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Abstract 16 

Quantifying the spatial distribution of nitrogen (N) in the soil under long-term drip fertigation 17 

events is essential for the optimal regulation of drip fertigation systems. In this study, a 18 

greenhouse soil that has been under drip irrigation for 20 years was selected as the research object, 19 

and soil samples were collected from 0-50 cm soil depth. The concentrations of N in soil samples 20 

were measured and their spatial distribution characteristics were quantified by classical statistical 21 

analysis and multifractal analysis. The results showed that long-term drip fertigation and the 22 
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influence of natural factors resulted in the nitrate N mainly accumulating in the shallow layer of 23 

the soil and within a distance from the drip irrigation belt, and the spatial heterogeneity gradually 24 

decreased with increasing depth. The content of ammonium N was low and its distribution was 25 

observed in the whole section. Multifractal analysis indicated that the Δα value of nitrate N and 26 

inorganic N gradually increased with the increase of research scale, i.e., the spatial heterogeneity 27 

gradually increased, and it did not appreciably change for ammonium N. Meanwhile, the local 28 

high value region was the main factor leading to the spatial heterogeneity of N, and this dominant 29 

effect gradually increased with increasing depth. Multifractal analysis can effectively reflect the 30 

local information of N spatial distribution in the soil and provide a more detailed description of the 31 

spatial heterogeneity of soil properties. 32 

Key words: Long-term drip fertigation; Soil nitrogen; Spatial variation; Multifractal theory 33 



Introduction 34 

Facility greenhouse drip fertigation can directly transport water and nutrients to the root zone 35 

of crops resuling in wetting, high yield, and efficient use of water and fertilizer (Shen et al., 2012), 36 

it is widely used in countries throughout the world (Guo et al., 2012). Due to the characteristics of 37 

point infiltration and local wetting of drip irrigation, it is inevitable that soil nitrogen shows 38 

different degrees of variability in terms of spatial distribution. The spatial distribution and 39 

variability of soil nitrogen is essential for maintain soil quality and improve water and fertilizer 40 

use efficiency. 41 

During recent years, most studies have focused on improving the economic benefits, aiming 42 

to determine the effects of drip fertigation strategies on crop yield and quality, and less attention 43 

has been paid to the effects of long-term drip fertigation on nitrogen distribution and variability in 44 

soil profiles. Nitrogen content analysis showed that although drip fertigation can reduce the deep 45 

leakage of nitrogen and improve the efficiency of water and fertilizer use, the weak single time 46 

irrigation amount and irrigation intensity tend to accumulate nitrogen in the shallow layers (Hou et 47 

al., 2018; Chen et al., 2018). At present, the research methods of spatial variability of soil 48 

properties are summarized by traditional statistical methods, geostatistical methods (Ma et al., 49 

2015; Gouri et al., 2018), spectral analysis and fractal theory (Liu et al., 2018); of these methods, 50 

the traditional analysis methods mostly average the original data to a certain extent, which has 51 

certain limitations in reflecting the variability of local information, and fractal theory can 52 

quantitatively characterize the complex structure of material properties. Overcoming the 53 

deficiencies of single fractal analysis, multifractal theory fully considers the difference between 54 

the feature quantities in each small sampling unit in the study area, and is not affected by data 55 



distribution, and thus,multifractal theory can better reflect the variation information neglected. 56 

Therefore, multifractal methods are widely used to describe the spatial variability of soil 57 

properties and their scale effects (Guan et al., 2011; Liu et al., 2010; Guan et al., 2013., Wang et 58 

al., 2019; Guan et al., 2018), while fewer related research studies have focused on the spatial 59 

variability of soil nitrogen. 60 

In this study, the spatial distribution and variability of soil nitrogen in greenhouses under 61 

long-term of drip irrigation were analyzed based on the combination of traditional analysis 62 

methods and multifractal theory. The objective of this paper was to provide a theoretical basis for 63 

the development of greenhouse water and fertilizer control measures. 64 

Materials and methods 65 

Study area 66 

The experiment was carried out in the solar greenhouse of the Panggezhuang Experimental 67 

