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ABSTRACT. Maize is an important component of the dry land farming system of India. In the present study,
data for five years period for three stations. viz, New Delhi, Rajendranagar and Bellary in the dry farming tract of
India have been utilized to understand evapotranspirative demand of the crop in relation to pan-evaporation, and
solar radiation. Biometric characteristic. e.g. height of the plant has also been analysed vis-a-vis meteorological fac-
tors. Water use efficiency of maize has also been worked ‘out and discussed.

The analysis indicated that the maize plant uses maximum water during the flowering stage. The ET/EP rauo
gradually increases from germination attaining a maximum value 8 to 10 weeks after sowing. This ratio is found to be
significantly correlated with the plamt height. The ET/R, curve was found to follow a sigmoid pattemn reaching
maximum during flowering stage. The water use elliciency ol maize crop varies over wide margins in lime

and space.
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1. Introduction

In semi-arid region of India. crop production is
primarily limited by inadequate water. Of basic
importance to this area is the development of water
conservation practices that maximises water use
efficiency of plants grown in that area. To achieve this
objective a better understanding of the soil, plants
and meteorological factors that influence water use by
crops under field conditions. is needed. Indeed,
irrigated agriculture is based on the strong relation
between the plant growth and water used. However,
this relationship is quite complex and is inter-related
with many other factors of which climate is very
important. Stanhill (1961), Dovrat er al. (1968) and
Lomas and Schlesinger (1970) have obtained closely
agreeing re: ults for crops grown under commercially
optimum cc nditions in Israel for lucerne. The “com-
mercial opt.mum” was defined as the commercially
grown crop with the highest yield-water requirement
ratio. Reddy and Bheemaiah (1991) found that cob
length and girth, seeds cob and weight of maize are
not influen:ed by soil types.
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The study reported here aims at determining the
relative evapotranspiration of maize crop. The effects
of climate and crop characteristics such as age and
crop height on relative evapotranspiration has also
been studied.

2. Material and method

The study pertains to three agricultural meteoro-
logical observatories, viz., New Delhi (28°04'N,
77°10'E), Rajendranagar (17°19'N. 78°23'E) and
Bellary (15°19'N, 76°51'E) all located in the semi-
arid tracts of India. The experimental field data from
1983-1986 and 1988 at New Delhi, 1981 and 1983-1986
at Rajendranagar and 1984-1988 at Bellary, for the
kharif season were used. The soil at New Delhi was
mainly sandy silty loam, at Rajendranagar sandy clay
loam and at Bellary clay silty loam. The maize crop
was raised mainly in a rainfed culture in all the above
cases. Details about variety used, dates of sowing and
harvesting, maximum height of plants etc are given in
Table 1. From the daily weather data, weekly totals of
various agrometeorological parameters, from the date
of sowing to harvest, were computed.
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The evapotranspiration (ET) was measured
through gravimetric lysimeters located in the crop
fields. The lysimeter consists of sensitive dormant type
weighing machine of two tonne capacity, erected in the
middle of the crop field on a reinforced concrete struc-
ture. A steel tank. 1.3 X 1.3 X 0.9 m in size in which
plants are grown. is mounted on the platform of the
machine such that its rim is in level with the surround-
ing soil surface. The evaporation (EP) values have
been taken from US open pan evaporimeter. The solar
radiation R, used was computed from Angstrom
relationship :

R,=(a+ b n/N) R, (1)

where. R, is the theorctical amount of radiation that
would reach the earth’s surface in the absence of the
atmosphere. » is the actual duration ol sunshine hours.
Nis the maximum possible duration of sunshine and a
and b are constants. The sunshine hours were recorded
by Campbell-Stroke solarimeter.

