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ABSTRACT

Restricted water and high temperatures are limiting factors that affect plant development. In this study, the
effect of water stress on black Huacle chile was evaluated at three levels of soil moisture stress (10 to 20, 21 to
30 and 31 to 40 kPa) in planting beds, with and without mulch of 0.9 m wide and 6.0 m long. A bifactorial
design was used with four repetitions made up of 18 plants each. 27 variables in plant and fruit were evaluated.
The greater availability of moisture in the soil with mulch increased flower buds by 85%, flowers by 89% and
fruits by 61%, compared to the treatment with greater water stress without mulch; likewise, it presented the
highest dry fruit yield (122.9 g), sweeter fruit (20.4%), net assimilation rate (0.11 g cm”d™), absolute growth
rate (2.72 g d') and relative growth rate (0.13 g g d!). Lower moisture stress in the soil produced higher plant
height (65.3 cm) and stem diameter (11 mm). Finally, greater moisture tension in the mulched soil caused

30% senescence.
Keywords: fruit quality, phenology, physiological indices.

INTRODUCTION

The Capsicum genus includes more than 30 species of which C. annuum, C. frutescens, C.
chinense, C. baccatum and C. pubescens are domesticated and cultivated for consumption;
either fresh, dried or processed; its main uses are: in food preparation, manufacture of
cosmetics, pharmaceutical products and pest control (Ramchiary and Kole, 2019).

Due to varying climates, microclimates and edaphology in Mexico, we find a great variety
of native chile peppers distributed throughout the country (Aguilar ez a/., 2018). Oaxaca
is one of the states with the greatest diversity of native chile peppers, among which is
the black Huacle chile (Capsicum annuum L.) (Sanjuan et al., 2020), cultivated in the
Oaxacan Canada region, that is of great value and importance as it is the main ingredient
of the international black mole from Oaxaca (Garcia ez al., 2017). This chile is generally
cultivated in the open air and irrigated with a rotating sprinkler, paying around 200 ha’!
in wages for its management (Lopez ez al., 2016), with an average yield of 1.0 t ha'! of
dehydrated fruit (Aguilar ez 4l. , 2010), producing fruit 10 cm long and 8 cm wide, that
is black in color when ripe (Garcia ez al., 2017), and generating between 400,000 and
800,000 pesos of income, depending on the season of sale (Lépez ez al. , 2016). Despite
the above, it has been classified as an endangered crop (Sanjuan and Martinez, 2022). This
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is why in recent years, studies have been carried out to evaluate the effect of protective
structures, localized irrigation systems and control of nutrient and pruning densities, in
the cultivation of black Huacle chile, with the aim of improving crop production and
quality ( San Juan ez al., 2019; Urbina ez al., 2020; Martinez ez al., 2022).

In Capsicum spp. it has been shown that water deficit mainly affects: plant height, extent of
foliage, yield (Quintal ez a/., 2012), number of flowers and fruit quality (Quesada, 2015).
Sezen et al. (2019) report that the phenology and physiology of plants is affected by water
availability and environmental factors. Likewise, it has been shown that the use of plastic
mulches and irrigation tapes, among other techniques, improve the management and use
of water (Cosgrove and Rijisberman, 2014), reducing water consumption by up to 50%,
and influencing plant height, leaf area index, weight and fruit quality by 10 to 15% (Dong
et al., 2014), as it helps improve condition of soil moisture by avoiding loss of water by
evaporation and reduces the presence of weeds (Bahena ez a/., 2012; Inzunza ez al., 2017).
This is very important because worldwide, agriculture consumes 70% of the fresh water
that is extracted annually (Villalobos ez 4/, 2017); In addition, water constitutes 80 to
95% of growth tissues in plants (Quintal ez 4/, 2012).

In Oaxaca, work has been carried out with native crops such as beans (Phaseolus vulgaris L.)
(Pliego ez al., 2013; Aguilar ez al., 2019), in order to identify the response of these genetic
materials to water availability; in similar fashion, water consumption and yield under cover
have been determined for green or husk tomato (Physalis ixocarpa) (Ramos ez al., 2017).
For their part, Cruz et al. (2018) report the use of plastic mulch and macrotunnels in the
production of chile de agua (Capsicum annuum L.). These investigations have made it
possible to improve production and crop quality, as well as increase efficiency concerning
water use.

Correspondingly, the objective of this research was to improve water availability for black
Huacle chile, grown under plastic cover with three levels of humidity in beds with and
without plastic mulch; in addition to evaluating its effect on phenological, morphological
and physiological aspects and fruit quality.

METHODOLOGY

Research was carried out in a 200 m* tunnel-type greenhouse from January to August
2019, in Santa Cruz Xoxocotldn, Oaxaca (Figure 1), located at 1550 m. Black Huacle
chile seeds were used. The seedlings were established in 200-cavity polystyrene trays; the
substrate consisted of a mixture of peat-moss and agrolita (substrate) at a ratio of 2:1. The
seedlings were irrigated daily with the 25% Steiner solution (Steiner, 1984) until they
reached an average of 16 cm in height with eight true leaves, when they were transplanted
into a double row in sowing beds 0.9 m wide and 6.0 m long; distance between plants
of 0.6 m, 0.4 m between rows, with a 1.0 m wide aisle. The experimental design was
completely randomized in a 3x2 bifactorial arrangement, corresponding to three moisture
stress intervals (H, in kPa) and beds with mulch (WM) and without mulch (WoM) black/
silver plastic (Table 1). For each treatment, four repeats were established, each repeat
consisted of 18 plants; each plant was considered as an experimental unit.
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Figure 1. Macrolocation of the municipality of Santa Cruz Xoxocotldn, Oaxaca,

