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Abstract
Soil chemical and topographic properties are two important factors influencing available micronutrient distribution of soil in the horizontal dimension. The objective of this study was to explore the relative influence of soil
chemistry (including soil pH, soil organic matter, total nitrogen, available phosphorus, and available potassium)
and topography (including elevation, slope, aspect, and wetness index) on the availability of micronutrients (Fe,
Mn, Cu, Zn, and B) using structural equation modeling (SEM) at the watershed scale. To do this, levels of soil
micronutrients, pH, soil organic matter, total nitrogen, available phosphorus, available potassium, and topographic factors were measured at 523 sampling points of Fanshi County on the Chinese Loess Plateau, and the
spatial distribution of soil available micronutrients were analyzed by geostatistical method. The results showed
that topography had both direct effects and indirect effect on some soil micronutrients, while the indirect effect indicated effects from topography on soil chemistry and then further on micronutrient concentration. Soil
chemistry had direct effects on levels of all soil micronutrients, and topography had direct effects on levels of all
micronutrients except for Cu and B, and indirect effects on Fe, Zn, and B. The direct effect of soil chemistry on
Fe levels was greater than the total effects (including both direct and indirect) of topography. Topography had a
stronger direct effect on Mn than soil chemistry, and topography had less direct but stronger total effects on Zn
than soil chemistry. Soil chemistry directly influenced both Cu and B, but topography only influenced B in an
indirect manner. The semivariance indicated that the micronutrients had moderate spatial dependency except for
B which had weak spatial dependency. Within the spatial distribution of the micronutrients, there was a zone in
the middle of the watershed with lower values than in the northern and southern areas for Fe, Mn, Zn, and B,
which were related to the characteristics of topography and soil chemistry. These results may guide the management of soil micronutrients of the Chinese Loess Plateau and other similar regions in the world.
Keywords: Structural equation modeling (SEM), spatial distribution,standardized path coefficients (SPCs), latent variables, manifest variables
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1. Introduction
The availability of soil micronutrients, including iron

latent variables (Stephenson et al., 2006). For example,

(Fe), manganese (Mn), copper (Cu), zinc (Zn), and boron

Beaumelle (2016) determined the bioavailability of soil

(B), plays an important role in crop growth, development,

cadmium, lead, and zinc by the unmeasured variable

quality, and can eventually impact human health (Farooq

reflected by several observed variables. Liu (2016) ex-

et al., 2012). The levels of available micronutrientsin top-

amined the relationship between two latent variables of

soil vary spatially under different types of parent mate-

“spec”, which was explained by the observed variables of

rial, vegetation,topography, climate,fertilizer application,

spectral reflectance, and “attrib”, which was made up of

and land use types (Wang et al., 2008). Thus, improved

soil salt and moisture in the surface and subsurface soil.

understanding of the dynamic variationinthese micronu-

Angelini (2016) mapped seven key soil properties in the

trients and the factors that contribute to their levels in the

Argentinian Pampas based on the SEM theory. Therefore,

soil isan important issue.

when the observed properties are unable to accurately

The influences of soil and topographic properties on top-

represent the latent variables, SEM is a reasonable alter-

soil available micronutrients are wildly recognized. Soil

native. Additionally, SEMcan separate direct and indirect

properties can affect available micronutrients distribu-

effects. For instance, topography can have both direct and

tion, including soil organic matter (Rais et al., 2006), pH

indirect effects on soil micronutrients distribution. It can

(Sims and Patrick, 1978), moisture regime (Katyal and

affect micronutrients contents directly, and can influence

Sharma, 1991), and available P (Shuman, 1988). Topog-

soil chemical properties, such as organic matteror pH,

raphy also influences the availability of micronutrients

and further exert on the micronutrients indirectly.

(Wang et al., 2008; Yi et al., 2012). To determine the

The soil on the Chinese Loess Plateau is considered

relationships between the micronutrients and influencing

the most highly erodible soil in the world (Tian and

factors, descriptive methods of regression or correlation

Huang, 2000), and the available soil micronutrient

analysis have been usually used. However, these methods

contents are often insufficient for plant growth. The

consider the measured variable only (Arhonditsis et al.,

spatial distribution of micronutrients at the watershed-

2006), limiting assessment of complex influences of soil

may be affected by the soil chemical and topographic

chemistry and topography on the micronutrients. Better

properties. Therefore, the objective of this study was

understanding on the factors altering micronutrient avail-

to assess the relative influences of the latent variables,

ability may be possible if a model can include variables

soil chemistry and topography, on available micronu-

that are not measured but also affect the distribution of

trients and disentangle the complex relationships be-

micronutrients.

tween these factors using SEM at the watershed scale

Structural equation modeling (SEM) is a multivariate

on the Chinese Loess Plateau.

statistical method used to examine the intertwined correlation among manifest and latent variables (Delgado-

2. Materials and Methods

Baquerizo et al., 2015). In this model, manifest variables
are measured directly, while latent variables are not.

