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ABSTRACT
The amount of water retained by soil depends on its physical and chemical properties, as well
as the type of cover or crop present. It is important to understand the effects of oil palm (Elaeis
guineensis Jacq.) plantations on water requirements. Therefore, the objective of this study was to
determine soil humidity parameters in oil palm plantations at different ages of development in
Tabasco, Mexico. The experiment was conducted using a completely randomized design with
three replications. Four treatments were evaluated: 5-, 11-, and 25-year-old oil palm, and pasture
as a control treatment. As response variables, parameters of bulk density (Da), texture, field
capacity (CC), permanent wilting point (PMP), electrical conductivity (CE), saturation point
(PS), and soil humidity parameters including irrigation sheet (L), sheet in the infiltration rate
test (Lr, ), basic infiltration (Ib), accumulated sheet (Z), soil humidity retention curves (CRH),
and soil humidity stress (EHS) were determined. Ib and Z values were determined in the surface
layer; Lx, Lr, , and CRH at three depths (0-30, 3060, and 60-90 cm). The results indicate that
the treatments presented significant differences (p < 0.05) in all the variables evaluated; and the
parameters of field capacity, permanent wilting point, initial and final humidity in the infiltration
rate test, affected the humidity content in the Lr, Lr,, CRH and EHS. It is concluded that oil

palm age modifies soil humidity retention parameters and influences water requirements.

Keywords: Irrigation sheet, humidity retention curve, soil humidity stress.

INTRODUCTION

The amount of water retained by soil is determined by its physical and chemical
properties of the soil, as well as the type of cover present. This is because the soil is a
dynamic system in which interactions develop in the pedosphere (Novillo-Espinoza
et al., 2018), where various factors such as climate and human activities intervene
(Zanor et al., 2018); in agricultural areas, the introduction of new crops, tillage systems,
among others, modify soil properties (Hernandez-Sanchez et al., 2019). Some of these
soil modifications can be beneficial; for example, tillage promotes the circulation of
water, oxygen, and nutrients to plants (Olivet-Rodriguez et al., 2019), which impact
soil humidity content.
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Therefore, agricultural soils are a topic of current importance, due to the interest in
understanding and evaluating the impacts of different management practices on the
sustainability of this resource. Furthermore, the environmental changes caused by the
so-called global climate change predict that water scarcity will increase; therefore, it
is necessary to carry out good agricultural practices to increase crop water efficiency
(Delgado-Revelo and Angarita-Carrascal, 2021). This implies that soil physical and
chemical properties are a fundamental part of plant production as these variables are
affected by soil humidity and intervene in water infiltration (Velazquez and Lavelle,
2019) and irrigation sheet for the crop. In this sense, humidity retention curves (CRH)
and soil humidity stress (EHS) curves help to understand the relationship between
humidity content and its matrix potential, which reflect the soil’s capacity to retain
water as a function of suction (Bejar et al., 2020). Furthermore, the type and density of
cultivation define the level of impact on hydrological properties (Bejar et al., 2020) and
the efficient water management of the crop, both of which are key factors in mitigating
foreseeable negative impacts (Arias, 2021).

Oil palm or African palm (Elaeis guineensis Jacq.) is an agricultural crop that has sparked
debate due to its questioned negative impact on the environment (Pardo and Ocampo-
Penia, 2019) which will demand a greater amount of water in the future. Furthermore,
this crop has grown exponentially worldwide (Herndndez, 2020). According to data
from the year 2000, the harvested area was 21 257 047 ha, and by 2021 it had increased
to 28 909 789 ha (FAO, 2021). This is due to the large quantities of oil extracted from
its fruits, which results in a wide range of products used by humans for consumption,
allowing the population’s needs to be met (Tosca-Magafia and Vazquez-Vidal, 2022).
In Mexico, oil palm plantations are established in the southeastern states, including
Campeche, Chiapas, Tabasco, and Veracruz (Hernandez-Rojas et al., 2018). From
2015 to 2020, the total area planted increased 43 % (from 82 150.60 ha to 117 543.01
ha). In Tabasco, by the year 2020, it reached an area of 27 520.3 ha (FEMEXPALMA,
2021). However, there are currently no studies in the southeastern region of Mexico
on the efficient use of water in oil palm plantations to ensure water availability,
environmental conservation, and productivity. For this reason, the objective of this
study is to determine soil humidity parameters in oil palm plantations at different
ages of development in Tabasco, Mexico.

