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Abstract

Background and Objective: Modern agriculture faces biotic and abiotic stresses and requires new biostimulation tools to improve crop
performance. This study evaluated the biostimulant potential of hydroalcoholic extracts from cruciferous foliage (cabbage, broccoli,and
cauliflower) on melon and maize. Materials and Methods: Extracts were prepared by 72 hrs maceration in water:ethanol or
water:methanol (1:1 v/v) and characterized for total phenols, flavonoids, proteins, and antioxidant capacity. Concentrates were diluted
1:300 and applied to crops by seed priming (24 hrs) or foliar spraying. Distilled water and a commercial biostimulant (Bionare, Germinare)
served as controls. Germination, root and plumule length, stem diameter, biomass, and chlorophyll content were measured. Data were
analyzed using Shapiro-Wilk normality tests, followed by ANOVA with Fisher’s LSD (p<0.05) for normally distributed data and the Kruskal-
Wallis test for non-normal data, using InfoStat software. Results: Ethanolic extracts contained higher metabolite concentrations and
stronger antioxidant activity, with cabbage showing the highest phenolic content. Seed priming enhanced melon germination with
methanolic broccoli (39.54%), ethanolic cabbage (35.6%), and the commercial control (28%). In maize, germination accelerated with
methanolic cauliflower (9.6%) and methanolic broccoli (6.4%). Foliar sprays mainly stimulated root growth: In melon, ethanolic cabbage
exceeded the absolute control by 43% and the commercial control by 21.68%, whereas methanolic cabbage matched the commercial
control and surpassed the absolute control by 32.34%. Height and biomass were largely unaffected, but total phenols and chlorophyll
increased. Conclusion: Biostimulant efficacy depended on both the extraction solventand plant biomass, with ethanolic cabbage extracts
showing the most consistent positive effects.
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INTRODUCTION

Agriculture is among the oldest practices that human
beings have used to subsist; this practice has evolved and
adapted according to the needs that have arisen over time'.
Among the most important needs that have motivated its
evolution are food security, environmental deterioration, soil
salinization and the overexploitation of soilsand exposure to
various types of stress2 All of these processes are accelerated
by climate change, which together have caused crop yields to
be unfavorably affected. This adaptability has led to the
search for alternatives to new production systems that reduce
stress and improve the yield, production and quality of crops?.
One of the techniques used to improve the growth and
production of plants is biostimulation, which is defined as the
application of substances or microorganisms that, when
applied in low amounts, are capable of modifying the
metabolism and gene expression of plants to induce tolerance
to biotic and abiotic stress, in addition to improving the
nutritional efficiency, yield and quality of crops*. Currently,
seven categories of biostimulants have been identified: humic
and fulvic acids, amino acid and peptide mixtures, algae
extracts, botanical extracts, chitosans and biopolymers,
inorganic compounds, fungi and beneficial bacteria and
beneficial elements*.

Botanical extracts are commonly used in agricultural
practice. These compounds are obtained by extracting
soluble substances from the biomass of the plant and are
usually used as phytosanitary products, since plants contain
active compounds called allelochemicals that are used in
the sustainable management of crops*s. Among the
botanical extracts are extracts produced from cruciferous
biomass, which are highly rich in phytochemicals,
including phenolics, flavonoids, antioxidants, proteins,
vitamins, and glucosinolates’. These phytochemicals
provide resistance to biotic stress and antifungal
activity®®. Similarly, responses to the growth, productivity
and quality of crops have been observed and are not directly
related to the suppression of pathogens, which suggests
that they may be related to the biostimulation of the
plant. Taking into account the biostimulant action of
phytochemicals extracted from cruciferous biomass*s, the
objective of this study was to evaluate and compare the
effects of water:ethanol and water:methanol extracts (1:1 v/v)
of cabbage, broccoliand cauliflower on the germination and
early growth ofmelon and corn seedlings and to identify the
extractant-composition-response relationships between the
extracts and the seedlings.
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MATERIALS AND METHODS

Study area and duration: The study was conducted from
November 2023 to October 2024 in the Laboratory of
Physiology, a greenhouse and experimental area of the
Department of Horticulture of Antonio Narro Autonomous
Agrarian University, in Buenavista, Saltillo, Coahuila, Mexico
(25°2336"N 101°00 02"W / 25.3934, -101.0005).

Cruciferae biomass production: Plants of cabbage (Brassica
oleraceavar. capitata), broccoli (Brassica oleraceavar. italica),
and cauliflower (Brassica oleracea var. botrytis) were grown
from November 2023 to March 2024 in a field with loamy clay
soil under drip irrigation and fertigation with 100% Hoagland
solution. Transplanting was performed in double rows, with
0.3 m between plants and rows, and 1.4 m between beds.
Average temperature and relative humidity were 13°C and
47.6%, respectively.

Collection of waste and preparation of foliar flour: One day
after harvesting broccoli, cauliflower, and cabbage, leaves
from 30 randomly selected plants per species were manually
collected. The samples were labeled, placed in polyethylene
sacks, and sun-dried for 15 days in a greenhouse with shade
mesh, covered with Tufflite IV® 6000-gauge milky white plastic
with 30.92% PAR transmittance, turning the sacks every two
days. The dried material was then ground with a mortar and
passed through a 1.0 mm metal sieve to obtain foliar flour.

Production of botanical extracts: Ethanolic (EE) and
methanolic (EM) extracts were obtained from foliar flour by
maceration with agitation’. For each crucifer, 2.5 g of foliar
flour were placed in 250 mL Erlenmeyer flasks with 62.5 mL of
distilled water and 62.5 mL of ethanol or methanol (Jalmek®
99.5%). The mixtures were intermittently hand-shaken every
12 hrs for 72 hrs, then filtered through Whatman No. 1 paper
and stored at 5°Cin aluminum foil-covered glass flasks.

Quantification of metabolites present in the botanical
extracts: The characterization of the metabolites was
performed by quantifying the following metabolites:

« Total phenols: Were determined according to Yu and
Dahlgrend. In this procedure, 50 pL of concentrated
extract was mixed with 200 pL of Folin-Ciocalteu reagent,
500 pL of 20% Na,CO;, and 5 mL of distilled water; the
mixture was vortexed and incubated in a water bath at
45°Cfor 30 min. Absorbance was read at 750 nm using a
UV-Vis spectrophotometer (Thermo Scientific Model
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G10S, Waltham, MA, USA). A gallic acid calibration curve
(0.02-0.4 mg/mL) was used, and results were expressed as
mg/L of total phenols

«  Total protein: Determined by the Bradford method?. Fifty
microliters of the concentrated extract was removed, and
1.5 mL of Bradford reagent was added. After 5 minutes,
the absorbance was read at a wavelength of 595 nmina
UV-Vis spectrophotometer (Thermo Scientific Model
G10S, Waltham, MA, USA). A calibration curve was
constructed with standard bovine serum albumin (0.005-
0.5 mg/mL). The results are expressed as mg/L of total
protein

« Hydrophilic antioxidant capacity (ABTS): Was
determined by the method of Re et a/'°. On the basis of
the decolorization of the ABTS radical cation. The radical
was obtained from the reaction of ABTS at 7 mM with
potassium persulfate at 2.45 mM (1:1 v/v) in the dark for
16 hrs and then diluted with 20% ethanol until an
absorbance of 0.7£0.01 was obtained at 754 nm. To
determine the antioxidant capacity of the hydrophilic
compounds, 20 mL of the concentrated extract and
980 L of the ABTS radical dilution were placed ina 2 mL
tube, stirred for 5 seconds, and allowed to stand for 7 min
in the dark. The absorbance was measured with a UV-Vis
spectrophotometer (Genesis 10s UV-Vis, Thermo
Scientific, Waltham, MA, USA) at 734 nm. The results are
expressed in mg/L

« Flavonoids: Were determined following Zhishen et a/'.
A total of 250 uL of concentrated extract was mixed
with 75 pL of 5% NaNO,. After 5 min, 150 pL of 10% AICl,,
500 pL of 1 M NaOH, and 2.025 mL of distilled water were
added. Absorbance was read immediately at 510 nm
using a UV-Vis spectrophotometer (Thermo Scientific
Model G10S, Waltham, MA, USA). Flavonoid content was
quantified using a catechin standard curve and expressed
asmg EC/L

+  Glutathione: Was quantified following the
spectrophotometric ~ technique  established by
Moron et al'? by reaction with 5,5-dithio-bis-2-
nitrobenzoic acid (DTNB). In a test tube, 0.48 mL of the
concentrated extract, 2.2 mL of dibasic sodium
phosphate (0.32 M Na,HPO,),and 0.32 mL of DTNB dye at
1 mM were added. It was mixed and read in a UV-VIS
spectrophotometerat412 nm. The values are reported in
mg/L

Preparation of diluted extracts: To obtain usable
biostimulants without causing phytotoxicity, the botanical
extracts were diluted with distilled water. Each concentrated
extract was diluted 1:300 (v/v) and stored in glass bottles at
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3°C until use™. To select the dilution to be used in the
subsequent evaluations, 1:100, 1:200, 1:300, and 1:500 (v/v)
were compared; the 1:300 dilution showed the best response
in terms of seed germination, so it was selected.

