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ABSTRACT. The parameters controlling water requirement of rice crop and other crop related data were collected
and computed at eleven critical phenophases, from eight different ET — stations, for latest available five years and the
mean values were analyzed. The study revealed that the total water requirement — demand for rice crop in different rice
growing ET — stations varied from 411.3 to 688.7 mm of water. In most of the stations peak ET was recorded during
tillering to active tillering stages, which contributed 27 — 38 per cent of the total water need of the crop. The seasonal
rainfall in most of the stations was sufficient to meet the ET requirement at various growth stages. However, few stations
recorded high yield due to assured irrigation facility. The average Kc values (throughout the crop growth period) showed
variation from 0.77 to 1.13 among different stations studied. For most of the stations Kc values reached their peak
mostly at active tillering stage onward. At some stations six or more growth stages recorded Kc values even more than
one. Rice yield varied from 1839 kg/ha to 5892 kg/ha. Also, the crop productivity varied widely from 15.074 to 51.684
kg/ha/day. The WUE of the crop in different stations laid between 3.68 to 10.71 kg/ha/mm.

Key words — Water requirement, Critical growth stages, ET (Evapotranspiration), Kc (Crop coefficient),
Productivity, WUE (Water use efficiency), Transplanting, Lag phase, Panicle initiation.

1. Introduction (Robertson, 1976). The crop can be grown in pre-kharif,
kharif as well as in rabi seasons. During kharif season it is
Rice is the most important cereal crop in India. It is a the major crop grown under rainfed condition and the crop

heat loving but semi — aquatic plant and hence the crop is raised utilizing the monsoon rain mainly. In the country
water requirement is very high. Tiller formation is the crop is grown in most of the states; mainly in Andhra
stimulated when shallow flooding is allowed, which leads Pradesh, West Bengal, Bihar, Uttar Pradesh, Madhya
to large diurnal variations of soil and water temperatures Pradesh, Orissa, Tamil Nadu, Assam, Karnataka, Kerala,
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TABLE 1

Yield (kg/ha), productivity (kg/ha/day) and water use efficiency (WUE in kg/ha/mm) of rice indifferent agroclimatic zones

Parameters ET - stations

Canning Bikramganj Varanasi  Ludhiana Ranchi Shymakhunta Annamalai Nagar Pattambi
Yield (kg/ha) 1839 5166 4407 5892 1896 4350 3790 3425
Productivity 15.074 34.440 34.701 51.684 17.236 27.358 24.140 28.306
(kg/ha/day)
Total Actual ET 499.1 540.3 411.3 688.7 423.3 506.8 671.1 492.7
WUE (kg/ha/mm) 3.68 9.56 10.71 8.56 4.48 8.58 5.65 6.95
Data studied 1999 to 2000 to 1998 to 2000 to 1995, 1996, 1997102001 1997 to 1999, 1999, 2000,
(5 years) 2003 2004 2000, 2004 1999 to 2001 2002 2002 to 2004

2002, 2003

Maharashtra and Punjab. As per estimate of Directorate of
Rice Development, Patna, rice crop (during both kharif
and rabi seasons) is grown in 449.72 lac hectares area and
its production is 894.76 lac tonnes.

The crop duration varies from 110 to around 155
days. The critical growth stages for the crop are identified
as germination, nursery seedling, transplanting, tillering,
active tillering, lag phase, panicle initiation, flowering,
grain formation, grain maturity and harvesting. These
eleven growth stages are found critical in their specific
demand for water. The duration of each of the growth
stages varies according to the variety, soil type and
weather parameters prevalent in that locality. However,
the crop is very much sensitive to water deficiency at
flowering and grain formation stages. During kharif
season also, standing water from end of tillering to grain
maturity is ideal for obtaining higher yield.

In India, the rainfall amount and its distribution in
most parts excluding north-west India, is favourable for
raising kharif rice. The optimum well distributed rainfall
during almost 4 months span of the crop is around 100 to
120 cm. Profile stored moisture also plays crucial role
towards fulfillment of crop water requirement. The
important parameters controlling the water requirement
of rice are actual evapotranspiration (ET), potential
evapotranspiration (PET), soil moisture, crop coefficient
(Kc) and water use efficiency (WUE) as reported earlier
for wheat crop (Kashyapi and Dubey 1996). The present
work is undertaken to study the parameters controlling
water requirement of rice crop at different critical growth
stages in different rice growing ET - stations in different
agroclimatic zones. 8 ET - stations were selected where

rice was grown in recent years from 6 different
agroclimatic zones, for this study.

