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. .. ABSTRACT

The nevtron probé was used to schedule Irrigation on 25 irrig
fields in the Lethbridge area of Alherta. Access tubes werg”insta
'n all the fields in the spring of 1980 and 1981. -Moisture was .

B _ R _ . - :
measured in many. of the fields once per week throughout,the growin

seasor,
&

The effects of soil texture and bulk density or probe calibrat
¥
and soi! moisture reasurement for the purpose of scheduling irrigat

were found to be mipimal.

w0 1ncrements of moisture readini. for tne sgil profile were
used. The accuracy obtained using four readinac as 7% cm depth in-
tervals was found to be comparahle to that of seven readings at 12,

cm intervale .,

The frequency of readings required was determined after
examination of soil moisture changes during the growing season. Foi
perqgnent crops, readings are;requjred once per week. for annual ci
readings are required once every two weeks until dgi]y moisture use

increases to between 2 and 3 mm per day.

The neutron probe was found to be a very effective tool for
measuring soil moisture for the purpose of irrigation scheduling
since the soil moisture status chid be very quickly and accurately

evaluated.
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I. INTRODUCTION

*

Approximatély 400,000 ha of land are presently being irrigated
in Alberta. A major problem facing most irrigation farmers in
Alberta is knowing when to irrigate and determiﬁing how much Qater to
apply. With the rapidiy increasing equipment, energy and production
*osté of irrigation farming and the shortage of water in some

{‘:{stricts, tarmers haveideveloped an increased interest in irrigation
management to maximize farm production. The recent introduction of
the Qeutron probe for the purpose of irrigation sgheduling is

providing this on-farm irrigation management information.

Hobbs and Krogram {1968) reported that as early as']913;
experiments were instituteq to determine the consumptive use by créps
in Alberta. Until the 1950's irrigation water was applied to fields .
by surface metheds and irrigation intervals were normally scheduled
on a calendar basis. Actual scheduling of irrigations was influenced
by the amount of irrigatign water available, topography, shape and

size of the fields and the skill of the irrigator to apply the WSter

unifornly,

In the 1950's wél]-designed distribution systems and precise
land-levelling gave irrigators better control of water.” Sprinkler
irrigation became common in.the 1960's. These fac;ors Tead to
improved water management. Irrigators began to realize that it Qas
important to know when to 1rr1qate and how much water to app]y
Methods used to schedu]e irrigation 1ncluded the ca]endar method
the stage of crop development or the “feel" method of determining soil

moisture.
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In 1966, the Alberta Department of Agriculture in cooperation
with the Research Branch of the Canada Department of Agriculture
began offering a program called the Irrigation Gauge@ The Irrigatior.
Gauge program involved measuring the amount of soil moisture at the
beginning of the gré@iﬂg‘seasoﬂ; Rainfall anrd evaporation were
méasured on a daily basis throughout the growing seaséng The
evapotranspiration was calculated from evaporation data, obtained
from either a Class A pan or a Gen Atmometer. By keeping a simple
ledger with the initial soil ﬁaisture value-at the top,
evapotranspiration was entered a debit, allowing calculation of soil
mnoisture. The difference between field capacity and the calculated
5011 moisture value was the soil moisture deficit or the irrigation
requirement. following irrigation, the amount of water applied was

entered as a credit,

Information on consumptive use and rainfall was provided to
farmers through radias and the local néﬁspapers@ Bulletin boards with
weekiy data also were placed near Post Offices in most of the
communities. Farmers were responsible hawever for keeping all their
own records of soil moisture. Initially, the program was well
accepted by farmers. Unfortunately, the -popularity of the program
declined for several reasons. The primary reason was that mos t

farmers were nct prepared tD take the time to keep a sa11 moisture

budget. Farmers who did keep a record found that the ca1cu1ated N

soil moisture 1nfgfmat1on did not agree with actual soil m@lsture
levels. This was due part]y to the fact that irrigation system

efficiency was not taken into accoynt and therefore incorrect amounts

K
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of applied .irrigation water were frequently entered into ledgers,
Ciusing errors in the prediction of the next irrigation. The program,

however, did serve to educate farmers that crop appearanice often did

rnot indicate a need for irrigation until after yield reduction had
-

Occurred.

In 187&, the program in the Irrigation Specialist Office in
Lethtridge was odified. Instead of taking only one soil moisture
sample at tre beginning of the season, soil moisture samples were taken
each week from each field. Calculated soil moisture ievels were
mailed back to the faﬁme; a]ﬁig with recommendations on irrigation
requirements. This method proved to be far more successful.

However, there were problems with this method as well, Taking soil
samples, weigjhing and calculating soil moisture levels, and mailing
out irrigation fECQﬂﬂEﬂdatiOﬂS;pfﬁved very time consuming. The time
delays in ge‘ting the information back to the farmer often resulted
in outdated recommendations.

In 1980. in order to improve the Irrigation Gauge Program, a new
Irrigation Scheduling Program was offered to irrigation farmers. ' The
purpose of this program was to monitor soil moisture in fields on a
requiar basis using the neutron probe. The goal of the'new program
was to promote efficient use of irrigaticn water while attaining
optimun crop yields. |

‘The objective of this thesis is to evaluate the use of the
neutron prgbe a5 a tool to schedule irrigation. Of primary

importance is the establishment of an dccurate calitration curve for

A»
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the neutron probe. Thesneed for a separate calibration curve for
individual soil textures and bulk densities will be &valuated. The
best methods of determining field capacities and safe dep1etign h

points for scheduling irrigation with a neutron probe will also be

evaluated,
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1. LITERATURE REVIEW

A. Introduction

Irrigation scheduling involves determining when to irrigaie and
how much water tc apply to a field. The purpose of irrigation
scneduling is to provide watér for optimurt crop growth and maximum

yield.

The benefits of irrigation scheduling to farmers are:

1. increased crop yieids in both quantity and quality,

2. more efficient utilization of farm labor,

3. more effective use of water,

4. reduced leaching of plant nutrients, and .

5. reduced drainage requirepents (Stanley and Associates, 1978).

The benefits of irrigation scheduling to 1rrigation districts are:
1. improved forecasting, scheduling and control of irrigation
water deliveries.

more efficient use of water conveyance and distribution

ro

systems,
3. reduced diversion and pumping requirements, and
4. reduced water demand during peak evapotranspiration

periods (Stanley and Associates, 1978).

Other benefits include improved economic conditions as a result
of higher yields in the irrigation region, more efficient use of land
and water resources and reduced adverse envirommental impact of -

irrigation,

Criddle and Haise (1957) stated that to operate an ifrigation

-
L

5
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farm efficiently, a farmer needs to know how much water is required

to grow the crop, the amount of water that can be stored in the soi’
root zore, how much of that stored water can be used before reapplying
water, the amount of water Qithdrawn by the crop at the time he
‘rrigates and the length of time the water must be in contact with the

i

s0i1l to replace the amount used.

B. Concepts of Soil Moisture Status

To schedule irrigation, the amount of water a soil con hold and
how nuch i5 available to plants must be determined. The
characteristics of soil such as texture. structure and bulk density

all have an effect on the water holding ability of soil.

1. 5011 Moisture Levels

The size ard distribution of soil pores and the size of soil
parti_les play a most important role in how much water a soil can
hold. Water is held to seil particles by adnesive and cohesive forces.

. J_/\

When water enters pore spaces, displacement of air results. When all
the pores of a soil are completely fiiled with water, the soil is
censidered to be saturated. Water in larger pores will move
downward in a soil due to the gravitational forces. This water is
referred to as "free" or "gravitational” water. After drainage has
virtually ceased, the soil moisture content is referred to as "field
.capacity". As‘water evaporates or is transpired, the water content
of the-5011 s réduced. When a plant wilts and remains in a wilted

condition for a period of 24 hours or more, the soil moisture is at

"bermanent wilting point”. The water that is held between field
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capacity and wilting point is referred to as "plant available water". '

Determining the allowable depletion of water for a particular
Crop growing on a specific soil involves the water holding capacity
of the s0il and volume of availabie moisture which can safely be

witrdrawn without stressing the crop.

Soils c% different textures have different water holding
capacities. Sandy soils have low water holding capacities while
fine-textured s0ils have higher water holding capacities (Table 1).
Varying water holding capacities of soils play a major role in
development and operatior of irrigation scheduling programs.

2. PfgbiemgﬁAsspgjatggégjtﬁfSﬁi];ﬁgjgﬁurg Measurements

The major problem of establishing 50i] moisture parameters such
as field capacity and wilting point is that they are not fixed values.
[ 1s very difficult to establish exact field capacity and wilting
roint values. Figure 1 shows typical values of field capacity and

wilting point tor different soil textures.

The difficulty of estimating field capacity ‘can be a serious
problem in scheduling irrigati@ﬁ.‘ One method used to esti%ate field
capacity is Lo measure soil moisture several days after a'saturating
rain or a full irrigation. The value obtained will represent a
reasonable estimate of field capacity. The accepted scientific
technique of estimating field capacity is to use pressure plate
apéaratug (Tay1ar and Ashcroft, 1972). With this method, saturated
5011 is placed in a sealed pressure plate and 1/3 Bar equivalent

suction (-33 kPa) is applied. When the outflow of soil water from
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the pressure plate ceases, the soil moisture content is considered to
be approximately at field capacity.

