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Abstract
Sorghum has become ever more prominent on the global energy scene, with
studies in the area becoming extremely important. Agricultural production in
the semi-arid region of the Brazilian Northeast is intrinsically dependent on
rainfall in the region. However, on both inter- and intra-annual scales, the
rainfall regime is quite irregular. The aim of this study was to evaluate the
productivity of sorghum grown under a rainfed regime, and the water-use efficiency of crops in the semi-arid region of the northeast of Brazil. The work
was carried out in the city of Tabuleiro do Norte in the semi-arid region of the
State of Ceará. Mean productivity of the sorghum was 919.42 kg∙ha−1, with
maximum values being recorded for lot 02 (1032 kg∙ha−1), lot 03 (1102
kg∙ha−1), lot 04 (2143 kg∙ha−1) and lot 12 (1367 kg∙ha−1). The greatest value for
water-use efficiency, 1.13 m3∙kg−1, was found for lot 04, while the smallest
value, 4.83 m3∙kg−1 was seen in lot 02. It was found that the low productivity of
sorghum in a rainfed regime shows that the lack of success in production systems in semi-arid regions is not due to the total amount of rainfall, but rather
the spatial and temporal distribution of the rains, as well as the occurrence of
hot, dry spells. Furthermore, it can be seen that the best ratio of grain production to water demand shows a strong correlation with the distribution of water throughout the cycle, and not only with the total volume.
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1. Introduction
Sorghum (Sorghum bicolor L.) is the fifth most-cultivated cereal in the world.
DOI: 10.4236/ajps.2017.89143 Aug. 9, 2017
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Currently, more than 35% is grown directly for human consumption [1]. According to [2], it is the staple food for more than 500 million people living
mainly in Africa and Asia. In these countries, it supplies 70% of the daily calorie
intake, thus playing a fundamental role in food safety [2] [3] [4].
Global production of sorghum for 2016/2017, according to the United States
Department of Agriculture [5], was 63.9 million tonnes. The United States leads
world production with a little over 10 million tonnes, in second place is Mexico,
with more than 7.0 million tonnes, and in third place, Nigeria, with around 6.0
million tonnes.
Brazilian production in the 2015/2016 season was 1,378,700 tonnes, according
to data from the National Company for Supply [6]. The Central-West and
Southeast of Brazil are noteworthy for their production of 780,200 tonnes and
439,200 tonnes respectively. The Northeast, equal to 72% of the semi-arid region
of Brazil, had a production of 96,500 tonnes.
According to [7], the semi-arid region of the Brazilian Northeast has an agricultural production which is intrinsically dependent on the rainfall in the region,
but this regime is quite irregular, both on inter- and intra-annual scales. This
uncertainty exposes the rural population, and agricultural production in particular, to a high level of vulnerability to the climatic conditions of the region. As
an integral part of the semi-arid region, the State of Ceará is also characterised
by high spatial and temporal variability in the rainfall regime [8]. Despite this,
agricultural production in the state is based on rainfed agriculture [9].
Data from the National Institute for the Semiarid [10] show that the semiarid region of the Brazilian Northeast has around 23.8 million inhabitants, and is
extremely vulnerable to variations in climate and the frequency of the droughts
that mainly affect family farming, which consists for the most part of plantations
under a rainfed system.
According to [11], approximately 56% of the total cultivated area in India is
under rainfed agriculture. The importance of rainfed agriculture can be evaluated by the fact that it contributes to 40% of the country’s food production.
Therefore, the question of the development of rainfed agriculture is critically
important, due to growth and its implications for the subsistence security of a
significant number of people living in the semi-arid region of the Northeast.
Given the above, the aim here was to analyse the productivity and water-use efficiency of sorghum in a rainfed regime in the semi-arid region of Brazil.

2. Material and Methods
2.1. Location of the Study Area
The research was carried out in an area of the semi-arid region of Brazil (Figure 1)
located in the Settlement of Lagoa Grande, which is supported by the National
Institute for Colonisation and Agrarian Reform—INCRA. This has a total area
of 2992.57 ha, where there are 92 farming families, and a total population of 392
inhabitants. The area of the settlement under rainfed agriculture is inserted
DOI: 10.4236/ajps.2017.89143
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Figure 1. Location of the semi-arid region of Brazil and the area of rainfed agriculture.

in the Chapada do Apodi located geographically at 5˚20' latitude and 38˚0' longitude, at a distance of 30 km from the town of Tabuleiro do Norte, Ceará, Brazil.
The study was carried out with 12 producers, growing rainfed grain sorghum
in an area equal to 138 ha of the universe of 250 ha used for agriculture in the
above settlement, the study area being divided into 12 lots.
Data for the survey were obtained from spreadsheets and through interviews
with the representatives of the family production units, where each producer
represented one sample unit of the productivity of the rainfed sorghum.

