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ABSTRACT

Objective: To evaluate the effect of potassium silicate and humic substances in the mitigation of salt stress in
cucumber grown in a greenhouse.

Design/Methodology/Approach: A completely randomized design with factorial arrangement was used.
The first factor was the cucumber varieties (Var): Induran (I) and SV2516 (SV). The second factor was
potassium silicate (Si), with doses of 0, 10, and 20 mL-L™ ! The third factor was humic substances (SH), with
doses of 0, 10, and 20 kg/ha.

Results: The best interaction for the NFP and Y variables was SV¥SH20. The N and Ca content in the fruit
was [¥*SH10, while the K and P content was SV*Si20. Meanwhile, Mg, Fe, and Cu interactions stood out with
SV*Sil0, SV*Si20, and I*Sil0, respectively. The best interaction in leaf mineral content was I*SH20 (N),
SV#SH10 (P and K), and SV*Si20 (Cu).

Study Limitations/Implications: There was no significant difference in Ca, Mg, and Fe in leaf.
Findings/Conclusions: At least one of the interactions between cultivars and bio stimulant doses favored
agronomic traits, quality, and mineral absorption in fruit.

Keywords: salt stress, humic substances, potassium silicate.

INTRODUCTION

Cucumber (Cucumis sativus L.) is one of the most popular vegetables cultivated all
over the world (Singh et al., 2017). There are several cultivars on the market that are
mainly characterized by the different sizes, shapes, colors, flavors, and vegetative
characteristics of their fruits. The most common types of cucumber are classified as:
American, European, Middle Eastern, Dutch, and Oriental (Lépez et al., 2015). China,
Iran, Russia, Turkey, USA, and Mexico are the main cucumber producers. Mexico
ranks sixth worldwide, reaching a production of 956,005 tons. Approximately 20
thousand hectares are dedicated to this crop and generate exports of 693,611 t, with
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a value of around 483 million dollars (FAOSTAT, 2017). Kumar e al. (2017) mention
that high levels of soil salinity can inhibit seedling germination and growth, as a result
of the combined effect of high osmotic potential and specific ion toxicity. They also
affect short- and long-term photosynthesis. In the short term, stomatal limitations
can affect photosynthesis, leading to a decrease in carbon assimilation (Acosta et al.,
2017). Salt stress also causes excessive generation of reactive oxygen species (ROS),
such as superoxide anions, hydrogen peroxide, and hydroxyl radicals (Zhang et al.,
2014). Biostimulants are increasingly integrated into production systems with the
aim of modifying physiological processes in plants. This modification optimizes their
productivity, offering a potentially novel approach to the regulation and modification
of physiological processes in plants, in order to stimulate growth, mitigate stress-
induced limitations, and increase yield (Yakhin et al., 2017). The role and importance
of humic substances (SH) in soils have been proven for a long time. Their multiple
properties especially their capacity to “sequester” (adsorbent and chelate) organic
and mineral compounds (pesticides and metals) allows them to play an essential role
in the solubilization, bioavailability, degradability, transport, and exchange of these
compounds in water and soil (Ouni et al., 2014). This role results from the greater
cation exchange capacity of the soil that contains SH and the increased availability
of phosphorus that interferes with the precipitation of calcium phosphate (Du Jardin,
2015). Likewise, the beneficial properties of silicon are better documented in terms of
its positive effects on tolerance to abiotic stress and pathogen resistance. It is mainly
deposited at flow endpoints in cell walls and intercellular spaces. These silicon or
phytolith depositions increase the mechanical resistance and erection of the leaves,
which increases the interception of light and photosynthesis (Albrecht, 2019).

MATERIALS AND METHODS
This research project was carried out during the 2020 spring-summer in the

Departamento de Horticultura at the Universidad Auténoma Agraria Antonio Narro, in
the city of Saltillo, Coahuila, Mexico (1790 m.a.s.l., 25° 21”7 N 101° 01” W).

Crop management

Cucumber cultivars from two commercial American-type cucumber hybrids (Induran
and SV2516) were planted in polystyrene trays with 72 square cavities. The cultivars were
transplanted 20 days after planting, when the seedlings had two true leaves. The planting
density was 2.7 plants/mQ. The two cucumber cultivars were staked to a single stem. Initial
formative pruning and pruning were performed throughout the cycle, as axillary buds and
tendrils grew.

The solution proposed by Steiner (1969) was chosen for the fertilization stage. The
nutrient solution was supplied by fertigation and set at 1.8 dS m~! and 6 pH at the
beginning of the transplant. Two weeks after transplant, 25 mM sodium chloride was
added to cause salt stress. No more sodium chloride was added after the E.C. reached 6 dS

m ™ ! in the nutrient solution in the soil.
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A foliar application of potassium silicate (Genhydro® Armor Si™) was applied
every 7 days as a biostimulant throughout the cycle. Regarding humic substances,
Cosmocel® H-85™ was drenched thrice (in the vegetative, flowering, and development
stages).

