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Abstract: Pollution from oil spills affects
the soil and crops, so this study evaluated
the effect of soil contaminated with diesel at
different concentrations on the development
of Creole corn (Zea mays). Creole corn seeds
were placed in soil contaminated with diesel
at different concentrations: 0%, 0.5%, 1%, 2%,
4% and 8%, each treatment had four replicates,
the experimental units were kept under
controlled laboratory conditions. Variables
such as germination percentage, plant height,
leaf area, mortality rate, aerial and root
biomass were evaluated at 7, 10, 14, 21 and
28 days after sowing. The results indicate that
germination was delayed and a delay in the
appearance of the sprout was also observed
at higher concentrations. Plant height, root
area, biomass, and taproot were affected at
higher concentrations (p < 0.05). Presence
of chlorosis and malformations in the leaves
were observed on the ninth day after planting,
causing the onset of wilting of the leaves in
the 4% and 8% treatments. Exposure to diesel
significantly reduces the growth of native corn
in its early stages of development.

Keywords: Soil, contamination, Zea mays,
hydrocarbons.

INTRODUCTION

L Soil contamination by hydrocarbons has
had considerable effects on the development
of plants, such is the case of germination
and vegetative growth of different species,
observing a marked delay in the growth of
plants in contaminated areas (Okonwu et al.,
2010; FiriAppah et al., 2014), an effect has also
been observed on plant height, stem density,
photosynthetic rate,among other effects on the
plant (Vazquez-Luna et al., 2010; Hernandez-
Valencia et al., 2017). On the other hand, the
hydrophobic properties of hydrocarbons and
their derivatives reduce the potential of plants
to absorb water and minerals (Afzal et al.,
2013).

In the corn plant (Zea mays) Marin-
Velasquez (2016) observed that the
germination percentage decreased when the
seeds were exposed to a higher concentration
of oil. Cevher-Keskin et al. (2018) observed
the reduction in leaf growth and chlorosis
as well as delay in cell expansion of corn in
the presence of light oil (1, 2.5 and 5%), in
addition to the above, the study revealed the
inhibition of root growth and shoots that were
attributed to drought stress.

The presence of polluting substances, such
as petroleum hydrocarbons, have a negative
effect on the economic, social (Carvazos-
Arroyo et al., 2014), environmental (Yan et
al. 2012), and health (Ortiz-Salinas et al.,
2012) sectors, 2012) therefore, the presence
of hydrocarbons is one of the problems that
can affect the harvest in the morphology
of the plant and, in turn, reduce its food
security, because the toxic levels of the
contaminants cause the crops are dangerous
for consumption by animals and humans.
(Saha et al.,, 2017; Rodriguez-Eugenio et al.,
2019). It is then that it becomes necessary to
pay attention to this concept, investigating
in more specific ways the effects that oil has
on the sowing of corn plants, selecting it for
its climatic adaptation and its agricultural
importance in oil-producing areas (Quifiones
etal. al., 2003). The objective of this work is to
evaluate the response of Creole corn in early
stages of development in a soil contaminated
with diesel.

MATERIALS AND METHODS
SUBSTRATUM

The soil used was of the Andosol type,
collected in the city of Xalapa, Veracruz,
Mexico.

INDUCED SOIL POLLUTION

Soil contamination was carried out with
diesel fuel characterized by being a mixture of
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paraffinic, olefinic and aromatic hydrocarbons
derived from the processing of crude oil used
as automotive fuel (PEMEX, 2020). A mixture
of 450 g of soil with 50 g of agrolite was made;
plus the corresponding diesel to obtain the
following concentrations: CO or control (soil
without contamination), C.5 (soil with 0.5%
diesel), C1 (soil with 1% diesel), C2 (soil with
2% diesel) C4 (soil with 4% diesel) and C8
(soil with 8% diesel); each with 4 repetitions
to obtain 24 experimental units.

CORN SOWING

Once the contamination was over, 3 Zea
mayz seeds were planted per experimental
unit with a depth of 4 cm (ANDES
Association, 2019). The experimental units
were controlled under an artificial Climatic
Chamber brand ECOSHEL model C1000D,
16/8 light/darkness. At a temperature of
25°C, an ambient humidity of 60% and a
soil humidity of 45%. Daily monitoring was
carried out and the soil was irrigated with
the help of a water spreader. The variables
evaluated were: germination percentage,
plant height, number of leaves, leaf area,
mortality rate, main root length and biomass
expressed in wet and dry weight of the aerial
and root parts at 0, 7, 10, 14, 21 and 28 days
after sowing.

