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NOTATION 

The following symbols are used in this thesis: 

cb 
DB 
E* 
e d 
Ep 
e s 
Et 
g 
G 

- centibar 
- dry bulb temperature ( ° F) 
-potential evaporative flux (cal. cm.- 2 ) 

- estimate d actual vapor pressure (mb.) 
- pote ntial evapotranspiration (in.) 
- mean saturation vapor pressure (mb.) 
- evapotranspirati on (in.) 
- pne umatic potent ial (c b.) 
-soil heat flux (cal. cm.- 2 ) 

I, Irr. - irrigation (in.) 
K -radiometer calibration factor (cal. cm.- 2 /count) 

- c rop c oefficient Kc 
Ki 
Ks 
m 
mb 
0 

p 
Rb 
Rbo 

Re 
Rn 
Rs 
Rso 
TO 
Tmn 
~X 

TX 
w 
WB 
Wd 
z 
y 
~ 

- i n tegrator calibration factor (mv. min./count) 
- solar cell calibration factor (mv. cal.- 1 min.) 
- matric potential (cb.) 
- mi l l i bars 
-osmotic potential (cb.) 
-pre ssure potential (cb.) 
- net outgoing long wave radiation, langleys 
- clear day net outgoing long wave radiation, 

langleys 
- e ff e ctive rainfall (in.) 
-net radiation (cal. cm.- 2 ) 

-solar radiation (cal. cm.- 2 ) 

-clear day solar radiation (cal. crn.- 2 ) 

- dew point temperature ( ° F) 
- minimum daily temperature ( ° F) 
- maximum daily temperature ( ° F) 
- ave rage daily temperature ( ° F) 
- daily wind run (miles) 
- wet bulb temperature ( ° F) 
- drainage (in.) 
-gravitational potential (cb.) 
- psychrome tric constant 
- slope of saturation vapor pre ssure-

temperature curve 
- soi l volumetric water conte nt (%) 
- wate r pot e nt i al (cb.) 

vi 



ABSTRACT 

Comparison of Tensiometer and Climatological Methods 

for Estimating Soil Moisture Depletion and 

Scheduling Irrigation for Potatoes 

by 

Thayne B. Wiser, Master of Science 

Utah State University, 1972 

Major Professor: Dr. R.J. Hanks 
Department: Soils and Biometeorology 

vii 

The purpose of this thesis was to compare the tensio-

meter and climatic methods of scheduling irrigation of po-

tatoes under field conditions. Tensiometers were placed 

in a 160 acre field to maintain the crop within the opti-

mum moisture range and schedule irrigations. An automatic 

solid set system was used to apply water to the potato 

crop. Instrumentation was used to determine daily input 

for the climatological method . Daily evapotranspiration 

(Et) was computed and Et (tensiometer) was comPared with Et 

(climatic) . The results showed total variation of the eli-

matic method from the tensiomete r method of .62 inches or 

less than 5 per cent. The study indicated that the clima-

tological method would have under irrigated the potato crop 

by . 62 inches during the 48 day study. Variations are also 

shown for each irrigation interval. Results indicated tha t 

a combination of both methods would allow the most feasihle 

approach to scheduling irrigation of potatoes. (55 pages) 



INTRODUCTION 

In commerc ial food production many managers and owners 

are being forced to critically readjust approaches in farm

ing to maximize production and profits while minimizing 

their costs of operation. The academic world has made 

countless innovative discoveries which can greatly help ag

ricultural producers to accomplish their objectives. None

theless, there seems to be a "generation gap" between aca

demics and application . Experience has proven that many 

farming operators are not well acquainted with basic prin

ciples which govern agricultural production. 

While much scientific information has little applica

tion in the practical world of modern agriculture, some has 

great applicability if properly used . One of the most ne

bulous areas in farming and ecology is the proper use of 

commercial fertilizers and water in arid agricultural pro

duction. Nitrate nitrogen is very soluble in the soil 

water and therefore, excessive irrigation can affect the 

efficiency of its use. In addition, irrigation water is 

being recognized as a precious resource and must be con

served. 

In light of the above setting, one of the greatest 

contributions that can be made to agriculture is to pro

vide a consulting service to farm operators--one that 

will supply them wi th feasible solutions to their problems. 



The efficient use of irrigation water to optimize plant 

growth is one of the most important present problems that 

can be solved by appropriate consulting advice. This the

sis attempts to treat part of this problem. 
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The key to efficient use of irrigation water manage

ment is the determination of proper timing and amount of 

irrigation water application. Two general methods have 

been advocated to determine when to irrigate and how much 

water to apply. The first is a direct method of monitor

ing the availability of water to plants using tensiometers 

and applying water when the soil water potential reaches a 

given value. The second method involves estimation of 

water depletion by Et from climatic data and a water budget 

accounting to determine when soil water deple·tion reaches a 

given low value. 

Objective 

The objective of this study is to compare the tensio

meter and climatological methods of estimating soil mois

ture depletion to schedule irrigation of potatoes. The 

tensiometer method tested will be that used by Soil Mois

ture Control Service, Inc. of Twin Falls, Idaho. The spe

cific climatological method tested will be that of Jensen 

(1971). 
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LITERATURE REVIEW 

Soil Moisture Control of Potatoes 

Irrigation has allowed greater crop production through 

the utilization of arid soils. Also, where rainfall has 

been the main source of water, irrigation has been employed 

to supplement natural precipitation for the production of 

many crops including potatoes. The potato is very specific 

in its moisture needs. These needs can be met by a combi

nation of the reserve of water in the soil , irrigation , and 

precipitation (Singh 1969). Potatoes are very sensitive to 

fluctuations of soil moisture (Thompson and Kelley 1951) . 

Thorne and Peterson (1954) have pointed out that potato 

plants are sensitive to moisture variations, more so than 

other plants, because of a high requirement for soil aera

tion. Therefore the plants require moisture varia tion 

within a narrow range to allow aeration but at the same 

time allow good availability of soil moisture. Temporary 

drouth will reduce yields and quality as will over-irriga

tion (Vomocil 1969) . 

Most research work related to potato production has 

been on effects of seed, fertilizers, and factors other 

than moisture control (Haddock 1961) . Recently attention 

has been dire cted to the control of soi l moisture and its 

effect on quality and yield of potatoes (J ensen, Robb, and 
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Franzoy 1969). Potatoes are very sensitive to over-irriga

tion because of induced anaerobic conditions which reduce 

size of tubers and the amount of tuber sets (Jackson 1962). 

This is especially critical when the plants are small 

(Singh 1969) . 

The amount of moisture available to a potato plant is 

critical through various stages of the plant life cycle 

(Prince and Blood 1962). If a potato is kept within the 

optimum moisture range, maximum yield and quality will be 

realized (Struchtemeyer 1961) . The three stages of plant 

development referred to by Prince and Blood (1962) have 

been defined by Steinek (1958). The time from emergence 

to three weeks is the first stage termed stolon formation. 

