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Abstract

Effects of different inorganic and organic amendments on soil quality after land consolidation of hollow
villages were investigated to provide evidence for the efficient use and rational land consolidation of
abandoned, vacant homesteads in rural China. A plot experiment was conducted using raw soil collected from
the hollow village land consolidation project area in Chengcheng County, Shaanxi Province, China. The soil
was filled into 0 - 30 cm depth of the plots and mixed with different inorganic and organic amendments: non-
amended soil was treated as the control. After one season of summer maize cultivation in the plots, soil water,
nutrient, and pH were examined and compared among the four treatments. Following summer maize
cultivation, average water content and total water storage in the 0 - 100 cm soil profile were highest in the
FS-CM treatment, exceeding the control group by 48.0 and 60.2%, respectively (p values < 0.05). Similar
trends were found for soil total nitrogen, available phosphorus, available potassium, and organic matter
contents, which were 32.2, 154.0, 14.8 and 85.8%, respectively higher in FS-CM compared with the control
(all p values < 0.05). Soil water, available phosphorus, and organic matter levels were significantly higher in
FS-CM than in CM, while soil water, total nitrogen, and available potassium levels were increased in CM
compared with the control (p values < 0.05). Soil pH was significantly reduced from 7.59 - 5.86 by CM and
t0 6.72 by FS-CM (p value < 0.05). The effects of FS on the soil properties tested were minimum among the
three soil amendment treatments. After land consolidation of hollow villages, addition of different
amendments increased both water and nutrient levels and modified pH conditions in the soil, thereby
improving its overall quality. Combining chicken manure and ferrous sulfate appears to be the optimal
strategy for soil improvement rather than applying either alone.

Introduction

China is a large agricultural country whose human population dwarfs its available land. With
regard to basic national conditions, the total arable land area is limited, and general land quality is
not high, while the reserve of arable land resources is also insufficient and resource development
remains difficult (Zhao et al. 2014). In this context, many villages are becoming or have become
“hollow”. An abandoned village that forms due to delayed village planning along with the
accelerated urbanization process is known as a “hollow village” (Cheng et al. 2001).

Hollow villages are commonly found in rural China, especially in the poor areas of western
China (Li and Li 2008, Yu et al. 2016). This phenomenon is also universal, and it has received
extensive attention worldwide from government and researchers. Urbanization has received far
more attention (Bai et al. 2014), whereas the research on hollow villages has started late in China.
However, it is worth noting that hollow villages in China are products of rural development
policies associated with intensified contradictions and accumulated problems characterizing the
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country’s long-term urban-rural dual structure. Therefore, in contrast to other countries, it is more
complicated and urgent to solve the current problem of “rural hollowing” in China (Jiang and Luo
2014).

In the 1990s, some studies investigated the origins of typical abandoned villages in rural areas
and explored relevant solutions based on the contemporary reality of rural development in China
(Liu et al. 2014). Concerned with increasingly serious problem of “rural hollowing”, the Chinese
government formulated hollow village land consolidation policies in 2004 (Chen et al. 2010), with
great effort devoted to increase land use efficiency and promote rural land reconstruction (Cui et al.
2011, Liu et al. 2011, Yu et al. 2018). In recent years, this has led to specific outcomes, such as
“land consolidation”, “old village reconstruction”, and “village relocation and town combination”
(Liu and Gan 2007, Kennedy 2013, Zheng et al. 2013). Many studies have investigated hollow
villages in terms of their spatial patterning (Salvati 2014), dynamic features (Liu et al. 2012),
formation mechanisms (Qin et al. 2012), potential effects (Feng et al. 2012), and controlling
countermeasures (Yang 2014). Collectively, these studies showed that land consolidation of
hollow villages plays a positive role in increasing the regional land use indicator and improving
the rural living environment (Zou and Qiu 2015).

Land consolidation of hollow villages for supplementation of arable land is an important
practice to ensure there is sufficient arable land in China, which involves vegetation clearing, soil
transfer, addition of soil amendments, and the reconstruction of biological chains (Huang et al.
2015). Land consolidation of hollow villages has been transformed from simple academic research
into a major measure that stimulates domestic demand, promotes new rural construction, and
implements strategies such as overall urban-rural development (Liu et al. 2008). However, new
arable land reclaimed from hollow villages is characterized by poor soil structure and low nutrient
content, resulting in low soil fertility that limits the yield of crops (Zhang et al. 2015).

