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Effect of Different Amounts of Biochar on Meadow Soil
Characteristics and Maize Yields Over Three Years

Zhihui Wang,? Chunshuang Tang,? Hongyi Wang,? Changjiang Zhao,? Dawei Yin,?
Ye Yuan,*¢ Kejun Yang,? and Zuotong Li®*

To evaluate the effect of biochar on soil characteristics and maize yields
in meadow soil, a three-year field experiment was performed using
different amounts of biochar (0, 10, 20, 40, and 80 t/ha). The soil pH
decreased over time when biochar was applied to weakly basic soil. Single
biochar applications increased the organic carbon, total nitrogen, available
K, and cation exchange capacity for three continuous years, in proportion
to the amount of biochar applied. However, as time progressed, the soil
organic carbon, total nitrogen, available K, and cation exchange capacity
began to decrease. The biochar stimulated the availability of soil
phosphorus in the meadow soil and stably increased the available P
content in the soil for three years. For maize, the biochar application
decreased the occurrence of barren ear tips and increased the ear length,
grain number per row, 100-kernel weight, and yield. When the single
applications of biochar were greater than 40 t/ha, the soil characteristics
showed continuous improvements and the maize yields stably increased
for three years.
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INTRODUCTION

Heilongjiang province is a major agricultural region in China with large maize
cultivation areas, although their yields are generally low. In recent years, frequent spring
droughts, severe soil compaction, plow layer thickening, and poor permeability have
severely limited the sustainable development of agriculture in this region. As food demand
continues to increase, it is imperative to ensure food security by improving the soil
structure, regulating soil fertility, and increasing soil nutrient utilization, to develop an
efficient farmland ecological environment. The province is also rich in straw resources,
with an annual straw yield of 80 to 90 million tons. Approximately 30% of the straw is
incinerated as waste. This not only wastes resources but also affects the ecosystem balance
in farmlands. It reduces soil input, decreases farmland fertility, and increases greenhouse
gas emissions, which cause severe smog. Therefore, it is important to develop methods for
utilizing these ample straw resources, along with eco-friendly and energy-saving
technologies that reduce emissions, allow for low-carbon recycling, and ensure the
sustainable development of agriculture.
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In recent years, biochar has attracted attention across the agricultural sector. The
term ‘biochar’ refers to stable, high-carbon products from agricultural waste (such as straw)
that have undergone high-temperature pyrolysis in anoxic or hypoxic conditions (Lehmann
et al. 2006). Biochar possesses a highly aromatic structure with a high content of carboxylic
esters. Moreover, it is porous, with a large specific surface area, strong adsorption
capabilities, substantial amounts of surface negative charges, and high charge density
(Lehmann et al. 2011; Yin et al. 2014).

Biochar can be used as an ideal soil conditioner, as its application can decrease bulk
density and nutrient leaching and increase soil porosity, aeration, water holding capacity,
soil organic matter content, and cation exchange capacity (CEC); it can also increase the
adsorption of nitrogen, phosphorus, and potassium, as well as fertilizer utilization rates
(Glaser et al. 2002; Oguntunde et al. 2008; Lehmann and Joseph 2009; Bruun et al. 2014;
Rehrah et al. 2016). Meanwhile, biochar can promote crop growth, increasing the amount
of available biomass, crop yields, and overall quality (Mohammadi 2012; Liang et al. 2014;
Jinet al. 2015).

Previous studies of biochar on soil amelioration have focused on acidic soils
(Novak et al. 2009; Hong 2018; Lin 2018), and few studies have focused on semi-arid
saline-alkali soils. Most of the previous research has also focused on the effects of biochar
during the growing season (Zhang et al. 2010; Akhtar et al. 2015), with few studies
showing that a single application of biochar can have consistent beneficial effects for
multiple years after its application.

In this study, a 3-year field experiment was performed to examine the effects on
soil physiochemical properties and maize yields, when different amounts of straw biochar
in single application treatments, were applied to semi-arid meadow soil in the western
Heilongjiang province of China. The aim was to determine a workable quantity—effect
relationship for biochar in maize production, while simultaneously investigating the
effective duration of the biochar. The results from this investigation will improve the ability
to sustainably utilize semi-arid agricultural soils.

