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ABSTRACT 
Harvest losses in a combine harvester and any other harvesting machine pose a great problem in 
agricultural production, and any machinery developed for harvesting must have the objective of 
reducing the harvest losses to the minimum value. Multiple linear regression models for predicting 
header loss and total grain loss were developed for Atilla and Norman-Borloug wheat variety 
concerning moisture content and forward speed. The values of the coefficient of determination R2 for 
header loss and total grain loss were 0.943 and 0.8184 respectively for Atilla wheat variety and 0.915 
and 0.7977 respectively were obtained for Norman-Borloug wheat variety. This indicates a strong 
agreement between the predicted values of (header loss and total grain loss) and the observed values.  
 
Keywords: Multiple linear regression model, grain losses, mini combine harvesters, JD12GD. 

 
1.  INTRODUCTION

Wheat harvesting had been and remains a 
serious problem to peasant farmers in Nigeria. 
The techniques for harvesting wheat are still 
traditionally based on using mainly hand tools. 
The Department of Agricultural and 
Environmental Engineering, Bayero 
University, Kano acquired a self-propelled 
mini combine harvester (JD12GD) for 
teaching and research purposes but the mini 
combine harvester has no performance indices 
on wheat crop. Although, traditional method of 
wheat harvesting is laborious, time consuming 
and uneconomical, but also, commonly 
available mini combine harvesters are not 
patronized by the majority of farmers around 
the study area. Even in other areas of the state, 
one hardly finds patronage of such mini 
combine harvesters. Therefore, there is the 
need to establish important information on the 

field performance potential of the mini 
combine harvester machine and to develop a 
model which will be useful in reducing grain 
losses of combine harvester. Nigeria. A small-
scale farmer is characterized by having a farm 
small ranging between 1-3 hectares with the 
majority of the farmers having poor financial 
background. The self-propelled mini combine 
harvester unlike the large combine harvester is 
designed purposely to suit the needs of these 
farmers because of its relatively low capital 
cost, operational and maintenance cost and 
ease of maneuverability on small fields. 
However, harvest losses in combine harvester 
and any other harvesting machine is a serious 
problem in agricultural production, and any 
machinery developed for harvesting must have 
the ability to reduce the harvest losses to the 
minimum value (Ferrira et al., 2001).  
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According to Hunt (2001) grain losses in 
combine harvester can be classified as follows: 
Pre-harvest losses: this loss occurs naturally 
before harvesting operation on the field. The 
pre-harvest losses occur in standing crops due 
to shattering by insects, birds, animals, wind 
and rusts etc. (Tahir et al., 2003). It is the grain 
shed on the ground before any harvesting takes 
place. Header losses: this loss is due to rough 
handling of the cutter bar and reel. The header 
losses are considered as the gathering losses. 
Threshing losses: this occurs as a result of 
grain lost out the rear of the combine in the 
form of un-threshed heads. Separating losses: 
these are grains lost out the rear of the combine 
in the form of threshed grain.  The performance 
of any machine can be predicted before 
actually putting it into operation and necessary 
adjustment made if there exist a prediction 
model. The header loss in combine harvester 
has been found to contribute more than 50% of 
the total grain harvesting losses (Rahimi and 
Khosravan 2003; Zareei and Moghaddam, 
2012). Hence, there is the need to develop 
prediction models for header loss and total 
grain loss of the mini combine harvester.  

Regression analysis is a set of statistical 
processes for estimating the relationships 
among variables. It includes many techniques 
for modelling and analyzing several variables, 
when the focus is on the relationship between 
dependent variables and one or more 
independent variables (predictor).  

 

 

 

 

 

 

 

Regression analysis involving more than one 
independent variable is called a multiple 
regression analysis. When all independent 
variables are assumed to effect the dependent 
variable in a linear fashion, and independently 
of one another, the procedure is called a 
multiple linear regression analysis (Gomez and 
Gomez, 1984). Multiple linear regression is 
said to be operating if the relationship of the 
dependent variable Y to the Kth independent 
variable of 𝑋𝑋1, 𝑋𝑋2 …………….𝑋𝑋𝑘𝑘  can be 
expressed as 

Y = 𝛂𝛂 +β1𝑋𝑋1 + β2𝑋𝑋2………………….(1) 

Where 𝛂𝛂, 𝛽𝛽 are coefficients. 

