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Abstract: In this study, an experiment was conducted in sub-humid condition, several observations made to
determine Tec, spectral indexes, LWP and daily ET of sweet cherry trees with different irrigation treatments
(T, and T,). The results showed that, Tc-Ta were increased from sunrise to noon and decreased from noon to
sunset throughout the day on DOY 171-172 (T,-T,) and DOY 233-234 (T,). However, it was increased from
sumrise to sunset on DOY 233-234 for T, treatment. It 15 very close the values of ET, and ET . which were
determined based on remotely sensed data with daily ET values determined by soil water budget for Gisela 5
rootstock. The cherry trees with non-water stress condition (T,) have had alsco the highest spectral index
values and the tree with water stress condition (T)) has had the lowest spectral index values. According
to statistical analysis, most sigmficant relationships were determmed between LWP-SAVI (r = 0.88 for T;
r=077forT,), ET-LWP (r = 089 for T,; r = 092 for T,), ET-SAVI (r = 0.88 for T,; r = 0.70for T,) and
ET,-Te-Ta (r = 0.85 for T,). Based on these findings, the canopy temperature of sweet cherry trees is more
sensitive to water stress than leaf water potential and spectral indexes and daily ET for sweet cherry trees may
be defined with remotely sensed data. Spectral indexes may be used efficiently to momitor vegetation growth

periods and may be beneficial to determine ET of sweet cherry trees.
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INTRODUCTION

The best way for optimum irrigation scheduling is to
monitor and manage the water based on plant monitoring.
Several studies have shown that mformation on crop
water status, required when planning irrigation programs,
15 provided more reliably by physiological mdicators.
However, there 1s no general agreement on the most
suitable indicator (Katerji et af., 1988)

Pre-dawn leaf water potential (Ferreira et al., 1997,
Valancogne et al., 1997) is frequently used, while other
mndicators have also been employed, such as stem
water potential (McCutchan and Shackel, 1992;
Naor et al., 1999), leaf temperature (Glenn et al., 1989,
Girona et al., 1993; Cohen et al ,1997; Jones et al., 1997
Massai ef al, 2000a) and soil water content
(Goldhamer et al., 1999).

By the support of climatic data, one can define
irrigation time and water amount by the infrared
thermometry measurement of canopy temperature. The
relationship between plant canopy temperature and water
availability in the soil has been investigated by infrared
thermometer (Idso et «l, 1981; Jackson et al., 1981,

Clawson and Blad, 1982), in search for a suitable thermal
index to establish the proper irrigation time. One of the
first indices was the stress-degree day, based on the
relationship between the difference of the canopy and air
temperature with the yield and water requirement of the
crop (Tackson et al., 1977). Ehrler (1973) suggested that
the difference between the leaf and air temperatures
would be directly correlated with the water vapor
pressure deficit. Crop Water Stress Index (CWSI),
based on canopy-air temperature difference and vapor
pressure deficit of air, is the most known stress index
(Idso et al., 1981).

The concept of using remotely sensed surface
temperatures in evapotranspiration estimations was
espoused by Bartholic et al. (1972), Brown and Rosenberg
(1973) and Stone and Horton (1974). The physical basis
for the concept was outlined some years earlier by
Monteith and Szeicz (1962) and Monteith (1963). Perrier
(1975a, b, c¢) presented a detailed account of
evapotranspiration under natural conditions, ncluding
the role of surface temperatures in the evapotranspiration
process. Jackson et al. (1977) combined several variables
in to a constant that was empirically obtained by
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regressing one time of day surface-air temperature
differences and daily net radiation to the total daily
evapotranspiration, in an attempt to
evapotranspiration from predominately remotely sensed
data. Tt is possible to
evapotranspiration (ET;) by the use of remotely sensed
surface temperature and some climatic parameters
(Hatfield ef af., 1983). According to this assumption,
Jackson et al. (1983) proposed a methoed to convert ET;
determined within about 2 h of selar noon, to daily total
evapotranspiration (ET ).

Glenn et al (1989) showed that, daily
evapotranspiration of peach trees estimated from latent
heat flux are harmonious with evapotranspiration defined
from lysimeters. They stated that infrared thermometry
has a potential application to monitor water use and
schedule irrigation in peach orchard systems.

