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Abstract: For the protection of hilly areasfrom erosion, it isimperative to determinethe roleof slope 
degree and position on soil erosion and the posture of relationship between them for proper planning to 
conserveor opt for alternative uses.For this purpose, the structural linkages of well-known theoretical 
determinants between topographical features and yield components were tested by canonical 
correlation analysis (CCA) and structural equation modeling (SEM).The obtained findings from the 
CCA indicated that if the slope gradient decreases and the slope position changes from up to down 
slope, yield components will increase. Dry matter and slope gradient had the largest role in the forming 
of first canonicalcorrelation.Slope gradient can be good selection criteria for improving crop yield, 
especially, dry matter. SEM results showed that final model based on yield components (except for 
1000-grain weight) have proved that barley yield was controlled with slope gradient and position by 
68%.The obtained general model can be useful as an analytical pattern for similar studies and also 
predictive model for improving soil productivity according to the topographical features in relation to 
the barley yield and can increase the success of soil productivity studies in semi-arid region of Iran. 
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INTRODUCTION 

 
Issues, like different slope positions and slope gradients are important determinants of topographical 

features which determine the fate of soil productivityand growth of different plant species in hilly areas(Lobb et 
al., 1999).Topographical features result in the removal of soil from convex landscape positions and 
accumulation in concave positions. Soil movement increases with increasing slope gradient and length, and the 
rate of soil loss is usually greatest in the middle to lower backslope positions (Li et al., 2007). Several authors 
(Hipple, 1981; Kosmas et al., 1993) have found a significant positive correlation between topsoil depth and 
wheat production, and this relationship was largely influenced by the slope’s position on the landscape. 
Heckrath et al., (2005) reported that 2.7kg m-2 yr-1tillage erosion on shoulder slope and 1.2 kg m-2 yr-1sediment 
on toe and foot slope occurred and the amount of soilnutrients increased from the shoulders tothe toe slope.In 
Asadi et al., (2011) research, the soils related to dry farming lands and lower slope positions showed higher 
fertility and productivity in compared to soils related to grasslands and upper slope positions. Nazmi et al., 
(2011) declared that landscape change (mostly, slope degree alteration) significantly affects all soil quality and 
productivity related parameters.Generally, due to the importance of soil loss intensity on plant growth and crop 
yield, soil erosion indices could beclarified bymathematical formulations and deterministic models, to increase 
knowledge ofsoil productivity(Landau et al., 2000). It is considerable that traditionalunivariate analyses can 
sometimes be misleading when studying complex natural systems (Grace, 2006). The incorporation of 
covariates into an analysis strengthens the validity ofthe results, especially when factors are not 
experimentallycontrolled (Weinsand Parker, 1995). So, the multivariate methods of analysis can be a useful tool 
in crop yield because it provides a basis for studies on factor productivity, efficiency, risk and crop insurance, 
adoption of new technology, and many other topics. Generally, this study employs the use of two statistical 
methods CCA and SEM; CCAis to explain the relation of two sets of variables, not to model the individual 
variables (Thompson, 1984), and can be used in wide field of study (plant science, biology, …) to analyse 
multidimensional relationships between multiple independent and dependent variable sets (Akbash and Takma, 
2005, Martin et al., 2005). Applied technique can be used to determine dominant patterns of covariability in two 
data sets and their relationship (Barnett and Preisendorfer, 1987), also is a standard statistical method that 
maximizes correlation (Johnson and Wichern, 2002) and provides a large amount of information on correlations 
that is otherwise only available pair-wise can be treated simultaneously(Tabachnick and Fidell, 2001).  

In comparison to CCA, SEM is a statistical technique that evaluates the plausibility of a hypothesized 
model (Markland, 2006) andassesses relationships between the constructs together with the predictive power of 
the research model. Therefore, SEM can be considered a credible explanation for the hypothesized relationships. 

Rely on mentioned statistical analyses, the main purposes of current research were: 
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1. To evaluate CCA between topographical features and crop yield and also inter-relationships within the 
sets, in order to detect simultaneously occurring patterns in the interdependencies sets of canonical variables, 
and to prepare the possibility of CCA use in a predictive mode for the variation of crop yield. 

2. To validate an instrument for assessing relationships among topographical features and barley yield 
components. 

3. To suggest general model for improving soil productivity. 
In this paper, we addressed this issue by a statistical decomposition of the covariance matrix by CCA 

technique to finally show in a final modelthe associations among topographical features and crop yield by SEM. 
 

