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ABSTRACT

STUDIES on evapotranspiration (ET) for rice were 
conducted in lysimeters and in the field. The daily ET 

varied from 3.6 to  10.9 m m /day  for a spring crop, from
3.3 to 11.7 m m /day  for a sum m er crop, and  from 1.8 to
7,6 m m /day  for a fall crop. The mean daily ET values 
were 6.5, 6.8 and 4.5 m m /day  for spring, sum m er, and 
fall crops, respectively. Total ET varied from 740 to 880 
mm, 610 to 840 mm, and 400 to 500 mm for spring, sum 
mer, and fall crops, respectively. The m ean total ET 
values were 800, 740 and 450 mm for spring, summer, 
and fall crops, respectively. From  759 to 1150 kg with a 
mean of 875 kg of water was required to produce 1 kg of 
rough rice grain.

INTRODUCTION

O rganic soils in the Everglades A gricultural Area 
(EAA) are subsiding at an  average rate of 2.5 cm /yr. 
Microbial oxidation is the principle cause of subsidence. 
The oxidation rate can be reduced if water tables are 
m aintained at a high level or if flooding is practiced. Pre
vious investigations have indicated tha t there is a linear 
relation between subsidence rate and water table depth 
(Stephens, 1969). However, high water tables may not be 
com patible with efficient production of most cultivated 
crops tha t are presently grown. Previous studies have 
shown th a t rice can be grown on flooded organic soils in 
the Everglades (Green, 1953; Alvarez et al, 1978). O ther 
investigations established that rice can be grown 
throughout the season in a flood state (A dair and Engler, 
1955; Bhuiyan and Sumayao, 1978).

Production of rice in the EAA will help in reducing 
subsidence because this crop can be kept flooded from 
just after emergence until harvest. It fits well as a sum 
m er crop in the existing sugarcane-vegetable production 
system. However, rice also can be grown in the spring 
and fall seasons. In 1977, about 100 ha of rice were 
seeded in the EAA by one grower and 3000 ha were 
seeded by eight growers in 1980. Despite the increase in 
rice production, the inform ation on water needs for rice 
crop is very scanty. Consequently, the South Florida
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W ater M anagem ent D istrict (SFW M D) and Institute of 
Food and Agricultural Sciences (IFAS), University of 
F lorida, in itiated a jo in t project in 1979 to  study the 
water requirem ent and water use efficiency for rice pro
duction in EAA. The specific objectives of this study 
were:

1 to m easure evapotranspiration (ET) of rice in both 
lysimeter and field studies;

2 to com pare weekly and total ET  requirem ents for 
rice production in spring, sum m er, and fall seasons; and

3 to com pute the water use efficiency for rice produc
tion in the EAA, i.e., the am ount of water required to 
produce 1 kg of grain.

M ATERIALS AND M ETHODS 

Experimental Site Description
A. Lysimeter Site

The system at this site consisted of two types of lysim
eters, i.e. concrete lysimeters and metal drum  lysimeters. 
The lysimeters were surrounded by St. A ugustine grass 
IStenotaphrum  secundatum ) in 1979. In 1980, three 
rows of sugarcane (Saccharum  spp.), about 4.5 m wide, 
were grown around the lysimeter site to minimize the 
oasis effect. A tipping bucket type of rain gauge was in
stalled at the site.

Concrete Lysimeters: Nine reinforced concrete tanks 
183 cm by 122 cm in area and  122 cm in depth were in
stalled at the  University of Florida, A gricultural Re
search and Education Center (AREC) located at Belle 
Glade, To facilitate drainage, the tanks were installed 
67 cm into the ground with about 55 cm protruding 
above the ground surface. The lysimeters were placed 
with Pahokee muck (Lithic M edisaprist) in layers. The 
soil was subjected to three wetting-drying cycles to per
mit any settling of the m aterial. The bulk density of the 
top layer (30 cm), which was determ ined from four core 
samples in each lysimeter, was about 0.3 g /cm 3. Six 
lysimeters were used to grow rice and the rem aining three 
were flooded with no rice.