Mexico.
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Soil characteristics consisted of: sandy loam texture (20% silt, 10% clay and 70% sand),

pH 8.55 and 626.6 mg mg kg of NO,". Nutritional requirements were covered by
the 250N-200P-300K kg ha' dose used for habanero chiles by Quintal ez /. (2012).
Application of fertilizers, together with water distribution was by means of a T-Tape with

drippers 20 cm apart and a unit flow of 1.0 Lh' with an operating pressure of 0.8 Kgem®

3. Monitoring of soil moisture began 30 days after transplanting (dat), for which a 12”

IRROMETER' brand tensiometer was placed in the central part of each treatment at a

depth of 15 cm. Data were analyzed by means of an analysis of variance and comparison
of means Tukey (P<0.05) using the SAS® version 9.1 (SAS, 2004).
During culture development, microclimatic variables were recorded every hour from

07:00 to 18:00: temperature (T), relative humidity (RH) and photosynthetically active

Table 1. Treatments applied to Huacle chile plants.

Moisture stress in

Treatment With mulch the earth (kPa)
T1 ] 10-20 (H1)
T ?@E\};{ : 21-30 (H2)
T3 31-40 (H3)
T4 ) 10-20 (H1)
s ?\(’/;}ll\c/)ll)lt mulch 21-30 (H2)
T6 o 31-40 (H3)

WM: with mulch, WoM: without mulch.
Source: eelf elaborated.
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radiation (PAR) using a data logger mod. HOBO® U12 placed at a height of 0.8 m from
the ground in the central part of the greenhouse.

Following transplantation, the number of buds (BU), flowers (FL) and fruits (FR) were
recorded every 30 days, for six plants taken at random from each treatment, as well as plant
height (PH) from the base of the stem to the highest part of the plant, a Truper brand
metal flexometer was used (3 m with a minimum scale of 1 mm); stem diameter (SD)
at five centimeters above the ground, using a digital vernier caliper micrometer (0.1 mm
resolution); leaf area (LA), using an Epson L555 scanner (Epson America), the leaves of
each plant were digitized and analyzed, using the Image] 1.5 program (National Institutes
of Health, USA). Subsequently, the plants were separated in terms of leaves (L), stem (S),
root (R) and fruit (F); these were deposited in paper bags and dried in a forced-air oven
at 65 °C until reaching constant weight, recording dry weight (DW) with an electronic
balance (Ohaus’, USA). Taking these values, we calculated the following: leaf area index
(LAI) according to Hunt (1978). We calculated net assimilation rate (NAR), absolute
growth rate (AGR) and relative growth rate (RGR), as indicated by Cortés ez al. (2016).
At 60 dat, the number of dead plants per treatment were counted and converted to
a percentage. At 120 dat, six fresh ripe fruits from different plants of each treatment
were randomly selected in order to determine the following: total soluble solids (TSS in
°Brix) using a refractometer (ATAGO scale 0 to 30°), pH using a potentiometer (Hanna
Instruments, model Hi98130) and titratable acidity (TA) according to AOAC (1990).
With the values obtained, the maturity index (MI) was calculated as the result of the
quotient between the TSS and TA %. Also, 20 dried commercial fruits from different
plants in each treatment were randomly selected and the length, width, dry weight,
number and weight of seeds (NS and WS) were determined. The commercial yield (CY)
was obtained by averaging the dry weight of fruits from six plants, randomly selected
from each treatment (only considering fruits at least 3.0 cm wide and 4.0 cm long). The
number of commercial fruits per plant (NCFP) was obtained by averaging the number
of commercial fruits from six plants, randomly selected from each treatment. The harvest
index (HI) was obtained, as the ratio between fruit yield and the aerial biomass of each
plant (Garrido ez al., 2013)

RESULTS AND DISCUSSION
In Figure 2, we present average microclimatic data per hour that prevailed during crop
development. According to Lorenzo (2012), it is necessary to be aware of the behavior
of T and RH inside the greenhouses because in agriculture, once these two variables are
accounted for, they intervene in transpiration processes and consequently result in greater
or lesser consumption of water. The maximum average PAR exceeded 300 pmol m? s
and the average RH was less than 30% during the same time period (Figure 2). These
results are similar to certain values obtained by Zermeno ez al. (2019), who reported PAR
values of 200 to 600 pmol m™ s™ at 12:00 h under three different red, blue and translucent
polycarbonate covers for cultivation of chile poblano of the Ebony variety (Capsicum
annuum L.); however, the type of structure they evaluated may have caused the higher
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Source: self-elaborated.
Figure 2. Average values of A) temperature and relative
humidity, B) photosynthetically active radiation recorded
inside the greenhouse.

PAR values that were not recorded in this experiment carried out using a conventional
plastic cover for a black Huacle chile (Capsicum annuum L.) crop, due to the fact that the
transmission of solar radiation through each cover is different, as reported by Paredes ez
al. (2018). In contrast, between 10:00 a.m. and 6:00 p.m., average temperatures exceeded
30 °C; in this regard, Baxevanou ez a/. (2008), mention that the increase in temperature
under cover depends on the total radiation, for their part, Escalante ez 4l. (2008) mention
that photosynthesis and temperature in most cases are closely related, as increasing the
temperature increases the photosynthetic rate. Finally, the highest RH of the day was 80%
and was recorded at 7:00 a.m., which gradually decreased until reaching 29%, recorded
between 1:00 p.m. and 3:00 p.m.

