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ABSTRACT

Soil organic carbon and nitrogen are used as indexes of soil quality assessment and sustainable land use management.
At the same time, soil C/N ratio is a sensitive indicator of soil quality and for assessing the carbon and nitrogen nutri-
tion balance of soils. We studied the characteristics of soil organic carbon and total nitrogen by investigating a large
number of apple orchards in major apple production areas in China. High apple orchard soil organic carbon content was
observed in the provinces of Heilongjiang, Xinjiang, and Yunnan, whereas low content was found in the provinces of
Shandong, Henan, Hebei, and Shaanxi, with the values ranging between 6.44 and 7.76 g-kg . Similar to soil organic
carbon, soil total nitrogen content also exhibited obvious differences in the 12 major apple producing provinces. Shan-
dong apple orchard soil had the highest total nitrogen content (1.26 g-kg™"), followed by Beijing (1.23 g'kg™"). No sig-
nificant difference was noted between these two regions, but their total nitrogen content was significantly higher than
the other nine provinces, excluding Yunnan. The soil total nitrogen content for Xinjiang, Heilongjiang, Hebei, Henan,
and Gansu was between 0.87 and 1.03 g-kg ™', which was significantly lower than that in Shandong and Beijing, but
significantly higher than that in Liaoning, Shanxi, and Shaanxi. Six provinces exhibited apple orchard soil C/N ratio
higher than 10, including Heilongjiang (15.42), Xinjiang (13.38), Ningxia (14.45), Liaoning (12.24), Yunnan (11.03),
and Gansu (10.63). The soil C/N ratio was below 10 in the remaining six provinces, in which the highest was found in
Shaanxi (9.47), followed by Beijing (8.98), Henan (7.99), and Shanxi (7.62), and the lowest was found in Hebei (6.80)
and Shandong (6.05). Therefore, the improvement of soil organic carbon should be given more attention to increase the
steady growth of soil C/N ratio.

Keywords: Chinese Apple Orchard; Soil Organic Carbon; Total Nitrogen; C/N Ratio

1. Introduction to negative consequences, such as aggravated physio-
logical fruit disease and environmental pollution [4-6].
Soil organic carbon and nitrogen are the main nutrition
used for vegetation growth, and are also used as indexes
of soil quality assessment and sustainable land use man-
agement [7-9]. Soil organic carbon and nitrogen not only
can reflect the soil fertility level, but can also explain the
regional ecological system evolution. The relationship
between them can be represented as soil C/N ratio, a sen-

China currently has the largest apple cultivation area and
production in the world, with 1.99 x 10° ha and 35 x 10°
t in the 2011/2012 season [1]. Fruit production has
gradually become an important pillar industry to increase
the income of farmers. In addition, an increasing amount
of nitrogen (N) fertilizers are used to improve yield with
the corresponding intensive production of fruits. At pre-
sent, N utilization has already reached 400 kg-hm to

600 kg-hm?in Chinese apple orchards, which is four to
five times more than that in other countries, and is
showing an annual increasing trend [2,3]. Excessive use
of N fertilizers not only cuts down utilization rate and
decreases agricultural production benefits, but also leads
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sitive indicator of soil quality and for assessing carbon
and nitrogen nutrition cycling of soils [10]. Many re-
searches have shown that soil organic carbon and nitro-
gen content are not only affected by climate, altitude,
terrain, but also land use management. At present, the
superior apple production areas are concentrated in Bohai
coast area (Shandong, Hebei, Liaoning, Beijing, Tianjin),
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Northwest Loess altiplano (Shaanxi, Gansu, Shanxi,
Ningxia, Qinghai), Yellow River original (Henan, Jiang-
su, Anhui), and Southwest Cool Highlands area [11]. The
geographic latitude and longitude, soil type, management
level, and fertilization conditions varied between the four
superior apple production areas; thus, apple orchard soil
carbon and nitrogen characteristics are different among
these regions. This study aims to conduct a survey of
Chinese apple orchard soils to establish the soil carbon
and nitrogen status.

