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Abstract— Sugarcane is of great economic importance for the country; large and small sugarcane growers depend on this crop. In the
present research, a comparative study was conducted between sugarcane varieties for a period of five (2017-2021) and ten years (2012-
2021). Data from the Valdez mill and CINCAE were processed with descriptive statistical tools. The results indicated that the most
cultivated varieties from 2017 to 2021 were ECU-01 and CC85-92; for the period from 2012 to 2021, the varieties CC85-9 and ECU-01.
The EC-02 variety stood out in tons of cane harvested per hectare from 2012 to 2021 and the EC-02, ECU-01, and EC-06 varieties from
2017-2021. Varieties EC-06, EC-02, and EC-05 stood out in yield of 50kg bags of sugar per hectare from 2017 to 2021, and in 2012 to
2021 the varieties EC-02 and ECU-01, respectively. Varieties EC-06, EC-04, and EC-05 (2017-2021) and RAGNAR (2012-2021) achieved
lower cutting age. Varieties EC-06 and EC-05 (2017-2021) and EC-02 and RAGNAR (2012-2021) presented the highest poll percentage
(%). Finally, varieties EC-06 and EC-05 (2017-2021) and RAGNAR and CC85-9 (2012-2012) had better yields in kilograms of sugar
per ton of cane (KATC). It is concluded that there is a moderate positive correlation between the variable tons of cane/ha and bags of
sugar/ha and a very high positive correlation between KATC and sucrose content in juice (pol grades).
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between 2011 and 2019, Ecuador strengthened the
I. INTRODUCTION development of productive improvement in the sugarcane
sector, making adaptations of varieties obtained by the
Canavieira Technology Center in Sao Paulo.

Among the adapted varieties, we can mention the
following: ECU-01, EC-02, EC-03, EC-04, EC-05, EC-06,
EC-07, EC-08, and other varieties such as Ragnar of
Australian origin, the variety CC-8592, and CC01-1228. It
should be noted that the varieties have a productive influence
within the study area. In addition, in 2020, CINCAE obtained

Bioethanol is obtained from sugar cane as a feasible energy new varieties, such as EC-09, with productivity
return, panela production, and application in bioremediation. characteqstlcs. Therefore, thls study aims to carry Om, a
[2]-[4]. The cultivation area in Ecuador is 83,377 ha, comparative study of various produf:tlf)n . and q}lallty
producing 500,000 tons/ha per year [5], although it is stated parameters among the main sugarcane varieties in the Milagro
that this crop accumulates a greater amount of heavy metals canton between 2017 to 2021 and 2012 to 2021.

[6]. Sugarcane yield increases in Brazil have been attributed
to the planting of new varieties [7], and these yields are
determined by APSIM models that help to estimate the yield
of varieties in tropical environments [8]-[10]. In this respect,
the Sugar Cane Research Center of Ecuador [11] affirms that

The cultivation of sugar cane is one of the most important
crops in Ecuador. It is not only because of its high production
per year but also because it generates 74,000 jobs per year,
27,000 of them during the harvest season, in addition to the
economic movement produced by the mills of sugar bowls. In
the province of Guayas, sugarcane is one of the most
important crops, concentrating 77.6% of the planted area in
Ecuador, including the country's main sugar mills [1].
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II. MATERIALS AND METHODS

A. Geographic Locacion

The research was carried out in the Milagro canton, located
in the southern center of the coastal region of Ecuador, on an
extensive plain crossed by the Milagro River, at an average
altitude of 11 meters above sea level and with a humid tropical
climate. During the year, the temperature generally varies
from 22 °Cto 31 °C, rarely falling below 20 °C or rising above
33 °C, and the average annual precipitation is 1,361 mm [12].
Currently, Sugar cane occupies about 50% of the cultivated
area of the Milagro canton.

B. Methodology

For the historical analysis of varieties of the last five and
ten years, the data from the Valdez mill and CINCAE was
processed using the following statistical tools [13].

1) Descriptive statistics: Summary measures shown
through tables and graphs by year and variable [14], [15].

Measures of central tendency
Half
Let x1, x2, x3...xn be a random sample, the arithmetic mean
is defined as the sum of the elements divided by the sample
size.

¥ = Zn Xi

=17,

(1)

2) Median: Let x1, x2, x3...xn be a random sample, the
median is defined from the ordered data of the sample.

Xn+1 ;if nis odd
— 2
Me = Xn  ;if niseven
2
(2

3) Mode: The observation is most repeated/frequency
[16].

