
The recorded sharp decline of cultivated land in 
China was associated with the rapid advancement 
of urbanization and infrastructure construction, en-
dangering the national food security. It is therefore 
important to ensure the achievement of the target of 
1.2 × 108 ha cultivated land (Long et al. 2018). The 
Mu Us Desert is one of four major deserts in China, 
covering an area of 3.98 × 106 km2 (Yan et al. 2013), 
which has sufficient light radiation and relatively 
abundant precipitation, making it a potential site for 
arable land excavation (Cheng et al. 2016). However, 
soil in the desert is severely corroded and sandy, and 
the ecological environment is fragile. In particu-
lar, the Mu Us Desert contains about 1.67 × 106 ha 
feldspathic sandstone, a deposit that is highly prone 
to erosion and has been termed as Earth Ecological 

Cancer (Cheng et al. 2016). Therefore, exploring and 
developing a comprehensive model using feldspathic 
sandstone in the Mu Us Desert to remediate sandy 
soil is urgently needed.

Feldspathic sandstone is composed of quartz (70.5 ± 
1.0%), feldspar (16.4 ± 0.5%), muscovite (12.9 ± 1.1%) 
and hematite (0.2 ± 0.05%) (Bazhenov et al. 1993, Ni 
et al. 2008). Feldspathic sandstone has high clay con-
tent, and water retention capacity and sandy soil has 
a low clay content, cementation degree poor structure 
(Wang et al. 2009), high permeability (Bruand et al. 
2005) and poor water retention capacity (Fidalski et 
al. 2013, Reichert et al. 2016). Therefore, feldspathic 
sandstone and sandy soil are complementary in prop-
erties. The combination of feldspathic sandstone 
and sandy soil at a certain ratio could change the 
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soil texture and enhance the water holding capacity 
(Se et al. 2014), which formed a new suitable soil for 
crop growth. Also, investigations have found that 
the addition of feldspathic sandstone to sandy soil 
enhanced the effectiveness of nitrogen and phospho-
rus fertilizers in the sandy soil (Se et al. 2014, Wang 
et al. 2017), and had a significant sand-fixing effect 
(Li et al. 2017). However, previous studies on the 
physical and chemical properties of the composited 
soil predominantly focus on the same year or nearly 
2 years (Li et al. 2015a), which is largely short for 
rotation crop planting land. Investigations examin-
ing multi-year stability of the physical properties 
of the composited soil and its crop yield are sparse. 
Therefore, this research prepared the composited 
soils by mixing feldspathic sandstone and sandy soil 
with different ratios, and continuously observed 
its texture, water-stable aggregate, organic carbon 
content over 6 years and corn yield over 9 years, to 
estimate the stability of the composited soil during 
long term planting and the optimal ratio.

MATERIAL AND METHODS

Study area. Field experiments were carried out in 
Chuyuan village (108°57'~109°26'E, 34°42'~35°6'N) 
in Fuping district, Xi’an city, China. The site has 
an altitude of 375.8~1420.7 m a.s.l., and is charac-
terized by a semi-arid continental climate. Annual 
average precipitation is 527.2 mm (1960–1995), with 
precipitation having an uneven distribution with 
July–September accounts for 49% of total annual 
rainfall, interannual variability of precipitation is 
large, and the annual precipitation coefficient of 
variation (CV) is 21.2%. Mean annual temperature is 
13.1°C, the highest temperature in summer is 41.8°C 
and the lowest temperature in winter is –22°C, an-
nual sunshine is 2389.6 h, and annual total radiation 
is 5187.4 MJ/m2. The natural condition in this area 
meet the growth needs of corn (Wei and Zhao 2017).

Experimental design. To simulate the land condition 
of the mixed layer of feldspathic sandstone and sandy 
soil in the Mu Us Desert, feldspathic sandstone and 
sandy soil were collected from Daji Khan village, Xiaoji 
Khan township, Yuyang district, Yulin city, China. The 
crusher was used for crushing and screening feldspathic 
sandstone artificially to ensure that the size of arsenic 
sandstone was less than 4 cm, and the content of clay, 
silt, and gravel in feldspathic sandstone was 7.06, 58.09 
and 34.85%, respectively.

