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ENERGY BALANCE IN A MANGO ORCHARO IN NORTHEAST OF BRAZll

'>"~'LVA', Pedra V. de AZEVEOO, Pabrlcio M. de O ~OPES, Vicente de P R. SilVA, José E
Sobrinho, and Antonio H. de C TE:JXEI,!3A

Federal Univcrsily of Paralba
Brazilian Company of Agricultural and Animal Research

measured by copper-constantan therrnometers
installed at 0.5 m and 1.5 m above the top d the
mango trees. The planls were irrigated with two drip
lines 1.0 m apart and 10 drippers per plant The
data were recorded every one second and averaged
every 10 min using a datalogger.

The Bowen ration energy balance can be
obtained by

N
\l~~/ nspiration represents the watcr
"oOinblned surface d vegetation and sod
"~rsion d surface liquid ~er to the

; ,·Water vapor. The process m dynamc,
i .:'16. available energy, and limited by lhe

'" ". exchange between the surface and
ng átmosphere, the available sei! waler,

íbillty d the plants to conduct water from
~ lhe leaves.
~Thf Bowen rabo method has been used fOI"
',~plratlon estimation since it was

, by Bowen (1926) The energy balance
.tiiiO. recognized as an efflCient approach when

" .' "'In exchange of energy and mass inlo lhe
.•. ',' !ayar. ln Brazil and abroad, impotant

"""sUch 8$ those d Villa-Nova (1973), Angus
:,'" . (1984), Gay (1988), Ougas et ai. (1991),
'. '''', Leitão (1998), Prueger el al(1997), , and,,~ "'81. (1997), have used that approoch

~I~~e r:nain objective d this res.earch was
'. . inatíon d the energy balance In a mango

'~";i,:.~~:~>:
, "'~TERIAlS ANO METHOOS

~~(:~·tf1~.}:t'.;F;S\" Two field experiments were conducted. in
i;h c:énter fOI" Semiarid Research d the Brazüian
;ico"pany d Agricultural and Animal Research -
),Embtapa, lecated in Petrolina, PE, Brazil (90S;
: 4OW, 635m), from August to Oecember, 1998, and
fran August to Oecember, 1999, in a slx-year-otd
tr" mango orchard (Mangifara Indica L) variety
Tommy Aytkin, grown in a 8 m between rows by 5 rn

. between plant spacement, and drip irrigated on a
. 1.2 hectare surrounded by banana and other fruit
treG$orchards.

The cultural practices such as fertilization,
weed and plagues control, followed local technical
rtcommendations. The local climate type is BSwh'
e.:eording to Koppen c\assification. A microme-
teoro/ogical tower was installed between two mango
trees for attaching the sensors used in the
monitoring of the atmospheric and plant variables.
TWo net radiometers were instafled at 1 m above
lhe mango orchard canopy, trees (one on the top of
the canopy and other between rows). lhe iocident
(Rs) and ref1ected solar rediation (Rr) were
measured with three radiometers (Eppley star
model), installed in the same posrtions d the net
radiometers. Ory and wet bulb temperatures were

• COOe9pondlng authors: Departrnent of Atmoo.pheric
Sclences, Federal Unlversity of Paraiba, ,,"v. AprIgio
VeiOS<!, 882. 58100-970 Campina Grande. t.m!"
befn8rdoÇJdc3 ufpb. tx

- (RIl + G)Lf;=-----
1 + fi

where

=li.= P~Cj_ (K") ar / iJ..~= r(K!') ó,T
f3 1,1-: l.e Kv 2e / (lZ Av õe

is the 80wen retion and H, LE, Rn and G are the
flux densities d sensible heat, l~ent heat, net
radialion, and soil heat, respectively, ali in (Wm·7

);

p, is the atrnospheric pressure (kPa); cp i~1 ~~
specific heat d air at constant pre~sure (J. ~~ . ~
\ L is the latent heat d vaporization (kJ.kg ); E IS

the molecular weig~ts d water (Mw) to dry air (Ma);
Kn e Kv are U1e turbulent exchange coefficient for
sensible heal and water vapor, respectively; óT and
ne are lhe above canopy air temperature and vapor
pressure gradients, respectively; and y is the
psychrornetric constant. A basic assumption d the
method is the equality d the turbulent exchange
coefficients of Kn and I<." supported by prevlous
investiga\ions made under nonadvec\ive condi\ions.

3. RESUl TS ANO DISCUSSION

The results discussion were made fOI" five
days representative of the flowering (August 6),
physjoloqical fruits fali (Septernber 18), fruits
maturity (October) firsl fruils harvest (November .1,7)
and last Iruits harvest (November 22) phenoloçical
phases, ali d them obtained in 1998 lhe daytime
values d the energy balance components (Rn, H,
LE and G) were obtained fOI" the period of time
when Rn ~ 00 as suggested by Prueger et aI.
(1997) These results are presented in Table 1.

According to lable 1, the mango trees
rernainod lightly warmer than lhe air during the
analyzed days. Ai the second half d the production
cycie there was a sensible reduction in the d~i1y
evapotranspirstioo, probably caused by a reductico
in the transpiration rate in this period. By analyzmg
lhe trees top temperature it was observed, for
several occasions, a change of the sensible heat
Ilux signo The so!l heat Ilux (G) was, in general,
around 5% d the available energy (Rnl. This
reduced pNcentage of Rn used for soil he:J!ing was
rnalnly a resutt d the big area soil surtsce projected
tree top (30m')
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Table 2 - Average values (wm·2) of the eilergy
balance cornponents in 1998 irnango orchard.

-- Rn LE H GPhases
rlowe~_ ~_. -

.1f.6Fruits fe" ·279.9 .I5J.7
'Fi-uit rormatlon 378.9 -2132.7 .750._ ·20.2

Frllits maturitv
t-----

291.5 ·238.4 -479 -5.1-

Table 3 - Average values (w.m") d the energy
balance components in 1999 mango orchard.

Phases Rn LE H G
Flcrn'ering '323.7 ·243.0 -75.4 -14.8
Frui's ran 29).9 ·264.8 -17.8 -e.s

Fruits brmation 3866 -297.6 -61.5 -27.5
Fnnts maturity Y/J.7 . :ni3 -2$.6 ...31.9
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