IRRIGATION SCHEDULING IN HUMID AREAS

J. R. Lambert, C. W. Doty, and V. L. Quisenberry
Member ASAE Member ASAE

Irrigation of humid areas of the U.S. was very sporadic until the middle to
late seventies. Farmers irrigated only when moderate to severe drought oc-
curred except for horticultural or specialty crops. The need for reliability
of crop yield, cash flow income to insure annual net profits, and increased
emphasis on national production has increased the emphasis on southeastern
agriculture, and renewed interest in irrigation. For example, total irri~
gated acreage in Georgia has increased from 58,500 ha in 1970 to an estimated
340,000 in 1979.

Climatic variability is typified by nonirrigated corn yields which varied
from 0 kg/ha in 1954 to 8,230 kg/ha (131 bu/ac) in 1950 in an irrigation ex-
periment in South Carolina. Yield was 2,000 kg/ha (32 bu/ac) or below for 6
years and 6,000 kg/ha (96 bu/ac) or above for 6 years out of the 19 years,
Such variability plays havoc with a farmer's cash flow, and usually with the
overall profitability of his farm. As the cost-price squeeze has tightened
during the last few years, and as low-labor requiring systems have become
available, many farmers in the humid areas of this country have installed
irrigation systems. This has been particularly true in the southern areas
where plentiful water, abundant radiation, longer growing seasons, and higher
temperatures are conducive to increased production of a wide variety of
crops.

Irrigation in humid areas is oftem economical even though annual rainfall
exceeds evapotranspiration. Three factors necessitate irrigation of humid
areas: (1) the annual rainfall distribution does not coincide with the
evapotranspiration distribution, (2) water holding capacity generally is not
sufficient to provide adequate water for crops during the deficit rainfall
periods and (3) frequently restricted rooting limits soil water availability
to plants.

Average monthly rainfall and evaporation at 4 representative locations 1in the
eastern U.S. are shown in Fig. 1. These locations typify the widespread hu-
mid areas where deficit rainfall occurs throughout the entire growing seasonm.
Rainfall is much more erratic than evaporation. Less than 5 cm of rain may
fall during any month of the growing season (Fig. 1). Evaporation rates near
15 cm/mo cause very serious deficits.

Most soils in the southeastern U.S. are of relatively low water-holding ca-
pacity and the crop root systems are often shallow due to physical impedance,
chemical toxicity or poor seration. Little water is held at water potentials
less than -1 bar (Bruce et al. 1980). Campbell et al. (1974) found that the
Ap horizon, or surface layer, of typical Paleudults of the South Carolina
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Fig. 1. Monthly Rainfall Distiibucion and Average Pan Evaporation
for & Humid Locationd.

Coastal Plains drains 421 of its pore volums betwesn -g.1 asd -1.0 bars.
£ail water retention between -0.05 and =1.0 bar ranges from 0,05 to 0.13
co/em for both Pledmont asd Coastal Plain seils (Bruce et al. 19800, For
70-cm roating depth, 9.1 em is the maximum water holding eapacity available
in woat of thess spile. Typically used values are 5 to 8 cm, With peak
evapotranspirst fon rates of 0.6 o 0.8 em/day wsual ircigation intervala are
5 to 7 days.

The purpose of this paper ju to dageribe  four methods  now being tested for
scheduling irrigation and to discuse experiences relaced to their use. This
study han been pactially funded by USDA-AR at Florenge, South Carolima, and
influsnced by previous work by Jensen et al. im the West. Hedificacions and
additjonal studies thave boen  necessacy because of diffarences in

wnter-holding capacities of the aoila, lack of validation of evapotranspira-
tion madels, and intersperded rainfall.

