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ABSTRACT

Objective: To compare the agro-climatic factors: soil, rainfall, sunshine duration (sun-hours) and temperature existing in
the municipality of Tecoman, Colima, Mexico, to some optimum values, in order to determine the development of the
MD?2 pineapple (Ananas comosus (L.) Merr.) plantation crop.

Design/Methodology/Approach: For the soil factors, texture and pH, data were obtained in laboratory to determine
soil physical and reaction analyses. For temperature and rainfall, data were obtained from the Sistema Meteorologico
Nacional (SMN), and to obtain the optimal values, different authors cited in the bibliography were considered.

Results: the soil factor presented a sandy loam texture with a pH of 7.9. From January to June and from October
to December, a monthly precipitation deficit (mm) in percentage was evidenced respect that required by pineapple
cultivation; and a percentage of excess in monthly precipitation (mm), from July to September. For monthly sunshine
duration, an excess between 200 and 300% of sun-hours was evidenced with respect to that required by pineapple.
For minimum, maximum and average temperature, monthly variations were evidenced, but within acceptable ranges
according to those determined for cultivation development.

Limitations of the study/Implications: No scientific information was available regarding pineapple cultivation evaluated
at the research area.

Findings/Conclusions: It was determined that the evaluated pineapple plantation crop will be able to develop in the
production area, by adjusting monthly precipitation deficit through an irrigation system and the excess of sunshine

duration, through the use of a shade cloth.

Keywords: Alternatives, tropical crops, agro-climatic factors.

INTRODUCTION

. (Ananas comosus (L) Merr.) is native to tropical areas of South America, such as
Pl n ea p p le Brazil and Paraguay. It is not known in a truly wild state and it does not seem to be
derived from the other species of edible fruits of the genus Ananas (L.) Merr., (Bromeliaceae), such as A. bracteatus,
A. fritzmuelleri, Actifolia and A. ananasioides, which produce very small fruits with few seeds (Avelino et al., 2009). In
addition, according to Cerrato (2013a), the market of this fruit has increased due to consumer demand for healthy

foods. As it is the tropical fruit with the highest demand in the world due to its pleasant taste and higher contents of
fiber; C, B1, B6 vitamins; folic acid; and minerals like potassium.
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In  Mexico, pineapple cultivation
of the MD2 variety, also known as
Super Sweet pineapple, is produced
under irrigated or rain-fed (the water
required for the crop is provided
by rains) conditions, but the rain-
fed system is predominant. From
2001 to 2008, more than 98% of
the area planted with pineapple
was under this condition. According
to the Servicio de Informacion
Agroalimentaria y Pesquera (SIAP,
2017), in 2016 those five states with
the highest volume of Mexican
pineapple production were Veracruz
(65%); Oaxaca (13%); Tabasco (6%);
Quintana Roo (5%) and Jalisco (4%)
that jointly contributed 93% of the
total national production. For the
proper development of pineapple
cultivation, it is necessary to have
suitable values of several agro-
climatic factors. In this research,
emphasis is placed on the type
of soil (texture and pH), rainfall,
sunshine duration, and temperature.
The aim of this study was based on
identifying if pineapple cultivation
would achieve adapting to those
agro-climatic conditions present in
the study area. And on implementing
those agricultural management or
techniques to accomplish proper
plantation crop development. Based
on the above, agro-climatic factors:
soil, rainfall, sunshine duration, and
temperature existing in Tecoman,
Colima, Mexico, were evaluated
to compare them with some cited
optimum values of those same
factors to determine the adequate
development of the MD2 pineapple
plantation crop.