3. Results and discussion
3.1. Water use during the growing period

Some studies on water use by maize have been con-
ducted by Indian agriculural scientists. For instance,
Chowdhury er al. (1992) obseryed that water use by
maize is not much dependenton total seasonal rainfall
and that ET/EP ratio is significantly correlated to leaf
area index. Jadhav and Jadhav (1992) found Water Use
Efficiency (WUE)of maize was more under non-mulch
conditions than under mulch treauments. In the present
study water use pattern. WUE has been examined in
depth. The total water input (rainfall + irrigation) and
total water use foreach of the three stations are given in
Table 2 for different years.

At New Delhi the water use was much less than at
other two stations. The lowest water was consumed in
1984 and was 245 mm whereas in 1988 maize used
largest amount of water. i.e, 360 mm. The mean water
use comes out as 294 mm. The water use at Rajen-
dranagar varied from 322 mm in 1984 to 420 mm in
1986 with an average of 362 mm. ET varies from 354
mm in 1985 to 431 mm in 1988 with an average of 381
mm at Bellary. Thus it is clear that maize in Bellary
needs more water for growth and development than
the other two stations.

It is also seen from the table that water input
generally exceeded total (ET) during the growing
season. This indicates that excess water was made
available to the crop over and above its evapo-
transpirative demands. In case of New Delhi. in 1988,
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Fig. 1. Cumulative evapotranspiration during different years: (a)
New Delhi. (b) Bellary, and (¢) Rajendranagar

water input was high, e, 773 mm but the water use was
only 360 mm or only 46.6% of the water input. From
1983 to 1985 also the water use was found to be less
than the total water input. In 1986, the crop used a little
more water than what was available. The extra water
came from the soil moisture storage (Pdumin
1972).

At Rajendranagarin 1981, 1983 and 1984, water use
was about less than half of the available water. While
in 1985 and 1986 demand and supply matched. For
Bellary in 1986, 1988 and 1984 the maximum ET was
17, 11 and 9% less respectively than the total water
input. In 1987 the total water input was 5.1% more than
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TABLE 1

Crop information

Date of

Name ol variety sowing

Date of Crop Max. plant
harvest duration height
(days) (cm)

New Delhi

CGiangu-2 19 Jul 1983
Ganga-2 13 Jul 1984
Ganga-2 18 Jul 19385
Ganga-5 15 Jul 1986
Ganga-sf-2 12 Jul 1988

21 O 1983
19 O 1984
14 Oct 1985
I8 Oct 1986
21 Oct 1988

Rajendranagar

Synthetic-B2 4 Jul 1981
CM-202 7 Jul 1983
CM-114 11 Jul 1984
Ganga-3 17 Jul 1985
CM-114 17 Jul 1986

Deccan 27 Jul 1984
Deccan 29 Jul 1985
Deccan 30 Jul 1986
Deccan 27 Jul 1987
NLD 2 Aug 1988

23 Oa 1981
2 Nov 1983
23 Oct 1984
1 Nov 1985
31 O« 1986

16 Nov 1984
19 Nov 1985
13 Nov 1986
23 Nov 1987
26 Nov 1988

TARLE 2

Total water inpui and water use during the growing period (mm)

Rainfall during
Station (cat growing period
(mm)

Irrigation Total water Total water
amount inpin used
(mm) (o) (mm)

New Delhi 1983 617
1984 414
1985 402
1986 167
YRR 47

Rajendranagar 1981
1982
1984
1985
1986

Bellary 1984
1985
1986
1987
1988

Nil 617 290
Nil 414 245

32 484 175
128 295 308
126 773 360

80 754 329
Nil 823 367
224 373 RS
174 374 375

80 422 42]