2. Materials and Methods
2.1. Sampling Sites

Soils from the superior apple production areas in China
were sampled, including the Bohai coastal area, North-
west Loess altiplano, Yellow River original, and South-
west Cool Highlands area (Figure 1). Sampling sites
covered 8583 apple orchards in 36 counties of 12 prov-
inces, including Shandong province (Qixia, Penglai,
Longkou, Zhaoyuan, Muping, Laishan, Fushan, Jiaonan,
Rushan, Yiyuan), Shanxi province (Yuncheng and
Taigu), Shaanxi province (Baishui, Luochuan, Qian),

L Xinjiang

Gansu province (Tianshui, Pingliang, Qingyang), Hei-
longjiang province (Mudanjiang), Liaoning province
(Suizhong, Xingcheng), Beijing (Changping), Hebei pro-
vince (Shijiazhuang, Baoding, Changli), Henan province
(Sanmenxia, Shangqiu), Ningxia Autonomous Region
(Yongning, Zhongning, Qingtongxia), Yunnan province
(Xishan, Zhaoyang, Malong), and Xinjiang Uygur Auto-
nomous Region (Tekesi, Gongliu, Qiaolaketiereke), re-
spectively.

2.2. Soil Sampling and Determination

Composite soil samples were taken from 0 cm to 30 cm
depth (more than 20 random points) in each apple or-
chard in mid-august 2012. The moist soils were sieved (2
mm) after removing the visible plant debris, including
roots. Soil organic carbon was determined by wet diges-
tion according to the Turin method, and soil total nitro-
gen was determined by the Kjeldahl method.

2.3. Data Analyses

All data were analyzed by ANOVA using SPSS (Stan-
dard released version 11.5; SPSS Inc., IL, USA).

Heilongjiang

Figure 1. Geographical location of the sampling apple orchards.
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3. Results and Discussion
3.1. Soil Organic Carbon Content

Soil organic carbon not only affects the soil fertility, but
also has influence on releasing or holding CO, from the
atmosphere through various channels, thereby possibly
affecting the atmosphere—soil carbon balance [8,12,13].
Table 1 shows obvious difference in soil organic carbon
content between the 12 major apple production areas.
The highest soil organic carbon content (15.57 gkg™")
was found in Heilongjiang province, followed by Xinji-
ang (14.88 g'kg™"). No significant difference was found
between these two areas, but their soil organic carbon
content was significantly higher than that in the other
nine areas (except Yunnan province). Soil organic carbon
content in Yunnan and Beijing apple orchards was higher,
with the values of 12.79 and 11.04 g-kg ™', respectively.
Soil organic carbon content in Liaoning (9.55 g-kg ") and
Gansu provinces (9.25 g'kg™') were lower than that of
Yunnan and Beijing, but no significant difference (P =
0.05) was found between these four areas. Soil organic
carbon content in Ningxia, Shandong, Henan, Hebei, and
Shaanxi province ranged from 6.44 g-kg ' to 7.76 g-kg ',
which were significantly lower than that in Heilongjiang,
Xinjiang, Yunnan, and Beijing. The lowest apple orchard
soil organic carbon content was found in Shanxi province
(5.41 g'kg™', which only accounts for 34.75% that of
Heilongjiang province). Some management measures,
such as fertilization and irrigation in the apple production
system, can significantly affect soil organic carbon con-
tent. Higher soil organic carbon content was found in
Heilongjiang, Xinjiang, and Yunnan apple orchards,
which may be attributed to the following two reasons:

Table 1. Soil organic carbon contents of apple orchards in
different areas in China.

Area Maximum (g-kg™") Minimum (g-kg™") Mean (g'kg™") SD

Heilongjiang 21.53 11.42 15.57a 4.35
Liaoning 14.65 6.67 9.55bc  2.17
Beijing 15.43 8.38 11.04b 225
Shanxi 10.22 3.87 541d  3.67
Hebei 9.45 4.81 6.53 ¢ 1.83
Shannxi 9.29 438 644c 217
Shandong 12.53 6.03 7.62¢ 2.73
Henan 10.45 5.87 743 ¢ 3.11
Gansu 13.22 6.83 925bc 293
Ningxia 10.73 5.32 7.76 ¢ 1.86
Xinjiang 22.63 9.74 1488a 4.36
Yunnan 16.74 9.89 12.79ab  2.71

Note: Data in the same column with different letter indicate significant
difference (P < 0.05), the same as follows.

