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ABSTRACT

The cultivation of zucchini (Cucurbita pepo L.) under protected conditions has limitations, such as low fruit set
due to poor pollination, which affects the commercial yield and crop profitability. This research was carried
out to assess the influence of earthworm humus (HL) and naphthaleneacetic acid (ANA) on the growth and
yield of two zucchini cultivars in shade houses. A randomized block experimental design with eight treatments
and 10 repetitions was used. The treatments influenced plant height, leaf area index, stem dry weight, leaf
dry weight, plant dry weight, and fruit set; However, there were no differences because of the treatments in
stem diameter, leaf greenness, and number of leaves. With the HMX58 cultivar, the highest plant height was
obtained: while because of the Prestige cultivar, the highest index of leaf area, dry weight of leaves, and dry
weight of the whole plant. The highest yield was obtained with the HMX58+LC treatment, while the fruit
set and the number of fruits increased because of earthworm humus. The diameter and weight of the fruit
increased because of ANA in both cultivars and the length of the fruit in the Prestige cultivar.

Keywords: Cucurbita pepo L.; dry weight; fruit length; fruit set; protected agriculture.

INTRODUCTION

The utilization of composts and worm castings is a cultural and ecological practice
that improves the conditions of agricultural soils (Villegas-Cornelio and Laines, 2016)
and induces an increase in the commercial yield of crops (De la Cruz-Lézaro et al., 2009;
Blouin et al., 2019).

Besides containing essential nutrients for plants, worm castings have a positive
effect on the porosity, aeration, and soil water retention capacity, contributing to the
maintenance and development of microflora and microfauna, increasing the availability
and root’s nutrients assimilation (Aremu et al., 2015; Zanor et al., 2018). They stimulate
soil biochemical reactions that promote the emergence, flowering, and fruiting of plants
(Ramos et al., 2019; Steften ez al., 2019), since they produce substances with phytohormonal

effects (Dominguez et al., 2010), such as indoleacetic acid, gibberellic acid, and kinetin
(Ravindran et al., 2016).
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Phytohormones present in worm castings play an important role in regulating various
plant growth processes (Zhang et al., 2015; Wong et al., 2020). Auxins promote cell
elongation, inhibit primary root growth, mediate the response to tropisms, repress organ
abscission, and induce floral and fruit development; Gibberellins regulate plant growth,
seed germination, stem elongation, reserves mobilization, as well as their floral and
fruit development; and cytokinins stimulate cell division, activate bud sprouting, induce
organogenesis and delay senescence (Jordan and Casaretto, 2006).

The exogenous application of plant growth regulators depends on several factors
such as the plant genotype, growing season, type of regulator, and applied concentration
(Tantasawat et al., 2015). Some have been widely used on vegetables, to improve fruit
setting and increase production, such as indoleacetic acid (Montano-Mata and Méndez-
Natera, 2009), gibberellic acid (Pichardo-Gonzdlez et al., 2018), naphthaleneacetic
acid (Soriano-Melgar et al., 2020; Sedighehsadat ez al., 2021), f-naphthoxyacetic acid
(Martinez ¢t al., 2016) and forchlorfenuron (CPPU) (Rueda-Luna ¢f al., 2018). In this sense,
naphthaleneacetic acid has been widely used in melons (Barzegar et al., 2015; Menchaca-
Ceja et al., 2018), however, its effect on zucchini is scarcely known.

Regarding cucurbit cultivation in Mexico, zucchini (Cucurbita pepo) occupies the third
place in economic importance (3,386 million pesos, MXN), preceded by the cucumber
(Cucumis sativus) and watermelon (Citrullus lanatus). The states of Sonora and Puebla occupy
first and second place in cultivated zucchini areas, with 6,200 and 3,889 ha, respectively.
The third, Sinaloa has a 2,426 ha planted area, second place in production (78,215 t), and
first place in yield (32.28 t ha_l), 40% above the national average (SIAP, 2021).

However, staking cucurbit cultivation in protected conditions, regardless of using specific
techniques to improve zucchini production, is scarcely researched in Mexico. Therefore,
the objective of this research was to evaluate the effect of applying worm castings to soil
and naphthaleneacetic acid via foliar spraying on the growth and yield of zucchini under

shaded housing conditions.

MATERIALS AND METHODS

The experiment took place within a crop protection structure, shade house type,
at the experimental field of the Facultad de Agronomia of the Universidad Auténoma
de Sinaloa, located at 24° 48° 30” NL, 107° 24’ 30” WL, 38.54 m altitude. The soil
analysis, carried out before cultivation indicated that the soil had a clay texture and low
organic matter content (Table 1). Culiacdn, Sinaloa, has a BS1(h”)w(w)(e) climate: very
warm semi-dry, extreme with summer rains, with less than five percent partial winter
precipitation regarding the annual total (Garcia, 2004). The mean temperature (21.9 °C)
and relative humidity (69.5%) were recorded using thermohygrometers (DT171, Twilight)
during the crop cycle (11/16/2019 to 03/04/2020), these were within optimal ranges (18
to 24 °C and 65 to 80% relative humidity) for zucchini cultivation (Molinar et al., 1999;
Cortés, 2003).

The soil was prepared and beds were formed 1.8 m apart from each other, to half of
which worm castings were applied (Table 1). Subsequently, double irrigation tape and

white/black coextruded polyethylene mulch were placed on top of each bed. Sowing was
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Table 1. Physicochemical and microbiological characteristics of the soil and worm castings.

