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ABSTRACT

The study looked to evaluate the effects of two levels of copper in a sandy clay loam soil (of the
order Aridisol), and of five levels of pH, on the velocity of nitrogen mineralization after incorpo-
rating compost. The experiment underwent 10 treatments: five pH levels, and two copper
levels (251 mg kg™ and 345 mg kg"') with five replications. Planter pots were set as the experi-
mental unit, and were maintained in a greenhouse for 108 days at a temperature of 25 °C. They
were watered to maintain field capacity. The nitrate (NO3) and ammonium (N ) contents
were measured five times at 0, 27, 54, 81, and 108 days after compost application. Analysis of
variance of data and Tukey test (p<0.05), showed that the factors copper concentration and
time affected ammonium and nitrate concentrations. It can be concluded that time is the
factor of greatest importance in the process of organic-N mineralization in soils with medium
to moderately high total levels of copper. Time factor weakly interact with the soil copper
content, and is independent of the pH in a range from moderately acid to moderately alkaline.

Keywords: Nitrate; ammoniacal nitrogen; net effect of nitrogen; organic
agriculture.

RESUMO

0 estudo buscou avaliar os efeitos de dois niveis de cobre em um solo franco-argiloso (da
ordem Aridisol), e de cinco niveis de pH, na velocidade de mineralizacao do nitrogénio apos a
incorporagao do composto. O experimento foi submetido a 10 tratamentos: cinco niveis de pH
e dois niveis de cobre (251 mg kg e 345 mg kg ) com cinco repeticdes. Os vasos de plantio
foram constituidos como unidade experimental e mantidos em casa de vegetacao por 108
dias a temperatura de 25 °C. Eles foram regados para manter a capacidade de campo. Os teores
de nitrato (NO3) e amdnio (nH, ) foram medidos cinco vezes aos 0, 27, 54, 81 e 108 dias apds a
aplicacao do composto. A analise de variancia dos dados e o teste de Tukey (p<0,05), mostr-
aram que os fatores concentracao de cobre e tempo afetaram as concentracdes de amonio e
nitrato. Pode-se concluir que o tempo € o fator de maior importancia no processo de mineral-
izacao do N organico em solos com teores totais de cobre médios a moderadamente altos. O
fator tempo interage fracamente com o teor de cobre do solo e é independente do pH em uma
faixa de moderadamente acido a moderadamente alcalino.

Palavras-chave: Nitrato; nitrogénio amoniacal; efeito liquido do nitrogénio; agricultura organica.
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INTRODUCTION

Some soils may have high or moderate contents of heavy
metals, which can be harmful to health, safety, and wellbeing
of the population, as well as to the life of the soil itself, the
plants and animals that inhabit it. These contents limit the
normal usage of soil and unfavorably alter the natural condi-
tions of it (BEGUM, 2010).

Mining, agriculture, and the chemical industry are the
greatest sources of no natural increased copper concentrations
in the soil (SHARAFF et al., 2017). International soil quality
norms for protecting the environment and human health do
provide reference values, from up to 63 mg Cu kg ' in Canada,
100 mg Cu kg" in Australia, and up to 200 mg Cu kg in
Germany, for agricultural soils (CCME, 2007). For any
concentration over these, only a few plants can survive. In
addition, higher cu levels may influence or condition the
productive capacity of some agricultural soils, depending on
their acidity and their organic matter content, since they tend
to form very stable compounds like chelates (copper — organic
material) (DIAS, 2016; GROHSKOPF, 2016). These Cu
levels may also interrupt some soil processes, due to the
negative influence on micro and meso flora and fauna activity
in the soil, and diminished decomposition of organic matter
(CHRISTOU, 2017). The harmful effects of copper in partic-
ular deteriorate soil health and its use.

Copper, in high intracellular concentrations, generates
microflora and fauna, and is a source of pollution for surface

oxidative stress, which provokes lipid peroxidation of the
cellular membrane, increasing its permeability and leading to
apoptosis. Through this mechanism, copper has an adverse
effect on microbiology biomass in soils (Anderson et al.,
2009; Li, 2017). Nevertheless, some soil bacteria have devel-
oped resistances to otherwise toxic copper concentrations,
which allows for mineralization of organic forms of nitrogen
(N) (MAGNANI and SOLI0Z, 2007).

Chemical equilibrium for copper, both in solution and in
the soil colloids, depends on the pH of the solution and the
quantity and type of clay present. Therefore, in soils with
more alkaline pH conditions and sandy and loamy-sandy
textures, the level of equilibrium and, thus, copper concentra-
tions, are lower. Said another way, high pH values immobi-
lize copper activity (DIAS, 2016; RIGBY, 2016). At the
same time, reduced pH increases copper solubility, which, in
turn, reduces mineralization of organic nitrogen.

