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Table 1- Descriptive statistics on the performance of sugar cane fields in 2014-2017

Jlw ;5 (2330 5 3 ,Shos (41300 S oS o e (300 )3) (oo (g5
The yield and efficiency in Qualitative Quantitative Area (ha) Relative frequency
year (ton ha!) (percent)
o ke 452-275 544.8 4.09
very little
~ 62.8-45.3 5705.4 42.84
Low
1393 bsgte 80.5-62.9 50113 4438
Medium
L 98.1-80.6 1543.8 1159
High
3 b 115.8-98.2 158.7 1.19
too much
o ke 385-19.2 99254 7.16
very little
i 57.7-38.6 5498.67 39.66
Low
1394 IMW 77.1-57.8 6439.62 46.45
Medium
).L'). 96.3-77.2 876.20 6.32
High
b ok 115.5-96.4 57.04 0.41
too much
~ “b 53.1-32.9 533.76 3.85
very little
o 73.1-53.2 8211.61 59.23
Low
1395 IMP 93.2-73.2 4435.54 31.99
Medium
b.L"). 113.4-93.3 630.28 455
High
3L ke 133.5-113.5 52.88 0.38
too much
~ ‘_;L> 49.8-27.7 241.36 1.74
very little
w 71.8-49.9 5303.25 38.25
Low
1396 k‘”’“ 93.8-71.9 6879.89 49.62
Medium
D.L"j 116.1-93.9 1365.84 9.85
High
3L ke 138.1-116.2 73.72 0.53
too much
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Table 2- Description of continuous sugarcane variables used for this study

P Buwo o
Description
oo o ) ye¥io £ oA O S ol i) olbe Hlre Blodl 0 gl ygS,
Variz;bl e name Unit Variable’s JUEH Jlado Jlado Average  Standard O Fwsd
Type Usage  Minimum  Maximum deviation Number of
(role) amount amount valid
records
5] mha e 2929 8211.91 2955450  16893.62  3697.66 1201
Drain Continuous Input
colus ha gy 295 5 35 23.36 5.18 1201
Area Continuous Input
(0395%) loos 355 .
Chemical fertilizer kg ha™ st 299 160 553 340.76 46.88 1201
(Nitrogen) Continuous Input
(Hd) (loosd 355 .
Chemical fertilizer kg ha™ g 2909 0 250 64.55 99.86 1201
(Phosphate) Continuous Input
Tl . . &299
el b ol . g Input 12 34 21.29 3.95 1201
Times irrigation Continuous
SB Sl ol .
Soil electrical ds m? st <299 2 16 5.73 2.13 1201
S Continuous Input
conductivity (EC)
rae o lade .
Water consumption ~ m°ha’® c g f’”’ 1005 1900 1395.55 133.58 1201
per hectare ontinuous nput
oehi Jat S day g <399 389 567 443.37 32.32 1201
Crop duration Continuous Input
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Table 3- Description of categorical sugarcane variables used for this study

