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Abstract: Actual Crop water requirement is an essential factor to irrigate plant and get a highest water use. Moreove
1, using energy balance model helps to determine an actual transpiration. Thus, this work Utilized energy model to e
stimate an actual transpiration for Mango tree and compare this value with crop Evapotranspiration (ETc) which cal
culated by CropWat specially during period (March, April and May 2020). Further; produce a simple model to estim
ate an actual transpiration depending on solar radiation (SR), Vapour pressure deficit (VPD) and canopy temperature
(T.). Data represent that there is a strong relationship between ETc calculated and T,cqal (R2: 092 & E=0.83 &R
MSE = 54%) for Mango. the Solar Radiation increase by increasing the day of year (DOY) which obtained a highes
t value (350 watt.m™) during the period (DOI=148-152).however, the lowest value for SR was recorded ( 263.8watt.
m?) at (DOY = 60-70). Moreover, T,eua recorded a lowest value by (4.3mm.day") with SR (236.8 watt.m™) but the
highest value (7.3883mm.day'1) for Towa Was obtained after SR recorded (338.9 Watt.m'z). Further, T, decreased
to (3.8 mm.day ') when VPD decreased to (0.98 KPa). On the other hand, after (T.-T,) got a negative value (-0.2 C°)
the Tyewa acquired a highest value with average (7.88 mm.day™") but, in contrary with high positive value (0.26 C°) t
he Tyea recorded a low value by (3.8 mm.day™). Finally; using the mathematical model help to estimating an actual
transpiration related to solar radiation, VPD and canopy temperature. Tya = 0.020241* (SR) + 0.016462*(VPD) - 4.
99%(T,-T,) + 0.07 Where, Solar Radiation (watt.m™), vapour pressure deficit ( KPa), air and Canopy temperature (C
0)'
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1. Introduction radiation interception (Girona et al. 2011). In

Optimization of consumptive and beneficial addition, transpiration from a tree is strongly
water use in agriculture is a key issue to maximize influenced not only by the meteorological conditions
irrigation efficiency (Burt et al., 1997), especially but also by many other factors, such as tree type, age
considering the scarcity of water resources. Accurate of trees and leaves, soil type, saturation of soil and so
assessment of crop evapotranspiration (ET) is on. Furthermore, Mango trees considered medium-
essential for the optimization of irrigation water use, sized with comparatively high water requirements are
although its estimation is challenging, especially in usually irrigated by surface or drip irrigation methods
tree crops, considering the wide range of ground and their water consumption varies based on many
cover and tree density patterns (Testi et al., 2004). factors, including climate and soil. However, these
The average evapotranspiration from wide area can relationships are empirical and site-specific data are
be roughly estimated by using some meteorological most often required (Pereira et al. 2006).

data (Penman, 1948 & Monteith. 1980).
Evapotranspiration is  influenced by

Crop Evapotranspiration (ETc) is often transpiration of plant and evaporation of soil. Solar
estimated using the reference Penman-Monteith (PM) radiation, air temperature, wind speed, and relative
evapotranspiration (ET,), (Allen et al. 1998), and air humidity are the key factors influencing
corrected by a crop-specific coefficient Kc ( transpiration ( Jhajharia et al., 2012 ). Up to a certain
Lakso, 2003). Due to various approximations and saturation point, photosynthesis increases with
assumptions in the determination of Kec, ETc increasing irradiance. Depending on photosynthesis
estimations can be inaccurate (Auzmendi et al. 2011). type and plant species, there are various differences
To eliminate the need for using a crop coefficient, in saturation points depending on air temperature and
some researchers have related the transpiration of global radiation. The longer and higher radiation is
trees to the field measurements of daily or midday available, the longer the plant can open its stomata
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and the gas exchange can take place. For
photosynthesis to occur, a certain minimum
temperature must be present. Generally, with the
exception of specially adapted plants, the minimum
temperature is around 0°C. The higher the
temperature rises, and provided that no other
processes act as limiting factors, the more productive
photosynthesis becomes. The evaporation chill
caused by the transpiration of the plant can keep the
temperature of the leaves up to 15 °C below the
ambient air temperature (Weiler et al., 2008). The
humidity of the atmosphere also plays a significant
role in transpiration.