2.2. Characterisation of Soil and Climate
The climate of the region is hot semi-arid, with average monthly temperatures
greater than 18˚C (BSw'h'). The average annual rainfall is 790 mm, in a unimodal regime, with maximum rainfall concentrated from February to April. The
predominant vegetation represents deciduous spiny forest, dense shrub-like
caatinga, open brush-like caatinga, and mixed dicot-palm forest [12].
Other characteristics of the climate in the region can be seen in Table 1, comprising the mean values of a historical series from 2000 to 2016.
The soil in the area of rainfed agriculture of the Lagoa Grande Settlement located in the Chapada do Apodi is classified as a Red-Yellow Eutrophic Cambisol, deep, rich and well-drained. The characteristics physicochemical measured
the 0.0 a 0.2 m depth is shown in the Table 2.

2.3. Description of the Production System
The first operation carried out by the farmers in the settlement was the lodging
and desiccation of existing vegetation in the area where the sorghum was
planted. The herbicide used was Glyphosate at a dose of 2.5 L∙ha−1 applied initially in the preparation phase of the area for planting. The prepared by mixing
one litre of the herbicide in 100 litres of water, and applied with a 600 litre Jacto
mechanical sprayer, driven by a 75 hp Massey Fergusson 296 tractor.
DOI: 10.4236/ajps.2017.89143
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Table 1. Characteristics of the climate in the study area.
Parameter

Value

Unit

Mean annual insolation

3068.5

h∙year−1

Mean annual potential evaporation

1798.8

mm∙year−1

Mean annual maximum temperature

33.5

˚C

Mean annual temperature

27.7

˚C

Mean annual minimum temperature

23.3

˚C

Mean annual relative humidity

71.5

%

Mean annual wind speed

3.6

m∙s−1

Source: [13].

Table 2. Parameters physicochemical of soil of the area of rainfed agriculture.
Parameters physicochemical

Values

pH

7.2

Density

1.34 g∙cm−3

Clay

263 g∙kg−1

Silte

175 g∙kg−1

Sand

562 g∙kg−1

M.O

20.89 g∙kg−1

K

17.61 mmolc dm−3

Mg

27.0 mmolc dm−3

Ca

96.0 mmolc dm−3

H+Al

13.6 mmolc dm−3

P

45.0 mg∙dm−3

Cu

2.60 mg∙dm−3

Mn

81.00 mg∙dm−3

Fe

5.08 mg∙dm−3

B

0.11 mg∙dm−3

Zn

2.50 mg∙dm−3

Source: [14].

The second operation was planting, using seeds of the sorghum hybrid “BR
304”. This was carried out under a system of direct seeding, using a model SP
Light 3000 Baldanseeder, driven by a 75 hp Valtra 785 tractor. Planting was performed eight days after application of the herbicide, at a depth of 5 to 6 cm, and
with 6 to 7 seeds per linear metre, at a spacing between rows of 0.45 m, giving a
population of around 133,332 to 155,554 plants ha−1. Germination took place
between 5 to 8 days after sowing.
The BR 304 is a simple hybrid, a result of the crossroad of lineage BR 001A
with BR 012R, cycle of approximately 125 days. BR 304 is tolerant to the dry
DOI: 10.4236/ajps.2017.89143
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stem rot, caused by the pathogen Macrophomina phaseolina, under conditions
of water deficiency. This characteristic becomes the BR 304 highly recommended for planting in succession to precose summer crops and late plantings.
It is recommended for the Northeast, Midwest, Southeast and South regions, especially for times when rainfall is lower [15].
Finally, harvesting, like the other operations, was also carried out mechanically using a CASE IH, model 7130 harvester. All the stages were performed under conditions of soil and climate that were favourable to each agricultural operation, since, according to [16], tillage, sowing, cropping practices and harvesting should be carried out under adequate conditions of soil moisture, as they can
cause a reduction in soil porosity and in the flow of liquid and gases, increase
soil density, and consequently reduce crop productivity.