Station of the National Water-saving Irrigation Beijing Engineering Technology Research Center 68 

during June 2017. This greenhouse has been subjected to drip irrigation and fertilization 69 

management for 20 consecutive years. The planting area of the solar greenhouse is 600 m
2
; the 70 

layout of the plot is shown in Figure 1. Before a crop is planted, organic, potassium and phosphate 71 

fertilizers are applied as the base fertilizer. During the growth period, nitrogen fertilizer is applied 72 

during several stages once every two weeks, and the amount of fertilizer applied to different crops 73 

is determined based on China's Major Crop Fertilization Guidelines. 74 

The tested soil was a silty loam with a density of 1.44 g/cm
3
 and a pH of 8.48. The soil was a 75 

weakly alkaline soil with a field moisture capacity of 24.48%. The 0-40 cm basic soil layer had a 76 

total nitrogen of 0.79 g/kg, alkali nitrogen of 268 mg/kg, effective phosphorus of 124 mg/kg, 77 



available potassium of 138 mg/kg, and organic matter of 11.9 g/kg. 78 

Sampling methods 79 

The experiment was conducted on the greenhouse soil of the facility subject to multiyear drip 80 

fertigation management and was sampled at the end of the spring sap crop on June 28, 2018. 81 

Three kinds of soil sampling methods were used, that is, the large-scale section of the vertical drip 82 

irrigation zone (the sampling point interval was 2 m and the number of sampling points was 43), 83 

the section parallel to the drip irrigation zone (the sampling point interval was 1 m with four 84 

repeating for a total of 24 sampling points at six points per row) and a small-scale section of the 85 

vertical drip irrigation zone (the sampling point interval was 10 cm, each sampling section had 10 86 

sampling points in the horizontal direction with 4 repetitions for a total of 40 sampling points). In 87 

total 107 sample points were established. Each sampling point was sampled in soil layers of 0-10 88 

cm, 10-20 cm, 20-30 cm, 30-40 cm, and 40-50 cm depth, for a total of 535 soil samples. The 89 

samples were collected for air drying and grinding, and then leached with a liquid to soil ratio of 90 

5:1 in a 0.01 mol/L CaCl2 solution. The samples were then subjected to an AA3 continuous flow 91 

analyzer (AutoAnalyser-III, Bran+Luebbe, Germany) to assess the content of nitrate nitrogen and 92 

ammonium nitrogen in the leaching liquid. The arrangement of the sampling points was as 93 

follows: 94 

The descriptive statistical analysis of soil nitrate nitrogen and ammonium nitrogen content 95 

data was carried out using SPSS 20.0. The spatial distribution contour map and the anomaly 96 

distribution map were drawn by kriging interpolation using the Surfer 14.0 software. The spatial 97 

variability of soil nitrate nitrogen, ammonium nitrogen and inorganic nitrogen in different soil 98 

layers was analyzed by the coefficient of variation (CV) and multifractal theory. The larger the CV 99 



was the more dispersed the data were showing a higher spatial heterogeneity of the indicator. The 100 

calculation formula is as follows: 101 

.
= 100%

S D
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  102 

The variation of soil nitrogen content was graded according to the CV. A CV<10% is a weak 103 

mutation, a CV between 10% and 100% is a moderate variation, and a CV > 100% is a strong 104 

variation (Yao et al., 2006). 105 

The multifractal method distinguishes the eigenvalues in each small unit by the mass 106 

probability distribution set, and analyzes the variation in structures with complex fractals at 107 

different scales mainly by important parameters such as generalized dimensions Dq, singularity 108 

strength α(q) and multifractal spectrum f(α), which is another method of geostatistics (F.J.Caniego 109 

et al., 2005), and the calculation of parameters mainly refers to the previous literature (Eghball B 110 

et al., 2003; Zeleke T B et al., 2006; Caniego F J et al., 2005). This test is to sample the soil 111 

profile in the study area at an equal distance. Therefore, the measured value reflects the average 112 

content level of the 10 cm height soil column. According to the multifractal principle, the 113 

multifractally distributed measures of nitrogen is first determined. The sampling section is divided 114 

into n meshing elements with scales of ε , if the nitrogen content in the ith meshing is Mi, the 115 

calculation formula of the probability measure pi(ε) of the meshing is as follows : 116 
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where ε is the grid scale, n is the number of grids at the scale, and Mi is the measured value 118 

of the nitrogen content in the i-th grid. Then, the partition function χq(ε) is constructed, which is a 119 

weighted summation of the q-th power of pi(ε) as follows: 120 
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The aforementioned equation shows that for the multifractal measure, the partition function 122 

χq(ε) has a power function relationship at a research scale ε. Then, the quality index τ(q) can be 123 

obtained by fitting the slope of the lgχq(ε)-lgε curve, as follows: 124 
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Then the following parameters are obtained by the relationship between τ(q) and q, where the 126 

generalized multifractal dimension is as follows: 127 
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The multifractal singularity index of soil property distribution is as follows: 129 
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The multifractal spectrums is as follows: 131 
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Results and discussion 133 

