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Abstract

Introduction— The planting of 1200 ha of cit-
rus fruits is planned in the “Jiguani” Agricultural
Enterprise and, for the design and subsequent
management of the irrigation systems, it is essen-
tial to previously establish the water needs of the
crop.

Objective— Calculate the water needs of citrus
orchards using the procedures outlined by FAO-56,
applying the most recent update of the Allen and
Pereira (A&P) approach.

Method— To calculate the water needs of the crop,
the ET x K_approach established by FAO-56 was
followed. Within this, the ET values were calcu-
lated using the Hargreaves-Samani equation and
those of K, from the update of the A&P approach.

Results— Water needs vary between 1.0 d* and
1.9 mm d-! for young orchards, from 1.7 mm d- to
3.5 mm d-! for high-density adult plantations and
low trees, and from 2.2 mm d-!to 4.3 mm d-! for
tall trees.

Conclusions— The pertinence of the A&P
approach to estimate the Kcb and Kec coefficients
to determine the water consumption of orchards
benefited with localized and high-frequency irriga-
tion techniques was corroborated.

Keywords— Orchards; Citrus; Water require-
ments; Evapotranspiration; Irrigation

Resumen

Introduccion— Se prevé el fomento de 1200 ha de
citricos en la Empresa Agropecuaria “Jiguani” y, para
el disefio y posterior manejo de los sistemas de riego, es
esencial establecer previamente las necesidades hidri-
cas del cultivo.

Objetivo— Calcular las necesidades hidricas de las
plantaciones de citricos mediante los procedimientos
expuestos por FAO-56, aplicando la actualizaciéon mas
reciente del enfoque de Allen y Pereira (A&P).

Metodologia— Para calcular las necesidades hidricas
del cultivo se sigui6 el enfoque de ET, x K establecido
por FAO-56. Dentro de este, los valores de ET se cal-
cularon mediante la ecuacién de Hargreaves-Samani
y los de K, a partir de la actualizacién del enfoque de

A&P.

Resultados— Las necesidades hidricas varian entre
1.0 mm d! y 1.9 mm d-! para parcelas jovenes, de
1.7 mm d'a 3.5 mm d-! para plantaciones adultas
de alta densidad de siembra y arboles bajos, y de
2.2 mm d-! a 4.3 mm d-! para arboles altos.

Conclusiones— Se corroboré la pertinencia del
enfoque de A&P para estimar los coeficientes Kcb y
Kc para determinar el consumo de agua de plantacio-
nes beneficiadas con técnicas de riego localizado y de
alta frecuencia.

Palabras clave— Huerto frutal; Citrus; Necesidades
de agua; Evapotranspiracion; Riego
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WATER REQUIREMENTS OF NEW CITRUS ORCHARDS IN “JIGUANI” AGRICULTURAL ENTERPRISE

I. INTRODUCTION

The recovery of the citrus agribusiness constitutes one of the priorities of the Cuban State and
1s materialized with the implementation of the Citrus Development Program [1]. Accordingly, in
areas of the “‘Jiguani” Agricultural Enterprise of the Granma province, the first investments in
irrigation systems are carried out for the benefit of the 1200 ha that are planned to be planted.
Given that the efficient use of water and energy in irrigation systems is essential to increase
production per unit area [2], the design and subsequent management of these irrigation systems
presuppose the precise estimation of the crop water requirements.

The variability of the water consumption of citrus fruits (Citrus spp.) is remarkable. Research
in South Africa collected world values between 0.5 mm day!and 2.7 mm day! in winter, and
between 1.5 mm day* and 8.5 mm day! in summer [3]. This author attributed this dispersion
to the diversity of climatic conditions and to the particularities of the plantations such as the
spacing between trees and their height, the rootstock-cultivar combination, the soil cover, the
management practices, the irrigation technique and the frequency of wetting.

