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Abstract
Semi-arid regions are characterized by high evapotranspiration
and low rainfall, favoring the accumulation of salts when
irrigated with brackish water. The aim of this study was to
evaluate the effect of pearl millet cultivation with brackish water
levels and fertilized with organic fertilizer on the chemical and
physical properties of the soil. A split plot randomized block
design was adopted, in a factorial arrangement, with three
repetitions. Plots consisted of four irrigation levels (25, 50, 75
and 100% crop evapotranspiration) and subplots consisted of
four levels of organic fertilizer (0; 15; 30 and 45 Mg ha-1). At the
end of the pearl millet production cycle, soil was collected from
layers 0-0.20 m and 0.20-0.40 m, for physical (soil bulk density,
particle density and porosity) and chemical (EC, pH, K, Na, Ca,
Mg, H + Al, SB, CEC, V) properties. There was no effect of
interaction of brackish water levels and organic fertilizer levels
on soil chemical properties. Brackish water reduced potassium
on layer 0.20-0.40 m. A negative linear effect was found for
density in the 0.20-0.40 m layer under different levels of organic
fertilizer. Brackish water levels and organic fertilizer levels in the
cultivation of pearl millet does not alter soil chemical and
physical properties at the 0-0.20 m layer. However, the use of
brackish water reduces the concentration of potassium in the
soil and the application of organic fertilizer reduces soil density
at the 0.20-0.40 m layer.
Key words: Base saturation; Biosaline agriculture; Pennisetum
glaucum (L.) R. Br.

Resumo
Regiões semiáridas são caracterizadas pela elevada
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evapotranspiração e baixa precipitação pluvial, favorecendo o
acúmulo de sais quando irrigado com água salobra. Objetivou-
se avaliar o efeito do cultivo de milheto com níveis de água
salobra e fertilização orgânica nas propriedades químicas e
físicas do solo. Adotou-se o delineamento de blocos ao acaso,
com arranjo fatorial, em parcelas subdivididas, com três
repetições. As parcelas foram constituídas por quatro lâminas
de irrigação (25, 50, 75 e 100% da evapotranspiração da cultura)
e as subparcelas foram compostas por quatro níveis de
fertilização orgânica (0; 15; 30 e 45 Mg ha-1). No final do ciclo de
produção do milheto, o solo foi coletado nas camadas de 0-0,20
e 0,20-0,40 m, para aspectos físicos (densidade do solo,
densidade de partículas e porosidade) e químicos (CE, pH, K, Na,
Ca, Mg, H + Al, SB, CTC, V). Não houve interação entre a água
salobra e a fertilização orgânica nas propriedades químicas do
solo. A água salobra reduziu o potássio na camada de 0,20-0,40
m. Observou-se efeito linear negativo para densidade na
camada 0,20 - 0,40 m sob níveis de fertilização orgânica. Níveis
de água salobra e fertilizante orgânico no cultivo domilheto não
altera as propriedades químicas e físicas do solo na camada de
0-0,20m. Porém, o uso de água salobra reduz a concentração de
potássio no solo e a aplicação de fertilização orgânica reduz a
densidade do solo na camada de 0,20-0,40 m.
Palavras-chave: Agricultura biossalina; Pennisetum glaucum (L.)
R. Br; Saturação por bases