Numerous related to field crops and
vegetables have been made with energy balance and crop
water stress index approaches, but there are few study on
trees. As example studies, Evans et al. (1982) for apple;
Torman (1986) for nectarine; Remoini and Massai (2003)
for peach can be given to mnfrared thermometry of trees.

The aim of this study was to determine wrigation
scheduling for irrigation of cherry trees by remote
sensing. For this purpose
evapotranspiration (ET,), daily evapotranspiration (ET,),
Leaf Water Potential (LWP), spectral reflectance, spectral
indexes and crop-air temperature difference were analyzed.

evaluate

define  instantaneous

studies

instantaneous

MATERIALS AND METHODS

Experimental procedures: This study was carried out
during the growing season of 2004, on the experimental
field, located in Bursa (western part of Turkey), latitude
40P 157 297 N, longitude 28° 53' 39" E and altitude 100 m
above sea level.

Plant material studied was sweet cherry trees (Prunus
cerasus X Prunus canescens, variety 7-900) on 2 years old
Gisela-5 dwarf rootstocks. Gisela-5 rootstock produces a
dwarf tree with and very weak anchorage and best
compatible with sweet cherries.

The trees were planted m 2002, spaced 5%2.5 m apart.
Uniform six trees were selected for observation. Micro-
sprinkler wrigation was selected as the irrigation method.
The trees were subjected to two micro-sprinkler irrigation
treatments (T, and T,). T, and T, treatments were
programmed using two reduction percentages of the US
Weather Bureau Class A pan evaporation. The water
applied in treatment T, was considered sufficient to
satisfy fully needs of the crop (100% of ET,) and to allow
good rocting and tree growth.

The Total Amount of Trrigation Water (TTW) applied
was calculated from (Allen et al., 1998),

K K K
e D

where K, is the pan coefficient (0.70; Doorenbos and
Pruitt, 1977), K the crop coefficient (0.50 for June, 1.20 for
July and August and 0.95 for September and October;
Allen et al, 1998), K, the shade coefficient (0.61;
Vermeiren and JTobling, 1986) taking into account that the
estimated mean shade surface provided by the tree
canopies was 46 % of the total surface of the orchard, E,
the coefficient of uniformity of emitters (0.9).

Applying the reduction percentage mentioned above
to Eq. (1) gives the following total amounts of irrigation
water treatment:

TIW ., =032 F,, (2)
TIW ) = 0.63E, . (3)

Water amount calculated for T, treatment was applied
to both T, and T, treatments until DOY 171. Between DOY
172 and DOY 233, full and deficit wrigation water were
applied to T, and T, treatments, respectively.

Measurements: The diurnal measurements were carried
out on June 20-21 and August 21-22, 2004. A wet and
dry bulb temperature were measured at the height of 1.5 m.
Canopy temperatures were measured by an infrared
thermometer (Model 100.37Z1., Everest Interscience
Inc.,USA) witha 4° filed-of-view. Twelve temperature data
were taken from the four view azimuths (90 degree
increments from the solar azimuth) by viewing the tree
horizontally at about 1.4 m above the ground level, 1.5 m
from the tree. All the measurements were arithmetically
averaged to obtain the mean canopy temperature. The leaf
water potential measurements were made by pressure
chamber (PMS Model 3000, Soil Moisture Equipment
Corp., Santa Barbara, CA, USA) utilizing compressed N
gas. Reading precision was 1% for 0 to 70 bars.
Measurements were made at the field so pressure was
read within 1 minute of leaf removal from the tree. Spectral
observations were made using spectroradiometer (LI-
1800) with 15° field- of-view lenses. The radiance of the
tree in the region from 650-1100 nm, at 2 nm interval was
detected from 0.5 m above the top of the tree with nadir
orientation of telescope body. Trradiance spectra of
sunlight were taken before and after each measurement
with a BaSOQ, panel and the average were used as the
reflectance standard (Jackson et al, 1980) All
measurements were replicated tree times and average of
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these measurements was computed by spectroradiometer.
Reflectance of individual wavelength was calculated by
dividing the vegetation radiance measurements with the
irradiance measurements. Soil water level measured with
a well calibrated neutron probe (503 DR neutron probe,
CPN International, Tnc., Martinez, California, TUSA) at 9
point per tree.