In the technical literature reviewed, no recent reports were found of studies related to the
water needs of citrus fruits in Cuba, which followed the FAO-56 [4] approach. Besides, although
the methods provided in FAO-56 publication to determine the water needs of crops guarantee
the transfer between climatic regions, the crops coefficients Kc tabulated for citrus fruits present
limitations for consider the diversity of conditions between orchards.

Therefore, scientists from USA and Portugal proposed the A&P approach for the more precise
estimation of K_from physical parameters of the orchard [5]. Later, the need to specify the influ-
ence of stomatal control manifested by citrus fruits on K values was explained [6]. In this sense,
other studies from these same countries [7] updated the aforementioned A&P approach based on
the K resulting from the most relevant research in Italy and Portugal [8], for citrus.

The objective of this work is to calculate the water needs of citrus orchards that are estab-
lished in areas of the “‘Jiguani” Agricultural Enterprise, through the procedures exposed by
FAO-56 publication, applying the most recent update of A&P approach for the definition of the
values of the crops coefficients, in order to provide rigor to the design and management of irri-
gation systems.

II. MATERIALS AND METHODS
A. Characteristics of the study area

The citrus development area is located at the eastern end of the Cauto Plain in the east-
ern region of Cuba, very close to the left bank of the Cauto River, downstream from conflu-
ence with the Contramaestre River (Fig. 1). It is located 35 km northeast of Bayamo, capital
of Granma province, at geographic coordinates of 20°31’25” north latitude and 76°20°24” west
longitude, at an altitude of 50 m.

Fig. 1. Satellite photo of the study area.

Source: Authors.
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According to the soil map of the Republic of Cuba [9], in accordance with the World Refer-
ence Base for Soil Resources (WRB), the soil present in the area is classified as Calcaric Flu-
visol (FLca). From the Koppen-Geiger climate classification world map [10], it was obtained
that in the area there is an equatorial savanna climate with dry winter (Aw), and in the
aridity map of Cuba [11], it was observed that in the study area there is a humid semi-humid
aridity regime.

B. Water needs calculation approach

The water needs of the crop are defined as the amount of water required to compensate,
with precipitation, irrigation or both, the loss by crop evapotranspiration. Although conceptu-
ally different, the values of the water needs are identical to the crop evapotranspiration [4].
Crop evapotranspiration was determined by applying the crop coefficient approach, using (1)
that 1s presented below [12]:

ET. =K¢ ET, 0 (1)

Where ET (mm d) is the crop evapotranspiration under optimal conditions of humidity
and nutrition, free of diseases, normal cultivation practices and an area greater than 500
m?; K, is the crop coefficient (dimensionless) and ET’_, the reference evapotranspiration,

for a hypothetical crop equivalent to extensive, cut and well-watered green grass, ET, ,
= ET according to FAO [4].

C. Calculation of the reference evapotranspiration

Given the absence of reliable data on solar radiation in nearby agrometeorological stations
and the simplicity of the method in relation to FAO Penman-Monteith equation [4], the refer-
ence evapotranspiration was calculated using the following Hargreaves-Samani equation (2),
parameterized by by Spanish and Portuguese scientists [13]:

0.5
BT, s =00135 ki Be (T Toi) (T +178) @)
Where ET . is the reference evapotranspiration (mm day); 7. and 7' . , the monthly
mean maximum and minimum air temperatures, respectively (°C); T =T . + T )
1 2 (°C); A, the latent heat of vaporization (2.45 MdJ kg); R, extraterrestrial radiation

(MJ m= d™) and k,_, adjustment coefficient (°C-0.5). This last coefficient, for regions
with a subhumid aridity regime, is expressed as (3):

k, =0.3396-0.0059 D, +0.0125 u,,,,,— 0.0020 RH . (3)

Where TD__, is the difference between the mean maximum and minimum temperatures
(°C); RH__,, 1s the mean relative humidity (%) and u, __,, the mean wind speed at
2 m altitude (m s!). These climatic data were obtained from the Contramaestre
Agrometeorological Station, located 19 km south-southeast of the study area (20° 17°
50” N; 76° 15’ 43” W).

