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ABSTRACT

The objective, in this research, was to evaluate the agricultural productivity and the financial performance of levels of
irrigation in the cassava. For this, experiment was carried out, under a randomized block design, with six irrigation levels,
as a function of crop evapotranspiration (L, = 0% (rainfed), L, = 40%, L, = 80%, L, = 120%, L, = 160% and L, = 200%
of ET ) and four repetitions. Was evaluated: length and mass of roots, productivity of maximum physical and economic
efficiency of roots and productivity of the aerial part. The irrigation level L, or total useful water of 1,023 mm, got greatest
productivity of the aerial part, 57 Mg ha'!. With a total useful water of 926 mm, this irrigation level, generated the greatest
length and mass of roots per plant and the maximum physical productivity, 94 Mg ha'. As well as the root yield of
maximum economic efficiency, which is achieved with a total usable water, 914 mm. Among the irrigation levels studied,

L, (963 mm) is the one that provides the greatest productivity of roots, 90 Mg ha™', and gross revenue 167% higher than

in areas cultivated under rainfed conditions. Therefore, irrigation of cassava is economically viable.

Keywords: Manihot esculenta Crantz; total useful water; root mass; physical productivity and maximum economic

efficiency.

INTRODUCTION

Cassava (Manihot esculenta Crantz) has been cultivat-
ed for about 9 thousand years, making it one of humanity’s
oldest agricultural crops. This is because this plant has
attractive characteristics for small and medium producers,
such as: good adaptation to poor and acidic soils, tolerates
rainfed conditions, cheap planting material and with great
tolerance to pests and diseases, which makes it capable
of generating returns finance with low production cost.
For these reasons, cassava is considered one of the most
socioeconomically important crops in the world (Howeler
etal.,2013).

In the 2021 harvest, world production was 314.80
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million tons of cassava roots. In this harvest, Nigeria pro-
duced 63.03 million tons, consolidating itself as the world’s
largest producer. Meanwhile, Brazil stood out as the five
largest global producer in this crop, with production 18.09
million tons of roots and an average productivity of 15.00
Mg ha'! (FAO, 2023). Among the Brazilian regions, the
North is the largest national producer, with 36% of produc-
tion, followed by the South and northeast regions, which
are responsible for 24 and 20% of production, respectively.
In 2021, the state of Alagoas produced 527 thousand tons,
with an average productivity of 12.90 Mg ha™', and ranked
10th among Brazilian states (IBGE, 2023). Despite the
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root system being the most economically important part
of cassava, it should be emphasized that the aerial part of
the plant is also commercialized. The branches and leaves
are used in animal feed and have high nutritional value. In
addition, the leaves are also destined, mainly in Africa, to
feed the local population (Tinini et al., 2021).

In the Northeast region of Brazil, most crops are rain-
fed and are cultivated by small and medium producers.
This region is characterized by the irregular distribution
of rainfall and prolonged periods of drought (Silva et
al., 2011) which contribute to the low productivity of
cassava and other agricultural crops. Therefore, studies
are needed to indicate the appropriate levels of irrigation
for the cassava crop, especially in the initial phase, when
the establishment of seedlings depends on the level of
moisture in the soil to promote bud sprouting and the root
and leaf growth. In conditions of semi-arid locations, this
becomes even more relevant, since water is one of the
main limiting resources for agricultural production (Mélo
Neto et al., 2018).

Research has been carried out with the objective of de-
termining the ideal water management for the cultivation
of cassava under different soil and climatic conditions
(Odubanjo et al., 2011; Pipatsitee et al., 2018). In this
context, Neves et al. (2021) state that performing eco-
nomic analysis on irrigated crops helps decision making,
generates savings in materials used and greater economic
profitability, since the rational use of water provides lower
production costs and increased final revenue.

However, when comparing the amount of research
carried out for other agricultural crops, it is concluded
that the research directed to the cultivation of irrigated
cassava in the Northeast of Brazil is still few (Mélo Neto
et al., 2018). In Alagoas, these studies are even more
scarce, so that, for the most part, research focuses on tests
to determine the productivity of genotypes (Morais et
al., 2017). Therefore, the development of new research
aimed at determining the ideal water management of
cassava under the edaphoclimatic conditions of Alagoas
is quite relevant, since irrigation combined with adequate
management can enable a good initial development of
the crop, give greater vigor to the plants to overcome the
adversities of the environment.

