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Crop coefficients were worked out for immature rubber using lysimetrically measured crop evapotranspiration and
reference evapotranspiration estimated using weather based empirical methods (pan evaporation, modified Penman,
Hargreaves and radiation methods). The mean evapotranspiration measured was 2.60, 4.24 and 4.98 mm per day
during the first, second and third year respectively. The Kc values increased from the first year to third year of planting
for all the four methods studied. A regression analysis indicated that modified Penman method and Hargreaves
method are suitable for estimating evapotranspiration of rubber during the summer season.
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INTRODUCTION

In India, Hevea brasiliensis, the most
important commercial source of natural rub-
ber (NR) is traditionally grown in Kerala,
parts of Tamil Nadu and Karnataka under
rainfed conditions. It is also cultivated in
non-traditional areas like the north eastern
states, Maharashtra, Orissa and West Ben-
gal. Since the former experiences soil mois-
ture stress for a period of four to five months
starting from December to April, and the
climatic conditions of the latter are less con-
genial for the growth of rubber trees, the ef-
fect of irrigation on the growth and yield of
rubber has to be examined (Vijayakumar ez
al., 1988)

Estimation of water requirement of a
crop is essential for planning and operating
irrigation systems. It is also useful to un-
derstand the water use by a given crop.
Water requirement of a crop is directly re-
lated to its evapotranspiration and varies with
the weather conditions and stage of growth.

A widely accepted approach for esti-

mating evapotranspiration of a crop (ETc)
is to apply an experimentally derived crop
coefficient to a reference crop evapotranspi-
ration (ETo) calculated from weather based
empirical methods (Doorenbos and Pruitt,
1977). Crop coefficient (Kc) is the ratio of
actual evapotranspiration (ETc) of the crop
under non-stressed conditions to reference
crop evapotranspiration (ETo). It represents
crop specific water use.

Evapotranspiration and crop coeffi-
cient of two year old rubber plants have been
reported earlier (Jessy ez al, 1992). The
present study was taken up to develop crop
coefficients for the first three years of plant
growth using ETc measured lysimetrically
and ETo estimated using weather based
empirical methods.

MATERIALS AND METHODS
Measurement of ETc

The ETc was measured using a non-
weighing lysimeter (diameter 3.5 m and
depth 1.5 m). The lysimeter was installed
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in the farm of the Rubber Research Insti-
tute of India, Kottayam, Kerala (9° 32' N,
76° 36" E and 73 m above msl). The lysim-
eter was filled with soil leaving 2 cm from
the rim three months before planting. A rub-
ber plant raised in a polybag (clone RRII
105) was planted at the centre of the lysim-
eter in August 1991. The surrounding area
of one acre was also planted with rubber
plants of same clone and age.

The soil inside the lysimeter was main-
tained at field capacity by providing regular
irrigation. Tensiometers were installed in the
lysimeter to monitor the soil moisture at 30
and 60 cm depths. Periodic gravimetric de-
termination of soil moisture was also done.
The run off into the lysimeter was prevented
by the raised rim of the lysimeter and the
run off out of the lysimeter was collected in
tanks. The water percolating down the
lysimeter was collected in drainage tanks
through outlets provided at the bottom of
the lysimeter

Irrigation, rainfall, percolation and
runoff were recorded daily during the sum-
mer season, December to February of
1991-92 and December to April of
1992-93 and 1993-94 and ETc worked out
for weekly intervals.

The water balance equation of the
lysimeter can be expressed as:

P+l + RO = ET+D+AW where P is
the precipitation, I is the irrigation, RO is
the run off in to or out of the lysimeter, ET
is the evapotranspiration, D is the percola-
tion or drainage and AW is the change in
water content of the isolated soil mass over
the time period (Aboukhaled ez /., 1982).

Since the soil was always maintained
at field capacity, the factor AW can be elimi-
nated from the water balance equation and

the equation can be rewritten as:

P+I-RO=ET+D,
ie., ET=P+1-(RO+D)

Estimation of ETo

The ETo was estimated using the cli-
matological and pan evaporation methods.
The weather data during the period of ex-
perimentation were collected from the
agrometeorological observatory located near
the experimental area (Table 1).