Measures of dispersion

4) Variance: Let x1, x2, x3...xn be a random sample, the
distance from the mean is defined as the variance, and this is
the square divided by the sample size minus one [16].

(xi—%)*

s2=3yn
=1 5

A3)

5) Standard deviation: Let x1, x2, x3...xn be a random
sample, the standard deviation is defined as the root of the
variance of the sample.

V§Z =5 (4)

6) Coefficient of variation: Let x1x2x3...xn be a random
sample, the coefficient of variation is defined as the quotient
between the standard deviation and the arithmetic mean [17],
[18].

%CV ==%100% (5)

7)  Multiple Linear Regression: Multiple linear regression
models are much more powerful when it comes to relating a
multiplicity of variables; in most science and engineering
problems, these models become necessary [19], [20]. The

general model of linear regression is:

Rl
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Vi = Bo + Bixi + BoXip + o+ BreXye + & (6)
The model of the present research was:
Vi = Bo + Bixy + Baxy + Baxz + Pux, (7)

Where:

x1=precipitation
x2=Temperature
x3=Relative Humidity
x4=Heliophany

Pearson simple linear correlation

Its objective is to measure the strength or degree of
association between two quantitative random variables that
have a joint bivariate normal distribution [18], [21]. The
coefficient is defined by the following formula [22].

p=(cov(x,y))/(cx oy ) -1<p<1 (®)

III. RESULTS AND DISCUSSION

Five-year comparative analysis of sugarcane varieties (2017-
2021)

The varieties with the largest harvested area in the Milagro
Canton were ECU-01 and CC85-92, with 7497.9 and 6126.96
m2 as average harvested area, respectively, as observed in
Table 1. CINCAE [23] pointed out that the most planted
varieties in the San Carlos, Valdez and COAZUCAR mills in
2018 were CC85-92, ECU-01, and EC-02.

TABLEI
HARVESTED AREA OF CANE VARIETIES (2017-2021)
Variable Unit Variety  Statistics Value
Harvested Hectares Media 6126.96
area C(C85-92 Variance 7448180.27
Deviation 2729.13
Media 1869.34
EC-02  Variance 261742.97
Deviation 511.61
Media 627.12
EC-04  Variance 86115.44
Deviation 293.45
Media 301.86
EC-05  Variance 5564.96
Deviation 74.60
Media 264.28
EC-06  Variance 27197.15
Deviation 16491
Media 7497.90
ECU-01 Variance 1572292.52
Deviation 1253.91
RAGNAR Media 3278.80
Variance 1106687.26
Deviation 1051.99

According to Indonesian studies, TCH production is
dependent on furrow width and a decrease in plant population
[24]. The varieties with the best values for the variable tons of
harvested cane were EC-02, ECU-01 and EC-06 with 88.14;
82.83 and 80.3 as an average of t/ha, respectively, as shown
in Table 2. National sugarcane yields rose between 2015 and
2019 due to the adoption of improved varieties, presenting
averages that oscillated between 83 to 89 t/ha. However, for



the years 2020 and 2021, yields decreased, with averages of
79.9 t/ha and 87.2 t/ha [25].

It is known that cane age, height, length, weight, and stem
diameter positively influence cane yield. [26], [27]. For his
part, CINCAE [28] reported experimental values of tons of
cane harvested per hectare (TCH) of 79.7 for the CC85-92
variety, 83.2 t/ha for ECU-01, 76.1 t/ha for EC-02 and 69.4
t/ha for RAGNAR. On the other hand, CINCAE [29] reported
values of cane harvested per hectare (TCH) between 73.4 and
92.3 for the EC-03 variety and between 85 and 112.8 for EC-
04 in the period 2006-2009. Based on the above, it is defined
that sugarcane yield variances are dependent on the
environment and genetic material and are also based on yield
projections[10], [24].

TABLE II

HARVESTED TONS OF VARIOUS VARIETIES (2017-2021)
Variable Unit Variety  Statistics Value
Tons of cane Tons/ha Media 79.43
harvested per CC85-92 Variance 11.40
hectare Deviation 3.38
Media 88.14
EC-02  Variance 5.39
Deviation 2.32
Media 78.76
EC-04  Variance 105.15
Deviation  10.25
Media 79.42
EC-05  Variance 28.01
Deviation 5.29
Media 80.30
EC-06  Variance 131.63
Deviation 11.47
Media 82.83
ECU-01 Variance 21.69

Deviation 4.66
Media 74.45
RAGNAR Variance 14.92
Deviation 3.86

The varieties with the highest number of sugar bags were
EC-06, EC-02 and EC-05 with 152.7; 148.65 and 142.78 as
average bags, respectively, as shown in Table 3. CINCAE
(2020), points out that between 2011 and 2019, Ecuador has
strengthened the development of productive improvement in
the sugarcane sector, developing varieties obtained based on
genetic material from the Canavieira Technology Center in
Sao Paulo, Brazil.