The estimation of wilting point is not as critical as is the
estimation of field capacity because in many irrigation scheduling
proarams, the amount of moisture depleted from the soil is determined,
and that is the amount of water added to bring the soii back to field
Cafpacity. However, the advantage of having a wilting point vajue makes
the estimation of the safe depletion point more accurate. One method
used to estimate wilting point is to grow sunflowers in a given soil
and when the sunflowers enter a permanent wilting condition, the soil
moisture level wili be at permanént wilting point. Anather.méthad of
estimating permanent wilting point is by using a rule of thumb that
wilting point is generally about half of the tDtéT sot]
m@{ﬁturgi' fhe third and accépted scientific method is to use pressuyre
‘piate epparatus (Taylor and Ashcroft, 1977). With this method,
saturated SD??>55 placéd in a sealed pressure plate and 15 Bar
equivalent suction (-1500 kPa) is applied. When the outflow of soil
water from the pressure plate has ceased, the soil moisture content jc

considered to be approximately at wilting point.

Hysteresis is another problem which complicates soil moisture
studies. Hysteresis means that values of water céntent at a given
suction are different, depending on whether the soil is on a wetting
or a drying cycle. As a result of hysteresis, fhe water content of
a soil is greater in the drying stage than in the wetting stage at
the same s0il suction. However, in measuring soil mnisture for the

purpose of irrigation scheduling. hysteresis is rarely considered,
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because it is difficult to quantify and incorporate into an irrigation
scheduling program.

C. Consumptive Use

The term consumptive use is usually used synonymousiy with evapo-
transpiration. Eoth terms refer to the combined 1oss of s0il mouisture

through evapdrati@n from the soil and transpiration by plants.

The rate of evapotranspiration determines a plant's need for
water. If rairfall 1s insufficient or does not occur at the proper
time to meet the plant's need, plant growth will benefit from

irrigation (Tayfﬂr and Ashcroft, 1972). One of the purposes of

, . , . L . , &
measuring consumptive use is to determine the irrigation requirements

~of crops. for plants to remove available water, energy must be used.
The force or tension with which water is held depends on the amount
of water in the soil. When soil moisture is near field capacity,
little energy is required to remove the water:; howeverf as more and
more water is removed, more and more energy is required (USDA, 1964),
Taylor and Ashcroft (1972) jisted three major factors which
affect the rate at which plants remﬂfe water:
1. The condition of the atmosphere into which the water is
transpired, including factors such as net radiation,
temperature, humidity and air movement .

The kinds of plants ahd their condition, including degree of

o

plant cover, plant shape, the stace of maturity, the number
and arrangement of stomata and the opening and closing of the

&

1
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stomata.
3. Soil parameters, including soil aeration, the soil-water
potential, and the rate at which water can move to the plant

roots.

Researchers have found that as soil moisture decreased, the ratio
of actual evapotranspiration (AE) to potential evapotranspiratfon (PE)
also decreased. Figure 2 (Baier and Robertson, 1966) shows typical
relationships of available soil moisture to AE:PE ratio. Each curve
represents either theoretical or ?ctual research results. Curves A,
C, G and H are theoretical while 511 others represent actual results.
A1l curves on the graph with the exception GF‘A, show that as

available so0il moisture decreased. the AE:PE ratio also decreases.

Therefore, whenAthe level of available s¢il moisture decreases,
the water remaining in the soil gradually becomes less available to
olants. When crop. wJst use large amounts of energy to take up water,
yield reductions occur. For this reas@%, safe depletion points have
been established for most agricultural crops. Safe depletion refers
to the amount of available moisture which can be removed without
causing significant reductions in yield. Typical safe depletion
points for some crops are (USBR, 1974):

Crop | Percentage allowable depletion

Grain © 60
Potatoes. . 50
Sugar Beets | ‘ : - 40
Alfalfa 60

12
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SOURCE . BAIER AND ROBERTSON (1966 )

AT g et - o



- -—

POOR COPY
COPIE DE QUALITEE INFER

=
m
=
m‘
i

- = = F— s

o

" D.. Method of DeterminMigatmn Requirements

There are three main methods of determining irrigation
‘fequirements. One is based on determining consumptive use of cr@pé
L
to predié; irrigation reduirements using-meteorological parameters.
The $econd is,basgd on using the plant as an‘indicatcf of water

deficit while the third is the actual measurement of s0il-moisture to

determine the need for irrigation (Haise and Hagan, 1967).

The amount of soil moisture lost by evapotranspiration is
influenced by the length of the growing season, temperature, humidity,
wind, sunliaht, type of crop, stage of growth and the soil moisture

status.

1. Meteord]ogica] Approaches

-

One method of'estimating‘evapﬂtran%piration is through a

weteorological cpproach. Numercu- formulac have been developed for

"~ calculating evapotranspiration.. The three most practical methods
]

are the Blaney-Criddle method, the Jensen and Haise method and

Open-Pan evaporation.

"_The Blaney-Criddle method is used to determine evapotranspiration
from¢limatological data. The procedure is to correlate existing
evapotranspiration data for different crops with the monthly
temperaéure, percent of daytime hours, and length of growing season.
The corre]atiqn coeffjcients are ;hen applied to determine the

evapotranspiration for other areas where only climatological data

are avai]ab]e { Schwab et al., 1966). Monthly evapotranspiration
is computed by: j '
*

—= s . 22 e PRt s cmens

4.
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monthly evapotranspiration,
R

[
"

>
It

= monthly .evapotranspiration coefficient (determined for each

crop from experimental data)

[
o
"

mean monthly temperature,

hontHTy percent of daytime hours of year, and

“H Lo
" 1]

{tp) monthly evapotranspiration factor (Schwab et ai., 1966).
- 100 .

The Jensen and Haise method uses solar radiation to estimate
evapotranspiration. The basic parameters in the equation are solar
and sky radiation flux. The equation developed is an enerqgy balance
equation:
E = Rs(1-r) + Ra-(Rg + Rp) - A

V4
£ ‘ rate of evapotranspiration,

Rs = solar and sky rgdiation flux,

reflectance or a]bed@,

r

Ra = thermal radiation flux from the atmosphere,

thermal radiation flux from the ground and plant

it

Rg+ Rp

respectively,

x>
1}

sensible heat flux to the air (Schwab et al., 1966).

The‘Open Pan method involves determination of crop moisture use
using evaporation data and empirical coefficients. The caefficiénts
are detennined through extensive resear;h and vary with crop EY?%;
stage of growth and fraction of the soil surface covered by the crop.
The evapotrénspiration is determined by multiplying the pan evaporation
by the crop coefficient factor. Open pans can be substitutéd by

atmometers; however, atmometers require their own coefficients as
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fhey réspond to climatic changes more quickly than pans.

~

The advantage of using meteorological approaches to irrigation
scheduling is that bdsed on the calculated crop moisture, a prediction
can be made as to when the next irrigation of a crop will be requ.red
The disadvantage of thlS method of predictive irrigation schedultnq is
that periodic soil moisture measurements must be made to check and
verily the accuracy of the predictions. Therefore the meteorologica}
approach to irrigation scheduling must be combined with an accurate

method of measuring soil moisture.

2. Plant-Water Indicators

Plent growth is directly related to the water balance in plant
tissue. When a water deficit develops, physiological processes are
disturbed resulting in redubed crob growth and yield. Observing or
measuring water stress in plants can result in a practical guide to

irrigation,

Some of the visual indicators of water stress are:

’

1. plant color,

2. plant movements, e.q. leaf angle and,

3. growth of an indicator plant in association with a crop.
4

Plant wilting is the most obvious sign of plant water stress.
Most visual indicators do not warn the irrigator of a plant water

deficit soon enough for timely irrigations to prevent physiological

damage (Haise and Hagan, 19
Leaf reflectance and temperature can~also be used to indicate

plant water stress. A clean healthy leaf with turgid mesophyll
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tissue will reflect more infrared light than leaves with flaccid cells.
Lea? temperature has also been measured with an infrared thermometer.
It is possitle to detect differences in plant temparature as a recylt
of s0il water deficits, which aid in indicating a need for irrigation.-
liowever, care must be taken to distinguish hetweer a soil water
deficit and other factors such as plant dicease. A piant will exhibit
signs of stress when soil water levels are below safe depletion.
However, i? the plant is diseased, it may also show similar signs of
stress. 5011 salinity or poor soil fertility levels can also cause
plant stress. Therefore, the major prahlem with ocbserving plant stress
for the purpose of irrigation §chédu1ing is that stress as a resylt of
low soii mbisture levels. can easily be confused with plant stress
caused by a number of other factors. Another prok]em with this method
1< that it does not tell the irrigator how much water to apply to the

stressed crop (Haise and Hagan, 1967).

Another method for estimating convumptive use inﬁéfveg measiﬁing
the plant water balance. This may involve measur%ﬁgire?ative watgr
content, stdmatal opening, transpiratia; rate, or thekasmntic'and
water pbtentia]s. The determination of relative water content should
be a reliable indicator of irrigation needed due to good correlations
between plant water potential and plant growth. A problem arises due
to the fluctuations- in piant water potential and variation with the
p];nt part selected for measurement. This would present problems of
interpretation when scheduling irrigations under variable soil and

climatic conditions. The other methods (stomatal opening,

transpiration rate, and the osmostic and water potentials) have not
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been developed and also have practical limitations for determining

irrigation need (Haise and Hagan, 1967).

3, 501l Water Indicators
sfffi\ 1 Water Indicators

Soi1 water indicators or methods of soil water measurement have
received the greatest attention with respect to scheduling irrigation.
The two basic methods of determining soil water status are E}

measuring either the soil water content or the soil water suction.

There are five common methods of measuring soii moisture. They
are the feel method, the gravimetric method, tensiometers, electrical
resistance blocks and the neutron scatter method.

a. Ceel Method . T

The simplest method of determining soil moisture is the feel
method. It involves taking a soil sample and feeling, squeezing and
fﬂ111ﬁ§ the sample in one's hand. By deteﬁminingvthe soil texture by
feel and observing how the 3011 moisture sample reacts to rolling and

squeezing, it is possible to estimate the amount of moisture in the

soil. Table 2 gives a guide for judging amount of moisture in a soil.