2.1. Study site description

Latent variables are predictedfrom the manifest variables, allowing comprehensive understanding of both

A small watershed (39°00′ to 39°30′ N and 113°09′

measurement unreliability and the relationships between

to 114°00′E) with an area of 2,400 km2 was selected
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on the northeast of the Chinese Loess Plateau (33°35′
to 41°10′ N, 100°22′to 114°40′ E), Fanshi County,
Shanxi Province, China (Figure 1).The Hutuo River
originates in the northeast and runs across from the
east to the west of this region.
Figure 2. The conceptual framework of the structural
equation modeling (SEM) showingthe relationships
between endogenous variables (soil available
micronutrients) and exogenous latent variables
(soil chemistry and topography). The solid arrows
represent the direct pathway of the influence of one
variable on another. The observed variables are in the
rectangle and the latent variables are in the ellipse.
The research area has a temperate continental climate
with a mean annual temperature of 6.3 °C, precipitation of 400 mm, and frost-free period of 130 days.
This area is characterized by eroded ridges and different sized hill slopes. The dominant crop is cereal.The
elevations of the research area range from 826 to 3091
m and generally decrease from northeast to southwest.
According to the FAO-90 soil classification system,
the main soil types are Calcaric Cambisol, and Calcaric Regosols (Nachtergaele et al., 2008), the typical
soils in Shanxi Province, China. The textures of this
area are loam and sandy loam, and the pH varies from
7.2 to 8.6.
2.2. Data collection
A total of 523 points were sampled at Fanshi County.
At each location, one sample of 0-20 cm soil layer
was collected. The samples were air-dried, ground,
Figure 1. Geographic location of the study site and
soil sampling locations, (a) China, (b) the Loess
Plateau, and (c) the study site of Fanshi.

and sieved through a sieve of 1 mm. The available
iron (Fe), manganese (Mn), copper (Cu), and zinc
(Zn) were extracted by DTPA, and available boron
(B) was extracted by the hot water extraction method
(Environmental Monitoring of China, 1992). These
available micronutrients were measured using atomic
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adsorption spectrometry. Soil pH was measured us-

be regressed and the endogenous variable is the latent

ing acombination electrode. SOM content was deter-

variable to be predicted. The variables with quotation

mined using the wet oxidation method of Walkley and

marks arethe latent variables. The structural model is

Black, and TN content was determined according to

defined as

Kjeldahl method. The AP content was measured by
the method of Olsen extraction. AK was extracted by

η= Γ ξ+ ω

ammonium acetate extraction and analyzed by flame
photometer (Bao, 2008).

where, η is an endogenous variable, ξ is an exogenous

The digital elevation model (DEM) with 30 m reso-

variable, and Γ is the matrix of regression coefficients

lution of the small watershed was downloaded from

between η and ξ. ω is a vector of the structural error.

the website: http://www.gscloud.cn/sources/?cdataid

The measurement model is described as

=302&pdataid=10. The digital elevation was used to
extract topographic indices including slope gradients,
aspect, and topographic wetness index using ArcGIS
10.1 (ESRI Inc.).

X = Λx ξ + δ
Y = Λyη+ ε
where, X is a vector of the observed measurements

2.3. Structural equation modeling

(i.e., pH, SOM, TN, AP, AK, elevation, slope, aspect,
and TWI) of the exogenous variables ξ (i.e., “soil

Structural equation modeling is a multivariate statis-

chemistry” and “topography”), Y is a vector of the

tical methodology to estimate the relative relation-

observed measurements (i.e., Fe) of the endogenous

ships between exploratory variables (Kline, 1998). It

variables η, δ is a vector of the measurement error for

includes a structural model and measurement model.