TABLE III
SACKS OF SUGAR OBTAINED WITH DIFFERENT VARIETIES (2017-2021)

Variable Unit Variety Statistics Value
Sacks of sugar Number of (C(C85-92 Media 131.86
per hectare units Variance 36238
Deviation 19.04
EC-02 Media 148.65
Variance 169.34
Deviation 13.01
EC-04 Media 136.90
Variance 226.32

Deviation 15.04
EC-05 Media 142.78
Variance 47.37
Deviation 6.88
EC-06 Media 152.70
Variance 241.50
Deviation 15.54
ECU-01 Media 138.97
Variance 421.67
Deviation 20.53
RAGNAR Media 128.73
Variance 196.59
Deviation 14.02

The new varieties boost sugarcane yields over conventional
varieties [30], [31], present resistance and adaptability
conditions, as well as product improvements based on yields
of bags of sugar per hectare. These varieties are also obtained
by molecular and genomic selection. [32]-[34]. On the other
hand, CINCAE [28] reported yields of 199 bags of sugar for
the CC85-92 variety, 204 bags of sugar for ECU-01 and 184
bags for EC-02 and for RAGNAR correspondingly, which
indicates a ceiling under experimental conditions. Important
yield for field production of improved varieties.

The varieties with the lowest values for the cut-off age
variable were EC-06 with 12.0 months, EC-04 with 12.34
months and EC-05 with 12.36 months, as shown in Table 4.
CINCAE [23] indicates that the average cutting age in the
main sugar mills in Ecuador was 12 months.

TABLE IV
CUTTING AGE OF VARIOUS VARIETIES (2017-2021)

Variable Unit Variety Statistics  Value
Cuttingage  Months  CcCg5.90  Media 12.83
Variance 0.28

Deviation  0.53

EC-02 Media 12.43

Variance 0.19

Deviation  0.43

EC-04 Media 12.34

Variance 0.48

Deviation  0.69

EC-05 Media 12.36

Variance 0.47

Deviation  0.69

EC-06 Media 12.00

Variance 0.87

Deviation  0.93

ECU-01 Media 12.60

Variance 0.26

Deviation  0.51

RAGNAR  Media 13.12

Variance 1.52
Deviation 1.23

The varieties with the best values for the variable sucrose
content in the juice were EC-06 and EC-05 with 11.92% and
11.3%, respectively, as observed in Table 5. CINCAE [23]



pointed out that the sucrose content in the juice (pol %) in the
main sugar mills of Ecuador in 2018 ranged from 9 to 10.1
pol %, which reflects an increase in this variable in the
improved varieties, during the period 2017-2021.

TABLE V
SUCROSE CONTENT IN THE JUICE IN VARIOUS VARIETIES (2017-2021)
Variable Unit Variety Statistics Value
Sucrose content  Percentage CC85-92 Media 10.58

in the juice Variance 0.39

(degrees pol%) Deviation 0.63
EC-02 Media 10.66
Variance 0.50

Deviation 0.71

EC-04 Media 10.90
Variance 1.26

Deviation 1.12

EC-05 Media 11.30
Variance 0.70

Deviation 0.84

EC-06 Media 11.92
Variance 1.29

Deviation 1.13

ECU-01 Media 10.54

Variance 0.26
Deviation 0.51
RAGNAR Media 10.96
Variance 0.51
Deviation 0.71

The varieties with the best values for the variable kilograms
of sugar per ton of cane (KATC) were EC-06 and EC-05 with
95.74 and 90.44 kg, respectively, as observed in Table 6.
Under experimental conditions, CINCAE [28] reported yields
of 124.6 KATC for the CC85-92 variety, 122.9 KATC for
ECU-01, 120.8 KATC for EC-02 and 132.7 KATC for the
RAGNAR variety, indicating that sugarcane growers have an
important yield potential to be achieved through proper
agronomic management. On the other hand, CINCAE [29]
reported values between 102.3 and 110.3 of KATC for the
EC-03 variety and between 92.6 and 103.3 of KATC for the
EC-04 variety in the period 2006-20009.
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TABLE VI
KILOS OF SUGAR PER TON OF CANE IN VARIOUS VARIETIES (2017-2021)