Introduction

The Brazilian Northeast has 70% included in the semi-arid region(1). This region is
characterized by poor distribution of rainfall and high evaporation rates. Due to these
characteristics and the scarce rainfall, water sources are considered insufficient in
these regions(2). Despite high levels of soluble salts in water resources in semi-arid
regions, in the absence of other sources, brackish and saline water represent the only
alternative to be used by farmers both for irrigation and for watering herds(3).
Soils in the semi-arid region contain high level of sodium, favoring sodium solubilization
in groundwater(4). However, the use of brackish water promotes changes in the soil
physical-mechanical and chemical properties. Brackish water can act in the dispersion
of soil clays, resulting in pore clogging due to excess sodium, which provides an
increase in soil compaction, reducing water infiltration(5, 6). In addition, the excess of salt
ions impairs growth, respiration, root expansion, in addition to water uptake and CO2
fixation by the plant(7). Increasing concentrations of salts and exchangeable sodium in
the soil can cause soil infertility, increasing susceptibility to erosion, in addition to the
contamination of underground water reserves and groundwater(8).
The use of organic compounds of animal origin as organic fertilizer is a useful and
economic practice widely used by farmers in the Brazilian semi-arid region. This
practice mitigates the effect of soil salinity, through the production of humic acids and
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organic acids, promoting an increase in carbonate solubilization(9, 10, 11), providing a delay
in the effect of adding salts to the soil by irrigation and leaching of these salts during
the rainy season in semi-arid regions(12). According to Silva et al.(13), organic fertilizer
incorporated into the soil improves the physical structure, reducing the soil mass, which
favors soil porosity and electrical conductivity. Furthermore, organic fertilization
attenuates the harmful effects of salts in the plant root environment. Souza et al.(14)
argue that humic substances released by the decomposition of sources used as organic
fertilizers stimulate the uptake of water and nutrients by plants in brackish
environments.
In this context, the use of brackish water for forage production is a viable alternative
when combined with soil management techniques(15) which allows the reorganization
and availability of the mineral component of the soil, favoring crop development and a
direction of water considered limiting for production of vegetables. Thus, the use of
brackish water and the application of levels of organic fertilizer during crop production
becomes a sustainable strategy for food production in dryland regions, specifically in
the semi-arid region of Northeast Brazil(16).
Among the diversity of forage available to feed herds in semi-arid regions, Pearl millet
(Pennisetum glaucum) has good yield and nutritional quality, short cycle and regrowth
capacity(17, 18) in addition to tolerance to saline stress(19, 20), characteristics that make pearl
millet a sustainable alternative for cultivation in biosaline systems.
The aim of this study was to evaluate the effect of pearl millet cultivation with brackish
water levels and organic fertilizer levels on the chemical and physical properties of the
soil.

Material and methods

Experimental site
The experiment was conducted in the Prospecting Area in Biosaline Studies, belonging
to Embrapa Semiárido, Petrolina, state of Pernambuco, Brazil (latitude 9°8′8.9′′ S,
longitude 40°18′33.6′′ W, altitude 373 m) from March to June 2018.
The climate is hot semi-arid, BSwh’ according to Köppen and Geiger(21), with an average
annual rainfall of 400 mm. Environmental conditions were monitored daily during the
experimental period by an automatic weather station, with a mean temperature of 25.6
°C, mean daily evapotranspiration of 4.1 mm d-1 and total rainfall of 140.8 mm (Figure
1), however, rainfall was concentrated between March and April.

Pearl millet
The experiment was developed with pearl millet variety ADR 300. Sowing was carried
out in March 2018, in furrows, with an average of 40 seeds per row meter, at a depth of
0.01 m. Fifteen days after emergence, thinning was done to maintain 15 plants per row
meter. Manual weeding was conducted at 30 DAS (days after sowing), followed by a
preventive application of insecticide against fall armyworm (Spodoptera frugiperda) at
40 and 60 DAS.
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Experimental design
The experiment was conducted in a split plot randomized block design, with three
repetitions. Plots consisted of four irrigation levels with brackish water (I; 25, 50, 75 and
100% crop evapotranspiration) and subplots consisted of four levels of organic fertilizer
(OF; 0; 15; 30 and 45 Mg ha-1, on a natural matter basis). Each experimental subplot
consisted of six planting rows, 6 m long, 3.6 m wide and 0.60 m between rows, totaling
48 subplots.
Samples collection
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Soil samples from the experimental area before planting pearl millet (Figure 2) were
collected from the 0 – 20, and 20 – 40 cm layers for physical and chemical analysis (Table
1). Soil of the experimental area was classified as Acrissols, flat relief, with medium
texture(22). Soil was prepared by plowing, harrowing and furrowing before planting.

