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Abstract
The difficulty of establishing tree plantations in arid regions,

particularly on sandy and droughty soils, is a widely faced
problem. Insufficient water is freely available in such regions
for effective watering of tree plantations with conventional
methods. Under such conditions, discarded plastic infusion
sets from a hospital were tried for watering and establishing
Anjan (Hardwickia binata). This allowed use of a limited
quantity of water, in a regulated way as in the drip system, and
watering directly in the sub -soil to reduce evaporation loss.
Either one litre or half a litre of water was applied per plant this
way every alternate day for the whole year, with total consump-
tion of 173 litres and 91 litres of water respectively per plant in
the entire year. Growth of these plants was compared with
growth of ones subjected to conventional watering with 9 litres
applied fortnightly to make 216 litres of water per plant for the
period of the experiment. Plant growth even with a half litre
treatment on alternate days was far superior to that with
conventional watering.

Introduction
The need for afforestation in the arid region of India has long

been recognized (Kaul, 1963. To give a general demonstration
of tree plantation and its beneficial effects on surroundings,
programmes of avenue plantation were taken up at various
sites in this desert region. Lately the need and importance of
agro- forestry is being emphasized (Shankaranarayan,1981 ) and
social forestry is being popularized as well. Aside from distri-
buting a large number of plant saplings of various species to
villagers in this region, the forest department is also giving
varying rewards in cash for after -care, particularly after check-
ing the survival of each plant distributed, for the first, second
and third year respectively.

Although a large number of plant saplings are distributed
and planted every year at the beginning of the monsoon (July),
establishment and survival of such plants for the first year is
relatively too low. Factors responsible for failure are the low
and erratic rainfall, high evaporation, coarse and droughty
nature of soils, and paucity of water for irrigating in this region.
After establishment in the first year, the second and third
years are, however, not so hazardous to many deep- rooted
species, as such plants become well established and send their
roots to greater depths to draw the moisture. Thus, the problem
of establishment is severe for the first year.

The present preliminary study was provoked primarily by
the need to mitigate the above mentioned severe conditions
and to establish a plantation having good growth the first year.
This was accomplished by adoption of a new, simple and inex-
pensive technology using very little water for irrigating plants
in this arid region. The technique presented here involves the
use of discarded plastic infusion sets from a hospital to apply a
small amount of water, to regulate watering, and also to reduce
evaporation loss by watering directly in the sub -soil.

Materials and Methods
Saplings of Anjan (Hardwickia binata) were raised in the

nursery. Sixty six saplings of even growth were planted on the
Research Farm of the Central Arid Zone Research Institute at
Jodhpur on 26 July, 1982 in a field measuring 30 m x 55 m.
Plant to plant as well as row to row distance was 5 m. Out of
these 66 plants, the central 36 were taken up for the present
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Figure 1. Sub -surface watering of Hardwickia binata plant
sapling with a plastic infusion set.

Table 1. Monthly means of daily maximum and minimum
temperatures, relative humidity (RH), class A pan evaporation
(E pan) and wind velocity during summer, 1983.

Month
Temperature °C RH

%
E pan wind velo-

mm /day city (Km /h)Max. Min.

March 31.3 17.0 23 9.1 8.3
April 34.6 20.8 40 10.2 8.5
May 40.1 26.2 40 12.7 8.4
June 40.9 28.2 45 12.4 9.6

study, leaving the remaining 30 all around as border plants.
The central 36 were in three blocks, each one having 12 plants,
3 rows of 4 plants in each block. The plants in these three
blocks were given three different treatments of watering
individually. They were: 1) one litre sub -surface watering per
plant on every alternate day in the first block, 2) half a litre
sub -surface watering per plant on every alternate day in the
second block, and 3) 9 litres surface (flood) watering per plant
fortnightly. This third treatment of plant watering is conven-
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tional and is generally followed presently by the forest depart-
ment in this region.

For applying the first two levels of watering, the hospital -
discarded plastic infusion sets /drips with a capacity of one
litre and also half litre were used almost similar to the way
reported by Kolarkar et al (1983). To effect the sub -surface
watering, first a hard plastic tube was inserted obliquely in the
soil, roughly at a 45° angle to the plant, at a suitable distance
from it, reaching a depth at its lower end of 15 cm below the
collar of the plant. A pole (about 1 m high) was fixed near the
plant, on which a plastic infusion set, either one litre or half
litre capacity, depending on level of watering, was suspended
with the emitter placed properly inside the buried plastic tube.
Requisite quantities of water as per levels of watering were
poured into the bags in the morning hours of every alternate
day. Flow of water of about 33 ml /min was regulated through
each emitter in the buried plastic tubes. This was very
effective in sub -soil watering. Clogging, if any, in any part of
the system could easily be removed by squeezing or lifting the
emitter tube from the ground. Figure 1 illustrates the whole
system and the arrangement adopted in the field.

