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ABSTRACT

Aims: To provide a soil quality assessment frame work and threshold limits for assessing
soil quality in Ultisol of subtropical China region.
Study Design: Selected minimum data set for soil quality assessment and threshold
limits for the study were total carbon, nitrogen, soil pH and phosphorus, biomass carbon,
nitrogen and phosphorus, maize grain and fresh potato tuber yields. Soil data (2000-2010),
maize grain and fresh potato yield data (2000-2009) from a long term experiment under
the Institute of subtropical Agriculture, China were analyzed using the SAS statistical
package and means were graphically compared to determine threshold limits for selected
data set and fitted into a soil quality model.
Place and Duration of Study: The key Laboratory for Agro-ecological Processes in
Subtropical Regions, Chinese Academy of Sciences; Institute of Subtropical Agriculture,
Changsha, Hunan China long-term experimental site in Taoyuan county, conducted from
the year 2000 to 2010.
Methodology: Soils samples at the experimental fields were obtained from depths 0-20
cm using an auger at each replicate in triplicates and homogenized to obtain a composite
sub sample, air-dried, sieved through 2.0 mm to obtain samples for analysis in the
Laboratory. Parameters analyzed for were organic carbon concentration, measured by the
combustion method using an automated C/N analyzer (Vario MAX CN, Elemental Co.,
Germany) while total nitrogen was by the Kjeldahl method of ISSCAS (1978). Microbial
carbon, nitrogen and phosphorus levels were determined using the chloroform-fumigation-
extraction method (Jenkinson and Powlson, 1976; Vance et al., 1987; Brookes et al.,
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1982) and adopting the conversion factors 0.45 (Wu et al., 1990), 0.45 (Brookes et al.,
1985), and 0.29 (Wu et al., 2000) respectively for the C, N and P. Extractable N and Olson
P were taken from values obtained from the non fumigated soil samples. Data obtained
were statistically analyzed using the SAS package for ANOVA and significant means were
separated using the Duncan’s New Multiple Range Test (DNMRT). Treatment means were
also matched graphically to delineate critical threshold limits between classes for each
parameter. Soil quality was assessed by using the Parr et al. (1992) equation; SQ
=ƒ(SP,P,E,H, ER,BD,FQ, MI); where SQ= soil quality, SP= soil properties, P = potential
productivity, E=environmental factor, H= health (human/animal), ER= erodibility, BD=
biodiversity, FQ= food quality and MI= management input. A score scale of 1 to 5 was
used in the assessment of parameters in the model; where 1 is best and 5 is the worst
condition. However, E, H, ER, FQ and MI were each scored 1.0 because the long-term
experiment has an environmental component, health factor, biodiversity, food quality and
management input components that are being optimally managed. Therefore SQ= f(SP, P)
was used to assess quality of the Ultisol at the uplands and slope land locations.
Results: At the uplands, the practice of maize-rape/marsh residue+NK (8.54gkg-1 C, 1.0
gkg-1 N and 5.67 mgkg-1 P) treatments could be rotated with Maize-rape/nil fertilizer (7.51
gkg-1 C, 0.87 gkg-1 and 0.39 mgkg-1 P) to encourage improved soil quality by allowing for
more years with soil carbon sequestration, nitrogen and phosphorus credit than years of
depletion and discourage soil degradation. At the slope lands, treatments that combined
application of organic and inorganic fertilizer materials [Sweet potato-rape/NP+straw (7.18
gkg-1 C, 0.88 gkg-1 N and 0.38 mgkg-1 P) and Peanut-broadbean/NP+straw (6.81 gkg-1 C,
0.86 gkg-1 N and 0.38 mgkg-1 P)] improved soil quality significantly over time by
sequestering significantly higher total carbon, nitrogen and phosphorus better than sole
inorganic fertilizer [Sweet potato-rape/NPK (6.52 gkg-1 C, 0.81 gkg-1 N and 0.38 mgkg-1

P)].
Conclusion: Ultisol at the upland positions had better quality (SQ1) than those at the slope
(SQ2) positions. Threshold limits for nutrients, pH and yield of maize and Fresh Potato
tubers in the subtropical China region Ultisol was developed.