Analysis Floor Ea;:ll::lml:):m
pH 1:1 (H,0) 7.85 5.98
CE@dSm™ 0.58 7.75
PS (%) 79 96
Physical parameters: MO (%) Walkley-Black 1.21 26.49
Sand (%) 21 77
Silt (%) 20 16
Clay (%) 59 7
Na*t (Ac. NH4 pH 7) 2.2 0.91
) . K* (Ac. NH4 pH 7) 0.22 2.11
Cations: (cmol+ kg™ ) o
Ca”™ (Ac. NH4 pH 7) 2.32 43.16
Mg** (Ac. NH4 pH 7) 0.78 13.57
N-NOj (Brusina) 0.97 3.4
Anions: (mg kg™") P-PO, (Bray I) 0.06 0.29
S-SO?™ (Turbidimeter) 0.12 50.43
Aerobic bacteria (BK) 266 667 3400 000
Phytobeneficial: Anaerobic bacteria (BK) 116 667 913 333
(ufe g™" o propdgulos g ™) Bacillus sp. (BK) 943 333 1 666 667
Actinomycetes (AN) 100 000 233 333

conducted in 128-cavity polystyrene trays filled with peat (Brown 025W, Kekkila). The
transplant took place on November 16, 2019, in an 11,820 plants per hectare density.

The Steiner (1984) solution at 50% was supplied for crop nutrition, from the transplant
until the first flower anthesis, the complete solution was added later. Irrigation was applied
when the tensiometers (2725ARL, Soil Moisture Equipment) placed at 0.30 m depth of the
soil indicated moisture tensions from 20 to 25 kPa.

A randomized block experimental design with a 2AX2BX2C factorial arrangement
was used, with eight treatments and 10 repetitions. Factor A corresponded to zucchini:
Prestige cultivar, of the “green zucchini” type, and HMX586429 (HMX58), of the “gray
zucchini” type. Factor B corresponded to the worm humus (WH) applied to the soil at a
rate of 0 and 10 t ha™'. Factor C was naphthaleneacetic acid (ANA), sprayed at 0 and 50.
mg L™! doses.

The treatments (interaction AXBXC): Prestige+worm castings+naphthaleneacetic
acid (T1=Prestige+ WH+ANA), Prestige+worm castings (T2=Prestige+WH),
Prestige + naphthaleneacetic  acid  (T'3=Prestige+ANA), Prestige (T4=Prestige),
HMX586429+worm castings+naphthaleneacetic acid (T5=HMX58+WH+ANA),
HMX586429+worm castings (T6=HMX58+WH), HMX586429+naphthalenecacetic
acid (T7=HMX58+ANA) and HMX586429 (T8=HMXJ58) were established with ten

repetitions in a 250 m” experimental area, with three plants as a useful plot.
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The evaluated growth variables were: plant height (PH), with a measuring tape; stem
diameter (SD), using a digital vernier (6MP, Truper); number of leaves per plant (LN); foliar
greenness index (FG), with a portable chlorophyll meter (SPAD 502, Minolta), leaf arca
index (LIA) in leaf area m? per soil surface m?, obtained by dividing the foliar area per each

plant occupied surface (0.81 m?), each leaf foliar area was estimated with the equation:
FA=4.77+(0.61x width?),

following Rouphael et al. (2006). The stem dry weight (SDW), leaves (LDW), and plant
(PDW), obtained at the end of the crop cycle (109 days after transplanting), were also
evaluated with a precision balance (CP622, Sartorius), after drying the plant material in
an electric oven (292, Felisa) at 70 °C until constant weight.

Regarding zucchini production, the fruits were collected between 5 and 7 days after
anthesis and the number of fruits (NF) per plant was counted, with which the following was
determined:

ber of fruits with length = 127
Percentage of fruit setting|:FS(%)=(num A 2 mm) X 100];

number of female flowers

fruit diameter (FD) and length (FL), using a digital vernier (6MP, Truper); fruit weight
(FW), with a precision scale (CP622, Sartorius), yield (Molinar et al., 1999; USDA, 2016)
and fruit lag.

The obtained data were assessed with an analysis of variance and Tukey’s multiple
means comparisons test (p=<0.05) using version 7.0 STATISTICA statistical analysis
software (StatSoft, 2004).

RESULTS AND DISCUSSION

Plant height was only affected by the cultivar factor (Table 2) since HMX58 exceeded
(p=0.05) the plant height of the Prestige cultivar by 53.6%. This obtained plant height
concurs with Romdn-Roman et al. (2022), who also observed greater height in HMX58
cultivar plants, compared to those of the Prestige cultivar. Dasgan and Bozkoylu (2007),
Diaz et al. (2016) and Ayala-Tafoya et al. (2020) recorded heights of 210.9 to 288.3, 76,
and 53.2 cm, under greenhouse environments, in ‘Alata Yesil’, ‘Spineless Perfection’ and
‘Obsession’ pumpkin plants, respectively. All of this coincides with Loy (2004), who points
out the considerable morpho-physiological variation between pumpkins (Cucurbita spp.)
and even between same species cultivars.

The cultivar factor also significantly influenced (p=<0.05) the stem diameter and leaf
greenness (SPAD); although in both cases, without statistical differences (p=<0.05) due to
the effect of the treatments. The stem diameter and leaf greenness index, observed during
the evaluation period, indicate adequate plant vigor (Mendoza et al., 1998; Swiader and
Moore 2002; Garcia-Bafiuelos et al., 2016) and concur with that reported on both variables
by Ayala-Tafoya et al. (2020) and Roman-Romadn et al. (2022).
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Likewise, neither the number of produced leaves per plant (62.9 to 67) during the
evaluation period nor the number of leaves (LN) that remained on the plants (22.7 to 26.3),
after five pruning (de-leafing), were significantly affected by the treatments (Table 2). To
avoid photosynthates loss in lower senescent leaves, reduce Oidium sp inoculum and the
immature Bemisia tabaci population (Roman-Roman et al., 2022), four to six leaves/plant
were pruned every 12 to 14 days, thereby maintaining a more or less constant leaf density
from 40 days after transplanting (dat) on, which is similar to the number of leaves (22 to 26)
reported by Monares-Gallardo et al. (2012) and Roman-Roman et al. (2022).