Using feel and appearance of the soil, an experienced person can
estimate soil moisture to within 10 to 15 percent. This of course, is
not a verﬁ‘scientific method and is not an accurate method of souil
moisture determination, but does give an approximate and inexpensive

estimate.

h. Gravimetric Sampling.

The gravimetric method of soil! moisture determination involves

physically taking soil samples at specified increments from a specific

1€
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S0iL MOIGTURE LOAM SANDY CLAY [DA®
oo REMAINING  LOAMY SAWG SANOY L0AM | CLAC 1AM STLTH L0AM
Fiald Upon squeszing, no  Jpon squeszird, 70 ULOA <ueezing., nY Uiar cueering, mu
Vasacity - 003 friee water appwars free waler appears free water appear, free miter appears
on soil but wet of $01) but wet un “oil but wet Gn s o0l onut wet
out'ine of ball is outline of oa'l 15 outline of wall 15 out 1re of Hali s
Teft on hand. left on hand. left on hand. Teft un hang
50 me per X o= 70 wm par 3 cm 9% mm per M om 115 me per 30 o
10% 151 23z : im
Terds ta stick Forms 2 wesk tall  Forms & 0all, s Easily ribboms out
togethar slightly bredks easily, very pliable, between fingers,
. sometings forms &4 will mat slick. slicks readily haz slick feeling.
100- P very weak ball if relatively
under pressure. high 1n clay.
50 m - 40 cm 70 mm - 60 rm 9% mm - BD wr Y15 mm = 100 »m
0 - 8.51 1% - 111 M- 19% 8% - 241
Appears to be Tends to ball Forws & tal: forms & Eal
dry, wiil mat undEr presjure somewhat olastic, ribbons out
7% te 50T form a mall bt seldom will sometimes betwrsn thumb
’ wWIth pressure. holds together, slicke slightly avwl forefinger
with pressure.
4U mm - 35 wea &0 mm - 50 mm B0 mm - 70 mm 100 sm - B85 mr
8.5 - 71 17 - 118 19 - 181 74 - 207

Appgars to oe
¢ . dry, will not
" form 4 bal) with
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35 - 25mm
7 - 5.5% 1 -

Appeari to be
iry, will not
form a ball®

50 mm - 40 wm

B.51
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single-grained
-Tlows through -
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cracked, sometines
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on surface.

. 5m- 20 0 m - 30 mm 56 wm - 40 65 mm - 50 mm
5.5 - 4.51 8.5 . 7,58 13 - 10t 16 - 123

FEEL OR APPEARANCE GF SOIL AND MDISTURE
AS A CRi WLIGHT PERCENT.

*Ball 15 formed by squeszing 4 handful of sovi very firmly,
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1q§ation in a field. Each individual sample is placed in an air tight
container and transported to a laboratory. Samples are weighed and
placed in a drying oven at 105°C  When the samples have reached a
stable weight, they are removed from the oven and re-weighed. Then
the mass‘pgrcént of water in the sampie can be calculated. A major
problem however is that the bulk density of the soil is required to
obiain volumetric moisture content. Obtaining accurate and

A

representative bulk density samples is very difficult. The formula

for calculaiing volume percent moisture is:

wt of water in grams x 100
wt ©f dry soil in grams .

Db = bulk density of soil (g/cm3).

Vol * = Db «x

The depth of moisture in the sample can be determined by multiplying

the volune per-ont by the depth of soil sampled.

ihe main advantage of the gravimetric method is that it is
relatively simple. To use this method for scheduling irrigation,
accurate bulk density, field capacity and safe depletion values must
be estab]ished.A These values can be extremely difficult to establish.
Other disadvantages of gravimetric sampling are that it is a
destructive technique and that the same site cannot be repeatedly
samgled. As well, the procedure of sampling is exhausting, requiring
hard physical labor. After samp]és are taken, there is a time delay
of 24 to 36 hours to allow drying of the -samples and calculation of
soil moisture content. Thiskis_a wajor disadvantage in scheduling
irrigation because timing of irrigations is so important.

c. Tensiometers

Tensiometers are ihstruments which consist of a porous cup

26
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filled with water and are placed in direct cortact with the soil at a
specified depth. Movement of water from the porous cup into the
surrounding soil causes a negative nressure or 5uct{®ﬁ in the
fnstrument which is measured by a vacuum gauge on the {ensiameteri

The increase of suction of water trom a tensiometer indicates that thre
©s01l 15 drying out. (iisg

When soil is wetted, the soil suction on the tensiometer is
reduced and water moves back into the tensiometer through the porous
tipf This resul:s in lowering the negative pressure in the
tensiometer and causes the vacuum gauge reading to drop toward zero.
The tensiometer is sometimes referred to as a mechanieal root because

f the movement of water through its porous tip.

‘ Tenstometers are accurate for measuring soil tensions from 0 to 1.
Bafj However, for tensions above | Bar, other methods of soil moisture :
leasurement are required. When so0il tension exceeds 1 Bar, tension

riay break the co]umn between the soil and the tensiometer. Then, the
fensiometer will require refiiling with water before further read?ﬁgs

can be taken. In sandy soils, a major portion of the avai1abie %)
moisture for crop use occurs at suctions bétween 0 and 1 Bar. Hnwe‘ef‘
in some medium and most fine-textured soils, & considerable amount of
available water may be held at tensions greater than 1 Bar, Therefére, *
ten§jométers-are not récomended for measuring soil moisture on finer

textured soils.

There are several other disadvantages of using tensiometers. One

1s that the presence of water in the porous cup stimulates root growth.

.
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The rate of sail moisture extraction around the cup due to a higher
rgat density may be greater that the surrounding soil, resu1tiﬁg in
inaccurate readings.

A potential problem with tensiometers is that the pores of the

ceramic tip may gradually become clogged with salt crystals from the

5011 solutien. This reduces the rate that water will transfer

through the tip, increasing the time required for tensiometers to
respond to changes in soil moisture conditions. This probiem is
further aqgravated in calcareous or saline soils. Since the tension
readings do not give the amount of water held in the s0il or amounts
of water that must be applied to bring the soil vack to field capacity,
tensiometers do not indicate how much water to épplj when irrigation

is raquired.

d,

1T

lext

ricel Resistance

E}hads

Electrical resistance units operate or tne principle that a
change in moisture content produces a change in electrical prgpertles =
of soil. The thegry 1s that if conductivity units are made of a
water absorbent block with two carefully spaced electrodes are
permanently embedded in the block, a resistance meter can be used to
measure changes of electrical resistance betweeg the electrodes.
fhe blocks are buried in the soil, and the e?ecérades are attached
with wires that are exposed on the soil surface. The resistance
Slocks buried in the $0i) respond to changes in soil moisture content,
The amount of méisture in the blocks determines electrical resistance;
therefere, any change of resistance is an inéirect measure of the

change in soil moisture (USDA, 1964),

‘ COPIE DOE GCUALITEE INFERIEURE 5
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Resistance blocks are made usually with gypsum, although nylon
and fitreglass have been used, either algne or in various combinations.
The resistance units are usually measured with an alternate current

bridge (W.M.0., 1968)."

The gypsum gnits operate over a ranje of 1 to 15 Bars. Gypsum
units operate best over the drier range of s0il moisture. However,
on wetter soils, at suctions less than one Bar the units may
disintegrate because when the gypsum becomes saturated, they may

gradually dissolve. The nylon and fibreglass units are more sensitive

at a higher soil moisture content that gypsum units. The nylon and ’
fibreglass units are sensitive at tensions as low as 0.1 Bar and are
. 1ot subject to disintegration. The time lag for the gypsum units to
respond to additions of water is about one day whi]e‘fﬁg time lag for
nylon and fibreglass units is shérteri The size of the blocks raﬁgés
from 4 x 3 x 0.5 cm for fibreglass to 6 x 4 x 1 cm for gypsum units ¢

(W.M.0., 1968).

Advantages- of using resistance blocks include low cost, rapid
speed which readings can be made and the potential for autamating
irrigation systems using resistance blocks.

ATl tnree types of blocks .are sensitive to soluble salts, and
readings wilk be affected by concentrations of fertilizer if a block

is near a fertilizer band. Blocks are also sensitive to temperature,
although this is not a major source of variation. Re¢%stance ﬁlacks

are a1s0 subject to hysteresis just as soil is.

Electrical resistance units must be calibrated for each soil type
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in which they are used. This can be done in either th% laboratory or
field, usually on the drying curve. It is often diffiiﬁ]t however to
obtain a stable calibration curve %Df a large number of resistance
units. This rieans that the metnod is unsuitable where quantitative
results are ﬁéeded for large scale routine use because undetected
changes in iélibrati@ni variability amongst the units and the effect
of differences in temperature, soluble salt content and hysteresis can
lead to very large errors.

_e. Neutron Scatter Method

Neutrons are uncharged particles with a mass which is almost theé
same as hydrogen nuclei. Since the nuclei of atoms carry a positive
Charge, a neutron must approach the nucleus of an atom much more
ciosely than a charged particle for interaction to_occur. The
probability of interaction between the particles can be re)éted to
the ratio of the cross sectional area of the nucleus to the cross
sectional area of the entire atom (Troxler Manual, 1980). This ratio
is small and 3s a result the neutron is able to penetrate very large

%

masses of high density.

The main type of collision between particles is elastic
scSTTering, where a fast neutron strikes a nucleus and the neutron
scatters. The Iaw; of conservation of energy and momentum apply in
such collisions. The result is that the neutron gives up part of its
Ejnetic energy to a nucleus it strikes. This process is called
tﬂ%rmalizatigni The amount of energy that can be transferred in each
collision is dependent on the. mass of the nucleus involved. Table 3

(Troxler Manual, 1980) lists the common soil elements and number of
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Table 3 Common soil elements and number of collisions required

to thermalize a fast neutron.