Petri dish evaluation of the botanical extracts of melon and
corn seeds with seed priming: Sixty seeds of melon (Lia®,
Samini’s, 2003) and maize (AN447°, UAAAN, 2023) were
disinfected with 70% alcohol for 2 min, 1% sodium
hypochlorite for 2 min, and distilled water for 2 min; they were
then imbibed for 24 hrs in the corresponding diluted extract
in light-protected glass containers at 22+2°C. Treatments
included ethanolic and methanolic extracts from broccoli,
cauliflower, and cabbage, as well as an absolute control
(distilled water) and a commercial biostimulant (Bionare®,
Germinare®), with six replicates of 10 seeds placed in Petri
dishes containing moistened filter paper. The dishes were
randomly arranged in a germination chamberat24+2°C,55%
relative humidity, and darkness. After 50% radicle emergence,
seedlings were exposed to continuous light (53 pmol/m?/sec
PAR) for 10 days in maize and 15 days in melon, with
moistening every 48 hrs using 2 mL of distilled water.
Germination percentage and rate were recorded, and two
post-germination evaluations were performed in melon (8 and
16 days) and maize (5 and 10 days), including fresh and dry
weight.

Test of the extracts on container seedlings: This test was
performed in two ways: (a) Pretreatment of the seed or seed
priming with the extracts and subsequent growth of the
seedlings, and (b) Germination of untreated seeds to obtain
seedlings that received foliar spray with the extracts.

Test of botanical extracts in melon and corn seedlings
treated with seed priming in containers: As in seed priming,
ethanolic and methanolic extracts from broccoli, cauliflower,
and cabbage were evaluated against an absolute control
(distilled water) and a commercial biostimulant (Bionare®,
Germinare®). Disinfected melon and maize seeds were
imbibed in each extract for 24 hrs and sown individually
in 0.5 L polystyrene containers filled with peat moss. Each
treatment consisted of 20 replicates (one plant per replicate),
arranged in a randomized complete block design in a
greenhouse with shade mesh, covered with Tufflite IV® 6000-
gauge milky white plastic with 30.92% PAR transmittance. The
experiment was conducted from September to October 2024
at an average temperature of 24+3°C. Plants were irrigated
daily with 250 mL of tap water, and from true leaf emergence
onward, 50% Steiner solution was applied by drenching twice
daily. Seedling development was evaluated twice in melon
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Table 1: Coefficients of the contrasts applied to the treatments

Trt. Ct.1 Ct.2 Ct3
Absolute control (water) 1 0 0 -6
Commercial control (BIONARE) 2 0 0 0
EE. BROCCOLI 3 1 -1 1
EE. CABBAGE 4 1 2 1
EE. CAULIFLOWER 5 1 -1 1
EM. BROCCOLI 6 -1 -1 1
EM. CABBAGE 7 -1 2 1
EM. CAULIFLOWER 8 -1 -1 1

EE: Ethanolic extract, EM: methanolic extract and ct: Contrast

(14 and 28 days after emergence) and maize (10 and 20 days),
measuring height, stem diameter, root length, and fresh and
dry biomass of shoots and roots.

The contents of total phenols® and total chlorophyll were
quantified.

Total chlorophyll was determined following the
methodology of Wellburn™. A total of 15 mg of lyophilized
tissue was mixed with 1.25 mL of methanol in 2 mL Eppendorf
tubes and incubated in darkness for 24 hrs at 20-25°C. The
supernatant was then read at 666, 653, and 470 nm using a
UV-Vis spectrophotometer (Genesis 10s UV-Vis, Thermo
Scientific, Waltham, MA, USA). Results were expressed as mg/g
dry weight.

Testing of botanical extracts by foliar spraying on melon
and maize seedlingsin containers: Ethanolicand methanolic
extracts from broccoli, cauliflower, and cabbage were
evaluated in melon and maize seedlings, compared with an
absolute control (distilled water) and a commercial
biostimulant (Bionare®, Germinare®). Seeds were sown
individually in 0.5 L polystyrene containers filled with peat
moss, with 20 replicates per treatment, and maintained under
the same conditions described for the container seed-priming
experiment. Treatments were applied as foliar sprays twice:
When 50% of the plants showed the first true leaf and
again 15 days later. Seedling development was evaluated
twice using six seedlings per evaluation: Melon at 14 and
28 days, and maize at 10 and 20 days after emergence. Height,
stem diameter, root length, and shoot and root fresh and
dry biomass were recorded, while total phenols® and total
chlorophyll'™ were quantified in the remaining eight
seedlings.

Statistical analysis: The data obtained were subjected to
Shapiro-Wilk normality tests to evaluate their distribution. An
analysis of variance was performed on the data with a normal
distribution, and means comparison tests were performed
according to Fisher's LSD (p<0.05). A Kruskal-Walli's test was
performed on the data that did not show normality. The
statistical analyses described above were performed in the
statistical software Infostat.
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Subsequently, a correlation analysis was performed on
the variables evaluated with the statistical software Minitab
v22.

Orthogonal contrasts: Orthogonal contrasts were performed
to evaluate differences between treatments, considering the
type of extractant, the culture of origin and the absolute
control. The analysis was performed with the statistical
software Infostat 2020 (Table 1).

RESULTS

Quantification of metabolites present in the botanical
extracts: The contents of metabolites varied according to the
extractant and biomass source (Table 2). Overall, ethanolic
extracts showed the highest concentrations, particularly in
cabbage, with values up to 115.34 mg/L for proteins,
113.98 mg/L for antioxidant capacity, and 108.48 mg/L for
flavonoids. Glutathione also reached its maximum in ethanolic
cauliflower (0.860 mM/L). In contrast, total phenolics showed
similar ranges between extractants (210.2-263.2 mg/L) in
ethanolic and 235.7-260.95 mg/L in methanolic extracts).
Overall, ethanolic cabbage extract presented the highest
metabolite content.

Petri dish evaluation of the botanical extracts of melon and
corn seeds with seed priming: The application of ethanolic
and methanolic extracts from broccoli, cauliflower, and
cabbage to seeds improved germination in both species. In
melon (Fig. 1), the greatest increases were observed with the
commercial control (35.6%) and the ethanolic cabbage extract
(28%), indicating a stronger response in this species. In maize
(Fig.2), theimprovement was more moderate and occurred at
early stages, where methanolic extracts of cauliflower and
broccoli increased germination by 9.6 and 6.4% on day 4.
Overall, the results indicate that botanical extracts enhance
germination, with a more pronounced response in melon and
an early effect in maize.
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Melon germinaion (Cucumis melo L.)
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Fig. 1: Percentage of germination of melon seeds with seed priming. The mean values and standard errors are
shown

DAS: Days after Sowing, T1: Absolute control, T2: Commercial control, T3: Broccoli ethanolic extract, T4: Cabbage ethanolic extract, T5: Cauliflower ethanolic
extract, T6: Broccoli methanolic extract, T7: Cabbage methanolic extract and T8: Methanolic cauliflower extract

Maize germinaion (Zea mays L.)
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Fig. 2: Percentage of germination of maize seeds with seed priming. The mean values and standard errors are
shown

DAS: Days after Sowing, T1: Absolute control, T2: Commercial control, T3: Broccoli ethanolic extract, T4: Cabbage ethanolic extract, T5: Cauliflower ethanolic
extract, T6: Broccoli methanolic extract, T7: Cabbage methanolic extract and T8: Methanolic cauliflower extract

Table 2: Contents of total phenols, total proteins, antioxidant capacity, total flavonoids and glutathione obtained from ethanolic and methanolic extracts of broccoli,
cauliflower and cabbage leaves

Type extract Plant Total phenols (mg/L) Total protein (mg/L) Hydrophilic antioxidant capacity (mg/L) Total flavonoids (mg/L) Glutathione (mM/L)

Ethanolic Broccoli 22445£8.50¢ 106.25+5.60° 93.71£3.98° 105.83£7.75° 0.638£0.01¢
Cabbage 263.2£6.58° 115.34£4.13° 113.98£8.12° 108.48£0.01° 0.783%£0.2%®
Cauliflower ~ 210.2%5.59° 104.57+3.48° 110.95£5.47° 116.95£3.32° 0.860£0.01°

Methanolic  Broccoli 235.7+8.48 105.5£1.30° 94.88+6.77° 80.63+£6.25° 0.594+0.59°
Cabbage 260.95£8.99° 103.93+5.81° 77.80£9.10° 74.75£3.07° 0.752%0.02°
Cauliflower ~ 241.45+7.67° 97.06£4.36° 81.69+£10.23° 85.18+6.28° 0.741£0.01°

Mean=Standard Deviation (SD) and Different letters represent significant differences according to the LSD test (p<0.05)
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Melon germinaion (Cucumis melo L.)