MATERIAL AND METHODS 
 
The study area is located in the Mollaahmad watershed of Ardabil province in northwestern Iran (latitude: 

38� 03�23� to 38� 07�46�N, and longitude: 48� 10�58�to 48� 21�13�E), with a mean annual 
temperature and precipitation of 19.3oC and 303.5 mm, respectively. In this study, three topographically 
different landscapes with high, low and medium slope gradients were selected.Agricultural management 
systems and climate factors were the same for all landscapes.Some of the field features of landscapes, soil 
horizon, depth, texture and moisture content are given in Tables 1 and 2.  

The actual yield of barley was determined by quadrat (1×1 m2) sampling methods in 2011, with two 
replications at different slope positions (up, middle upward, middle downward and foot slope), during harvest 
time from the farmer’s fields (three hillslopes). The average rainfalland daily temperature during experimental 
yearwere 258.8 mm and 9.3 oC, respectively. The measured parameters were dry matter, grain yield, spike 
number, spike weight and 1000-grain weight.In order to form relationship between topographical features and 
barley yield components; (i) first, a conceptual model of causal relationships was created between the variables 
of sets, at this stage to form CCA model, the STATISTICA 8.0 softwarewas used to evaluate relationship 
between slope gradient (low, medium and high) and slope position (up, middle upward, middle downward and 
foot slope) with barley yield components; (ii) then, SEM was performedby AMOS 18.0 (Arbuckle, 2010).  
 
Development Of The Conceptual Model: 

In a systemic approach, a conceptual model is a representation of a system that is built to address specific 
questions. The system is defined by its limits, components, environment and the most relevant state variables 
and flows of mass and information within the system and exchanged with the environment (Rapidel et al., 
2006). The conceptual model can be improved by adding levels of predictability and understanding what is 
already acquired by the earlier research, that is to say, the realization of relationships and correlations among 
variables has already been validated and are already known. For the development of conceptual model, some 
factors of topographical features on which based the present study were remembered briefly. There are many 
reports about a strong correlation between tillage erosion rate and the slope indices (degree and position), with a 
high yield in low and concave slopes (Lobb et al.,1995; Turkelboom et al., 1999; Lindstrom et al., 2000; Su et 
al., 2012). An increase in slope gradients decreases soil quality and nutrient contents as a result of the enhanced 
erosion rates which significantly decreases soil productivity (Salchowet al. 2001). Low crop yields at upper 
slope positions compared with those at lower positions are an important factor affecting agricultural 
productionin the steepy lands.Wang et al., (2002) showed that soil productivity was lower in the middle slope 
positions than up or foot slopes where organic matter (OM), total nitrogen (TN), mean weight diameter (MWD), 
saturated point moisture (SP) were lower and electrical conductivity (EC) was higher. According to the Asadi et 
al., (2011) findings, wheat yield components were higher in the foot slope compared to the middle positions. 
Nazmi et al., (2011) reported that the soils from foot slopes were of better quality and productivity due to higher 
organic matter and nutrient elements, and lower calcium carbonate equivalent (CCE) compared with soils from 
other locations on the slopes. Along the same line, the landscapes with the lowest slope gradient had the best 
condition in the experimental area.  
 
Table 1: Some of field characteristics of the study areas 

Landscape Average slope degree 
 

Slope 
shape 

Slope 
length 
(m) 

Slope 
direction 

Erosion 
features 

Gravel  
(g kg-1) 

1 10.10 Complex 80 To east Sheet 22 
2 1.38 uniform 120 To northwest None  21 
3 4.95 uniform 45 To northwest Rill 18 

 

With appropriate theoretical support and experiment designs, the main objective of conceptual modelisto 
determine to what extent variation of topographical features is responsible for the differences in crop yieldand 
also to explore general model for improving soil productivity. Figure 1 illustrates the variables relationships in a 
hypothetical CCA with one predictor and one criterion variable. Furthermore, the conceptual framework 
presented in Figure 1 is drawn from the SEM approach.  
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Table 2: Soil horizon, depth, texture and moisture in different positions of three experimental landscapes 
Landscape Position Horizon Depth (cm) Texture Moisture % 