With the exception of T4, at 60 dat, the highest number of BU and FL showed significant
differences (P<0.05), significantly exceeding the T'1 values (Table 2). The reduction of BU
and FL between treatments can mainly be attributed to water stress, an effect reported for
the genus Capsicum by Rao et al. (2016), because water intervenes in physical-chemical
integrity and cell expansion, as indicated by Quesada (2015). Likewise, the temperatures
registered inside the greenhouse (Figure 2), exceeded 30 °C, referring to this, Chaves
and Gutiérrez (2017) mention that exposure of the genus Capsicum to temperatures
above 33 °C during the day and 20 °C during the night, which affects viability of pollen
and fertilization, increases the abortion of flowers and decreases fruit set. Similarly, the
oscillation in relative humidity (40-80%) may be the cause of the reduction in the number
of flowers; in this regard, Amador ez a/. (2014) reported that stabilizing relative humidity
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Table 2. Number of buds, flowers and fruits during the development of the Huacle chile.

Number of fruits

Number of buds (dat) Number of flowers (dat) (dat)

60 90 120 60 90 120 60 90 120
T1 75a 0c 0c 29a 2ab 0b 16a 59 a 52a
T2 37b 11a 40 ab 10 bc 5a 2b 4b 31b 31b
T3 41 b 6b 0c 16 b 1b 0b 3b 27b 31b
T4 35b 0c 60 a 5¢ 0b 27 a 3b 20b 31b
T5 34 b 0c 17 be 5¢ 0b 6b 3b 31b 29b
T6 14 ¢ lc 1c 3¢ 2 ab 0b 2b 21b 20b

Means with different letters in the column present a significant difference (Tukey, 0.05); dat=days after transplantation.
Source: self-elaborated.

close to 70% increased the number of flowers and fruits in the mirasol chile (Capsicum
annuum L.). Similarly, low PAR (Figure 2) may induce negative effects on the distribution
of photoassimilates and fruit growth as reported by Paredes ez a/. (2018) for chile piquin
(Capsicum annuum L.) cultivated under colored netting, where the size and number of
fruits were affected by PAR.

At 90 and 120 dat, T1 presented an increase of 195% and 67% respectively in the number
of fruits, compared to T4 (Table 2), thus indicating a favorable effect on the part of
plastic mulch, as both treatments maintained a tension in soil moisture (from 10 to 20
kPa); however, this effect was not reflected in T2 and T3 as it did not show significant
differences with T5 and T6 respectively. In this regard, Bahena ¢z 4/ (2012) mention
that the placement of plastic mulch prevents moisture loss through evaporation and
reduces the presence of weeds, limiting competition for light and nutrients; in addition,
it maintains soil moisture and because the greatest absorption of nutrients and water is
by the root system within the first 0.5 m of depth, this possibly covers the demand for
photoassimilates for the fruiting stage (Alvarez and Pino, 2018).

T1 and T4 demonstrated significant differences (P<0.05) in PH and DWT with respect
to the rest of the treatments (Table 3). This indicates that maintaining a soil moisture
tension range of 10 to 20 kPa positively influences PH and DWT regardless of mulch, as
reported by Quintal ez /. (2012) as water availability increased the height of Habanero
chile (Capsicum chinense Jacq.) grown under cover. However, Lopez er al. (2016) show
55% higher values in the PH of the Huacle chile produced in the open and with rotating
irrigation, compared to those obtained in this study with T1 and T4

In contrast, T1 presented a higher significant value for the variables, DWE DWH,
LAI and LA (Table 3). In this regard, it has been reported that the reduction in LA is a
response to water stress, whereby the plant avoids the loss of water through transpiration
(Moreno and Liz, 2009); however, this response also directly affects the ability of plants to
generate photoassimilates, because leaves represent the organ responsible for this function
(Quesada, 2015), directly affecting the accumulation of dry matter and its physiological
indices.
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Table 3. Morphological characteristics of Huacle chile plants at 120 dat.

Dry weight (g)

PH SD LA
(cm) (mm) (m? plant™) LAI
Fruit Leaves Stalks Root

T1 65.3a 11.0a 1229 a 38.0a 36.0 a 1.8 bc 6.06 a 2.24a
T2 54.9 bc 9.6 b 94.1 ab 27.3b 24.9b 1.1c 4.00 b 1.48b
T3 50.6 c 9.2 be 67.2 bc 19.2 ¢ 21.3 be 1.6 bc 2.80 c 1.03 ¢
T4 63.5 ab 109 a 48.4 ¢ 26.7b 41.1a 25a 4.01b 1.48 b
T5 50.7 ¢ 10.1 ab 479 c 21.9 be 25.5b 2.1ab 3.15 bc 1.16 be
T6 47.6 c 8.3 ¢ 45.8 ¢ 152 ¢ 15.0 ¢ 1.5 bc 2.02 ¢ 0.74 ¢

Means with different letters in columns present a significant difference (Tukey, 0.05); PH: plant height; SD: stem
diameter; LA: leaf area; LAI: leaf area index. Source: self-elaborated.

