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SUMMARY

A 4-year study of irrigation scheduling methods and applica-
tion rates was conducted to determine more efficient uses of sup-
plemental water. Two scheduling models were tested. One
model based the decision to irrigate on weather forecasts and soil
moisture conditions; the other, irrigation by demand, based the
irrigation decision only on soil moisture conditions. Application
rates of 0.13 inches per hour (low) and 0.43 or 0.7 inches per
hour (high) were tested to determine the suitability of low ap-
plication rate sprinkling in a humid climate.

A computer program was developed to calculate soil moisture
and predict irrigation needs in the forecast scheduling model. A
probability of rainfall occurrence greater than 0.5 inch was the
acceptance level for including a rainfall event. The weather fore-
cast also provided the basis of deciding how much rainfall would
be included in the soil moisture balance.

After 3 years of field tests, growing cotton on a sandy loam soil,
no advantage could be ascertained from the inclusion of weather
forecasts. However, irrigation in itself did improve yields signifi-
cantly over non-irrigated yields. The better treatment, irrigation
by demand, increased production 160 pounds of seed cotton per
acre for each inch of water applied with an average of 6.3 inches
applied each year. Simulation studies following the field experi-
ments indicated that the reduction in moisture excesses as a
result of the use of forecasts was insignificant but that moisture
deficits were significantly greater than those in the demand
model.

In the associated application rate study the low application
rate of 0.13 inches per hour was found to be superior in cotton
production and in the minimization of soil crust strength. The
study also suggested that an exponential relation is appropriate
for relating crust strength to crust moisture content.
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SCHEDULING and APPLICATION
RATES of IRRIGATION in a
HUMID CLIMATE

C. D. BUSCH and E. W. ROCHESTER!

INTRODUCTION

IN A PERIOD of drought there are generally greater than normal
demands for water application and at the same time there are
diminished supplies of water available. Therefore, scheduling
water applications for optimizing crop growth and assuring effi-
cient water use has been given high priority, especially in arid
areas.

Computer programs that can predict approximate irrigation
dates have proved invaluable. One group of researchers (Jensen,
et al,, (7)) developed a computer program for irrigation schedul-
ing under arid-climate conditions. Their program has been field
tested for several years in Arizona and Idaho. The program cal-
culates evapotranspiration from solar-radiation data and crop-
related factors, adds rainfall amounts and calculates the soil-
moisture depletion. Updated calculations are made twice each
week. The irrigator is given a bi-weekly report which informs
him of the approximate number of days before an irrigation is
needed and also suggests the amount of water to apply at that
time.

Other studies have demonstrated the usefulness of correlating
plant-water use with evaporation from a free-water surface. Jen-
sen and Middleton (6) have shown a nearly constant relationship
between the rate of evapotranspiration by a crop and the rate
of evaporation from a Weather Service Class A Pan. Others, in-

* Associate Professor and Assistant Professor, Agricultural Engineering Depart-
ment.
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cluding Hargreaves (5) and Shahin (14) have presented crop co-
efficient curves relating evapotranspiration to pan evaporation.

A calculated risk model for Southeastern use has been devel-
oped by Allen and Lambert (1). Daily irrigation decisions are
based on 24-hour rainfall probabilities, irrigation costs and po-
tential crop damage resulting from inadequate soil-moisture. The
calculated risk model is limited, however, by the absence of data
on dollar loss which can be assigned to any individual or series
of omitted water applications. Using a previous year’s weather
records, the calculated risk model showed the possibility of saving
water when compared to irrigating by soil-moisture criteria.

The irrigation scheduling approaches which have been cited
combine past weather records with soil and plant data for de-
termining when to irrigate. In addition, Allen and Lambert (1) also
incorporated rainfall probabilities. The research reported herein
presents a scheduling model which not only incorporates fore-
casts in an attempt to economize supplemental water usage, but
also incorporates a multi-field scheduling of irrigation equipment.
The results of this scheduling model are compared to the results
of a demand schedule in which water is applied to the crop as
required assuming no equipment limitations.

This report also presents results of a comparison of two appli-
cation rates upon the efficiency of water use and upon crusting of
the soil surface. Numerous studies have been made to define
factors influencing crust formation. Prior research has shown that
crust strength increases with increasing rainfall amounts, Carnes
(3), and increasing rates of water application, Mantel and Gold-
berg (10), and that it decreases with increased numbers of wet-
ting and drying cycles, Lemos and Lutz (9). Investigations to
determine the effect of sprinkler intensities and repeated applica-
tions upon crust strength have not been previously reported.

Design criteria dictate that the rate of water application be
maintained slightly below the soil intake rate. However, sprinkler
irrigation research in other regions, Gray (4) and Keller (8), has
demonstrated that a low rate of application, on the order of 0.1
to 0.2 inches per hour, results in better soil structure and a reduc-
tion in compaction when compared with high application rates.
Stegman et al.,, (15) demonstrated that the percent saturation in
the soil decreases exponentially as the application rate decreases.
Thus, short periods of oxygen deficiency that have been found to
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reduce growth and yields of crops are reduced or eliminated with
lower application rates.

- Although the low application rate concept has been adopted
in drier climates it has not been fully investigated in regions
where natural rainfall provides most of the water for plant growth.

IRRIGATION SCHEDULING
Irrigation Policy

An irrigation policy consists of a set of guidelines relating to
irrigation timing and amount, and is developed prior to the grow-
ing season. The policy must appropriately reflect the type system
in use and the desired results. In this study systems under con-
sideration are restricted to those which are portable to the extent
that water can be applied to several sectors of land during dif-
ferent time periods. Examples of these type systems include
hose-pull travelers and center pivots as well as portable lateral
systems. Portability allows the producer freedom to subdivide
land into more than one sector using the same equipment and
moving it from location to location.

The number of sectors which can be irrigated with a system
depends upon such factors as peak moisture use by the plants,
application rate, and moisture holding capacity of the soil. For
example, with a typical moisture usage of 0.3 inch per day and
a moisture holding capacity in the root zone of 3 inches, a sector
would have a 10-day supply of water. Following a typical policy
to irrigate when one-half of the water has been removed would
result in water applications every 5 days. Any number of sectors
could be established. The use of 20 sectors would allow 6 hours
irrigation time for each sector whereas the use of five sectors
would allow 24 hours per irrigation. Longer irrigation times
permit lower application rates.

Consideration of when to irrigate may be based on the value
of any of several soil or plant parameters. The most widely used
are soil-moisture content and soil-moisture tension. Moisture
tension relates more closely with availability of moisture to the
plant but moisture content is easier to manipulate. Since a func-
tional relationship exists between the two for any given soil,
moisture content may be used as a decision parameter without
any loss of sensitivity. If moisture content is expressed as the
percent of the available moisture, the lowest desirable moisture
content may be selected at any level between 0 and 100 percent



8 ALABAMA AGRICULTURAL EXPERIMENT STATION

available moisture. Selecting a drier soil moisture level has the
effect of delaying irrigations at the expense of increased stresses
in the plant and possibly lower yields.

Moisture stresses of a given magnitude do not have the same
effect during differing periods of growing season. Generally, crops
are more adversely affected by stresses during flowering and be-
come less sensitive to moisture stresses as the season ends. There-
fore the more responsive irrigation policies vary desirable mois-
ture levels as the season progresses.

Once the decision has been made to irrigate, then the policy
must stipulate the amount to apply. Several alternative policies
could be followed depending upon the objectives. If the overall
objective is to minimize the number of irrigations at the increased
risk of applying unneeded water the policy would be to apply
enough water to return the soil moisture to field capacity. If the
objective is to minimize supplemental water usage, then only
enough water is applied to a sector to allow irrigation of all sec-
tors and return to the initial sector prior to obtaining an undesired
condition. Under this policy the soil is left drier allowing more
potential storage of subsequent rainfall. Since the conservation of
water is a major objective of this study, the policy of minimizing
supplemental water usage was adopted.

Cotton, a major row crop for the Southeast, was selected as
the test crop for field evaluation of the irrigation models under
study. For this crop the minimum desired or critical available
soil moisture (CAM) was selected to be 40 percent but was re-
duced in steps near the end of the season as shown in Figure 1.
Also shown in Figure 1 are the 7-day supply (SDS) and the total
available moisture (TAM) curves.