MATERIALS AND METHODS
The research was carried out
at La Parota site (18° 5412 N,
and 103° 5021 W) (Google
Earth, 2017), during 2017 and
2018. According to the Instituto
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Nacional para el Federalismo vy
el Desarrollo Municipal (INAFED,
2017), the specific conditions of
the area include an altitude of
335 m above average sea level; an
average temperature of 26 °C and
annual rainfall of 484.9 mm. An
identification of the soil, texture
and pH, was determined through
physical analyses carried out on the
soil samples obtained in the study
area and processed in a certified
laboratory (Agrolab) in the state
of Colima. The analyses consisted
of determining the texture and
reaction of the soil, and to establish
the pH value of the soil (Water 1:
2; CaCly 1: 2). Regarding agro-
climatic factors, for rainfall and
temperature, data were obtained
from the Sistema Meteorologico
Nacional (SMN) for the period 1963
- 2017. The optimal data of the
agro-climatic parameters studied
were obtained from different
authors and organizations with
specific information for pineapple
cultivation, such as Doorenbos and
Kassam (1979), Bartholomew et
al. (1985), FAO (1994), Sanchez
and Caraveo (1996), Castellanos
et al,, (2000), Sandoval and Torres
(2011) and others indicated in the
bibliography. The scatter plots
of the different factors evaluated
were done by using Infostad® and
numerical tables were processed
on Microsoft Excel™ 2016.

RESULTS AND DISCUSSION

Soil physical analysis determining
soil texture, recorded 51% sand, 15%
clay and 34% silt, thus classifying
the soil as sandy loam (USDA,
1993). With this result, it can be
indicated that the area under study
presents an adequate soil texture
for the development of pineapple
plantation crop; as compared with
that indicated by Bartholomew et

al. (1985), who mentioned that the
pineapple cultivation requires soils
with medium texture, sandy loam,
or clay loam. In addition, Davila
(2016), also indicates that pineapple
cultivation requires soils with a
sandy texture, sandy loam or clay
sand. Results of the soil reaction
analysis and pH determination of
the samples indicated that the soil
has a pH (Water 1. 2) value of 7.9
which is considered mildly alkaline,
and the result of the reactive pH
(CaCly 1: 2) showed a value of 7.26
that is cataloged as Neutral. When
comparing these results with the
optimal ranges established by FAO
(1994), it is possible to note that pH
can be limiting, because although
the plantation crop can develop in
soils with pH values 3.5 to 8.0, the
optimum value is 5.9. In addition,
comparing this result with that
indicated by Doorenbos and Kassam
(1979) we note that neither is in the
range considered as optimum by
these authors, which is between 4.5
to 6.5. Whereas Castellanos et al.
(2000) set it between 5.0 - 6.0, and
Davila (2016) between 4.5 and 5.5.
Thus, with a pH from neutral to mildly
alkaline, the plantation crop would
have to develop exposed to a range
outside the optimum mentioned
above and, in this particular case,
higher than that recommended.
As indicated by Acosta (2006),
the solubility of nutrients could
be decreased, specifically iron,
phosphorus, manganese, zinc and
copper, which, if not considered
during the  establishment  of
the plantation crop, can lead it
to nutriton and development
problems. Table 1 shows that there
is a deficit percentage of monthly
precipitation (mm) at Tecoman,
regarding the monthly average
required for pineapple cultivation in
the months of January (=78.44%),
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February (=94.75%), March (—=93.58%), April (—99.55%), (276.35%) October (254.02%), November (241.40%) and
May (=84.29%), June (—8.24%), October (=27.07%), December (247.20%). Thus, exceeding the 100 sun-
November (=83, 71%) and December (—=89.19%). In hours indicated by Sandoval and Torres (2011).
addition, itis possible to determine that there is an excess

percentage in monthly precipitation (mm), respect that By noticing the above and acknowledging that there is
required, in the months of July (20.05%), August (36.77%) a high sunshine duration at Tecoman, it is considered
and September (53.94%).

220,00

This behavior of monthly rainfall deficit 200,00 °
and excess at Tecoman (Figure 1), 180,00 1 o
especially in the months January - June 160,00
and October-December, need to be g 140,001 °
supplied / controlled by irrigation, as ¢ 12000® ® ¢ ¢ ¢ ¢ & & & & o o
indicated by Dominguez (1985). 100,00 | o

5 8000/
Table 2 and Figure 2 show a percentage & 60001
of excess in monthly sun-hours at 40,00
Tecoman respect the monthly sun- 2o,oor ® )
hours required for pineapple cultivation 0,007, ° ' ) ‘ ‘ ‘ ‘ ‘ ‘ : ‘
inevery month. This excess accounts for: ! 2 4 > 6Month7 8 N
January (245.34%), February (217.10%), @ Average rainfall (mm) in Tecoman @ Average precipitation for pineapple

March  (273.09%), April  (270.65%), _ _ , _

o o Figure 1. Monthly precipitation (mm) of Tecoman versus the ideal for pineapple cultivation.
May (297.27%), June (300.08%), JUly Source: (Own elaboration, 2018 according to the data of the National Meteorological
(298.97%), August (285.64%), September System SMN).

