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Abstract: A field experiment was conducted to investigate the effects of biochar (BC), fulvic acid (FA)
and Bacillus subtilis (BS) on soil properties and crop growth in the coastal salt-affected soil. Four levels
of BC (0, 7.5, 15, 30 t ha−1), two levels of FA (0, 1.5 t ha−1) and BS suspension (0, 108 CFU mL−1)
were designed during the maize cultivation. The results showed that 30 t ha−1 BC treatment was the
most beneficial for improving the soil qualities. The grain yields in treatments containing FA and BS
were lower than that in the BC treatments, and they were lower than that in the CK treatment. The
treatment of 15 t ha−1 BC + BS obtained the highest grain yield, which was 1.75 times more than CK.
An antagonism effect of the combination of FA and BS induced a grain yield decrease, and a higher
content application of BC alleviated the negative effects.

Keywords: biomaterial; maize; soil organic carbon; soil salinity; yield

1. Introduction

Soil salinity is the main obstacle factor in developing farmland in a coastal tidal flat
reclamation region. The way to address this challenge will be a long-term mission. Efforts
have been made to control soil salinity by various technological means, including physical,
hydrological, chemical, biological techniques and combined remediation techniques. Soil
conditioner is a mixture of various substances, which has great potential in salt removal [1],
promotion of crop growth [2], improvement of crop quality and amelioration of soil cul-
ture [3]. The present study pertains to the soil conditioner and provides more information
about it for further research.

Biochar (BC) is a classic type of charcoal, which is produced by heating wood, crop
waste or other biomass in a tightly closed container with little or no available air at rela-
tively low temperatures (<700 ◦C) [4]. As an agricultural amendment, the use of biochar
has attracted much attention for the coastal amelioration of saline-alkali soil. Biochar is
commonly alkaline; it can be used to increase the pH in acidic soils [5]. Although the
properties of biochar effects are limited by the reaction vessel, the original organic material,
the heating rate, the highest temperature and the holding time of pyrolysis, porosity and a
stable structure are its common properties. In addition, carbonates are the major alkaline
components in biochar, its metal cations being generated from the different feedstock [6].
Therefore, we can take advantage of its porosity and stability properties for saline-alkali
soil conditions improvement after reducing its carbonate content.

Fulvic acid (FA) is a water-soluble humic material, which is well known as a kind
of plant biostimulant for enhancing nutrient uptake and growth by the plant, controlling
soil-borne diseases and improving soil condition. Bacillus subtilis (BS) is beneficial for plants
by promoting growth and inducing disease suppression [7–9]. The strain has the ability to
adapt to the soil environment by exchanging linked blocks of genes and maintaining gene
diversification [10]. The isolation of halotolerant Bacillus subtilis was conducted in many
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research works, and it has been proven that it exerts positive effects on the physiology
characterization of plants under salinity stress [11].

Each year, China produces approximately 800 million tons of agricultural straw, but
almost 40 percent is burned in the fields as waste [12]. The biochar produced from these
agricultural residues could be applied to agricultural land for an efficient use of resources,
which could also help reach the goals of carbon reduction and sequestration. Maize is one
of the most important cereal crops in the world as a salt-sensitive crop [13]. The promising
material ‘biochar’ and fulvic acid could be added into soil with maize plantations, and then,
the influence of different treatments on soil properties and the physiological character of
the plants could be compared. Maize planting experiments would be an effective approach
to improve the soil habitat and develop coastal area agriculture.

Therefore, our objective for the study was to investigate the effects of biochar, fulvic
acid and Bacillus subtilis on soil properties and maize agronomic characteristics. We hypoth-
esized that biomaterial additions would improve plant performance in the coastal tidal flat
region and provide assistance for saline agricultural development by using the optimal
result of the research.