X, ε is a vector of the measurement error for Y, Λx

The structural model reveals the relationships be-

is a matrix of factor loading between X and ξ, and

tween exogenous variables (i.e., “soil chemistry” and

Λ

“topography”) and endogenous variables (i.e., Fe, Mn,

For example, the matrices for the exogenous variable

Cu, Zn, or B). The exogenous variable is the variable to

measurement model of Fe are

y

is a matrix of factor loading between Y and η.
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The estimate of coefficients (λi) in the matrix of Λ

x

ing the pathways in these models. Finally, the param-

can be standardized and described as standardized

eters of these SEMs were fitted using the method of

path coefficients (SPCs).

maximum likelihood estimation, which was achieved
by AMOS 17.0 for windows (SPSS Inc.).

2.4. Data analysis
3. Results
The classical statistics and Pearson correlation analy3.1. Descriptive statistical analysis

sis were calculated using the IBM SPSS 19.0 (SPSS
Inc.).The spatial patterns of available micronutrients
were determined by the geostatistical analysis of Arc-

Descriptive statistics for micronutrients, soil chemical

GIS 10.1 (ESRI Inc.).

parameters, and topographyare listed in Table 1. The

All the observed variables were normalized between 0

mean values of available Fe, Mn, Cu, Zn, and B were

and 1 to minimize the variation of each observed vari-

9.0, 9.3, 1.6, 1.0, and 0.6 mg kg-1, respectively. Ac-

able. A conceptual SEM was established based on pre-

cording to the classification standard of available mi-

vious studies (Hu and Si, 2014; Zhu et al., 2014). This

cronutrients in Shanxi Province (Table 2), these val-

model consists of twolatent variables: topography and

ues were at a medium level except for Cu, which was

soil chemistry (Figure 2). The latent variable of to-

present at high level. The mean values of pH, SOM,

pography was represented by topographic parameters

TN, AP, and AK were 8.1, 12.7 g kg-1, 0.7 g kg-1, 9.6

such as elevation, slope, wetness index, and aspect.

mg kg-1, and 117.8 mg kg-1, respectively. The mean

The latent variable of soil chemistry was represented

values of elevation, slope, aspect, and TWI were

by the observed variables of pH, SOM, TN, AP, and

1173.2 m, 5.7°, 188.1°, and 1.0, respectively.

AK. Different SEMs were established based on each

The ranges of AK, elevation, and aspect were higher,

measured micronutrient including Fe, Mn, Cu, Zn,

and must to be normalized to minimize the variations

and B. The detailed model was developed by specify-

with other observes.

Table 1. Classical statistics of soil micronutrients, soil chemical and topographic properties in Fanshi County on
the Chinese Loess Plateau.
Latent
variables
—

Soil
chemical
properties
Topographic
properties

Observed variables
Fe (mg kg-1)
Mn (mg kg-1)
Cu (mg kg-1)
Zn (mg kg-1)
B (mg kg-1)
pH
SOM (g kg-1)
TN (g kg-1)
AP (mg kg-1)
AK (mg kg-1)
Elevation (m)
Slope (°)
Aspect (°)
TWI

Mean
8.98
9.25
1.62
0.97
0.56
8.11
12.70
0.67
9.59
117.83
1173.15
5.66
188.09
1.00

Max
30.20
26.80
3.60
3.42
1.97
8.60
39.90
1.94
42.00
328.00
2183.00
43.95
359.09
12.58

Min

Medium

2.60
1.30
0.29
0.03
0.01
7.20
2.00
0.10
0.20
27.00
864.00
0.14
0.00
0.00

Journal of Soil Science and Plant Nutrition, 2016, 16 (4), 1038-1051

7.60
8.40
1.58
0.82
0.48
8.10
11.60
0.60
6.60
102.00
1113.00
3.03
184.00
0.00

Upper
quartile
5.70
5.00
1.10
0.44
0.30
8.00
8.90
0.47
3.70
79.00
977.00
1.65
99.00
0.00

Lower
Skewness
quartile
10.70
1.8
12.90
0.8
2.01
0.5
1.39
1.0
0.73
1.2
8.20
-1.4
15.30
1.3
0.81
1.0
13.20
1.5
137.00
1.7
1268.00
1.6
6.98
2.2
290.00
-0.1
0.95
2.7

Kurtosis
3.5
0.2
-0.1
0.3
1.6
4.2
2.5
1.2
1.7
2.7
2.5
5.5
-1.2
6.2
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Table 2. Classification standard of soil available micronutrients in Shanxi Province.