In recent years, there has been an ever-growing environ-
mental conscientiousness, for which clean production norms
with some restrictions, mainly using the Good Agricultural
Practices (GAP) as a basis, have been adopted. Additionally,
the usage of organic fertilizers improves the physical and
chemical characteristics of the soil. Organic compost is
currently a substitute for inorganic nitrogen-contributing
sources. Organic compost aggregates soil particulates,
increases meso and macropores, favors air circulation
(oxygen), increases available moisture retention, maintains
more stable soil temperatures, and, as a result, improves
productive capacity for plants (CAMPOS and SPERBERG,
2011). That said, the misuse of these residues, due to applica-
tions in high doses, is associated with harmful effects against
health, plant and animal life within the soil, the meso- and

and ground waters (SHARAFF et al., 2017; L1 et al., 2017).
According to the above it is possible to postulate that after
compost incorporation the soil pH level influence the velocity
of organic nitrogen mineralization in a sandy clay loam soil
with two copper concentrations. Therefore, the objective of
this study was to evaluate the effect of five levels of pH in a
sandy clay loam soil with two levels of copper after incorpo-
rating compost on nitrogen mineralization.

MATERIAL AND METHODS

The experiment was conducted at the Estacion Experimen-
tal La Palma at the School of Agronomy of the Pontificia
Universidad Catolica de Valparaiso, located 5 km from the
city of Quillota, Chile. Two Aridisol-order soils were used,
both with a sandy clay loam texture (Tables 1 and 2), with
different total copper concentrations (251 mg kg and 345 mg
kg®, respectively), and natural pH levels (7.37 and 6.37,
respectively).

Compost Class A was applied, according to Chilean
Norm 2880, vegetable in origin (Table 2), in a proportion of
1% (w/w). Soil pH was reduced with phosphoric acid, and
increased with potassium hydroxide, in order to reach pH
levels of 6.5, 7.0, 7.5, 8.0, and 8.5 in both soils. The amounts
of acid and hydroxide applied were calibrated beforehand in

the laboratory. The experiment underwent 10 treatments, with

five pH levels and two copper levels (Soil cu 345 and Soil cu2s1),
with five replications. Planter pots of 3 kg were set as the
experimental unit, and were maintained in a greenhouse for
108 days at a temperature of 25°C.

Table 1 — Granulometry of the soils used, obtained at 0-15 cm depth

Soilcy 3s5 Soilcy 251
Sand, % 42 51
Clay, % 26 23
Silt, % 31 26
Texture SCL SCL

The execution of the experiment included the following
activities:
Compost application — soil was mechanically mixed in a
proportion of 1% (w/w) compost, and later placed into 3 kg
pots.
pH modification — to increase the pH levels, an aqueous
solution of 448 g L of potassium hydroxide was used; to
reduce pH, a solution of 1.55 ml L-1 of phosphoric acid was
applied.
Watering — soil was watered to maintain sufficient soil mois-
ture, close to field capacity, in order to ensure microorganism
activity. Field capacity of the soil in the pots was determined
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by a mass balance. The pots were weighed weekly to deter-
mine the water lost in that period.

Weed control — at intervals of every four days, a manual weed-
ing was performed in each pot, in order to avoid interference.

Chemical Analyses

At 0, 27, 54, 81, and 108 days after the start of the experi-

ment (equivalent to 0, 25, 50, 75, and 100% of the total exper-
iment time), soil samples were taken from each pot, and were
sent to the Soil and Foliage Analysis Laboratory at the School
of Agronomy to determine pH, NH,-, and NO3™ present.
The NH, and NO; were extracted with KCI 2M and deter-
mined by water vapor distillation, in the presence of MgO for
NH, , and MgO and Devarda’s alloy, for NO3. The pH was
determined in the soil saturation extract.

Table 2 - Chemical characterization of soils and compost used

etermination il Oilcusas  SOilcuzsr  COMPOS
Organic matter % 4.70 3.61 >20.00
Electrical conductivity 25°C ds m* 1.20 1.26 3.00
pH 6.69 7.37 5.00
Total copper mg kg! 345.00 251.00 __ Available
copper mg kg? 109.00 66.80 _

Total nitrogen % 0.38 0.33 067
Ammonium mmol L 41.80 26.10 30.90
Nitrate mmol L 4.52 5.29 29.20

Data Analysis

Data analysis was performed using the MINITAB 17
program for analysis of variance and Tukey test (p < 0.05).
Ammonium and nitrate availability were analyzed as a
function of pH levels, time, and copper. Afterwards, N-total
was defined as the sum of all N contents contributed from
NH, and NO5".

