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Abstract

In recent years, biochar, a new environmentally functional material, has received widespread attention as

a soil amendment for its special structures and characteristics, such as improving soil texture and increasing

crop yield. However, controversies still exist for the effects of biochar addition to soil nitrogen(N) cycles.

This study focuses on the influences of 350°C peanut biochar application on N mineralization in abandoned

orchard soil during a 46-day incubation. The treatments contained control (CK), 1% biochar (BC), and 3%

biochar (BC). Results showed that 350°C peanut biochar increased soil pH and EC, but decreased soil urease

activities significantly. Biochar decreased soil net-mineralized N significantly, and a higher biochar addition

content resulted in lower soil mineralized N concentration. NO,-N content accounted for more than 94% of

soil inorganic N for all three treatments during the entire incubation time, while the presence of biochar did

not change this characteristic. Conclusions indicated that the addition of 350°C peanut biochar significantly

inhibited orchard soil N mineralization in a short time by altering soil physical and chemical properties.
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Introduction

In recent years biochar has gained popularity in use for
soil carbon sequestration and improvement of degraded
soils. Biochar is a carbon-rich product from pyrolysis of
renewable biomass in a closed system in a low-oxygen or
oxygen-free atmosphere [1]. Due to its abundant porous
physical structure and large surface area [2], biochar applied
to soil may effectively improve soil physical and chemical
properties, such as raising acidic soil pH [3], decreasing
soil bulk density [4], and increasing soil field water holding
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capacity [5] and soil cation exchange capacity [6]. The use
of BC as a soil amendment can also bring abundant other
advantages, such as suppressing emissions of CO, and
CH, [7], and reducing N,O emissions from soils [8], as
well as decreasing nitrate leaching [9]. BC addition has
also been reported to increase the concentration of K [10],
Ca, and Mg, and improved crop yields [11]. These effects
may be associated with BC-induced enhancement in the
activity of beneficial soil microbes [12] and increased soil
water retention capacity [13].

Inorganic N is an important soil nutrient produced by
N mineralization processes which depolymerizes organic
N into inorganic N [14]. N mineralization is affected by
soil organic matter, total N, temperature and moisture
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[15], bulk density and pH value [16], salt content [17],
and C/N ratio [18], etc. Otherwise, urease activity reflects
the transformation ability of soil organic N to inorganic
N and soil inorganic N supply capacity, and it is a key
enzyme for nitrogen transformation [19]. In this paper, as
temperature and moisture were set as fixed values that are
benifical to N mineralization, our study mainly focused on
soil pH and EC (closely related to salt content), which can
reflect the basic physical and chemical characteristics of
soil. At the same time, the effect of soil urease activities
on soil N mineralization was discussed.

The abundant porous physical structure and large
surface area [2] of biochar may effectively improve soil
physical and chemical properties, thus affecting soil N
mineralization. However, the effects of biochar addition
on soil N cycles — especially the N mineralization process
that reflects the ability of soil N supply and its possible
mechanism — still remains controversial. Previous studies
indicated that influences of biochar application on soil
N mineralization were very complicated. Stimulative,
inhibitory effects and no effect of biochar addition on soil
N mineralization all occurred. For example, the addition of
biochar decreased Gleyic Phacozem soil N mineralization
due to short-term N immobilization by microorganisms
[20]. A similar study [21] also found that biochar’s
incompletely pyrolytic and labile feedstock C increased
calcareous agricultural soil C:N ratio and finally inhibited
soil N mineralization. Meanwhile, biochar amendment
decreased coarse soil microbial activities and decreased
soil N mineralization [22]. But another study suggested
that fresh and aged biochar applied to agriculural soil and
grassland soil had little influence on the decomposition of
nitrogenous organic compounds and soil N mineralization
rate [23]. However, biochar addition can increase forest
soil N mineralization and improve nutrient availability by
increasing the quantity and activity of microbes [24] by
adsorbing phenolic compounds that exist widely in the
forest.