MATERIALS AND METHODS
The study was conducted in the rancheria Chipilinar Tercera Seccion of the municipality
of Jalapa, Tabasco, Mexico; located at coordinates 92.770278° W and 17.781667° N, at
an altitude of 20 m, with annual rainfall of 3783 mm; the soil type is Chromic Lixisol.

Experimental design
Three oil palm cultivated areas of 5, 11, and 25 years of age, and one pasture (considered
as a control) were selected; the experimental design was completely randomized; the
design was for each depth (0-30, 30-60, and 60-90 cm). In each area, three replicates
were carried out for statistical analysis.
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Soil sampling
Soil sampling in each treatment was conducted during the months of May and
June 2021, at three depths: 0-30, 30-60, and 60-90 cm, to determine the soil physical
parameters.

Determination of variables
Texture (Bouyucos method), bulk density (Da, cylinder method), field capacity
(CC, pressure pot method), permanent wilting point (PMP, pressure membrane),
humidity content before (6, ... ) and after (01 the infiltration rate test, and percent
humidity at saturation (PS) were determined. The percentage of soil humidity (6 ) was
determined gravimetrically, with

Psh - P
0=(S S5)

w

*100
Pss

where Psh = Wet soil weight (gr), Pss = Dry soil weight (gr).

In the surface layer, the infiltration rate, basic infiltration, and accumulated sheet
were determined.

Infiltration rate and basic infiltration rate
The infiltration rate test was determined in each treatment using the double cylinder
method with a duration of 12 hours, the data were adjusted to the Kostiakov model:

[=Kt

where ] = Infiltration rate (cm hr), f = Time (min); K and # area paramters obtained by
linear regression.

The basic infiltration (I,) was obtained with the time (t,), with ¢, =-10 * n. Therefore: I, =
K* (-600 * n)", the value of 600 is the unit conversion factor, in cm hr.

Accumulated sheet (Z) in infiltration test
The accumulated water sheet with the double cylinder test was obtained in two ways:

a) From the Kostiakov equation (Z,):

L
60 (n +1)

* gn+l

where Z, = Stored sheet according to the Kostiakov equation; t, K and n already
defined. The time was obtained from the basic infiltration.
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b) The field data were fitted to a potential model of the form Z,=a t', where Z, = Sheet
stored with field data, a and b = are obtained from regression; time was that of basic
infiltration.

At depths of 0-30, 30-60, and 60-90 cm, the following variables were determined:

Irrigation sheet (Lr)
The following equation was used to determine the irrigation sheet required for this
type of irrigation:
(CC-PMP) * Pr
Lr=—m——*
Dw

Da

where Lr =in cm; CC = Field capacity, in %; PMP = Permanent wilting point, in %; Dw
= Water density, gr cm™®; Da = Soil density, gr cm™ and Pr= soil stratum thickness, in m.
The CC and PMP were obtained from the mean averages of the results of the statistical
analyses.

Water retained in the soil in the infiltration rate test (Lr, ), determined with the
initial and final soil humidity during the test

The L, was determined with the initial and final humidity for the three depths when
the infiltration test was performed:

_ *
Lr = (9ﬁ11al inf einicial inf) Pr Da

inf Dw
where: Lr, incm; 6, .. = Gravimetricsoil humidity at the beginning of the infiltration

rate test, in %; Qﬁm, inf = Gravimetric soil humidity at the end of the infiltration rate test,
in %; Dw= Water density, gr cm?; Pr = Soil thickness, m; Da = Soil density, gr cm™®. The
0, cia g A0 6, - Were obtained with the mean averages of the results of the statistical
analyses.

