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Abstract. Chlorine, whether as a gas or liquid bleach
formulation, has been used successfully in controlling certain
slime problems and to precipitate low concns of iron in drip
irrigation systems. The method described for estimating
chlorine requirements is simple and requires only 1 min to
perform the test in the field.

The chlorinator described utilizes sodium hypochlorite

and operates by suction inside the well casing or on the
vacuum side of surface mounted pumps. The chlorine solu
tion is filtered with a fritted glass disc mounted in polyvinylchloride (PVC) tubing. The apparatus can be calibrated to
inject as low as (3 ml/min) 21 hr for each gal of chlorine

solution or as high as (24.6/) 6.5 gal of chlorine solution per

hr of injection. The total cost for materials is approx $15.

The general nature and types of clogging problems in
drip systems in Florida have been widely reported (1, 2, 3,
4). Sodium hypochlorite, calcium hypochlorite, chlorinated
cyanurate compounds, and chlorine gas can be used effec
tively to control certain slimes and minimize clogging. The
principal uses for chlorine are: as an inhibitor of sulfur
slime for waters containing hydrogen sulfide; to control
general slime growths that are not specifically associated
with iron or sulfur; to precipitate < 1.0 ppm (parts per mil
lion) iron for removal in sand filters; for slime control where
low concns of both iron and hydrogen sulfide are present;
and to reduce algal slime in emitters utilizing surface water.

Chlorine, as a liquid or gas, has maintenance, injection,
and monitoring problems (1, 5). This paper describes a
procedure for estimating chlorine requirements together
with an apparatus for injecting hypochlorite and cyanurate
solutions into the suction side of centrifugal pumps or down
into the well.
Procedure

Estimating chlorine requirements. Chlorine require
ments must be known in order to utilize the injection ap
paratus described in this paper. In the majority of wells and
water sources tested, 65 to 81 % of the chlorine reacted with
certain inorganic compounds or was sorbed by organic sub
stances in the water. The hypochlorous acid required to
satisfy such requirements is of no value as a slimicide be
cause it combines with organic matter. The free residual
chlorine (the excess hypochlorous acid) is the active slimicide
and should be established before injection. In 6 sites under
evaluation with the new chlorine injector, a min of 2 to 3
ppm of free residual chlorine had to be available at the in
jection point (with pH < 7.5), in order to yield 0.5 to 1.0

ppm free residual at the last emitter. Chlorine requirements
can be estimated in 4 steps.

1. Prepare a standard sodium hypochlorite solution
(NaOCl). Mix 16 ml of fresh 5.25% NaOCl with 50 ml
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deionized water. Place in 60 ml amber glass dropping bottle

containing a straight pipette medicine dropper and store at

< 75°F. Determine the exact chlorine conch in the standard
by adding 1 drop (with the medicine dropper) to a 300 to
500 ml calibrated bottle of deionized water. The exact vol
of the bottle selected must then be used throughout the
procedure. Shake for 10 sec and read for total chlorine with
an N,N-diethyl-p-phenylenediamine (DPD) chlorine test
kit (1, 5). Total chlorine should be between 1.0 and 3.0
ppm and should be recorded. Concn of the standard should
be rechecked each time the test procedure is used. A new
standard should be prepared when the concn (as tested in
deionized water) drops below 1.0 ppm.

2. Collect a water sample in the calibrated bottle from
the irrigation system that is to be treated with chlorine. If
the water contains sulfides, then it will require 9 ppm of
chlorine for each ppm of sulfides. If the water contains
iron, it will require about 1 ppm of chlorine for each 1
ppm of iron. Usually 0.5 to 1.0 ppm NaOCl is required for
organic matter. Take this into consideration when running
this test.

3. Add enough drops of NaOCl standard solution to ob
tain 0.2 to 3 ppm of free chlorine. Mix the sample for about
15 sec, read for free chlorine. If there is no red color in the
test vial, add more drops of chlorine—retest and also rerun.
If more than 3 ppm of free chlorine (that is the upper limit

of the test kit) is present, start over by using fewer drops of
standard chlorine solution. If free residual chlorine can be
read on the test kit color disc (even a very low value of 0.2
ppm), then run the test for total chlorine. Dilute an aliquot
if the total chlorine reading is above 3 ppm—the highest
value on the test kit scale.

4. The difference between ppm total chlorine standard
used in the sample (drops of chlorine standard required
times ppm of standard) and the total chlorine residual in
the sample represents the chlorine that will be lost to
chemical reactions such as hydrogen sulfide, iron, or other
inorganic metals. The difference between the total chlorine
residual in the sample and the free chlorine in the sample
represents the chlorine that will be reacting with organic
matter and nitrogenous substances such as ammonia. Ex
ample: assume 1 drop of NaOCl standard equals 3 ppm.
Three drops of NaOCl standard when added to the sample
yielded 2.5 ppm free chlorine. In this example, the free
chlorine residual is in the desired range of 2 to 3 ppm.

