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Abstract

Although a land consolidation project has increased arable land area in loess areas, the loessal soil
has poor fertility and productivity. Soil degradation and the accompanying decline in crop yields are the
main limiting factors for agricultural development on the Loess Plateau. Biochar has been used as an
amendment to improve soil fertility and crop yields. A potted experiment was carried out to study the
effects of biochar addition (0, 5, 15 and 25 t ha™) on soil physicochemical properties as well as sunflower
yield. The results showed that higher rates of biochar addition (15, 25 t ha™!) can significantly increase
soil electrical conductivity, cation exchange capacity, nutrients and crop yields, while decreasing soil
pH. The maximum soil nutrients were observed at 25 t ha™! biochar addition. However, the lowest soil
pH value and highest sunflower seed yield were obtained at 15 t ha™ biochar addition. The highest net
income was $985 ha™! when the biochar addition rate was 15 t ha™'. These results suggest that biochar can
significantly improve soil fertility and sunflower yield. Soil salinity and alkalinity properties, organic
carbon, nitrate nitrogen and available phosphorus were crucial factors that determined soil fertility and
sunflower yield in loessal soil.
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Introduction

Loessal soil is widely distributed in areas with
serious soil erosion in the Loess Plateau in China,
which is the most important soil resource in this region
[1]. However, loessal soil presents weak alkalinity, is
highly erodible [2], has thin organic matter and nitrogen
and available nutrients [3], and low abilities of water
and fertility retention [4] — which all cause serious soil
degradation and poor and unstable productivity [5].

To contain the serious soil erosion of the Loess
Plateau, an important ecological engineering project
called Grain for Green was implemented in 1999,
and has since made marked benefits of soil and water
conservation on the plateau [6, 7]. However, the project
also has caused a series of problems, such as a lack of
arable land, leading to land resource strain and possibly
food shortages [8-10]. As such, a “land consolidation”
pilot project has been implemented to increase arable
lands in Yan’an City since 2011. The project was listed
as a major national project of land renovation by the
Ministry of Land and Resources and Treasury in
2012 [11, 12]. Soil and water loss has been effectively
controlled and land area has been greatly expanded
since 2013, alleviating the conflicts between regional
economic development, environmental protection and
food security [13]. However, engineering measures such
as leveling hills, filling valleys and constructing terraces
greatly disturbed the plow-layer soil and transferred
poor soil to the plough layer, and also adversely affected
the soil environment and land productivity [14, 15]. The
created lands are detrimental to crop growth because
of their low fertility and fragile ecological system [16,
17]. Therefore, exploring effective methods to rapidly
improve soil fertility and environment of loessal soil in
created land can be considered as important approaches
for recovering degraded and low-productivity lands for
agricultural development, and is pivotal for safeguarding
the performance of land consolidation projects [18, 19].

Biochar is a high-carbon material produced by
crop stalks, wood, livestock manure and other organic
substances under low-oxygen or hypoxic conditions
via high-temperature pyrolysis [20]. Numerous studies
have shown the beneficial effects of biochar as a late-
model and pro-environmental amendment to improve
soil fertility and eco-environmentalism [21-23].
Higher carbon content, large porous surface area, an
abundance of negatively charged surfaces [24], a well-
developed pore structure [25] and high stability have
made biochar able to improve topsoil (0-20 cm) texture
[26], increase water-holding capacity, enhance water
infiltration [27, 28], and adsorb effective nutrients [29].
Some studies have indicated that peanut shell biochar
addition improved topsoil properties and increased crop
yield [30]. Furthermore, topsoil nutrients, soil biomass
carbon, and soil enzyme activity have been shown
to significantly increase in response to biochar and
nitrogen fertilizer additions. Corn straw biochar can
also reduce the loss of soil nutrients at 0-20 cm depth

due to leaching and can increase the availability of the
remaining soil nutrients [31]. With all these beneficial
characteristics, biochar can increase crop yields and
water and fertilizer use efficiency by providing a benign
growth environment [32].

However, the effects of biochar on soil properties
and sunflower yield in loessal soil generated from the
land consolidation project in the Loess Plateau have
not been thoroughly investigated, and the factors
crucial for sunflower yield are not yet clear. Given the
practical needs, it is important and urgent to improve
soil fertility and land productivity for sustainable
agricultural development on the plateau. Thus, the
objective of this study was to evaluate the effect of
biochar on soil fertility and sunflower biomass of
created land on the Plateau. The results could provide
a theoretical foundation and technological support for
soil improvement and effective utilization of the newly
created land.