This project used a completely randomized block design with factorial arrangement.
Three factors were included in this arrangement: 1) the Induran (I) and SV2516 (SV)
cucumber varieties (Var); 2) potassium silicate (Si) with 0, 10, and 20 mL-L ™" doses; and
3) humic substances (SH) with 0, 10, and 20 kg/ha doses (Table 2). There were three

replicates and a total of 54 experimental units.

Evaluation of yield variables

The following variables were evaluated: number of fruits per plant (NFP), fruit weight
(FW/PF), fruit diameter (FD/DF), fruit length (FL/LF) and yield (Y/Rend). NIP was
evaluated once the crop entered the fruit set and the development stages. In the case of
FW, the fruits of a sample —taken by experimental unit and which had the characteristics
required by the market— were weighed after they had been harvested. This process was
carried out with a Steren® MED-080 scale, with a maximum weight of 5 kg. Regarding
the FD, the maximum circumference of the fruit was evaluated with a Steren®™ digital
vernier. The LI was measured from one end to the other using a Truper® FH-5M
flexometer. Finally, regarding Y, the weight of all the fruits harvested from each treatment

was measured per square meter.

Mineral evaluation

The macroelements and microelements evaluated in fruit and leaf were N, P, K, Ca,
Mg, and Fe. Three repetitions were taken per experimental unit. A digestion, distillation,
and titration process was carried out to analyze N, following the procedure described by
Mckean (1993). First, a 0.050 g dry and ground vegetable sample was weighed; then it was
placed in Kjeldahl micro digestors and 5 mL of digester solution were added; subsequently,
the mix was taken to 400 °Ci to disintegrate the organic nitrogen. The sample was considered
ready when it showed a transparent hue. The samples were subjected to 50% NaOH and
the resulting distillate was poured into 30 mL of 2% H3BOg until it increased to 60 mL.
The result was titrated with 0.025 N HoSOy until it turned pink. N was calculated using

the following formula.

(ml acid titrant —ml blank) X N of the acid X1.4007 %100

Sample weight in grams

%N =

P, K, Ca, Mg, and Fe were subjected to acid or wet digestions. At this stage, a 0.5 g
sample of dry and ground matter was weighed. The previously weighed sample was placed
in a 100-mL beaker and 30 mL of HNOg with a purity of 96% was added. The results
were then placed on a watch glass rack for digestion. Once the sample was transparent,

it was measured in a 50-mL Erlenmeyer flask with deionized water. P was analyzed by
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colorimetry with the amino-naphthol-sulfonic acid (ANSA) method in a Thermo® Bio
Matte 5 UV-VIS spectrophotometer (Terdn, 2016).

_ Curve reading X107~
- Grams of the sample X the dilution

mg | gr

Meanwhile, K, Ca, Mg, and Fe were analyzed by atomic absorption spectrometry with
a GBC Scientific Equipment® Xplorra. Ca and Mg digestions were diluted to of the initial
concentration (Williams, 1972). To determine the mineral concentration, the absorbance

of each mineral was taken and later supported with the following formula.

(DW)(d.1.)

Element (,u / g) = %)

Where: ¢=Concentration of the element that contains the sample used; V'=Volume of the

Volume of the diluted sampleinmlL _
: — ; and W=Weight of the
Volume of the aliquot taken from the dilutioninmlL

sample used; d.f.=

sample in grams.

Statistical data analysis

The results obtained from the determination of each variable were subjected to an
ANOVA and the means were compared using Duncan’s test (p=<0.05), using the 2018
version of the Infostat statistical software.

RESULTS AND DISCUSSION
Agronomics

The Var*Si interaction had a statistically significant difference (p=<0.05) in F'W, ID, FL,
and Y. In the Var*SH interaction, a statistically significant difference (p=<0.05) was observed
in the evaluated variables of NFP, FW, FD, FL, and Y. In relation to NFP, the SV*Sil10
interaction recorded the best average: 30.9% more than I*Sil0 (Figure 1A). However,
SV*SH20 registered the maximum mean: 33% more than the SV*SHI10 interaction
(Figure 1B). Al-madhagi (2019) reported that 100-mg L~" doses of humic acids increase the
number and the average weight gain of cucumber fruits. Previous experiments indicated
that SH treatments improved some fruit characteristics —for example, fruit number, fruit
weight, and dry weight per fruit— of several crops, including cucumbers, tomatoes, onions,
eggplants, and peppers (Shehata ez al., 2016). The SV*Si10 interaction was the maximum
mean for the FW analysis, with a value of 388.3 g. This results was 16% higher than I*S10,
which had a minimum value of 326.1 g (Figure 1C). SH did not behave in the same way
as S1. The maximum value (403.2 g) was obtained by the SV¥SHO interaction, while the