The second stage is tuber setting, which occurs from four 

to five weeks, and the third stage including the second 

stage is defined as tuber formation. The third and final 

stage lasts from tuber set through maturation. 

Abnormalities in tubers are often directly related to 

wide fluctuations of soil moisture beyond the optimum range 

(Thompson and Kelley 1951). These abnormalities often oc

cur with the plant in stage two. The author has observed 

that during the first stage if plants are irrigated with a 

normal two inches of moisture, plant damage will result, 

possibly due to reduced soil aeration for extended periods 

and incidence of rhizoctonia root rot. This has been veri

fied by Thorne and Peterson (1954), Thompson and Kelley 

(1951) , Prince and Blood (1962) and Bauer ~1951) . Bauer 



(1951) also indicated that high moisture conditions in the 

root zone adversely affect the physiological processes of 

the plant. A report from Robin and Domingo (1956) showed 

that high moisture stress during any stage of plant growth 

caused abnormalities and reduced yields. 

Harris (1917) found reduced yields and quality of po

tatoes occurred when irrigation was too early , too late or 

if the amount applied was too small or too large. The 

first irrigation was advised after emergence, toward the 

end of stage one. If irrigation were applied before emer

gence, damage to the plant generally occurred. 

5 

It is apparent that optimum moisture conditions allow 

optimum growth due to greater stolon formation and a better 

tuber set. This optimum moisture range was defined as 

greater than 50 per cent available moisture (Bradley and 

Pratt 1955). Powers and Johnston (1920) observed early that 

the best time to irrigate potatoes was when the water con

tent reached 20 per cent on a dry weight basis. Water con

tent will vary on a per cent dry weight basis for each 

soil, emphasizing the need for a better expression of soil 

moisture availability. Later recommendations staged that 

moisture should not drop below two-thirds of the available 

range (Cycler 1946) or that depletion of soil moisture 

should not exceed 50 to 60 per cent of field capacity 

(Jacob et al. 1952). Blake, Grill, and Campbell (1955) 

reported that more frequent light irrigations (1.2 to 2 .2 
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inches) allowed higher relative yields and quality of pota

toes. 

The best irrigation frequency for potatoes is a func

tion of the irrigation system, consumptive use rate, water 

holding capacity of the soil, maximum and minimum allowable 

soil matric suctions and the water extraction patterns of 

the plant (McMaster 1969). To properly schedule irriga

tions with sprinkler systems it is necessary to know how 

much water is applied at each irrigation (Jensen, Wright, 

and Pratt 1969). This can be correlated with tensiometer 

readings to project the following irrigation using weather 

projections and past water use rates. 

In summary, it is apparent that potatoes are very 

sensitive to moisture. It is necessary to keep the plants 

within an optimum soil moisture range to achieve maximum 

yield and quality throughout all three stages of plant de

velopment. The optimum range, using a tensiometer placed 

12 inches deep within the hill, is from 15 centibars to 

50 to 60 centibars. If a potato plant is maintained with

in this range the most efficient use of water and ferti

lizer will occur. 

Tensiometer Method for Estimating Soil Moisture Depletion 

According to Penman (1950) only the tensiometer mea

sures directly what stress the plant must overcome to ab

sorb water from the soil if salts in the s o il solution are 

low. This stress is defined by Rose (1966) as the soil 



matric potential. Kramer (1969) states that direct field 

measurements of the soil matric potential can only be made 

with tensiometers. Soil matric potential is by definition 

negative. To eliminate the negative sign, soil matric 

suction or tension has been defined to be equal to the ne

gative of the soil matric potential (Hanks 1970) . Tensio

meters fit well into the osmotic theory of water uptake by 

plants. The following soil water potential equation 

exists: 

7 

'!' = z + p + 0 (1) 

where p m + g, and where (Rose 1966) 

'!' is defined as the soil water potential, z the gravita

tional potential, p the pressure potential and o the osmo

tic potential. The pressure potential is the summation of 

the matric potential (m) and pneumatic potential (g) (Rose 

1966, Hanks 1970). In most field situations the pneumatic 

potential and the osmotic potential are essentially zero. 

If water flow is small in the verticle, the gravitational 

potential is also zero. With the above restrictions the 

tensiometer essentially measures the soil water potential. 

The actual mechanism of water uptake by plants occurs when 

a 6'1' or water potential gradient exists from the soil 

through the plant to the surrounding air. The ultimate 

force of water uptake is evapotranspiration (Salisbury and 

Ross 1969) . 

Rose (1966) discussed the tensiometer method of moni

toring the soil matric potential and the use of 
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measurements of matric potential as an index of the soil 

moisture depletion. Once the optimum range is defined for 

the specific crop and soil, the tensiometer data can be 

used to schedule irrigations. Graphs of tensiometer data 

can be found in Kramer (1969). At 3600 feet mean sea level 

the tensiometer indicates well from 10 centibars to 70 or 

80 centibars. This fits perfectly into the range needed 

for potatoes (Timm and Flocker 1966, Oebker 1962). 

It is undoubtedly more meaningful for plant growth to 

set standards of optimum soil moisture range than soil 

water content (Hanks 1970) . Tensiometers have been widely 

used to monitor soil matric suction. Oebker (1962) re

ported that in using a tensiometer to monitor soil matric 

suction at approximately 12 inches deep in the potato row, 

irrigation should be made between 50 to 60 centibars to 

allow maximum quality and yield. Other data from Timm and 

Flocker (1966) indicated that the most effective use of 

water and fertilizer occurred when potatoes were irrigated 

near 50 centibars for a 12 inch tensiometer. Stockton 

(1962) advised that the range of 40 to 60 centibars at 10 

inches with tensiometers, is the optimum time to irrigate, 

while Blake, Grill, and Campbell (1955) advocated an opti

mum range, in sandy soil at 6 inches, from 67 centibars to 

133 centibars. To relate tensiometer readings to available 

moisture in silt loam soils, Haise and Hagan (1967) re

ported that at 50 centibars, approximately 30 per cent of 

the available moisture is depleted. If 100 centibars were 



approached, about 57 per cent of the available moisture 

should be depleted in the same soil. 

The lower values of the optimum matric suction range 

have not numerically been defined by any investigations. 

However, from the information given by Thorne and Peterson 

(1954), Thompson and Kelley (1951) and Bauer (1951), irri

gation should not be applied to the extent that 12 inch 

tensiometers remain below 15 centibars for more than 24 

hours after irrigation. 

Commercial operators use the tensiometer method to 

schedule irrigation for many crops. Soil Moisture Control 

Service, Inc. of Twin Falls, Idaho uses the tensiometer 

data to schedule irrigation of potatoes and other crops. 

The company has determined that the instrument requires 

readings every second to third day in order to properly 

graph the fluctuations of soil moisture tension . The data 

from tensiometers can be used in conjunction with weather 

forecasts and past information to schedule irrigations. 