The leaf area index was significantly influenced by the cultivar and naphthaleneacetic
acid factors, as well as by the cultivar X WH interaction. The highest leaf area index was
obtained with the Prestige treatment plants, statistically equal to the response induced
by Prestige+WH, HMX58+WH, and Prestige+ANA, which exceeded from 41.2
(HMX58+ANA) to 118.2% (HMX58) that obtained in the rest of the treatments (Table
2). The leaf area index obtained with ‘Prestige’ is similar to that reported by Rouphael
and Colla (2005) in ‘Aphrodite’ zucchini plants in greenhouse conditions (LAI of 2.7 m”
m~ %) and Romdn-Roman et al. (2022) with the same cultivar. The observed differences
in the leaf area index also concur with Loy (2004), who reports considerable morpho-

physiological variation between Cucurbita pepo cultivars.

Table 2. Effect of worm castings (WH) and naphthalencetic acid (ANA) on height (PH), stem diameter (SD),
leaf greenness (I'G), leaf number (LN), and leaf area index (LAI). ) of plants of two zucchini cultivars under
shaded housing conditions.

Treatment AP DT VE NH E)AF_2
(cm) (mm) (SPAD) (m’ m?)

T1=Prestige + HL+ANA 92.1b° 14.6 a 52.8 a 23.9 a 1.5 be
T2=Prestige+HL 91.9b 15.0 a 52.7 a 244 a 2.0 ab
T3=Prestige + ANA 91.9b 14.8 a 54.4 a 24.3 a 1.8 ab
T4=Prestige 93.1b 14.7 a 52.2a 26.3a 24a
T5=HMX58+HL+ANA 139.0 a 13.4a 49.8 a 22.7 a 1.5 bc
T6=HMX58+HL 147.8 a 13.8a 50.6 a 26.0 a 2.0 ab
T7=HMX58+ANA 143.3 a 13.6 a 50.1 a 25.1a l.lc
T8=HMX58 136.5 a 14.0 a 52.1a 24.1a 1.7 be
DMSH 20.6 2.8 7.3 4.7 0.6
Significance
CULTIVATE otk * * ns ok
HL ns ns ns ns ns
ANA ns ns ns ns wokE
CULTIVATEXHL ns ns ns ns wk
CULTIVATEXANA ns ns ns ns ns
HLXANA ns ns ns ns ns

$ Means with equal letters are not statistically different (Tukey=<0.05). DMSH=honest least significant

difference; ns, *, **, *¥*: not significant at p=<0.05, significant at p<0.05, p<0.01 y p=<0.001.
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The leaf dry weight was significantly influenced by the cultivar and naphthaleneacetic
acid factors, as well as the interaction of these (Table 3). The Prestige cultivar plants
exceeded the dry weight of leaves of the HMX58 cultivar plants by 51.6%. The highest
dry weight of leaves was obtained in the Prestige treatment, without differences with
the Prestige+WH, but higher than 53.3 (Prestige+ANA) to 115.2% (HMX58+ANA)
than the dry weight of leaves induced by the rest of the treatments. Also, due to the
naphthaleneacetic acid application, the leaves dry weight decreased. The cultivar
factor affected the stem dry weight since this variable of the HMXJ58 cultivar exceeded
that of the Prestige cultivar by 22.1% (Table 3). The highest stem dry weight was
obtained with HMX58+LC, which exceeded that produced by Prestige+ANA and
Prestige + WH+ANA by 49.6 and 51.2%, but with no differences with the effect of the
rest of the treatments.

The cultivar and naphthaleneacetic acid factors affected the plant’s dry weight; since,
the Prestige cultivar exceeded that variable by 17.7% compared to the HMX58 cultivar,
and with the naphthaleneacetic acid application the dry weight per plant decreased by
14.5%. (Table 3). Thus, the Prestige treatment plants had the highest dry weight, although
it only exceeded that obtained in the HMX58+ANA, HMX58, and HMX58+WH+ANA
treatments, by 31.5 to 39.1%.

Table 3. Effect of worm castings (WH) and naphthaleneacetic acid (ANA) on
leaves dry (LDW), stem (SDW), and whole plant (PDW) weight of two zucchini

cultivars under shaded housing conditions.

Treatment PSH PST PSP
(8 (8 (®

T1=Prestige+HL+ANA 132.6 bc® 45.7b 364.7 abc
T2=Prestige+HL 175.0 ab 51.1ab 438.6 ab
T3=Prestige+ANA 135.2 be 46.2b 367.1 abc
T4=Prestige 207.2 a 56.3 ab 450.0 a
T5=HMX58+HL+ANA 99.2 ¢ 63.0 ab 342.0 be
T6=HMX58+HL 130.3 be 69.1 a 387.1 abc
T7=HMX58+ANA 96.8 ¢ 57.5 ab 323.5 ¢
T8=HMX58 102.5 ¢ 53.9 ab 324.1 ¢
DMSH 59.2 21.3 108.4
Significance
CULTIVATE ok ok ok
HL ns ns ns
ANA sokok ns ok
CULTIVATExXHL ns ns ns
CULTIVATE XANA * ns ns
HLXANA ns ns ns

¥ Means with equal letters are not statistically different (Tukey=0.05).
DMSH=honest least significant difference; ns, *, **, *¥*: not significant at p<0.05,
significant at p<0.05, p<0.01 y p<0.001.



AGRO PRODUCTIVIDAD 2023. https://doi.org/10.32854/agrop.v16i11.2726 89

The observed differences in dry weight production coincide with the morpho-
physiological variation between zucchini cultivars reported by Loy (2004). Furthermore,
the dominant force on the photosynthates demand exerted by the fruits, related to the
production capacity assimilated by the plant, can also regulate vegetative development
(Loy, 2004; Sedano-Castro et al., 2005; Luna et al., 2015; Orozco et al., 2016). This explains
the greater dry weight in the Prestige cultivar plants, compared to those from the HMX58
cultivar, which developed more fruits per plant (Table 4).