Spatial distribution characteristics of nitrate nitrogen and ammonium nitrogen under drip 134 

fertigation 135 

As shown in Figure. 3, the nitrate nitrogen is mainly distributed in the 0-30 cm soil layer in 136 

the vertical direction, particularly in the 10-20 cm soil layer, and the nitrate nitrogen content is 137 

significantly lower below 30 cm. In the horizontal direction, the content contour is not parallel to 138 



the ground, but a local nitrate-nitrogen peak region appears at nearly equal intervals, and the 139 

highest content appears at a depth of approximately 10 cm. In general, nitrate nitrogen is more 140 

motile in the soil, and it is also more likely to result in leakage loss. However, in this study area of 141 

the soil environment with long-term drip fertigation, nitrate nitrogen has a certain "energy" 142 

phenomenon. First, the soil in the greenhouse below 40 cm is at the bottom of the plow. It can be 143 

seen from the grain fraction of different depths that the average sand content of the 0-40 cm soil 144 

layer is approximately 26%, which is 5 times higher than that of 40-60 cm soil layer. Changes in 145 

soil permeability hinder the migration of nitrate nitrogen to depth, which causes nitrogen to 146 

accumulate near the interface of the 40 cm soil layer (Li et al., 2009). As shown in Figure 1, the 147 

content of nitrate nitrogen at a depth of approximately 40 cm is low, which may be because when 148 

the soil porosity is high, the movement of solute in the pores is mainly driven by gravity (Cote C 149 

M al et., 2003). At this time, soil water content is the key factors of nitrogen transportation and 150 

distribution. In the closed environment of solar greenhouse, the soil moisture mainly originates 151 

from drip irrigation, and the distribution of soil water and nitrogen is affected by the manner of 152 

drip irrigation pipe laying. At the same time, the environment lacks the rainfall leaching effect of 153 

open air conditions, which obstructs the nitrate nitrogen washing into the deep part of the soil, and 154 

it migrates to the shallow layer of soil via evaporation of water. It can be seen from the anomalous 155 

distribution of nitrate nitrogen on the horizontal layer (Figure 3 b) that most of the anomalies are 156 

negative, and the positive anomalies are as high as 35 or more, mainly distributed in the 0-30 cm 157 

soil layer, which indicates that the content of surface nitrogen greatly varies in the horizontal 158 

direction. 159 

This phenomenon can be well explained by decreasing the study scale between two-drip 160 



irrigation tubes (Figure 4). The vertical profiles between the four randomly selected drip irrigation 161 

belts show that nitrate nitrogen is mainly distributed in the surface layer of the soil within 0-30 cm 162 

depth under long-term drip fertigation conditions, and the accumulation phenomenon between the 163 

drip irrigation pipes. Because during the process of drip fertigation, nitrate nitrogen easily 164 

migrates with water and accumulates at the edge of the wetting front, the absorption of nitrogen by 165 

the crop causes the nitrate nitrogen content around the drip irrigation zone to be lower. The high 166 

value area of intermediate nitrate nitrogen is the superimposed effect of fertilization on both sides 167 

of the drip irrigation. Following irrigation and fertilization at the end of the crop period, the small 168 

amount of nitrogen remaining in the profile continues to migrate via the evaporation of water and 169 

accumulates in the surface layer. Thus, nitrate nitrogen accumulates in the surface layer and a 170 

plurality of nearly equally spaced high value regions appears in the horizontal direction. 171 

Compared with nitrate nitrogen, ammonium nitrogen is easily adsorbed by soil particles. 172 

Figure 5 shows the distribution of ammonium nitrogen along an east-west profile under long-term 173 

drip fertigation conditions. Perhaps because the soil is weakly alkaline (pH > 8) and the content of 174 

ammonium nitrogen in the whole section is at a low level (≤ 6 mg/kg), the relatively high value 175 

area is mainly distributed in at 5-40 cm. First, the soil surface layer is greatly affected by external 176 

factors, which increases the loss of ammonium nitrogen and the content of the surface layer is 177 

lower from 0 to 5 cm. In general, ammonium nitrogen is less affected by water movement in the 178 

soil and more affected by soil texture. Studies have shown that the migration ability of ammonium 179 

nitrogen in soil is sandy loam > clay loam > loamy clay (Huang et al., 2014); that is, the larger the 180 