242 407 370
263 357 354
224 433 37
156 399 mn
139 436 431

the demand. while in 1985 the water use nearby
equalled the water input

The cumulative evapotranspiration is shown in
Fig. 1 for all the years. for cach station. At New Delhi
the cumulative water consumption does not differ
much till about 7 Wecks Afller Sowing (WAS) in
6—604 Deptt. of IMD/94

different years. Ilowever. in 1988. ET gradually
increased to attain a value of 360 mm. while in 1984,
the crop probably sulfered from lack of moisture. the
corresponding value attained is just 240 mm. The
cumulative week to week ET remained highest in 1986
at Bellary when the crop appeared actively growing till
the flowering stage. The lowest ET was in 1985, the
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Fig. 2. (a) March of weekly evapotranspiration-evaporation ratio. and (b) plant height (cm) for New Delhi
TABLE 3
Mean weckly water use (mm) pattern in different growth phases and water use (%) as function of total ET
New Delhi Rajendranagar Bellary
Stage Mean weekly Water use Mean weekly Water use Mean weekly Water use
total water % of total total water % of total total water % of total
use ET use ET use ET
Germination 8 8.1 14 11.5 11 8.7
(1st to 3rd WAS)
Elongation 16 21.7 0 219 18 18.9
(4th 10 Tth WAS)
Flowering 315 356 36 296 42 33.1
(8th 10 10th WAS)
Grain formation 22 24 27 2232 30 216
(11th 10 13th WAS)
Physiological rmaturity 12 12.2 18 14.8 20 15.7
(14th 10 16th WAS)
SED 1.96 2.10 2,35
4.16 445 4,99
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Fig. 3. (a) March of weekly evapotranspiration-evaporation ratio. and (b) plant height (cm) for Bellary

difference becoming marked 8 WAS onwards and
reaching as high as 80 mm at maturity period. At
Rajendranagar while in 1985 cumulative soil water
content was large till grain formation stage, the lowest
cumulative ET are seen in 1984 till 13 WAS. The dif-
ference between highest and lowest values increases
progressively from about 6 WAS and attain value of
100 mm at maturity.

The mean weekly ET for 5 major growth stages is
shown in Table 3. Some difference in ET in some of the
stages is evident. though by and large. they are compar-
able. These differences arise chiefly because dissimilar
weather that prevailed at the three locations during the
crop season, soil factors & different cultivars used.
During germination, the ET is nearly 1% times at
Rajendranagar than that at other two stations, pre-
sumably because of high amount of stored water at the
beginning of crop season.

A two-way analysis of variance of the data was also
done for the three stations for comparison of mean ET
at different years and different phases. For this

purpose years were treated as replication and ET in
different phases as treatment. The results of this
analysis are also given in Table 3.

The comparison of the mean values of the weekly
water use has been done on the basis of Critical Dif-
ference (CD). It can be seen from the mean values that
in-case of New Delhi and Rajendranagar, there is no
significant difference between the weekly water use
during the elongation and physiological maturity
stages. Similarly, the mean values in germination and
physiological maturity stages are not significantly dif-
ferent from each other at these stations. The mean
weekly water use during the flowering stage at both the
stations is significantly higher than those during the
other stages. In case of Bellary, mean weekly water use
during elongation stage does not differ significantly
from physiological maturity stage. Like New Delhi
and Rajendranagar, at Bellary also the mean weekly
water use is highest in the flowering stage.

Another noteworthy feature is the maximum ET
use by maize. This occurs invariably during flowering
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Fig. 4. (a) March of weekly evapotranspiration-evaporation ratio. and (b) plant height (cm) for Rajendranagar

and among the three stations it is highest. f.e. 42 mm
per week at Bellary.

3.2, Evaporranspiration-Evaporation ratio

It is clear from above that differences in ET was
due to differences in moisture availability, soil types
and strains. In estimating the irrigation requirements
of a crop. the search for a constant ratio between
evapotranspiration (ET) from the crop to evaporation
(EP) is often attempted. Analysis of ET/EP ratio
would. however, permit study of relative water content
in each case and allow comparison among different
cultivars. the effect of climatic factors being mini-
mised. Denmead and Shaw (1959) found for eleven
sites in JTowa (U.S.A.) that prior to flowering the ET/EP
ratio in maize increases in a sigmoid manner from 0.36
at germination to peak of 0.81 at flowering and
declined rapidly thereafter. Fristschen and Shaw
(1961) found that the peak ET/EP ratio of 0.86 was
raached at flowering stage. The average ET/EP ratio
was 0.70 for New Delhi and 0.79 for Rajendranagar
and 0.65 for Bellary. This compares reasonably well
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Fig. 5. Yield-water use (W/EP) relationship

with the average ratio of 0.76 to 0.79 found by Cackett
and Meterler Kamp (1964), except for Bellary where
the value is found to be marginally less.