The field tests were conducted on a Dothan sandy loam soil
which has an available moisture holding capacity of 1.3 inches
per foot. Root depth measurements were made at regular inter-
vals during the first year uniformity tests and were presented by
Rochester and Busch (12). At the maximum root depth of 3 feet,
3.9 inches of water are available for plant use. With the 40 per-
cent policy, irrigation would be required when 2.3 inches of water
has been removed from the soil. Since the maximum anticipated
water usage by cotton is approximately 0.3 inch per day, the max-
imum time between water applications is 7 days. With a policy
of irrigating one sector per day, a maximum of seven sectors
could be established. However, a five-sector policy was estab-
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FIG. 1. Soil moisture boundaries for forecast and demand scheduling.

lished in order to allow some slack time in the irrigation schedule.
This selection also eliminates the necessity to project moisture
requirements beyond the U.S. Weather Bureau 5-day agricultural
forecast.

Scheduling Models -

The soil moisture condition of each sector was estimated during
the growing season by assuming the soil to be initially at field
capacity and then subtracting or adding moisture changes as
described by equation (1).

AVM(I) = AVM(I-1) 4 PR(I-1) + SI(I-1) 4+ DSM(I-1) —

ET(I-1) (1)
where:

I = Growing season day,
AVM = Available moisture,
PR = Precipitation,
SI = Sprinkler irrigation,
DSM = Daily soil moisture increase due to root growth,
and ET = Evapotranspiration.
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Weather data required as inputs to equation (1) include pre-
cipitation and pan evaporation (which is used to calculate ET).
These data were obtained from a weather station located near
the field plots. The SI value is the actual amount applied to a
sector during the previous day. The DSM value is the product of
daily root growth and soil moisture capacity.

In addition to estimating daily soil moisture, the irrigation
policy requires prediction of soil moisture for several days in ad-
vance because the soil moisture of several sectors must be main-
tained above the critical available moisture. For example, if all
five sectors of the forecast model require irrigation on a given day,
it would be necessary to begin irrigation 5 days in advance to
avoid having any sector become too dry.

The equation for predicting the expected soil moisture is
XAM = AVM + XPR + DSM — ET (2)
where:

XAM = Expected available moisture
and XPR = Expected precipitation.

Expected precipitation is obtained from 5-day agricultural
forecasts. These forecasts give probabilities of rain for today,
tonight, and tomorrow and the probable amounts. In addition,
the third, fourth, and fifth day forecasts are given qualitatively.
To quantify precipitation for the today, tonight, and tomorrow
period, a combined probability for the time period in question
is determined as described by Allen and Lambert (1). When the
combined probability is greater than 0.5 the forecast precipitation
is added to the soil moisture prediction. Outlook forecasts re-
quire a greater degree of judgment based primarily on the fore-
cast wording. Fortunately the effects of an unfulfilled forecast
remains only 2 or 3 days in the scheduling since the next updating
replaces the forecast with fact.

The estimate of future evapotranspiration is made by using
records of average daily pan evaporation Mott (11) and appropri-
ate pan-crop coefficients Shahin (I14). The use of average data
tends to overestimate plant-water use when rain occurs and un-
derestimate it during prolonged clear periods. However, errors
do not accumulate since updating with the actual evaporation
record replaces the estimate.
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Scheduling Procedures

The forecast scheduling model is maintained by a computer
program which is presented in the Appendix. At the beginning of
a growing season, all seasonal information is placed in computer
storage. This information includes root depths, crop coefficients,
available moisture at field capacity, critical available moisture,
assumed evapotranspiration, and the moisture increase attribut-
able to root growth.

During the growing season available moisture and predicted
available moisture are calculated for each of the five sectors regu-
larly. A flow chart of the irrigation scheduling process is shown
in Figure 2. The predictions of available moisture are made for
each of the next 5 days. Where these moisture values fall below
the critical moisture level, irrigation may be needed and is so
indicated in the computer print-out. Appendix Table 5 gives an

Seasonal Inputs

Daily rooting depth
Historical pan evaporation
Planting date
Frost date

Moisture per foot

L -

¥ -t
Tri-weekly Input
5-day rain forecast
Pan evaporation
Irrigation
Rainfall

Tri-weekly Output
Moisture predictions
ields needing irrig.
Amounts needed

Calculations of present Tri-weekly Output
and predictive soil moisture M——oisture predictions,

A

Is
rain
probability
greater than
one half?

NO

irrigation be
needed during
next 5 days?

NO

Add expected
rain fo expected
soil moisture

\

FIG. 2. Flow chart of irrigation scheduling process.



12 ALABAMA AGRICULTURAL EXPERIMENT STATION

example where irrigation is indicated for day 5. If the outlook
indicated that all five sectors would need irrigation 5 days hence,
then irrigation would begin and continue so that 4 days hence
only one field would need water. Of course, the intervening up-
dating may change the predicted soil-moisture conditions.

- The demand scheduling model incorporates only one sector
with irrigation decisions based only on existing soil moisture.
Thus, the decisions were made in the field without regard for
other sectors or possible rainfall.

FIELD TESTS

Methods

Field evaluations of forecast and demand schedules and the
two application rates were made during a 3-year period with
replicated plot designs. Only two of the five sectors (nos. 1 and
4) of the forecast schedule were actually field evaluated even
though all the sectors were scheduled in the computer model.
The two treatments with varying application rates were sched-
uled by the demand model. The low application rate was se-
lected to be 0.13 inch per hour, a value within the range of a non-
saturating water application. The high application rate of 0.7
inch per hour was selected to be below the intake rate of the
sandy loam soil. Later observation of the high application rate
irrigation indicated this value to be above the intake rate of the
compacted soil and the value was subsequently lowered to 0.4
inch per hour for the last year of testing.

Soil moisture depletion of all plots was determined by readings
taken from electrical resistance blocks located at 0.5, 1.5, and
2.5-foot depths. These values were integrated graphically over
the rooting depth to obtain the average soil moisture. Soil mois-
ture values obtained from the forecast scheduled plots were com-
pared with values predicted by the model. In the event of sig-
nificant variations, the model was corrected to more closely cor-
respond with the field values. The average moisture readings
obtained from the demand scheduled plots were used directly to
make irrigation decisions.

The field tests, with cotton as the irrigated crop, were per-
formed at the Agricultural Engineering Research Unit, Marvyn,
Alabama for 3 successive years. The treatments on the sandy
loam soil were randomized in three complete replications on
60-foot by 60-foot plots with the center eight rows sampled for
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crop yields. For comparison adjacent non-irrigated areas were
also sampled in three replications each year.

Results

Success for the forecast scheduling model with sectors is de-
pendent upon the capability to predict daily soil moisture. There-
fore moisture estimations were regularly compared to soil mois-
ture values as measured in the field. Moisture use estimations
were made by multiplying pan evaporation values by a crop co-
efficient. During the early part of the 1971 growing season, use
of the Hargreaves coefficient resulted in moisture usage predic-
tions consistently higher than those measured, thus requiring sev-
eral adjustments. These discrepancies were initially attributed
to the poor stand of cotton obtained in 1971. Late year moisture
usage resulted in better correlation of values.

Early in the 1972 growing season, discrepancies in moisture
predictions again appeared despite a more uniform stand. A
comparison of actual moisture usage to estimated usage made
with several crop coeflicients resulted in the selection of the
Shahin (14) coefficient curve as being best suited for test condi-
tions. Use of the Shahin coefficient curve improved moisture esti-
mations but did not completely eliminate the necessity for ad-
justments. On the sixtieth day of the 1973 growing season, aver-
age field soil moisture was 1 inch drier than estimated and an
adjustment was necessary. However, during most of the season,
measurements and estimations were sufficiently close.

Table 1 presents the total yearly amount of supplemental water
applied to each treatment. Although yearly ranking of moisture
application is not consistent, the 3-year average indicates that
forecast scheduling required less water than scheduling by de-

TaBLE 1. ToTrAL YEARLY SUPPLEMENTAL WATER APPLICATION

Supplemental water application

T t
reatmen 1971 1972 1973 3r.av.
In. In. In. In.
Forecast schedule, low application
rate and sectors® 4.9 7.7 5.0 5.9
Demand schedule, low application
rate without sectors 5.0 9.3 45 - 6.3
Demand schedule, high application
rate without sectors : 6.5 7.2 6.6 6.8

1 These figures are averages of sectors 1 and 4.
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TABLE 2. YEARLY AND AVERAGE YIELDS OF TEST TREATMENT

Yield seed cotton per acre®

Treatment
reatmen 1971 1972 1973 3-yr.av.
Lb. Lb. Lb. Lb.
Forecast schedule 3,099 2,544* 2711* 2,785
Demand schedule, low application rate_______. 3,327 2,892 2,765 2,995
Demand schedule, high application rate_____  3,025' 2,365 2,677 2,689
No irrigation 2705 1,177 1,877 1,920

 These figures are adjusted for plant skips resulting from a poor stand.
2 These figures are averages of sectors 1 and 4.
3 Varieties are Auburn 56 in 1971 and Deltapine 16 in 1972 and 1973.

mand. However, a comparison of yields in Table 2 indicates fore-
cast schedule plots produced less cotton than demand schedule
at the same low application rate. High application rate irrigation
produced lower yields but were still significantly higher than

adjacent nonirrigated cotton.

