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Summary. The use of drip irrigation
in orchards is increasing worldwide.
Water shortage, prevention of ground
water contamination, and improved
production are the main reasons for
this increase. The combination of par-
tial wetting of the soil and control of
the water penetration depth consider-
ably increases the efficiency of irriga-
tion. Recent technological improve-
ments permit maintenance of a con-
stant volume of irrigated soil in which
gradients of soil water matric poten-
tials and mineral concentrations exist
from the irrigation point to the mar-
gins of the wetted zone. Because wa-
ter and mineral uptake is a function of
soil matric potential and mineral con-
centration, respectively, optimal up-
take rates by certain portions of the
root system always exist along these
gradients for any given environmental
conditions. Gradients of air concen-
tration act similarly and permit main-
tenance of high water availability
without any interference with root
aeration. Due to the relative ability of
the roots to exchange water, minerals,
and, possibly, oxygen, the entire root
system functions more efficiently com-
pared to root systems under conven-
tional irrigation methods. Physiologi-
cal root restriction effects induce the
formation of a large number of small
roots with frequent branching. Con-
sequently, the relative surface area for
water and mineral absorption is in-
creased several-fold, and the increased
number of root tips that are known to
be involved in production of hor-
mones (such as gibberelins and cyto-
kinins) is significant. Evidence for
enhanced fruit bud formation under
conditions of root restriction is pre-
sented here. Water treatment and fil-
tration technology has improved, and
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clogging of surface or buried drip sys-
tems now can be minimized, which
also increases the suitable range of
water quality for use in drip systems.

Drip irrigation concepts
and principles

The introduction of localized irri-
gation methods (drip and microsprink-
lers) during the past 3 decades has
proved that some of the principles
commonly applied to conventional ir-
rigation methods do not necessarily
apply to microirrigation, and may limit
optimization of fruit production. These
differences include: 1) Uneven distri-
bution of water and its relationship to
water availability; 2) a relationship be-
tween water availability and soil aera-
tion; 3) uneven distribution of miner-
als; and 4) uneven distribution of of roots
and physiological effects of root re-
striction. Because drip systems most
appropriately represent the principles
and concepts of localized irrigation, as
compared to microsprinklers, the fol-
lowing discussion concentrates on drip
irrigation.

Uneven distribution of water and
water availability. The water distri-
bution under each dripper forms a
bulb-shaped zone where most of the
irrigated soil is under the soil surface.
The width of the wetted “bulb” de-
pends mainly on the hydraulic con-
ductivity of the soil, whereas the depth
is a function of both saturated hydrau-
lic conductivity and gravity. For this
reason, the vertical axis of the water
distribution is usually longer than the
horizontal axis. The horizontal/verti-
cal length ratio is correlated positively
with the hydraulic conductivity of the
soil, and the ratio is higher in finer-
textured soils. Because the water dis-
tribution is uneven, there is always a
gradient between the irrigation point
where the soil is water-saturated and
the margins of the irrigated soil where
the soil may vary from near wilting
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point (WP) in arid climates. to fairly
moist in higher rainfall areas. Due to
this nonuniformity it is very hard to
define a single value to represent the
water content of the soil. Integration
of the values along the gradients is
meaningless because each single root
along this gradient is subject to a dif-
ferent soil water potential (SWP). Be-
cause water uptake rate varies with
SWP, it is likely that the rate of water
uptake by roots varies according to
their location along the SWP gradient.
Because water moves along water po-
tential gradients within the root sys-
tem (Taylor and Fenn, 1985), it is
likely that, at any given time, at least
part of the root system is subject to
optimal SWP for water uptake.

The maximum capability of the
roots to absorb water depends on their
surface area, which is a function of
their length, number, and diameter.
Small roots have a relatively high sur-
face area per unit of cross-sectional
area or per unit of root mass. A large
mass of small rootlets will, therefore,
have a surface area that is a few orders
of magnitude greater than an equiva-
lent mass of large-diameter roots.