Material and Methods
Experimental Materials

The program of land consolidation, filling gullies
to create farmland so as to maximize the land use rate,
involves the removal of soil from the surrounding hills
and then using this to infill its channels while ensuring
the safety of the maximum rainfall flood with a
20-year return period in 6 hours in a small watershed
no larger than 20 km? The program of land
consolidation includes a soil retaining dam, flood
discharge channel, newly created land and gully and
steep slope protection engineering. The soil samples
experimented in this study were collected from slope
with height of 50m in Wanhuashan (110°43’E, 36°50°N),
Yan’an City, Shaanxi Province — examples of typical
hilly and gully regions on the Loess Plateau. The tested
soil was collected from the topsoil layer of newly
created land in Yan’an, Shaanxi Province. The biochar
used in this study was made from apple (Malus pumila
Mill) tree branches at 600°C under anaerobic conditions
and was provided by the Shaanxi Yi’xin Bioenergy and
Technology Development Company, Ltd. The biochar
had an initial pH of 8.8, EC of 269.4 uS cm’, organic
carbon of 414.7 g kg™, total N of 2.1 g kg™', total P of
11.6 g kg, total K of 9.3 g kg™!, and cation exchange
capacity of 13.4 cmol kg'. The biochar was ground
and then passed through a 2 mm screen for the
experiment.

Pot Experiment

Plastic containers were used for the pot experiment.
The containers had a uniform size: a 33 cm diameter,
a 24 cm bottom diameter and 30 cm height. Eighteen
kilograms of soil (layers of a height of approximately
25 cm) were added to each container. The soil had
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Table 1. Basic physical and chemical properties of the soil.

Sand
18.45+1.02

Silt
70.13+2.12

Textural composition (%)

Clay
11.42+0.96

Bulk density
(g cm?)

1.25+0.11

(mg kg")
101.1£3.12

AP
(mg kg

3.29+0.15

TN
(gkg")

0.21+0.002

CEC
(cmol kg)

7.45+1.23

soC
(gkgh

2.17+0.24

EC
(uS cm™)

152.1+4.36

pH

8.97+0.69

Soil

EC: Electro conductivity; SOC: Soil organic carbon; CEC: Cation exchange capacity; TN: Total nitrogen; AP: Available phosphorus; AK: Available potassium; BD: Bulk density

an initial mass moisture content of 11.5%, and the
soil bulk density was 1.25 g/cm?. Four holes with an
8~10 mm aperture were drilled at the bottom of
the plastic containers for drainage and ventilation.
The plastic containers were placed in the open under
natural sunshine and were rained upon. The sunflowers
selected for the experiment were planted three days
later.

Four biochar rates (5, 15, 25, and 0 t ha™!, labeled as
T1, T2, T3 and T4 treatments) with basal fertilizer of
35 kg N ha™ and 17.5 kg P,O, ha™ and only sunflower
(labeled as T5) and only loessal soil (labeled as CK)
were designed. All the pot plots were designed with
three replications. The treatments of T1, T2, T3 and
T4 received a basal fertilizer of 35 kg N ha™' and
175 kg P,O, ha' through urea and potassium
dihydrogen phosphate, respectively. Biochar and N, P
fertilizer were uniformly mixed into the soil to a depth
of approximately 20 cm on August 11, 2017. The control
plots were mixed in the same manner as the other plots
to maintain consistency, though without the addition of
biochar or N, P fertilizer. No further biochar and N, P
fertilizer were added for the duration of the study. With
respect to the pot experiment, sunflowers were planted
from August 14, 2017, to October 30, 2017. Each pot
contained 3 crops. During the crop growth stage, the
crops were artificially irrigated in a timely manner as
appropriate in accordance with the climate and growth
conditions in order to ensure normal sunflower growth
and development.

Sample Collection and Laboratory Analysis

In the stage of crop growth, we measured sunflower
(helianthus annuus Linn) height (from ground to the
top), leaf length and leaf width (the three leaves from
above) over 10 days.

Soil sampling: we collected soil samples at 30, 60
and 90 days after planting, the soils were collected.
Three replicated soil samples were collected from each
plot at a depth of 0-20 cm using a hand auger with a
2.1 cm diameter. All soil samples were stored at 4°C in
a laboratory. Soil samples were air-dried, ground and
passed through 0.15 mm, 1 mm and 2 mm diameter
meshes for soil physical and chemical analyses.