Table 1. Description of monthly precipitation data (mm) for Tecoman versus the ideal for pineapple cultivation.

% 8 g 8 38
Concept 2 § e} & =

3 s |8 5 g

s 8 z (@)
Years with data. 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00
Minimum monthly
precipitation (mm) of 0.00 0.00 0.00 0.00 0.00 2.10 21.70 38.00 1.20 0.00 0.00 0.00

Tecoman.

Maximum monthly
precipitation (mm) of 49890 | 115.80 | 160.50 19.00 | 21290 | 44530 | 51720 | 405.70 | 64850 | 42150 | 316.00 97.20
Tecoman.

Average monthly
precipitation (mm) of 26.95 6.56 8.03 044 19.64 | 11470 | 150.06 | 170.96 | 19242 91.16 20.36 13.51
Tecoman.

Standard deviation. 7768 21.08 30.82 2.62 45.62 8548 | 10101 9514 | 136.08 94.87 52.04 2542

Average monthly
precipitation (mm)
required by pineapple
cultivation.

125.00 | 12500 | 12500 | 12500 | 125.00 | 125.00 | 125.00 | 125.00 | 125.00 | 125.00 | 12500 | 12500

Difference of mean
monthly precipitation
(mm) of Tecoman -98.05 | -11844 | -116.97 | -124.56 | -105.36 | -10.30 25.06 45.96 6742 | -33.84 | -104.64 | -11149
versus required by
pineapple cultivation.

% Variation. -/844% | -94.75% | -93.58% | -99.65% | -84.29% | -8.24% | 20.05% | 36.77% | 5394% | -27.07% | -83.71% | -89.19%

Source: Own elaboration, 2018 according to the data of the National Meteorological System SMN.
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Table 2. Description of the data of Hours of monthly light of Tecoman versus the ideal one for pineapple cultivation.

>
©
>

Concept

February

September
October
November
December

Hours of monthly lght | 34534 | 31710 | 37309 | 37065 | 39727 | 40080 | 39897 | 38564 | 37635 | 35402 | 34140 | 347.20
in Tecoman.
Hours of monthly light
required by growing 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
pineapple.
Difference of monthly
light hours of Tecoman
versus monthly light 24534 | 21710 | 273.09 | 27065 | 29727 | 300.80 | 29897 | 28564 | 27635 | 25402 | 24140 | 24720
hours required by the
pineapple crop.
% Variation. 245 217 273 271 297 301 299 2.86 276 254 241 247
Source: Own elaboration, 2018 according to data from Weatherspark.
important to protect the fruit, by using 420,00 R .
. . @
@
shade cloth to avoid affecting the 380,001 ° o °
i )

quality of the product, due to sgnbum 340,001® ° ®
problems to the shell. According to
Cerrato (2013b), this shading method 300,001
has resulted effective for pineapple ., 260,001
producers. 8220001

. o © 180,00
Table 3 and Figure 3 show deficit in -

. o 140,00
monthly maximum temperature (°C)
at Tecoman concerning the maximum 1OO'OOT ® ® b ® ® d b ® o b
monthly temperature tolerated by 60,00,

pineapple cultivation in every month !

(January —6.69%, February —691 %,
March —=6.74%, Aprii —=5.97%, May
—3.83%, June —2.43%, July —1.86%,
August —2.14%, September —3.49%,
October —2.03%, November —2.66%, and —5.09% in
December).

The behavior of deficit in the monthly maximum
temperature (°C) at Tecoman with respect to the
maximum temperature (°C) tolerated by pineapple
cultivation, can be observed in Figure 4, where the
maximum monthly temperatures are in every month
below the maximum that the pineapple plantation crop
could resist, which is why the crop would adjust well to
this parameter.