RESULTS AND DISCUSSIONS

Effect of copper and pH on the production
of ammonium as a function of time

The analysis showed that only copper concentration and
time affect ammonium concentration. As for pH, there were
no significant effects, for which a second-order analysis was
undertaken. Even though interactions for copper and time do
exist, the greatest contributing factor clearly corresponds to
time, since the effects of partial copper or copper-time interac-
tion are quite weak (Figure 1).

Figure 1 - Standardized effects of interaction of copper soil concentration
vs time on ammonium concentration after compost application.
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Initially high ammonium concentration, though different
throughout the soils, decayed rapidly in the first month. After-
ward, values for both soils kept approximately constant up to
three months, the time duration of the experiment. At 27 days
after compost application, ammonium concentration showed
no differences between the soils with high (Soil cu 345) and low
(Soil cu 251) copper contents. This effect is most likely due,
first, to a lesser content of organic matter in Soil cu 251 (Table
2); and second, to the fact that this soil has better conditions
for nitrification (Figure 2) than that of the greater copper
concentration Soil cu 345. The microorganisms responsible for
the ammonium — nitrite — nitrate cycle probably acted in
greater quantities and/or velocity in the soil with less copper
content, which provoked an almost immediate reduction in
the ammonium content. Furthermore, the following measure-
ments detected practically no differences between the soils,
not even over time. Thus, the concentration of this ion was
reduced by approximately 90% by the time the measurement
at 27 days after compost application was taken (Figure 2).

Figure 2 - Time variation of ammonium concentration after compost
application to two soils with different copper content
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Effect of copper and pH on the production
of nitrate as a function of time

In the case of nitrate concentration in soils with high and low
copper contents, soil copper concentration and time were
shown to be the only factors with significant interaction, even
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though the time factor was far the greatest contributor. The
pH effect in the range studied had no significant effect on
nitrification (Figure 3).

Figure 3 - Standardized effects of interaction of copper soil concentration
vs time on nitrate concentration after compost application.
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During the experimentation period, nitrate concentration
varied mainly as a function of time, and slightly between the
soils studied (Figure 4). At the end of the experiment, there
was a slightly greater nitrification in the soil with less copper
content. In the intermediate period, between 27 and 81 days,
nitrate concentration was maintained relatively constant, but
higher than the value at the beginning of the experiment
(Figure 4).

Figure 4 — Time variation of nitrate concentration after compost applica-
tion to two soils with different copper content. (Similar letters in the
column of same chemical means there is not difference, Tukey p < 0.05)

40

35 Cu 251 I Cu 345

Nitrate, mmol L-1
N
o

a
b
30
25
15
od C ¢ c ¢
10
o ol
0 27 54 81 108

Time, day
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soils as a function of time

In order to compare the N contributions from ammonium
and nitrate, N-total was defined as the sum of both types of N
contents. In the experimental period, the availability of tN-to-
tal, initially different between the soils due to the effects of
NH,, showed no difference between soils after day 27,
although it did increase as a function of time (Figure 5). Up to
27 days, the two soils recorded a loss of nitrogen (net immobi

lization), which was greater in Soil cu 345 (Figure 6). This
Figure also shows that, on measurements from days 54 and
81, net mineralization was much reduced, and at 108 days, a
greater amount of nitrogen was recorded as compared to
previous values.

Figure 5 - N-total concentration after compost application to two soils
with different copper content.
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Espinoza and Mozaffari (2012) affirm that, when organic
matter decomposes, nitrogen is liberated into the soil solution
through a sequence of chemical and biochemical reactions.
As a consequence of this sequence of reactions, the concentra-
tion of this element varies with time, environmental condi-
tions, and soil depth. In the case of this study, the results
indicate that nitrate concentration (NO3), which is one of the
forms of nitrogen used by plants, changes mainly as a function
of time.

Figure 6 - Net effect concentration N-total after compost application to
two soils with different copper content.
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Effect of soil pH on nitrification