The main objective of the study is to develop 
regression models to predict combine harvester 
header loss and total grain loss with respect to 
combine forward speed and grain moisture for 
Atilla and Norman-Borloug wheat varieties 
and to verify and validate these models. 
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2.   MATERIALS AND METHODS 

The materials used in this research includes; a 
self-propelled mini combine harvester 
JD12GD, measuring tape (50 m capacity), stop 
watch, fuel measuring cylinder (1000 ml 
capacity), fuel (diesel), ranging poles (80 cm in 
length), 1m wooden square frame, G & G 
electronic scale, jj3000Y, 3000 g capacity, 0.1 
sensitive weighing scale, 150 kg capacity, 
digital tachometer, Sunwa DT836, digital 
Camera, TECNO P9, grain moisture meter, 
LSKC-608, laboratory Oven, UNISCOPE 
SM9023.  

The 3x3 factorial treatment combination was 
assigned at random with three replications. The 
moisture contents (M1, M2, M3) corresponding 
to 20.16%, 15.21% and 10.35%, forward speed 
(S1, S2, S3), corresponding to 1.8, 2.3 and 2.8 
km/hr were used. The moisture content range 
was selected to cover high, moderate and low 
moisture content of wheat during harvesting. 
The forward speed range of the combine was 
selected base on the recommendation of 
forwarding speed during harvesting from the 
combine harvester manual i.e. between 1.5 to 
3 km/hr. 
(i) Moisture Content: 
The moisture content on a wet basis was 
calculated using the formula given by FAO 
(1994): 

M =
Weight of wet sample− Weight of dry sample

weight of wet sample
× 100  (2) 

Where:  M = Moisture content. 
(ii) Pre-harvest losses: 
The procedure that was used for the estimation 
of pre-harvest losses is based on that reported 
by Tahir et al., (2003) with little adjustments 
on the method of collecting grain samples. 
Ranging poles each measuring 80cm in length 
were used instead of steel frame to mark the 
sample areas. The ranging poles were placed in 
standing crops at nine (9) different locations of 
the field to mark (1 m x 1 m) sample areas. 
Loose grains on the ground and enclosed by 

the ranging poles were collected to represent 
grain loss per meter square area then pre-
harvest loss was obtained using the 
relationship: 

PL =
Wp

Y
     × 100                                    (3) 

Where; PL = Pre-harvest loss expressed in %, 
Y = field yield in g/m2 and Wp = Average 
weight of shattered grain on the ground 
enclosed by the sighting pole before harvest 
(g). 
(iii) Forward speed: 
Forward speed of the self-propelled mini 
combine harvester was determined by varying 
the gear levels (1-L, 2-L, 3-L, 1-H, 2-H and 3-
H) of the combine at constant acceleration 
knob and then running the machine through a 
marked distance and time. The forward speeds 
were then calculated and recorded in Km/h 
(Aung et al., 2014) as follow: 

S =
3.6D

T
                                                  (4) 

Where:  S = Forward speed, km/h, D = 
Harvesting distance, m, and T = Harvesting 
time, s. 
(iv) Header loss: 
Header loss is the loss at the front side of the 
combine as a result of the cutter bar, reel and 
conveying assembly. In order to measure the 
header loss, 1 m × 1 m wooden frame was 
placed at nine (9) randomly selected areas 
along the path of travel of the combine. Grains 
on the ground within the enclosed wooden 
frames were manually removed. The combine 
was driven in the field, grain losses collected 
from the nine (9) randomly selected 1 m square 
areas were gathered, taken to the laboratory in 
a sealed container, weighed and averaged. The 
header loss was determined using the 
relationship given by Hunt (2001): 
HL =

w
Y

× 100                                       (5)  
Where:  
HL = Header loss (%), 
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W = Average weight of grain enclosed by 1 m 
x 1 m square frame, after harvesting (g), 
Y = Field yield (g/m2). 
(v) Threshing loss: 
Threshing loss is grain lost out the rear of the 
combine in the form of un-threshed heads 
(Hunt, 2010). But in this case, it is the grain 
lost out the side of the combine in the form of 
un-threshed heads since the residue outlet of 
the combine harvester is located by the side. To 
determine this, 1 m x 1 m wooden frame was 
placed at nine (9) randomly selected areas of 
the residual outlet (Side). The weight of un-
threshed heads within the frames was  noted 
and  threshing loss calculated as given by Hunt 
(2001): 

TL =
w1

Y
× 100                                       (6) 

Where; 
TL = Threshing loss (%), 
W1 = Average weight of grains in the form of 
un-threshed heads enclosed by 1m square 
frame (g), 
Y = Field yield (g). 
(vi) Separating loss: 
Separating loss is grain lost out from the side 
of the combine in the form of threshed grain. 
To determine this,  the weight of threshed grain 
enclosed by 1 m square frame placed at nine 
(9) randomly selected areas of the residual 
outlet was  noted and  separating loss (SL) was 
calculated using the formula given by Hunt 
(2001): 