Lysimeter Drums: Six m etal drum s were used. These 
drum  halves were 46 cm deep and 57 cm in diam eter. 
Four drum s called as lysimeter drum s at ground level 
which were installed adjacent to the concrete lysimeters 
about 25 cm deep and 21 cm above ground. The other 
two drum s called as lysimeter drum s at raised level which 
were set on a raised platform  so their top surface was at 
the same height as those of the concrete lysimeters. The 
drum s were filled with Pahokee muck to approximately 
18 cm below the rim, The soil was subjected to three 
wetting-drying cycles and the bulk density of the soil 
which was determ ined from two core samples in each 
drum  was about 0.25 to 0.3 g /c m 3. Two lysimeter drum s 
at ground level were flooded with no rice and the rem ain
ing four were used to grow rice.
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B. Field Site
Evapotranspiration studies for rice under field condi

tions were also conducted in a field of Pahokee muck at 
the AREC, at a location about 1,200 m away from the 
lysimeter site. The metal drum s system was used to 
m onitor the ET and grain  yield in the field site. The 
metal drum s were surrounded by about 1 ha of rice field 
to minimize the oasis effect. Nine metal drum s (46 cm 
deep and 57 cm diam eter) were installed in the rice 
fields, They were buried about 25 cm into the ground 
with 21 cm left above the ground surface. Surface or
ganic soil excavated from the site was filled back into the 
drum . The packed soil was subjected to three wetting- 
drying cycles. Bulk density of the packed soil which was 
determ ined from two core samples in each drum  was 
0.25 to 0.3 g /cm 1. A tipping bucket type of rain gauge 
was installed at the field site also. Seven drum s were used 
to grow rice and the rem aining two were flooded with no 
rice.

Cropping System
Rice ET and  grain yield studies were conducted in the 

concrete lysimeter and m etal drum s in 1979 and 1980 
using the cultivar ‘L ebonnet.’ Two im portant aspects in
volved in the cropping system were planting m ethods and 
growth seasons.

A, Planting Methods
Two general methods of seeding and irrigating rice are 

practiced in the United States. O ne is to drill the seed in 
the soil; subm ergence follows. The other is to broadcast 
the seed in the water (A dair and  Engler, 1955). In this 
study, the planting  m ethod used in the field surrounding 
the field drum s consisted of seeding by a drill seeder at 
the rate of 100 k g /h a . The water table was m aintained 
about 45 cm below the ground surface to induce germ i
nation. The field was flooded when plants had  grown 
about 5 cm tall. W ater level in the field was m aintained 5

to 8 cm above the soil surface.
The planting method used in concrete lysimeters and 

metal drum s was either transplanting or direct seeding 
by hand. The transplanting m ethod is not a common 
practice in the United States. The reason for using the 
transplanting m ethod was to study the effect of rice age 
on evapotranspiration during sum m er season. As m en
tioned earlier, the rice fits well in the EAA as a summer 
crop in the existing sugarcane-vegetable production 
system. However, the concrete lysimeter set up was used 
not only for growing rice in the sum m er bu t also used for 
raising w inter vegetables in other seasons. T ransplanting 
of rice was done a t different dates during the sum m er 
season. One m onth old seedlings were transp lan ted  at in 
tervals of 2.5 cm within the row and 25.4 cm between the 
rows, and about 2.5 cm deep. The transplanting method 
was not used in other seasons (spring and fall). In the 
case of direct seeding, a spacing of 1.3 cm within the row 
and the sam e 25.4 cm between the rows was used. The 
seed was drilled about 2.5 cm deep and water was sprin
kled to  induce germ ination. The am ount of water added 
was recorded. The direct seeded plots were flooded when 
plants had grown about 5 cm tall. The transplanted ones 
were flooded right after the transplanting because these 
plants were taken  from the seeded field th a t was already 
flooded. W ater level was m aintained 5 to 8 cm above the 
soil surface.