SCHEDULING VIA PERSONAL COMPUTER AND WATER BUDGET

Increased irrigation, especially by inéxperienc¢d peraans, has led to roneved
interast in scheduling mechods, Low-cost personal computerd that are avail-
able ro individual farmecrs, extensign ageats, and consultants have influenced
a study to determine the feanibility of wsing these compuierd and the water
budget approach on individual fields to reduce water and eneTgy eonsumption,
imprave economic yields, and dewelop & toel that fndividunl Earmers or con<
sultants can use. Such a practice must The kept ralatively simple. The phi-
lasophy of this atudy is chat the practitioner will run the progeam on  his

own computer  using data he acquired by observing his fields or from the

Warionnl Weather Service information.
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"Approach

Water budgets are calculated semi-weekly using historical data for the pre-
vious 3 or 4 days on daily maximum and minimum temperatures, incoming solar
radiation, effective rainfall or irrigation applied, and root-zone depth,
The practitioner also states daily the allowable depletion as a percentage of
total available soil water, based on crop growth stage, experience, and any
other available subjective imput. Initialization includes a one-dimensional
description of soil horizon depths, water holding capacities, and initial
water contents.

Daily evapotranspiration is calculated by the Jensen and Haise (1963) method
and modified for canopy cover and soil moisture content. A water budget is
maintained for the root zone, and reported in both inches and percent (Fig.
2).

RRIGATION SCHEDULING FOR EDISS
07/31/80 11:45:15

BACK RECORDS:
DATE TMAX TMIN RAIN IRRG WIND RAD PEVP ETP AETP RD AD(%) AWC(%) AWC(IN) DPL(IN)

’
07/28 94 68 19 379 .216.201.178 42.0 50 72.0 3.64 1.42
07/29 94 68 24 391 .215.207 .179 42.0 50 68.4 3.46 1.60
07/30 95 68 24 403 .215.215.183 42.0 50 64.8 3.28 1.78
FORECAST:

DATE TMAX TMIN RAD ETP AETP RD AWC(%) AHC(IN) DPL(IN)

07/31 91 67 391 .201 .167 42.0 61.5 in 1.95

08/01 94 68 437 .231 .188 42.0 57.8 2.92 2.14

08/02 95 70 415 .225 .178 42.0 54.3 2.75 2.31

08/03 97 73 440 .247 .190 42.0 50.5 2.56 2.50 -

08/04 92 72 400 .215 .161 42.0 47.3 2.40 2.66 IRRIGATION NEEDED.

Fig. 2. Typical Output from Water Budget Program for Personal Computer
Used for Irrigation Scheduling.

A Radio Shack® TRS-80/1 computer was programmed to interactively request the
user to input daily TMAX and TMIN (deg F), any effective RAIN or IRRiGation
(in), WIND (mi), incoming solar RADiation (ly), observed Rooting Depth (in),
and Allowable Depletion (X) from the date of previous analysis (28 July) un-
til "yesterday" (30 July), the last day for which data are available. The
program is very user oriented, with error trapping, safeguards, and explana-
tory comments. From the input data, Potential daily EVaPotranspiration (in),
EvapoTransPiration (in) considering canopy cover, and Actual EvapoTransPira-
tion (in) considering both canopy cover and soil moisture Content, Available
Water Content (% and in) and DePLetion (in) are calculated. If the analysis
indicates that the depletion exceeded the stated allowable depletion on a
previous day, the corresponding line is flagged during output. A field named
EDISS had a depletion of 4.52 cm (1.78 in, 35.2%) in a 107-em (42-in) root
zone on 30 July 1980 (Fig. 2).

Similar calculations are made for a future S5-day period, using quantitative
S-day forecasts of maximum and minimum temperatures and radiation furnished
for six locations throughout the Scutheast by the Columbia, South Carolina

* Mention of trademark, proprietary product, or vendor does not constitute a
guarantee or warranty of the product by the U.S. Dept. of Agric. or the S.C.
Agri. Exp. Sta. and does not imply its approval to the exclusion of other

products or vendors that may also be suitable.
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gur fonal Weather Bervice, ‘Rainfall iz precluded from the 5—day projected
yedget. The resulcing budget predicts depletion for the S-day future assum-
jag oo tain. The firer doy during which depletion in forecast to exceed the
jrared allowable depletion fa flagged to indicate rhat irrigation will be n-
peded npear that date (4 Avgust). If oo irrigation need during the next five
dags is forecast, a straight=lins extrapolation of depletion is made and the
date of anticipated ireigatien need is stated om the printout,

if rain doea £all during the forecast period, the budget may be adjusted
ganually or sentally, or the progras may be recun to decarmine if any fore-
eanted irrigation is needed, Reinitializacion of wvater conteat prafiles may
he done at any time data are available.