Copyright © 2013 SciRes.

First, the soil type and climate in these areas are different
with other areas. Second, much more organic fertilizer
was used in the apple production. However, soil organic
carbon content is relatively low in Shandong, Henan,
Hebei, and Shaanxi apple orchards, which is ascribed to a
change in fertilizer use strategy with greater use of inor-
ganic fertilizers and less organic fertilizers in these areas.
Many studies have shown that, organic combined with
inorganic fertilizer is more beneficial to the improvement
of the soil organic carbon content compared with the
single application of inorganic chemical fertilizer [14,15].
In short, Chinese apple orchard soil organic carbon con-
tent is very low, with an average of 9.52 g-kg .

3.2. Soil Total Nitrogen Content

Soil total nitrogen is used as an important index for soil
fertility evaluation, and reflects the soil nitrogen status
[9]. Similar to soil organic carbon, soil total nitrogen
content also exhibited obvious differences in the 12 ma-
jor apple production areas (Table 2). The highest soil
total nitrogen content (1.26 gkg ') was found in Shan-
dong province, followed by Beijing (1.23 gkg™'). No
significant difference was found between these two areas,
but their soil total nitrogen content was significantly
higher than the other nine areas, which is ascribed to the
high nitrogen fertilizer application rate in these two areas.
Soil total nitrogen content in Yunnan apple orchards is
higher, with a value of 1.16 gkg™'. Soil total nitrogen
content in Xinjiang, Heilongjiang, Hebei, Henan, and
Gansu province ranged from 0.87 gkg™' to 1.03 gkg™',
which were significantly lower than that in Shandong
and Beijing, but significantly higher than that in Liaoning,
Shanxi, and Shaanxi. Although nitrogen fertilizer inputs
is also at a higher level in Shaanxi province, the total
nitrogen content is low because of the poor nitrogen re-
tention ability of the sandy soil [16,17].

Table 2. Soil total nitrogen contents of apple orchards in
different areas in China.

Area Maximum (g-kg™') Minimum (g-kg™') Mean (g'kg™') SD

Heilongjiang 1.23 0.92 1.01b  0.05
Liaoning 0.92 0.57 0.78¢c  0.04
Beijing 1.43 1.08 123a  0.02
Shanxi 1.02 0.57 0.71¢c  0.04
Hebei 1.25 0.73 096b  0.06
Shannxi 0.89 0.59 0.68¢c  0.03
Shandong 1.56 0.83 1.26a  0.06
Henan 1.35 0.74 093 b 0.04
Gansu 1.20 0.71 0.87b 0.03
Ningxia 0.85 0.39 0.58d  0.06
Xinjiang 1.33 0.74 1.03b  0.06
Yunnan 1.41 0.76 1.16ab  0.05
0JSS
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3.3. Soil Carbon and Nitrogen Ratio (C/N Ratio)

Soil C/N ratio is a sensitive indicator of soil quality. Soil
C/N ratio is often considered as a sign of soil nitrogen
mineralization capacity. High soil C/N ratio can slow
down the decomposition rate of organic matter and or-
ganic nitrogen by limiting the soil microbial activity abil-
ity, whereas low soil C/N ratio could accelerate the
process of microbial decomposition of organic matter
and nitrogen, which is not conducive for carbon seques-
tration [13]. Figure 2 shows that significant differences
of soil C/N ratio exist among the 12 major apple produc-
tion areas. Six provinces exhibited apple orchard soil
C/N ratio of above 10. The highest soil C/N ratio was
found in Heilongjiang (15.42), followed by Xinjiang
(14.45), Ningxia (13.38), Liaoning (12.24), Yunnan
(11.03), and Gansu (10.63) provinces. Soil C/N ratio was
below 10 in the other six provinces, in which the highest
was found in Shaanxi (9.47), Beijing (8.98), Henan
(7.99), and Shanxi (7.62), and the lowest was found in
Hebei (6.80) and Shandong (6.05). At present, China is
facing the pressure of CO, emission reduction, which
may be an effectively approach to make the atmosphere—
CO, into the apple orchard soil through maintaining
higher soil C/N ratio [18,19].