In this context, this research aimed to evaluate the

components of production, agricultural productivity and

the financial performance of different levels of irrigation

in the cultivation of cassava in the Forest Zone of Alagoas.

MATERIAL AND METHODS

Characteristics of the experimental area

The experiment was carried out in Rio Largo region,
Alagoas, Northeast of Brazil (9°27°58.7” S; 35°49°47.2”
W; 127 m). The climate of the region, according to the
classification of Koppen, is of the AS type, tropical with
rainfall from autumn to winter, the average rainfall varies
from 1,500 to 2,200 mm, and the average air temperature
from 23 at 28 °C (Barros et al., 2012). The soil is of the
type cohesive yellow argisol with medium-clay texture
(Santos et al., 2018), whose physical-hydric and chemical
properties are shown in Table 1.

Statistical design and treatments

The experimental design adopted was in randomized
blocks (RB), with four replications and the treatments were
six irrigation levels as a function of crop evapotranspiration
—ET,_ (L, = 0% (rainfed), L, = 40%, L, = 80%, L, = 120%,
L,=160% and L, =200% of ET ). The total water depths of
the treatments, during the cultivation cycle, were: 522 (L),
656 (L)), 817 (L,), 963 (L,), 1,018 (L,) and 1,023 (L,) mm.
In each of the 24 experimental plots, measuring 6.0 x 8.0
meters (48 m?), 96 plants were planted. The total cultivation
area was 1,740 m? Irrigation levels greater than 100% of
ET_ were used for the cassava crop to reach potential pro-
ductivity until it began to decline due to stress caused by
water excess. The ET,. was obtained by Equation 1.
ET.=ET, x K, (1)
where, ET is crop evapotranspiration (mm d), ET is
the reference evapotranspiration estimated by the Pen-
man-Monteith-FAO method - mm d!' (Allen et al., 1998)
and K. is the crop coefficient.

The crop coefficient (K.), during the irrigation period,
was equal to 1.0 because the crop was in the middle phase
of the phenological cycle. In the initial and final phases of
the cultivation cycle, the K. was 0.35 and 0.45, respective-
ly, according to the Royal Irrigation Department — RID
(2010).

Planting and cultural treatments

Cassava planting was carried out in June 2019, at a
spacing of 1.0 x 0.5 meters to form a population of 20,000

plants per hectare. Soil preparation was done with two
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harrowing at 30 and 5 days before the planting. The variety
used was the Caravela, with 20 cm long seedlings and at
least 5 buds. After planting, a pre-emergence herbicide
based on Flumioxazin (200 g i.a. ha'!, 400 L of syrup ha™)
was applied before emergence of the plants. During culti-
vation, invasive plants were eliminated by hand weeding.
The foundation fertilization and cover of the cassava
were carried out according to the estimation of nitrogen
(N), phosphorus (P) and potassium (K) absorption, accord-
ing to Souza et al. (2009). In the foundation fertilization,
27 kg ha! of P were applied, and in the topdressing fertil-
ization, 123 kg ha! of N and 146 kg ha' of K, the sources
being urea (45% N), simple superphosphate (18% P,0)
and potassium chloride (57.8% K,0O). This last fertilization
was divided into two applications at 45 and 90 days after
planting (DAP) and the harvesting was done in June 2020.

Water balance and irrigation

The water balance of the crop was determined on a
ten-day scale for each irrigation level by Thornthwaite and
Mather method, according to Pereira et al. (2002). Effective
rainfall during the growing season was determined by sub-
tracting the excess water, determined by the water balance,
from the total rainfall. Total useful water was determined
as the amount of water applied via irrigation plus effective
rainfall. The agrometeorological data (rain, global solar
radiation, air temperature, relative humidity, wind speed
and ET) from the experimental period were provided by
the Laboratory of Irrigation and Agrometeorology (LIA) of
CECA/UFAL, which has an automatic station (Microlog-
ger — CR 1000, Campbell Science, Logan, Utah), installed
next to the experimental area. With the daily values of the
meteorological elements, figures were generated and the
general means values and the standard deviation that rep-
resents the variation around the means (+) were obtained.

The irrigation was carried out from October 2019
to March 2020, during the dry period of the region that
occurs in spring/summer. The irrigation system used was
micro-sprinkler, in a spacing of 2.0 x 3.0 meters between
emitters and an average flow of 50 L h', an application
intensity of 8.33 mm h''. The efficiency of the irrigation
system was 95%, the irrigation shift adopted was 3 days
depending on the ET,. and the effective rain, during the

irrigation period, were deducted from the applied water.