Evapotranspiration: The energy balance for a crop was
given by Monteith (1963) as;

R,=C+H+AiE (4

where R, is the net radiant heat flux density, G is the soil
heat flux density, H is the sensible heat flux density and
AR is the latent heat flux density to the air (the product of
evapotranspiration rate, B and the heat of vaporization, A).
All terms in the equation are in units of W m™.
According to Allen ef af. (1998) Rn can be expressed

das

s

R, = R-Ry (5)

R, = (1-¢)R, ()

nl

{TmaX,K4 + Tmin,K* }
R, =¢

: (1)
(0.340.14@)[1_35 Ilzs 0_35]
R, =0.75+2107 2)R, (8)
®, + m, )sin{@)sin{6)+
R 1260 4 (@, + o, )sin{p)sin(8) ©)
n cos(p)cos(8)(sinfm, ) —sinfw, ))
d =1+ 0.033003(2—“1'] (10)
365
6_0.409511{21'—1.39] (11)
365
o, T (12)
24
o= e+ 2L (13)
24

K
o= [ (t+0.06667(Lz—Lm)+8,)-12] a4

S. = 0, 1645sin(2b)-0,1255¢c0os(b)-0,025sin(b) (15)

364

where, R, is the net radiation (MT m™ s, R,, is the in
coming net shortwave radiation (MJT m~ s7"), R, is the
out going long wave radiation (MJ m™ s7'), @ is the
albedo, R, is the incoming solar radiation (measured) (MJ
m s "), ¢ is the Stefan Boltzmann constant Monteith
and Unsworth (1990) suggested a value of 5.67<107° W
m 7 K™, T max and T min air temperature (one value used
for mstantaneous calculation as Ta), R,, 1s the calculated
clear sky radiation (MT m™ s™"), R, is the extraterrestrial
radiation MJ m™ s7), G, 1is the
{0.082 Mj m~ min™"), dr is the inverse relative distance
Earth-Sun, & 1s the solar declination (rad), @ is the latitude
(rad), w, is he solar time angle at beginning of period (rad),

solar constant

w,; solar time angle at the end of period (rad), t, is the
length of calculation period, © 1s the solar tume angle at
midpoint of period, t is the standard clock time at the mid
point of period, Lz is the longitude of the center of the
local time zone (330), Lm is the longitude of the
measurement site (328), Sc 1s the seasonal correction for
solar time, j 13 the number of the day m the year. Albedo
(cr) were calculated according to Brest and Goward (1987)
with above equation;

o = 0.526(VIS) + 0.326(NIR)+0.112(0.5NIR) (17)

where VIS and NIR represent reflectance data collected in
the visible (usually red wavelengths; 650nm-720 nm) and
near-infrared wavelengths (720-880).

Soil heat flux (G) were calculated with the use of
equation below (Daughtry et al., 1990),

G =(0.325-0.208 NDVT) Rn (18)

Sensible heat flux (H ) can be expressed as;
H=pC, (Te-Ta)r, (1%
where p is the density of air (g m™ %), C, is the specific
heat of air (J g~ °K™") and 1, is the stability corrected

aerodynamic resistance (s m™'). According to Garratt
(1978) aerodynamic resistance can be expressed as;

- 4.72111[(2— d,)/ z,|{ln[(z—d,)/ z,|+ 2.5} 20)
1+0.54u
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where u is the wind speed measured at height z and d, and
7, are the displacement height and roughness length for
momentum, respectively. The factor accounts for the
smaller roughness length for heat observed in plant
studies.

Hourly ET (ET,) calculated based on instantaneous
ET (ET)) and cumulative ET (ET ) determined with the
sum of ET), values.

Tackson et al (1983) showed that the ratio of total
daily irradiance (3,) to the instantaneous irradiance (3,) at
any tme equal to the ratio of total daly
evapotranspiration (ET;) to the one tune of day
measurements of evapotranspiration (ET,).