B. Growth Seasons
As m entioned above, the main growth season for rice 

in the EAA is the summer, However, the rice can also be 
grown in spring and fall seasons if the field and water are 
available. Therefore, three seasons of spring, summer, 
and fall crops as shown in Table 1 were included in this 
study, A total of 12 planting com binations was under
taken during 1979 and  1980, i.e. three in spring, six in 
sum m er and  three in fall. D etails on num ber of replica
tions and flooding periods are also listed in Table 1. The

TA B LE 1 . FLO O D IN G  PER IO D S A ND R A N G E, M EAN AND STA N D A R D  D EV IA TIO N  O F  T H E  A V ER A G E 
D A ILY  EV A PO TR A N SPIR A TIO N  (ET ) F O R  EACH WEEK.

Season
crop Site Y e n

T yp e  of 
p lanting

Flooding  period  

date period
N o. of 

R ep lica tions

Daily ET

Range Mean
S td .
dev.

- - - - day- - - ■

L .D . 1980 D.S.-G 3/2 8 -7 /7 101 2 3.6-10 .9 7 .2 2 .4
Spring D.S.-R 3 /2 8 -7 /7 101 2 3 .8-10 .9 8.3 2.4

F.D . 1980 D .S. 3 /2 8 -7 /7 101 2 4.8-8 .6 6.8 1.1

C.L. 1979 T.P. 5 /2 2 -8 /9 79 3 3 .3-11.7 8.4 2.7
D.S. 6/4-9/e 96 3 4.8-11.7 3.5 2.2

S um m er C.L. 1980 T .P . 7 /7 -9 /16 71 3 4 ,1-10.7 7.3 2.3

L.D . 1979 T.P.-G 7 /2 0 -1 0 /1 1 83 2 4.8-10 .2 8.3 1.5
T .P.-R 7 /2 0 -1 0 /1 1 83 2 4 .8 -11 .2 8.2 1.8

F .D . 1979 T.P. 7 /20 -1 0 /1 1 83 2 3.3-7 .9 5.8 1.3

L.D. 1980 D.S.-G 9 /2 -1 1 /1 7 76 2 1.8-5 .3 4 .3 1.2
Fall D.S.-R 9 /2 -1 1 /1 7 76 2 1.8-7 .6 5.6 1.9

F.D . 1980 D.S. 9 /2 -1 1 /1 7 76 3 1.8-6 .4 4 .9 1.7

L.D . = L y sim eter d rum
F.D . = Field drum
C.L. = C oncre te  lysim eter
D,S- = D irec t seeded  p lo t
T .P . * T ransp lan ted  p lo t

D .S.-G  -  D irec t seeded p lo t w ith L .D . a t g round  level
D .S.-R = D irect seeded p lo t w ith L.D. a t raised level
T.P.-G ■ T ran sp lan ted  p lo t w ith L.D. a t  g round  level
T,P,-R  = T ran sp lan ted  p lo t w ith L .D . a t  raised  level
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T A B LE 2. TO TA L W A TER R E Q U IR E M E N T, TH E A V E R A G E  D AILY EV A PO TR A N SPIR A TIO N  (ET ) IN 
E N T IR E  GROW TH PER IO D , A N D  W A TER -TO -G RA IN  Y IEL D  R A T IO S.

Season
cro p S ite Y ear

T ype of 
p lan ting

G row th  period
No. o f 

R ep lica tions

ET

Flooding

G row th  p eriod  

T o ta l Ave
W ater-to-grain 

y ields ra tiosd a te period

- - day  - - ---- m m /day  - - ------  kg/kg —

L.D . I9 6 0 D.S.-G 3Z6-7/7 123 2 740 776 6.3 828
Spring D .S.-R 3 /6 -7 /7 123 2 843 8 6 0  7.2 889

F.D . 1980 D.S. 3 /6 -7 /7 123 2 699 73« fl,0 784

C.L. 1979 T .P. 4 /2 2 -8 /9 109 3 697 796 7.3 746
D .S. 5 /2 0 -9 /6 109 3 809 83 8  7.7 744

S um m er 1980 T .P. 6 /7 -9 /1 6 101 3 S38 61 6  6.1 993
L.D . 1979 T.P.-G 6 /2 0 -1 0 /1 1 113 2 695 813 7 .2 N.D.