The fruit set was affected by the cultivar and worm castings factors since the plants of
the Prestige cultivar exceeded the fruit set of HMX58 by 34.8%, with the vermicompost
application, this increased by 22.6%. The interaction between cultivar and worm castings,
cultivar and naphthaleneacetic acid, or worm castings and naphthaleneacetic acid also
influenced this variable (Table 4). A higher percentage of fruit set was obtained with the
Prestige+ WH treatment, which exceeded that achieved with HMX58+ANA, HMX58,
and HMX58+WH+ANA, from 42.3 to 199.6%. The fruit set percentage obtained with
pumpkin plants managed without pollination (24.8 to 68.3%), concurs with the 38 to 82%
reported by Robinson and Reiners (1999), who point out that some cultivars’ ability to
produce fruits without pollination is fortuitous because they were not selected for that
characteristic. They also agree with Kurtar (2003), who obtained the highest fruit set
percentages in “green zucchini” type cultivars compared to other types of zucchini.
Overall, the obtained fruit setting result is close to the 49.3% fruit setting reported by
Pagoto et al. (2020) with ‘Antonella’ zucchini and is also in the range of 59.5 to 77.9% fruit
set of “Obsession’ zucchini reported by Ayala-Tafoya et al. (2020), or the 56% fruit set of
“Tosca’ squash without pollination described by Knapp and Osborne (2017).

The increase in fruit set achieved with the application of worm castings shows that
its soil application as a source of natural growth-promoting substances (Iritz et al., 2012;
Calvo et al., 2014; Aremu et al., 2015), can be useful to increase the concentrations of
endogenous phytohormones and promote zucchini fruit’s growth (Li ez al., 2002; 2005), in
the absence of pollinating insects.

The cultivar, worm castings, and naphthaleneacetic acid factors, and the interaction
between worm castings and naphthaleneacetic acid influenced the number of fruits
produced per plant (Table 4). The HMX58 cultivar produced 15.1% more fruits than the
Prestige cultivar, while worm castings application increased this variable by 10.7%. The
HMX58+WH treatment induced the highest fruits per plant number, with no difference
with the Prestige+WH response, which exceeded that induced by the rest of the treatments,
from 18.4 (HMX58) to 55.6% (Prestige+WH+ANA). The number of fruits per plant is
similar to research by Rodriguez-Dimas et al. (2007) and Ayala-Tafoya et al. (2020), who
report an increased number of fruits per plant as a consequence of soil application of worm
castings; from this practice, Mogollén et al. (2014) report increases in enzymatic activity
and edaphic respiration.

The monoesy of cucurbit plants requires the interaction with pollinating insects to
achieve fruit set and production (Vidal et al., 2010; Petersen et al., 2013), or performing
manual pollination to optimize the fruiting under conditions of mesh housing when bees

or bumblebees are not available (Romdn-Roman et al., 2022). However, Ayala-Tafoya et
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al. (2020) report that vermicompost application in zucchini cultivation induced fruit set.
Additionally, applications of organic fertilizer also promote an increase in the diameter,
length, and weight of fruit variables (Rodriguez-Dimas et al., 2007; Ayala-Tafoya et al.,
2020).

Fruit diameter was significantly influenced by all the main analyzed factors and
interactions (Table 4). The HMX58 cultivar reported a fruit diameter 15.7% larger than
that observed in the Prestige cultivar. The worm castings and naphthaleneacetic acid
application increased it by 6.4 and 9.9%, respectively. Therefore, the HMX58+WH,
HMX58+ANA, and HMX584+WH+ANA treatments induced a fruit diameter that
exceeded the effect of the other treatments, from 9.5 (Prestige+ANA) to 38.9% (Prestige).

All factors and interactions also influenced the fruit length variable, except for the
cultivar and worm castings interaction (Table 4). However, contrary to the fruit diameter, a
30.9% greater fruit length was recorded in the Prestige cultivar compared to the HMX58.
Likewise, with the worm castings and naphthaleneacetic acid application, fruit length
increased by 6.1 and 10.7%, respectively. The Prestige+ANA and Prestige+ WH+ANA
treatments had a fruit length that exceeded the effect caused by the other treatments,
between 9 (Prestige + LC) to 56.7% (HMX58).

Fruit weight was favored by the worm castings and naphthaleneacetic acid factors,
and by the cultivar and naphthaleneacetic acid, and between worm castings and

naphthaleneacetic acid interactions (Table 4). The application of worm castings also

Table 4. Effect of worm castings (WH) and naphthaleneacetic acid (ANA) on fruit set (FS), number (NF),
diameter (FD), length (FL), and fruit weight (FW) of two zucchini cultivars under shaded housing conditions.

] CF DF LF PF

Tratamiento (%) NF (mm) (mm) ()
T1=Prestige+ HL+ANA 52.1 ab® 26.8 ¢ 37.9 bc 187.4 a 202.6 a
T2=Prestige+HL 68.3 a 36.1 ab 352 cd 1719b 158.9 be
T3=Prestige + ANA 58.2 ab 28.4 de 38.8b 189.0 a 213.0a
T4=Prestige 57.8 ab 30.2 cde 31.9d 154.8 ¢ 120.6 ¢
T5=HMX58+HL+ANA 48.0b 32.7 bed 42.5a 137.8d 189.0 ab
T6=HMX58+HL 58.4 ab 41.7 a 443 a 141.3 cd 195.1 ab
T7=HMX58+ANA 442 b 30.2 cde 432 a 137.5d 197.1 ab
T8=HMX58 248 ¢ 35.2be 36.4 be 1206 € 119.7 ¢
DMSH 15.2 5.4 3.2 13.1 37.1
Significance
HL ksl dekeck seksk ksl eksk
ANA ns stk otk oot sotol
CULTIVATEXHL o ns * ns ns
CULTIVATEXANA * ns * ek *
HLXANA sl ok sl sl sl

¥ Means with equal letters are not statistically different (Tukey=<0.05). DMSH=honest least significant
difference; ns, *, **, *#*: not significant at p=<0.053, significant at p<0.05, p<0.01 y p=<0.001.
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promoted an increase in the fruit weight by 14.6%, naphthaleneacetic acid increased
it by 34.9%. The highest fruit weight was recorded in the Prestige+ANA and
Prestige+ WH+ANA treatments, whose average weight exceeded 68 to 77.9% obtained
in the Prestige+WH, Prestige, and HMX58 treatments; but, with no differences with
the other treatments’ effects.