T=8,/S =ET,/ET, 21

The time units will be mixed in J so that one time of
day value of S, and ET, can be determined in W m~ and
multiplied by J to give S, or ET, in units of MJ m ™ day™".
In this study 3, values of 1330 h to 1400 h time period
have been used to calculate value of J. However ET, value
of same time of day with §; is used to calculate ET ..

Spectral indexes: To determine the efficiency of spectral
data in detecting the water stress of trees, Normalized
Difference Vegetative Index (NDVT), Soil Adjusted
Vegetation Index (SAV]) and Ratio Vegetation Index (RVI)
were calculated according to equations given below.

NDVI = (R800-R680)/(R8O0+RE80) (Penuelas, 1997)  (22)
SAVI = (R800-R680)/(RROHRE80+0.5)1.5 (Huete, 1988)(23)
RVI = ROOO/R680 (Jordan, 1969) (24)

where R900, R800 and R680 are the reflectance’s at
900, 800 and 680 nm wavelength, respectively.

RESULTS AND DISCUSSION

The daily course of canopy-air temperature difference
(Tc-Ta) and Leaf Water Potential (LWP) related to DOY
171 and 172 and DOY 233 and 234 for T, and T, wrigation
treatments shown m Fig. 1 and Fig. 2, respectively. Since
there is no difference between water application levels on
DOY 171-172, the values of Te-Ta showed a similar diurnal
variation. The Te-Ta values ranged from -1.4to-2.01n T,
and -2.9 to -3.1 T, treatments on DOY 233 and 234,
respectively.

Te-Ta value was increased until 1400-1500 h in the
day and showed a decreasing trend after those hours on
DOY 171-172, which represents a fully watered crop.

Time
8.00 10.00 12.00 1400 1600 18.00 20.00
0.00 i 1 1 L 1 'l
-1.00 4
$ -2.00 4 \ /
[i‘: -
S -3.00 1
-4.00 4 —DOY 171
wneeme DOY 172 ®
-5.00
Time
8.00 1000 1200 1400 1500 1800 20.00
_15‘00 L L L L L
—_—DOY 171 ’f
| Q— DOY 172 /
-20.00
g 4
E -25.00
- *-..__‘“_.-
'4 “““"‘-—-----—‘f—
-30.00 |
®
-35.00

Fig. 1: Diurnal variation of T¢-Ta and LWP on DOY 171

and 172
Time
700 $:00 11:00 13:00 1500 17:00 19:00
0.00 L L L L L L
1,00
2,00
O 300
-
E 4.00
5.00
600 (@ ——DOY233T2 =----DOY234T2
------- DOY233TI == DOY 234 T1
7,00
Time
700 900 11:00 13:00 1500 17:00 19:00
0.00 L L L L L L
5.007 DOY233T2 — — —DOY234T2
veeeeee.DOY233T] ——— - DOY234T1
-10.00 |
é -15.00
B |
-20.00 |
25.00]

-30.00

Fig. 2: Diurnal variation of Te-Ta and LTWP on DOY 233
and 234
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Table 1: Some measured and calculated parameters for cherry during the trial days

Average soil water

Etoum ETy Average Average Average Average LWP  content
Date Treatments (mm/day)  (mm/day) Ta (°C) Te-Ta(°C) U (mh™) TotalRs (bar) (120 cm/mm)
DOY
171. 85 8.9 27.7 -2.0 1.6 254 -24.1 376.8
DOY
172 - 85 9.0 28.7 -1.2 2.4 27.7 -24.3 369.9
DOY T, 88 10.1 31.1 -2.9 12 20.8 -18.8 342.1
233. T, 6.1 6.0 -1.4 -20.6 318.1
DOY T, 9.7 10.9 323 -3.1 1.6 20.9 -18.0 334.3
234 T, 79 7.5 -2.0 -18.1 311.0
Maximum Tc-Ta value was determined as -3.8 (Fig. 1a). 0.00040
Although there is no significant difference of air DOY 171 jf\
temperature for these two days, the difference between 000030 T DoY172 [\ @
Te-Ta values may be attributed to decrease in soil water \
content and change m wind speed (Table 1). Varation in ’g
Te-Ta values of DOY 233-234 was become similar to the =t 0.000201
values of DOY 171-172 and maximum values were =
obtained at 1400-1500 h of the day for T, treatment, 0.00010-
confirming Remorim and Massai (2003) results. A sharp
decrease in Tc-Ta values in between 0930 hand 1300 h of