Soil Humidity Retention Curves (CRH)
It was determined using the Palacios model, according to the NOM-021-RECNAT-2000
standard (SEMARNAT, 2002):

T=K(P)'+C

where: T=soil tension, in atm; Ps=percentage of soil humidity, in decimal; n=exponent
that depends on the physical characteristics of the soil, dimensionless; K = constant
that depends on the texture, structure and compaction of the soil, dimensionless; and
C = that depends on the soil characteristics, dimensionless.
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log (T~ C) - log (T,,, - C)
C=-0.000014CC*>" +0.3, n= il , and K = Ant log (log (T
log (Ps_) - log (Ps,,,) "

- nlog (Ps,, ). The data used from CC and PMP for this equation were the mean data
from the results of the statistical analyses.

-Q)

Soil Humidity Stress (EHS)

It was determined with the equation EHS = T + PO; where T = is the Tension, in atm
(soil humidity retention curve CRH), and PO = is the osmotic pressure, in atm.

The soil humidity stress (EHS) was obtained from EHS = PO + T.

where PO = is the osmotic pressure, in atm.

Any soil humidity was obtained with: PO, =PO_, (£5)

where PO, = Osmotic pressure for x percent soil humidity, in atm; PO_, = Osmotic
pressure at saturation, in atm; PS = Percent soil saturation, in decimal; and P_= Percent
humidity x, in decimal.

PO_, was determined with PO_, = 0.36 x CE x 10%; where: CE = Electrical conductivity,
in mmhos cm™. CE was measured with a conductivity meter (ROHS, with an accuracy
of 0.1), and humidity at saturation (PS) by soil saturation.

Statistical analysis

For the texture parameters, Lr and L, ,

averages were obtained for their determinations. The graphs were constructed with

no statistical analysis was performed, only the

exponential regressions.

The statistical analysis of the variables of the treatments was carried out by a
comparison of means with Tukey’s test, with p < 0.05 for each depth separately. The
statistical package Statgraphics 2009 was used.

RESULTS AND DISCUSSION

Texture and bulk density (Da)

At depths 0-30 and 30-60 cm, the texture was different (p < 0.05) at planting age,
only at the depth of 60-90 cm were they equal, with a clay texture (Tables 1, 2, and 3);
however, these results are not similar to those reported by Palma-Lépez et al. (2007)
for a soil from the same region.

Among treatments, Da showed significant differences (p < 0.05) at the three depths. In
the 0-30 cm depth, the 25-year treatment presented the lowest bulk density, which is
due to the accumulation of organic matter over time (Hernandez-Sanchez et al., 2019)
and the movement of water in the soil (Loso et al., 2021). Furthermore, the 25-year-old
oil palm treatment and the pasture at a depth of 0-30 cm had a loamy texture, with no
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Table 1. Soil humidity parameters at 0-30 cm depth.

Palm oil

Parameter 5 years 11 years 25 years Pasture
Texture Clayey Clay loam Loam Loam
Da (gr cm?®) 1.43a 1.33a 1.04b 1.28 ab
CC (%) 28.49a 2297 c 26.90 ab 2251 ¢
PMP (%) 20.80a 17.71b 17.62 c 17.42D
0. i g (70) 25.36a 18.58 ¢ 21.00 b 18.90 be
6011 (%) 30.76a 26.02 b 29.47a 28.72a
SLr (cm) 3.30 2.10 2.90 1.95
*Lr,, (cm) 231 3.0 2.64 3.77
CE (mmhos cm™) 6.4a 6.0a 5.8a 5.6a
PS (%) 49.78a 41.26 bc 38.08 ¢ 43.16 b

Da: apparent density; CC: field capacity; PMP: permanent wilting point; 6
humidity before the infiltration rate test; 10,

nal_in,

inicial inf °

: final humidity in the infiltration rate

test; SLr: required irrigation sheet with CC and PMP; *Lr, - water sheet retained during
CE: electrical conductivity; PS:

the infiltration test calculated with 6.

inicial _inf

and Oﬁ

percentage of soil saturation. Significant differences (p < 0.05) among treatments for each
measured parameter are indicated by different letters.

Table 2. Soil humidity parameters at 30-60 cm depth.