Keywords: Soil quality; sustainable soil productivity; threshold limits; soil health; land use
management.

1. INTRODUCTION

The rate of growth of global grain production dropped from 3% in the 1970s to 1.3% in the
1983–1993 period, and one of the key reasons of this decline is inadequate soil and water
management (Steer, 1998). Protection of soil quality under intensive land use and fast
economic development has therefore become a major challenge for sustainable resource
use in the developing world (Doran et al., 1996; Doran and Safley, 1997; Karlen et al., 1997).
In order that soil quality must be adequately protected, basic assessment of soil health and
quality is necessary to evaluate the degradation status and changing trends following
different land use and smallholder management interventions (Lal and Stewart, 1995, Larson
and Pierce, 1994). This is intended to provide yardstick for monitoring and evaluation of the
soil status over time, mitigate degradation trends and ensure environmental and crop
production sustainability (Hedlund et al., 2003; Doran et al 1997; Doran and Zeiss, 2000).
The continued absence of easily applicable checklist and threshold limits for monitoring soil
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quality negates scientists’ efforts at ensuring sustainable crop production and environmental
quality maintenance.

Enhancing soil quality is a key factor in sustaining soil resources for high quality soils to be
better producers of food and fibre for the world's growing population and also play a major
role in stabilizing natural ecosystems, enhancing air and water quality (Gregorich et al.,
1994; Doran, 2002; Karlen et al., 1997), improving cropland per capita output and sustaining
national food security.

Changes in soil quality can be assessed by measuring appropriate indicators and comparing
them with desired values (critical limits or threshold level), at different time intervals, for a
specific use in a selected agro-ecosystem. Such a monitoring system will provide information
on the effectiveness of selected farming system, land use practices, technologies and
policies (Arshad and Martin, 2002). Gomez et al., (1996) proposed a framework for
evaluating sustainability at farm level in the Philippines based on field indicators that take
into account both farmer’s satisfaction and resource conservation. They observed that high
yield, low labor requirement, low input cost, high profit, and stability are some features that
are likely to enhance farmer satisfaction. The minimum data set that is hoped will benefit
farmers, researchers and Extension workers in subtropical China was selected and
evaluated in this study.

It would be necessary to determine quality status of soils under various land use
management systems in China, as this would guide land use policy formulation (Lal and
Stewarts, 1995; Barrios and Trejo, 2003). Also, critical limits for quality assessment of soils
would benefit quick diagnostics and decision making of soil status by farmers, Extension
experts and Research Scientists (Andrews and Carroll, 2001; Barrior and Trejo, 2003), and
was attempted in this study on Ultisol.

Objective of this study include –

i) Assessing Land Use Systems for soil quality status and changing trends to advance
novel land use management strategies for adoption across China subtropical
regions Ultisol.

ii) Determining threshold limits for selected soil nutrients and yield of maize and potato
in Ultisol of the region.

2. MATERIALS AND METHODS

The experiment was conducted in Taoyuan County, at a hilly site (111°31′E, 29°14′N) in the
middle of subtropical region of China. The site has a gradient of 8°, a mean elevation of 106
m, annual temperature of 16.8°C and annual rainfall of 1,330 mm. Soil at the experimental
site was a clay loam classified as Ultisol (USDA Soil Taxonomy, 1998) developed from
Quaternary red earth.

2.1 Soil Quality and Changing Trends Assessment

This study relied on soil, maize and potato yield data on the long-term experiment to assess
soil quality and changing trends from 2000 to 2010. The basic soil quality indicators selected
for a minimum data set in this study include:
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i) data on total carbon, total nitrogen, total phosphorus and soil pH from 2000-2010.
ii) data on microbial biomass carbon, nitrogen and phosphorus 2000-2006.
iii) data on maize grain and Sweet Potato fresh weight yields 2000-2009.