0.00000 T T T T T T

the day on DOY 233-234 for T; treatment were occurred 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00
due to increase of air temperature. Maximum Tc-Ta value Time )
for T, treatment was measured at almost sunset time on
DOY 233 and 234. The Tc-Ta values ranged from —0.5 in 000080 T —rov 23 %}, _
both T, and T, treatments to maximum values of -3.31n T, _:_%¥%%i¥; ¢ )
and -5.4 in T, treatment trees on DOY 233 and 234. Te-Ta 00g0se] ~TTPOYB4T
were increased from sunrise to noon and decreased from - o *
noon to sunset throughout the day on DOY 171-172 g P __/_,..-""
(T,-T,) and DOY 233-234 (T,). However, it was increased = 0.000201 ——
from sunrise to sunset on DOY 233-234 for T, treatment. =
Trends in Te-Ta values are compatible with the idea, T, 0.00010
treatment has the highest Tc-Ta (Fig. 2a) and T, has the
lowest Tc-Ta values (Fig. 1a and 2a). On the other hand, 0.00000

Te¢-Ta values of deficit wrigation are less than values of
non-deficit rmigation and the results are compatible with
that of Glenn et al. (1989).

Instantaneous evapotranspiration (ET)) values were
calculated according to Eq.(4), daily evapotranspiration
(ET,) values were defined with Eq. (21), daily cumulative
evapotranspiration (ET,,,) were calculated with sum of ET;
(Fig. 3). ET,,, and ET, values of DOY 171-172 i which
same amount of water was applied in T, and T, treatments
were found as 8.5-9.0 mm/day. However, ET values of
DOY 233-234 in which different amount of water was
applied were found as 6.1-7.9 mm/day and 8 8.-9.7 mm/day
for T, and T,, respectively (Table 1). When considering
accumnulated ET values, a sigmficant change of ET values
was observed between 1000 h and 1600 h in a day in both
observation periods depending upon temperature
increase (Fig. 3). In the same observation days, the soil
water content gradients were measured as 6.9 mm/120 cm
(onDOY 171-172for T,and T,) and 7.1 mm/120 c¢m for T,
7.8 mm/120 cm for T, (on DOY 233-234).

06:00 08:00 10:00 12:00 1400 16:00 18:00 20:00
Time (h)

Fig. 3: Instantaneous ET throughout the trial days

LWP of cherry trees were mcreased from sunrise to
midday and decreased from midday to sunset (Fig. 1b
and 2b). Minimum LWP values were measured as -33 bar
and -26.8 bar (T,) on DOY 171-172 and DOY 233-234,
respectively. LWP of T, and T, wrigation treatments were
differed from each other with the value of -1.5 bar
{(Table 1). LWP values were very close to each other for T,
and T, treatments on DOY 234 (Fig. 1b). LWP values were
increased from sunrise to noen and decreased from noon
to sunset on DOY 233-234 for T,, whereas Tc-Ta values
were ncreased from sunrise to sun set (Fig. 2). According
to these results, Tc-Ta 15 more sensible to water stress
than LWP for cherry trees.

Spectral reflectance of a crop depends on some

physiologic characteristics and water content. The
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altitude angle of the sun is the most important indicator
that affects the reflectance. Penuelas et al. (1997)
suggested that the most appropriate time for seasonal
monitoring of reflectance 1s altitude angle at 50 °. Altitude
angle of sun became nearly 50° at 0915 hon DOY 171-172
and 1100 h on DOY 233-234 for experimental site.
Figure 4 shows reflectance values at 650-1100 nm
wavelength range for three different times on DOY 171-
172, DOY 233-234 for T, and T, treatments, separately. As
it is seen in Fig. 4, reflectance values have changed with
the measurement times. Reflectance values were found
0.48 for DOY 171-172 and 0.49 in T, treatment, 0.391in T,
treatment on DOY 233-234 at the time of 50° sun altitude
angle and these parameters showed parallel course with
wrigation treatments. Lowest water level has the lowest

reflectance and highest water level has Inghest
reflectance.
08 DIY 171-172
0.74
)
o6] @
g 0.5 f
0.4
=
2 034
0.2 —— i1
= 1333
011 4 - 1815
0 i - T T T T T T T T
650 700 750 3800 850 900 950 1000 1050 1100
‘Wavelength (nm)
DOY 233-134 T,