EXPERIMENTAL

Materials and Design

The study was conducted from 2014 to 2016 at the experimental base of
Heilongjiang Bayi Agricultural University in western Heilongjiang province (Daging,
China). The maize variety used was Zhengdan 958. The 0 to 20 cm plow layer of the soil
used had the following characteristics: a pH of 7.84, an organic matter content of 27.59
g/kg, a total nitrogen content of 1.72 g/kg, an alkaline hydrolysable nitrogen content of 120
mg/kg (1 mol/L NaOH hydrolysis-titration), an available P content of 12.25 mg/kg, and an
available K content of 132.93 mg/kg. The experimental biochar material was provided by
Liaoning Jinhefu Agriculture Development Co. (Anshan, China). The raw material for
pyrolysis was maize straw (Liaodan). The pyrolysis conditions were 450 °C for 2 h, and
the detailed charring method can be found in the Chinese patent CN 102092709 B (Chen
2012). The basic physiochemical characteristics of the biochar were as follows: a pH of
7.94, an organic carbon content of 440.6 g/kg, a total nitrogen content of 15.34 g/kg, a total
phosphorous content of 7.81 g/kg, and a total potassium content of 16.82 g/kg.
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A randomized plot design was employed for the experiment, in which five
treatments were set up. These treatments included applying biochar at 0 t/ha (CK), 10 t/ha
(C10), 20 t/ha (C20), 40 t/ha (C40), and 80 t/ha (C80). Each treatment was completed in
triplicate and there were 15 treatments in total. Each plot had six rows, 15-m in length. The
area of each plot was 58.5 m2. The cultivation method employed was 0.65-m uniform ridge
cultivation. The cultivation density was 75,000 plants/nm?. Other field management
measures were performed based on the measures for high-yielding maize-cultivated fields.

In 2014, all the biochar treatments were applied once by broadcasting on the surface
of the soil before the seeds were sown. After manual plowing, a rotary tiller was used for
uniform mixing of the soil from 0 to 20 cm depths. Each year, the same amount of fertilizers
was added before sowing the seeds, i.e., 101.25 kg N/ha, 112.5 kg P2Os/ha, and 78.75 kg
K20O/ha, and another 67.5 kg N/ha was added as topdressing fertilizer when the plants had
twelve expanded leaves. Urea (Jingbohu/N 46%, Heilongjiang Beifeng Agricultural
Production Means Group Co., Ltd.,, Harbin, China), diammonium phosphate
(Fengbeiling/P20s 46%, Heilongjiang Beifeng Agricultural Production Means Group Co.,
Ltd., Harbin, China), and potassium sulfate (Lesuoshi/K.O 50%, Heilongjiang Beifeng
Agricultural Production Means Group Co., Ltd., Harbin, China).

Sample collection and measurement

From 2014 to 2016, soil samples were collected during the seedling, jointing,
tasseling, wax-ripening, and full-ripening stages of the maize plants. Topsoil samples (0—
20 cm depth) were collected from each treatment. Five soil cores were collected using a 3-
cm diameter auger from each treatment and mixing the material into one composite
sample. Soil samples were sieved through a 2-mm mesh sieve to remove roots and small
rocks. The soil was air-dried in cloth bags before analysis. The soil organic carbon was
quantified using the potassium dichromate volumetric method. For total nitrogen, H2SO4
was used as an accelerator for digestion, and then the Kjeldahl analytic method was used.
Soil available P was extracted with 0.5 M sodium bicarbonate and analyzed using the
molybdenum blue-ascorbic acid method. Soil available K was quantified using 1 mol/L of
ammonium acetate extraction-flame photometry. The cation exchange capacity was
determined via 1 mol/L NaOAc extraction followed by flame photometry (Bao 2000). To
determine the yield, maize ears from each treatment group were harvested by hand from
each plot at crop maturity at the end of September from 2014 to 2016. The ear length,
kernel number per row, and 100-kernel weight were measured from 20 representative
maize ears. The grain water content was determined, followed by the yield per hectare.