In summary, a high concentra-
tion of small rootlets in the confined
volume ofirrigated soil under the drip-
per may have a tremendous capacity to
supply water to the above-ground
canopy due to increased root surface
area, a relatively low dependence on
water movement in the soil, a continu-
ous provision of at least part of the root
system to optimal SWP, and transfer of
water between wet and dry roots. Such
root systems are likely to be formed
under drip conditions provided that
high water availability (Bravdo et al.,
1992), aeration (Richards, 1986), and
appropriate nutrient concentrations
(Bravdo et al., 1992; Richards, 1986)
prevail. Water availability can be main-
tained by frequent irrigation applica-
tions. Aeration and mineral concen-
tration are discussed below.

Aeration. Aeration in the root
environment is needed for respiration.
Plant organs of fruit trees cannot func-
tion normally under sustained anaero-
bic conditions because interference
with the respiration process impairs
the energy production and use neces-
sary for maintaining processes such as
cell elongation and division, hormone
production, mineral absorption, etc.

Water availability and soil aera-
tion are inversely related to each other
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because water fills up the air space
between the soil particles, thereby push-
ing out the air during the irrigation
process. This seems to be a correct
assumption for all irrigation methods
that wet most of the soil surface. How-
ever, in drip irrigation, there is always
a gradient of soil water potential from
the irrigation point toward the mar-
gins of the irrigated soil volume and,
conversely, an opposite gradient of air
from the margins to the irrigation point.
Similar to what was described above
for water, there is also a nonuniform
distribution of air in the root zone,
thereby subjecting various parts of the
root system to a range of of air concen-
trations. Unfortunately, not much is
known about optimal concentrations
of air, or, more precisely, of oxygen for
fruit tree roots.

It is interesting to note that, in
practice, many orchards are irrigated
daily by drip for as much as 10 to 12 h
continuously without showing any
waterlogging effects such as iron-in-
duced chlorosis, stunted growth, wilt-
ing, or phytophthora root rots. Ordi-
narily, no incipient wilting symptoms
are observed, even under extremely
high evaporative demand conditions,
and fruits tend to show faster sugar
accumulation rate and intensified acid
metabolism (Safran et al., 1974; Van
Zyl, 1984), as well as better texture
and firmness (Safran et al., 1974),
under high-frequency drip irrigation.
Moreover, to the best of our knowl-
edge, no root damage or decay has
been reported in orchards drip-irri-
gated daily, even directly under the
emitter, where continuous soil water
saturation exists over periods of weeks
or months.

Therefore, unlike other irrigation
methods, no interference between
water availability and soil aeration ap-
pears to exist in drip-irrigated orchards.
This advantage might explain observa-
tions of advanced maturation and en-
hanced quality of fruit from drip-irri-
gated trees.

The mechanism behind this effect
might be connected to oxygen transfer
from the roots located at the interface
between the dry and the wet soil,
where the exposure to air is abundant,
to roots in the water-saturated area
directly under the dripper. Data is
lacking in the literature concerning
rate of air or oxygen transfer among
fruit tree roots. In principle, this phe-
nomenon is known to occur in quite a

few plant species. Field observations
made in Israel showed that daily drip
irrigations in which water was applied
at the rate of consumptive use reduced
the extent ofiron-induced chlorosis of
apples grown on fine-textured soils as
compared to 3- and 6-day intervals of
drip irrigation (Ein Gal, 1982).

A possible explanation of this
phenomenon is the existence of a per-
manent root concentration well-ex-
posed to air at the interface between
the irrigated and the nonirrigated soil
when daily irrigation at the rate of
consumptive use is practiced. Longer
irrigation intervals, which do not main-
tain a constant volume of irrigated soil
but rather flood the majority of the
root system by swelling and shrinking
of the irrigated soil volume (between
irrigations), is more likely to result in
anoxic periods. This also might ex-
plain the better fruit quality with re-
gard to size and storage potential ob-
tained by daily vs. weekly drip irriga-
tion in fine-textured clay soils (Ein
Gal, 1982). Similarly, a faster rate of
sugar accumulation and advanced
maturation of drip as compared to
microjet-irrigated vines (Van Zyl,
1984) also may be attributed to the
concomitant effect of high water avail-
ability and adequate aeration.

