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ABSTRACT

A field experiment was conducted at Central Rese&iarm, OUAT, Bhubaneswar on rice grown in Rabil30
with two soil moisture regimes (flooding and aem)kzind four cultivars of various maturity durati@aily Meteorological
data of OUAT observatory during the crop seasorudignto May, 2015, were used in estimating the H3ing 15
empirical models. The objective of the work wasstimate the Efrates using different empirical methods and compar
with the estimated Ejlwith open pan evaporation and crop transpiratteper estimated Ein January, Turc method did
not correlate with Businger-van-Bavel, FAO-24 anari§tiansen methods. Pan Evaporation was correlsitddestimated
ET, by Penman-Monteith, Hargreaves, Turc, Priestlyldmaynd FAO-56 methods. For the month of Februdng
estimated E{ highly correlated among all the methods as wellvdk pan evaporation. For the month of March pan
evaporation correlated only with Kimberly-Penmaenman 1963, FAO-24 Penman and Christiansen metiraasthe
month of April and May, pan evaporation correlateall with estimated ET by FAO 24 and Christianseetimd. For the
season as whole, all the methods except Christiamgthod were correlated with the pan evaporaRegression analysis
showed that pan evaporation could be estimatedffgreht methods for different months. For the nioof January, five
methods namely Penman-Monteith, Turc, Priestly diaghd FAO-56 Penman-Monteith estimated the pamaadion
with R? ranging for 0.193 to 0.688. February pan evapamatiould be estimated by any of the 15 methods. Weuyéor
the month of March, April and May, only two methpdsimely FAO 24 and Christiansen were useful inmeging pan
evaporation. On the other hand, for the seasonva®mée, these two methods were unable to estinhet@an evaporation
rate. Transpiration was more under the continudasding than under the aerobic. Cultiver Naveerorged highest
transpiration rate, while Khandagiri recorded tbhevdst transpiration rate both at flowering and pblggical maturity.
Transpiration rate was highest in maturity stagd10°umoles rif sec™) than the flowering stage (1.0x3®moles rf

sec)).
KEYWORDS: Reference Evapotranspiration (fTFao-56 Penman Monteith, Turc, Fao 24 Penmaast#yiTaylor
INTRODUCTION

Water plays a vital role for every living beingagriculture, most of the water is lost due to evepuspiration by
the canopy cover of the plant and surface evamorati is the combination of soil evaporation andpctranspiration
process. About 70% of the water loss from the é&arlurface occurs as evaporation (Almhab and B2603).
Thus, accurate estimation of evapotranspiratioreiy important for studies. In evapotranspiratibedges, Allen et al.,
(1998) defined EJ as "the evapotranspiration from a hypotheticanezice crop with an assumed crop height of 0.12 m,

fixed surface resistance of 70 $and albedo of 0.23, closely resembling the evapspization from an extensive surface
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of green grass of uniform height, actively growicgmpletely shading the ground and with adequatenialt can be
either directly measured by using lysimeter or watdance approaches, or estimated indirectly usmpirical equations.
Direct measurement of Evapotranspiration usinglybeneter or water balance approach seems to bentd® accurate.
However, it is a time-consuming method and needxipely and carefully planned experiments for whichpirical
formulas can be used. Numbers of empirical equati@ve been used for E&stimation methods and these methods are
mainly grouped into radiation, temperature, panpevation based and combination methods. Pan evigoia widely
used in a agricultural meteorology due to simpliditw cost, area of application for irrigation sdiéng (Stanhill, 2002).
Estimation of reference evapotranspiration requinaésiber of parameters, so it is very difficult ttimate it accurately.
Therefore, it becomes impractical for many usersedtect the best RTestimation method for the available data and
climatic condition. To overcome this problem, Redd®99) developed a decision support system camgistf nine
widely used E§ estimation methods. Bandopadhyay et al., (20@8)hér improved this model. The DSS_ ET model can
be used to identify the best Eethod for different climatic conditions. Theseaable methods can be used for
estimating daily and monthly EWalues for the time interval considered in thisdst The objectives of the present work
were to estimate the ETrates using different empirical methods and to mara the estimated BTwith open pan
evaporation. Find out the suitable method. The F80method is established as the standard methedtimhating ET,

attempt was made to estimate it from the other austh
MATERIALS AND METHODS

The experiment was conducted in the Agro met Rebdglock, Central Research Station of the Orissivéigity
of Agriculture and Technology, Bhubaneswar duringbRseason (January -May) 2015. Bhubaneswar situatean
elevation of 26 m above mean sea level af 26 N latitude and 8% 50 'E longitude. It is in the East and South East
Coastal Plain of Odisha, which falls under hot pamid climate. Agronomic data were collected fog ttvop growing
period during Rabi season (January -May) 2015. &periment taken In Central Rice Research farmWAQ Rice is
mostly cultivated during Rabi season. In differgatiety of rice grown in the field eg. long, shamnd medium variety.
Almost equally cultivated during the month of Jaryud he treatments were comprised of (a) four veaseof rice and (b)
two soil moisture regimes, namely aerobic and caotieal flood irrigation. The four varieties wereh&ndagiri(y),
Lalat(w), Naveen(y), Satabdi (y).