Various studies have demonstrated that an increase in soil pH
increases the rate of N mineralization in soil after compost
application (HANAN and SCHIME, 2016). Nevertheless,
there has been no significant effect found for pH between 5.3
and 7.5 on the velocity of decomposition of compost in soils
with silty-clay and silty textures. Additionally, the optimal pH
range for many oxidizing soil microbes is from pH 7 to 9,
while, below pH 4.5, nitrification is nonexistent. In the pH
range of 5 to 6, compost nitrification is inhibited in sandy soil.
The range of soil acidity in which organic nitrogen transforms
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to nitrate is from pH 5.5 to around pH 10, with an optimal
point at around pH 8.5 (HANAN and SCHIME, 2016; XIAO
et al, 2013). The above is corroborated by Xiao et al. (2014),
who indicates that the minimum and maximum tolerance
limits oscillate between 5.5 to 6.7 and 9.6 and 10.4, respec-
tively. Thus, it is improbable that soil pH is an important
factor that regulates N mineralization in soils with typical soil
pH as found in normal agricultural soils (RIGBY, 2016). The
pH ranges applied in the experiment are within the minimum
and maximum tolerance limits, which justifies the fact that no
statistically significant differences were found in this study.
This contradicts the hypothesis that different pH levels may
directly influence nitrification through microbial activity, or
indirectly, through copper solubility.

Effect of copper on nitrification

The sample taken on day 108 showed an important increase
in soil nitrate concentration, with a slight difference between
the soils with high and low copper contents. On the one hand,
the slow increase of nitrate may be due to the fact that
nitrobacteria were inhibited by the copper content, which, in
turn and over time, were adapted by their defense mechanisms
to be resistant to the inhibiting action. Copper does have an
inhibitory effect on nitrifying bacteria, which significantly
reduces nitrate availability (MOYA et al., 2017, GONZALEZ
and ALVAREZ, 2014). On the other hand, non-inhibitory
concentrations of copper and mercury deactivate the effect of
nitrification inhib-
itors, such as thiourea and mercaptobenzothiazole (MEIER, et
al., 2017). In the same study, MEIER et al. (2017) concluded
that compost diminishes the bioavailability and absorption of
Cu but improves the habitat of microorganisms and increases
the growth of plants in soils with high copper content. Thus,
the velocity of nitrogen mineralization or the rate of mineral-
ization could possibly be used as an indicator for soil microbi-
al activity.

Effect of time on nitrification

The organic-N mineralization process begins with ammon-
ification. This process is a consequence of microbial activity
in both aerobic and anaerobic conditions, and whose velocity
is affected by temperature and multiple chemical and
biochemical reactions within a certain pH range (DIAS,
2016). Mineralization occurs in two stages: first, bacteria of
the genus Nitrosomonas intervene to pass NH,- to NO,. Next,
the NO, is converted to NO3 by genus Nitrobacter. The
second stage reaction is quicker than stage 1, and both
reactions are much quicker than the reaction of organic-N to
NH4+* (GONZALEZ, 2004). The time required for organic-N
mineralization depends on the climate, the rate of application
of organic matter, lignin content, the degree of contact
between the material and the microorganisms, and the level of
microflora activity in the soil. It is reasonable to estimate that,
under favorable conditions for microbial activity, net mineral-
ization could occur after four to eight weeks of active decom-
position (HANAN and SCHIME, 2016). The present study
recorded that the ammonification process occurs very quickly

after the application of compost, and after 27 days, the ammo-
nium concentration is significantly reduced, and remains
mostly constant through the end of the experiment (day 108)
(Figure 2). Sharaff et al. (2017) point out that ammonium may
be immobilized by microorganisms and fixed by inorganic
colloids in the soil. Nitrification, nevertheless, occurs more
slowly, and can be conditioned by the presence or concentra-
tion of copper in the soil. The inhibitory effect of copper on
microbiological reactions causes the nitrate concentration, for
the period between days 27 and 81 in the experiment, to
basically remain constant; this may be due to a period neces-
sary for the nitrifying microbiological system to adapt. The
greatest nitrate availability was observed on day 108 for the
soil with less copper content (Figure 3). Thus, the greater the
copper concentration, the greater amount of time needed to
achieve maximum nitrate availability.

CONCLUSIONS

Time is the factor of greatest importance in the organic-N
mineralization process in soils with moderate to moderately
high amounts of total copper. This factor weakly interacts
with copper content in the soils studied and is independent of
the pH in a range from moderately acid to moderately
alkaline.

ACKNOWLEDGEMENTS

The author thanks God for life, AGCI-Chile for the opportuni-
ty provided, and the thesis commission for the teaching and
support given.

REFERENCES

ANDERSON, J., HOOPER M. J., ZAK, J. C, COXET, S. B.
Molecular and functional assessment of bacterial community
convergence in metal-amended soils. Microbiology Ecologic,
58, 10-22 2009.

BEGUM, A. Cultivation of tomato plants (Lycopersicon
esculentum) using municipal solid waste compost. Environ-
ment News,16 (2), 72-81, 2010.