Minimum temperature

Table 4 and Figure 4 provide evidence of a deficit
percentage in minimum temperature (°C) at Tecoman,
regarding the minimum temperature suitable for
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@ Monthly light hours in Tecoman

3 4 5 6 7 8 9 10 1 12
Month
@ Light hours required for pineapple

Figure 2. Hours of monthly natural light in Tecoman versus the ideal for pineapple
cultivation. (Own elaboration, 2018)

pineapple cultivation in the months of January (—16.85%),
February (=18.75%), March (=17.75%), April (—=12.05%) and
December (=10.20%). Also, it was determined an excess
percentage in the monthly temperature at Tecoman, in
relation to that required, in the months of May (0.65%),
June (15.40%), July (16.40%), August (15.50%), September
(14.65%), October (12.15%) and November (0.90%).

According to Pinto (2012) and Sanchez and Caraveo

(1996), low temperatures retard growth and
development, and can set floral differentiation in
advance.

Average temperature
Regarding the adequate average temperature of 25-27
°C for pineapple cultivation, it was observed through
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Table 3. Description of monthly maximum temperature (° C) data for Tecoman versus the monthly maximum temperature (°C) supported by
pineapple cultivation.

> @ @ @
E g L) o]
Concept g 9] qE) aE)
= > O
& & o o)
wn z a
Years with data. 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00
Minimum monthly
maximum temperature | 29.69 30.24 29.69 2870 30.37 3163 31.18 3195 31.55 32.32 31.90 30.84
(°C) of Tecoman.
Maximum monthly
maximum temperature | 35.73 35.59 35.89 35.62 3710 36.85 37.06 3781 36.98 38.65 37.55 36.58
(°C) of Tecoman.
Average monthly 3259 | 3259 | 3264 | 3201 | 3366 | 3415 | 3435 | 3425 | 3378 | 3429 | 3407
maximum temperature 33.22
(°C) of Tecoman.
Standard deviation. 32.59 32.59 32.64 3291 33.66 34.15 34.35 34.25 3378 34.29 34.07 33.22
Average monthly
maximum temperatire | 555 | 3500 | 3500 | 3500 | 3500 | 3500 | 3500 | 3500 | 3500 | 3500 | 3500 | 3500
(°C) supported by
pineapple cultivation.
Difference of mean
maximum temperature
(°C) of Tecoman versus | -241 -242 -2.36 -2.09 -1.34 -0.85 -0.65 -0.75 -1.22 -0.71 -0.93 -1.78
supported by the
pineapple crop.
% Variation. -6.89% | -691% | -6.74% | -597% | -383% | -243% | -186% | -214% | -349% | -203% | -2.66% | -5.09%
Source: Own elaboration, 2018 according to the data of the National Meteorological System SMN.
analysis, monthly deficit in the months 36,00
of January (—=1.56%), February (—=2.32%)
and March (=172%). Also, it was 35,00@ ° ° ° ° ° ° ° ° ° °
determined an excess percentage in
o O d L °
monthly average temperature (°C) at o 3400 °
. . . = 4 (] (]
Tecoman, regarding that required, 2
in the months of April (1.00%) May & o °
o o o 33,001
(7.60%), June (14.44%), July (1528%), & L e
August (14.68%), September (13.40%),
October (13.44%), November (8.48%) 32,001
and December (2.36%).
31,00, . . . . : : : : : : ‘
1 2 3 4 6 9 11
CONCLUSIONS R VUNN 10 e

Regarding the parameters of soil
texture and temperatures (minimum,
maximum and average), the pineapple
plantation crop can adapt. However,
soil pH showed neutral to mildly alkaline

@ Maximum temperature °C Tecoman

® Maximum temperature °C for pineapple

Figure 3. Maximum monthly temperature (°C) of Tecoman versus the ideal monthly

maximum temperature (°C) for pineapple cultivation. Source

according to data from the National Meteorological System SMN).

values, outside the optimal range, which could cause a
decrease in the solubility of nutrients, specifically iron,
phosphorus, manganese, zinc and copper. On the
rainfall factor, it was determined that the amount of
annual precipitation does not cover the requirements