Methods for Estimating of ET,

The daily Reference Evapotranspiration were eséthal using following methods, he methods givewelre

taken for estimation for Ejlfor present study:
» Standardized form of FAO-56 Penman-Monteith by ASXDB5
e Penman Monteith Method (Monteith (1965), Allen (638Allenet al. 1989
e Hargreaves Temperature Method
e Priestly-Taylor Radiation & Temperature Method
e Turc Radiation and Temperature Method

e 1972 Kimberly-Penman Method
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e 1982 Kimberly-Penman Method

* CIMIS Penman method

* FAO-PPP-17 Penman (B)Tmethod

* FAO-24 Penman (c=1) (Efmethod [Doorenbos and Pruitt (1975, 1977)]
» Businger-van Bavel (E) method

* Penman 1963 VPE1 method

* Penman 1963 method

e Christiansen pan method

e FAO-24 pan method

The computer program written in DSS_ET is a DeaisBupport System developed at [IT Kharagpur for
estimation of crop evapotranspiration. The DSS_EHeh (Reddy, 1999) developed in Microsoft VisuakB6.0 is used
in this present study to estimate reference evapspiration By using the available daily climatotad data, the daily
reference evapotranspiration (§Values were estimated using fifteen availablehom#s$ in crop growing season of rice

crop from January to may, 2015.
Evaluation of Methods

ET, estimates from all methods were compared by usimgle error analysis and linear regression. Fcation,

the following parameters were calculated:
» Standard Error Estimate (SEE)
* Root Mean Square Error (RMSE)
» Percentage Error Estimate (PE)
* Mean Bias Error (MBE)
«  Coefficient of Determination (i
» Regression Coefficient (b)
e Monthly Mean (mm/d)

The performance of a model is good when regressiefficient (b) is close to 1.0,’R 0.6, RMSE < 0.6 mmH
and PE < 20%.

RESULTS AND DISCUSIONS

Comparison of Error of Different ET ( Estimation Methods

Since FAO 56 method is now established as the atdndethod of estimating E,Tattempt was made to estimate
it from the other methods. Idea was that FAO 56hmetrequires six number of parameters, which ateamailable for

many places. In Table 1 gives the mean values gfeésiimates along with the different error. The mealues of EJ
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showed that FAO 24 Pan method gave the highesbfa8e57 mm/day, while Penman-Monteith method gdneelowest
rate of 4.54 mm/day. All other methods gave modevatues around 5.5 mm/day. These values were cechpeth the
Open pan evaporation method to determine more d@omethod. The RMSE values did not vary much amtirgy
methods. It ranged between 3.0 and 3.1 mm/dayl&imithe mean bias error (MBE) did not vary amaing methods. Of
course, these were the negative values. Percemtestimates were also very conservative. It vélech -91.28 to -82.27.

Table 1: Comparison of ETy Estimation Methods with Error Analysis for Mean ET During the
Growing Season at Bhubaneswar

Method Mean (mm/d) | SEE (mm/d) B PE MBE RMSE (mm/d)
Penman Monteith 4.54 0.98 1.021 -90.84 -0.5977 38.00
Kimberly Penman 5.24 0.99 0.886 -89.44  -0.5885 8.00
FAO-PPP 17 Penman 5.09 1.13 0912 -89|75 -0.5905 0083.
Penman 1963 VPD#1 5.36 1.09 0.866 -89]20 -0.5869 0073.
Penman 1963 5.02 1.15 0.925 -89.89 -0.5914 3.008
Kimberly Penman(1972 5.85 1.27 0.79 -88.21 -0.5804 3.006
FAO-24 Penman 5.39 1.13 0.861 -89.14 -0.5865 3.007
Hargreaves 5.52 1.25 0.842 -88.89 -0.5848 3.007
Businger Bavel 5.13 1.47 0.906 -89.66 -0.5444 3.008
FAO 24 Pan 8.57 10.04 0.541 -82.74 -0.6006 3
Christiansen Pan 4.33 0.91 1.072 -91p8 -0.5950 13.0
Turc 4.75 1.01 0.977 -90.483 -0.586[7 3.009
Priestly Tailor 4.75 1.01 0.977 -90.43 -0.5847 8.00
CIMIS Penman 5.37 1.15 0.86[L -84.17 -0.5464 3.007

Ranking of Different ET, Estimation Methods

Ranking of ET estimation methods was done to judge the accwhaymethod which helps to find out the next
best method for accurate estimation. Among the ¢oation based methods, the FAO-56 PM method (Adieal., 1998)
was taken as the standard method for comparisehisiconsidered as the sole standard method tmatst ET, in all
types of climatic conditions. The ranking of diféet ET, estimation methods for Bhubaneswar region of Cdishs done
with respect to the FAO-56 PM EDn the basis of their mean SE&lues and the results are presented in Tablea?n Fr
this table showed that Turc method ranked the tgstmwhile FAO 24 Penman was ranked as pooresbimeef in

estimating FAO 56 Penman Monteith Reference Evapepiration rate during the summer season.

