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) : ABSTRACT

A computer simulation mod‘ﬂ of .weather, soils, plant
|
growth, and 1rrlgatlon systems was developed to estimate
the feasibility éﬁ supplemental sprlnkler 1rr1gat10n in
east.central;klberta. The cemny -~ - ° swmu%atlon model’ y
provided gdgd estime os of ~or 1oisture use and yields /in
response to'waterimanagement ‘ecl .. S.

Supplemental irrigatior of al .fz hay was profitable

"in the Dark Brown soil zone pro :rg all aspects of crop
production were well managed, an ine- ‘sive water source
was available near the irrigated lar 1d availab'le

m01sture in root zone was ma1nta1ned less than 50%

depleted. The major 11m1tat10n to irrigation development

in the Dark Brown soil -zone was the limited avallablllty of

suitable surface sources of 1rrlgat10n water. Iﬁ the Black

™

5011 zone, supplemental irrigation of alfalfa hay was a
marginal investment. ‘Irrigation significagtly reduced tge
variation in seasonal'yields resulting from natural
moisture conditions. |

.Supplemental irrigation of hard spring wheat for grain

was not very profitable in the Dark- Brown/'soil zone even if

t

L . . N N .
management for wheat was to maintain available moisture 1in

the root zofie less tbdn 35% depleted. Supplemental | g&ﬁ

C . . . . 4
irrigation of hard spring wheat in the Black soi4 zone: did
not increase net income over that pdssdble from dryland

iv

crop production was very well managed. O%t?méiziprfgation )

'



w

farming. I;rfgated'ﬁheat yieids'were more stable than

v

dryland yields. ' .
ﬁhe profitable‘Spfinkler,irpigation systems were the
400 m long towable centre pivot irrigating two quarter
sections and a side roll with two 400 m long laterals
1rr1gat1ng one Quarter sectlon. Maxlmum returns wlth a 400
- m long stationary centre p1vot were ‘possible if it was used
to make freguent, relatively light applications. Shorter
centre pivots and hard hose reel travelers were the least
profitable irriga£ion syétems. There was no advantage .to
using an overextended irrigation systém\si\igfosed to a
system wﬂich could supply crop moisture needs throughouf
the growing season. ’
Nét returns from irrigation were lowest for soils with
a nearly impérmeable_layer which restricts: the rooting zone
and downward drainage. When the supply of irrigation waferﬁ
and/or labour were limitga, the best irrigation.strategies
were-to;maihtain_only the upper one-half of the root zone
moist and to stop irqigation entirely two weeks before the
wheat was ready for swathlng or two weeks before the second
. cutting of alfalfa. 1In east central Aﬂberta, both wheat
and alfalfa were most responsive to irrigation durlng the

.period from mid-June to ‘early August.

—
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1.0 Introduction

Inadequate moisture is the major‘constraint on crop
yields on the Canadian-Pfairies. Consequently, Prairie
farmers have a natural interest 1in suppléméntal
irr!batioﬁ. Supplemental-irrigation refers Lo the practiéef
of artificially applying water to supplement rainfall'an§
stored soil moisture.

During the past decade, the cost of farm inputs
including land, machinery, fuel, fertilizers, and
herbicides has increased more rapidly than the price of

farm products. As a direct result} the profit margins in
fatming afe sm;lier, so that low yields during dry &ears
may spell financial hardship. This is particularly true
for a beginning farmer who offen must meet large debt -
payments. 'Several closely spaced dry years may even
bankrupt a farmer. Drought occurs when precipitation is
less than that expected by the farmer. Therefore, each
tarmer will have his/hef own idea of the value to place on
the capability to eliminate the risk of drought.
Supplemental -irrigation is one method to help stabilize
‘cash income and reduce the consequencestof dry weather.

, Crop insurance partially covers thé losses tgvyield‘due
to unusually dry weathef. Coverage is based on-a fixed

percentage of long term normal yields for similar soils in

the same area. However, if the farmer applies large



quantities of fertilizer and herbicides, the coveragé is
the same if he/she épplied none. Therefore, a'fafmer'who
uses relatively large amounts of expensive inputs may not
be completely compensated for losses due to insufficient
preéipitation. Supplemental irrigation ensures thatl
moisture stress will not feduce the return from expensive
seed/ fertilizer, and herb?cidés.

Dry weather can reduce forage yieids substantially.
During -a dry year, the quantity of on-farm feed becomes
limited while the delivered price of off-farm feed rises. .
As a reSult, the'cattle p;oducer may be forced to sell part
of his/her breeding herd (which may be the result of years
of effort to improve herd quality) aﬁ slaughter prices.
Supplemental irrigation is a practical method to achieve a
more assured supply of forage. ‘

Supplemental irrigation can raise the average yield per
unit area. 'Hence, providing the returns from the extra
production exceed the costs of iffigation, irrigation can
increase net farm income.

The long-term tréndAhas been for farmers to increase
'their cultivated area. Also many beginning farmers choose
to work yith their férming parents and therefore woﬁld be
’considering purchasing land near their parents' farm.
However, in east central Alberta, the price of farmland has
risen substantially duriné the last 10 years. Moreover,
even if the price of farmland is not prohibitive, no

farmland may be for sale in,ﬁﬁe immediate area of



»

“interest. By raising average crop yields on an existing

parcel of land, supplemental irrigation can be an
alternative to bu&ing or ieasing farmland. P
Irrigation is costly. A farmer considering inQestiad
in supplemental irrigation needs the focllowing information:
i) how much water is needed for éupplemental irrigation;
ii) what is the avefage and the variation of expected crop
yields with irrigation; iii) what Qill irrigation cost; iv)

what is the average and the variation of expected returns

from irrigation; v) what is the quantity and the timing of

u

labour requirements associated with supplemental ,
irrigation; vi) what is the best type of irrigation system
to purchase; vii) '‘what constitutes the best managément
practice for:each type of irrigation system; and viii) how
sensitive are the yields and returns from irrigation to
System management;