ANA treatments promoted increasing fruit diameter, length, and weight in both
cultivars. Auxins promote cell enlargement, as a consequence of the plasticity of cell walls
increase (Jankiewics and Acosta-Zamudio, 2003; Ayala-Tafoya et al., 2012), and because
the tissues where auxins have a sufficiently high concentration become an attraction point
for nutrients and other hormonal substances such as gibberellins (Jankiewics and Acosta-
Zamudio, 2003).

The cultivar and worm castings factors, and the interactions between cultivar and
worm castings, worm castings, and naphthaleneacetic acid, had a significant effect
on the yield (Table 5). The HMX58 cultivar produced 54.2% more yield than the
Prestige cultivar, while with vermicompost it increased by 31.3%, compared to the non-
application of organic fertilizer. The highest yield was obtained with the HMX58+WH
treatment, which exceeded the yield achieved with the rest of the treatments, from 38.1
(HMX58+WH+ANA) to 183.2% (Prestige).

The yield with cultivar HMX58 and with the HMX58+WH treatment is similar to
that reported by Roman-Roman et al. (2022) for the same cultivar, with (79.7 t ha™")

Table 5. Effect of worm castings (WH) and naphthaleneacetic acid (ANA) on commercial yield and lagging
fruits of two zucchini cultivars under shade housing conditions.

R CF DF LF PF Yiel_t}
(%) (mm) (mm) (8) (tha™)

T1=Prestige+ HL+ANA 592.1 ab® 37.9 be 187.4 a 202.6 a 36.0 cd®
T2=Prestige+HL 68.3 a 35.2 cd 171.9b 158.9 be 50.0 be
T3=Prestige+ANA 58.2 ab 38.8b 189.0 a 213.0 a 44 .4 bed
T4="Prestige 57.8 ab 31.9d 154.8 ¢ 120.6 ¢ 29.7d
T5=HMX58+HL+ANA 48.0b 42.5a 137.8d 189.0 ab 60.9 b
T6=HMX58+HL 58.4 ab 44.3 a 141.3 cd 195.1 ab 84.1a
T7=HMX58+ANA 442b 43.2a 137.5d 197.1 ab 60.6 b
T8=HMX58 24.8 ¢ 36.4 be 120.6 ¢ 119.7 ¢ 413 cd
DMSH 15.2 3.2 13.1 37.1 16.1
Significance
HL skekesk skskesk skeksk skekesk skskesk
ANA ns skeskesk skekek skeksk ns
CULTIVATEXHL o * ns ns o
CULTIVATE XANA * * ok * ns
HLxANA skeskek stk ek sk sestesk

¥ Means with equal letters are not statistically different (Tukey=<0.05). DMSH honest least significant
difference; ns, *, **, *¥*: not significant at p=<0.053, significant at p<0.05, p<0.01 y p=<0.001.
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and without manual pollination (56.7 t ha_l). This indicates that besides the natural
parthenocarpy level of the cultivar, the yield was favored by the soil worm castings
application, since this, in addition to increasing nutrients like nitrogen, phosphorus,
potassium, calcium, magnesium, and microelements availability (Olivares-Campos et al.,
2012), provides active substances with phytohormonal effects (Dominguez et al., 2010;
Calvo et al., 2014; Aremu et al., 2015). These promote fruit growth (Rodriguez-Dimas ez
al., 2007; Ayala-Tafoya et al., 2020), and induce increased performance (Reyes-Pérez et
al., 2017, Ayala-Tafoya et al., 2020).

Ayala-Tafoya et al. (2020) discuss that auxins: 1-naphthaleneacetic acid (0.45%)+1-
naphthaleneacetamide (1.2%) increased the fruit set percentage, number of fruits per
plant, and yield in zucchini. In this case, naphthaleneacetic acid (ANA), even when
not improving the fruit set and number of fruits per plant, did promote zucchini yield
by increasing the diameter, length, and weight of their fruits. Montafilo and Méndez
(2009) and Ariza et al. (2015) mention that the naphthaleneacetic acid effect has been

detrimental to some crop’s yield.

CONCLUSIONS

Applying worm castings increases zucchini yield, fruit set percentage, and number of
fruits per plant. Due to the naphthaleneacetic acid effect, the diameter, length, and weight
of the fruit increased. The treatments did not influence the stem diameter, leaf greenness,
and number of leaves variables; In the Prestige cultivar, a higher leaf area index, the dry
weight of leaves and whole plant was obtained; while, with the HMXJ58 cultivar, greater
plant height was achieved.

REFERENCES

Aremu, A. O., Stirk, W.A., Kulkarni, M. G., Tarkowskd, D., Tureckovd, V., Gruz, J., Subrtovd, M., Pencik, A.,
Novik, O., Dolezal, K., Strnad, M., y Van, S. J. 2015. Evidence of phytohormones and phenolic acids
variability in garden-waste-derived vermicompost leachate, a well-known plant growth stimulant. Plant
Growth Regulation 75: 483-492. DOI: 10.1007/s10725-014-0011-0

Ariza, I. R., Barrios, A. A., Herrera, G. M., Barbosa, M. I., Michel, A. A., Otero, S. M. A., y Alia, T. I. 2015.
Fitohormonas y bioestimulantes para la floracién, produccién y calidad de lima mexicana de invierno.
Revista Mexicana de Ciencias Agricolas 6: 1653-1666.

