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1 RESUMO

O coeficiente da cultura (Kc) é o parametro mais comumente utilizado para estimar a
necessidade de &gua da cultura, mediante a estimativa da evapotranspiracdo (ETc). Neste
contexto, objetivou-se, com o presente trabalho, desenvolver e disponibilizar um atualizado
banco de dados de coeficientes das culturas (Kc’s) de relevancias agroeconémicas especificos
para a regido nordeste brasileira, por meio do oferecimento de informagdes de Kc’s
padronizados em uma interface acessivel e passivel de apropriacdo aos agricultores irrigantes
locais, com vistas ao oferecimento de subsidios técnicos — cientificos capazes de auxiliarem ao
manejo racional e sustentavel da agricultura irrigada regional. Para tanto, realizou-se uma
abrangente e atualizada pesquisa bibliografica sobre os coeficientes das culturas (Kc’s),
determinados especificamente nas condicGes edafoclimaticas da regido nordeste brasileira e
disponibilizou-se um banco de dados Kc’s. Identificaram-se lacunas existentes em termos de
culturas de importancias agroecondmicas regionais nas quais as informagdes acerca dos Kc’s
ndo sdo ainda disponibilizadas e/ou encontram-se desatualizadas, sobretudo, junto as frutiferas
aceroleira e goiabeira, bem como junto as espécies vegetais forrageiras, 0 que aponta a
necessidade do desenvolvimento de pesquisas basicas e aplicadas acerca das tematicas em
questéo.
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2 ABSTRACT

The crop coefficient (Kc) is the parameter most commonly used to estimate a crop's need for
water by estimating evapotranspiration (ETc). In this context, the aim of this study was to
develop and make available an up-to-date database of crop coefficients (Kc's) of specific
agroeconomic relevance to the northeastern region of Brazil by offering information on
standardized Kc values in an accessible interface that can be appropriated by local irrigation
farmers, with the goal of providing technical and scientific support capable of assisting in the
rational and sustainable management of regional irrigated agriculture. To this end, a
comprehensive and up-to-date bibliographical survey was carried out on crop coefficients
(Kcs), which were determined specifically in the soil and climate conditions of the northeastern
Brazilian region, and a Kc database was constructed. Gaps were identified in terms of crops of
regional agroeconomic importance where information on Kcs is not yet available and/or is out
of date, especially for the fruit trees aceroleira and guava, as well as for fodder plant species,
which points to the need to develop basic and applied research on the issues in question.

Keywords: evapotranspiration, crop water requirements, saving water.

3 INTRODUCTION manual are often accentuated and may
therefore lead to prominent errors in the
process of calculating crop
evapotranspiration and, consequently, water
requirements throughout irrigation events

(Pereira et al., 2015).

The crop coefficient (Kc) is the
element commonly used to estimate crop
water requirements, called crop

evapotranspiration (ETc), as it makes it

various works

possible to predict the irrigation depth to be
applied. This method is presented in the
FAO Irrigation Manual and Drainage
Paper 56 (FAO-56) (FAO, 1998), which
explicitly presents the procedures for
calculating the Kc values (Han et al., 2019).
The Kc values of the main plant species
grown under different irrigation regimes at
different stages of development are
recommended in the FAO-56 manual.
However, although the approach to Kc's use
methodology is simple to wuse, the
differences between the values of these
coefficients determined locally and the
indicative values tabulated in the FAO-56

Although these
present Kc values for the most diverse crops,
it is clear that this information is completely
dispersed in the literature, practically
restricted to the academic and scientific
community, as it is not always presented in
accessible language, making it difficult for
irrigators and extension workers to
disseminate  and appropriate  this
information.

In this context, the objective of this
work was to develop and make available an
updated database of crop coefficients
(KCSs) for plant species of specific
agroeconomic relevance for the northeast
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region of Brazil by offering information on
standardized Kc values via an accessible
interface that can be appropriated by local
irrigated farmers, with the goal of offering
technical subsidies capable of assisting in
the rational and sustainable management of
regional irrigated agriculture.

4 MATERIALS AND METHODS

To construct a modern database of
crop coefficients (Kc) for the soil and
climate conditions of Northeast Brazil,
documentary bibliographic research was
used. To this end, bibliographic surveys
were carried out in the most varied
specialized publications (theses,
dissertations, scientific articles, etc.) that
reported results of research developed with
the objective of determining crop
coefficients (KCs) for the most diverse plant
species.

