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ABSTRACT

A study was conducted at College of AgriculturagiBeering and Technology, Odisha University of Agiture and

Technology, Bhubaneswar during 2014-15 to find thet water requirement of different crops grown iasE& South

Eastern Coastal Plain zone of Odisha, India. Inignd large population is facing challenges of wadearcity due to its
huge population, diverse geographical, climatic ageb-environmental conditions along with an uneqtiatribution of

freshwater resources. Therefore, efficient watemagement strategies are essential for meeting rieee@sing water
demand of agricultural, domestic, industrial andviganmental sectors. Agriculture is the backbonelrafia and it

consumes around 60% of fresh water resource. $®esential to manage the water in the fieldgrfaulture efficiently.

Odisha is south eastern state of India having 480df coast to Bay of Bengal. Although, it recei@ggod amount of
annual rainfall, the management of agriculture watefield is very poor due to insufficient knowdgdof farmer about the
water requirement of crops. In the present studgmall attempt was taken to estimate the crop wadgquirement for
different major crops in east and south easternstalgplain agro-climatic zone of Odisha by usingdbclimate data and
crop coefficients. The reference evapotranspiratbthe study zone is estimated by using ten diffezmpirical methods
and screening of methods is done to estimate fieeerece crop evapotranspiration, close to FAO -Pehiman-Monteith
methods. Among all the methods, correction facdoPEnman-Monteith and 1982 Kimberly-Penman metlapgsoaches
in similar path. The FAO-24 Penman (c=1), Turc d@nmiestly-Taylor methods give more diversion fromB6 Penman-
Monteith method.
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INTRODUCTION

Water plays a very crucial role for every livingimg Due to urbanization, industrialization and momic and

environmental constraints on new water resourcegsldpments, agriculture’s share of water use isljyiko go down day
by day. In India, a large population is facing tades of water scarcity due to its diverse gedgcap, climatic and geo-
environmental conditions along with unequal disttibn of fresh water resources. On an average &abtSouth Eastern
Coastal Plain zone of Odisha receives about 1449ofrainfall, which is uneven, erratic and uncertai nature. The

patterns of rainfall become more and more erraiie f climate change. Therefore, efficient watenaggment strategies
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are essential for meeting the increasing water denof agricultural, domestic, industrial and enwimental sectors. India
is an agrarian country and agriculture is the dnda@® most important sector that utilises arounéoGtf fresh water. So, it

is needed to manage the water in the field of atitice efficiently.

In agriculture, most of the water is lost due t@matranspiration by the canopy cover of the plamt surface
evaporation. It is the combination of soil evapimmaiand crop transpiration process. About 70% efwlater loss from the
earth's surface occurs as evaporation (Almhab arsiiB2008). Thus, accurate estimation of evapgbieat®on is very
important for water resources planning and managen#dlen et al., (1998) defined the reference @temspiration
(ETO) as "the evapotranspiration from a hypothétieerence crop with an assumed crop height d éla fixed surface
resistance of 70 sm-1 and albedo of 0.23, clossdgmbling the evapotranspiration from an extensiuéace of green
grass of uniform height, actively growing, complgteshading the ground and with adequate water". The
evapotranspiration rate is normally expressed itimgters per unit time (mm/day). The rate expresde amount of
water lost from a cropped surface in units of watepth. The time unit can be an hour, day, decad&th or even an
entire growing period, generally expressed in tewhsdays. Evapotranspiration depends on severardapendent
parameters such as temperature, humidity, winddspeadiation, and type of crop and growth stagéhefcrop. It can be

either directly measured by using lysimeter or whtdance approaches or estimated indirectly usimgirical equations.

Evapotranspiration can be directly measured bygugia lysimeter and it seems to be the most aceuBatt, it is
a time consuming method and needs precisely amdutigrplanned experiments. Apart from lysimeteragotranspiration
may be estimated by using some empirical methodsldged in different places on the basis of clinwagieal parameters.
The empirical equations are mainly grouped intdatémh, temperature, pan evaporation based and icatidtn methods.
Combination based ET estimation methods includesm@e vapour pressure deficit (VPD#1), Businger-&avel,
Penman vapour pressure deficit (VPD#3), Penman-&litmt1972 Kimberly-Penman, FAO-24 Penman (c=1)OF24
Corrected Penman, FAO-PPP-17 Penman, 1982-Kimigatynan, CIMIS Penman and F AO-56 Penman-Monteith
method. Radiation based methods includes Turc, ededaise, Priestly-Taylor and FAO-24 estimation hoés.
Thornthwaite, SCS Blaney-Criddle, FAO-24 Blaneyefdte, and Hargreaves come under temperature basthaads.

Estimation of evapotranspiration requires a largmiper of weather parameters, so it is very diffitolestimate
it accurately. Therefore, it becomes impracticalrfany users to select the best ETO estimation odefttbr the available
data and climatic condition. To overcome this peofl Reddy (1999) developed a decision support systensisting of
nine widely used ETO estimation methods. This decisupport system was further modified to includere ETO

estimation methods (Swarnakar and Raghuwanshi,)20@named as DSS_ET model.