Notable, Transpiration reduces canopy
temperature and cools down air temperature of
vegetated urban areas (Bowler et al., 2010; Konarska
et al., 2016a) and of their surroundings (Leuzinger et
al., 2010; Rahman et al, 2017a). In particular,
Rahman et al. (2017) showed up to 3.5 °C air
temperature reduction at the center of a tree canopy
compared to the outside. The transpiration of trees is
controlled by stomatal conductance, net radiation,
and an air vapour pressure deficit (Dragoni et al.
2005). In addition, to responding to environmental
factors such as solar radiation and vapour pressure
deficit (Lakso, 2003), the stomatal conductance of
leaves reacts to changes in crop loads (Palmer et al.,
1997). On other hand, infrared thermometry can
provide an operational tool to derive tree
transpiration remotely over large areas, which is of
foremost importance for management purposes and to
assess the within-orchard spatial variability of the
water status.

Canopy temperature (T,) has attracted much
attention in recent decades as a means to estimate
crop water status. Since the discovery of the relation
between canopy temperature and heat dissipation
from plant transpiration in the early 60s (Gates,
1964), researchers have developed a series of indices
derived from (T, ) to evaluate water status, such as
the Crop Water Stress Index (CWSI, Jackson et al.,
1981) or the Apparent Thermal Inertia (ATI,

http://www.sciencepub.net/newyork

64

Tramutoli et al., 2000). Further; there are three
variables plant canopy temperature (T.), air
temperature (T,) and atmospheric vapour pressure
deficiency (VPD) have much influence on water used
by plants (Braunworth , 1989). (Gardner and Shock,
1989) suggested that AVPD in the range of 1-6 kPa is
necessary to define a baseline that could be used in
many locations.

Crop water stress index (CWSI), derived
from canopy-air temperature differences (T. - T.)
versus the air vapour pressure deficit (AVPD), was
found to be a promising tool for quantifying crop
water stress (Idso and Reginato, 1982 ).Vapour
Pressure Deficit dictates how efficiently a plant might
balance its internal energy with that of the wider
environment. Ben-Asher et al. (1989) used infrared
thermometry to estimate aerodynamic and canopy
resistance required for the computation of
transpiration from a Penman ET equation. However
the no homogeneity of the tree canopies poses a big
challenge in the use of infrared thermometry and
modelling of the transpiration process.

Thus, the main objective of this study was to
develop a methodological approach to face the issue
of quantifying an actual transpiration from the energy
budget of a single mango leaf similar to that of the
big leaf approach. In addition, the relationships
among transpiration with vapour pressure deficit and
Canopy-air temperature.

2. Material and Methods

Study was carried out at farm located
Ismailia governorate. The study site, established on
three months March, April and May (2020), (30° 37'
10.91"N - 32° 16'1.33"E). The site was in an arid area
with a Mediterranean climate at about 47 m above
sea level. The meteorological data recorded at the
local meteorological weather station of average
climatic parameters are provided in [table (1)] for
temperature, relative humidity, wind speed and solar
radiation which calculated from (Allen et al., 1998).

newyorksci@gmail.com




New York Science Journal 2021;14(12) http://www.sciencepub.net/ newvork,m

Table 1. Climatic characteristics at Ismailia governorate (2020).

Tem. max Tem min. Hum. Prc. Wind dew point Sf)la.r
DOI (2m) radiation
°C °C % mm/m m/s °C watt / m
61-70 24.23 9.74 60.49 0.28 3.67 6.46 236.83
71-81 21.89 10.23 67.96 7.10 4.69 8.64 255.38
82-92 25.83 11.01 55.66 0.04 4.09 7.23 274.70
93-103 24.86 11.82 58.31 0.79 3.53 8.11 293.00
104-114 27.56 12.81 60.05 28.04 4.16 9.81 309.55
115-125 26.72 13.61 62.89 69.95 3.62 11.05 323.86
126-137 29.13 14.58 60.63 0.27 3.67 11.68 335.67
138-148 35.08 19.07 47.16 0.01 3.87 11.96 344.93
149-152 27.51 14.59 59.34 0.00 4.14 10.94 350.49

Prc. = Precipitation; Tmp. min/max = minimum/maximum temperature; hum. = relative humidity; Sun shine = Sun
shine as percentage of day length; Wind (2m) = wind speed at 2m.

Mango trees were spaced (4 m row spacing) x The transpiration of Mango trees was estimated from
(3 m tree spacing) and irrigated by a pressure four trees which irrigated with an accurate water
compensated drip irrigation system with total water requirement using a crop Evapotranspiration.

emitters 32 Lph (4 drippers/tree each dripper 8 Lph).