Extensive research work had been carried out on soil amendments used for land
consolidation, mining areas contaminated with heavy metals (Fan et al. 2011, Chen et al. 2014,
Hallema et al. 2015). Application of Ca?*-containing compounds was found to mitigate soil
contamination around a zinc ore mine site (Zhao et al. 2015), and adding nutrients (organic
manure or peat) improved soil fertility of a coal mining area in the USA (Carlson and Adriano
1993). Furthermore, the use of recycled resources originating from the mining operation, such as
sludge, can also achieve satisfactory economic and ecological effects for soil improvement in mine
areas (Asensio et al. 2014, Cayci et al. 2017). Moreover, the combination of organic, chemical,
and bacterial fertilizers was reported to increase markedly the species richness and dominance of
microbes in reclaimed soil of a coal mining subsidence area (Zhang 2016). Currently, however,
there is a dearth of studies involving multiple amendments used to improve soil quality after land
consolidation of “hollow villages”, especially how they impact arable land suitability.

Following the principle of "saving land resources, increasing arable land, and ensuring land
quality" (Asensio et al. 2014), investigating changes to the fertility of soil after adding different
amendments to it is useful to better understand soil quality status following crop cultivation in
arable land newly added by rural land consolidation. Such research could provide an empirical
basis for the rational and effective use of arable land resources under land consolidation of
abandoned homesteads across various regions, while also improving the quality of newly added
arable land.

In the present study, raw soil from a hollow village in Chengcheng county in China’s Shaanxi
Province was selected to investigate the effects of different inorganic and organic amendments on
soil water and nutrient conditions after one season of summer maize cultivation. Results provide
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useful information for land consolidation of hollow villages and the selection of appropriate soil
amendments in similar regions.

Materials and Methods

This research was a part of the hollow village land consolidation project in Chengcheng
county, Shaanxi Province, China (hereon, the “Chengcheng Project”). This project involved land
consolidation in rural vacant and abandoned homesteads across the county, and mainly addressed
house excavation, wall pushover, land leveling, soil amendment application, farmland water
conservation and irrigation. Selection and practical benefits of different soil amendments were
focused.

Three blocks of experimental plots (four plots per block) were designed to simulate the
application of soil amendments after land consolidation of abandoned homesteads in hollow
villages. These plots were established at the Fuping Experimental Base of the Key Laboratory of
Degraded and Unused Land Consolidation Engineering (Ministry of Agriculture of the People's
Republic of China 2013). In each plot (2 x 2 m), its surface soil (i.e., 0 - 30 cm depth) was first
stripped and removed with a shovel; then a 40 cm high wall was built around each plot, with a 10
cm section protruding above the soil surface. All plots were oriented north to south (Fig. 1). Next,
the surface soil (0 - 30 cm) in the Chengcheng Project area was stripped and filled into the
experimental plots. Before filling, the soil surface was roughened manually. The thickness of
filled-in soil was 30 cm and its bulk density was controlled (1.2 - 1.4 g/cm?).
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Fig. 1. Schematic diagram for one block of the experimental plots (FS, ferrous sulfate only; CM, chicken
manure only; FS + CM, ferrous sulfate plus chicken manure; and control, no amendment). Three blocks
were established, giving a total of 12 plots.

An appropriate amount of ferrous sulfate (a cheap inorganic soil amendment) or chicken
manure (an organic fertilizer easily obtained), or both were added to the surface soil (0 - 30 cm).
Four treatments were applied in each block: ferrous sulfate only (FS), chicken manure only (CM),
ferrous sulfate plus chicken manure (FS-CM), and no amendment (control). The amendments were
thoroughly mixed with the raw soil, and plots were ploughed and irrigated after their addition.
Table 1 summarizes the soil amendment treatments, and the basic nutrient properties of raw soil
and chicken manure are presented in Table 2.

The Chengcheng Project was completed in 2017, and the experimental plots were established
in March, 2018. All plots received a compound fertilizer (N-P,0Os-K,O: 18-18-18) with an
application rate of 225 g/m? then summer maize (Zea mays L. cv. Xianyu 335) was sown at a rate
of 6 plants/m? in June and harvested in October, 2018. After harvesting, five soil cores were taken
in an S-shaped pattern from each plot. A 3.5 cm diameter auger was used to collect soil at depths
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of 0- 10, 10 - 20, 20 - 40, 40 - 60, 60 - 80, and 80 - 100 cm. Soil cores from the same depths were
mixed to form composite sample. All samples were transported to the laboratory and passed
through a 2 mm sieve. After removing any stones and litter, soil samples were air-died and used to
determine their soil water, nutrient, and pH conditions.