Finally, the highest value (2.5 g) for DWR was obtained with T4. In this regard, Inzunza
et al. (2010) report that the application of plastic mulch can cause an increase of up to 6
°C in soil temperature, which can generate root stress, affecting its development. Besides
this, it has been reported that in situations of water stress some plants reduce growth in
the aerial part and increase root development in order to seek moisture at greater depth
(Florido and Bao, 2014), a situation which may have occurred in this experiment, as the
highest values were found in unmulched beds (T4 and T5). In this regard, Herndndez ez
al. (2021) state that the application of mulches reduces the loss of water by evaporation
and increases the retention of moisture in the soil.

Regarding the physiological indices, the highest NAR occurred from 30 to 60 dat with
T1 manifesting significant differences of (P<0.05) compared to T6. (Figure 3), mainly
attributable to the difference of 66.6% between the values of the leaf area between T6 and
T1 (Table 3), which is attributable to water stress caused by the irrigation of 31 to 40 kPa
of T6, causing a reduction in the availability of water and nutrients, which was thus not
available to the plant for the accumulation of dry matter (Rodriguez ez al., 2014), because
at the beginning of the crop cycle this mainly contributes towards the formation of leaves.
This may also be due to the phenological change of the crop going from a vegetative to a
reproductive stage, directing the photoassimilates towards the formation of fruits, from
60 dat (Table 2). Likewise, it has been reported that temperatures higher than 33 °C cause
senescence and abscission of leaves (Chaves and Gutiérrez, 2017). This reduces the leaf
area of the crop, directly affecting the NAR.

In this regard, Aleman ez al. (2018) recorded a value exceeding 2 g cm?d™! for chiles grown
in a greenhouse; whereas for their part, Quezada ez a/. (2011) reported that the NAR for
chile manifests decreasing attributes, with value diminishing in line with the development
stage of the crop, similar to what was found in this study except for T4, which presented
an increase in NAR during the interval of 61 - 90 to 91 - 120 dat (Figure 3). This behavior
may be the result of a longer vegetative stage, as the greatest number of buds and flowers
in T4 appeared at 120 dat, in contrast to the rest of the treatments, which showed the
highest value for the same variables at 60 dat (Table 2). In this regard, Lépez ez al. (2015),
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Figure 3. Net Assimilation Rate (NAR) of Huacle chile plants. *days after transplant. Means with different letters in the same
period present a significant difference (Tukey, 0.05).

report that the application of plastic mulch induces early production on the part of the
Habanero chile (Capsicum chinense Jacq.); for their part, Moreno and Liz (2009) mention
that when faced with a water deficit, plants increase the production of abscisic acid (ABA),
a phytohormone that regulates flowering time and other physiological and phenological
processes.

In this experiment, AGR presented inverse behavior to NAR (Figure 4), where values
increased as the development of the crop advanced, mainly due to the presence of fruit
and the accumulation of dry matter in these organs. T'1 showed the highest value (2.72 g
d) with significant differences (P<0.05) compared to T3, T4 and T6 during the period
from 31 to 60 dat, attributable to greater availability of water and greater number of fruits
per plant (Table 2).

The RGR manifested a decrease from 60 dag; the highest values occurred during the
period between 30 and 60 dat (Figure 5), with significant differences (P< 0.05) between
T1 and T6. From 60 dat, the value of the RGR decreased by 50%, which indicates
that the accumulation of dry matter by the plants decreased, mainly attributable to the
maturation of the fruit and senescence of the plant. In general, physiological indices were
not influenced by the type of mulching, but instead related to the stage and age of the
culture.

At 60 dat, the values for senescence variable were: T3 (30%), T2 and T6 (15%), T1 and
T5 (5%) and T4 (0%); this variation may be the consequence of scarce water availability
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Figure 4. Absolute Growth Rate (AGR) of Huacle chile plants.
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Figure 5. Relative Growth Rate (RGR) of Huacle chile plants
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and an increase in soil temperature caused by plastic mulch. According to Quezada ez al.
(2011) if this exceeds 30 °C it generates negative damage; besides this, temperatures inside
the greenhouse (Figure 2) exceeded the optimum range (22-25 °C) cited by Kaur ez 4.
(2017) for the development of the Capsicum annuum L. crop.

The average pH of the fruits was 5.2 (Table 4), which indicates that this parameter was not
influenced by either water restriction, or mulch, but rather determined by the genotype of
the crop. This value was similar to the range (4.8 to 5.5) reported by Yin ez al. (2011) for
Capsicum annuum produced under greenhouse conditions with different types of mulch;
also, at 6.4 and 5.5 obtained by Mendoza ez al. (2015) for green and red jalapeno chiles,
but lower than the range of 6.43 to 7.0 reported by Flores ez al. (2018) for wild chiltepin
chiles from Nuevo Leén, Mexico. The same authors and Figueroa ez al. (2015), reported
values of 5.2 t0 9.8 in total soluble solids for the genus Capsicum, values lower than those
obtained for fruit in this experiment (Table 4).

Regarding the percentage of titratable acidity, an interval from 1.47 to 2.49 was presented
(Table 4), showing significant differences (P<0.05) between the treatments without mulch,
compared to treatments with mulch, as these did not present differences between them.
Despite this, all the values were higher than those found by Medeiros ez al. (2018) and
Manikharda ez al. (2018) for eight genotypes of C. baccatum var. pendulum and at three
stages of maturity of a C. frutescens genotype.