To answer the above questions, many years of extensive
irrigation field trials would be requifed. An alternative
to field trials is to simulate crops, soil énd the
irrigation system with a mathematical model‘impleﬁénted on
a high speed computer. This is particuléfly attractive in

east central Alberta because few irrigation trials have

been conducted in the past. The'principle advantage of

_computer modeling is that it is less costly than actual
experiments. A well validated model can be used to

"estimate the effects of irrigation for many more years than

would be feasible with real field trials. Frequently,



after analyzing experimental fesults, the.experimenter has
a number of "what if" questions -- i.e. "What if this had
'beéﬁ done?", "Wﬁat if this had oécﬁrred?".'.Using a
computer model, questions of this type are easily answered.
The primary concern of the researcher is the validation
of the model's per%ormance. A compdter model k@iéh does
not realisticafﬁy represgnt the real Q¢qld is of little
b;iue.- Consequently, a great deal of pgepa;atory research
and model validation must be performed.to‘ensure a compﬁter'
model is truly simulating real world behavior. |

AY

1.1 Objectives

The primary goal of this study was to develop and
implemént.ﬁ computer simulation model of“weather, crops,
soils, and H;figatién systéms for east central AlBertg.
This model was to have wide gebgraphical‘applicability in
-Alberta as well be sufficiently accurate to représent
.‘results which could be expected on irrigated farms with
gobd management, The objectives of the study weré to use
this model to estimate:

1) the irrigatioh water requirements,

" 2) the yearly pattern of irrigated yieldé,
3) the costs and labour involved with irrigation,
4) the monetary returns possible from sﬁpplemenéal

irrigation, and



5) the effects of irrigation system management and

seasonal water supply on yields and returns.

Because_ weather patterns caﬁ change significantly over
short distances, the weafﬁer at three locations‘in east
central Alberta, Coronation, Edmonton, and Lacombe was
evaluated. For comparison and validatioﬁ purposes, weather
at Lethbridge in southern Alberta was also analyzed.

Hard spring wheat for graln and alfalfa (or
alfalfa-grass mlxtures) ‘for hay are important dryland crops~
in east central Alberta. 1In addition these are also
important irrigated crops on the Canadian Prairies.
Finally, wheat:%pd'alfalfa represent two distinct types of
crops im terms of water needs -- wheat is similar to
annuals harvested for their seed which have periods when
they are extra-sensitive to moistufe stress whi}e alfalfa
is similar to other perennlal forages which have greater |
total water reguirements than annuals but are not
espec1ally sensitive to moisture stress at any time during
their growth cycle. Therefore these two crops were chosen
for modeling.

The assumption was made that irfigatidn water would
neéd to be pumped to field level and that labour for
irriéation would be limited. With these assumptions
sprinkler irrigation becomes an appropriate irrigafion

method. Three sprinkler irrigation systems were



inveétigaﬁed -~ side roll, hard hose reel traveler (big
gun), and'towable and stationary centre pivots.

Thrée soil types were included in the study -- a medium
to fine téxtured soii without root zohe restriction, a
coarse textured soil without root zone restriction, and a
fine textured so@l with a hardpan which ;estricfs root

penetration and moisture movement.



2.0 Descriptibn of East Central Alberta

2.5 Boundaries

The study ared lies bétween townships 36 and 66, from
the Fourth Meridian to range 10 west of the Fifth
‘ .
Meridian. The northern and southern boundaries correspond
to east-west lines approximately through the towns of
Athabasca and Innisfail, respectively. The study region

extends from'the'Alberta-Saskatchewan border to a

north-south line lying 25 km west of Rocky Mountain House.

2.2 Agriculture

The study area includes much of the best land fér
agriculture, in terms of both soils and natural e1imate, in
Alberta. The area.corresponhs roughly with the
agricultural areas oﬁ the north east, no?th west, and north
central regions of Alberta_Agriculture. Table 2.1 lists
some cuﬁulative agricultural statistics for these ;egions.
The study érea contains over half of Alberta farﬁs and
accounts fbr more than half of Alberta's agricultural
~ productioen. TheJagricultural economy is diversified
involving production 6f a number of fiela crops aiong with

a variety of livestock enterprises. A large proportion of



Table 2.1 Selected Agricultural Statistics (1976) for
: the .the North East, North West, and North
Central Regions

% of Alberta

Farms . 33 352 57

Farmland ‘
total ('000 ha) 8 363 44
average farm size (ha) 251 n/a

‘Land Use ('000 ha) T
hard spring wheat hid 40
other wheat ‘ ! B
barley g 52
oats P 7%
canola R 50
tame hay : & 858 64
pasture ' P 919 58
summerfallow s 706 32
vegetables : o 0.77 . 8
livestock ('000 head) '
dairy cows and heifers;”F 147 67
other cattle gy . 2 0360 ¢ 51
hogs Rras 591 R X

Source: Statistics Branch, Agrlculture in the North West
Region, Agrlculture in the North East Region,
Agriculture in the North Central Region, Alberta
.Agrlculture, Edmonton.



the ﬁeed'grains are destined to be fed to livestock on the

farm where grown.

2.3 Climate

! A} -

The climate is classed as boreal having‘lgng cold
winters and short warm shmmeré. Long-term averagde
- temperatures in ahy.season decrease moviné either northward
or eastward. Table 2.2 gives the mean mon£h1y~maximum and
minimum daily temperatures and mean monthly precipitation
for Coronétion, Edmonton, Lacohbe, and Lethbridge.