2.4. Analysed Variables
2.4.1. Productivity of the Sorghum
The mean productivity of the crop was analysed based on the ratio of sorghum
production to the area of cultivation, as per Equation (1).

Pme =

p
x

(1)

in which: Pme—Mean productivity (kg∙ha−1); p—sorghum production (kg); x—
planted area (ha).
2.4.2. Water-Use Efficiency
Water-use efficiency (WUE) was obtained from the ratio of crop production to
the volume of water applied, as per [17], Equation (2).

WUE =

p
v

(2)

in which: WUE—water-use efficiency (kg∙m−3); p—crop production (kg); v—
volume of water applied (m3).
2.4.3. Financial Analysis
For the financial analysis, the methodology proposed by the Company for Technical Assistance and Rural Extension-EMATER-DF [18] was adopted, in which
the financial concepts are defined by Equations (3)-(5). Given that total revenue
refers to unit price multiplied by the quantity of produced goods.

=
TR Price ∗ Quantity

(3)

in which: TR—Total revenue (BRL∙ha−1).
The cost of production is the sum of the fixed and variable costs, i.e. all the
expenses generated during cultivation of the sorghum, such as tillage, planting,
crop treatments, herbicides, seeds and labour, among others (Equation (4)).

Cp
= Cf + Cv

(4)

in which: Cp—production costs (BRL); Cf—fixed costs (BRL); Cv—variable
costs (BRL).
DOI: 10.4236/ajps.2017.89143
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Net revenue refers to gross revenue minus product returns and taxes paid by
the company (Equation (5)).
(5)

NR = GR − PE − T

in which: NR—net revenue (BRL); GR—gross revenue (BRL); PE—general expenses of the production process (BRL); T—taxes (BRL).

2.5. Statistical Analysis
Descriptive statistics were used to analyse the following parameters: mean, standard deviation and coefficient of variation. The data were analysed using the
SPSS v 16 software, with the Excel software being used for the graphs and regression analysis of the correlations between the different parameters under
evaluation.

3. Results and Discussion
With the production data of the 12 lots of producers at the Grande Lagoa settlement, located in the semi-arid region of Brazil, values can be seen from the
descriptive analysis, which vary from 438 kg∙ha−1 to 2143 kg∙ha−1, with a mean
value of 919.42 kg∙ha−1 and a coefficient of variation of 49% (Table 3). Although
the coefficient of variation had a high value, 75% of the values for productivity
are within the range of the mean ± standard deviation (919 ± 469). Of all the lots
under evaluation, 67% had lower productivity than the mean for the group,
while 18% achieved a value for productivity statistically higher than the mean at
a level of 5% probability.
The mean value for productivity found was lower than the values for productivity registered in other Brazilian states, including that of the state itself. According to a survey by [6], the highest production of sorghum, 4500 kg∙ha−1, was
found in the Federal District, and the lowest, 1006 kg∙ha−1, was obtained in the
State of Bahia. In the State of Ceará, the average value was 1346 kg∙ha−1, for the
2015/2016 harvest.
Although the production lots received the same type of management, it can be
seen from the coefficient of variation that productivity displayed high variability,
Table 3. Descriptive analysis of data for sorghum production.
Parameter

Value (kg∙ha−1)

Mean

919.42

Mode

438.00

Median

739.00

Standard deviation

469.80

95% Confidence interval

DOI: 10.4236/ajps.2017.89143
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this being attributed to the spatial variability of the soil attributes, and especially
the spatial and temporal variation of the rainfall.
According to [19] and [20], when analysing forage productivity in a Red Latosol they also found high variability (29%), which was attributed to the spatial
variability of the soil attributes. On the other hand, [21], studying the physical
attributes of the soil, found that at both depths analysed, the coefficients of
variation were classified as low, medium, high and very high, ranging from
10.7% to 32.9%.
As regards the data for sorghum production and productivity for each of the
lots in the settlement (Table 4), it was found that lots 02, 03, 04 and 12 displayed
higher values for productivity. This fact is attributed to the time of planting,
since, especially in the case of rainfed agriculture, planning the agricultural calendar to take better advantage of the rainfall is a prime factor in the viability of a
production system.
The low productivity and high variability are related to the distribution of
rainfall during the period the sorghum was under cultivation, since the greatest
limitation on agricultural production is not expressed by the total rainfall, but by
the uncertainty of how these events are distributed over time, as well as the constant occurrence of periods with no rainfall (hot and dry) during the rainy season. According to [22], and [23], these hot, dry spells are characterised as an area
of climate vulnerability for agricultural sustainability.
According to [24] and [25] further point out that although water is the limiting factor in agricultural production, the distribution of rainfall events over time
and space is what most affects crop development and agricultural production. As
found in a study by [26], the low productivity seen in crops of forage sorghum
on small farms in the north of the State of Minas Gerais is mainly due to the irregular distribution and low volume of rainfall during the development cycle of
the sorghum.
Table 4. Sorghum production and productivity for each lot.