Fig.1. Leaf of Mango tree with mean average dimension ( 4.0 Cm).

http://www.sciencepub.net/newyork 65 newyorksci@gmail.com




New York Science Journal 2021;14(12)

http://www.sciencepub.net/ newvork,m

Crop Evapotranspiration model

Crop Evapotranspiration calculated related
to the (Richard et al., 1998) “Irrigation and Drainage
Paper #56: Crop Evapotranspiration: Guidelines for
Computing Crop Water Requirements.” Further;
Using an average Reference Evapotranspiration
(ETo) and the Crop coefficients (Kc ) for Mango tree
by the following equations.

ETc=ETo *KC 1)
Where:
ETc Crop Evapotranspiration, (mm. day™).
ETo Reference Evapotranspiration,(mm.day™).

Kc Crop coefficients. For mango during three
months = (1.10)

Actual transpiration model (T 1)

Transpiration, like direct evaporation,
depends on the energy supply, vapour pressure
gradient and wind. Hence, radiation, air temperature,
air humidity and wind terms should be considered
when assessing transpiration (Allen et
al.,, 1998). The energy balance model for a single
mango leaf under steady-state conditions can be
expressed as (Campbell and Norman 1998).

Rn-G-AET-H=0 2)
Where:
Rn = Net radiation (watt . m %)
H = Sensible heat (watt . m?)
AET = Latent heat flux (watt . m )

Sensible heat (H) can be calculated related to the
following equation (Campbell and Norman 1998.)

H = gyC,AT,, 3)
Where:

Cp = Heat capacity of air (29.17 J - mol " -
ch

AT, = Measured canopy and air temperature
difference (ATm = Tc — Ta);

Tc = Leaf temperature (°C)

Ta = Air temperature (°C)

st = Boundary layer conductance to heat

(mol.mZ.s™")
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Moreover, boundary layer conductance to
heat is gH = 2gHf (Blonquist et al. ,2009),where,
(gHf) is The boundary layer conductance of air to
heat for laminar forced convection which calculated
using the subsequent empirical formula [Eq. (4)] as
per (Campbell and Norman 1998).

gue = (1.4) * (0.135)\/2 4)

Wind speed (at 2-m high above the

U= ground) (m.s™).
Characteristic dimension defined as 0.72
d = times the leaf width (width of mango leaf

=4 cm, measured in the field).

Reorganizing Eq. (2) to solve for E (= T) then the
equation well be:

Toctuar = 86400 * w (5)
Where:
Tacwa = Actual transpiration (mm. day_l)
Factor for converting (Kg.m™s™) to
86400 = (mm.day™).
R, = Net radiation (Mj.m>.day™).
N 22.6 *10° ( J. Kg ) (heat needed to

evaporate 1 kg of water)

After that calculate R, using a normally
standard weather parameters as Ry (solar irradiation)
(watt.m™), Ta (air temperature, C°), wind speed and
relative humidity. (Allen et al., 1998) proposed the
following equation for calculating the daily net
radiation:

R, = (1—) * Rg; — [ac (&) + bc] (a

Rso
Th - T} ©
o

+ b ed%)o

Where:

1% Soil surface albedo (sand wet 0.09 &

= sand dry 0.18)

(Van Wijk and Scholte Ubing,1963)
Stefan -Boltzmann constant (5.67 *
10°%) (watt .m™ K™
Solar irradiation (watt.m™).
Relative short-wave radiation, which
is used to express the cloudiness of
the Atmosphere. When the sky is
cloudier, its value is smaller. It

o
I

=
2

=]
8
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varies in the range from 0.33 (dense
cloud Cover) to 1 (clear sky) (Allen
et al., 1998). As an average (0.66).

Tn- _  Maximum and minimum
T.  temperature (°C).
a, _  Cloud factor 1.35 & -0.35
&b,
a4 _ Emissivity factors 0.35 & -0.14
&b,
eq = Actual vapour pressure (kPa)

Besides, e, is calculated from the mean daily dew
point temperature T4 (°C):

17.27Ty
eq = 0.611exp(

T, + 237.3 M

After that Ry, solar radiation is expressed in equation

®)

Rg, = (0.75 4+ 0.00002EL ;)R (®)
Where:
EL.q Elevation (m) above the

mean sea level.
Extraterrestrial solar

Ra = |adiation (Mj. m”.day™).