Analyzed variables

The variables analyzed, during the cassava harvest (355
DAP), in three plants of the useful area of the plot (24 m?),
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were: length of commercial roots (LR, cm), mass of com-
mercial roots per plant (MR, kg plant), commercial root
productivity (RP, Mg ha') and the aerial part, composed of
branches and leaves (AP, Mg ha™).

The length of roots was obtained with the aid of a tape
measure. The mass of plant parts was obtained by weighing
on a scale with an accuracy of 0.002 kg (Toledo, Prix 3 Plus,
Sdo Bernardo do Campo, Brazil), and productivity was
subsequently determined by multiplying the fresh mass by
the number of plants per hectare (20 thousand plants). The
roots with diameter greater than 2 cm and a length greater
than 10 cm were considered commercial roots, according
to Tironi et al. (2015).

Financial analysis

The cassava root production function was estimated as a
function of total useful water, by second degree polynomial

regression, similar to Equation 2.
Y=0b,+bx-b,x’ 2)

where, Y is the agricultural productivity of cassava
(Mg ha); x is the total useful water and b, b, and b, are
the coefficients of the equation. The choice of regression
type was based on the one that best represented the results
and the main decision parameter was the coefficient of
determination (R?).

The estimate of the total irrigation depth that generates
the physical maximum productivity was performed by
equating the first derivative of Equation 2 to zero, which

led to Equation 3.

b
Xy =—— 3
MAX 2 b2 ( )
where, X, . is the amount of input (total useful water) that

provides maximum productivity (Mg ha'), b and b, are
equation coefficients of the production equation. The max-
imum productivity (Y,,,,) was obtained by substituting
the value of X

wax (Equation 3) in polynomial regression

(Equation 1).

The financial analysis of cassava production was
performed as a function of the price per millimeter of
water applied and the product (ton of cassava roots).
The irrigation depth of maximum economic efficien-

cy (total useful water) was obtained by Equation 4.

_ (CW _Rbi)
B (ZPibz) 4)
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where, W is the amount of input (total irrigation depth) that
generates the maximum economic efficiency yield; C, is
the input cost; P, is the price of cassava roots and b, and b,
are the coefficients of the production equation.

As for the productivity of the area part (branches and
leaves) of cassava, the financial analysis was based on the

regression of the first degree equation, similar to Equation 5.
Y=>b,+bx 5)
where, Y is the agricultural productivity of cassava (Mg

ha); x is the total useful water, and b, and b, are the coef-
ficients of the equation. The choice of regression type also

was based on the one that presented the best coefficient of
determination (R?).

The price per millimeter of water applied (R$ mm™) was
obtained according to the implementation and operating
costs of a conventional sprinkler irrigation system in one
hectare of cassava, as shown in Table 2. The prices adopted
were obtained from commercial houses in the region, in
November 2020. In the amortization over 20 years, 30% of
the value for maintenance and 20% for labor were added.
The value of electricity for rural areas was considered.
For the cost of labor per hectare, it was considered that a
worker with a salary of 1,700 reais per month can manage
30 hectare.

Table 1: Chemical and physico-hydric properties of the soil of the experimental area

Physical-hydric properties Unit Value
Field capacity m’ m3 0.244
Permanent wilting point m’ m? 0.147
Available water capacity mm 58.00
Soil density gm? 1.50
Total porosity m’ m? 0.423
Basic infiltration speed mm h'! 52.00
Chemical properties

pH in water - 5.8
Phosphor ppm 37
Potassium ppm 111
Ca+ Mg meq 100 mL"! 4.1
Ca meq 100 mL"! 2.4
Mg meq 100 mL"! 1.7
Na ppm 36

Al meq 100 mL"! 0.06
Al+H meq 100 mL"! 4.8
Sum of Bases -- 4.5
Effective C.T.C. - 4.6
v (%) 48.6
M (%) 1.3
Total M.O. (%) 2.3
Fe ppm 103.8
Cu ppm 0.46
Zn ppm 4.0
Mn ppm 11.3
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Table 2: Values used to calculate the price per millimeter of the applied water in the cassava through a conventional sprinkler system

Unit prices (R$/unit.)