Basic soil quality indicators selected are also relevant to existing soil data bases (Doran and
Parkin, 1994; Andrew and Carroll, 2001) at the Institute of Subtropical Agriculture,
Changsha, China. Trials monitored were both at the uplands and slope lands were rotation
experiments having the following treatments were executed:

In the uplands the following trials were compared:

i) Fallow/nil fertilizer application (Fnf)
ii) Maize-Rape/Nil fertilizer application (M-R/nf)
iii) Maize-Rape/NPK fertilizer application (M-R/NPK)
iv) Maize-Rape/NK+ residue (M-R/NK+R)
v) Sweet Potato-Rape/Straw+NP  (P-R/S+NP)

and in the slope land, the following trials were compared:

i) Fallow-Nil fertilizer (Fnf)
ii) Sweet potato-Rape/Nil fertilizer (Sp-R/nf)
iii) Sweet potato-Rape/NPK (Sp-R/NPK)
iv) Sweet potato-Rape/NP+straw (Sp-R/NP+S)
v) Pea nut-Broad bean/NP+straw (Pn-Bb/NP+S)
vi) Maize-Barley/NK+ maize residue (M-B/NK+R)

Plot size for each treatment was 3m by 7m i.e., 21m2 while straw rate was 12.7 tha-1yr-1,
marsh residue was 10.0 tha-1yr-1 and fertilizer rates were 224 Kg N ha-1yr-1, 52 Kg P  ha-1yr-1

and 174 Kg K ha-1yr-1. The treatments were replicated three times and maintained for the
period 2000-2006/2010. However, maize yield was monitored on M-R/nf, M-R/NPK and M-
R/NK+R treatments from 2000-2009 at the uplands. Potato yield was assessed on Sp-R/nf,
Sp-R/NPK and Sp-R/NP+S on the slope lands.

2.2 Laboratory Analysis

Soil samples at the experimental fields were obtained from depths 0-20 cm using an auger
at each replicate in triplicates and homogenized to obtain a composite sub sample. The soils
were air-dried, sieved through 2.0 mm to obtain samples for analysis in the Laboratory.
Parameters analyzed for were organic carbon concentration, measured by the combustion
method using an automated C/N analyzer (Vario MAX CN, Elemental Co., Germany) while
total nitrogen was by the Kjeldahl method of ISSCAS (1978). Microbial carbon, nitrogen and
phosphorus levels were determined using the chloroform-fumigation-extraction method
(Jenkinson and Powlson, 1976; Vance et al., 1987; Brookes et al., 1982) and adopting the
conversion factors 0.45 (Wu et al., 1990), 0.45 (Brookes et al., 1985), and 0.29 (Wu et al.
2000) respectively for the C, N and P. Extractable N and Olson P was taken from values
obtained from the non fumigated soil samples. Data obtained were statistically analyzed
using the SAS package for ANOVA and significant means were separated using the
Duncan’s new multiple range test (DNMRT). Treatment means were also matched
graphically to delineate critical threshold limits between classes for each parameter. Soil
quality was assessed by using the Parr et al. (1992) equation; SQ =ƒ(SP,P,E,H, ER,BD,FQ,
MI); where SQ= soil quality, SP= soil properties, P = potential productivity, E=environmental
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factor, H= health (human/animal), ER= erodibility, BD= biodiversity, FQ= food quality and
MI= management input.  A score scale of 1 to 5 was used in the assessment of parameters
in the model; where 1 is best and 5 is the worst condition. However, E, H, ER, FQ and MI
were each scored 1.0 because the long-term experiment has an environmental component,
health factor, biodiversity, food quality and management input components that are being
optimally managed. Therefore SQ= f(SP, P) was used to assess quality of the Ultisol at the
uplands and slope land locations.

3. RESULTS AND DISCUSSION

3.1 Uplands Assessment

Table 1 shows that in the uplands, M-R/R+NK (8.54gkg-1) and Sp-R /S+NP (8.43 gkg-1)
treatments significantly (P<0.05) sequestered higher total carbon to soils better than M-
R/NPK (8.06 gkg-1), M-R/nf (7.51 gkg-1) and F/nf (7.62 gkg-1) treatments. This suggests that
total carbon increase in these Ultisol were strongly influenced by organic matter additions in
the forms of either marsh residue or straw. Therefore, treatments with M-R/R+NK and Sp-
R/S+NP in the Uplands sequestered higher carbon in soils thereby converting and storing
more atmospheric carbon dioxide as soil carbon (carbon sequestration) and impacting on
global warming better than the other treatments evaluated.