2. Materials and Methods
2.1. Experimental Site and Soil

The field experiment was conducted in Huanghaiyuan Farm (32◦38′42.01′′ N,
120◦54′8.04′′ E), which is located in Jianggang village of Dongtai city, Jiangsu province,
China. The experimental field was reclaimed in 2005, and it is approximately 2 km away
from the coastline of the China Yellow Sea. The climate of the study area is subtropical, and
it is influenced by the transition, oceanity and monsoon, with large seasonal fluctuations
in temperature and rainfall as well. The mean annual precipitation in the study area is
1042 mm, occurring mostly during the rainy season from June to September, which is
about 70% of the annual precipitation. The mean annual evaporation is 1417 mm, and the
average annual temperature, wind velocity and relative humidity are 14.6 ◦C, 3.3 m s−1

and 81%, respectively.
In the study area, marine deposits are the main soil parent materials, and soil salinity

is known as the main barrier factor. The soil in the study area is typical coastal saline soil in
east China. Silty loam is the predominant soil type in the study area because it has a poor
soil environment, such as low porosity (42%), high infiltration and soil impedance (cone
index 4.86 Mpa), as well as low organic matter content (3.2 g kg−1).

2.2. Characterization of Biochar, Fulvic Acid and Bacillus Subtilis

Biochar was derived from wheat straw residue by temperature treatment at 350–550 ◦C
and a furnace residence time of 8 h in a biogas energy pyrolysis system (Sanli New Energy.
Ltd., Xinxiang City, China). It contained 467 g kg−1 organic carbon, 0.6 g cm−3 bulk density
with a surface area of 8.92 m2 g−1 and a cation exchange capacity of 21.7 cmol kg−1. The
pH and EC values of biochar were 10.41 and 1.01 ds m−1, determined at 1:20 biochar to
deionized water extraction (GB/T 12496.7 1999), respectively.

FA was produced by Hongtudi Humic Acid Company in JiangXi Province. The FA was
produced using straws—first by cutting the wheat straw to average 0.5 cm fragments, then
combining the straw with microbial fermentation and adjusting the pH of the combination
to 7.5. After 2 weeks of cultivation, the liquid was extracted, and a 0.1 mol L−1 NaOH
solution was added to obtain the sediments, which were then left to set for 1 h. The FA
powder was produced by passing the sediments through 100 meshes. The pH value of
FA measured in the extraction deionized water was 5.65; the water was 1:5 FA. Otherwise,
the Bacillus subtilis was purchased from Kelvfeng Biochemistry Science and Technology
Company in Baoding city. It was produced starting from the test tube strain. The culture
was increased by step expansion, and finally, Bacillus subtilis was fermented by a mechanical
stirring tank. The cultivation media consisted of wheat straw, sugar, protein, water and salt
solutions. The Bacillus subtilis agent had approximately one billion live bacteria per gram.
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2.3. Experimental Design

A field experiment design was established in June 2015 using a completely randomized
factorial design to investigate the effects of applying different proportions of BC and/or FA
and/or BS on the properties of soil and on the growth and productivity of maize. Some
measures were implemented to reduce the salinity of biochar. Firstly, we ground the biochar
to pass it through a sieve of 2 mm and soaked the biochar in deionized water for 24 h and
stirred it for some time before filtrating the water. Then, we wetted the biochar to 25%
(w/w) to prevent the ashes from floating away. The FA were sprayed on a BC surface with
the treatment design containing BC and FA. Bacillus subtitles was used for the treatment of
maize seeds, and the seeds were soaked in the bacterial suspension incubated at 27 ◦C for
2 h [14]. The seeds were air-dried after BS incubation for sowing in the soil.