At the time of initial planting, a 9 litre watering was given to
all plants. Subsequent waterings were given as per above
treatments. If any rains were received on a scheduled watering
day then the watering was done only on the next day or the
third day depending on amount of rainfall and soil moisture
conditions. After completion of nearly one year, the first good
shower of the 1983 monsoon was received on 5 July, 1983 (20.5
mm) and so the subsequent waterings were stopped. Total
number of watering from 26 July, 1982 to 5 July, 1983 given
under various treatments were: 1) 164 one litre waterings, 2)
164 half litre waterings, and 3) 23 nine litre waterings.
Observations on plant growth were made on parameters of
height, collar diameter and number of branches during the
year and finally in August, 1983.

Environment
The soil was loamy sand with sand, silt and clay contents of

85.2, 4.8 and 9.9 percent respectively. Soil had a pH of 7.5, an
electrical conductivity of 90 micro mhos /cm, a field capacity
of 10 percent (w /w), a permanent wilting percentage of 3.5
percent (w /w), a bulk density of 1.59 /cc and an infiltration rate
of 7.5 cm/h. The region is well known for its aridity, with an
annual precipitation of 360 mm and potential evapotranspira-
tion of 2063 mm (Krishnan, 1977). The major portion of annual
rainfall is received during the monsoon (July to October),
during which time adequate soil moisture is often available.
Soil moisture scarcity is felt by plants generally during the rest
of the eight months, but more severely during the summer
(March to June). Climatic parameters during these four
months of 1983, covering the experimental period, are given in
Table 1.

Results and Discussion
Figure 2 (parts a and b) illustrates the general moisture

distribution in the soil profile after 24 hours of sub -surface
watering of half litre of water, observed 1 February, 1983 and
12 May, 1983. These are indicative of the general moisture
status during winter and summer respectively. As background
information, Table 2 indicates the soil temperatures depthwise
on these two dates. The air temperatures and pan evaporation
on these two days are noted here: 1) 1 February, 1983. maxi-
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mum = 21.4 °C. minimum = 5.8 °C. pan evaporation = 4.5 mm;
2) 12 May, 1983. maximum = 35.9°C. minimum = 26.1°C. pan
evaporation = 9.7 mm

During winter the soil moisture which was 10 percent
immediately after watering, at the depth of 15 cm and near the
emitter point, gradually spread horizontally as well as verti-
cally during a 24 hour period. It decreased laterally to 6 to 7
percent (2.6 to 1.4 bars) depthwise at the distance of 15 cm
from the emitter, 2.5 to 6.5 percent (>15 to 2 bars) depthwise at
the distance of 30 cm and 1.5 to 5 percent (> 15 to 5 bars)
depthwise at the distance of 45 cm. Considering 3.5 percent (15
bars) as wilting point, a good amount of moisture seems to be
available in the soil up to a depth of 100 cm, particularly in a
vertical column with a radius of 15 cm around the plant or the
emitter. Water also appears to be fairly available at 15 to 30 cm
of horizontal distance from the same point, particularly in the
lower zone, below 30 cm being in the range of 4 to 6 percent (12
to 3 bars ). Even at the distance of 45 cm and below 60 cm depth,
4 to 5 percent (12 to 5 bars) moisture is well within available
range. Thus, with watering of half a litre with this method,
enough soil moisture seems to be available in the plant root
zone even after 24 hours and up to 45 cm distance, particularly
in deeper layers.

During the summer period the picture is somewhat differ-
ent. Even with such high prevailing soil temperature and
evaporation, soil moisture seems to be present in an available
range of 3.5 to 5 percent (15 to 5 bars), particularly in the
column of 15 cm radius around the emitter or plant in the soil
in a depth range of 20 to 90 cm. There is no moisture in an
available range beyond a distance of 15 cm from the emitter
and below the 80 to 90 cm depth. Similarly, within the vertical
column of 15 cm radius, relatively more soil moisture is avail-
able within the depth range of 40 to 60 cm, being generally
more than 4.5 percent at less than 7 bars). The next watering
was due the next day on 13 May, 1983. Amounts of moisture
equal to those measured have proven to be sufficient for such a
period to pass without causing any damage to any plant. There
was, therefore, no mortality during the summer period.

Soil moisture status was obviously still higher and favour-
able to plants in the block having the one litre watering
treatment. Obviously no mortality or sign of withering was
observed in this treatment too. In the block having a conven-
tional watering treatment of nine litres fortnightly, two plants
withered away due to high moisture stress during the period
intervening between two waterings in summer, amounting to
16.6 percent mortality.