Data analysis

The data were summarized as means and standard deviations (SD) of the means
using Excel 2013 software (Microsoft, Redmond, WA, USA). A one-way analysis of
variance (ANOVA) was performed to determine the statistical significance (p < 0.05; n=
3) of the treatment effects using SPSS 21.0 software (IBM, Armonk, NY, USA). Duncan’s
new multiple range test was used for significance analysis. When considering the
differences between years, a two-way analysis of variance was used with the different
biochar treatments and the sampling years as the two fixed factors. GraphPad Prism 7
software (GraphPad Software, San Diego, CA, USA) was used to plot the graphs.
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RESULTS AND DISCUSSION

Effects of Different Biochar Application Amounts on Meadow Soil Organic
Carbon

As shown in Table 1, the biochar significantly affected the soil organic carbon
content during the different stages of maize growth (p < 0.01). Compared with the CK
treatment, the C80 treatment significantly increased the 3-year soil organic carbon content
in various stages; the C40 treatment significantly increased the soil organic carbon content.
The C20 and C10 treatments resulted in varying degrees of increase in the soil organic
carbon content, compared with the CK treatment. Therefore, the application of biochar
could increase soil organic carbon content proportional to the amount of biochar applied.
In 2014, the initial biochar applications were made, and the soil organic carbon content

increased the most, and then gradually decreased over time. (Table 2).

Table 1. Effects of Different Application Amounts of Biochar on Soil Organic
Carbon from 2014 to 2016

Year | Treatment Soil Organic Carbon (SOC; g/kg)
Seedling Jointing Tasseling Wax-ripening Full-ripening
Stage Stage Stage Stage Stage
2014 CK 15.52 + 15.80 + 18.69 + 0.73° | 17.24 +0.15° | 16.24 +0.14°
0.21¢ 0.63¢
C10 16.65 + 17.62 + 19.78 £ 2.70° | 19.01 +1.61° | 16.02 + 0.90°
0.35% 1.03°
C20 18.20 = 19.52 20.98 £ 0.33" | 18.46 +2.79" | 18.60 + 2.312
0.09¢ 0.19°
C40 22.16 = 21.04 = 20.46 +£2.07° | 22.77 +3.87%* | 19.88 + 1.162
1.02° 0.212
Cc80 24.74 2165+ 24.74 £ 0.36% | 24.54 +2.59 | 20.70 £ 0.12°
2.472 0.632
2015 CK 13.59 = 15.12 + 16.22 £ 0.19° | 15.55+0.28° | 14.66 + 0.52°
0.19¢ 0.72¢
C10 15.06 15.57 + 15.72+1.41° | 16.71+1.57° | 15.86 + 0.49"°
0.43¢ 0.77¢
C20 16.90 = 17.60 19.17 £+ 0.61° | 15.85+0.30° | 15.65 + 0.13"°
0.12¢ 0.30°¢
C40 20.43 = 19.56 17.09 + 21.92 +1.30° | 17.00 £ 0.79°
0.48° 0.90° 0.65"
Cc80 24.60 = 36.76 + 27.67 £2.45% | 26.78 +£0.61* | 23.49 £ 1.302
0.502 0.442
2016 CK 13.49 13.57 £ 15.04 +2.00° | 14.07 £0.51¢ | 14.68 + 1.79°
0.30¢ 0.44¢
C10 16.21 + 20.64 + 15.26 +0.76° | 15.35+0.37¢ | 15.24 +0.77°
0.42°¢ 0.712
C20 16.83 14.95 + 15.66 +0.96° | 16.63 +0.17° | 15.55+0.61°
0.18¢ 0.77°
C40 19.39 15.96 + 21.14+0.79% | 16.89 +0.64° | 18.08 + 0.34%
0.61° 0.90°
Cc80 20.12 + 2142 + 19.66 £ 0.772 | 20.80£0.892 | 19.74 +0.712
0.362 0.802

Different letters after values in the same column indicate that the inter-treatment differences were
significant (p < 0.05)
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Table 2. Two-way Analysis of Variance of Soil Properties by Biochar and Years

Source of
variaion | SOC ™ AP AK pH CEC
Year Fkk *kk ns *kk *kk *kk
Biochar sl Kk Kk Kokk * *kk