STATISTICAL ANALYSIS

The results were analyzed by one-way
ANOVA analysis of variance and as a posteriori
test a Tukey test was applied to determine
specific differences between treatments, for p
< 0.05. All analyzes were performed with the
RStudio program.

RESULTS AND DISCUSSION
GERMINATION

Germination was observed on the fourth
day after sowing, with the control or C0 (0%)

having the highest percentage with 83.3% of
the germinated seeds and treatments C1 and
C8 having the lowest germination with 8.33%.
On the fifth day of sowing, treatments CO, C.5,
C1 and C2 were added, germinating at 100%.
Subsequently, C4 reached 100% germination
on day 7. With respect to treatment C8, it
obtained a germination of 91.6% (11 seeds)
on day 8; being its maximum percentage of
germinated seeds after 28 days.

Diesel pollution retarded the germination
of corn seeds; This result indicates that at
higher concentrations of diesel corresponding
to 4% and 8% of induced contamination, soil
properties can be more affected in such a way
that it limits and/or alters seed germination
(Ekundayo et al., 2001; Adam and Ducan
2002). The hydrophobic property that diesel
presents can explain its inhibitory effect
on germination by generating a diesel film
around the seeds, becoming a physical barrier
that prevents or reduces the entry of water
and oxygen into the corn seeds (Adam and
Duncan, 2002).

PLANT HEIGHT

The growth of the native maize plants
before the different treatments had a similar
tendency in its early stage (see Figure 1). After
28 days, CO ended up being the highest with
53.12+2.2 cm, presenting differences between
the treatments with the highest concentration
of diesel (C2, C4 and C8). Treatment C8 was
shorter, 33.81+1.28 cm, showing significant
differences between all other treatments
(F=11.01, p<0.01).

As shown in Figure 1, the height was
affected by the higher concentration of diesel.
These results coincide with Obgo (2009) and
Quinones et al. (2003) where they concluded
that the inhibition of plant growth shows a
directly proportional relationship with higher
concentrations of hydrocarbons. Likewise, a
study carried out by Arias et al., (2017) with
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Figure 1. Corn growth of treatments 0%, 0.05%, 1%, 2%, 4% and 8% of induced contamination on days 7,

10, 14, 21 and 28. The highest percentage of contamination (8%) shows differences statistically significant
(p<0.01) with all other treatments.

bean plants (Phaseolus vulgaris) in the presence
of hydrocarbons at different concentrations
(0.15%, 0.3%, 0.45%, 0.6%, 0.75% and 0.9%),
reported that the longer the exposure time, the
greater the damage to the plant in increasing
concentrations (0.3% to 0.9%).The negative
repercussions on the height of the corn may be
due to the fact that the hydrocarbon leachates
reduce the metabolism and physiological
development of the plants, by inhibiting the
physiological maturity of the roots and aerial
part (Hernandez Rodriguez et al., 2022).

EFFECT OF DIESEL ON LEAVES

Leaf sprouting began on day 7 after
sowing in treatments CO and C2, and from
day 9 treatments C4 and C8 showed leaves
stuck to each other and curled. By day 10,
all treatments presented at least one leaf

per germinated seed; showing significant
differences between treatments (F=4.284,
p=0.00198**) with a maximum number of
3 leaves in treatments C0, C2, C4 and CS8,
and a minimum of 2 leaves in C.5 and CI.
On this same day, leaves with chlorosis were
observed in treatments C2, C4 and C8, which
were increased and showed greater damage
until the final day (day 28). These results
agree with those reported by Cevher-Keskin
et al. (2018) where they observed that at
concentrations of 1%, 2.5% and 5% the leaves
presented yellowing due to the presence of
hydrocarbons in the soil.

Between days 14 and 21, the increase in
the number of leaves was one per plant and
the increase in leaves with chlorosis began
to become more evident in treatments C.5
and CIl. It must be noted that, by day 21,
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the repercussions on the leaves increased,
causing the wilting of smaller leaves in C2,
C4 and C8 with a mortality rate of 14.89%,
13.95% and 29.27%, respectively. On day
28, the number of leaves showed significant
differences between treatments (F=10.44, p <
0.01), with treatments C2, C4 and C8 having
the lowest average number of leaves and the
highest mortality rate with 27.27%, 24% and
38.78. % (Table 1). In this sense, Abha and
Swaranjit (2012), point out that, due to the
penetration of hydrocarbons at the cellular
level, intracellular metabolic changes are
induced in the leaves that lead to wilting, a
response appreciated in the present study.