The following keywords were used
for the searches: crop evapotranspiration,
crop coefficients, crop coefficients and
irrigation Kc, in Portuguese and, preferably,
in English on the ScienceDirect, Scopus and
Scielo platforms. Three prior selection
criteria were established for publications to
be included in the database: (1) the
agricultural crop must be on the list of plant
species predominantly cultivated in public
irrigation projects located in the Brazilian
northeast region, as described by the
National Water and Sanitation Agency

(2021); (2) the municipality where the field
experiment was carried out, focusing the
search only on research carried out
exclusively in municipalities belonging to
one of the nine states in the northeast region;
(3) delimitation of the publication period
from the year 2000 onward, with a view to
creating a database that is as up-to-date as
possible.

From each previously selected
publication, according to the established
criteria, the following information was
extracted and duly organized in electronic
spreadsheets: (1) separation of phenological
stages (number, names and durations of
stages) and (2) crop coefficients by
phenological stage.

The materialization of this duly
systematized database took place in tables,
where the plant species defined according to
criterion 1 were grouped according to the
definitions of the botanical classification
criteria, with the objective of offering a
practical tool to select the most appropriate
Kc values for irrigation programming in the
region.

5 RESULTS AND DISCUSSION

Tables 1, 2, 3, 4 and 5 present the
results of the cultivation coefficients (KKSs)
recommended for the main vegetable
species, i.e., oil, energy, grain, fiber and
fruit, in irrigated crops in Northeast Brazil.
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Table 1. Cultivation coefficients (Kc) of the main oilseed species in Northeast Brazil *

Phenological

Culture DAT Kc Source Kc (FAO-56)

stages

Establishment 0-13 0.42 0.50

N VegeFatlve 14 - 36 0.68 Lima (2013) 0.50

P Floweringand 5, o, 1.08  Mossoro - RN 1.00
Fruiting

Maturation 53-63 0.78 0.80

Home 0-20* 0.48 0.70

. Oliveiraet al .
Vegetative 21* - 46* 0.68 0.70
Oniion getativ o (2013)

Bulbification  47*-74 1.05 Juazeiro - BA 1.05

Maturation 75* - 91* 1.02 1.00

Home 0-13 0.39 0.40

Ferreira et al .
Growth 14 - 29 0.80 1.00
Watermelon _ (2015)

Intermediate 30-52 1.14 Teresina - Pl 1.00

End 53-63 0.59 0.75

Home 0-23 0.21 0.50

Miranda and
Growth 24 - 42 0.71 . 0.50
Melon oW _ Bleicher (2001)
Intermediate 43 - 61 1.20 Paraipaba - CE 1.00
End 62 - 69 0.97 0.75

DAT: days after transplantation.
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Table 2. Cultivation coefficients (Kc) of the main grain species in Northeast Brazil !
Phenological

Culture DAS Kc Source Kc (FAO-56)
stages
Emergence = 4 _pg 1.10 1.05
tillering
Tillering _floral 57 61 1.10 Lima and 1.20
. P Oliveira (2003)
Rice Floral Miguel Alves -
primordium — 62 -90 1.10 g o 1.20
flowering
Flowering — 91 107 095 0.90
milky phase
Vegetative 0-34 0.78 Souza, Bezerra 0.5
Cownea Flowering 35-50 1.27 and Theophilus 1.05
P2 Filling the pods 51 - 64 1.02 (2005) 1.05
Maturation 65 - 68 0.69 Fortaleza - CE 0.90
Vegetative 0-39 0.86 Souza et al 0.3
Corn Flowering 40 - 53 1.23 (2015) ' 1.20
(grains) Grain filling 54 -74 0.97 Petrolin - PE 1.20
Maturation 75-111 0.52 0.60
Home 0-16 0.50 0.3
Vegetative 17 - 37 0.64 Santos et al . 1.15
Corn development (2012)
(green) Flowering 38 - 65 1.12 Alagoinha - RN 1.15
Physiological agoinha -
; 66 - 80 1.11 1.05
maturity
Home 0-21 0.40 0.3
Vgggml"e 2254 068  Limaetal. 1.05
Sorghum 5 wering 5581 1.14 (2021) 1.05
Physiological Apodi - RN
; 82 -95 1.10 0.55
maturity
Home 0-20 0.38 0.4
Growth 21 - 45 0.93 Bastos et al 1.15
So Intermediary 46 - 70 1.04 (2007) ' 1.15
y End 71-110 1.29 . 0.50
Physiological Gurgueia - P
; 110-120 0.80 0.50
maturity

1 DAS: days after sowing;
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Table 3. Cultivation coefficients (Kc) of the main energy species in Northeast "

Culture Phenological stages DAT Kc Source  Kc (FAO-56)
Home 0-30 0.23 0.40
Vegetative Goncalves
31-80 0.66 1.25
Sugarcane Development (2010)
Intermediate 81-318 1.03 Fortaleza-CE 1.25
End 319-437 0.75 0.75

DAT: days after transplantation.

