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ABSTRACT, Based onthe crop season data for the years 1989 and 1990, LAI, bio-mass, water use efficiency,
soil evaporation, potential and actual plant transpiration have been determined for maize. The ET/EP ratio has
been correlated with LAI and dry bio-mass. Correlations were also determined between some of the above crop
characteristic factors as also with moisture in top soil profile. The analysis indicated that total rainfall during
crop season does not have large bzaring on the maize yield. The water use efficiency appears to be nearly indepen-
dent of atmospheric demand. Actual and poiential plant transpirations and the evaporation from the soil could be

computed from a simple model,
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1. Introduction
In locations where lysimeters arz not available the
evapotranspiration  (ET) is found indirectly

through evaporation (EP). Use of evaporation measure-
ments for such purposes is considered unsatisfactory
as ET is influenced by the development stage of the
crop. ET is also affected by wetness of the ground
surface which often occurs during rainy season.
As the leaf area index (LAI) increases the importance
of EP from open surface decrsases in ralation to ET
(Khurana and McLaren 1982) studied influence of
leaf area and light interception on potato growth.
A knowledge of EP, ET and LAI is useful in irrigation
scheduling of fizld crops. Relationship between LAI
and ET of Taro, a wetland plant, was studied by Shih
and Snyder (1985). Singh and Rama (1989) determined
relationship between EP. ET and LAI while examining
influence of water deficit on ET for chickpea.

In the present study an attempt has been made to
determine relationship between LAI, ET and bio-mass
for maize (ZeamaysL.) crop. Variation of LAI with
crop develepment and seasonal variations of EP was
also determined and discussed.

2. Data

The study utilises data for maize ((var., Ganga Safed-2)

during the crop seasons 1989 and 1990 at Anand

(Gujarat). The soil around Anand is mostly sandy loam
with field capacity 179, bulk density [.5 g/cm® and
permanent wilting point 53°,. The ET was measured
with gravimetric lysimeter located in the crop field.
The EP values refer to standard US open pan evapori-
meter. From the daily values, weekly valuss of ET
and EP have been computed. After germination, the
bio-mass was weighed by dry oven method every week.
The LAI values were obtained by using leaf area meter.

For 1989, LAl and bio-mass data were available only
from 7th to 11th week of sowing, i.e., during the period
of cob occurrence. In both years the crop duration
(sowing to harvest) was 93 days and the last two davs
were omitted in the analysis. ’

3. Cultural practices

Maize was sown by dibbling method on 11 July
in 1989 and 7 July in 1990. The spacing between plants
and between rows were 20 and 60 cm respectively in
both the years. During both the years, crop was given
N,P,K as 100 : 50: 0 kg/ha. Inter-cultural operations
were carried out 4 times in 1989 and 2 times in 1990
during last half of July to remove weeds,
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Fig. 1. Weekly distribution of ET, EP and PET

4. Results and discussion
4. 1. Crop characteristics

Large differences in crop characteristics batween
the years 1989 and 1990 are duz to differences in the
rainfall in the respective crop seasons. As against
509 mm of rainfali in 1989, the succeeding year recordzd
998 mm of rainfall (Table 1). The water use by maize
was about 440 mm in 1989 and 380 mm in 1990. In-
cidently EP was 22° more during the yzar 1989 com-
pared to 1990.

Final dry matter (fodder) was nzarly 25", more in
1990 whereas the grain yield was 107, less compared
to 1989. The dry bio-mass obtained was 5565
kg/ha in 1989 and 7482 kg/ha in 1990. The water
use efficiency (WUE) in both years was practically
identical, inspite of higher rainfall in 1990. Bhan
et al. (1990), observed that the WUE decreases
in sorghum with increased irrigation at the cost of
dry matter production,

4.2. ET. EP variations

The weekly values of ET. EP and PET arz shown
in Fig.l for both the years. The PFT values were
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Fie. 2. Weekly variation in LAL and dry bio-mass
computed as  pzr Monteiths  modified  equation.