soil particles are, the better the migration of ammonia nitrogen to depth is. The test soil was a 181 

sandy loam; thus, the ammonium nitrogen migrates to greater depths and is more evenly 182 



distributed at different depths. In the horizontal direction, the anomaly distribution is consistent 183 

with the content distribution, and most of the anomalies are 0; thus, the ammonium nitrogen is 184 

evenly distributed throughout the entire section. 185 

Figure 6 shows the distribution of ammonium nitrogen in the profile between the two drip 186 

zones. From the overall trend shown in the four sections, it is apparent that ammonium nitrogen is 187 

mainly distributed around the drip irrigation zone and mainly because the movement of 188 

ammonium nitrogen in the soil is greatly affected by the soil colloidal particles. Zhang et al. 189 

concluded that the mass concentration has a significant positive correlation with the flow rate, 190 

indicating that hydraulic shearing and infiltration of the water flow is the main mechanism of 191 

colloid release and migration (Zhang et al., 2018). 192 

Descriptive statistics of spatial variability of nitrate nitrogen and ammonium nitrogen 193 

under drip fertigation 194 

Table 2 and Figure 7 show the average levels and variability of nitrate and ammonium 195 

nitrogen contents at different soil depths under drip fertigation. It can be seen that the average 196 

content of the nitrate nitrogen decreases with an increase in soil depth. The highest average 197 

content occurred in the surface layer of 0-10 cm, which was 26.2 mg/kg. The content in the 10-20 198 

cm soil layer rapidly decreased to 12.5 mg/kg. The temperature content below 20 cm was stable at 199 

approximately 7.5 mg/kg. The ammonium nitrogen is uniformly distributed within the upper 200 

0-30-cm, slightly decreased below 30 cm and stabilized at approximately 2.7 mg/kg. Therefore, 201 

comparing the two changes in the vertical direction, it is evident that nitrate nitrogen has higher 202 

content and variability than ammonium nitrogen, and there is a significant "aggregation" 203 

phenomenon. In the horizontal direction, the variability analysis showed that the coefficient of 204 



variation of ammonium nitrogen fluctuated between 0.42 and 0.54, which was moderately variable; 205 

the coefficient of variation of nitrate nitrogen first decreased and then increased in the 0-50-cm 206 

soil layer, and the coefficient of variation in the 0-10 cm soil layer was the largest, at 1.48, which 207 

is a strong mutation. The nitrate content in the soil below 10 cm was moderately variable, and the 208 

variability of the 20-30 cm soil layer reduced to a minimum. This observation is different from the 209 

distribution characteristics of nitrate nitrogen in the soil profile in the short term following drip 210 

fertigation. 211 

Multifractal characteristics of nitrogen under drip fertigation 212 

If the generalized dimensions Dq decreases with the increase in q within the range of the 213 

statistical distance order q, the research index has obvious multifractal characteristics (Eghball B 214 

et al., 2003). Figure 7 shows the variation in the generalized dimensions Dq of the soil nitrogen 215 

index with the statistical probability order q of the mass probability, which indicates that the 216 

generalized dimension Dq of the ammonium nitrogen, nitrate nitrogen and inorganic nitrogen in 217 

the study area decreased with the increase in q. When q > 0, the decrease in ammonium nitrogen, 218 

inorganic nitrogen and nitrate nitrogen Dq decreased, indicating that the multifractal 219 

characteristics of the nitrogen content index in the study area are obvious; Thus, multifractal 220 

theory can be used to study its spatial variability. 221 

The coefficient of variation can reflect the overall variation of the data, but there are some 222 

limitations to the description of local variability, which can be better reflected by the multifractal 223 

spectrums. Figure 8 shows the multifractal singular spectrum curves of different forms of nitrogen 224 

at different depths. The shape of the multifractal spectrum function with the singular exponent 225 