April 
2011 

May 2011 August 
2011 

1 

Up slope 
Ap 0-22 Clay loam 

23.0 12.8 6.5 Ck1 22-36 Clay loam 
CK2 > 36 Silty clay 

Middle upward 
Ap 0-19 Sandy loam 

23.7 15.5 8.9 Bk 19-43 Silty clay 
CK > 43 Sandy clay 

Middle downward 
Ap 0-16 Sandy loam 

22.4 8.5 9.2 Bck 16-41 Clay loam 
Ck > 41 Silty clay 

Foot slope 
Ap 0-21 Sandy clay loam 

23.4 13.9 7.0 Bck 21-45 Silty clay 
CK > 45 Sandy clay 

2 

Up slope 

Ap 0-24 Clay loam 

27.3 14.2 4.8 
Bk 24-48 Sandy clay 
Bck 48-64 Sandy clay 
Ck >64 Sandy clay 

Middle upward 

Ap 0-17 Loam 

24.8 14.4 5.1 
Bk 17-41 Silty clay 
Bck 41-56 Silty clay 
Ck >56 Silty clay 

Middle downward 

Ap 0-17 Sandy clay loam 

23.0 11.6 6.7 
Ck1 17-32 Sandy clay 
Ck2 32-59 Silty clay 
Ck3 > 59 Silty clay 

Foot slope 
Ap 0-12 Loam 

28.0 15.3 7.1 Ck1 12-46 Sandy clay 
CK2 >46 Silty clay 

3 

Up slope 
Ap 0-25 Loam 

31.3 19.3 9.1 Bk 25-65 Sandy clay loam 
Ck > 65 Sandy loam 

Middle upward 
Ap 0-23 Clay loam 

29.9 15.5 7.9 Ck1 23-62 Sandy clay loam 
Ck2 > 62 Silty clay loam 

Middle downward 
Ap 0-13 Sandy clay loam 

27.1 14.0 11.2 Ck1 13-34 Sandy clay 
Ck2 34-55 Silty clay 

Foot slope 
Ap 0-22 Sandy clay loam 

33.7 20.1 9.9 Ck1 22-49 Sandy clay 
CK2 >49 Sandy clay 

 

 
Fig. 1: Research proposed model 

 
RESULTS AND DISCUSSION 

 
Correlation Between Canonical And Original Variables: 

The Pearson’s correlation coefficients for topographical features and barley yield components are presented 
in Table3.With regard to the correlations between topographical features and yield components, the largest 
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correlation was accomplished between slope gradient and dry matter, being -0.68 (Table 3). The results also 
indicated that there was a medium positive correlation between slope positionand spike weight (r=0.61). It 
should be stated that slope position changing from up to foot slope is supposed as positive trend in this study. 
Slope position and slope gradient were positively and negatively (p<0.01) associated with all yield components, 
respectively.The exceptions were 1000-grain weightfor both factors and also, spike number for slope 
position.The correlation coefficient for slope position and gradient was 0.77 (p < .01), meaning that the 
coordination of slope gradient and position to each other affectsoil productivity through interaction.This result 
was similar to the findings reported by Olaoye (2002).  
 
Table 3: Correlation matrix between two variables sets 

Variables Slope 
gradient 

Slope 
position 

Dry matter Spike 
number 

Spike 
weight 

Grain 
yield 

1000-grain 
weight 

Slope gradient 1.00       
Slope position  0.77** 1.00      
Dry matter -0.68** 0.54** 1.00     
Spike number -0.64** 0.38 ns 0.89** 1.00    
Spike weight -0.59** 0.61** 0.97** 0.90** 1.00   
Grain yield -0.57** 0.59** 0.94** 0.90** 0.98** 1.00  
1000-grain weight  0.17 ns 0.20 ns -0.12 ns -0.06 ns 0.005 ns 0.05 ns 1.00 

ns: non-significant **: significant at p<0.01 

 
Canonical Correlation Analysis (CCA): 

CCA as an exploratory statistical method highlights correlations between two data sets acquired on the 
same experimental units (Gonzalez et al., 2008). Table 4 shows extracted variance of the data by CCA. The 
extracted variance for first (topographical features) and second (barley yield)variables set shows that all two 
roots extract 100% of the variance from the topographical features,that is, the slope gradient and positionare 
covered by canonical roots (two independent sum scores derived from two variables explain 100% of all 
variability) and also 79.98% of internal variations in barley yield components are covered by canonical roots. 
The figures are very high and, therefore, support CCA utilization(Table 4). 