This model was further improved by Bandopadhyaglgt(2008). The DSS_ ET model can be used to ifgent
the best ETO method for different climatic condisolt is developed in Microsoft Visual Basic 6lif0consists of a model
base for estimating ETO by twenty two (22) diffarenethods and ranking them and represented in aftisedly
graphical interface. These available methods caumsbd for estimating daily and monthly ETO valugsthe time interval

considered in this study.

The aim of present study is to estimate the referevapotranspiration by using the available mettand! rank
them to find the best suited method. These referemapotranspiration values can later be usediffereht purposes such
as to derive irrigation water requirement of crapspbtain ETO estimate for locations with no metéagical data and to

fill the gaps in available records of ETO. The B¥&s found out for East & South Eastern CoastahPdane of Odisha by
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Mohanty and Subudhi (2018). The reference evapspigation by ten (10) different empirical methodsing local
weather data has been estimated and screenedinmatesthe reference crop evapotranspiration clos&AO — 56

Penman-Monteith methods. Then the crop water remént for major crops grown in the zone has besesasd.
MATERIALS AND METHODS

This chapter deals with the description of the gtadea, data and methods used for determinatiorefefence crop
evaporation, statistical analysis for ranking armhwersion factors of used methods, and estimatibrrop water

requirement for major crops grown in the study area
Study Area

The study area is East & South Eastern Coastah Pigro-climatic zone of Odisha, situated in easdl aouth eastern
region of Odisha. The zone has a research stati@@habaneswar situated between latitude 20.2645d langitude
85.8120 E. On an average, the zone receives allagif1449 mm and having a coastal region thatndréo Bay of
Bengal. The climate of the study area is sub-hurfife soil type is coastal alluvial saline (Table Thirty three years
(1981-2013) of daily climatic data of minimum andaxximum air temperature, mean relative humidity,rage wind

speed, solar radiation, and rainfall were colleeted analysed.

Table 1: Major Information of the Study Area

Name of Study Research Soil Type Major Crops
Area Station yp Summer Kharif Season Rabi Season
East & South Coastal alluvial saline Paddy,
Eastern Coastal Bhubaneswar ; Paddy Paddy Groundnut,
: (near the coast line)
Plain Green gram

Estimation of Reference Evapotranspiration

The reference evapotranspiration is estimated mgusleven (11) different empirical equations. Thesethods include
standardized form of FAO-56 Penman-Monteith by ASIOB5, Penman Monteith Method (Monteith (1965) eAlkt al.
1998), Hargreaves Temperature Method, PriestlyorayRadiation & Temperature Method, Turc Radiationd a
Temperature Method, 1972 Kimberly-Penman Metho@21Rimberly-Penman Method, CIMIS Penman method, FAO
PPP-17 Penman (E)Tmethod [Frére and Popov (1979)], FAO-24 Penmai)¢ET,) method [Doorenbos and Pruitt
(1975, 1977)] and Businger-van Bavel gemethod

Statistical Analysis

The reference evapotranspiration (EEstimates obtained from ten different methods lRenman Monteith Method,
Hargreaves Temperature Method, Priestly-Taylor &amh & Temperature Method, Turc Radiation and Terafure
Method, 1972 Kimberly-Penman Method, 1982 Kimbd?aman Method, CIMIS Penman method, FAO-PPP-17 Benm
(ETg) method, FAO-24 Penman (c=1) (§Tmethod and Businger-van Bavel methods were comtpaith the EF
estimates of standardized form of FAO-56 Penmanibitnby ASCE 2005, by using simple error analysisl linear
regression. The statistical analysis has been dgnesing the statistical parameters of StandardrHestimate (SEE),
Root Mean Square Error (RMSE), Percentage Erramiage (PE), Mean Bias Error (MBE), Coefficient oét@rmination
(R?), and Regression Coefficient (b). The performanica method is supposed to be good when regressefficient (b)

is close to 1.0, B> 0.6, RMSE < 0.6 mmtand PE < 20%.
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Estimation of Crop Water Requirement of Major Crops

Three major growing seasons like kharif, rabi amchmer has been considered for calculation of cragemrequirement.
The reference evapotranspiration were calculatedudigg FAO-56 Penman Monteith method. Again, refeeecrop
evapotranspiration has been calculated by consigiéhie reference evapotranspiration and crop @effi presented in
Table 2.

Crop Selection

In the study zone, paddy is a major crop grownrdutheKharif season, summer season and als@ln season. Three
types of paddy crops based on growing duration Heeen considered, i.e., long, short and mediumtidaraluring the
Kharif season. During summer anabi season, short duration and medium duration padecualtivated, respectively.

Again inrabi season, apart from paddy, groundnut and green gramgrown as major crops (Table 1).
Crop Coefficient Approach

In the crop coefficient approach the crop evapappamation, ET, is calculated by multiplying the reference crop

evapotranspiration, EJby a crop coefficient, K
ET.= K. *ETo

Where, ET is the crop evapotranspiration [mrit]dK. is the crop coefficient given in Table 2, and,EJ the

reference crop evapotranspiration [mrj dstimated by empirical methods.