The ET/EP ratio for the three locations is shown in
Figs. 2-4. In the case of New Delhi (Fig. 2), the average
maximum ET/EP = 1.10 was noticed during flowering
stage with a range of 0.90 to nearly 1.40. The largest
values seen in 1988 during the entire crop season were
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TABLE 4

Maize yield, water use, daily pan evaporation and m-factor

Station Year Dry matter Water Daily average free m-factor
yield (D) use (W) waler evaporation (kg/hec/day)
(kg/hec) (mm) (EP) (mm)
New Delhi 1983 18509 290" 53 338
1984 19775 245 50 403
1985 23627 275 42 361
1986 19231 308 63 314
1988 21562 360 55 329
Bellary 1984 19097 370 62 320
1985 17361 354 7.1 351
1986 15416 n 72 295
1987 — 37 64 —
1988 23250 431 6.1 330

due to well distributed rainfall. During 1984, till about
5 WAS, the ratio remained low since the roots were
unable to extract adequate moisture due to lack of
rainfall/irrigation water during sowing. In Bellary (Fig.
3). the ET/EP ratio gradually increased from the begin-
ning and attained the mean value of 1.0 at the time of
flowering stage with a range of 0.75 to 1.35. During
1985. however. the highest ratio was 0.75 apparently
because the water was limiting.

Fig. 4 shows the pattern of ET/EP ratio for Rajen-
dranagar. The highest weekly value was significantly
larger. i.e, 1.42 at this location. A noteworthy feature is,
general increase in ET/EP ratio throughout the grow-
ing season in all years, even the lowest maximum value
in 1986 reached 1.15. Rainfall during the period in
nearly all years was substantial and the soil surface
can be considered as fallow due to insufficient foliage
cover. The evapotranspiration-from this, ie., nearly
fallow but wet surface, was thus comparatively more.
Hanks et al. (1968) also found that ET exceeds EP for
native grass. At the start of growing season there was a
slight decline in ET/EP ratio during 3rd or 4th WAS.
After 4th WAS, however, the ratio gradually increases
reaching a peak during flowering and falls steeply
thereafter.

3.3. ET/EP in relation 1o plant height

The progressive increase in ET/EP ratio during the
growing season reflects the progress in plant growth.
For a tall crop such as maize the variations in this ratio
can be correlated with the corresponding values of
increase in height of the crop. This is particularly so up
to the flowering stage of the crop growth, after which
the plant height remains generally constant. The
increase in height of the crop for these stations during
the period from germination to flowering is also shown

in Figs. 2-4 alongwith the ET/EP ratios for con-
venience of-comparison. It is seen that, the height of
the plant increases linearly with increase in ET/EP
ratio. The correlation 'worked out between ET/EP and
plant height till end of the flowering stage was 0.92 for
Bellary, 0.84 for New Delhi and 0.83 for Rajen-
dranagar. Such a high and statistically significant cor-
relation brings out the dependence of plant height on
the availability of soil moisture in relation to
atmospheric demand.

3.4. Evapotranspiration (ET)-Solar radiation (R;)
relationship

Carrekar (1963) had shown that the solar radiation
method for estimating ET can be used to predict irriga-
tion needs when ET/R; is known. The two variables ET
and R, can be used in ratio form (ET/R,) which reflects
the combined effect of the energy balance components
during various stages of the plant growth. In the semi-
arid environmentofall the stations the ET/R, values for
maize revealed similar pattern. For invidual stations
ET/R, ratio are shown in Fig. 6:for each year.