Variable Unit Variety Statistics Value
KATC (kilos of kg CC85-92 Media 80.50
sugar/ton of cane) Variance 7.49
Deviation 2.74
EC-02 Media 85.08
Variance 32.33
Deviation 5.69
EC-04 Media 86.60
Variance 97.90
Deviation 9.89
EC-05 Media 90.44
Variance 45.94
Deviation 6.78
EC-06 Media 95.74
Variance 92.34
Deviation 9.61
ECU-01 Media 84.50
Variance 16.92

Deviation 4.11
RAGNAR Media 87.72

Variance 32.70

Deviation 5.72

8) Analysis of principal components of variables by
varieties in five years (2017-2021)

As a result of the principal component analysis, the
variables harvested area, cutting age, and tons of harvested
cane have a certain relationship. The variables bags of sugar
and tons of harvested cane are not closely related, nor do they
have a strong correlation. The strongly correlated variables
are kilos of sugar per ton of cane and sucrose content in the
juice, as shown in Figure 1.

9) Correlation Matrix (2017-2021): The correlation
matrix of variables can be seen in Table 7, finding a moderate
positive correlation between tons/ha and bags of sugar/ha and
a very high positive correlation between KATC and pol
grades.

$acos_azu

EC-06:2020
EC-02:2020 b
*

EC-02:2021
.

EC-05:2020
3 EC-04:2020
.

Fig. 1 Analysis of principal components during the period 2017-2021
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TABLE VII
MATRIX OF CORRELATIONS OF VARIABLES OF THE LAST 5 YEARS

Harvested area

Tons  Kilos of Sugar per Ton Cane Bags of sugar POL% Cutting age Precipitation Relative humidity Temperature Heliophany

Harvested area Pearson correlation 1 0.040 -0.400* -0.235 -0.369* 0.252 -0.029 -0.048 -0.003 0.037
Next (bilateral) 0.818 0.017 0.175 0.029 0.144 0.870 0.785 0.987 0.833
N 35 35 35 35 35 35 35 35 35 35
Tons Pearson correlation  .040 1 -0.356* 0.564** -0.361* 0.303 -0.269 -0.309 -0.314 0.015
Next (bilateral) 818 0.036 0.000 0.033 0.077 0.119 0.071 0.066 0.931
N 35 35 35 35 35 35 35 35 35 35
Kilos of Sugar per Ton Cane Correlacion de -.400%* -0.356* 1 0.466** 0.965%*-0.346* 0.314 0.139 0.287 0.363*
Pearson
Sig. (bilateral) 0.017 0.036 0.005 0.000 0.042 0.066 0.426 0.094 0.032
N 35 35 35 35 35 35 35 35 35 35
Sacks of sugar Pearson correlation  -0.235 0.564** 0.466** 1 0.507**-0.031 0.137 -0.156 0.077 0.472%*
Next (bilateral) 0.175 0.000 0.005 0.002 0.860 0.433 0.370 0.659 0.004
N 35 35 35 35 35 35 35 35 35 35
POL% Pearson correlation  -0.369* -0.361%* 0.965%* 0.507** 1 -0.334%* 0.330 0.121 0.290 0.422*
Next (bilateral) 0.029 0.033  0.000 0.002 0.050 0.053 0.487 0.091 0.011
N 35 35 35 35 35 35 35 35 35 35
Cut-off age Pearson correlation  0.252 0.303 -0.346* -0.031 -0.334* 1 0.003 -0.022 0.065 0.146
Next (bilateral) 0.144 0.077 0.042 0.860 0.050 0.985 0.901 0.710 0.403
N 35 35 35 35 35 35 35 35 35 35
Precipitation Pearson correlation  -0.029 -0.269 0.314 0.137 0.330 0.003 1 0.865** 0.936** 0.063
Next (bilateral) 0.870 0.119 0.066 0.433 0.053 0.985 0.000 0.000 0.719
N 35 35 35 35 35 35 35 35 35 35
Relative humidity Pearson correlation  -0.048 -0.309 0.139 -0.156 0.121 -0.022 0.865%* 1 0.763** -0.409*
Next (bilateral) 0.785 0.071 0.426 0.370 0.487 0.901 0.000 0.000 0.015
N 35 35 35 35 35 35 35 35 35 35
Temperature Pearson correlation  -0.003 -0.314 0.287 0.077 0.290 0.065 0.936** 0.763** 1 0.230
Next (bilateral) 0.987 0.066 0.094 0.659 0.091 0.710 0.000 0.000 0.183
N 35 35 35 35 35 35 35 35 35 35
Heliophany Pearson correlation  0.037 0.015 0.363* 0.472%* 0.422* 0.146 0.063 -0.409* 0.230 1
Next (bilateral) 0.833 0.931 0.032 0.004 0.011 0.403 0.719 0.015 0.183
N 35 35 35 35 35 35 35 35 35 35