Table 4. Cultivation coefficients (Kc) of the main fibrous species in Northeast Brazil .

Culture Phenological stages DAT Kc Source  Kc (FAO-56)
Establishment 0-19 055 030
20-39 0.56 0.30
40-59 0.61 0.30
60-79 0.74 0.30
Vegetative 80-99 0.90 0.30
100-119 0.98 0.30
120-139 0.93 (2009) 0.30
Cassava 140-159 0.86 Cross of Souls 0.30
160-179 0.78 -BA 1.10
180-199 0.72 1.10
200-219 0.70 0.50
Tuberization  220-239 0.67 0.50
240-259 0.65 0.50
260-279 0.61 0.50
280-299 0.56 0.50
Numbness 300-365 0.55 0.50

DAT: days after transplantation.
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Table 5. Cultivation coefficients (Kc) of the main fruit species of Northeast Brazil *

Culture Phenological stages DAT Kc Source (F APéC_S 5)
Vegetative Growth 0-100 0.85 Silva and 0.50
Banana . . 101 - Bezerra (2009)
Flowering - Fruiting (onward) 1.00 Pentecost- CE 1.00-1.10
Vegetative developmentl  0-365 0.65 ] 0.70
Vegetative development Il 366-731 085 randaetal. o,
Coconut (2007)
Flowering and fruit 732 - 100 Paraipaba-CE (79
development (onward)
Budding and vegetative 0-62 076 0.45
growth
Guava " ORIV Srri?]‘é"th and  g3.77 081 Teiizi(;g ;)t al. 090
Physiological fall of fruits 78-110 0.85 Petrolina - PE 0.90
Fruit growth 111-174 0.80 0.90
Fruit ripening and harvesting 175-203 0.75 0.65
Vegetative growth 0-191 0.88 0.70
Flowering 192 -227 0.84 Silvaetal. 0.70
Mango Fruit fall 228-285 081  (2019) 0.70
Fruit formation and 986 345 073 Petrolina - PE 0.70
maturation
- 0-145 0.30 0.70
- 146 -176 0.31 0.65
- 177-207 0.41 0.70
Orange - 208 - 238 1.28 _Silva (2019) 0.70
- 239-269 1.18 Riolargo-AL 79
- 270-300 1.12 0.70
- (o?wc\i\}ar d) 1.22 0.70
- 0-30 0.25 0.30
- 31-61 0.50 0.85
- 62-72 0.60 (2006) 0.85
Grape - 73-103 0.90 Sio Francisco 0.45
- 104-124 060 RiverBasin 45
- 125-150 0.90 0.45
- 151-166 0.60 0.45

L DAT: days after transplantation.
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The discrepancy between the crop
coefficients (Kc) obtained in Northeast
Brazil and the values recommended by
FAO-56 can be explained by several
interconnected factors, which reflect the
environmental, agronomic and
methodological particularities of the region.
The Northeast Region of Brazil,
characterized by a predominantly semiarid
climate, presents high rainfall variability,
high  temperatures and  significant
evapotranspiration rates (Santos; Cunha;
Ribeiro-Neto, 2019).

These conditions contrast with those
considered in the studies that underpinned
the FAO-56 coefficients, which were
developed for more stable and moderate
climates, often in temperate regions or
regions with greater water availability. As a
consequence, locally determined Kc values
in Northeast China tend to diverge from
international standards, highlighting the
need for adjustments to meet the
particularities of the region (Lorenzoni et al.,
2019).

Furthermore, the physiological
characteristics of crops growing in Northeast
China  influence  these  variations.
Agricultural species such as cassava and
cowpea present specific adaptations to the
semiarid climate, such as greater tolerance to
drought and adjustments in the phenological
cycle (Silva et al., 2021; Vieira et al., 2024).