Feldspathic sandstone and sandy soil were mixed 
to prepared composited soil. Four treatments with 
different ratios (0:1, 1:1, 1:2, and 1:5 v/v) of felds-
pathic sandstone to sandy soil were designed. The 
main physical and chemical properties of the com-
posited soil were shown in Table 1. Each treatment 
was repeated 3 times. A total of 12 plots (each plot 
with 2 m × 2 m) were established. The plots had a 
random arrangement; the tillage layer (top 30 cm) 
was the composited soil, 30–70 cm filled with sandy 
soil, and below 70 cm was the local soil. A wheat-corn 
rotation model was adopted; the corn cultivar was 
Wei Ke 702 (Zhengzhou, China). From June 2010 
to October 2018, all treatments were conducted by 
conventional farming and local traditional water and 
fertilizer management practices (organic fertilizer). 
After each harvest, the soil of the tillage layer was 
sampled, and corn yield was recorded.

Soil sampling and measurement. Three soil samples 
from the 0–30 cm soil layers were randomly collected 
after maize harvest each year. After homogeneous 
mixing of each layer, impurities were removed. The soil 
samples were air-dried in the laboratory and analyzed 
for soil moisture, water-stable aggregate (Elliott et al. 
1986) and soil particle composition (Lu et al. 1999). 
The corn yield was measured using 4 m2 samples at 
the harvest period.

Statistical analysis. Data were analyzed by ANOVA 
using SPSS v.18.0 (IBM Corp., Armonk, USA), and the 
least significant method (LSD) was selected for the dif-

Table 1. Physical and chemical properties of composited soils

Ratio of feldspathic 
sandstone to sand

Particle size composition (%) Texture 
(USDA)

Bulk density 
(g/cm3)

Total N Total P Total K SOC
sand silt clay (g/kg)

1:1 50.82 38.12 8.06 sandy loam 1.37 0.44 0.50 22.26 1.31
1:2 68.86 26.01 5.13 sandy loam 1.52 0.54 0.55 23.67 1.51
1:5 79.03 17.35 3.62 sandy soil 1.56 0.65 0.65 25.09 1.72
0:1 95.00 4.10 0.53 sand 1.61 0.75 0.75 26.51 1.93

SOC – soil organic carbon
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ferential significance test. All data were plotted using 
Sigma Plot v.10.0 (Systat Software Inc., San Jose, USA).

RESULTS AND DISCUSSION

Effect of feldspathic sandstone amendment on 
sandy soil texture. Results indicated that soil texture 
was markedly changed after the addition of feldspathic 
sandstone (Figure 1). With the addition of feldspathic 
sandstone, the key fraction contents (clay and silt) in 
the sandy soil gradually increased, and clay content 
in treatments of 1:1, 1:2 and 1:5 ratios were 4.60 ± 
2.15, 3.34 ± 1.62 and 3.08 ± 1.40%, respectively. 
Compared with pure sandy soil (0:1 treatment), the 
greatest increase in clay-sized content (62.13%) was 
recorded in the treatment 1:1; treatments 1:2 and 
1:5 also increased by more than 40%. The silt-sized 
content of treatments 1:1, 1:2 and 1:5 was 31.14 ± 
13.72, 21.72 ± 7.38 and 19.80 ± 6.20%, respectively. 
Compared with the sandy soil (0:1 treatment), silt-
sized content in the composited soils all increased 
by more than 70% and the 1:1 treatment recorded 
the greatest increase (81.93%).

The content of sand-sized particles in the sandy 
soil did not change with cultivation year. But the 
content of silt-sized particles in treatments 1:2 and 
1:5 increased with the increase of cultivation time. 
1:2 treatment recorded a change from loamy sand to 
a sandy loam after 4-year of cultivation. The content 

of silt-sized particles in 1:1 treatment recorded the 
greatest change with planting time increasing; clay 
content in this treatment was also recorded to be 
the greatest. After one year of planting, soil texture 
of 1:1 treatment changed from loamy sand to sandy 
loam and became silty soil after 5-year of planting. 
By adding feldspathic sandstone to sandy soil, the 
sand texture gradually changed from a sand-loamy 
soil (1:2, 1:5) to a sandy loam soil or silt and soil (1:1).

