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ABSTRACT
The objective is to determine the growth, yield and chemical characteristics of
pearl millet irrigated with different levels of brackish water and organic matter
in two cultivation cycles. The experimental design was randomized blocks in
a 4 × 4 factorial arrangement, composed of 4 levels of brackish irrigation (25,
50, 75 and 100% evapotranspiration), 4 levels of organic matter (0, 15, 30 and
45 t ha−1) with 3 repetitions. Along two cultivation cycles, pearl millet crop was
analyzed for: plant growth variables, fresh and dry mass production, water-use
efficiency, and chemical composition. There was significant interaction
between applied water levels and organic matter for lignin in the 2nd cut
(P < .05). The number of leaves, number of dead leaves and fresh mass
production were influenced by the isolated effect of brackish water levels in
cut 1 (P < .05). In turn, fresh mass production, dry mass production, plant
height, leaves length, panicle length, fresh mass production, crude protein and
ether extract were influenced by the isolated effect of saline water levels in the
2nd cut (P < .05). Growth, biomass production and chemical composition
variables in second cut are positively influenced by different brackish irrigation
levels under low rainfall conditions.
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Introduction

����������������The Brazilian Northeast region has about 1.56 million km2, accounting for 18.2% of the country,
housing almost entirely the Semiarid region. It is strongly influenced by a negative water balance
coming from low annual mean precipitations of around 800 mm and annual mean temperatures
from 23 to 27°C, with an evaporation of 2000 mm/year, mean relative air humidity around 50%, and
mean insolation of 2800 hour/year. Because of these characteristics and a regime of irregular and
scarce precipitations, water sources are considered insufficient in the region (Gois et al. 2019).

Salinity is more severe in the arid and semi-arid regions of the world, characterized by low and
irregular rainfall, high temperatures and high evapotranspiration. Due to the high salt concentra-
tions, these waters are often considered unsuitable for human consumption and animal watering,
requiring alternative measures for their use, such as irrigation of plants more tolerant to salinity
(Shrivastava and Kumar 2015; Sjoerd et al. 2017).

One of the techniques used for cultivation of plants in saline environments is the use of resistant
and adapted species, such as pearl millet, highlighting its ability to adapt to saline environments and
semi-arid conditions. Investigations have shown that crop respond differently to salinity, some
produce economically acceptable yields under high salinity levels, while others are sensitive to
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relatively low levels. This fact is due to the better capacity of osmotic adaptation of plants, which
allows absorption of sufficient water, even in a saline medium (Taiz et al. 2017; Toderich et al. 2018;
Travassos et al. 2019).

One of the techniques used for cultivation of plants in saline environments is the use of resistant
and adapted species, such as pearl millet, highlighting its ability to adapt to saline environments and
semi-arid conditions. Pearl millet has high biomass productivity, agronomic and nutritional char-
acteristics necessary for use as forage, has adequate nutritional quality for the production of hay,
silage and fresh consumption (Moura et al. 2018).

The objective was to evaluate growth variables, biomass production, water use efficiency and
chemical characterization of pearl millet (ADR 300) under different irrigation levels, associated with
the levels of organic fertilization.

Material and methods

Location and meteorological data

The study was carried out in the Area of Prospection and Studies on Biosaline Agriculture of the
Caatinga Experimental Field, belonging to Embrapa Semiarid, Petrolina, State of Pernambuco, in the
sub-middle region of São Francisco (latitude 9° 8ʹ 8,9” S, longitude 40° 18ʹ 33,6”W, 373m altitude).
The climate of the region is classified, according to Köppen, as BSwh’ semi-arid, with average annual
rainfall around 400 mm, unevenly distributed (Figure 1).

Soil and water chemical composition

The soil of the experimental area is classified as Red Yellow Argisol (Santos et al. 2013) situated in
a flat relief, medium texture. The chemical characteristics are listed in Table 1.

The water used for irrigation came from underground wells, and a weekly sample was collected
for physicochemical analysis (Table 2), aiming at possible variations, a fact that did not occur during
the experimental period. Irrigation was performed daily, by dripping containing emitters with flow
rate of 1.6 L h−1, spaced 0.20 m apart. Water used for irrigation was identified as C3S1, i.e. with high
salinity, low sodium content and moderate hardness (75–150 mg/L) based on calcium carbonate
(Richard 1954). Irrigation levels equivalent to 25, 50, 75 and 100% evapotranspiration during the
63 days before the first cut were 49.67; 81.85; 114.02; 146.20 mm, respectively, and along the 46 days
preceding the second cut, the depths applied were 40.29; 80.59; 120.89 and 161.18 mm (Figure 1b).