Ayala-Tafoya, F., Lépez-Urquidez, G. A., Parra-Delgado, J. M., Retes-Manjarrez, J. E., Lépez-Orona, C.A.,
Yénez-Judrez, M. J. 2020. Vermicomposta, auxinas sintéticas y produccién de calabacita (Cucurbita
pepo L.) en invernadero. Terra Latinoamericana 38: 257-265. DOI: 10.28940/terra.v38i2.620

Barzegar, T., Eliyasi, M. M., Ghahremani, Z. 2015. Effect of foliar application of naphthalene acetic acid and
plant thinning on sugar contents of melon (Cucumis melo) fruit cv. Khatooni. franian Journal of Plant
Physiology 5: 1281-1287.

Blouin, M., Barrere, J., Meyer, N., Lartigue, S., Barot, S., Mathieu, J. 2019. Vermicompost significantly affects
plant growth. A meta-analysis. Agronomy for Sustainable Development 39: 34. DOI: 10.1007/s13593-019-
0579x

Cortés, M. M. M. 2003. El cultivo protegido del calabacin. In: Camacho, F. F. (Coord.) Técnicas de produccién
en cultivos protegidos. Ediciones Agrotécnicas SL, Espana. pp: 723-738.

De La Cruz-Lézaro, E., Estrada-Botello, M. A., Robledo-Torres, V., Osorio-Osorio, R., Marquez-Herndndez,
C., Sanchez-Hernandez, R. 2009. Produccién de tomate en invernadero con composta y vermicomposta
como sustrato. Universidad y Ciencia 25: 59-67.

Dominguez, J., Lazcano, C., Gémez-Brandén, M. 2010. Influencia del vermicompost en el crecimiento de
las plantas. Aportes para la elaboracién de un concepto objetivo. Acta Zooldgica Mexicana 26: 359-371.
DOI: 10.21829/azm.2010.262900


https://doi.org/10.1007/s10725-014-0011-0
https://doi.org/10.28940/terra.v38i2.620
https://doi.org/10.1007/s13593-019-0579-x
https://doi.org/10.1007/s13593-019-0579-x
https://doi.org/10.21829/azm.2010.262900

AGRO PRODUCTIVIDAD 2023. https://doi.org/10.32854/agrop.v16i11.2726 93

Diaz, F. A., Alvarado, C. M., Alejandro, A.F., Ortiz, C. F. E. 2016. Crecimiento, nutricién y rendimiento de
calabacita con fertilizacién bioldgica y mineral. Revista Internacional de Contaminacion Ambiental 32:
445-453. DOI: 10.20937/RICA.2016.32.04.08

Garcia-Bafiuelos, M. L., Sanchez-Chavez, E., Gardea-Béjar, A. A., Parra, J. M., Munoz-Mdrquez, E., Carrillo,
M. G. 2016. Cultivares injertados de pimiento morrén con uso eficiente de nitrégeno para mejorar la
produccién. Revista Mexicana de Ciencias Agricolas 17: 3491-3507.

Garcfa, E. 2004. Modificaciones al sistema de clasificacién climdtica de Képpen. Instituto de Geografia,
UNAM. Meéxico. 71 p.

Jankiewics, L. S., y Acosta-Zamudio, C. 2003. Auxinas. In: Jankiewicz LS (coord). Reguladores de crecimiento,
desarrollo y resistencia en plantas. Vol. 1. Propiedades y accién. Mundi-Prensa-Universidad Auténoma
Chapingo. México. pp: 21-66.

Jorddn, M., y Casaretto, J. 2006. Hormonas y reguladores del crecimiento: auxinas, giberelinas y citocininas.
In: Squeo FA y Cademil L (ed). Fisiologia vegetal. Ediciones Universidad de la Serena. La Serena,
Chile. pp: 1-28.

Li, X-X., Hayata, Y., and Osajima, Y. 2002. p-CPA increases the endogenous IAA content in parthenocarpic
muskmelon fruit. Plant Growth Regulation 37: 99-103.

Li, X-X, Yasukawa, J., and Hayata, Y. 2005. Role of endogenous indole-3-acetic acid in fruit set of
zucchini. Journal of the Japanese Society for Horticultural Science 74: 167-169. https://doi.org/10.2503/
1jshs.74.167

Luna, M. R. A, Reyes, P. J. J., Lépez, B. R. J., Reyes, B. M., Alava, M. A., Velasco, M. A., Alvarez, P. G.,
Castillo, V. H., Cedefio, T. D. M., y Macias, P. R. 2015. Efectos de abonos orgdnicos en el crecimiento
y desarrollo del pimiento (Capsicum annuum L.). Centro Agricola 42: 11-18.

Martinez, S. B., Garbi, M., Carbone, A. V., Morelli, G., Argerich, C., Pacheco, R., Puch, L. 2016. Aplicacién
de reguladores auxinicos: efecto sobre el cuajado de fruto en tomate para consumo fresco. Horticultura
Argentina 35: 29-36.

Menchaca-Ceja, F., Partida-Ruvalcaba, L., Garcia-Lépez, A. M., Ail-Catzim, C. A., Rodriguez-Gonzalez, R.
E., Ruiz-Alvarado, C., y Cruz-Villegas, M. 2018. Relacién del dcido naftalendcetico en componentes
de calidad de mel6n Cantaloupe (Cucumis melo L.). Ecosistemas y Recursos Agropecuarios 5: 171-179. DOI:
10.19136/era.adn14.1397

Mendoza, M. M. N., Alcantar, G. G., Aguilar, S. A., Etchevers, B. J. D., Santizé, R. J. A. 1998. Estimacién de
la concentracién de nitrégeno y clorofila en tomate mediante un medidor portdtil de clorofila. Zerra
Latinoamericana 16: 135-141.