A more lucid comparison of treatments is shown in Table 3.
Here the comparison of irrigation production efficiencies shows
consistently that the demand schedule with low application irri-
gation outperformed the forecast schedule in term of pounds of
cotton produced for each inch of water applied. High application
rate irrigation was the least efficient user of supplemental water.
The consistent tendency for the high application rate to produce
runoff was the probable reason for this low efficiency.

The superiority of the demand schedule must be attributed to
its capability to supply water at the appropriate time in com-
parison to the forecast schedule with sectors which, due to the
equipment restriction, must necessarily water some sectors at less
optimum times.

TaBLE 3. INCREASE IN YIELD AS A RESuLT OF IRRIGATION

Irrigation production efficiency
(seed cotton produced per acre
Treatment per inch of water applied)

1971 1972 1973  3-yr. av.

Lb. Lb. Lb. Lb.

Forecast schedule, low applicationrate . 80 142 169 130
Demand schedule, low application rate__ 125 155 200 160

1

Demand schedule, high application rate’ o 49 127 125 100

1The 1971 and 1972 high application rate of 0.7 in./hr. resulted in excess
runoff and was reduced to 0.4 in./hr. for the 1973 growing season.




SCHEDULING IRRIGATION 15

SIMULATED COMPARISON OF SCHEDULES

Since the field tests were used to compare the demand schedule
without sectors to the forecast schedule with sectors, a conclusion
of the effect of forecasts alone cannot be reached from the field
data. Therefore a simulation study was initiated to compare the
schedules on an equal basis. Both schedules included five sectors
with irrigation decisions made daily. The schedules attempt to
maintain all sectors above the same minimum moisture level. The
driest sectors are always irrigated first. The only difference in
the two schedules is the use of 5-day agricultural forecasts by the
forecast model. This comparison removes all the variability en-
countered in the field tests which was not due to the presence or
absence of the forecasts.

The simulation study was performed using data which corre-
sponded as nearly as possible to the conditions encountered in
the field tests each year. The weather data for Auburn, Alabama
and the forecast data for southeast Alabama and northwest Flor-
ida for the years 1971, 1972, and 1973 were used. Soil parameters
and planting dates used were the same as in the field tests. All
3 years” weather and forecast data were used as inputs into each
model. Computer programs were run for each model to obtain
available soil moisture, soil moisture excésses above total avail-
able moisture, and soil moisture deficits below the critical level
~ for each sector and each growing day as well as to decide each
irrigation that occurred. A summary of results for scheduling
with forecasts and scheduling without forecasts is shown in

Table 4.

An example plot of available soil-moisture versus growing day
for scheduling with forecasts and scheduling without forecasts
is shown in Figure 3. These results show days where the forecast
schedule accomplishes the goal of moisture conservation. For
example, on day 53 the scheduling with forecasts model has a
smaller excess than does the scheduling without forecasts model.
The forecast model successfully predicted rainfall and thus post-
poned an irrigation. The result was the elimination of an un-
needed irrigation. Day 119 is an example where rainfall was
predicted thus postponing an irrigation, but no rain occurred and
a moisture deficit resulted.



TaBLE 4. RESULTS OF THE SIMULATION STUDY

1971 1972 1973 Average
Results With  Withost ~ With  Without ~ With  Without ~ With  Without
forecasts  forecasts forecasts forecasts forecasts forecasts forecasts forecasts
Excesses (inches)* 8.86 9.19 10.19 10.21 4.61 4.90 7.89 8.10
Deficits for growing season
(inch-days)* .290 .056 .500 .060 .662 378 484 .165
Deficits for flowering period
(inch-days)* 170 .002 476 .040 214 .002 287 .015
Amount of irrigation applied (inches)’.. 5.10 5.39 9.60 9.62 6.45 6.74 7.05 7.25
Day of first irrigation (growing day).... 64 61 38 38 82 73 61 57
Number of irrigations® . 24 29 38 41 38 40 33 37
Average amount of each irrigation
(inches)! 1.06 0.93 1.26 1.17 0.85 0.84 1.05 0.98
* Average of all five sectors.
2 Total of all five sectors.

91
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Figure 4 shows the difference in irrigations for sectors one and
five. In this case, sector five was always irrigated at least 5 days
later than was sector one because of the time required to irrigate
the other sectors. On day 53, an irrigation was eliminated in sec-
tor five because of rain occurring during this 5-day delay. The
excess in sector five was less because of the drier soil condition.
However, on day 144 rain occurred after the irrigation was made,
resulting in a large excess. On days 115 and 141, a slight deficit
occurred because of the delay while irrigating sectors one through
four.

An analysis was made to determine the effect of scheduling
with forecasts as compared to scheduling without forecasts. The
analysis was made on moisture excesses and deficits and amount
of irrigation applied for the complete growing season and on
deficits for the flowering period. Since excesses represent ineffici-
ent use of water, the more efficient model is the one with the
smaller excess. The scheduling with forecasts model produced
the smaller average excess for the 3 years, but this excess was not
significantly smaller than that for the scheduling without fore-
casts (at the 5 percent level of significance).

Since moisture deficits potentially reduce yield, a comparison
of deficits was made. Scheduling with forecasts produced a higher
average moisture deficit than did scheduling without forecasts
(significantly different at the 5 percent level). This indicates a
higher potential for yield reduction from the scheduling with
forecasts model than from the scheduling without forecast model.

The amount of supplemental water applied in scheduling with
forecasts was less than the amount applied in scheduling without
forecasts but the reduction in amount of irrigation was small and
not significant (at the 5 percent level of significance). Thus a
significant saving in total amount of irrigation water was not
realized in scheduling with forecasts. Results in Table 4, how-
ever, do show that scheduling with forecasts resulted in fewer
number of irrigations than scheduling without forecasts. This
decrease in number of irrigations is probably related to the in-
creased deficits.

CRUSTING STUDY

The crusting study evaluated the effect that high and low ap-
plication rates can have on the soil surface. Crusts can create
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conditions unfavorable for plant emergence. They tend to seal
the surface, reducing infiltration and thus increasing the hazards
of runoff and erosion.

Methods

The initial crust formation test was performed adjacent to the
scheduling plots. The test area had been tilled to provide a uni-
form soil surface similar to a seedbed. Fifteen-inch diameter
rings were driven into the ground to identify and protect the
test portion of the soil surface. The ringed areas were irrigated
at 0.7 and 0.13 inch per hour application rates with 1.44 inches
being applied to the high application rate plots and 1.65 inches
being applied to the low application rate plots.” A separate set
of ring plots was established outside the sprinkler area to ob-
serve the crust formed by natural rainfall. Covers were used to
protect half the sprinkler ring plots from natural rainfall. All ring
plots were sampled regularly with a Chatillon push-pull pene-
trometer having a 5/32-inch cylindrical point. The sampled area
of crust was then removed for moisture determination.

Three sets of laboratory tests provided additional crust strength
data where rainfall was not a variable. Observations were made
on a 4-inch total water application with one and three wetting
cycles and on a 1-5-inch total application with three wetting cy-
cles. Application rates were 0.13 and 0.43 inch per hour. Where
water was applied in three irrigations the soil surface was allowed
to dry between applications. The soil type and sampling pro-
cedures were the same as those in the field study.

Results

Regression analyses were made to correlate penetrometer read-
ings (crust strength) and crust moisture data. This enabled a
comparison to be made over the expected moisture range and a
comparison at a common moisture content. Linear, quadratic,
exponential and hyperbolic equation forms were used. In both
field and laboratory studies, the quadratic regression equation of
penetrometer reading on crust moisture provided the best fit.
These results are presented by Busch et al. (2), a sample of which
is shown in Figure 5.

