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Abstract: The objective of this study was to determine the shear energy of canola stems in terms of the crop
variety, stem moisture content, loading rate, knife type and the amount of fertilizer used in the crop production
with the emphasis on the modelling of shearing behaviour of canola stem using artificial neural networks
(ANN). The research was conducted to three varieties of winter canola, namely, Zarfam, Opera and Okapi, three
levels of urea fertilizer (250, 400 and 550 kg/ha), two types of cutting knives including smooth-edge and
serrated-edge knifes and four levels of moisture content (35.02%, 42.89%, 50.11% and 56.94% w.b.). Shear force
was applied to the stem samples by mounting the shear box on the tension/compression testing machine.
Artificial neural network (ANN) was used to predict the shearing energy of canola stem versus the different
evaluated factors. The results indicated that the regression models provided acceptable relationships between
the shearing energy of the canola stem and the factors affecting the value of shearing energy when developing
the model just using two effective parameters. However, using regression models did not result in good
conformity with the variables when four parameters were used to develop the model; this was whilst the
developed neural network made a good prediction from the experimental data in the same condition. The MLP
neural network accompanied with the Levenberg-Marquardt algorithm and topology arrangement of 4-6-15-1
gave the best model to predict the shearing energy of the canola stem. The values of train error and coefficient
of determination for this model were 0.00015 and 0.999, respectively.
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INTRODUCTION density and friction. These properties depend on the

Canola is one of two cultivars of rapeseed or Brassica and cellular structure [2]. 
campestris (Brassica napus L. and B. campestris L.) Recently, several studies have been conducted to
family. It is one of the top five oilseed crops cultivated determine the mechanical properties of agricultural crops.
worldwide [1]. In Iran, canola is widely cultivated and Most studies on mechanical properties of agricultural
harvested on an area of about 137000 ha with an annual crops have been carried out during their growth using
production of about 264000 ton. In order to proper design failure criteria (force, stress and energy) or their Young’s
of cutting blades being used in windrowers, hay bin modulus and the modulus of rigidity. Studies have
harvesters, combine harvesters and all reciprocating focused on plant anatomy, lodging processes, harvest
feature cutter bar mowers, it is necessary to study the optimization, animal nutrition, industrial applications and
shearing strength of agricultural crops stems. The decomposition of wheat straw in soil [3]. The amounts of
properties of the cellular material that are important in fertilizer have been reported as an effective factor on the
cutting are compression, tension, bending, shearing, physical  and  mechanical  properties  of  crops  stems  [4].

species, variety, stalk diameter, maturity, moisture content



Middle-East J. Sci. Res., 11 (3): 374-381, 2012

375

Skubisz [5] showed that sowing density had significant
effect on lodging characteristics and mechanical strength
of rape stalks. Persson [2] suggested that stem cutting
power is slightly affected by cutting speed. The effects of
wheat variety, knife bevel angle, stem moisture content
and shearing speeds of pendulum on the shearing energy
of wheat stem were investigated by Hosseinzadeh et al.
[6]. They showed that shearing energy increased with
increasing moisture content and bevel angle; whilst
increasing the shearing speed caused the shearing energy
to decrease. Their results also revealed that the effects of
variety, knife bevel angle, moisture content and shearing
speed on shearing energy were significant. Esehaghbeigi
et al. [7] reported that the shearing stress of wheat stems
decreased with  decreasing   the  moisture  content. It Fig. 1: Schematic of apparatus used for measuring the
was reported that the shearing force of stems was lower shearing strength of canola stem internodes
at higher levels of the stem. They suggested that this
result might be attributed to a reduction in stalk diameter at the harvest time. In order to obtain the four moisture
at higher levels of the stem. Several studies on cutting levels, the harvesting time of the samples was delayed
energy requirements of different crops such as winter rape under control till the different moisture contents were
[5], wheat [6], hemp [8], pea [9], rice [10], soya bean stalks attained. The interval in which the moisture content of
[11] and pyrethrum flowers [12] have been also reported canola reduced from 57.94 to 35.02% (w.b.) was 15 days.
in the literature. Results of all studies showed that the The samples were taken in polyethylene bags to control
cutting energy is germane to the physical and mechanical their moisture content. The moisture content of canola
properties of the crops stem. Most of the studies have stem was determined by oven drying method at 103°C for
been conducted using pendulum or simple shearing type 24 h [13]. The sample stems were cut from 20 mm above
apparatuses, which may not be fully representative to the pots soil surface and then delivered to the laboratory.
show the cutting processes using reciprocating knives. A digital caliper with an accuracy of 0.01 mm (Mytotoyu,