Total nitrogen content of the soils were also significantly (P<0.05) enhanced under Sp-
R/S+NP (1.00 g kg-1), and M-R/R+NK (1.00 g kg-1) treatments than the others (Table 1). This
suggests that addition of inorganic NP and NK fertilizers to organic matter (straw or marsh
residue) enhanced total nitrogen contribution (Wu, 2011; Tida et al., 2011). Also, total
phosphorus was significantly (P<0.05) contributed by M-R/R+NK (0.51 mg kg-1), followed by
Sp-R/S+NP (0.47mg kg-1) treatment and M-R/NPK (0.47 mg kg-1) treatment. These results
were significantly higher than total P values from treatments without fertilizer application
(organic or inorganic). This means that fertilizer materials would be necessary to support and
improve soil phosphorus status when the upland soils are used for intensive crop production.
The results therefore show that combined application of organic matter (M-R/R+NK and Sp-
R/S+NP), sequestered significantly higher total carbon (8.54 and 8.43 g kg-1 resp.), total
nitrogen (1.00 and 1.00 g kg-1 resp.) and total phosphorus (0.47 and 0.51 mg kg-1 resp.) than
treatments without organic inputs. Treatments with organic matter inputs significantly
moderated soil acidity (pH 5.78 and 5.67 respectively). However M-R/NPK (pH 5.68)
resulted in soil acidity rating that was not significantly (P<0.05) different with M-R/R+NK (pH
5.67) and M-R/nf (pH 5.66). The F/nf, M-R/nf, and M-R/NPK treatments resulted in
significantly lower total carbon, total nitrogen and total phosphorus (Table 1) implying a
higher risk of soil degradation with respect to the other two treatments under a long-term
use. This supports the views of Reginald et al., (2006) who  observed in a similar study that
control (Nil Fertilizer Treatments) and N alone resulted in degradation compared to a
reference soil (no fertilizer/manure, no crop), and treatments with NP alone or sub-optimal
rates of NPK were on the verge of degradation.
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Table 1. Upland total carbon, nitrogen, phosphorus and pH of soils during 2000-2010

Treatments Total Carbon Total Nitrogen Total Phosphorus pH
g kg-1 mg kg-1

F/nf 7.62c 0.92c 0.41c 5.55b
M-R/nf 7.51c 0.87d 0.39d 5.66ba
M-R/NPK 8.06b 0.97b 0.47b 5.68ba
M-R/R+NK 8.54a 1.00a 0.51a 5.67ba
Sp-R/S+NP 8.43a 1.00a 0.47b 5.78a
MSE 0.3265 0.05396 0.0439 0.1900
CV % 4.040 5.661 9.7601 3.539

Means in column with the same letters are not significantly (P≤0.05) different according to DNMRT.

Treatments without organic matter inputs did not significantly improve soil organic carbon,
nitrogen or phosphorus. This suggests that the crop rotation management practices could
not totally support annual increase of soil carbon because in the years with rotation practice
that does not introduce organic matter and soil carbon was depleted. The practice of maize-
rape/marsh residue+NK and sweet potato-rape/straw+NP treatments could be rotated with
either fallow/nil fertilizer or maize-rape/nil to permit more years of carbon sequestration than
years of carbon depletion. It would therefore be inferred that combined incorporation of
organic matter (in the forms of marsh residue or straw) with inorganic fertilizers enhanced
total soil carbon, nitrogen and phosphorus increases at the uplands to maintain sustainable
soil quality. The practice could also have reduced atmospheric CO2 and encouraged carbon
sequestration for optimal crop production and to mitigate climate change effects. The nil
organic matter input and sole inorganic fertilizer treatments could degrade the soils under
long term use and encourage global warming with increasing atmospheric CO2.

3.2 Biomass Carbon, Nitrogen and Phosphorus in Uplands

Table 2 shows that Sp-R/S+NP treatment resulted in significantly (P<0.05) higher biomass
carbon, nitrogen and phosphorus (164.6049 mg kg-1, 31.1449 mg kg-1, and 7.49 mg kg-1

resp.) in soils. This was followed by M-R/NK+R (153.3749 mg kg-1, 24.9349 mg kg-1 and
6.55 mg kg-1resp.) that was significantly better than the other treatments.