Although the quadratic equation does provide the best fit it
gives unrealistic answers when extrapolating beyond the data
points. For example, negative values of crust strength are cal-
culated at higher soil moistures. Also several of the fitted curves
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Crust strength
penetrometer rdg., Ib.

High applic. rate e
Low applic. rate ©
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8.00 Water applied 4in.
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Crust moisture, %

FIG. 5. Typical quadratic equation analysis.

were convex rather than the logically anticipated concave form.
Therefore the data have been re-analyzed as an exponential equa-
tion to satisfy the limiting boundary conditions of a maximum
crust strength value at zero crust moisture and a positive mini-
mum value for crust strength at high moisture contents. The
form of the equation is:

Crust Strength _ A e B (Crust moisture) (3)
where crust strength is measured in pounds and crust moisture

is in percent. Values for the constants A and B were consistent
over the three laboratory experiments. Averaged values are:

High application rate: A = 11.24 B —0.25
Low application rate: A = 8.16 B —0.25

I



SCHEDULING IRRIGATION 21

Crust strength
penetrometer rdg., Ib.

10.00 High applic. rate @
Low applic. rate O

8.00

6.00

4.00

*2.00

0.00 1 1 1 l 1
0.00 200 400 6.00 8.00 10.00

Crust moisture, %

FIG. 6. Lab tests of crust strength after 3 applications, 4 inches applied.

The new analysis eliminates the possibilities of negative values
and gives more realistic strength values at zero crust moisture.
Moreover the average standard error of estimate differs by only
0.12 pound between the two equation forms (0.75 pound for the
quadratic vs. 0.87 pound for the exponential form).

Field and laboratory results including exponential regression
lines are presented in figures 6 through 10. Mean crust strengths
for high and for low application rates were significantly different
at the 5 percent level or less in every experiment. In a combined
analysis the difference was significant at the 1 percent level.

Table 5 presents the regression equation predictions for pene-
trometer readings at 2 percent crust moisture. The relative posi-
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TaBLE 5. Crust STRENGTH AT 2 PERCENT CRUST MOISTURE
As AFFECTED BY WATER AMOUNT AND INTENSITY

Crust strength
i Water High Low

Total water applied applications application rate  application rate
0.43 in. per hr. 0.13 in. per hr.

In. No. Lb. Lb.

1.5 1 2.2% 1.5

3 7.1 4.9

4 1 7.8 5.6

3 5.7 4.3

* The field test high application rate was 0.7 inch per hour.

tion of the two application rates is consistent in that higher ap-
plication rates produced stronger crusts. Experimental factors
affecting crust strength variation that were not evaluated include
differing antecedent conditions between laboratory and field tests
and variation in the thickness of the crust sample at the time of
sampling. ‘
Natural rainfall produced a crust of greater strength than
sprinkling or sprinkling and rainfall combined, Table 6. Unfort-
unately no intensity measurements were made during the storm
and only the rainfall total of 2.61 inches was recorded. However,
these preliminary results suggest that previous sprinkling can re-
duce the strength of crust formed by a subsequent rainfall.

Schleusener and Kidder (13) pointed out that the true applica-
tion rates based on the actual time water falls at a point location
are 50 to 90 times the apparent sprinkler application rate. In this
perspective the magnitude of sprinkler intensities is much larger
than the figures normally reported, and considerably different
from intensities used in simulated rainfall studies which maintain
a relatively low constant application rate. Further research is

TasLE 6. RainrFALL ErfFect oN CRUST STRENGTH
AT 2 PErRcENT CRUST MOISTURE

Crust strength

L. Wat High Low
Type of application ap;?ligi application  application Rainfall
rate 0.7 in.  rate 0.13 in. plot
per hr. per hr.

In. Lb. Lb. Lb.

Irrigationonly . 1.5 2.2 15

Irrigation + rainfall ______ 411 3.3 2.8
Rainfall 2.61 5.3
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Crust strength
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FIG. 7. Lab test of crust strength after one application, 4 inches applied.

needed on the effect of actual instantaneous sprinkler application
rates on soil structure.

In these experiments crust strengths developed under two dif-
ferent sprinkling intensities persist over three wetting and drying
cycles. Lower sprinkler application rates consistently produced a
weaker crust. Increasing the number of water application cycles
did not show a consistent effect on crust strength. And finally,
previous sprinkling may reduce the strength of a crust formed
by a subsequent rainfall.
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Crust strength
penetrometer rdg., Ib.
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FIG. 8. Lab test of crust strength after three applications, 1.5 inches applied.
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Rainfall 2.6in. n}
Rf + high applic. rate ®
Rf + low applic. rate O
No. applications |
Water applied .5in+rf

Crust strength
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0.00 2.00 4.00 6.00 8.00 10.00

Crust moisture, %

2.00f o

FIG. 9. Field test of crust strengths combining rainfall with irrigation.
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Crust strength
penetrometer rdg., Ib.
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FIG. 10. Field test of crust strengths, irrigation and rainfall separated.




SCHEDULING IRRIGATION 27

ACKNOWLEDGMENT

The study described in this report was supported in part as
Project A-025-ALA by the Water Resources Research Institute of
Auburn University with funds from the Office of Water Research
and Technology of the Department of the Interior as authorized
by the Water Resources Research Act of 1964. This publication
is the completion report for Project A-025-ALA.

The authors wish to express their appreciation to Research
Data Analysis Section of the Auburn University Agricultural Ex-
periment Station for their contributions in the selection of the ex-
perimental design and in the analysis of data. Appreciation is
also extended to Ray Jensen, Director, Environmental Study Serv-
ice Center, National Weather Service, U.S. Department of Com-
merce and to Paul Mott, Advisory Agricultural Meteorologist,
National Weather Service, U.S. Department of Commerce for
their cooperation in supplying agricultural forecasts. The authors
also appreciate the contributions made by Agricultural Engineer-
ing graduate students Cecil Jernigan and Glenn Stephens.



28 ALABAMA AGRICULTURAL EXPERIMENT STATION

LITERATURE CITED

(1) ALLen, W. H. anp J. R. LamserT. 1969. Dependence of Supple-
mental Irrigation Scheduling on Weather Probability and Plant Re-
sponse to Soil Moisture Regime. Paper presented at the 1969 Winter
Meeting A.S.A.E., Chicago, Ill., Dec. 9-12.

(2)* Busch, CHARLES D., EUGENE W. RoCHESTER AND CECIL L. JERNIGAN.
1973. Soil Crusting Related to Sprinkler Intensity. Trans. A.S.A.E.,
16:808-809.

(3) Carnes, A. 1934. Soil Crusts — Methods of Study, Their Strength,
and a Method of Overcoming Their Injury to Cotton Stands. Agricul-
tural Engineering 15:167-171.

(4) Gray, A. S. 1964. Slow Application Rates as Related to Sprinkler
Irrigation. Article No. 18, Rain Bird Corp., Glendora, California.

(5) Harcreaves, G. H. 1966. Consumptive Use Computations from
Evaporation Pan Data. Proc. of Irrig. and Drain Spec. Conf., A.S.C.E.,
Las Vegas, Nevada, No. 2-4.

(6) JenseN, M. D. anp J. E. MmpLETON. 1970. Scheduling Irrigation
from Pan Evaporation. Cir. No. 527, Wash. Agr. Exp. Sta., Washing-
ton State University, Pullman, Washington.

(7) Jensen, M. E,, D. C. Ross anp C. E. Franzoy. 1969. Scheduling
Irrigation Using Climate-Crop-Soil Data. Paper presented at the Na-
tional Conference on Water Resources Engineering of A.S.C.E., New
Orleans, Louisiana. Feb. 3-5.

(8) KeLLER, ]. 1964. Less Soil Compaction with Low Application Rate
Sprinkling. Sprinkler Irrigation Assoc. Proc. 4:45-50.

(9) Lemos, P. anp ]J. F. Lurz. 1957. Soil Crusting and Some Factors
Affecting It. Soil Sci. Am. Proc. 21:485-491.

(10) MantELL, A. AND D. GoLpBerG. 1966. Effect of Water Application
Rate on Soil Structure. J. Agr. Eng. Research 11:76-79.

(11) Mott, P. A. 1971. Local Climatological Data. Auburn University
1970. Agricultural Weather Series No. 8. U.S. Department of Com-
merce, Environmental Science Services Administration, Weather Bu-
reau in cooperation with Agricultural Experiment Station, Auburn Uni-
versity, Auburn, AL.

