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Abstract: Under a global warming scenario, it is important to adopt practices that favor soil water
conservation, such as plant intercropping systems and the use of plastic mulching. The objective of
this study was to determine how microenvironment, morphology, productivity and quality of jalapeño
peppers were affected by corn intercropping and the use of plastic mulching. Two experiments were
conducted during 2015 and 2016 in the Valley of Mexicali, Mexico, a region characterized by its
extreme aridity, soil salinity, hot temperatures and high radiation during the summer. Four treatments
were tested: jalapeño peppers grown on bare soil (BS); on bare soil intercropped with corn (BS+IC); on
plastic mulch (PMu); and on plastic mulch intercropped with corn (PMu+IC). The response variables
measured were yield, fruit quality attributes, microclimatic variables, and morphology of the pepper
crop. PMu treatment produced the tallest pepper plants and yields, while the BS+IC treatment
produced the smallest plants and the lowest yields. A possible explanation for the higher biomass
and crop yield of the PMu treatment is the lack of competition from corn and the effect of plastic
mulching in reducing soil salinity. It is concluded that competition from corn on jalapeño pepper
dramatically affected the pepper’s productivity, particularly under high soil salinity and extremely
high temperature conditions.

Keywords: global warming; climate change; soil salinity; shading; corn; plant competence

1. Introduction

The southwest of the United States and northwest Mexico are among the most extreme climatic
regions in the world, and models predict that climatic conditions will become even hotter and drier in
the future [1,2]. Among the most concerning consequences of global warming are the negative effects
on crop production, key for human subsistence [3–5]. Lobell and Ortiz-Monasterio (2007) [6] predicted
that an increase of 1 ◦C in maximum temperatures in the valley of Mexicali (in Baja California, Mexico)
would have a greater effect on wheat (Triticum aestivum L.) yields (−5.1%) than an increase in minimum
temperatures (−1.8%). These model-based predictions seem to have become reality, and wheat yields
in the region have decreased from 6.5 t ha−1 produced until one decade ago, to less than 6.0 t ha−1

produced during the last five to six years. In relation to global warming and related heath stress in
plants, López-Marín et al. (2011) [7] pointed out that heat and light stresses inflicted a physiological
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disorder on various crops grown in warm or semi-arid climates in Spain and proposed shading as a
means to alleviate these effects. In this regard, intercropping systems can provide shading and thus
create a more suitable microenvironment for the shorter crop´s canopy [5].

Intercropping is defined as a strategy of growing two or more crops in the same field at the
same time [8]. Intercropping has been long known to have several advantages, such as land use
efficiency, extended cropping season and longer soil protection from sun, rain and weeds. This system
provides an opportunity for a greater variety of crops that can be grown and to produce higher yields
when the system´s productivity is assessed as a whole [9]. More recently, intercropping has been
proposed as a tool to adapt to climate change [10,11] and as a system that favors sustainability [12,13].
However, intercropping does not always have positive effects on one or both crops grown, since the
effect of shading within the intercropping systems can have varying effects on the yield of the shaded
crop. For example, morphological changes in soybeans due to shading include changes in internode
length, plant height, leaf size, and branching [5,14,15]. Ramamurthy et al. (1993) [16] found that
intercropping pepper with finger millet (Eleusine coracana) reduced pepper yields by 88% compared
with pepper grown as monocrop. It was suggested that shading of the pepper plants by the finger
millet was an important cause for the pepper´s yield reduction. Similarly, a negative effect of shading
by intercropped corn on the yield of soybeans (Glycine max) was observed by Liu et al. (2017) [17].
It should be noted that in the present study, intercropping was examined as a tool to alleviate heath
stress of the shorter crop (the crop of interest), instead of for its documented ability to increase land
use efficiency.

On the other hand, while Duchene et al. (2017) [12] recognized that competition was almost
unavoidable within plant species grown in intercropped systems, this competition is characterized
as a complex interaction that would not necessarily hurt the species in system. To explain this effect,
they suggested that the species that is being shaded could suffer from lower quantity and quality
of the incident light (as pointed by Liu et al., 2017 [17]) but, at the same time, could benefit from
cooler canopy and soil temperatures, increased soil microbial activity, water availability, and nutrient
uptake. The final result of intercropping depends on the morphological and physiological adaptations
of the species in the system. Duchene et al. (2017) [12] supports early conclusions by Mead and Riley
(1981) [9] in that intercropping systems can produce very different results in different regions, due to
the complex interactions caused by differences in the species selection, particular ecological conditions
and prevailing management practices.

In a global warming scenario, it is important to adopt practices that favor water conservation for
transpiration, which is a key mechanism for plant cooling and wellbeing. Plastic mulches are used
in agriculture as a tool for water conservation [18–20]. Zhang et al. (2017b) [21] found that topsoil
temperature was significantly (p < 0.05) higher in field plots with plastic film mulch than the control,
and resulted in greater soil water storage up to 40 days after planting. Díaz-Pérez (2010) [22] found that
microenvironment, physiology and yields of bell peppers were influenced by different color plastic
mulches. It is of interest to examine the combined effects of intercropping and mulching in northwest
Mexico´s highly productive crop production systems, which are characterized by intensive input use,
but with low use efficiency [23]. Intercropping systems are not commonly utilized in northwest Mexico,
one region where the effects of global warming in crop production are already having a negative
impact. The objective of this study was to assess how microenvironment, morphology, productivity
and quality of jalapeño peppers are affected by intercropping with corn and plastic mulching.