Table 1. Chemical and physical properties of the soil before planting pearl millet

EC= electrical conductivity of the saturation extract; pH= hydrogenionic potential determined in water at
a ratio of 1:2.5; V=base saturation; Total C= total carbon; K= exchangeable potassium; Na= exchangeable
sodium; Ca= exchangeable calcium; Mg= exchangeable magnesium; Al= exchangeable aluminum; H+Al=
potential acidity; SB= sum of bases; CEC= cation exchange capacity at pH 7.0; P= available phosphorus
extracted by Mehlich; Cu= available copper; Fe= available iron; Mn= available manganese; Zn= available
zinc

Variables
Sample identification

(cm)
0 - 20 20 - 40

EC dS m-1 1.33 2.20
pH - 4.60 5.70
V % 64.0 50.9
Total C g/kg 4.60 4.10
K cmol dm-3 0.23 0.16
Na cmol dm-3 0.27 0.68
Ca cmol dm-3 1.60 1.40
Mg cmol dm-3 0.60 0.60
Al cmol dm-3 0.05 0.00
H+Al cmol dm-3 1.50 2.70
SB cmol dm-3 2.70 2.80
CEC cmol dm-3 4.20 5.60
P mg dm-3 6.14 1.22
Cu mg dm-3 1.07 1.65
Fe mg dm-3 21.40 23.00
Mn mg dm-3 18.20 14.60
Zn mg dm-3 4.54 3.13

Density
kg dm-3 soil 1.49 1.37
kg dm-3 particle 2.59 2.51

Total porosity (%) 42.40 45.41

Granulometry
g kg-1 sand 808.10 721.70
g kg-1 silte 116.9 195.3
g kg-1 clay 75.00 83.00
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In the period prior to this experiment, the experimental area was used for sowing pearl
millet and its productivity was evaluated in 130 days (2 cycles), during the period from
September 2017 to January 2018. During this period, themean rainfall was 0.57mm (87
mm) and the mean evapotranspiration (ETo) was 5.32 mm. Pearl millet was irrigated
with 426 mm brackish water in the experimental period. During this period, nitrogen
fertilization was carried out with 50 kg ha-1 N, as urea, applied manually and split into
two applications, the first at sowing, with 20 kg N ha-1, and the second, 20 days after
emergence, with 30 kg N ha-1, phosphate fertilization with 60 kg ha-1 P, as single
superphosphate, and potassium fertilization with 20 kg ha-1 K, as potassium chloride.
Fifteen days before sowing, 50 t ha-1 organic matter were applied in the experimental
area.

Reference evapotranspiration
The reference evapotranspiration was calculated according to Allen et al.(23). Water was
applied according to crop evapotranspiration (ETc), obtained by multiplying ETo and
crop coefficient (Kc). The adopted values of Kc (initial stage - 0.40; vegetative
development stage - 0.68; flowering stage - 1.14; physiological maturity stage - 1.10)
were from a study by Lima(24) for the sorghum crop.
Water
Water used for irrigation came from underground wells with an approximate flow rate
of 1500 L h-1 and a weekly sample was collected for physical and chemical analysis
(Table 2), aiming at possible variations, which was not observed during the
experimental period. Water used for irrigation was identified as C3S1 (Table 2),
classified with high salinity, low sodium content and moderate hardness (75-150 mg L-1)
based on calcium carbonate, according to the classification of Richards(25).
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Table 2. Mean values of the physical and chemical analysis of brackish water used
during the experimental period

Ca= calcium; Mg= magnesium; Na= sodium; K= potassium; Cl= chloride; pH= hydrogenionic potential;
EC= electrical conductivity; SAR= sodium adsorption ratio