#Leaves Leaf area (cm?)  Mortality rate
CO 4+0.21ab 59.03+3.47a 14.29
C.5 4.25+0.22a 42.1+2.78b 5.56
C1 4.08+0.19a 44.52+3b 14.04
C2 3.25+0.13bc 37.2+3.04b 27.78
C4 3.17+0.17c¢ 34.48+2.96bc 24
C8 2.72+0.19¢ 24.43+1.99¢ 38.78

Tabla 1. Efectos de diésel en sus diferentes

concentraciones sobre el drea foliar. Las letras

corresponden a las diferencias significativas
entre tratamiento. 28 DDS (p<0.5)

On day 28, the decrease in leaf size was
more evident (F=15, p<0.01). The decrease
in the size of the leaves has been associated
with a lower absorption of nutrients and
water, coupled with changes in the activity
of some metabolites within the plant due to
the presence of diesel, generating osmotic and
oxidative stress (Oguntimehin et al, 2010).
During osmotic stress, the damage begins
immediately after the concentration of the
contaminant in the rhizosphere increases
above the tolerance level of the plant, due to the
hydrophobic effect that limits the availability of
water for the roots, affecting the development
of the aerial system (Adenipekun et al., 2009)
thus inhibiting growth, and reducing cell

division and elongation, resulting in a decrease
in leaf area (Oguntimehin et al., 2010). The
oxidative damage caused by the hydrocarbon
is manifested by the alteration of fundamental
biomolecules (sugars, lipids, proteins, DNA
and vitamins) (Foyer and Noctor, 2005) and
can cause mutations due to the breakage of the
DNA chain when reacting with OH- (Moller
et al., 2007).

ROOT

The length of the maize main root was
affected by the different concentrations
of diesel in the soil, showing significant
differences between treatments (F=18.82, p
< 0.05), resulting in a decrease in length with
respect to the percentage of germination,
havingthelengthlargestrootat C0(48.84+3.16
cm) and the smallest at C8 (18.64+2.33 cm).

Petroleum hydrocarbons have negative
effects on the root due to the reduction in
the availability and absorption of water and
nutrients (Hernandez-Rodriguez, 2022). In
turn, the presence of an organic contaminant
results in cell disruption as a direct effect
on mitochondrial respiration or indirectly
through cell growth and division (Issoufi et
al., 2006), significantly altering the rate of cell
division in cells. root apices, the size of the
meristematic regions and the structure of the
root hairs (Bona et al., 2011) further causing
the adverse effects of diesel on root length to be
reflected. These changes have been recorded
in different species grown in contaminated
soil, and it is considered that they are part
of the adaptations that plants present to be
able to develop under these stress conditions
(Hernandez-Ortega, 2014).

DRY BIOMASS AND WET BIOMASS
OF THE ROOT AND AERIAL PART

The humidity biomass of the aerial part
(F=27.1, p < 0.01) and humidity biomass
of the root (F=6.932, p < 0.05) showed
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Aerial Root

Moist biomass Dry biomass(g) Humidity Moist biomass(g) Dry biomass(g) Humidity
(® (%) (%)
Co 3.45+.0. 27a 0.29+0.48a 91.7 1.91+0.20a 0.37+0.04a 80.56
C5 2.16+0.22b 0.18+0.31a 91.57 1.08+0.14b 0.23+0.03a 78.68
C1 1.94+0.13bc 0.17£0.01a 91.3 0.85+0.08b 0.17£0.4a 79.68
C2 1.47+0.13bcd 0.18+£0.01a 87.94 1.3+0.14ab 0.4+0.11a 69.23
C4 1.28+0.10bd 0.27+0.14a 78.53 0.9+0.08b 0.21£0.2a 77.12
C8 0.940.9d 0.12+£0.01a 87.2 1.02+0.19b 0.22£0.3a 78.52

Table 2. Wet and dry biomass, area and root section and percentage of moisture of corn plants at different
treatments. Small letters indicate significant differences between treatments (p<0.5).

significant differences between the treatments
with different concentrations of diesel, this
result could be due to the fact that the The
presence of hydrocarbons in soils inhibits seed
germination and limits growth and therefore
the accumulation of plant biomass (Adam and
Duncan, 2002; Ogbo, 2009) due to the fact
that plants experience a physiological drought
caused by the limited absorption of water
and impaired gas exchange (Omosun et al.,
2009) (Table 2). A decrease in aerial humidity
biomass of up to 74% is observed comparing
the control treatment against the treatment
with the highest concentration (C8). On the
other hand, aerial and root dry biomass did
not show statistically significant differences
between treatments.