SOC was measured by the potassium dichromate
oxidation method after digestion with concentrated
sulfuric acid [33]. The TN content was determined by
semimicro Kjeldahl method, and available phosphorus
(AP) was measured by treatment with 0.5 mol I-1
NaHCO, followed by the molybdenum blue colorimetry
method using a UV-2300 spectrophotometer (Tianmei
Technology Company, China). The cation exchange
capacity (CEC) was measured by sodium acetate-flame
photometry [34]. Ammonia nitrogen (AN) and nitrate
nitrogen (NN) were determined by a continuous flow
analyzer (AutAnalyel 3, AAA, America). Available K
(AK) was determined using a flame photometer (M410,
Sherwood, England).
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Soil pH and electrical conductivity (EC) were
measured using a conductivity meter (DDS-307A,
INESA, China) and a pH meter (pHS-3E, INESA,
China), respectively. The soil bulk density (BD) was
determined by using the cutting ring method [35].
Soil particle size was measured using a laser particle
analyzer (APA2000, Marvin company, England) by
calculating the proportions of sand (0.05-2 mm), silt
(0.002—0.05 mm) and clay (<0.002 mm). The soil type in
the study area is a silty loam based on the international
classification criterion of the U.S. Department of
Agriculture. The basic properties of the soil are given
in Table 1.

Harvest

After harvest, sunflower plants were cut, removed
and placed into clean bags. The crop material
was then dried in an oven at 90°C for 30 minutes.
The aboveground biomass of the sunflowers was
subsequently measured once the material had dried to
a constant weight at 60°C. We measured the dry matter
quantity of leaf, stem and flower dish and dry weight of
the sunflower seeds in each plot and then converted into
a measure of unit area yield (t ha™).

The leaf area was determined in accordance with
the formula of length xwidth xcoefficient.

The Economic Benefit Model

In this study, we only consider the costs of biochar
and chemical fertilizer and the crop’s economic income
to calculate the net income and to study the more
optimal biochar rate. The net income is calculated
below:

NI = OP - IP )

...where NI is the net income ($ ha™), OP is the
economic output in each treatment ($ ha™), IP is the
biochar and chemical fertilizer total input of urea and
potassium dihydrogen phosphate in each treatment

($ ha™).
OP = Y x UP @)
IP = TB + TN +TP 3)

...where Y is the sunflower yield (t ha™); UP is the unit
price of sunflower seeds ($ t'); and TB, TN, TP are
the costs of biochar, urea and potassium dihydrogen
phosphate in each treatment.

Statistical Analysis

The analysis of the data was performed using the
SPSS 20.0 statistical package. One-way ANOVA was
used to analyze the effects of biochar addition on the
loessal soil properties and sunflower yield, and the least
significant difference (LSD) at p<0.05 were used to

compare the differences between the treatment means.
An Origin 9.0 was used to draw the figures.

Results and Discussion
Soil pH, EC and CEC

We measured the dynamic changes of soil pH, EC
and CEC during the crop-growing season. The biochar
combined with chemical fertilizer can decrease soil pH
(Fig. 1a). The effectiveness improved with the amount
of biochar, and the difference among biochar treatments
increased at high adding rates. The pH value of the soil
decreased in response to the biochar addition. However,
the pH value first sharply decreased and then increased
at one level of biochar rate, and the soil pH with
15 t ha™ biochar reached the lowest value after 30
days of biochar addition. Hereafter, the soil pH values
of all biochar treatments increased during the crop
growth period. At the end of the experiment, T2 still
had a significant (p<0.05) decrease in soil pH (by
0.26 unit over CK). Compared with the CK treatment,
the pH values in T1l, T3, and T4 treatments were
reduced by 0.31-0.13 units, although less dramatically.
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Fig. 1. Effect of biochar on pH and EC of loessal soil (n = 3;
means and standard deviation).
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Fig. 2. Effect of biochar on the CEC of loessal soil in created
land (n = 3; means and standard deviation).
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Fig. 1b) shows the variation in soil EC during the
growing season. Soil EC increased rapidly and declined
from their peaks of 30 days. Soil EC increased with the
increasing biochar addition rate. Hereafter, soil EC of
all biochar treatments decreased during the crop growth
period. Compared with CK treatment, soil EC in TI1,
T2, and T3 treatments increased by 15.2~34.2%. The
biochar treatments of T2, T3 saw significant increases
in soil EC (p<0.05).