The objective of this study was to determine the Japan) was used to measure the stems thickness. The
shear energy of canola stems in terms of the crop variety, shear strength was measured in double shear using a
stem moisture content, loading rate, knife type and the shear box consisting essentially of two fixed parallel
amount of fertilizer used in the crop production with the hardened steel plates 6 mm apart, between which a third
emphasis on the modelling of shearing behaviour of plate can slide freely in a close sliding fit (Fig. 1). A series
canola stem using artificial neural networks (ANN). of holes with diameters ranging from 5 to 20 mm were
Results of this study could be useful to predict the power drilled through the plates to accommodate internodes of
requirement associated with the crop harvesting machines differing diameters. Shear force was applied to the stem
and cutting blades and consequently optimise the design samples by mounting the shear box on the
of the equipments. tension/compression testing machine. The sliding plate

MATERIAL AND METHODS test, the applied force was measured by a strain-gauge

Experimental Procedure: The research was conducted to specimen failure. The shearing energy (E ) was calculated
three varieties of winter canola, namely, Zarfam, Opera by integrating the area under curves of shear force and
and Okapi, three levels of urea fertilizer (250, 400 and 550 displacement [5], using a standard computer program
kg/ha), two types of cutting knives including smooth- (vers. 5, SMT Machine Linker, SANTAM Company,
edge and serrated-edge knifes and four levels of moisture Tehran, Iran).
content (35.02%, 42,89%, 50.11% and 56.94% w.b.).
Samples of canola stems used in the shearing tests were Experimental Design And Statistical Analysis: The
obtained through breeding the canola seeds in experiments were conducted to a factorial statistical
experimental pots at then taking the samples from the pots design. 72 treatments were applied on the basis of

was loaded at a rate of 10 mm/min and, as for the shear

load cell and a force-time record obtained up to the
s
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randomised complete block design. At each treatment, the including sigmoid, logarithmic and linear functions
experiments  were  replicated  ten  times  and  the  average together with supervised training algorithms and feed
values were reported. The mean, standard deviation and forward back propagation approach were evaluated. To
correlation coefficient of the shearing energy were ensure that each input variable provides an equal
determined using Microsoft Excel 2007 software program. contribution to the ANN, the inputs of the model were
The effects of the factors were evaluated using analysis preprocessed and normalized, after which, 70 % and 15 %
of variance (ANOVA) and mean significant differences of 72 input patterns were devoted to training and
were compared through the least significant difference validation data sets, respectively. The remaining part of
(LSD) test at 5% significant level using SPSS 18 software. data was specified for the prediction. The learning rate of