(12)* RoceEsTER, EUGENE W. aAND CHARLES D. BuscH. 1972. An Irriga-
tion Scheduling Model which Incorporates Rainfall Predictions. Water
Resources Bulletin, 8:608-613.

(13) ScuLEUusENER, P. E. anp E. H. KiopeEr. 1960. Energy of Falling
Drops from Medium-Pressure Irrigation Sprinkler. Agricultural Engi-
neering 41(2):100-108.

(14) Suamn, Mampouca M. A. 1969. Discussion of Consumptive Use
Derived from Evaporation Pan Data. Journal of the Irrigation and
Drainage Division, A.S.C.E., 95:242-246.

(15) StecMAN, E. C., A. E. EricksoN anp E. H. Kipper. 1968. Character-
ization of Soil Aeration During Sprinkler Irrigation. Trans. A.S.A.E.
11(1):16-20.

* Principle publications presenting interim results from the study described in

this Bulletin.



SCHEDULING IRRIGATION

29

AMPF
ASET
AVM

AWA

CAM
cc
cp
DSM
ET
EXC

FACTOR
FROST

FXPR

1D

IN

INT

INTFAC

J

JJ

K

KK

LENGTH
LFD

Appendix Table 1.

APPENDIX

NUMBER OF DAYS IN 79 PERCENT OF GROWING
SEASON

AVAILABLE MOISTURE PER FCOT FXPRESSED IN
INCHES OF WATER PER FCOT OF SOIL

ASSUMED EVAPUTRANSPIRATION EXPRESSED IN
INCHCS PER DAY

AVATLABLE MOISTURE TO THE PLANT EXPRESSED IN
INCHCS OF WATER

GBSOLETE VARIABLE NAME

NUMBER OF DAYS IN 86 PERCENT OF GROWING
SEASON

CRITICAL AVAILABLE MOISTURE CXPRESSED 'IN
INCHES OF WATER

NUMBER OF DAYS IN 93 PERCENT ‘OF GROWING
SEASON

CONCITIONAL PROBABILITIES AS REPORTED BY
ALLEN

DAILY SOIL MOISTURE ACDED DUE TO ROOT DEPTH
INCREASE-EXPRESSED IN INCHES OF WATER
EVAPOTRANSPIRATION EXPRESSED IN INCHES OF
WATER PER DAY

EXCESS SOIL MOISTURE EXPRESSED IN INCHES OF
WATER

PERCENT OF GROWING SEASCN FOR DAY I

MOST LIKELY DATE CF THE FIRST FROST EXPRESSED
IN JULIAN DAYS

FORECAST RAINFALL AMOUNT TOTAL FOR TODAY,
TONIGHT, AND TOMORROW EXPRESSED IN INCHES OF
WATER

DUMMY VARIABLE USED TC INCREMENT TIME
EXRRESSED IN DAYS

DUMMY VARIABLE USED TO IGENTIFY TIME IN THE
LIST OF DATA STORED ON MAGNETIC TAPE-EXPRESSED
IN DAYS FROM PLANTING

DUMMY VARIABLF USED TO INCREMENT FUTURE TIME
EXPRESSED IN DAYS

MATRIX USED TO IDENTIFY SECTOR IRRIGATION
NEEDS WITH 1 REPRESENTING AN IRRIGATION NEED
AND 0 REPRESENTING NO NEED

SCALER VALUE DF IN INBICATING THE NEED OF
IRRIGATICN FOR DAY AND SECTOR UNDER
CONSIDERATION

PERCENT OF GROWING SEASCN FOR DAY I EXPRESSED
AS AN INTEGER

DUMMY VARIABLE USED TO INCREMENT SECTORS
NUMBER OF WHOLE DAYS IN FIRST 79 PERCENT OF
GROWING SEASON

NUMBER OF THE DAY AFTER 79 PERCENT OF GROWING
SEASON HAS BEEN COMPLETED-EXPRESSED IN DAYS
AFTER PLANTING

NUMBER OF THE DAY AFTER 93 PERCENT OF GROWING
SEASON HAS BEEN COMPLETED-EXPRESSED IN DAYS
AFTER PLANTING

NUMBER DF THE DAY AFTER 86 PERCENT OF GROWING
SEASON HAS BREFN COMPLETED-EXPRESSED IN DAYS
AFTER PLANI ING

LENGTH OF THE GROWING SEASON EXPRESSED IN DAYS
FIRST DAY OF UPDATE CALCULATIONS EXPRESSED IN
NAYS FROM PLANTING

Definitions of Parameters Used In The FORTRAN Programs
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Appendix Table 1. Continued

LLD
LYD
MAMF IR
MM
MMM

MMMM

N

NNN

PE
PK

PKD
PLANT

PROB
PROB1
PROB2
PROH 3
PROB13
ROOT

SDS

SI

TAM

XAM
XPR
XPR1

XPR2

LAST DAY OF UPGATE CALCULATIONS EXPRESSED IN
DAYS FROM PLANTING

ONE DAY PRIOR TO UPDATE CALCULATIONS EXPRESSED
IN DAYS FROM PLANTING

MAXIMUM AVAILABLE MOISTURE FOR IRRIGATION
RECHARGE-EXPRESSED IN INCHES OF WATER
NUMBER-OF WHOLE DAYS IN 86 PERCENT OF GROWING
SEASON

NUMBER OF 7TH DAY PRIOR TO EMD OF GROWING
SEASON-EXPRESSED IN DAYS FROM PLANTING

NUMBER OF 6TH DAY PRIOR TO END OF GROWING
SEASON-EXPRESSED IN DAYS FROM PLANTING

NUMBER OF JULIAN DAYS -PRIOR TO PLANTING DATE
NUMBER OF DAYS IN 93 PERCENT OF GROWING
SEASON EXPRESSED AS AN INTEGER

PAN EVAPORATIOUN EXPRESSED. IN INCHES PER DAY
CROP COEFFICIENTS INCREMENTED IN PERCENT OF
GROWING SEASON

CROP COEFFICIENTS INCREMENTED IN GROWING DAYS
PLANTING DATE EXPRESSED IN JULTAN DAYS
PRECIPITATION EXPRESSED IN INCHES

DAILY RAINFALL PROBABILITIES FOR THE PERIODS
TODAY, TONIGHT, AND TOMORROW

RAINFALL PROBARILITY FOR TODAY

RAINFALL PROBABILITY FOR TONIGHT

RAINFALL PROBABILITY FOR TOMORROW

COMBINED RAINFALL PROBABILITY FOR THE PERIOD
TODAY, TONIGHT, AND TCMORROW

ROOTING DEPTHS INCREMENTED IN GROWING DAYS AND
EXPRESSED IN FEET

AVAILABLE MOISTURE“REQUIRED TO HAVE A SEVEN
DAY SUPPLY ABOVE CAM EXPRESSED IN INCHES AND
EVALUATED AT DAY'S END

MOISTURE ADDED BY SPRINKLER IRRIGATION
EXPRESSED IN INCHES

TOTAL MOISTURE AVAILABLE TO PLANT IN THE
RANGE FROM 0.33 BARS TO 15 BARS EXPRESSED

IN INCHES

EXPECTED AVAILABLE MOISTURE FOR FUTURE DAYS
EXPRESSED IN INCHES

EXPECTED PRECIPITATION FOR FUTURE DAYS EXPRESSED
IN INCHES )

EXPECTED PRECIPITATION FOR TODAY EXPRESSED

IN INCHES

EXPECTED PRECIPITATION FOR TODAY, TONIGHT, AND
TOMORROW EXPRESSED IN INCHES
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10

12
15

20

25

30

40

50

60

C KK

70

Appendix Table 2. FORTRAN Program to Calculate and Store Initial Data on

Magnetic Tape

INTEGER PLANT, FROST
REAL MAMFIR

DIMENSION ROOT(225),PE(364),ASET(225),TAM(225),DSM(225),1D(225),
LMAMF IR{225),SDS(225) 4CAM{225),PK(100),PKD(225)

READ(5,1) AMPF

FORMAT (F10.2)

READ(5,5)PLANT, FROST

FORMAT(2110)

LENGTH = FROST - PLANT

READ(5,10)RO0T

FORMAT (5F10.2)

READ(5,12)PE

FORMAT (13F5.3)

READ{5415)PK

FORMAT (13F5.3)