T.P.-R 6 /2 0 -1 0 /1 1 113 2 657 774 6 .8 N.D.
F.D . 1979 T.P. 6 /2 0 -1 0 /1 1 113 2 493 61 0  5.4 N.D.

L.D. 1980 D.S.-G 6 /1 0 -1 1 /1 7 99 2 344 39 6  4 .0 N.D.
Fall D.S.-R 8 /1 0 -1 1 /1 7 99 2 451 5 0 2  5.1 N.D.

F.D. 1680 D.S, 8 /1 0 -1 1 /1 7 99 3 398 4 4 9  4 .5 1147

T he variables o f L .D ,, F .D ,, C.L,, D .S ,, T .P ., D .S.-G , D .S .-R , T .P.-G , and  T .P.-R  are as defined  in Table 1. 
N.D . = N o data.

growth periods are listed in Table 2. As Table 2 shows, 
the spring crop was p lanted on M arch 6, 1980 and h a r
vested on July 7, whereas fall crop was planted on August 
10, 1980 and harvested on November 17. However, the 
planting dates for sum m er crop varied from  the end of 
April to  the m iddle of June in accordance with the end of 
winter crop season and the availability of fallow sugar
cane field. The details of the growth season are listed in 
Table 2.

Sampling Programs
W ater loss in each concrete lysimeter and metal 

drum s, and rainfall da ta  were m onitored at 8:00 a.m . 
daily except on weekends and holidays. W hen heavy 
rainfall occurred, m easurem ents were also m ade over the 
weekend.

G rain in each concrete lysimeter and m etal drum  was 
hand harvested, and was air-dried for several days.

Oasis Effect Consideration
The lysimeters were located at a site with environ

m ental conditions different from those of the field, and 
experim ents a t the lysimeter and field sites were not con
ducted simultaneously. To adjust for these differences, 
an interm ediate param eter such as standard  pan evap
oration (i.e ., S tandard  Class A National W eather Bureau 
Evaporation Pan) was used to establish a conversion fac
tor, It needs to be noted tha t there could be a poor cor
relation between the calculated ET and  the m easured 
pan evaporation in some areas as indicated by Brown et 
at. (1978). However, Shih et al (1981) found th a t the 
m easured pan evaporation is a quite applicable method 
for estim ating the basinwide ET in south Florida, 
Therefore, the standard  pan evaporation data taken at 
AREC was used in this study. The relationships used 
were:

a = S P E /P E L ............................................................................................. [11

b  -  S P E /P E F ............................................................................................. [21

where
SPE = standard  pan evaporation

PEL = evaporation from uncropped drum s in the 
lysimeter site 

PEF =  evaporation from uncropped drum s in the 
field site 

a ,b  = coefficients 
The values of a and b were estim ated from the experi
m ental data gathered from both lysimeter and field sites 
and the weather station. The conversion factor (A) is:

A = a/b ..................................................................................... [3 ]

If the A value equals 1, there is no location effect. This A 
value was used to normalize the ET data collected at the 
lysimeter site in relation to the ET observed in the field.

Evapotranspiration for Different Periods
Evapotranspiration estimates for rice production were 

based on two time intervals: (a) weekly and (b) the entire 
growth period. The weekly periods extended from Fri
days through Thursdays.

The total ET for the entire growing season was esti
m ated by two methods. For the direct seeded crops, the 
ET includes the irrigation water before flooding (ETDS1) 
and the water used after flooding (ETDSF). Therefore, 
the total ET for a direct seeded crop (ETDS) can be ex
pressed as:

ET D S = ET D S I + F .T D S F ........................................................................[41

For the transplanted crop, the ET before transp lan t
ing was estim ated for a period of one m onth using a ratio 
(R) between ET obtained from the first m onth of the 
direct seeded crop (ETDST) and the same period of stan 
dard pan evaporation data (SPET), i.e.

R = E TD ST/SPET...................................................................................[51

The ET before transplanting (ETTPB) was estim ated by 
a relationship:

ETTPB = R ■ (S P E B T ) .........................................................................[6]

where SPEBT is the standard pan evaporation during the 
m onth preceding the transplanting date. In this study,
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both transplanting and direct seeding were done on the 
same day. Thus, the SPEBT is for one m onth preceding 
the SFET.