Figufe 2.1 shows the mean annual precipitation in
Aibefta with the study regioh outl}ned. This figure also
shows the‘location of the sites whose weather was
‘analyzed. Generally mean annual precipitation increases in
a northerly or eastefly direction. About 65 to 75% of the
annual precipitation fallg auring the growing season. The
south eastern portion of the study reéion is classed as
semi-arid. This means that there is normally a moderately
severe‘moisfure deficit. Moisture%defici; is the J
vdifferenée between atmosphericvdemand for water and
precipitation. The western edgemand northwesternnZOrner of
the région‘aré classed as huﬁid to subhumid -- i.ey little
to significant_yearly moisture deficits. The remainder is
.primariiy subhumid which has significant annual moisture

deficits.
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Kilometres

Figure 2.1 Mean Annual Precxpltatlon (cm) in

Alberta and Boundarles of East Central
Alberta

Source; McGill, W.B., 1982, Soil Fertility and Land
- Product1v1ty in Alberta, ECA 82-17/1B16,
-Env1ronmental Council of Alberta, Edmonton,
123 pp.

ol
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Alberta is divided into agroclimatic zones based on the
suitability of the climate for field production of spring
wheat. Figure 2.2 shows these zones in Alberta and also
includes the definition of these zones. Three agroclimatic
zones encompass almost all of the cultivated land in east
central Alberta -- zones 1, 2H, and 2A. Generally zone 2A
has a semi-arid climate, zone 1 a subhumid climate, and
zone 2H a subhumid to humid climate. Coronation and
Lethbridge lie in agroclimatic zone 2a. Edmonton is
conFained in agroclimatic zone 1 while Lacombe is within
agroclimatic zone 2H but n;ar the boundary with

agroclimatic zone 1.

2.4 Land and Soils

H

All the study region was glaciated during the last ice
age. Mast of the area is covered by glacial till which is
composed of finely ground unstratified particles.  The
glaciers plastered the till onto the surface lea?ing‘behind
large areas called ground moraines. In these areas the
surface landform i; undulating to rolling. The soils which
developed on the till are generally medium to fine
textured. Several large lakes were formed when the
glaciers were melting. Where these lakes were located,

today lies areas with a generally level topography and f1ne

textured soils (much of the land immediately north and
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Figure 2.2 Agroclimatic Zones in Alberta

Source: Thompson, P.S.,1981, The Agricultural
Land Base in Alberta, ECA 81-17/1B3,
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iouth of Edmonton is an ancient lakebed). Therefore, the

majority of presently farmed soils in east central Alberta
are medium to fine textured with a level to rolling |
topography.

Water flowing from the glaciérs sorted the materials it
carried byAsize. Deposits from glaciél outwash and from
ancient watércourses produced the present day areas of
coarse textured soils. An extensive belt of coarse
textured soils existsAin the eastern portion of the study
region. This belt starts north of Wainwright and proceeds
south and southeast into SaskétcheWan. Within east central
Alberta are a number of recessional moraines. Recessional
moraines are hilly deposits of variable textures. An
example of a recessional moraine is the Cooking Lake-
moraine where Elk Island National Park is situated.

According to the Canadian system of soil classification
(Canada Soil SurQéy Committee 1978), most of the cultivated
land in east central Alberta is composed of three orders --
Chernozemic, LUvisolic, and Solonetzic. The Chernozemic
soils afe divided into three great groups -- Dark Brown
(developed on grasslands in a §emi—arid climate), Black
(developed on grasslands in a subhumid élimate)iand Dark
Gray (developed under a forest-graésland transition in a
subhumid to humid climate).

Chernozems are fhe best soils for either dryland or

irrigated agriculture. These soils normally have good
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drainage, good soil structure and tilth, are inherently
fertile, and relatively sal? free.

Luvisolic soils developed under forest cover. These
soils :end to have a low proportion of organic matter in
the topsoil making them subject to crusting when their
surfaces arefimpacted with water droplets. Also these
soils contain an illuvial B horizon which can be nearly
imperméable to roots or water, espeéially if the soil
-developed oﬁ fine\textured parent material. -Luvisols are
not as naturally fegtile as Chernozems and require more
careful management . ‘

Solonetzic soils are usually found in association with
Chernozemic soils. These soils often occur as patches
(less than 0.5 ha) within Chefnozemic'sgils{ Solonetzic
soils developed‘on parent materials high.in sodium salts.
Deflocculated clay particles were deposited in the B
horizon which forms a hardpan which can be almds;
impermeable to roots or water. Typically the-sufface of
Solqnetzic soils is pock marked with shallow pits wﬁich are
130 to 250 mm deep. Solonetzic soils are also subject to
crusting when impacted with water drops. Because of the
restricted root zoné,.crops on these soils are among the
first to suffer in a drought} Crops on.these soils also
suffer during exceptionally wet periods because of the poor
sﬁ:face and internal drainage. Solonetzic soils require

careful management if they are to be productive. (As used

in this study, Solonetzic soils refer to soils with



16

<

predominant'solonetzic properties whether they belong to

_ the Solonetzic order or to the Chernozemic or Luvisolic

<¢

orders.)

The irrigability of Solonetzic soils is a.contentious
issue. Karkanis (1982) believed Solonetzic soils are not
favourable fo£ irrigation aevelopment. Cairns and Bowser
(1977) claimed Solonetzic soils often become saline if
irrigated. Palmer (1982) stated some Soloﬁetzic soils
improve if irrigated because there is extfafleaching‘of
salts below the root zone. Howevéru Palmer notes that
Solonetzic soils with the groundwater table within one metre
of the surface or with very restricted internal drainage
can easily become waterlogged and/or saline if irrigated.
Unfortunately, Palmer reported that predicting which
Solonetzic soils are:irrigable is difficult. 1In any event,
Solonetzic soils réquire\cafeful management if they are
irrigated. Irrigation water in excess of crop needs can
easily bring about waterlogging and/or salinization
"(Alberta Agriculture 1981a). Light; frequeht applications
are fécommenaéd; -

The Canadian Prairies have been divided into a series
of soil zones. Figure 2.3 shows the soil zones in .
Alberta. The soil zones describe both the climate and
characteristic soils found in each zone. The Brown‘so?l
zone lies in a semi—arid to subarid climate and the
characté;istic soil is Brown Chernozems. Dark Brown

Chernozems are the characteristic soils of the Dark Brown
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“Figure 2.3 Soil Zones in Alberta

Source: McGill, W.B., 1982, Soil Fertility and Land
Productivity in Alberta, ECA 82-17/1B16,
Environmental Council of Alberta, Edmopton,
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‘zone which has a semi-arid climate. The Black soil zone
has a subhumid climate and characteristically contains
Black Chernozems. One typically finds Dark Gray Chernozems
and Dark Gray Luvisols in the Dark Gray zoné which has a
subhumid tb humid climate with considerable risk of frosts
during the growing season. | |

The propertieglwhich define land well suited to
sprinkler irrigation are: free of rocks and stones, good
surface and subsurface drainage, low salinity, good soil
structure, not subject to freguent flooding,_simple slopes
less than 9%, complex slopes Efss than 5%, no restriction
to penetration of roots or moisture, and a permanent water
table below the root zone (Karkanis 1982). These‘are same
properties which define good soi;s for d¥yland farming
(ﬁfocke 1977)..