Mineral nutrition. Although
minerals constitute <10% of a plant's
dry weight, their level and composi-
tion in various plant organs is of pri-
mary importance regarding the con-
trol of various physiological processes
related to production and quality of
agricultural commodities. The major
constituents of plants are organic, and
depend quantitatively and qualitatively
on the unique ability of plants to fix
atmospheric CO,via photosynthesis.
This process is regulated by environ-
mental factors, including light, tem-
perature, air humidity, CO,concen-
tration on one hand and on plant
factors such as tissue hydration, min-
eral content and composition, and
genetic factors, on the other. The min-
eral requirements for optimal produc-
tion varies in many cases at various
stages of growth and development,
including germination, vegetative
growth, fruit bud differentiation, flower
and fruit growth, etc. Controlling min-
eral availability in field-grown plants is
difficult due to interactions with the
chemical and physical properties of the
soil, as well as the variability of root
distribution.
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However, low-volume, high-fre-
quency irrigation methods, such as
drip, may be used to concentrate the
roots in a relatively small volume of
soil, thereby making them less affected
by soil heterogeneity. When applying
soluble fertilizers through the irriga-
tion water (fertigation), the various
fertilizer components are distributed
unevenly because of their different
mobilities in the soil. NO,-N moves
with the water and tends to accumu-
late at the edges of the wetted zone,
whereas NH,-N, P, and K do not
move well in the soil and tend to
accumulate in the vicinity of the drip-
per, forming decreasing gradients to-
wards the margins of the wetted soil
volume (Phene and Beale, 1976;
Raushchkolb et al., 1976; Uriu et al.,
1977).

The interaction of all the dynamic
processes occurring under frequent
drip fertigation conditions creates a
dense root concentration composed
of numerous small rootlets and root
tips, with a fast turnover, extensive
ramification, and an increased root
surface area that greatly enlarges the
potential for mineral and water ab-
sorption. Due to the existing gradients
of the minerals, oxygen, and water,
various parts of the root system are
subject to different environmental con-
ditions under which mineral uptake
rates can vary from zero to maximum,
depending on their concentrations, soil
water potential, and aeration. Basi-
cally, the rate of uptake of each mineral
is a function of its concentration in the
root medium for any given environ-
mental conditions (Epstein, 1972).
The use of drip fertigation opens new
possibilities for using fertilization pro-
grams based on concentrations of fer-
tilizers in the root zone rather than the
common method of weight units per
plant or per area (i.e., pounds per acre,
kilograms per hectare). This approach
also is used when growing plants in
hydroponics, where terms such as full-
strength, half-strength nutrient solu-
tion, etc., are used rather than weight
units of individual elements. Due to
the close contact between the roots
and the nutrient solution in the soil,
the uptake of minerals is more efficient
as compared to conventional methods
of irrigation, and fertilization control
of various mineral levels in the leaves
can be achieved easily and quickly
(Bravdo and Hepner, 1987; Uriu et
al., 1980).
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It should be kept in mind, how-
ever, that, due to the intensive occupa-
tion of the soil by the roots, the rate of
mineral depletion is also faster, and the
plants depend more on the minerals
applied by fertigation and have less
access to native minerals of the soil.
This sometimes may be a shortcom-
ing, but it also can be an advantage for
the following reasons: 1) Soil chemical
composition is not always well-bal-
anced, and it is well-known that plants
grow better on artificial media with
complete nutrient solutions; and 2)
the relatively fast depletion ofminerals
in the confined soil volume efficiently
occupied by roots enables one to
change rapidly the concentration of
any given element during the growing
season by either adding or eliminating
certain elements.

Depending on the plant species,
various elements are required at vari-
ous stages of growth and development
throughout each growing season as
well as at various ages of perennial
plants. Rapid vegetative growth is
needed for most fruit trees during the
first years after planting in order to
build up the tree skeleton and thereby
prepare the tree for early production,
whereas controlled vegetative growth
often is needed to induce fruit bud
formation (Richards, 1986). Similarly,
it is always important to maintain a
proper fruit weight to leaf area ratio to
ensure fruit quality and maintain opti-
mal production. In most cases, it may
be easier to control vegetative growth
than fruit bud formation and other
related factors, such as fruit set and
abscission, by controlling the mineral
concentration and composition in the
root zone. Soil and tissue analyses nor-
mally guide fertilizer application rates.