The climatological methods used in
the present study were modified Penman
method, radiation method (Doorenbos and
Pruitt,1977) and Hargreaves method
(Hargreaves and Samani, 1982). For the
computation of ETo by the pan evapora-
tion method, data collected from a US class
A pan evaporimeter were used (Doorenbos
and Pruitt, 1977).

Crop evapotranspiration (ETc) over a
period of time can be estimated by

ETc = ETo x Kc, where ETo is the
reference evapotranspiration and Kc is the
crop coefficient.

Comparison of the methods used for esti-
mating ETc

ETc measured was regressed on crop
coefficients computed using the four empiri-
cal methods to find out the most efficient
method. The method with the highest R?

was selected as the best.

RESULTS AND DISCUSSION =

The ETc showed variation depending
on weather conditions (Fig.1-3). The mean
ETc during 1991-92 , 1992-93 and 1993-
94 were 2.60, 4.24 and 4.98 mm per day
respectively. Haridas (1980) observed that
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Table 1 Mean monthly weather data recorded during summer season

Month Temperature (°C) RH. Wind Sun Total Total
(%) speed shine rainfall evapora-
Maximum  Minimum (km/h) hours (mm) tion (mm)
1991-92
December 32.2 21.2 73.0 2.1 8.6 22.9 128
January 32.8 19.5 63.0 2.5 8.8 0.0 146
February 33.5 22.1 70.0 2.9 9.5 3.1 148
March 35.7 23.1 69.5 3.1 9.8 0.0 185
April 33.8 24.7 70.0 3.4 9.1 120.3 186
1992-93
December 32.9 21.3 70.5 1.5 8.5 1.2 128
January 32.7 20.2 67.0 2.3 8.5 0.0 135
February 33.5 21.9 67.0 2.7 9.9 27 142
March 34.9 24.1 69.0 2.7 9.3 12.3 153
April 34.6 244 72.0 2.5 9.4 159.6 155
1993-94
December 31.8 22.8 78.0 1.3 6.3 77.2 100
January 31.9 21.6 71.0 1.8 8.3 35.6 121
February 32.7 23.6 75.0 2.1 8.0 99.2 116
March 33.0 23.5 74.0 2.2 8.9 60.1 152
April 32.6 23.9 80.0 2.0 7.5 258.8 127

evapotranspiration of young rubber (clone  when averaged over 21 months. In Ivory
RRIM 600) grown in a glass house in Ma-  Coast, Monteny et al. (1985) found that
laysia varied from 2.1 to 6.9 mm per day. evapotranspiration of rubber varied from 4
Under field conditions, the mean evapotrans- to 6 mm per day when estimated using
piration was found to be 4.4 mm per day Bowen ratio - energy balance method. Jessy
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Fig. 1. ETc measured using lysimeter and ETo calculated by different methods: 1991-92
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Fig. 2. ETc measured using lysimeter and ETo calculated by different methods: 1992-93
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Fig. 3. ETc measured using lysimeter and ETo calculated by different methods: 1993-94

et al. (1992) reported the evapotranspiration
of two year old rubber plants as 4.97 mm
per day when the soil was maintained at field
capacity. In the present experiment evapo-
transpiration of rubber increased from the
first year to the third year. Roberts and Rosier
(1993) have also reported similar trend in
the transpiration rate of eucalyptus plants

in South India. The transpiration rate of one
year old eucalyptus plants was 3.5 and that
of two year old plants was 5.5 mm per day
during post monsoon period.

When soil moisture is adequate,
evaporative demand of the atmosphere is the
most important factor determining ETc.
Variation in any one of the weather param-
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eters (temperature, relative humidity, sun-
shine hours, wind speed and rainfall) directly
influences evapotranspiration. Doorenbos
and Kassam (1979) also recognised climate
as the major factor determining crop water
requirement. In the present experiment, the
variation in the ETc computed at weekly
intervals was more pronounced during the
third year, indicating that the effect of
weather parameters on ETc increases as the
plant grows.