Expericnce

Cooperating reaearchers at five locations in four southeastern stataes have
frrigated corn  and soybeans during 1979, 1980 and 1981 by the personal
coaputer/water-budget approach.  Budgets were caleulated on Monday  and
Thursday mornings, typically, based on remperatures, radiation, mad rainfall
ohservad at the Field aite.

Mechanical and quantitative operation of the hardvare and approach have baen
satinfactory. Comparinon of predicted and seasuced soil water content data
indicares the real need to perfodically obtain field daca for reinitfaliza—
tich. Whenaver 3= to 4—wmsk reinicializacions are wmade, and whenever fimld
scheduling of irrigations follovs the analysis rtesults closely, agreement of
field-peasured and computer-based soil water content has been scceptable.

Some  underedrimeces of water needs wers appacent, sspecially on sandier
soils, But in most cases needa were adequately met. We obviously don’t know
enough about how to estimate available water in a profile; how to account for
dry conditions in the wpper, more densaly rooted portions of the Toot =zone
while the lover portiens are still wet; how to calculate evapotranspiration,
espacially under Llimited soil water contents; or how to mannge the allowable
drpletion paramstsr to eptimize crop behavior.

Results

Trials during a wvery dry 1980 at five locations vesulted im 6 te 12 dirriga-
tionas of 11.4 to 36.9 cm toral applied water. Corn yields rangad Erom ap-
proximately 1,380 to 4,760 kg/ha (22 to 76 bufac) for no irrigation and &, 140
to B,410 kgfhn (66 to 134 bufac) for irrigation by the wvater budget mechod.
Field rmsults From this project have been limited te arean that can be irci-
gated in one day.

SCHEDULING VIA SCREENED PAN EVAPORATION

The evaporation pan provides a way to physically simulate & vater balanca in
the soil profile and schedule irrigations, using & gpecially equipped ewvapn-
ration pan. Campbell and Phone {1976) showed thar in the Southeast the
amsunt  of evaporation fro= a sepoened atandard Clazs A& pan ia equal to Po-
tencial EvapoTranapiration (PET) as caleulated by the Penman [1948) equation,
By using screened pan evaporafon as PET, and a crop coefficient, Doty {1980}
showed that the sterage in the ssil profile could be closely approximated.
Baned on these Eindings, the screened evaporation pan was modified to sched-
wle irrigations and tell the farmer how much watar to apply and when to ie-
rigate. The ascumption munt be made when using the screened svapacation pan
ta schedule irrigation that water evaparated from the screcned evaparation

pan at the pame rate ad PET.



How Much o Apply Each Trrigation

To determine Che amount of irrigation water EO apply 8t anch irrigatien the
following pguation is used:

1 = (Axte) [ E ()

1 = Depth of ircigation water to apply
A= Available warer in the conbing depth {dute:nined from SC5,
Hue fonal Cnuperztive Eail SurveY. Blue Shestn of
£pil Series description and Crop footing depth)
Ta = The peroent of available water to be used bY &vapﬂttanﬂplratlnu
before irrigation in needed (Lons Aliowable}
g = Efficiency of irrigation FyELam.

When o Teripate

The evaporaktion pan automatically jndicates when [0 irrignte. The pas is
wodified with a0 averflow o diacharge EXCeEd water analogous Ea cunoff o
deap percalatinu when E£he sail prefile becomes Full (Fig. 31 # mavable
arainless sreel scale i8 alap added. The pmpunt of pan gvaporation that must
pcour  before ireigacion ja noeded cal ye determined by Cthe following

equation:
Adﬂ(hnh}fﬂ (1)

Ad = Fao gvaparation €2 oeeur before jrrigation
is neaded {sllowable ﬂeP1=tinn}
¢ = Ratie of actual evnpnttanapiratlnn ta screcacd pam evapotE
awapoTakion. This ig known 28 cTop copfficients Hormally
we uge & = 0.0 gatil the corn is above knee high. After
that, we use &% 1.0, However, C can be changed mare often
4f necessaty- .

