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ABSTRACT. In this study the mean daily evapotranspiratiom)(&nd its contribution in different phases to the
total evaporative loss have been worked out fordpadt Nellore. Models have been developed between
evapotranspiration/evaporation rates (ET/EP) amdbau of days from transplanting. ET/EP ratio hasrbfound to
reach it peak during the flowering stage in alethseasons. The mean ET/EP ratio is the high&btrif season. Ratio
of evapotranspiration (ET) to total short waveiaidn (R) has been analysed and the ratio is found to reéagieak
value at flowering stage of the crop.
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1. Introduction understanding of crop-water-requirements. Dastira.
(1966) studied water use pattern for wetland paddyew
Rice is a heat loving plant and it originated Delhi and Chaudhury (1966) for Orissa. Based ordtita
somewhere between the areas extending from Southernollected in the initial years of the scheme, the
India to Indo-China. It requires high temperatures, evapotranspiration of paddy was studied at Nelland
ample water supply, and high atmospheric humidity Cannning by Subbaraet al. (1976) who found that
during the growth period. Rice has been cultivaited reduction in crop transpiration to be more pronaghat
India atleast past 7000 years. It is the stapta féor Nellore than at Canning. Ghildayel and Tomar (1976)
major portion of the population. The vyield of rice found that wetland rice at Pantnagar transpiresia®80
considerably influenced by the behaviour of soudstv  mm of water in its growth cycle. Maske and Rathore
monsoon over most parts and north-east monsoon i{1988) studied the ET/EP ratio for upland rice at
south India. In view of its importance, rice resdahas Bhubaneshwar, Ranchi and Varanasi. Baal. (1994)
gained lot of impetous during past 40 years. Thislead  found that weekly water use and crop coefficierds f
to vast improvement, mostly genetic, in rice prdouc kharif rice at Canning (West Bengal) during floweriare
which now stands nearly 70 million tons. It is #fere, found to be maximum compared to other phases.
felt that science oriented technology has stillaganrole
to play in further increase of rice production ihet
country. There is still scope for breeding newietigs of
shorter duration with less consumptive use of watedt This study attempts to determine the water
stress tolerant during critical phases. requirement of rice and its relationship with raidia
component during different phases of its growth.
India Meteorological Department, since 1976 has Quantitative understanding of the water dynamicshef
established a network of 39 evapotranspirationicstat ~ fice system, in particular with respect to evapgoragnd
over India to study the water requirement of rind ather ~ radiation would help evaluating suitability of Idicans for
crops. The amount of data thus collected has hedpetgr @ particular paddy specie.
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TABLE 1
Statistics on seasonal crop evapotranspiration anelvaporation rainfall etc
Year Season Variety Date of Duration Consumption EP PET Seasonal Rs
Transplanting (days) ET (mm) (mm) (mm) rainfall (mm)
(mm)
1976 Summer IET - 2508 19 Feb 1976 92 680.6 5740 919.2 0.0 919.2
1978 Summer IET- 2508 24 Mar 1978 81 708.8 655.5 6574 17.4 796.3
1987 Summer  |IET—1444 8 Mar 1987 77 735.5 595.74.663 8.8 634.0
1988 Summer  NLR - 1444 22 Mar 1988 66 585.4 457.1 520.7 21.6 520.7
1977 Kharif NLR — 967427 Aug 1977 132 646.3 556.1 698.6 593.5 1071.2
1978 Kharif NLR — 9674 22 Sep 1978 113 551.8 4254 505.6 638.1 796.3
1979 Kharif NLR — 967229 Aug 1979 132 640.8 503.5 6445 762.5 1047.6
1982 Kharif NLR — 967228 Sep 1982 111 785.3 626.1 4145  496.8 877.2
1983 Kharif IETS — 656 27 Sep 1983 93 598.9 467.7 428.0 522.1 677.1
1986 Kharif NLR — 9674 23 Sep 1986 153 944.2 7709 758.7 803.1 1210.0
1987 Kharif IET — 1444 2 Jun 1987 98 868.0 784.47.97 2024 820.5
1987 Kharif NLR —7994 19 Sep 1987 105 501.0 3747 4859 1047.1 830.5
1993 Kharif NLR-3357 16 Jun 1993 99 1330.0 750.0 473.0 176.0 825.0
1994 Kharif NLR-3356 25 May 1994 112 974.0 817.0 581.0 229.0 860.0
1980 Rabi NLR — 9674 3 Oct 1980 120 609.0 4819 5173 6223 956.4
1981 Rabi NLR — 9674 6 Oct 1981 118 816.9 627.8 5140 630.6 946.7
1986 Rabi NLR - 9674 16 Oct 1986 120 562.3 4742 498.1 723.8 929.4
2. Materials and method N is the maximum possible duration of sunshine aadd