* * | | T1
| T2
100 * | | — T3
T4
—4— T5
804 —— T6
T7
—+ T8
IS
= 60~
S
g
£
& 401
20 -
N /

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
DAS

Fig. 3: Percentage of emergence of melon seeds with seed priming produced in the greenhouse

DAS: Days after sowing, T1: Absolute control, T2: Commercial control, T3: Broccoli ethanolic extract, T4: Cabbage ethanolic extract, T5: Cauliflower ethanolic
extract, T6: Broccoli methanolic extract, T7: Cabbage methanolic extract and T8: Methanolic cauliflower extract

Table 3: Effects of the application of ethanolic and methanolic extracts obtained from broccoli, cauliflower and cabbage leaves on the growth of melon and corn

seedlings
Intermediate evaluation Final evaluation
Cultivation  Treatment Plumule (mm)** Radicle (mm)** Plumule (mm)** Radicle (mm)** Fresh weight (g)** Dry weight (g)**
Melon Absolute control 12.20%2.65¢ 49,01+9.61° 26.70+12.31¢ 63.24+19.88¢ 1.48+0.46° 0.07+0.03?
Commercial control 16.51£7.08* 55.59+14.99° 31.9945.89 75.74£18.04°< 1.55+£0.912 0.11%0.05°
Ethanolic extract
Broccoli 14.26+6.19° 64.711+17.032 28.13+3.49% 93.29+17.36% 1.88+0.76° 0.08%+0.022
Cabbage 15.6517.142 62.79+£13.332 33.23+4.532 9497+18.222 1.62£0.872 0.07+0.09°
Cauliflower 13.52+6.36< 57.22+19.62° 28.86+3.80« 80.07+11.13b¢ 2.0+0.88? 0.10£0.06?
Methanolic extract
Broccoli 15.91£6.58® 51.25£13.70? 26.70£8.24¢ 81.851+18.15 1.97£0.70% 0.09+0.04°
Cabbage 16.17+6.542 57.60%15.84° 30.50+8.93b¢ 70.50%15.63«¢ 1.33£0.28° 0.13£0.072
Cauliflower 15.3215.823b¢ 64.281+16.122 30.29+5.67 77.46+18.58° 1.72+0.55° 0.081+0.042
P value 0.0002 0.2039 0.0001 0.0005 0.3795 0.2184
HP 22.69 26.51 13.1 29.77 28.73 30.73
Maize Absolute control 16.48+3.29° 17.51£1.14¢ 21.4314.28¢ 22.77%1.48¢ 0.98+0.322 0.35£0.09°
Commercial control 18.2911.68° 18.731£4.20° 26.511+2.442 30.14+5.86% 1.18%£0.99° 0.41%0.18°
Ethanolic extract
Broccoli 18.01%1.90° 20.14%2.37% 25.21%+2.66% 28.19%3.312¢ 1.00£0.55? 0.34£0.122
Cabbage 18.13+2.04° 22.06%+3.50° 25.38+2.86* 30.88£4.90° 0.93+0.412 0.32%0.152
Cauliflower 179112522 21.53+2912 25.08+3.52° 27.65+4.08¢ 1.05+0.88° 0.37%0.132
Methanolic extract
Broccoli 18.03+1.92¢ 21.00+3.29* 25.24+2.69% 29.40+4.61%¢ 1.03+0.62° 0.36%0.08°
Cabbage 17.63+0.87° 20.63+3.23% 24,68+1.21° 28.881+4.52%¢ 0.90+0.23? 0.32+0.07°
Cauliflower 17.87£1.132 19.74+3.42° 25.02%1.58° 27.6414.79b 1.23£0.86% 0.43+0.18°
P value 0.4289 0.0001 0.0003 0.0001 0.0827 0.1761
HP 11.18 15.66 11.01 15.73 15.88 17.99

Mean = Standard Deviation (SD), Different letters represent significant differences (<0.05). *Data with a normal distribution underwent an analysis of variance, and
means comparison tests were performed according to Fisher's LSD (p<0.05) and **Data with a distribution without normal adjustment were analyzed using
a Kruskal-Wallis test

Regarding seedling growth (Table 3), in melon, plumule Radicle length did not show significant differences at the
length showed significant differences in both evaluations. At intermediate evaluation; however, at the final evaluation, the
the final evaluation, the ethanolic cabbage extract stood out, ethanolic cabbage and broccoli extracts increased radicle
with a 24.46% increase compared with the absolute control. length by 50.17 and 47.52%, respectively. Likewise, the
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Maize germinaion (Zea mays L.)
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Fig. 4: Percentage of emergence of maize seeds with seed priming produced in the greenhouse

DAS: Days after sowing, T1: Absolute control, T2: Commercial control, T3: Broccoli ethanolic extract, T4: Cabbage ethanolic extract, T5: Cauliflower ethanolic
extract, T6: Broccoli methanolic extract, T7: Cabbage methanolic extract and T8: Methanolic cauliflower extract

methanolic broccoli and ethanolic cauliflower extracts
increased this variable by 29.43 and 26.61%, respectively.
Fresh and dry weight did not show significant differences
among treatments.

In maize, plumule length did not show significant
differences at the intermediate evaluation, but significant
differences were observed at the final evaluation, where the
ethanolic cabbage extract and broccoli extracts showed
increases close to 18% compared with the absolute control.
Radicle length showed significant differences in both
evaluations, with the ethanolic cabbage and cauliflower
extracts standing out at the intermediate stage, increasing this
variable by 2599 and 22.96%, respectively. At the final
evaluation, the ethanolic cabbage and methanolic broccoli
extracts showed the greatest increases, with 35.62 and
29.12%, respectively. Fresh and dry weight did not show
significant differences among treatments.

Test of botanical extracts in melon and corn seedlings
treated with seed priming in containers.

In melon (Fig. 3), emergence began at 9 DAS and
intensified at later stages. The ethanolic cabbage extract and
the methanolic cauliflower extract were the most outstanding
treatments, both showing 40% increases in germination.
These values were clearly higher than those of the absolute
control and close to the performance of the commercial
control, indicating high efficiency in accelerating the process.
In maize (Fig. 4), emergence was earlier and more dynamic,
beginning on day 5. The ethanolic broccoli extract showed the
best performance, reaching 100% emergence (25% higher
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than the absolute control), while the ethanolic cabbage
extract reached 95 (20% increase). Both treatments clearly
outperformed the absolute control and showed similar or
even superior performance compared to the commercial
control at the final stage, while also accelerating germination
during intermediate stages (20-30%).

Under seed priming in containers (Table 4), the clearest
response was root growth. In melon, the response was mainly
concentrated in root development. At the final evaluation,
significant differences were observed in root length, with the
methanolic extracts of cabbage, cauliflower, and broccoli
showing the highest values. These treatments increased root
length by 33.96, 32.93, and 23.05%, respectively, compared
with the commercial control, with the methanolic cabbage
extract showing the strongest effect. Stem diameter also
responded positively at the intermediate stage, particularly
with cabbage extracts, with increases of 16.66% (ethanolic)
and 20% (methanolic). In contrast, plumule length and shoot
biomass showed no relevant changes, indicating that the
effect was mainly focused on the root system. In maize, the
response was more variable but still centered on root growth
and some physiological traits. At intermediate stages, radicle
length showed general increases, with the ethanolic cabbage
extract standing out (15.15%). At the final evaluation, the
methanolic cauliflower extract showed the best overall
performance, withincreases of 17.53%in both rootlength and
shoot fresh weight, making it the most effective treatment.
Overall, biomass responses were limited, with more noticeable
effects during early stages.
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Table 4: Effects of botanical extracts applied with seed priming on the growth and development of the plumule, radicle, fresh weight and dry weight of melon and corn seedlings