 
Table 4: Canonical correlation analysis results of variables sets 

Parameter First variables set  Second variables set 
Extracted variance (%) 100.00 79.98 
Total redundancy (%) 58.25 55.49 
   
Variables 2(left) 5(right) 
 Slope gradient Dry matter 
 Slope position Spike number 
  Spike weight 
  Grain yield 
  1000-grain weight 

Canonical correlation coefficient : 0.89 (N=24)  (10)=38.63 (P=0.001) 

 
The results of the analysis show that the first canonical correlation (first axis [(X-set) ─ (Y-set)] variables) 

is statistically significant (P<0.01), while was non-significant (P=0.06) for the second axis (Table 5) and the 
topographical features canonical variables including slope gradient and position are able to predict 79% of the 
variance in the barley yield variables. In addition, other statistical tests like “Wilks’s Lambda” are proofing our 
results (Hair et al., 1984).Wilks's lambda is used to test the significance of the first canonical 
correlation( =0.13) that 1-Wilks' lambda is similar to the r-squared ( ) in multiple regressionand could be 
interpreted as the proportion of variance in the dependent variable that is accounted for by the predictors 
(topographical features).Therefore  explains (1-0.13=0.87) 87% of generalized variance in the barley yield 
variables.  

Furthermore, based on the significant values from the Chi-Square test ( 38.63), we can state that in the 
analysis (for both the topographical features and yield) it is necessary to take into account only the first two 
canonical variables. 

Based on Figure 2, we considered first canonical variable and ignored interpretation of second variables 
because of their weak canonical cross loading and redundancy index. 

Standardized canonical coefficients (canonical weights) were given for the first pair of canonical variables, 
as shown in Table 5. Accordingly, if the values of the topographical features (as a result of changes in the slope 
gradient) decrease, the dry matter, spike number,spike weight, grain yieldand 1000-grain weightwill increase 
and if the values of slope position increase (changes from up to foot slope), yield components will similarly 
increase. If the slope position changes to lowerpositions with the coefficient of 65% and the slope gradient 
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decreases with 76%, dry matter (1.54), spike number (0.22),spike weight (0.21), grain yield (0.15) and 1000-
grain weight(0.004) will increase. Accumulation of transported organic matter and fine particles from up slopes 
by erosion can improve the quality and productivity of soils in the foot slopes. This result supports Wang et al.’s 
(2001) findings. The redundancy index provides a summary measure of the amount of variance in a canonical 
variate explained by the other canonical variate in the canonical function. As depicted in Table 5, 39% of the 
variance in the topographical features variables is accounted for by the variability in the barley yield variables. 
Further, 53% of the variation in the barley yield variables is accounted for by the variability in the topographical 
features.In the similar research Nazmi et al., (2011) reported that in the greenhouse condition the highest wheat 
yield was related to the samples taken from foot slope of landscapes with low slope gradient. They have stated 
that low crop yield in the middle slope positions is associated to higher levels of carbonate calcium equivalent in 
the surface soils of middle slopes, therefore, indicates the loss of topsoil by tillage erosion and the exposure of 
calcareous subsoil material at these positions (Oztas et al., 2003,Papiernik et al., 2005).       
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Fig. 2:  Paired correlation between first canonical variable 
 
Structural Equation Modeling (SEM): 

SEM has advantages over first-generation techniques such as canonical correlation because of the greater 
flexibility for the researcher to compare observed data with a theory. SEM involves generalizations and 
extensions of first-generation procedures (Chin et al., 1996).  

As Figure 3 shows, one hypothesized path is supported at a significant level (p< 0.05) in causal relationship 
between topographical features and barley yield. Support was found for hypothesissignificance (path 
coefficient=-0.68, =4.64 and =9), therefore research hypothesis is approved and topographical features have 
negative and significant effect on barley yield components. 