Data collected at experimental farm at Nellore from
1976 to 1994 forms the basic data set in the ptesedy.
Though paddy is raised at the station in all thredghcrop
seasonsiz., kharif, rabi and summer, data for all the three
seasons were not available for each year. Detfadatehe
variety duration, water use, rainfall etc. is givém

Table 1. The evapotranspiration (ET) was measured3.

through volumetric lysimeters located in the crighdfand
maintained by India Meteorological Department. sThi

b are constants. The sunshine hours were recdrged
Campbell-Stroke Solarimeter.

The values for a = 0.32 and b = 0.45 for the |arati
have been taken as those given by Ganesan (1970) fo
Indian locations.

Results and discussion

3.1. Consumptive water use

was used to determine consumptive water use by the

paddy plant.
standard US open pan evaporimeter.

The incoming solar radiation (Rwas calculated
indirectly from number of sunshine hours, using
Angstrom standard formula :

Rs=(a+bn/N) Ry
where R is the theoretical amount of radiation that

would reach the earth's surface in the absencehef t
atmospheren is the actual duration of sunshine hours,

The evaporation (EP) values refer to

Rainfall mostly occurs at Nellore during kharif
season and increasingly so in rabi. During sumrtiey,
crop is raised purely on irrigation. The water agnsd by
paddy during kharif was about 690 mm followed by) 68
mm in summer. Subba Raa al. (1976) observed that
paddy at Nellore was 635 and 625 mm of water during
kharif and summer. Least water use ( 660 mm ) leas b
found during the rabi season. Pande and Mitra (1971
observed total ET loss at Kharagpur as 669 mm ki ra
The total evapotranspiration in the mean duringikmeas
15 cm less than the precipitation while in rabi thater
availabilityi.e. rainfall and evapotranspirative loss, nearly
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TABLE 2

Mean weekly ET (mm)

Phase After  Tillering Flag Panicle Flowering Fruiting Maturity  Total
transplanting leaf emergence

Kharif 52.8 46.5 43.2 47.0 51.0 345 34.7 309.7
(17.0) (15.0) (14.0) (15.2) (16.5) (11.2) (11.2)

Rabi 39.0 38.5 28.5 54.8 44.5 34.4 324 272.1
(14.3) (14.2) (10.5) (20.1) (16.4) (12.6) (11.9)

Summer 42.9 49.1 57.5 61.5 81.0 78.3 63.4 433.7
9.9 (11.3) (13.3) (14.2) (18.7) (18.0) (14.6)

Figures in the parenthesis are the percentageafEd

TABLE 3

Mean daily use of water (mm/day)

Phase After Tillering Flag Panicle Flowering Fruiting Maturity
transplanting leaf emergence

Kharif 7.0 6.4 5.7 6.7 6.7 5.2 5.0

Rabi 5.1 4.8 5.2 6.4 7.4 5.7 4.4

Summer 5.7 6.9 8.0 8.6 14.5 10.8 7.9

matched each other. With just 16 mm of rainfall in perhaps the water demand during summer increases
summer obviously the evapotranspiration far excabhds  substantially due to higher temperatures and drg an

precipitation in this season. strong desiccating winds.

