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The vertical distribution of phosphorus, calcium, silicon, magnesium in apple orchard of
different ages

DENG Li, HE Maoyong
State Key Laboratory of Loess and Quaternary Geology, Institute of Earth Environment, Chinese Academy of Sciences, Xi’an 710061, China

Abstract: Background, aim, and scope Soil is an important natural resource for human. It was showed that
the nutritional status of apple orchard had an obvious effect on the quality and yield of the apple. Research
of soil geochemical composition is helpful not only to recognize the vertical distribution characteristics
and their origin, but also helpful to reveal the pollution intensity of human activity and the impact depth.
These are great significances to guide farmer to improve the soil quality and make policies for agricultural
sustainable development. Apples are usually grown in the Loess Plateau, especially in Luochuan, which is
located in the center of Shaanxi province. The average annual rainfall is 622 mm. The average temperature is
9.2°C. Annual average frost-free period is around 167 days. Those conditions are very useful for the growth
of apple trees. But as the growing ages increasing, the environmental problem about declining orchard soil

quality has been a serious threat to apple quality and production. This study aimed to analyze the elements’
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vertical distribution in the apple orchard and provide some scientific basis on the fertilization and reduce
soil pollution. Materials and methods The apple orchard of 5, 20 and 60 years in A-Si village of the Yong
Xiang town, Luochuan, were selected as sample points. We took the samples in August, 2014. All samples
were finely ground in agate mortar. These abundances of P,0;, CaO, SiO,, Al,O; and MgO in 0—300 cm

depth soil samples were determined by X-ray fluorescence spectrometry (XRF), PW2403, which was
purchased from Philips. Analytical uncertainties are £2% for the major elements except for P,O5 (up to
+10%). The concentrations of individual elements are directly influenced by changes of concentration in
other constituents. Ratios of elements are not subject to such changes unless one of the constituents of the
ratio is altered. Consequently, changes in ratios are particularly useful when applied to genetically related
suites of materials such as weathering profiles. Here, in all ratios, Al,O; has been used as the denominator.
Because, compared to some alkalis and alkaline earths, it is very stable. The percentage changes to ratios,
relative to the fresh parent rock can be calculated according to. 4 (%)=[(X,/[))/ (X,/1,)~1]x100. Where
X,/ is the ratio in a sample and X,//, is the ratio of the same elements in the parent material. All the data
were analyzed using Microsoft Excel 2007. And all the figures were depicted using Origin 8.5. Results The
soil parent materials, soil physical chemical properties, soil types and human activities have some effects
on the vertical distribution of elements in soil. The studies on vertical distribution of elements in soil not
only provide some important knowledge about soil parent materials, but also can tell us whether the soils
were polluted. In this paper, there was no obvious concentration difference in apple orchards of different
ages for phosphorus, calcium, silicon, magnesium and aluminum. The absolute concentration changes
for elements can not reflect the real geochemistry characteristics. But, the vertical rates of changes for
phosphorus, calcium, magnesium in different apple orchards were obvious. These phenomena were very
useful for this study. Discussion In this paper, the vertical distributions of major elements were studied, and
the migration and enrichment characteristics were also discussed. It was revealed that the rate of change
for phosphorus was obvious. >100 cm depth, 4<0 indicated that phosphorus was migrated relative to stable
aluminum. The apple orchards of different ages have the same rate of change for phosphorus. 50— 100 cm

depth, as the ages increasing, the soil gets more and more compacter, so the ability of migration
decreased. 0 — 25 cm depth, 4>0 showed that the phosphorus was enriched, which was correlated
with human activities. The fertilization is the most important reason. Some research showed that the
usefulness for phosphorus in apple orchard is only 2.5%. The rates of changes for calcium, magnesium
in different apple orchards were also obvious. It was showed that the migration and enrichment of
those elements in different apple orchard occurred. The phosphorus can be adsorbed during 0 — 100 cm
depth soil, while magnesium can be adsorbed during 0 — 150 cm depth soil. Conclusions The rate of change for
phosphorus showed that phosphorus was enriched in the surface of soil. We can fertilize according to the rate
of change for phosphorus. As the ages increasing, the rates of changes for calcium, magnesium and phosphorus
were obviously, that showed that the absorption for those elements also changed. Recommendations and
perspectives This paper provided a significant scientific basis for the fertilization and how to make useful of the
apple orchard.

Key words: apple orchard; major element; distribution characteristics
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