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EFFECT OF DRIP IRRIGATION ON GROWTH OF
IMMATURE RUBBER
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In an experiment conducted at Punalur, Kerala, to study the effect of irrigation on the growth of
immature rubber (Hevea brasiliensis) with drip irrigation at 25, 50, 75 and 100 per cent of crop evapo-
transpiration and a control without irrigation as the treatments, it was observed that irrigation at
50 per cent of the crop evapotranspiration was sufficient for improving the growth. Irrigation
during the summer season increased the growth of rubber plants significantly. Irrigated plants
maintained a higher leaf water status during summer season.
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INTRODUCTION

In the traditional rubber growing ar-
eas of Kerala in India, summer season ex-
tends from December to April. During this
period, very few summer showers are re-
ceived and the plants experience moderate
to severe soil moisture stress. Rubber (Hevea
brasiliensis) is usually cultivated as a rainfed
crop in these areas and requires about seven
years to attain tappable girth.

Earlier studies have reported that
maintenance of a favourable moisture sta-
tus in soil enhances the growth and reduces
the immaturity period of rubber (Ninane,
1967; Pushparajah and Haridas, 1977;
Omont, 1982). In the North Konkan region
of India, the immaturity period of rubber
could be reduced from 10 to 6 years by giv-
ing irrigation (Vijayakumar et al., 1998).

Information regarding the benefits of
irrigation on the growth of rubber in the tra-
ditional rubber growing areas is limited. An
observational trial conducted in Central
Kerala indicated that irrigation increased the
growth of immature rubber (RRII, 1987).
Jessy et al. (1994) also reported enhanced
growth of rubber in Central Kerala as a re-
sult of irrigation in summer.

Under conditions of limited water sup-
ply, drip irrigation could be ideal for plan-
tation crops like rubber due to its high con-
veyance and application efficiencies. Com-
pared to other methods, labour requirement
is also less for drip irrigation. The present
investigation was taken up to study the ef-
fect of drip irrigation on growth of imma-
ture rubber.

MATERIALS AND METHODS

The experiment was conducted in an
estate at Punalur in South East Kerala (9° N
and 76° 55’ E). This region experiences a
warm humid climate with a mean annual
rainfall of 250-300 cm. Major part of the rain-
fall (40-50%) is received during the South
West monsoon season (June — August) and
the rest during the North East monsoon sea-
son (September - November). The summer
season (December - April) receives few
showers and experiences a modeffte soil
moisture deficit. Compared to other parts
of Central and Southern Kerala, Punalur
area experiences a higher temperature dur-
ing the summer season. The weather data
during the period of experimentation is
given in Table 1. The data on rainfall was
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Table 1. Weather data for the summer seasons

(1991-'96)
Month Temperature (°C)  RH (%) Total
Max. Min. , rainfall

(mm)

December 32.6 20.7 744 19.1

January 33.0 20.2 67.1 16.4

February 335 21.1 69.5 49.8

March 34.0 220 69.5 4.5

April 341 23.5 76.4 185.7

recorded from a raingauge installed in the
estate and the remaining data were collected
from the India Meteorology Department,
Thiruvananthapuram. Soil moisture reten-
tion at field capacity (0.03 MPa) was 19.8
per cent and that at wilting coefficient (1.5
MPa) was 12 per cent.

Polybag plants of clone PB 311 were
planted during July 1991 at a spacing of 6.65
x 3.35 m in randomized block design with
five treatments and five replications. Drip
irrigation at four levels (25, 50, 75 and 100%
of crop evapotranspiration) and a control
without irrigation were the treatments. The
irrigation was given from the first week of
December, when the plants were five
months old. Observations were recorded
from eight plants in each plot from a gross
plot size of 10 plants. Crop evapotranspi-
ration (ETc) was calculated from the refer-
ence crop evapotranspiration (ETo) com-
puted using the Hargreave’s method
(Hargreaves and Zamani, 1982) and a crop
coefficient of 0.87 (Jessy et al., 1992). Refer-
ence crop evapotranspiration was estimated
on a monthly basis during summer season
and the quantity of irrigation was changed
accordingly.
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The quantity of irrigation was in-
creased every year corresponding to the in-
crease in the evapotranspiration demand of
the plants (Table 2). Drip irrigation system
was installed before the commencement of
the experiment. Irrigation was given daily
through emitters of discharge rate 2 L/h and
4 L/h. Two emitters of discharge rate 2 L/
h were used for 0.25 ETc and four such emit-
ters for 0.50 ETc for each plant. Three emit-
ters of 4 L/h weres used for 0.75 ETc and
four such emitters for 1.00 ETc for each plant.
The operating time was increased corre-
sponding to the increase in the irrigation
water requirement with age of the plant.
The canopy area of the plants were recorded
before the commencement of irrigation dur-
ing every year to calculate the quantity of