In this study, a 46 day incubation was designed in order
to evaluate the influence of peanut biochar (produced
under 350°C) application on orchard sandy loam soil net
N mineralization. We hypothesize that the application of
alkaline biochar could further raise orchard soil pH and
EC, biochar itself may release some toxic compounds or
adsorb some soil organic matter and nutrients in the short
term, which reduces microbial activity such as enzyme
activities. Therefore, we suppose that the application of
peanut biochar on orchard sandy loam soil may change
soil physical and chemical properties, thus affecting soil
organic N mineralization. The treatments contain control
(CK), 1% BC, 3% BC. The objectives of this study are:

1. Evaluate orchard sandy loam soil net N mineralization
by different biochar addition rates.

2. Analyze the possible main factors that may affect sandy
loam soil N mineralization by biochar application.

Materials and Methods
Soil and Biochar

Surface soil (0-20 cm) was collected from orchard
soil abandoned for two years in Zhaoyuan, Shandong
province, China. Soil type was sandy loam. Soil samples
were taken back to the laboratory. After natural air drying,
the fine roots and rocks were removed and soil was ground
to pass through a 2 mm sieve, then the soil was mixed to
ensure homogeneity. Prior to use, these soil samples were
moistened to 80% of the water-holding capacity and pre-
incubated in a constant temperature incubator in order to
activate the soil microbes for a week at 30°C.

Biochar samples were produced from peanut shell
through slow pyrolysis at 350°C [25]. Biochar samples
were also ground to pass through a 2 mm sieve for further
analysis.

Soil and BiocharAnlaysis

Soil and biochar total carbon (C) and nitrogen
(N) were determined through combustion with a
FLASH-2000 eclemental analyzer (Elementar, USA).
NO,-N was determined by phenol disulfonic acid using
spectrophotometric methods. NH,*-N was measured with
indophenol blue reagent [26]. Urease activities were
analyzed by Spectrophotometer colorimetric method after
incubation at 37°C for 24 h [27]. The moisture content
was measured by gravimetry. Soil pH was measured in
1:2.5 (w/v; g cm™) soil-to-deionized water mixtures by
a pH-meter (AB1S5, Fisher Scientific, USA), and pH of
biochar was determined with a 1:20 (w/v) ratio after being
shaken for 24 h. Each sample was determined with three
duplicates. Soil and biochar characteristics are presented
in Table 1. Soil inorganic nitrogen of the study area
maintained a very low level, and more than 98% of soil
nitrogen was presented in the form of organic nitrogen.

Laboratory Incubation
Influences of biochar addition on sandy loam soil

organic N mineralization dynamics were studied by a
laboratory incubation experiment for 46 days. Treatments

Table 1. Chemical properties of the soil and biochar used in the experiment.

TC TN NH *-N NO.,-N Organic-N
H 4 3 Ash (%
P (%) (%) (mg/kg) (mg/kg) (e/kg) %)
Soil 7.40 1.224+0.16 0.15+0.004 2.084+0.04 15.744+0.28 1.48
Biochar 8.59 44.02+0.48 1.01+0.006 3.17+£0.14 0.9440.17 - 27.9
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contain: control (CK), 1% biochar (BC), and 3% biochar
(BC). 40 g of biochar-amended soils were packed into
105 polypropylene cups (height* lower caliber* upper
caliber, 47 mm *57 mm *74 mm), and several little holes
were made in the lips to allow gas exchange, but as much
as possible to minimize water loss. Soil moisture was
adjusted to 80% field capacity and it was maintained by
weighing the cups every three days (and using wet distilled
water if needed). Related parameters were measured after
1, 6, 11, 18, 25, 34, and 46 days. Each treatment was set
up in triplicate.

Calculations

The net N mineralized was reported directly as mg
N kg™ soil. Net amount of soil N mineralization was
calculated as the difference between the total inorganic
N content determined between mineralized N after the
incubation time and initial time. Net N mineralization
rate was calculated as the difference between the net
mineralized N divided by incubation time [28].

Statistical Analysis

All results in this article were gained from experiments.
The graph was drawn from origin 8.6, and statistical
analysis of data using SPSS20.0.ANOVA was used to test
all experimental data by Duncan’s test. All analyses were
considered significant when P<0.05. Correlation analysis
was used to evaluate the correlation between different
parameters.

Results and Discussion
Net N Mineralization Dynamics

Mineralization is the process of decomposition of
organic matter, mediated by soil microbes. Results
of a short-term incubation experiment showed that
peanut biochar significantly decreased sandy loam soil
mineralized N content, and a higher biochar addition
resulted in lower net amount of N mineralization (Fig. 1).
Net N mineralization rate increased quickly in the first 11
days and reached a maximum, with rate values of three
treatments, respectively, at 2.69 (CK), 2.78 (1%BC), 2.08
(3%BC) mg/kg/d on day 11. After 11d, N mineralization
rates began to slow down, and rates were 2.69 (CK),
2.78 (1%BC), and 2.08 (3%BC) mg/kg/d at the last day,
respectively. The net amount of N mineralization always
kept an increase trend and reached 49.24 (CK), 47.07
(1%BC), and 43.07 (3%BC) mg/kg at 46 d.

