Enze Xiao 
  
Guifen Chen 
email: guifchen@163.com.通讯地址:吉林省长春市新城大街2888号
  
Shan Zhao 
  
Siwei Fu 
  
Three -dimensional Visualization of Soil Nutrient Evolution in Maize Precision Operation Area Based on ArcGIS

Keywords: Soil nutrient, 3D GIS, variable fertilization, Kriging interpolation method * corresponding author, professor, doctoral tutor, engaged in artificial intelligence,

With the development of 3D GIS technology, the application of 3D GIS in agriculture has become a hotspot in agricultural information technology research. A total of 109 soil samples were collected from the soil of Jilin Province Yushu City Gongpeng Town No. 13 Village No. 7 test area.

Three -dimensional visualization of soil nutrient evolution in maize precise operation area was carried out by using ArcGIS technology. Firstly, the Kriging optimal interpolation method was used to calculate the sampling points of soil nutrient space in the field of maize test field. Then threedimensional spatial map of soil available phosphorus, available potassium available nitrogen and other nutrient contents during the period from 2005 to 2009 were established by using the spatial analysis technique of 3D GIS. By comparing its three-dimensional thematic map, analyze trends in the evolution of its soil fertility characteristics. The results showed that the difference of soil fertility was gentle after four years of variable fertilization, and the effect of precision fertilization was verified.

Introduction

With the development of computer science and 3D simulation technology, the development and application of 3D GIS are becoming more and more mature. 3D GIS can truly perceive the objective world, present the spatial geography phenomenon to the user, and carry on the three-dimensional spatial analysis operation to the space object. However, the current three-dimensional GIS in the field of agricultural applications less [START_REF] Xiaohui | Study on Dynamic Monitoring of Basic Farmland Based on GPS and GIS Technology [J][END_REF] . Therefore, this study in the national "863" project demonstration base in Yushu City Gongpeng Town No. 13 Village No. 7 test area by 40m * 40m grid sampling. The soil nutrient content was measured and the characteristics of soil nutrient evolution were discussed by using the threedimensional GIS spatial analysis technique. The spatial variation of soil nutrient after precision fertilization was analyzed and analyzed, which provided a reliable basis for the division of farmland precision management area and Implementation of Precise Operation of Corn [START_REF] Haijiang | Spatial and temporal variability of soil nutrients in farmland based on GIS[END_REF] .

Materials and Methods

1.1Overview of the study area

The study area is the experimental field of the NO.13th village of Gongpeng Town, Yushu City, Jilin Province. It is located in the eastern part of Jilin Province and is a semi-humid temperate continental monsoon climate. It is characterized by four distinct seasons, winter long summer short, annual precipitation in the 500-600mm, the vast majority of concentrated in the warm season, accounting for about 90% of annual precipitation, the annual average temperature of 4.6-5.6 ℃. Soil type is a typical black soil, the main crop is corn and soybeans, etc. It is an important commodity grain base in Jilin Province [START_REF] Zhao Yue-Ling | Study on Spatial Variability of Soil Nutrients Based on GIS[END_REF][START_REF] Jian | Based on the spatial fuzzy clustering of visual variable fertilization decisionmaking system[END_REF] .

In the national "863" project " Research and Application of Corn Precision Operation

System " and the national Spark plan " Integration and Demonstration of Precision Training Technology of Corn Based on Internet of Things and demonstration of" the strong support of the project in Yushu City Gongpeng Town No.13 Village continuous four years of variable fertilization operations, the accumulation of a large number of soil nutrient space data. Therefore, this article selected the Yushu City Gongpeng Town No.13 Village No. 7 plots were experimented and research. The total area of the test field is about 375 mu, and the grid size is set to A1~L11 as the sampling point [START_REF] Zhao Yue-Ling | Spatial Variation of Soil Nutrients in Typical Black Soil Region of Jilin Province[END_REF] . We selected the three kinds of nutrient data of available phosphorus, available nitrogen and available potassium respectively, and the application of the algorithm for four years of continuous variable fertilization from 2005 (before variable fertilization) to 2009 on the Yushu City Gongpeng Town No.

13 Village No. 7 plots.

Data collection

Application of GPS (Global Satellite Differential Positioning System) device for precise positioning, the use of ArcGIS software to produce the soil grid sampling map, sample distribution shown in Figure 1.

Fig. 1. sampling grid diagram

Research methods

In this paper, the Kriging optimal interpolation method was used to calculate the sampling points of soil nutrient space in the field of maize experiment field. On this basis, the three-dimensional visualization of soil nutrient multidimensional spatial data was realized by regular body element model. Through the three-dimensional Kriging interpolation algorithm, the original data contained in the spatial distribution of features without significant loss of the situation first passed to the estimated grid points other than the unknown data, so that the structure of the three-dimensional space model more realistic real soil environment. The three-dimensional Kriging interpolation method is essentially an improved score for the inverse distance weighting method, but it is still a linear interpolation method [START_REF] Jian | Study and Realization of Three-dimensional Visualization of Soil Nutrients Based on VTK[END_REF] . The principle of Kriging interpolation is that the attribute Z(x) at the point Xi∈A (i = 1,2, ..., n) is Z(Xi), the interpolated point X0∈A(X0), the Kriging interpolation result Z*(X0) is the weighted sum of the known sampling point attribute values Z(Xi

) (i = 1, 2, ..., n). Z * (X 0 ) =  i Z(X i ) (1) 
(1) where λi is the weight coefficient of the attribute value to be determined. There is a certain correlation between Z(Xi), which is related to the distance, but also to its relative direction change. Thus, the three-dimensional Kriging method refers to the object of study as a regionally controllable amount of change. we obtain the matrix of coefficient coefficients of the attribute value Kriging by using the spherical model, and then determine the augmented matrix for the spatial position of each unknown point. We obtain the weight coefficient value by solving the Kriging equation group, and then we can get each. The estimated value of the attribute value and the estimated variance of the attribute value.