SL =
W2

Y
× 100                                       (7) 

Where; 
SL = Separation loss (%), 
W2 = Average weight of threshed grain lost out 
from the side of combine within 1 m square 
frame (g), 
Y = Field yield (g/m2) 
(vii) Total Grain Loss: 
The total grain loss is a combination of the 
header loss, threshing loss and separating loss 
of the combine. It was determined according to 
Hunt (2001) as follow: 

TGL =
W3

Y
× 100                                    (8) 

Where; 
TGL = Total grain loss from combine harvester 
(%) 
W3 = Weight sum of header, threshing and 
separating loss (g/m2) 
Y = Field yield (g/m2),  
 
But, the Field yield (Y) can be obtained as 
follow: 

Y = W3 + w4 +
Ty
A

                                  (9) 
Where; 
W4 = Pre-harvest loss (g/m2) 
Ty = Tank yield (g) 
A = Experimental plot area (m2); 44 m2 
(viii) Total Grain Loss from Manual 
Harvesting: 
For the manual harvesting (cutting, threshing 
and cleaning), total grain loss was determined 
on the control plot.  To do this, the plot was cut 
using sickles, threshed using sticks and cleaned 
using tray after which, the difference between 
field yield and cleaned grains obtained from 
the control plot was determined. Total grain 
loss resulting from manual harvesting was then 
computed using the relationship provided by 
Verma, 2014): 

TLm =
Y2−Y1
A
Y

× 100                               (10) 
Where; 
TLm = Total grain loss during manual 
harvesting (%) 
Y1 = Cleaned grain obtained from 
experimental plot (g/m2), 
Y2 = Field yield per experimental plot area 
(g/m2), 
Y = Field yield (g/m2), 
A = Experiment plot area (m2); 44 m2. 
 

Multiple linear regression models to predict 
header losses and total grain loss with respect 
to moisture content and forward speed as input 
parameters for each of the wheat variety 
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harvested was developed using Microsoft 
Excel Software 2007. 

Multiple linear regression models to predict 
header loss with respect to moisture content 
and forward speed as input parameters for each 
wheat variety was developed as: 
𝐻𝐻𝐻𝐻 = 𝑎𝑎 + 𝑏𝑏1𝑀𝑀 + 𝑏𝑏2𝑆𝑆                             (11) 
Where; 
HL = Header loss, % 
M = Moisture Content (% w.b) 
S = Forward Speed (km/hr) 
a, b are model constants. 

Multiple Linear regression models to predict 
total grain losses concerning moisture content 
and forward speed as input parameters for each 
of the wheat variety was developed as: 
𝑇𝑇𝑇𝑇𝐻𝐻 = 𝑎𝑎 + 𝑏𝑏1𝑀𝑀 + 𝑏𝑏2𝑆𝑆                          (12) 
Where; 
TGL = Total grain loss (%) 
M = Moisture Content (% d.b) 
S = Forward Speed (km/hr) 
a, b are model constants. 

2.1   Model Verification 
The procedure reported by  Attanda (2005) was 
adopted. The models were verified by 
computing values of accuracy and precision, 
bias (mean difference), the sum of residual 
(RES), the absolute value of residual 
(ABRES), mean square prediction error 
(MSPE). The predicted and measured values 
were used to calculate various measures of 
model quality. The mean square error (MSE) 
was  the sum of accuracy and precision which 
is defined by Willmott (1982) as: 
MSE = accuracy and precision = 
1
n 
∑ Vi2n
i                                                (13)  

While,  

RMSE =�1
n 
∑ Vi2n
i �

2
                         (14) 

Where: 
𝑉𝑉𝑖𝑖 is difference between the predicted value 
and observed value at the location, i = 
1………n, 

While, n is the number of values in the check 
data set.  

Accuracy was defined as given by Willmott 
(1982) as: 

Accuracy =  (bias)2 =  �
1
n 
�Vi

n

i=1

�
2

(15) 

 
𝐵𝐵𝐵𝐵𝑎𝑎𝐵𝐵 =  1

n 
∑ Vin
i=1                                         (16)  

Where: 
V represents the mean of the residuals. An 
accuracy model will have no bias. In a 
conversation, the expression; “great accuracy 
and precision” implies small errors. 