SOURCE : Troxler Manual (1980).
AVERAGE COLLISIONS
: TO THERMALIZE A
ELEMENT 4.5 MeV NEUTRON
Hydrogen : 15.0
Boron 109.2 '
Carbon ©120.6
Nitrogen ' 139.5
Oxygen _ 158.5
Sodium . - 224.9
Magnesium “ L 237.4
ATumi num : 262.8
: -
Silicon S 273.3
Phosphofus 300.8 ’
Sulfur | 3101
Chlorine , 343.3 )
Potassium - 378.0
Calcium o 387.3
Titanium | 461.6
Manganese _ 528.5 (
Iron ' 537.2
Cadmium ‘ . 1074.6
lead . 1975.5

Uranium 2268.6
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collisions rgqﬁired to thermalize a fast neutron. For example, to
thermalize, a fast neutron nust collide with hydrogen 19 times, 120

times with carton, 158 times with Oxygen or 273 collisions with silicon.
Hydrogen is scen to require the fewest collisions for the thermalization
of fast neutrons. Therefore, a count of stow neutrons in the vicinity

of a fast neutron source placed in a medium can provide a method of

measuring the hydrogen content of that medium. Since water is the
most significant source of hydrogen in sotl this technique can be usec

measure the water content of soil.

A neutron nirobe contains a radioactive source of fast neutrons
N
and a detector of slow neutrons. |t is lowered down an access tube

which is installed into the soil profile. The probe can be used to

measure the volumetric moisture content of the soil repeatediy at

the same location (Haise and Hagan, 1967). To determine the absolute

mgisture‘content of the s0il, the neutron probe must be calibrated to

relate slow neutron count to soil moisture content.

There are two disadvantages of using the neutron scatter method.
The first is that an access tube must be installed in the field, which
can interfere with farm operations. A second is that measurements of
soil moisture near the soil surface can result ih unreliable readings

due to fast neutron escape into the atmosphere.

The neutron probe has a number of distinct advantages over
other s0il moisture monitoring methods. Characteristics of the probe
include:

1. accurate and consistent measurements,

1
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2. moisture changes can be monitored at the same location over
time,

3. a relatively large volume of soil is measured at each
reading,

4. various depths and increments of soil may be measured,

5. the soil is not d15tqrbed after the access tube is installed,
therefore, the technigue is non-destructive,

6. s0il moisture determination is very rapid, and

7. soil moisture determination can be given directly in volume
percent.

The neutron scattering method Qf%ﬁeaSﬂring volumetric soil moisture

¢ppears to be an accurate and rapid means of s$0i] moisture measurement.

Therefore, the neutron probe method of scil moisture measurement

would be an appropriate and adaptable method of measuring soil moisture

for the purpose of irrigation management.

E. Operation of the Neutron Probe

1. Factors Which Affect the Neutron Probe

There afe a number of factors which may_havé an effect on the
nedtrﬂﬂ‘prﬂbe, some moré significant than others.

a. Hydragez which is contained in the soil in forms other than
in water is referred to as non-water hydrogen. The non-water
hydrogen Feﬁains ?e]atizgiy constant. Therefore, non-water
hydrogen mayibe ignored when soil moisture measurements are

repeatedly taken at a given site to determine relative
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moisture change. To determine absolute soil moisture content,
calibration is required to remove the effect of the non-water .

hydrogen.

b. Soil mineral elements with wide cross sections guch a: boron,
chrine and titanium, can capture thermalized neutrons, and
thus reduce neutron count. However, such elements are ﬁresent
in very}sma]l amounts in most s0ils, and therefore their effect
is negligible. Other elements, such as iron and potassium,
are relatively more abundant in some sofls, and could affect
the calibration curve. As in non-water hydrogen, when soil

- moisture measurements are repeatedly taken, relative moisture
'change can be determined without establishing a field
calibration curve. However, tc determine absolute soil

moisture content, caiibration is required to remove the
N\ ¥ _ ’
ef?eet of these mincral elements.

. Ggﬁjyaexture is considered to have a significant effect on
neutron moisture measurements (Lal, 1974). Other researchers,
such as Gardner and Kirkham (1952) and Luebs et al. (1968)
found separate calibration curves for different soil textures
unnecéssaky. However, separate calibration curves are

generally not practical or économical, except perhaps in some

research situations.

d. Researchers, such as Luebs et al. (1968) and Lal (1974)

agreed that bulk density affects neutron probe readings.

They noted that an increase in bulk density results in an
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increased count rate. Most soils do not have changes of

more than 0.2 g/cc in bulk density and therefore significant
changes in soil moisture readings due to bulk density would
not result. If there are drastic bulk density changes in
sai}s being monitored, separate calibration curves should be
prepared; and checked for significani differencegl

Dickey aﬁd.Ferguion (1964) and Hanks and Bowers (1960) con-
cluded that neutron access tubes do not have an effect on
either soil temperature or soil moisture content distribution.
Gravel concentration had a slight effect on neutron
thermalization (Lal, 1979). However, Lal did not demonstrate
that gravel concentrations have a significant effect on |
absolute soil moisture determination with the neutron probe.
Gfé;ei concentrations of up to 60% were present at Lal's
research site. This high gravel content is not ;haractEFiStic

of most agricultural soils.

The presence of JSrupt moisture changes in soil will not

result in errors s0il moisture measurement, provided the
increment of readings is kept at 15 cm or less. Errors of
individual readings from either side of the interface
compensate for each other.

Some water in the soil is held very tightly and is referred

to as bound water. Babalola (i972) found considerable amounts

of water still in the soil after oven drying at 105°C. He

suggests that soils be oven dried at EDDDC to remove all water

i

29



POOR COPY
COPIE DE QUALITEE INFERIEURE
sl T —= = B -_7:. P 4 [ — o
30

from the soil, including the bound water. If there is as

much bound water as Babalola states, then in order to

properly calibrate a neutron probte to determine absolute
moisture content, soil samples must be dried to 600°C tou v

remove all soil moisture. Further study of this theory is

. necessary for verification.

Neutron escape occurs when probe readings are taken near the
soil surface. The depth from which escape will occur depends ¢
on the saillmaisture content. When volumetric soil moisture
content 15 10% or less, neutron escape will occur when read1ngs
are taken within 24 cm of the soil surface. However, if the

s0i1 moisture content is 50%, neutron escape will occur only

" when readings are taken within 14 e of the spi1! surface

(Hanna and Siam, 1980). This escape can be orevented by

ain 2luminum mesh tray, filléd with soil representative

P surface soil, over the site. This prevents neutron
escape when taking readings near the soil surface and thus

greatly increases the accuracy of these measurements.
_ N

Aluminum is the best material for use as access tubes with _
the neutron probe as it has the Teast effect on neutron
readings. Steel and plastic have been used as material for

access tubes but bath have an effect on neutron readings i%d

require calibration of the neutron probe if used.

Time and Accuracy of Measurements

-

The accuracy of measurements taken with the neutron probe can be
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improved by accumﬁ?atiﬂg and averaging multiple meaéurements (Troxler
Manual, 1980). The deviation of measurements is reduced by a factor
of twe for four measurements, three for nine meazgrem;ﬁts, four for
Siiteen measurcments and so on. HéHEVéri time used in making
measucements increases gecﬁetricai]y while accuracy in measurement . N
increases arithmetically. Thus, it is usually not eccromical to take
more than four measurements. Four minute counts are used for
calibration and field determination of the standard count, while one
minute tounts are equally the rost economical in terms of time and

accuracy for routine field moisture measurenents.

3. Sgéjus of Measurement of the Neutron Moisture Probe

;he rédius of measurement of a neutron probe refers to the
distance a fast neutron will travel from the radioactive source into
the surrounding soil before beina slowed down. The radius of
measurement. is a function of the soil moisture content. "As the soil
Moisture increases, the radius of measurement decreases. The equation
in the Tr@xieF Manual (1980) for determination of the radius of
measurement is:

Radius (mm) = 280 - 0.27 x (Moisture content in Vol % x 10)

The equation is valid over a range of moistures from 0 to 64% by va]umé
and it suggests that neutron escape will not occur if soil moisture ‘
is above 10%, at a depth of 25 cm.

-

4. Calibration of the Neutron Probe

\

a. Introduction to Catibration

Calibration of a neutron moisture meter is a prufess

=
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by which a curve relating the count rate in counts per'
minute to the volumetric moisture content of water in the
soil {Holmes, 1966). The volumetric moisture content is
checked using bulk density and gravimetric mﬂ{sture content.
Holmes stated the characteristics of the cajibration curve
depend-on the geometry éF source and detector, the mater?é]s
of coﬁstruction of the orobe aﬁd the size and composition of

*,
the access tube.

The calibration of the neutron mcistuéé probe can be
_ doﬁe in either the Tabératgfy or the field., Controlled
Taboratory studies are considered to be the best for
calibration (Stolzy and Cahoon, 1957).

The next three sections of this paper will discuss the
Ca]fbration of the probe by the manufacturers and by

researchers in the laboratory and in the field.

Factory Calibration

;_Each neutron probe is provided with its own calibration
curve from the manufacturer. One method of factory
calibration is based on free water in pure sand and is a
graph of céunt rate versus actual volumetric moisture content.
The factory calibration involves measuring only two points on
the graph, one in dry sand and:the other in saturated sand.
Two drums, each with an access tube installed are filled with
"kiln dried spherical grained sand. One of the drums is

saturated with water. Measurements with the neutron probe are

32
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then taken in both drums.

The two measured counts obtained provide the factory
calibration curve. Since sand is used, there is no bound-
water hydrogen or non-water hydrogen present in tne drums.
Therefore, the calibration curve is essentially a free water
curve. However, this curve is undoubtedly not representative
of most agriCuithai soils, éq these soils contain bound
water in Epe.inter{é}ers of clay and non-water hydrogen in

both organic and mineral forms.