Electricity RS kW' h! 0.47
Labor R$ month! 1,700.00
Labor R$ ha! month! 56.67
Irrigation system RS ha'! 11,420.00
Weighted amortization over 20 years RS ha! year! 878.00
Basic infiltration speed mm h! 52.00

Annual operating costs

Electricity

Labor

R$ ha' year! 1,052.00

RS ha! year! 283.35

Applied millimeter cost

Operational cost RS mm! 1.98
Fixed cost of the applied millimeter R$ mm! 1.30
Total cost of applied millimeter R$ mm 3.28

Through a survey with producers and buyers of cassava,
in the Forest and Agreste Zone of Alagoas, were obtained the
minimum, average and maximum prices, in the year 2021,
of the ton of roots (300, 375 and 450 reais, respectively)
and part cassava aerial (100, 150 and 200 reais).

Statistical analysis

The collected data were submitted to analysis of
variance and, when significant by the “F” test (p < 0.05),
were submitted to regression analysis. The regression coef-
ficients had their significance verified by the “t” test at 5%
probability (Ferreira, 2018).

RESULTS AND DISCUSSION

Meteorological variables and water balance

The average air temperature, during cassava cultivation,
was 25.1 (+ 1.5) °C, the maximum air temperature mean
was 30.1 (£ 2.1) °C, and the mean minimum was 21.3 (£
1.6) °C. According to Aparecido et al. (2020), in research in
the Midwest of Brazil, regions with an average temperature
between 20 and 27 °C are considered suitable for the com-
mercial cultivation of cassava, while regions with tempera-
tures below 16 and above 38 °C are considered inadequate.
El-Sharkawy (2004) states that temperatures below 17
and above 37 °C impair the initial sprouting of buds in the
cassava and temperatures from 25 to 35 °C maximize the

photosynthetic rate of cassava. In view of the above, it is
possible to affirm that in the Forest Zone of Alagoas, the
thermal conditions are adequate to cultivation of cassava,
with temperatures that favor the growth, development and
the agricultural productivity of the cassava. The mean wind
speed was 1.5 (+ 0.4) m s”!, the maximum recorded value
was 2.6 m s (August 06, 2019) and the minimum was 0.5
m s (April 24, 2020). In the Figure la it is possible to
observe the variation of wind speed at 2 meters height and
the air temperature in the experimental period.

The mean relative humidity, during cultivation, was
74.2(x 6.8) %, the maximum daily value was 96.2% (July
5, 2019) and the lowest value was 57.9% (November 24,
2019). The average daily global solar radiation was 18.3
(+ 4.8) MJ m?, with a daily maximum value of 27.6 MJ
m? (February 8, 2020) and a daily minimum of 5.4 MJ
m? (June 12, 2020). Cock & Connor (2021) confirm that
the equatorial region of the planet has an ideal global
solar radiation incidence for the growth and development
of cassava. The Forest Zone region of Alagoas is close
to the equator and, in this region, Ferreira Junior (2012)
observed average daily values of 20.9 MJ m? from Feb-
ruary to April, 14.9 MJ m? from May to August and 23.3
MJ m? from September to January. Therefore, with base
in the incidence of global solar radiation observed in this
research and values described by Ferreira Junior (2012), in

the studied region, it is possible to affirm that there is avail-
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Figure 1: (a) Air temperatures: minimum — TMIN, average — TAVE, maximum — TMAX and wind speed at 2.0 meters high — Ws; (b)
Relative air humidity — RH and global solar radiation — Rg, in Rio Largo, Alagoas, Brazil, from June 2019 to June 2020.

ability of solar radiation ideal for cassava cultivation. And,
this enables the economic exploitation of this agricultural
crop without impediments due the availability of energy
for the photochemical process of the plant. In the Figure
1b is observed the variation of the relative air humidity and
global solar radiation during the experimental period.