3D GIS spatial analysis technique 1.4.1 Information acquisition

The spatial data of sampling points in 2005, 2007 and 2009 were obtained by GPS respectively and the data of the soil samples of the sampling points were obtained as shown in Table 1. (1) First open the ArcScene module, the ArcMap in the two-dimensional data (Figure 2) into the ArcScene, while loading DEM data (Figure 3). (3) In the "Elevation from Surface", select "Float on a custom surface" (the surface here is itself). You can find click "OK", DEM did some changes, but this is not very obvious.

(4) Then click on the "Scene layer", select the "scene properties" option (Figure 5), opened a "scene properties" menu. Here you can adjust the value of "vertical exaggerated" and set it to 5. Now you can see, the DEM's three-dimensional sense has been very strong. the color is set to eye-catching color (Figure 6). So that the completion of the threedimensional model [START_REF] Li | ArcScene campus three-dimensional scene of the establishment[END_REF] . From Fig. 7, Fig. 8 and Fig. 9, it is the three-dimensional spatial distribution of available nitrogen, available phosphorus and available potassium in soil nutrients of groundwater No. 7 and the historical evolution of soil nutrient content can be analyzed according to these historical data [START_REF] Lu Xiao-Nan | Spatial variability of soil fertility in agricultural science and technology demonstration park supported by GIS technology[END_REF] .

The results and analysis

It can be seen from Fig. 7, Fig. 8 and Fig. 9 that the nutrient content of soil is gradually increased with the implementation of variable fertilization [START_REF] Hang | Study and application of temporal and spatial variability of soil fertility[END_REF][START_REF] Shengwu | Three-dimensional GIS key technology research[END_REF] 

Conclusion

(1) 3D GIS(Fig. 7, Fig. 8, Fig. 9)can show more information than the twodimensional spatial variation map(Fig. 2), and the spatial variation of soil available nutrient is more clear, Intuitive and true.

(2) The high degree of data change in the three-dimensional spatial variation map can fully prove the significant effect of variable fertilization in 2005 and 2009, which is beneficial to the correct evaluation of soil fertility change.

(3) Three-dimensional visualization technology can not only be applied to the threedimensional distribution of soil nutrient spatial distribution, which can let users experience the spatial distribution characteristics of real soil nutrient, which is beneficial to soil fertility analysis and evaluation, but also the soil nutrient threedimensional spatial variation map for any mobile, rotation, split and extraction operations. The process and results of variable fertilization are tested and forecasted, which provides an objective, image and reliable auxiliary decision tool.
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Table 1 .

 1 Data about YuShu city and GongPeng town in the year of 2005

	Soil					
		N	P2O5	K	X	Y
	number					
	7-A1	186.82	16.44	138.00	126.316244	45.0033416
	7-A2	166.66	10.07	130.00	126.316128	45.0036914
	7-A3	182.11	11.77	120.00	126.316013	45.0040413

Table 2 .

 2 Data about YuShu city and GongPeng town in the year of 2007

	Soil					
		N	P2O5	K	X	Y
	number					
	7-A1	124.85	8.04	64	126.316244	45.0033416
	7-A2	137.34	9.99	80	126.316128	45.0036914
	7-A3	131.09	10.23	75	126.316013	45.0040413
	7-B1	115.49	13.16	100	126.316738	45.0034264
	7-B2	106.12	10.72	90	126.316622	45.0037763
	7-B3	115.49	14.86	80	126.316506	45.0041262
	7-C1	121.73	9.50	62	126.317232	45.0035113
	7-C2	109.25	11.70	64	126.317116	45.0038612
	7-C3	127.97	8.28	99	126.317	45.004211
	7-D1	152.94	26.32	72	126.317726	45.0035962
	7-D2	127.97	9.50	80	126.31761	45.0039461
	7-D3	118.61	30.95	70	126.317494	45.0042959

Table 3 .

 3 Data about YuShu city and GongPeng town in the year of 2009

	Soil					
		N	P2O5	K	X	Y
	number					
	7-A1	139.55	9.93	110	126.316244	45.0033416
	7-A2	137.06	14.54	101	126.316128	45.0036914
	7-A3	127.72	18.71	110	126.316013	45.0040413
	7-B1	138.31	14.76	130	126.316738	45.0034264
	7-B2	139.31	17.48	134	126.316622	45.0037763
	7-B3	133.95	34.31	130	126.316506	45.0041262
	7-C1	152.64	41.12	101	126.317232	45.0035113
	7-C2	132.08	38.26	125	126.317116	45.0038612
	7-C3	149.52	41.12	110	126.317	45.004211
	7-D1	137.06	21.57	132	126.317726	45.0035962
	7-D2	130.21	11.90	148	126.31761	45.0039461
	7-D3	133.95	20.47	150	126.317494	45.0042959
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