PKD(1) = PKI(1)

DO 20 1=24LENGTH

FACTOR = [*100.0/LENGTH
INTFAC = IFIX(FACTOR)
PKD(1) = PK(INTFAC)
CONT INUE

N = PLANT - 1
DO 25 I=1,LENGTH
ASET(I) = PE(I+N)*PKD(I)

CONTINUE

TAM{1) = ROOT(1)*AMPF
DSM(1) = ROOT(1)*AMPF
10(1) =1

D0 30 I=2,LENGTH
oty =1

DSM(I) = (ROOT(I)-ROOT{I-1))*AMPF
TAM(I) = TAM(I-1) + DSM(I)
CONTINUE
A = 0.79*LENGTH
JJ = IFIX(A)
TO A IS FIRST SEGMENT OF GROWING SEASON (79 PERCENT)

DO 40 I=1,JJ

CAM(I) = 0.4*TAM(I)
MAMFIR(I) = TAM(I)
CONTINUE
K = JJ+l

B = 0.86*LENGTH
TGO B IS SECOND SEGMENT OF GROWING SEASON ( 7 PERCENT)
MM = IFIX(B)
DO 50 I=K,MM
CAM(I) = 0.34TAM(I)
MAMFIR(I) = 0.9%TAM(I)
CONTINUE
L = MM+l
CC = 0.93*%LENGTH

TO CC IS THIRD SEGMENT OF GROWING SEASON (7 PERCENT)

NNN = IFIX(CC)

DO 60 I=LyNNN

CAM(I) = 0.2%TAMI(I)
MAMFIR(I) = 0.8%TAM(I)
CONTINUE

KK = NNN+1

TO LENGTH IS FINAL SEGMENT OF GROWING SEASON (7 PERCENT)

DO 70 I[=KK,LENGTH

CAMII) = 0.1*TAM(I)

MAMFIR(T) = O.7*TAM(I)

CONTINUE

MMM = LENGTH - 7

DO 80 I=1,MMM
SDS({T)=CAM(I[+7)+ASET(I+1)+ASET(I+2)+ASET(I+3)+ASET(1+4)+ASET(1+5)




32 ALABAMA AGRICULTURAL EXPERIMENT STATION
Appendix Table 2. Continued
1+ASETLI+6)+ASET(I+7)
eo CONTINUE
MMMM = MMM+1
DO 90 I=MMNMNM,LENGTH
SDS(I) = 0.
90 CONTINUE
WRITE(6,100)(ID(I),RO0OT(I),PE(I+N),PKD(I),ASET(L),TAM(I), ,CAM(I),
IMAMFIR(I) DSM(T),SDS(1),1=1,LENGTH)
100 FORMAT(I8,9F7.3)
WRITE(L,LOS)LENGTH
105 FORMAT(13)
WRITE(L,110)({D(1),RCOT(I)PKD(L),TAM(L),MAMFIR(I),CAM(I),
LASET(I),DSM(1),SDS(1),1=1,LENGTH)
110 FORMAT(I8,8F9.3)
srop
END
Appendix Table 3, FORTRAN Program to Calculate and Report Irrigation Needs
REAL MAMFIR
DIMENSION RCOI(225),PKD(225)4,ET(225),AVM(225,5),DSM(225),
1ASET(225),S1(225,5),PR(225),TAM(225)4CAM(225),EXC(22545) 9 XAM(225,
2545) ¢XPR(225,5) ,10(225) 4 IN(225,545),AWA(5,5),PROB(225,3),CP(2,10),
3FXPR(225),PROBL3(225),MAMFIR(225),5DS(225),PE(225)
READ(L1,5)LENGTH
5 FORMATI(I3)
READ(1,10) (ID(I)4yROGTT)+PKD(T) TAM(T) MAMFIR(T),CAM(I),
LASET(I),DSM(I),SDS(1),1=1,LENGTH)
10 FORMAT(I8,8F9.3)
c READ(1, IS A STATEMENT TQ READ SOIL. CROP & WEATHER DATA
[ WHICH HAS BEEN PREVIOUSLY STORED CN MAGNETIC TAPE
-REWIND 01
110 READ(S5,1LLILFD,LLD
111 FORMATI(2110)
WRITE(6,11L)LFD,LLD
LYD=LFC-1
IF(LFD-1)300,114,112
112 READ(3,113)(PECL)4ET(L),PRUL)yFXPRIT),
LPROB(I,1),PROR(I,2),PROBIT,3),
2SIULo L) ySTUE42)4ST0T,3),SI(144),SI(1,5),
BAVMIT,1) o AVMT,2) AVMEE,3), AVMIT,4),AVMIT,5),
4EXC(T41) ¢EXCUT42) gEXCUI43)4EXCIL4)sEXC(T45),
SXPRUT, L)y XPR(192) ¢ XPRUT,3),XPR(T44),XPRIT,5),
OXAM( Ty Lol ) o XAM( Ty 132) o XAM(I41,3)4XAM{I,1,4)4XAM(T,1,5),
HXAM(T19241) g XAMUT4242) ¢ XAMIT293) yXAM(14244) ¢ XAM(T1,2,5),
OXAM( 1935 1) g XAMIT43,2) ) XAM(T43,43) ) XAM{T,3,4),XAM(1,3,5),
OXAMI T 94y L) g XAMILy442) g XAM{T4443) ) XAM{1494) XAMI1,4,5),
O6XAMI T ¢54 1) g XAMUT 3542) 9 XAM(T4543) 3 XAM([454+4) 9 XAM(15545),
TI=1,1YD)
113 FORMAT(13F6.3)
C READ( 3 IS A STATEMENT TG REAC FROM MAGNETIC TAPE
C THE DATA FOR THE GROWING SEASON UNDER CONSTDERATION
114 READ(S,115) (PELT) 4 (ST(T4J)9J=145)4PRII),(PROB(I4J)9J=1y3)yFXPRII),
1(XPR(I,IM),IVM=3,5),1=LFDsLLD)
115 FORMAT(7F10.3,/7F10.3)
C SPRINKLER [RRIGATION AND PRECIPATION. CARD 2 CONTAINS PROBILITIES
Cc FOR TODAY, TONIGHT. AND TCMORROW, FORECASTED PRECIPATICA FOR THE
C PERTOD, ANC EXPECTED PRECIPATION FOR DAYS THREE FOUR AND FIVE..
Cc IN ADDITION EACH CARD HAS THE DATE/CARD NUMBER/YEAR [N POSITIONS
C. 71-80. EXAMPLE 01/125/71. SEE CARD Ll1S5 FOR FORMAT
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Appendix Table 3. Continued

WRITE(6,116)

116 FORMAT(1HL,16X,'DATE',36X,*IRRIG SCH BY SECTURS*/38X,'1"*,

220X9"2%520X9"3",20Xy 414 20X,15")
1=0
[F(LFD.GE.6) IZLFD-6
117 1=1+1
WRITE(6,118)14(SI(1,J),J=145)
118 FORMAT(1X,120,5F20.2)
IF(I-LLD)117,119,300
119 IF(LFD-1)300,120,130