e o o £55 e i o o g3 39290 £yl30 0l Coluw
Variable name  Variable’s Type  Usage (role) Description N®eg,5 oml ;o  Area(%)
L. ()":S"" S ') J?l -*‘-I93 508 49.79
8050 e Fr 4 ©39)9 First Production Manager (6000 ha '
F g
manazgpnent Categorical Input (LS £ee ) pgd algs 603 50.21
Second Production Manager (6000 ha)
SP70-1143 234 19.48
. e IRC99-02 22 1.83
Jrae ), - <909 CP69-1062 619 51.54
Crop cultivar Categorical Input CP57-614 153 12.74
CP48-103 173 14.40
Sandy loam 54 s 76 6.33
Sandy clay loam p¢ ) i 36 3.00
Silt loam pg il 24 2.00
S cél S 3529 Silt cla :
- . Y o) e 74 6.16
Soil texture Categorical Input .
Silt clay loam g IS sl 255 21.23
Loam ¢4 414 34.47
Clay loam g IS 322 26.81
gl i 359 29.89
Plant
sl o) 358 29.81
ol LS 83959 First ratoon
Age Categorical Input £9d ool 203 24.40
Second ratoon
P o) 191 15.90
Third ratoon
. 1 271 22.56
5lows S -
bl gl S G $399 2 371 30.89
ratio of surface -
- b Categorical Input 3 296 24.65
spraying 4 263 21.90
(=) coplee 90 7.49
High (>100)
3,Ses LS (Gun) 95 (Y +>X=50) lawgio 541 4505
Yield (ton ha™) Categorical Target Medium (65<x<100)
(F07) sl 570 47.46
Low (<65)
' (51 ) 81 6.74
10 (October)
N (el o) 190 15.82
11 (November)
WY (el )30) 308 2731
12 (December)
(55 52) 128 10.66
cusly ol LS $39)9 1 (January)
Month of harvest Categorical Input Y (40599 ccyone) 262 21.82
2 (February) '
¥ (ool atiol) 172 14,32
3 (March)
¥ (Ji)9l ‘O’ua)ﬁ)é) 20 1.67
4 (April)
8 (40 uleesd)) 20 1.67

5 (May)
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Fig. 2. QUEST maodel predicting yield of sugarcane
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¢~ Crop cultivarin [IRC99-02"] [Mode: High ] => High
B Crop cultivar in [ "CP48-103" "CP57-614" "CPB9-1062" "SP70-1143"] [ Mode: Low ]
Crop cultivar in [ "CPE9-1062"] [ Mode: Med] => Med
B- Crop cultivar in [ "CP48-103" "CP57-614" "SP70-1143"] [ Mode: Low ]
E| Crop cultivar in [ “SP70-1143"] [ Mode: Low ]
i i~ Age==1219 [Mode: Med] = Med

i - Age>1.219 [Mode: Low] => Low
L Crop cultivar in [ "CP48-103" "CP57-614"] [Mode: Low] =» Low

QUEST puouai 5> i yg30 51 a5l pilgs =¥ S8
Fig. 3. Rules obtained from the application of QUEST decision tree algorithm

C5.0 Jso puouad <3 (3 Sl lg8 acgame —€ Jou
Table 4- The result of C5.0 decision tree rule

Rule set generated by C5.0 algorithm (decision making support®)

Rules for High - contains 4 rule(s)

Rule 1 for High (9; 0.909)
if Chemical fertilizer (Phosphate) > 215
and Times irrigation <= 20
and Water consumption per hectare <= 1,444
then High

Rule 2 for High (19; 0.81)
if Crop cultivar = IRC99-02
then High

Rule 3 for High (3; 0.8)
if Crop cultivar = SP70-1143
and Age<=1
and Chemical fertilizer (Phosphate) <= 215
and Chemical fertilizer (Nitrogen) > 368
and ratio of surface spraying = 2.000
then High

Rule 4 for High (5; 0.714)
if Crop cultivar = CP69-1062
and Soil electrical conductivity (EC) <=4
and Chemical fertilizer (Nitrogen) > 425
and Times irrigation <= 19
then High

Rules for Low - contains 8 rule(s)

Rule 1 for Low (51; 0.906)
if Area > 19
and Crop cultivar = SP70-1143
and Age>1
and Month of harvest in [ 1.000 8.000 9.000 10.000 11.000 12.000 ]
then Low

Rule 2 for Low (183; 0.886)
if Area> 20
and Crop cultivar in [ "CP48-103" "CP57-614" ]
then Low

Rule 3 for Low (157; 0.855)
if Crop cultivar in [ "CP48-103" "CP57-614" ]
and Soil electrical conductivity (EC) > 4
then Low

Rule 4 for Low (4; 0.833)
if Area> 29
and Soil electrical conductivity (EC) > 5
and Chemical fertilizer (Phosphate) <= 215
then Low