Table 2: Crop Coefficient for Different Crops at Different Stages

Stages (in Duration) K¢ Value for Different Stages
Crops Totz_il Initial | Crop Mid Late Initial | Crop Mid Late
Duration | Stage | Dev. | Season| Season| Stage | Dev. | Season| Season
0 (m (1 (V) )] () (1 (V)
Paddy-I 90 15 25 30 20 1.00 1.0 1.2( 0.90
Paddy-II 120 15 50 25 30 1.00 1.0 1.2( 0.90
Paddy-Ill 150 15 30 60 45 1.00 1.0b 1.2( 0.9p
Green gram 60 10 20 20 10 0.35 0.70 1.10 0.90
Groundnut 137 25 30 40 25 0.45 0.75 1.0 0.70

RESULTS AND DISCUSSION
Estimation of Reference Evapotranspiration (ET)

Based on the available local weather data such eenrdaily minimum and maximum air temperature, medative
humidity, wind speed and solar radiation, with tiedp of DSS_ET, the reference evapotranspiratiofy)(Ealues were
estimated by eleven (11) applicable methods. Adl dalculations were done on a daily basis from 1Z®&13. The
estimates of reference evapotranspiration follosame pattern for all the methods. It increased flarmuary to May and
decreased thereon. It might be because of increadedecrease in atmospheric temperature over tigy ségion. The
highest ET values was found to be 12.40 mm/d for Businger®awel method followed by FAO-24 Penman(c=1) (11.40
mm/d) and 1972 Kimberly-Penman (10.23 mm/d) inrtfenth of May, whereas, lowest EValue was found in the month
of December for the Priestly-Taylor method (2.91 /dinfiollowed by Hargreaves method (3.41 mm/d) (Big
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Figure 1: Mean Monthly Reference EvapotranspirationObtained from Eleven Empirical Methods.
Statistical Analysis

The mean monthly Ejflestimates obtained from ten (10) different emplrimethods has been compared with the estimate
of FAO-56 Penman-Monteith. Out of all the ten (b@thods, Penman Monteith method is found to be mattble, as
the value of coefficient of determination and ragien coefficient (b) approached in similar path,shown in Table 3.
And the square error estimate and root mean sauesealso found minimum as compared to other nuth8o, it ranked
as one, as shown in Table 4. Businger-van Bavehodetleviates much more as the standard method vdeisbtes the

last position in the series.

Table 3: Statistical Summary of Monthly ETy Estimates with Respect to FAO-56 Penman Monteith

R 0996| 0927| 0981 0982 0986| 07 7?'3?6 0652 | 0.621] 0.992
SEE (mm/d)| 0.252 0567 0.880  0.696 1.718 1.28%1'715 1.697 | 1.460 0.624
b 0963| 1.005| 1138  1.107 1.287 o.ssfg“ 0759 | 0.829] 1.008
PE 343| o054| 1318  11.01 28.52 14.6?3'3 2022 | 14.08]  10.65
- 184 -
MBE | ;10| 0027 | 0.730|  0.608 1582 | oo | Y94 22| oo | 0589
RMSE 15
(o | 0:251| 0562| 0879  0.685 1.716 1.23136 1.694 | 1.463  0.622
Table 4: Ranking of Different Methods with Respecto FAO-56 PM Method
Ranking| 1| 3 5 7 6| 10| 9| 8 2

Correction Factor for East & South Eastern CoastalPlain Zone

The correction factor as compared to standard FA®&nman Monteith method has been observed. Thection factor
for Penman-Monteith and 1982 Kimberly-Penman methadproaches in similar path. The FAO-24 Penman)(c=

Businger-van Bavel and Turc methods were founcat@diverted from FAO-56 Penman-Monteith method @i
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Figure 2: Correction Factor for East & South Easten Coastal Plain Zone.
Crop Water Requirements (CWR) for Major Crops

The crop water requirement for different crops sashpaddy for different seasons, groundnut andnggeeam for rabi
season has been calculated by using reference teaagpiration and crop coefficient of respectiveps. Paddy consumes
more water as compared to the other major crops aséeds like groundnut consumes less water. Aphgcal
presentation between reference evapotranspiratidnceop water requirement is presented in Fig. 8.tie reference

evapotranspiration increased, the water requirerisotincreased for the crops due to its increasedtabolic activities.
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Figure 3: ETo Vs CWR for East & South Eastern Coastal Plain Zone
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CONCLUSIONS

The Penman-Monteith method approaches similaré¢sthndard FAO-56 Penman Monteith method. It magdmeluded
that, for the study region, if sufficient weathextal is not available, one may go for Penman-Motitheethod to calculate
the reference evapotranspiration and also waterinegent of different crops in study area. Wateuieement for short
duration paddywas found to be less as compared to medium and domgtion paddy irKharif season. The water
requirement for different crops is found to be lasscompared to the amount of water actually appbethe crop field.
This may help the farmers to know the exact quamtitwater requirement for the crops. This leadsetuction of the

losses of water in the crop field and encouragestfieient management of water.
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