Most’éf the land which is farmed in Alberta has beeﬁ
ratéd with regard to its capability for dryland agriculture
unaer the Canadian Land Inventory (CLI) program. In
general, land which is rated as well suited for dryland
\crops would also be suited for sprinkler irrigation
{providing an inexpensive source of irrigation water is
available), However the CLI system is partially based on
estimatgs of moisture conditions. Land where the climate
is judgéd to have insufficient'moistufe (agroclimatic zones
2A and 3A)_for dependable crop production is downgraded.
Under .irrigation, the'natural moisture defiéit would have.

no effect on crop production.  In addition, coarse £§xtured
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soils (loamy sands and sandy loams) are further downgraded
because of their low moisture holding capacity. Again,
when ifrigated[ soil texture, per se, does not have any
effect on expected yields. Land w@th imperfect drainage
may be adequately drained for dryland conditions but
iﬁadéquately drained under irrigation. Barteski (1983)
reported that land, whiéh under dryland conditions has.
excess moisture after heavy rains, will be a perpetual
problem under irrigation unless artificially drained.
Soils with satisfactory dryland drainage may ?ecome
wateriogged when heavy rains follow an irrigation or.whgn
irrigation water is applied in excess of crop water needs.
These soils would be gatedbhigher for dryland agricultural
capability (CLI system) than for irrigated agricultural
capability. . CLI classification- is done on 1:250 000 scale
maps which are unsuitablé for determining the irrigability
_of individual fields.  However, providing corrections afe
made for CLI downgrading for dryland moisture deficits and
for internal drainage, the CLI capabﬁlity rating for
agriculture can be used to make exploratory assessments of
land irrigability. The CLI classification can be
supplemented with soil‘profile information from Alberta
Soil Sufvey reports whicﬁ} in east central Alberta, are
available on a 1:125 000 écale. Actual asséssments of the
irrigability of land should use information which is shown

on 1:10 000 scale maps and preferably 1:5 000 scale maps

(Karkanis 1982).
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A cursory review of CLI classification #nd soil survey
reborts shows that east central Alberta contains much land
suitable Eor?sprinkler irrigation. The most common land
limitations to irrigation development on presently
cultivated land are imperfect to poor natural drainage,
Solonetzic soils, and‘the presence of sloughs and low spots
within the_fields. Imperfect to poor drainage is a gommon
problém on level land with fine textured soils. These
soils have inherently low iﬁfiltration rates so water tends
to collect in any low spot where it may remain for an
undesirably long time. Sloughs and low spots restrict the
‘mechanical movement of the irrigation equipment and thus
limits the area which can be irrigated as one unit. This
is especially important for centre pivots which are best
suite§ to. irrigating land where the lateral can revolve
without impediment. A significant portion of land in easf
central Alberta has a topograbhy which‘either is too
sloping or too rough for sprinkler irrigation. This latter
land is rarely cultivated at present; Of the potentially
irrigable land in east central Alberta, the most important

limitation to irrigation developmént is the absence of a

nearby suitable water supply.



21

2.5 Water Resources

Either surface or subsurface water can be used fof
irrigation. The flow rates required for sprinkler
irrigatioﬁ systems variis from about 10 L/s for a small
side roll system (<400 ﬁ‘of lateral length), to1§§‘L/s for
a hardlhose traveler, to 125 L/s for a high capac{ty centre
pivot irrigating 53 ha in one revolufion., General well
yield maps‘indicated the prevalent formations in east
central Alberta have safe (i.e. continuous) yields of 0.1
to 8 L/s (ECA 1978). Well yields and water quality both
decrease with ihcreasing”disténce from\the foothills,
Therefore, in the south west corner of the study region a
small irrigation system may be able to use groundwater
directly. Aﬁother possibility for utilizing subsurface
water sources is to withdraw groundwater coptinuously at &
low rate and store that water in a surface reservoir.
zIrrigation water could be withdrawn at high rates from the‘
reservoir for short periods. Generally, however, |
{rrigation in east. central Alberta wouid have to depend én
surface water sourées. Subsurface water sources are
relatively expen51ve because of the cost of well dr1111ng
and the large lifts required to brlng ‘the water to the
éqrface. Therefore,_where the choice exists between a

surface and subsurface water supply, the surface water.

supply will be preferred.
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Four rivers flow through east cent?él Alberta which
have their headwaters in the chkg Mountains -- Athabasca,
Pembina (which joins the Athabasca), North Saskatchewan,
and Red Deer. There are a number of smaller streams of
éufficient size that pioneers and original surveyors named , °
ﬁhem rivers -- Battle, Vermilion, Beave:t)Amisk, ﬁiﬁndman,

- Redwater, Tawatinaﬁ, Paddle, Medicine, and Sturgeon. Ofv
these rivers, however, only the Blindman, Red Deer, and
Battle fiow in the drier somtheastern and south central
portions of the study reéion.

In addition there are many smaller streams of varying
size and permanency. On the Prairies, flow in the smaller
streams occurs primarily iﬁ the early spring during |
snowmelt. 1Invariably, these small streams would have to be
impounded ig.they were to be used for irrigation.
= Much of the agricultural land in east central Alberta
can benéfit from arfificial drainage and/or consolidation
of small sloughs (Rapp et al. 19830.. Because of the
" problem of finding a suitable outlet for this drainage
watér, often it is best collected in one large dugout or
‘slough. Supplemental irrigatioh is ope wéy to dispose: of
the drainage water. iyt

Within east central Alberta are hundreds of freshwater
lakes and thousands of sloughs of varying permanency

‘containing a wide range of QUantities and qualities of

water,



Consequently, east cehtralﬁAlberta contains an

. : . ¥ . N
abuf®ance of surface water resour:es. "~wever, 1n no way -

does this mean all potentially irricible land has a
adjacent dependable supply of water.

