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On the empirical estimation of evapotranspiration in pigeonpea
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ABSTRACT

Irrigation scheduling needs precise infarmation on crop water requirements.
Crop coefficient (K ) values aid in the estimation of regional crop water requirements.
Three empirical methods namely Blaney-Criddle, Pan evaporation and modified Pen-
man were used in estimating potential evapotranspiration. Evapatranspiration values
estimated by these relations using k_values of Doorenbos and Pruitt (1973) were
compared with those measured from a pigeonpea crop. Of the three, Pan evaporation
method showed least deviation. Calibration coefficients were evolved that narrowed

down the errors in prediction.
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Timing, intensity and depth of irri-
gation water application are the important cri-
teria for judicious use of this scanty resource.
Estimates on regional crop water requirements
are helpful in planning the irrigation systems.
This could be accomplished by the use of em-
pirical K_value, a ratio of actual evapolrans-
piration { AET) under non-stressed conditions
to reference evapotranspiration (PET). Stage-
specific K_values for different crops that re-
spond to varying weather conditions have been
proposed by Doorenbos and Pruitt (1979).
They also gave four PET estimating methods
employing weather data as input to varying
degrees.

Pigeonpea (Cajgnus capan L) 15
mainly grown as kharif crop in Andhra
Pradesh, but in the recent past this has been
subjected to severe Heliothis damage. Shift-
ing its cultivation to rapi, in a skip/escape
mechanism, was found advantageous. As the

crop has to rely on stored soil moisture during
rabi, irrigating the crop at seusitive stages may
alleviate the moisture stress effects as also
noticed elsewhere (Chauhan, 1990}, The K,
values can be made use of in scheduling irmi-
gation but the availability of weather data for
the computation of PET is a major limitation.
Thus, an attempt has been made here to find a
suitable method of estimating PET empirically,
a pre-requisite for employing K values in ir-
rigation scheduling and the applicability of K
values suggested for pulse crops by Doorenbos
and Pruitt (1979) to a pigeonpea crop.

MATERIALS AND METHODS
The data on AET used in the present

analysis were collected from a field experi-
nmient conducted at Agricultural College Farm,
Bapatla during rabi 1996-97. The soil of the
test site is clayey having an average field ca-
pacity of 47.6 per cenl, permanent wilting
point of 25.7 per cent on velume basis and a
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bulk density of 1.32 gec! in the 0-30 cm sail
laver. The erop {Cv. LRG-30) was adequately
fertilized (20-50-0 kg N-P-K ha')-and pro-
tected from pest and diseases. The treatments
consizted of three dates of sowing (5% Novem-
ber, 20% November and 5% December) and
three levels of irrigation (IW/CPE ratios of
0,25.0.50and 0.75), all these treatments were
laid out in a randomized block design with
factorial concept and replicated thrice. A
polythene sheet embedded vertically to a depth
of 30 cm separated each plot to avert seep-
ape effects. A measured quantity of 50 mm
depth of water was given at each irrigation.
AET was determined by monitoring changes
in soil moisture content thermo-gravimetri-
cally, I Sem layer-wise, from the 0-60 em depth
at 10-day interval and again before each irri-
zation.

Crop evapotranspiration (ET ) was
estimated using K values suggested for pulses
by Doorenbos and Pruitt (1979). PET values
required for estimating ET, were estimated
using three methods namely Blanney-Criddle,
Pan evaporation and modified Penman method
used by Doorenbos and Pruitt (1979). Mare
details of these methods are described by
Doorepbos and Pruin (1979). The data re-
quired for computation of PET were collected
from Meteorological Observatory located on
the College Farm. On some days, hours of
bright sunshine data were not available and
these were taken from the Regional Agricul-
tural Research Station, Lam. The accuracy of
these methods in predicting the AET from
pigeonpea was determined by comparing
phenophase-wise ET_values with the mea-
sured AET of a non-stressed treatment (0,73
I'W/CPE) with three sowing dates. The data
were analyzed statistically using RMSE, MBE
and MPE values us follows

PIGEONPEA ET - EMPIRICAL ESTIMATION Bh

n
RMSE ={ I (ET,- AET)¥n}*
=1
1
MBE =[ L (ET,-AET)n
1= |
n
MPE =[ I [(AET-ET )AET} 100]/n
i=1
where,
n = ho, of observations.
While determining the MPE values, the signs
of the errar were ignored and the percentage
errors were added to caleulate the mean.