The maturity index showed significant differences (P<0.05), with T3 standing out at a
higher value of 50.7% compared to T6 (Table 4) both with the lowest level of water
availability.

Significant differences of (P<0.05) were found in the CY of dried fruit and HI (Table 5).
The CY values in T4 and T5 were reduced by more than 50% compared to T1 and T2
respectively; similarly, the NCFP decreased by 33.8% (T4) and 55.5% (T5) compared
to T1 and T2. This effect was attributable to plastic mulch as T1-T4 and T2-T5 were
subjected to the same level of soil moisture (Table 1). Values of CY were directly affected
by HI, concurring with what was reported by Quintal ez 2/ (2012) and Inzunza ez al.
(2017) who mention that water stress in chile plants decreases yield by 30 to 70 %,
reporting the highest yield with greater water availability and with the use of mulch in
Habanero chile (Capsicum chinense Jacq.) and tomato (Solanum lycopersicum).

Table 4. Chemical characteristics of Huacle chile fruits.

Total Soluble Titrable Acidi .
pH Solids (*Brix) %) v Maturity Index
T1 5.28a 153a 1.90 bc 8.18b
T2 525a 13.6 ab 1.83 bc 7.69 b
T3 5.18a 15.3a 1.47 c 10.41 a
T4 5.28a 11.6 be 1.62 cd 7.27b
T5 5.30a 12.3 be 2.49 a 5.03 c
T6 523a 11.3 ¢ 2.15b 5.28 ¢

Means with different letters in the column present a significant difference (Tukey, 0.05).

Source: self-elaborated.
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Table 5. Commercial yield, HI and physical characteristics of dried commercial fruits of Huacle chile at 120 dat.

cy NCED Fruit
(g plant?) HI Length Width Weight DWEF
NSF
(cm) (cm) (g (g
T1 67.8a 13.0 a 3.22a 6.62a 4.0a 5.20 a 171 a 1.23a
T2 59.8 ab 12.6a 3.53a 6.03 ab 3.7 ab 4.74 a 152 ab 1.27a
T3 42.6 abc 11.5ab 3.40 a 5.37 bed 3.4b 3.71b 116b 0.76 b
T4 30.8 bc 8.6 ¢ 1.78 ¢ 5.80 abc 33b 3.58b 109 b 0.57b
T5 13.0 ¢ 5.6d 2.20 bc 5.01 cd 34b 2.19 be 129 ab 0.70 b
T6 24.1 ¢ 10.5 bc 2.97 ab 452d 33b 230 ¢ 113 b 0.72b

Means with different letters in the column present a significant difference (Tukey, 0.05); CY: commercial yield; NCFP: number
of commercial fruits per plant; HI: harvest index; NSF: number of seeds per fruit; DWF: weight of seeds per fruit.
Source: self-elaborated.

T1 presented the longest and widest fruit. Despite this, fruit size decreased approximately
50% compared to the measurements described by Garcia ez al. (2017), who report an
average of 10 cm long and 8 cm wide. This effect for Capsicuum, is attributed by Rao ez al.
(2016) to water availability, which affects cell elongation and division.

The dry weight of the fruit was affected by the use of plastic mulch, the weight of the fruit
obtained from T1 exceeding that of T4, both with the same water level, showing a value
similar to that reported by San Juan ez /. (2019), when evaluating the concentration of
nutrient solutions for the same crop. However, the increase in water stress caused a 28.6%
decrease in the accumulation of dry matter in the fruit, comparing T1 and T3 (Table 5).
Likewise, the values shown in Table 5 for NSF and DWF show that these parameters
are more influenced by the level of water stress than by the type of mulch, presenting
significant differences (P<0.05) for T1 and T2 compared to the rest of the treatments. In
this regard, Tran and Murakami (2015) mention that exposure of the genus Capsicum to
high temperatures affects the weight, size and number of seeds per fruit.

CONCLUSIONS

The combination of plastic mulch and greater soil moisture generated a positive effect by
increasing the number of buds by 57%, flowers by 83%, fruits by 45%, the dry weight
of leaves by 41.9%, the dry weight of fruit by 50.6%, the leaf area and the leaf area index
by 47%, compared to the rest of the treatments. Water stress influenced the variables in
terms of plant height, stem diameter, stem dry weight and fruit length, with T1 and T4
showing the highest values.

The dry weight of commercial fruit seems to be influenced by the plastic mulch because
T1, T2 and T3 presented statistically higher values with respect to the treatments without
mulch. Likewise, the presence of mulch in T1 and T2 promoted an increase in commercial
yield, number of commercial fruits per plant and harvest index compared to T4 and T5
respectively. However, considering the same variables T3 and T6 did not manifest this
behavior.
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From 30 to 60 dat, all treatments presented higher values for net assimilation rate and
relative growth rate (0.11 g cm*d™! and 0.13 g g' d), later they manifested declining
behavior in terms of crop development, while absolute growth rate manifested opposite
behavior, presenting the highest value (2.72 g d') during the period from 90 to 120 dat.