The Pearson correlation coefficient (r) between mi-

for Cu, were significantly correlated with pH, SOM,

cronutrients and chemical parameters, including pH,

TN, AP, AK, elevation, and slope (P<0.01), and Cu

SOM, TN, AP, and AK, or topographic properties, in-

was correlated with pH, AK, and aspect (P<0.05). In

cluding elevation, slope, topographic wetness index,

addition, Fe, Mn, and Zn were positively correlated

and aspect, were calculated and are listed in Table 3.

with wetness index (P<0.05).

Our results showed that those micronutrients, except

Table 3. Pearson correlation coefficients (r) of soil available micronutrients with soil chemical and topographic
properties in Fanshi County on the Chinese Loess Plateau (n=523).

*P<0.05. **P<0.01.

3.2. Spatial analysis of soil available micronutrients

spatial dependency of available micronutrients, which
were 56, 31, 61, 66, and 87 for Fe, Mn, Cu, Zn, and

Semivariances of the micronutrients were fitted well

B, respectively. A ratio of nugget to sill less than 25%

by the exponential model, which was selected over

indicated a strong spatial dependency, a ratio larger

other commonly used models (i.e., spherical, Gauss-

than 75% indicated a weak spatial dependency, and

ian, and linear models) because of the minimum mean

intermediate values indicated that spatial dependency

squared error (Table 4). The geostatistical parameters,

was moderate (Cambardella et al., 1994). This indi-

including nugget (C0), structured variance (C1), sill

cated that Fe, Mn, Cu, and Zn had moderate spatial

(C0+C1), and range were obtained. The ratio of nug-

dependency and B exhibited weak spatial dependency

get to sill, C0/(C0+C1), was used to characterize the

in the watershed.
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The interpolation maps were obtained based on the

for Cu, in the middle of the watershed between the

theoretical semivariance models (Figure 3). The

northern and southern areas. This zonal distribution

spatial distributions of Mn and Zn were similar. Ac-

may be affected by topographic factors, because it

cording to the micronutrient distribution, there was a

appeared similar to the landscape distribution.

zone with lower values for all micronutrients, except
Table 4. Geostatistical summary of the content of soil available micronutrients.

MSE refers to mean standardized error.

Figure 3. Interpolated maps of (a) Fe, (b) Mn, (c) Cu, (d) Zn, and (e) B by ordinary Kriging regression. The units
for the micronutrients was mgkg-1.
3.3. Effects of observed variables on latent variables
of soil chemistry and topography

larger than 4, and the models with lowest Akaike
Information Criterion (AIC) values for Fe, Mn, Cu,
Zn, and B were selected. The parameters of the fitting

To obtain good fitting models while avoiding exces-

SEM are shown in Table 5. The AIC values for the

sive parameters, Modification Indices (MIs) were

good fitting models of Fe, Mn, Cu, Zn, and B were

used to include the residual covariance for MI values

74.2, 71.6, 73.5, 65.3, and 79.6, respectively.

Journal of Soil Science and Plant Nutrition, 2016, 16 (4), 1038-1051

Environmental effects on micronutrients 1045

Table 5. The Goodness-of-Fit parameters of SEMs of Fe, Mn, Cu, and B; a good fitting model must satisfy the
acceptable values.

The structure of SEM and the specific parameters

in the acceptable interval (GFI, NFI, CFI>0.95,

in the model were tested by the chi-square (χ ) test.

RMR<0.05, and RMSEA<0.06), further demon-

2

A non-significant P value of the established model

strating the soundness of the models.

indicated that the model structure and data struc-

The final SEMs are presented in Figure 4. Stan-

ture do not differ significantly. Hence, the model

dardized path coefficients (SPCs) were used to

might accurately represent the relationships among

evaluate the strength of direct effect between the

the variables. In our study, the P values were not

latent variables. The latent variable of soil chemis-

significant for Fe (P=0.17), Mn (P=0.27), Cu

try was related to pH, SOM, TN, AP, and AK, with

(P=0.20), Zn (P=0.16), and B (P=0.16), supporting

corresponding SPCs of 0.97, 0.99, 0.98, 0.56, and

the established models (Table 5). Additionally, a

0.57, respectively (Figure 4). Contributions of pH,

ratio of χ to the degrees of freedom (df) being less

SOM, and TN to the latent variable of soil chemis-

than 3, indicates that the structure and parameters

try were similar, while the contributions of AP and

of the model were satisfactory (Hoe, 2008). The

AK were similar.