The methodology adopted to
determine crop coefficients also plays a
relevant role. In Northeast China, local
studies often use approaches that consider
real crop conditions, including direct
measurements of evapotranspiration and
water balance in the field. These methods
allow a more accurate assessment of the
interaction  between crops and the
environment, resulting in crop coefficients
that are more aligned with regional reality.

6 CONCLUSIONS

Gaps were identified in terms of
crops of regional agroeconomic importance
in which information about Kcs is not yet
available and/or is outdated, especially for
the fruit species acerola and guava, as well
as forage plant species, which points to the
need for the development of basic and
applied research on the themes in the
Northeast Region.

7 REFERENCES

NATIONAL WATER AND SANITATION
AGENCY (Brazil). Irrigation Atlas :
Water Use in Irrigated Agriculture. 2nd ed.
Brasilia, DF: ANA, 2021.

BASTOS, EA; ANDRADE JUNIOR, AS;
SILVA, CR; AGUILA, RMD,
CAMPECHE, L.; SOUZA, CF Soybean
cultivation coefficient in the Gurguéia
Valley, PI. In : CBAGRO, 15., 2007,
Aracaju. Proceedings [...]. Aracaju:
CBAGRO, 2007 . p. 1-4.

COELHO FILHO, MA; SILVA, TSM;
GOMES JUNIOR, F. A .; COELHO, EF;
OLIVEIRA, VVM Growth and
evapotranspiration of single and
intercropped cassava crops under irrigated
conditions. In : CBAGRO, 16., 2009, Belo
Horizonte. Proceedings [...]. Belo
Horizonte: CBAGRO, 2009 . p. 1-5.

FAOQ. Crop evapotranspiration :
Guidelines for computing crop water
requirements . Rome: Food and Agriculture
Organization of the United Nations , 1998.

FERREIRA, VM; KLAR, AE; ANDRADE
JUNIOR, AS; BASTOS, E. A. ;
OLIVEIRA, SRM Evapotranspiration and
crop coefficient of watermelon in the

Irriga, Botucatu, v. 29, p. 210-219, janeiro-dezembro, 2024



218 Coeficientes das culturas...

microregion of Teresina, Pl, Brazil.
Comunicata Scientiae , Bom Jesus, V. 6,
no. 4, p. 488-494, 2015.

FREITAS, WDS, RAMOS, MM,
OLIVEIRA, A. Irrigation demand for grape
cultivation in the S&o Francisco River
basin. Brazilian Journal of Agricultural
and Environmental Engineering,
Campina Grande, v. 10, n. 3, p. 563-569,
2006.

GONCALVES, FM Evapotranspiration
and crop coefficients (KC) of sugarcane
irrigated by subsurface drip irrigation .
2010. Dissertation (Master in Agricultural
Engineering) — Federal University of Ceara,
Fortaleza, 2010.

LORENZONI, MZ; REZENDE, R.;
SANTOS, FA; SOUZA, A. H.; SERON,
CDC; NASCIMENTO, JM Estimation of
the crop coefficient (kc) of pepper under
greenhouse conditions. Brazilian Journal
of Agricultural and Environmental
Engineering , Campina Grande, v. 23, n.
10, p. 741-746, 2019.

HAN, S.; Yang, Y.; LI, H.; Yang, Y.;
WANG, J.; CAO, J. Determination of crop
water use and coefficient in drip-irrigated
cotton fields in arid regions. Field Crops
Research , Amsterdam, vol. 236, p. 85-95,
2019.

LIMA, JG; ESPINOLA SOBRINHO, J.;
MEDEIROS, JFD; VIANA, PC;
MANICOBA, RM Water requirement and
crop coefficients of sorghum in Apodi
Plateau. Brazilian Journal of Agricultural
and Environmental Engineering ,
Campina Grande, v. 25, n. 10, p. 684-688,
2021.

LIMA, MG; OLIVEIRA, JTS Water
requirements of rice crops in the lower

Parnaiba microregion of Piaui. In :
BRAZILIAN CONGRESS OF
AGROMETEOROLOGY, 13th, 2003,
Santa Maria. Proceedings [...]. Santa
Maria: SBAGRO, 2003. p. 245-246.

LIMA, RMS Evapotranspiration and
production pumpkin growing Barbaba
under different levels of salinity and
nitrogen . 2013. Dissertation (Master in
Irrigation and Drainage) — Universidade
Federal Rural do SemiArido , Mossoro,
2013.