Irrigations
Irrigation was carried out three times a week (Monday, Wednesday and Friday), by
emitters with a flow rate of 0.9 L h-1 (100 kPa), spaced 0.20 m apart. Irrigation events
were carried out in a drip system with a uniformity coefficient of 93% and considering
the location coefficient as a function of the percentage of wet area, as suggested by
Montovani et al.(26). As the treatments consisted of different irrigation depths based on
crop evapotranspiration, no salt leaching slides were adopted.
Irrigation depths equivalent to 25, 50, 75 and 100% crop evapotranspiration during the
63 days before the first cut were 50.00, 82.00, 114.00, 146.00 mm, respectively, and
along the 46 days preceding the second cut, the depths applied were 40.00; 80.00;
120.00 and 161.00 mm The water depth applied by irrigation totaled 90 mm (0.82 mm
d-1), 162 mm (1.48 mm d-1), 234 mm (2.1 mm d-1) and 307 mm (2.81 mm d-1) for
treatments of 25, 50, 75 and 100% reference evapotranspiration, respectively.
Organic fertilizer
The organic fertilizer used was a cattle and goat manure previously tanned; this organic
mixture has the following characteristics: dry matter = 73.88% on natural matter,
electrical conductivity = 12.27 dS m-1, pH = 8.3; phosphorus = 355.39 cmolc dm-3;
potassium = 243.5 cmolc dm-3; sodium = 20.3 cmolc dm-3; calcium = 6.4 cmolc dm-3,
magnesium = 2.5 cmolc dm-3, copper = 1.45 mg dm-3, iron = 5.36 mg dm-3, manganese
= 58.13 mg dm-3 and zinc = 2.43 mg dm-3.
Nitrogen fertilization was applied with 50 kg ha-1 N, as urea; the first at sowing, with 20
kg ha-1 N, surface broadcast, and the second at 20 days after sowing, with 30 kg ha-1 N
via fertigation. Fertilization was also carried out with 60 kg ha-1 P as single
superphosphate and with 20 kg ha-1 K, as potassium chloride.
Organic fertilizer was applied by hand in the subplots, according to predetermined
levels.
Analysis
After the end of the vegetative cycle (109 days), soil was collected in duplicate and
homogenized to form composite samples by subplot in the layers of 0-0.20 and
0.20-0.40 m close to the roots of the plants, using a Dutch auger (TF-20, SONDATERRA®,
São Paulo, Brazil) to assess the following chemical parameters: pH and electrical
conductivity(27), concentrations of potassium (K), calcium (Ca), magnesium (Mg), sodium

Ca2+ Mg2+ Na+ K+ Cl- pH EC Hardness SAR

mmol L-1 dS m-1 mg L-1

15.14±0.47 6.89±1.87 3.72±0.44 0.29±0.02 22.04±0.66 7.38±0.21 1.73±0.03 109.76±9.40 0.62±0.11
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(Na) and aluminum (Al)(28), sum of bases (SB), cation exchange capacity (CEC), base
saturation (V) and exchangeable acidity (H + Al)(29).
Undisturbed soil samples were collected with volumetric cylinders (0.03 x 0.05 m) in the
0-0.20 and 0.20-0.40 m layers to assess the following physical parameters: soil bulk
density, particle density and porosity according to Claessen(30).
Statistical analysis
Data were analyzed in Statistical Analysis System 9.1 (SAS Institute, Cary, NC, EUA). All
variables analyzed were tested by analysis of variance, considering significant values
those with P < 0.05, using Tukey’s test. For the experiment, the statistical model was
calculated according to the equation:
Yij = μ + Si + Ej + Bl + SiEj + "ijk
where:
Yij = observed value for irrigation level (i) and organic fertilizer level (j);
μ = overall constant for all observations;
Si = effect of the i-th irrigation level, where i = 1–4;
Ej = effect of the j-th organic fertilizer levels, where j = 1–4;
Bl = block effect;
SiEj = effect of the interaction of the i-th irrigation level and the j-th organic fertilizer
level; and,
"ijk = random error associated with each observation.
When the effect was isolated, the following statistical model was adopted:
Y=�+ � + e
where:
Y is the measured variable;
� is the fixed effect of treatment;
� is the random effect of block;
“e” is the residual error.
The interaction was broken down when the studied characteristics showed a significant
effect of interaction of the factors using Tukey’s test at 5% (P < 0.05). A regression
analysis was run when there was an isolated effect of the irrigation or organic fertilizer.
The criteria for choosing the regression models (linear or quadratic) were the
significance of the parameters estimated by the models and the coefficients of
determination (R²). The standard error of the mean was obtained from the raw data.
The PROC REG was used for regression analysis, considering significant values of
probability those with P < 0.05.
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Results and discussion