The basic disadvantage is the need to maintain and read 

the instruments on a regular basis. 
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Climatological Method for Estimating Soil Moisture Depletion 

Jensen (1971) of Idaho is the "father" of computerized 

irrigation scheduling. He has worked extensively on appli

cation of the climatological approach to sequentialize the 

delivery and application of water to f a rms not only in 

Idaho but in Washington, Arizona, and other states. In 
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Southern Idaho much attention has been given to the use of 

computer methods to schedule irrigation of many crops in

cluding potatoes (Jensen 1971). Brown and Buchi1eim (1971) 

reported the results of the Minidoka Project at the Na

tional Conference on Water Resources Engineering. Clima

tological data was used to compute daily moisture loss. 

Correlation with soil and field data allowed the scheduling 

of irrigation of 54 farms including many different crops. 

Jensen and Heermann (1970) point out that this concept of 

irrigation scheduling us.ing climatological data is not new. 

It has not, however, been developed for practical use until 

the last two years (Jensen, Robb, and Franzoy 1969). 

The individual farmer has not adopted the latest sci

entific principles of irrigation rapid ly because he lacks 

time, technical background, and sufficient information to 

implement such principles. This provides service compan

ies an opportunity to supply farm operators the necessary 

recommendations and data to properly schedule irrigations 

(Jensen 19 71) • 

The climatological method is currently being used by 

the Salt River Project in Phoenix, Arizona. C.E. Franzoy, 

senior engineer, is supervising computerized irrigation 

scheduling of some 3,690 acres. Problems of proper crop 

coefficients, optimum moisture depletion, stages of plant 

growth, and irrigation uniformity are being solved to up

grade the program. Limitations in the s ys tem at the pre

sent time are weather data and crop cover date assignments 



(Franzoy and Tankersley 1970). The results of the Salt 

River and the Minidoka Projects indicate that the clima

tological method is very sound, being practically limited 

only by nonprecise field and crop data . 

Input data 

11 

Three categories of input data for the climatological 

method are required: (a) Basic or fixed data for each 

field, (b) current meteorological data for the region, and 

(c) current data for each field. 

The basic data consist of area meteorological data 

used to compute potential Et and data for each field. The 

latter involves the crop factor, estimated effective cover 

data and the maximum amount of soil water that should be 

depleted by evapotranspiration for each crop (Heermann and 

Jensen 1970) . 

Current meteorological data required for each region 

are: Minimum and maximum daily air temperatures (Tmn and 

Tmx respectively) , daily solar radiation (Rs) , daily dew 

point temperature (TD) , and wind run (Wd) for each calendar 

day. An optional, brief weather forecast can be included 

for the area (Jensen and Heermann 1970) . 

Current data for each field are: The date of the last 

irrigation , the allowable soil moisture depletion at the 

particular stage of plant growth, the date of the last ir

rigation if it falls within the current computation period, 

and the rainfall and/or irrigation amount with its date of 

occurrence (Jensen and Heermann 1970) . 
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Other Methods of Estimating Soil Moisture Depletion 

Other commercial methods of measuring soil moisture 

depletion are limited in practice to a few procedures. 

Gypsum blocks are employed measuring electrical conducti

vity of a saturated gypsum solution whose volume is con

trolled by soil moisture tension (Vomocil 1969). Some 

direct electrical resistance probes are used but are not 

recommended because readings are affected by many factors 

in addition to soil moisture content (Hanks 1970). Gravi

metric samples have been used by a firm in Washington to 

determine soil water content but this has many disadvan

tages. Soil samples must be taken at regular intervals 

and placed in ovens to determine the water content. Ex

cessive time and processing of samples along with soil

plant calibrations for each field have limited this method. 

Instruments such as the neutron and gamma probes have not 

been used extensively by commercial service organizations 

due to the technical nature of the instruments and their 

cost. 

Another climatological method uses direct pan evapo

ration to determine daily moisture loss from an irrigated 

field (Hagood 1964). The Washington State Experiment Sta

tion prepared a scheduling board to keep daily water 

budgets. The basis of this approach is that plant con

sumptive use will equal pan evaporation times a pan co

efficient. The disadvantage of the pan evaporation method 



is the need for proper care and placement of the pan in a 

standard environment. This has not been used extensively 

due to these disadvantages (Jensen and Middleton 1969). 

13 
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MATERIALS AND METHODS 

The research data collected for this thesis were from 

a 160 acre potato field on the Bell Rapids Irrigation Pro

ject west of Twin Falls, Idaho. The irrigation project 

will expand to about 20,000 acres in various stages. The 

research field was first irrigated in 1970 and produced an 

excellent potato crop. Soil Moisture Control Service, Inc. 

of Twin Falls provided moisture control for this potato 

crop using tensiometers. 

Tensiometer data were collected by the company during 

the 1971 season on the second potato crop. These data were 

used for this thesis to maintain the potatoes within the 

defined optimum moisture range. 

The 160 acre potato field was irrigated with an auto

matic solid-set system (Figure l) • Tensiometers were 

placed in the potato rows at 10-12 inch depths at 10 loca

tions and 16-18 inch depths at 4 locations (Figure l). 

The instruments were placed midway between the 4 sprinklers 

of the rectangular spacing. This allowed for all tensio

meters to monitor relatively the same location with respect 

to water source to facilitate correlation of data to sche

dule irrigations. 
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Soil Water Budget 

The objective of this study requires that a common 

point be defined so that the tensiometer and c limatological 

methods can be compared. The following equation relates 

the components of the soil water budget: 

Et = I + Re - Wd - 60 ( 2) 

where 60 = change in soil water content, Et evapotrans

piration, Re = rainfall, I = irrigation and Wd = drainage 

from the root zone. All units are in inches of water. 

Inputs to soil moisture are rain and irrigation. These 

were measured and accounted for in this study. Outputs of 

soil moisture were evapotranspiration and drainage. In 

this study there was no effective rainfall, and drainage 

was assumed zero (discussed later) . Thus using the tensi

ometer method, from which 60 was measured, Et (tensiometer) 

was computed after I was measured. 

When the climatic method was used, Et (climatic) was 

estimated which allowed for computation of 60 when I was 

measured. Thus the tensiometer and climatic methods were 

compared by making a comparison of measured 60 (tensio

meter) with estimated 60 (climatic) or on the other hand, 

a comparison of estimated Et (tensiometer) was compared 

with calculated Et (climatic). 



Tensiometer Method 

Tensiometers were installed by Soil Moisture Control 

Service, Inc. of Twin Falls to schedule irrigation in the 

160 acre test field. The tensiometers were installed on 

July l and problems of proper tip contact, soil settling, 

and calibration were minimized by July 15 to improve the 

quality of tensiometer data for this study. Readings of 

soil matric suction were taken approximately the same 

16 

time of the day every two or three days throughout the 

period of the study (see Table 1). Irrigation of the po

tatoes was done when soil matric suction approached 55 to 

60 centibars. Tensiometers were spaced to estimate mois

ture variability in the field and the relative depletion 

between irrigations. Irrigation was done using five groups 

of 10 one-half mile lateral solid-set lines each. Complete 

irrigation therefore could be made in five sets . Twelve

hour irrigations required two and one-half days for com

plete coverage of the field and eight-hour irrigations al

lowed complete coverage in less than two days. Figure 1 

shows the position of tensiometer stations in the potato 

field. The stations were placed between the third and 

fourth sprinklers from the end to minimize field perimeter 

effects and to facilitate readings. 