- irrigation water to be applied. The emitters

were connected to a lateral line placed along
the platform. During the first year emitters
were placed at 15 cm away from the plant
base and during the subsequent years, the
emitters were moved further away as the
root system of the plant developed. Irriga-
tion was given daily from December till the
onset of rains in April-May. While schedul-
ing irrigation, the quantity of rainfall re-
ceived was also taken into account. The
girth of the plants was measured at 125 cm
from the bud union at the beginning and end
of the summer season every year. Observa-
tions on number of leaf whorls were re-
corded during the first year. The data were
subjected to analysis of variance. Moisture
content of soils collected from areas wetted
by emitters and unwetted areas in the irri-
gated plots and from the corresponding

Table 2. Quantity of irrigation water applied (L/plant) for different treatments during summer sgason

Treatment 1991-92 1992-93 1993-94 1994-95 1995-96

0.25ETc 619 (4.1) 1216 (5.4) 1624 (10.8) 3451 (22.9) 4357 (29.0)
0.50 ETc 1238 (8.3) 2433 (10.8) 3247 (21.5) 6902 (45.8) 8713 (58.0)
0.75 ETc 1858 (12.3) 3649 (16.2) 4871 (32.3) 10353 (68.7) 13070 (86.6)
1.00ETc 2478 (16.4) 4865 (21.5) 6494 (43.0) 13804 (91.6) 17426 (115.4)

Figures in parentheses indicate average quantity of water applied per plant per day
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positions in the unirrigated plots was mea-
sured gravimetrically at monthly intervals
during the irrigated season. Mid-day leaf
water potential was measured using a dew
point microvoltmeter (Wescor USA) from
the middle leaflet of the middle leaf of the
youngest fully mature flush on each plant
in the fourth year of planting.

RESULTS AND DISCUSSION

Number of leaf whorls recorded before
the commencement of treatments and three
months after starting irrigation did not in-
dicate any significant difference between
treatments (Table 3). However, at the end
of seven months, plants irrigated at 50 per
cent and above of ETc had higher number
of leaf whorls compared to the unirrigated
plants, which might be due to the beneficial
effect of irrigation on improving the growth
of rubber.

Pretreatment observations on the girth
of rubber were recorded in December 1991,

Table 3. Mean number of leaf whorls per plant during
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before commencing irrigation. Response of
rubber plants to irrigation in terms of girth
and girth increment was significant from the
second year of irrigation (Table 4). During
the first year (1991-92), summer showers
were received during all the months, and
this might be the reason for the lack of re-
sponse to irrigation during that period.
During the second year, no rainfall was re-
ceived during January to March and plants
irrigated at 50 per cent and above of ETc
were significantly superior to the
unirrigated plants with respect to girth and
girth increment. During the third year fairly
distributed summer showers were received
and all the irrigated plants remained supe-
rior to the control plants. There was no sig-
nificant difference between the different lev-

- els of irrigation. During the fourth year, the

total rainfall and distribution during the
summer period were comparatively less and
plants irrigated at 50 per cent and above ETc
were significantly superior to the control
plants while the plants irrigated at 25 per
cent of the ETc was comparable to the

first year unirrigated plants. During fifth year also,
Treatment _ December March July rainfall was received in all the months ex-
Noirrigation  4.85 670 859 ceptin December and all the irrigated plants
0.25 ETe 510 713 9.14 remained significantly superior to the
0.50 ETc 5.00 7.42 10.01 unirrigated plants with respect to girth and
0.75ETc 5.24 7.42 9.74 gu-th increment.
L00ETe 542 794 10.08 From the data it appears that the re-
SE 0.25 0.31 0.35 sponse of plants to irrigation is mainly in-
CD (P<0.05) NS NS 1.05 fluenced by the quantity and distribution of

Table 4. Girth and girth increment of rubber (cm) _
Treatment Girth (cm) Girth increment (cm)
1991 1992 1993 1994 1995 1996 1992 1993 1994 1995 199