Thus, the initial rate for injection of NaOCl into the drip
irrigation system would be 9 ppm (3 drops x 3 ppm stand
ard). In the example, if the free chlorine residual reading
had been only 1 ppm then it would be necessary to inject

22 ppm of NaOCl to obtain a 2.5 ppm free chlorine
residual (3 drops x 3 ppm standard x 2.5). The concn of
chlorine can be adjusted up or down during actual injec
tion depending on chlorine test readings taken from emitters
along the line and at the end of the system.

Formulas can be used to calculate the gal per hr (gph)
of NaOCl solution that must be injected to obtain a de
sired ppm of chlorine in the irrigation water. The gal per
min (gpm) pumping rate must be known.
Formula for gph of 10% NaOCl: 0.0006 x (ppm of de
sired chlorine) x (gpm pumping rate)

Formula for gph of 5.25% NaOCl: 0.00114 x (ppm of
desired chlorine) x (gpm pumping rate)
21

jug has proven satisfactory. Chlorine solutions must be pro
tected from heat, air, and sunlight. Do not have more than
a 3-day supply of chlorine solution in the jug. Wrapping the
jug with aluminum foil or a cloth cover and having a roof
cover will often suffice.

One can usually tell whether the injector is working
observing bubbles moving in the injector tubing and
testing the chlorine concn in the irrigation water. It is
sential that the free residual chlorine level in the drip
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rigation system be monitored several times a week. A DPD
type chlorine test kit must be used (1, 5).
The entire injection system must be air tight. The 1/4
inch PVC tubing from orifice to injection point down in the
well, must not be spliced (which cause air locks). The in
jection line should never be permitted to run dry. An
aerated filter or orifice will collect salt (NaCl) and other de
posits from oxidized hypochlorite. The salt will clog filter
and orifice. The filter can be cleaned with water and a tooth

brush. The orifice can be cleaned in water. The filter and
orifice should routinely be cleaned after 30 to 50 hr of ir
rigation.

Commercial swimming pool 10% hypochlorite solutions
often contain precipitates that will clog the filter. The
supernatant of "dirty" chlorine solutions must be syphoned
into the glass jug in order to keep out precipitates. A simple
syphoning system is shown in Fig. 1.
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Abstract. Soil moisture pressures were measured in soil

under irrigated orange trees to determine soil moisture ex
traction patterns. Measuring points extended in depth from
6 to 48 inches and horizontally from the base of the tree to
midpoint between trees.

Initially, after wetting soil to field capacity, moisture is
extracted primarily from soil near the center of the tree and
at shallow depths. As moisture depletion progresses, the soil
zone supporting major moisture extraction is transitive, both
laterally away from the center and downward.
The soil moisture status with respect to time and position
is presented graphically for several soil moisture depletion
cycles during different segments of the growing season.

The prime function of an irrigation system is to apply
water in the soil to replenish moisture extracted by the
action o£ plants. Irrigation equipment developers and system
designers have concentrated much effort over the years in
producing a system to apply water as uniformly as possible
over the entire soil surface. For closely spaced crops, this is
unquestionably of great importance. For that matter, it is
equally important for widely spaced crops if the irrigation
system in use is of the type that applies water to all the
land area of the field. In recent years the irrigation industry
has made available to users several different irrigation sys
tems with capabilities for uniformly applying water to
selected parts of the field only. Drip emitters and under-the-

iThe authors gratefully express appreciation to Mr. Horace Holmes,
Lake Florinda Grove, Route 1, Oklawaha, Florida, for providing grove
site for the experiments.
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tree spray heads are among the more popular limited area
irrigation types in use in Florida.

This paper presents the results of a study conducted to
determine patterns of soil moisture extraction for mature
orange trees. The information presented identifies soil mois
ture extraction patterns and provides a basis for locating
selective area application devices so that moisture will be
replenished where the deficit occurs first.
Materials and Methods
This study was conducted in 1975 and 1976 in an 11
year old orange grove located about 20 miles southeast of
Ocala in Marion County. The grove is planted to "Parson
Brown" orange trees on sour orange rootstock. The soil type
is Astatula fine sand with a sandy clay substratum beginning
approximately 4 feet below the surface. Cultural practices
used are normal for a commercial planting of the age and
production level. The test area is irrigated by a "solid-set"
overhead irrigation system.

The basic data for the study were obtained from 20 soil
moisture tensiometers placed in the soil in a spatial arrange
ment as indicated by Fig. 1. Tensiometers located hori
zontally 26, 56 and 86 inches from the center of the tree
were under the foliage canopy of the tree, while those 116
inches away were at the midpoint between trees and out
from under the canopy. The tensiometers were of the in
dicating type with a capacity for measuring soil moisture
pressure (suction) between 0 and 85 centibars. Tensiometer
measurements were generally made at weekly intervals.
Results and Discussion
An analysis of the soil moisture pressures for a one year

period indicate consistent patterns of soil moisture deple
tion. With the soil moisture at field capacity, the moisture
extraction rate was greatest from soil nearest the main
trunk of the tree. Without adding moisture the extraction
pattern expands both horizontally and vertically. This
paper will include a presentation and discussion of extrac
tion for two time periods with minimum rainfall inter
ference; one in the fall and the other in the spring. These
time periods represent the significant findings from the ex
periment.
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