Table 2 contains the mean weekly ET during 3.2. ET/EPratioinrelation to crop development
different phases of growth and its contribution ttdal
water use. During kharif, between transplanting and A generalized growth rate ET/EP relation can be als

tillering, the weekly water use is as high as 53 mm derived from the data. For all the three seasoiss ith
contributing to nearly 16% of seasonal water us@ugh given in Fig. 1. The ET/EP ratio, as may be segceeds
the weekly water use during flowering is slightss as 1.0 right from the beginning, since water is naniing.
compared with transplanting stage, its contributisn  For the season as a whole ET/EP exceeded 1.2 lm eac
maximum {.e. 17.3%) during flowering because the season (cf. G. B. Pant, Univ. Report 1977). Durihg
canopy during this phase is fully developed. Sirhjilan active growth phase of the crop particularly betwéag
rabi and summer seasons, the weekly water use glurinleaf to fruiting when the crop is completely coweyithe
flowering stage are 20.1% and 21.2% respectively, ground, the ratio exceeds 1.25. The pattern i@y a
although the maximum weekly water use occurs aicfgan  single peaked one, occurring during flowering ihthe
emergence during rabi season. During fruiting,ummer seasons with a maximum value of about 1.6. Thepshar
the contribution for ET to total water user remains decline after flowering in all the seasons with aximum
substantial. Another noteworthy feature is thatnea value of about 1.6 . The sharp decline aftawvéiong is
abscission state, paddy continues to consume g8 &  obviously associated with grain filling and matymturing
15% of its total water use. which the leaves undergo fast senescence. TheEET /
ratio during summer is less than the other twesces
Maximum daily ET rate in various crop seasons is after flowering. Perhaps the excessive evaporatiento
given in Table 3. During kharif, at transplanting Eates non-limiting irrigation water keeps the ET/EP ratiown.
are high {ie. 7.0 mm) due to standing water in the rice
field. The rates continued to be rather large edwering The mean EP/ET ratio progressively decreases from
maturity. Another remarkable observation is thtiera  1.27 during kharif, to 1.25 in rabi and 1.21 in suoen.
tillering stage, the ET rates in summer become muchThese generally agreed with values given by Tomar a
larger (1% to 2 times ) than that in the otherseas, O'Toole (1979) for different rice variatioim various
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Fig. 3. Relationship between ET/Rnd days after transplanting

countries, ET/EP ratio does not, as a rule, varghftom It can be seen that except during the kharif wihen t
ET/ PET since EP and PET both represent evaporativecorrelation was slightly less than 0.9, in the ranimgy two
power of atmosphere. As such, considering ET/ER as seasons these correlations remained quite higletHer
crop co-efficient Kc, it is seen that it agreeslweith the words, from a knowledge of the evaporation, the

range of 1.05-1.20 crop coefficient given by Haeyes evapotranspiration from the paddy may easily be
estimated form the above equation at any staglkeotrtop

et al. (1985).
growth.

Attempt was also made to find out a mathematical
relationship between days after plantinygnd ET/EPY) 33 ET/ R, curve
by fitting a polynomial. In determining the coeféats
only those terms which were s.tatistically. signiﬁt:at. The incoming solar radiation {Ralongwith the wind
5%, were retalned.. Th? re_sultmg equations are ngive 5 humidity contribute significantly towards thetai
below and also depicted in Fig. 2. evaporation of the atmosphere. The ratio ETkdflects

. 4 the combined effect of the energy balance compasnent
Kharif : y=0.82 +0.0x ~0.79x 10°x* The measured ET/{Ralues for paddy under two different

r=.88 moisture regimes (seasons) is given in Fig. 3. As
) 5 a0 persistent cloudiness does not give good assogiatio
Rabi  :y= 0.74 +0.9%10°x + 0.11x 10°x with ET, the same for kharif is not shown. The mean

6:14 x 10°x° r=.97 ET/ R, curve for both seasons have the same general
- pattern. Maximum ET/ Rvalues during rabi was 0.94 and
Summer:y = -0.54 + 0.05+ 0.10x 10°x for summer 1.03 and ranged in the two seasons @&

-0.78 10°%¢ r=.95 to 1.03.