Intermediate evaluation

Root length Apex height Stem diameter Aerial fresh Aerial dry Fresh root Dry root
Cultivation  Treatment (mm)* (cm)** (mm)* weight (9)* weight (9)* weight (9)* weight (g)**
Melon Absolute control 162.78+£3.39° 17.1£4.46° 1.40£0.16¢ 0.37£0.03° 0.16%0.02¢ 0.18£0.01° 0.07£0.02¢
Commercial control 189.20+6.63° 11.43+1.63° 1.50%0.18< 0.46+0.02° 0.25%0.12 0.25+0.02% 0.1610.02%
Ethanolic extract
Broccoli 187.03£5.06° 15.08 £2.54° 1.63+0.12%¢ 0.45%+0.03° 0.23%0.02% 0.2240.03* 0.13%0.022¢
Cabbage 180.88£10.512 19.13 £6.08 1.75+0.12% 0.45%+0.03° 0.2120.01b 0.21%0.05%® 0.1240.03
Cauliflower 184.50£10.90* 15.10 £0.53° 1.550.120< 0.44%0.05° 0.20%0.02b¢ 0.18%0.04° 0.14%0.03
Methanolic extract
Broccoli 177.80+3.56° 15.63+3.91° 1.480.17< 0.44%0.03, 0.18£0.03% 0.22+0.02:® 0.14%+0.01%®
Cabbage 178.33+7.50° 13.50+2.75° 1.80+0.11° 0.5710.042 0.22+0.05%¢ 0.25+0.032 0.14%+0.02:®
Cauliflower 178.431+9.76° 17.13+2.62° 1.680.05%¢ 0.41£0.02° 0.1940.03¢¢e 0.22+0.02:® 0.13+0.012¢
p-value 0.0046 0.0753 0.0046 0.0308 0.0038 0.0911 0.017
HP 4.49 22.09 8.69 1533 14.25 15.88 15.2
Final evaluation
Root length Apex height  Stem diameter  Aerial fresh Aerial dry Fresh root Rootdry  Total chlorophyll  Total phenols
Cultivation  Treatment (mm)* (cm)* (mm)* weight (9)*  weight (g)*  weight (g)*  weight (g)* (mg/g PS) (g/kg)
Melon Absolute control 175.58+6.15¢ 26.03+3.44° 2.60£0.39° 1.10+£0.12°  0.16%£0.05°  0.51+0.12¢  0.07%0.02* 2.82+0.60° 0.312+0.17°
Commercial control ~ 216.85+16.8< 29.98+6.912 2.83£0.36° 1.34+0.15%  020%£0.04*  0.76+0.13«¢  0.07%£0.02* 3.95+0.53® 0.574%0.132
Ethanolic extract
Broccoli 254.35+1533%  29.55+3.04° 2.78+£0.43% 1.36+0.20,, 0.23%0.04* 0.99+0.20*  0.08%0.04 3.98+0.49%° 0.848+0.18,
Cabbage 231.55+16.81°¢  31.58+4.62° 2.68£0.56* 1.44+043*  0.23%0.05° 0.74+0.18  0.09%+0.02° 2.98+0.03° 0.657%0.08*
Cauliflower 178.23+18.72¢ 28.60+7.64° 2.55+£0.41°2 1.11£0.09®  0.16+0.03° 0.59+0.17¢ 0.08+0.042 4.841+0.14° 0.715%0.24*
Methanolic extract
Broccoli 266.85+19.97*  30.50£3.06° 2.60£0.222 142+0.20® 0.23%0.03* 1.17+0.26®  0.09%0.03* 4.73%x1.10° 0.60810.08°
Cabbage 290.50+16.01°  30.90%+6.432 2.80£0.35° 144%+0.22°  0.25%0.02* 144%+033°  0.11£0.02* 3.98+1.13® 0.36610.28°
Cauliflower 288.28+15.40° 32.18+5.81° 2.60+0.29° 1.34%+0.26® 022 +£0.06® 1.14 £045* 0.11£0.02? 420£0432 0.448+0.23°
p-value 0.0001 0.8157 0.9466 0.2528 0.0461 0.0003 0.3527 0.0179 0.1649
HP 13.48 18.05 14.61 17.81 21.22 27.93 29.85 17.04 8.28
Intermediate evaluation
Root length Apex height Stem diameter Aerial fresh Aerial dry Fresh root Dry root
Cultivation Treatment (mm)* (cm)** (mm)* weight (g)** weight (g)** weight (9)* weight (g)**
Maize Absolute control 27.28+2.17¢ 90.33+13.43° 1.90+0.34° 0.30%0.12¢ 0.04+0.13¢ 0.51£0.02° 0.07£0.01b¢
Commercial control 32.08+2.25° 145.75+15.23® 2.38+0.33° 0.3840.05 0.06£0.08 0.60+0.007> 0.090.01%®
Ethanolic extract
Broccoli 28.83+2.02¢ 150.33£18.52% 2.33£0.17° 0.55£0.132 0.07£0.08° 0.84£0.02 0.10£0.01°
Cabbage 28.25+0.77¢ 141.15+7.425 2.05%0.24%® 0.35%0.10% 0.03%0.05¢ 0.54%0.01° 0.05£0.01¢
Cauliflower 31.70£1.54%® 145.18£10.71° 2.33£0.23° 0.48+0.10% 0.05%0.12%¢ 0.73£0.01% 0.08+0.022¢
Methanolic extract
Broccoli 29.23+1.45b 136.65+7.48° 2.03+0.18% 0.33£0.09¢ 0.04+0.05¢ 0.55+0.01° 0.07£0.01b¢
Cabbage 32.68+1.94 166.381+4.28° 230%0.142 0.5310.06* 0.06+0.08%® 0.82+0.007% 0.09%+0.01%®
Cauliflower 33.90+1.75° 155.40+3.28% 230%0.29* 0.3810.05¢ 0.04+0.14< 0.67 £0.008* 0.06+0.02°¢
p-value 0.0001 0.0043 0.0776 0.0031 0.0003 0.0128 0.0046
HP 5.89 15.18 11.13 22.16 19.55 23.69 19.47
Final evaluation
Root length Apex height ~ Stem diameter  Aerial fresh Aerial dry Fresh root Dryroot  Total chlorophyll  Total phenols
Cultivation  Treatment (mm)** (cm)** (mm)** weight (9)**  weight (g)**  weight (g)*  weight (g)** (m/g PS) (g/kg)
Maize Absolute control 3350%1.11¢ 21.13£1.99¢ 240%£0.29¢  0.55%0.09° 0.07£0.01¢  0.80+0.15¢  0.10%0.02¢ 4.90+0.08¢ 0.737£0.10°
Commercial control 4045138 25.38+0.96 2.68+0.09*  0.90+0.27 0.11£0.03° 1.83+0.54°  0.23%£0.07° 5.24%0.08¢ 0.810%0.20°
Ethanolic extract
Broccoli 39.50+1.55° 23.40+1.26* 2.83+0.22:° 0.65+0.10° 0.08+£0.01%  1.13+£0.34%¢  0.14£0.04>¢  558+0.22¢ 0.879%0.112
Cabbage 46.58+3.072 24.03+0.46% 2.78+0.25° 0.70+0.16%° 0.09£0.02%¢  1.38+0.36%¢  0.17£0.05> 6.681+0.12% 1.01240.08°
Cauliflower 37.63+1.16° 21.20+1.68¢ 230 £0.18¢ 0.60+0.08° 0.08+0.01¢ 1.05£0.13¢  0.13£0.02¢¢ 6.811+0.16* 1.008+0.142
Methanolic extract
Broccoli 39.18+£1.25°  20.53%2.15¢ 238+041¢  0.53%0.17° 0.07£0.02c  0.95+0.35¢  0.12%£0.04<¢  533%+0.17¢ 1.564£0.05°
Cabbage 39.25+£2.05°  22.28%1.15 233%£0.09¢  0.88%0.05 0.092£0.01%¢  1.43+0.16%c  0.18+£0.02**  5.89+0.11° 1.075%£0.172
Cauliflower 39.55+£540°  25.05%1.14* 3.15£0.12° 0.87£0.122 0.11£0.01®  1.58+0.38®  0.20%0.04®  5.90%+0.10° 0.935%0.05°
p-value 0.0001 0.0002 0.0003 0.003 0.0058 0.0031 0.0032 0.0001 0.0001
HP 6.41 6.33 9.24 20.8 21.2 26.09 25.88 241 845

Mean = standard deviation (SD); different letters represent significant differences (<0.05). * Data with a normal distribution underwent an analysis of variance, and means comparison tests were
performed according to Fisher's LSD (p<0.05) and **Data with a distribution without normal adjustment were analyzed using a Kruskal-Wallis test

For biochemical traits, melon showed moderate changes,
with the ethanolic cauliflower extract standing out by
increasing total chlorophyll by 71.63%, followed by the
methanolic broccoli (67.73%) and methanolic cauliflower

43

(48.94%) extracts, while total phenols remained relatively
stable and comparable to the controls. In maize, the response
was more pronounced, where the ethanolic cauliflower extract
showed the highestincrease in chlorophyll (38.98%), followed
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Table5: Correlationanalysisamongrootlength, apex height, stem diameter, fresh apex weight (FAW), dry apex weight (DAW), fresh root weight (FRW), dry root weight
(DRW), total phenols, and chlorophyll in melon seedlings pretreated by seed priming

Root length Apex height Stem diameter FAW DAW FRW DRW Total phenols
Apex height 0.372*
Stem diameter 0.073 0.022
FAW 0.401* 0.240 0.556*
DAW 0.468* 0.209 0.336 0.821*
FRW 0.753* 0.127 0.242 0.649* 0.668*
DRW 0.337 0.060 -0.041 0.128 0.361 0.436
Total phenols 0.096 -0.044 -0.026 0.085 0.036 0.071 -0.057
Chlorophyll 0.130 0.268 -0.173 0.028 -0.084 -0.170 -0.068 -0.472