Table 2. Upland biomass C, N, P with different treatments during 2000-2006

Treatments Biomass Carbon Biomass Nitrogen Biomass Phosphorus
mg/kg-1

F/nf 133.96c 22.13c 4.73c

M-R/nf 139.71c 23.92cb 5.46c
M-R/NPK 128.97c 22.09c 6.55b
M-R/NK+R 153.37b 24.93b 7.49a
P-R/S+NP 164.60a 31.14a -
MSE 18.6885 4.4132 1.34995
CV% 12.8933 17.766 22.9267

Means in column with the same letters are not significantly (P≤0.05) different according to DNMRT



British Journal of Environment & Climate Change, 2(1): 37-57, 2012

43

This suggests that microbial biomass carbon, nitrogen and phosphorus were readily
available under the combined organic and inorganic fertilizer soil amendments (Chengli et
al., 2009; Wu et al., 2007; Hao et al., 2008; Hanhua et al., 2010). This supports significantly
higher maize grain, straw and cob wastes yields than treatment either with inorganic fertilizer
or without fertilizer at all. Maize-rape/NPK treatment (128.97 mg kg-1 C, 22.09 mg kg-1 N and
5.46 mg kg-1 P resp.) performed abysmally low in contributing microbial carbon, nitrogen and
phosphorus compared to treatments without fertilizer (F/ nf and M-R/nf). This suggests that
in terms of building soil biomass carbon and nitrogen, use of sole inorganic NPK should be
discouraged.

3.3 Yield in Uplands

Data on yield of maize (Table 3) shows that grain, straw and cob waste yields were
consistent and significantly (P<0.05) higher under M-R/NK+R (8.24tha-1, 7.85tha-1, 1.72 tha-1

resp.) than M-R/NPK (7.82tha-1, 7.61tha-1, 1.67tha-1 resp.) and the least yield was under M-
R/nf  treatment (1.83tha-1, 2.39tha-1, 0.43tha-1 resp.). This suggests that soil conditions under
M-R/NK+R facilitated higher maize grain yield by 77.79% over M-R/nf treatment (Control).
Improved soil conditions under M-R/NK+R include increased soil carbon, nitrogen and
phosphorus which were higher than in M-R/nf and M-R/NPK (Table 1). Also, over 68% straw
materials were produced under M-R/NK+R and M-R/NPK treatments that increased soil
carbon stock (carbon sink) and improved soil quality for sustainable crop production.
Treatments having increasing organic matter inputs in this study sustainably improved soil
quality for optimal crop yield in the Subtropical China region Ultisol, could have reduced
atmospheric CO2 and improved carbon sequestration in the soils.

Table 3. Upland maize yield during 2000-2009 with different treatments

Treatments Maize grain Straw Cob waste
(t ha-1)

M-R/nf 1.83bc 2.39b 0.43b

M-R/NPK 7.82b (76.60 %) 7.61a (68.59 %) 1.67a

M-R/NK+R 8.24a (77.79 %) 7.85a (68.55 %) 1.72a

MSE 4.9250 7.1711 1.8547

CV% 0.8256 1.2047 1.457
Means in column with the same letters are not significantly (P≤0.05) different according to DNMRT

(%) = Percent Yield difference from Maize-Rape/nil fertilizer

3.4 Slope Lands Assessment

Table 4 shows that at the slope lands during 2000 to 2006, treatment Sp-R/NP+S (7.18 gkg-

1) significantly (P<0.05) enhanced total carbon accretion in soils. This was followed by Pn-
Bb/NP+S (6.81 g kg-1), M-B/NK+ R (6.60 g kg-1) and Sp-R/NPK (6.52 g kg-1) to be better
than Sp-R/nf (5.78 g kg-1) and F/nf (5.36 g kg-1) treatments. The data reveals that treatments
with combined organic and inorganic fertilizers sequestered significantly (P<0.05) higher
total carbon in soils than those with sole inorganic or without fertilizer application. The least
total carbon (Table 4) was sequestered from F/nf (5.36 g kg-1) and Sp-R/nf (5.78 g kg-1). This
suggests that under continuous cultivation, land areas cultivated without combined organic
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and inorganic fertilizer inputs could be susceptible to rapid degradation and contribute to
global warming.