Table 2: Ranking of Different ET Estimation Methods

Method Average Factor | See Value| Ranking
Turc 0.70 0.91 1
Penman 1.16 0.98 2
Kimberly-Penman 1.01 0.99 3
Priestly-Taylor 0.74 1.01 4
Penman 1963 VPD#1 0.90 1.09 5
Kimberly Penman(1972) 0.97 1.10 6
Fao-PPP 17 Penman 0.90 1.13 7
CIMIS Penman 0.79 1.15 8
Hargreaves 0.57 1.15 9
Penman 1963 0.87 1.15 10
Businer Bavel 0.85 1.25 11
FAO-24 Penman 0.85 1.27 12
FAO-24 Pan Method 0.55 1.47 13
Christiansen Pan 0.57 10.04 14
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Correlation among the Different Methods
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For the month of January correlation between Penitomteith, FAO 56 Penman Moteith and Open pan were

significant and positive. In February, all the noeth of ET estimation were positively and significantly cdated.

Correlation between Open pan, FAO 24 Pan and Besiigpvel methods were significant and positivetfoee months,

March, April and May. Taking the whole season frdamuary to May, all the methods were positively aigphificantly

correlated. The results showed that correlation suaslar for February and the season as a wholasHebruary had a

greater weight age over the seasonal performandbeomethods. Moreover, correlation was almost lainfor three

months namely, March, April and May. Thus when terafures were higher in the summer season, the thethods,

namely Open pan, FAO 24 Pan and Businger -Bavehaodst FAO56 Penman Monteith method was found better

correlated with the Open Pan method, which is thlg method that measures. The consistency in airoal of FAO56

Penman Moteith with Open pan is not surprised b&e#us a combination approach plus the planfacare considered

too. Thus, FAO56 Penman Monteith can be used icepdh Open pan, taking a suitable correction factor

Regression Analysis of Open Pan Measurements withifferent Methods of Estimation

Estimation of Open pan Evaporation rate from tHeomethods was done by regression analysis. Thétse

showed that for the month of January Open Parcratkl be estimated from the Penman-Moteith, Turt Rmestly Taylor
methods. However, for the months of February, Ma#giril and May three methods, namely, FAO 24 Ranstiansen

and FAO 56 methods could estimate the Open Pag.gfat the season as whole, it followed the trehdbauary month

i.e. Open Pan rate could be estimated from the Berloteith, Turc and Priestly Taylor methods. Tasparticular

method was found to perform consistently overtadl months or the season as a whole.

Crop Transpiration

Transpiration rate was more under continuous stanaater than under aerobic condition at both 4D ZhDAT.

Naveen variety had higher transpiration rate thhan€lagiri and Satabdi but did not differ from Lalat

Table 3: Transpiration (Micro Moles/m? Leaf/s) as Influenced by Two Soil Moisture Regimeand Four
Cultivars of Summer Rice at Bhubaneswar in 2015

Treatment Transpiration 40 Dat Transpiration 70 Dat
Continuous Standing Water 4.75%10 5.92x10°
Aerobic 1.67x10° 3.67x10°
Total 3.21x10° 4.79x10°
LSD 1.0x10° 1.4x10°
Variety Transpiration 40 Dat Transpiration 70 Dat
Khandagiri 2.13x10° 3.63x10°
Lalat 3.75x10° 5.92x10°
Naveen 4.47x10° 5.57x10°
Satabdi 2.51x10° 4.06x10°
Mean 3.21x10° 4.79x10°
LSD 1.5x10° 2.0x10°

CONCLUSIONS

Taking the whole season from January to May, a@lrtethods were positively and significantly coreda For
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the season as whole, Open Pan rate could be estiftatn the Penman Moteith, Turc and Priestly Taphethods. Thus

no particular method was found to perform constibawver all the months or the season as a whalec Thethod ranked

the top most, while FAO 24 Penman was ranked asegbperformer in estimating FAO 56 Penman MontRi#fierence

Evapotranspiration rate during the summer seasothi$ study, the 15 reference evapotranspiratiethods were tested

during the crop-growing period. The daily data ugedhis study are temperature, relative humiditind speed, bright

sunshine hour and pan evaporation. Thg &Stimated by all these methods shows the samd theaughout the crop

growing period. Transpiration rate was more unasitiouous standing water than under aerobic candii both 40 and
70 DAT. Naveen variety had higher transpiratiom itian Khandagiri and Satabdi but did not diffenfrLalat.
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