DOI: 10.4236/ajps.2017.89143

Lot

Planted Area (ha)

Date of Planting

Production (kg)

Productivity (kg∙ha−1)

01

8.62

12 May

8100

940

02

15.00

01 April

15,480

1032

03

12.90

27 April

14,220

1102

04

4.48

20 April

9600

2143

05

8.35

22 May

3660

438

06

10.67

03 June

5640

529

07

4.80

03 June

2880

600

08

18.25

17 May

11,220

701

09

22.05

10 May

15,720

713

10

16.38

02 June

10,020

595

11

8.11

17 May

7080

873

12

9.00

26 April

12,300

1367
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Regarding daily and monthly rainfall occurring in the study area during cultivation, these can be seen in Figure 2, where the highest values of 300 and 280
mm were recorded in March and April respectively, equivalent to 62% of the total rainfall, characterising the irregularity of rainfall distribution in the region.
Planting was concentrated from 1 April to 3 June, when rainfall during the
growing season was 857 mm. It is noteworthy that from January to July, rainfall
exceeded both the regional average of 790 mm∙year−1 [12] and the historical average for the last 34 years, which was equal to 737 mm [27].
Similarly, [28] point out that the total rainfall in the rainy season is sufficient
for the development of rainfed agriculture in the intertropical zone, albeit affected by hot, dry spells; a phenomenon characterised by periods when the rainfall is interrupted during the rainy season. [29] add that the problem of irregular
rainfall in the Northeast results not only from variations in total rainfall, but also
from the duration and intensity of that rainfall.
Table 5 therefore, shows the number of dry spells and the length of each such
event during cultivation of the sorghum; by means of the planting date, it was
possible to identify which lot had the most influence on productivity as a function of these events. Thus, lots that were sown in April were less influenced by
these periods, but also because the rainfall depth for March provided greater soil
moisture at the time of planting, resulting in consequently higher productivity in
lots 04, 12, 03 and 02, where planting was carried out on 20, 26, 27 and 01 April
respectively.
On the other hand, lots 05, 06, 07 and 10 had lower values for productivity
due to the time of planting, when they were influenced by the length of the dry
spells, with six such periods being registered on average during cultivation, most
Table 5. Number of dry spells and duration of each event for the different Phenological
stages of the crop in each lot.

DOI: 10.4236/ajps.2017.89143

Lot

Total Dry Spells

01

Phenological Stage

Event Duration(days)

EC1

EC2

EC3

EC1

EC2

EC3

7

3

3

1

6

6

32

02

8

2

3

3

5

6

5

03

6

3

2

1

6

5

22

04

8

3

2

3

5

6

8

05

6

3

2

1

5

11

31

06

5

3

1

1

6

28

30

07

5

3

1

1

6

28

30

08

6

2

3

1

6

7

31

09

6

2

3

1

6

6

36

10

5

3

1

1

6

28

30

11

5

2

3

1

6

7

31

12

6

3

2

1

6

5

20
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Figure 2. Monthly rainfall during the sorghum cycle.