Maintaining high N concentra-
tions in the root zone can stimulate
vegetative growth, particularly at the
beginning of the season, provided no
limiting factors, such as other mineral
deficiencies, exist. Stimulating vegeta-
tive growth by N application reduces
crop load by increasing the leaf area :
fruit ratio. Canopy size is established
early in the season before the fruit
starts accumulating sugars and becomes
a major sink that competes with the
growing shoot tips for assimilate pro-
duction in the leaves. The crop load
can be estimated from the ratios of leaf
area to fruit weight (Kliewer and
Weaver, 1971), fruit weight to trunk
cross-sectional area increment (Assaf

et al., 1974, 1985), total cross-sec-
tional area of the trunk (Ferree, 1980),
or crop : pruning weight ratio in grape-
vines (Bravdo et al., 1985). The best
fruit quality is obtained when fruit
ripening processes occur under condi-
tions of sufficient leaf area and minimal
vegetative growth. It is easier to con-
trol vegetative growth by N fertiliza-
tion in sandy soils than in fertile soils
because, in the first case, the feeder
root system that develops under the
drippers is more dominant as a source
for native nutrients to the plants. This
is probably one of the reasons why drip
is more advantageous than conven-
tional irrigation methods in sandy soils.

Root to shoot relationship. The
importance of roots as growth regula-
tor producers rather than solely water
and mineral absorbers was investigated
intensively during the past decade
(Davies and Zhang, 1991; Richards,
1986). The major hormonal regula-
tors produced in the roots are cytoki-
nins, gibberelins, and abscisic acid.
These hormones are involved in veg-
etative and reproductive growth as well
as stomatal function and dormancy.
Most of their production is in the root
tips and is connected with meristem-
atic activity. Thus, growth regulator
production is correlated positively with
root activity or, more precisely, with
the rate of branching and root tip
formation. It seems, therefore, that
studies of root/shoot interactions
should be based on number of root
tips and root surface area rather than
on root dry weight, as is commonly
used.

Woody plants grown in small con-
tainers that restrict their root systems
to a small volume of soil normally are
dwarfed, precocious, and exhibit a very
rapid root turnover rate, provided water
and mineral availability are well-main-
tained. (Richards, 1986; Salomon,
1979). The mechanism by which root
hormone production affects growth
and differentiation is not understood
fully; however, the involvement of root
cytokinins and gibberellins in these
processes is well-established.

Daily drip irrigation, which limits
the root system to a confined volume
of soil, creates physiological root re-
striction effects resembling those
formed in container-grown trees. This
is reflected in an increase in reproduc-
tive : vegetative growth ratio, and may
impose overcropping in young peach
trees (Richards, 1986) as well as in
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bearing orchards where root restric-
tion was imposed by either reducing
the volume of the irrigated soil (Assaf
et al., 1988) or by conversion from
sprinklers to drip (Bravdo et al., 1992).
However, in these three cases, the
effect was transitional and fruit size
recovered after one to three seasons,
when the balance between vegetative
and reproductive growth was reestab-
lished.

The ability of trees to adjust to
conditions of root restriction greatly
depends on the rate of root formation
under the drippers. Speeding up this
process requires correct management
of fertigation by closely controlling
the availability of water and minerals in
the root zone, as well as frequent tissue
analyses to adjust the fertilizer applica-
tions to the plant needs. In practice,
we have seen many cases where no
transitional stage was apparent when
bearing orchards were converted from
traditional irrigation methods to drip.
Middleton et al. (1979) also found
increased precocity, fruiting efficiency,
and total soluble solids (TSS) of apples
when roots were restricted by drip
irrigation or by growing them in small
lysimeters.

Technological aspects of
drip irrigation

The water consumption of trees is
determined by canopy size and struc-
ture and by meteorological conditions,
rather then by the volume of the irri-
gated water. Therefore, drip irrigation
that wets only part of the orchard’s soil
volume does not necessarily reduce
the water consumption of trees, but
rather increases the efficiency of water
use by cutting back water waste due to
evaporation, water percolation, and
competitive consumption by weeds.

Most drip systems in orchards are
designed to emit 0.5 to 1.5 mm/h.
Therefore, orchards grown in warm
regions with ET rates of 7 to 10 mm/
day need about 7 to 14 h/day of con-
tinuous irrigation to satisfy this de-
mand. Scheduling irrigation intervals
of 4 to 7 days, therefore, will require
continuous irrigation for a few days.
This no doubt will result in water
percolation to soil layers below the
effective root zone. In addition, de-
creasing the irrigation efficiency will
leach fertilizers into the groundwater.
The soil cannot serve as a major water
reservoir under drip because of the
small wetted soil volume. Any attempt
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to increase it very likely will result in
water percolation to layers below the
main root zone; therefore, daily irriga-
tion is advantageous and recom-
mended.