17 

X F 6 X 

XO E 5 ox 

X D 4 X N 

X c 3 X 

X B 2 X 

xo A 1 ox 

where ~ signifies the sprinkler mainline, x indicates a 

12 inch tensiometer and o indicates an 18 inch tensi-

ometer. Three inch lateral lines were on 40 X 50 

foot rectangular spacings . Le tters A through F and 

numbers 1 through 6 identify indiv idual tensiometer 

stations. 1 inch 660 feet. 

Figure 1. Solid set irrigation layout on 160 acre potato 
field. 
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Climatological Method 

The climatological method includes u se of meteorolo

gical data to estimate daily Evaporation (Ep) for a gi ven 

crop and location. The basic data for c omputation of Ep 

from climatological parameters included minimum and maxi

mum daily temperatures, total wind run in miles, we t and 

dry bulb temperature (WB and DB respec tively) at 5 PM each 

day and total observed radiation. This complies with 

Jensen (1971) and other references except Jensen uses 8 

AM wet bulb-dry bulb temperatures. The 5 PM readings 

allow Trnx and Tmn for the same day including wet bulb-dry 

bulb readings. The latter should approach the average 

relative humidity and dew point temperature for the day. 

According to Salt Lake City summer data, at 5 PM a dew 

point temperature would approach its minimum value causing 

the Ep to be overestimated slightly. Since the dew point 

temperature varies from a maximum in the morning to a 

minimum in late afternoon, these da t a resulted in a higher 

estimation of the Ep. However, this error probably in

creased the application o f the climatological method where 

adve ctiv e conditions are preva l e nt b y c ompensating for un

derestima tion by other factors (Jensen and Heermann 1970) . 

Bell Rapids is situated in a desert area where advec t ion 

has a great influence on irrigation. To evaluate the mag

nitude of error , data from Salt Lake I nternational Ai rport 

were obtained. These data show that the daily variation 

and range of dew point temperatures throughout the day 
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(see Table 1). The deviation of 5 PM readings were about 

equal to one-half the daily dew point temperature range. 

This would affect calculated Ep slightly. 

The daily Tmx and Tmn were taken in a standard weather 

bureau shelter near the corner of the potato field. Daily 

wind run was taken above the crop from a totalizing ane-

mometer at 2 meters elevation. A sling psychrometer was 

employed to determine the dew point temperature at 5 PM 

every day. This was done in accordance with the manufac-

turer's recommendations for the psychrometer. A solar ra-

diameter was utilized with a silicon sensor and a portable 

integrator to measure incoming solar radiation as follows: 

Rs = (t2 Sdt 
)t1 

where 

K =_& = 9.22 mv. min./count 
Ks 34.05 mv. cal.- 1 min. 

.271 cal. cm.- 2 /count (3) 

and K is the calibration coefficient of the integrator and 

a solar cell with Ki and Ks the constants for each, respec-

tively. The system integrated solar radiation with respect 

to time allowing determination of total radiation to the 

crop. The silicon sensor was mounted atop a potato cellar 

roof to eliminate shadowing effects and minimize problems 

of foreign matter covering the sensor. Two silicon sensors 

were calibrated so if failure occurred, a replacement would 

be available. All data were taken by cell 1 with a K fac-

tor of . 271. 



Table 1. Daily variation of dew point temperatures 

June J uly August 

Time of Day Dew Point Temperature Op 

0500 41.2 45.7 46.6 

llOO 39.7 44.0 46.3 

1700 37.2 40.5 4L.2 

2300 42.3 45.9 46.2 

Range 5.1 5.4 4.4 

NOTE: Average temperatures from 1951 through 1963 taken 

at Salt Lake City International Airport (Richardson 

1972). 

20 
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The objective of the climatological method was to es

timate soil moisture dep le tion ( ~0 ) by computing the v a lue 

of Et. With measurement of rainfal l (Re ), irrigation (I), 

and drainage (Wd), the method can be compared with the 

tensiometer results depicted in Equation 2 as follows: 

Et = I + Re - Wd - ~0 

Values for ~0 were obtained from the tensiometer. 

Potential evapotranspiration 

The potentia l evaporative flux E* was computed as 

follows: 

E* ~ (Rn - G) + ...:t__ (15.36) (1.0 + O.OlW) (es - ed) (4) 
~+Y ~+y 

where ~ is the slope of the saturation vapor pressure-tern-

perature curve (de/dt), y is the psychrometric constant, 

ed is the actual vapor pressure based o n saturation vapor 

pressure at mean dew point temperature, and es is the mean 

saturation vapor pressure in millibars. W is the total 

daily wind run in miles at 2 meter s , Rn is daily net radi-

ation in cal. -2 em. , and G is the soil heat flux in cal. 

em. - 2 (values of ~~y are found in Appendix Table 7\ (Jen

sen a nd Hee rmann 1970). 

The Penman equation tends to underestimate E* 1~hen 

high advective conditions occur (Jensen, Wright, and Pratt 

1969) • The daily potential evaporative flux E* was con-

verted to inche s of potential e v aporation , Ep using 585 

cal. gm.- 1 a s the latent h e at of vap ori za t ion, (Ep = 

0 . 000673 E*) (Jensen , Robb, and Franzoy 1969). 



Net radiation 

Da ily net radiation was estimated using: 

Rn 

Rb 

0. 77 Rs - Rb 

(a .B2.. + b) Rbo 
Rso 

Rbo = (0.32 - 0.044 red) (11.71 X 10- 8 ) Trnx' + Tmn • 
2 
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(5) 

(6) 

(7) 

where Rn i s daily net radiation, Rs is observed s o lar ra-

diation for the day, Rso is clear-day solar radiation, 0.77 

is 1-albedo (.23) for a green crop with full cover, Rb is 

the net outgoing long wave radiation, Rbo is the net out-

going l ong-wave radiation on a c lear day, ed is the satura-

tion vapor pressure at mean dew point temperature in milli

bars, 11.71 X lo- • is the Stefan-Boltzman constant in cal. 

cm.- 2 day -I oK-•, and Tmx and Tmn are the daily maximum 

and minimum air temperatures, respectively, in °K (values 

for Rso are found in Appendix Table 8) (Heermann and Jensen 

1970) . The constants a and bin Equation 5 are valued 0. 75 

and 0.25, respectively, unde r Idaho arid conditions where 

nights are generally clear. 