Rule 5 for Low (4; 0.833)
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if Crop cultivar = SP70-1143
and Drain <= 10565.200
then Low
Rule 6 for Low (26; 0.786)
if Farm management = First Production Manager
and Chemical fertilizer (Nitrogen) <= 425
and Times irrigation <= 16
and ratio of surface spraying in [ 2.000 3.000 4.000 ]
then Low
Rule 7 for Low (81; 0.687)
if Area <=24
and Soil electrical conductivity (EC) > 5
and Chemical fertilizer (Phosphate) <= 215
then Low
Rule 8 for Low (119; 0.645)
if Crop cultivar = SP70-1143
and Chemical fertilizer (Phosphate) <= 195
and Chemical fertilizer (Nitrogen) <= 368
then Low

Rules for Med - contains 12 rule(s)

Rule 1 for Med (10; 0.917)
if Age<=1
and Soil texture = Silt loam
then Med

Rule 2 for Med (10; 0.917)
if Crop cultivar = SP70-1143
and Age<=1
and Chemical fertilizer (Phosphate) <= 215
and Chemical fertilizer (Nitrogen) > 368
and ratio of surface spraying in [ 1.000 3.000 4.000 ]
then Med

Rule 3 for Med (8; 0.9)
if Crop cultivar = SP70-1143
and Chemical fertilizer (Phosphate) > 195
and Chemical fertilizer (Phosphate) <= 215
then Med

Rule 4 for Med (7; 0.889)
if Crop cultivar = CP69-1062
and Soil electrical conductivity (EC) > 4
and Chemical fertilizer (Nitrogen) > 425
then Med

Rule 5 for Med (7; 0.889)
if Crop cultivar = SP70-1143
and Age<=1
and Soil texture = Loam
and Water consumption per hectare > 1481.100
then Med

Rule 6 for Med (7; 0.889)
if Crop cultivar = SP70-1143
and Age>1
and Soil electrical conductivity (EC) <=7
and Month of harvest in [ 2.000 7.000 ]
then Med

Rule 7 for Med (5; 0.857)
if Age<=1
and Farm management = First Production Manager
and Soil texture = Sandy loam
and Chemical fertilizer (Phosphate) <= 215
and ratio of surface spraying in [ 1.000 2.000 ]
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Rule 8 for Med (156; 0.772)

Rule 9 for Med (54; 0.679)

Rule 10 for Med (43; 0.667)

Rule 11 for Med (241; 0.658)

Rule 12 for Med (96; 0.612)

then Med

if Crop cultivar = CP69-1062

and Soil electrical conductivity (EC) <=5
and Chemical fertilizer (Phosphate) <= 215
and Chemical fertilizer (Nitrogen) <= 425
and Times irrigation > 16

then Med

if Area<=20
and Soil electrical conductivity (EC) <=4
then Med

if Area > 21

and Crop cultivar in [ "CP69-1062" "SP70-1143" ]
and Age <=1

and Soil texture = Silt clay loam

and Chemical fertilizer (Phosphate) <= 195

then Med

if Area > 24

and Area <= 29

and Crop cultivar = CP69-1062

and Chemical fertilizer (Phosphate) <= 215
then Med

if Crop cultivar in [ "CP69-1062" "SP70-1143" ]
and Chemical fertilizer (Phosphate) > 215

and Times irrigation > 20

then Med

*Instance and confidence figures

o it 005 Jlogi colpd 0lio —0 Jou
Table 5- The normalized importance of variables in classification
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Introduction
The sugar industry usually gathers huge amounts of information during normal production operations, which
is rarely used to study the relative importance of both management and environment on sugarcane yield
performance. Yield prediction is a very significant problem of agricultural organizations. Each agronomist wants
to know how much yield to expect as soon as possible. The aim of this study was to determine the performance
of C5.0 and QUEST algorithms to predict the yield of sugarcane production in Amir-Kabir agro-industry
Company of Khuzestan province, Iran. However, the working method described in this paper is applicable to
other geographical areas and other kinds of crops.