Unfortunately, some of the same conditions which

- ilncrease irrigation needs can also decrease the water

supply available from small watersheds. Little snowmelt

and/or drwaeather in early spring reduce stored soil
moisture and spring runoff. 1If ample precipitation does
not fall during the growingqseason, irrigation demand is
increased thle the sﬁrface reservoir may cohtain

insufficient water to allow complete irrigation for the

~entire season. A dry preceding year may leave an empty

reservoir in the fall as well as a dry soil in the
watershed. More snowmelt and‘early spring precipitation
can infiltrate the dry sqdil and thereby decrease the'runoffj
thch is needed to reple ish the reservoir. However, if
theré is rapid*snowmel while the soil surface is still
frozen then there can be dry soil but ébundant"spring
runoff, Where the water suppl& is derived from a small
watershed, in most years there shguld_be cénsiderablg
excess supply so that there will be sufficient irrid%tion
water when funoff'is low and when several drier than normal
years occur in sequence.

The province of Alberta through Alberta Environment
controls allocation of all surface and subsurface water

within Alberta. A .license is required to use surface or

3
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subsurface water except for domestic use and stock
watering. The iﬂtention of allocation is to prevent any
water source from becoming overdrawn. In decreasing
priority for water allocation, the various ‘uses are ranked
as follows: 1) domes;ic,,z) muniéipal, 3) irrigation, 4)
industrial, and 5) other. For supplemental sprinkler .
1rrlgat10n “Alberta Env1ronment normally 11m1ts 1rrlgators
to 200 mm to 300 mm gross seasonal appllcatlon over the
entire licensed area (although this nestrlctloq is not

strictly enforced).

2.6 Present Irrigation Development

Practically all irrigated land in Alberta lies south of
east central Alberta. However there are é number of small
‘irrigation projects in east central Alberta which have been
developed by individual'farmérs. |

The Water Rights Brangh of Alberta Environment made
available records of holders of licenses to use water for
irrigation in the study region, These licenses date back
to 1907.> Of the 370 licenses, 55 were obviously for
nonagricultural purposes (golf courses and parks).
Excludihg'those licenseé which were not for agricultural
purposes revealed that 85 or nearly 27% were granted in the
ten yeér period from 1973 to 1983. This indicates there is

/ . -
considerable recent interest in irrigation in east central

T
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Alberta. Most of the licenses for sprinkler irrigation
have been granted in the last 20 years.

Most 6f the irrigation licenses are for backflood (also
called"oringfiood) projects. With backflood i}rigation
spring runoff is impounded and spread onto adjacent level
land. Little attempt is made to control water
application.- When the soil in the root zone has been
thoroughly wetted any £;m§ining excess water is drained
away. Hence, oﬁe irriga;ﬁon is made per year.

Usually hayland is irrigé@gd in this manner. Because of
the low cost of backflood projects, even a marginal
improvement in yields from the one irrigation makes the
project profitable? Few backflood irrigation projects
involve more than 20 ha.

' The majority of liéense holders wére south of township
50 and énly eight were north of township 60. The license
holaers'were distributed fairly evenly between the Fifth
~and Fourth Meridians. | o

Many license holders have discontinued irrigation or
never proceeded with their irrigation plans. Also there~1
are some illegal (unlicensed)‘irrigatiOn projects.
Therefore it is difficult to dégefmine“the exact amount Sf
sprinkler ifrigation in east éentral Alberta. Most of the
sprinklgr ifrigated area is for.grass sod (1350 ha
principally near Red Deer and Edmonton) and

potatoes (210 ha near Edmonton).

o



26

From the last 20 years of filed plans, 25 license
‘holders who intended to use sprinkler irrigation were
identified. Three of these licenses were fér irrigating
potatoes. These were not included in the study because the
aim of the study was to invesﬁigate irrigation of more
common field crops. Of the remaining 22 license holders,
12 wére contacted (the rest had either moved or had
unlisted phone'numbers). Of the 12, only six had actually
irrigated in the pastuand only one during the year
contacted (1983). Five of the licensed sites were
. visited, Table 2.3 lists the irrigation method, irrigated
crops, and water source for the actual irrigators”
contacted. In all cases, those with licenses owned land
adjacent to a lake or river. All the irrigated soils were
coarse to medium textured. The sites near the rivers had

soils which developed on more coarse textured alluvial

 deposits.

The farmers using the hand—&ove systems were
contemplating switching tévirrigation methodé requiring
less labour input such as a traveling gun or a side roll.
One of the hand-move irrigators applied about 65 mm on the
hay during June if required. He found it too much work to
perform hore than\one irrigation per.season. The second
growth was grazed in the fall. He estimated.thgt yield was
improved about 50% with the one irriggtion in the spring.
Thé'other hgnd-move irrigator épplied one‘75 mm application

during each hay growth if required. The primary advantages
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Table 2.3 Systems, Crops, and Water Sources of Contacted
-Irrigating Farmers in East Central Alberta

Irrigatea Water

System tybe Cropé Area (ha) Source

1) four stationary
centre pivots wheat . 170 Red Deer R.

2) big gun héy & grain 40 lake |
3) side roll " hay 36 lake
4) side roll | ‘grass. pasture 30 Red Deer R.
5) hand-move hay 18 Vermilion R.
6) hand-move hay 53 lake

this farmer stated for irrigation was assurance of two goods
cuts and better quality control (particularly delaying
early blooming of alfélfa under dry conditions). He
‘expected a 30 té 50% bette; yieia with irrigation. - The hay
was managed just like dryland hay and was fertilized with
manure. . ,

The big gun is primarily uséd to spreaa liquid hog
manure but tﬁe farmer has also irrigated both hay and grain
during ekceptionally dry periods. The hay responded better
to the irrigation than grain. Because of the amount of
work‘required to irrigate, the farmer was thinking »f
investing in a centre pivot.