No irrigation 621 649 1409 2424 3538 3751 041 807 1822 2934 3148
0.25ETc 667 725 1594 2728 3751 4094 057 926 2061 3083 3427
0.50 ETc 657 730 1696 2747 3818 4134 073 1039 2091 3165 3436
0.75ETc 661 790 1725 2775 3821 4126 129 1064 2160 3206 3526
LOOETc 705 802 17.60 2897 3953 4271 098 1056 2192 3248 35.66
SE 033 037 0.65 0.75 0.91 096 020 042 0.64 065 0.79
CD (P<0.05) NS NS 2.02 270 2.79 297 NS 128 1.96 201 244
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rainfall during the summer season. When
fairly distributed summer showers were
received, all the irrigated plants were supe-
rior to the unirrigated plants and if not, only
the plants irrigated at 50 per cent and
above the ETc were significantly supe-
rior.

In the North Konkan region, very good
response to irrigation was reported
(Mohankrishna et al., 1991; Chandrasekhar
etal., 1994). However, in the present experi-
ment, although irrigation enhanced girth,
the magnitude of response was not substan-
tial. In Central Kerala, a growth improve-
ment of 7 cm was obtained by providing
drip irrigation for five years at 50 per cent
of ETc for the clone RRII 105 (Jessy et al.,
1994). The probable reason for the low re-
sponse to irrigation observed in the present
study may be that the severity of the drought
in the experimental area was much low com-
pared to North Konkan. The water deficit
during the summer season in the traditional
areas was estimated to be around 350 mm
while it was around 1070 mm in North
Konkan (RRII, 1988). The summer showers
received in the experimental area from De-
cember to April might have reduced the in-
tensity of the moisture stress. Clonal differ-
ences in the response to irrigation also can-
not be ruled out. Haridas (1980) reported
clonal differences in plant growth response
to irrigation in Malaysia. In a nursery ex-
periment he observed that when 25 per cent
of estimated soil moisture deficits were re-
plenished for over six months, for the clone
RRIM 703, there was an increase in dry mat-
ter production by 17 per cent over control,
but for PB 235, there was no such response.
It was also noticed that irrigation (50%)
around the base of the plants during dry
spells brought about a 4 cm girth advantage
over control in 12 months for the clone RRIM
703, but GT 1 and RRIM 612 did not show
any response to irrigation.

Irrigation at 50 per cent and above of
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the ETc did not make any difference, up to
the 5% year of irrigation. Hence, when wa-
ter availability is limited, irrigation can be
given at 50 per cent of the actual plant re-
quirement, without affecting the growth of
plants. Vijayakumar et al. (1998) also re-
ported the irrigation requirement during
summer as 50 per cent of the crop water re-
quirement in the North Konkan.

Leaf water potential measured during
the summer season indicated differences
between the irrigated and unirrigated treat-
ments (-2.06, -1.69, -1.42, -1.48 and -1.44
MPa for the unirrigated, 0.25, 0.50, 0.75 and
1.00 ETc treatments respectively). The
unirrigated plants had the lowest leaf wa-
ter potential and all the irrigated treatments
maintained a higher leaf water potential.

However, plants irrigated at 0.50 ETc and

above had almost similar leaf water poten-
tial indicating that irrigation at 0.50 ETc was
sufficient to maintain plant water status.
Before starting irrigation in December,
the mean soil moisture content in the sur-
face soil (0-30 cm) was 15.50, 15.62, 15.58,
14.26 and 15.15 per cent for the unirrigated,
0.25, 0.50, 0.75 and 1.00 ETc treatiments re-
spectively. Soil moisture recorded from the
area wetted by emitters in the irrigated plots
and from the unirrigated plot in March 1995
are shown in Table 5. As the summer sea-
son advanced, soil moisture content de-
pleted near to the wilting point in the sur-
face layers of the unirrigated plots during
March but the irrigated plots had higher soil
moisture content at all the depths studied.
Soil moisture content was the highest in 45-

Table 5. Soil moisture content (%) under different
treatments -~

Depth(cm) No 025 050 075 1.00
irrigation ETc  Elc ETc Elc

0-15 11.27 1861 21.02 2330 23.94
15-30 1534 1855 2343 26.07 23.39
30-45 1453 1767 2170 2711 2717
45-60 1538 1578 20.08 2423 23.03
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60 cm layer in the unirrigated plot, whereas
it was higher in upper layers in irrigated
plots. Considering the growth and leaf wa-
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