SOC: organic carbon; TN: total nitrogen; AP: available phosphorus;
AK: available potassium; CEC: cation exchange capacity
Note: ns = not significant; * = p < 0.05; ** = p < 0.01; ** = p < 0.001

Effects of Different Amounts of Biochar on Meadow Soil Total Nitrogen

As shown in Table 3, the biochar significantly affected the soil total nitrogen
content during the different growth stages of the maize (Table 2). The C40-, C20-, and
C10-treated soils slightly increased soil total nitrogen compared with the CK treatment, but
these differences were not significant. Compared with the CK treatment, the C80 treatment
significantly increased the soil total nitrogen during the different stages within the 3-year
period. This shows that the application of biochar could increase soil total nitrogen content.
Additionally, as the amount of biochar applied increased, soil total nitrogen content also
increased; however, it also gradually decreased as time progressed.

Table 3. Effects of Different Application Amounts of Biochar on Meadow Soill
Total Nitrogen from 2014 to 2016

Year | Treatment Soil Total Nitrogen (g/kg)
Seedling Jointing Tasseling Wax- Full-ripening
Stage Stage Stage ripening Stage
Stage
2014 CK 1.29 +0.07° | 1.36 £ 0.02° | 1.38 £ 0.02° | 1.37 £0.01° | 1.31 + 0.01¢
C10 1.37 £0.02° | 1.39 £ 0.02° | 1.38 +0.04° | 1.35+0.01°¢ | 1.32 + 0.04¢
C20 1.43+0.01° | 1.40 £0.02° | 1.42 +0.03° | 1.42 +0.01° | 1.40 +0.02°
C40 1.47 £0.20° | 1.73+0.07° | 1.70 £ 0.02° | 1.68 + 0.02% | 1.49 + 0.02°
C80 1.82£0.022 | 1.95+0.022 | 1.92 +0.072 | 1.71 £ 0.05% | 1.59 + 0.042
2015 CK 1.30 £ 0.01° | 1.37 £0.08° | 1.39 +0.04° | 1.33 +0.02° | 1.36 + 0.03°
C10 1.30 £ 0.02° | 1.40 £0.03° | 1.38 £ 0.02> | 1.39 + 0.02° 1.44bi
0.07"°
C20 1.35+0.09° | 1.45+0.02° | 1.40 + 0.05 | 1.38 + 0.05¢ 1.46bi
0.08
C40 1.55+0.03° | 1.60 £ 0.05" | 1.70 + 0.022 | 1.61 +0.08" | 1.49 + 0.02°
C80 1.74+0.09% | 1.91+0.06% | 1.73+0.072 | 1.70 £ 0.03® | 1.72 + 0.042
2016 CK 1.26 £ 0.02° | 1.30 £ 0.02° | 1.29 + 0.01° | 1.34 +0.02° | 1.31 +0.03¢
C10 1.34+0.01° | 1.33+0.02° | 1.34 +£0.01° | 1.33 +£0.03° | 1.35 + 0.05¢
C20 1.30bi 1.35+0.04° | 1.34 +£0.05° | 1.37 £ 0.03° | 1.34 +0.01°
0.04%¢
C40 1.50 + 0.04% | 1.56 + 0.04% | 1.46 + 0.02° | 1.45+0.02° | 1.42 + 0.02°
C80 1.49+0.012 | 1.52+0.022 | 1.53 +0.05% | 1.52 + 0.03® | 1.50 + 0.01?
Different letters after values in the same column indicate that the inter-treatment differences
were significant (p < 0.05)
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Effects of Different Amounts of Biochar on Meadow Soil C/N

As shown in Table 4, except for the tasseling, wax-ripening, and full-ripening
stages in 2014, which did not have any significant differences, the other stages in the other
years all showed significant differences in soil C/N. In particular, the soil C/N values for
the different developmental stages of 2015 were highly significant. The mean C/N values
of soil with biochar applied in 2014, 2015, and 2016 were 13.2, 12.9, and 12.5, respectively,
which were greater than those for the untreated soil in the corresponding years by 6.47,
16.85, and 15.21 %, respectively. This showed that the biochar application promoted soil
C/N, but to varying degrees.