4. Conclusion

Average soil organic carbon, total nitrogen content, and
C/N ratio was 9.52 g-kg ™', 0.93 g-kg ™', and 10.33, respec-
tively. Therefore, more efforts should be given to in-
crease soil C/N ratio by increasing the application of or-
ganic manure or straw to improve the level of soil or-
ganic carbon.
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Figure 2. Soil C/N ratio of apple orchards in different areas
in China.

Copyright © 2013 SciRes.

culture Research System (CARS-28), and the Agricul-
tural Application and Innovation Project of Shandong
Province (201009).

REFERENCES

[1] Chinese Ministry of Agriculture, “China’s Agricultural
Yearbook, 2010,” Chinese Agriculture Press, Beijing,
2010.

[2] D.Q.Lv,Y.A. Tong, B. H. Sun and O. Emteryd, “Study
on Effect of Nitrogen Fertilizer Use on Environment Pol-
lution,” Plant Nutrition and Fertilizer Science, Vol. 4, No.
2, 1998, pp. 8-15.

[3] J. Galantini and R. Rosell, “Long-term Fertilization Ef-
fects on Soil Organic Matter Quality and Dynamics under
Different Production Systems in Semiarid Pampean
Soils,” Soil and Tillage Research, Vol. 87, No. 1, 2006,
pp. 72-79. doi:10.1016/].stil1.2005.02.032

[4] I Vogeler, J. Rogasik, U. Funder, K. Panten and E.
Schnug, “Effect of Tillage Systems and P-Fertilization on
Soil Physical and Chemical Properties, Crop Yield and
Nutrient Uptake,” Soil and Tillage Research, Vol. 103,
No. 1, 2009, pp. 137-143. doi:10.1016/}.still.2008.10.004

[5] P. P. Motavalli and R. J. Miles, “Soil Phosphorus Frac-
tions after 111 Years of Animal Manure and Fertilizer
Application,” Biology and Fertility of Soils, Vol. 36, 2002,
pp. 35-42. d0i:10.1007/s00374-002-0500-6

[6] W.L.Zhang, Z. X. Tian, N. Zhang and X. Q. Li, “Inves-
tigation of Nitrate Pollution in Ground Water Due to Ni-
trogen Fertilization in Agriculture in North China,” Plant
Nutrition and Fertilizer Science, Vol. 1, No. 2, 1995, pp.
80-871.

[71 M. Liu, Z. P. Li, T. L. Zhang, C. Y. Jiang and Y. P. Che,
“Discrepancy in Response of Rice Yield and Soil Fertility
to Long-Term Chemical Fertilization and Organic Amend-
ments in Paddy Soils Cultivated from Infertile Upland in
Subtropical China,” Agricultural Sciences in China, Vol.
10, No. 2, 2011, pp. 259-266.
d0i:10.1016/S1671-2927(11)60003-5

[8] Y. Jiang, Q. L. Zhuang and W. J. Liang, “Soil Organic
Carbon Pool and Its Affecting Factors in Farm Land Eco-
system,” Chinese Journal of Ecology, Vol. 26, No. 2,
2007, pp. 278-285.

[91T Y. Y. Sui, X. Y. Zhang, X. G. Jiao, Q. C. Wang and J.
Zhao, “Effect of Longterm Different Fertilizer Applica-
tions on Organic Matter and Nitrogen of Black Farm-
land,” Journal of Soil and Water Conservation, Vol. 19,
No. 6, 2005, pp. 190-192, 200.