0¥ i | T T T T T T

650 700 750 %00 850 900 950 1000 1050 1100
Wavelength (nm)
DOY 233-234 T,

08
0.71
0.6
0.5
0.41
0.31
0.2
0.1 o

Reflectance

—— 11
- 14:88
o e —— 18:00
650 700 750 800 B50 9S00 950 1000 1050 1100
Wavelength (nm)

Fig. 4: Spectral reflectance variation of cherry tree on trial
days

NDVT, SAVT and RVT were calculated according to
Eq. (4), (5) and (&) for the trial days. All of three indexes
have similar variation throughout the day (Fig. 5 and 6).
Maximum values of spectral indexes were measured at
midday in trial days. In water stressed treatment (T,) NDVT
and RVT values did not significantly vary from sunrise to
midday. There was an evident distinction between two
irrigation treatments on DOY 233-234. The spectral
indexes of T, treatments were greater than T, treatment
(Table 2). The cherry trees with non-water stress
condition (T,) have had also the highest spectral mdex
values and the tree with water stress condition (T,) has
had the lowest spectral index values.

Penuelas et al (1997) stated that, NDVI has
significant relation with plant water concentration, but

0.96 —DOY 171

-——DOY 172
0.94 o

; 0.92 o

0.90 4

0.38 T T T T T T
07:00 09:00 11:00 13:00 15:00 17:00 19:00
Time

0.40
0.38- ™~
0351
033+
0.30-
0.28-
025+
0.23+

0.20 T T T T T
07:00 09:00 11:00 13:00 1500 17:00 19:00

Time

—DOY 171
-—-DOYI172 /

SAVI

4000 —DOYIT1

——-DOY 172 )
35.004

30.004

RVI

25.004

20.004

15.00 T T T T T T
07:00 09:00 11:00 13:00 15:00 17:00 15:00

Time

Fig. 5: Vanation of NDVI, SAVI and RVI values on DOY
171-172
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052 — DOY233T2 030 — DOY233T2
0454 wemee Y 233 T1
0,96 - DOY 234 T2
) 0.401
; 0.88 - ; 0.351
% < 0.304
wm
0.86 0254
0.20+
0.84
0.154
0-82 T T T T T T 0-10 L] L] L] T T T
7:00 9:00 11:00 13:00 1500 17:00 19:00 700 900 11:00 13:00 15:00 17:00 19:00
Time Time
2500
— DOY233T2
20,001
2 15.00
10.004
5.00 T T T T T T
700 9:00 11:00 13:00 1500 17:00 19:00
Time

Fig. 6 Variation of NDVI, SAVT and RVT values on DOY 233-234

Table 2: Daily average values of spectral indexes

Spectral index DOY 171-172 T, and T, treatments DOY 233-234 T, treatment

DOY 233-234 T, treatment

NDVI 0.92 0.85 0.88
SAVI Q.30 0.28 Q.30
RVI 24.22 13.52 15.91
Table 3: The relationships between measured and calculated parameters

DOY 171-172 T, and T, treatments DOY 233-234 T, treatment. DOY 233-234 T, treatment

r r r

LWP ET Tc-Ta LWP ET Tc-Ta LWP ET Tc-Ta
ET 0.51%* Q.20 0.85%*
LWP 0,79 0.40% (.89+% Q.30™ 0.92%* 0.84%*
NDVI 0.75% 068 033" 0.66%* 0.65%* 037" 0.64%* 0.61 % 0.51%
SAVI 0.76%* 0.73%# 0.26™ 0.89%# 0.88%* 0.06™ 0. 774 0.7k 0.50%
RVI 0.87% 0.85% 0.31® .57 0.54% 0.34= 0.68%* 0.62%* 0.48%*

*: Significant, **: Highly significant, ns: Non Significant

NDVT is affected by structural and color changes in the
drying plants and therefore NDVI 13 indirectly related to
the living plants. SAVI, RVT and NDVI were computed
with the same reflectance values of spectral bands (NTR
and Red). According to assumption of Penuelas et al.
(1997), all of three spectral indexes are indirectly related to
water stress of crops.