Soil heat flux 

The daily soil heat flux (G) was estimated by Jensen 

and Heermann (1970) as: G = (average air temperature - av

erage air temperature for the three prev ious days in ° F) X 

5. However, where larger temperature variations do not oc-

cur from day to day, G will be small and can be neglected 

(Jensen, Robb, and Franzoy 1969, Hanks 19 70). 
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Evapotranspiration 

Evapotranspiration (Et) for a specific crop and field 

was estimated using: 

Et = Kc Ep ( 8) 

where Kc is a dimensionless crop coefficient representing 

the combined relative effects of water movement from the 

soil to the evaporative surface and the relative amount of 

radiant energy available as compared to the reference crop. 

The value of Kc for potatoes through the period of this 

study was defined as .9. The crop factor was used in Sou

thern Idaho because the crop was at full effective cover 

for the length of tne experiment. This allows the fol

lowing expression of Et: 

Et = .9 Ep (Wright and Jensen 1971) 

Rainfall and irrigation 

Daily inputs of moisture into the soil are recorded 

and entered for each field. The runoff should be consi

dered and deducted from the value s (Jensen and Heermann 

1970) . 

Drainage 

Water applied through irrigation or rainfall may cause 

soil moisture depletion to be zero. If additional depres

sion occurs the drainage must be deducted from total input 

to account for runoff or deep percolation through the root 

zone. 
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Treatment of Data and Irrigation Procedure 

Thirty five gravimetric samples were taken from repre

sentative areas to calibrate the matric potential i n terms 

of volumetric water content (0 ) (Figure 2). This was done 

on July 15 at which time the first irrigation for this 

study was initiated and at the end of the study on August 

30. Other irrigations were made when appropriate tensio

meter readings of 55-60 centibars occurred at 12 inch 

depths. Since the instruments were on the drying cycle 

each time irrigation occurred, hysteresis was not a pro

blem (Hanks 1970). 

The tensiometers were used to evaluate the field mois

ture content (0) at initiation of the study. 0 was deter

mined using the 12 inch tensiometer reading to evaluate the 

moisture content from 6 to 15 inches. The 18 inch tensio

meter reading was used to evaluate the 15 to 24 inch soil 

moisture content. Since all readings were taken prior to 

irrigation each time, the change in 0 at 0 to 6 inc hes and 

below 24 inches was assumed constant for the length of the 

study. 

On July 14, the average 12 and 18 inch tensiometer 

readings were recorded to evaluate initial soil moisture 

content. Using a calibration curve, the readings in centi

bars were converted to volumetric water content. The aver

age value o f 0 was approximated by using the average o f the 

12 and 18 i nch tensiometer readings . Th e procedure was 
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Figure 2. Moisture calibration curve for soil in the Bell 
Rapids Project. 
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used in estimating 60 by evaluating 0 on July 14 and 

August 31. 

During the study, all necessary data were compiled 

to compute Ep for the climatological method. Wet buld 

and dry bulb temperatures were converted to dew point 

temperatures using a standard wet bulb-dry bulb-dew 

point temperature table. The values of ~ and 
6

JY 
were taken from Appendix, Table 1. A yearly average of 

clear day solar radiation at Kimberly, Idaho, was used 

for values of Rso. Those data were included in Appendix, 

Table 2. All data were recorded and Etp computed using 

a digitial computer with focal programming (see Apoendix, 

Figure 7 for the computer program) . 



RESULTS AND DISCUSSION 

Individual tensiometer readings for the study a re 

shown in Table 2. The data indicated that throughout the 

study the potatoes were generally maintained within the 

optimum moisture depletion range of 15 centibars t o 60 

centibars . Some instruments indicated higher values but 

these were individual problems caused by irrigation pro

blems. Variations near station A were attributed to the 

shallm1 soil. 

The soil moisture content ( 0 ) at the beginning of the 

experiment was evaluated by the tensiome ters. To measure 

the precision of the calculated Et (tensiometer) i t was 

necessary that the field moisture conditions on August 31 

be compared with those of July 15 when the experiment was 

initiated to determine if any difference in water content 

existed . Table 3 compares the initial and final moi sture 

conditions o f the study. The final moisture content on a 

volumetric basis was 1.2 per cent less on August 31 than 

July 14 at the 12-inch depth . The 18 inch moisture status 

was 4 per cent less on August 31 than July 14 (Table 3) . 

Even though this error seems small with an e ffective root 

zone of 24 inches and an average 60 of -2. 6 pe r cent, the 

actual difference in soil moisture content 60 was -.62 

inches of water (Table 3). With 60 = -.62 inches of water 

from July 1 5 through August 31, the total amount of 

27 
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Table 2. Tensiometer data 

Date Stations 

A12 A1 a B1 2 c1 2 0 1 2 E 12 E1a p1 2 

11 2 1 1 a 2 1 2 31 2 41 2 51 2 5 1 a 61 2 

July 14 44-50 46 22 50 52-50 47 
21-38 42 38 38 42-41 46 

July 16 49-51 irr 12 29 53-49 20 
29-38 irr 18 41 41-40 24 

July 20 22-27 40 44 irr 22-35 24 
51-63 42 44 irr 38-40 44 

July 23 23-29 41 32 48 32-32 39 
55-66 31 34 55 45-50 59 

July 26 56-73 29 63 6 3 5 0-53 40 
21-30 35 33 42 32-32 34 

July 28 62-70 39 64 62 57-58 55 
20-30 40 49 40 37-36 50 

July 31 irr 62 24 58 25-40 2 6 
irr 42 25 26 28-38 27 

Aug. 1 xw-x 27 25 46 31-39 34 
30-39 30 26 32 29-31 24 

Aug. 2 26-61 31 19 50 3 8- 4 3 4 3 
16-40 34 30 42 33-33 27 

Aug. 4 38-59 41 47 54 50-47 irr 
27-37 47 45 52 37-37 irr 

Aug . 6 irr 29 15 24 26- 32 25 
irr 22 18 26 31-34 27 

Aug. 9 28-32 34 31 39 42-38 48 
18-20 38 34 30 35-34 45 

Aug. 11 41-40 48 48 55 66-45 57 
27-32 53 43 48 45-37 63 

Aug. 13 51-48 irr 10 27 70-60 26 
37-40 irr 10 26 21-22 18 
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Table 2. Continued 

Date Stations 

A12 Al 8 B 12 cl 2 0 1 2 E 12 El8 F 12 

11 2 11 8 21 2 31 2 41 2 512 51 8 61 2 

Aug. 16 27-25 31 21 37 66-40 40 
16-32 36 26 35 27-25 30 

Aug. 18 34-39 44 27 53 70-40 51 
21-30 37 33 45 29-29 28 

Aug. 25 67-61 68 53 irr xw-xw xw 
57-46 59 63 irr XW-69 xw 

Aug. 31 37-68 38 43 47 51-XD 46 
34-56 36 47 45 49-74 47 

Irr signifies that the station was being irrigated 

and XW indicates that the tensiometer had broken tension 

but the soil was wet. To see location of each station 

refer to Figure 1. 