There was no effect of interaction of brackish water levels and organic fertilizer levels
on soil chemical properties (P > 0.05; Table 3). Also, there was no isolated effect of
brackish water levels and organic fertilizer levels on soil chemical properties in the 0-20
m layer under pearl millet cultivation (P > 0.05; Table 3). The different levels of organic
fertilizer did not alter soil chemical properties in the 0.20-0.40 m layer (P > 0.05; Table
3). A reduction was found for K+ content in the soil irrigated with brackish water at the
0-0.40 m layer (P = 0.03; Table 3).
Table 3.Mean values of chemical properties of soil grown with pearl millet as a function
of different levels of irrigation with brackish water and organic fertilizer

EC - electrical conductivity (dS m-1); pH = potential of hydrogen; K = potassium (cmolc dm-3); Na = sodium
(cmolc dm-3); Ca = calcium (cmolc dm-3); Mg = magnesium (cmolc dm-3); Al = aluminum (cmolc dm-3); H +
Al = exchangeable acidity (cmolc dm-3); SB = sum of bases (cmolc dm-3); CEC = cation exchange capacity
(cmolc dm-3); V = base saturation (%); I= Irrigation with brackish water effect; OF= Organic fertilizer; I*OF=
Interaction effect between irrigation with brackish water and organic fertilizer; SEM= standard error of
the mean. Significant at the 5% probability level.

Itens
Irrigation Level

SEM
Organic fertilizer

SEM
P-value

(% evapotranspiration) (Mg ha-1)
25 50 75 100 0 15 30 45 I OF I*OF

0-0.20 m
EC 1.99 2.10 2.29 1.87 0.24 2.48 1.96 1.79 2.02 0.24 0.66 0.24 0.52
pH 7.10 7.01 6.85 7.07 0.10 6.89 7.10 7.00 7.04 0.17 0.36 0.57 0.83
K+ 0.06 0.11 0.13 0.08 0.02 0.09 0.08 0.10 0.11 0.02 0.31 0.86 0.65
Na+ 0.14 0.15 0.18 0.13 0.03 0.15 0.16 0.13 0.17 0.03 0.60 0.73 0.61
Ca2+ 5.31 5.80 4.90 5.44 0.51 5.75 5.88 4.96 4.85 1.02 0.66 0.38 0.96
Mg2+ 1.68 1.95 1.78 1.85 0.22 2.19 1.90 1.58 1.60 0.44 0.84 0.18 0.48
H + Al 0.19 0.27 0.39 0.31 0.08 0.41 0.13 0.38 0.24 0.08 0.46 0.11 0.09
SB 7.21 8.04 7.00 7.52 0.72 8.20 8.04 6.78 6.75 1.44 0.75 0.33 0.88
CEC 7.41 8.31 7.39 7.84 0.69 8.63 8.17 7.17 6.98 0.69 0.76 0.29 0.87
V 97.33 96.25 94.25 95.53 1.21 94.55 98.39 94.37 96.04 2.42 0.34 0.09 0.17