Total nitrogen was significantly (P<0.05) higher under Sp-R/NP+S (0.88 g kg-1), followed by
Pn-B/NP+S (0.86 g kg-1) and M-B/NK+R (0.84 g kg-1). The least total N was from Sp-R/NPK
(0.81 g kg-1), Sp-Re/nf (0.72 g kg-1) and F/nf (0.67 g kg-1). Table 4 shows that treatments
with combined organic and inorganic fertility amendments were superior in contributing total
nitrogen to soils than the others.

Total phosphorus was not statistically different between treatments with combined organic
and inorganic inputs and Sp-R/NPK (Table 4). They were however significantly (P<0.05)
higher than treatments without organic inputs.

Soil acid reaction values ranged from pH 4.97 to 5.13 among the treatments, identifying a
strong acid range (Table 4), that are within the range for optimal nutrients’ uptake by crop
roots. However, Sp-R/NPK treatment caused a significant decrease (Figure 4) in soil pH (pH
4.97); perhaps indicating that sole inorganic fertilizer (NPK) could acidify soils under long
term use.

Table 4. Slope land total C, N, P, and pH with treatments

Treatments Total
carbon

Total
nitrogen

Total
phosphorus

pH

g /kg mg /kg
F/nf 5.36e 0.67e 0.31b 5.03ba
Sp-R/nf. 5.78d 0.72d 0.31b 5.07ba
Sp-R/NPK 6.52c 0.81c 0.38a 4.97b
Sp-R/NP+S 7.18a 0.88a 0.38a 5.13a
Pn-Bb/NP+S 6.81b 0.86ba 0.38a 5.07ba
M-B/NK+ R 6.60c 0.84bc 0.40a 5.00b
MSE 0.4474 0.07017 0.04827 0.14027
CV% 6.9746 8.6805 13.2087 2.78458

Means in column with the same letters are not significantly (P ≤0.05) different according to DNMRT

3.5 Microbial Biomass Carbon, Nitrogen and Phosphorus

Table 5 presents data on microbial biomass carbon, nitrogen and phosphorus content of
soils at the slope lands. The data shows that Sp-R/NPK+S (132.66 mg kg-1) followed by En-
Bb/NP+S (129.81 mg kg-1) treatment significantly (P<0.05) credited soil with biomass carbon
to be superior over Sp-R/NPK (125.13 mg kg-1), Sp-R/nf (107.27 mg kg-1) and F/nf (86.98
mg kg-1). Treatments lacking in organic inputs resulted in significantly low biomass carbon in
the soils.

The Sp-R/NPK+S treatment contributed significantly (P<0.05) higher biomass nitrogen
(23.96 mg kg-1) and was followed by En-Bb/NP+S (21.76 mg kg-1). These treatments
significantly exceeded Sp-R/NPK (18.34 mg kg-1) in contributing biomass nitrogen in this
Ultisol on Slope lands in the region. The least biomass nitrogen was contributed by
treatments without organic inputs (Table 5), in particular those without any form of fertilizer
application.
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Table 5. Potato-Rape Slope land Microbial C, N and P with treatments during
2000-2008

Treatments Biom.  C Biom. N Biom. P
mgkg-1

F/nf 86.982d 14.924d 4.984b
Sp-R/nf. 107.265c 16.359dc 4.969b
Sp-R/NPK 125.131b 18.336c 6.453a
Sp-R/NPK+S 132.66a 23.956a 7.351a
En-Bb/NPK+S 129.810ba 21.756b 7.387a
MSE 15.4542 4.59047 2.1252
CV% 13.2971 24.0543 33.9687

Means in column with the same letters are not significantly (P ≤0.05) different according to DNMRT