2. Materials and Methods

2.1. Site Description

Two experiments were conducted during the spring of 2015 and 2016 at the experimental field of
the Instituto de Ciencias Agrícolas, Universidad Autónoma de Baja California (ICA-UABC), at Ejido
Nuevo León, Mexicali, B.C., Mexico (lat. 32◦ 24′ 26.38” N, long. 115◦ 11′ 55.43” W, elevation 14 m a.s.l.).
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The region is characterized by desertic very arid, with extremes ranging over 14 ◦ C (BW (e’)) [24]. The
mean annual temperature is 22.3 ◦C, but can range from as high as 50 ◦C during the summer, to as low
as −7 ◦C during the winter. Mean annual precipitation is only 58 mm. The soil is classified as Aquic
haplotorrert Smectitic, Hyperthermic, Haplic Vertisol (calcaric, Endogleyic), with a pH of 7.8.

2.2. Crop Management

Two irrigation polyethylene drip tapes with drippers (1 L h−1 per emitter), placed every 40 cm
were laid on raised beds of 0.8 m width with beds spaced at 1.6 m. Jalapeño peppers (Capsicum annuum
L.) (Colima ACX 117) (Abbott & Cobb, Inc.) were transplanted on 10 and 11 March 2015 and 2016,
respectively. Transplanting was made on double rows per bed, with 40 cm spacing between plants
within the same row. Corn cultivar XR66 (Ceres, Semillas de Mexico) was used for intercropping
in both years. In both years, the fertilization for all treatments consisted of 250-85-100 kg ha−1 of
nitrogen (N), phosphorus (P2O5), and potassium (K2O), using urea (46-00-00), ammonium sulfate
(21-00-00), monoammonium phosphate (11-52-00), and potassium nitrate (13-00-46) as commercial
fertilizer sources. The fertilization was applied weekly through drip irrigation and was equally split
during the growing season of the peppers. Irrigation events were applied differentiating among
mulched and non-mulched treatments based on soil water availability, when soil water tension reached
25 kPa, as indicated by tensiometers that were placed at a depth of 30 cm in the soil profile. The
tensiometers were distributed across the entire experimental area. During the study, pests Diabrotica
spp. and Mysus persicae (Sulzer) were present and controlled with Bifentrin (18.48%) + Imidacloprid
(53.70%) and zeta-cypermethrin + bifenthrin, using recommended doses.

2.3. Treatments Description

Four treatments were tested: jalapeño peppers grown on bare soil (BS), jalapeño peppers grown on
bare soil intercropped with corn (BS+IC), jalapeño peppers grown on plastic mulch (PMu), and jalapeño
peppers grown on plastic mulch intercropped with corn (PMu+IC). In PMu and PMu+IC treatments,
white plastic mulch was used in 2015 and transparent plastic mulch in 2016. For intercropped
treatments (BS+IC and PMu+IC), corn was planted the same day the peppers were transplanted. In
treatments with intercropping, the corn plants were alternated with pepper plants within rows, i.e.,
within each row there was a corn plant between each pepper plant. Pepper plant density per unit area
was the same in all four treatments (a mean of 3.12 plants per m2). Because of the switch of plastic
mulch colors from one year to the other, data was analyzed for each of the two years independently.
The treatment design in both years was a completely randomized design with four replications.

2.4. Response Variables

The response variables measured in the study were the pepper yield, fruit number, pepper quality
(capsaicin concentration, pericarp wall thickness, firmness of the fruits, and color attributes (L*, a*, b*,
Chroma and Hue)), microclimatic variables affecting the peppers (photosynthetically active radiation
(PAR), temperature, and relative humidity), and morphology (height of the plants, leaf area (LA),
specific leaf area (SLA), leaves dry weight (LDW), stems dry weight (SDW), fruit dry weight (FDW),
and total plant dry weight (TDW)). When reached physiological maturity (green stage), fruit peppers
were harvested at 72, 79, and 87 days after transplanting (DAT) in 2015 (on 21 and 28 May, and 5 June)
and at 75, 85, and 92 DAT in 2016 (on 25 May, and 4 and 11 June). At each of these harvest dates, yield
and number of fruits were estimated, and four fruits were randomly selected to determine chemical and
quality attributes. The capsaicin concentration was measured according to Davis et al. (2007) [25]. The
pericarp wall thickness was measured with a digital Vernier. The firmness of the fruits was measured
in Newtons (N) using a texturometer Chatillon (AMETEK, Inc., Berwyn, PA, USA). Fruit skin color
attributes (L*, a*, b*, Chroma and Hue) were measured with spectrophotometry, using a X-Rite SP-62
model (Metrolab Internacional, Co. Monterrey Mexico). Photosynthetic active radiation (PAR) was
measured on 12 May and 2 June 2015, and on 27 April and 13 May 2016, using a Watch Dog sensor
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(Spectrum Technologies’ LightScout, IL, USA) which was located 20 cm above the pepper canopy.
The temperature and relative humidity were measured at the pepper canopy height on 16 April and
12 May 2016, using a digital thermohygrometer CEM DT-172 (Twin Light Instruments, Monterrey,
Mexico). Plant height was measured 8 times during the season in both years. Final measurements
occurred at 86 and 90 DAT, in 2015 and 2016, respectively. The LA was measured with a leaf area
meter (LI-3100 Area Meter, NE, USA), and the SLA was measured according to Hunt (2002) [26]. To
determine LDW, SDW, and FDW, the different plant parts (leaves, stems and fruits) were dried in a
forced-air drying oven at 60 ◦C for 48 h. All the morphology variables were measured 3 times per year
in both years, but only the final values measured 98 DAT in both years are reported.