*, The correlation is significant at the 0.05 level (bilateral). **. The correlation is significant at the 0.01 level (bilateral).
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TABLE VIII
NOTE: INTERPRETATION OF PEARSON'S CORRELATION COEFFICIENT

Value Rho Meaning

-1 large and perfect negative correlation
-0.9a-0.99 very high negative correlation

-0.7 a-0.89 high negative correlation

-0.4 a-0.69 moderate negative correlation

-0.2 a-0.39 low negative correlation

-0.01 a-0.19 very low negative correlation

0 null correlation

0.0120.19 very low positive correlation
0.2a0.39 low positive correlation

0.420.69 moderate positive correlation
0.7a0.89 high positive correlation

0.920.99 very high positive correlation

1 large and perfect positive correlation

10) Comparative analysis of sugarcane varieties in the
period 2012-2021: The varieties with the largest area
harvested in the Milagro Canton were CC85-9 and ECU-01
with 8191.48 ha and 7455.44 ha, respectively, as shown in
Table 8. According to statistics from the MAG [25], in
Ecuador an average of between 86,031 and 139,406 hectares
of sugarcane is cultivated, which are used for both the
production of sugar and the production of biofuels one of the
products with the highest demand for labor. work at the
national level.

TABLE IX
HARVESTED AREA OF VARIOUS VARIETIES (2012-2021)

Statistics
Media
Variance
Deviation
Media
Variance
Deviation
Media
Variance
Deviation
Media
Variance
Deviation

Error Devi.
1551.90

Value
8191.48
24083856.28
4907.53
1300.14
499557.68
706.79
7455.44
3247531.32
1802.09
3714.98
1147387.69
1071.16

Variables  Units Varieties
Harvested Hectares

area

CC85-9

223.51
EC-02

569.87
ECU-01

338.73
RAGNAR

Table 9 shows that the most productive variety in tons of
cane harvested per hectare was EC-02 with 97.84 t/ha.
Castillo and Silva [5] reported experimental values of tons of
cane harvested per hectare (TCH) of 79.7 for the CC85-92
variety, 83.2 t/ha for ECU-01, 76.1 t/ha for EC-02 and 69.4 t
/ha to RAGNAR.

TABLE X
HARVESTED TONS OF DIFFERENT VARIETIES (2012-202 1)
Variable Unit Variety Statistics Value ggfi’r
Tons of Tons/ha Media 87.40 3.85
cane CC85-9 Variance 148.03
harvested Deviation 12.17
per Media 97.84 3.83
hectare EC-02 Variance 146.40
Deviation 12.10
Media 88.99 3.18
ECU-01 Variance 101.32
Deviation  10.06
Media 78.36 2.67
RAGNAR Variance  71.38
Deviation 8.45

In the variable bags of sugar per hectare, the varieties that
produced the most bags per hectare were EC-02 and ECU-01
with 166,425 and 154,155, respectively, as shown in Table
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10. On this topic, [23] points out that In 2018, the sugar cane
growers had a sugar production of 128.6 bags of 50 kg of
sugar, and the mills of 129.5 bags of sugar of 50 kg/ha, which
implies an improvement in the yield of the new, improved
varieties.

TABLE XI
SACKS OF SUGAR WITH DIFFERENT VARIETIES (2012-202 1)
Variables Units Varieties  Statistics  Value ggf’:r
Sacks of Number of Media 148.92 7.80
sugar per units CC85-9 Variance  608.64
hectare Deviation  24.67
Media 166.42 6.81
EC-02 Variance 464.36
Deviation  21.55
Media 154.15 7.19
ECU-01 Variance 517.44
Deviation  22.75
Media 141.20 6.445
RAGNAR Variance 413.83
Deviation  20.34

Regarding the cutting age, the RAGNAR variety had a
lower cutting age (12.88 months) and the others slightly
exceeded 13 months, as shown in Table 11. On this point, [35]
indicates that sugarcane It is harvested between 12 and 14
months, and then continues its growth in a perennial way in
several regrowth or ratoon cycles. The varieties with the
highest sucrose content in the juice (pol %) were EC-02 with
11.1% and RAGNAR with 11.4%, as can be seen in Table 12.
[23] pointed out that the sucrose content in the juice in the
main sugar mills of Ecuador in 2018 oscillated between 9 and
10.1% per cane.