REFERENCES

Aguilar A, Visquez MA, Katz E, Herndndez MR. 2018. Los chiles que le dan sabor al mundo: contribu-
ciones multidisciplinarias. Xalapa, Veracruz, México: Universidad Veracruzana, Direccién Editorial;
Marsella, Francia: IDR Editions. 318 p-

Aguilar G, Vézquez EG, Castro R, Cruz E, Jarquin R. 2019. Germinacién de cultivares de frijol con ca-
racteristicas fisicas contrastantes bajo condiciones de estrés osmético. Revista de Ciencias Agricolas,
10(2):239-251. doi:10.29312/remexca.v10i2.720

Aguilar VH, Corona T, Lépez P, Latournerie L, Ramirez M, Villalén H, Aguilar JA. 2010. Los chiles de
México y su distribucién. SINAREFI, Colegio de Postgraduados, INIFAP, IT-Conkal, UANL, UAN.
Montecillo, Texcoco, Estado de México. https://www.researchgate.net/publication/235657255_
Los_chiles_de_Mexico_y_su_distribucion. 114 p.

Alemdn RD, Dominguez J, Rodriguez Y, Soria S, Torres R, Vargas JC, Bravo C, Alba JL. 2018. Morpho-
physiological and productive indicators of the pepper planted in the greenhouse and in the open field
in the conditions of the Ecuadorian Amazon. Revista Centro Agricola, 45(1):14-23. https://www.re-
searchgate.net/publication/323596153_Indicadores_morfofisiologicos_y_productivos_del_pimien-
to_sembrado_en_invernadero_y_a_campo_abierto_en_las_condiciones_de_la_Amazonia_ecuato-
riana

Alvarez F, Pino M. 2018. Aspectos generales del manejo agronémico del pimiento en Chile. Boletin
INIA-Instituto de investigaciones Agropecuarias Ministerio de Agricultura, 360: 41-57. https://
biblioteca.inia.cl/handle/123456789/6651

Amador MD, Veldsquez R, Sinchez BI, Acosta E. 2014. Floracién y fructificacién de chile mirasol
(Capsicum annuum L.) con labranza reducida, labranza convencional o incorporacién de avena en
al suelo. Revista Mexicana de Ciencias Agricolas, 5(6):1001-1013. https://www.redalyc.org/articulo.
0a?id=263131532008

AOAC. 1990. AOAC Official Methods of Analysis. 15th Edition, Association of Official Analytical
Chemists, Arlington. 1970p.

Bahena G, Bustos AJ, Broa E, Jaime MA. 2012. Agronomic behavior of creole chili (Capsicum annuum
L.) in fertirrigation with plastic mulch and row cover in Xalostoc, Morelos. Ingenierfa Agricola y
Biosistemas, 4(1):19-24. doi: 10.5154/r.inagbi.2011.11.11014.

Baxevanou C, Bartzanas T, Constantinos K, Dimitrios F. 2008. Solar radiation distribution in a tunnel
greenhouse. Acta Horticultura, 801(801):855-862. doi: 10.17660 / ActaHortic.2008.801.100

Chaves NF, Gutiérrez MV. 2017. Crop physiological responses to high temperature stress. II Tolerance and
agronomic treatment. Agronomia Mesoamericana, 28(1): 255-271. doi:10.15517/am.v28i1.21904.

Cortés C, Rodriguez MN, Benavides A, Garcia JL, Tornero M, Sinchez P. 2016. Iodine increases the
growth and mineral concentration in sweet pepper seedlings. Agrociencia, 50(6):747-758. http://
www.scielo.org.mx/pdf/agro/v50n6/1405-3195-agro-50-06-00747.pdf

Cosgrove W, Rijisberman F. 2014. World water vision: making water everybody’s business. 2a ed. FAO,
Roma. 108p.

Cruz OR, Pérez A, Martinez GA, Morales I. 2018. Macro tunnels coverings and their effect on the nu-
traceutical properties of “chile de agua”. Revista Fitotecnia Mexicana, 41(4), 555-558. d0i:10.35196/
rfm.2018.4-A.555-558.

Dong R, Myong R, Sun C, Seung H, Je S, Hak K. 2014. Variability of soil water content, temperature,
and electrical conductivity in strawberry and tomato greenhouses in winter. Journal of Biosystems
Engineering, 39(1), 39-46. doi: 10.5307/JBE.2014.39.1.039.

Escalante L, Trejo R, Esquivel O, Arreola JG, Flores A. 2008. Comparacién de tasas fotosintéticas en
algunas plantas cultivadas y malezas. Revista Chapingo Serie Zonas Aridas, 2(2):165-172. www.
redalyc.org/articulo.oa?id=455545067006.

Figueroa IE, Martinez MT, Rodriguez JE, Cruz O, Beryl MT, Valle S, Ramirez S. P. 2015. Capacidad



ASyD 2022. DOL https://doi.org/10.22231/asyd.v19i4.1382
Articulo Cientifico

433

antioxidante en variedades de pimiento morrdén (Capsicum annuum L.). Interciencia, 40(10): 696-
703.  https://www.researchgate.net/publication/322198377_Capacidad_antioxidante_en_varieda-
des_de_pimiento_morron_Capsicum_annum_L

Flores B, Franco A, Herndndez J, Moreno S, Herndndez JL, Pinedo JM. 2018. Evaluacién fisicoquimica
y capacidad antioxidante de chiltepin silvestre de Nuevo Leén, México. Investigacién y Desarro-
llo en Ciencia y Tecnologia de Alimentos, 3:529-534. http://www.fcb.uanl.mx/IDCyTA/files/volu-
me3/4/9/88.pdf

Florido M, Bao L. 2014. Tolerancia a estrés por déficit hidrico en tomate (Solanum lycopersicum L.).
Cultivos Tropicales, 35(3): 70-88. http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0258-
59362014000300008&Ing=es&tlng=es

Garcia V, Gémez FC, Trejo LI, Baca GA, Garcia S. 2017. The Chilhuacle chili (Capicum annuum L.)
in Mexico: Description of the variety, its cultivation, and uses. International Journal of Agronomy,
2017, 1-13. doi: 10.1155/2017/5641680.