Table 1. Description of the treatments for the addition of different inorganic and organic soil amend-
ments after land consolidation of hollow village.

Treatment Soil amendment Addition rate (kg) Bulk density (g/cm?)
FS Inorganic (ferrous sulfate) 0.24 1.38
CM Organic (chicken manure) 0.8 1.30
FS-CM Ferrous sulfate + chicken manure 0.12+0.4 1.33
Control None 0 1.24

Table 2. The pH and nutrient levels of raw soil and chicken manure.

Property oH Total N Available P Available K Organic matter

(g/kg) (mg/kg) (mg/kg) (g/kg)
Raw soil 7.44+£0.3404  0.09 + 0.0067 4.81 £ 0.3966 48.02 + 3.2517 1.05 + 0.2352
Chicken

425+05543  1.88+0.1300 12.7 £ 0.8185 126.7 £ 1.9079 7.59 +0.3816
manure

Soil water content was determined by the oven-drying method (105°C, 24 hrs), and soil water
storage at each depth interval was calculated using Eq. (1).

SWS = 0y X pp x H% 10 (1)
where SWS is soil water storage (mm), 0y, is soil mass water content (%), py is soil bulk
density for each depth interval (g/cm®), and H is the thickness of a given soil depth interval (cm).

Soil pH was determined in a 1 : 2.5 soil: water suspension using a PHS-3C pH meter (Leici,
Shanghai, China). Total nitrogen was analyzed by using a UDK 129 Kjeldahl destillations system
(VELP Scientifica, Italy); available phosphorus analyzed by a TU-1810 UV-visible spectro-
photometer (Purkinje, Shanghai, China); and available potassium analyzed by a FP640 flame
photometer (Aopu, Beijing, China). Soil organic matter was determined with a 476026 digital
bottle-top burette (BRAND Titrette®, Germany).

The experimental data (mean + standard error) were subjected to an analysis of variance using
SPSS v19 Statistics (SPSS Inc., Chicago, USA). A p-value of less than 0.05 was considered to
indicate a significant difference.

Results and Discussion

Results presented in Fig. 2 showed that the water content in the 0 - 100 cm soil profile under
the different treatments. The surface-soil water content (0 - 20 cm) was always higher than the
subsurface-soil water content (20 - 80 cm) across all four treatments after one season of summer
maize cultivation. Relatively low levels were found at the 40 cm soil depth, especially in the FS
treatment. Among the four treatments, average water content in the 0 - 100 cm soil profile was
ranked as FS-CM > CM > FS > control, with the three soil amendment treatments having 48.0,
41.2 and 21.5%, respectively more water than the control.
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The water content was also significantly different between treatments at specific soil depths.
Within the 0 - 20 cm depth, significant differences were found in soil water content between the
control and all three soil amendment treatments (p < 0.05). For the 20 - 60 cm depth, there were
significant differences between the control (or TS) and CM (or FS-CM) treatments (p < 0.05). For
the 60 - 80 cm depth, the water content differed significantly between the control (or FS-CM) and
TS (or CM) treatments (p < 0.05). For the 80 - 100 cm depth, a significant difference was
observed between the control and CM treatment only (p < 0.05).
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Fig. 2. Soil water content at different depths of the experimental soil added with inorganic and organic
amendments (6 m/%). FS, ferrous sulfate only; CM, chicken manure only; FS+CM, ferrous sulfate plus
chicken manure; and control, no amendment. Values are the mean + standard deviation (n = 5).

After the harvest of maize in October, soil water storage in the 0 - 100 cm soil profile was the
highest, 276 mm, in the FS-TCM treatment (Fig. 3), being 6.4 and 21.9% higher than those of CM
(p > 0.05) and FS treatments (p < 0.05), respectively. A significant increase (60.2%) was also
found in the soil water storage of CM treatment when compared with the control (p < 0.05).
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Fig. 3. Total water storage in the 0 - 100 cm soil profile added with inorganic and organic amendments (mm).
Values are the mean =+ standard deviation (n = 5). Means with different lowercase letters at the top of the
column indicate significant difference at p < 0.05.
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The addition of inorganic and/or organic amendments appeared to reduce soil pH in the O -
100 cm profile (Fig. 4). Average pH levels of FS, CM, and FS-CM treatments were 7.1% (p >
0.05), 22.8% (p < 0.05), and 11.5% (p < 0.05), respectively lower than the control. A significant
difference in soil pH was also recorded between the CM and FS-CM treatments (p < 0.05).