2. Methodology
2.1. Selection of rice growing zones

ET - stations where rice grows in recent years from
different agroclimatic zones, viz., lower Gangetic plains,
middle Gangetic plains, trans Gangetic plains, eastern
plateau and hill region, east coast plains and hill region
and western plains and ghat region (Planning
Commission, Govt. of India, 1989 ) were selected for the
study. The selected ET - stations were: Canning (22°
15" N, 88° 40" E), Bikramganj (25° 10" N, 84° 15" E),
Varanasi (25° 18" N, 83° 01" E), Ludhiana (30° 56" N,
75° 52" E), Ranchi (23°17°'N, 85°19°E) , Shymakhunta
(21° 56" N, 86°46" E), Annamalai Nagar (11° 24" N, 79°
41" E) and Pattambi (10° 48" N, 76° 12°E). The study
period (years) for different stations is presented in
Table 1. Soil types varied from heavy clay, clay, clay
loam, sandy loam, red loam to reddish brown laterite.

2.2. Data collection
2.2.1. Crop data

The crop data were collected for latest five years
from the ET - stations where rice grows. The mean for the
five years were computed. The rice varieties mostly grown
are presented in Fig. 1. The mean date of sowing, mean
date of harvesting and mean span of the crop (in days),
respectively, in each of the station studied are provided
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Fig. 1. Duration-wise growth stages of rice crop (varieties within parenthesis) at different ET - stations

within parenthesis: Canning (12 Jul, 10 Nov and 122
days), Bikramganj (21 Jun, 17 Nov and 150 days),
Varanasi (19 Jul, 22 Nov and 127 days), Ludhiana (20
Jun, 11 Oct and 114 days), Ranchi (1 Jul, 18 Oct and 110
days), Shyamkhunta (20 Jun, 25 Nov and 159 days),
Annamalai Nagar (16 Aug, 19 Jan and 157 days) and
Pattambi (13 May, 10 Sep and 121 days). The mean crop
yield (in kg/ha) and mean crop productivity (in kg/ha/day)
for five years are presented in Table 1.

2.2.2. Data on parameters
requirement of rice crop

controlling water

The parameters studied were rainfall, actual
evapotranspiration, potential evapotranspiration and water
use efficiency. Eleven critical growth stages were
identified covering full span of the crop, which were:
germination (G), nursery seedling (NS), transplanting
(T1), tillering (T2), active tillering (AT), lag phase (L),
panicle initiation (PI), flowering (F), grain formation
(G1), grain maturity (G2) and harvesting (H). Different
growth stages of rice crop at different ET - stations are
presented in Fig. 1, along with predominant variety within
parenthesis.

Rainfall data were collected from all the stations
studied for the five years and the mean values are
presented, growth stage-wise in Table 2 for each of the
stations.

For computation of weekly PET, modified Penman
method was used. Mean daily PET values for 52 weeks
using weekly meteorological normal were obtained
(Khambete and Biswas 1992) and growth stage-wise PET
were derived and are presented in Table 2.

Actual evapotranspiration (ET) is directly measured
with use of lysimeter (both volumetric and gravimetric).
For rice crop available soil moisture is limited by depth
and density of root system. At the same time in lysimeter,
both the factors are limited alongwith advection (due to
limitation of lysimeter depth). Considering these inherent
constraints the lysimeter data from each of the stations
were collected for five years. For each year growth stage-
wise cumulation was made to obtain ET at different
phenophases and the mean ET values were obtained and
are presented in Table 2.
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TABLE 2

Mean rainfall - P, potential evapotranspiration-PET and actual evapotranspiration — ET (all in mm of water)
at various growth stages in different agroclimatic zones during rice growing season

ET - stations ET - stations

Crop growth Canning Bikramganj Crop growth Varanasi Ludhiana
stages stages

P PET ET P PET ET P PET ET P PET ET
Germination 84.5 323 276 445 394 243 Germination 72.1 37.7 229 209 400 299
Nursery seedling 187.8  63.0 509 1160 921 58.8 Nursery seedling  89.5 725 413 1019 882 818
Transplanting 64.5 34.6 283 420 512 292 Transplanting 1150 305 184 498 416 406
Tillering 1547 83.2 79.1 1158 1099 834 Tillering 1649 80.6 62.6 42.8 88.9 102.3
Active tillering 2034 90.0 95.7 153.1 99.6 91.7 Active tillering 2115 914 95.0 1144 1079 1470
Lag phase 889 323 347 736 618 570 Lag phase 451 286 351 290 494 510
Panicle initiation  55.9 323 36.7 300 414 367 Panicle initiation ~ 15.0 29.8 258 468 46.0 514
Flowering 32.2 36.0 366 142 447 393 Flowering 125 34.1 230 238 463 546
Grain formation  151.1  70.7 53.1 8.4 51.7 505 Grain formation ~ 19.6 58.6 350 405 564 570
Grain maturity 51.0 627 36.0 7.6 433 463 Grain maturity 1.8 45.8 33.8 6.7 478 488
Harvesting 0.8 28.1 20.4 0.0 288 231 Harvesting 7.6 26.5 18.4 21 279 243
Total 10748 565.2 499.1 6052 663.9 5403 Total 754.6 536.1 4113 4787 6104 688.7