Microbial biomass phosphorus was significantly high under En-Bb/NPK+S (7.39 mg kg-1),
Sp-R/NPK+S (7.35 mg kg-1) and Sp-R/NPK (6.45 mg kg-1) to be preferred over treatments
without any form of fertilizer application. However treatments having organic matter inputs
contributed higher biomass phosphorus than Sweet-rape/NPK that contains only inorganic
fertilizer input. Tida et al. (2011) and Shoulong et al. (2010) observed in subtropical China
region under a long-term experiment the trends of increase in microbial nutrients which
suggests that when Slope land Ultisol are amended with  combined organic and inorganic
fertilizer materials, they generate sufficient labile carbon, nitrogen and phosphorus for
sustainable crop production. This practice would improve quality of the Ultisol for sustainable
crop production as well as improve soil carbon sink to reduce atmospheric CO2.

3.6 Potato Yield in Slope Lands during 2000-2009

Table 6 presents data on Potato yield from 2000-2009. It shows that Potato yield declined
from 4.38 tha-1 in 2000 to as low as 1.82 tha-1 in 2008. The steady decline in Potato yield on
the Slope land Ultisol may be partly explained by the lower levels of total carbon, pH,
nitrogen and phosphorus, biomass carbon, nitrogen and phosphorus in the Slope lands,
compared with Upland fields. Perhaps this suggests that soil acidity may have increased
over this study period. Further investigation would be necessary to ascertain cause of
decline in potato yield on the subtropical China region Ultisol.

Table 6. Slope land potato fresh weight yield during 2000-2009

Year Fresh Weight (t ha-1)
2000 4.38a
2001 3.43cb
2002 3.88b
2003 3.76b
2004 2.85d
2005 3.04cd
2006 3.27cd
2007 1.53f
2008 1.82fe
2009 2.08e
MSE 3.1789
CV% 1.0585
Means in column with the same letters are not significantly (P≤0.05) different according to DNMRT
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3.6 Criteria for Monitoring Soil Quality and Changing Trends

To monitor soil quality, the treatment means for total carbon, total nitrogen and phosphorus,
biomass carbon, nitrogen, phosphorus, pH and annual grain and fresh potato tuber yields
were matched graphically as shown in figures 1 to 16 for both Uplands and slope land.

To fit determined threshold limits for each topographic location into the soil quality (SQ)
equation,  SQ =ƒ(SP,P,E,H, ER,BD,FQ,MI), SQ (Soil Quality) was taken as SQ= ƒ(SP,P).
This is because E, H, ER, BD, FQ and MI were all assigned the best quality value of 1.0.
Therefore soil properties and productivity (Grain yield) were evaluated on a scale of 1 to 5;
where 1 is the best and 5 is the worst of quality conditions. Soils of the upland areas had
higher total carbon, total nitrogen and total phosphorus (SP) and could be more stable
against soil erosion (ER) better than the Slope land soils. They were assessed SQ1 as
against SQ2 for Slope land soils; where SQ1, represents higher quality soil over SQ2. Slope
lands recorded significant lower total carbon, nitrogen, pH and phosphorus and biomass
carbon, nitrogen and phosphorus that could have resulted from effects of soil erosion. Also,
productivity under Slope lands appears to be declining.

Fig 1. Total carbon in uplands (2000-2010)
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Fig 2. Total nitrogen in uplands (2000-2010)

Fig. 3: Total phosphorus in uplands
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Fig. 4. Soil pH in uplands

Fig. 5. Biomass carbon in uplands
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Fig. 6. Biomass nitrogen in uplands

Fig 7. Biomass phosphorus in uplands
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Fig 8. Total carbon in slope lands (2000-2008)

Fig . 9. Total nitrogen in slope lands (2000-2008)
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Fig 10. Total phosphorus in slope lands

Fig. 11. Biomass carbon in slope lands (2000-2006)
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Fig. 12. Biomass nitrogen in slope lands

Fig. 13. Biomass phosphorus in slope lands (2000-2006)
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Fig. 14. Maize grain yield in uplands (point 3 on the curve is for Maize-rape/NK+marsh
residue)

Fig. 15. Potato fresh tuber yields in slope lands
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Fig. 16. Soil pH in slope lands Ultisol

Table 7. Summary of criteria for soil quality monitoring and evaluation in subtropical
China region Ultisol