2.5. Experimental Design and Analyses

Data were analyzed by individual years (due to switching mulch colors from year to year), using
MINITB14®. Although all response variables were measured varying number of times during the
growing cycle in both years, since no consistent effects were found by dates, yields and fruit number
are reported as the sum of all sampling dates; pepper quality attributes are reported as the mean of all
sampling dates; and pepper plant morphology characteristics are reported only from the final date
of measurements. When statistical differences were detected by analyses of variance (ANOVA), the
Tukey test was used to compare differences among treatment means. The probability level to declare
differences among treatments means was equal or lower than 0.05.

3. Results

3.1. Yield and Fruit Number

Pepper yields were significantly (p < 0.05) affected by the treatments in both years (Table 1). The
BS and PMu treatments did not significantly differ from each other (p < 0.05) and were higher than the
treatments with intercropping, which were not significantly different from each other (p > 0.05). Across
years, mean yields were 11.3, 5.1, 13.0, and 4.6 Mg ha−1 for treatments BS, BS+IC, PMu, and PMu+IC,
respectively. Treatments without intercropping had yields that were 2.5 times higher than the treatments
with intercropping. The fruit number in both years was significantly (p < 0.05) different among treatments
(Table 1), with the treatments without intercropping having a higher number of fruits.

Table 1. Jalapeño pepper yields, fruit number, capsaicin concentration, pericarp thickness and fruit
firmness as affected by plastic mulch and intercropping, during two growing seasons.

Trt. † Total Yield
(Mg ha−1)

Total Fruit
Number (m2)

Capsaicin
(g kg FW ¥)

Pericarp
Thickness

(mm)
Firmness (N)

Season 2015

BS 10.7 a ‡ 56.3 a 1.1 3.6 75.4
BS + IC 4.6 b 21.8 b 0.9 3.4 78.0

PMu 12.1 a 62.3 a 1.0 3.4 67.7
PMu + IC 4.4 b 15.7 b 1.0 3.4 81.2

p-value 0.005 0.007 0.431 0.422 0.331

Season 2016

BS 11.8 a 65.6 a 3.0 63.8 a
BS + IC 5.6 b 28.4 b 3.3 36.6 c

PMu 13.9 a 73.4 a 3.4 50.3 a
PMu + IC 4.7 b 33.7 b 3.1 47.4 b

p-value 0.001 0.001 0.788 0.028
† Peppers grown on bare soil (BS), on bare soil intercropped with corn (BS+IC), on plastic mulch (PMu), and
on plastic mulch intercropped with corn (PMu+IC); ‡ numbers followed by different letters within a column are
significantly different among treatments (Tukey: p < 0.05); ¥ Fresh weight.
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3.2. Pepper Quality Variables

Capsaicin concentration was determined only in 2015 and was not significantly (p > 0.05) different
across treatments (Table 1). In 2015 or 2016, the pericarp wall thickness was not significantly different
across treatments (p > 0.05) (Table 1). Fruit firmness was significantly different (p < 0.05) only in
2016, with non-intercropping treatments being higher than treatments with intercropping. Fruit color
attributes L*, a*, b*, Chroma, or Hue were not affected (p > 0.05) by the treatments in either year
(Table 2).

Table 2. Jalapeño pepper color variables (L*, a*, b*, Chroma, and Hue) as affected by mulching and
intercropping, during two growing seasons.

Trt. † L* a* b* Chroma Hue

Season 2015

BS 36.4 −9.4 18.7 21.0 116.8
BS+IC 38.5 −9.8 22.6 24.8 114.7
PMu 37.6 −9.9 20.7 23.0 116.3

PMu+IC 37.0 −9.9 20.9 26.6 116.0
p-value 0.67 0.47 0.328 0.431 0.47

Season 2016

BS† 34.8 −9.5 21.6 23.1 115.9
BS+IC 36.3 −10.0 21.2 24.5 116.2
PMu 35.9 −9.7 19.5 23.3 117.5

PMu+IC 35.4 −10.3 22.6 24.2 114.6
p-value 0.604 0.385 0.709 0.671 0.704

† Peppers grown on bare soil (BS), on bare soil intercropped with corn (BS+IC), on plastic mulch (PMu), and on
plastic mulch intercropped with corn (PMu+IC).

3.3. Microclimatic Variables on the Pepper Crop

Intercropping of corn in pepper caused microclimatic conditions in the jalapeño pepper plants’
environment. The PAR measurements collected on 12 May and 2 June 2015, and 27 April and 13
May 2016, consistently showed a PAR reduction in pepper plants that grew under intercropping,
compared with those that grew without intercropping (under full sunlight) (Figure 1). In the
two sampling dates of 2015, PAR on the intercropped treatments (from 07:00 to 19:00) averaged
151 µmol m−2 s−1 and 380 µmol m−2 s−1, compared with 787 µmol m−2 s−1 and 1162 µmol m−2 s−1,
on full sunlight pepper treatments, respectively. In 2016, corresponding PAR mean values
were of 360 µmol m−2 s−1 and 266 µmol m−2 s−1, on the shaded pepper plants, compared with
916 µmol m−2 s−1 and 1147 µmol m−2 s−1, on full sunlight pepper plants for the two sampling dates,
respectively. Temperature at the pepper canopy level also decreased in intercropped treatments compared
with treatments without intercropping (Figure 2). Maximum temperatures at noon recorded on 16 April
and 12 May 2016 were 62 and 65.5 ◦C, respectively, for pepper as monocrop, while temperatures at the
same hour in the pepper canopy under intercrop were 34.9 and 37.3 ◦C, representing differences of 27.1
and 28.2 ◦C, respectively.
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intercropping, during 2015 and 2016.
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3.4. Pepper Plant Morphology