, where Ry, can be calculated by (Evett et al., 2011):

24(60) .
Ry, = - Gscd,(cos® cos 6 sin wg )

+ w, sin P sin §)

2m]
d, =1+40.033 cos (%) (10)
ws = cos™1(—tan@tané) (11)
6 = 0.409 si ( on 1 39) (12)
=0. sin 365 ] .
Where:
24(60) / Inverse angle of rotation in
= daily
Solar constant (0.08202 MJ.
Gsc = 1\/1_2 min'l)
Inverse relative distance
dr = Earth-Sun
] = Day of year
ws = sunset time angle (rad)
1) = Latitude(rad)
5 = solar declination (rad)
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Vapour Pressure Deficit ( VPD )

The VPD metric consists of air temperature,
leaf temperature, and relative humidity which
measured in Kilopascals. (Richard et al., 2015) To
Get VPD, need to subtract an actual vapour pressure
of the air ( VP,; ) from the saturated vapour pressure
(VPg)

VPD = VPy — VP, (13)

To get ( VPg ) , need to know
the temperature of the saturated environment, in this
case, the leaf of the plant by using an infrared
temperature gun.( UNI-T UT300C, which is an
infrared thermometer that is specially designed for
surface temperature measurements within the range
from -20 °C to 400 °C). The leaf temperature was
recorded throughout the day starting at 10 am until
2.00 pm .The formula for VPsat (in Kilopascals kPa)
is:

7.5T
610.7 * 1o(m)

= (14)
sat 1000

Where T is leaf Temperature in Celsius ( C°).

To get ( VP, ), mneed to know the
temperature and humidity of the air,. The formula for
VP,; (in Kilopascals kPa) is:

7.5T
610.7 * 10(237.3+T) RH
ar 1000 " 100

(15)

Where:
T = Air Temperature in Celsius (C°).
RH = Relative humidity (%).

Statistical model

The coefficient of determination (R?), root
mean square error (RMSE), and model efficiency (E)
were used as the error statistics to evaluate both
calibration and validation results. These statistical
indices were used to compare measured and
simulated values. Model performance was assessed
using E (Nash and Sutcliffe, 1970) as follows:

(16)

2L, (S — 0)?

RMSE= n (17)

Where:
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Si = Predicted data,and
(0)1 = Observed data, and
Oi = Mean value of Oi, and
N = Number of observation.

When E and R* approaching one, and a RMSE near
zero this indicate that the model performance were
improved.The simple regression models with
predictor variables Xj;....... ;Xpcan be describe by
equation (18).

y:Bo +B]X] ++Bpo+k (18)
Where:

Variable y, called a response or dependent
variable, depends on another variables X, ,) which is
called the independent or predictor variable (also
called the regress or variable), B is intercept, B;.pis
the slope parameters and the variability of the error (
k ) is constant for all values of the repressor.

3. Result and Discussion
Actual transpiration and solar radiation.

During season, the regionally determined
crop coefficients for converting Kc to ETc were
nearly 1.0 with a peak of 1.1 (Karimi et al. 2013).
This is a time when, under arid and semiarid
conditions, the actual transpiration of well-watered
mango trees is expected to be close to the alfalfa
reference ET (Allan et al. 1998). In addition, canopy
temperature measurements early in the season are
associated with high uncertainties due to incomplete
canopy growth. Therefore, a midseason and late-
season time period Therefore, a midseason and late-
season time period was useful to measuring, but
midseason was the focus especially on 61 to 152 day
of year for mango.

Fig. 2(A) illustrate that the Solar Radiation
increase by increasing the day of year (DOY) which
obtained a highest value (350 watt/m”) during the
period (148-152 DOY).however, the lowest value for
SR was recorded(263.8watt/m?) at (DOY = 60-70).
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Generally, solar radiation increase dynamics during
first half of the year and after that decrease dynamics
to create al lowest value at the end of the year. Thus,
the (DOY) between 60 to 152 was consider a
significant period which plant consuming a lot of
water especially for mango.

Moreover, an actual transpiration T, for
mango tree increased by increased SR fig.2 (B). For
instance, the T,ua recorded a lowest value by
(4.3mm.day™") with SR (236.8 watt.m™) however the
highest value (7.3883mm.day’1) for Tiwa Was
obtained after SR recorded (338.9 watt.m™).