The farﬁer irrigating tame hay w?th a side roll made a
100 mm application during the first and second growths if
required. However this farmer had stopbed irrigating

several years ago because irrigated hay did not work with
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his crop rotétion (he did not believe it was worthwhile to
irrigate grain) and he had problems with his water source

(intake clogéing‘and conflict because the lake is used for
recreation). The farmer irrigating pasture estimated that
(rrigation approximately.dqubled the'éarrying capacity of

the pasture.

The farmer using céntre pivots was completely hailed
out in i98§. Before the hail the farmer was expecting the
"wheat crop to yield 4000 kg/ha. The farmer was interested

in growing hay provided a good, consistent market for hay
could be found. | |

The farmers with actual irrigation experience started .
_ irrigatioh whenever the soil was judged to be too dry.
Several dug into the subsoil to estimate total profile
moisture. Except for the farmer using centre pivots, all
irrigators judged irrigation to be profitable, although not
overwhelmingly so. Thé centre pivot project ended up
costing much.more than originally,  thought. Therefore, the
farmer was not certain if the investment would ever be paid
back.

The fafmers who held licenses but had not yet. invested
in irrigation, invariably owned land besidéna river or
lake. They were all interestéd in irrigating tame hay
only. The stated primary reason for considering irrigation
was primarily to increase production and income without

having to buy more land.
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Hamlin (1983e) cites a survey of 300 irrigating farmers
in Saskatchewan. Of these, 43% irrigated tame hay, 21%
wheat, 15% barley}.and 21% other crops. Of the
respondents, 98% felt. irrigation had either helped
stabilize het farm income or increased net farm, income.
- When asked if the benefits of irrigation exceed the costs,
60% responded significantly so, 35% replied marginally,
and 4% felt the benefits approximately balanced the costs.
The reasons chosen for irrigation (followed bf the
percentage of respondents choosing) were: a suitable water
source was preéent (72%), desire to raise net farm income
(62%), experienced droughté in the past (44%), desire to
continuous crop (43%), additional farmland was unavailable
(26%), government grants were available (26%), desire to
stabilize forage supply (16%), and family wanted to start
farming (15%).

~The importance of having a good water source on
deciding to irrigate 1is logical. The other reasons are
similar to those found in east, central Alberta -- increase
yields to raise net income, an‘alternative to farming more
land, or to reduce &ye‘effects of extended periods of dry
weather. Many of the Saskatchewan irrigators are located
iﬁ regions which have larger moisture deficits than east
central Alberta. Therefore, these irrigators expectedly
.found that the benefits of irrigation farther outweighed
costs than the-irfigators contacted in east central

Alberta.



3.0 Literature Review and Model Development

3.1 Computer-Aided Studies of Irrigation Systems

Studying the economics of irrigation inv?;ves
consideration of crops, soils{ weather,'hydrélogy,'markets,
and water management. Together, these elements form a
complex system. Consequently('system analysis is
"frequently used‘to study irrigéted érog}production.
ﬁssentially,'system analysis refers to the.study of an
entire system rather than of one part of the system in

isolation. Invariably, system analysis uses either

conceptual models or mathematical models to represent the

\
features of the system which the analyst believes are most

relevant. The priméry goal of system analysis is to
manipulaté system design and/o; management to obtain the
most benefit at least cost. The actual problem-solving
techniques uséd‘by sysfem analysis are often referred to as
operations reséarch.

One powerful system analysis tool is Monte Carlo
simulation. With Monte Carlo §imulati6n, system ihputs‘are
produced randomly from kno&n distributions. These random
inputs are called stochastié Qériables. Sysgém'behavior is’
studied for each set of input variables. Analysis of
hiétorical behavior of the system is akin to Monte Carlo
simulation since only a sample of possible inputs are

~
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involved. 1In irrigation studies, precipitation and
atmospheric conditions are usually stochastic inputs.
There is no standard formulation for Monte Carlo simulation

models.

Dynamic programming is another technique system
analysts use to solve problems which involves optimiZatipn
of multisfage decision processes. Stochastic dynamic
programming includes the use of stochastic variables.
Irrigation scheduling is a problem'well suited to
stochastic dynamic programming as irrigation entails
ongoing decisions of when and how much water to apply
considering the changing states of the crop, soil moisture,
.and expected future weather. Stoéhastic dynamic
programming is particularly useful for finding optimal
solutions to problems, such as irrigation, where some
resources (e.g. labour and water) may be scarce.

Linear programmi;g is anéther tool which has
ap;lications in water resource planning. Linear
programming is suited to optimal allocation of scarce
resources among competing uses. -‘Linear programming has
been used to allocate limited water among farmers within a
irrigation district or deterﬁining what cfops to plant Ef

water supply is expected to be limited.
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3.1.1 Computer-Aided Estimation of Irrigation Regyirementﬂ

-

Numerous studies have used computer simulations of
weather and soil moisture to predict the specific
probabilities of irrigation requirements. Baier and
Robertson (1967b, 1970) and Baier and Russelo (1968)
analyied the probable distribution of irrigation
requirements and drainage needs for 42 locations across
Canada. These probabilities are calculated on a weekly
basis for several moisture storage capacities and several
crop use rates. Ayers (1965) and Verma and Whitely (1981)
used a‘similar approach to determine the supplemental
irrigation needs in southern Ontario. Lake and Broughton
(1969) used this method for southwestern Quebec and
verified their model with actual field measurements of soil
moisture. These studies showed that seaSoﬁal irrigation
requirements are épproximately normally distributed. = S¢ott
(1975) calculated probabilities of irrigation and drafnage
needs at Lethbridge as well as the probabilities of needing
to start irrigation on specific daﬁes. |

All the above studies are useful for thé design of an
irrigation system, For actual irrigation scheduling, the
probabilities of irrigation need from these studies are of
less value. This is because they do not take into account
the actual soil moisture. For example, if the soil is
unusually dry, there will be more probability of needing

irrigation than if there was average soil moisture. As a
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result, the probabilities of irrigation need can not be

¢

used directly to determine the quantity of irrigation to

apply in one year.