In 2015, pepper plant height was significantly (p > 0.05) affected by treatments (Table 3). The
treatment PMu produced significantly (p < 0.05) taller pepper plants than the rest of the treatments. In
2016, plant height was again significantly (p < 0.05) affected by the treatments (Table 3). BS and PMu+IC
produced shorter pepper plants than BS+IC or PMu, which performed similarly (p > 0.05) and produced
the tallest pepper plants. In 2015, treatments significantly (p < 0.05) affected LA, with PMu treatment
having higher LA than the rest of the treatments. The opposite was recorded for treatment BS+IC, which
recorded the lowest LA. In 2016 again, treatments were significantly different (p < 0.05) among treatments.
Once again, PMu had substantially higher LA than the rest of the treatments and BS+IC the lowest. The
difference between PMu and BS+IC was 6.2-fold. SLA was not significantly (p > 0.05) different in either
of the years. Mean LDW both in 2015 and 2016 was significantly (p < 0.05) different among treatments,
with PMu treatment recording heavier leaves than the rest of the treatments (Table 3). In contrast, BS+IC
consistently recorded the lightest leaves, while BS and PMu+IC were intermediate. The mean SDW
was significantly (p < 0.05) different among treatments in both years, with PMu treatment recording the
heaviest stems than any of the other treatments, while the opposite was recorded for treatment BS+IC,
which had the lightest stems (Table 3). The mean FDW was different (p < 0.05) among treatments in both
years (Table 3). Just as observed with most other plant morphology variables, treatment PMu produced
the heaviest fruits and BS+IC the lightest. Consequently, the TDW was significantly (p < 0.05) different
among treatment means in both years (Table 3). The recorded TDW was much higher for PMu treatment
than any other treatment.



Agronomy 2018, 8, 307 8 of 15

Table 3. Jalapeño pepper height, leaf area (LA), specific leaf area (SLA), leaves dry weight (LDW), stems dry weight (SDW), fruit dry weight (FDW), and total dry
weight (TDW) as affected by mulching and intercropping, during two growing seasons.

Treatment † Height
(cm) LA (cm2) SLA (cm2 g−1) LDW (g) SDW (g) FDW (g) TDW (g)

Season 2015

BS 41.7 b ‡ 1229.0 b 100.3 12.3 b 16.5 ab 26.3 ab 55.0 b
BS+IC 37.1 b 470.8 b 99.1 4.8 b 6.0 b 9.0 b 19.8 b
PMu 52.9 a 4094.7 a 123.2 33.3 a 24.5 a 67.3 a 125.0 a

PMu+IC 40.9 b 1773.0 b 169.8 10.5 b 10.8 ab 25.3 ab 46.5 b
p-value <0.001 0.009 0.352 0.006 0.032 0.048 0.004

Season 2016

BS 53.0 b 1128.2 bc 92.2 12.2 b 17.5 ab 28.6 b 58.3 b
BS+IC 65.4 a 619.8 c 111.6 5.6 c 7.6 c 12.7 c 25.8 c
PMu 63.1 a 3854.4 a 136.7 28.2 a 25.8 a 67.2 a 121.2 a

PMu+IC 51.9 b 1694.6 b 116.3 14.6 b 12.2 b 29.2 b 56.1 b
p-value <0.001 0.004 0.457 0.018 0.039 0.027 0.002

† Peppers grown on bare soil (BS), on bare soil intercropped with corn (BS+IC), on plastic mulch (PMu), and on plastic mulch intercropped with corn (PMu+IC); ‡ numbers followed by
different letters within a column are significantly different (Tukey: p < 0.05).
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4. Discussion

Climatic conditions occurring during both years indicate that the pepper plants’ physiology and
yields, quality and morphology were probably affected, since temperatures over 40 ◦C occurred during
the last 30 days of the peppers’ growing season in both years (Figure 3). Early reports [27] indicate
that air temperature thresholds for causing sunburn injury in cucumbers and peppers are 38 to 40 ◦C
and 40.5 to 42.5 ◦C, respectively. These authors suggested that sunburn occurs when photosynthesis is
disturbed by excessive heat, so that light energy is redirected into damaging light-dependent processes.
In 2015, 1575 growing degree days were recorded, while in 2016, 1515 growing degree days occurred.
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Figure 3. Actual maximum and minimum daily air temperatures with cumulative growing degree
days, during experiments in 2015 (A) and 2016 (B).