The ET after transplanting (ETTPA) was recorded 
from the day the plant was transplanted. The total ET 
for transplanted crop (ETTP) was obtained as:

E T T P  = E T T P B  + E T T P A ........................................................................[7 ]

Water and Yield Relations
The w ater-to-grain yield ratio  is defined as the am ount 

of water required to produce 1 kg of grain. The value was 
com puted using the E T  and grain yield data.

RESULTS AND DISCUSSION

Oasis Effect Estimation
Weekly free water surface evaporation and  rainfall 

da ta  for both sites and different growing periods were 
analyzed, Application of the evaporation da ta  to the 
m ethods defined in equations [1] and [2] gave values of 
factor A as defined in equation [3], The A values for the 
sum m er crop were 0.68 in 1979 and 0.78 in 1980. The 
higher ratio for A in 1980 implied tha t the location effect 
in 1980 was sm aller than tha t in 1979. This was probably 
due to reduction of the location effect by growing sugar
cane around the lysimeter site in 1980. This improve
m ent could account for about 10 percent of oasis effect as 
com pared with the natural field condition.

The A values for spring and fall crops in 1980 were cal
culated as 0.81 and  0.82, respectively. The values were 
slightly higher than tha t in sum m er crop.

Those com puted A values were used to normalize the 
ET data gathered at the lysimeter site in relation to the 
ET observed in the field. The ET data  of lysimeter site 
represent the normalized result hereafter. In other 
words, the ET data  in both lysimeter and field site is 
referenced to a sim ilar basis of environm ental condition.

Weekly Evapotranspiration
The weekly ET data  of the lysimeter site, and the field 

site da ta  for different growing seasons were calculated as 
an average of daily ET in each week (ADW ). The weekly 
ET was limited to the flooded period. D ata before flood
ing will be discussed later. The standard  pan evaporation 
data for the sam e period was also calculated as an aver
age of daily evaporation in each week and the results are 
shown in Fig. 1 for the years 1979 and 1980.

The ADW values for spring crop, sum m er crop in con
crete lysimeters, for sum m er crops in lysimeter and field 
drum s, and fall crops are plotted in Figs. 2, 3, 4 and 5, 
respectively. Some observations can be made from those 
figures.

The ADW values in the spring crop increased steadily 
up to  10 weeks after flooding, and then leveled off for 
three to four weeks. The ET declined in the last two 
weeks before harvest (Fig. 2). The data shown in lysim
eter drum s and field drum s have a similar pattern  of ET. 
In this study, the direct seeded crops stayed in vegetative 
stage about 65-70, 55-60, and 45-50 days after planting 
in spring, sum m er, and fall seasons, respectively, and 
then entered the reproductive state (panicle differentia
tion stage). The crops were ready to be harvested about 
55-60 days after panicle differentiation had occurred. 
Weekly ET for the spring crop generally increased with 
time until it reached a m axim um  and then declined. This

WEEKLY

k APR*** MAY -+-JUN -+-JUL AU G ^SEP^-O C T^NO V

GROWTH PERIOD

FIG. 1 The average dally standard pan evaporation for each week in 
relation to time.
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FIG. 2 The average dally evapotranspiration each week for spring 
direct seeding crop in both lysimeter and field drums in I960.
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— MAY—** - J U N - -JUL- -AUG-----SEP- -

GROWTH PERIOD-"SUMMER"

—  JUL — K -AUG -SEP -OCT—

GROWTH PERIOD - “SUMMER"

FIG. 4 The average dally evapo transpiration each week for summer 
transplanting crop In both lysimeter and field drum) in 1979.

FIG. 3 The average dally evapotranspiration each week far summer 
crop in concrete lysimeter,

suggested th a t the ET was low during the vegetative 
stage, and then  increased as the reproductive stage ap 
proached and rem ained high during flowering and fru it
ing stages. Flowering and fruiting periods require more 
water as reported by Yoshida (1979). M atsushim a (1962) 
also observed tha t the rice crop is most sensitive to water 
stress from 20 days before heading to 10 days after head
ing. Hiler et al (1970) reported the susceptibility of a rice 
crop to water shortage during the reproductive and 
ripening phases period was about two times of that dur
ing the vegetative phase. The results of this study also 
showed tha t the ET during these critical stages was 
relatively larger than tha t in the vegetative stage.