The results of this study provide evidence to the
effectiveness of biochar in reducing soil salinity and
alkalinity and improving soil fertility. The given biochar
pH value is lower than that of test soil. Therefore,
the fact that soil pH values decreased in early days
after being mixed with biochar is no surprise. However,
the basic cations of biochar and negative charge on
the biochar surface can exchange ions with H" in
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Fig. 3. Effects of biochar on nutrients of loessal soil (n = 3; means and standard deviation).



3764

Qiang M., et al.

soil solutions [36], which will enhance base saturate
rate and increase soil pH wvalues [37]. It was also
demonstrated that soil EC increased with the increasing
biochar addition rate [38]. The salinity in deeper soil
layers ascended and accumulated near the surface due
to the processes of irrigation, high evaporation and
transpiration at the early stages [39]. Thereafter, soil
EC was reduced with the increase of biochar addition
soil CEC, which was determined by the specific surface
area and surface negative charge density of soil colloids,
which is an important indicator of soil fertility [40].

Soil CEC indicate the ability of the soil to absorb
and supply exchangeable nutrients and can also be
used to characterize soil fertility. The effectiveness on
CEC improved with the amount of biochar, and the
difference among biochar treatments increased at high
adding rates (Fig. 2). Soil CEC continues to increase
after biochar was applied and linearly increased during
the crop growth period. Biochar addition with 25 t ha™
showed the greatest increase in soil CEC. Compared
with CK treatment, soil CEC in the T1, T2, T3, and T4
treatments increased by 23.8~96.2%. The significant
increase in soil CEC was found under biochar addition
treatments of T1, T2, T3 conditions (p<0.05).

Due to its huge specific surface area and anionic
charge [41], biochar increased the ability of the soil
to absorb cations and enabled a greater CEC in the
topsoil [42], which also resulted in the synthesis of an
abundance of compounds with aromatic structures and

hydroxyl carboxyl [23]. Therefore, the formation of
CEC was accelerated when the soil organic carbon of
newly created land increases in response to N-biochar
addition. The interaction among soil elements would
further promote soil quality.

Soil Organic Carbon and Available
Nutrients

The dynamic changes in soil total nitrogen,
NH,*-N and NO,™-N, available P and available K during
crop growth season are shown in Fig. 3. Overall,
biochar significantly increased soil total nitrogen,
available P and available K contents (p<0.05). Biochar
effectiveness improved with the increasing addition
amount, and the difference among biochar treatments
increased at high addition rates. Compared with CK
treatment, soil total nitrogen, available P and available
K contents saw their greatest increase in T3 treatment
and increased by 362%, 896% and 46.3%, respectively
(p<0.05). Soil NH,"-N and NO,-N increased rapidly
until they peaked after 60 and 30 days, respectively.
The peak values of NH,"-N (1.7 mg kg™) and NO,-N
(13.5 mg kg') were measured in T3 treatment with
25 t ha™' biochar addition. Thereafter, the NH,"-N
and NO,-N contents sharply decreased. At the end
of the experiment, soil NH,"-N and NO,-N declined
by 31.3% and 70.4% in T3 treatment after the peak
values.
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Fig. 4. Effects of biochar application on the growth of sunflower (n = 3; means and standard deviation).
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Biochar addition revealed a positive effect on SOC
content (Fig. 3f). SOC contents were significantly
higher at a high biochar addition rate (25 t ha™') than
that at low biochar addition rate (5 t ha™) and CK.
However, the effect of biochar on SOC appeared
to stabilize over time. The greatest SOC content
(8.9 g kg") was found in the T3 treatment with 25 t ha™
biochar addition. Compared with CK treatment, SOC
contents in the T1, T2, T3, and T4 treatments increased
by 32.2~49.2%. The significant increase in SOC was
found under biochar addition treatments of T1, T2, and
T3 conditions (p<0.05).

SOC, N and P are the main limit factors of crop
growth [43]. The poor development structure and
serious soil and water erosion of loessal soil have
resulted in lower N, available P and SOC and a decrease
of land productivity [44]. As we measured biochar to
be a potential N, P and SOC source, Li et al. [45] also
found that branch biochar has high contents of N, P and
SOC. In this paper, soil total N, available P and SOC
were significantly increased after biochar and chemical
fertilizer was applied. Combined with the aim of land
consolidation and biochar addition, we need to facilitate
the assimilation and transformation of N in loessal soil,
instead of blindly inputting the nitrogen source [46], and
this effect was observed in our experiment. The results
showed that biochar can increase the concentrations
of NH,"-N and NO,-N and effectively supplement the
soil mineral nitrogen. The nitrification of NH,*-N later
could decrease soil alkalinity over time [47, 48]. This
result will increase soil available P content [49]. In
addition, biochar can adsorb various ions to promote
fertilizer retention capacity because of the high specific
surface area [50]. Biochar also can bind Al and Fe ions
to facilitate the effectiveness of P and increase soil-
available P [51]. Glaser et al. [22] also reported that the
stabilized carbon of biochar accumulated in soil, which
accelerated the formation of soil aggregates, improved
the soil environment and increased soil organic carbon
through the absorption of soil organic molecules.
Moreover, biochar can facilitate the polymerization
of small organic molecules into soil organic carbon
compounds [52]. Biochar also increased soil adsorption
of K ion and reduced leaching losses of available K in
the plateau [53].