CAMPOS, J., SPERBERG, F. Uso de enmiendas organicas
como fuente de fertilizacion en cultivos en técnicas de conser-
vacion de suelos, agua y vegetacion en territorios degradados.
In: Técnicas de conservacion de suelos, agua y vegetacion en
territorios degradados. SERIE ACTAS INIA — ISSN, 48,
0717-4810, 2011.

CCME - Canadian Council of Ministers of the Environment.
Canadian soil quality guidelines for the protection of
environmental and human health: Summary of Protocol for
the Derivation of Environmental and Human Health Soil
Quality Guidelines. Canadian environmental quality
guidelines. 1299, 1-34, 2007.

CHRISTOU, A. Assessment of toxic heavy metals concentra-
tions in soils and wild and cultivated plant species in

Mozambican Journal Of Applied Sciences | https://mjas.ispg.ac.mz

March, 2022 | Volume 1 | Issue 1.



ANTONIO, Z. et al 2022

Copper and PH effects on Soil Nitrogem

abandoned copper mining site, Cyprus. Journal of Geochemi-
cal Exploration, 178, 16-22, 2017.

DIAS, A. Transformagdes do nitrogénio no solo em microbio-
logia do solo, 22 Edicdo, Editorial Pirespectva, Sdo Paulo,
105-117, 2016.

ESPINOZA, L., MOZAFFARI, M. Como interpretar los
resultados de los analisis de suelos, Agricultura y Recursos
Naturales, 2118, 1-12, 2012.

GONZALEZ, L., ALVAREZ, A. Mineralizacion in vitro de
nitrégeno y fésforo y contenido de metales pesados en suelos
acondicionados con lodo proveniente de una planta de
tratamiento de aguas servidas. Tesis (Doctorado) — Facultad
de Ciencias Agronémicas Escuela de Agronomia, Universi-
dad de Chile, 23 — 38, 2004.

GROHSKOPF, M. A. Copper and zinc forms in soil fertilized
with pig slurry in the bean crop. Revista Brasileira de Engen-
haria Agricola e Ambiental, 20(9) 1807-1929, 2016.

HANAN, J. E., SCHIME, P. J. Effects of substrate supply, pH,
and char on net nitrogen mineralization and nitrification along
a wildfire-structured age gradient in chaparral. Soil Biology
and Biochemistry, 95, 87-99, 2016.

LI, J., ZHANG Q., LI, Y., LIU, J., PAN, H., GUAN, X., Xu,
X., XU, J., DI, H. Impact of mowing management on nitrogen
mineralization rate and fungal and bacterial communities in a
semiarid grassland ecosystem. Journal of Soils and
Sediments, 17, 715-1726, 2017.

MAGNANI, D., SOLIOZ, M. How bacteria handle copper, In:
Bacterial transition metal homeostasis, 81, 259-285, 2007.

MEIER, S. MEIER S., CURAQUEO G., KHAN N., BOLAN
N., RILLING J., VIDAL C., FERNANDEZ N., ACUNA J.,
GONZALEZ M., CORNEJO P., F. BORIE. Effects of biochar
on copper immobilization and soil microbial communities in a
metal-contaminated soil. Journal of Soils and Sediments, 17,
1237-1250, 2017.

MOYA, H., VERDEJO, J., YANEZ, C., ALVARO, JE,
SAUVE, S., NEAMANT1, A. Nitrification and nitrogen miner-
alization in agricultural soils contaminated by copper mining
activities in Central Chile. Journal of Soil Science and Plant
Nutrition, 17(1), 205-213.

RIGBY, H. A critical review of nitrogen mineralization in
biosolids-amended soil, the associated fertilizer value for crop
production and potential for emissions to the environment.
Science of the total environment, 15, 1310-1338, 2016.

SHARAFF, M., KAMAT, S., ARCHANA, G. Analysis of
copper tolerant rhizobacteria from the industrial belt of Guja-
rat, western India for plant growth promotion in metal pollut-
ed agriculture soils. Ecotoxicology and Environmental Safety,
138, 113-121, 2017.

XIAO, K., XU, J., TANG, C., ZHANG, J., BROOKS, P.C.
Differences in carbon and nitrogen mineralization in soils of
differing initial pH induced by electrokinesis and receiving
crop residue amendments. Soil Biology and Biochemistry.
64, 70 — 84, 2013.

XIAO, K., LU, Y., XU, J, BROOKS, P. pH. Nitrogen
mineralization, and KCl-extractable aluminum as affected by
initial soil pH and rate of vetch residue application: results
from a laboratory study. Journal of Soils and Sediments. 14,
1513-1525, 2014.

Mozambican Journal Of Applied Sciences | https://mjas.ispg.ac.mz

March, 2022 | Volume 1 | Issue 1.