Parameter Palm oil Pasture
5 years 11 years 25 years
Texture Clayey Clayey Clay loam Loam

Da (gr cm™) 1.56a 1.22¢ 1.40b 1.38b
CC (%) 28.19a 22.73a 24.99a 24.59a
PMP (%) 22.45a 14.15 ¢ 16.57 b 17.76 b
0. i inf (%) 27.87a 17.87 ¢ 21.85b 18.89 be
1 ot inf % 30.58a 22.67a 28.01a 27.14b
SLr (cm) 2.68 3.14 3.53 2.83
PLr, ¢ (cm) 1.27 1.76 2.59 3.41
CE (mmhos cm™) 6.8a 33b 3.8b 33b
PS (%) 49.38a 42.88b 49.67a 4295b

Da: apparent density; CC: field capacity; PMP: permanent wilting point; 6

inicial inf °

humidity before the infiltration rate test; ‘]‘Oﬁnul inf final humidity in the infiltration rate
test; SLr: required irrigation sheet with CC and PMP; "Lr, : water sheet retained during
the infiltration test calculated with 6, .. inf and Oﬁnal nf CE: electrical conductivity; PS:

percentage of soil saturation. Significant differences (p < 0.05) among treatments for each
measured parameter are indicated by different letters.

significant differences in bulk density but significant differences numerically (Table
1). On the other hand, bulk density values at the 0-30 cm depth were slightly lower
than those reported by Palacios-Vélez (2002) for loam and clay loam soil, and higher
than clay soil. For the depths 30-60 and 60-90 cm (Tables 2 and 3), the Da results were
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Table 3. Soil humidity parameters at 60-90 cm depth.

Parameter Palm oil Pasture
5 years 11 years 25 years
Texture Clayey Clayey Clayey Clayey
Da (gr cm™®) 1.56a 1.23b 142D 1.39 ab
CC (%) 28.86a 24.80a 26.76a 27.30a
PMP (%) 19.82a 16.92a 19.38a 16.86a
0, i ing ( 70) 25.45a 17.86a 22.03a 18.7a
it ing ( 70) 29.08a 21.77 c 25.21b 21.36 ¢
SLr (cm) 4.23 2.9 3.14 3.35
I’erf (cm) 1.70 1.44 1.35 1.1
CE (mmhos cm™) 4.7a 32b 33b 32b
PS (%) 53.23a 45.74Db 53.37a 48.53 b

ginicial inf *

Da: apparent density; CC: field capacity; PMP: permanent wilting point; *
humidity before the infiltration rate test; ﬂOﬁ,m, nf final humidity in the infiltration rate test;
SLr: required irrigation sheet with CC and PMP; "Lr, : water sheet retained during the
infiltration test calculated with 6, .. .and 6, . ;CE:electrical conductivity; PS: percentage

inicial inf Sfinal iny

of soil saturation. Significant differences (p < 0.05) among treatments for each measured
parameter are indicated by different letters.

higher than those reported by Palacios-Vélez (2002) for lower layers, except for the
11-year-old oil palm plantation at the 30-60 cm depth.

The differences in soil texture and bulk density between the 5-year plantation and the
other treatments are due to the relief of the site, which is located in the lower part of
the study area with floodplain soils (Palma-Lopez et al., 2007). In relation to depth,
bulk density increased in all treatments (Tables 1, 2, and 3), affecting soil humidity
content; in this regard, previous research mention that the increase in Da is associated
with an increase in penetration resistance and a decrease in total porosity (Arias,
2021), which impact soil humidity content. According to these results, the 25-year-old
oil palm substantially improved soil density for the depth 0-30 cm. Similar trends
were reported by Yeo et al. (2021).

