oxide 
nanoparticles on organic matter 
degradation and microbial enzyme 
activities during agricultural waste 
composting. Waste Manage. 
2019;95:289–297. 

37. Simonin M, Colman B, Anderson MS, 
Benhardt ES. Engineered nanoparticles 
interact with nutrients to intensify 
eutrophication in a wetland ecosystem 
experiment. Ecol Appl. 2018;19:12. 

38. Ji B, Yang K, Lei Z, Yu J, Hongyu W, Jun 
Z, Huining Z. Aerobic denitrification: A 
review of important advances of the last 30 
years. Biotechnol Bioproc Eng. 2015;20: 
643-651. 

39. Babalola OO, Glick BR. The                            
use of microbial inoculants in African 
agriculture: current practice and future 
prospects. J Food Agric Environ. 
2012;10:540–549. 

40. Srinivasan R, Mahesh S, Yandigeri B, 
Sudhanshu K, Ajjanna R, Alagawadi A. 
(2012). Effect of salt on survival and P-
solubilization potential of phosphate 
solubilizing microorganisms from salt 
affected soils. Saudi J Biol Sci. 
2012;19:427–434. 

41. Lee J, Yong GK, Moo HC, Jintae L. ZnO 
nanoparticles inhibit Pseudomonas 
aeruginosa biofilm formation and virulence 
factor production. Microbiol Res. 
2014;169:888–896. 

42. Simonin M, Guyonnet JP, Martins JMF, 
Ginot M, Richaume A. Influence of soil 
properties on the toxicity of TiO2 
nanoparticles on carbon mineralization 
and bacterial abundance. J Hazard Mater. 
2015;283:529–535. 

43. Cornelis G, Hund-Rinke K, Kuhlbusch T. 
Fate and bioavailability of engineered 
nanoparticles in soils: a review. Crit Rev 
Environ Sci Technol. 2014;44(24):2720-
2764. 



 
 
 
 

Oghenerume et al.; IJPSS, 32(8): 88-100, 2020; Article no.IJPSS.59974 
 
 

 
100 

 

44. Meliani A, Bensoltane A, Mederbel K. 
Microbial diversity and abundance in soil: 
related to plant and soil type. Amer J Plant 
Nutri Fert Technol. 2012;2:10-18. 

45. Chavan S, Nadanathangam V. Effects of 
nanoparticles on plant growth-promoting 
bacteria in indian agricultural soil Agron. 
2019;9(3):140. 

46. Xia T, Kovochich M, Liong M, Madler L, 
Gilbert B, Shi H, Yeh JI, Zink JI, Nel AE. 
Comparision of the mechanism of toxicity 

of zinc oxide and cerium oxide 
nanoparticles based on dissolution and 
oxidative stress properties. ACS Nano. 
2008;2:2121-2134. 

47. Rajput V, Minkina T, Sushkova S, 
Tsitsuashvili V, Mandzhieva S, Gorovtsov 
A, Nevidomskyaya D, Gromakova N. 
Effect of nanoparticles on crops and soil 
microbial communities. J Soils Sediments. 
2017;2179–2187.  
DOI:10.1007/s11368-017-1793-2. 

_________________________________________________________________________________ 
© 2020 Oghenerume et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/59974 