Crop Growth and Yield

The dynamic changes in crop growth, including
plant height, stem diameter and leaf area, in response
to the amounts of biochar addition, are shown in
Fig. 4. The crop growth curve showed a double S
form. The plant height, stem diameter and leaf area of
sunflower increased over time. The effects of biochar
on crop growth increased with the addition amount,
and the difference among biochar treatments increased
at high adding rates. Moreover, the effects of biochar
and chemical fertility addition treatments were greater
than those of chemical fertilizer treatments and CK.
The relative growth rate of plant height of about 4.4 cm
peaked in T2 treatment at nearly 70 days. The greatest
relative growth rate of leaf area (4.8 mm?) was measured
in T2 treatment with 15 t ha™ biochar addition at 50
days. However, growth rates of crop height and stem
diameter and leaf area have the greatest values when
the amount of biochar addition was 15 t ha™ (T2).
Compared with the CK treatment, plant height and leaf
area in T2 treatments increased by 98.4% and 135%,
respectively. The significant increase in plant height and
leaf area was found under biochar treatments of T1, T2,
and T3 conditions (p<0.05).

The effects of biochar addition on plant fresh weight
and dry weight of the overground and crop yield are
shown in Table 2. Sunflower over weights and seed
yields increased with the biochar addition. Overall,
biochar had a positive effect on sunflower growth and
seed yields. Plant height, stem diameter, hundred seeds
weight, fresh weight and dry weight of the aboveground
elements were significantly higher (p<0.05) in
biochar addition treatments than in the CK. However,
a higher biochar addition rate is not necessarily better
for sunflower seed yields. The highest sunflower seed
yield of 1.31 t ha” was recorded in the T2 treatment
with 15 t ha™ biochar addition. Also, plant stem
diameter, hundred seeds weight, fresh weight and dry
weight of the aboveground elements in T2 treatment
reached maximum. The net income of sunflower seed
yields showed that biochar can increase sunflower
economic income (Table 2). Due to the effect of biochar
on soil fertility, crop yields and the expenditure, the
superfluous addition of biochar would be detrimental
to soil and reduce net income. The highest net income

Table 2. Effect of biochar addition on crop yield and yield components.

Treatment Stem diameter Hundr.ed grains Fresh Weight Dry weight Yield Net income
(cm) weight (g) (2 (2) (tha) ($ ha™)
T1 3.1£0.12¢ 6.5£0.41c 52.45+3.54¢ 41.97+4.49¢ 0.95+0.11b 784
T2 4.34+0.15a 8.4+£0.47a 72.47+6.47a 56.23+5.78a 1.31+0.17a 985
T3 3.840.11b 7.740.34b 68.45+4.32ab 54.61+6.03ab 1.12+0.13ab 929
T4 2.7+0.07cd 6.2+0.39cd 45.1+5.14d 35.243.97d 0.63+0.15¢ 525
T5 2.4+0.09d 5.8+0.54d 40.24+5.73¢ 31.86+5.12¢ 0.41+0.12d 405

Lowercase letters indicate significant differences among treatments at 0.05 levels.
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Table 3. Correlation analysis of soil properties and crop yield and yield components.

Sggggﬁﬁ? Yield Plant Height Stem Diameter SeZI(;lsn&:Sgh t Fresh Weight | Dry weight

pH -0.984** -0.996** -0.996** -0.986** -0.996** -0.992%*
EC -0.948%* -0.945% -0.898%* -0.872 -0.892* -0.888%*
CEC 0.865 0.870 0.852 0.839 0.909* 0.928%*
™N 0.779 0.805 0.812 0.819 0.880* 0.898*
SOC 0.826* 0.846 0.848 0.849* 0.909* 0.926*