Field capacity (CC) and Permanent wilting point (PMP)
The humidity contents of CC and PMP presented significant differences (p <0.05) among
treatments for the three depths, being lower in the 11-year-old oil palm plantation for
all three depths. The minimum CC was obtained in the 11-year plantation at a depth of
30-60 cm (CC =22.73 %) and a maximum in the 5-year plantation at a depth of 60-90
cm (CC =28.86 %); in regard to PMP a maximum was obtained in the 5-year plantation
at a depth of 0-30 cm (PMP =20.80 %) and a minimum in the 11-year plantation at a
depth of 30—-60 cm with a PMP =14.15 %. Furthermore, no correlation between CC and
PMP was found among treatments (Tables 1, 2, and 3), possibly due to bulk density
and texture (Arias, 2021) affecting plant available water capacity (Bejar et al., 2020).
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On the other hand, the results obtained from CC and PMP in some cases were close
to those reported by Palacios-Vélez (2002) but higher than those reported by Palma et
al. (2007).

Initial ©,,

nicial inf

) and final (Gﬁna“nf

Initial humidity showed significant differences among treatments (p < 0.05) for the

) humidity in the infiltration rate test

three depths (Tables 1, 2, and 3), being lower for the 11-year-old oil palm treatment,
and higher in the 5-year-old plantation, due to the soil texture and its location in the
lower part of the study area. There were significant differences in final humidity
among treatments (p < 0.05) in the three depths, being higher in the area with 5-year-
old oil palm due to a higher 6.

inicial inf

compared to the other treatments (Tables 1, 2,
and 3). Humidity 0, ., -and 6, . in the 25-year-old plantation were higher than the
11-year-old plantation in the three depths; this is consistent with values reported by
Hermawan et al. (2021), who found soil humidity is higher in mature plantations than
in young plantations. In addition, the incorporation of leaf litter into the soil implies
greater storage capacity for water, air, root growth, and macro- and microorganism
populations (Arias, 2021). On the other hand, 6, .and 6, . -were affected by cover
conditions as shown by Bejar et al. (2020); in this regard, Loso et al. (2021) found that
soil humidity increases with depth during the dry season and decreases with depth

during the wet season, which is consistent with this study.

Electrical conductivity (CE)

For the depth of 0-30 cm, the CE among treatments did not present significant
differences (p > 0.05); however, at the depth of 30-60 and 60-90 cm, statistical
differences (p < 0.05) were found among treatments (Tables 1, 2, and 3). The highest CE
was found in the 5-year-old oil palm plantation, which coincides with Manorama et al.
(2021), who indicate that over time the oil palm reduces the CE; in addition, the high
concentrations of salts in the 5-year-old plantation were possibly due to its location
in the lower area and its higher soil humidity, as indicated by Friedman (2005) in his
research.

Saturation humidity (PS)

Humidity values at saturation presented significant differences (p < 0.05) in the
treatments at each depth; the 25-year-old oil palm treatment at depth 0-30 cm was
lower, possibly due to a greater amount of leaf litter in the soil which increased the
organic matter content. At all depths, PS was higher in the 5-year old treatment (Tables
1,2, and 3). Furthermore, it increased with depth as reported by Romero-Campos et al.
(2020) in their research. On the other hand, this variable describes the water content in
saturated soil (Birle et al., 2008), an important factor for water flow modeling.

Basic infiltration rate (Ib) and accumulated infiltration rate (Z)
The results of infiltration rate and accumulated sheet (Z, and Z ) in the treatments
showed significant differences (p < 0.05). In both variables, the 25-year old oil palm
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crop presented the highest values, and the 5-year old plantation the lowest (Table 4 and
Figure 1). This means that the age of the palm influences the rate of water infiltration
over time, increasing as cavities are formed in the soil as a result of the root system’s
growth and soil management, both of which affect the humidity retention capacity
(Bejar et al., 2020).

Table 4. Infiltration velocity parameters and accumulated sheet.

Parameter Palm oil Pasture
5 years 11 years 25 years
Ib (cm hr') 1.74 bc 2.68 ab 3.55a 1.02 ¢
Z, (cm) 17.11b 22.24b 52.35a 45.7b
Z,(cm) 18.80 ¢ 26.82b 54.45a 42.01b

Ib: basic infiltration; Z,: from Kostiakov equation; Z : results from modeling with field
data. Significant differences (p < 0.05) among treatments for each measured parameter
are indicated by different letters.

