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lhe lield. This second lorge Iysimeler supplemenled lhe 6 l-m weighing Iysimeler inslolled in 1958-59 ond wos
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lur6ulenl flow wilhin o Ihree-dimensionol grid arroy Shown here is a conlour plot 01 síotic pressure perfurbotions
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solid ond do shed conlours represenl posilive and negalive perturbotions. respectively. The horizonlol doshed [ine
represenls Ireelop height. 01 porlicular inleresl is lhe po s.tive pressure perturbolion in lhe cenler 01 lhe domcin
wilh peok 01 lhe conopy lop. Sueh o zone 01 posilive pressure is o regular feolure 01 conopy flow ond is
coinc identwilh o slcping scolor rnicrolront seporaling o dO'Nnwind ejeclion 01 air Irom lhe canopy ond on upwi:-d
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210 EVAPOTRANSPIRATION OF A MANGO ORCHARD IN A SEMIARID SfTE OF NORTHEAST 8RAZIL

pedro V. de Azevedo', 8ernardo 8. da Silva,Vicente de P. R. da Silva, Luiz H. 8assoi and José M~s
Universidade Federal da Pararba-UFP8 and Empresa 8rasileira de Pesquisa Agropecuária-EM8RAPA. 8razil

1. INTROOUCTION
The use of adapted citrus crop coefficient for

.....atermanagement of mango trees plantations and
grapevine crop in the irrigated areas of the Submédio
São Fracisco river region has increased costs of
produclion and reduced lhe qualily of lhe Iruits. Also,
lhe expansion of mango lrees irrigated areas in thal
regian has caused several problems of mango fruils
iIInesS. The works by Evans et al. (1993) and Castel
(1994) are among lhe few researches related to fruit
plantations waler requirements.

Above canopy Bowen ratio energy and soil water
baI!111ce methods have becn applied by several authors
(Lhomme et aI., 1994; Phersson & Petterson, 1996)
for estimating crop evapotranspiration. In semiarid
regions, factors like topography, wind speed regime
and local microclimate, make lhe surface energy
nuxes measurements very difficult. The objective of
Ihis sludy was the determination of daily
evapotranspiration throughout the productive cycle of
a mango tree orchard (Mangífera indica L.) variety
'Tommy Atkins', grown in lhe soil and climate
conditions of lhe Submédio São Francisco river
region.

2. MATERIAL ANO METHOOS
From June 10 to November 09, 1999 lhe mango

orchard was daily irrigated with a water volume, V.
(litters/planl) of:

,. _ Ey ~.~. Kc· AI' (1)
a- Ei

Where Ev is "Class A" pan evaporation; Kt = 0.75 is
pan coefficient; K, = 1.O is constant crop coefficient;
Ar, = 40m2 is the maximum surface area occupied by
plant root system; Ei = 0.926 is the irrigation system
efficiency. Then, the daily irrigation was obtained by
I = VaiAm where Am is the irrigation soil wetting area.

The soil waler balance (SWB) was oblained by:

Pr + J ± Dd ± 6h ± R - E7~ = O

Where Pr is rainfall; ,1h is soil water storage change:
Od is soil deep drainage; R is runott; ET c is crop
evapolranspiration.

Assuming equality between lhe turbulent diffusion
coefficienls 'of sensible (Kn) and lalent (Kw) heat and
(CTICZ)/(CealCZ) == c\T/_\e., the latent heat flux
(LE). based on Bowen ratio ((13 = H/LE :;

r ó T' óeQ ), was obtained by
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(3)

Where Rn (W/m2
) is lhe net radiation; G (W/m2

) is
soil heat flux; y (KPaI"C) is the psychometric
constant; 6T = T2 -T1 (0C) and ,~e.= e2 - e1 (KPa)
are lhe lemperalure and vapor pressure gradients of
air above trees canopy, respectively.

The reference evapotranspiralion (ET o) was
oblained by lhe Penman-Monleith model for a
stomatal resistance and grass height of 70s/m and
0.12m, respectively (Allen et ai, 1994):

(
900U2)0.408c\(Rn-G)+y ---- ea-es)
T+273 (4)

~+Y( I +O. 34U2 )

Where Rn and G are given in MJ/m2day; ..'. is the
saturalion vapor pressure curve tangent (KPaI"C); U2
(rnls) is lhe average daily wind speed ai 2m above
soil surface.