Artificial Neural Network: Artificial neural network networks. Optimum topologies were defined based on the
(ANN) was used to predict the shearing energy of canola highest R  and lowest MSE values. The complexity and
stem versus the different evaluated factors, namely, stem size of the network was important, so the smaller ANNs
moisture content, variety, type of the cutting knife and the had the priority to be selected. The required codes were
amount of urea fertilizer. ANN models have been developed by MATLAB 2010 software.
successfully used in the prediction of problems in bio-
processing and chemical engineering [14]. In essence, RESULTS AND DISCUSSION
ANN is a system modeled on the human brain usually
consists of an input layer, some hidden layers and an Results of Statistical Analysis: The results of ANOVA
output layer. The back-propagation algorithm was used indicated that effects of the evaluated factors (variety,
for training of all ANN models. ANN with back- moisture content, amount of nitrogen fertilizer and type of
propagation algorithm learns by changing the weights the blade) on the canola shearing energy were significant
and these changes are stored as knowledge. Back- at 1% probability level. The maximum value of the
propagation training algorithms gradient descent and shearing energy (11.037 mJ/mm ) was attributed to the
gradient descent with momentum are often too slow for Opera variety stems; whilst Zarfam variety with the
practical problems because they require small rates for shearing energy of 9.215 mJ/mm  had the minimum value
stable learning. Moreover, success in the algorithms among the varieties. The most friction was existed
depends on the user-dependent parameters learning rate between the serrated-edge knife and the stem. Similar
and momentum constant. Faster algorithms such as results  were  also  reported  by  other  researchers  [16].
conjugate gradient, quasi-Newton and Levenberg- The results of LSD test method showed that there was a
Marquardt (LM) use standard numerical optimization significant difference between the shearing energy of the
techniques. LM method is in fact an approximation of the three varieties (Fig. 2). The Difference could be due to the
Newton’s method [15]. The LM algorithm uses the different physical and physiological properties of the stem
second-order derivatives of the cost function so that varieties [17]. A study was accomplished by Esehaghbeigi
better convergence behaviour can be obtained. In the et al. (2009) to evaluate the effects of variety, amount of
ordinary gradient descent search, only the first order nitrogen fertilizer and moisture content on the specific
derivatives are evaluated and the parameter change shearing energy of wheat stem using pendulum test
information contains solely the direction along which the method [18]. They reported that there was an increase in
cost is minimized, whereas the Levenberg-Marquardt the shearing energy, together with an increase in the
technique  extracts  a  biter  parameter  change    vector. amount of nitrogen fertilizer and a decrease in the stem
To obtain the best prediction by the network, several moisture content.
architectures were evaluated and trained using the Based on the ANOVA, the interaction effect of
experimental data. This algorithm uses the supervised variety and fertilizer on the shearing energy of canola
training technique where the network weights and biases stem was significant at the 1% probability level. This
are initialized randomly at the beginning of the training result is may be pertain to the different structural
phase.  The  error  minimization  process  is achieved characteristics of the varieties which could result in
using the gradient descent rule. A fully connected multi- different reaction trends to the amount of fertilizer.
layer perceptron (MLP) was used. This model benefits Generally, the effect of fertilizer is determined by crop
from simplicity and accuracy making it highly applicable efficiency; but in this study the effect on the shearing
in shearing simulation. Several transfer functions energy of canola stem was evaluated when the crop

0.2 and momentum of 0.1 were adjusted to all the tested

2

2

2
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Table 1: Regression models to explain the relationship between the amount of urea fertilizer and shearing energy of canola stem for the different varieties and moisture contents evaluated in
the case of smooth-edge and serrated-edge knifes

Smooth-edge knife

Moisture content (w.b.) Zarfam R SE Opera R SE Okapi R SE2 2 2

57% E =8.237+0.0091F-1.88E F 0.95 0.274 E =10.703+0.0053F-1.41E F 0.98 0.176 E =11.392-0.001F-5.19E F 0.98 0.159s s s
-5 2 -5 2 -6 2

50% E =8.365+0.0092F-1.88E F 0.95 0.274 E =10.867+0.0054F-1.43E F 0.98 0.178 E =11.566-0.001F-5.26E F 0.98 0.162s s s
-5 2 -5 2 -6 2

43% E =8.896+0.0098F-2.00E F 0.95 0.292 E =11.56+0.0058F-1.52E F 0.98 0.190 E =12.304-0.001F-5.60E F 0.98 0.172s s s
-5 2 -5 2 -6 2