TABLE XII
CUTTING AGE OF VARIOUS VARIETIES (2012-202 1)

Variables  Units Varieties Statistics  Value El;zglr
cutting age months Media 13.00 0.45

CC85-9 Variance 1.99

Deviation 141
Media 13.14 041

EC-02 Variance 1.69

Deviation  1.30
Media 13.34 0.38

ECU-01 Variance 1.43

Deviation  1.19
Media 12.88 0.51

RAGNAR  Variance 2.56

Deviation  1.60

The varieties that reported the highest yield of kilos of
sugar per ton of cane (KATC) were RAGNAR with 91.29 kg
and CC85-9 with 88.13 kg, as shown in Table 13.

TABLE XIII
SUCROSE IN THE JUICE OF VARIOUS VARIETIES (2012-2021)

Variables  Units Varieties Statistics  Value Eﬁ:&r
Sucrose in  Percentage Media 10.89 0.26
juice CC85-9 Variance  0.66
(degrees Deviation (.81
pol %) Media 11.10 0.28
EC-02 Variance  0.81
Deviation  0.90
Media 10.94 0.25
ECU-01 Variance  0.62
Deviation  0.79
Media 11.40 0.28
RAGNAR Variance 0.81
Deviation 0.90




TABLE XIV 11) Analysis of Principal Components of variables by
KILOS OF SUGAR PER TON OF CANE IN VARIOUS VARIETIES (2012-2021) varieties in ten years (2012-2021): The principal component

Variables Units Varieties Statistics Value E];“’f analysis of the 10-year period determines that there is a
evi. . . s
KATC (kilos of e Modia %13 339 correlation between the Val"labl'e s tons of hqrvested cane and
sugar/ton of cane) CC85-9  Variance 115.08 bags of sugar, as shown in Figure 2. Unlike the five-year
Deviation 10.73 analysis, the relationship between KATC and pol % is not that
Media  87.10 2.11 close, but there is some relationship.

EC-02 Variance 44.47

Deviation 6.68

Media 87.39 1.95
ECU-01 Variance 38.22

Deviation 6.182

Media 91.29 2.28
RAGNAR Variance 51.86

Deviation 7.20
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Fig. 2 Analysis of principal components period of 10 years (2012-2021)
vol. 55, 2021, Accessed: Feb. 19, 2023. [Online]. Available:
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IV. CoNcLUsION [S] R. O. Castillo and E. Silva Cifuentes, “Sugarcane Breeding and
The sugarcane varieties with the best performance in the Supporting Genetics Research in Ecuador,” Sugar Tech, vol. 24, no. 1,
Milagro Canton in the 10-year period (2012-2021) were ECU- pp. 222231, Feb. 2022, doi: 10.1007/812355-021-01057-
. .. 4/METRICS. )
01 and EC-02. In the 5-year peI'lOd (2017"2021)9 new Varletl.es [6] R.Gomez Lince, A. Juan Tanca Marengo, A. Benavides, B. Romero,
such as EC-05 and EC-06 were 1ncorp0rated, with 1. Pérez-Almeida, and B. Pernia, “Evaluation of the concentration of
outstanding performances in different variables, such as the heavy metals in vegetables from Ecuador,” 2022, doi:
case of EC-06 and EC-05 10.21931/RB/2022.07.03.58.

[71 R. Bernardo, W. L. Lourenzani, E. G. Satolo, and M. M. Caldas,
“Analysis of the agricultural productivity of the sugarcane crop in

REFERENCES regions of new agricultural expansions of sugarcane,” Gestdo &
[1]  INEC, “Encuesta de Superficie y Produccion Agropecuaria Continua,” f;odu(;ao, vol. 26, no. 3, Aug. 2019, doi: 10.1590/0104-530X3554-

ESPAC, 2021. https://www.ecuadorencifras.gob.ec/documentos/web-
inec/Estadisticas_agropecuarias/espac/espac-2021/Principales
resultados-ESPAC_2021.pdf.