With the XLSTAT software [14] the normality, homogeneity, seasonality and trend of the
monthly time series of temperatures, humidity and wind speed of the period 2000-2019 were
analyzed, and some outliers were corrected [15]. For design purposes, with the ET results, the
monthly values corresponding to 20% of exceedance probability, suggested by U.S. research

[12], were determined. Also, the 50% probability values were determined for irrigation man-
agement using the CROPWAT 8.0 model [16], [17].
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D. Determination of the crop coefficients

The crop coefficient can be expressed as a single coefficient, K, that combines transpira-
tion with evaporation from the cultivated surface, or it can be separated into two compo-
nents, K = K, + K, called the dual crop coefficient, which individually considers the plant
transpiration with the basal coefficient of the crop, K ,, and evaporation from the exposed
soil with the evaporation coefficient in the soil, K . The K coefficient includes the humidity
present in the portion of soil shaded by the crop, with which it maintains the transpiration
rate [4], [12].

According to A&P approach [7], the basal coefficient K , since it mainly represents transpi-
ration, depends on the amount of vegetation and can be expressed as a function of a density
coefficient, K, which describes the increase in K with vegetation. This was calculated using
the following equations (4)(5)(6):

ch :Kcmin+Kd (chtotal_Kcmin) (4)
K,=min |:15 M, fcef ) fcef[llhjjl (5)
K, .=FE {min(l.0+ 0.1h, 1.20) (6)

0.04(u,2) ~0.004(Rif,45)] @M}

In which K__. 1is the minimum basal coefficient for bare soil (K__. = 0.15 for typical agricul-
tural conditions); f, , fraction of the area effectively shaded by vegetation; M, , dimensionless
coefficient that simulates a physical limit to the flow of water through the plant structure; A,
mean height of the plants (m); RH_,_, the minimum relative humidity (%) and F, a coefficient
of stomatal adjustment (dimensionless). The following Table 1 shows the M, and F' values for
citrus, obtained by calibration.

TaBLE 1.
CALIBRATED ML AND FR VALUES FOR CITRUS

Known Calibrated

Orchard a Growth stage parameters parameters

h(m) f.u ML Fr
. . 1.5 0.20 1.6 0.85—-0.97
Young Middle Final 1.5 0.20 1.6 0.85 — 0.97
. . . . 3.5 0.70 1.7 0.58 -0.63
High density, low trees Middle Final 35 0.70 17 058 — 0.63
. . . . 4.5 0.70 1.7 0.75—0.84
High density, tall trees Middle Final 45 0.70 17 075 — 0.84

a Young orchard: up to 4 years old; high planting density: fc ef > 0.70; low trees: h = 3.5 m and tall trees: h = 4.5 m.
Source: [7].

The values of K__. ¢ ena Were calculated by adding a certain amount to K .. .., between
0.05 and 0.25 according to to the criteria of Italian and Portuguese scientists [8], but instead
of assuming that the highest frequency of wetting occurs at the end of the year, it was consid-
ered that it occurs during the middle growth stage, in summer, as it happens in Cuba. Thus,
for young plantations with £ < 0.25, was added to K, __, and for adult plantations with £ >
0.65 it was added 0.10, and for K___,, 0.05 was added. It was also considered that K, . .~ K, .

and K. ~K__ , according to studies in South Africa [4].

¢ini
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The K_ coefficients obtained by Portugal and USA for citrus [7], refer indistinctly to both irri-
gation systems that partially moisten the soil surface and those that do so with full coverage,
although the maximum K_ values characterize the latter irrigation systems [8]. Even so, it was
reasonably assumed that the K ; coefficients better represent the wetting conditions imposed
by techniques that irrigate below the tree canopy.