Four levels of biochar were designed in the study: 0 t ha−1, 7.5 t ha−1, 15 t ha−1 and
30 t ha−1. The amount of FA was 0, 1.5 t ha−1, and the concentration of the BS suspension
was 108 CFU ml−1. A summary of the treatments is provided in Table 1. Each treatment
was designed in triplicate, and each plot was arranged in a completely randomized block
design. Each plot of 4 × 4 m in the area was separated with a drainage ditch 30 cm in
width and 20 cm in depth. The treated biochar was spread on the soil surface, and then, we
mixed it into the uppermost 15 cm of the soil within a plow. The FA was used in the soil
following the same treatment procedure as BC treatments, which contained the FA without
BC. The treatment group underwent the same tillage treatment as the plots with biochar.
A week after amending the biochar in the soil, the maize cultivar Changjiangyv-9 was
directly sown in each plot after treatment with the bacterial suspension. The sowing depth
was 5–6 cm. The crop management was normal, and no irrigation was applied during
the cultivation. Inorganic fertilizers were used in the experiment; total N, P fertilizers
were applied at the rates of 240 kg N ha−1 and 135 kg P2O5 ha−1 in the forms of urea and
monoammonium phosphate (MAP). A graphical representation of the experiment design
is shown in Figure 1.

Table 1. The experimental treatments and their coding.

Medium
Treatments

Biochar (t ha−1) Fulvic Acid (1.5 t ha−1) BS Suspension Soak Seed

CK 0 N N
T1 0 N Y
T2 0 Y N
T3 0 Y Y
T4 7.5 N N
T5 7.5 N Y
T6 7.5 Y N
T7 7.5 Y Y
T8 15 N N
T9 15 N Y

T10 15 Y N
T11 15 Y Y
T12 30 N N
T13 30 N Y
T14 30 Y N
T15 30 Y Y

Note: The ‘Y’ represents the design implemented in this treatment; ‘N’ represents the design not implemented in
this treatment. BS: Bacillus subtilis.
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Figure 1. The experimental design of biomaterials obtained from straws for saline soil amelioration.

2.4. Sampling, Measurements and Analyses

Soil samples (0–20 cm) were collected by using a soil auger in each plot before applying
the BC and FA, then air-dried and ground to pass through a 0.25 mm sieve for the soil
organic C (SOC) analysis. The undisturbed soils (0–10 cm) were sampled with a ring
knife to measure the bulk density (BD). The average values of soil water content (WC),
soil saturated water content (SWC), capillary water holding capacity (CHC), soil total
porosity (STP), capillary porosity (CP) and noncapillary porosity (NP) were measured by
the ring knife test method. After planting maize, we took soil samples (0–20 cm) four times
during the growth period to measure soil electrical conductivity (EC) and acidity (pH). The
sampling periods were the seedling period (10 June), the elongating period (2 July), the
tasseling period (28 July) and the ripping period (15 September), respectively. Subsequently,
the samples were air-dried and passed through a 1 mm mesh sieve. During the ripping
period, soil samples were obtained by a soil auger and a ring knife for the SOC and BD
measurements. The saturated water content and field water capacity were measured with
the ring knife. For measuring the maize growth characters, the heights of ten plants in each
plot were recorded, and their grains were collected.

The parameters of SOC, BD, WC, TP and CP were determined as follows. The SOC was
measured with the K2Cr2O7-H2SO4 oxidation testing method [15]. The EC and pH were
measured at a solid/water ratio of 1:5 by a pH meter (pH 211 microprocessor pH meter,
HANNA, Woonsocket, RI, USA) and an EC meter (EC 215 conductivity meter, HANNA,
Sarmeola di Rubano, Italy). The soil bulk density (BD) and soil water holding capacity
(SWC and CHC) were measured with the ring-cutting method (diameter and height of the
ring knife were 5 and 5 cm, respectively) [15]. Total porosity (TP) was calculated from the
bulk density and particle density (assumed to be 2.65 g cm−3), calculating the capillary
porosity (CP) and noncapillary porosity (NP) as well. For maize yield measurement, the
grains in each plot were collected and weighed after drying at 65 ◦C.