[2]  J. Fito, N. Tefera, and S. W. H. Van Hulle, “Sugarcane biorefineries
wastewater:  bioremediation technologies for environmental
sustainability,” Chem. Biol. Technol. Agric., vol. 6, no. 1, pp. 1-13,
Dec. 2019, doi: 10.1186/S40538-019-0144-5/TABLES/2.

[3] G. Chiriboga, A. De La Rosa, C. Molina, S. Velarde, and G. Carvajal
C, “Energy Return on Investment (EROI) and Life Cycle Analysis
(LCA) of biofuels in Ecuador,” Heliyon, vol. 6, no. 6, 2020, doi:
10.1016/j.heliyon.2020.e04213.

[4] S.. Valle, B. Yaguache, W. . Caicedo, J. F. Toscano, and D. M.
Yucailla, “Socio-economic and productive characterization of
sugarcane farmers in Pastaza province, Ecuador,” Cuba. J. Agric. Sci.,

[8] M. P. Vilas et al., “Ten years of monitoring dissolved inorganic
nitrogen in runoff from sugarcane informs development of a modelling
algorithm to prioritise organic and inorganic nutrient management,”
Sci.  Total Environ., vol. 803, p. 150019, Jan. 2022, doi:
10.1016/J.SCITOTENV.2021.150019.

[91 Z. Li, D. Menefee, X. Yang, S. Cui, and N. Rajan, “Simulating
productivity of dryland cotton using APSIM, climate scenario
analysis, and remote sensing,” Agric. For. Meteorol., vol. 325, Oct.
2022, doi: 10.1016/J. AGRFORMET.2022.109148.

[10] H. B. Dias, P. C. Sentelhas, G. Inman-Bamber, and Y. Everingham,
“Sugarcane yield future scenarios in Brazil as projected by the
APSIM-Sugar model,” Ind. Crops Prod., vol. 171, p. 113918, Nov.
2021, doi: 10.1016/J.INDCROP.2021.113918.

429



[11]

[12]

[17]

[20]

[21]

CINCAE, “Centro de Investigaciones de caila de azucar del Ecuador.
Reporte  anual,”  cincae.org,  2020.  https://cincae.org/wp-
content/uploads/2013/04/Informe-Anual-2020.pdf.

Weatherspark, “El clima en Milagro, el tiempo por mes, temperatura
promedio (Ecuador) - Weather Spark,” Feb. 21, 2023.
https://es.weatherspark.com/y/19344/Clima-promedio-en-Milagro-
Ecuador-durante-todo-el-afio (accessed Feb. 21, 2023).

Z. Thibane, S. Soni, L. Phali, and L. Mdoda, “Factors impacting
sugarcane production by small-scale farmers in KwaZulu-Natal
Province-South Africa,” Heliyon, vol. 9, no. 1, p. e13061, Jan. 2023,
doi: 10.1016/J. HELIYON.2023.E13061.

M. Akinkunmi, “Descriptive Data. In: Introduction to Statistics Using
R. Synthesis Lectures on Mathematics & Statistics. ,” Springer, Cham,
2019, pp. 55-62.

J. Lee, “Statistics, Descriptive,” Int. Encycl. Hum. Geogr. Second Ed.,
pp. 13-20, Jan. 2020, doi: 10.1016/B978-0-08-102295-5.10428-7.

L. Liliana Marconi and A. D’ Amelio, “Measures of central tendency
and variability.,” 2009. https://dokumen.tips/documents/medidas-de-
tendencia-central-y-de-liliana-marconi-adriana-damelio-calculo-
de.html?page=12 (accessed Feb. 22, 2023).

O. Alcala, “El mapa conceptual como herramienta para mejorar la
comprension de las medidas de tendencia central y variabilidad de la
estadistica descriptiva,” Caracas, 2016. [Online]. Available:
http://biblioteca2.ucab.edu.ve/anexos/biblioteca/marc/texto/ AATS21
4.pdf.

1. Jebli, F. Z. Belouadha, M. 1. Kabbaj, and A. Tilioua, ‘“Prediction of
solar energy guided by pearson correlation using machine learning,”
Energy, vol. 224, p. 120109, Jun. 2021, doi:
10.1016/J. ENERGY.2021.120109.

R. M. Granados, “Modelos de regresion lineal multiple,” Espafia,
2016. Accessed: Feb. 19, 2023.
[Online].Available:https://www.ugr.es/~montero/matematicas/regresi
on_lineal.pdf.

