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Abstract 
 In order to provide the scientific basis for Camellia oleifera nutrient diagnosis and fertilizer formulation, 
the correlation between soil nutrients and nutrient elements in different organs of Camellia oleifera was 
studied in ten-year-old Camellia oleifera in Changning city. The results showed that among the nutrient 
elements, the content of N and P were the highest and lowest in various organs, respectively. Corres-
pondingly, the highest content of macro-element in the soil was Ca. Besides, there were diverse relations 
among nutrients in soil and those in different organs of Camellia oleifera. Soil nutrients were most closely 
associated with that of stem, so was soil N, Zn, Mn, Pb and K with the plant nutrients. In addition, soil 
exchangeable Mn content was positively correlated with nutrients of different organs. Moreover, soil N 
showed highly significant correlation with N content in stem while soil Cd content was negatively correlated 
with Cd content of all organs. Thus, there prevails a complex interaction of nutrient elements in the soil and 
exists a synergy or/and antagonism effect among of elements in plants. Consequently, the understanding of 
effect of interaction between different elements might provide better idea for achieving the precise 
fertilization, which could further reduce costs and increase production. 
 

Introduction 
 The Camellia oleifera, known as “eastern olive oil” in China, almost met the international 
nutritional standards of "omega meals" (Li et al. 2011). Cultivation of the Camellia oleifera 
properly is of great importance, which is not only to alleviate the contradiction between oil supply 
and demand, but also improve the structure of the edible oil further to increase the profit of 
agricultural and forestry in China (Chen et al. 2017). Recently, the Camellia oleifera industry has 
been facing two major problems, namely poor economic performance and low production per unit 
area, of which soil nutrient supplement and the rational fertilization are the key factors influencing 
the oil yield (Gao et al. 2015 and 2017).  
 Recently, many researchers (He et al. 1996, Song et al. 2014, Liu et al. 2018) have indicated 
that the nutrient elements have a significant impact on growth and development of Camellia 
oleifera. He et al. (1996) found that the content of N, P and K varies with growth ages and 
growing sites, which mainly existed in fruit, flower and leaf. Ding et al. (2012) analyzed the 
nutrient characteristic of Camellia oleifera planting soil in Guangdong province, and found that 
the content of biomass was lower as the age increased, except the element of N, P and K indicating 
that the contents of nitrogen, phosphorus, and potassium in soil were the restricting factor. 
Besides, Yao et al. (2017) preliminarily studied the correlation of Camellia oleifera yield and soil 
nutrient and reported that there would be a complex interaction between the soil nutrient resulting 
the effect of synergy or/and antagonism among of elements in plants. At present, few literatures 
were published on the correlation between the nutrient of Camellia oleifera tree with soil.  
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 Accordingly, this study was undertaken to focus on the correlation between the nutrient 
features of Camellia oleifera tree and soil during maturity stage of plant growth. Thereafter, the 
coupling relationship of them was built and analyzed.  
 
Materials and Methods  
 The experimental plot is located in Changning city, Hunan province (north latitude 26°07' ~ 
26°36', longitude 112°07' ~ 112°41'). This place has subtropical monsoon humid climate where the 
annual average temperature and rainfall are 18.1°C and 1436 mm, respectively. The landscape 
mainly includes mountains, posts and plains, which are dominated by red soil. In addition, the 
layer of soil is more than 80 cm. 
 The improved varieties of Camellia oleifera were cultivated in Guanling town, Changning 
city (E112°12′29″, N26°24′58″). The tree-age of Camellia oleifera is 10a, and there are 1500 trees 
per hectare, in which the survival rate is above 95%. Furthermore, the average height of Camellia 
oleifera forest is 2.1 m, and the average size of canopy is 2.5 m × 3 m.  
The mature forest was selected as the typical representative, and the stood forest for investigation. 
The standing forest was divided into three permanent sample plots with the same plant conditions 
and crown density, in which the cultivated area of sample was provided for 20 m × 20 m and the 
PVC pipe was respectively set up in four corners of the samples.  
 Two types of samples were prepared. Five mature trees were selected for each sample plot as 
the standard specimen. Thereafter, the third-fifth pieces of mature leaf with consistent growth all 
around were collected; the fruit and flower were collected from around the forest canopies of same 
stage of growth. The 500 g of fresh sample, including leaf, flower, fruit, roots, branches, and stem, 
was air-dried to constant weight at 65°C, and then ground to 0.25 mm for the mensuration of 
nutrient element.  
 The soil samples were collected from various permanent sample plots within radius of one 
meter in terms of three different soil depths, including 0 - 20 cm, 20 - 40 cm and 40 - 60 cm. 
Thereafter, five soil samples were randomly selected, mixed and air-dried to constant weight at 
65°C, and then ground to < 2 mm for the mensuration of nutrient element. Each sample was 
triplicated for soil and plant and the average value was reported. 
 Content of nitrogen in Camellia oleifera tree was determined by Kjeldahl distillation (Green 
and Jesse 1931). The other elements of Camellia oleifera tree, including P, K, Ca, Mg, Cu, Fe, Zn, 
Mn, Cd and Pd were determined by vanadium-molybdenum colorimetric method (Tomskii et al. 
2017). The content of nitrogen and phosphorus in soil was measured by semi-micro Kjeldahl 
distillation (Jenden et al. 2002) and Molybdenumly anticolorimetry (Hasegawa et al. 2017), 
respectively. 
 