Mogollén, J. P., Tremont, O., Rodriguez, N. 2014. Efecto del uso de un vermicompost sobre las propiedades
biolégicas y quimicas de suelos degradados por sales. Venesuelos 9: 48-57.

Molinar, R., Aguiar, J., Gaskell, M., Mayberry, K. 1999. Summer squash production in California. University
of California. Division of Agriculture and Natural Resources. Publication 7245. Davis, California,
USA. 4 p. DOI: 10.3733/ucanr.7245

Monares-Gallardo, 1., Ceja-Torres, L.F., Escalera-Gallardo, C., Vazquez-Gdlvez, G., Ochoa-Estrada, S. 2012.
Tamario de particula y tiempo de aplicacién pre-siembra de harina de pescado (Plecastomus spp.) en
produccién de calabacita. Zerra Latinoamericana 30: 147-155.

Montaino-Mata, N. J., Méndez-Natera, J. R. 2009. Efecto de reguladores de crecimiento sobre el epicarpo,
mesocarpo y sélidos solubles totales del fruto de melén (Cucumis melo L.) cv. Edisto 47. Revista UDO
Agricola 9: 295-303. https://dialnet.unirioja.es/servlet/articulo?codigo=3308221. Fecha de consulta: 16
de agosto de 2022.

Moreno-Reséndez, A., Reyes-Carrillo, J. L., Preciado-Rangel, P., Ramirez-Aragén, M. G., Moncayo-Lujdn,
M. R. 2019. Desarrollo de calabacita con diferentes fuentes de fertilizacién bajo condiciones de
invernadero. Ecosistemas y Recursos Agropecuarios 6: 145-151. DOI: 10.19136/era.a6n16.1803

Olivares-Campos, M. A., Herndndez-Rodriguez, A., Vences-Contreras, C., Jdquez-Balderrama, J. L.,
Ojeda-Barrios, D. 2012. Lombricomposta y composta de estiércol de ganado vacuno lechero como
fertilizantes y mejoradores de suelo. Universidad y Ciencia 28: 27-37.

Orozco, V.]J. A., Galindo, P. E., Segura, C. M. A,, Fortis, H. M., Preciado, R. P., Yescas, C. P., Montemayot,
T. J. A. 2016. Dindmica de crecimiento de calabacita (Cucurbita pepo L.) en un sustrato a base de
vermicomposta en invernadero. Revista Internacional de Botdnica Experimental 85: 117-124.

Pichardo-Gonzdlez, J. M., Guevara-Olvera, L., Couoh-Uicab, Y. L., Gonzdlez-Cruz, L., Bernardino-Nicanor,
A., Medina, H. R., Gonzalez-Chavira, M. M., y Acosta-Garcia, G. 2018. Efecto de las giberelinas en
el rendimiento de chile jalapeno (Capsicum annuum L.). Revista Mexicana de Ciencias Agricolas 9: 925-934.
DOI: 10.29312/remexca.v9i5.1502


https://doi.org/10.20937/RICA.2016.32.04.08
https://doi.org/10.2503/jjshs.74.167
https://doi.org/10.2503/jjshs.74.167
https://doi.org/10.3733/ucanr.7245
https://dialnet.unirioja.es/servlet/articulo?codigo=3308221
https://doi.org/10.19136/era.a6n16.1803

AGRO PRODUCTIVIDAD 2023. https://doi.org/10.32854/agrop.v16i11.2726 94

Ramos, O. C. A., Castro, R. A. E., Leén, M. N. S., Alvarez, S. J. D., Huerta, L. E. 2019. Lombricomposta
para recuperar la fertilidad de suelo franco arenoso y el rendimiento de cacahuate (Arachis hypogaea L.).
Terra Latinoamericana 37: 45-55. DOI: https://doi.org/10.28940/tl.v3711.331

Ravindran, B., Wong, J. W. C., Selvam, A., Sekaran, G. 2016. Influence of microbial diversity and plant
growth hormones in compost and vermicompost from fermented tannery waste. Bioresource Technology
217:200-204. DOI: 10.1016/j.biortech.2016.03.032

Reyes-Pérez, J. J., Luna-Murillo, R. A., Reyes-Bermeo, M. R., Yépez-Rosado, A. J., Abasolo-Pacheco, F.
Lépez-Bustamante, K. A., Espinosa-Cunuhay, R. J., Vazquez-Moran, V. F., Zambrano-Burgos, D.,
Cabrera-Bravo, D. A., y Torres-Rodriguez, J. 2017. Uso del humus de lombriz y jacinto de agua sobre
el crecimiento y desarrollo del pepino (Cucumis sativus L). Biotecnia 19: 30-35. DOI: 10.18633/biotecnia.
v19i2.382

Rodriguez-Dimas, N., Cano-Rios, P., Favela-Chévez, E., Figueroa-Viramontes, U., Paul-Alvarez, V. P.,
Palomo-Gil, A., Mdrquez-Herndndez, C., y Moreno-Reséndez, A. 2007. Vermicomposta como
alternativa orgdnica en la produccién de tomate en invernadero. Revista Chapingo Serie Horticultura
13:185-192.

Romdn-Roman, L., Ayala-Tafoya, F., Parra-Delgado, J. M., Diaz-Valdés, T., Lépez-Orona, C. A., Veldzquez-
Alcaraz, T. J. 2022) Produccién de calabacita con y sin polinizacién de flores a mano en condiciones
de casa malla. Revista Fitotecnia Mexicana 45: 165-172. DOI: 10.35196/rfm.2022.2.165

Rouphael, Y., Rivera, C. M., Cardarelli, M., Fanasca, S., Colla, G. 2006. Leaf area estimation from linear
measurements in zucchini plants of different ages. Journal of Horticultural Science & Biotechnology 81:
238-241. DOI: 10.1080/14620316.2006.11512056

Rueda-Luna, R., Reyes-Matamoros, J., FFlores-Yanez, M. C., Romero-Hernandez, M., Marin-Castro, M. A.
2018. Cultivo de sandia diploide injertada en invernadero. Interciencia 43: 198-201.