RESULTS AND DISCUSSION

The values of AET and ET estimated
by using PET values as determined by differ-
ent empirical methods for different stages of
crop growth are presented in Tablel.

The results show that ET_ values esti-
mated by modified Penman evaporation were
closest to the measured AET at some pheno-
logical stages and those of pan evaporation at
other. The ET_ values of Blaney-Criddle re-
sulted in over-estimation at all the stages. The
ET_values of the entire crop season were then
subjected to statistical scrutiny. The results
(Table 2) indicate that Blaney-Criddle and
Penman methods exibit more deviations based
on their RMSE and MPE values, over-esti-
mated based on their MBE values compared
to Pan evaporation method. OFf the three,
Blaney-Criddle over-estimated by as much as
50) per cent and thus does not hold a suitable
relation for the region of study as it utilizes
only temperature to estimate PET. It is thus
interesting to note here that Penman method,
though considered to be realistic in predict-
ing PET by several authors (Kumar ef
ol 1988; Rao eral., 1983) probably because
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Table 1: Phenophase-wise evapotranspiration (mm} —measured and estimated by different
empirical methods

Phenophase Measured Blaney-Criddle Pan evaporation ~ Modified Penman
b b Db D D D i 1 (1 5. D D D

I 1 3 1 2 1 L] 1 ¥ 1 I ]
P g49 726 717 UT.6 1139 1098 603 625 607 784 729 69.5
E"L 465 408 373 950 93.0 863 56.1 54.5 545 59.5 62.8 662
PI 531 450 482 609 689 757 387 458 54.1 451 529 630
F"J 297 143 206 343 252 220 241 160 163 253 180 195
F" 203 120 147 190 149 156 142 115 100 159 13.1 130
F‘: 122 149 140 207 231 24.7 128 173 166 171 199 187
P 247 719149 45 326 270 357 210 151 376 250 20.7

T

D D and D Dates of sowing; ? Branch formation to flower initiation
P Fiuwer u:uuatmn to 50% ﬂuwermg, P 50% flowering to 100% flowering
P - 100% flowering to pod initiation; P Pod initiation to 50% podding

P 50% podding to 100% podding; F' 2 100% podding to maturity

Table 2: Performance of empirical methods (seasonal data)

Parameter Blaney-Criddle Pan evaporation Modified Penman
RMSE 26.04 9.47 10.26
MBE +19.83 0.5 +5.07
MPE 57.09 1.81 19.00

Table 3: Calibration ceefficients for empirical methods

Method a b R? r Standard error
Blaney-Criddle 29571 0.5749 0.87 0.94 8.05
Pan evaporation 0.064 1.0135 081 - 050 5.94
Modified Penman -0.3946  0.8796 0.85 0.92 8.93

Table 4: Post-calibration performance of empirical methods

Parameter Blaney-Criddie Pan evaporation Modified Penman
RMSE 7.66 946 8.49

MBE -0.01 0.00 -0.02

MPE 3.10 345 295
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of the involvement all variables that are known
to influence PET, resulted in more emors in
the present investigation. Pan evaporation
method resulted in better estimates of AET.
Khade e al. (1990) also noticed the advan-
tage of pan evaporation over modified Pen-
man, Blanney-Criddle and radiation methods.

Keeping in view the errors of prediction,
an attempt has been made to evolve calibra-
tion coefficients for the three relations by re-
gressing the predicted values on the observed
ones. The coefficients obtained from the re-
gression analysis are presented in Table 3.

Utilizing the calibration coefficients
of each relation in Table 3, AET values were
again predicted and the resultant estimates
were subjected to further statistical analysis

(Table 4).

The errors in estimating AET nar-
rowed down with the employment of calibra-
tion coefficients and all the three methods re-
sulted in about 3 per cent error only. Thus, a
calibration procedure helps in reducing the
errors and this may be applicable in climati-
cally analogous stations.
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