2.5. Statistical Analyses

All data were analyzed using SPSS (Statistical Product and Service Solutions) 19.0
(IBM company, New York, NY, USA) for Windows software. Significant differences for all
data were tested with one-way ANOVA analysis followed by least significant differences
(LSD) at p < 0.05.
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3. Results
3.1. Soil Properties
3.1.1. Soil Bulk Density

More biochar addition had stronger interactive effects on the soil bulk density. In all
treatments, only T12, T13, T14, T15, which were treated with 30 t ha−1 biochar, decreased
the BD by 4.47%, 4.62%, 0.02% and 3.59%, respectively. No significant differences (p > 0.05)
were found between T5 (BC 7.5 t ha−1 + BS), T9 (BC15 t ha−1 + BS) and T12 to T15. Biochar
addition was the major factor, which reduced the BD of soil. Treatments with 15 t ha−1

biochar (T8, T9, T10, T11) increased the BD by 7.59%, 6.29%, 5.33% and 8.41%, separately.
T2 (1.5 t ha−1 Fulvic acid) resulted in the highest improvement rate of 8.49% of BD, which
increased from 1.30 g cm−3 to 1.41 g cm−3. The average growth rate of BD compared with
the initial value of different biochar dosages of 0, 7.5, 15 and 30 t ha−1 was 5.39%, 4.17%,
6.91% and −3.17%, respectively (Figure 2).
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Figure 2. Soil bulk density (BD) of different treatments after maize planting. The error bar is standard
deviation, and the different letters indicate significant difference under different treatments during
maize ripping at p < 5%.

3.1.2. Soil Water Content, Saturated Water Content, Capillary Water Holding Capacity,
Soil Porosity

During the maize ripping period, treatments with 30 t ha−1 biochar had larger values
in WC, SWC, CHC, STP, CP and NP than other treatments. Biochar addition improved the
soil water holding capability and soil porosity. Compared with the initial value, the WC
and CP were lower among all treatments, and the NP was larger than the other parameters.
Experimental incubation improved the soil properties through restricting salt accumulation
in soil surface layer along the capillary. Lower biochar level (0, 7.5 and 15 t ha−1) could
not increase SWC, CHC and STP, but all values were larger than CK, and T12, T13, T14,
T15 with 30 t ha−1 biochar addition showed the most appealing effects. T12 (30 t ha−1 BC)
had the highest WC, SWC, CHC, STP and CP of 26.47%, 38.31%, 35.03%, 54.32% and 42.4%.
The NP of all treatments was 1.75 to 3.85 times larger than the initial value, T10 (biochar
15 t ha−1 + fulvic acid 1.5 t ha−1), with the highest NP of 17.85%. The WC of T6 (biochar
7.5 t ha−1 + fulvic acid 1.5 t ha−1) reached a saturation situation and accounted for 92.18%
per cent of SWC, and the WC of T12 (biochar 30 t ha−1) resulted in a minimum rate of
69.08% (Table 2).
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Table 2. The average value of soil water content (WC), soil saturated water content (SWC), capillary
water holding capacity (CHC), soil total porosity (STP), capillary porosity (CP) and noncapillary
porosity (NP) measured in different treatment plots compared with the initial values of soil properties.

Treatment WC (%) SWC (%) CHC (%) STP (%) CP (%) NP (%)

CK 15.69 18.41 17.65 42.36 26.96 15.40
T1 21.62 25.49 24.06 45.41 34.81 10.60
T2 18.99 24.23 22.66 43.25 34.07 9.18
T3 20.57 24.90 23.25 45.26 33.72 11.54
T4 16.69 22.04 20.88 46.52 29.59 16.93
T5 24.01 30.46 28.52 49.20 38.39 10.81
T6 20.11 21.82 20.95 42.91 31.70 11.21
T7 23.50 26.68 24.58 45.38 35.57 9.81
T8 25.19 29.45 28.04 46.98 39.39 7.59
T9 23.60 26.58 24.80 46.94 34.87 12.07
T10 25.85 30.40 23.05 49.00 31.15 17.85
T11 23.20 26.28 25.24 44.74 36.96 7.78
T12 26.47 38.31 35.03 54.32 42.40 11.92
T13 22.16 30.11 26.79 50.39 35.22 15.17
T14 22.69 26.07 24.57 45.53 35.47 10.06
T15 25.32 33.36 28.96 51.85 36.95 14.90