When another fruit crop with a short productive cycle is intercropped contiguously during
the youthful growth stage of citrus orchards, a practice that has spread in Cuba in recent
years, an equivalent crop coefficient is obtained that represents the water consumption of the
orchard. According to FAO [4], the following calculation expression (7) was used:

[fhK,+fihK
Corch:min4 ﬁ 1 cl +f; 2 c2 (7)
| Sht L

0.04(u,~2) )|
, 1-2{_0.004(HRmm—45)}£3()] JF

Were f, and f,; h, and h,; and K | and K , are, respectively, the fractions of the soil surface,
the heights and the highest K_values for crops 1 and 2. Examples of these intercropping
are with pineapple or papaya, that their respective coefficients of crops K_were obtained
from the technical literature [18], [19].

II1. REsuLTs AND DiscussioN

A. Reference evapotranspiration

Fig. 2 shows the mean daily values of the reference evapotranspiration calculated for the
study area, for the 20 and 50% of exceedance probability with normal distribution and coef-
ficients of variation between 0.057 and 0.094. Note how the highest value corresponds to the
month of April (4.7 mm d-'), which generally coincides with the fruit set, and the lowest value
occurs in the month of December (2.4 mm d-), at beginning of winter, during the period of
low vegetative activity.

5.0 5
45 8 a6 45, EZ,,mm d
. 4.0 20%p w50%p
£t R E e 3.2
2.9 2 EX 2.8
3.4 % 2.5
1.7 ' 2.6 B > 4

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Fig. 2. Reference evapotranspiration of the study area (2000-2019 series).
Source: Authors.

The annual average reference evapotranspiration equal to 3.7 mm d-, agrees with the ETo
values of 3 mm d-'to 5 mm d-! for tropical and subtropical zones with humid and sub-humid
climates, and moderate temperatures, which are presented as a guide by FAO [4]. Likewise,
these results are similar to those obtained for the citrus growing area of Jagiiey Grande in
Matanzas, which also follow the same trend [20].
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B. Crop coefficients

In Table 2 the calculated values of K, and K_are highlighted according to the A&P approach,
for the different growth stages of citrus fruits. It is observed that for young trees the lowest
values of K, and K were obtained, while the highest figures correspond to the orchards with
the highest density and size of the trees. In the high-density orchards, but with shorter adult
trees, the K, and K_ coefficients were intermediate values.

TABLE 2.
CROP COEFFICIENTS FOR CITRUS.

ch Kc
Orchard
Initiall | Middle End Initial Middle End
A&P 0.40 0.40 0.40 0.45 0.65 0.45
Young
FAO-562 | 0.55 0.60 0.60 0.60 0.65 0.65
) ) A&P 0.65 0.65 0.65 0.70 0.80 0.70
High density, low trees
FAO-56 0.75 0.80 0.75 0.80 0.85 0.80
A&P 0.85 0.85 0.85 0.90 0.95 0.90
High density, tall trees
FAO-56 0.75 0.80 0.75 0.80 0.85 0.80

! Initial growth stage: Jan - Feb; development stage: Mar-May; mid stage: Jun-Sep and end stage: Oct-Dec.

2 The values calculated according to FAO-56 include the adjustment
for different climatic conditions than those tabulated.

It is also appreciated that the K, values remain constant throughout the entire production
cycle, which confirms the little variability of the stomatal resistance of citrus fruits in tropi-
cal regions with a humid subhumid climate [4]. On the other hand, the values of K., are
higher than those of K . . and K__ ,, such as those obtained for humid areas located north of
the Florida peninsula, USA [21], [22].

K, ., values represented 81% and 89% of K_for adult orchards with high ground cover
and low trees, and adult orchards with high ground cover and tall trees, respectively. These
percentages agree with those obtained from the expression proposed by U.S. experts to
estimate the reduction of the water needs of adult trees benefited with localized irrigation
[23].

The K, ,,, and K_, ., coefficients were, on average, 20% lower than the de K, ,,, ., and K_
0.5 Values for young orchards and adult plantations, high density and low trees, except for
young orchards that K _ . ,..=K_ _ ... In contrast, for adult orchards, high density and
tall trees, the A&P approach provided higher results than that of FAO-56 by about 10%. Table
2 shows that the FAO-56 method does not reveal differences between short and tall trees from
adult orchards, so the A&P approach is more relevant.