Table 4. Effects of Different Application Amounts of Biochar on Meadow Soil C/N
from 2014 to 2016

Year p-value
Baseline Seedling Jointing Tasseling Wax- Full-
Stage Stage Stage ripening ripening
Stage Stage
2014 0.032* 0.001** 0.0711m 0.6790™ 0.5040m

2015 | < 0.0001*+* | 0.0002*** < 0.0001*** | 0.0001*** 0.0008*** 0.0004***
2016 0.0197* < 0.0001*** | < 0.0001*** 0.0120* < 0.0001*** 0.0140*
Note: ns = not significant; * = p < 0.05; ** = p < 0.01; *** = p < 0.001

Effects of Different Amounts of Biochar on Meadow Soil available P and
available K

As shown in Figs. 1 to 3, the biochar application increased soil available P content
during the different growth stages. The C80 and C40 treatments significantly increased the
soil available P content, and this effect was maintained for the 3-year period. As shown in
Figs. 4 to 6, as the amount of biochar applied increased, the soil available K content also
increased. In 2014, the soil available K content during various stages under the C80, C40,
C20, and C10 treatments were all significantly greater than that under the CK treatments.
In 2015, the soil available K content during the various stages under the C80, C40, and
C20 treatments were all significantly greater than that under the CK treatment.
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Fig. 1. Effects of different biochar treatments on meadow soil available P in 2014
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Fig. 3. Effects of different biochar treatments on meadow soil available P in 2016
EE CK = C10 &5 C20 mm C40 C80

400

—_ 2014
(=]
=
g 300 | g 2
X b
(]
= 2004 b
g Cc d ¢ i
= d =
g d =
& 100 =
'S =
@ =

0- ==

Baseline Seedling Jointing Tasseling  Wax-ripening Full-ripening

Fig. 4. Effects of different biochar treatments on meadow soil available K in 2014

In 2016, only the C80 and C40 treatments significantly promoted soil available K
during the different growth stages when compared with the CK treatment. A two-way
ANOVA found that the year had significant effects on soil available K content (Table 2).
The soil potassium content in soils during the full-ripening stage of maize growth decreased
as time progressed over the 3 years.
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Fig. 6. Effects of different biochar treatments on meadow soil available K in 2016

Effects of Different Amounts of Biochar on Meadow Soil pH

As shown in Fig. 7, the effects of different application amounts of biochar on soil
pH were as follows: The different biochar treatments applied in 2014 significantly
increased soil pH.
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This may have been because the high pH of the biochar itself affected the soil pH.
In 2015 and 2016, the pH values of the different treatments and CK did not show any
significant differences, and the pH values in these two years were lower than the pH in
2014. This may have been because there was greater precipitation (551.4 mm) in 2015, and
the application of biochar increased soil porosity, which would increase soil permeability
in the plow layer, and remove some salts, thereby decreasing the pH. Another cause may
have been the highly porous structure of biochar and its extremely strong adsorption
capability, which adsorbs some salt ions and decreases pH.

Effects of Different Amounts of Biochar on Meadow Soil CEC

Soil CEC is important for assessing the soil’s fertility-preservation capabilities,
improving soil quality, and for rational fertilizer application. An increase in soil CEC can
enhance nutrient soil retention, increase soil nutrient utilization rates, and improve soil
quality. As shown in Fig. 8, the CEC of various treatments in 2014 were significantly
greater compared to the CK and increased as the amount of biochar applied increased. The
cation exchange capacity was greatest under the C80 treatment, 18.3% greater than that
under the CK treatment. In 2015, the different biochar treatments on soil CEC still showed
significant promoting effects. The CEC of the C80 treatment was the greatest and was
significantly greater than the other biochar treatments. This significant promoting effect
was also observed in 2016. Comparisons of the CEC values over the 3 years showed that
the CEC slightly decreased as time progressed.
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Fig. 8. Effects of different application amounts of biochar on meadow soil CEC from 2014 to 2016

Effects of Different Amounts of Biochar on Maize Yields

Figure 9 shows the effects of the different amounts of biochar on maize yields. In
2014, the greatest yield was observed with the C40 treatment, followed by the C80
treatment. Compared with the CK treatment, the two treatments increased the maize yields
by 41.2% and 36.9%, respectively; however, the difference between the two treatments
was not significant. The effects of different amounts of biochar on the maize yields in 2015
followed the same trends as those in 2014. In 2016, the maize yields were the greatest in
the C80 treatment, which had an increase of 42.1% compared with that of the CK treatment.
This was followed by the C40 treatment, which had an increase of 28.5% compared with
that of the CK treatment. However, the difference between the two treatments was not
significant. The C20 treatment did not show any significant promoting effects on the yield.
This showed that high amounts of the biochar (C40 and C80) had continuous promoting
effects on the maize yields.

