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INTRODUCTION 

Salinity is one of the abiotic stresses that most 

limits growth and agricultural productivity, 

especially in Semi-arid Regions, due to high 
rates of evapotranspiration and low rainfall, 

associated with inadequate soil and water 

management, contributing to the emergence of 
salinized soils. The cultivation of halophyte 

plants is necessary to mitigate such difficulties, 

especially Salicornia neei, popularly known as 

“green salt”, which can replace salt in foods, 
being well accepted in the gourmet market, due 

to its high nutritional power, in terms of 

vitamins and minerals. The cultivation of 
Sorghum sudanense can be a viable alternative 

for the use of water resources and affected by 

salts, as it is a plant that serves as an energy 

source, presenting good digestibility, 
productivity and adaptation to dry and hot 

environments and with low soil fertility, serving 

as silage, green cutting and grazing; and its 

grains serve as animal feed and can grow again 
after the first harvest[1,2,3,4,5]. 

Forage availability in Brazil is irregular, due to 

climatic conditions, especially in Semi-arid 
Region where water resources are insufficient to 

meet the needs of human consumption and 

agricultural activities as groundwater and 
surface water sources present high levels of 

salts; this water starts to be used for irrigation of 

plants tolerant to salinity. Sorghum sudanense is 

a favorable plant for the ensiling process, due to 
its phenotypic peculiarities that determine the 

ease of planting, treatment, harvesting and 
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storage. For the choice of forage to be used it is 

important to evaluate the productivity 
characteristics and the structural and 

bromatological composition of the plant [6,7,8]. 

In Brazil, it was from the 70s that the culture of 

the Sorghum sudanense began to be intensified, 

becoming significantly commercial when the 

planting area reached 80 thousand hectares, 

mainly concentrated in Rio Grande do Sul and 

São Paulo. The cultivation of Sorghum 

sudanense is gaining prominence due to the 

increase in planted area, the use of new 

technologies and the use of more productive 

genotypes adapted to climatic and soil 

conditions.[9,10]. 

In the Northeast Region of Brazil, about 70% of 

its area is included in the Semi-arid Region, 

characterized by climatic conditions that cause 

seasonal variation in forage production. 

Sorghum sudanense has stood out for presenting 

greater flexibility in planting times and high 

productive potential, constituting forage 

alternatives in times of scarcity [11]. 

Sorghum sudanense is a typical grass from a hot 

climate, with xerophytics characteristics, which 

besides its low requirement in terms of mineral 

richness of the soil, has tolerance and resistance 

to abiotic factors, such as: water stress, salinity 

and water logging. It is a culture that can be 

adjusted accordingly as an alternative for the 

Brazilian Semi-arid Region due to its adaptive 

features to low rainfall and uneven distribution 

of rainfall, a factor that interferes with the 

development of most forage plant and cultivated 

grain producers, especially in arid and semi-arid 

regions of Brazil [9]. 

Sorghum sudanense (Sorghum sudanense) or 

Sudan grass is an annual, early grass, with high 

growth speed, of African origin and adapted to 

the semi-arid region. It has high water use 

efficiency, high nutritional quality, reaching 

three meters in height, offering expressive 

aptitude for the production of forage, in the form 

of hay, silage and grazing, making it a viable 

alternative to high value nutritious green forage. 

It was introduced in the state of Pernambuco, 

Brazil, in the early 1980s, through the Brazilian 

Agricultural Research Corporation (Embrapa 

Corn and Sorghum).The characteristics of the 

cultivar Sudan 4202 from the Agronomic 

Institute of Pernambuco (IPA) are of great 

relevance, as it is a plant that has a short 

flowering period (40 to 50 days), high tolerance 

to salinity, great potential of dry matter and very 

efficient forage yield, with hay as its main 

suitability [10, 12]. 

The use of the halophytes Sorghum sudanense 

and Salicornia neei in consortium in the semi-

arid of Pernambuco is of great relevance for 

local farmers, because besides being plants with 

high potential for phytoextraction, they are 

cultures resistant to high temperatures and have 

high biomass production, being a nutritious and 

good quality food[13,14]. 

Given the above, the objective of this work was 

to evaluate the effect of the consortium between 

Salicornia neei and Sorghum sudanense on 

growth and productivity in greenhouse 

cultivation, submitted to irrigation with 

desalinator reject in three soils with different 

textures. 

MATERIALS AND METHOD 

Obtaining Seedlings 

The production of seedlings by vegetative 

propagation of Salicornia neei Lag. was 

performed directly on the vessels to be used in 

the experiments. Stem fragments (cuttings) 10 

cm long were removed from the matrix plants, 

with the lower part in a bevel. These cuttings 

were placed in pots with saline soil with clayey, 

average and sandy textures. For 30 days, the 

plants were irrigated with drinking water and, 

every three days, they were sprayed with 

desalinator reject to acclimatize them until 

rooting. 