The ADW values for the sum m er crop in concrete 
lysimeters as shown in Fig. 3, also followed a similar p a t
tern as shown in Fig. 2 for the spring crop. The ADW 
values for the sum m er crop in the drum  systems as shown 
in Fig. 4 were slightly different from others. This could 
be due to the climatic factors influencing the ET because 
the high ET period of the crop coincided with the low 
S P E  period us sh o w n  in  Fig. 1. T h u s ,  llic  iriuximum 
water requirem ent might have leveled off.

The range, m ean, and standard  deviation of the ADW 
for spring, sum m er, and fall crops are given in Table 1. 
The ranges of ADW values ranged from 3.6 to 10.9 
m m /day, 3.3 to 11.7 m m /day , and 1.8 to 7.6 m m /day 
for spring, sum m er, and fall crops, respectively, The 
mean values of ADW ranged from 6.8 to 8.3 m m /day, 
5.8 to 8.5 m m /day, and 4,3 to 5.6 m m /day  for the 
spring, sum m er, and fall crops, respectively. The devia-

OT3
\

e
e

< 
a  
in 
<  
or 
t— o  a  < >

SEP '

WEEKLY

OCT •NOV •

GROWTH PERtQD-^FALL"

FIG. 5 The average dally evapolransplratlon each week for fall direct 
seeding crop in both lysimeter and Reid drum* In 1980.
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tions of ranges and m eans for the sum m er crops are 
slightly larger than  those in the spring crops. But, the 
deviations in the fall crops are much sm aller than those 
in two other seasons. The standard  deviations for ADW 
varied from 1.1 to 2.7 m m /day  and  were not much dif
ferent am ong the three crop seasons.

Total Evapotranspiration
The total ET of the direct seeded crop (ETDS) was 

estim ated based on the method defined in equation [4J. 
The am ount of ETDS was obtained from the water used 
in irrigation before flooding. The value of ETDSF was 
obtained from the weekly ET data . The ETTPB was 
com puted based on the m ethod defined in equation [6], 
and the ETTPA was obtained from the weekly ET data. 
The ETTP was then com puted based on the method 
defined in equation [7j. The values of ETDSF, ETDS, 
ETTPB and ET T P are listed in Table 2 for the three 
seasons’ crop.

The average daily ET varied from 6.0 to 7.2 m m /day, 
5.4  to 7.7 m m /day , and 4.0 to 5.1 m m /day  for the 
spring, sum m er, and fall crops, respectively. The range 
o f average daily ET for the spring crop was slightly 
smaller than th a t in the sum m er. But, the value for the 
fall crop was sm aller than th a t from the other two 
seasons.

The total ET for three seasons varied from 400 mm for 
the fall crop to 880 mm for the spring crop. The total ET 
for different seasons varied from 740 to 880 m m , 610 to 
840 mm, and 400 to  500 mm for the spring, summer, 
and  fall crops, respectively. The average daily E T  values 
were 6.5, 6.8 and 4.5 m m /day  for spring, sum m er, and 
fall crops, respectively. The average total E T  values were 
800, 740, and 450 mm for spring, sum m er and fall crops, 
respectively. A lthough the average daily ET is slightly 
smaller in the spring crop than  th a t in sum m er crop, the 
average total ET in spring crop is greater than  tha t in 
sum m er crop. This could be because the spring crop had 
about 10 percent longer growth period than  the sum m er 
crop. The total ET  for the fall crop was reduced by about 
35 percent as com pared with the sum m er crop even 
though the two crops had a sim ilar length of growth 
period.