minimum value was recorded with the I*SHO interaction (Figure 1D). Therefore, the SH
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did not infer on the FW variable. Regarding I'D, the interaction with the highest mean
was SV*Si0. This result was 5.5% higher than the I*Si20 interaction, which recorded the
lowest value (Figure 1E). Meanwhile, in SH, the interaction with the highest value was
SV*SH10. This result was 7.7% higher than the I*SHO interaction that obtained the lowest
value (Iigure 1T). Therefore, it can be inferred that SH promoted FD in cucumber. Ekinci
et al., (2015) analyzed several types of biostimulants and determined that the application of
different SH doses to cucumber plants obtained similar results regarding the diameter and
length of the fruit. Regarding FL, the SV*Si0 interaction obtained the highest value, which
was 7.5% higher than the result of the I*Si10 interaction with the lowest value (Figure 1G).
Consequently, it can be inferred that the Si doses do not directly favor the increase of FL.
Meanwhile, the SV¥SH10 interaction showed the highest SH value: 6.1% higher than the
I*SHI10 interaction that obtained the lowest value (Figure 1H). These data are consistent
with those previously published by Ameta ez al. (2017), who applied 10kg/ha of humic acids
to the soil + 0.1% humic acids and micronutrients to the leaves, obtaining cucumber crop
with very similar fruit lengths. Regarding Y, the SV*Si10 interaction had the highest value,
obtaining 33.1% more than the I*Si10 interaction (Figure 1I); therefore, the assumption
is that the Si supply is not related to the increase in Y —which is attributed to the genetic
aspects of the varieties used. The SV*SH20 interaction had the highest SH value: 32%
higher than I*SH10, which was the interaction with the lowest value (Figure 1J). For their
part, Abd Elkareem et al. (2017) obtained higher yields (15-20%) with the direct application
of HS into the soil and Benyamin Esho and Saeed (2017) reported that the application of
different HS doses to several pumpkin (Cucurbita pepo L.) varieties resulted in a higher yield.

Minerals

The Var*Si interaction had a highly statistically significant difference (p=<0.01) in the
P and Mg variables and a statistically significant difference (p=0.05) for N, K, Ca, T,
and Cu. Regarding Var*SH, a statistically significant difference (p=<0.05) was observed in
N, P, Ga, Mg, and Ie. Regarding the N variable in fruit, the SV*Si10 interaction was the
maximum mean with a value of 20.2 g-kg™ ! Tt was 34.1% higher than SV*Si10, which had
avalue of 13.33 g'kg_1 (Figure 2A). Meanwhile, I*SH10 obtained the maximum N mean,
with a value of 22.56 g'kg ™. This result was 34.4 % higher than SV*SHO0, which had a
value of 14.78 g'kg_1 (Figure 2B). Leaves had the best interaction with I*Si20 and I*SH20
(Figure 3A and 3B). Yasir ez al. (2016) have suggested that using organic fertilizers based
on humic substances in the soil plus the application of amino acids into the leaves favor
the absorption of N. Humic acids make nutrients available for absorption; therefore, they
facilitate growth, the accumulation of carbohydrates, and the increase in the photosynthetic
rate and chlorophyll production.

When analyzing the P variable in fruit, the SV*Si20 interaction recorded the maximum
mean with a value of 6.7 g'kg_l. This result was 48.4% higher than SV*Si10, which had a
value of 3.48 g'kg_1 (Figure 2C). For its part, SV¥SH10 recorded the maximum mean with
a value of 5.9 g'kg_l. This result was 27.9% higher than I*SHO, which registered a value
of 4.25 g'kg_l (Figure 2D). SV*#8i20 and SV*SHI10 recorded best absorption of P in the
leaves (Figure 3C and 3D). El-Nemr et al. (2012) have reported that, compared with their
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Duncan (p=<0.05), n=

9 =+ standard error.
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controls, the application of humic acids increased the content of minerals such as N, P, and
Kin cucumber leaves, and found that the applications of these substances can stimulate the
uptake of macro and microelements.