Crop coefficient

The mean crop coefficient (Kc) com-
puted during 1991-92 (when plants were 5
to 7 months old) were 0.58, 0.55, 0.57 and
0.52 for the pan evaporation, modified Pen-
man, Hargreaves and radiation methods re-
spectively (Table 2). During 1992-93 , the
mean values calculated were 0.90, 0.83, 0.77
and 0.70 for the respective methods. Jessy
et al. (1992) reported the Kc values of two
year old rubber plants during the summer
season as 0.95, 0.92 and 0.87 for the pan
evaporation, modified Penman and
Hargreaves methods respectively. During
1993-94, the Kc values computed during
the summer season were 1.18, 1.02, 0.93
and 0.95 respectively. The Kc values com-
puted followed the same trend in all the
years. The transpiration coefficient of ma-
ture rubber was reported to be 1.06 during
the post monsoon period (Devakumar ez al.,
1988). Vijayakumar ez al. (1988) and Jessy
et al. (1994) observed improvement in the
growth of immature rubber when irrigation
was given assuming a Kc of 1.0 to 1.25. The
Kc of mature rubber was observed to vary
between 1.0 and 1.25 when the fraction of
available water in the root zone was 120 to
200 mm (Monteny et al., 1985). In North

Table 2. Mean crop coefficients (Kc) estimated
by different methods

Month Pan Penman Hargreaves Radiation
evaporation
1991-92
December 0.62 0.57 0.59 0.51
January  0.65 0.63 0.69 0.63
February 0.47 0.44 0.44 0.42
Mean 0.58 0.55 0.57 0.52
1992-93
December 1.17 1.12 1.01 1.04
January  0.90 0.86 0.81 0.76
February  0.69 0.63 0.60 0.55
March 0.79 0.67 0.63 0.59
April 0.96 0.86 0.80 0.80
Mean 0.90 0.83 0.77 0.75
1993-94
December 1.03 0.85 0.76 0.78
January  1.07 0.94 0.87 0.87
February 1.05 0.90 0.82 0.82
March 1.48 1.34 1.23 1.25
April 1.25 1.07 0.98 1.03
Mean 1.18 1.02 0.93 0.95

Konkan region, when irrigation was given
assuming a Kc of 1.00, water stress was ob-
served, but when it was revised to 1.25,
plants did not show any symptoms of water
stress and based on the physiological obser-
vations, it was concluded that rubber has a
high water requirement (Vijayakumar ez 4.,
1998).

Crop coefficient values above 1.0 were
reported for many tree crops. In Malaysia,
Hong (1979) reported a Kc value of 1.25
for immature oil palm. In Australia Kc values
up to 1.3 were reported for eucalyptus when the
canopy closed (Meyers et al, 1999).

The data indicate that, as the plant
grows, the Kc increases for all the methods
studied. Kc values were the highest for the
pan evaporation method, followed by the
modified Penman method. From the second
week of December 1992 to the second week
of January 1993, ETc measured was com-
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paratively high due to the higher evapora-
tive demand of the atmosphere (low RH and
more sunshine hours). During this period,
all the four methods under predicted the
water requirement and Kc values were higher
than unity. From the third week of January
onwards, the evaporative demand of the at-
mosphere decreased with a corresponding
decrease in both ETc and ETo and the val-
ues of Kc were less than 1.

In 1993-94, the ETc and ETo values
increased gradually from December onwards
and maximum values were noticed in March.
The Kc values computed during March were
higher than unity in all the four methods.

Even though the information available
on Kc for different stages of growth of pe-
- rennial crops is very limited, several authors
have reported a linear increase in the values
from planting to active growing phase of dif-
ferent annual crops. A linear increase from
0.33 to 1.45 in the ratio of evapotranspira-
tion to class A pan evaporation up to the
active growing phase and a gradual decrease
thereafter was reported for wheat by Singh

REFERENCES

Aboukhaled, A., Alfaro, A. and Smith, M. (1982). Lysimeters.
FAQ Irrigation and Drainage Paper, 39 : 68.

Doorenbos, J. and Pruitt, W.O. (1977). Guidelines for
predicting crop water requirements. FAO
Irrigation and Drainage Paper, 24 : 256.

Doorenbos, ]. and Kassam, A. H. (1979). Yield re-
sponse to water. FAQ Irrigation and Drainage
Paper, 33 :193.

Devakumar, A.S., Rao, G.G., Rajagopal, R., Rao, PS.,
George, M.]., Vijayakumar, K.R. and Sethuraj,
M.R. (1988). Studies on soil-plant-atmosphere
system in Hevea: 11 Seasonal effects on water
relations and yield. Indian Journal of Natural
Rubber Research, 2 : 46-60.