VA second method of factory calibration involves using a
set of standards made from laminated sheet: of plastic which
contain hydr@gen, and a non-absorber of thermal neutrons. The
standards are manufactured to control the ratio of plastic and
the non-absorber accurately. The standards range from zero
moisture equivalent to aver‘iod% moisture equivalent. The
methad’cansists of calibrating the probe against the percent
of plastic and then taking a measurement in pure water to
determine the equivalent water content of the standards. At
this point, the calibration is checked aga;ggt dry and ]

saturated sands to verify the results.

‘Laboratory Calibration ‘fé?f

The accepted and most common laboratory method of
calibrating a neutron probe involves filling <ylindrical
containers of equal height and weight with screened,

homogeneous soil at different moisture contents. The soils



are packed to a uniform and consistent bulk density and an

access tube §5 installed in each cylinder. Then,

measuFEﬂgnts are taken at specific depths wi*h ihe probe.
Gravimetric soil samples are é150 taken from the
corresponding depths. As many as 4 or 6 gravimetric samples
can be taken for each depth. The moisture content 15 then
determined for the samples. With this information, a
ca?ig;ati@n curve car then bhe ureéaredg “nis procedure is

repeated using soils of various textures to allow comparison

s

of calibration curves for the different soils.

] *

Another method of laboratory calibration is using

“neutron absorbers dissolved in solution. Neutron absorbers

such as Li, E;ﬁCl‘ Cd, Fe or Hg can be §55§01ved in salution
and neutron count rates can be Dbtainéd:by immersing thE!pFObé
Into a tube in the solution. Van Bavel et al. (1954) pre-
pared response curves for H3503 and CdC1?. Using the |
calibration curves for soils cagnu?fgd in the Jaboratory, van
Bavel translated a relation between HBBDB‘ and CdC]2 caﬁpcund
cancentrations and soil %@isture content. Calibration can be
attempted by this method;'howeveri it can only be done by
reference to accurate soil calibration with a neutron probe of
the same design. The advantages of this method are savings

in labor, time and space. A normal Taboratory calibration
requires homogeneous soil and a considerable amount of time

and labor in preparation. In this method, CdC]E is

recommended, as it has the widgst range of correlatien to
Vy v _
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soil moisture contents .

&
field Calibration
.

A review of the literatyre shc;ed that the general
concern of all researchers is that a factory calibration
curve must be checked before a probe is put into use to
determine absolute moisture contents.

The spe¢ifié methods of field calibratior are as varied
as ére the methods of laboratory calibration. The general |
metgﬂé of calibration is to install either one or a number of
access tubes at each site. Babalola (1978) nstalled tensi-
ometers at depths of 7.5, 30, 60, 90, 120 and 150 cm at a
distance of 50 cm from the access tubes.  Gravimetrir 5011
moisture samples were generally taken at two to three locations
around the access tube, and half-minute neutron probe readjngs
were taken at depths of 10, 20, 30, 60, 90, 120, 150 and 180
cm. Gravimetric soil samples were taken from the 0 - 15 ¢cm
?ayei and subsequently at 30 cm depth intervals down to 195

cm at two locations near the access tube.

Rawls and Asmussen (1973) took one minute neutron probe
readings at 6 inch intervals to a depth of 36 inches.
Gravimetric soil samples were taken at 3 inch increments to

a depth of 42 inches at two locat¥ons near the access tuybe.

Luebs et al. (1968) took one minute neutron probe

probe readings at depths of 7.5, 22.5, 37.5, 52.5, 67.5 and

82.5 cm. Gravimetric s0il samples were taken at six
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locations around the access tube at 15 cm increments.

Research results by Rawls and Asmussen (1973) and

Babalola (1978) showed only one field deriyed calibration

& T —

curve for soils of contrasting physicaf proparties. Babalola
(1978) used loamy sand, sandy loam, sandy clay loam, and claj
loam soils for calibration of the neutron probe. Luebs et al.
(1968) used a loamy sand, three sandy loam gai{% and a clay
soil for neutron probe calibration. Rawls and Asmussen (1973)
used eleven different soil series ranging in texture from a

loamy sand to a sandy clay loam.

Jabalola (1978) and Rawl; and Asmussen (1973) both
derived a linear curve, developed using least squares,

relating the ratio of neutron probe counts per standard

ounts to volumetric soii mcisture values. Rawls and

- .‘

ASTgssen (1973) found their fitting to give a correlation
EﬁEéFiCiEnt of 0.92 and a standard error of 3.2%. Babalola
(1978) found a correlation coefficient of 0.89 with a
étandard error.of 0.17. The calibration curve prepared by
Rawls and Asmussen (1973) is shown in Figure 3, and the
curve prepared by Babalola (1978) is shown in Figure 4.
In both cases, the factory calibration curve was unacceptable
for measuring absgiute s0il moisture in the field when
ggraviﬁetric moisture content obtained in the field was

compared with that estimated from the factory calibration.

Rawls and Asmussen (1973) found their field determined

36
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calibration curve to be independent of soil depth and soil
texture. Their conclusion was that one calibration curve is
satisfactory for all soils at all depths.

Babalola (1978) also found that it was possible to
establish one calibration curve for all sofls and depths%
However, he cautioned that absolute moisture content may not
be very accurate as the standard error of estimates ranged ]

between 2.3 and 6.8 percent.

Coneclusions on Neutron Probe Calibration

Factaryica]ibraticn curves have been shown to be
inadequate f;; measuring absolute moisture content. If
absolute moisture content is to be determined with a neutron
probe, either laboratory or field calibratier becemes
necessary.

Burn (1964) suggests that laboratory calibration is more
stable and reliable than field ca]ibratiéh due to controlled
conditions. The claim is that field calibration is inadequate
for maximum accuracy due to heterogeneity of moisture content.
Some researchers such as Burn (1964) believe that controlled
laboratory conditions will result in homogeneity of moisture
content, therefore, resulting in a more accurate calibration
curve for.a neutron probe. However, laboratory calibration’
curves still must be checked and verified in the field.

There seems to be no consensus as to the reliability of
using a single calibration curve for all soils (Babalola, 1978).

t\
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Some researchers (Gardner and Kirkham, 1952: Rawls and
Asmussen, 1973; Babalola, 1978) suggest that a single
calibration curve can be used. A number of other researchers

(Luebs et al., 1968; Lal, 1974) claim that different soils
»require their own calibration curves due to the influence of
varying soil properties such as soil texture, bu1k dens1;y,
stratified sgaﬁ moisture layers, gravel in 3611 and soil

mineral elements.

Calibration of the neutron probe is required to remove
the effecés of soil mineral elements and non-water hydrogen
when detgrmining absolute soil water content. Normally, only
one calibration curve is required unless there are vast
differences in soil properties such as soil mineral element

content.



I11. MATERIALS AND METHDDS

A Sigé Descriptions

1. Location

Twenty-seven sites were initially chosen for extensive study of
the use of the neutron probe for on-farm irrigation scheduling in 1980.
, Al1 sites were in either the Lethbridge Northern Irrigation District
' or in the St. Mary River Irrigation District. Table 4 gives thé
farmer cooperator, legal land description, soil texture, type of crop
grown and type of sprinkler irrigation system used for each monitoring
site. Several sites were :zﬂitored in only one of the two seasons for

various reasons.

2.

The topography of the sites monitored were generally level to
undulating. The sites were all chosen based on the visual uniformity

of both soil and topography.

3. §grfica} Geology
. The soils at most of the sites consist of lacustrine or fluvial
lacustine materials. These materials are underlain by glacial till
material. Depths to the till layer are variable byt range from 0.5 to

2.0 m. Only the site at Lakeside Colony has glacial till material to
the surface.
»
B. Installation of Equipment
Each neutron probe monitoring site was chosen with the cooperating

farmer involved. At each site, an aluminum access tube 120 cm in

length and 5 cm in diameter with a metal cap on the bottom end was

4]



Tabie 4 Farmer co-operators, legal land locations, and 501 textures of all sites. The crops
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grown in 1980 and 1981 and the type of frrigation system are 4150 shown,

NAME

J. Machielse

J. Machielse

J. Machielse

J. Machielse

J. Machielse

J. Machielse

J. Machielse

J. Machielse

J. Machielse

M. Perich

M. Perich

V. Nemecek

V. Nemecek

V. Nemecek

S. Freayman

S. Freyman

C. Uytdewilligen
C.’ Uytdewilligen
C. Uytdewilligen
‘Lakeside Colony
H. Lohues

'N. Lohues

H. Lohues

Lohues

Lohues

Lohues

thues

Lohues

Lohues

X X xT x x x

NE
NE

ELRERneEEEEETEE LY R

SW
SwW
SE
SW

NE
SE

SE
St

LOCATION

e
35-8- 204W4
35-8-20-w4
35-8-20-w4
25-8-20-w4
25-8-20-w4
25-8-20-W4
21-8-20-W4
21-8-20-W4
21-8-20-w4
31-10-20-Wa
21-10-20-W4
31-10-20-w4
32-10-20-W4
32-10-20-w4
13-10-21-w4
13-1Q-21-wa
22-10-20-w4
22-10-20-w4
15-10-20-w4
23-8-18-w4
13-10-19-w4
24-10-19-W4
24-10-19-W4
13-10-19-w4
13-10-19-W4
13-10-13-w4
24-10-19-W4
24-10-19-W4
24-10-19-Wé

TEXTURE

L
cL
CL
cL
aL
cL
SCL
SCL
0L

L T el

1980
Sugar Beets
Peas
50ft Wheat
S5aft Wheat
Sugar Beets
Dats
Barley
Alfalfa
Barley
Soft Wheat
Sugar Bests
5ugar Beets
Saft Wheat
Hard Hhéat
Corn
Coarn
Soft Wheat
Alfalfa
Soft Wheat
Sugar Beems
Sugar Beets
Sugar Beets
S5o0ft Wheat
Soft Wheat
Barley
Barley
“Alfalfa