(symmetry, peak, width, etc.) reflects the difference in the spatial distribution variation type of 226 



nitrogen indicators. Generally, the shape of the curve is parabolic or hook-shaped with open 227 

downward, and the better the symmetry, the weaker the degree of variation. 228 

Table 3 shows the statistical comparison of multiple fractal parameters of soil nitrogen 229 

distribution. From the perspective of generalized fractal dimension, the Dq value at q = 0, D0, is 230 

called the capacity dimension of the geometric support of the measure. The Dq value at q = 1, is 231 

referred to as the information dimension and provides information about the degree of 232 

heterogeneity in the distribution of the measure in analogy to the entropy of an open system in 233 

thermodynamics. The closer the D1 value to the capacity dimension, the more homogeneous is the 234 

distribution of the measure (Asim Biswas et al., 2012; Zeleke et al., 2004). According to the data 235 

in Table 3, the D0-D1 values of ammonium nitrogen in the 0-50cm, 0-30cm and 40-50cm soil 236 

layers are 0.0340, 0.0336 and 0.0286, respectively, which are significantly lower than nitrate 237 

nitrogen and inorganic nitrogen, but in the longitudinal direction. The values of D0-D1 at 0-30 cm 238 

and 0-50 cm soil layers are not much different and are significantly larger than 40-50cm soil layer, 239 

indicating that ammonium nitrogen is more evenly distributed than nitrate nitrogen in nitrogen 240 

form. At the same time, as the depth increases, the degree of variation is significantly reduced. 241 

Therefore, the point source drip irrigation model and natural factors have an important influence 242 

on the spatial distribution of nitrogen. 243 

The singularity strength α reflects the singularity of each small unit segment during the 244 

fractal process. If the quality measure of the research index is evenly distributed throughout the 245 

study area, α is a certain value; otherwise, the α will have a certain difference. Therefore, the 246 

width of the singularity strength Δα = αmax - αmin can quantitatively characterize the irregularity of 247 

the spatial distribution of the nitrogen content. The larger the Δα, the more irregular the research 248 



data (Alexandra N et al., 2000), and the corresponding Δf = f (αmin) – f (αmax) is mainly used to 249 

characterize the difference between the maximum number of probabilities and the minimum 250 

number of probabilities (Takele et al., 2006). Δf > 0 indicates that the overall variability of the 251 

research index is mainly caused by the smaller value, and the multifractal spectrum curve shows a 252 

left hook shape; otherwise, the larger value is the main factor that determines the overall 253 

variability. 254 

As seen from Table 3, the Δα value of the ammonium nitrogen in the 0-50 cm profile is 255 

0.5608 and that of 0-30 cm and 40-50 cm are 0.5741 and 0.5424 respectively, which indicates that 256 

the variability of ammonium nitrogen in the entire profile is not appreciably different and tends to 257 

be evenly distributed. Because nitrate nitrogen accounts for a large proportion of inorganic 258 

nitrogen, the spatial variability characteristics of the two are similar, and the spatial heterogeneity 259 

of both in 0-30 cm soil layer is greater than that in 40-50 cm soil layer. The degree of variation on 260 

the entire section(0-50 cm) is larger, with Δα values are 1.0676 and 1.0402, respectively, mainly 261 

because the contribution value of the variation degree not only shows a small variation in the 262 

content value at a short distance but also has a long-range variation from high values at shallow 263 

depth to low values at deep depths when the research scale is increased. The data in the table show 264 

that the Δf values of ammonium nitrogen, nitrate nitrogen and inorganic nitrogen at different 265 

depths are less than 0, which corresponds to the left hook of the curves shown in Figure 8, 266 

indicating that the high nitrogen content region contributes a large value to the degree of variation 267 

of the entire study area. According to the magnitude of the Δf value, the contribution of the local 268 

high value to the overall variability gradually increases as the depth increases. 269 



Conclusion  270 

Through statistical analysis and multifractal theory, the spatial distribution and variability of 271 

residual ammonium, nitrate and inorganic nitrogen in soil under long-term drip fertigation 272 

conditions were compared and analyzed, achieving the following conclusions: 273 

Statistical analysis shows that at a large scale, ammonium nitrogen shows a low content and 274 

is evenly distributed throughout the cross section. The high nitrate content area is mainly 275 

distributed in the 0-30 cm soil layer, which shows high content and strong variability in the 276 

surface soil layer. The 0-10 cm soil layer has the strongest variability, with a CV value of 1.48, 277 

and the content and variability gradually decreases with depth. Small-scale studies have shown 278 

that nitrate nitrogen easily moves with water and is mainly distributed between drip irrigation 279 

tubes, and ammonium nitrogen is easily adsorbed by colloidal particles such that it is evenly 280 

distributed between drip irrigation belts. 281 

According to the physical meaning of the multifractal parameters, both the values of D0-D1 282 

and the fractal spectrum width Δα show that the spatial heterogeneity of the nitrogen content in the 283 