36% E =9.237+0.0101F-2.06E F 0.95 0.301 E =11.98+0.0059F-1.57E F 0.98 0.196 E =12.757-0.0012F-5.78E F 0.98 0.178s s s
-5 2 -5 2 -6 2

Serrated-edge knife

Moisture content (w.b.) Zarfam R SE Opera R SE Okapi R SE2 2 2

57% E =8.382+0.0091F-1.86E F 0.95 0.271 E =10.858+0.0053F-1.41E F 0.98 0.176 E =11.55-0.001F-5.20E F 0.98 0.160s s s
-5 2 -5 2 -6 2

50% E =8.511+0.0092F-1.88E F 0.95 0.274 E =11.023+0.0054F-1.43E F 0.98 0.179 E =11.725-0.001F-5.27E F 0.98 0.163s s s
-5 2 -5 2 -6 2

43% E =9.115+0.0099F-2.01E F 0.95 0.294 E =11.798+0.0058F-1.53E F 0.98 0.192 E =12.548-0.001F-5.63E F 0.98 0.174s s s
-5 2 -5 2 -6 2

36% E =9.459+0.0102F-2.08E F 0.95 0.303 E =12.16+0.0060F-1.58E F 0.98 0.197 E =12.940-0.0012F-5.79E F 0.98 0.179s s s
-5 2 -5 2 -6 2

57% E =8.382+0.0091F-1.86E F 0.95 0.271 E =10.858+0.0053F-1.41E F 0.98 0.176 E =11.55-0.001F-5.20E F 0.98 0.160s s s
-5 2 -5 2 -6 2

E : Stem shearing energy (mJ/mm ); F: The amount of urea fertilizer (kg/ha)s
2

Fig. 2: Effect of variety on the shearing energy of canola Fig. 4: Effect of moisture content on the shearing energy
stem. The means with the same letter are not of canola stem. The means with the same letter are
significantly different (a=0.05) based on the LSD not significantly different (a=0.05) based on the
test. LSD test.

Fig. 3:  Effect of variety and urea fertilizer on the shearing content and the lowest value of shearing energy (9.774
energy of canola stem. The means with the same mJ) was attributed to the moisture content of 57% (w.b.).
letter are not significantly different (a=0.05) based Moisture content has been reported as an effective factor
on the LSD test. on the shearing strength of the different crops [2, 6, 7, 10

combine  harvesting.  The   results   indicated   that with
an  increase  in  the amount  of  urea  fertilizer,  the  value Single Regression Models to Explain the Shearing
of the stem shearing energy decreased 22%, 18% and Energy of Canola Stem: In Tables 1 some regression
16.8%, respectively for Zarfam, Opera and Okapi varieties, equations are presented to explain the relationship
respectively  (Fig.  3).  Using  urea  fertilizer   increase between the shearing energy and the amount of urea
plant   growth   and   taller   plant has  low  stem  diameter fertilizer  for the different varieties and moisture contents

because  of  low supportive tissues as low development
of collenchymas and peculiarities of stem architectonics
[4].

The means comparison of shearing energy through
the LSD method considering the effect of moisture
content is presented in Fig. 4. The shearing energy of
canola stem increased with decreasing the stem moisture
content. As shown, 21% decrease in moisture content
was accompanied with 12.1% increase in the stem
shearing energy. The most value of shearing energy
(10.963 mJ) was observed at the 36% (w.b.) moisture

and 18].
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and F is the amount of urea fertilizer (kg/ha).
(A) In the case of Zarfam variety when cutting the stem

(R  = 0.99, MSE = 0.001346) (2)
(B)

(C) smooth-edge knife. The figures were obtained using ANN

Fig. 5: The ratios of shearing energy when cutting the from the Equations (1), (2) and (3).
stem by the smooth-edge knife which obtained In Eq. (4) the relationship between the shearing
through the experimental data and the data gotten energy of Zarfam variety stem when cutting by serrated-
from a) Eq. (1) for Zarfam variety; b) Eq. (2) for edge knife and the stem moisture content and amount of
Opera variety and c) Eq. (3) for Okapi variety urea fertilizer is presented:

considering the type of cutting knifes. For all of the E  -21.64 + 221.8M - 0.001092F - 509.4M + 0.0002228MF -
moisture contents and varieties investigated, the 2.478 × 10 F  + 375.1M  - 0.006178M F + 1.123  ×1 0 MF
quadratic function was the best equation to description (R  = 0.99, MSF = 0.001432) (4)
the relationship between the experimental data.