For the variable of K in fruit, the SV*Si120 interaction recorded the maximum mean,
with a value of 28.3 g'kg™!. This result was 24.4% higher than SV*Si10, which registered
a value of 21.39 g-kg_1 (Figure 2E). In contrast, the I*SH20 interaction obtained the
maximum mean, with a value of 26.3 g-kg ™', which was 10.6% higher than the 23.5 g-kg ™!
value of I*SHO (Figure 2F). Regarding the K content in leaves, the SV*Sil0 treatment
had the highest value (Figure 3F). In many plant species, foliar application of silicic acid
in the flag leaves of cereal crops increase N, P, and K absorption in grain (Soratto et al.,
2012). Another plausible explanation for SH activity is the hormone-like behaviour of their
structures, which facilitates the nutrient translocation throughout the plant. Subsequently,
the formation of complexes with metal ions increases their solubility and availability
to plant roots (Khaled and Fawy, 2011). Regarding Ca in fruit, the I*Si20 interaction
recorded the maximum mean with a value of 5.2 g-kg_l. This result was 53.8% higher
than SV*S120, which registered a value of 2.4 g'kg_1 (Figure 2G). The I*SH10 interaction
obtained the maximum mean with a value of 5.7 g kg_l. This result was 49.1% higher
than I*SHO, which registered a value of 2.9 g'kg_1 (Figure 2H). In addition, Tripathi et
al. (2014) recorded a significant decrease in the Ca an K concentrations in plants grown
under a high NaCl treatment; however, their concentrations were raised to the required
level by the addition of Si in both shoots and roots. In relation to Mg in fruit, the SV*Si10
interaction had the maximum mean with a value of 3.3 g'kg_l. This result was 36.3%
higher than I#Si20, which registered a value of 2.1 g-kg™ " (Figure 21). However, SV*SHO
had the maximum mean with a value of 3.5 g'kg_l. This result was 34.2% higher than
I*SH20, which registered a value of 2.3 g'kg_1 (Figure 2J). Under salt stress (150 mM
NaCl), Si (2 mM NasSiOs) increased the K, Ca, and Mg content and decreased the Na
and Cl content in tomato roots, stems, and leaves. This phenomenon was not mediated by
a reduced translocation from root to stem or stem to leaf, but rather by a salt dilution effect
triggered by improved growth —i.e., higher shoot biomass accumulated under salt stress
and Si application (Li et al., 2015).

Regarding Fe in fruit, the SV*Si20 interaction had the maximum average with a value
of 117.7 ppm. This result was 43.4% higher than SV*Si20, which registered a value of 66.6
ppm (Figure 4A). However, the I¥*SHO interaction recorded the maximum average with a
value of 116.2 ppm. This result was 56.1% higher than I*SH20, which registered a value of
65.3 ppm (Figure 4B). Studies prove the ability of Si to modulate the Fe absorption activity
of cucumber at an early stage of stress, as result of the Fe deficiency, through the regulation
of the gene expression levels of the proteins involved in this process (Pavlovic et al., 2013).
It has also been shown that Si application can facilitate e mobility and translocation from
the xylem to the shoot, along with the accumulation of Fe-chelating compounds, such as
citrate in xylem sap and leaf tissues (Bityutskii ez al., 2014). Regarding the means of Cu
in fruit, the I*Si0 interaction had the maximum mean with a value of 11.9 ppm. This
result was 42.8% higher than SV*S5i20, which registered a value of 6.8 ppm (Figure 4C).

However, the maximum mean value for I*SH10 was 11.3 ppm. This result was 30.9%
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higher than SV*SH10, which registered a value of 7.8 ppm (Figure D). The SV*Si20
interaction recorded the highest Cu content in leaves (Figure 5C). Gu absorption rates in
alkaline soils are low. This is a consequence of the production of insoluble Cu complexes
through the sequestration of oxides and hydroxides. An alternative to the low Cu activity
in the soil is the use of SH to release carboxylic acid and favor its absorption (Turhan and
Kuscu, 2020). Protein hydrolysates (polypeptides, oligopeptides, and amino acids) and the
components of SH have an impact on plant nutrition through the formation of complexes
and chelates between peptides/amino acids and soil micronutrients (i.e., Cu, Fe, Mn, and
Zn). Consequently, they contribute to the availability of nutrients and its acquisition by the
root system (De Pascale et al., 2017).

CONCLUSIONS

The use of silicon and humic substances in different doses —along with the interaction
of commercially available cucumber cultivars with improved resistance to different types
of abiotic stress— can increase the productivity, quality, and absorption of nutrients and
improve agronomic traits such as NFP, FW, D, FL, and Y. Regarding mineral assimilation,
it favors N, P, K, Ca, Fe, and Cu content and the N, P, K and, Cu content in the fruit and
the leaves, respectively. Further research that involves various sources of silicon and humic
substances, as well as their application techniques, their quantity, and their frequencies in
cucumber cultivars is required to increase the mitigation of the stress caused by abiotic

factors in regions of economic interest.
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