4.1. Yield and Fruit Number

Ghanbari et al. (2010) [28] concluded that intercropping in Iran achieved the highest light
interception, soil moisture, soil temperature and yield, compared to sole crops. Furthermore,
microclimatic variation exerted by intercropping caused favorable environmental conditions,
conducive for growth and high yield compared to sole crops. Although the intercropped corn provided
shade for the pepper plants (Figure 2), protecting the plants from stress associated with excessive
solar radiation and temperature and, in theory, supporting yields, this did not occur in our study
possibly due to an overriding effect of competition for light, and possibly nutrients, water, space, and
other resources. Yang et al. (2017) [29] reported that in a corn–soybean intercropping system, the
corn aggressively competed with soybeans and depressed the soybeans yields. Díaz-Pérez (2013) [30]
concluded that high shading levels (by shading nets) on bell peppers reduced leaf temperature and
excessive transpiration, but resulted in reduced leaf photosynthesis. Similarly, Ramamurthy et al.
(1993) [16] concluded that intercropping pepper with the cereal finger millet (Eleusine coracana L. Gaertn)
reduced pepper yield by as much as 88%, compared with pepper as monocrop. It was hypothesized
that shading of the pepper plants by the finger millet was a factor in pepper yield reduction. Liu et al.
(2017) [17] reported that positive morphological changes of soybeans growing in intercropping with
corn were not able to compensate for the effect of reduced leaf area (due to smaller leaf size and less
branching) and total light interception, leading to reduced soybeans biomass and grain production.
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Among competition-free treatments (BS and PMu), consistent with previous research carried
out on potato [31], the application of plastic mulch increased the yield in PMu in both years. Plastic
mulching is reported to reduce soil salinity [32–34]. A soil analysis of the experimental area from the
previous growing season showed an electric conductivity of 5.44 dS/m. Aragüés et al. (2014) [32]
found that soil electrical conductivity, chloride and sodium adsorption ratio values were much lower
in mulched treatments than in bare soil treatments due to reduced evaporation losses and related
decreases in salt concentrations. In Iran, Sedaghati et al. (2016) [33] reported that the use of plastic
mulch decreased the soil surface salinity, compared to treatments without plastic mulching. Similarly in
China, Zhao et al. (2016) [34] found that soil salinity was always higher under bare ground than under
plastic mulch. In this study, the competition caused by corn intercropping in addition to the likely soil
salinity effect in non-mulched treatments represented strong limiting factors for pepper production.
While our mean yields ranged across years from 4.5 to 13 t ha−1 (PMu+IC and PMu, respectively),
the mean yields in coastal municipalities of Baja California are reported to be 25.6 t ha−1 [35]. The
mean jalapeño pepper yields for the same year (2013) for one of the most emblematic Mexican jalapeño
producers, Chihuahua, was 33.2 t ha-1 [35]. Inzunza-Ibarra et al. (2007) [36] reported jalapeño pepper
yields in Durango ranging from 28.9 to 56.4 t ha−1. Thus, as observed by the large gap between our
yields and other comparable reports, jalapeño peppers in our study evidently were under severe stress
conditions imposed by high temperatures occurring toward the end of the experiment (Figure 3), the
competition caused by intercropping, by soil salinity, and their concomitant negative effects.

4.2. Pepper Quality Variables

Although no statistical differences (p > 0.05) were detected among treatments, in general, absolute
capsaicin concentration levels corresponded with yields, with intercropping treatments having lower
capsaicin concentrations. In agreement with results reported by Álvarez-Solís et al. (2016) [37], no
significant (p < 0.05) effect on capsaicin concentration was found due to intercropping jalapeño peppers
with onion (Allium cepa L.), reporting values of 0.31 mg g−1. Pinedo-Guerrero et al. (2017) [38] found
capsaicin levels of 170 to 270 mg kg-1 (equal to 0.17 to 0.27 mg g−1). Jalapeño pepper capsaicin
concentration levels, similar or higher that those reported in the present study were reported by
Victoria-Campos et al. (2015) [39], who found capsaicin concentrations of 0.87 mg kg-1 for fresh
green jalapeño peppers, but values as high as 2.32 mg kg−1 for grilled green peppers. The pepper
fruit firmness in this study was very high, as compared with that reported by Cervantes-Paz et al.
(2014) [40], who found a value of 43.9 N for brown peppers. When comparing the color attributes, it
can be concluded that the peppers in our study looked attractive, since they were lighter (L*), greener
(a*) and yellower (b*), than the color attributes reported in other papers. Mendoza-Sánchez et al.
(2015) [41] reported color values for L*, a*, b*, Chroma and Hue of jalapeño peppers, after zero days
of storage of 28.1, −8.9, 10.3, 12.9, and 46.1, respectively. Villarreal-Alba et al. (2004) [42] reported
values ranging from 0.52 to 4.11 for L*, from −0.17 to −5.18 for a*, and from 0.61 to 4.42 for b*, across
treatments of temperature and time of exposure to temperatures.

4.3. Microclimatic Variables

Such large PAR reductions in the intercropped treatments clearly affected photosynthesis and
thus fruit yields and plant size characteristics. Díaz-Pérez (2013) [30] applied five shading treatment
levels—0% (full sunlight), 30%, 47%, 62%, and 80%—representing about 2000, 1500, 1000, 750, and
300 µmol m−2 s−1, with net photosynthesis about 100%, 100%, 88%, 72%, and 48%, respectively. Thus,
net photosynthesis was 100% at around 2000 and 1500 µmol m−2 s−1, 88% with 1000 µmol m−2 s−1,
72% with 750 µmol m−2 s−1, and only 48% with 300 µmol m−2 s−1. Furthermore, Gong et al. (2015) [14]
suggested that photosynthesis in the shaded species in the intercrop system (soybeans) was light
deficient when PAR was lower than 500 µmol m−2 s−1. Thus, since in this study the overall PAR
mean value of the intercropped treatments was less than 300 µmol m−2 s−1, it can be concluded that
photosynthesis was inhibited by a deficit of PAR, caused by corn shading to pepper plants in the
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intercropped treatments. Ghanbari et al. (2010) [28] suggested that soil temperature, which is closely
related with air temperature, depended on plant cover. They found that the highest soil temperature
was observed in corn monocrop, intermediate in cowpea–corn intercropping, and the lowest in sole
cowpea. Relative humidity measurements were collected on the same dates as temperatures (16 April
and 12 May 2016) and found that plants grown with intercropping had about 20 and 30% higher
relative humidity than plants without intercropping, respectively (Figure 4).
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4.4. Pepper Plant Morphology