Results and Discussion 
 The results of macroelements in various organs of Camellia oleifera tree indicated that the 
content of N and P in various organs were the highest and lowest respectively among all the 
elements (Fig. 1). Many recent reports have shown that the leaf was often regarded in an indicative 
sample during the processing of nutrient diagnosis. The basis of physiological activities within the 
tree mainly depends on the conversion function of leaf surface which transformed the solar energy 
into the organic matter (Pauli et al. 2017). The content of N in leaves was the highest (16.8 g/kg) 
when compared with other organs (Fig. 1). Furthermore, the total of macroelement could be very 
high in the leaf and branch, and there was no significant difference in the components. This was 
probably because the branch acts as the channel to gain the nutrient for leaf, at the same time 
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considering the temporary “warehouse” (Gosz et al. 1973). Thus, the content of nutrient in leaf 
and branch appeared as "complementary" response.  
 

 
Fig. 1.  Content of macroelements in different organs of Camellia oleifera. 

 
 The content of microelement in various organs of Camellia oleifera tree is presented in Fig. 2. 
It suggested that the content of Mn in Camellia oleifera was highest than the others, ranging 
approximately 145 - 881 mg/kg. Correspondingly, the Cd was the lowest, ranging approximately 
0.37 - 1.36 mg/kg. Furthermore, the leaf contained significant amounts of microelement, but 
indistinctively to fruit, indicating the leaf was more suitable to be the feedstock for the production 
of fodder. The highest content of Cu was in the branch, which reached to 8.3 mg/kg. Nevertheless, 
there was little difference in other organs of Camellia oleifera tree. Furthermore, the highest 
content of Fe was in the root that reached to 215.8 mg/kg and the flower only had 1.4 mg/kg, 
indicating an obvious difference between organs. The branch and leaf contained the highest 
content of Cd, Pb and Mn, while the lowest level was observed in fruit. 
 

 
 

Fig. 2.  Content of microelements in different organs of Camellia oleifera. 
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 The distribution of nutrient elements in the soil of OTF was regular, meanwhile there were 
some differences in the content of nutrient within various layers of soil. Some researchers (Liu      
et al. 2018) had illustrated that the pH of soil would be raised with the increase of soil depth. The 
value of pH recoded was 4.86 at 20 - 40 cm of soil depth, indicating the soil was acidic. Fig. 3 
shows that the highest content of macroelement in the soil was Ca, in 20 - 40 cm. Furthermore, the 
content of P was not high in soil of OTF, mainly because it was easily immobilized by inorganic 
and organic molecules in soil, which might be one of the main inhibitors for plant growth 
(Schmidt 2015, Cui  et al. 2017). Besides, in most of the soil in this country, lack of effective in 
soil was a common phenomenon, which demonstrated that the growing cycle of Camellia oleifera 
tree had a great demand for phosphorus from the soil (Richardson et al. 2009). Comparing the 
content of nitrogen in soil, the phosphorus is much lower, mainly due to the difference in origins 
of nitrogen and phosphorus.  

 
Fig. 3.  Content of macroelements in soil. 

 

 The highest content of microelement in the soil was Fe, reached approximately 3926.4 - 
4237.1 mg/kg, which was mainly distributed in 0 - 20 cm of soil depth (Fig. 4). This was probably 
because the research area was typical red soil containing higher amount of Fe. Moreover, the iron 
was not basically released at low pH in southern China. Fortunately, the OTF was nearly free of 
Cd, which would conduce to the growth of Camellia oleifera tree and the innocuity of fruit.  

 
Fig. 4.  Content of microelements in soil. 
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 In the process of plant growth, there are five basic factors, including luminous energy, air, 
heat, water and nutrients. However, all these factors are associated with forest soil except 
luminous energy which suggested that forest soil is more suitable to plant growth. Thus, this study 
analyzed the correlation between the nutrient of Camellia oleifera tree with soil nutrient of OTF 
(Table 1, software of SPSS 17.0). The results indicated that there were different degrees of 
correlation between them (Table 1). The performance of significant or highly significant was 14 of 
soil with stem, 11 of soil with fruit, 10 of soil with roof, 10 of soil with leaf, 9 of soil with flower 
and 2 of soil with branch. Results further showed that 9 of pairing of correlation coefficients was 
significant between the nutrient of Camellia oleifera tree with N, Zn, Mn and Pb content of the 
soil; then, 8 of pairing was significant between the nutrient of Camellia oleifera tree with K, N, 
Zn, Mn and Pb in the soil. Comparing the nutrient of Camellia oleifera tree and soil of OTF, 
furthermore, the Mn, N and Ca were positively correlated. The elements of Zn and Cd were 
negatively correlated between plant and soil. Besides, the different organs of Camellia oleifera 
tree showed various selective specificities for elements in soil. Potassium was positively 
correlated, except for branch and root. Moreover, iron was negatively correlated, except for fruit 
and stem. This suggests that the Camellia oleifera tree had a great demand for potassium and iron, 
and the soil had a shortage of supply, which agreed with the findings of many researchers (Hu       
et al. 2013). Coupling analysis, therefore, the results showed that there existed a complex 
interaction of elements in the soil and the effect of synergy or/and antagonism among of elements 
in plants. Consequently, the effect of interaction between elements should be fully considered for 
achieving the precise fertilization and further reduction in costs and increase in production. 
However, considering the effect of synergy or/and antagonism among the nutrients of plant and 
soil, it should be studied further to provide a technology support for better balanced fertilization 
and special fertilizer of Camellia oleifera tree. 
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