Garrido M, Silva P, Silva H, Mufioz R, Baginsky C, Acevedo E. 2013. Grain yield nine quinoa genotypes
(Chenopodium quinoa Willd) grown in Mediterranean environments differing in water availability.
IDESIA (Chile), 31(2): 69-76. https://www.researchgate.net/publication/255969255_Grain_yield_
of_nine_quinoa_genotypes_Chenopodium_quinoa_Willd_grown_in_Mediterranean_environ-
ments_differing_in_water_availability

Herndndez A, Torres V, Garcfa JC, Ibarra L. 2021. Efectos del color del acolchado plistico en la pro-
duccién del melén: dos ciclos. Ecosistemas y Recursos Agropecuarios, 8(1): €2758.doi: 10.19136/
era.a8nl.2758

Hunt R. 1978. Plant Grow Analysis. Estudies in Biology No.96 Edward Arnold, London, 67 p.

Inzunza MA, Cataldn EA, Villa M, Lépez R, Sifuentes E. 2017. Tomato response to types of mulch
and drip irrigation levels. Revista Fitotecnia Mexicana, 40(1): 9-16. https://www.researchgate.net/
publication/316853100_Tomato_response_to_types_of_plastic_mulch_and_drip_irrigation_levels

Inzunza MA, Villa M, Cataldn EA, Romdn A. 2010. Nutrient extraction and yield of jalapefio pepper
under mulch plastic and irrigation levels. Terra Latinoamericana, 28(3):211-218. http://www.scielo.
org.mx/pdf/tl/v28n3/v28n3a3.pdf

Kaur S, Ghai N, Jindal SK. 2017. Improvement of growth characteristics and fruit set in bell pepper
(Capsicum annuum L.) Through IAA application. Indian Journal of Plant Physiology, 22(2): 213-
220. doi: 10.1007/s40502-017-0293-0

Lépez, P, Rodriguez, R., y Bravo, E. 2016. Impacto econémico del chile huacle (Capsicum annuum L.)
en el estado de Oaxaca. Revista Mexicana de Agronegocios, 38:317-328. https://www.redalyc.org/
jatsRepo/141/14146082010/html/index.html

Lépez R, Inzunza MA, Sdnchez I, Fierro A, Sifuentes E. 2015. Water use efficiency and productivity
of habanero pepper (Capsicum chinense Jacq.) based on two transplanting dates. Water Science and
Technology, 71(6):885-891. doi:10.2166/wst.2015.040.

Lorenzo P. 2012. El cultivo en invernaderos y su relacién con el clima. Cuadernos de estudios
agroalimentarios, 3:  23-44.  chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/viewer.
heml?pdfurl=https%3A%2F%2Fwww.publicacionescajamar.es%2Fpublicacionescajamar%?2
Fpublic%2Fpdf%2Fpublicaciones-periodicas%2Fcuadernos-de-estudios-agroalimentarios-
cea%2F3%2F3-536.pdf&clen=1940832&chunk=true.

Manikharda, Takahashi M, Arakaki M, Yonamine K, Hashimoto F, Takara K, Wada K. 2018. Influence
of fruit ripening on color, organic acid contents, capsaicinoids, aroma compounds, and antioxi-
dant capacity of shimatogarashi (Capsicum frutescens). Journal of Oleo Science, 67(1):113-123. doi:
10.5650/jos.ess17156.

Martinez GA, Langlé LA, Urrestarazu M, EScamirosa C, Herndndez M, Morales 1. 2022. Efecto de la
densidad de plantacién y la poda en chile huacle en invernadero. IDESIA, 39(3): 69-74. http://
dx.doi.org/10.4067/50718-34292021000300069

Medeiros AM, Rodrigues R, Costa DV, Pimenta S, Olivera JG. 2018. Non-parametric indexes in selec-
ting hybrids of chili pepper. Horticultura brasileira, 36:27-32. doi: 10.1590/50102-053620180105.

Mendoza LG, Mendoza MR, Garcia O, Azuara E, Pazcual LA, Jiménez M. 2015. Physicochemical and
antioxidant properties of jalapefio pepper (Capsicum annuum var. annuum) during storage. Revista
Chapingo Serie Horticultura, 21(3): 229-241. doi: 10.5154/r.rchsh.2015.06.010.

Moreno L, Liz P. 2009. Respuesta de las plantas al estrés “por déficit hidrico. Una reisidon. Agronomia



ASyD 2022. DOL https://doi.org/10.22231/asyd.v19i4.1382
Articulo Cientifico

434

colombiana, 27(2):179-191. https://www.redalyc.org/articulo.0a?id=180316234006.

Paredes JR, Mendoza R, Pérez MA, Robledo V, Moreno S. 2018. Comportamiento agronédmico de eco-
tipos de chile piquin bajo cubiertas fotoselectivas. Ingenieria Agricola y Biosistemas, 11(1):53-67.
doi: 10.5154/r.inaghi.2018.05.011

Pliego L, Lépez J, Aragén E. 2013. Caracteristicas fisicas, nutricionales y capacidad germinativa de frijol
criollo bajo estrés hidrico. Revista Mexicana de Ciencias Agricolas, 4(6): 1197-1209. http://www.
scielo.org.mx/scielo.php?script=sci_arttext&pid=52007-0934201300100001 1 &Ing=es&tlng=es.