Initial Value 28.12 33.29 32.36 48.31 44.30 4.00

3.1.3. EC, pH

The EC in different maize growth periods expressed the variation trends of the soil salt
content. Soil alkalinity was determined by the soil pH. Although the initial soil salt content
was uneven, there were three fluctuations in soil salinity as the time went on. Firstly, the
EC value decreased from 10 June to 2 July and then increased until 15 September in CK,
T1, T4, T5, T8, T9, T11, T12, T13 and T15. Secondly, the EC of T2, T3 and T11 consistently
grew from 10 June to 15 September. Thirdly, the EC reduced from 10 June to 2 July, then
increased until 28 July and finally dropped by 15 September in T6, T7, T10 and T14. The
third growth period was the best time for soil salt rejection (Figure 3). The EC of T6 (biochar
7.5 t ha−1 + fulvic acid 1.5 t ha−1) on 15 September was less than that on 10 June, and it
was the most effective treatment for salt removal among all plots.

1 

 

 

Figure 3. The average value of electrical conductivity (EC) during different maize growth periods of
every third treatment plot. The EC was measured in a soil–water (1:5 w/w) solution, using an EC
meter (EC 215 conductivity meter, HANNA, Italy). Different letters indicate significant differences
between treatments at the p < 0.05 level.
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Contrary to the various variations of the EC, the pH decreased gradually, and the
values of all treatments were larger than 8.5. Moreover, in all treatments, T7 (7.5 t ha−1

BC + 1.5 t ha−1 FA + BS) had a minimal difference during the growth period (Figure 4).
Biochar addition slightly increased the pH; therefore, soil salinization and alkalinity were
the primary agricultural nature barriers in the study area, as per usual.
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Figure 4. The average value of pH during different maize growth periods of every third treatment
plot. The pH was measured at a solid/water ratio of 1:5 by pH meter (pH 211 microprocessor pH
meter, HANNA, Italy). Different letters indicate significant differences between treatments at the
p < 0.05 level.

3.2. SOC

Biochar addition had little effect on increasing SOC in T6 (BC 7.5 t ha−1 + FA), T7
(BC 7.5 t ha−1 + FA + BS) and CK (Table 3) treatments. Biochar addition rates significantly
influenced the SOC content; the order of the mean of SOC-2nd classified with different BC
dosage was 30 t ha−1 (T11,T12,T13, T14) 5.79 g kg−1 > 15 t ha−1 (T7, T8, T9, T10) 5.09 g kg−1

> 0 t ha−1 (CK, T1,T2,T3) 4.38 g kg−1 > 7.5 t ha−1 (T4, T5, T6, T7) 4.33 g kg−1. The order of
the mean of SOC2nd minus SOC1st classified with different biochar dosage was the same
as the mean of SOC2nd, with values 2.21 g kg−1 > 1.69 g kg−1 > 0.52 g kg−1 > 0.24 g kg−1.
There were no significant differences (p > 0.05) found between different BC usage plots
in the SOC2nd. Significant differences (p > 0.05) were found between T1 and T7, T3 and
T12, T7 and T12. BC combined with FA or BS had an extremely significant effect on SOC
improvement in treatments with 7.5 t ha−1 BC, but the increase extent was lower than that
in the BC treatments.
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Table 3. Soil organic carbon (SOC) measured in the no-seedling period (SOC1st) and the ripping
period (SOC2nd). Different letters in the same column indicate significant difference at p ≤ 5%.