Table 3. Initial and final moisture status 

Tensiometer Readings in Centibars 

Date Stations Average 

A12 A' 8 B' 2 c' 2 o' 2 E 12 E 18 F' 2 

112 118 212 3'2 41 2 51 2 5' 8 612 12" 18" 

J uly 14 44-50 46 22 50 52-50 47 40.5 45 . 0 
21- 38 42 38 38 42 - 41 4 6 

Aug . 31 37-68 38 43 47 51- XD 46 44.5 66.0 
34-56 36 47 45 49 - 74 47 

Units in Centibars 

Variation at 12" 44.5 - 40.5 15.8 - 17.0 *l. 2% 

Variation at 18" 66.0 - 45.0 11 . 5 - 15.5 *4.0 % 

*Taken from Moisture calibration curve, Figure 2 

Given: A 24 inch effective root zone depth and an average ~8 of 2.6 %, then the 

water content difference ( ~8) is about -.62 inches. 

w 
0 



irrigation water applied plus .62 inches equalled the es

timated amount of water evapotranspired (tensiometer) as

suming no effective rainfall or drainage. 
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Visual observations were made in three representative 

areas to evaluate moisture loss from the root zone (drain

age) . At three feet, dry soil was observed. Due to the 

limited application of water through the solid set system 

for the extent of the study it was concluded that very 

little, if any, moisture was lost from drainage. 

The water budget from the tensiometer method yields 

the following, using Equation 2: 

Et I + Re - Wd - ~6 

11.50 + 0 - 0 - (-.62) 

12.12 inches 

The tensiometer method therefore shows that the total 

amou n t of Et was 12.12 inches of water for the period of 

July 15 through August 31 using an average of all tensio

meter readings (Table 3) . No measurable rainfall occurred 

during the study. 

Computed Ep from climatological data is found in 

Table 4 for each day. Et (climatic) was determined using 

Equation 4. The meteorological data are also included in 

Table 4. Clear-day solar radiation (Rso) from seven years 

is included in Appendix Table 8 , which was employed to com

pute daily Ep because of a lack of these data for the Bell 

Rapids Project. Since the distance of Kimberly, Idaho from 
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Table 4. Climatological data used to compute Ep 

Date 

7 15 

Ep Counts 
in~ 

. 314 2327 

Rs Wind 
cal- Run 
cm- 2 miles 
630 104.6 

Temperature Op 

Tmx Tmn TX TO WB DB 

100 63 82 61 72 96 

16 .303 2231 604 122.8 98 64 81 64 73 95 

17 .320 2371 642 87.5 100 65 83 52 69 96 

18 .258 1584 429 112.3 99 64 82 57 70 96 

19 .256 1996 540 62.0 98 65 82 59 70 94 

20 .298 2276 616 93.2 99 64 82 62 72 95 

21 .318 2374 643 108.0 95 64 80 51 66 91 

22 .260 2139 579 80.0 92 62 76 59 69 90 

23 .249 2079 563 61.0 93 60 76 57 69 91 

24 .292 2124 575 99.0 97 62 80 54 68 94 

25 .372 2185 591 207.6 96 62 81 57 70 96 

26 .365 2660 720 118.6 95 58 72 45 64 93 

27 .343 2147 581 157.0 96 59 73 54 68 94 

28 .373 2231 604 200.3 100 61 81 57 70 96 

29 .338 2471 669 92.0 102 59 81 46 66 97 

30 .312 2351 636 58.0 102 51 76 34 62 98 

31 .278 2192 

8 1 .273 1911 

2 .292 2104 

3 .265 1851 

4 .230 1694 

5 .261 2148 

6 .243 1863 

7 .257 1859 

593 

516 

571 

501 

459 

581 

504 

503 

50.7 

102.0 

69.0 

77.0 

54.0 

70.0 

76.0 

82.0 

100 63 82 32 60.595 

101 60 80.563 74 98 

102 66 84 44 65 97 

98 62 80 45 64 94 

100 68 84 61 73 96 

100 63 83.569 77 97 

95 62 76.560 70 92 

98 65 81.558 70 94 



Table 4. Continued 

Wind 

0 
Temperature F 
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Date Ep Counts 
in. 

Rs 
cal
cm-2 

Run Tmx Tmn TX TD WB DB 
mil e s 

8 8 . 301 2289 620 77.0 99 65 82 49 67 96 

9 .256 2012 545 44.0 

10 .274 1718 465 101.0 

ll .281 2416 654 43.0 

12 .275 1953 529 97.0 

13 .264 1890 512 80.0 

14 .268 1902 515 76.0 

15 .219 1795 486 60.0 

16 .204 1535 416 65.0 

17 .199 1665 451 38.0 

18 .207 1871 506 30.0 

19 .253 1842 499 105.0 

20 .198 1811 490 60.0 

21 .292 1950 528 165.0 

22 .255 1967 532 102.0 

23 .264 1973 534 172.0 

24 .265 1924 521 160.0 

25 .280 1873 507 148.0 

26 .245 1735 470 91.0 

27 .234 1609 436 105.0 

28 .208 1251 339 149.0 

29 .165 1200 325 100.0 

30 .199 1325 359 128.0 

31 .249 1518 411 147.0 

101 63 82 52 68 97 

99 65 82 47 66 98 

98 63 81 45 65 96 

98 62 80 55 69 96 

100 61 81 55 69 97 

103 66 85 60 72 98 

91 61 76 53 65 87 

96 60 78 60 70 92 

93 60 77 53 66 90 

92 52 72 50 65 89 

96 51 74 58 69 92 

98 54 76 73 79 94 

94 55 75 57 69 91 

92 62 77 55 67 90 

89 48 69 55 66 87 

90 41 66 52 65 88 

92 42 67 47 63 89 

96 56 76 55 68 93 

96 56 76 59 66 80 

93 55 74 61 70 88 

91 55 72 63 71 87 

92 56 74 61 70 90 

88 58 73 47 61 82 



the Bell Rapids Project is only 37 direct miles, this 

variation should be near zero on a c l e ar day. 

Values for ~ have been taken from Appendix Table 7 
u y 
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where ~y is equal to 1 - __ t._ This data is used as input 
u t.+y 

into Equation 3 and the computer program in the Appendix. 

Figure 3 compares the clear day and observed solar 

radiation on a daily basis for the period of the study. 

Differences between the two graphs are due to cloud cover. 

The observed daily radiation has been at all times below 

the clear day normal. Figure 4 compares the five year 

mean potential evaporation at Bell Rapids with the mean 

Ep at Kimberly with the higher daily temperatures, in-

creased wind run, and greater vapor pressure deficits due 

to the desert surroundings and location. 

The deviation of observed data from the Kimberly seven 

year mean emphasizes the need for good data obtained near 

the point of application. Although the average of observed 

data may equal the mean over 30 days, one day periods of 

adverse conditions can seriously affect yield and quality 

of potatoes. Therefore a true comparison of the two me-

thods of scheduling irrigations should not be evaluated 

from the cumulative totals but rather from the deviation of 

Et {tensiometer) from Et {climatic) during each irrigation 

cycle . 