B. Aleman-Montes, P. Serra, and A. Zabala, “Models for the
estimation of sugarcane yield in Costa Rica with field data and
vegetation indices,” Rev. Teledeteccion, no. 61, pp. 1-13, Jan. 2023,
doi: 10.4995/RAET.2023.18705.

H. Xu, P. Croot, and C. Zhang, “Exploration of the spatially varying
relationships between lead and aluminium concentrations in the topsoil
of northern half of Ireland using Geographically Weighted Pearson
Correlation Coefficient,” Geoderma, vol. 409, p. 115640, Mar. 2022,
doi: 10.1016/J.GEODERMA .2021.115640.

P. Vinuesa, “Correlation: theory and practice,” unam, Oct. 14, 2016.
https://www.ccg.unam.mx/~vinuesa/R4biosciences/docs/Tema8_corr
elacion.html (accessed Feb. 22, 2023).

CINCAE, “Cane and sugar production in Ecuador: zafra 2018,” Sugar
Cane Research Center of Ecuador, 2019. https:/cincae.org/prod-

430

[24]

[27]

[31]

[32]

[35]

zafra/ (accessed Feb. 22, 2023).

P. D. Riajaya et al., “Growth and Yield Potential of New Sugarcane
Varieties during Plant and First Ratoon Crops,” Sustain. 2022, Vol. 14,
Page 14396, vol. 14, no. 21, p. 14396, Nov. 2022, doi:
10.3390/SU142114396.

MAG, “Situational bulletin sugarcane cultivation.,” Ministry of
Agriculture and Livestock,2021. https:/fliphtml5.com/ijia/banu/basic.
G. D. Urgesa and E. O. Keyata, “Effect of Harvesting Ages on Yield
and Yield Components of Sugar Cane Varieties Cultivated at Finchaa
Sugar Factory, Oromia, Ethiopia,” Int. J. food Sci., vol. 2021, 2021,
doi: 10.1155/2021/2702095.

S. Chumphu, N. Jongrungklang, and P. Songsri, “Association of
Physiological Responses and Root Distribution Patterns of Ratooning
Ability and Yield of the Second Ratoon Cane in Sugarcane Elite
Clones,” Agron. 2019, Vol. 9, Page 200, vol. 9, no. 4, p. 200, Apr.
2019, doi: 10.3390/AGRONOMY 9040200.

CINCAE, “Estrategia de la transferencia de tecnologia en Ecuador,
caso de estudio: caha de azucar,” cincae, Feb. 19, 2023.
https://ipkey.eu/sites/default/files/ipkey-docs/2019/CINCAE.pdf
(accessed Feb. 19, 2023).

CINCAE, “Informative Letter, 13,” Sugar Cane Research Center of
Ecuador, 2011. https://cincae.org/wp-content/uploads/2013/04/Afio-
13-No.-2.pdf.

S. R. K. Priya, R. K. Balambiga, P. Mishra, and S. S. Das, “Sugarcane
yield forecast using weather based discriminant analysis,” Smart
Agric.  Technol., vol. 3, p. 100076, Feb. 2023, doi:
10.1016/J.ATECH.2022.100076.

N. E. Dlamini and M. Zhou, “Soils and seasons effect on sugarcane
ratoon yield,” F. Crop. Res., vol. 284, p. 108588, Aug. 2022, doi:
10.1016/J.FCR.2022.108588.

S. Satpathy et al., “Evaluation of Models for Utilization in Genomic
Prediction of Agronomic Traits in the Louisiana Sugarcane Breeding
Program,” Agric., vol. 12, no. 9, p. 1330, Sep. 2022, doi:
10.3390/AGRICULTURE12091330/S1.

C. Mahadevaiah et al., “Genomic Selection in Sugarcane: Current
Status and Future Prospects,” Front. Plant Sci., vol. 12, Sep. 2021, doi:
10.3389/FPLS.2021.708233.

N. Fickett et al., “Genome-wide association mapping identifies
markers associated with cane yield components and sucrose traits in
the Louisiana sugarcane core collection,” Genomics, vol. 111, no. 6,
pp. 1794-1801, Dec. 2019, doi: 10.1016/J.YGENO.2018.12.002.
CINCAE, “Physiology, flowering and genetic improvement of
sugarcane in Ecuador.,” Sugar Cane Research Center of Ecuador.
Technical ~Publication No. 3., 2004. https://cincae.org/wp-
content/uploads/2013/05/FISOLOGIA-Y-MEJORAMTO.pdf
(accessed Feb. 22, 2023).