The total rainfall during the cassava cultivation was
1,847 mm. The month of November 2019 had the least
rain (7.4 mm) and April 2020 was the rainiest (364 mm).
The period between the last ten days of September 2019
and the first ten days of February 2020 (143 days) stood
out for having accumulated only 103 mm. This highlights
the scarcity of rain during spring and summer in the region
(Figure 2a). Aparecido ef al. (2020) state that accumulated
rainfall of 1,000 to 1,500 mm, well distributed throughout
the cassava crop cycle, is important to obtain high produc-
tivity. Meanwhile, Troccoli et al. (2014) emphasize that
rainfall accumulations from 400 to 750 mm are sufficient
for a high yield of cassava roots. Therefore, according to
what the researchers claim, and the distribution of rainfall
during the growing season, it is possible to say that the
Forest Zone region, in the state of Alagoas, has enough
annual rainfall to meet the demand for cassava, however,
the seasonality of the rain generates a dry period in the re-
gion that justifies the adoption of irrigation, given that the
deficit water generates a reduction in the productivity of
cassava. During the dry period of the region, irrigation was
applied according to the irrigation levels studied, as can

be seen in Figure 2a. The irrigation depth applied ranged
from 134 to 906 mm, in the levels L, and L,. Meanwhile,
the total water consumed by the plant, which represents
the effective rain plus irrigation, were: 522 (L), 656 (L)),
817 (L)), 963 (L), 1,018 (L,) and 1,023 (L,) mm. In rain-
fed areas (L)) the effective rainfall observed was 522 mm.

The accumulated reference evapotranspiration (ET,),
during the cassava cycle, was 1,454 mm, with a daily
mean of 4.1 (= 1.1) mm. The highest daily value of ET,
was 7.4 mm (January 29, 2020), and the lowest was 1.2
mm (May 30, 2020). Crop evapotranspiration (ET_) had
a daily mean of 3.0 (= 1.8) mm, and totaled 1,030 mm.
The highest daily value of ET . was 7.4 mm, equal to ET,,
because K. of cassava, in this period, was 1.0 and the
lowest ET . value was 0.5 mm (August 1, 2019). In Figure
2b it is possible to observe the variation of ET  and ET.
during the field experiment period.

The water balances of the cassava crop under different
irrigation levels highlighted the importance of irrigation
in agricultural crops in the studied region. Areas cultivat-
ed under rainfed regime showed a water excess of 1,323
mm, and the highest water deficit among the irrigation
levels studied, 508 mm. This water deficit occurred
between September 2019 and February 2020, during the
spring and summer seasons, dry period in the Forest Zone
of Alagoas, and affected the plants from the fourth to the
seventh month after planting. According to Daryanto et

al. (2016), cassava is more sensitive to water deficits in
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Figure 2: (a) Rainfall and irrigation levels; (b) Reference evapotranspiration — ETO and crop — ETC, in Rio Largo, Alagoas, Brazil,

from June 2019 to June 2020.

the first five months after planting (critical period) and
the lack of water in this initial period can impair the
initial growth of storage roots and the formation of the
vegetative canopy.

The sub-irrigated areas, with the irrigation levels L,
and L, suffered water deficit, as in areas under the rainfed
regime. However, to a lesser extent. The water deficit in
these areas were 372 and 211 mm, respectively, and the
water excess 1,323 and 1,335 mm. Therefore, it is possi-
ble to observe, through of the water balances, performed
in the cultivated areas under the levels L, L, and L,,
that the irrigation in cassava crops in the Forest Zone of
Alagoas is essential to avoid the water stress of the plants
and, consequently, reduction of the final productivity and
lower financial return for the farmer. This being, the water
stress, the main factor that prevents a better productive
performance of the culture in the studied region. The
water balances of the cassava crop, at the irrigation levels
studied, are shown in Figure 3.

In irrigated areas with levels above 100% of the ET,.
there were only small water deficits, 65 mm at area with
irrigated the level L, (120% of the ET_) and 5.0 mm in
areas with L, (160% of the ET_.) and L, (200% of the
ET,). It happened because irrigation started after the end
of the rainy season in 2019 and, due occasional problems,
the irrigation system stayed stopped for a day or two. The
water excess in these areas were 1,389, 1,528 and 1,728
mm, for levels L, (120% of ET_), L, (160% of ET_.) and

L, (200% of ET,,), respectively. It is important to observe
the increase in excess water with the increase in the level
of irrigation and this can cause stress by excess water.
El-Sharkawy (2004) reports that higher cassava yields
have been observed in studies with high availability of
well-distributed water during the crop cycle. The re-
searcher cites as an example, crops in Thailand, where it
was found that the maximum yield of roots is correlated
with accumulated rainfall of 1,700 mm, between the 4th
and 11th months after planting, period in which occur
the greatest accumulation of carbohydrate in the system
root of plants. Therefore, under high water availability,
cassava tends to present a greater productive response.
This also reinforces the importance of even distribution

of water throughout of the crop cycle.