FAW: Fresh apex weight, DAW: Dry apex weight, FRW: Fresh root weight, DRW: Dry root weight. (Spearman, p<0.05)*

Table 6: Correlation analysis among root length, apex height, stem diameter, fresh apex weight (FAW), dry apex weight (DAW), fresh root weight (FRW), dry root
weight (DRW), total phenols, and chlorophyll in maize seedlings pretreated by seed priming

Root length Apex height Stem diameter FAW DAW FRW DRW Total phenols
Apex height 0.454*
Stem diameter 0.426* 0.562%
FAW 0.101 0.441* 0.535%
DAW 0.101 0.441% 0.535% 1.000*
FRW 0.166 0.464* 0.506* 0.821* 0.821*
DRW 0.166 0.464* 0.506% 0.821% 0.821% 0.100%
Total phenols 0.557* 0359 0.359 -0.004 -0.004 0.104 0.104*
Chlorophyll 0.287% 0.206* 0.162* -0.004 -0.363 -0.246 -0.246 0414

FAW: Fresh apex weight, DAW: Dry apex weight, FRW: Fresh root weight, DRW: Dry root weight. (Spearman, p<0.05)*

by the ethanolic cabbage extract (36.33%); additionally, the
methanolic broccoli extract stood out for the highest increase
in total phenols (112.21%), indicating a greater biochemical
activation in this species.

Correlation analysis supported these patterns: In melon
(Table 5), root length was linked to apex height (p = 0.37),
shoot biomass (p =0.47), and e specially fresh root weight
(p =0.753), with no association with phenols or chlorophyll.
In maize (Table 6), relationships were m ore integrated,
with apex height and stem diameter (p = 0.562) associated
with biomass (p = 0.44), and root length linked to growth
(p = 0.54), phenols (p = 0.557), and chlorophyll (p =0.287),
indicating coordinated responses.

Testing of botanical extracts by foliar spraying on melon
and maize seedlings in containers: In melon seedlings
treated by foliar spraying (Table 7), the response was mainly
concentrated in root growth and biochemical adjustments at
thefinal stage. The ethanolic cabbage extract stood out as the
most effective treatment for root length, with a 75.61%
increase compared with the absolute control, followed by the
ethanolic caulifower and methanolic cabbage extracts,
with increases of 57.09 and 47.80%, respectively. At the
biochemical level, the ethanolic cabbage extract increased
total chlorophyll by 28.22%. Regarding total phenols, the
methanolic broccoliextract showed the highestincrease, with
226.51%, followed by the ethanolic cabbage and ethanolic
cauliflower extracts, with increases of 111.27 and 110.44%,
respectively.
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In maize (Table 7), the response was more variable but
with marked effects on biomass and physiological traits. Root
growth showed moderate increases, particularly with the
methanolic cabbage extract (24.46%) and the ethanolic
cabbage extract (20.52%). However, the strongest effects were
observed in shoot biomass, where the ethanolic cauliflower
and broccoli extracts promoted substantial increases in fresh
weight (320-325%) and especially in dry weight. Additionally,
total chlorophyll increased by up to 38.98%, while total
phenols reached increases of up to 65.13%, mainly with
ethanolic extracts.

Correlation analysis showed species-specific patterns. In
melon (Table 8), apex height was positively correlated with
root length (p = 0.439), fresh aerial biomass (p = 0.457), dry
aerial biomass (p = 0.547), and dry root weight (p = 0.464).
Total phenols were not associated with growth variables but
were correlated with chlorophyll content (p = 0.434). In
maize (Table 9), apex height was associated with root length
(p=10.525), fresh aerial biomass (p =0.391), dry aerial biomass
(p=0.381), fresh root weight (p = 0.591), and dry root weight
(p =0.570). In this species, stem diameter was also positively
correlated with fresh aerial biomass (p = 0.357), dry aerial
biomass (p=0.341), fresh root weight (0 =0.455), and dry root
weight (p = 0.460), while total phenols showed a strong
correlation with chlorophyll content (p = 0.848).

Contrasts: Orthogonal contrasts revealed effects of the
extractant, species, and application method. Overall, ethanol
was more effective than methanol (Table 10), increasing
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Table 7: Effects of spraying with botanical extracts on the growth and development of the plumule, radicle, fresh weight and dry weight of melon and maize seedlings produced
in the greenhouse

Intermediate evaluation

Root length Apex height Stem diameter Aerial fresh Aerial dry Fresh root Dry root

Cultivation Treatment (mm)* (cm)* (mm)** weight (g)* weight (g)** weight (g)** weight (g)**
Melon Absolute control 148.4+7.59¢ 17.70+2.57° 1.431+0.05° 0.31%£0.07¢ 0.08+0.04¢ 0.23%£0.06¢ 0.08%+0.01°

Commercial control ~ 205.10+6.282 19.18+5.94° 1.554+0.06° 0.47%0.09% 0.16%0.032¢ 0.57%+0.10% 0.17%0.112

Ethanolic extract

Broccoli 186.05+14.55% 23.20%£3.46° 1.60+0.08° 0.420.05°¢ 0.09+0.04¢ 0.43+0.06 0.16%£0.112

Cabbage 204.85+16.25% 19.781+4.08° 1.534+0.09° 0.48+0.06%° 0.13%+0.06° 0.4710.04% 0.12%+0.03?

Cauliflower 202.80£16.15% 20.68+3.512 1.68+0.27° 0.47%0.16% 0.13%0.75« 0.43%0.10% 0.11£0.08?

Methanolic extract

Broccoli 170.33+13.64" 22.10+9.442 1.70+0.14° 0.59+0.122 0.20+0.02? 0.59+0.09° 0.14%0.06°

Cabbage 184.75+14.67%° 22.75+4.712 1.63+0.12° 0.47%0.07% 0.18%+0.14%® 0.55%+0.10% 0.14%0.06°

Cauliflower 177.33+18.45° 19.18+3.69° 1.58+0.17° 0.390.05% 0.1%0.02« 0.41%0.11%¢ 0.11%£0.05a

p-value 0.0002 0.67 0.0973 0.0064 0.01 0.0095 0.2547

HP 8.42 24.89 7.59 18.7 27.83 28.06 28.23

Final Evaluation

Root length Apex height  Stem diameter Aerial fresh ~ Aerial dry Fresh root Rootdry  Total chlorophyll Total phenols

Cultivation Treatment (mm)* (cm)* (mm)* (mm)* weight (9)*  weight (9)**  weight (9)** (mg/gPS) g/kg
Melon Absolute control 184.10+9.78¢  30.60+2.19®  2.65+040° 1.18%£0.13° 0.17+0.01® 0.55%024* 0.14£0.01> 528+0.28«  0479£0.04
Commercial control  253.20£19.41% 36.35%3.37*® 288%+0.46° 1.48+036* 0.24%0.01* 1.01%£0.15* 0.19£0.008° 522%0.20¢  0.737%0.26°

Ethanolic extract

Broccoli 219.70£12.11¢¢ 37.03+£4.94® 278+021° 143%+030° 0.23+0.10®® 0.93%0.18*  0.19+0.02*  543+0.52¢ 0.710%0.13b¢

Cabbage 32330£16.36° 41.73+559°  2.85%0.13° 1.46%027% 0.27£0.05° 0.84%£020° 0.19+0.03* 6.77£0.53° 1.012+0.32°

Cauliflower 289.20£10.08%® 33.15%£2.66° 2.93+023* 1.50%£0.24° 0.23+0.09®® 0.870.23? 0.18 £0.04** 6.68£0.09* 1.008+0.09°

Methanolic extract

Broccoli 258.55+£19.71% 31.85%£7.97° 3.00+0.14° 146%+0.21° 0.19£0.02*® 0.71%£0.28° 0.16+0.02* 5.17%0.52¢ 1.564+0.132

Cabbage 272.10£17.36%¢ 36.03£1.82* 2.68+0.26° 1.500.08° 0.22+0.06®® 0.85%£0.23*  0.17+0.04* 6.02%+0.10° 1.075+0.21°

Cauliflower 188.20+16.98¢ 31.03+0.38> 2.83+0.13* 1.38%£0.09° 0.24+0.04* 0.96+0.05° 0.18+£0.05® 597+048>  0.635+0.28>

p-value 0.0002 0.0269 0.7632 0.8173 0.4573 0.2706 0.3349 0.0001 0.0001

HP 15.07 12.96 11.06 20.8 28.59 26.43 17.16 1.55 8.47

Intermediate evaluation
Root length Apex height Stem diameter Aerial fresh Aerial dry Fresh root Dry root

Cultivation Treatment (mm) * (cm)** (mm)* weight (g)** weight (g)** weight (g)* weight (g)**
Maize Absolute control 26.401£9.78¢ 14.03%£2.19°¢ 2.18+0.40« 0.421£0.13¢ 0.03+0.01¢ 0.55+0.24¢ 0.06%+0.01¢

Commercial control ~ 33.60£19.41° 16.95+3.37* 20.20£0.45b< 0.53%0.33¢ 0.05%0.01%¢ 0.80%0.15%¢ 0.07%£0.009%¢

Ethanolic extract

Broccoli 30.80=14.41b 15.73+£4.94® 2.43%0.20 0.50%0.29 0.05%0.09 0.85+0.18? 0.11£0.02?