ET - stations ET - stations

Crop growth Ranchi Shymakhunta Crop growth Annamalai Nagar Pattambi
stages stages

P PET ET P PET ET P PET ET P PET ET
Germination 21.4 26.8 12.0 41.8 30.7 20.7 Germination 49.2 40.3 33.7 62.3 46.7 315
Nursery seedling 218.2  65.3 604 1685 811 525 Nursery seedling 237 1043 826 1118 63.4 403
Transplanting 1180 314 19.7 1665 422 311 Transplanting 10.2 64.7 499 1356 305 254
Tillering 200.0 58.7 52.4 2757 965 584 Tillering 151.7 1095 96.7 393.0 65.2 59.7
Active tillering 2394 845 97.9 2265 106.6 77.3 Active tillering 263.6 1053 110.7 237.0 81.0 85.7
Lag phase 93.2 28.7 315 1495 557 53.3 Lag phase 1469 54.6 54.9 91.7 27.5 33.1
Panicle initiation  93.3  32.0 33.8 1005 433 415 Panicle initiation 186.6 36.8 39.3  93.9 284 359
Flowering 75.0 29.7 28.0 244  46.7 46.0 Flowering 2224 406 520 1121 276 300
Grain formation ~ 52.1 41.9 39.6 919 636 628 Grain formation ~ 95.0 61.1 648 1945 575 592
Grain maturity 29.0 415 31.4 193 451 351 Grain maturity 1.6 54.8 58.6 107.3 66.7 69.4
Harvesting 6.8 25.9 16.6 155 365 281 Harvesting 1.9 375 279 312 316 225
Total 1146.4 461.4 423.3 1280.1 648.0 506.8 Total 1152.8 7095 671.1 15704 526.1 492.7
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Fig. 2. Soil moisture at various growth stages of rice crop at different ET - stations

In absence of actual soil moisture data at various
crop growth stages in different ET stations, field capacity
(FC) of the available soil and ET, PET values at various
crop growth stages were used to compute soil moisture
(SM) at various growth stages of rice crop as given below
(Mavi 1994):

SM = ET x FC /PET 1)

The assumptions for equation 1 as suggested by
Thornthwaite are that the equation functions between two
points: (i) SM = 0, when ET = 0 and (ii) SM = FC, when
ET = PET,; in between the equation performs linearly.

The Computed soil moisture (mm) at various growth
stages of the crop for different stations is presented in
Fig. 2.

The crop coefficient (Kc) for all the five years was
obtained by the formula:

Kc=ET/PET )

The mean Kc values growth stage-wise for each of
the stations are presented in Fig.3.

The water use efficiency (WUE) was computed by
the formula :

WUE = Yield/ Total ET 3)

For each station, WUE for the five years were
obtained and the mean values are presented in Table 1.

3. Results and discussion
3.1. Rainfall

The mean rainfall as presented in Table 2 showed
that Pattambi received the highest rainfall (1570.4 mm)
and Canning, Ranchi, Shymakhunta, Annamalai Nagar
received rainfall of around 1075 mm or more, where the
crop was raised as rainfed one. While mainly Ludhiana
(where rainfall was less than crop water need of
that station) and partially Bikramganj, Varanasi received
less rainfall, but crop production was high enough due to
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Fig. 3. Crop coefficient (Kc) at various growth stages of rice crop at different ET - stations

assured irrigation facilities at various critical growth
stages of the crop in those areas. Among all the stations
studied amount of rainfall received was high mainly
during active tillering, tillering stages of crop growth.

3.2. Potential evapotranspiration (PET)

The PET values of all the stations (Table 2) showed
that it varied from 461.4 mm at Ranchi to 709.5 mm at
Annamalai Nagar. Among the growth stages of the crop
the PET demand was at the peak at tillering to active
tillering stages, while secondary peaks were observed at
nursery seedling and grain formation stages. The rate of
PET was governed by evaporative power of air as
determined by radiation, humidity, wind (Mukammal and
Bruce 1960) and also by state of soil, its structure,
moisture content and colour as varied in different
agroclimatic zones (Vitkevich 1968).