981

Soft Wheat
Sugar Beets
Barley
Barley
Soft Wheat
Sugar Beets
Barley
Alfalfa
Peas
Sugar Beets
Hard Wheat
Barley
Corn
Carn
Soft Wheat
Sugar Beets
Alfalfa
Soft Wheat
Soft Wheat
Barley
Sugar Beets

Soft Wheat
Sugar Beets
Barley
Sugir Beets

S5oft Wheat

SYSTEM

Whee lmove
Whee Imave
Wheslmove
Whee Imove
WHee Imove
Wheeimove
Whee Imove
Whee Imove
Whealmove
Wheelmove
Whee Imove
Whes Imove
Pivet
Pivot
Fivot
Pivet
Wheeimave
Whee Imove
Whee Inove
Whee Imove
Pivat
Whegimove
Wheelmove
Pivot
Whee Imove
Fivot
Whee Imove
Whee Imave
Whee Imove

42
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installed. A1l the tubes were installed after seeding of the fi;1d5*
Qere completed. Most of the tubes were insta]]ed with a Giddings
ldri]] by removiﬁg a soil core 5 cm in diameter and approximately 115 cm
long. Then, the aluminum access tube was pushed into the hole either
by hand or with the Giddings drill. Normally about 5 cm of tube
protruded above ground. Soil was also packed tightly around the ;ccess
tube to prevent watergfrom'infi1trating into the soil along side the

access tube. A rubber stopper was placed in the top of the access

tube to prevent water from getting into the access tube.

Normally, only one tube was installed per field, with the
exception of those at S. Freyman and J. Machielse. In 1980, at
S. Freyman's 3 tubes were installed at legal location SW 13-10-21-W4
and 2 tubes installed in legal location SE 13-10-21-W4, and in 1981
there were 4 tubes and 1 tube installed respectively in each field.
In three of J. Machielse's fields, there were 2 tubes installed
approximately one mefre apart in 1980 only. Rain guages were y

installed at all of the sites at S. Freyman in 1981.

C. Instrumentation and Sampling Procedures

. av
’ 2

A1l sites were monitored with the neutron probe on a weekly Ty
basis. Monitoring began in mid May and continued until just before !
harvest for annual crops and until ﬁid September for perennial crops.
Gravimetric soil samples were taken a minimum of three times and a
maximum of f&ur times at each site %or the purpose o% calibration.

An effort was ﬁade to take soil ﬁoisture samples when soil moisture

levels were at extremes. Unfortunately, obtaining samples at low
¢
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moisture levels was difficult, as most farmers followed. the irrigation
scheduling recommendations. As a result, soil moisture levels in most

fields hpre maintained at relatively high levels.
<
Neutron probe readings were taken at depths of 25, 50, 75, and

100 cm. All soil moisture samples were taken at corresponding depths.

Soil samples were taken at each site in 1980 for mechanical
analysis. Bulk density soil samples were taken with a B-30 drill

from all fields in the spring of 1987.
D. Cropping and Irrigation of the Sites

A 1ist of the crops grown in 1980 and 1981 as well as the types
of irrigation systems used are shown in Table 4. Rainfa]] for the
months of Apri]'to.September for 1980 and 1981 are shown in fab]e 5.
Normally, all farmers followed the irrigation scheduling recommendations
‘as they had irrigation systems capable of keeping up with crop

moisture use.
E. Delivery of Information to Farmers

Results of soil moisture testing with the neutron probe‘were
delivered to each farmer immediately after soil testing was?tompletéd.
The information and irrigation recommendations were delivered to each

farmer on a card, an-example of which is shown in Figure 5. ¥
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IRRIGATION SCHEDULING

Farmer: ] , Date:

Field:_ e , Crop:__

Soil Moisture Information

DEPTH (cm) CAPACITY . DEPLETION MOISTURE HOISTURE
mm. mm. mm. DE! lr?Em.

———————— —_—— = = —— ——
10-35 ﬁ

T85-110

Ina_____ } , cm. Root Zone:
The PRESENT MOISTURE DEPLETIONis __  mm.
The SAFE MOISTURE DEPLETION is _ mm.
Available Moisture Remaining is

— . mm.

-Daily Crop Moisture Use is ; - __mm.

Irrigation Recommendations

For Further Information Contact: ' h _ _ I
irrigation Specialist Office A mﬂG

Lethbridge, Alta. Phons 329-5|37 Acaciatum |

FIG.S IRRIGATION SCHEDULING CARD DELIVERED TO FARMER

46
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IV. RESULTS AND DISCUSSION

A. Calibration of the Neutron Probe

0f fundamental importance in measuring soil moisture with a
neutron probe is the procedure of calibration. The method of field
calibration as described in Chapter II was used to calibrate the
neutron probe. The neutron probe data was recorded in the field {n
the form of a count ratio. Moisture contents of the gravimetric

samples were multiplied by the measured bulk density to obtain

moisture content in volume percent.

To establish the calibration curve to predict soil moisture
content, the neutron probe count ratio is represented as the X value
and the soil moisture content in volume percent is represented as
the Y value in the linear regression equation:

Y = a + b(X) where

’ IXRY !
Slope b is: b = §XY T nf*2
Intercept a is: a = (V - bX)

X = mean of X

Y = mean of Y

n = number of pairs of data
Table 6 1ists the calculated equatiéns and correlation coefficients for
each equation.
The calibration curve derived using all the field data is shown
in Figure 6.

1. Effects of S0il Texture

To determine if soil texture had an effect on heutr@n probe

47
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calibration, the data was split into two groups: fine-textured soils
and coarse-textured soils. The soil textures that were censidered to
be fine-textured were: clay, clay loam, silty clay, silty clay loam and
si1t loam. The soils considered to be coarse-textured were sandy loam
and loamy sand.
-

Very little difference was found between the equation obtained
for the f%neétextured soils and that for the coarse-textured soils.
The difference in the intercepts in the calculated equations is 0.25
and the difference between the slopes is 0.30. This would result in
a difference of less than one mm of water per 25 cm of soil between
the two curves in measuring soil moisture.

Using the multiple regression test to compare the intercepts and
the slopes of the fine and coarse textured equations, no significant Y

difference between the intercepts and between the slopes was found.

Therefore, the null hypothesis that there is no significant
difference between the calibration of the neutron probe equations for
fine-textured soils and for coarse-textured soils is accepted. This
conclusion is in agreement with Lal (1974) who suggested that soil

texture does not hgve a significant effect on neutron probe calibration.

2. Effect of Bulk density

}éFifé calibration curves were prepared for different ranges of
bulk densities. These ranges were:
1. 1.371 to 1.35 g/cc,
2. 1.36 to 1.40 g/cc,

3. 1.41 to 1.45 g/cc,



4. 1.46 to 1.50 g/cc, and
5. 1.51 to 1.55 g/cc.
These ranges allowed splitting the data for comparison of five

different ranges of soil bulk density.

When comparing equations for the five bulk density ranges, sbown
im Table 6, two trends become apparent. The first is that as bulk
density increases, the intercept of each equation decreases. The
second is that as bulk density increases, the slope of calibration line

increases.

Comparison of the five calibration curves and the calculated
formula shows that there is a difference between each of the five
calibration curves. The null hypaghesis that bulk density has no
effect on neutron probe calibration must be rejected with the
conclusion that bulk density does indeed have an effect on neutron
probe calibration.

For the purpose of measuring soil moisture for irrigation
scheduling, however, the influence of bulk density is not considered
to significantly affect soil moisture Feterminatioﬁs. The all-data
calibration curve represents an average of all the bulk densities.
The all-data calibration curve predicts soil moisture to within 0.5
percent by volume, compared to the appropriate bulk density derived
curve when the probe count ratio is between 0.40 and 0.60. If
converted to mm/25 cm, the all data calibration curve would have a
maiimum error of 2 mm/25 cm, or a 2% error. Using the all data

calibration curve, it appears there is a tendency to slightly
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over-estimate soil moisture at the lower bulk density levels and
slightly under-estimate soil moisture at the highen bulk denisty

levels.

There are two compensating factors however. The first is that
bulk density generally increases with depth. Therefore, the s]ight’,
over-estimation of moisture af the shallower depths and the under?
estimation at the deeper depths would likely compensate for each
other to reduce the error. Second, field capacity for each depth at ’
each site is initially determined with the neutron probe using the all
data calibration curve.r To calculate soil moisture deficit, the most
recent probe reading is subtracted from the field capacity reading. If

both'readings are in error by the same percentage, the error in

estimating soil moisture is eliminated.

Therefore, based on these two compensating factors, the effects
of bulk density on the all data calibration curve can be ignored for »

the purpose of measuring soil moisture for irrigation scheduling.

3. Farm Calibration Curves

Individual farm calibration curves were also examined. It is -
conceivable that in the future, individual farms or several adjacent
farms may utilize a neutron probe strictly to schedule irrigation on
their own farms. Therefore a calib;ation curve was prepared for each
of the five farms for arison. The correiation coefficients of four
of the farms were higf. The fifth farm, identified by the name Freyman,
had a poorer corrél ion but was still statistically significant. This

was likely due to a rAduced range of the data values.



When comparing equations of the five farms (curves shown in Figure 7)
one can see that there is a difference between some of the calibration
curves.

The all data calibration curve represents an average of all the
farmer calibration curves. The all data calibration curve pred1c ‘
moisture to within 3 mm/25 cm through most of the range of data values

with the exception of the Nemecek curve which is within 4 mm/25 cm.

As with bulk density, there is one major compensating factor.
Field capacity for each depth at each site on each farm is initially
determined with the neutron probe using the all data calibration
curve. To calculate soil moisture deficit, the most recent probe
reading is subtracted from the field capacity reading. If both
Feédings are in error by the same percentage, the error in estimating
soil moisture is eliminated.