The total ET values for spring and  sum m er crops with 
4-m onth growth period obtained in these studies are very 
close to those reported by others for similar growth 
periods. For instance, Bagadion et al (1978) from  Philip
pines indicated th a t the to tal ET for rice crop with 
4-m onth growth period was 813 mm. However, the ET 
value for a 5-m onth rice crop should be higher than these 
values. For exam ple, Jones et al (1978) indicated tha t 
from 838 to 1143 mm of w ater was required to produce 
rice crop with 5-m onth growth period in southern states. 
Similarly, M iller et al (1980) reported tha t from 914 to 
1016 mm of water was required for a 5-m onth rice crop 
in Sacram ento Valley Area, CA with interspersed fields 
of fallow or stubble land. They also indicated th a t the ET 
would be 10 to 20 percent higher in areas of com parative
ly low hum idity with considerable fallow or stubble land. 
Besides the growth period difference, the hum idity in the 
Everglades is very high (the average relative hum idity is 
about 80 percent) during the sum m er and the days are 
shorter than in the Sacram ento Valley. Also during the 
wet sum m er season in the EAA, increased cloudiness 
would reduce the solar radiation. These factors would

also lead to somewhat lower total ET values in Florida, 
The total ET for rice production in other states is slightly 
higher than  tha t in this study. The average daily ET in 
Philippines was reported to  be about 7 to 8 m m /day 
(Reyes, 1973). Furtherm ore, W ickham  and  Sen (1978) 
also reported th a t the range of rice ET varied from 3 to
11 m m /day. Those results appear to be in good agree
ment with our data.

Water-to-Grain Yield Relation
After air drying the grain contained about 11 to 12 

percent o f w ater by weight, which is proper for milling 
operations (Snyder, 1980). The grain yield in this study is 
referred to the  rough rice grain with 12 percent of water 
by weight. The water-to-yield ratios are also listed in 
Table 2. The average water required to produce 1 kg of 
grain yield varied from 746 to 1143 kg. This value is very 
close to the w ater-to-sugar yield ratio for sugarcane in 
Florida (from 884 to 1115 kg) as reported Shih and 
Gascho (1980),

Appendix I. Natation
The following symbols are used in this paper:

a = a ratio between SPE and PEL
A = a conversion factor used to normalize the ET data

gathered at lysimeter site in relation to the ET data 
observed in field site 

ADW = an average of daily evapotranspiration in each week
b =  a ratio between SPE and PEF
C.L. =  concrete lysimeter
D.S. ~  direct seeded plot
D.S.-G =  D.S. with L.D. at ground level
D.S.-R = D.S. with L .D. at raised level
ET = evapotranspiration
ETDS = total ET for direct seeded crop
ETDSF = water used by direct seeded crop after flooding
ETDSI -  irrigation water for direct seeded crop before flooding
ETDST = ET for the first month of the direct seeded crop
ETTP =  total ET for transplanted crop
ETTPA = ET for transplanted crop after transplanting
ETTPB =  ET for transplanted crop before transplanting
F.D, *  field drum
L.D. =  lysimeter drum
PEF = evaporation from uncropped drums in the field site
PEL =  evaporation from uncropped drums in the lysimeter

site
R "  a ratio between ETDST and SPET
SPE = standard pan evaporation
SPEBT = SPE during the month preceding the transplanting 

date
SPET = SPE for the same period of first month of the direct

seeded crop 
T .P. =  transplanted plot
T.P.-G  = T .P . with L.D. at ground level
T.P .-R  =  T .P . with L.D. a t raised level
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Evapotranspiration Studies on Rice in Relation to 
Water Use Efficiency
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ABSTRACT

STU D IES on evapotranspiration (ET) tor rice were 
conducted in lysimeters and in the field. The daily ET 

varied from 3.6 to 10.9 m m /day  for a spring crop, from
3,3 to 11.7 m m /day  for a sum m er crop, and from 1.8 to
7.6 m m /day  for a fall crop. The mean daily ET values 
were 6.5, 6.8 and 4.5 m m /day  for spring, sum m er, and 
fall crops, respectively. Total ET varied from 740 to 880 
mm, 610 to 840 mm, and  400 to  500 mm for spring, sum 
mer, and  fall crops, respectively. The mean total ET 
values were 800, 740 and 450 mm for spring, summer, 
and fall crops, respectively. From  759 to 1150 kg with a 
mean of 875 kg of water was required to produce 1 kg of 
rough rice grain.