Quesada G. 2015. Produccién de chile dulce en invernadero bajo diferentes niveles de agotamiento en
la humedad del sustrato. Agronomia Costarricense, 39(1): 25-36. https://www.scielo.sa.cr/pdf/ac/
v39n1/a02v39nl.pdf

Quezada MR, Munguia, J, Ibarra, L, Arellano, MA, Valdez LA, Cedeno B. 2011. Physiology and yield of
bell pepper grown in different colored plastic mulch. Terra Latinoamericana, 29(4):421-430. https://
www.researchgate.net/publication/320611236_Physiology_and_Yield_of_Bell_Pepper_Grown_in_
Different_Colored_Plastic_Mulch

Quintal WC, Pérez A, Latournerie L, May C, Ruiz E, Martinez AJ. 2012. Water use, water potential and
yield of habanero pepper (Capsicum chinense Jacq.). Revista Fitotecnia Mexicana, 35(2):155-160.
hteps://www.researchgate.net/publication/298422121_Water_use_water_potential_and_yield_of_
habanero_pepper_Capsicum_chinense_Jacq

Ramchiary N, Kole C. (eds). 2019. The Capsicum genome. New York: Springer. doi: 10.1007/978-3-
319-97217-6. 232p.

Ramos BI, Martinez GA, Morales I, Escamirosa C, Pérez A. 2017. Consumo de agua y rendimiento de
tomate de cdscara bajo diferentes cubiertas de invernaderos. Horticultura brasileira, 35:265-270.
d0i:10.1590/50102-053620170218.

Rao NK, Srinivasa, NK, Shivashankara KS, Laxman RH. (eds). 2016. Abiotic Stress Physiology of Hor-
ticultural Crops. New York: Springer. 368p. doi: 10.1007/978-81-322-2725-0.

Rodriguez A, Posadas A, Quiroz R. 2014. Yield and nutrient uptake in sweet potato plants grown
with salt and water stress. Revista Chapingo Serie Horticultura, 20(1): 19-28. doi: 10.5154/r.
rchsh.2013.01.001.

Sanjuan J, Martinez V. 2022. ;En peligro de extincién! El chile huacle: ingrediene principal del mole ne-
gro oaxaquefio. Hypatia, 69 https://www.revistahypatia.org/en-peligro-de-extincion-el-chile-huacle-
ingrediente-principal-del-mole-negro-oaxaqueno.html

Sanjuan J, Ortiz YD, Aquino T, Cruz S. 2020. Seed and seedling quality of three chilis (Capsicum
annuum L.) native to Oaxaca, Mexico. Ciéncia Rural, 50(9): €¢20190921. doi: 10.1590/0103-
8478cr20190921.

San Juan ], Aquino T, Ortiz YD, Cruz I. 2019. Caracteristicas de fruto y semilla de chile huacle
(Capsicum annuum L.) producido en hidroponfa. IDESIA, 37(2): 87-94. doi: 10.4067/S0718-
34292019000200087.

SAS. User’s guide, SAS/ETS 9.1. SAS Institute Inc. Cary, NC, USA, 2004. 2426p.

Sezen, SM, Yazar A, Tekin S. 2019. Physiological response of red pepper to different irrigation regimes
under drip irrigation in the Mediterranean region of Turkey. Scientia Horticulturae, 245: 280-288.
doi: 10.1016/j.scienta.2018.10.037.

Steiner AA. 1984. The universal nutrient solution. /n: Proceeding of the 6th International Congress on
Soilless Culture. International Society for Soilless Culture. Wageningen, The Netherlands. pp:633-
649.

Tran T, Murakami K. 2015. Effect of high temperature on fruit productivity and seed-set of sweet pepper
(Capsicum annuum L.) in the field condition. Journal of Agricultural Science and Technology A and
B & Hue University Journal of Science, 5 (2015): 515-520. doi: 10.17265/2161-6256/2015.12.010.

Urbina E, Cuevas A, Reyes JC, Alejo G, Valdez LA, Vizquez LM. 2020. Solucién nutritiva adicionada
con NH,* para produccién hidropénica de chile huacle (Capsicum annuum L.). Revista Fitotecnia
Mexicana, 43(3):291-298. di0:10.35196/rfm.2020.3.291.

Villalobos VM, Avila F, Garcia M. (eds) 2017. El agua para la agricultura de las Americas. IICA, Colegio
de Postgraduados: Fundacién COLPOS.152p.

Yin L, Xing W, Juan Z, Mao Z, Qiang P. 2011. Response of hot pepper (Capsicum annuum L.) to mul-
ching practices under planted greenhouse condition. Agricultural Water Management, 99(1): 111-
120. doi: 10.1016/j.agwat.2011.07.010.



ASyD 2022. DO https://doi.org/10.22231/asyd.v19i4.1382
Articulo Cientifico 435

Zermefio A, Marroquin JA, Melendres Al, Ramirez H, Cadena M, Campos SA. 2019. Propiedades
espectrales de la cubierta de macro ttneles y su relacién y rendimiento del chile poblano (Capsicum
annuum L.). Terra Latinoamérica, 37(3):253-260. doi: https://doi.org/10.28940/terra.v37i3.473.