Production variables

The irrigation levels caused a significant difference,
at 5% probability, in the production variables, except for
the productivity of the aerial part. However, due to the
considerable difference between the irrigation levels re-
garding the productivity of the part aerial, and the signifi-
cant adjustment for the first degree regression, the values
obtained by the irrigation levels for this variable were
presented. The analysis of variance is shown in Table 3.

The length of roots fitted very well to a quadratic regres-
sion curve. The maximum value of root length was 49.50

cm, in areas cultivated under total useful water (effective

Rev. Ceres, Vigosa, v. 70, n. 5, €70507, aug/sep, 2023



8 Ricardo Barros Silva et al.

@) 3091 1 Rainfag) ®)300y  came BT
R ey Harves gy | Plans el Har yest
S T O N
E{:} L (0% ET) @ s e BT
i _af | Plannng Harvest af J FMlammm Harves
= A e N 1
'.E(*} L4 (160%ETE) 6390y ¢ 00 ET
L_J g i ]
E /\/\ A
Plasim g Haryes s | Paniting Haryesi
I L N L

Figure 3: Ten-day water balance of cassava crop, under different irrigation levels, in Rio Largo, Alagoas, Brazil, from June 2019 to

June 2020.

rain plus irrigation) estimated at 926 mm, this value is close
to that obtained in irrigated areas with the L, level, equiva-
lent to total useful water of 963 mm, which was 49.30 cm.
In rainfed areas (L), with total useful water of 522 mm,
was observed the shortest root length, only 28.0 cm (Figure
4a). In the plots irrigated with total useful water greater
than 926 mm, it was observed that the length of the roots
began to decrease due to water stress caused by excessive
irrigation. Daryanto ef al. (2016) report that, depending on
the soil texture, cassava plants can reach up to 2.0 meters of
length, and this provides for the use of water from the soil
in deeper layers. Therefore, it is observed that in a clayey
soil, such as the one area of this research, the cassava may
have your root growth reduced. However, it was possible
to observe that irrigated areas provided greater root growth,
when compared with areas cultivated under rainfed condi-
tions. This greater root length tends to generate roots with
greater mass, which generates greater productivity, as can
be seen in the Figure 4b.

The maximum root mass per plant was 4.73 kg, ob-
tained with a total useful water of 926 mm. Among the

levels studied, in L,, with total water of 963 mm, a similar
mass of roots, 4.50 kg, was observed. Meanwhile, the
cultivated areas under rainfed regime had the lowest root
mass, 1.62 kg (Figure 4b). As the highest root mass was
obtained with a total water of 926 mm, this accumulation of
water provided the highest physical productivity of roots,
94.0 Mg ha'!, and areas under rainfed regime, with effective
rainfall of 522 mm, the root productivity was only 32.0 Mg
ha' (Figure 4c). According to Daryanto et al. (2016), this
lower productivity in areas rainfed, is attributed to the fact
that prolonged periods of water deficit tend to reduce the
number of adventitious roots of cassava, and it is these
roots that in the future become storage roots. Therefore,
this characteristic can help it to tolerate periods of drought
due to the smaller number of drains per plant (source-sink
relationship), however, it impairs its ability to maintain a
high yield of roots with commercial standards. This state-
ment corroborates with the data obtained in this research,
since in areas of rainfed crops, occurred the greater water
deficit, as seen in the water balance, and the plants in these
areas were the least productive.
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Table 3: Values used to calculate the price per millimeter of the applied water in the cassava through a conventional sprinkler system

CAUSE OF MEDIUM SQUARES
VARIATION D.F. LR MR RP AP

Levels 5 251.775% 6.2074* 2481.877* 136.26NS
Blocks 3 91.597NS 1.0997NS 439.664NS 31.447NS
Linear Regression 1 274.032NS 15.200NS 6078.690* 540.84*
Quadratic Regression 1 810.694* 15.334% 6132.062* 87.291NS
Residue 15 77.197 1.7334 693.529 112.54
CV (%) 22.75 34.80 34.80 20.46

CV — Coefficient of Variation; * - Significant at 5% and ™ - Not significant by the F test (p < 0.05).
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Figure 4: (a) Root length — LR; (b) Root mass per plant — MR; (c) Productivity of commercial roots — RP; and (d) Aerial part — AP,
of cassava under irrigation levels in the Rio Largo region, Alagoas, Brazil, from June 2019 to June 2020.
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As for the productivity of the aerial part of cassava
cultivated under different irrigation levels, a linear
adjustment was observed, with r? equal to 92% and this
indicates that occurred a linear increase of aerial par with
increase of irrigation depths, up to the highest level, used
in this study, that generated greater mass gain of branches
and leaves of the plants.