The risk of stress effects due to
temporary power loss, etc., is not as
high as one might expect due to the
capability of water exchange between
roots and the existence of roots be-
yond the drip-irrigated zone. Such
roots provide water under stress con-
ditions, whereas in normal regimes,
water is taken up preferentially by the
active drip-type roots concentrated in
the upper soil layers. However pro-
longed periods ofdrought might cause
more stress damage as compared to
conventional irrigation methods.

It is a well-established that daily
drip irrigation does not interfere with
aeration (Bravdo et al., 1992). On the
contrary, irrigation at longer intervals
causes successive swelling and shrink-
age of the irrigated soil volume (as
opposed to daily irrigation, where the
the size and the shape of the wetted
soil volume is more or less constant),
thereby flooding the entire root sys-
tem-often due to additional factors
such as ponding and run off.

Tensiometers are efficient and
convenient tools for controlling irriga-
tion. They should not be used to de-
termine when to irrigate, but rather to
fine-tune the daily amount of irriga-
tion water as applied by using evapo-
transpiration (ET) coefficients. At least
two tensiometers should be used at
each station: one at about 30-cm and
one at 80- to 90-cm depths, with the
number of stations depending on the
uniformity of the soil and the orchard.
The upper tensiometer should be at a
constant 10 to 20 cm from the emitter
across the orchard. Maintaining a con-
stant reading at any point in the upper
soil layer will result in a constant irriga-
tion volume. Any point that reads be-
tween 10 and 20 kPa is appropriate. If
the ET values used are too high or too
low, the readings of this tensiometer
will increase or decrease, respectively.
The second tensiometer should be
placed at about 15 cm radial distance
from the dripper. Readings <10 kPa at
the 80- to 90-cm depths indicate that
water is moving downward. Automated
irrigation can be based on climatic data
on average readings of electrotensi-
ometers, or any other reliable soil
moisture sensors using an irrigation
computer for screening, averaging, and

controlling the irrigation system (Assaf
et al.,, 1988; Bravdo at al., 1992).

Selecting the appropriate drip
system. Drip irrigation systems consist
mainly of a conveyance/distribution
systems and emitters. The most appro-
priate spacing of the emitters depends
mainly on the soil characteristics rather
than on the type of trees or planting
distances. Because the concentration
of the feeder roots is correlated with
their distance from the dripper rather
than with the distance from the tree
(Levin at al., 1979), it is most appro-
priate to space emitters uniformly along
the dripper line. Spacing distances
should be aimed at forming a continu-
ous strip of wetted soil along the drip
line. Due to the bulb shape of the
water distribution under the drippers,
continuity will be formed at the depth
where the maximum diameter of the
bulb shape occurs, rather than on the
soil surface.

A very common spacing combi-
nation that fits quite a wide range of
soil types is 4-liters/h drippers spaced
1 m apart. In silty-clay soils, a 1.2- to
1.5-m spacing often is used, whereas 2
liters/h at 0.5 to 0.7 m is used in sandy
soils. The most appropriate spacing x
rate of emission combination can be
predicted from soil physical analysis
data (Bresler, J977).

In cases of variability in soil or in
tree size due to replanting, it is pos-
sible to use various combinations of
emitter flow rate and spacing. Because
vertical distribution usually exceeds
radial distribution of water in drip
systems, it is important to control the
depth of water penetration to elimi-
nate leaching. The use of high emis-
sion rates in sandy soils may require
short irrigation pulses each day. On
the other hand, soils with slow infiltra-
tion rates may require low emission
rates and longer “on-times.” Dripper
emission rates commonly vary from 1
to 20 liters/h. The radial water distri-
bution increases with the rate of emis-
sion (Bresler, 1977).