Two-Variable Regression Models to Express the
Shearing Energy of Canola Stem: One of the noticeable
defects accompanied by simple regression models is their
low accuracy to present a fitting relationship when more
than 2 fixed factors are involved in the experiments. The
equations (1) to (6) were used to develop the regression
relationships between the shearing energy of canola stem
and the amount of urea fertilizer considering the type of
cutting knife, stem moisture and variety. For all of the
following equations, E  is the shearing energy of the stems

(mJ/mm ), M is the moisture content of the stem (%w.b.)2

by the smooth-edge knife the below equation is existed:

E  = -15.26 + 176.5M + 0.01085F - 410.6M  + 0.0002328.MFs
2

- 2.452 × 10 F  + 304.1M  - 0.005988M F 1.082 × 10  MF-5 2 3 2 -5 2

(R  = 0.99, MSE = 0.001341) (1)2

For the Opera variety when the stem is cut by the
smooth-edge knife the following equation is obtained as:

E = -18.14 + 216.9M + 0.00576F - 504.3M  + 0.002853MF -s
2

1.866 × 10 F  + 372.8M  - 0.006456M F + 8.285 × 10 MF-5 2 3 2 -6 2

2

The relationship between the shearing energy of
Okapi variety and the moisture content and amount of
urea fertilizer when the stem is cut by the smooth-edge
knife could be represented through the following
equation:

E  -16.11 + 208.8M - 0.002633F - 486.7M  + 0.005956MF -s
2

6.868 × 10 F  + 359.7M  - 0.005703M F + 3.036  ×10 MF-6 2 3 3 -6 2

(R  = 0.99, MSF = 0.001164) (3)2

Fig. 5 shows the ratios of shearing energy for Zarfam,
Opera and Okapi varieties when cutting the stems by

and through the experimental data and the data gotten

s
2

-5 2 3 3 -5 2

2
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(A)

(B)

(C) For Okapi variety, when the stem is cut by a serrated-

Fig. 6: The ratios of shearing energy when cutting the stem moisture content and amount of urea fertilizer could
stem by /the serrated-edge knife which obtained be explained by the following equation:
through the experimental data and the data gotten
from a) Eq. (4) for Zarfam variety; b) Eq. (5) for E  -26.52 + 287.3M - 0.002409F - 635.6M  + 0.004856MF -
Opera variety and c) Eq. (6) for Okapi variety. 6.888 × 10 F  + 465M  - 0.004496M F +  3.044   ×1 0 MF

The following equation expresses the relationship of
shearing energy to the stem moisture content and the The  ratios  of  shearing  energy  for  Zarfam,  Opera
amount of urea fertilizer for the Opera variety when and  Okapi  varieties  when  cutting  the  stems by
cutting the stem by serrated-edge knife: serrated-edge  knife  are  illustrated  in  Fig.  6. The figures

Fig. 7: A sample Training error curve

Fig. 8: Predicted outputs versus measured values for the
Training Stage

E  -28.78 + 287.9M - 0.006076F - 656.1M  + 0.001565MF -s
2

1.877 × 10 F  + 479.1M  - 0.005087M F + 8.347  ×1 0 MF-5 2 3 3 -6 2

(R  = 0.99, MSF = 0.001540) (5)2

edge knife, the relationship between the shearing energy,

s
2

-6 2 3 3 -6 2

(R  = 0.99, MSF = 0.001338) (6)2
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Table 2: Summary of ANN models evaluations