MIRANDA, FR, BLEICHER, E.
Evapotranspiration and cultivation and
irrigation coefficients for melon
cultivation (Cucumis melo L.) in the
coastal region of Ceara. Fortaleza:
Embrapa Agroinddstria Tropical, 2001.

MIRANDA, FR; GOMES, ARM;
OLIVEIRA, CHC; MONTENEGRO, AAT;
BEZERRA, FML Evapotranspiration and
crop coefficients of dwarf coconut in the
coastal region of Ceara. Agronomic
Science Journal , Fortaleza, v. 38, n. 2, p.
129-135, 2007.

OLIVEIRA, GMD; LEITAO, MM; BISPO,
RDC; SANTOS, I.; LIMA, CBDA;
CARVALHO, AR Crop coefficient and
productivity of onion subjected to different
irrigation depths. Brazilian Journal of
Agricultural and Environmental
Engineering , Campina Grande, v. 17, n. 9
, p. 969-974, 2013.

PEREIRA, LS; ALLEN, RG; SMITH, M.;
RAES, D. Crop evapotranspiration
estimation with FAO56: Past and future.
Agricultural Water Management ,
Amsterdam, v. 147, p. 4-20, 2015.

SANTOS, S. RQ; CUNHA, APMA,
RIBEIRO-NETO, GG Assessment of

Irriga, Botucatu, v. 29, p. 210-219, janeiro-dezembro, 2024



Silva, et al. 219

precipitation data for monitoring the
spatiotemporal pattern of drought in
northeastern Brazil. Brazilian journal of
climatology , Dourados, year 15, v. 25, p.
80-100, 2019.

SANTOS, WO; ESPINOLA SOBRINHO,
J.; MEDEIROS, JF; MOURA, MSB;
COSTA NUNES, RL Cultivation
coefficients and water requirements of
green corn crops in the Brazilian semiarid
region. Irriga , Botucatu, v. 19, n. 4, p.
559-572, 2014.

SILVA, EN; BEZERRA, FML
Evapotranspiration and coefficients of
banana cultivation in the Curu Valley , CE.
Agronomic Science Journal , Fortaleza, v.
40, n. 2, p. 203-210, 2009.

SILVA, JDS; COSTA, RSD; TOMAZ,
FLDS; BEZERRA, AE; MESQUITA, RO
Mechanisms of tolerance to water deficit
and physiological responses to rehydration
in cowpea. Agronomic Science Journal ,
Fortaleza, v. 52, n. 3, p. €20207198, 2021.

SILVA, MJ Evapotranspiration and
coefficient of the '"KENT" mango crop
cultivated in the submiddle S&o
Francisco Valley. 2019. Dissertation
(Master in Agricultural Engineering) —
Federal University of Sdo Francisco Valley,
Juazeiro, 20109.

SILVA, RB; SOUZA, JLD; FERREIRA
JUNIOR, RA; SANTOS, MAD; SOUZA,
RCD; SANTOS, WMD Actual
evapotranspiration and crop coefficient of
sweet orange during the initial development
phase in the Rio Largo region, Alagoas.
Ciéncia Rural , Santa Maria, v. 49, n. 6, p.
€20180707, 2019.

SOUZA, LSBD; MOURA, MSBD;
SEDIYAMA, GC; SILVA, TGFD Water
requirement and crop coefficient of corn
and cowpea in exclusive and intercropped
systems. Caatinga Magazine , Mossoro, v.
28 ,n.4,p.151-160, 2015.

SOUZA, MDSM; BEZERRA, FML;
TEOFILO, E. M . Crop coefficients of
cowpea in the coastal region of Ceara.
Irriga, Botucatu, v. 10, n. 3, p. 241-248,
2005.

TEIXEIRA, AHDC; BASSOI, LH; REIS,
VCDS; SILVA, TGFD; FERREIRA,
MDNL; MAIA, JLT Estimation of guava
water consumption using automatic and
conventional agrometeorological stations.
Brazilian Journal of Fruit Growing ,
Jaboticabal, v. 25, n. 3, p. 457-460, 2003.

VIEIRA, SL; OLIVEIRA, CRD;
PEREIRA, DA; BOREL, JC; OLIVEIRA,
EJD Early evaluation of genotype x harvest
interactions in cassava crops under water
stress. Caatinga Journal , Mossoro, v. 37,
p. 11458, 2024.

Irriga, Botucatu, v. 29, p. 210-219, janeiro-dezembro, 2024