The seeds of the Sorghum sudanense cultivar 

Sudan 4202 were supplied by the Seed Chamber 

of the Agronomic Institute of Pernambuco 

(IPA), Recife, Pernambuco, Brazil. 

Conducting the Experiment 

The experiment was carried out under 

greenhouse conditions, located at the 

headquarters of the Agronomic Institute of 

Pernambuco (IPA), using black polyethylene 

pots, with eight kilos of saline soil with clayey, 

average and sandy textures, from the 

Experimental Station of São Bento do Una, 

from IPA, air-dried, ground, homogenized and 

sieved in 2mm mesh for fertility analysis [15], 

according to Table 1. 
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Table1. Soil fertility analysis used in the experiment 

Determination Soil texture 

Sandy Average Clayey 

pH (H2O) 6.40 5.50 7.40 

P, mg ̸ dm3 13 105 209 

Ca, cmolc ̸ dm3 0.40 0.90 12.40 

Mg, cmolc ̸ dm3 0.60 0.60 2.20 

Na, cmolc ̸ dm3 0.05 0.11 4.09 

K, cmolc ̸ dm3 0.08 0.05 0.60 

Al, cmolc ̸ dm3 0.00 0.30 0.00 

H, cmolc ̸ dm3 0.33 1.35 0.25 

S, cmolc ̸ dm3 1.1 1.7 19.3 

CTC, cmolc ̸ dm3 1.5 3.3 19.5 

V, % 77 50 99 

m, % 0 15 0 

Where: S = Sum of Bases; CTC = Cation ExchangeCapacity; V = Percentage ofSaturation by Base; m = 

Percentage of Saturation by Aluminium. 

Source: Soil Fertility Laboratory of the Agronomic Institute of Pernambuco - IPA, Recife, Pernambuco (2019). 

The treatments consisted of the individual 

planting of Salicornia neei and Sorghum 
sudanense, as well as in consortium, in the three 

types of soil textures, with irrigation with water 

(control) and with the desalinator reject, 

observing the development of the plants for up 
to 180 days. 

The experimental design used was that of 

randomized blocks, with the treatments: 
Salicornia neei and Sorghum sudanense 

individualized and in consortium, three soil 

textures (clayey, sandy and average), with two 

types of irrigation (water and desalinator reject), 
with three repetitions, totaling 54 experimental 

units. 

Throughout the experiment, humidity was 
maintained in the pot capacity, by weighing the 

pots and daily watering with drinking water and 

with the desalinator rejectfrom the municipality 
of Riacho das Almas, Pernambuco, to 

complement the water lost through 

evapotranspiration, with the following features: 

Electrical Conductivity = 11.54 mS/cm at 25ºC, 
Ca

2+
 = 403 mg/L, Mg

2+
 = 393.09 mg/L, Na

+
 = 

200 mg/L and K
+
 = 40 mg/L, Sodium 

Adsorption Ratio (SAR) = 23.67, pH = 7.9, 
Classification for irrigation = C4S4 (Very high 

salinity water and high sodium concentration). 

Collection of the Experiment 

After the experimental period, the aerial part of 

the Sorghum sudanense and Salicornia neei 

were collected, separating them at the height of 

the plants' neck and washed with deionized 
water.To evaluate the yield of cultivated plants, 

the weight of fresh matter (FMW) was analyzed 

on the day of harvest.That done, all the material 

was packed in paper bags, dried in an air 
circulation oven, at 60

0
C, for 72 hours, to 

determine the dry matter yield (DMP). 

Soon afterwards, the material was ground, in a 

Wiley mill, provided with a 42mm sieve to, by 
means of nitroperchloric digestion [16], 

determine the contents of the absorbed elements 

(Na
+
, K

+
, Ca

2+
, Mg

2+
) and the bromatological 

analysis [16]. 

Statistical Analysis 

The data obtained were submitted to individual 

and joint statistical analysis, relevant to the 
variables studied, using appropriate 

mathematical models. The analysis of variance 

was tested by the F test. The data were run using 
the Minitab US.2018 software. 

RESULTS AND DISCUSSION  

In Fig. 1a, it is possible to observe that the 
treatment with only Salicornia neei showed a 

better production of green matter (GMP), equal 

to 400 kg/ha, when irrigated with desalinator 
reject and grown in soil with clayey texture, 

compared to soil with clayey texture, irrigation 

with water, only Sorghum sudanense 
(0.00kg/ha) and soil with sandy texture, 

irrigation with waste, only Sorghum sudanense. 