Cabbage 30.75%£13.11b 15.65+5.59% 2.08%0.13¢ 0.49+£0.27¢ 0.03%£0.05¢ 0.53%0.20¢ 0.05%0.02¢

Cauliflower 28.00%£10.08¢ 14.80+2.66 2.58+0.33° 0.72%£0.26° 0.06%+0.01%¢ 0.83£0.22% 0.09£0.03%

Methanolic extract

Broccoli 31.98%£15.71% 18.80+7.97* 2.3340.14b 0.52+0.22%¢ 0.06+0.02°¢ 0.63+0.216< 0.05%+0.01¢

Cabbage 37.93%£12.36% 20.21%£1.822 2.90%0.26° 0.65+0.07% 0.07%£0.06° 0.88+0.23? 0.10%£0.03?

Cauliflower 29.53+9.98< 14.931+1.38 2.17%0.13 0.48£0.08° 0.05+0.04° 0.60%0.05< 0.54+0.05¢

p-value 0.0001 0.0007 0.0001 0.0229 0.0150 0.0037 0.0139

HP 6.55 8.79 8.38 23.11 21.37 19.53 22.38

Final evaluation

Rootlength  Apex height Stem diameter Aerial fresh Aerial dry Fresh root Dryroot  Total chlorophyll Total phenols

Cultivation Treatment (mm)** (cm)** (mm)** weight (g)**  weight (g)**  weight (g)* weight (g)** (mg/gPS) a/kg
Maize Absolute control 34.13%+131¢  19.30£038¢  2.18+0.09¢ 040£0.08¢  0.02+0.007¢ 0.78+0.17¢ 0.09%£0.02¢  4.90%0.06° 1.821+0.30°
Commercial control 43.88+1.03*  22.80+0.72*  298+0.24*  1.35%0.05%* 0.14+0.008*® 1.93+0.14* 0.28%0.01° 524*0.11¢  2.553%0.12%

Ethanolic extract

Broccoli 38.18+3.83¢ 20.03*£0.80¢  2.33%+0.15> 1.68%+0.08®®  0.19+0.009° 1.63%£0.13*® 0.22£0.01*®  5.58£0.10¢ 2.70%£0.081%®
Cabbage 41.13%£1.61°  20.05%£1.70¢  2.48%+0.13%¢ 143%£0.11% 0.12+£0.02** 0.85%0.19¢ 0.11+0.02<  6.68+0.05* 2.906+0.54°
Cauliflower 38.98+2.60¢ 21.95+1.23%c 2574+0.15% 1.70+0.08°  021%+0.01* 1.30 £0.10> 0.16+0.01> 6.81£0.112 3.008+0.25?
Methanolic extract

Broccoli 38.58+2.03¢ 20.13+£040¢  250%+0.27%¢ 0.83%0.09¢  0.07+0.009¢ 1.32£0.07> 0.18%+0.01%  533%0.09¢ 2.208+0.08?
Cabbage 4248+135% 22304324 265+0.25® 0.78+0.02< 0.09%0.04< 1.68+0.13* 0.20+0.02* 589+0.10°  2.804%+0.57°
Cauliflower 39.10£0.53«¢  20.73%£0.39% 2.83%+0.15 1.03+0.01°¢ 0.11£0.05>* 1.33+0.11> 0.18+0.01> 5.90%0.06>  2.875%0.35%
p-value 353 6.04 10.42 26.08 24.2500 25.12 21.45 0.0001 0.0001

HP 0.0012 0.0045 0.0064 0.0015 0.0041 0.0007 0.0019 1.55 5.13

Mean=Standard Deviation (SD), different letters represent significant differences (<0.05). *Data with a normal distribution underwent an analysis of variance, and means
comparison tests were performed according to Fisher’s LSD (p<0.05) and **Data with a distribution without normal adjustment were analyzed using a Kruskal-Wallis test and
Different letters represent significant differences (<0.05)*
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Table 8: Correlation analysis among root length, apex height, stem diameter, fresh apex weight (FAW), dry apex weight (DAW), fresh root weight (FRW), dry root
weight (DRW), total phenols, and chlorophyll in melon seedlings treated with extract spraying

Root length Apex height Stem diameter FAW DAW FRW DRW Total phenols
Apex height 0.439*
Stem diameter 0.290 0.130
FAW 0.333 0.457% 0.309
DAW 0.390* 0.547* 0.246 0.518*
FRW 0.057 0312 0.285 0.508* 0.371%
DRW 0.143 0.464* -0.012 0.291 0.625% 0.344
Total phenols 0.200 0.155 0.002 0.137 0.466 -0.030 0.272
Chlorophyll 0.234 0.032 -0.171 0.015 0.067* 0.010 0.022 0.434*

FAW: Fresh apex weight, DAW: Dry apex weight, FRW: Fresh root weight, DRW: Dry root weight. (Spearman, p<0.05)*

Table 9: Correlation analysis among root length, apex height, stem diameter, fresh apex weight (FAW), dry apex weight (DAW), fresh root weight (FRW), dry root
weight (DRW), total phenols, and chlorophyll in maize seedlings treated with extract spraying

Root length Apex height Stem diameter FAW DAW FRW DRW Total phenols
Apex height 0.525%
Stem diameter 0313 0.215
FAW 0.279 0.391* 0.357*
DAW 0.279 0.381* 0.341* 0.981*
FRW 0.330 0.591* 0.455* 0.408* 0.408*
DRW 0.330 0.570* 0.460* 0.408* 0.415% 1.000*
Total phenols 0.081 -0.216 0.178 0.115 0.115 -0.002 -0.002
Chlorophyll -0.002 -0.290 0.102 0.169 0.169 0.105 0.105 0.848*

FAW: Fresh apex weight, DAW: Dry apex weight, FRW: Fresh root weight, DRW: Dry root weight. (Spearman, p<0.05)*

Table 10: Orthogonal contrasts comparing ethanol and methanol for the evaluated variables

Evaluation in melon Results ethanol (+) vs methanol (-)  Evaluation in maize Results ethanol (+) vs methanol (-)
In vitro assay of melon seedlings
treated by seed priming

(4) Plumule (p = 0.002) In vitro assay of maize seedlings No differences were found
(+) DW (p =0.0031) treated by seed priming
(+) Radicle (p = 0.0079)
Melon seedlings treated by seed priming (-) Root length (p =0.001) Maize seedlings treated by seed priming (+) Chlorophyll (p=0.001)
(-) FRW (p =0.001)
(-) Chlorophyll (p = 0.045)
(4) Root length (p = 0.021) Maize seedlings treated with (+) FAW (p = 0.0001)
(+) Apex height (p = 0.0268) extract spraying (4+) DAW (p =0.001)
(+) DAW (p =0.017) (4) Chlorophyll (p=0.0001)
(+) Total phenols (p = 0.0042)
DW: Dry weight, FAW: Fresh apex weight, DAW: Dry apex weight, FRW: Fresh radicle weight, DRW: Dry radicle weight, Only contrasts with statistically significant results
are shown. Signs (+/-) indicate the coding of the corresponding results and the direction of the effect

Melon seedlings treated with extract spraying

Table 11: Orthogonal contrasts comparing cabbage vs. broccoli and cauliflower for the evaluated variables.