Our results were consistent with most previous
studies for agricultural soils by biochar application [20-
22, 29], but some of them considered that the resulting
N immobilization phenomenon was just transient and
may only last a few months in the soil. Since soil water
content was controlled through weighing the cups every
three days, denitrification was not a key factor for N
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Fig. 1. Effects of biochar application on soil net mineralized
N. CK: no biochar addition; 1% BC: biochar was added at a
rate of 1% (w/w); 3% BC: biochar was added at a rate of 3%
(w/w). Different letters mean a significant difference among the
treatments, which was analyzed by the Duncan test (P<0.05)
using SPSS 20.0. Error bars mean standard error (n = 3).

losses [30]. One of the possible reasons for decreased N
mineralization was that although most of C in biochars
were stable in aromatic forms and unavailable easily to
microbes, it can provide a little source of metabolizable C
[31, 32]. For this study, peanut biochar was produced under
350°C. This is particularly true for biochar created under
low pyrolysis temperatures containing less aromaticity
but higher aliphatic C content than biochars produced at
high temperatures [33]. A higher C:N ratio of carbon-rich
biochar might promote N immobilization in a short time.
Furthermore, biochar addition may change original soil
physical and chemical properties, or alter soil microbial
community structure or composition [34], thus affecting
soil N mineralization.
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Fig. 2. Effects of biochar application on dynamic changes in
soil NH,"-N (Fig. 2A) and NO,-N (Fig. 2B). CK: no biochar
addition; 1% BC: biochar was added at a rate of 1% (w/w); 3%
BC: biochar was added at a rate of 3% (w/w). Different letters
mean a significant difference among the treatments, which was
determined by the Duncan test (P<0.05) using SPSS 20.0. Error
bars mean, standard error (n = 3).
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Dynamic Changes of Soil NH,"-N and NO,-N

In order to clearly study biochar addition effects
on sandy loam soil N mineralization, soil NH,"-N and
NO,-N were analyzed. NH,"-N and NO,-N contents
at all treatments increased quickly in the first 11 days;
however, NH,"-N began to decrease fast between 11-18
days and after 18d, change of NH,"-N content was little
(value<lmg/kg) (Fig. 2A). At whole incubation stage,
two biochar application treatments decreased sandy loam
soil NH,"-N content significantly (P<0.05). This may
be related to adsorption of NH,"-N by biochar [35]. On
the whole, there was no significant difference between
NH,"-N content for the two biochar treatments.

However, NO,-N kept a slow increase trend after
11d, and NO,-N content reached 65.82 (CK), 63.00
(1%BC), and 57.45 (3%BC) mg/kg at 46d (Fig. 2B). At
the whole incubation time, NO,-N content accounted
for more than 94% of soil inorganic N for all treatments,
while NH,"-N proportion was lower than 6%. This
indicated that nitrification occurred quickly after organic
N converted to NH,"-N. The concentration of NO,-N was
significantly positively correlated with soil net amount of
N mineralization (R = 0.996, P<0.001, n = 18). Treatment
of 3% BC significantly decreased soil nitrification rate.
For the first 11 days average nitrification rates of three
treatments reached 2.53 (CK), 2.49 (1%BC), and 1.69
(3%BC) mg/kg/d. Two biochar treatments significantly
decreased soil NO,™-N concentration for whole incubation
stage, and a higher biochar addition finally resulted in a
lower concentration of NO,-N (P<0.05).

pH and EC Dynamic Changes
Soil organic N mineralization is a biochemical process

dominated by the microorganism. Soil basic physical
and chemical properties such as pH and EC may impact
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Fig. 3. Effects of biochar application for dynamic changes of
soil pH and electrical conductivity. CK: no biochar addition; 1%
BC: biochar was added at a rate of 1% (w/w); 3% BC: biochar
was added at a rate of 3% (w/w). Different letters mean values
that are significantly different (p<0.05) as analyzed by factorial
ANOVA in SPSS 20.0. Error bars represent standard error (n =
3).