Wang et al. (2019). “Biochar effects on soil & maize,” BioResources 14(2), 4194-4209. 4202



PEER-REVIEWED ARTICLE

bioresources.com

CK EE{ C10 E3 C20 [ c40

Cc80

20000

—~ 15000 - a ab . . ot
£ o o o © = T
()] — —— ——
x 10000 = — —
e = — =
o — — —
> 5000 - — — —
0 == == =

2014 2015 2016

[V

Fig. 9. Effects of different application amounts of biochar on maize yield from 2014 to 2016

Effects of Different Amounts of Biochar on Maize Yield-related Traits
As shown in Table 5, the different amounts of biochar resulted in significant
differences in maize ear length in 2016.

Table 5. Effects of Different Application Amounts of Biochar on Maize Yield-

related Traits from 2014 to 2016

Year CK C10 C20 C40 C80
Ear Length | 2014 | 17.03 + 0.722 [17.09 + 0.452 | 17.59 + 0.462 | 18.15 + 0.432 [ 17.84 + 0.872
(cm) 2015 | 18.21 + 0.152 | 18.52 + 0.662 | 19.03 + 0.422 | 18.94 + 0.432 [ 18.43 + 0.842
2016 | 16.03 + 1.39P [17.51 + 1.122(16.04 + 1.02° [17.61 + 0.6620 18.17 + 0.522
Barren Ear Tip | 2014 | 0.98 + 0.562 | 0.80 + 0.442 | 0.77 + 0.202 | 0.43 + 0.15% | 0.68 + 0.302
(cm)
2015 | 1.22 + 0.452 | 0.97 + 0.5520 | 0.24 + 0.13° | 0.46 + 0.115¢ | 0.96 + 0.3220
2016 | 1.85+0.412 |1.70+0.3920 | 1.25+0.17° | 1.51 + 0.18% | 1.25 + 0.12b
Grain Number| 2014 [31.93 + 3.2520|32.00 + 3.2720|28.43 + 1.33(33.80 + 4.162[35.13 + 1.152
per Row
(grainfrow) | 2015 | 37.00 + 1.31° |37.80 + 1.42% 39.93 + 1.76% |39.87 + 1.343 37.57 + 1.33%
2016 | 32.33 + 1.16" |34.43 + 2.012(33.47 + 2.2920| 35.87 + 1.002 [ 36.20 + 1.73?2
100-kernel | 2014 | 39.14 + 2.15P |40.29 + 1.9320(40.21 + 0.562°| 43.31 + 0.882 | 42.95 + 2.792
Weight (g)
2015 | 45.48 + 0.88° |46.18 + 0.59%¢| 47.74 + 0.542 | 47.32 + 0.412 [46.72 + 0.332
2016 |40.963 + 2.295(44.28 + 3.79%(43.91 + 5.8820(46.64 + 2.0420| 47.84 + 0.992

Note: Different letters after values in the same row indicate that the inter-treatment differences
were significant (p < 0.05)

The C80 treatment resulted in significantly longer ears than the CK treatment, and
there were no significant differences between the other treatments. Biochar applications
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alleviated the barren ear tip characteristic to varying degrees and resulted in variable
increases in grain number per row. In 2014, the C40 and C80 treatments significantly
increased the 100-kernel weight. In 2015, the C20, C40, and C80 treatments significantly
increased the 100-kernel weight. In 2016, the C80 treatment continued to have significant
promoting effects on the 100-kernel weight. This showed that the high application rates of
biochar were beneficial to maize kernel accumulation.