Cleary, after SR excessed by (102.1watt.m-
2) the Tywa value augmentation by (3.6mm.day™),
comparing with value at the first period (DOY 60-
70). Transpiration is mainly driven by net radiation
(Lakso 2003) and is reduced drastically in response to
low solar radiation levels (Wanjura and Upchurch
1997). In addition, the linear regression between
Tacwat and SR [day of year DOY= 60-152] yielded
slope, intercept, and R2 of 0.0342, - 4.4093, and
0.885, respectively. Tya can predict using the
flowing equation depending on solar radiation.

Tactua= 0.0342(SR) - 4.4093 (19)
Where ,
Tactual = Actual transpiration (mm.day™)
SR = Solar Radiation ( watt.m™)

Actual transpiration and vapour pressure deficit

(VPD).

Vapour pressure deficit (VPD) has been
widely recognized as the evaporative driving force
for water transport, the potential to reduce plant water
consumption and improve water productivity by
regulating VPD (Zhang et al., 2017). As shown on
fig.3. (A). Data represented that there are a liner
relation between VPD and solar radiation (SR).
Moreover; VPD recorded a highest value (2.4 KPa)
when (SR) obtained (347.6 watt.m™). Otherwise, the
lowest value for VPD was (0.9 KPa) when (SR) was
(254.49 watt.m™). Thus, the linear regression analysis
between VPD and (SR) yielded (7.88 mm.day™) but,
in contrary with high positive value (0.26 C°) the
Tacuar recorded a low value by (3.8 mm.day'l).
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Actual transpiration (mm.day )

Actual transpiration (mm. day ')
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Fig.2. Relation between Solar radiation and actual transpiration for Mango during the day of year.
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Fig.3. Relation between vapour pressure deficit (VPD) and actual transpiration for Mango

Determination coefficients of (0.58) with
slope and intercept was (0.0094) and (-1.2334).

On the other hand, actual transpiration Tpeea
increased dynamically by increased VPD Fig.1. (B).
For instance, after VPD increased (from 1.6 to 2.0
KPa) the T,.y, increased from (6.98 to 7.88 mm.day
1). Further, T, decreased to (3.8 mm.day'l) when
VPD decreased to (0.98 KPa). Cleary, the VPD
increases, Evapotranspiration also increases as the air
has an increased capacity to hold water vapour,
creating a larger potential gradient across the leaf-air
and soil-air boundaries (Garratt, 1992). Positive
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relationship between T, and VPD can explained on
the flowing formula.

Toctua = 2.4318(VPD) — 1.9335 (20)
Where,
Tactual = Actual transpiration (mm.day )
VPD = vapour pressure deficit ( KPa)

Actual transpiration and Canopy temperature.
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Infrared thermometry could be a useful
technique for monitoring stomatal conductance in
fruit trees at high temporal frequencies(Jones, 2004).
Fig.4. showed that there is a significant inverse
relation between canopy and air temperature with

0\

w b~ U CHACO [(s}

-------------------------------- 2 _TE 5}&51;'—913:5'7'2(:F€—Ta‘)‘+‘6':4’2 54

Actual transpiration (mm/day)

0.3

1 R2=.0.8615
-0.3 -0.2 -0.1 0 0.1 0.2
(Tc'Ta) C°

actual transpiration T,ey,. For instance, when (T.-T,)
got a negative value (-0.2 C°) the T,a acquired a
highest value with average

Fig.4. Relation between Canopy temperature (Tc) and actual transpiration for Mango.

Meaning, that the canopy temperature with
negative value this reflect that there is a more
transpiration accomplished and with positive value
refers to less transpiration acquired by plant. May
this related to as the VPD increased, the full potential
of evapotranspiration was utilized and the plants
cooled down resulting in a negative value for T, — T,
(Nielsen, 1990). In addition, measurements of trees
using infrared thermometers, (Glenn et al. ,1989)
showed that canopy and air temperature difference
was related to the air vapour pressure deficit, a
parameter also reflected in stomatal responses to
water stress. Infrared thermal imagery was also found
effective in timely determination of plant water stress
in apple and peach orchards (Giuliani et al., 2001),
olive orchards (Sepulcre-Canto et al., 2006).

Finally, the flowing model helps to describe
this relation between (T.-T,) and T,ctua-

Tactwar = -9.1572(T.-T,) + 6.4254 1)
Where,
Tactual Actual transpiration (mm.day ).

T, = Canopy temperature (C°).
T, air temperature (C°).