In our study, the PMu, a monocrop unshaded treatment, produced the tallest pepper plants, in
contrast to several research reports which suggest that one of the morphological adaptations of shaded
plants in intercropping systems is stem elongation. Díaz-Pérez (2013) [30] found a positive linear
relation between plant height and shading level; plants growing without shading measured 90 cm,
while 80% shading produced plants with an average of about 100 cm. Similar results for plant height
were reported by Morano et al. (2017) [43], who also found that the stem thickness and plant leaf
area showed opposite trends. Liu et al. (2017) [17] measured the morphological changes on soybeans
when grown as monocrop or in two intercropping systems and found that soybean plant height in
the two intercropping treatments was 51% higher than that in the monoculture. Similarly, Gong et al.
(2015) [14] tested two soybean varieties grown as monocrop and soybeans–corn intercrop. They found
that both varieties had longer, but slimmer main stems in shade-grown soybeans than in monocrop. A
possible explanation for our shaded pepper plants not being taller than the non-shaded treatments
is that shaded pepper plants were only gradually shaded as the corn grew over time, and not from
the beginning of the jalapeños’ growing season. Furthermore, it is worthwhile to bear in mind that
stem elongation, if the result of a light deficit, can cause the phenomenon of etiolation, which is a
physiological disorder that can lead to plant death and null or severely decreased productivity. Plants
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in PMu treatment were not etiolated, but large and healthy, as demonstrated by consistently recording
greater plant growth characteristics (LA, SLA, LDW, SDW, FDW, and TDW).

A possible explanation for the greater plant size attributes and crop yield of the PMu treatment
may be due to both lack of competition and, possibly, the effect of plastic mulching in reducing soil
salinity. Baath et al. (2017) [44] found that pepper plant heights significantly decreased with increasing
irrigation water salinity 70 days after emergence. In research on small fruit pepper [45], the plant size
increased up to 3.8–4.1 dS m−1 electric conductivity (EC) of irrigation water, depending on the crop
season. Also, soil salinity significantly reduced rapeseed (Brassica napus L.) plant height [46]. Similarly,
Qados (2011) [47] found that salinity caused an increase in bean plant (Vicia faba L.) height with low and
medium concentrations and a decrease with the highest concentration. The other mulched treatment,
PMu+IC, possibly failed to grow and to yield as much as PMu due to the competition with corn.
The BS treatment likely did not benefit from reduced soil salinity by plastic mulching, but had no
competition with corn. The BS plants were relatively small, evidencing some form of stress, but gave
no significantly different yields than those of the PMu treatment. The BS+IC treatment produced
smaller pepper plants compared to the mulched sole crop, due to the higher salinity plus competence
with corn. Additionally, this treatment experienced the high temperatures occurring toward the end of
the two seasons.

5. Conclusions

In conclusion, far from protecting the pepper crop, corn is an aggressive competitor and therefore
not suitable for intercropping in the already stressed environment of northwest Mexico. However, it
may be worthwhile to test other crops grown in the region that may compete less aggressively with
the main high-value crop. More research is needed to find sound strategies to reduce heath stress in
vegetable crops grown in northwest Mexico, especially under a worsening of climatic conditions posed
by climate change and soil salinity.
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Yield of Sweet Pepper Grown with and without Plastic Film Mulching under Different Water Supply and
Weather Conditions. Agric. Water Manag. 2017, 188, 91–100. [CrossRef]

20. Zhang, P.; Wei, T.; Cai, T.; Ali, S.; Han, Q.; Ren, X.; Jia, Z. Plastic-Film Mulching for Enhanced Water-Use
Efficiency and Economic Returns from Maize Fields in Semiarid China. Front. Plant Sci. 2017, 8, 512.
[CrossRef] [PubMed]

21. Zhang, G.; Liu, C.; Xiao, C.; Xie, R.; Ming, B.; Hou, P.; Liu, G.; Xu, W.; Shen, D.; Wang, K. Optimizing Water
Use Efficiency and Economic Return of Super High Yield Spring Maize under Drip Irrigation and Plastic
Mulching in Arid Areas of China. Field Crop. Res. 2017, 211, 137–146. [CrossRef]

22. Díaz-Pérez, J.C. Bell Pepper (Capsicum Annum L.) Grown on Plastic Film Mulches: Effects on Crop
Microenvironment, Physiological Attributes, and Fruit Yield. HortScience 2010, 45, 1196–1204.