3.3. Actual evapotranspiration (ET)

The ET of rice crop during various growth stages at
different ET — stations are presented in Table 2. The ET -
demand was the highest at Ludhiana and Annamalai
Nagar, while the demand was the lowest at Varanasi and
Ranchi. Initially the ET-demand was low at germination
and transplanting stages. The demand was high at tillering
to active tillering stages followed by nursery seedling and
grain formation stages. While low demand was recorded
during early growth stage as well as after grain maturity. It
is observed that when the ET falls short of PET, the actual
yield will also be less than the maximum, though the
relationship between ET and yield may not be linear
(Chang 1968). In the present study, except Ludhiana, for
all the stations rainfall was more than ET. The profile
stored moisture along with rainfall was enough to meet
ET- demand of the crop at any point of the crop life span
(Fig.2). However, if the rainfall and profile stored soil
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moisture together was insufficient to meet the crop ET —
demand, the only alternative remains was to apply
irrigation water.

3.4. Soil moisture

The general pattern of variation in soil moisture as
computed at different growth stages are depicted in
Fig. 2.Their wvalues increased upto around panicle
initiation stage and then decreased gradually upto harvest.
The mean soil moisture varied from 81 mm (at Ranchi) to
210 mm (at Canning). Sufficient soil moisture level was
maintained during active crop growth stages to support
crop growth properly.

3.5. Crop coefficient (Kc)

Computed Kc values as presented in Fig. 3 showed
wide fluctuations among various growth stages as well as
among various stations studied. On an average Kc values
were the highest at Ludhiana followed by Annamalai
Nagar, Pattambi and Ranchi. For all the stations, Kc
values were initially low, which reached their peak mostly
at active tillering stage onward. For Ludhiana, Annamalai
Nagar and Pattambi, 6 or more growth stages showed Kc
values more than one, which indicated that ET was more
than PET during those growth stages. These Kc values act
as a tool for comparing relationship between water and
crop yield obtained in different areas (Chang et al., 1963).
Kakde (1985) and Kashyapi and Dubey (1996) reported
that at some advanced plant growth stages under
favourable moisture conditions ET rate was even greater
than PET. In rice, leaf area index reached its peak mostly
at around active tillering stage, which resulted in higher
ET rate and as a result Kc values increased at active
tillering stage onward.

3.6. Spatial variation in yield, productivity and
WUE of rice crop

The yield, productivity and water use efficiency
values for all the stations studied are summarized in
Table 1. The yield data varied widely from 1839 kg/ha at
Canning to 5892 kg/ha at Ludhiana. In most of the
stations, viz.,, Ludhiana, Bikramganj, Varanasi,
Shyamakhunta, Annamalai Nagar and Pattambi rice yield
was high enough, while at Canning and Ranchi, rice yield
was very low. Productivity of the crop in different ET —
stations showed almost same pattern as that of yield
(showed wide variation from 15.074 to 51.684 kg/ha/day).
Productivity at Ludhiana was very high, while it was the
lowest at Canning, closely followed by Ranchi. However,
WUE was the highest at Varanasi (10.71 kg/ha/mm)
followed by that observed at Bikramganj, Shyamakhunta
and Ludhiana. WUE was the lowest at Canning (3.68

kg/ha/mm) followed by Ranchi and Annamalai Nagar. It
has been noticed that WUE increased with the increase in
crop yield (Michael 1990) or decrease in consumptive use
of water demand in that station (Kashyapi and Dubey
1996).

4, Conclusions

The present study on parameters controlling water
requirement of rice crop revealed the following
conclusions:

(i) The total ET — demand of rice crop for the stations
studied, varied from 411.3 to 688.7 mm with peak ET —
demand mostly at tillering to active tillering stages (two
stages combined to 27-38 percent of the total ET —
demand).

(if) The seasonal rainfall was mostly sufficient to meet
the crop specific ET- demand at various growth stages of
rice. Mainly in Ludhiana (where rainfall was less than
total ET- demand) and partially in Bikramganj, Varanasi,
crop production was high due to assured irrigation facility.

(iii) Soil moisture increased upto panicle initiation stage
and then decreased gradually upto harvest.

(iv) The average Kc values varied from 0.77 (at
Varanasi) to 1.13 (at Ludhiana). Kc values reached their
peak mostly at active tillering stage onward. At Ludhiana,
Annamalai Nagar and Pattambi, six or more growth stages
recorded Kc values more than one.

(v) Rice yield varied from 1839 kg/ha at Canning to
5892 kg/ha at Ludhiana and its productivity varied widely
from 15.074 to 51.684 kg/ha/day, while WUE varied
from 3.68 kg/ha/mm at Canning to 10.71 kg/ha/mm at
Varanasi.
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