0.20-0.40 m
EC 2.38 2.60 2.83 3.00 0.25 2.81 2.56 2.64 2.79 0.50 0.34 0.87 0.31
pH 5.85 5.97 5.60 5.95 0.18 6.01 5.51 5.85 6.00 0.36 0.44 0.20 0.06
K+ 0.15 0.15 0.06 0.01 0.03 0.09 0.10 0.08 0.10 0.07 0.03 0.96 0.86
Na+ 0.16 0.19 0.11 0.02 0.04 0.12 0.15 0.10 0.10 0.08 0.06 0.80 0.80
Ca2+ 3.65 3.75 3.75 4.21 0.34 3.95 3.48 3.78 4.15 0.69 0.66 0.57 0.08
Mg2+ 1.70 2.05 1.90 2.00 0.13 1.85 2.05 1.70 2.07 0.26 0.27 0.15 0.43
Al 0.03 0.01 0.08 0.02 0.01 0.02 0.06 0.05 0.02 0.01 0.53 0.13 0.07
H + Al 1.20 1.26 1.57 1.20 0.24 0.78 1.70 1.55 1.20 0.24 0.65 0.05 0.79
SB 5.67 6.11 5.80 6.23 0.41 6.00 5.76 5.64 6.41 0.82 0.75 0.57 0.09
CEC 6.89 7.39 7.42 7.46 0.37 6.80 7.50 7.23 7.64 0.37 0.66 0.41 0.11
V 83.06 83.94 77.68 82.13 0.74 88.05 77.17 78.32 83.26 3.31 0.55 0.10 0.54
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Brackish water levels reduced the K+ content in the 0.20-0.40 m layer (P = 0.03; Table 3),
showing a reduction of 0.0021 cmolc dm-3 K+ for every 1% brackish water applied
(Figure 3). This effect may be related to a reduction in the combination of K+ with
chloride anion, as this bond promotes a neutral charge compound(31) which, possibly,
promoted potassium leaching to lower layers. According to Hasanuzzaman et al.(32)
potassium participates in metabolic reactions that provide better tolerance of the plant
to adverse conditions, such as water and salt stress.
The use of organic fertilizers reduces the electrical conductivity of the soil, sodium
adsorption rate (SAR) and pH, and increases the content of nitrogen, available
phosphorus and potassium, which neutralize the effects of irrigation with brackish
water(33) contributing to the findings of this study, such that the use of brackish water
reduced the potassium content, while the use of organic fertilizer did not change the K+

in soil. Another important factor is that organic fertilization results in improved
microbial metabolic activity and nutrient cycling in the rhizosphere(34). In addition to
being a rich source of carbon, it provides improvements in soil quality under brackish
water irrigation(35).

Aluminum was not found in the 0-20 cm layer, however, in the 20-40 cm layer, this
element was registered with contents ranging from 0.01 to 0.08 cmolc dm-3 for brackish
water and from 0.02 to 0.06 cmolc dm-3 for the levels of organic fertilizer (P>0.05; Table
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3). The use of organic fertilizer increases the stocks of organic carbon in the soil,
favoring rooting, reducing the toxic effects of aluminum and with beneficial action on
the biological activity of the soil (36, 37).
Results of pH and EC indicate that there was no accumulation of salts in the soil. This
possibly because the increase in pH and EC are indicative of chemical reactions of salt
retention and precipitation in the upper layer through the evaporation process(38, 39). In
arid and semi-arid regions, with a natural drainage system, it is necessary to apply more
water than necessary for the crop, in order to leach excess salts from the irrigation
water. Possibly, the pluviometric conditions (140 mm) of the present study was
essential for partial leaching of salts from the soil, not changing the EC.
The levels of brackish water and organic fertilizer did not change soil density and soil
porosity at a depth of 0-0.20 m (P > 0.05; Table 4). The water levels used caused no
negative effects on the soil, given that the process of accumulation of salts promotes
soil disruption, leading to increased density(40). The presence of salts, such as Na+,
degrade the physical structure of the soil by reducing its porosity(41). Rezaei et al.(42)
states that soil density increases as the proportion of sand increases, however, this
effect was not observed in this study, since brackish water did not influence soil density.
Table 4. Mean values of the physical properties of soil grown with pearl millet as a
function of different levels of irrigation with brackish water and organic fertilizer