Correlation Between Maize Kernel Yield and Various Parameters

As shown in Table 6, the maize kernel yields were significantly or highly
significantly correlated with the soil organic carbon, total nitrogen, available K, and CEC
in 2014, 2015, and 2016. Maize kernel yields were positively correlated, but not
significantly so, with the soil available P content and soil C/N in the first two years of
biochar application; however, in the third year, the positive correlation was highly
significant. The yield was significantly or highly significantly correlated with the ear
length, grain number per row, and 100-kernel weight, while it was negatively correlated
with barren ear tip.

Table 6. Analysis of the Correlation Between Maize Kernel Yield and Various
Parameters from 2014 to 2016

Soil Parameter Correlation Coefficient
2014 2015 2016
Organic carbon 0.821" 0.567" 0.867"
Total nitrogen 0.816" 0.594 0.804™
C/N 0.401 0.510 0.822™
Available P 0.464 0.418 0.826"
Available K 0.836" 0.665™ 0.606"
CEC 0.695™ 0.690™ 0.657"
Ear length 0.801™ 0.359 0.700™
Barren ear tip -0.270 -0.557" -0.208
Grain number per 0.317 0.446 0.703™

row

100-kernel weight 0.890™ 0.614 0.659™

Note: *=p <0.05; * =p<0.01

Effects of Different Amounts of Biochar on Meadow Soil Traits

The results showed that the biomass was rich in organic carbon and could increase
the soil organic carbon content. As the amount of biochar applied was increased, the soil
organic carbon content was also increased. Over the period of three years, high levels of
soil organic carbon content were maintained, although a slight decrease was observed as
time progressed. These changes probably occurred because biochar has a high carbon
content, a complex aromatic structure, and high levels of carboxylic esters. This inert
carbon pool has high chemical and microbiological stability in the soil environment. Over
time the stability of soil organic carbon has been changing, the active organic carbon
mineralized quickly, and the stable organic carbon slowly degraded over a relatively long
time. Consequently, the soil organic carbon content decreases every year (Kimetu and
Lehmann 2010; He et al. 2017).

A single application of the biochar could promote the total nitrogen content in the
soils for 3 years, and the amount of biochar applied was directly proportional to the total
nitrogen content in the soil. In addition to the nitrogen contributed by the biochar itself,
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another possible reason for this result may have been that the biochar application increased
the soil organic matter content; C/N is beneficial for increasing soil microbial activity,
which promotes the mineralization of soil organic matter, thereby releasing more nitrogen
(Shang et al. 2015). However, soil total nitrogen gradually decreased as time progressed.
In addition to natural factors, a probable explanation may have been the gradual decrease
in soil organic matter, resulting in changes to other soil components.

Phosphorus is an essential macronutrient for plant growth. The biochar application
increased the available P content in the soils for three years, compared with the CK
treatment; the available P content of C10, C20, C40, and C80 treatments increased by 16.6,
22.2, 35.2, and 37.2%, respectively. The soil at the study site was meadow soil, which is
rich in total phosphorous but low in available P. The biochar application increased soil
phosphorus availability. Chintala et al. (2013) found that biochar itself has some ability to
adsorb and desorb phosphorus and will affect soil adsorption and desorption of phosphorus
after application. DeLuca et al. (2015) found that, when biochar with high pH and CEC is
applied to soil, phosphorus adsorption by oxides of iron, aluminum, and calcium are
blocked, thereby increasing phosphorus activity. Another study showed that the rich pore
structure and specific surface area of biochar provided a good living environment for
microorganisms, and the rapid growth of microorganisms can promote the availability
transformation of soil phosphorus. Biochar changes the physiochemical morphological
characteristics of phosphorus in soil, which are beneficial for improving the effectiveness
of phosphorus.