χ2 to the df values for Fe, Mn, Cu, Zn and B were

The latent variable of topography was significantly

1.28, 1.16, 1.25, 1.61 and 1.53, respectively, which

correlated with elevation, slope, aspect, and wet-

suggested the acceptability of the models. Other

ness index, and corresponding SPCs value were

indices, including Goodness-of-Fit Index (GFI),

0.83, 0.74, 0.51, and 0.52, respectively. Contri-

Normed Fit Index (NFI), Comparative Fit Index

butions of both elevation and slope to the latent

(CFI), Root Mean square Residual (RMR), and

variable of topography were identical, while the

Root Mean Square Error of Approximation (RM-

contributions of aspect and wetness index were-

SEA), are also often used to evaluate the fitness

similar. In addition, there was a constant correla-

of models. We applied these indices to our data,

tion between soil chemistry and topography (SPC

and the calculated values of GFI, NFI, CFI, and

was 0.44), which indicated a direct effect of topog-

RMR were0.99, 0.99, 1.00, 0.00, respectively, and

raphy to soil chemistryof 0.44.

2

a RMSEA value was 0.02 or 0.03. All values were
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Figure 4. Model results for (a) Fe, (b) Mn, (c) Cu, (d) Zn, and (e) B. Single arrows represent the direct pathway of
one variable to another, and double arrows represent the correlation between two variables. Solid arrows represent
significant pathways and dotted arrows represent non-significant pathways. The standardized path coefficients
(SPCs) are listed beside the lines.
3.4. Effects of soil chemistry and topography on soil
available micronutrients

Additionally, the indirect pathway from topography
via soil chemistry to Fe was also significant. The total
effect of soil chemistry to Fe (0.47) was greater than

In the model for available Fe, the direct pathways

the effect of topography (0.39; Table 6).The SEM of

from topography to Fe and from soil chemistry to Fe

Fe explained 25% of the variation in Fe.

were statistically significant (Figure 4a).
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Table 6. Standardized direct, indirect, and total (including both direct and indirect) effects of soil chemistry and
topography on micronutrients.

← represents the effects of other variables on it.

For Mn, the direct pathways from topography and

Zn. The total effect of topography on Zn (0.35) was

soil chemistry were statistically significant, and the

greater than the effect of soil chemistry (0.26; Table

indirect effect from topography via soil chemistry

6), although the direct effect of soil chemistry was

was 0.06 (Figure 4b). Correlations between Mn and

larger than the direct effect of topography. Finally, the

topography or soil chemistry were significantly posi-

SEM of Zn explained 13% of the variation in Zn.

tive, and total effects of both factors onMn were 0.31

For B, the direct pathway from topography was not

and 0.13, respectively (Table 6). However, the SEM

significant, but the direct pathway from soil chem-

only explained 8% of the variation of Mn.

istry and the indirect pathway from topography via

For Cu, the direct pathway from topography was not

soil chemical properties were both significant (Figure

significant, but the direct pathway from soil chemis-

4e). Additionally, both topography and soil chemistry

try was significant (P<0.05; Figure 4c). The indirect

were positively correlated with B, and the total effects

pathway from topography via soil chemistry was in-

of topography and soil chemistry on B were 0.21 and

significant and the SPC was 0.05. Therefore, the level

0.32, respectively (Table 6). The SEM of B explained

of Cu was only directly correlated with soil chemistry.

11% of the variation in B.

The total effects of topography and soil chemistry on
Cu were 0 and 0.10 (Table 6). The SEM of Cu ac-

4. Discussion

counted for only 1% of the variation, a much lower
value than others.

The availability of micronutrients can be affected by

For Zn, the direct pathways from topography and soil

many factors. In the present study, the correlation of

chemistry and indirect pathway from topography via

micronutrient levels and soil chemistry or topography

soil chemistry were significant (Figure 4d). Topogra-

were analyzed by Pearson correlation. The correlation

phy and soil chemistry were positively correlated with

coefficients suggest that the distribution of Cu was
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different from the distribution of other micronutrients

properties (Beguería et al., 2013). A multiple flow

in cultivated land at the watershed scale.