This new method of sub -surface watering also brought
about significant differences in the growth parameters of the
plants (e.g. height, collar diameter, and number of branches)
over the conventional method of watering, as observed after
completing one year from time of planting (Table 3).

The data indicate significantly more and better plant
growth with one litre and half litre sub -surface watering over
conventional fortnightly surface watering of 9 litres. Because
of the exceptional plant growth, it appears fairly certain that
there will not be any need to water the sub -surface watered
plants during the second and third years as is normally done in
the conventional watering method. Besides obtaining 100
percent survival and better plant growth, by adopting this
method of sub -surface watering, significant water saving has
also been effected as shown by the data, e.g. 43 and 125 litres of
water saving per plant by applying one litre and half litre water
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Figure 2. Distribution of moisture in soil profile, below 15
cm depth, at different distances from plant (emitter), 24
hours after a half litre sub -surface watering. 2a: during
winter. 2b: during summer.

Table 2. Soil temperatures depthwise on 1 February, 1983 and
12 May, 1983 in °C.

1 February, 1983 12 May, 1983

Depth
(cm)

0730 hrs. 1430 hrs.
(7:30 am) (2:30 pm)

Depth
(cm)

0730 hrs. 1430 hrs.
(7:30 am) (2:30 pm)

Surface 3.6 20.5 Surface 32.0 60.0
5 5.5 38.6 5 30.2 56.0

15 14.5 22.9 15 33.0 43.2
30 20.5 20.2 30 36.0 36.2
60 22.8 22.4 60 35.7 35.3
90 24.6 24.5 90 33.4 33.4

Table 3. Water use, average height, collar diameter and
number of branches per plant of one year old Hardwickia binata
under different watering treatments.

Collar No. of Total water
Height diameter branches applied

Treatment of plant of plant per during one
(cm) plant year (litres)

One litre sub-
surface watering per
plant (alternate day) 131.0 1.47 4.83 173*
Half litre sub-
surface watering per
plant (alternate day) 133.4 1.39 5.58 91*
Nine litres surface
watering per plant
(fortnightly) 55.5 0.53 3.42 216

S.E.M.± 12.26 0.025 0.526
L S D (5%) 33.98 0.069 1.457

*including a 9 litre watering at time of planting.
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respectively. This is very important in arid regions because of
the general scarcity of water. Further, looking to the practically
similar growth of the plants with one litre watering and half
litre watering, the latter seems most reasonable to adopt for
dual advantages of achieving better plant growth on one hand
and saving a significant amount of water on the other. Thus,
this inexpensive technique of water application in tree planta-
tion can very profitably by used in social forestry as well as in
recreation forestry, agro- forestry and fruit orchards on small
farms in the arid zone of India.

It appears fairly certain that ground waters of substandard
quality, which are of common occurrence in arid regions,
could also be used in this system, but experimental data on
this aspect with various plant species have yet to be obtained.
It is also obvious that the number of bags used, plant distance,
scheduling of water, etc., have to be appropriately adjusted
depending on the plant species, soil and other local conditions.
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Nevertheless, this inexpensive technology of thrifty watering
for tree plantation appears to have immense promise for
adoption in other similar arid regions of the world.
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Cacti in the Diet
of the Javelina
(continued from page 4)

stable situation has historically been most common in the
southern part of the range of the Javelina. It is tempting to
think that it is becoming more common in the north, but this
needs confirmation by further research. Javelinas seem to be
detrimental to the many species of non -arborescent Prickly
Pears which they have exploited in the north, although they do
indeed spread the seeds.

For the present state of knowledge on the Javelina we are
indebted to the classic studies of Knipe ( 1957), Sowls ( 1958),
Neal ( 1959), and Eddy ( 1961). Low ( 1970) studied the influence
of aridity on Javelina reproduction in Texas. Zervanos and
Hadley ( 1973) reported on energy relationships and adapta-
tional biology. Bigler (1974) published concerning activity
patterns and seasonal movement. Energy requirements and
water use of captive and free -living Javelinas were compared
by Zervanos and Day (1977).

According to Borell and Bryant (1942), Javelinas were killed
without restriction in Texas by professional hide hunters and
others until 1936. They fared little better elsewhere until
modern laws were enacted. The Texas subspecies is said to
have ranged as far north as Arkansas where it was extirpated by
persons using it for meat and a cheap source of pigskin
(Whitaker, 1980). Such habitat was probably marginal at best
for a species with tropical affinities and a propensity for eating
cacti. In portions of Arizona, New Mexico and Texas where
flat- stemmed Opuntia are common, the populations of Javelina
are stable (Findley et al., 1975; Arizona Game and Fish
Department, 1979).
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