INTRODUCTION

O rganic soils in the Everglades Agricultural Area 
(EAA) are subsiding at an  average rate of 2.5 cm /yr. 
M icrobial oxidation is the principle cause of subsidence. 
The oxidation rate can be reduced if water tables are 
m aintained a t a high level or if flooding is practiced. P re
vious investigations have indicated th a t there is a linear 
relation between subsidence rate  and  water table depth 
(Stephens, 1969). However, high water tables may not be 
com patible with efficient production of m ost cultivated 
crops tha t are presently grown. Previous studies have 
shown that rice can be grown on flooded organic soils in 
the Everglades (G reen, 1953; Alvarez et al, 1978). O ther 
investigations established tha t rice can be grown 
throughout the season in a flood state (A dair and  Engler, 
1955; Bhuiyan and Sumayao, 1978).

Production of rice in the EAA will help in reducing 
subsidence because this crop can be kept flooded from 
just after emergence until harvest. It fits well as a sum 
mer crop in the existing sugarcane-vegetable production 
system. However, rice also can be grown in the spring 
and fall seasons. In 1977, about 100 ha of rice were 
seeded in the EAA by one grower and  3000 ha were 
seeded by eight growers in 1980. Despite the increase in 
rice production, the inform ation on w ater needs for rice 
crop is very scanty. Consequently, the South Florida
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W ater M anagem ent District (SFW M D) and Institute of 
Food and A gricultural Sciences (IFAS), University of 
Florida, initiated a jo in t project in 1979 to study the 
water requirem ent and  water use efficiency for rice pro
duction in EAA. The specific objectives of this study 
were:

1 to m easure evapotranspiration (ET) of rice in both 
lysimeter and field studies;

2 to com pare weekly and total ET requirem ents for 
rice production in spring, sum m er, and fall seasons; and

3 to com pute the water use efficiency for rice produc
tion in the EAA, i.e., the am ount of water required to 
produce 1 kg of grain.

MATERIALS AND M ETHODS 

Experimental Site Description

A. Lysimeter Site
The system at this site consisted of two types of lysim

eters, i'.e. concrete lysimeters and metal drum  lysimeters. 
The lysimeters were surrounded by St. A ugustine grass 
iS tenotaphrum  secundatum ) in 1979. In 1980, three 
rows of sugarcane (Saccharum  spp.), about 4.5 m wide, 
were grown around the lysimeter site to minimize the 
oasis effect. A tipping bucket type of rain gauge was in 
stalled a t the site.

Concrete Lysimeters: Nine reinforced concrete tanks 
183 cm by 122 cm in area and 122 cm in depth were in
stalled at the University of Florida, Agricultural Re
search and Education C enter (AREC) located at Belle 
Glade. To facilitate drainage, the tanks were installed 
67 cm into the ground with about 55 cm protruding 
above the ground surface. The lysimeters were placed 
with Pahokee muck (Lithic M edisaprist) in layers. The 
soil was subjected to three wetting-drying cycles to per
mit any settling of the m aterial. The bulk density of the 
top layer (30 cm), which was determ ined from four core 
samples in each lysimeter, was about 0.3 g /cm J. Six 
lysimeters were used to grow rice and the rem aining three 
were flooded with no rice.

Lysimeter Drums: Six m etal drum s were used. These 
drum  halves were 46 cm deep and 57 cm in diam eter. 
Four drum s called as lysimeter drum s at ground level 
which were installed adjacent to the concrete lysimeters 
about 25 cm deep and 21 cm above ground. The o ther 
two drum s called as lysimeter drum s at raised level which 
were set on a raised platform  so their top surface was at 
the same height as those of the concrete lysimeters. The 
drum s were tilled with Pahokee muck to approxim ately 
18 cm below the rim . The soil was subjected to three 
wetting-drying cycles and the bulk density of the soil 
which was determ ined from two core samples in each 
drum  was about 0.25 to  0.3 g /c m 1. Two lysimeter drum s 
at ground level were flooded with no rice and  the rem ain
ing four were used to grow rice.
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