Assessment model of actual transpiration with crop
Evapotranspiration.
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As shown at (fig.5). The data indicated that

there is a strong relationship between ETc calculated
and Toea (R*= 0.92 & E = 0.83 & RMSE = 54%) for
Mango. Noticeable; that the higher R* and E values
and the lower RMSE values indicated a good model
performance. In addition; T, a highest value by
(7.88 mm.day") during (DOI=137-147). However,
during (DOI= 71-81) Ty obtained a lowest value
by (3.8488 mm.day™).
The transpiration of mango trees was controlled by
stomata regulations reflected in a lowered or elevated
canopy temperature. T,a Was demonstrates a
normal trend influenced by weather conditions such
as temperature, and humidity similar to the trends in
(Jensen et al., 1990). Cleary, Transpiration rates were
higher during the dry season than during the wet
season. This result was contrary to expectations given
the extended seasonal drought, and the decline in leaf
stomatal conductance and predawn leaf water
potential observed in many species within the area
(Fordyce et al. 1997). Finally, these results suggest
that the liner model is useful for predicting T, for
mango depending on ETc using flowing equation:

Tacwa= 1.1445(ETc¢) -1.2672 (22)
Where:
Tactual = Actual transpiration (mm.day™).
T actual = Crop Evapotranspiration

(mm.day™).

newyorksci@gmail.com
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Occasionally; a model is a schematic
representation of the conception of a system or an act
of mimicry or a set of equations, which represents the
behaviour of a system (Murthy, 2003). Thus; there is
a significant response between (T,ua) and three
variable canopy temperature (T.) , Vapour Pressure
Deficit (VPD) and solar radiation (SR) with R2 more
than 0.9. (Equation 23). This can used to determine
an actual transpiration for mango.

Tactua = 1.1445 ETc- 1.2672

R?=0.9289

Actual transpiration (mm.day!)

O B, N W B U1 O N 0 OO

0 2 4 6 8
Crop evapotranspiration ( ETc) (mm/day)

10

Tactuar = 0.020241%* (SR) + 0.016462*(VPD) -

4.99*(Tc-Ta) + 0.07 (23)
Where,
Tactual Actual transpiration (mm.day™).
SR = Solar Radiation ( watt.m™)
VPD = vapour pressure deficit ( KPa)
T, = Canopy temperature (C°).
T, = Air temperature (C°).
9
._5\ 8
<
< 7
g
E6
=
S5
8
g 4 .
g3
E
:g 2
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0 T T T T T T T T 1
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Day of year

Fig.5. Actual transpiration and crop Evapotranspiration during day of year for Mango.

Conclusion

The simultaneous assessment of actual
transpiration T,y for mango tree has a lot of
relations between different weather characteristics.
For instance , data represent that the Solar Radiation
increase by increasing the day of year (DOY) which
obtained a highest value (350 watt.m®) during the
period (148-152 DOY).however, the lowest value for
SR was recorded ( 263.8watt.m™) at (DOY = 60-70).
Tactual recorded a lowest value by (4.3mm.day’1) with
SR (236.8 wattm™) however the highest value
(7.3883mm.day™") for T,qa was obtained after SR
recorded (338.9 watt.m™). Actual transpiration Tyeua
increased dynamically by increased VPD. (B). For
instance, after VPD increased (from 1.6 to 2.0 KPa)
the T,era increased from (6.98 to 7.88 mm.day'l).
Further, T, decreased to (3.8 mm.day'l) when
VPD decreased to (0.98 KPa). On the other hand,
after (T.-T,) got a negative value (-0.2 C°) the T,cra
acquired a highest value with average (7.88 mm.day
") but, in contrary with high positive value (0.26 C°)
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the Tuwa recorded a low value by (3.8 mm.day'l).
Meaning, that the canopy temperature with negative
value this reflect that there is a more transpiration
accomplished and with positive value refers to less
transpiration acquired by plant. Notable, there is a
strong relationship between ETc calculated by
CropWat and Toea (R= 0.92 & E = 0.83 & RMSE =
54%) for Mango. Finally; using the mathematical
model help to estimating an actual transpiration
related to solar radiation and VPD and canopy
temperature. Tactual 0.020241* (SR) +
0.016462*(VPD) - 4.99*%(T.-T,) + 0.07 Where, Solar
Radiation (watt.m™), vapour pressure deficit ( KPa),
air and Canopy temperature (C°).
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