Sadegh, H. N., Zakerin, H. R., Yousefi, T., Hashemi, S. M., Farmambar, M. 2015. Influence of foliar
application of micronutrients and vermicompost on some characteristics of crop plants. Biological
Forum 7: 657-665. https://www.researchtrend.net/bfij/pdf/108%20HABIB%20NOORI%20SADEGH.
pdf. Fecha de consulta: 21 de agosto de 2022.

SECOFT, 1982. Norma Mexicana NMX-FF-020-1982. Productos alimenticios no industrializados para uso
humano - fruta fresca calabacita - (Cucurbita pepo). Secretaria de Comercio y Fomento Industrial https://
www.yumpu.com/es/document/read/37010537/nmx-ff-020-1982. Fecha de consulta: 22 de agosto de
2022.

Sedighehsadat, K., Baninasab, B., Mobli, M., Ehtemam, M. H. 2021. Effect of plant growth regulators on two
different types of eggplant flowers regarding style length and fruit setting. Spanish Journal of Agricultural
Research 19: €0906. DOI: 10.5424/sjar/2021194-17595

SIAP, 2021. Anuario Estadistico de la Produccién Agricola. Servicio de Informacién Agroalimentaria y
Pesquera. www.gob.mx/siap. Fecha de consulta: 11 de agosto de 2021.

Soriano-Melgar, L. A., Izquierdo-Oviedo, H., Saucedo-Espinosa, Y. A., Cdrdenas-Flores, A. 2020. Efecto de la
aplicacién de bioestimulantes sobre calidad y capacidad antioxidante de frutos de calabacita (Cucurbita
pepo L. ‘Grey Zucchini’). Terra Latinoamericana 38: 17-28. DOI: 10.28940/terra.v38i1.516

StatSoft, 2004. STATISTICA (data analysis software system), version 7. www.statsoft.com.

Steffen, G. P. K., Maldaner, J., Morais, R. M., Saldanha, C. W., Missio, E. L., Steffen, R.B., Osorio, F. B. D.
2019. La vermicomposta anticipa la floracién y aumenta la productividad del tomate. Agrociencia 23:
4-10. DOI: 10.31285/agro.23.1.7

Steiner, A. A., 1984. The universal nutrient solution. Sixth International Congress on Soilless Culture.
Wageningen, The Netherlands. pp: 633-650.

Swiader, J. M., Moore, A. 2002. SPAD-chlorophyll II response to nitrogen fertilization. Journal of Plant Nutrition
25: 1089-1100. DOI: 10.1081/PLN-120003941

USDA, 2016. United states standards for grades of summer squash. United States Department of Agriculture.
https://[www.ams.usda.gov/grades-standards/summer-squash-grades-and-standards. Fecha de consulta:
12 de agosto de 2022.

Tantasawat, P. A., Sorntip, A., Pornbungkerd, P. 2015. Effects of exogenous application of alant growth
regulators on growth, yield, and in vitro gynogenesis in cucumber. HortScience 50: 374-382. DOI:
10.21273/HORTSCI.50.3.374

Villegas-Cornelio, V. M., Laines, C. J. R. 2016. Vermicompostaje: II avances y estrategias en el tratamiento de
residuos sélidos orgdnicos. Revista Mexicana de Ciencias Agricolas 8: 407-421.

Wong, W. S., Zhong, H., Cross, A.'T., Wan, H. Y. J. 2020. Plant biostimulants in vermicomposts: characteristics
and plausible mechanisms. In: Geelen D & Xu L (eds). The chemical biology of plant biostimulants.
John Wiley & Sons. pp: 155-180. DOI: 10.1002/9781119357254.ch6


https://doi.org/10.1080/14620316.2006.11512056
https://www.researchtrend.net/bfij/pdf/108%20HABIB%20NOORI%20SADEGH.pdf
https://www.researchtrend.net/bfij/pdf/108%20HABIB%20NOORI%20SADEGH.pdf
http://www.gob.mx/siap
https://doi.org/10.28940/terra.v38i1.516
http://www.statsoft.com
https://www.ams.usda.gov/grades-standards/summer-squash-grades-and-standards

AGRO PRODUCTIVIDAD 2023. https://doi.org/10.32854/agrop.v16i11.2726 95

Zanor, G., Lépez, P. M., Martinez-Yanez, R., Ramirez, L. F., Gutiérrez, V. S., Ledn, F. 2018. Mejoramiento
de las propiedades fisicas y quimicas de un suelo agricola mezclado con lombricompostas
de dos efluentes de biodigestor. Ingenieria Investigacion y Tecnologia 19: 1-10. DOI: 10.22201/
1.25940732¢.2018.19n4.036.

Zhang, H., Tan, SN, Teo, C. H., Yew, Y. R., Ge, L., Chen, X., Hong, Y. J. W. 2015. Analysis of phytohormones
in vermicompost using a novel combinative sample preparation strategy of ultrasound-assisted
extraction and solid-phase extraction coupled with liquid chromatography-tandem mass spectrometry.
Talanta 139: 189-97. DOI: 10.1016/j.talanta.2015.02.052.



	_GoBack
	_Hlk132192409
	_Hlk132192605
	_Hlk147170128
	_Hlk147170637
	_Hlk147170896
	_Hlk147172525
	_Hlk148012873
	_Hlk137459277
	_Hlk150845595
	_Hlk80796767
	_heading=h.30j0zll
	_Hlk151544883
	_gjdgxs