The drippers commonly sold on
the market today can be categorized
into two major groups-pressure- and
nonpressure-compensated. In sites
with large elevation differences, it is
essential to use the pressure-compen-
sated types. Because the rate of water
flow in nonpressure-compensated drip-
pers is pressure-dependent, it is impor-
tant to note that, even on flat land,
there is a pressure gradient along the
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line due to resistance. Therefore, the
length and diameter of the lines should
be taken into consideration when de-
signing microirrigation systems. There-
fore, although pressure-compensated
drippers are more expensive, they en-
sure a more-uniform water supply to
all trees.

In selecting drippers, consider-
ations such as range of pressures, tur-
bulent flow, and self-cleaning should
be taken into account. There are in-
line drippers as well as drippers of
various shapes and forms that are at-
tached externally to the lines. There
are also multiple polyethylene tubing
“drip tapes,” in which water is dis-
charged from small laser-drilled ori-
fices in the tube wall. There are also
thin-wall drip tapes with various types
of emitters that have relatively short
life. The in-line drip tubing has an
advantage because rolling off pre-
mounted external drippers in large
orchards is more difficult.

Drippers can be hung on wires,
laid on the soil surface, or buried.
Hanging offers the advantage of easy
and convenient soil management, but
it is more expensive, evaporation losses
are greater, and special care needs be
taken to prevent “bowing,” because in
many systems water will drip from the
lower point of the bow rather than
right under the dripper, and the irriga-
tion depth will fluctuate and be harder
to control.

There is a trend towards burying
drip systems in orchards. The depth of
burying varies between 25 and 65 cm.
Although this method offers many
cultural advantages and possibilities
for maximum water use efficiency, there
are also a few problems. In sandy soils,
where lateral and upward movement
of water is limited, difficulties often
occur for newly planted trees until
contact is made between the roots and
the wetted soil. The danger for mov-
ing water and minerals to layers below
the root zone is also greater. Clogging
of drippers due to root intrusion may
cause serious problems. The most-effi-
cient way to inhibit roots is to inject a
herbicide that moves slowly in the soil
and kills root tips in a small volume
around the drippers. Unfortunately,
such herbicides are not registered in
the United States for injection into
drip irrigation systems. Some herbi-
cides embedded in the plastic emitter
are registered. Chlorination, as well as
phosphoric acid injection at low con-
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centrations, can minimize root intru-
sion. In any case, chemicals must be
injected above the filters.

Clogging of drip irrigated sys-
tems. Clogging can be caused by physi-
cal, biological, or chemical factors.
Clogging is the most chronic and seri-
ous problem facing drip irrigation us-
ers. It is extremely important to moni-
tor continuously the water flow and
the total application rates, because this
is the most-efficient indicator of clog-
ging in pressure-compensated emit-
ters. Particles can be removed effi-
ciently by the use of filtration systems.
Filtration technology is well-developed
today, and there are engineering solu-
tions to almost all kinds of physical
clogging.

Media filters filled with gravel and
sand are commonly used with auto-
mated back-flushing and are recom-
mended for water high in organic
matter and fine soil particles. Screen
and ring filters are available for various
flow rates, and hydrocyclones are effi-
cient removers of heavy particles such
as sand.

Algae are the most common clog-
ging agents in canal or reservoir water,
whereas iron bacteria often are found
in iron-containing well water. Chlori-
nation of the water in the reservoir
followed by media filtration is the most
efficient way to handle this situation.
Continuous or occasional chlorine in-
jection into the irrigation system at
concentrations from 2 to 10 ppm free
chlorine for mild and severe cases,
respectively, are used commonly. In
case of clogging, drippers should be
sampled and the cause and treatment
determined. In most cases, phospho-
ric or hydrochloric acid injection at
concentrations of 0.6% to 1.0% for 10
to 20 min effectively solves the prob-
lem. Most irrigation systems tolerate
this treatment. In case of a need for a
more severe acid treatment, the suit-
ability of the system to that treatment
should be verified because consider-
able differences between filters, valves,
and other system components exist.

Phosphoric acid has the advan-
tage of serving as a fertilizer as well,
whereas hydrochloric acid may be more
efficient in treating biological materi-
als as well as some chemical precipi-
tates, such as CaCO,. Although it is
advisable to consult experts for such
problems, it is important to bear in
mind that growers can sometimes solve
these problems by cutting out and

removing a few meters of the problem-
atic sections of the irrigation system
for detailed investigation. Growers
must check the cleaning efficiency of
various injection procedures and com-
binations.