Figure 3. Evaporation Pan Hodified with 2 Boreen,
scale Lo Scheduele Irr[gl:iuu for & Centet
Florence, 5C. .
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To avoid estimating the amount of water stored in the profile when the
schedule 1is started, the soil profile should be full. This can be accom-
plished by (1) setting up the evaporation pan the day after a rain that fills
the soil profile, or (2) filling the soil profile by irrigating at the be-
ginning of the irrigation season. The pan is leveled and filled to over-
flowing. A scale is then placed on the side of the pan and inserted into the
water the depth of the allowable depletion (Ad in Eq. 2) and clamped to the
side of the evaporation pan. The screened pan is observed as required, and
when the water level of the evaporation pan drops to the end of the scale,
the allowable water has been depleted by evapotranspiration and I depth of
water ( Eq. 1) must be applied by irrigation.

The evaporation pan will automatically adjust to the water balance throughout
the season. If rainfall occurs, the pan catches it and excess water is re-
moved from the pan by the overflow. However, if the evaporation pan is not
placed under the irrigation system, the pan must be filled to the overflow
point after each irrigation.

This scheduling technique requires that a separate pan be used for each crop
being grown. The technique is not exact but is as accurate as most systems
are able to apply water. Since only a portion of the available water is al-
lowed to be depleted, this scheduling technique should call for water before
the crop suffers.

Experience and Results

The screened evaporation pan was used to control a center pivot system for
three years. In 1978 irrigation was scheduled by the screened evaporation
pan for early and late soybeans. Even though at least one irrigation was
missed because of malfunction of the irrigation equipment, five irrigations
resulted in 10.3 cm of irrigation water being applied. Rainfall was 21.2 cm.
Nonirrigated soybeans produced 1,660 kg/ha (26 bu/ac) for the early-planted
soybeans and 1,190 kg/ha (19 bu/ac) for the late-planted soybeans, while the
irrigated soybeans produced 2,430 kg/ha (39 b/ac) for the early-planted and
1,820 kg/ha (29 bu/ac) for the late-planted beans.

In 1979 (a near average rainfall year) corn required 5 irrigatioas, totaling
19.4 cm. Rainfall amounted to 47 cm during the corm growing season and 73 cm
during the soybean growing season. The soybeans were irrigated 5 times with
19.8 cm of irrigation applied. Corn yields of 6,460 kg/ha (103 bu/ac) and
soybean yields of 1,400 kg/ha (21 bu/ac) were harvested from the nonirrigated
area. Irrigated yields under the center pivot system with applications
scheduled by the screened evaporation pan were 10,900 kg/ha (174 bu/ac) corn
and 2,450 kg/ha (36 bu/ac) soybeans. In 1980, a dry year, 29.7 cm of rain-
£all on corn and 43.3 cm on soybeans resulted in 6 irrigations on corn, to-
taling 25,6 cm; 12 irrigations on soybeaus, totaling 34.9 cm of irrigation.
Nonirrigated yields were 2,990 kg/ha (48 bu/ac) corn and 1,380 kg/ha (21
bu/ac) soybeans, while the evaporation pan scheduled irrigated area produced
6,050 kg/ha (96 bu/ac) corn and 2,400 kg/ha (36 bu/ac) soybeans.

SCHEDULING VIA TENSIOMETERS

For either the computer-based water-budget or the pan method to be used ac-
curately, selected parameters must be specified: available soil water as a
function of depth, rooting depth, and evapotranspiration rates throughout the
growing season. However, in soils with similarly shaped soil water charac-—
teristic curves, a simple measure of the soil water tension will indicate the
soil water status, eliminating the need for any other input.

Figure &4 shows desorption curves for three soil series found in the Piedmont
and Coastal Plains of the Southeast. While the absolute values of the soil
water contents differ greatly for given tensions, the general shapes of the
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gurved ATe gimilar. The uppeT limit of available water in these goils i
gunurnl!._-; hetwean ~0.04 and (3. 06 bats potential regardlens of the horizom of
Lexbure . Little avnilable apil water id held bebween pol,en!r.inln af -0.2 and
_1.0 bars. Thus moat of the avnilable soil watet {s held bebweas ~0.05 and
-0.% bhaze, The only octher juformation pepded te USE tenpiometers TO gehodule
{rrigation 1¢  the sail depth over which the gnil water potential is to be
maincained at values Eroaber than —0.2 bars. in this study, the soil water
pntentin‘l was kept above -0, bars chroughout bhe B0 cm soil depth.
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Fig. 4. Soil Hoisture Eharactcriniu Curves for Threse Typical
goutheasterd Soilse.