23. Ortiz-Monasterio, R.; Sayre, K.D.; Rajaram, S.; McMahon, M. Genetic Progress in Wheat Yield and Nitrogen
Use Efficiency under Four Nitrogen Rates. Crop Sci. 1997, 37, 898–904. [CrossRef]

24. García Amaro, E.; Modificaciones Al Sistema de Clasificación Climática de Köppen 2004. Modificaciones al
sistema de clasificación climática de köppen—SIBE. Available online: http://bibliotecasibe.ecosur.mx/sibe/
book/000005735 (accessed on 12 December 2018).

25. Davis, C.B.; Markey, C.E.; Busch, M.A.; Busch, K.W. Determination of Capsaicinoids in Habanero Peppers by
Chemometric Analysis of UV Spectral Data. J. Agric. Food Chem. 2007, 55, 5925–5933. [CrossRef] [PubMed]

26. Hunt, R.; Causton, D.R.; Shipley, B.; Askew, A.P. A Modern Tool for Classical Plant Growth Analysis. Ann.
Bot. 2002, 90, 485–488. [CrossRef] [PubMed]

27. Rabinowitch, H.D.; Ben-David, B.; Friedmann, M. Light Is Essential for Sunscald Induction in Cucumber
and Pepper Fruits, Whereas Heat Conditioning Provides Protection. Sci. Hortic. 1986, 29, 21–29. [CrossRef]

28. Ghanbari, A.; Dahmardeh, M.; Siahsar, B.A.; Ramroudi, M. Effect of Maize (Zea mays L.)-Cowpea
(Vigna unguiculata L.) Intercropping on Light Distribution, Soil Temperature and Soil Moisture in Arid
Environment. J. Food Agric. Environ. 2010, 8, 102–108.

http://dx.doi.org/10.2307/2981827
http://dx.doi.org/10.1007/s10113-017-1131-7
http://dx.doi.org/10.3390/agriculture6030034
http://dx.doi.org/10.1016/j.agee.2017.02.019
http://dx.doi.org/10.21273/HORTTECH.3.2.178
http://dx.doi.org/10.1007/s11099-015-0103-8
http://dx.doi.org/10.1614/WS-D-10-00159.1
http://dx.doi.org/10.1016/j.fcr.2016.10.003
http://dx.doi.org/10.21273/HORTTECH.3.1.35
http://dx.doi.org/10.1016/j.agwat.2017.04.006
http://dx.doi.org/10.3389/fpls.2017.00512
http://www.ncbi.nlm.nih.gov/pubmed/28428798
http://dx.doi.org/10.1016/j.fcr.2017.05.026
http://dx.doi.org/10.2135/cropsci1997.0011183X003700030033x
http://bibliotecasibe.ecosur.mx/sibe/book/000005735
http://bibliotecasibe.ecosur.mx/sibe/book/000005735
http://dx.doi.org/10.1021/jf070413k
http://www.ncbi.nlm.nih.gov/pubmed/17608494
http://dx.doi.org/10.1093/aob/mcf214
http://www.ncbi.nlm.nih.gov/pubmed/12324272
http://dx.doi.org/10.1016/0304-4238(86)90027-0


Agronomy 2018, 8, 307 14 of 15

29. Yang, X.; Lu, Y.; Ding, Y.; Yin, X.; Raza, S.; Tong, Y. Optimising Nitrogen Fertilisation: A Key to Improving
Nitrogen-Use Efficiency and Minimising Nitrate Leaching Losses in an Intensive Wheat/Maize Rotation
(2008–2014). Field Crop. Res. 2017, 206, 1–10. [CrossRef]

30. Díaz-Pérez, J.C. Bell Pepper (Capsicum annum L.) Crop as Affected by Shade Level: Microenvironment, Plant
Growth, Leaf Gas Exchange, and Leaf Mineral Nutrient Concentration. HortScience 2013, 48, 175–182.

31. Caruso, G.; Carputo, D.; Conti, S.; Borrelli, C.; Maddaluno, P.; Frusciante, L. Effect of mulching and plant
density on out-of-season organic potato growth, yield and quality. Adv. Hortic. Sci. 2013, 27, 115–121.

32. Aragüés, R.; Medina, E.T.; Clavería, I. Effectiveness of Inorganic and Organic Mulching for Soil Salinity and
Sodicity Control in a Grapevine Orchard Drip-Irrigated with Moderately Saline Waters. Span. J. Agric. Res.
2014, 12, 501–508. [CrossRef]

33. Sedaghati, N.; Alizadeh, A.; Ansari, H.; Hosseinifard, S.J. Study of Changes in Soil Moisture and Salinity
under Plastic Mulch and Drip Irrigation in Pistachio Trees. J. Nuts 2016, 7, 21–33.

34. Zhao, Y.; Li, Y.; Wang, J.; Pang, H.; Li, Y. Buried Straw Layer plus Plastic Mulching Reduces Soil Salinity and
Increases Sunflower Yield in Saline Soils. Soil Tillage Res. 2016, 155, 363–370. [CrossRef]

35. Sistema de Información Agroalimentaria y Pesquera. Anuario Estadístico de la Información Agrícola. 2011.
Available online: http://infosiap.siap.gob.mx:8080/agricola_siap_gobmx/ResumenProducto.do (accessed
on 30 September 2017).

36. Inzunza Ibarra, M.A.; Mendoza Moreno, S.F.; Catalán Valencia, E.A.; Villa Castorena, M.M.; Sánchez Cohen, I.;
Román López, A. Productividad Del Chile Jalapeño En Condiciones de Riego Por Goteo y Acolchado Plástico.
Rev. Fitotec. Mex. 2007, 30, 429–436.