The sum of residuals (RES) and the sum of the 
absolute value of the residual (ABSRES) were 
used to evaluate how consistent the model is in 
calculating total grain losses. 
RES =∑ (Oi − Pi)                               (17)n

i=1  
Where: 
𝑂𝑂𝑖𝑖 is measured values, 
𝑃𝑃𝑖𝑖 is calculated values and  
N is the number of observations. 
A value of RES close to Zero will indicate an 
unbiased model and smaller values of ABRES 
will indicate better performance. An 
assessment of the error of predicted related to 
observed values will be made by calculation of 
the means square prediction error (Willmott 
(1982) as: 

𝑀𝑀𝑆𝑆𝑃𝑃𝑀𝑀 = �
(Oi − Pi)2

n
                    

n

i=1
(18) 

Where: 
  i= 1, 2……………………n 
 n = the number of experiments observed 
𝑂𝑂𝑖𝑖= observed values 
𝑃𝑃𝑖𝑖 = predicted values 
2.2   Model Validation 
Validation of model shows an increase in 
confidence of the model concerning solving a 
particular problem. If a model passes several 
test, this only increases its credibility (Hasket, 
1991). One of the methods that can be used for 
the validation of a model is an analysis of 
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variance and covariance (Gass, 1983). In 
validation of the model, the predicted values 
were plotted against a set of observed values. 
The coefficient of determination, 𝑅𝑅2 value was 

used to ascertain the agreement between 
predicted and observed values. 
 
 

3.   RESULTS AND DISCUSSION 
Linear regression models to predict header loss 
and total grain loss of the combine harvester 
with respect to combine harvester forward 
speed and grain moisture content for Attilla 
and Norman-Borloug wheat varieties were 
developed and are presented below. 
For Attilla Variety (V1): 

𝐻𝐻𝐻𝐻 = 1.814 − 0.096𝑀𝑀 + 0.576𝑆𝑆 
𝑇𝑇𝑇𝑇𝐻𝐻 = −6.744 + 0.581𝑀𝑀 + 1.171𝑆𝑆 

For Norman- Borloug Variety (V2): 
𝐻𝐻𝐻𝐻 = 2.514 − 0.138𝑀𝑀 + 0.856𝑆𝑆 
𝑇𝑇𝑇𝑇𝐻𝐻 = −6.089 + 0.534𝑀𝑀 + 1.512𝑆𝑆 

Where;  
HL = Header loss (%), TGL = Total grain loss 
(%), M = Moisture content (%), S = Speed 
(km/hr) 

From the model developed, it can be 
interpreted that there is a linear relationship 
between Header loss, moisture content and 
forward speed for both varieties. However, 
moisture content has a negative relationship 
with the header loss while forward speed has a 
positive relationship. Similarly, there is a 
linear relationship between total grain loss, 
moisture content and forward speed. However, 
moisture content and forward speed was found 
to have a positive relationship with total grain 
loss for both varieties.  Figure 1 shows the 
observed header loss against predicted header 
loss for Attilla Variety (VI).  While Figure 2 
shows the observed total grain against 
predicted total grain loss for Attilla Variety 
(V1). 

 

 

 

     

     
 
      
     
     
     
     
     

 

Figure 1: Observed Against Predicted Header 
Loss for Attilla Variety (V1) 

 

Figure 1: Observed Against Predicted Header 
loss for Attilla Variety (V1) 

 

   
 

    
   
   

 
 
 
Figure 2: Observed Against Predicted Total 
Grain loss for Attilla Variety (V1) 

Figure 3 is a graph of observed header loss for 
Norman-Borloug Variety (V2) against 
predicted header loss for Norman-Borloug 
Variety (V2).  While Figure 4 is a graph of 
observed total grain loss for Norman-Borloug 
Variety (V2) against predicted total grain loss 
for Norman-Borloug Variety (V2). 
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Figure 3: Observed Against Predicted Header 
loss for Norman-Borloug Variety (V2) 

 

 

 

 

 

 

 

  
 
 
Figure 4: Observed Against Predicted Total 
Grain loss for Norman-Borloug Variety 
(V2) 

4.   CONCLUSION 
Wheat variety has effects on header loss and 
total grain loss.  Mini combine harvester 
JD12GD performs better with less grain loss 
on Attilla wheat variety than Norman-Borloug. 
The value of the coefficient of determination 
R2 were 0.943 and 0.8184 for header loss and 
total grain loss respectively for Attilla variety  
(V1) while were 0.915 and 0.7977 respectively 
for Norman-Borloug variety (V2).  

This shows that there is good fit between the 
models predicted values and the observed 
values. 
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