Figure 1. Monthly agrometeorological data (a) and irrigation levels applied to treatments compared to rainfall (b) during the
experimental period.
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The organic matter used was a cattle compost, with the following characteristics: EC = 12.27 mS.
cm−1; pH = 8.3; Phosphorus = 355.39; Potassium = 243.5; Sodium = 20.3; Calcium = 6.4 and
Magnesium = 2.5 cmolc.dm−3; while for Copper, Iron, Manganese and Zinc, the observed values
were 1.45; 5.36; 58.13 and 2.43 mg dm−3, respectively.

Experimental design

The experimental design was randomized blocks in a 4 × 4 factorial arrangement, composed of four
levels of brackish irrigation (L1 – 25, L2 – 50, L3 – 75 and L4 – 100% evapotranspiration), four levels
of organic matter (0, 15, 30 and 45 t ha−1) with three replications. Each experimental subplot
consisted of 6 planting rows, 4 meters long by 3.6 meters wide and 0.60 cm between rows, totaling 48
subplots. Millet (ADR 300) sowing was performed in furrows, with an average of 40 seeds/m, at
a depth of approximately 1.0 cm. At 15 days after emergence, thinning was performed to allow 15
plants/m.

Four plants were evaluated per subplot, located in the central rows. The variables: plant height,
leaf number, stem base diameter, leaf length, panicle length and panicle diameter were measured
with a measuring tape and digital caliper. Measurements were taken at the end of the first
and second cuts.

For proportion of plant parts, four plants were randomly selected per subplot and separated into
the components: stem, leaf blade, panicle and dead material (senescent leaves), placed in identified,
weighed bags and oven-dried for 72 hours in a forced ventilation at 55°C, and then weighed to
determine the proportion of plant parts on a dry matter basis.

Table 1. Soil chemical composition of the experimental area.

Variable

Sample identification

0-20 20-40 40-60 60-80 80-100

EC mScm−1 1.33 2.20 2.41 2.50 2.60
pH - 4.6 5.7 5.0 4.5 4.5
Total C g Kg−1 4.6 4.1 3.7 2.3 2.1
P Mgdm−3 6.14 1.22 0.55 1.69 0.21
K Cmol dm−3 0.23 0.16 0.15 0.11 0.08
Na Cmol dm−3 0.27 0.68 1.12 1.40 1.18
Ca Cmol dm−3 1.6 1.4 2.4 2.8 3.2
Mg Cmol dm−3 0.60 0.60 1.50 2.20 2.00
Al Cmol dm−3 0.05 0.00 0.20 015 0.05
H+ Al Cmol dm−3 1.5 2.7 2.5 2.3 2.3
SB Cmol dm−3 2.7 2.8 5.2 6.5 6.5
CEC Cmol dm−3 4.2 5.6 7.7 8.8 8.7
V % 64.0 50.9 67.4 74.3 74.2
Cu Mgdm−3 1.07 1.65 1.49 1.37 1.18
Fe Mgdm−3 21.4 23.0 8.5 6.0 9.5
Mn Mgdm−3 18.2 14.6 12.9 7.0 8.1
Zn Mgdm−3 4.54 3.13 2.07 2.05 2.82

EC = electrical conductivity of the saturation extract; pH determined in water at a ratio of 1:2.5; Total C = Total carbon;
P = available phosphorus extracted by Mehlich; 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; V = base saturation; Cu = available Copper;
Fe = available Iron; Mn = available Manganese; Zn = available Zinc.

Table 2. Chemical analysis of the artesian well water of the caatinga experimental field.

mmol.L−1 ds m−1 mg.L−1

Ca2+ Mg2+ Na+ K+ Cl− pH EC TH SAR

15.14 6.89 3.72 0.29 22.04 7.38 1.73 109.76 0.62

Ca2+ = Exchangeable calcium; Mg2+ = Exchangeable magnesium; Na+ = Exchangeable sodium; K+ = Exchangeable potassium;
Cl− = Chlorides; pH = Hydrogenionic potential; EC = Electrical conductivity; TH = Total Hardness; SAR = Sodium adsorption ratio
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Fresh matter production per hectare was obtained by the product between the production per
cultivated linear meter and the total cultivated linear meters per hectare. Dry matter production was
estimated by the product between green matter production and dry matter content and was
expressed as dry matter production per hectare.

After initial weighing of the collected material, it was oven-dried at 55°C for 72 hours, and then
weighed to obtain the dry matter values. Then, the values obtained from fresh matter and dry matter
were expressed in megagrams per hectare (Mg ha−1). Water use efficiency was estimated by dividing
the dry matter weight by the amount of water accumulated during the cycle (Ertek, Sensoy, and
Gedik 2006).