The origin of the time axis is [rom the date of sowing.

Large variations in weather paramesters were observed
in the vears 1989 and 1990. Increasz in ET valuss
is szzn from 8ih to 10th wesk after sowing during
the vear 1989 and were highar than the values in 1990
lor the corresponding period.  In 1990 the ET values
cegisterad @ rise Gl 6ih week afier sowing, the p2ak
coipcidine with lirst occurrane: of fasseling.  Subse-
quanily it declined but attained another pzak towards
the end of thr crop s2ason in the 12th week.” This
high was duz to horizontal waier fTow from th: adjo-
ining fizld by irrigation and also by a suddsn spurl
‘natmospheric  demand  (as seen in risz in EP).

During rairy szason, thz sky was almost cloudy duz
to persistent cloudinzss and as a result EPalso dzercased
immediately following the rainfall. but not ET. The
highzr valuzs of ET as comparzd to EP in 1990 can
thus bz reconciled,

Th: EP values may also bz considared as the 2vapora-
tive powar of the atmosphare, In 1989, EP was more
than 20.0 mm from 7th wezk onward till harvast and
were generally higher than thos> for the suceexding
vaar during  the  corresponding  period. The same
was generally truz in casz of PET.
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Relationship between: (Fig, 3) actual and potential plant
transpiration, and (Fig. 4) soil evaporation and actual plant
transpiration [In Fig. 3 PPT may be read as PTp]
TABLE 1
Seasonal crop characteristics
Parameters 1939 1990
Rainfall (mm) 508.5 997.9
Evapotranspiration (mm) 427.7 373.9
Evaporation (mm) 411.7 3319.3
Potential evap:transpiration
(mm) 436.1 404.1
Fodder vield (kg/ha) 5444 6853
Grain yield (kg/ha) 4222 3800
Water use efficiency
(kg/ha/cm) (WLIE) 98.7 1C1.6
TABLE 2
r

Correlution between LAT dry bio-mass

and ET/EP ratio

Variable

LAl

3
(LALY

3

3
(LA
In (LA

Dry bio-mass

0.42
0.52

ET/EP

0.68

(.72

0.65
0.74
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Nearly 989 of the atmospheric demand, as given
by PET. was mzt by ET in 1989 and 92°, in 1990.

4.3 LAl ard dry  bio-mass

eckly variations of LAT and dry bio-mass for 1990
is shown in Fig.2.

After germination LAT is seen to increase rather
slowly initially, followed by a period of rapid enhance-
ment of the canopy cover. This LAI attained a peak of
~ 5 in the 6th week afier sowing when canopy was fully
developed and remained same nearly for the next 3/4
wezks. At this stagz, the rate of loss of lower leaves. in
the crop probably equalled the rate of production
of new leaves, The diy matter producticn increased
in association with increasz in LAl and continued
Lo increase at a fasier rate even afier the LAT had reached
its maximum. The maximum dry mass was recorded
in 10th week wh2n silk occurrence was nearing
complztion. '

In 1989, (he rate of spread of lzaf canopy was slow
and foliage atiained a maximum value in 9th week
¢fter sowing. The LAI valuss during 7th to 11th weeks
for 1989 were found to be less by 0.7 in 1989, confirming
slew development of plant canopy. The average we-
ckly ET for the 7-11th wezk in 1989 and 1990 were 49.4
and 43.9 mm respzciively. The higher values cf ET
in 1989 may be the result of inability of small crop
canopy in providing adequate soil shading whenever
the soil surface was wet. Analysis of diy matter pro-
duction for the period (ie., 7-11th week) in 1989 with
the corrcsponding figures in 1990 showed that in 1990
the dry matter yield was nzarly double that of 1989,

Correlations worked out between LAT and dry mass
for 1990 is given for various LAI transformation
(i.e., linzar, square root, cubic root and natural loga-
rithm} in Table 2.