The highest productivity of fresh mass of the aerial part
of cassava was 57.0 Mg ha’!, obtained in irrigated areas
with the highest quantity accumulated total useful water of
1,023 mm (L,) and the lowest was 43.0 Mg ha™ in rainfed
areas (L), therefore, with the highest accumulated total
useful water there was a productive increase in the aerial
part of cassava of 32%, compared to the productivity ob-
tained under rainfed regime (Figure 4d). Munyahali ef al.
(2017) state that in addition to the roots, the branches and
the leaves are of economic interest, to use in the human
and animal food in different regions of the world and the
cultivation of cassava without water restriction favors the
formation of the most vigorous plants. So, in general, it
is observed that irrigated crops with high levels of water,
such as L, (200% of ET_), compared to areas under rain-
fed regime, generate higher productivity of branches and
leaves in cassava and increase the profit of producers with
its commercialization, mainly, for ruminants feeding, that
is a common practice in the state of Alagoas.

The productivity of maximum economic efficiency
varies depending on the price of the input applied and the
final product of the enterprise. Therefore, the productivity
of cassava roots of maximum economic efficiency, with
minimum, average and maximum prices, is 94.0 Mg
ha'!, because the total water depths of maximum eco-
nomic efficiency for these prices were very close, being
911, 914 and 916 mm, respectively. It is observed that
the total water depths of maximum economic efficiency
generate root productivity equal to the total water depth of
maximum physical productivity (926 mm). This indicates
that irrigation in cassava is economically viable. And, with
the average price per ton of roots equal to R$375.00 reais,
in one hectare of cassava, the total gross revenue would
be R$35,250.00 reais, while that in rainfed areas gross
revenue would be only R$12,000.00 reais, value 66%
lower in relation to the highest value obtained. With a total
cost of 3.28 reais per millimeter of water applied, and an
irrigation depth of 507 mm applied in areas irrigated with
L, (120% of ET.), the irrigation level studied that generated
the highest physical productivity of roots (90 Mg ha™'), the

cost of irrigation in a 12-month cassava cycle would be
R$1,663.00 reais. Therefore, the difference in net revenue,
in areas irrigated with L, discounting the cost of irrigation,
would be R$32,087.00 reais, value 167% greater than the
net revenue in non-irrigated areas.

With the average price of the aerial part of cassava,
in Alagoas, equal to R$150.00 reais per ton and the total
useful water of 1,023 mm (L,), which provides the highest
physical productivity among the levels studied (57.0 Mg
ha'), the gross revenue obtained by producers would be
R$8,550.00 reais per hectare, respectively. Meanwhile, ar-
eas cultivated under rainfed regime (L), with productivity
of the part area of 43 Mg ha™!, would provide gross revenue
of only R$6,450.00 reais. Then the total gross revenue,
from irrigated areas with the L, level, is only 32.55%
(R$2,100.00) higher than the gross revenue obtained in
rainfed areas. Therefore, if we were to take as a reference
only the income obtained from the aerial part of the plants,
irrigation would be economically unfeasible. But when
added to the increased revenue obtained from the roots, the
economic advantages are quite significant.

In general, it is possible to affirm that irrigation, in the
cultivation of cassava in the Forest Zone of Alagoas region,
is economically viable, because in addition to generating
an increase in root productivity and part of the plant area, it

can guarantee greater financial return to producers.

CONCLUSIONS
Under the irrigation level of 200% of the ET_, or

total useful water of 1,023 mm, the highest cassava shoot
productivity of 57 Mg ha! is obtained. While, with a total
useful water of 926 mm, the greatest length and mass of
roots per plant and the maximum physical productivity of
94 Mg ha'! are obtained. This is also the root productivity
of maximum economic efficiency, which is obtained with
the total useful water of 914 mm. Among the irrigation
levels studied, L, (120% of ET_) provides the highest
productivity of commercial roots, 90 Mg ha'', and gross
revenue 167% higher than in areas cultivated under rainfed
conditions. Therefore, irrigation of cassava in Forest Zone

of Alagoas is economically viable.
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