Total nitrogen analysis revealed that, within the 0 - 100 cm soil profile, the maximum
nitrogen concentration occurred at the 20 - 40 cm depth across all four treatments (Fig. 5), with a
significant difference in CM (or FS-CM) compared with the control (p < 0.05). For the 0 - 100 cm
soil profiles of FS, CM, and FS-CM treatments, their average total nitrogen concentration was
22.2, 29.5 and 32.2%, respectively higher than the control.

Except for the control, the available phosphorus concentrations of all other three treatments
reached their highest level in the 0 - 10 cm surface soil (Fig. 6), with a significant difference
between the control (or FS and CM) and FS-CM treatments (p < 0.05). In terms of the average
available phosphorus concentration for the entire 0 - 100 cm soil profile, the four treatments were
ranked as FS-CM > CM > FS > control; the three soil amendment treatments exceeded the control
value by 154.0, 98.6 and 72.7%, respectively (p values < 0.05).

With the increase of soil depth, the available potassium concentration generally declined (Fig.
7). Average available potassium concentrations in the 0 - 100 cm soil profile of the different
treatments were ranked as FS-CM > CM > FS > control; the corresponding values of the three soil
amendments were 14.8, 2.9 and 1.9% higher than the control. In particular, available potassium
concentrations at the 10 - 20 and 40 - 60 cm soil depths differed significantly between the control
and soil amendment treatments (p values < 0.05).
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Fig. 4. Average pH in the 0 - 100 c¢m soil profile added with different organic and inorganic amendments.
Means with different lowercase letters at the top of the column indicate significant difference at p < 0.05.

pH

Within the 0 - 100 soil profile, organic matter content was drastically reduced from 0 to 40
cm depth, especially in the CM and FS-CM treatments (Fig. 8). In terms of the 0 - 100 cm
average, the four treatments were ranked as FS-CM > CM > FS > control, with the corresponding
values of the three soil amendments exceeding the control by 85.8, 79.6 and 30.1%, respectively
(p values < 0.05). A significant difference was found between FS-CM > CM treatments in the O -
10 cm surface soil only (p < 0.05).
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Fig. 5. Effects of different organic and inorganic amendments on total nitrogen concentration in the
0 - 100 cm soil profile (g/kg).
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Fig. 6. Effects of different organic and inorganic amendments on available
phosphorous concentration in the 0 - 100 cm soil profile (mg/kg).
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Fig. 7. Effects of different organic and inorganic amendments on available
potassium concentration in the 0 - 100 cm soil profile (mg/kg).
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Fig. 8. Effects of different organic and inorganic amendments on organic matter
concentration in the 0 - 100 cm soil profile (g/kg).

How to solve the pressing problem of hollow villages is currently an important topic in the
revitalization of rural China (Liu and Li 2017). Generally, the Chinese Government continues to
implement homestead consolidation; that is, to reclaim low-efficiency or abandoned (discarded)
homesteads acquired illegally for arable land, in accordance with overall land use planning, as
well as the planning of land consolidation, reclamation, and development (Huang et al. 2015).
However, during such large-scale land consolidation, how to achieve rapid development and
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efficient use of the remnant raw soil remains an outstanding issue whose resolution is key for rural
revitalization.

In the present study, raw soil from the Chengcheng Project area following the consolidation of
rural construction land (homestead) was collected. This project represents a major innovation in
the reform of the rural land system in Shaanxi Province to strike a sustainable balance between
land for construction versus agriculture. Results showed that the addition of different organic and
inorganic amendments had positive effects on the development of this type of raw soil. Especially
when ferrous sulfate and chicken manure were jointly added. Soil water and nutrient conditions
were improved markedly with the lowering of the pH level when compared with the control soil.
Importantly, all of these soil property values met the standard of arable land suitability (Afshari
and Mafi 2014), indicating the application potential of adding inorganic-plus-organic amendments
for soil improvement after land consolidation of hollow villages.