0-30 cm soil layer is greater than that in the 40-50 cm soil layer, and the spatial variability is 284 

gradually enhanced with an increase in the research scale. This feature is more obvious in the 285 

nitrate nitrogen and inorganic nitrogen content data, indicating that a single research scale is not 286 

sufficient to fully characterize the spatial variability of soil nitrogen. Analysis of Δf shows that the 287 

high value of nitrogen content is the main factor leading to spatial heterogeneity, and this 288 

dominant effect is weaker in the shallow layer and gradually increases with an increase in depth 289 

under drip irrigation. Multifractal analysis has been recognized to provide a more detailed 290 

description of the spatial heterogeneity of soil properties. 291 
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Figure and captions 363 

 364 

 365 

Fig. 1 Layout of the study area 366 
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Fig. 2 Description of the sampling positions 368 

6m

7m

m ain pipe

drip irrigation belt

water source

venturi 
fertiliser

drip irrigation belt

crop

10cm

10cm



 369 

a. Spatial distribution of nitrate nitrogen content 370 

 371 

b. Nitrate nitrogen content anomaly distribution 372 

Fig.3 Spatial distribution characteristics of nitrate nitrogen 373 



 374 

 375 

 376 

Note: Points (0,0) and (90,0) are the positions of the drip irrigation belt, and the selection of the four sections is 377 

random. 378 

Fig.4 Distribution of nitrate nitrogen in the vertical section between two drip tapes379 
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 381 

a. Spatial distribution of ammonium nitrogen content 382 

 383 

b. Ammonium nitrogen content anomaly distribution 384 

Fig.5 Spatial distribution characteristics of ammonium nitrogen385 



 386 

 387 

Note: Points (0,0) and (90,0) are the positions of the drip irrigation belt, and the selection of the four sections is random. 388 

Fig. 6 Distribution of ammonium nitrogen in the vertical section between two drip tapes 389 
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Fig.7 Generalized multifractal dimension of the nitrogen content with the statistical distance curve 391 
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Fig.8 Multifractal spectrum curve of the soil nitrogen content393 



Table and captions 394 

Tab.1 Basic physical properties of the experimental soils 395 

Depth（cm） 
Particle size fraction（%） Soil bulk density

（g/cm3） 
pH 

Sand Powder Clay 

0-20 28.75 65.00 6.25 1.42 8.38 

20-40 24.00 61.50 14.50 1.46 8.58 

40-60 5.75 76.50 17.75 1.62 8.72 



Tab. 2 Statistical feature values of nitrogen content under long-term drip fertigation 396 

 Depth/(cm) mean/（mg/kg） SD Max/（mg/kg） Min/（mg/kg） CV 

 0-10 26.20 38.71 171.13 5.18 1.48 

 10-20 12.50 10.98 66.96 4.84 0.88 

NO3-N 20-30 7.29 3.71 23.45 4.73 0.43 

 30-40 7.77 4.96 30.01 4.73 0.64 

 40-50 7.05 6.06 45.00 4.75 0.85 

 0-10 3.59 1.53 7.53 1.48 0.43 

 10-20 3.57 1.93 8.79 1.12 0.54 

NH4-N 20-30 3.32 1.59 8.50 1.22 0.48 

 30-40 2.62 1.11 5.73 1.28 0.42 

 40-50 2.89 1.39 7.89 1.13 0.48 



Tab.3 Multifractal parameters of the soil nitrogen content 397 

Nitrogen index Depth D0-D1 αmin(q) f(αmin) αmax(q) f(αmax) Δα(q) Δf(α) 

 

Ammonium 

nitrogen 

0-50 cm 0.0340 1.3841 0.7023 1.9521 0.9150 0.5680 -0.2127 

0-30 cm 0.0336 1.2500 0.6395 1.8241 0.6863 0.5741 -0.0468 

40-50 cm 0.0286 1.0751 0.2331 1.6175 0.7169 0.5424 -0.4838 

 

Nitrate 

nitrogen 

0-50 cm 0.1731 1.9818 1.3768 0.9142 0.2276 1.0676 -1.1492 

0-30 cm 0.1735 1.8993 1.1060 0.8412 0.2276 0.8784 -0.8784 

40-50 cm 0.0488 1.5001 1.2202 0.8336 0.0337 0.6665 -1.1865 

 

Inorganic 

nitrogen 

0-50 cm 0.1615 1.9615 1.3542 0.9213 0.2248 1.0402 -1.1294 

0-30 cm 0.1627 1.8739 1.0883 0.8465 0.2248 1.0274 -0.8635 

40-50 cm 0.0433 1.4878 1.2014 0.8450 0.0358 0.6428 -1.1656 

 398 
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