CALCULATIONS OF EVAPOTRANSPIRATION, AVAILARLE MOISTURE,
EXCESS MOISTURE, ANG EXPECTED AVAILABLE MOISTURE

120 I=1
XPR(I,1)=0
XPR(1,2)=0
CALL PREC(PROB(I,1)4PROB(I42)yPROR(I,3),FXPR{TI),PROBLIZ(I),XPR(I,1
1) XPR(T,2))
ET(1)=PE(L)*PKD(1)
J=0
121 J=J+1
AVM(1,J)=0DSM(1)-ETI(1)
EXC(1,J)=0
IM=1
XAM(1yJy1 )=AVM(1l,J)+DSM(2)-ASET(2)+XPR(1,1)
TF(XAM(1,Js1 )-TAM(2))123,123,122
122 XAM{1,J,IM)=TAM(2)
123 [M=1M+]
XAMULpJg IM)=XAM(1 4y TM=1)4DSM(L1+IM)=ASET(L+IM)+XPR(1,1IM)
TF(XAM(L4J,TM)=TAM(1+IM))125,125,124
124 XAM(14JyIM)=TAM(1+IM)
125 IF(IM-5)123,128,128
128 IF(J-5)121,129,300
129 IF(I1-LLD) 148,185,300
130 I=LFD-1
148 I=1+1
J=0
ET(I)=PE(T)*PKD(I)
XPR(1,1)=0
XPR{1,2)=0
CALL PRECI(PROB(I,1),PRNB(1,2),PROB(L,3),FXPR(I),PROBL3(I),XPR(I,1
L)y XPRUT,2))
150 J=J+1
EXC{1,J)=0
AVMT,J)=AVM(I-1,J)+PRITI)+DSMIT)-ET(I)+SI(I,J)
[F(AVM(T,J)-TAM(]I))161,161,160
160 EXC(1,J)=AVM(I,J)-TAM(])
AVM(T,J)=TAM(T)
161 IM=1
XAM(TyJy IM)=AVM(T,J)+DSM(T+1)=ASET(I+1)+XPR(I,IM)
TF(XAM(I,J, IM)-TAM(T+IM))163,163,162
162 XAMUTI,4J,IM)=TAM(I+IM)
163 TF(I-LLD)165,600,300
165 IM=[M+1
XAMU Ty Jy IM)=XAM(T 3 Jy IM=1)+DSM(T+IM)-ASET(I+IM)+XPR(I,IM)
TFOXAMIT 3y IM)=TAM(T+1M))168,168,167
167 XAMULyJy IM)=TAM(T+IM)
168 IF(I-LLD)169,65C, 300
169 IF(IM-5)165,170,170
170 IF(J-5)150,180,1€0
180 IF(I-LLD)148,185,185

WRITE( 3 IS A STATEMENT TO WRITE ON MAGNETIC TAPE THE
DATA FOR THE GROWING SEASON UNDER CONSIDERATION

185 WRITE(3,113)(PE(T)ET(I),PR{I)FXPR(I),
LPROB(T41)4PROB(T42)4PROBITS3),
2ST(Is1)sST(L192)sSTUI43)3SI(I144),SI(I45),
3AVMUT 1) g AVMIT,2) yAVMIT43) 4 AVMIT,4) 4 AVM{T,5),
4EXCOTa1) 9EXCUT42) yEXCUI43),EXCUI,4),EXC(L45),

SXPROTo1) ¢ XPRT42) g XPR(153)9XPRII4),XPR(T,5),
O6XAMIT 91y L) g XAMIT9142) 9 XAMIT4143),XAM{T,144) s XAM(I,41,5),
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Appendix Table 3. Continued
OXAMIT 1291) 9 XAMU14242) 4 XAM(14293),XAM(T,294)4XAM(1,2,5),
OXAM{T93,1) 9 XAM(153,2),XAM(1,+343),XAM(1,3+4),XAM(1,3,5),
OXAM{ 194y 1) 9 XAM(194492) ,XAM(1,493) ¢XAM(I4444)4XAM(1,4,5),
6XAMIT 95, 1) 9 XAM(T,542) 3 XAMII4543) ) XAM(1,5,4),XAM(1,5,5),
TI=LFD,LLD)

C STATEMENTS TO WRITE ON PAPER THE RECORDED PRECIPATION,
[of EXPECTED PRECIPATION, PAN EVAPORATION, AND EVAPOTRANSPIRATION
c FOR UPDATE DATES

130 WRITF(6,200)
200 FORMAT(///+SXy "DATE® 47Xy "PRY 27X, *XPRY 428X, 'PE* 48X, 'ET*y/
128Xy "L'9 9Ky '2%39%X,%37,9Xy'4,9X,'5")
I=LFD-1
201 I=I+1
[F(1-1)300,202,217
C IF LFD NOT 1, IT MUST BE AT LEAST 7
202 WRITE(64203) I,PRII)LPE(I)LET(I)
203 FORMAT(1X,11G,F10.2,50X,2F10.2)
IF(I-LLD)205,223,223
205 I=1+1
WRITE(64206) T,PRIL)XPRII-1,1),PE(I),ET(I)
206 FORMAT(1X411C4y2F1G.2,40X,2F10.2)
IF(I-LLD)207,223,223
207 I=1+1
208 WRITE(64209) 14PRUT) $XPRUI-1L41)4XPR(I-2,2),PE(T),ET(I)
209 FORMAT(1X,110,3F10.2+30X,2F10.2)
IF(I-LLD)210,223,223
210 I=[+1
211 WRITE(64212) T43PR{I)4XPRII-1,1)4XPR(I=2,42),XPR(I=-3,3),
IPECI),ET(IT)
212 FORMAT(1X,I110,4F10.2,20X,2F10.2)
[F(I-LLD)213,223,223
213 I=1+1
214 WRITE(6,215) T4PR{I)sXPR(I=Ly1)9XPR(I=242)4XPR(1=-3,3),
LXPR(I-4,4),PE(LI),ETI(I)
215 FORMAT(1X,110,5F10.2,10X,2F10.2)
IF(I-LLD)216,223,223
216 I=1+1
217 WRITE(64218R1,PRIT) 4 XPRII=141)9XPR(I=252)4XPR(I=-3,3),
LIXPR(I=444),XPR{I=5,5),PE(I),ET(I)
218 FORMATI(1X,110,8F10.2)
IF(I-LLD)216,226,300

c NOTIFICATION OF UNACCEPTABLE VALUE OF LLD
223 WRITE(6,224)
224 FORMAT(1X,'LLD MUST BE AT LEAST 6')
GO TO 300

STATEMENTS TO WRITE CN PAPER THE EXPECTED PRECIPATION
FOR FUTURE DATES

(e Xel

226 I=1+1
WRITE(64228) 14 XPRUI=1,1)4XPR{I=2,2)yXPR1I=3,3),XPR(I-4,4),
LXPR([-5,5)
228 FORMAT(1X,110,10X,5F10.2)
I=1+1
WRITE(69231) [ 4 XPR(II=2,2) 3 XPR(I=3,43),XPR(I=4,4)4XPR(I=5,5)
231 FORMAT(1X,110,20X,4F10.2)
I=1+1
WRITE(64234)14XPR{I=3,43),XPR(I=4,4),XPR(I=5,5)
234 FORMAT(1X,110,30X,3F10.2)
I=1+1
WRITE(64237)1,XPR(I-4,4)4XPR(I-5,5)
237 FORMAT(1X,110,40X,2F10.2)
I=1+1
WRITF(64238)1,XPR{I=-5,51
238 FORMAT(1X,110,50X,F10.2)

C STATEMENTS TO WRITE ON PAPER THE AVAILABLE MOISTURE, EXCESS
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Appendix Table 3. Continued
C MOISTURE, AND EXPECTED AVAILABLE MOISTURE FOR UPDATE DATES

J=0
239 J=J+1
WRITE(64260)J
260 FORMAT(///436X,'SECTOR®y124//3X,'DATE"* 43X, "AVAILABLE"*,3X,*EXCESS"',
114X, *AVAILABLE MOISTURFE PREDICTIONS',BX,*CAM®* 45X, *TAM?,3X,
2'MAMFIR!,3X,*SDS*/
311X, "MOISTURE®,2X,*MOISTURE',19X,'DAYS IN ADVANCE'/
3734X Ly IXy'27,9X,137,9Xy %4 ,9X,'5")
I=LFD
IF(LFD-6)263,277,277
263 IF(1-1)300+264,223
264 WRITE(64265)[,AVM(I,J),EXC(I,J)
265 FORMAT(1X,15,2F10.2)
I=1+1
WRITE(6526T) I4AVM(T,J)4EXC(T,J)yXAM(I-1,J,1)
267 FORMAT(1X,15,3F10.2)
I=1+1
WRITE(65270) L9 AVMIT 4 0) g EXCIT ) g XAM(T=14Js1) 4 XAM(I=2,J,2)
270 FORMAT(1X,15,4F10.2)
I=1+1
WRITE(64273)14AVMIT,J) sEXC(I4J) 9 XAMI=1yJyL) s XAM(I-2,442),
LXAM(T1-3,J,3)
273 FORMAT(1X,15,5F10.2)
I=1+1
WRITE(6+927S)1sAVM(T,J) sEXCUI )y XAM(I=14Jy1) s XAM([=2,J,2),
LXAM(I=-3,J,3),XAM(I-4,J,4)
275 FORMAT(1X,15,46F10.2)
276 I=1+1
277  WRITE(69279) 1, AVM(T4J) yEXC(I4J) 9 XAM(TI-1,J,1),XAM(1=-2,J,2),
LXAM(I=3,J,3) 4 XAM(I-4,J,4),XAM([-5,J,5),CAM(I),TAM(T)
279 FORMAT(LXsI547F10.242F8.2)
IF{I-LLD)27€6,280,223
280 I=I+1