of them of six to seven consecutive days with no rainfall, and one period of 30
days, which contributed significantly to the low values for productivity found in
these lots.
According to [30], in a study in the State of Pernambuco in the semi-arid region of the Brazilian Northeast, found on average six to seven dry events per
rainy season, with an average lack of rainfall of nine to eighteen days. However,
longer dry spells of the order of 14 to 36 days were noted.
In addition to determining the number of dry spells that occurred, it was important to analyse the length of each event, as it was thereby possible to observe
the high variability in productivity as a function of the spatial and temporal distribution of rainfall for each phenological stage of the crop, as well as the duration of the events for each physiological phase of the sorghum (Table 5).
Thus, it can be also be seen in Table 5 that during the first stage of crop
growth (EC1), which runs from planting and germination to panicle initiation,
approximately 30 days, there were around two to three dry spells, lasting from
five to six days, in each lot; there was therefore no significant influence at this
phenological stage for the low indices of productivity. However, the speed of
germination, emergence and seedling establishment is important, since the plant
is small, has slow initial growth, and at this stage, grain yield can be seriously
reduced.
During the next stage (EC2), which includes panicle initiation to flowering,
several growth processes, if affected, could compromise crop yield, among them,
according to [15], leaf area and root system development, dry matter accumulation and the establishment of a potential number of seeds, the latter being
probably the most critical production component associated with increased
yield.
It was found that during the EC2 stage, which goes from day 30 to day 70,
there were on average two dry spells. However, it was the length of these events
that had the most significant influence on the low productivity seen in lots 05,
DOI: 10.4236/ajps.2017.89143
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06, 07 and 10, where the average length was 24 days. Whereas, for lots 02, 03, 04
and 12, where the duration of these events was around 5 to 6 days, productivity
was not significantly compromised.
For [31], any aggression to the plants at the EC2 stage, such as the undue application of agrochemicals or an unfavourable climatic event, such as a lack of
soil moisture, will affect panicle emergence and compromise the final productivity of the crop.
During the third phase (EC3), which goes from flowering to physiological
maturation and lasts a little more than 20 days, the factors considered the most
important are those related to grain filling. At this stage, the plant continues to
depend on a good level of water in the soil for adequate grain filling, with water
deficiency during this period usually causing shrivelled grains and a fall in productivity [31]. It was found that lots with a low value for productivity were those
that had an average of 30 days with no rainfall.
According to [23] point out that the hot, dry spells are a serious problem
when they last longer than ten days without continuous rainfall, and especially
when they affect the phenological stages of flowering and formation and of grain
filling, stages EC2 and EC3 respectively; they are also harmful when they occur
at the time of plant emergence, EC1. Therefore, comparing the data for productivity in Table 3 with the number of hot, dry spells in Table 5, a close relationship was seen between productivity and the occurrence of the dry spells, especially for the duration of these events.
Similarly, [32] point out that in rainfed production systems, the best use of the
water resources is obtained by adjusting the time of sowing to the rainfall regime. According to [33], climatic variability can significantly affect crop yield,
even when the crop is sown at a suitable time.
Predicting the occurrence of hot, dry spells and their duration is therefore
quite important, since it provides additional information for the planning of
both rainfed and irrigated agriculture, helping to maximize water-use efficiency
in areas under cultivation [34].

3.1. Water-Use Efficiency
To calculate the volume of water per kilogram of sorghum produced in the rainfed system, the rainfall depth during the crop cycle and the total production of
each lot were considered, and the amount of rainfall determined as a function of
the area of each lot, as shown in Table 6.
It can be seen in Table 6 that water-use efficiency in the sorghum crop
showed high variability as a natural result of the distribution of rainfall during
the crop cycle in each lot, in addition to the variation in production values. The
high value for lot 02 for the ratio of grain produced to water applied, of 4.83
m3∙kg−1, is explained by the input of a rainfall depth greater than that required by
the crop, which is 300 - 325 mm. The best ratio of 1.13 m3∙kg−1 was seen in lot
04, which displayed maximum productivity.
DOI: 10.4236/ajps.2017.89143
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Table 6. Water-use efficiency for each lot in the semi-arid region.
Lot

Area (ha)

Rainfall (mm)

Volume (m 3)

Production (kg)

WUE (m3∙kg−1)

01

8.62

133

11,465

8100

1.41

02

15.00

496

74,400

15,400

4.83

03

12.90

243

31,347

14,220

2.20

04

4.48

243

10,886

9600

1.13

05

8.35

113

9435

3660

2.57

06

10.67

95

10,137

5640

1.80

07

4.80

95

4560

2880

1.59

08

18.25

133

24,273

11,220

2.16

09

22.05

182

40,131

15,720

2.55

10

16.38

95

15,561

10,020

1.52

11

8.11

133

10,786

7080

1.53

12

9.00

243

21,870

12,300

1.78

For [35], improving water-use efficiency is a key factor in the continuous increase in crop productivity in arid and semi-arid regions.
Thus, it was found that the best ratio of grain production to water demand
shows a strong correlation with water distribution throughout the cycle, and not
only with the total volume; according to [36], soil moisture conditions have a
significant influence on water-use efficiency in arid and semi-arid regions. This
fact demonstrates the great challenge of successful rainfed agriculture, where the
irregularity of rainfall distribution was seen in this research as a limiting factor
of greater weight than the actual volume of rainfall.
In their study, [37] found large variations in water-use efficiency in a crop of
maize for the towns being studied, but found no direct relationship between
grain yield and water-use efficiency in maize during the rainy season, or between
rainfall and water productivity.
It is therefore necessary to adopt production systems that can adapt to this reality, as well as working together with meteorological agencies, taking advantage
of rain forecasts, and adopting planting times in accordance with the information provided by such bodies.