CONCLUSIONS

Under controlled conditions in the
laboratory, it was observed that the presence
of diesel in the soil negatively aftects Zea mayz
in its early stages of development causing a
decrease in plant height, leaf area, main root
length and biomass.

T —— -



REFERENCES

ABHA, S., Y SINGH, C. S. Hydrocarbon pollution: effects on living organisms, remediation of contaminated environments,
and effects of heavy metals co-contamination on bioremediation. Introduction to enhanced oil recovery (EOR) processes and
bioremediation of oil-contaminated sites. 186-206. 2012.

ADAM, G.; DUNCAN, H. Influence of diesel fuel on seed germination. Environmental Pollution, v. 120, n. 2, p. 363-370. 2002.

AFZAL, M., KHAN, S, IQBAL, S., MIRZA, M. S., Y KHAN, Q. M. Inoculation method affects colonization and activity of
Burkholderia phytofirmans PsJN during phytoremediation of diesel-contaminated soil. International Biodeterioration &
Biodegradation, v. 85, p. 331-336. 2013.

ASOCIACION ANDES. Desarrollo vegetativo del maiz. Oxfam Novib, 35. 2019.

BONA, C,, SILVA, M. Y. B. D,, REZENDE, 1. M. D,, SANTOS, G. D. O,, SOUZA, L. A. D., Y INCKOT, R. C. Efeito do solo
contaminado com o6leo diesel na estrutura da raiz e da folha de plantulas de Sebastiania commersoniana (Euphorbiaceae) e
Schinus terebinthifolius (Anacardiaceae). Acta Botanica Brasilica, 25, 277-285. 2011.

CAVAZOS-ARROYO, J.; PEREZ-ARMENDARIZ, B.; Y MAURICIO-GUTIERREZ, A. Afectaciones y consecuencias de los
derrames de hidrocarburos en suelos agricolas de Acatzingo, Puebla,, Mexico. Agricultura, sociedad y desarrollo, v. 11, n. 4,
p. 539-550. 2014.

CEVHER-KESKIN, B., SELCUKCAN-EROL, C., YUKSEL, B., ERTEKIN, O., YILDIZHAN, Y., ONARICI, S., Y MEMON, A.
R. Comparative transcriptome analysis of Zea mays in response to petroleum hydrocarbon stress. Environmental Science and
Pollution Research, v. 25, n. 32, p. 32660-32674. 2018.

EKUNDAYO, E. O.; EMEDE, T. O.; OSAYANDE, D. I. Effects of crude oil spillage on growth and yield of maize (Zea mays L.)
in soils of midwestern Nigeria. Plant Foods for Human Nutrition 2001 56:4, v. 56, n. 4, p. 313-324. 2001.

FIRIAPPAH, C.; OKUJAGU, D. C., Y EBASSEY, S. Effects of crude oil spill in germination and growth of Hibiscus esculentus
(Okra) in Bayelsa state Niger Delta Region of Nigeria. The International Journal Of Engineering And Science (IJES). 2014.

FOYER, C. H., Y NOCTOR, G. Oxidant and antioxidant signalling in plants: a re-evaluation of the concept of oxidative stress
in a physiological context. Plant, Cell & Environment, 28(8), 1056-1071. 2005.

HERNANDEZ ORTEGA, H. A. Respuestas morfologicas y fisioldgicas de Rhizophagus intraradices y Medicago sativa ante
contaminacion por diésel. 2014.

HERNANDEZ RODRIGUEZ, C., OJEDA QUINTANA, L. ], BERNAL CARRAZANA, Y. Comportamiento del Maiz (zea
mays L.) en un suelo contaminado con dosis crecientes de Hidrocarburos totales de petréleo (htp) resultante de un proceso de
Biorremediacion en Biopilas con una combinacién de Texturizantes. Revista Cientifica Agroecosistemas, v. 10, n. 2, p. 24-34,
21 set. 2022.