Treatment
SOC1st (g kg−1) SOC2nd (g kg−1) SOC2nd–SOC1st

(g kg−1)Mean Standard Deviation Mean Standard Deviation

CK 5.20 a 0.43 4.67 abc 0.07 −0.53
T1 3.63 cde 0.74 4.33 ab 0.67 0.70
T2 3.42 cde 1.22 4.72 abc 0.28 1.30
T3 3.43 cde 1.38 4.09 bc 0.64 0.66
T4 4.09 abcd 0.27 4.66 abc 0.30 0.57
T5 3.71 cde 0.76 4.98 abc 0.85 1.27
T6 5.09 ab 0.14 4.38 abc 1.12 −0.71
T7 3.48 cde 0.52 3.30 c 0.89 −0.18
T8 4.13 abcd 0.61 5.86 ab 1.28 1.73
T9 3.26 cde 0.27 4.86 abc 0.89 1.60
T10 3.32 cde 1.09 4.41 abc 1.26 1.09
T11 2.86 de 0.76 5.21 ab 1.12 2.35
T12 3.60 cde 0.22 6.20 a 0.87 2.60
T13 4.24 abc 0.73 5.96 ab 1.79 1.72
T14 2.66 e 1.20 5.55 ab 2.46 2.89
T15 3.86 bcde 0.58 5.46 ab 1.40 1.61

F probability * ns
LSD (0.05) 1.29 -

Note: * Significant difference at p ≤ 0.05 level; ns, not significant; - indicates that the LSD was not calculated due
to non-significant results. Different letters in the same column indicate significant differences (p < 0.05) between
the treatments.

3.3. Plant Height and Grain Yield

The maize grain yields in BC, BC + BS, FA or BS treated plots were higher than with
other treatments. T9 (BC 15 t ha−1 + BS) produced the highest grain yield, 7.98 kg, and a
significant difference between T9 and CK was observed (p < 0.05). T3, T7, T11, T14 had no
significant differences in grain yield, and they had the lowest production with different
BC dosages compared with other treatments (Figure 5). The more BC that was added, the
higher the standard variation of the grain yield was observed. The maize height of T3, T7,
T11 and T14 showed the same properties of the grain yield, and they were the minimum
values among the four treatments with the same BC content. The BC + FA + BS combination
treatment had slight effects on improving the maize grain yield and maize height. The
maize grain yield reduced with the amount of BC added in BC + FA treatments. The grain
yield was uneven in FA with BC dosage 0, 7.5 and 15 t ha−1 treated plots. The appropriate
BC application rate and the right combination resulted in a considerable crop production,
in treatments T6 and T9, which were 67.69 and 75.39% higher than the treatment with CK.
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4. Discussion

The soil parameters measured in this paper included the bulk density (BD), soil
saturated water content (SWC), capillary water holding capacity (CHC), soil total porosity
(STP), capillary porosity (CP) and noncapillary porosity (NP), electrical conductivity (EC),
pH and soil organic carbon (SOC). Biochar addition resulting in reduced BD has been
reported in many studies. For example, the application of 5, 10, 20 t ha−1 BC in this study
brought about an average reduction of 2.86% compared with the control in paddy soil [16],
with 5 t ha−1 BC reducing the BD from 1.41 to 1.36 g cm−3 in rainfed Alfisol [17], with
woodchip biochar inducing greater decreases in BD in the coarse-textured Planosol [18],
with the 22.5 Mg/ha BC decreasing the bulk density of the alkaline cambosols by 10.3%
compared with the control [19], and the same decreasing effect was reported in a salt-
stressed cropland [20]. Although biochar possessed a larger porosity [21] and a lower
density [22] than soil [23], it was difficult to decrease the soil bulk density when the rain
induced soil hardening in this study. We found that the treatments containing 30 t ha−1