Results Cabbage (+) vs broccoli Results Cabbage (+) vs broccoli
Evaluation in melon and cauliflower (-) Evaluation in maize and cauliflower (-)
In vitro assay of melon seedlings treated No differences were found In vitro assay of maize seedlings (+) DW (p =0.0157)
by seed priming treated by seed priming
Melon seedlings treated by seed priming (+) Root length (p = 0.001) Maize seedlings treated by seed priming  (+) Root length (p = 0.0014)

(-) Total phenols (p = 0.0032) (+) Chlorophyll (p = 0.0001)
Melon seedlings treated with extract spraying  (+) Root length (p = 0.001) Maize seedlings treated with extract (4) Root length (p = 0.0003)

(+) Apex height (p = 0.0082) spraying (+) DRW (p = 0.0046)

(4) Chlorophyll (p = 0.0165) (4) Chlorophyll (p = 0.0001)

DW:Dry weight, FAW: Fresh apex weight, DAW: Dry apex weight, FRW: Fresh radicle weight, DRW: Dry radicle weight. Only contrasts with statistically significant results
are shown. Signs (+/-) indicate the coding of the corresponding results and the direction of the effect

plumule length (p = 0.002), radicle length (p = 0.0079), phenols (p=0.0042). In contrast, methanol was more effective
and dry weight (p = 0.0031) in melon, as well as root  inmelonunderseed priming,improvingrootlength and fresh
length (p = 0.021), apex height (p = 0.0268), and biomass root weight (p = 0.001), as well as chlorophyll (p = 0.045).
under foliar spraying. In maize, ethanol increased shoot  Cabbage extracts generally outperformed those from
biomass (p = 0.0001-0.001), chlorophyll (p = 0.0001), and broccoliand cauliflower (Table 11), particularly for root length
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Table 12: Orthogonal contrasts comparing the absolute control vs. botanical extracts for the evaluated variables

Evaluation in melon Results AC (-) vs BE (+)

Evaluation in maize Results AC (-) vs EB (+)

In vitro assay of melon seedlings
treated by seed priming
Melon seedlings treated by seed priming

+) Plumule (p = 0.0001)

Melon seedlings treated with extract spraying

(
(
(
(
(
(
(
(
(+
(
(
(
(
(
(
(
(

(+) Total phenols (p =0.0025)

In vitro assay of maize seedlings
treated by seed priming
Maize seedlings treated by seed priming

(4) Plumule (p = 0.0001)

(+) Radicle (p = 0.0001)

(4) Root length (p = 0.0012)
(+) Apex height (p = 0.0042)
(+) FAW (p = 0.0296)

(+) DAW (p = 0.0471)

(+) FRW (p =0.0151

(4) Chlorophyll (p = 0.0001)
Maize seedlings treated with
extract spraying

(4) Root length (p = 0.0001)
(+) Apex height (p = 0.0312)
(+) FAW (p = 0.0001)
(+) DAW (p = 0.0001)
(+) FRW (p = 0.0046)
(+) DRW (p = 0.0032)
(+) Chlorophyll (p = 0.0001)
(+) Total phenols (p = 0.002)

DW: Dry weight, FAW: Fresh apex weight, DAW: Dry apex weight, FRW: Fresh radicle weight, DRW: Dry radicle weight, AC: Absolute control, BE: Botanical extracts. Only
contrasts with statistically significant results are shown. Signs (+/-) indicate the coding of the corresponding results and the direction of the effect

(p<0.001), apex height (p 0.0082), and chlorophyll
(p = 0.0165) in melon, and for root length (p = 0.0003), root
dry weight (p =0.0046), and chlorophyll (p =0.0001) in maize,
although phenols decreased in melon (p = 0.0032). Overall,
botanical extracts improved growth and physiological traits
compared to the absolute control (Table 12), increasing root
length, biomass, chlorophyll, and phenols (p<0.049),
confirming their positive effect in both species.

DISCUSSION

Metabolite extraction depends on the interaction
between plant material and solvent, as well as on processing
conditions such as particle size, time, and solid:liquid ratio™. In
this study, ethanolic extracts showed higher contents of total
phenols, flavonoids, proteins, and glutathione, together with
greater antioxidant capacity, indicating a more efficient
recovery of bioactive compounds than methanolic extracts'!”,
This agrees with previous reports showing that ethanol water
mixtures effectively extract phenolic compounds and thiols,
while also offering practical advantages due to their lower
toxicity and greater suitability for agrifood applications'’.

The metabolite profile also depended on the crucifer
species. Cabbage showed the highest contents of proteins,
phenols, and glutathione, as well as the greatest antioxidant
capacity, which is consistent with studies reporting higher
flavonoid levels and antioxidant activity in cabbage than in
broccoli or cauliflower'. These results highlight cabbage,
particularly in ethanolic extracts, as a promising raw material
for the development of botanical biostimulants.
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Seed imbibition is a widely recognized technique for
improving germination rate and uniformity by reactivating
physiological and metabolic processes prior to emergence,
such as enzymatic activation, respiratory metabolism, the
synthesis of proteins, nucleic acids, and antioxidants, and
reserve mobilization'™2, In this study, priming with botanical
extracts increased germination rate in melon and maize
compared with the control, suggesting that the compounds
presentin the extracts promoted early growth activation. This
resultagrees with previous studies attributing these effects to
the stimulation of reserve-mobilizing enzymes and the
regulation of antioxidant and hormonal networks during the
early stages of germination?.

The effect was more evident in early growth traits,
particularly plumule and radicle length, whereas the response
in biomass was less pronounced. This agrees with reports
indicating that priming effects are usually expressed first in
emergence and early growth, and that changes in biomass
may require more time to become evident®. In addition,
phenolic compounds and flavonoids have been described as
modulators of hormonal and antioxidant processes linked to
root development, which reinforces the practical relevance of
these extracts as biostimulants to improve early crop
establishment?,

Priming acts as an early stimulus that induces
physiological and molecular adjustments associated with
faster seedling establishment?%. Physiologically, it promoted
early activation of seed metabolism, accelerated reserve
mobilization, and led to faster germination?’; it may also have
stimulated hormonal and antioxidant networks, mainly
favoring root elongation, greater biomass allocation to the
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root system, and, in some treatments, improved chlorophyll
accumulation during the transition to autotrophy. In this
study, melon and maize showed a stronger response in root
elongation than in shoot growth, which agrees with previous
studies describing priming as a process that improves reserve
use, accelerates early growth, and can generate a stress
memory that enhances later responses?*26, The effect was
more evident in the intermediate evaluation, whereas
differences became less pronounced at later stages, probably
because seed reserves were depleted before full autotrophy
was reached??; this pattern is consistent with reports
indicating that priming responses are usually stronger during
early establishment than in more advanced stages?. Overall,
methanolic extracts were the most effective in promoting
germination and early vigor, whereas extracts rich in
antioxidant metabolites also favored chlorophyll accumulation
and phenolic status in seedlings®. Taken together, these
results agree with previous studies showing that Brassica
extracts can increase phenol content, antioxidant capacity,
and early seedling performance, supporting their practical
value as biostimulants to improve crop establishment.

Unlike seed priming, foliar spraying produced a clearer
response root growth and chlorophyll content.
Physiologically, this application method allowed the bioactive
compounds to act directly on young leaf tissues, where they
may have modulated antioxidant and hormonal status,
protected the photosynthetic apparatus, and promoted
chlorophyll accumulation; as a result, photoassimilate
availability may also have increased, indirectly stimulating root
development?®3°, In melon, the ethanolic cabbage extract
equaled or exceeded the commercial control for root length,
whereas in maize, only the methanolic cabbage extract
showed values comparable to the commercial control. These
results suggest that cabbage extracts were the most effective
under foliar application, in agreement with their higher
phenolic content and with previous studies linking Brassica-
derived compounds to root growth stimulation and improved
seedling performance?®3',

Overall, ethanolic extracts performed better under foliar
spraying, which agrees with reports indicating that foliar
extracts rich in phenols, flavonoids, and other antioxidant
metabolites can improve leaf activity and support growth,
In this study, cauliflower and cabbage extracts, which showed
higher antioxidant capacity and metabolite content, also
promoted higher total chlorophyll, consistent with studies
showing that antioxidant-rich biostimulants help preserve
photosynthetic pigments and leaf function?. In addition, the

in
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application method influenced total phenol accumulation,
with spraying producing the greatest increase, in line with
previous evidence that foliar application can directly stimulate
phenolic metabolism and act as an elicitor in treated
tissues®3**, Taken together, these results indicate that foliar
spraying with Brassica extracts, especially cabbage-based
formulations, is a promising strategy to improve early root
development, chlorophyll content, and the biochemical status
of seedlings.

CONCLUSION

Hydroalcoholic extracts from crucifer residues showed
clear biostimulant potential in melon and maize, although
their effectiveness depended on the solvent, crucifer
species, crop, and application method. Ethanolic extracts
showed more efficient recovery of bioactive compounds,
whereas cabbage stood out for its higher metabolite content
and more consistent biological response. Seed priming mainly
promoted germination and early root growth, with a better
response to methanolic extracts, whereas foliar spraying
produced clearer effects on root development, chlorophyll
content, and phenols of seedlings, with cabbage extracts
showing the best performance. Overall, these results support
the potential use of Brassica extracts as an alternative to
improve early crop establishment and the physiological
quality of seedlings.

SIGNIFICANCE STATEMENT

This study highlights critical advancements in crop
resilience by optimizing agricultural management strategies.
By systematically evaluating plant development across distinct
growth phases, the findings provide actionable insights to
maximize yield efficiency and enhance research integrity in
plant sciences. Ultimately, this work offers a valuable
framework for researchers and practitioners aiming to bridge
the gap between theoretical data and sustainable, field-level
applications.

ACKNOWLEDGMENT

This work was funded by the Antonio Narro
Autonomous Agrarian University (UAAAN), Project No.
38111-425102001-2511; the authors also acknowledge
SECIHTI for the scholarship to W.X.S.0. that supported this
study.