microbial mass, activities, and community composition
[36]. Compared to control, biochar greatly increased soil
pH and EC, and a higher biochar addition finally resulted
in a higher value of soil pH and EC (Fig. 3). Our result
was in accordance with earlier studies that soil pH was
increased with biochar addition [25], which concluded
that pH values and ash contents were positively correlated,
and the increased soil pH may be due to the intrinsic
minerals in biochar. Previous studies also showed biochar
contained some elements such as K, Ca, and Mg [10, 11],
and when it was applied with soil, biochar could increase
soil-soluble K, Ca*", and Mg*", and this may be one of the
reasons biochar increased soil EC.

Two biochar treatments increased soil pH significantly
in all incubation time, and average value of soil pH
was 0.08+0.03 (1%BC) and 1.62+0.04 (3%BC) unit
higher than control; and average value of EC was 30 ps/
cm and 91 ps/cm higher than control. Changes in soil
pH and EC may affect soil enzyme activities (Fig. 4).
EC was significantly negatively correlated with urease
activities (R = 0.802, P<0.001, n = 18). Decreased soil
urease activities may finally inhibit soil N mineralization.
Soil pH was significantly negatively correlated with
soil net amount of N mineralization and NO,-N content
(R ineratized n — —0-591, P<0.01, n = 18; R, _ = —0.640,
P<0.01, n= 18). }

All treatmens of soil pH showed a decreasing trend
while EC showed an increasing trend along with the
extension of incubation time. This phenomenon may be
due to the increaseing trend of soil NO,-N content along
the whole incubation time.

Dynamic Changes of Soil Urease Activities
Soil enzyme catalysis conducted soil biological

processes such as soil N mineralizaiton. Enzyme activities
are regarded as key quality indicators that could respond
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Fig. 4. Effects of biochar application on dynamic changes of soil
urease activities. CK: no biochar addition; 1% BC: biochar was
added at a rate of 1% (w/w); 3% BC: biochar was added at a rate
of 3% (w/w). Different letters mean values that are significantly
different (p<0.05) as analyzed by factorial ANOVA in SPSS
20.0. Error bars represent standard error (n = 3).
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to alterations in soil management in a shorter period of
time [37]. Since soil urease is an important enzyme
involved in the N transformation process and it can
hydrolyze urea [19], this research focus on the effects of
biochar addition on soil urease activities. Compared to
control, two biochar treatments significantly decreased
soil urease activities (p<0.05), and higher biochar addition
resulted in lower urease activities (Fig. 4). Our results
were in accordance with earlier studies that biochar
reduced soil urease activities, and urease activities
decreased with the increasing rate of biochar additions
[27]. Possible reasons may be the following: biochar itself
may release some volatile toxic compounds that inhibit
soil microbial activities, such as PAHs [38], ethylene
[39], or PHCs [40]; and the release of toxic components
along with biochar’s aging in soils suggests that biochar
may inhibit soil microbial activities, thus decreasing N
mineralization. Moreover, the enriched pore structure of
biochar may adsorb soil enzymes [41], and then inhibit
soil N mineralization.

Soil urease activities showed a decreasing trend with
the extension of incubation time. At 46d, values of urease
activities of all three treatments were lower than 0.2 (ug
NH,"-N g soil h'"). Soil urease activity was significantly
positively correlated with soil net N mineralization rate
(R=10.698, P<0.001, n = 18).

Conclusions

This research showed that peanut biochar produced
under low temperature significantly inhibit sandy loam
soil N mineralization. Higher biochar addition finally
resulted in a lower concentration of soil net mineralized
N. Biochar inhibits soil N mineralization by changing
soil physicochemical properties, such as soil pH, EC, and
urease activitues. This suggested that biochar has certain
effects of protecting fertilizer and N immobilization
limiting the N losses in the external environment. For
the whole incubation time, NO,-N content dominated
for more than 94% of soil mineralized N for all three
treatments. Considering that biochar had little adsorption of
nitrate, further study needs to be aware of nitrate pollution
of groundwater. Furthermore, feedstock types, pyrolysis
conditions, pH, N, and C content of biochar as well as
soil types varied greatly among different experiments,
which may lead to different results of biochar’s role on N
mineralization. Therefore, specific mechanisms are needed
to be further discussed by biochar addition in sandy loam
soil N mineralization.
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