 

 
Fig. 3: Structural equation model results with standardized estimates 
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Allfactorloadings thatweretestedhadt-value greaterthan1.96,sopathcoefficient wassignificant(Table6). The 
criteria for evaluation of a good model should be assessed for goodness-of-fit. The literature suggests that, an 
acceptable ratio for  value ( and =9) should be less than 5.0 ( / =3.18) (Jamesetal. 
1982). Following the common practice, acceptable model fit is indicated by value greater than 0.90 for GFI, 
AGFI and a value of less than 0.05 for RMSEA. However, a cut-off value close to 0.95 for GFI, AGFI; and a cut-
off value close to 0.05 for RMSEA are needed to support that there is a relatively good fit between the 
hypothesizedmodel and the observed data (Hu and Bentler,1999). Collectively, these fit indices suggest a 
significant association between the proposed latent factors.Biologists and other scientists in many different fields 
are just beginning to explore the utility of SEM. This means that modeling efforts are often quite exploratory, 
with many more unknowns than knowns. These results suggest that topographical features are a key predictor of 
the dynamics of diversity in plant communities which are significant result for ensuring the criterion validity of 
the proposed instrument.  
 
Table 5: Results of the canonical analysis between topographical features and barley yield components 

Canonical roots Canonical  Canonical  Chi-Square Significance lambda 

1 0.89 0.79 38.63 10 0.001 0.13 
2 0.61 0.37 8.91 4 0.063 0.62 
       
First variables set of first canonical variable correlation 
coefficients 

 
 

Second variables set of first canonical 
variable correlation coefficients 

-0.76 (Slope gradient)  1.54 (Dry matter) 
0.65 (Slope position)  0.22 (Spike number) 
  0.21 (Spike weight) 
  0.15 (Grain yield) 
  0.18 (1000-grain weight) 
   
Extracted variance Redundancy index Extracted variance Redundancy index 
0.50 0.39  0.68 0.53 
First variables set of first canonical variable correlation 
coefficients 

 
 

Second variables set of first canonical 
variable correlation coefficients 

0.65  2.87 (Dry matter) 
-0.76  1.34 (Spike number) 
  -4.76 (Spike weight) 
  0.64 (Grain yield) 
  -0.004 (1000-grain weight) 
   
Extracted variance Redundancy index Extracted variance Redundancy index 
0.50 0.19  0.05 0.02 

 

Table 6: The standard regression weighs, -values and summary of model fit statistics 
Goodness of fit measure  Database Parameter Parameter value -value 

 
28.59 -0.68 4.64 

 
9    

 
3.18    

AGFI 0.92    
GFI 0.94    
RMSEA 0.05    
PGFI 0.91    
NFI 0.88    
TLI 0.85    
RFI 0.79    
IFI 0.91    

X2: Minimum Fit Function Test 
NFI: Normed Fit Index 
TLI: TuckerLewisIndex 
PGFI: Parsimony Goodness Fit Index 
GFI: Goodness of Fit Index 
RMSEA: Root Mean Square Error of Approximation 
AGFI: Adjusted Goodness of Fit Index 
RFI: Relative Fit Index  
IFI: IncrementalIndexof Fit 
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Conclusion: 
A precise forecast of crop yield is difficult since the answer will vary depending on the crop, the study area 

and the applied methods. This research intended to investigate the relationship between topographical features 
and barley yield using CCA and SEM.These models provide a systematic way to estimate soil quality and 
productivity and make decisions at the regional level for agricultural areas. It is also capable of estimating the 
impacts of changing land position on crop production, and thus can be a useful tool for supporting policy 
making in integrated land resources management in Iran as well as in other countries and regions in the world. 

According to the results of the CCA, crop yield would be adequately predicted by the first canonical 
variable,39% of topographical features variables are explained for by the variability in the barley yield variables 
and 53% ofthe variation in the barley yield variables is accounted for by the variability in the topographical 
features. Furthermore, dry matterand slope gradienthad the largest contribution for the explanatory capacity of 
canonical variables when compared with others; slope gradient is the key factor that allows yield components, 
especially dry matter to develop crop yield. An increase in slope degree and alsoupper slope positions due to 
more soil transfer under tillage operations, reduce the soil fertility and productivity, subsequently the soil 
surface havebeen sensitive to erosion. Nevertheless, CCAdemonstrates a useful approach to extract information 
related to land management. 

Besides, SEM technique was typically used to confirm or disprove an a priori hypothesized model. Our 
initial hypothesized structural relationship was confirmed. Obtained results showed that barley yield content is 
changed withtopographical featuresincluding slope gradient and position by 68%.Ourresults suggest that soil 
erosion indices such as slope gradient can impose higher directand indirect constraints on crop production in 
comparison to the slope position. Theseconstraints should be considered when setting targets for management 
projects. Finally, the two proposed models could be generalized in agricultural production and the other similar 
topics. 
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