Neurons in Neurons in

Activation function hidden layer1 hidden layer 2 Training error R (training) R (validation) R (test) Epoch

Log/Tan 10 0 0.00031 0.9999 0.9999 0.9999 100

Log/Tan 15 0 0.00018 0.9999 0.9999 0.9999 62

Tan/Log 10 0 0.00014 0.9999 0.9999 0.9999 43

Tan/Log 15 0 0.00027 0.9999 0.9999 0.9999 27

Log/ Log 10 0 0.0012 0.9999 0.9999 0.9999 40

Log/Log 15 0 0.00018 0.9999 0.9987 0.9979 29

Log/Tan/Tan 10 6 0.00018 0.9999 0.9999 0.9999 50

Log/Tan/Tan 15 6 0.01020 0.9868 0.9981 0.9989 59

Log/Tan/Tan 20 6 0.00020 0.9999 0.9999 0.9999 15

Log/Log/Tan 10 6 0.00033 0.9999 0.9999 0.9999 45

Log/Log/Tan 15 6 0.00015 0.9999 0.9999 0.9999 65

Log/Log/Tan 20 6 0.00031 0.9999 0.9999 0.9999 46

Log/Tan/Tan 10 6 0.00024 0.9999 0.9999 0.9999 38

Log/Tan/Tan 15 6 0.00024 0.9999 0.9999 1.0000 44

Log/Tan/Tan 20 6 0.00022 0.9999 1.0000 0.9999 47

were obtained using ANN and through the experimental the knife and stem in the case of serrated-edge knife
data and the data gotten from the Equations (4), (5) and as compared with the smooth-edge knife. 
(6). Increasing the amount of urea fertilizer caused the

ANN Models For Predicting The Shearing Energy Of due to a decrease in the stem diameter as a result of
Canola Stem: Several topologies were evaluated to obtain increasing the amount of fertilizer. 
the maximum R  and minimum MSE values. The results are The values of shearing energy of canola stem for the2

presented in Table 2. It can be inferred from the table that different varieties evaluated in the current research
a network with 2 hidden layers (6 and 15 neurons in first were different from each other. This was most
and second layer, consequently) using Levenberg- possibly attributed to the difference in structural and
Marquardt (LM) learning algorithm and tangent-sigmoid morphological properties of the crop. The most value
transfer function would provide an efficient response to of shearing energy (11.037 mJ/mm ) was obtained for
predict the output parameter. A coefficient of Opera variety; whilst the lowest shearing energy
determination (R ) of 0.9999 and a training error of 0.00015 (9.250 mJ/mm ) observed was allied to Zarfam variety.2

resulted from the network training (Fig 7). Results showed The results indicated that the regression models
that artificial neural network was advantageous in the provided acceptable relationships between the
prediction of moisture content variations. A regression shearing energy of the canola stem and the factors
analysis of experimental data and network outputs is affecting the value of shearing energy when
illustrated in Fig 8. The maximum value of R  for training, developing the model just using two effective2

validation and prediction stages was 0.9999. parameters. However, using regression models did

CONCLUSION four parameters were used to develop the model; this

The effects of stem moisture content, variety, type of good prediction from the experimental data in the
cutting knife and amount of urea fertilizer were all same condition. 
significant on the shearing energy of canola stem at The MLP neural network accompanied with the
the 1% level of probability (P<0.01). Levenberg-Marquardt  algorithm and topology
The shearing energy of the canola stem increased arrangement of 4-6-15-1 gave the best model to
with decreasing the moisture content. For the predict the  shearing  energy  of  the  canola  stem.
serrated-edge knife the value of shearing energy was The values of train error and coefficient of
higher than that of the smooth-edge knife. This was determination for this model were 0.00015 and 0.999,
probably because of more frictional forces between respectively.

value of shearing energy to decrease that was may be

2

2

not result in good conformity with the variables when

was whilst the developed neural network made a
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