3. RESUL TS ANO OISCUSSION
For the selecled phenological phases of lhe

rnango productive cycle, the average daily
evapotranspiration rate is presented in lable 1. For
the whole study period the mean daily
evapolranspiration estimated by SWB (3.5mm/day)
was lower Ihan Ihat obtained by the BREB
(4.2mm/day). It was also observed that, for ali
phenological phases the SW8 underestimated ETe as
compared 10 the BRE8, possibly due to the
simplifying assurnptions made in the BREB. These
resulls are compared to lhose obtained by Malek &
Bingham (1993) and Phersson & Petterson (1997).

(2) TABLE 1------.
ET (BREB) ET (SWB)Phenological Time

Phases Periods (mm/day (mm/day)
Flowering 10106-30/06 3.5 2.3
Fruits fali 01/07 -09/08 3.8 32
Fruits formation 10/08-30109 4.5 40
Fruits 01110-09/11 49 4.6
rnaturalion
Mean - 4.2 3.5

Observed differences between the methods used
for estimating mango orchard evapotraspiration were
supposed to be a consequence of the simplifying
assumptions made in the application of the BREB
method, such as: (1) small fetch in the
micrometeorological tower; (2) similarity between
sensible and latent heat turbulent diffusion
coefficients; (3) no consideration about wilhin canopy
and soil storage hea\ flux.
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The mango orchard evapotranspiration by lhe
SWB increased from 2.4mm/day in lhe beginning of
f10wering 10 7.9mm/day in lhe fruils formalion phase,
decreasing after that 10 reach 3.5mm/day ai fruits
harvesl (Iable 2).

TABLE 2
Weekly periods ETe (BREB) ET. (SWB)

mm/day mm/day
Jun 181029 3.7 2.4

Jun 3010 Jul 12 3.9 2.8
Jul 131019 3.9 3.1
Jul20 10 26 4.3 30
Jul 27 10 Aug 02 4.2 4.5
Aug 031009 3.3 3.5
Aug 10 to 16 4.1 4.0
Aug 171023 3.8 3.8
Aug 2410 30 5.2 33
Aug 31 to Sepl 06 4.6 5.9
Sepl 07 1013 4.6 4.0

pl 14 1020 4.3 4.5
::>epl 21 1027 4.1 4.8
Sepl 28 10 Oct 04 5.5 3.6
Ocl 05 1011 4.9 7.9
Oct 121018 4.4 5.7
Oct 19 to 25 5.1 5.7
Ocl26 to Nov 01 3.2 5.5
Nov 021008 4.6 3.7
Nov 09 to 15 5.2 3.5
Weekly average 4.4 4.1
Total 643 612

lhe waler consurnption Ihroughoul mango
orchard productive cyele was 612mm and 643mm
while lhe weel< average daily evapotranspira\ion was
4.1mmlday and 4.4mrnlday by lhe soil water balance
(SWB) and Bowen ratio energy balance (BREB)
melhods, respeclively. Similar results were oblained
by Papakyriakou & McCauchey (1991) above forest.

The values of the mango orchard crop coefficient,
·'tained by the SWB method is presenled in figure 1
J a f.undion of lhe days after flowering. This figure

shows Ihat the mango orchard waler requiremenls is
not constan! throuqhout the productive cycle and can
be estimated by lhe crop coefficienl (Kc) obtained as
a function of lhe days after fkmering.
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FIGURE 1 - Behavior of lhe productive mango cyele
crop ooefficienl for Petrolina, Brazil.
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4. CONCLUSIONS

A. lhe produdive cyele mango evapolraspiralion is
aftecled by the available atmospheric energy and
by lhe levei of soil humidily;

B. In the experimenl soil and climale conditions, the
soil waler balance method is more efficient Ihan
the Bowen ratio energy method for estimating
lhe mango orchard evapolranspiration;

C. In lhe soil and climate conditions of the San
Francisco river region, the mango orchard water
requirements is not constant throughoul the
productive cyele and can be estimated by the
crop coefficient (Kc) obtained as a fundion of the
days after flowering (DAF) as: Kc = 0.36 + 0.009
(DAF) - 4 x 10.5 (DAF}2.
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