The dry matter preduction, though a function of
LAl is not cntirely depzndent on the latter. Spread
of leaf canopy after sowing mzy not necessarily lead
to greater drymass production. When the lowest
leaves roceive more  radiaiion  for  photosynthesis,
they arc unab'e to balance respiration. At this stage,
even though foliage is more, production is less, Per-
haps, for this rzason th: corrzlation bstween dry ma-
ter and LAL in the present case, though significant,
was not large,

Relation between LAI and ET/EP ratio for 1990,
is also given in Tabl: 2,

As in casz of dry matier, the highest correlation
was for log transformation. The following equation
describe the r:lationship between the two - ‘

ET/EP=0.35 In LAI:L 133 .- . (1)
(r = 0.74)

It is obvious that the relationship between LA
and ET/EP is non-linzar.  This non-linearity could
bz due to less competition for energy per unit area
in maize crop in nearly all stages of growih (¢f. Ritchie
and Burnett 1968),
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Attempt was also made to determine relationship
between weekly ET/EP ratio and dry matter production
for 1990. The correlation was. however. found vary
low and statistically insignificant.

4.4. Estimates of soil evaporation and plant transpiration

Evaporation from soil beneath a crop canopy is
rather difficult to measure because of boundary layer
moisture convergence, decreased wind flux, plant
shading etc. According to Phillip’s (1957) model
which was later revised by Ritchiz (1972), the soil
evaporation occurs in two manners, viz., at constant
rate stage and at falling rate state. In the constant
rate stage the soil is assumed sufficiently wet while
in the second category, the soil moisture is assumszd
independent of PET. During the kharif season, the
soil is generally moist, wetted as it is by frequent mon-
soon showers. In this study, the first category of
Ritchie’s (1972) model has been used.

The weekly soil evaporation Es was calculated
for all available LAIL values as below

Es — PET (1 — 043 LAl (2)
for LAI=21.0

PET/1.1 ¢=04 LAl (3)
for LAl = 0

The potential plant transpiration PTp was calculated
using the following relationship :

PTp = PET (I — e¢—La) (4
when LAI < 30

PTp = PET (3)
when LAl 3.0
Whenevar PTp - Es = PET, then

PTp — PET — Es (6)

Actual plant transpiration, PTa was calculated as
the difference between evapotranspiration., obtained
from lysimeter and soil evaporation as below

PTa = ET —Es (7

The plot of potential (PTp) and actual plant trans-
piration (PTa) calculated from the above method are
given in Fig. 3. As may be seen in Eqns. (6) and (7).
the same quantity, ie., soil evaporation is substracted
from potential evapotranspiration and actual evapotran-
spiration. Since PET is generally more than FT.
the actual plant transpiration must be lzss than the
potential plant transpiration. This was confirmed
{rom the results in this study. The correlation between
the two was 0,52

Fig.4 contains distribution of PTa against the soil
moisture at 3 cm depth. The linear relationship between
the two 1s obvious. The actual transpiration depends
not only on the amount of moisture available in the
top soil layer but other factors like drying power of
thz atmosphere. capillary action of the soil etc. It
was for these reasons, the correlation between the actual
plant transpiration and soil moisture, though positive
and significant, is not large, ie., 0.35

Thz actual plant tianspiration was  found to have
0.56 correlation with log transformation of dry matter.
All these correlations suggest that the model assumed
in computing the parametsrs are physically and phy-
siologically sound and applicable to crops in India.

5, Conclusions

The following conclusions could be drawn from
the studies :

(i) The water use by the maize plant is not much
dependent on the total rainfall during crop
STASOTL.

(i} The leaf area index does nct appear to bear
significant relationship with dry bio-mass production.

(iii) Early development of maize crop canopy
may not necessarily lead to good yield.

(iv) The ET/EP ratio is significantly correlated
with LAL

(v) The water usz efficiency for maize is about
10 kg/ha/em.

(vi) The actual plant transpiration is significantly
related to thz evaporation from the fop soil.
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