Chemical composition

After drying, the samples were ground in a Wiley mill (Marconi, MA – 580, Piracicaba, Brazil) with
2 mm and 1 mm sieves. Analy�zes�for dry matter (DM; method 967.03), mineral matter (MM;
method 942.05), crude protein (CP; method 981.10) and ether extract (EE; method 920.29) were
performed according to the methodologies described by the Association of Official Analytical
Chemists (AOAC 2016). Neutral detergent fiber (NDF) and Acid detergent fiber (ADF) were
determined according to Van Soest, Robertson, and Lewis (1991). Lignin (LIG) was determined by
treating acid detergent fiber residue with 72% sulfuric acid (Silva and Queiroz 2002) and the
hemicellulose (HEM) and cellulose (CEL) fractions were estimated by the equations:
HEM = NDFap – ADF and CEL = ADF – LIG, respectively (Silva and Queiroz 2002).

Statistical analyses

The obtained data were evaluated by analysis of variance and polynomial regressions for the
quantitative factor (water salinity); for the qualitative factor, organic fertilization, Student’s t-test
was used, both when there was significance in the F test. The data were analyzed by GLM procedure
from SAS University, considering as significant probability values lower than 5%.

Results

In first cut, the variables of number of leaves, number of dead leaves and proportion of dead
material were influenced by the isolated effect of saline levels (p < .05). In turn, the fresh mass
production, dry mass production, plant height, leaf length, panicle length, leaf proportion, crude
protein and ether extract were influenced by the isolated effect of saline water levels in second cut.
There was no interaction (p < .05) between applied saline water depths and organic matter levels for
the variables studied in cuts first and second, except for the lignin variable, in second cut. For water
use efficiency, there was no effect (p > .05) for the treatments (irrigation depths and organic
matter).

The number of leaves in first cut (Figure 2a) increased linearly (p < .05) with saline water depths
of 25% to 100% evapotranspiration. For the number of dead leaves, there was a linear reduction as
the water supply increased (Figure 2b).

For plant height, leaf length, panicle length, in second cut (Figure 3), there was a positive linear
effect; with the supply of the largest water depth (100% ET) the highest values were obtained for
these variables.

The percentage of dead material and leaves had an isolated effect (p < .05) from the irrigation
levels provided in the second cut (Figure 4). For the percentage of dead material, a decreasing linear
behavior can be observed, with the lowest proportion of dead material with the supply of the largest
water levels, 100% evapotranspiration.

A quadratic behavior, since the largest proportion of leaves in second cut occurred in the applied
water level of 25 and 75% evapotranspiration, presenting 27.71 and 28.13%, respectively (Figure 4b).
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Fresh and dry matter production showed an increasing linear effect (p < .05) with the application
of brackish water levels (Figure 5).

In the chemical analysis, only in the second cut there was significance for the variables crude
protein and ether extract; the other variables were not significant for the first cut (Table 3).
Therefore, higher crude protein values (16.59 and 16.91%) were found when smaller amounts of
brackish water (p < .05), 25 and 50% ET were provided (Table 3).

There was a significant interaction between applied brackish water levels and organic matter levels
for the lignin content in second cut (Figure 6). The lignin content was higher in the treatment with

Figure 2. Number of leaves, number of dead leaves of pearl millet subjected to different brackish water irrigation levels in cycle 1.

Figure 3. Panicle length, leaf length and plant height of millet subjected to different brackish water irrigation depths in cycle 2.

Figure 4. Percentage of dead material (a) and percentage of leaves (b) of pearl millet subjected to different brackish water
irrigation levels per cut.
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larger water levels (100% ET) and lower organic fertilizer dose (0 ton ha−1); lower contents were
observed for the lowest water levels (25% ET) with the highest level of organic fertilizer (45 ton ha−1).

Discussion

According to Silva et al. (2015) and Souza et al. (2017), the largest water supply affects the
vegetative growth, with direct influence on elongation, expansion, cell division and photosynth-
esis, which promotes an increase in plant height and stem diameter. Costa et al. (2015) reported
that irrigation with water of 2.5 dS m−1 had no deleterious effect on the length and diameter of
the ear.

The percentage of leaves in second cut was 24.31% lower when more brackish water was applied
(100% ET) compared to the lower levels used (25% ET), with a reduction of 12.23% between the
highest and lowest percentage of leaves, showing a possible effect of salinity on dry matter deposition
of leaves. The lowest percentage of leaves may have occurred due to higher plant height, due to the
applied levels, consequently a higher proportion of stem (Taiz and Zeiger 2013).

Figure 5. Fresh (PMF) (a) and dry (PMS) (b) matter production of pearl millet plants subjected to different brackish water irrigation
levels per cut.