The ET/R; ratio increases as the vegetative cover
develops. The low ratio in the early stage of the crop
cycle is a result of the presence of a large proportion of
bare ground that cannot be kept wet all the time by
ordinary irrigation practices. The maximum ET/R,
ratio is reached at flowering stage and decreases
almost linearly later because of the senescence of the
crop. The maximum values of ET/R, ranged from 0.5
to 0.7 at Rajendranagar, 0.5 to 0.9 at Bellary and from
0.6 t0 0.9 at New Delhi. For sandy clay loam for cotton,
Namken er al (1968) found that maximum ratio
ranged from 0.42 to 0.73. ET/R, values were found to be
invariably above 0.5 during the period of maximum
water use at all the three locations.
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Therapid decline of ET/R; ratio after attaining peak
indicates reduced transpiration rates after the lack of
available water in the root zone begins to limit plant
evaporation. Leaf area index for field crop is closely
associated with the plant height. In the presentstudy the
maximum ET/R; ratios were generally observed at the
time when the plant had reached maximum height.
Increased leaf area and concurrent increase in the per-
centage of the ground shaded by the plant canopy pro-
bably explains much of the increase of the ratio during
that time. Subsequently. though the plant height re-
mains unaltered, rapid senescence leads to reduced
plant evaporation and hence reduced ET/R; ratio.

3.5. Water use efficiency

DeWit (1958) established relationship between
transpiration and dry matter production for different
crops. For crops growing in arid climates. he proposed
the relation as:

mx W
D = 2
T (2)

where. D is total dry matter production, which is a
function of total transpiration (W) during growth and
of daily free water evaporation (EP) and m is a cons-
tant (in kg/hec) and can be compared with the ratio W/
EP which is expressed in days. For instance, if the
water use is equal to 300 mm and the daily free-water
evaporation is 5 mm/day. the ratio W/EP equals 60
days. In Table 4 crop yields, the total water use during
the growing period and m factors are presented. This is
given only for New Delhi and Bellary as yield data for
Rajendranagar were not available.

Itis obvious from the table that range of m values is
quite large. The m values at New Delhi ranged from
above 329 to 403 while at Bellary from 295 to 351. Wide
variation in m values may be attributed to the different
plants species used in different years for both the
stations. It may be pointed that in the central coastal
plains of Israel, Lomas et al. (1974) found the m values
ranging from 250 to 440 kg/hec/day, whereas DeWit
assessed the value of the m coefficient for maize as
about 290 kg/hec/day in great plains of U.S.A.

In Fig. 5 the dry matter yields shown in Table 4 (for
both stations) are plotted against W/EP ratios
expressed in days. A linear relationship between the
two is clearly seen. The line represents the relationship
between yield and water use.

The line could be represented by the following
equation :

D = 52339 + 2536 (—’Z-)
= 52339 + 2536 (%p 3)

The correlation coefficient between D and (W/EP)
was 0.78 and it was significant at 5% level. It is, thus,
obvious that the crop yield depends on the water use
per unit evaporation.

4. Conclusions

The following conclusions could be drawn from
the study:

(i) The water used by maize in Bellary is com-
paratively more than in New Delhi and Rajendra-
nagar.

(i) The maximum ET use by maize is noticed dur-
ing the flowering stage.

(tii) The ET/EP ratio gradually increases from ger-
mination and attains the peak value at flowering
stage,

(iv) ET/EP ratio of the plantincreases linearly with
increase in height of the plant up to the flowering
stage.

fv) The maximum values of ET/R; are attained
during flowering stage and vary from 0.5 to 0.9 at all the
locations.

(vi) The water use efficiency of maize crop (which
differs yearwise and locationwise) is significantly dif-
ferent within the crop growth stages and in particular it
is significantly high during the flowering stage.
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