Therefore, there is little justification far separate calibration
curves for individual sites or farms for the purpose of measuring soil

moisture for irrigation scheduling.

4. Comparison of A1) Data Calibration to the Manufacturer's

Calibration Curve

Comparison of the all data calibration curve to the
manufacturer's curve shows considerable differences. The two curves
are shown in Figure 8. The difference might be expected, as the
manufacturer's curve is prepared by taking readings in pure sand, which
contains no hydrogen in the minerals. The all data curve is prepared

after taking numerous readings in soils which contains hydrogen in the
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s0il minerals. Therefore, the:a11 data calibration curve has removed
the effects of the hydrogen contained in the soil minerals, making the
two curves considerably different. For example, at a count ratio of

0.60 the manufacturer's curve gives a soil moisture content of 34% and

the all data calibration curve gives a content of 27%.

5. Possible Sources of Error in Results

A number of precautions were taken to minimize error. Al]
calibration curves were calculated using count ratio for the neutron
probe measurement. This was done to remove the effect of the micro-

processor unit built into the probe.

Bulk density samples were taken at all sites to calculate the
soil moisture in volume percent. Duplicate soil samples were taken
from each site at each depth. Each soil sampling site was
'approximate]y'1.0 to 1.5 m from the neutron probe access tube. 'The
two soil sampling sites weré normally on opposite sides of the access
tube. The two samples at each depth were averaged to give a better
indication of soil mpisture around the access tube and to reduce .

variability,

Variability in soil moisture was evident in fields planted to

row crops. .Soil moisture was at times variable both between the rows

,////ﬁnd within the rows.

Soils in the area are heterogeneous and sojl textures and water
holding capacities are variable with vertical and lateral displacement.
These last two factors and human errors in soil sampling exact depths
probably were responsible for most of the variability in tﬁe éaiibratian

>~

.



curves.
B. Determination of Field Capacity Values

The determination of field capacity in an irrigation scheduling
program is very important. The difference between field capacity and
measured soil moisture is the irrigation requirement. Therefore,-,
without an estimate of field capacity, an estimate of the irrigation

requirement at any given time cannot be determined accurately.

There are three ways in which field capacity can be determined:

1. Direct field measurement.

2. Pressure plate method.

3. Using the percentage of sand and clay in an.empirical
equation. :

All £hree methods were utilized; however, the direét field method wa

found to be the easiest and most reliable method. By measuring soil

moisture after a saturating rain or irrigation, the field capaéities

are specific to each depth for each site in a field.

The other two methods of determiniﬁg field capacity require soil
sampling and laboratory analysis. Soil'is a heterogeneous:body and
even in a very topographically uniform field, soil texture and water
holding capacity can be quite variable with both vertical and lateral
displacement. Table 7 shows Fie?drcapacity vajues established with
the neutron probe at five sites, and four de%ths at each site on a

uniform 320 acre field.

5
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Table 7 Field capacity values (mm/25cm) for five sites at four

depths, on a uniform 320 acre field.

iF

[Depth — [Site No.[ Site No.| Site No. | Site No.| Site No.| Maximum
in cm 1 2 3 4 5 Variation

10 - 35 ¢cm 78 76 73 73 86 13

60 cm | 78 A 69 80 83 | 14

%)
(%]
]

85 cm 78 72 76 77 84 12

o o
(%] ]
0 I

10 em| 75 70 78 78 | s 19

TOTAL 309 289 296 304 342 58

Table 7 shows the variation in soil water holding capacity, even on
a uniform field. If soil samples are taken for laboratory analysis,
the exact site soil sampled should be the same site used for the

monitoring site for irrigation scheduling. If the same site is not
used, then the estimated field capacity values could be seriously in

error. -
The primary problems with using laboratory data is that

considerable time is required for analysis. Therefore, it is much

easier and faster to estimate field capacity by taking direct

readings in the field.

C. Frequency of Probe Readings
required to monitor soil moisture. One question that immediately
arises is: "How frequently should soil moisture be measured?". The

frequency of measurements is dependent on a number of factors:

1. type of crop, e_g,'anﬁual or perennial,
ey



2. stage of crop growth,
3. the crop moisture use requirements,
4, the water holding capacity of the soil, and o

5. the type of irrigation system used.

- From the twenty-five sites monitored in 1981 with the neutr@ﬁ .
probe, five were monitored twice weekly, while all others were )
monitored once per week. Rain gauges were located at the five sites
monitored twice per week. All five sites were located in a 320 acre
corn fi%hd. Four of the five sites were irrigated by a towable
pivot. The fifth site was in a corner of the field which did not
receive irrigation.

Fﬁgm the twenty-five sites, seven sites were selected as being
FEPFESEﬁt;tiVE Df.SDij moisture change aﬁd irrigation practices in
Southern Alberta for 1981. Soil moisture profiles were pTQtteg for
the 10-35, 35-60, 60-85, and 85-110 cm zones as well as a plot for the
total soil profile. for each sfte. The seven sites are:

- 1. Non-irrigated corn field.

%2, Corn field irrigated with a towable pivot.
*3. Corn field irrigated with a towable pivot.

4. Alfalfa field irrigated with a wheelmove system.

[E,]

Soft wheat field irrigated with a whee Imove system.
6. Sugar beet -field irrigated with a wheelmove sjsﬁgm,
7. Sugar beet field irrigated with a towable pivot.

*The same towable pivot was used to irrigate these two fields.

Both profiles are included to show the soil moisture differences
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between the two fields.

The plotted soil moistu(éjprofi]es are shown in Figures 9 to 15
respectively. The field ébpacity'and aT]owab]é depletion levels are
shown for each depth on each profile. Combined irrigatioq and

precipitaiion values are included for Figures 9, 10, and 11.

There are two main types of irrigated crops: annual and

- perennial. The main difference between the two types of crops is

that crop moisture use and therefore soil moisture withdrawal becomes
very high early in the growing season for perennials. Annual crops
use very little moisture early in the growing season and the amount of

moisture gradually increases as the crop grows.

As a result, perehnial crops need more frequent monitoring of
soil moisture in the months of May and the first half of June than do
annual crops. Figure 12 shows very qramatic soil mpisture‘change in
an alfalfa field in very early June.‘ The first reading ta&en June 1,
198} shows that soil moisture is above the allowable depletion level.
The second reading, taken on June 8 just one week later, shows soil
moisture at all depths to be below the allowable depletion level. This

shows how quickly soil moisture status can change with a deep rootéed crop.

" Upon examination of all the other figures of annual crops of
soil moisture change, none showed such dramatic changes of soil
moisture in the month of June. Generally, soil moisture change for

the annual crops in the month of June was slow, but’ﬁpduglly .-

increased. There is a difference in the withdrawal of soil moisture .
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between different types of annual crops. The row crops such as corn
and sugar beets showed very gradual soil mﬁisture;change, whereas the
grain crops such as soft wheat had increased soil moisture use,
particularly in the latter ;aTF of the month of June. Figure 13
exhibits the increased rate\@f s0il moisture withdrawal by soft wheat.

Figures 10, 11, 14 and 15 show the very gradual rate of soil maigture

change throughout the month of June.

In July, crop moisture use and soil moisture withdrawal is high
for all crops. Therefore, all crops require very frequent monitoring
of soil moisture in this month. In August; soil moisture use remains
high fgr perennial and row crops, but most grain crops are ripening in
early August and therefore monitoring of soil moisture can be suspended

in early to mid August.

. H

1. Crop Moisture Use

The two years of data were analyzed to estimate moisture use by
various crops at-different stages of growth. The average daily crop

moisture use results are shown in Table §.

-

The average results obtained compare favorably to those
established over the years by the Agriculture Canada Research Station
at Lethbridge. If, for example, a clay loam soil had a water holding
capacity of’80ny/25-cm, the water hé]ding capacity in a one metre
profiTe ngld be 320 mm/m. The readily available moisture would be °
80 mm/ms A crop such as alfalfa would take only 16 days to use the
readily available soil moisture if the crop use rate was 5 mm/day.

N i
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2
2. Measurement Under Different Irrigation Systems

~There are two main types of sprinkler irrigation systems used by
most irrigation faﬁmers. One is the wheelmove system and the other is
the pivot system. Both apply water to the soil through pressurized
overhead pipe system. However, a wheelmove system remains stationary

S
while irrigating and a pivot system is continually moving while
irrigating. The result is that a 420 m pivot can apply 10 mm of
water to 53 hectares of land in less than 24 hours. A wheelmove system
is not capable of daiﬁ§ ﬁhis, Normally a wheelmove system is moved
twice or three times per day, and with an 18.5 m spacing between each A
set, it takes 14.5 to 21 days to irrigate 64 hectares, applying 100 to
150 mm of water-. ’
Therefore, a pivot can}be used to apply light Frequeng
irrigaticns to a crop and a wheelmove system is used to apply larger
amounts of water to a crué much less frequently. As a result Dfithe
differences in water application, the change of soil moisture under
each type Df system is quite different. Figures 10, 11 and 15 show
soil moisture change under pivot systems. Figures 12, 13 and 14 show
soil moisture Fhange under.whgelmgve systems. Figure 9 shows soil
moisture change if no irrigation Qater is applied. With different
irrigation management practices, the need for different frequencies
of soil moisture measurement must be determined.
Hhen soil moisture is near field capacity and a pivot system is

the method of irrigation, a field technician could estimate soil |

moisture depletion by the crop to determine when s0il moisture
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would approach, the allowable depletion level. Then the fechnician
could come back at that time to check soil moisture levels. This is
good in thec%y; however, an irrigation farmer would not want to let his
pivot sit idle for several weeks and let the soil moisture approach

the allowable depletion level. Instead, the irrigator would want to

-

take full advantage of the ability of the pivot to apply light,

b
frequent amounts of water to maintain soil moisture at a reasonably

high level. This factor would become much more critical if the same
Eivat is used to irrigate two quarter sections of land. Based on soil
moisture levels, an irrigator must make decisions on when to irrigate
each field, how much total water to apply and when the pivot should be
manually towed to the other quarter section. Therefore, under a pivot
system, frequent monitoring of soil moisture is Fequifed to enable the
Iirrigatar to maintain soil moisture near field capacity, and assist
the farmer: in making management decisions on the need for moving
: { e d
irrigltion equipment. ;
Under a wheelmove system when the soil is at field capacity, again
a technician céu?d estimate soil moisture use by the crop to determine
when soil moisture would approach the a1iqrabie dep?etion level. Later
a technician could come back and recheck éoii moisture. This would be
a more acceptable procedure with a field irrigated with a wheelmove
system; however, it may not give tﬁe sitfgatér all the information and
peace of mind he requires to make his'irrigation management decisions.
Instead, the irrigator waﬁts to know e;act1y what his soil moisture
status is on a regular basis, to enable him to determine exactig

when to schedule his irrigatiop, system $o be back to the locatiop in



the field where séii moisiyre is monitored, before the moisture level
reaches the allowable depletion level.