The researchers [17] evaluated, under field 

conditions, 22 new hybrids, belonging to the 
Sorghum Genetic Improvement Program of 

Embrapa Corn and Sorghum, with three control 

hybrids (BR 601, BR700 and Volumax), and 
observed a higher dry matter weight for the 

Volumax genotype (1.608 kg / ha). 
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[18], in a field experiment, used Sorghum 

sudanense cultivar IPA Sudan 4202 for salinity 
tolerance (up to 100 mS / m), finding a high dry 

matter weight - DMW (800.0 to 1,200.0 kg/ha). 

In Fig. 1b it is possible to observe that the 
treatment with only Salicornia neei showed a 

better production of dry matter (DMP), equal to 

80 kg/ha, when irrigated with desalinator reject 
and grown in soil with medium texture, 

compared to soil with clayey texture, water 

irrigation, only Sorghum sudanense (0.00kg/ha) 

and to soil with clayey texture, desalinator reject 
irrigation, only Sorghum sudanense. The dry 

matter production evaluated was lower than 

those obtained by [19], when they evaluated five 
sorghum hybrids grown in winter. The authors 

obtained, on average, 10 kg/ha of DMP, 

probably due to the prevailing climatic 
conditions in the winter period, with lower 

rainfall and low temperatures. 

 

 

Fig1. Results obtained for the production of green matter - (a) and dry - DMP (b) from Salicornia neeiin 

consortium, or not, with Sorghum sudanense, in three different textures of soil and irrigated with water and 

desalinator reject 
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It can be seen from Fig. 2 (a) and (b) the 

growing effect on plant growth (increased 

production of green matter - GMP (a) and dry - 

DMP (b)) starting from the soil with clayey 
texture, reaching its peak in the medium texture 

and decreasing in the sandy texture. Likewise, 

analyzing the Plant factor: the use of the 
consortium of Salicornia neei and Sorghum 

sudanense did not show greater growth; 

however, with the use of only Salicornia neei 

there is a greater growth in GMP and DMP. 

Finally, analyzing the use of water or 
desalinator reject, a higher production of DM 

and GM is observed with the use of the 

desalinator reject. 

 

 

Fig2. Results obtained for the upward effect of green matter - GMP (a) and dry - DMP (b) from Salicornia 

neeiin consortium, or not, with Sorghum sudanense, in three different textures of soil and irrigated with water 

and desalinator reject 

In Fig. 3, it is observed, through the 
simultaneous optimization of the studied 

variables, that the consortium between 

Salicornia neei and Sorghum sudanense 

responded satisfactorily to the absorption of Na
+
 

(5.91), Ca
+
 (1.77%), Mg (3.29%), K (2.53%) 

and TF (18.71%) when irrigated with 

desalinator reject, in the soil with a clayey 

texture, increasing, therefore, the production of 

(a) 

(b) 
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green matter (GMP) and consequent production 

of dry matter (DMP). 

In general, these results reported here expose 

evidence that the higher volumes of salts reduce 

the growth of plants and, consequently, delay 
their physiological maturity, implying lower 

levels of total fiber (TF).However, although it 

improves the nutritional value, lower growth 
rates result in lower forage productivity.[20] 

studying several grass cultivars, concluded that 

values above 65% are common in new tissues 

and contents between 75 and 80% are found in 

materials of very advanced maturity, which may 

indicate a negative correlation with forage 
consumption. 

According to [21], there is a decrease in the 

levels of calcium, magnesium, potassium and an 
increase in sodium content, causing imbalance 

and nutritional stress in millet and sorghum 

plants.The levels of Ca
2+

 found for the culture of 
millet and sorghum were within the range 

considered adequate for sorghum (4.0 to 6.0 g ̸ 

kg), according to [22]. 

 

Fig3. Results obtained for nutrient absorption by Salicornia neeiin consortium, or not, with Sorghum sudanense 

in three different textures of soils and irrigated with water and desalinator reject 

CONCLUSION   

From the results obtained, it can be concluded 

that Sorghum sudanense presented a better 

production of green and dry matter, when 
irrigated with desalinator reject and cultivated in 

the soil with clayey texture. Salicornia neei in 

consortium with Sorghum sudanense presented 

better total fiber and absorption of sodium, 
potassium, calcium and magnesium in the soil 

with a clayey texture and irrigated with 

desalinator reject. Therefore, the consortium 
between Salicornia neei and Sorghum 

sudanense can be favored by the nutrients 

provided by Salicornia neei. 
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