biochar decreased the BD by more than its initial value and CK as well. On the contrary,
treatments containing 0, 7.5 and 15 t ha−1 biochar addition had little effect on reducing
the bulk density (Figure 2). The water content, SWC, CHC, STP and CP in all treatments
were larger than those of CK [24–27], which increased with the biochar addition dosage
and showed no correlation with the fulvic acid addition and BS treatment (Table 2). The
pH decreased during the four-time soil sampling (Figure 4), and the result was contrary to
many pot and field experiments [28–30]. Lynne et al. [31] demonstrated that soil pH and
EC were all increased in the pot experiment with alkaline Calcisol under the application of
biochar. In the present study, increases in EC accompanied by pH reduction were found
in all treatments. Soil EC and pH under field trials were mainly affected by groundwater,
wind, sunshine, rainfall and saltwater intrusion in the study area. Soil alkalinity was
mainly influenced by the sodium carbonate content; therefore, the decreases in pH may
have been caused by the reduction in alkaline salt. Hence, the tillage method or natural
factors decreased the reduction effect of BC on soil bulk density. Firstly, the initial value was
measured before biochar addition, with no soil plowed. The soil was disturbed through
plowing and rain washing before the second soil sampling time. Secondly, the integrated
effect of the natural and human action disturbed the soil balance in the field. However,
the more biochar-amended soil had higher water holding ability and total porosity, and
lower bulk density, than the unamended control soil [32]. The SOC content can greatly
affect soil quality by maintaining and determining the important soil physical conditions,
properties and soil functions [33]. In this study, biochar amendment improved soil physical
properties. The more biochar addition, the higher the SOC content in soil. The SOC content
of treatments including biochar and fulvic acid (FA) was lower than biochar-only treatments,
which contained the same dosage. Treatments with biochar 15 t ha−1 and fulvic acid even
resulted in lower SOC than the initial value. The stimulation of FA activated the microbial
activities [34] and accelerated the decomposition of biochar. The effect and the change of
microbial activity under the BC and FA treatment were reported by Rutigliano [35]. The
study shows that after approximately four months in one maize growing season, microbial
activity increased immediately in a short time. Biochar and humic acid amendments could
improve the microbial biomass C of the growth media, and it accelerated soil carbon
consumption [36].

The crop growth response to treatments mainly depends on the properties of the
biochar [37], Bacillus subtilis [8] and fulvic acid [38], climatic conditions [39], soil condi-
tions [40], underground water, irrigation and drainage system [41], cultivation method [42],
crop type and crop variety [43]. In this study, the maize height and grain weight were
merely affected by the amount of biochar with or without FA and BS combination. The
FA + BS and BC + FA + BS treatments obtained a lower grain yield than other treatments
within the same biochar addition. Seeds were sown a week after biochar was plowed into
the soil, and this indicated that FA and BC + FA treatments inhibited the growth of maize
seedling after BS pretreatment. Bakry [44] reported that humic acid + mycorrhiza + biochar
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treatment had a significantly superior effect on many agronomic characteristics than other
combinations. Sun [45] found that all biochars were able to support Bacillus mucilaginosus
to peat at densities analogous to the population. The adsorption of FA onto BS was strongly
pH dependent, and it would separate with the soil pH improvement. The lower absorption
of FA when compared with humic acid may be affected by its lower hydrophobicity [46];
therefore, this indicated the antagonism effect between FA and BS, which inhibited crop
nutrition adsorption, and biochar addition ameliorated the unhealthy soil situation and
increased the grain yield (Figure 5).

5. Conclusions

The field experiment showed that the three biomaterial—biochar, fulvic acid and
Bucillus subtilis—application affected the soil properties and the characteristics of maize.
The bulk density increased in the control group and lower biochar addition plots, and
total porosity decreased by more than the initial value in control plots. This phenomenon
indicated the soil degradation tendency during the plant cultivation period in the study area.
Soil organic carbon increased with more biochar addition. Soil salinity and alkalinity were
mainly affected by the natural environment, and the pH decreased with the EC increasing.
Biochar and other measures improved the quality of the soil and provided benefits for
maize growth. The antagonism effects in FA and BS combination treatments resulted in a
lower grain yield and plant height, but BC addition improved the soil physical properties
and soil aeration, thus increasing soil production. To extend our work in investigating the
biological factors related to plant growth, the underlying mechanisms of aged biochar and
other biomaterials affecting the soil microbial composition in plant rhizosphere need to
be researched.
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