As one of the basic physical properties, soil texture 
is the combination of particles of different sizes 
and diameters in soil and is closely related to soil 
aeration, water retention, fertilizer retention and 
farming difficulty (Weil and Brady 1996). Addition 
of feldspathic sandstone significantly improved silt 
and clay contents, effectively improved sand tex-
ture. These may be due to the high clay content as 
10.3~30.3% of feldspathic sandstone (Peng et al. 
2018). These characteristics are complementary to 
that of feldspathic sandstone. Therefore, after the 
addition of feldspathic sandstone, silt, and clay in 
the feldspathic sandstone fill the pores of the sandy 
soil, which changes its silt-size composition and 
improves the sand texture. Also, the higher the ra-
tio of feldspathic sandstone to sand, the better the 
improvement of desert texture. So, the treatment 1:1 
performed better than 1:2 and 1:5, the clay structure 
was improved, and the content of silt and clay was 
significantly increased. With the increase of planting 

Figure 1. Changes in soil texture of improved sandy soil with the addition of feldspathic sandstone
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year, crop roots further improved the structure of the 
sandy soil, thereby improving the soil texture.

Effect of adding feldspathic sandstone on sta-
ble water aggregates of sandy soil. The addition 
of feldspathic sandstone significantly increased the 
> 0.25 mm water-stable aggregate (WR0.25) content 
in the sandy soil (P < 0.05, Figure 2). Over the 6-year 
planting period, WR0.25 contents for 1:1, 1:2, 1:5 and 0:1 
treatments were 16.2~19.03, 19.35~29.33, 17.56~32.99 
and 17.42~27.13%, respectively. Contents in treatments 
1:1, 1:2 and 1:5 increased by 29.26, 31.47 and 11.56% 
compared to treatment 0:1, respectively.

The content of stable water aggregates with a diameter 
greater than 0.25 mm (WR0.25) can reflect soil quality 
and erosion resistance, and they can contribute to soil 
stability (Angers 1992, Chen et al. 2008). Findings by 
Oades and Waters (1991) showed that organic cementa-
tion plays an important role in the formation of stable 
water aggregates. Desert soil contains lots of primary 
minerals and only a few secondary minerals, especially 
clay minerals and montmorillonites (accounting for 
6.5%), with clay content being only 0.85% (Zhang et al. 
2015). Feldspathic sandstone is rich in clay minerals 
such as calcium montmorillonite, montmorillonite and 
glimmer ton, which can be as high as 5.4~56%. When 
feldspathic sandstone is mixed with sandy soil, the large 
volume of colloidal substances in feldspathic sandstone 
cosmic promotes the formation of aggregates. At the 
first two planting years, WR0.25 in treatment 1:1 was 
much higher than other treatments, which was due to 
its high content of feldspathic sandstone. In general, 
with organic fertilizers were continuously applied, the 
crop root exudates, soil microbe biomass, and metabo-
lites increased over planting time; they promoted the 
formation of soil particle aggregate (Ye et al. 2018). 
WR0.25 in treatment 1:2 increased continually at the 
first two planting years, and was higher than in treat-

ment 1:1 after the third year. This might be because soil 
structure in treatment 1:2 was more suitable for crop 
and microbial survival, secretion of which facilitated 
the formation of WR0.25. Soil texture in treatment 1:5 
was loamy with less colloidal material, so the WR0.25 
content was only obviously improved after 5 years 
of planting. Our results indicated that the ratio (i.e., 
feldspathic sandstone content) was the material basis 
for the formation of aggregates. Besides, planting as a 
kinetic process of agglomeration promote the formation 
of aggregates. Both the compounding ratio and plant-
ing time are important factors affecting the content of 
water-stable large aggregate in the composited soil.