(Own elaboration, 2018,

for pineapple plantation during eight months of the
implement an
irrigation system to supply the water needs in those
months with deficit. In addition, on the subject of sun-
hours, the site study presented values almost three

year,

thus,

recommendation

is to

AP
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Table 4. Description of monthly minimum temperature (°C) data for Tecoman versus the ideal minimum temperature (°C) for pineapple

cultivation.
- & o pS &
Concept 2 GE) i) % %
8 £ 8| 8| 3
L g o zZ (&)
Years with data. 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00 54.00
Minimum monthly
minimum temperature 12.13 12.00 1240 12.07 16.35 16.67 21.35 20.81 20.20 20.16 16.30 14.37
(°C) of Tecoman.
Maximum monthly
minimum temperature 20.34 19.86 19.77 2142 24.69 2547 24.76 24.60 24.32 24.92 22.70 2113
(°C) of Tecoman.
Monthly minimum
temperature (°C) of 16.63 16.25 16.49 17.59 20.13 23.08 23.28 23.10 2293 2243 20.18 1797
Tecoman.
Standard deviation. 167 1.80 153 193 1.60 127 0.68 0.76 0.71 0.92 117 147
Minimum monthly
temperature (°CJ 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000
required for pineapple
cultivation.
Minimum temperature
difference (°C) of
Tecoman versus -3.37 -3.75 -3.51 -241 0.13 3.08 3.28 3.10 2.93 243 0.18 -2.04
required by pineapple
cultivation.
% Variation -16.85% | -18.75% | -17.55% | -12.05% 0.65% | 1540% | 1640% | 1550% | 14.65% | 12.15% 0.90% |-10.20%

Source: Own elaboration, 2018 according to the data of the National Meteorological System SMN.

times those required by the pineapple plantation crop,
which can affect the quality of the fruit, as it is exposed
to damage during flowering and development stage
due to sunburn. MD2 pineapple cultivation would reach
full development, as long as some adjustments on the
limiting factors, rainfall (deficit) and sun-hours (excess)
are made in order to achieve good-

ream/123456789/5535/1/D-38831.pdf. [Ultima consulta: 03 de
junio de 2017]
Bartholomew, D.P, Abraham, H. and Halevy, E. (1985). Ananas
comosus. In: CRC Handbook of flowering. Volume | (). CRC
Press, Inc. Boca Raton, Florida, USA. pp. 450-454.
Castellanos, J.Z., Uvalle, J.L., y Aguilar, A.2000. Manual de interpretacion

de analisis de suelos y agua. INCAPA. México, D.F. 226 p.
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Figure 4. Monthly minimum temperature (°C) of Tecoman versus the ideal monthly
minimum temperature (°C) for pineapple cultivation. Source
according to data from the National Meteorological System SMN)

(Own elaboration, 2018,
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https://earth.google.com/web/
http://www.inafed.gob.mx/work/enciclopedia/EMM06colima/municipios/06009a.html
http://www.inafed.gob.mx/work/enciclopedia/EMM06colima/municipios/06009a.html
http://www.revistaelagro.com/el-cultivo-de-la-pina-y-el-clima-en-ecuador/
http://www.revistaelagro.com/el-cultivo-de-la-pina-y-el-clima-en-ecuador/
http://centa.gob.sv/docs/guias/frutales/GUIA%20TECNICA%20PI%C3%83%E2%80%98A%202011.pdf
http://centa.gob.sv/docs/guias/frutales/GUIA%20TECNICA%20PI%C3%83%E2%80%98A%202011.pdf
https://www.gob.mx/siap
http://smn.cna.gob.mx/es/informacion-climatologica-por-estado?estado=col
http://smn.cna.gob.mx/es/informacion-climatologica-por-estado?estado=col
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/?cid=nrcs142p2_054167
https://es.weatherspark.com/y/3790/Clima-promedio-en-Tecomán-M%C3%A9xico-durante-todo-el-a%C3%B1o
https://es.weatherspark.com/y/3790/Clima-promedio-en-Tecomán-M%C3%A9xico-durante-todo-el-a%C3%B1o
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