Nutrients/Grain Yield Soils in the Upland Soils in Slope Land

High Medium Low High Medium Low

Total carbon (gkg-1) ≥ 8.8 8.0- 8.7 < 8.0 ≥ 6.8 5.8 -6.8 < 5.80

Total Nitrogen (gkg-1) ≥ 0.97 0.97– 0.87 < .87 ≥ 0.85 0.8-8.5 < 0.8

Total Phosphorus (mgkg-1) ≥ 0.49 0.45–0.49 < 0.45 ≥ 0.39 0.37– 0.39 <0.37

Biomass carbon (mgkg-1) ≥ 175 130 - 174 < 130 ≥ 125 100 -125 <100

Biomass nitrogen (mgkg-1) ≥ 33.0 28 -33.0 < 28. ≥ 24.0 18 -24 <18.0

Biomass Phosphorus
(mgkg-1)

≥ 7.5 4.0 – 7.5 < 4.0 ≥ 5.8 3.8 -5.8 < 3.80

Soil pH ≥ 5.7 5.55 – 5.7 < 5.55 ≥  5.07 5.01 – 5.07 <  5.01

Maize grain yield (tha-1) ≥ 7.50 4.50– 7.50 < 4.50

Potato Fresh weight (tha-1) ≥ 4.0 3.0 -4.0 < 3.0

4. CONCLUSION

It would be inferred from this study that for sustainable management of upland and slope
land Ultisol of subtropical China region, total carbon, total nitrogen, Soil pH, total
phosphorus, microbial biomass carbon, microbial biomass nitrogen, microbial biomass
phosphorus fresh potato tuber and maize grain yield values obtained from a long term
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experiment in the zone and describing quality conditions for Ultisol in the region could be
used to produce threshold limits for judging soil quality and changing trend over time. Also,
combined application of organic matter (Maize-rape/marsh residue+NK and Sweet potato-
rape straw+NP), treatments significantly sequestered higher total carbon (8.54 and 8.43 g
kg-1 resp.), total nitrogen (1.00 and 1.00 g kg-1 resp.) and total phosphorus (0.47 and 0.51
mg kg-1 resp.) than  others  The combined incorporation of organic matter in the form of
marsh residue or straw with inorganic fertilizers enhanced soil carbon, nitrogen and
phosphorus, increased the availability in soils at both the upland and slope positions to
maintain sustainable soil quality for optimal crop production. The least total carbon was
sequestered from fallow-nil fertilizer (5.36 g kg-1) and sweet potato-rape/nil fertilizer (5.78 g
kg-1), suggesting that under continuous cultivation, land areas cultivated without combined
organic and inorganic fertilizer inputs are susceptible to rapid degradation and contribute
adversely to global warming. Continued use of Maize-rape/nil fertilizer and maize-rape/NPK
and/or Fallow/nil fertilizer and Sweet potato-rape/nil fertilizer could degrade the soil by
depleting soil carbon, increase soil acidity and encourage global warming by discouraging
carbon sink.

Microbial biomass carbon, nitrogen and phosphorus increased and were more readily
available under combined organic and inorganic fertilizer soil amendments and supported
high soil quality. It resulted in significantly higher maize grain, straw and cob wastes yields
than treatment either with inorganic fertilizer or without fertilizer at all. Grain, straw and cob
waste yields were significantly (P<0.05) higher under maize-rape/NK+marsh residue (8.24 t
ha-1, 7.85 t ha-1, 1.72 t ha-1 resp.) than maize-rape/NPK (7.82 t ha-1, 7.61 t ha-1, 1.67 t ha-1

resp.). The least yield was with maize-rape/nil fertilizer treatment (1.83 t ha-1, 2.39 t ha-1,
0.43 t ha-1 resp.). Soil quality and threshold limits for nutrients at uplands were higher than
the slope lands. Slope lands could have slight erosion threats that may account for its lower
nutrient levels and quality status. However, soil pH at the slope lands was in the strong acid
range. Developed threshold limits could serve as a ready guide for soil health and quality
monitoring in the subtropical China region Ultisol to ensure sustainable agricultural
production in the zone.
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