D= Density; P= Porosity; PD= Particle density; soil density (kg dm-3); Porosity (%); particle density (kg dm-3);
I= Irrigation with brackish water effect; OF= Organic fertilizer; I*OM= Interaction effect between irrigation
with brackish water and organic fertilizer; SEM= standard error of the mean; Significant at the 5%
probability level

Isolated effect of organic fertilization levels was observed for soil density (P = 0.04; Table
4) in layer 0.20-0.40 m, which significantly reduced with increasing organic fertilizer
levels. Figure 4 illustrates the reduction in soil density by 1.3733 kg dm-3 for each 1%
organic fertilizer applied to the soil. The soil physical structure can be altered by organic
fertilizer, promoting a change in the angulation of internal friction, which can influence

Itens

Irrigation Level

SEM

Organic fertilizer

SEM
P-value

(% evapotranspiration) (Mg ha-1)

25 50 75 100 0 15 30 45 I OF I*OF

0-0.20 m

D 1.34 1.32 1.33 1.33 0.02 1.34 1.33 1.32 1.32 0.02 0.82 0.91 0.13

P 47.52 48.04 48.14 48.39 0.83 47.84 47.81 48.53 47.92 0.83 0.90 0.92 0.30

PD 2.56 2.54 2.56 2.58 0.02 2.57 2.55 2.57 2.55 0.01 0.45 0.68 0.39

0.20-0.40 m

D 1.35 1.36 1.36 1.33 0.01 1.37 1.35 1.35 1.33 0.03 0.39 0.04 0.54

P 2.47 2.63 2.51 2.55 0.07 2.57 2.51 2.55 2.53 0.08 0.46 0.94 0.46

PD 43.90 47.98 45.13 47.44 2.04 46.35 45.34 46.81 45.95 2.09 0.45 0.96 0.41
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directly (decreased friction between mineral particles) or indirectly (modification of soil
structure and density)(43, 44). Braida et al.(44) when discussing organic fertilizers and their
effect on soil physics, state that this is a beneficial effect as they promote better soil
structure, leading to better infiltration, water retention capacity, increase cohesion
between soil particles and soil aeration.
It was expected that there would be a significant effect of organic fertilization in the
0-0.20 m layer, as it is more superficial, however, according to Carmo et al.(45), the use of
organic fertilizers results in higher activity of edaphic organisms, which work in
decomposition of organic matter and incorporation of nutrients in deeper layers of the
soil. Organisms between 0.2 and 2 mm in length (mesofauna) act in the first 5 cm soil,
favoring decomposition, nutrient cycling and soil aggregation(46, 47). In deeper layers,
organisms with a body diameter larger than 2 mm (macrofauna - earthworms, termites
and ants) act in the physical, chemical and microbiological structuring of soils(48), and
due to aeration through the formation of galleries and incorporation of organic matter
in deeper layers, possibly promoted a reduction in soil density in the present study.
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Possibly, the action of pearl millet roots may have contributed to reduce density in the
deepest layer (0-20 - 0.40m), improving the physical quality of the soil. In addition, roots
promote the approximation and cohesion of soil particles by exerting biophysical
pressures (axial and radial), and also by drying the region adjacent to the roots,
resulting in a soil with greater flocculation. Under these conditions, the proportion of
macroaggregates will be greater than microaggregates, consequently increasing
macroporosity and reducing compaction(49).

Conclusions

Brackish water levels and organic fertilizer levels in the cultivation of pearl millet do not
alter soil chemical and physical properties at the 0-0.20 m layer. However, irrigation
with brackish water reduces the potassium concentration in the soil and the application
of organic fertilization results in a slight reduction in soil density in the 0.20-0.40 m
layer.
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