Irrigation was applied in amounts of 1.10 inches and 

1.64 inches per irrigation depending on the length. Table 

5 shows the date of each irrigation and related tensiometer 
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Figure 3. Daily total solar radiation values observed at 
the Bell Rapids Irrigation Project. 
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Table 5. Irrigation and related tensiometer readi ngs 

Irrigation Data 

Tensiometer 
Irr. Hrs. / Applied readings 
no. Month Day set H20 in. before 

irr. in cb. 
1 July 15 8 1.10 45 

2 July 20 8 1.10 43 

3 July 25 12 1.64 46 

4 July 29 12 1. 64 50 

5 Aug. 5 12 1. 64 45 

6 Aug. 12 12 1. 64 49 

7 Aug. 18 8 1.10 48 

8 Aug. 25 12 1.64 59 

Aug. 31 55 

Total water applied 11.50 in. 
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readings taken or interpolated from Table 2. The total 

water applied during the study amounted to 11.50 inches 

(Table 5) . This was compuLed from average lateral pres

sures, sprinkler nozzle size , and spacing (Figure 5) . 

Each irrigation and set were irrigated using the same 

pressures. Irrigatjon data were adjusted for app l ication 

efficiency but not for uniformity of app l ica tion. After 

consulting with J. D. Wright and R. Kohl of Kimberly (pri

vate communication) , it was decided that the effec ts of 

appli c ation e fficiency los s would be approximately 10 per 

cent under the conditions of this study. Thi s correction 

was made by reducing the application rate (Figure 5). It 

is important to realize that different circumstances might 

make this factor even more i mportant. Single irrigation 

laterals (hand-move sys tems) would have higher water Joss 

as would surface irrigation where efficiency may be 65 

per cent or less due to end-field losses and differen tial 

infiltration from upper to lower ends of the f i.e ld . 

The system employed in the study utilized block irri

gation minimizing wind loss. Howeve r, the correction for 

evaporation was, in effect , made because the estimated Et 

include d the time while irrigation was applied. Therefore, 

the 10 per cent correction allows for inefficiency due to 

wind drift from the irrigated field. If water applic tion 

efficiency had been us ed to rorrer t for evapnra inn, the 

adjustment would have been made t wice. 



Mainline 1300 ft. lateral - 32 sprinklers 

where pi inlet pressure = 58 psi 

Pa average p ressure = 50 psi 

pf final pressure 46 psi 

hL head loss = 1 2 psi 

40 X 50 ft. rectangular spacing 

1/8" noz z le, No . 30 rainbird @ 50 psi .152 in. /h r . 

.152 in ./hr. - 10 per cent eff. los s = .1 37 in./hr. 
application rate 

Figure 5. Lateral hydrauli cs of solid set system. 
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Tensiometer Et was computed using Equation 2 and was 

compared with climatic Et in Figure 6. The ~0 values for 

each irrigation interval were computed from tensiometer 

readings prior to irrigation using stations E and 5 (Table 

5) . This comparison directly relates both methods of es

timating soil moisture depletion and scheduling irrigations. 

Et (tensiometer) indicates as precisely as possible the 

water evapotranspired by the plants. Table 6 compares the 

values of Et (tensiometer) to Et (climatic) for each ir

rigation period. The greatest difference was during the 

first irrigation where Et climatic over-estimated Et by 

.71 inches. Figure 6 shows the cumulative comparison of 

Et (tensiometer) to Et (climatic) for the study period. 

In Table 3 the average of all tensiometer readings were 

used to compute the moisture variation for the whole study 

which resulted in -. 62 inches for ~0. This compared very 

well with the total value computed for each irrigation 

period using only stations E and 5. The value of ~0 with 

the latter was -.69 inches. 

The results indicate that the climatological method 

gave reasonably good results in the study area. The cumu

lative difference between Et (tensiometer) and Et (clima

tic) was only .62 inches of water. The climatological 

method would have under-irrigated the potato crop by the 

same amount of water during the 48 day study. Another 

variation indicated by the study occurred with the time of 

irrigation application. With an effective root zone of 
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Table 6. Comparison of Et (tensiome t e r ) and Et (climatic) 

Irr. 
no. 

1 

2 

3 

4 

5 

6 

7 

8 

Total 

Et 
t e nsiometer 

.86 

1. 33 

1. 96 

1. 30 

2.00 

1. 58 

1. 64 

1. 52 

12.19 

Et 
climatic 

1.57 

1. 34 

1. 28 

1. 72 

1. 70 

1. 22 

1. 62 

1.17 

11.62 

July 15 - 19 5 

July 20 - 24 5 

July 25 - 28 4 

July 29 - Aug. 4 7 

Aug. 5 - 11 7 

Aug. 12 - 17 6 

Aug. 18 - 24 7 

7 

4 8 
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Figure 6. Comparison of cumulative Et (tensiometer) with 
Et (climatic) from July 15 through Aug. 31, 1971 
at Bell Rap i ds Irrigation Project. 
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only 2 feet, small variations can have a marked effect on 

the quality and yield of a potato crop. If the soils in a 

field were not of uniform depth or texture, as is often the 

case, it would be very difficult to maintain the whole 

field within the optimum moisture range even with the best 

irrigation systems. It would then be necessary to add more 

detail to the procedure to account for the variability in 

order to make the moisture status of the field uniform. 

This is feasible only with solid set systems. Tensiometers 

can be employed to determine directly what differential 

water applications should be made. The climatological me

thod requires considerable more basic soils information to 

do the same. 

Advantages of the tensiometer method include the di

rect measurement of the soil moisture status which is very 

important to plants. The tensiometers require a minimum 

of soil data and measure soil moisture variability through

out the field. This minimizes the danger of overlooking 

the cumulative effects of moisture depletion or buildup in 

different parts of the field. Tensiometers are also easily 

adapted to different soils and crops in different regions. 

The tensiometer method requires readings two or three times 

per week when irrigating potatoes with light, frequent ir

rigations. The regular readings and maintenance causes in

creased field expense which is not required by the clima

tological method. Expense of tensiometers at $20.00 each 

must also be considered. 
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Advantages of the climatological method are the rela

tive low cost due to the minimum amount of field work and 

also because of computer adaptabillty. The computer adapt

ability allows data to be related to many different crops 

and fields with minimum labor. Disadvantages of the clima

tological method are the possibility of accumulated error. 

To eliminate this problem, some field checks must be made . 

Calibration of instruments can be a problem along with the 

detailed field-crop-soil characteristics data and assump

tion of water conditions. 

The study points out that both methods have applica

bility to scheduling irrigation of potatoes. Furthermore, 

results conclude that each method complements the other. 

Disadvantages of the tensiometer me thod are the strong 

points of the climato logical method and vice versa. The 

author feels that a combination of both methods would allow 

the most economical and precise scheduling of irrigations 

under normal conditions given input for the computational 

method is applicable for the field of application. 