Elliot, R.L., Harp, S.L., Grosz, G.D. and Kizer, M.A.
(1988). Crop coefficients for peanut evapo-

and Wolkewitz (1998). Elliot et 2l (1988)
noticed an increase in Kc values for peanut
evapotranspiration from planting to the ac-
tive growing phase and a declining trend af-
terwards.

Regression equations were developed
for the four methods using Kc and ETc dur-
ing 1992-93 and 1993-94. The R? values
worked out were 0.71, 0.76, 0.76 and 0.73
during 1992-93 and 0.64, 0.89, 0.88 and
0.77 during 1993-94 for the pan evapora-
tion, modified Penman, Hargreaves and ra-
diation methods respectively. No significant
difference was found between R? of modi-
fied Penman method and Hargreaves method
in both the years. Hence based on the avail-
able weather data any of these two methods
can be used for estimating ETo.

ACKNOWLEDGEMENT
The authors are grateful to Dr. K.R.

"Vijayakumar, Joint Director, Rubber Re-

search Institute of India, for the critical evalu-
ation of the manuscript and valuable sug-
gestions.

transpiration. Agricultural Water Management,
15: 155-164.

Hargreaves, G.H. and Samani, Z.A. (1982). Estimating
potential evapotranspiration. Journal of Irri-
gation and Drainage Division, 108 (IR 3) : 223-
230.

Haridas, G. (1980). Soil moisture use and growth of
young Hevea brasiliensis as determined from
lysimeter studies. Journal of Rubber Research
Institute of Malaysia. 28(2) : 49-60. 4o

Hong, L.A. (1979). Some lysimetric measurements of
evapotranspiration of oil palm in Central Pen-
insular Malaysia. Proceedings of the Symposium
on Water in Malaysian Agriculture, 1979, Kuala
Lumpur, Malaysia, pp. 89-101.

Jessy. M.D., Mani. J., Mathew. M. and Punnoose, K.I.




40

JESSY et al.

(1992). Evapotranspiration and crop coeffi-
cient of immature rubber: A lysimeter study:
Indian Journal of Natural Rubber Research, 5 :
73-77.

Jessy, M.D., Mathew. M., Jacob, S. and Punnoose, K.I.
(1994). Comparative Evaluation of basin and
drip systems of irrigation in rubber. Indian
Journal of Natural Rubber Research, 7 : 51-56.

Meyers, B.J., Bond, W.]., Benyon, R.G. Falkiner, RA
Polglase, PJ. Smith, C.]J., Snow, V.O and
Theiveyanathan (1999). Sustainable effluent-
irrigated plantations: An Australian guideline.
CSIRO Forestry and Forest Products CSIRO
Land and Water, Canberra, Australia, p.286-

Monteny, B.A., Barbier, ].M. and Omont, C. (1985).
Micro-meteorological study of Hevea forest
Plantation. In: Land Clearing and Develop-
ment in the Tropics. (Eds. R. Lal, PA. Sanchez
and R'W. Gummings Jr.). Balkema Publish-
ers, Netherlands, p.203-2i4.

Roberts, J. and Rosier, TW. (1993) Physiological stud-
ies in young eucalyptus stands in southern In-
dia and derived estimates of forest transpira-
vion. Agricultural Water Management, 24: 103-118.

Singh. P and Wolkewitz (1998). Evapotranspiration,
pan evaporation and soil water relationships
for wheat (Triticum aestivum). Agricultural Wa-
ter Management, 13: 65-81.

Vijayakumar, K.R., Rao, G.G., Rao, PS., Devakumar,
A.S. Rajagopal, R. George, M.J. and Sethuraj,
M.R. (1988). Physiology of drought tolerance
of Hevea. Compte-Rendu du Collogue Exploi-
tation Physiologic et Amelioration de I’ Hevea,
1988, Paris, France, pp. 269-281.

Vijayakumar, K.R., Dey, S.K., Chandrasekhar, TR,
Devakumar, A.S., Mohankrishna, T., Rao, P.S.
and Sethuraj, M.R. (1998). Itrigation require-
ment of rubber trees (Hevea brasiliensis) in the
sub humid tropics. Agricultural Water Manage-
ment, 35: 245-259.