3.1.2 Monte Carlo Simulations Considering Yield

Gray et él. (1966) considered the probability of
occurrence of peak consumptive use at Saskatoon. They
éoncluded a sprinkler system must be designed to meet some
probability:of peak use and this probability must be
determined ffom»an economic analysis. If a sprinkler
system can not always supply crop moisture requirements,
the capital cost of the system is reduced but the farmer
must occasionally expect reduced yields during weather with
no rain and above'normal PET.- However for forage crops,
where two annual harvests'are,made; the occasional reduced
yield for. one harvest may be an accep@%ble trade-off for
lowering capital costs.

énglish (198i) concluded the uncertainty in yield is
very important in choasing optimal irrigation strategies or
choésing what crops to plant. When optimal irrigation
strategies are.based strictly on maximizing average.
returns, there can be the chaﬁce bf‘having years witﬁ
unacceptably low returns. Many farmérs aré averse to risk
and will prefer an irrigation strategy which tries to both

maximize expected profit and minimize the pncertainty of

~
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:‘that profit. The farmer is the only one who can choose’
which crops to irrigate and the best irrigatioh‘sérapegy.
von Bernuth et ai. (1983) used a computer simulation to
estimate optimal irrigation system capacities fa} irrigated
corn in Nebraska. -They included estimates of the
probabilitieé of yield reduction for each systemlcapacity.
)Stegman and Bauer (1970) used a compute} simulaﬁion
model to investigate{the best irrigation strategy for a
centre pivot used to irrigate a field of wheat and another
of corn in North Dakota. Irrigation was started when 65%
of plant available soil moisture (AM) was éepleted. They
found the number of moves required per year was
approximately normally distributed with a mean of 6.0 and a
standardvdeviation of 1.5. Bésed on the number of days of
high moisture stfess, the system provided adequate
performance in all years.

Hill and‘KeIrér](1980) developed a computer simulation

modél to e#plorgcthe influence of'application uniformity on
the economics of éfop:production. They developed crop
production'functions>frdm actual field yield trials. Using
the model, they studied the impact of sprinkler system
"design on application uniformity and on net monetary
returns. Although they restricted their study to sugar
cane, they felt the'approach'held promiée for optimizing
sprinkler irrigation design for other crops.

In humid regibns, Lembke and Jones (1972) noted that

irrigation-is a more difficult problem than in more arid
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regions. Irrigating too. soon may leach valuable nutrients
below the root zone or produce drainage problems in soil
without good natural -drainage. They developed a computer
simulation model to determine the optimal soil moisture
depletion at which to start irrigation of corn in
Illinois. Among their findings was tha; scheduling
irrigation based simpiy on quantity of antecedent rainfall
may be as useful as the‘more conventional method of
scheduliﬁg irrigation based on soil moistu:e depletion.

Apland et‘al. (1980) developed a mathematical model to
investigate the economic feasiﬁility Qf'supplemental ‘ }
irrigation of corn in the Unitéd States corn belt. They
concluded that the increased production due to irrigation
approximately balanced the irrigation costs. However,
irriéation did reduce the vafiébility in crop yields.
Therefore, supplemental ifrigation was a worthwhile
investment for risk averse farmers. Only the farmer can .
place the exact value on irrigation. |

Dyalla et al. (1980) constructed a computer simulation
model to study spfinkler irrigation practices for corn grown
in southern Minnesota. They includedrﬁhe effect of uneven
application over the field. Reducing crop moisture stress
and.minimizing nitrient leaching were the joint objectives
of thi; study. They\concluded that frequént, light
irrigatigns were opt&mal.

ﬁapp et al. (1975) designed a computer simulation model

to investigate ways to increase the efficiency of water use
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for irrigated corn, wheat, -and sorghum in Oklahoma.  They
concluded the model performed well to predict crop moisfure
requiremenﬁsvénd the‘effects of unavailability of water at
certain periods during the growing season.

Some irrigated land réquires subsurface drainage. Hart
et al. (1580) constructed a computer model to optimize
isprinkler irrigation practices in order to minimize
drainage costs. 'They included the impact of applicatibq
uniformity on soil moisture status.

Stewart et al. (1974) assembled an elaborate computer
simulation to pﬁedict optimal irrigation strategies for’any
given level of {trigation water supply. \They used the
model to simulgiéxirrigated corn in central California.
They. also allowed for;variation in uniformity of
app1ication depth.

Swaney et al. (1983) used a computerlsimulatiOn té aid
an irrigator in making irrigation decisions during the
season. The model produced estimatés of the returns from
Airrigating indfdeUal fields on the current day or from
delaYing‘irrigation. The model also calculated the l
expécted’variation in returns. They applied the model to

irrigated soybeans in Florida.
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3.1.3 ;géigation System Analysis Using Dynamic

Programming T . v o
‘ B

Dynamic- programming has been widely applied to estimate-
' the optimal allocation of water oéer the season givén a |
limited supply of water. Tabie 3.1 l1sts many of the-
studles found in the llterature which employ dynamic
programming. All aim to maximize net returns from
irrigation except that of Howefﬁqet al. (1975)’Which
strives to allocate water to maximize yield.

Like Monte Carlo s1mulat10n, there is no standard
formulatlon o} a dynamlc programming model Each dynamlc
programming study listed in Table 3.1 51mulated soil

,\\ N

,moisture, ET, precipitation, PET, the 1rr1gatlon system,

and croo yieldr Generally the growing season 1s\sp11t into
several simulation periods. Weather, yield and*irrigation
decisions are calculated for each period. '

Dynamic programmlng suffers from tnp curse of
dhmen51ona11ty (Larson and Casti 1978). This means that as
‘more factors are introduced into the model the number of
calculatlons increases linearly. ThlS is most pronounced
" when stochastic factors are included whose distribution
must be represented by a number of discrete values. For
this reason,.dynamic programming models tend to be fairly

simple or they would require infeasible amounts of computer

time and/or-high speed memory to implément.
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Table 3.1 Irrigation Studies Employing Dynamic

Programming

Location

Crop(s)

Authors

Australia
United States
Australia
Illinois
Missouri
Texas
Nebraska
Coiorado

" Colorado’

‘methodology oniy
methodology only
corn
corn- and soybeans
corn
sorghum
corn
corn

corn . ‘

Flinn and Musgrave (1967)
Hall‘and Butcher (1968)
Dudley et al. (1971)
Windsor and Chow (1971)
Burt and Stauber (1971)
Howell et al. (1975)
Martin et al. (1983)
Bras and Cordova. (1981)

Rhenals and Bras (1981)

‘1f stochastic variables are overly simplified, the

solution resulting from dynamic programming can be

suboptimal (Morin 1973).