Effect of adding feldspathic sandstone on organic 
carbon content in sandy soil. Results indicated that 
the addition of feldspathic sandstone significantly in-
creased organic carbon content in the sandy soil (P < 
0.05, Figure 3). After six years of planting, the organic 
carbon content of the tillage layers in treatments 0:1, 1:1, 
1:2 and 1:5 were 0.39 ± 0.044, 1.64 ± 0.15, 1.51 ± 0.13 
and 1.77 ± 0.082 g/kg, respectively. Organic matter is 
the main determinant of soil fertility, nutrient storage, 
and microbial and enzymatic activities (Ashagrie et al. 
2005). We found the addition of feldspathic sandstone 
significantly increased the content of organic carbon 
in the sandy soil. Organic carbon content in the tillage 
layer increased with planting year in all composited 
ratios. In the first three years, no significant difference 
was recorded among the different composited ratios. At 
the third year, the organic carbon content in 1:1 and 1:5 
increased quickly while slowly in treatment 1:2. Also, 
soil organic carbon content in 1:1 and 1:5 treatments 
decreased in the 5th year and significantly increased 
to 3.03 ± 0.10 and 2.96 ± 0.087 g/kg, respectively, at 
2015 with the application of organic fertilizer. When 
the ratio of feldspathic sandstone and sandy soil was 
1:2, organic carbon content kept above 1.01 g/kg at the 

Figure 2. Variation of water stable ag-
gregates of improved sand soil with the 
addition of feldspathic sandstone2010        2011         2012        2013        2014         2015
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first four years, and 2.16 g/kg at the latter two years. 
Organic carbon content in sandy soil (treatment 0:1) 
changed the slowest and was 1.21 g/kg only after six 
years of planting. While in the composited soil it had 
been above 1 g/kg after two years of planting. The re-
sults of water-stable aggregate content suggested that 
aggregate structure was more stable when the compos-
ited ratio was 1:2, and that organic carbon retention 
and aggregate formation promoted each other. Higher 
organic carbon content indicated high soil fertility; 
organic carbon can enhance soil particle cementation 
and facilitate the formation of soil aggregates (Luo 
et al. 2007). Therefore, the organic carbon content in 
the composited soil was the most stable in the tillage 
layer of treatment 1:2. Also, organic carbon content 
increased with the increase of tillage year, which may 
be due to the carbon sequestration by roots. Li et al. 
(2015b) recorded that long-term conservation tillage 
can increase soil organic carbon content, which is con-
sistent with our results. With the increase of planting 
year, organic carbon fixed by crops exporting to roots 
and exuding to the soil layer increase (Li et al. 2015b).

Effect of adding feldspathic sandstone on corn 
yield in sandy soil. Corn yield under different ratios 
of feldspathic sandstone to sand (Figure 4) showed 
different magnitudes of increase over time; treatment 
1:2 recorded the greatest increase. Averagely, corn 
yield showed an order of 1:2 > 1:1 > 1:5, with values of 
12 984, 12 040 and 11 301 kg/ha, respectively. After 
9 years of planting, corn yield increased by 0.6, 1.0, and 
0.3 times, respectively, compared with the first year.

The retention of organic carbon matters and the 
formation of soil aggregates complement each other. 
After the addition of feldspathic sandstone, aggregates 
and organic carbon contents of the composited soil 
were recorded to be significantly higher than that of 
sandy soil. This increase in organic carbon content 
was beneficial to the formation and stability of soil 
structure; the stable soil structure then contributed 
to the increase of corn yield (Unger 1997, Olk and 
Gregorich 2006). Average corn yield in treatment 1:2 
was the highest, which might be due to its moderate 
content of clay. Moderate clay content facilitates the 
formation of more water-stable aggregates, of the most 

Figure 4. Yield variation of feldspathic 
sandstone improved sandy soil under 
different ratios

Figure 3. Variation of organic carbon 
content in improved sand soil with the 
addition of feldspathic sandstone
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stable soil structure and the fastest soil ripening. Also, 
annual corn yield displayed significant differences 
among different years, even in the same treatments. It 
might be related to the difference in rainfall and other 
environmental conditions.

Therefore, 1:2 is the best ratio to remediate sandy 
soil. At ratio 1:2, the structure of sandy soil will be 
effectively improved, organic carbon content will be 
enhanced, and corn yield will be significantly increased.
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