NH,"-N 0.823 0.840 0.830 0.828 0.894* 0.912%*

NO,-N 0.882* 0.879* 0.838 0.817* 0.884* 0.900*
AP 0.838* 0.869 0.834 0.836 0.860* 0.858%*
AK 0.749 0.800 0.787 0.809 0.836 0.838

One asterisk and two asterisks indicate significant differences at p<0.05 and p<0.01, respectively.

would be $985 ha™' when the addition rate of biochar is
15 tha™

Crop growth and yield reflected the comprehensive
presentation of intrinsic soil attributes. To some extent,
soil fertility is directly related to crop yield [54]. The
result showed greatest crop growth and highest seed
yield in the medium addition of 15 t ha™ biochar. In
this study, soil pH decreased first and then increased
after biochar addition. The minimal pH values result
from T2 treatment, and not from T3. Crop growth
was sensitive to soil salinity and alkalinity in the
seedling, blossoming and bearing fruits stages. High
soil salinity and alkalinity greatly affected the growth
and development of the plant and productivity crops. In
addition, soil pH and salinization indirectly influenced
soil microbial activities and enzymatic activities. A
previous study indicated that soil pH was the primary
control over microbial activity because pH controls
microbial enzyme production, carbon and nutrient
availabilities [55]. Inorganic nitrogen produced by soil
nitrogen mineralization was the main source of nitrogen
for plants. Other possible mechanisms could be the
effect of soil acidity and alkalinity on the activities of
microbes in nitrifying and ammonifying. Ding et al.
[56] found that the alkalescent soil environment was
beneficial to nitrogen ammonification and nitration. In
line with Steiner et al. [57], crop yield declined because
of the negative effect of biochar on soil alkalinity due
to excessive biochar addition. However, Jin et al. [58]
came to opposite conclusions that soil fertility and
crop yield continuously increase in red soil with the
increased biochar addition rates. These results were
probably due to the different acidity and alkalinity of
the soil. Furthermore, N-biochar addition enhanced the
conservation of water and fertility while decreasing
the loss of nutrients and improving both nutrient use
efficiency and sustainability of land use.

The results showed that the maximum seed yield
of sunflower was obtained in the medium addition rate

of 15 t ha™ biochar. This indicated that a high biochar
addition rate is not always economically feasible [59].
Considering cost-effectiveness, the highest net income
is $985 ha™ when the addition of biochar and nitrogen
and PO, fertilizer were 15 t ha™', 35 kg ha” and
17.5 kg ha', respectively. The benefits of improving
their soil and rising economic gains should be enough
to persuade farmers to make and bury biochar. Biochar
has long-term effects and also can reduce chemical
fertilizer application to protect environment [60].

Key Factors of Soil Fertility
and Sunflower Yield

In this paper, we also have an objective to explore
the effects of soil pH, EC, CEC and soil nutrients on
crop yields (Table 3). A significance of p<0.01 revealed
a very significant negative relationship between soil
pH and crop yield. Soil EC had a significantly negative
relationship with crop yield at a significance of p<0.05.
There are significant positive relationships among SOC,
NO,™-N and available P and crop yield. Soil pH value
also had a significant negative effect on sunflower
yield components. Hundred seeds weight was mainly
influenced by soil pH and SOC.

There was a positive effect of biochar addition on
crop growth and yield, which was consistent with Liang
et al. [61] and Luo et al. [52], who found that branch
biochar improved crop yield by increasing soil CEC, N,
P, K and SOC in alkaline soil. Moreover, the activity
of soil microorganisms and the growth and development
of crop roots are promoted by vitamins and hormones
within the increased soil organic carbon content, which
provides necessary nutrients and microelements for
crop growth [62]. However, crop yield declined because
of the negative effect of biochar on soil salinity and
alkalinity [57]. We suggest that famers add biochar with
15 t ha™! to reach maximize profits.
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Conclusions

The results presented here suggest that biochar can
significantly enhance soil CEC and nutrient contents
while lowering pH. However, the effect of biochar on
loessal soil pH weakened at a high biochar addition
rate (>25 t ha™). Our result also found that biochar
can increase sunflower yield. The correlation analysis
showed that soil pH, EC, SOC, NO,-N and AP have
more significant effects on soil fertility and sunflower
yield. The hundred seeds weight is the main controlling
yield component of sunflower yield. We believe that
soil salinity and alkalinity properties, SOC, NO,-N
and AP are key factors of soil fertility and sunflower
yield in loessal soil on the Loess Plateau. Biochar
can enhance hundred seeds weight by enhancing soil
pH, EC, SOC, NO,-N and AP, and then increasing
sunflower yield.
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