Although methods Qf’irrgéatian vary, irrigation farmers on an
irrigation scheduling program require soil moisture status information
on a regular basis in order to plan their overall farm irrigation,
management program from week to week.

D. Number of Neutron Probe Readings Required per Profile

) The number of p%abe readings required at a given site to
determine accurately the soil moisture content is another important
Question facing irrigation schedulers. In an attempt to answer it,
probe readings were taken at 12.5 cm and 25 cm intervals at five
different sites tp a depth of 1.0 metre. The depths of measurement
for the 12.5 cm depth interval ﬁEfé,ES.D; 37.5, 50.0, 62.5, 75.0,

87.5 and 100.0 cm. -

‘A total of 23 sets of readiMys were taken at the five sites
during the summerﬁéf 1981. Soil moisture content was then determined
for 0 to 100 cm depth, 0 ta. 50\m depth and 50 to 100 cm depth for both
the 12.5 cm and 25 cm interval réﬁdiﬁgsg Soil moisture was calculated
in both. volume percent and in millimetres. Table 9 shows the results
of the two different Feﬁﬂs of readings.

Visual inspection of the data in Table 9 shows that very
little difference exists in the total millimetres of moisture between
the 12.5 and 25 cm increment readings. The greatest difference

-

between the 0 - 100 cm depths was only 3.0 mm (1.3%) and occurred

ﬁ | pri"
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Table 9 Soi1 moisture results in millimetres using 12.5 and 25 cm inCrement

readings with a meutron probe.

J

INTERVALS 12.5 cm INTERVAL 75 cM INTERVAL _

Date Site 0-100 0-50 50-100  0-100 0-50 50-100
8 a7 23 3 257 120 ikl 251 117 1315
8l 07 X 3 253 120 133 25 HE 133
81 08 o5 3 239 m 2 2 109 \n
Bl o8 13 k] 261 ki 132 265 128 137
81 o8 27 3 235 112 123 237 M 126
8l 9 m k] ‘ 217 9| 119 219 95 124
BN o7 23 4 0 19 121 210 108 122
n | o0 4 198 91 107 200 92 108
B OB 13 4 182 a7 25 182 a5 97
8 08 27 . 187 7 ® 156 75 80
81 0% 03 4 149 75 74 150 74 76
B @ 2 2 278 133 145 276 133 143
81 08 13 -2 266 126 140 264 125 19
ooz % 264 122 142 262 19 43
81 OB 05 5 279 1315 144 278 113 144
o 08 13, 5 264 122 142 % g 142
N . 2 s 280 134 146 27 134 148
N o a3 5 287 16 " 254 n3 . 141
a8 07 23 [ 4 150 164 kil 150 164
81 o8 os 6 M0 149 16 209 148 162
8 o8 13 6 25 145 160 304 . 160
o o8 7 6 309 148 161 m R 163
#$l 09 03 6 04 143 16 304 143 161

.



at site #5 on 81 08 13 and 81 09 03; between the 0 - 50 cm depths was
3.0 mm (1.3%) at several sites; and between the 50 - 100 cm depths was

5.0 mm (2.4%) at site #3 on 81 09 03. .

There is a definite trend for the 12.5 cm increment readings to
have slightly higher moisture contents for the 0 - 50 cm depth -
interval and slightly lower ones for the 50 - 100 cm depth when
compared to the 25.0 cm increment readings. The differences between

~the two-increment readings is very small however. The difference of
' 3.0 mm (1.3%) as the greatest difference between the 0 - 100 cm depths
is insignificant when measuring moisture for the purpose of irrigation

scheduling. Even the differences of 3.0 mm (1.3%) and 5.0 (2.4%) for

the 0 to 50 and 50 to 100 cm depths are rather small.

Linear regression analysis was used to compare the data from the
two different increment readings. Table 9 shows the 1linear
regressfon formula, standard error of estjimate and the correlation
coefficient for the 0 - 100 cm, O - 50, and 50 - 100 cm depths,
compafing four readings ?ith seven readings at a site with the neutron
probe. ';he x represents the 12.5 cm increment and y represents the

25.0 cm increment readings.

The information in Table 10 shows that there is very good
correlation of esults when compariﬁb the results of four readings and

seven readifigs at one sitg with the neutron probe.

To ¢ e further the resdits of four readings to seven

readings per site, $ of three separate sets of readings were’

plotted in the form of bAr graphs, and are shown in Figures 16, 17,
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and 18, and represent site #6 81 09 02, site #3 81 08 13, and site #5
81 09 03 respectively.

The bar graphs graphically show the location in a soil profile
where the soil moisture content is either over or underestimated when
using 25 cm increment readings as compared to the 12.5 cm incremeqt
readings. The 0-12.5 c¢cm moisture level was arbitrarily taken at

3/4 of the 25 cm reading. .

i

occur between 31.0 and 42.5 cm, bbtwegh
81.0 and 93.5 cm. '

VR
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V. _CONCLUSIONS *N

A. Neutron Probe Calibration

\‘( Results indicate that there is no significamt effect of soil
texture on neutron probé calibration. Bulk density doeg, have an _
effect on neutron probe calibration; however, for the purpose of

s%hedu]ing irrigatfon this effectrcan be ignored. The all data ?

calibration curve was found to be satisfactory for irrigation
" scheduling in the Lethbridge area.
B. Number of Neutron Readings Required per Profile
The analysis of the data shows there is éxceétiona1]y good
agreement of” total profile soil moisture with the neutron probe using
four readings as compared to using seven réadings in a 100 cm soil
profile. The results show that in a 100 cm soil profile, the total
moisture difference between four and seven readings was never greater
than 1.3%, a rather insignificant amount. Thus, taking soil moisture
readings at 25 cm increment intervals provides comparible results to
taking readings at,l?.S”intervaTs. Taking readings in moist soil
conditions at increments greater than 25 cm will result in a radius

of measurement which does not overlap.

Therefore, it appears that a 25 cm depth interval provides
sufficiently accurate measurements of total profile soil water for

the purpose of irrigation scheduling.

C. Frequency of Probe Readings .

-

The frequency of soil moisture measurement can be based on a

number of factors, which include the rate that the crop is using

N 87
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moisture and .the type of irrigation system being utilized-

i

For perennial crops, regular reaﬁings of once per week throughout
the growing season are required. For annuatl crops, less frequent
read%ngs of once every twb weeks are satisfaétnry until the crop énters
a moderate to high moisture use rate. Then more frequent feaﬂingi of
once per week are required, until tﬁéicroﬁ begins to ripen or nears
the haﬁvest déte; The primary reason for a regular field check is to
provide the farmer with the infarmati@nfﬁEQUired %D plan the overall

P . L :
farm irrigation management program fcri;he next one to two weeks.

Based Dﬂifhese observations, three E6ﬁ21u§i6ﬁ5 can be drawn
regarding thegfrequency of measurement of soil mcistureifor the purpose
of irrigation scheduling:

1. Perennial crops such as alfalfa and pasture should be
monitored at least once per week during the growing season,
beginning as soon as possible at the start of the growing
season and continuing until at least mid September.

2. Annual crops such as most grains require only periodic soil
moisture measurement early in the growing season. Once every
two weeks in May and the first half of June should be
sufficient; however, for the remainder of the season, soil
moisture withdrawal is great enough to warrant reading once
per week.

3. Annual crops such as corn and sugar beets require only
periodic measurement in the months of May and June. In the
months of July and August, soil moisture readings once per

week are required due to increased soil moisture withdrawal.
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For long growing season crops suth as_sugar beets, several
readings in September are also required.

The frequency of readings could actually be reduced if the

irrigation scheduling technician simply:-did not return until

a feu:dgys beforg the soil moisture reached the safe depletion

point. The number of days of availible moisture remaining
can be calculated from information on the Irrf%Ft1on A
Scheduling Card. The number of days is determined by

dividing the present crop moisture.use into the remaining

" available soil moisture. This approach has advantages and

disadvantages. The disadvantage is that the optimum time
between readings would be reduced and second, the irrigation
scheduling technician would not be able to cover the same
route on a regular basis. The advantage is that a greater

number of fields could be monitored by a single technician,

JL



. VI. SUMMARY ~

Congiderable research anq developmeﬁt'has been undertaken in the
area of irrigation scheduling over'theiyears. -One tool, the neutron
probe, has only recently been used for the purpose of on-fénm irrigation
scheduling. Results of this study show that the neutron probe can be
utilized to provide quick, accurate, and reliable soil moisture

»
measurements for irrigation scheduling.
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