SUMMARY AND CONCLUSIONS 

Irrigation scheduling has become a very important 

detail of potato production management. Application of 

properly managed irrigations has proven very effective in 

maximizing the return on investment where other factors 

such as seed, fertilizer, and soil conditions are not li

miting. Farm managers have determined by "feel" the soil 

moisture conditions for many years. Emphasis on quality 

crops to compete in todays economy requires that quanti 

tative methods be used to in~ure optimum moisture content 

throughout the growing season. 

Many commercial service organizations are presently 

using tensiometers and other direct field methods to 

monitor the soil moist·..1re and schedule irrigations for 

farmers. Recently, adaptation of the climatological me

thod has been employed for computerized scheduling of ir

rigations. Th~s approach has been used successfully in 

Southern Idaho and other areas in the Western United 

States. 

45 

The objective of this study was to compare the tensio

meter method with the computer evapotranspiration to pre

dict when to irrigate in a high evaporative location . No 

other comparison of these methods have been made under ac

tual field conditions . Tensiometer data were taken from 

July 15 through August 31 to schedule eight irrigations. 



Overal l d ifference was .62 inches or less than 5 per cent 

total Et (tensiometer). Indicati ons were that a combina

tion of both methods should be us ed for the following 

r e asons: 
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(a) Tensiometers require regular service and readings 

which then require an experienced technician to interpret 

the data and project the next irrigation time. The compu

tational method facilitates projections better (given ade

quate we athe r data) and requires less time. 

(b) The computational method will estimate the average 

field water loss using proper soil data. More precise data 

could be obtained, however, and achieve the same results 

as the tensiometer method. If averages for an area are 

us e d, the irrigations will apply an average amount of water 

to any specific field. A potato crop may not respond well 

to an average amount of water if soil and field variations 

are large. The computer will evaluate moisture conditions 

based on the quality of data supplied but area averages 

and sometimes field averages may not suffice. 

(c) Tensiometers can be employed to measure field 

moisture variation and the data can be used to determine 

the field-wide depletion for the climatological method. 

A possibility of error accumulation would be minimized 

by occasional tensiometer readings. This would combine 

the adv antages of both methods to minimize the disad

vantages of either. It was concluded that both methods 
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are complementary and can feasibly be employed together to 

properly schedule irrigations of potatoes and other crops. 
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APPENDIX 



*WRITE ALL 
C-PS/B FOCAL• 1971 

01· 
01o 
01 · 

10 S A=O 
60 s 1=0 
BO S 0.=0 

s 8=0 
S J=O 
S R=O 

S C=O 
S K=O 
S S=O 

S D=O 
S L=O 
S T=O 

S E=O 
S M=O 
S U=O 

S G=O 
S N=O 
S V=O 

S H=O; 
s 0=0; 
S W=O 

02o OS T !"PLEASE SUPPLY THE FOLLOWING INFORMATION"! 
02o 07 A ! "TMAX=" H 
0 2, 09 A ! " TM I N =" L 
02o 11 A ! "RS=" R 
02o 13 A ! "WD=" W 
02o 1S A ! "TD=" D 
02o 17 A !"RSO=" S 
02o 19 A !"DELT=" E 
02o 21 S A=1-E 

03o 10 S 8=((S*(H-32))/9)+273 
03o 1S S C=((S*(L-32))/9)+273 
03o 20 S O.=H; DO 3o 90 
03o 2S S V=G 
03o 30 S O.=L; DO 3, 90 
03o 3S U=G 
03 • 40 S O.=D; DO 3o 90 
03 o 4S S I=G 
03o SO S J=(V+U)/2 
03 o 60 GOTO 4 , OS 
03o 90S G+(- o69S9)+(o2946*0.)-(oOOS19S*(O.*O.))+(oOOOOB9*) 
03o 9S S (0. *0. *0.)) 

04o OS S K=( o3 2-(o044*(FSO.T(1))))*(11 o71/10 B)*( 8 4)+ 
04• 06S (C4) )/2 
oc , 10 S M=( o7S*(R/S)+o2S)*K 
04o 20 S N= ( , 77*R) -M 
0 4o 30 S O=(E*N+(A*1S o36*( 1+(o01*W)) )*(J-1))*( o006 73) 
04o 35 T ! " THE V LUE OF ETP "=O 
04o 40 GOTO 1o10 

where TMAX = daily maximum temperature 
TM IN = daily minimum temperature 
RS observed solar radiation 
WD = daily wind run 
TD = daily dew point temperature @ 5 PM 
RSO = clear day solar radiation 

11 
DEL T = 7i+Y 

1-E 
y 

"ITY 
Figure 7. Compu te r orogram . 
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Table 7 . summary of 
/:; 

versus T* 
/:;+y 

Op /:; Op /:; 

11+Y 11+Y 

85 . 7758 75 .7040 

84 .7707 74 .6980 

83 .7656 73 .6920 

82 .7605 72 .6880 

81 .7554 71 .6860 

80 .7503 70 . 6840 

79 .7452 69 .6830 

78 . 7401 68 .6820 

77 .7350 67 .6755 

76 .7100 66 .68 90 

*Computed from Smithsonian Met. Tables, 6th Ed., 1958. 
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Table Clear day solar radiation, Kimberly, Idaho 

Day Apr May June July Aug Sept Oct 

1 568 679 758 768 699 586 449 
2 571 682 760 767 696 582 444 
3 575 685 762 765 693 578 439 
4 579 689 763 763 690 573 434 
5 583 692 764 762 687 569 429 
6 587 695 766 760 684 565 424 
7 592 698 767 759 681 560 419 
8 596 701 769 757 678 556 414 
9 600 704 770 755 675 552 410 

10 604 707 771 753 671 547 405 
11 608 710 772 751 668 543 400 
12 612 712 773 749 664 538 396 
13 615 715 774 747 661 533 391 
14 618 718 775 745 657 529 387 
15 622 721 776 743 653 524 382 
16 626 723 777 741 650 519 377 
17 630 726 777 739 647 515 372 
18 634 729 778 737 644 511 368 
19 638 731 778 734 640 506 364 
20 642 734 778 732 636 501 360 
21 645 736 778 730 632 497 355 
22 649 738 777 727 628 492 351 
23 652 740 776 725 624 487 347 
24 655 742 775 722 620 482 343 
25 659 745 774 719 616 478 339 
26 662 747 773 716 612 474 335 
27 665 749 772 713 608 469 331 
28 669 751 771 710 603 464 327 
29 672 753 770 707 598 459 323 
30 676 755 769 704 594 454 319 
31 0 757 0 701 590 0 314 

Units cal. cm.- 2 

NOTE: Unpublished data calculated by Dr. M.E. Jensen and 

Dr. J.L. Wright, Snake River Conservation Research 

Center, Rt. 1, Box 186, Kimberly, Idaho 83341. 
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