3.2. Financial Analysis
For the financial analysis, the production costs per hectare of the sorghum crop
were calculated, as shown in Table 7.
According to the data shown in Table 7, it was found that the cost of production for each hectare of planted sorghum was BRL 554.22, making a financial
analysis of the system possible, as shown in Table 8.
According to the data shown in Table 8, it can be seen that only lots 01, 02,
03, 04 and 12 presented positive economic results, especially lots 02, 03, 04 and
12, with a good return on the capital invested, of the order of 11%, 20%, 132%
DOI: 10.4236/ajps.2017.89143
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Table 7. Production costs for the sorghum crop.
Discrimination

Unit

Quantity

Unit Price
(BRL)

Total Price
(BRL)

Input
Seeds

Kg

6

15.19

91.14

Herbicide (Glyphosate)

L

3

24.68

74.04

Graphite

Kg

0.03

5.00

0.15

Empty 60 Kg bags

Bag

40

0.70

28.00

Foliar fertiliser

L

3

22.00

66.00

Subtotal

259.33

Labour
Herbicideapplication

H/M

0.5

88.60

44.30

Planting

H/M

1

88.60

88.60

Harvesting

H/M

1

91.25

91.25

Bagging

Bag

40

0.50

20.00

Transport

Appropriation

1

50.74

50.74

Subtotal

294.89

Total

554.22

Table 8. Financial analysis of the production system.

Lot

Area
(ha)

Production
(kg)

Average
Price
(BRL kg−1)

Total
Value
(BRL)

Total
Cost
(BRL)

Profit
(BRL)

01

8.62

8100

0.60

4860.00

4777.38

82.62

02

15.00

15,400

0.60

9240.00

8313.30

926.70

03

12.90

14,220

0.60

8532.00

7149.44

1382.56

04

4.48

9600

0.60

5760.00

2482.90

3277.10

05

8.35

3660

0.60

2196.00

4644.36

−2448.36

06

10.67

5640

0.60

3384.00

5913.53

−2529.53

07

4.80

2880

0.60

1728.00

2660.25

−932.25

08

18.25

11,220

0.60

6732.00

10,297.40

−3565.40

09

22.05

15,720

0.60

9432.00

12,220.55

−2788.55

10

16.38

10,020

0.60

6012.00

9188.97

−3176.97

11

8.11

7080

0.60

4248.00

4494.72

−246.72

12

9.00

12,300

0.60

7380.00

4987.98

2392.02

and 48% respectively. It is worth noting that these four lots were planted at the
end of April, thereby suffering less influence from the hot, dry spells, allowing
greater productivity of the sorghum, and consequently better economic return.
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4. Conclusions
The low productivity of the sorghum under rainfed conditions shows that the lack
of success of production systems in semi-arid regions is not due to total rainfall,
but rather the spatial and temporal distribution of the rainfall during the rainy
season, since the lowest values for productivity were seen with the occurrence of
a greater number and the greater duration of hot, dry spells during cultivation.
The maximum yields of 1032 kg∙ha−1 (lot 02), 1102 kg∙ha−1 (lot 03), 2143
kg∙ha−1 (lot 04) and 1367 kg∙ha−1 (lot 12) were recorded when planting was carried out on 1, 27, 20 and 26 April respectively, when there were on average seven
hot, dry spells of a shorter duration of around 8 days, while the lowest values for
productivity occurred when planting was outside this period, with an average
occurrence of six dry spells of a longer duration of around 17 days.
No direct relationship was found between grain yield and water-use efficiency
in sorghum under rainfed conditions, or between rainfall and water productivity, since the best ratio of grain production to water demand shows a strong correlation with water distribution throughout the cycle and not only with the total
volume.
Productivity under rainfed conditions is still low in some regions, requiring
further research to determine the causes and set up strategies that would increase crop yield. This way, knowledge of the occurrence and duration of hot,
dry spells, together with the time of planting of the sorghum, has the potential to
approximate actual productivity to the productivity that can be achieved under a
rainfed regime.
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