Table 3. Chemical composition of pearl millet according to brackish water irrigation levels.

Levels (% Evapotranspiration)

Variables 25 50 75 100 P value CV (%)

Cut 1
Crude protein (in % DM) 10.84 10.68 10.65 10.82 .952 12.12
Ether extract (in % DM) 2.63 2.47 2.81 2.17 .378 35.59
Neutral detergente fiber (in % DM) 57.26 57.34 58.29 57.93 .711 4.13
Acid detergente fiber (in % DM) 28.99 29.07 30.05 30.17 .387 6.89
Cellulose (in % DM) 24.89 25.16 25.75 26.03 .354 6.46
Hemicellulose (in % DM) 28.28 28.27 28.24 27.77 .599 3.68
Dry matter (in % NM) 27.32 27.63 25.94 25.14 .148 10.70
Mineral matter (in % DM) 9.78 10.06 10.13 10.33 .784 12.46
Cut 2
Crude protein (in % DM) a 16.59 16.91 15.49 13.88 .003 11.99
Ether extract (in % DM)b 2.35 2.17 1.77 1.977 .036 26.08
Neutral detergente fiber (in % DM) 61.27 61.82 63.93 62.77 .330 5.73
Acid detergente fiber (in % DM) 27.82 27.29 30.23 31.23 .508 9.82
Cellulose (in % DM) 24.70 24.21 26.48 27.18 .589 10.48
Hemicellulose (in % DM) 33.45 34.52 33.71 31.55 .188 7.34
Dry matter (in % NM) 27.66 27.15 26.77 26.73 .611 6.75
Mineral matter (in % DM) 8.88 8.77 9.17 9.39 .222 8.28

DM = Dry matter; NM = Natural matter; CV = coefficient of variation; Significant at the 5% probability level; Equations:
aY = −0.0003x2 + 0.0357x + 15.713, R2 = 0.98; bY = 0.000006x2 – 0.0155x + 2.9177, R2 = 0.98
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Pearl millet has a xerophilic potential, that is, the ability to adapt to saline environments and due
to the higher height, length of leaves and panicles and better water supply (Pereira Filho et al. 2003);
differing from Conus et al. (2009), who found a reduction in shoot biomass accumulation in
response to different salinity levels of irrigation water.

The reduction in crude protein with larger brackish water levels may be due to reductions in plant
nitrogen acquisition or changes in the allocation and partition of assimilates within the plant (Wang
et al. 2012).

A quadratic effect was found as more water was supplied, that is, the plant achieved higher height,
but the number of live leaves did not increase proportionally to the stem length, which led to a slight
reduction in the proportion of leaves. It can be deduced that there was no significant increase in leaf
area and consequently in photosynthetic rate, thus reducing protein synthesis.

Even with a quadratic behavior, the highest ether extract content (2.34%) was obtained when
supplying a smaller amount of saline water, 25% ETo, in cut 2 (Table 2). However, a higher panicle
length was verified, but visually, smaller panicles contained more grains, which justifies the increase
in fat content.

Lignin is of great importance for plant development. For Khan et al. (2015), lower lignin content
in corn is associated with undesirable agronomic traits such as lower yield and higher susceptibility
to stem lodging. According to Parizotto et al. (2015), excessive lignification may be undesirable,
considering that this phenolic compound is related to the lower extensibility of cell walls, which may
reduce plant growth. The mean values found in the present study are within the range indicated by
Ribeiro Júnior et al. (2009) between 1.5 and 7.5%.

According to Liu, Luo, and Zheng (2018), saline stress increased phenylalanine content in leaves,
as it is a precursor of lignin, this could increase lignification. For Gohlizadeh and Kohnehrouz
(2010), leaves of corn plants under saline stress had higher activity of the enzyme phenylalanine

Figure 6. Lignin content of pearl millet plants subjected to different brackish water irrigation levels and different levels of organic
matter fertilization.
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ammonia-lyase (PAL), which may favor lignin biosynthesis from phenylalanine, and according to
Siqueira-Soares et al. (2013), cell wall lignification occurs concomitantly with higher PAL activity.

Conclusion

Brackish water and organic matter levels did not influence biomass production and chemical
composition of pearl millet plants in first cut under minimum rainfall of 138.4 millimeters.

Growth, biomass production and chemical composition variables in the second cut are positively
influenced by different brackish irrigation levels under low rainfall conditions.

Brackish water supplying 100% crop evapotranspiration is beneficial to pearl millet culture to
obtain the second cut in low rainfall. This practice should take into account the minimum and
seasonal use of this water based on the hydrological regime of each region associated with the use of
organic matter as a way to remedy the effects of the use of these waters.
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