E‘.‘tpef'i.znr.! and Results

puring Che past  two FEATSH, pxperiments have been conducted at glackville,
gSauth garolina on & Wagram qgnd Lo conpare the use of che :umpu:er-h.tul
water-budget method L0 tensiomebers for scheduling frrigation of £ofh.
epmmary of che water une data for a pericd from Jume 10 T July 15, 1960, i
presented in Table 1. Euapntrnnspirutian wag meapured frod pepsioseterd
vhich were placed jn  l5-c= increments through 171.9 c=. furing this 34 -day
perind averagt daily ET was 0,33, 047 and 0.67 cmfds¥ for the nonireigaied
treatmanks, the water-budgael pppatment and the -0.12 par Creatment, respre”
tivety. The water—budgel consistently ealled for vater 3 o & dayd afrer the
need  foT jrrigation was indicated from tene Lometer readingf .« pften 1M
watar-budget £oEd showed severe grreps symptomd pafoTe jrripaticn. with thid
type of ipformatien the water-budgel and soreensd pan eyaporation mathods b
pe improved Lo meet the setual waLeF needs .

There 16 M9 dogbe but that BOWE pf the soil physical -p:rupr.'rl'.iel L
water-budget were tncorrectly used. in particular, @ rooting oM deptr
137 em Was used throughout rhe peried with an allowable depletion @

There 18 alsa 00 doubt that the -p:.rramml:zr has given low radial ioa raadingty
perhaps by 35 percent. poor #smples paken frequently duriog tBi® ! .
showed rooting denaicies of lpptﬂti‘mﬂttlj' o.h exlcm at the lover l-i""‘-'l
Soil watel pnr.entiﬂn frequently decrensed pelow —0.8 bars in the puris®

em befare 501 of the aveilable watel through 137 & had bead useds
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fable 1. Water Use Data from Jume 15 to July 10, 1980, for Corn Grown oo a
Wagram Sand.

o B T -

Bethod Bainfall Irc. Tocal oo Ave. ET Ave. OF T op
——re —— e : e i SEE
B pl ——mmm————nme———  =meseee— onfdey ——=
9.2 bar .97 16.61 23.58 1] 0.67 0.66 102
Budget B.97 T.49 16. 46 ] 0.47 0.64 71
Eo-Irr B.97 a.97 2.54 0.33 0.66 50

AR S ST AT S RD DTS ma L e o O O

inother guestion regarding the vater budget comcerns the maximum ET estima-—
ted. GSoil watar use rates for corn during late vegetative and reproductive
stages show that ET  is approximately equal to open pan evaporation when the
soil water potentials are maintained above -0.2 bars. A= shown in Table 1,
cocn in the =0.2 bar treatment used gpproxzimately 100T of the amount of
apen—pan evaporation during this period. The watec-budget treatment utilized
712 of open pan evaporation and the nonirrigated treatment used 50% of
apen-pan evaparation, Yield data show that the wnter-budget Ereatmant was
periodically stressed. Yields for the -0.7 bar, wnter-budget and nonirriga-
ted trestments were 11,180, 5,670 and 4,780 kgfha (166, 99 and 71 bufac),
respectively. Based on these resples #oil water potentials must be main-
tained abava -0.2 bars in the sucface 60 cm for optimum carn groWwth to occour.
ET must be maintoioed at about 90% of open pan evaporation doring late wve-
getacive and reproductive stages for maximum yields. Campbell and  Fhene
{1976} showed thet evaporatios fro= Che scrsened evaporation pan was abour
$0I of open pan.

Tensiomerers provide an  easy way to properly maiatain soil water potentials
within the desired limits Esr optimum crop growth. This is especially Crue
for & crop such as cora for which just a Eew atressed days can result  in
subszantially reduced yields.