[10] C. H. Zhang, Z. M. Wang, W. M. Ju and C. Y. Ren,
“Spatial and Temporal Variability of Soil C/N Ratio in
Songnen Plain Maize Belt,” Environmental Science, Vol.
32, No. 5, 2011, pp. 1407-1414.

[11] Z.Y. Zhao, G. R. Feng, L. C. Wang, Z. L. Wang and W.
G. Zhou, “The Strategic Thinkings on the Concentrating
Apple Industry in The superior District of China,” Acta
Agriculturae Boreali-occidentalis Sinica, Vol. 13, No. 4,
2004, pp. 195-199.

[12] H. Eswaran, E. vander Berg and P. Reich, “Organic Car-

0JSS


http://dx.doi.org/10.1016/j.still.2005.02.032
http://dx.doi.org/10.1016/j.still.2008.10.004
http://dx.doi.org/10.1007/s00374-002-0500-6
http://dx.doi.org/10.1016/S1671-2927(11)60003-5

[15]

[16]

Characteristics of Soil Organic Carbon, Total Nitrogen, and C/N Ratio in Chinese Apple Orchards

bon in Soils of the World,” Journal of Soil Science Soci-
ety of America, Vol. 57, No. 1, 1993, pp. 192-194.
doi:10.2136/ss52j1993.03615995005700010034x

H. B. Wu, Z. T. Guo and C. H. Peng, “Changes in Terres-
trial Carbon Storage with Global Climate Changes since

the Last Interglacial,” Quaternatry Scicences, Vol. 21, No.

4,2001, pp. 366-376.

S. Goyal, K. Chander, M. C. Mundra and K. K. Kapoor,
“Influence of Inorganic Fertilizers and Organic Amend-
ments on Soil Organic Matter and Soil Microbial Proper-
ties under Tropical Conditions,” Biology and Fertility of
Soils, Vol. 29, No. 2, 1999, pp. 196-200.
doi:10.1007/s003740050544

W. J. Zhang, X. J. Wang, M. G. Xu, S. M. Huang, H. Liu
and C. Peng, “Soil Organic Carbon Dynamics under Long-
Term Fertilizations in Arable Land of Northern China,”
Biogeosciences, Vol. 7, No. 2, 2010, pp. 409-425.
doi:10.5194/bg-7-409-2010

D. K. Benbi, C. R. Biswas and J. S. Kalkat, “Nitrate Dis-

Copyright © 2013 SciRes.

[17]

[19]

217

tribution and Accumulation in an Ustochrept Soil Profile
in a Long Term Fertilizer Experiment,” Fertilizer Re-
search, Vol. 28, No. 2, 1991, pp. 173-177.
doi:10.1007/BF01049747

Q. R. Huang, F. Hu, S. Huang, H. X. Li, Y. H. Yuan, G.
X. Pan and W. J. Zhang, “Effect of Long-Term Fertiliza-
tion on Organic Carbon and Nitrogen in a Subtropical
Paddy Soil,” Pedosphere, Vol. 19, No. 6, 2009, pp. 727-
734. doi:10.1016/S1002-0160(09)60168-5

W. H. Schlesinger and J. Lichter, “Limited Carbon Stor-
age in Soil and Litter of Experimental Forest Plots under
Increased Atmospheric CO,,” Nature, Vol. 411, No. 6836,
2001, pp. 466-468. doi:10.1038/35078060

S. Gunther and K. Holger, “Bulk Soil C to N Ratio as a
Simple Measure of Net N Mineralization from Stabilized
Soil Organic Matter in Sandy Arable Soils,” Soil Biology
and Biochemistry, Vol. 35, No. 4, 2003, pp. 629-632.
doi:10.1016/S0038-0717(03)00052-X

0JSS


http://dx.doi.org/10.1007/s003740050544
http://dx.doi.org/10.5194/bg-7-409-2010
http://dx.doi.org/10.1007/BF01049747
http://dx.doi.org/10.1016/S1002-0160(09)60168-5
http://dx.doi.org/10.1038/35078060
http://dx.doi.org/10.1016/S0038-0717(03)00052-X