10.

11.

12.

13.

14.

Asian J. Plant Sci,, 25 (1): 36-50, 2026

REFERENCES

Michelangeli, F., F. diRita, F. Lirer, C. Lubritto and L.G. Bellucci
et al, 2022. Vegetation history of SE Sicily from feudal land
management to post-war agricultural industrialization. Rev.
Palaeobot.Palynol., Vol.296.10.1016/j.revpalbo.2021.104547.
Bakhat, H.F., N. Bibi, Z. Zia, S. Abbas and H.M. Hammad et a/,
2018.Silicon mitigates biotic stresses in crop plants: A review.
Crop Prot., 104: 21-34.

Wolfert, S., L. Ge, C. Verdouw and M.J. Bogaardt, 2017. Big
data in smart farming-a review. Agric. Syst., 153: 69-80.

du Jardin, P., 2015. Plant biostimulants: Definition, concept,
main categories and regulation. Sci. Hortic. 196: 3-14.
Garza-Alonso, C.A., E. Olivares-Saenz, S. Gonzalez-Morales,
M.C. la Fuente and A. Judrez-Maldonado et al/, 2022.
Strawberry biostimulation: From mechanisms of action to
plant growth and fruit quality. Plants, Vol. 11.
10.3390/plants11243463.

Zulfigar, F., A. Moosa, H.M. Ali, N.F. Bermejo and
S. Munné-Bosch, 2024. Biostimulants: A sufficiently effective
tool for sustainable agriculture in the era of climate
change?  Plant  Physiol.  Biochem.  Vol.  211.
10.1016/j.plaphy.2024.108699.

Martins, R, A. Barbosa, B. Advinha, H. Sales, R. Pontes
and J. Nunes, 2023. Green extraction techniques of bioactive
compounds: A state-of-the-art review. Processes, Vol. 11.
10.3390/pr11082255.

Yu, Z. and R.A. Dahlgren, 2000. Evaluation of methods for
measuring polyphenols in conifer foliage. J. Chem. Ecol.,
26:2119-2140.

Bradford, M.M., 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem., 72: 248-254.
Re, R., N. Pellegrini, A. Proteggente, A. Pannala, M. Yang and
C. Rice-Evans, 1999. Antioxidant activity applying an
improved ABTS radical cation decolorization assay. Free
Radical Biol. Med., 26: 1231-1237.

Zhishen, J., T. Mengcheng and W. Jianming, 1999. The
determination of flavonoid contents in mulberry and their
scavenging effects on superoxide radicals. Food Chem.,
64: 555-559.

Moron, M.S., JW. Depierre and B. Mannervik, 1979. Levels
of glutathione, glutathione reductase and glutathione
Stransferase activitiesin ratlung and liver. Biochim. Biophys.
Acta Gen. Subj., 582: 67-78.

Golin, M.F.,, V. Giannini, M. Bagarello, W.C.V. Cartagena,
M. Giordano and C. Maucieri, 2024. Processing tomato and
potato response to biostimulant application in openfield: An
overview. Agronomy, Vol. 14. 10.3390/agronomy14112699.
Wellburn, A.R. 1994. The spectral determination of
chlorophylls a and b, as well as total carotenoids, using
various solvents with spectrophotometers of different
resolution. J. Plant Physiol., 144:307-313.

49

15.

20.

21.

22.

23.

24.

25.

26.

27.

Martinez-Lorente, S.E., JM. Marti-Guillén, M.A. Pedrefo,
L. Almagro and A.B. Sabater-Jara, 2024. Higher plant-derived
biostimulants: Mechanisms of action and their role in
mitigating plant abiotic stress. Antioxidants, Vol. 13.
10.3390/antiox13030318.

Spange, S., N. Wei and T.G. Mayerhéfer, 2022. The global
polarity of alcoholic solvents and water-importance of the
collectively acting factors density, refractive index and
hydrogen bonding forces. ChemistryOpen, Vol. 11.
10.1002/0pen.202200140.

Zuorro, A., A. lannone and R. Lavecchia, 2019. Water-organic
solvent extraction of phenolic antioxidants from brewers’
spent grain. Processes, Vol. 7. 10.3390/pr7030126.

Wang, J, Z. Liy, J. Dou, J. Lv and N. Jin et al, 2022. A
comparative study on the nutrients, mineral elements, and
antioxidant compounds in different types of cruciferous
vegetables. Agronomy, Vol. 12.10.3390/agronomy12123121.
Pompelli, M.F., A. Jarma-Orozco and L.A. Rodriguez-Paez,
2023. Imbibition and germination of seeds with economic
and ecological interest: Physical and biochemical factors
involved. Sustainability, Vol. 15. 10.3390/s5u15065394.
Corbineau, F. N. Taskiran-Ozbingsl and
H.El-Maarouf-Bouteau, 2023. Improvement of seed quality by
priming: Concept and biological basis. Seeds, 2: 101-115.
Liang, H., J. Zhou and C. Chen, 2025. The aleurone layer of
cereal grains: Development, genetic regulation, and
breeding applications. Plant Commun., Vol. 6.
10.1016/j.xplc.2025.101283.

Gendaszewska, D., D. Wieczorek, P. Pipiak, K. Miskiewicz,
K. Zacharska and K. tawinska, 2025. Foliar application of
protein hydrolysate-based biostimulant and herbal extracts
with antifungal properties in winter wheat cultivation as a
strategy to enhance cereal yield. Int. J. Mol. Sci,, Vol. 26.
10.3390/ijms26115089.

Kircher, S. and P. Schopfer, 2023. Photosynthetic sucrose
drives the lateral root clock in Arabidopsis seedlings.
Curr. Biol., 33:2201-2212.e3.

Kambona, C.M.,P.A.Koua, J. Léonand A.Ballvora, 2023. Stress
memory and its regulation in plants experiencing recurrent
drought conditions. Theor. Appl. Genet, Vol. 136.
10.1007/500122-023-04313-1.

Gao, J., S. Zhuang and W. Zhang, 2024. Advances in plant
auxin biology: Synthesis, metabolism, signaling, interaction
with other hormones, and roles under abiotic stress. Plants,
Vol. 13.10.3390/plants13172523.

Kurepa, J.and J.A. Smalle, 2022. Auxin/cytokinin antagonistic
control of the shoot/root growth ratio and its relevance for
adaptation to drought and nutrient deficiency stresses.
Int. J. Mol. Sci,, Vol. 23. 10.3390/ijms23041933.

Leng, B, M. Li,C. Mu, Z. Yan and G. Yao et a/, 2023. Molecular
mechanism of gibberellinsin mesocotyl elongation response
to deep-sowing stress in sweet maize. Curr. Issues Mol. Biol.,
45:197-211.



28.

29.

30.

31.

Asian J. Plant Sci,, 25 (1): 36-50, 2026

Nie, L., S. Song, Q. Yin, T. Zhao, H. Liu, A. He and W. Wang,
2022. Enhancement in seed priming-induced starch
degradation of rice seed under chilling stress via GA-
mediated a-amylase expression. Rice, Vol. 15.
10.1186/512284-022-00567-3.

Hasanuzzaman, M., M.H.M.B. Bhuyan, F. Zulfigar, A. Raza and
S.M. Mohsin et a/, 2020. Reactive oxygen species and
antioxidant defense in plants under abiotic stress: revisiting
the crucial role of a universal defense regulator. Antioxidants,
Vol. 9. 10.3390/antiox9080681.

Ferndndez, V., E. Gil-Pelegrin and T.Eichert, 2021. Foliar water
and solute absorption: An update. Plant J., 105: 870-883.
Kurepa, J., T.E. Shull and J.A. Smalle, 2023. Friends in arms:
Flavonoids and the auxin/cytokinin balance in
terrestrialization. Plants, Vol. 12. 10.3390/plants12030517.

50

32

33.

34.

Djanaguiraman, M., V. Anbazhagan, O.P. Dhankher and
P.V.V.Prasad, 2024. Uptake, translocation, toxicity,and impact
of nanoparticles on plant physiological processes. Plants,
Vol. 13.10.3390/plants13223137.

Statilko, O., T. Tsiaka, V.J. Sinanoglou and LF. Strati, 2024.
Overview of phytochemical composition of Brassica oleraceae
var. capitatacultivars. Foods, Vol. 13.10.3390/foods13213395.
de la Rosa, LA, J.O. Moreno-Escamilla,
N. del Rocio Martinez-Ruiz, E.  Alvarez-Parrilla,
G.A. Gonzalez-Aguilar and J. Rodrigo-Garcia, 2024. The
preharvest application of stress response elicitors
improves the content of bioactive compounds without
modifying the sensory attributes of butterhead lettuce
(Lactuca sativa var. capitatd). Foods, Vol. 13.
10.3390/foods13162574.



	AJPS.pdf
	Page 1