C PRINTOUT OF XAM FOR DATES GREATER THAN LAST I.E. GREATER THAN LLD

INT=0
INT=IN(I=1,J,1)
IF(INT-1)283,383,283
283 WRITE(64284)1,XAM(I=1,J,1),XAM{1-2,J,2),XAM(I-3,J,3),
LXAM(T=4,J,4) s XAMCT=5,0,5),
LCAM( ), TAM( 1}, MAMFIR(1),SDS(1)
284 FORMAT(1X,15,20Xs5F10.2,4F8.2)
286 1=0+1
INT=0
INT=25IN( -2,y 1) +IN(I=24J,2)
IF(INT-1)287,387,287
287 WRITE(64288)1,XAM(1=2,J,2),XAM(1=3,0,3) ,XAM(I-4,Js4),
LXAM(I=5,J95),
1CAMUT) yTAM(T) MAMFIR{1),SDS(I)
288 FORMAT(1X,15430X,4F10.2,4F8.2)
289 I=1+1
INT=0
INT=2%IN(I=3,J, 1) +2%IN([=3,0,2)+IN(1-3,J,3)
IF(INT-1)290,390,290
290 WRITE(64291) 13XAMIT=3,J,3),XAM(I=4,J,4) s XAM{T=5,0,5),
LCAMUT) s TAM(T) 4 MAMFIR(1),SDS(1)
291 FORMAT(LX,15,40X,3F10.2,4F8.2)
292 I=1+1
INT=0
INT=25IN(T=4,J, 1) 425 INCI=4,Js2 ) 425 IN(T=4,J¢3)+IN(I=4yJ,4)
IF(INT-1)293,393,293
293 WRITE(65294) 1, XAMIT~450,4),XAM{I=5,145),
1CAMUT) ,TAM(T)MAMFIR(I),SDS(1)
294 FORMAT(1X,15,50X,2F10.2,4F8.2)
295 I=1+1
INT=0
INT=2%IN(I=5,J,1)42%IN(1=5,J,2)42%IN(1=5,J,3)+2%IN(I-5,J,4)+
LIN(I=54J,5)
LF(INT=11296,396,296
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296 WRITE(64297)1,XAM{I=5,0,5),
1CAMUT) 4 TAM(I),MAMFIR(I),SDS(1)
297 FORMATI(1X,15,60X,1F10.2,4F8.2)
298 I1F(J-5)239,300,300
600 CONTINUE
TF(XAM(I4JsIM)-CAM(I+IM))1620,620,630
620 IN(I,J,IM)=1
GO TO 165
630 IN(I,J,IM)=0
GO TO 165
650 CONTINUE
IF(XAM(T4JsIM)-CAM(I+IM))660,6604670
660 IN{I,J,IM)=1
GO TO 169
670 IN(I,J,IM)=0
GO TO 169

WRITE STATEMENTS FOR DAYS REQUIRING IRRIGATICN

383 WRITE(6,384)1,XAMIT=1,Js1) 3 XAMII=25J92) ) XAMII=3,J43) XAM(I=4,0,4)
1+ XAM(1-5,J,5),
1CAM(T) ,TAM(I),MAMFIR(T),SDS(1)

384 FORMAT(1X,15,20X,5F10.2,4F8.2,2X,"' DAY 1)
GO TO 286

387 WRITE(64388)1,XAM(1-2,J,2)yXAM(I-3,J,3)4XAM(I=4,J,4) ,XAM{1-5,J,5)
1,
1CAM(I),TAM(I),MAMFIR{1),SDS(1)

388 FORMAT(1X,15,30X,4F10.2,4F8.2,42X,"' DAY 2')
60 TO 289

390 WRITE(69391)1,XAMII=3,Js3),XAM(I-4,J+4),XAM(1-5,0,5),
L1CAM(T) ,TAM(I),MAMFIR(1),SDS(1)

391 FORMAT(1X,15,40X,3F10.2,4F8.2,2X, DAY 3)
GO TO 292

393 WRITE(64394) 14 XAM(I-4,J,4),XAM(1=-54J,5),
LCAM(T),TAM(I),MAMFIR(I),SDS(I)

394 FORMAT(1X,15450Xy2F10.2,4F8.242X," DAY 4°')
GO TO 295

396 WRITE(64397)1,XAM(I-5,J,5),
1CAMUT) ,TAMUI) ,MAMFIR(1),SDS(T)

397 FORMAT(1X,15,60X,1F10.2,4F8.2,2X, DAY 5')
GO TO 298

300 STOP
END
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Appendix Table 4. FORTRAN Subroutine to Calculate Combined Rainfall
Probabilities

SUBROUTINE PREC (PROBL,PROB2,PROB3,FXPR,PROBL3,XPRL,XPR2)
DIMENSION CP(2,10)
CP(1,1)=.15
CP(1,2)=.18
CP(1,3)=.27
CP(1,4)=.40
CP(1,5)=.53
CP(1,6)=.64
CP(1,7)=.70
CP(1,8)=.82
CP(1,9)=.90
CP(1,10)=.96
CP(2,1)=0
CP(2,2)=.11
CP(2,3)=.22
CP(2,4)=.33
CPI2,5)=.46
CP(2,6)=.59
CPL2,7T)=.71
cP(2,8)=.81
CP(2,9)=.89
CP(2,10)=.95
PROB13=PROBL+PRCR2+PROB3-PRORL*CP (1, (LO*PROB2+1.5)-

1PROB2%CP(2,(10%PR0OB3+1.5))

IF(PROBLI-0.5)21422422
22 XFR1=FXPR

GO TO 90
21 IF(PROB13-0.5)90,24,24
24 XPR2=FXPR
90 RETURN

END




ApPENDIX TABLE 5. SAMPLE PRINT-OUT OF THE IRRIGATION SCHEDULING COMPUTER PROGRAM

Date ‘?r:’;islflglee rlgigfg: o Available moisture predictions days in advance CAM TAM SDS
1 2 3 4 5

' SECTOR 3
57 1.52 0.0 1.51 147 2.40 1.31 1.70 1.12 2.79
58 1.39 1.38 1.34 2.27 1.18 1.13 2.83 2.54
59 1.49 1.23 1.19 2.12 1.14 2.86 2.57
60 1.35 1.09 1.05 1.16 2.90 2.61
61 : 1.20 0.94 1.17 2.94 2.63
62 1.05 1.19 2.98 2.65 DAY 5

SECTOR 4

57 1.52 0.0 1.51 1.47 2.40 1.31 1.70 1.12 2.79
58 1.39 1.38 1.34 2.27 1.18 1.13 2.83 2.54
59 1.49 1.23 1.19 2.12 1.14 2.86 2.57
60 1.35 1.09 1.05 1.16 2.90 2.61
61 1.20 0.94 1.17 2.94 2.63
62 1.05 1.19 2.98 2.65 DAY 5
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Alabama’s Agricultural Experiment Station System
AUBURN UNIVERSITY

With an agricultural
research unit in every
major soil area, Auburn
University serves the
needs of field crop, live-
stock, forestry, and hor-
ticultural producers in
each region in Ala-
bama. Every citizen of
the State has a stake in
this research program,
since any advantage
from new and more
economical ways of
producing and handling
farm products directly
benefits the consuming
public.

Research Unit Identification

@ Main Agricultural Experiment Station, Aubum.

. Tennessee Valley Substation, Belle Mina.

Sand Mountain Substation, Crossville.

North Alabama Horticulture Substation, Cullman.
Upper Coastal Plain Substation, Winfield.

. Forestry Unit, Fayette County.

Thorsby Foundation Seed Stocks Farm, Thorsby.
Chilton Area Horticulture Substation, Clanton.
Forestry Unit, Coosa County.

Piedmont Substation, Camp Hill.

Plant Breeding Unit, Tallassee.

Forestry Unit, Autauga County.

. Prattville Experiment Field, Prattville.

. Black Belt Substation, Marion Junction.
Tuskegee Experiment Field, Tuskegee.

Lower Coastal Plain Substation, Camden.
Forestry Unit, Barbour County.

Monroeville Experiment Field, Monroeville.
Wiregrass Substation, Headland.

. Brewton Experiment Field, Brewton.

. Ornamental Horticulture Field Station, Spring Hill.
. Gulf Coast Substation, Fairhope.
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