722 MAUSANS4, 3 (July 2003)

ET/Rs ratio increases gradually as the vegetation References
cover develops. The maximum ET{ Rtio is reached at
flowering stage and decreases almost linearly laterChaudhury, M. S., 1966, “Irrigation requirement rigk crop in Central
because of crop senescence. The maximum ETatRs Rice Research Institute International and Natiotraining
were generally observed at the time when the ij course for rice breeders and technicians”, Cuttizka.
reached m§X|mum helght. Increased leaf area anglas, H. P., Chowdhury, A. and Gaonkar, S. B., 1984study on the
concurrent increase in the percentage _Of the groun consumptive use of water by kharif rice at Cann{idest
shaded by the plant canopy probably explains méitheo Bengal)”, Mausam, 46, 2, 181-186.
increase of the ratio during that time. Subsequyentl
though the plant height remains unaltered, rapid Dastane, N. G., Vamadevan, V. K. and Saraf, C1966, “Review of

senescence leads to reduced plant evaporation ek h techniques employed in determination of water negment of
rice in India”, Proc. International Rice Comm@simeeting,

reduced ET/R ratio. ET/R values for rice were Lake-Chartes.
consistently above 0.5 during rabi season and abBdve
during summer season. Ganesan, H. R., 1970, “Estimates of solar radiatiegr India”, Indian

J. Met. Geophys., 21, 4, 629-636.

4. Conclusions
Ghildayel, B. P. and Tomar, V. S., 1976, “Soil-glatmosphere-water

The foIIowing conclusions could be drawn : relations in rice culture”, PantnagdrRes., 1, 16-20.

Hargreaves, G. H., Prasad, U. K., Samani, Z. Atw&ahan, M. M.,

(i) Mean cor)sumptive use _Of water is more during the Pawar, D. H. and Bhola, A. M., 1985, “A crop wagsluation
kharif and rabi seasons than in summer. manual for India”, International irrigation ceatDepartment

of Agricultural and Irrigation Engineering Utah &ta
(i) The mean ET/EP ratio is highest in kharif seatam University, Logan, Utah, 84322, U. S. A.

the other two seasons. Maske, S. J. and Rathore, L. S., 1988, “Evapotigatsgn of a plant

) ] ] paddy”, Mausam, 41, 3, 459-462.
(iii) ET/EP reaches its peak during flowering stagalin
the three seasons. Pande, H. K. and Mitra, B. N., 1971, “Effects optte of submergence,

fertilization and cultivation on water requiremeand yield of

(iv) The mean weekly evapotranspirative loss durirgy th rice”, Exp. Agric., 7, 241-248.

Fant, G. B., 197 7, All India Co-ordinated scheroe research in wate

seasons. L . management and soil salinity”, Annual report 19837,

(v) The ET/R ratio increases gradually as the vegetative University of Agric. and Tech., Pantnagar (India).

cover develops and reaches its maximum value at

flowering stage. Subbarao, K., Venkataraman, S. and Sarker, R. 76,1
“Evapotranspiration of paddy crop in relation to npa

Acknovvledgements evaporation at Nellore and Canning%ci., Rep. No. 76/12.

Tomar, V.S. and O'Toole, J. C., 1979, “Evaporatfoom rice fields”,
The authors are thankful to Mrs. M. V. Kamble for IRPS No.34. International Rice Research Institutanila,

her assistance in preparing this paper. Philippines.