A sigrificant relationship (1 % level) between ET, and
LWP, NDVI, SAVI and RVI was found for T, and T,
treatments on DOY 171-172 with non-deficit irrigation.
Parallel results were obtamned for T, treatment on DOY
233-234. For T, treatment on DOY 233-234, relationships
were found as 1 and 5% level between ET, and L WP,

NDVT and SAVT and ET; and RVT, respectively (Table 3).
One of the most common methods mn determining ET
through remote sensing application is to determine the ET
with energy balance based on Te (Kustas ef al, 1990,
Moran et al., 1996, Moran ef al., 1994; Yunhao et al.,
2003; Yunhao et al, 2005). Another one is the
determination of ET through the use of crop coefficient
calculated by spectral indexes (Hunsaker et al., 2003a, b,
Fitzgerald et al, 2005, Hunsaker et al, 2005) and
reference ET. Analysis results were found compatible with
these approaches.

Relationships between Tc-Ta and ET and Te-Ta and
LWP were significant at 1 and 5% level of probability
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for T, and T, treatments on DOY 171-172, respectively.
Relationship between Tc-Ta and spectral indexes was
found non-significant in statistical manner. On the other
hand, relationships between Tc-Ta and other parameters
were found significant at 1% (ET; and LWP) and 5%
(NDVT, SAVI and RVT) level of probability for T,
treatments on DOY 233-234 (Table 3). Relationships
among all parameters for T, treatment were non-significant
on DOY 233-234. The main reason for that the increase
from sunrise to midday and decrease after midday were
observed in all parameters other than Te-Ta in deficit
urigation treatment whereas Te-Ta values were mcreased
from sunrise to sunset. The existence of plant water stress
may be determined by relationships between Tc-Ta and
ET, LWP and spectral indexes.

Relationship between LWP and spectral indexes was
significant at 1% level of probability for T, and T,
treatments on DOY 171-172 and DOY 233-234. Despite the
relationship between LWP and spectral ndexes 1s
significant, the relationship between Tc-Ta and the
parameters (LWP and spectral indexes) 1s non-significant
for T1 treatment. Therefore, determination of plant water
stress level through the use of relationship between LWP-
spectral indexes 1s not preferable. However, the diumnal
variation of spectral indexes depends on variation in plant
conditions as well as angle of the sun. Although, TWP
can be estimated through the wuse of relationships
between LWP-spectral indexes, it may not give the reliable
results.

CONCLUSIONS

Tt is very close the values of ET, and ET,,, which
were determined based on remotely sensed data with daily
ET values determined by soil water budget for Gisela 5
rootstock. Daily ET for sweet cherry trees may be defined
from instantaneous measurements in accordance with the
method given in Jackson (1983) and/or by canopy
temperature and net radiation measurements throughout
the day.

The canopy temperature of sweet cherry trees is more
sensitive to water stress than leaf water potential and
spectral indexes. Despite the difference between T, and T,
treatments mn terms of applied amount 1s 86.2 mm from
DOY 172 to DOY 233, difference n LWP of boeth
treatments was found as 1.5 bar as an average on DOY
233-234. However, this difference in recommended
measurement time of LWP was found as 2.2 bar as an
average on DOY 233-234. As a conclusion, LWP may be
used in determining irrigation time of sweet cherry trees,
but indexes based on canopy temperature may give more
reliable results.

Although the diurnal variation of spectral indexes
depend on the angle of the sun, differences between
deficit and non-deficit irigation treatments in terms of
spectral vegetation indexes were observed from June to
August. These differences indicate that remote sensing
tools may be used efficiently to monitor vegetation
growth periods of sweet cherry trees. However, spectral
indexes may define plent water stress indirectly. Statistical
relationships between calculated ET; and spectral indexes
may be beneficial to determine ET of sweet cherry trees.
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