The raw soil used in this study was rich in insoluble phosphorus and potassium nutrients that
are difficult to release into an alkaline environment (Hu et al. 2017). Therefore, ferrous sulfate as
an inorganic amendment to reduce soil pH and to promote the conversion of nutrients into the
available form needed for plant uptake were selected. Present results showed that the ferrous
sulfate treatment effectively lowered soil pH by 7.1% relative to the control used. This suggests
adding ferrous sulfate alone can function to partly mediate soil acidity, while sulfate (S0,%) is
involved in loosening the soil structure (Huang 2005). For the organic amendment chicken manure
was used because of its convenience for acquisition, transportation, and utilization in local rural
areas. The soil amendments which were selected can be applied alone or in combination to
accelerate the development of newly added arable land, thus improving the comprehensive soil
fertility to rapidly generate ideal growing conditions for crops.

Results also showed that adding chicken manure alone improved soil fertility more efficiently
than would applying ferrous sulfate only, as indicated by the former’s increases in soil water
content (16.2%) and water storage (14.7%). In the 0 - 100 cm soil profile, relatively low water
content at the 20 - 40 cm depth irrespective of treatment was observed. This result could be related
to water consumption by the crop plant tested and subsurface soil compaction (Zhang et al.
2017). The nutrient concentrations such as total nitrogen available phosphorus, available
potassium, and organic matter generally increased by 6.0, 15.0, 1.0 and 38.1%, respectively. The
maximum effects of organic compared with inorganic amendment can be attributed to the high
nutrient content of chicken manure, a high-quality organic fertilizer particularly rich in organic
matter (Wang et al. 2002). After its application into soil, chicken manure can increase the nutrients
in soil and improve its physical, chemical, and biological properties, leading to prominent effects
on soil development and fertility (Ministry of Agriculture of the People's Republic of China 2013).
Moreover, when applied, chicken manure can also increase organic colloids in soil while
contributing to the decomposition of organic matter into organic colloids via microbial activity
(Wang et al. 2002). This would greatly increase the total soil adsorption surface and produce many
adhesive substances. In this way, soil particles become cemented to form a stable agglomerate
structure, thus improving the capacity of the soil capacity for water retention, nutrient
conservation, permeability, and temperature control (Wood et al. 2016). A popular proverb in rural
China, “the land is maintained with manure and the seedlings are grown with manure”, to some
extent conveys the key role of chicken manure application that plays in soil improvement.

Since chicken manure is a strongly acidic fertilizer (Voelklein et al. 2016), its application
alone markedly reduced the soil pH, from 7.59 to 5.86 relative to the control soil. The present
results demonstrated that the combined application of chicken manure plus ferrous sulfate did
more to improve soil quality than the application of chicken manure alone. The disadvantage of
applying chicken manure only is that its composting may produce high temperatures and thereby
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drive nitrogen loss (Wang et al. 2013). One study reported that ferrous sulfate could be applied
into the composts of livestock manure for nitrogen retention (Lehrsch et al. 2015). In this
experiment, once these soil amendments were made, substantial changes occurred in soil nutrient
concentrations at 0 - 60 cm depth, whereas nutrient levels were mostly stabilized at 60 - 100 cm
depth, with some minor variations. This suggests that treatment effects on soil nutrients were
limited to deep soil, yet mainly reflected in the upper soil layer (Kobaissi et al. 2013, Van
Groenigen et al. 2014). Therefore, in engineering practices concerned with land consolidation of
hollow villages for arable land, soil amendments should be applied to the upper soil layer only,
which would reduce associated construction costs.

This study showed that the combination of ferrous sulfate and chicken manure offers an
optimal strategy for increasing soil water and pH levels while improving soil nutrient conditions
after land consolidation of hollow villages. Although sole applications of ferrous sulfate or
chicken manure alone also appeared to improve soil quality to some extent, these inorganic and
organic amendments are disadvantageous because of their high costs and nitrogen losses,
respectively. By combining ferrous sulfate with chicken manure, the water content, water storage,
total nitrogen, available phosphorus, available potassium, and organic matter in the 0 - 100 cm soil
profile were all considerably increased, and soil pH decreased, after just one season of summer
maize cultivation. Overall, this fertilization practice clearly shows promising effects for promoting
soil development after land consolidation of hollow villages. The present results may thus help to
suggest, and guide future use of newly added arable land.
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