direction algorithm was employed to determine the

SEM was used to assess the relative effects of soil

catchment area (Freeman, 1991). The topographic

chemistry and topography on the levels of these mi-

wetness index was derived from the slope and catch-

cronutrients. The specific parameters of SEM were

ment area parameters (Moore et al., 1991), and is

2

tested by the chi-square (χ ) test. Although the fitting

related to the soil moisture redistribution in the land-

parameters of these SEMs satisfied the acceptable

scape or soil erosion and accumulation (Chi et al.,

value,the P values were low. According to a previous

2009). Moreover, the strength of the direct effect of

report, theχ2 test is highly sensitive to sample size,

topography on micronutrients was ranked as Mn >

especially for observations larger than 200 (Hooper

Zn > Fe according to the calculated SPCs.

et al., 2008). In our study, the sample size was 523,

Topography also had indirect effects on the avail-

which may contribute to the low P values obtained

ability of Fe, Zn, and B though modifying soil chem-

using the χ2 test.

istry, and the strength of the indirect effect of topog-

The results of SEM demonstrated that soil chemistry,

raphy on micronutrients was ranked as Fe > B > Zn.

as determined by the observed variables of SOM, TN,

The effect of soil chemistry on Fe was very strong

pH, AP, and AK, significantly affected the distribution

and the effect of topography on Fe was also signifi-

of all the micronutrients. Previous studies demonstrat-

cant, possibly because the morphology of Fe oxides

ed that soil pH is a major factor that influences the

is related to the topography. The topography exerted

migration and transformation of micronutrients, and

more influence on Mn than did soil chemistry. Ac-

soil organic colloids can absorb and accumulate mi-

cording to previous reports, microclimate and water-

cronutrients (Sharma et al., 2004; Zhao et al., 2012).

logged conditions can affect the availability of Mn

Additionally, soil nitrogen, phosphorus, and potas-

(Millaleo et al., 2010), which may explain our ob-

sium level can affect the availability and distribution

served effects of topography on Mn distribution. The

of micronutrients (Li et al., 2007). The strength of the

direct effects of soil chemistryand topography on Zn

effect of soil chemistry on micronutrients was ranked

were almost equal. The explanation for this is that

as Fe > B > Zn > Mn > Cu according to the deter-

Zn was determined exclusively by adsorption-de-

mined SPCs.

sorption reactions at pH below 7, but precipitation-

Topography, which was characterized by elevation,

dissolution reactions of Zn might occur at alkaline

slope, aspect, and topographic wetness index, had a

pH values (Gerhard et al., 1983), and therefore this

direct effect on soil chemistry and available micronu-

procedure could easily be affected by topography.

trients of Mn, Zn, and Fe. Elevation was considered

There were no direct effects of topography on Cu

due to its great variability in the study region (rang-

and B because the moving and leaching amount were

ing from 864 to 2183 m) and its influence on micro-

very small, especially under high alkaline condi-

climate and thus soil-forming processes (Charan et

tions. However, there was significant indirect effects

al., 2013). Slope is related to soil erosion and depo-

of topography via soil chemistry on B.

sition processes and affects the distribution of soil

The spatial distribution of available micronutrients,

horizons. Aspect is related to the amount of solar en-

Zn and Mn were very similar, possibly due to equiva-

ergy received by the slope and affects plant growth

lent effects of topography on these two nutrients. The

and soil water content which, in turn, influence soil

maps of Fe and B were also very similar, possibly due
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to the similar strong effects of soil chemistry. The map
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variation of Cumay be related to other influencing
factors, such as parent material, soil texture,or farming practices. Further studies should explore the effects of these factors on the available micronutrients
in the watershed of the Chinese Loess Plateau.
5. Conclusions
In the present study, the relative influences of soil
chemistry and topography on the availability of micronutrients (Fe, Mn, Cu, Zn and B) were investigated
by SEM in cultivated land of Fanshi County on the
Chinese Loess Plateau. Depending on the SPCs of
SEM, the direct effects of soil chemistry on the micronutrients were ranked as Fe > B > Zn > Mn > Cu,
and the direct effects of topography on them were significant except Cu and B, and were ranked as Fe > Zn
> Mn. Additionally, topography had a constant direct
effect on soil chemistry and had an indirect effect on
the micronutrients of Fe, Zn, and B via soil chemistry.
The study area is a small watershed located in the
Chinese Loess Plateau, which occupies 30% of
northern China. Overall, the results obtained from
this study can be used to understand the spatial dynamic of soil micronutrients in other locationswith
similar landscape. SEM is a direct method that can
explore the relative effects of influencing factors
on available micronutrients. Therefore, this method has great potential in revealing potential factors
affecting soil micronutrients.
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