COMPARTSON OF THREE HETHODS

Several plots under a centar-pivot irrigation system at Florence, BC were
controlled by three mathods: water-budger, screcened evaporation pan, and
tensiomecars, Table 32 shous the water spplied and the yield for each sched-
uling technique. The screened pan raquired 2 applications (7.1 em) more wa-
ter tham the water budget and 1 application (5.9 em) mare than the tensio=-
etars in 1979, Corn yields in 1979 were 10,500, 10,170, and 8,370 kgiha
{174, 162 and 133 bufac) for the seresnsd  pan, tenaiometsr, and water-udget
mathods, respectively. Bowever, Factors such as poor patimation of rooting
depth and allowable depletion and poor communications wers problems with use
of tha water budget in 1979. In 1980 che warer-budgaet and the tensiometer
methods reqeiced § applications pataling 29.4 and 29.0 ca, ragprctively,
while the screened pan method cequired 8 applications totaling 25.6 cm of
vater, Yields were 6,050, 7,730 and 7,770 kgiha (96, 123 pnd 124 bufac) for
the pan evaporatiom, water-budget and tensiomater methods , respectively. The
pan avaporation methed of secheduling irrigation increased yield compared to
monirrigated yields by &9 and 103 percent in 1979 and 1980, respectively; the
water budpet method incraased yislds by 30 and 159 percent( and the tensiom-
eter methed increased yields by 57 and 160 percent over ponirrigated corn.

The differences in water appliad in 1980 (3.8 cm), the Fact that thara
wan only one application differsnce and the fact that the Ewo—year average
yield was pimilar {Table 2} dindicate that all three metheds of srheduling
irriga- tion are feasible in the Southeast. Howewer, Gthers are qevcfnl
colations  that atill must be determined for more efficient irrigestion
schaduling by the watar-budget and screened-pan avaparation sethods. The
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relacion of rooting depth to dayn after planting bY goil type, Gystem
irrigation efficiencien, allowable depletiong of soll water, and erop
coefficiants weuld pasist these pchuduling techniguas to provide CcEep water
needs, conserve uater and energy, and inepease frrigation prodaction. When
theye are doveloped for pach crop, the farmer can choose the method that Lest
guita his necds far scheduling iprigation in the soultheast.

Table 2. Results from Three frrigation ceheduling Methods oo gorn that Was
Under-rew Subsoiled at Florence, SC

trrigation
Ho. of Yearly Total
Year Applications fmount Rainfall Hater Yield ™
e kpfha 1 increase
oweT

nonircig.
personalized Compuiel Model

197% 3 12.1 A7 .4 59.5 8,363b

9.5
10980 g 29,4 2%.7 39,1 7,1304 158.9
Mzan & 0.7 8.5 59.3 a,04% T0.4

Soreened Pan Evaporation Mt hiod
1979 5 19.2 LT .4 HA .6 10,893a 6a.6
1960 i 5.6 9.7 55.3 6,048 102.5
Mean 6.5 27.4 6.5 60.9 B,472 B 79.3
Tensiomeler Hethod
1979 4 13:3 . &0.7 10,167a 57.3
1580 k- 29.0 9.7 s5B.7 7,767d 160.1
Mean 6.5 21.1 6.3 5a.7 8,967 45,8
Honirrigated

1979 - - 47 .4 47 .4 £, 463 &
1580 = = 2.7 26.7 1,986E -
Mean 16.5 18,5 &, 724

1/ ¥ields with the sase letted within the same yeatT are nat
significantly differear st the 5% level.

SOHEDULING V1A CALCULATED RISK

The impetus [or any farmar to irrignte, in & humid er noo-humid ared, is 2
jnerease the net return  f[rom @ STOP- Guessing, fepling the anil, eeasuring
the soil watef potentisl, and estimacing the soil water budger ate indiredd
appraoaches L0 dpeision making relative to the peonomic penefit of # part be=
wiar irrigatiof. -
Employing the principle of calculated rigk (Thompsod 1963) to make jerigatiee i
decisions invelves enlculation of an expected loBs and comparing jr with b
cogt that would be nmcessary [o  prevent the loss. The expecred lost 867 e
calentated bY tnking the product of the loss due ©2 moisture geficiency Tt

would be incurred, shonld ne rain pccuf and no isrigatiom pe applied, and L

probability that no rain will £all., The eost af preventing the expected

g rhe cost of The irrigation (allen and Lambert 1971al. -t
; =

The actual eriterion fnvolved, based on the caleulated risk pfiﬂ‘lr“ "
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mpplied Lo irrigation, may be stated as:

> irrigate
P o= C/L either course
N do not irrigate

ere P = probabilicy of the loss occurcing (no rainfall); € = cost of pro-
pective measured {irrigacion) required to prevent the would=be loss; L = loma
thar would be incurred should no pracipitacion occur and no protective meas-
gres be takeno. The loss (L) would be the decrease from potential in the
final dollar valus of the crop caused by non-optimum moisture conditions
&aring a preseribed loss peciod subsequent to  the decision. The attainable
gatential will vary throughout the season becauss of the rosidual effect of
soisture during the earlier portion of the #eason and all other factora af-
fecting fimal yield. Dynamic gimulation modela of crop growth and yield are
cied to estimate Einal crop yield under irrigation ar no-irrigation seenmarics
{Lambert 1978).

hpplicacion of the caleulated risk principle co dally decisions of irrigation
hes been shown to reduce the number of irrigations required, to reduce the
tatal water added, and thus the Eotal saecgy required, and to reduce the oc-
eurrence of 13 ma of cainfall within 24 hours after nn irrigation, compared
to a criterion of irrigation at 50T depletion of available soil =oisture.
Eet sconomic returs from tobaccs also was improved {Allen and Lambert 1971b).

Field testing on corn has indicated Ehe caleulated-risk/crop-simulatian
method of seheduling irrigation {a humid areas to have potential, especially
pow that marginal cosr of irrigation has decreased significantly with the
adyent of sutomatically moving asystems,  Resules of & yearn af exparience
with tobgces and corn indicate savings of water and enecgy cosmpared to oae of
the 50T criterion for irrigation.

During the 1981 growing season we used the caloulated risk sethod to schedule
itrigation of corn at Tifren, Georgia, The program was a Fortran progras
wveitten For the IBM 370, modified to run on the TRS-B0/1.

SUMMARY

Poor raiofall distribution with respect ro avapotranspiration discribution
and low water-holding capacities of wost soils cause irrigation to be needed
fn many Thumid areas, particularly in intensive ageiculture, Rainfall ocours
aporadically during the growing season and discupte any preplanned sehedole.

A congortium of researchers is evaluacing techniques for scheduling irriga—
tion in the Sootheast. A personal computer has been programmed to calculate
water hudgetn from data siupplied by the user and to fareeast the date of the
next irrigation. The results are no better than the data supplied and evap=
otranspiration rates for southeastern U.5. conditions are not well knowd.

Addirion of wire screen and an overflov Eo a Clags & ewvaporation pan causss
the evaporation to approximate the svapotranapiration fro= a nonstressed srop
with Eull canopy eover. Such a pan can thersfore be used to physically sim-
wlste the warer budget of a profile and to indicate the nead for ircigation
when a presst deplecion has been Teached.

fensiomatars may also be used to datermine the nead Ffor irrigacion. Data
indicate that soil water potentials maintained above =0.2 bar in the upper ‘EB
em produced maximum yields in these gtudies. Met economics af irrisﬂtfﬂﬂ
application ia the basis for uafng the caleulated=rink mechod for escheduling
irrigation, including forecast probabilities of rain.
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faged on initial cests, the pen method is the sioplest and cagiest £o uBe,
put is limited by the assumption of fixed conting depth and  gives little ad-
yanee information for echeduling of planning purposeE. The computec—based
water-budget =ethod is poweriul for planning, But relies on soil phyeical
parameters and uwnpu:rannpirntion ratan which we don't know how to determine
well, Tensicmeter methods apparently result in inereased yieldn for Cthe
conditions tested, but require considerable attention and & decision on how
many to use and where to jocate them in the field a&nd give little advance
informat ien. Inclusion of direct aconemic benefits and cainfall probabili=-
tima for scheduling jrrigation is Fundamental ly =ore sound, but rtelics heav-
ily on dynamic crop growth simulators which are still being developed.
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