Chemical clogging is very likely
to occur when water with high mineral
content or high pH is used. In such
cases it is essential to leach the irriga-
tion system for about half an hour
prior to and following the fertilizer
injection period. When using low-qual-
ity water, it is essential either to consult
experts regarding rates and kinds of
fertilizers or to precheck for possible
precipitates the formulations planned
by letting it to settle overnight in a
separate tank. Reducing the pH of the
water to levels below neutral by inject-
ing low-pH fertilizer solutions is es-
sential in many cases. However, con-
tinuous use of extremely low-pH fer-
tilizer over the years may result in
reduced soil pH under the drippers,
which might be beneficial for calcare-
ous soils but detrimental for others.

Irrigation scheduling-
resolved and unresolved
problems

For many years, it commonly was
believed that the correct way to irri-
gate fruit trees was to apply water
uniformly to the entire root system.
Uniform distribution of water was a
major requirement for any commer-
cially available irrigation water applica-
tion device. The irrigation frequencies
in all of these conventional irrigation
methods are determined according to
water availability in the soil, but the
threshold of water availability to fruit
trees is still under debate. In fact, most
of our concepts of irrigation were de-
rived from field crops. Hendrickson
and Veihmeyer (1950) claimed that all
the water between field capacity and
wilting point is readily available for
trees, implying that water should not
be applied before most of the available
soil water is depleted. Other workers
did not agree with this, and recipes
such as 50% or 30% available water
calculated for the entire profile of 5 or
7 ft were advocated as thresholds for
irrigation (Assaf et al., 1974). Most
early publications on irrigation sched-
uling ignored factors such as the hy-
draulic conductivity of the soil (which
determines the rate of water flow from
the soil to the roots), root density and
distribution (which determines the ef-
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ficiency of water uptake from a given
volume of soil), and, to some extent,
the evaporative demands (which de-
termine the rate of water loss from the
canopy to the atmosphere). When
water is absorbed by roots, the imme-
diate vicinity of the roots is depleted
and further uptake depends on water
gradients for movement in the soil.
Therefore, plants grown in mild cli-
mates with low evaporative demands,
in soils enabling faster water move-
ment, with a dense root system (which
does not require long-distance water
movement in the soil) are likely to have
higher available soil water thresholds
for irrigation than plants grown under
opposite conditions. The latter might
show incipient wilting symptoms, even
when the average soil moisture con-
tent is high.

Averaging soil water content of
the entire soil profile for scheduling
irrigation seems to be meaningless for
microirrigation systems because water
uptake is normally faster from the up-
per soil layers, and water uptake from
the lower layers increases progressively
as water in the upper layers is depleted.
Therefore, scheduling irrigation ac-
cording to the average soil water con-
tent of the entire profile may lead to
irrigation of lower soil layers, which
already are sufficiently moist and some-
times too wet. This may lead to water
percolation to layers below the root
zone, thereby wasting water and fertil-
izers and contaminating the under-
ground water reservoirs.

Using ET for scheduling irriga-
tion does not necessarily overcome
this problem because ET values are
based mainly on meteorological data,
and the plant canopy factor is not easy
to evaluate accurately and is subject to
errors. Monitoring the soil water po-
tential (SWP) of deep soil layers
throughout the irrigation season by
means of either tensiometers or neu-
tron probe readings provides efficient
means for optimizing irrigation sched-
uling. Irrigating the lower soil layers
only when deficit is apparent was found
to promote root development across
the entire profile, and increase water
use efficiency, yield, and quality of
fruit (Assaf et al., 1974).

Conclusions

Drip irrigation opens new possi-
bilities for fruit tree growing because it
provides means for controlling a few
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major processes such as water and min-
eral availability and uptake, as well as
root activity. A correct use of drip
systems requires different approaches
than those used in conventional irriga-
tion systems. In order to succeed with
drip, it is essential to fertilize through
the system, think in terms of concen-
trations rather than amounts of ferti-
lizer application, irrigate at frequent
intervals, adopt the correct type of
emitters and spacing to soil type and
topography, control the irrigation
depth, and control the vegetative
growth and adjust it to the crop level at
various stages of fruit development.

Correct use of drip can save wa-
ter, reduce groundwater pollution, and
improve water use efficiency and har-
vest index.
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