Biochar has high potassium availability and can increase soil available K and
potassium absorbed by crops when biochar is applied to the soil (Lehmann et al. 2003). In
this study, soil available K content was directly proportional to the amount of biochar
applied. Compared with the CK treatment, the available K content in the C10, C20, C40,
and C80 treatments increased by 18.0, 24.7, 49.2, and 67.3%, respectively. The conclusion
was consistent with that drawn by Zeng et al. (2013). Application of 40 and 80 t/ha of
biochar yielded sufficient soil available K for the three continuous years. Biochar
application can increase soil available K content by directly providing available K and
indirectly reducing the leaching and loss of potassium from soil. This study found that the
soil pH increased in the first year and decreased in the last two years. One reason may be
precipitation. Another may be the adsorption of a large number of salt ions by the strong
macroporous structures of biochar. Chintala et al. (2013) studied the addition of biochar
produced from the pyrolysis of maize straws, switchgrass, and pine wood residues. Their
results showed that pH is less affected when these three types of biochar are added to basic
soils. This was further corroborated by this study’s results.

Cation exchange capacity reflects the ability of soil to absorb, retain, and exchange
cations and is an important factor for improving soil (Dai 2017). The biochar application
significantly increased soil CEC, which increased as the amount of biochar applied
increased. Application of 80 t/ha of biochar increased soil CEC consistently for three years.
Several previous studies have reported that biochar application can increase soil CEC,
regardless of whether it is added to acidic or basic soils (Hossain et al. 2010; Laird et al.
2010). Liang et al. (2006) found that the soil CEC increases as the level of oxidation on
the surface of the organic matter in soil or surface cation exchange points on the soil
surfaces increase. Glaser et al. (2001) found that the oxidation of aromatic carbons and the
formation of carboxyl groups may be the reason for increased CEC. This study also found
that the soil cation exchange capacity decreased slightly over the years. This may be due
to rain water caused by the loss of carboxyl hydrophilic compounds, which can bind to the
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metal ions and thus, reduce the cation exchange capacity (Uchimiya et al. 2011). Increased
soil CEC enhanced the soil retention of nutrients, increased soil nutrient utilization rates,
and improved soil quality, which are important for the sustainable utilization of soils.

Effects of Biochar on Maize Yield

The biochar application increased maize yields. In addition, maize yields generally
increased as the amount of biochar applied increased. This was consistent with the results
of Uzoma et al. (2011), who studied the effects of biochar application to sandy soils with
maize. They found that biochar application increased maize yields, and yields were
significantly increased as the proportion of biochar added was increased. Similar
conclusions were made by Jiang et al. (2015) and Liu et al. (2015).

This study also found that a single biochar application of 40 or 80 t/ha to meadow
soil stably increased maize yields for three continuous years. This was due to the
synergistic mutual promotion between biochar and soils. In weakly basic meadow soils,
biochar uses its loose and porous characteristics and great specific surface area to adsorb
salt ions from the soil, resulting in a yearly decrease in soil pH (Cox et al. 2001). The
application of biochar results in the change of the soil structure, and its inherent
characteristics and structure improve soil organic matter content and soil water and
fertilizer retention capacity (Yin et al. 2018). In addition, the adsorption of soil enzyme
reaction substrate promotes the enzymatic reaction, enhances the soil enzyme activity, and
promotes the effective transformation of soil nitrogen, phosphorus, and potassium.
(Czimczik and Masiello 2007; Lehmann and Joseph 2009). Biochar can also promote the
growth of specific microorganisms and change the microbial community structure,
abundance, and activity (Steinbeiss et al. 2009). Moreover, the proliferation of large
numbers of beneficial microorganisms not only promotes the conversion of available
nutrients in soil but also continually degrades biochar. This beneficial cycle caused
improvements to soil quality within three years of the application of the appropriate
amounts of biochar and increased crop yields. Additionally, the sustained beneficial effects
remain as time progresses. This research is a reference method for improving soil nutrient
management and agricultural resource utilization rates in farmlands, increasing farmland
productivity, effectively reducing the costs of agricultural production, and supporting the
protection of the natural environment.

CONCLUSIONS

1. Single biochar applications promoted organic carbon, total nitrogen, available K in soil,
and the cation exchange capacity (CEC) for three continuous years in meadow soils,
and their levels were proportional to the amount of biochar applied. As time progressed,
the soil organic carbon, total nitrogen, available K, and CEC decreased yearly. The
biochar stimulated the availability of soil phosphorus in meadow soil and stably
increased the available P content in soil for three years.

2. A single application of more than 40 t/ha of biochar to semi-arid meadow soil in the
western Heilongjiang province of China stably increased maize yields for three years.
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