The accumulated sheets (Z, and Z,) were higher for the 25-year-old palm and lower
for the 5-year-old palm. With respect to Z_in the pasture, 5 and 11-year-old palm
treatments, no significant differences were found (p > 0.05); however, the latter two
treatments were numerically lower than the pasture. Significant differences were
found in relation to the Z variable, with the same tendencies as with Z,. These findings
suggest that soil use and crop management had an impact on the accumulated sheet,
which is consistent with Lugo-Valenzuela et al. (2022).

The accumulated sheet obtained from the Kostiakov equation was 6 % lower on
average in the oil palm treatments compared to the sheet obtained from field data
modeling, and slightly higher at 2 % in the pasture treatments.

Initial irrigation sheet (Lr) and retained sheet during infiltration rate test (Lr, )
The 25-year-old oil palm required an Lr of 9.6 cm up to a depth of 90 cm, while the
5-year-old oil palm required an Lr of 10.21 cm and 9.1 cm for the pasture. Regarding
Lr,,, the 10-year-old oil palm treatment had the lowest amount of water stored (Lr, =
5.3 cm) to 90 cm depth and the 25-year-old oil palm treatment stored 6.6 cm; however,
the pasture treatment stored 8.3 cm. These values were affected by humidity contents
(CC, PMP, 6, ... . P and Oﬁml mf), texture, and Da (Tables 1, 2, and 3); applied sheets
decrease in comparison to depth and the retained sheet (L, ) during the infiltration
test, affected by initial humidity content, soil texture, and Da (Tables 1, 2, and 3).

Soil Humidity Retention Curves (CRH)
Humidity retention curves were different among treatments at different depths
(Figure 2). In the 5-year-old oil palm plantation, it showed the highest soil humidity at
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the same tension as the other treatments. For the 0-30 cm depth, the 11-year, 25-year,
and pasture treatments presented similar graphs; for the 30-60 cm depth, the 25-year
oil palm and pasture were similar; at the 60-90 cm depth, the CRH of the 5-year and
25-year oil palm were similar, this is due to soil texture and humidity content (CC and
PMP). The CRHs were influenced by the age of the oil palm, which has an impact
on crop productivity. Additionally, soil use and management (Bejar et al., 2020) and
humidity contents (Birle et al., 2008) influence retention curves, which in turn influence
plant growth (Singh et al., 2019).

Soil Humidity Stress (EHS)
The 5-year-old oil palm treatment presented the highest EHS and the highest
humidity contents at all three depths (Figure 2). It was found that EFH is inversely
proportional to depth in each treatment; this coincides with Romero-Campos et al.
(2020) who reported that in the first 30 cm more tension is required to retain water,
while at lower depths less tension is required due to the higher water content in the
soil. Stress depends on the magnitude of the matrix potential, as well as water content,
pore size, particle surface properties, and soil water surface tension (Whalley et al.,
2013). Furthermore, CE is an important factor in the construction of EHS curves, as
soil gypsum concentration is reported to affect CRH (Aldaood et al., 2014) and these in
turn affect EHS curves.
The soil humidity stress curves were affected by oil palm when they reach an age of 25
years compared to pasture; this is supported by Yeo et al., (2021) who indicate that the
change of land use from forest to oil palm improves the physical properties of the soil.
Furthermore, they modify the characteristics CC, PMP, PS, CE, and Da, and contribute
to efficient water management (Arias, 2021).
According to the results, these soils are suitable for oil palm production, When there is
an excess of salts, high potentials have an impact on the plant. Plants raise the tension
to overcome the osmotic potential, which prevents them from absorbing water even
in humid soils. Salinity, on the other hand, causes a decrease in growth and yield, and
water stress during critical phenological stages of the crop can have an impact (Sing
et al., 2019).

CONCLUSIONS
Oil palm cultivation alters soil humidity parameters by changing physical and
chemical properties over time. Oil palm cultivation conserves soil humidity, improves
water infiltration rate, and increases the accumulated sheets in the soil profile. Textural
differences in the study area influenced the construction of humidity tension and
humidity stress curves for oil palm production.
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