37. Álvarez-Solís, J.D.; Mendoza-Núñez, J.A.; León-Martínez, N.S.; Castellanos-Albores, J.; Gutiérrez-Miceli, F.A.
Effect of Bokashi and Vermicompost Leachate on Yield and Quality of Pepper (Capsicum annuum) and Onion
(Allium cepa) under Monoculture and Intercropping Cultures. Cienc. Investig. Agrar. 2016, 43, 243–252.

38. Pinedo-Guerrero, Z.H.; Hernández-Fuentes, A.D.; Ortega-Ortiz, H.; Benavides-Mendoza, A.; Cadenas-Pliego, G.
Cu Nanoparticles in Hydrogels of Chitosan-PVA Affects the Characteristics of Post-Harvest and Bioactive
Compounds of Jalapeño Pepper. Molecules 2017, 22, 926. [CrossRef] [PubMed]

39. Victoria-Campos, C.I.; de Jesús Ornelas-Paz, J.; Ramos-Aguilar, O.P.; Failla, M.L.; Chitchumroonchokchai, C.;
Ibarra-Junquera, V.; Pérez-Martínez, J.D. The Effect of Ripening, Heat Processing and Frozen Storage on the
in Vitro Bioaccessibility of Capsaicin and Dihydrocapsaicin from Jalapeño Peppers in Absence and Presence
of Two Dietary Fat Types. Food Chem. 2015, 181, 325–332. [CrossRef] [PubMed]

40. Cervantes-Paz, B.; Yahia, E.M.; de Jesús Ornelas-Paz, J.; Victoria-Campos, C.I.; Ibarra-Junquera, V.;
Pérez-Martínez, J.D.; Escalante-Minakata, P. Antioxidant Activity and Content of Chlorophylls and
Carotenoids in Raw and Heat-Processed Jalapeño Peppers at Intermediate Stages of Ripening. Food Chem.
2014, 146, 188–196. [CrossRef] [PubMed]

41. Mendoza-Sánchez, L.G.; Mendoza-López, M.R.; García-Barradas, O.; Azuara-Nieto, E.; Pascual-Pineda, L.A.;
Jiménez-Fernández, M. Physicochemical and Antioxidant Properties of Jalapeño Pepper (Capsicum Annuum
Var. Annuum) during Storage. Rev. Chapingo Ser. Hortic. 2015, 21, 229–241.

42. Villarreal-Alba, E.G.; Contreras-Esquivel, J.C.; Aguilar-González, C.N.; Reyes-Vega, M.L. Pectinesterase
Activity and the Texture of Jalapeno Pepper. Eur. Food Res. Technol. 2004, 218, 164–166. [CrossRef]

43. Morano, G.; Amalfitano, C.; Sellitto, M.; Cuciniello, A.; Maiello, R.; Caruso, G. Effects of nutritive solution
electrical conductivity and plant density on growth, yield and quality of sweet basil grown in gullies by
subirrigation. Adv. Hortic. Sci. 2017, 31, 25–30.

44. Baath, G.S.; Shukla, M.K.; Bosland, P.W.; Steiner, R.L.; Walker, S.J. Irrigation Water Salinity Influences at
Various Growth Stages of Capsicum Annuum. Agric. Water Manag. 2017, 179, 246–253. [CrossRef]

45. Amalfitano, C.; Del Vacchio, L.; Somma, S.; Cuciniello, A.; Caruso, G. Effects of cultural cycle and nutrient
solution electrical conductivity on plant growth, yield and fruit quality of “Friariello” pepper grown in
hydroponics. Hortic. Sci. 2017, 44, 91–98.

http://dx.doi.org/10.1016/j.fcr.2017.02.016
http://dx.doi.org/10.5424/sjar/2014122-5466
http://dx.doi.org/10.1016/j.still.2015.08.019
http://infosiap.siap.gob.mx:8080/agricola_siap_gobmx/ResumenProducto.do
http://dx.doi.org/10.3390/molecules22060926
http://www.ncbi.nlm.nih.gov/pubmed/28574445
http://dx.doi.org/10.1016/j.foodchem.2015.02.119
http://www.ncbi.nlm.nih.gov/pubmed/25794757
http://dx.doi.org/10.1016/j.foodchem.2013.09.060
http://www.ncbi.nlm.nih.gov/pubmed/24176331
http://dx.doi.org/10.1007/s00217-003-0812-2
http://dx.doi.org/10.1016/j.agwat.2016.05.028


Agronomy 2018, 8, 307 15 of 15

46. Rameeh, V.; Gerami, M. Soil Salinity Effects on Phenological Traits, Plant Height and Seed Yield in Rapeseed
Genotypes. Soil Sci. Annu. 2015, 66, 17–20. [CrossRef]

47. Qados, A.M.A. Effect of Salt Stress on Plant Growth and Metabolism of Bean Plant Vicia faba (L.). J. Saudi Soc.
Agric. Sci. 2011, 10, 7–15.

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1515/ssa-2015-0014
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Site Description 
	Crop Management 
	Treatments Description 
	Response Variables 
	Experimental Design and Analyses 

	Results 
	Yield and Fruit Number 
	Pepper Quality Variables 
	Microclimatic Variables on the Pepper Crop 
	Pepper Plant Morphology 

	Discussion 
	Yield and Fruit Number 
	Pepper Quality Variables 
	Microclimatic Variables 
	Pepper Plant Morphology 

	Conclusions 
	References