HERNANDEZ-VALENCIA, I; LAREZ, L. M.; GARCIA, J. V. Evaluacién de la toxicidad de un suelo contaminado con diferentes
tipos de crudos sobre la germinacion de dos pastos tropicales. Bioagro, v. 29, n. 2, p. 73-82. 2017.

ISSOUFL 1., RHYKERD, R. L., & SMICIKLAS, K. D. Seedling growth of agronomic crops in crude oil contaminated soil.
Journal of Agronomy and Crop Science, 192(4), 310-317. 2006.

MARIN VELASQUEZ, T. D. Crecimiento de plantas de maiz (Zea mays) en un suelo contaminado con petréleo y remediado
con extracto de cascaras de naranja (Citrus sinensis). Enfoque UTE, v. 7, n. 3, p. 1-13. 2016.

MOQLLER, I. M., JENSEN, P. E., Y HANSSON, A. Oxidative modifications to cellular components in plants. Annu. Rev. Plant
Biol., 58, 459-481. 2007.

OGBO, E. M. Effects of diesel fuel contamination on seed germination of four crop plants - Arachis hypogaea, Vigna unguiculata,
Sorghum bicolor and Zea mays. African Journal of Biotechnology, v. 8, n. 2, p. 250-253. 2009.

OGUNTIMEHIN, L, EISSA, E, Y SAKUGAWA, H. Negative effects of fluoranthene on the ecophysiology of tomato plants
(Lycopersicon esculentum Mill): Fluoranthene mists negatively affected tomato plants. Chemosphere, 78(7), 877-884. 2010




OKONWTU, K., AMAKIR], J. O., ETUKUDO, M. M., OSIM, S. E., Y MOFUNANYA, A. A. J. Performance of maize (Zea mays
1.) in crude oil treatment. Global Journal of Pure and Applied Sciences, v. 16, n. 2, p. 173-176. 2010.

OMOSUN, G., EDEOGA, H. O., Y MARKSON, A. A. Anatomical changes due to crude oil pollution and its heavy metals
component in three Mucuna species. Recent Research in Science and Technology, 1(6). 2009.

ORTIZ-SALINAS, R.; CRAM, S. Y SOMMER, I. Polycyclic aromatic hydrocarbons (PAHs) in soils of the low alluvial plain in
the state of Tabasco, Mexico. Universidad y ciencia, v. 28, n. 2, p. 131-144. 2012.

PEMEX (Petroleos Mexicanos). Diésel automotriz. Recuperado de: https://www.pemex.com/comercializacion/productos/
Paginas/refinados/diesel_automotriz.aspx Acceso 25 de octubre de 2022.

QUINONES, E. E., FERRERA, R, GAVI, E, FERNANDEZ, L., RODRIGUEZ, R., Y ALARCON, A. Emergencia y crecimiento
de maiz en un suelo contaminado con petroleo crudo. Agrociencia, 37(6), 585-594. 2003.

RODRIGUEZ-EUGENIO, N., MCLAUGHLIN, M. Y PENNOCK, D. La contaminacién del suelo: una realidad oculta. Roma,
FAO. 2019.

SAHA, J. K., SELLADURAI, R., COUMAR, M. V,, DOTANIYA, M. L., KUNDU, S., & PATRA, A. K. Soil Pollution - An
Emerging Threat to Agriculture. Environmental Chemistry for a Sustainable World. v. 10, p. 386. 2017.

VAZQUEZ-LUNA, D., CASTELAN-ESTRADA, M., RIVERA-CRUZ, M. D. C., ORTIZ-CEBALLOS, A. L, Y IZQUIERDO, E
Crotalaria incana L. y Leucaena leucocephala Lam. (Leguminosae): especies indicadoras de toxicidad por hidrocarburos de
petréleo en el suelo. Revista internacional de contaminacién ambiental, v. 26, n. 3, p. 183-191, 2010.

YAN, S., SINGH, A. N,, FU, S, LIAO, C.,, WANG, S, LI, Y,, Y HU, L. A soil fauna index for assessing soil quality. Soil Biology
and Biochemistry, v. 47, p. 158-165. 2012.



https://www.pemex.com/comercializacion/productos/Paginas/refinados/diesel_automotriz.aspx
https://www.pemex.com/comercializacion/productos/Paginas/refinados/diesel_automotriz.aspx