Materials and Methods

The data for the study were collected from Amir-Kabir agro-industry Company. The data is obtained from
2012 to 2016 years. The study area is located in Khuzestan Province which is a major agricultural region in Iran.
The geographical location of the study area is between latitudes 31° 15’ to 31° 40’ north and longitudes 48° 12’ to
48° 30 east. It covers an area of about 12000 ha. The average elevation of the study area is 8m above sea level.
Mean annual rainfall within the study area is 147.1mm, the mean annual temperature is approximately 25°C and
the mean soil temperature at 50cm depth is 21.2°C. The used data were obtained from a survey with 15 variables
carried out on 1201 sugarcane farms. Variables used in the study of data mining can be divided into two
categories: target variable and predictor variables. The variable of yield was used as the target variable
(dependent) and other variables as predictor variables (independent). In two models, the input data included crop
cultivar, month of harvest, chemical fertilizer (Nitrogen), chemical fertilizer (Phosphate), age (plant or ratoon),
times irrigation, ratio of surface spraying, soil texture, soil electrical conductivity (EC), water consumption per
hectare, drain, farm management, crop duration, area, and yield-category. The study was included in 1201 farms.
The necessary data were collected and pre-processing was performed. We propose to analyze different decision
tree methods (C5.0 and QUEST).

Results and Discussion

First, decision tree methods were analyzed for variables. Then, according to C5.0 method (error rate 0.2319
for the training set and 0.3306 for test set) performed slightly better than another method in predicting yield.
Crop cultivar is found that an important variable for the yield prediction. 24 rules were found in this study, C4.5
showed a better degree of separation. The measured prediction rate of C5.0 was correct: 76.81% and wrong:
23.19% in the training data, and correct: 66.94% and wrong: 33.06% in the test data. The prediction rate of
QUEST was correct: 68.25% and wrong: 31.75% in the training data, and correct: 70.83% and wrong: 29.17% in
the test data. Using the training data comparison between the model types showed that the C5.0 model produces
a more accurate prediction model and was, therefore, the model to use. Using the testing data in comparison with
the model types showed that the QUEST model produced a more accurate prediction model. The results of our
assessment showed that C5.0 and QUEST algorithms were capable to produce rules for sugarcane yield.
Therefore, our proposed methods as an expert and intelligent system had an impressive impact on sugarcane
yield prediction.

Conclusions
In today's conditions, agricultural enterprises are capable of generating and collect large amounts of data.
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Growth of data size requires an automated method to extract necessary data. By applying data mining technique
it is possible to extract useful knowledge and trends. Knowledge gained in this manner may be applied to
increase work efficiency and improve decision making quality. Data mining techniques are directed towards
finding those schemes of work in data which are valuable and interesting for crop management. In this research,
decision tree algorithms (C5.0 and QUEST) were used. This classification algorithm was selected because it has
the potential to yield good results in prediction and classification applications. This study was performed to
present a model-based data mining to predict sugarcane yield in 2012-2016. The 24 classification rules generated
from the C5.0 decision tree algorithm have great practical value in agricultural applications. The results showed
the QUEST and C5.0 decision tree algorithms produced the best prediction accuracy. Sensitivity analysis results
indicated that crop cultivar was the most important variables. It was observed that efficient technique can be
developed and analyzed using the appropriate data, which was collected from Khuzestan province to solve
complex agricultural problems using data mining techniques (decision tree). The decision tree has been found
useful in classification and prediction modeling due to the fact that it can capability to accurately discover hidden
relationships between variables, it is capable of removing insignificant attributes within a dataset.

Keywords: Agriculture, Amir-Kabir Agro-Industry, Data mining, Evaluation