Table 3 shows the results of equivalent cultivation coefficients, K _ ., of a young citrus
orchard with two possible associations of fruit cultivation: citrus-papaya (A) or citrus-pineapple
(B). In association A, the K, coefficient is closer to that of the highest crop and in associa-

tion B, K, presents an intermediate value.

TABLE 3.
Kc ORCH COEFFICIENTS FOR ASSOCIATED CROPS.

Associations f h(@m) | Kec | Kecorch

Citrus 0.20 1.5 0.65
A 1.01
Papaya 0.50a | 2.5 1.10

Citrus 0.20 1.5 0.65
B - 0.71
Pineapple | 0.67b | 0.6 0.75

a A double row in the center of each street in a quincunx at 1.5 X 1.5 m.

b Three double rows planted on each street at 1.2 X 0.4 X 0.3 m.
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C. Crop evapotranspiration under standard conditions

Fig. 3 shows E_when the crop is irrigated below the canopy and when the soil is completely
moistened, for the 20% and 50% probability of exceedance. For partial wetting, £ values are
lower than for total irrigation and these values increase with the amount of vegetation and the
height of the trees. The highest £, values occurred between April and June, during the fruit

setting.

ET. mm d!
£=020 h=15m
20%p  W50%p

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

ET,., mm d!
£=070 h=3.5m
20%p ®50%p

0 2,

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

ET., mm d!
4,3 £.=0.70 h=45m
18 40 34 . 20%p W50%p
9 9 3,7
X 3
31 L% B 73,6
’ 3,5 2.7
&~
24 MR 2,4
, 2,1
2,6
2,3 )
2,0

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

a) ET, with partial watering

ET. mm d!

£=020 h=15m
20%p W50% p

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

ET,., mm d!
£=0.70 h=3.5m
20%p ®50%p
38 3,7 3,6 3,6 4
3,2 3 3,2

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

4,7 ET. mm d!
543 43 oy Je=070 h=45m

4,1 Y 20%p W50%p
4,384 ’
284,118 1
RICIINN 3 O 3.9
3,6KX]
2,6 1 2,6
’ 2,9 2,3
2.4 2.4

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

(b) ET, with total watering

Fig. 3. Crop evapotranspiration of citrus orchards.
Source: Authors.



WATER REQUIREMENTS OF NEW CITRUS ORCHARDS IN “JIGUANI” AGRICULTURAL ENTERPRISE

On average, during the winter (December, January and February) evapotranspiration
values between 1.2 mm day!and 2.7 mm day occurred, and in the summer (June, July and
August) they were between 2.9 mm day'and 4.2 mm day!, which are within the world crop
evapotranspiration figures compiled by South African studies [3]. The annual evapotranspi-
ration of the young orchards was between 540 mm and 800 mm, and from the adult orchards
were from 1000 mm to 1300 mm.

I'V. CoNCLUSIONS

1) The water requirements of the citrus orchards of the “Jiguani” Agricultural Enterprise,
calculated using the A&P approach, are between 1.0 mm d-'and 1.9 mm d-! for young or-
chards; for orchards with high planting density, adult trees and of low size, in the range of
1.7 mm d-'to 3.5 mm d-! and for orchards equally high density, adult trees, but tall, from
2.2 mm d'to 4.3 mm d-'.

2) Through the A&P approach, normalized values of crop coefficients for citrus fruits, Kcb
and Kc, are obtained, which are located within the ranges reported in the research re-
viewed [8]. The values obtained according to FAO-56 agree, but to a lesser extent, and do
not adequately consider the planting distances and the size of the trees.

3) The calculation of the water consumption of citrus plantations can be carried out using
the values of (K, + K) or K . However, in the design phase, for localized high-frequency
irrigations it 1s more appropriate to do it with the K, values, considering that it does not
rain between two consecutive irrigations, thus eliminating K . For less frequent full cove-
rage irrigations (> 7 days), it is more practical to use K .
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