When solving for maximum net

returns, the dynamic solution gives no indication of the

var1ab111ty of net returns and ylelds Yet, this variation

may be the major concern of the 1rrlgator.
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3.1.4 Model Outline

Essentially, the goal of the simulation model was to
simulate many years of field-scale irrigatioh trials. Two
hypothetical land areas were modeled -- a dryland field and
an édjacent irrigated field. These areas contained the
same soil and were subjecteo to-identical weather. Yields
were compared for each year with and without irrigation.
The net returns from 1rrlgatlon were deflned as the dollar
value of the difference in yields less the costs which can
be attributed to irrigation. These returns were also
analyzed each year.

The simulation was done 6n a daily basis so that the
model would be responeive to emall chahges in irrigation
system-ﬁanagement. Simulating on a daily basis makes the
model of weather-soil-crop too large for inexpensive
analysis“with a dynamic prog;emming algorithm. Therefore
the system analysis approach used was the Monte Carlo “
metgod. A Monte Carlo 51mulatlon was partlcularly well
suited to thlS study because 1t preserves- t;e yearly
var1at10n in yields and returns.. With Monte Carlo
~ simulation, the optimal irrigation practices are arrived at_
by educated trial and error. ’The pattern of irrigation
water needs, yields, etc. from many simulated years are
examined for each set of input parameters such as

scheduling criteria, irrigation system type, irrigated
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area, ;etc. The modeler decides what new set of parameters

to try.

Essenﬁially the model is divided into 13 submodels most
of which in turn are divided into smaller subprograms.
Appendix A contains a flow chart of the entire compﬁter
model. The program was implemented in PL1. PLI1 |
(grogramming/ganguage 1) is a genera; purpose hiéﬁ level
computer language.  Appendii B contains a l&sting of the
entire brogram. PL1 proved to be a good choice for a
modeling language és it was relatively easy to develop and
debug the program. Also, PLI1 appeared to be less expensive
to compile and run than other high level languages
available on- the University of Alberta computer system.

The simulation season ran from April S to October 15.
These limiting dates were chosen becausé they encompass the
majority of the year when the soil surface is unfrozen.

The model assumes all daily precipitation infiltrates the
soil on the day it falls. Between these dates, most
precipitation falls as‘rain or, if snow, melts soon after
falling. The assumptions éf melting snow and unfrozen soil
may not be valid in all years, particularly iﬁ April,
However 1t was important to start the simulation és early
és possible in the spring to include the effect of early
spring weather on soil moisture and crop growth. A

Onée irrigation has begun, the soil moisture varies
across the field with the intermittenf move irrigatioﬁ

systems (side roll and hard hose traveler). To account for
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this, soil moisture and crop growth were modeled
indépendently for three positions on the field: the first
(startiﬁg) set, the middle set, and thé’final (stopping)
set. Irrigated yields and moisture use were the simple
avérage of all these modeled positions. Normally a centre
pivot makes a revolution in less than two days. Therefore,
the variation in soil moisture across the field 'due to thg.
delay in system movement is not 1mportant For a towable
pivot, however, there exists a dlfference in soil moisture
bétween each irrigated circle. FEach area irrigated by a
towable pivot was modeled individually. It was assumed
all land irrigated by the towable pivot was in ‘the same

crop. Therefore, agaln, 1rrlgated ylelds and moisture use

were the average of all the modeled positions.

3.2 Weather Model

Because of the relative shortness of complete weather
records and the occurrence of daYs with missing data; the
weather was geﬁérated artificially rather than using the
historical data. The basic simulation method used was
similar to that of Jones et al._(197é)1 Scott (1975) and
Howell et al. (1975).:

Weather was simulated on a daily basis using weaﬁher

probabilities gathered for ten day periods. The assumption
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was made that there were no important trends in weather
probabilities during each ten day period.‘ All the weather
'probabilitieéthanged in discrete steps rathe% than
continuously as in the real world. However, any distortion
this caused was obscured by the considerable daily
variation in each modeled weather element. An ihplicit
“-assumptidh of‘the weather generation technique was that the
best estimate of future weather was Historical
weather. Therefore,‘ény significant climatic changes will
.be missed by the weather generator. |
.The relationship among the weather variables was

summarized as:

W= f(t,RV) (3.1)

R = f(t,W,RV) (3.2)

Tmax = f(t,W,RV) ' . (3.3) .

Tmin = f(t,Tmax,W,RV) _ : (3.4)

PET = f(t,Tmax,W,RV) @.5)
where: ‘

t is the particular weather generation ten day
.period,

W indicates if the day is wet or dry,

R is daily precipitation, *

Tmax is daily maximum temperature (°C),

Tmin is daily minimum temperature (°C),

PET is modified Penman PET estimate (mm/d),

RV is a random variable drawn from the observed

variation in each variable.
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Random number generators were used to produce the
random component in each weather variable. The uniformly

distributed random number generator used the following

eguation:
S(i+1) = MOD(( 24298 * S(i) + 99991), 199017) (3.6)
U= S(i+1)/199017 - o (3.7)
“where: |

‘S(i) is a seed number for invocation i
(0< S(i) < 199017),
U is a random number uniférmly distributed between

0.0 and 1.0.

Weather variables ﬁpllowing a horm;l distribution were
generated.£y:
x =m+ G % SD . » ) (3.8)
where: i o
x is the weather variable,
m is the observed mean of the weather variable,
'SD is the standard_deviation of the weather
variable,
G is a random Qeviate which is normally
distributed with a mean of 0.0 and a

o

variance of 1.0, .

‘The normally distributed random deviate was generated

from:

G = SORT( -2.0 * 1n U,) * COS(6.28 * U,) (3.9)
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where:

U,, U, are uniformly distributed.random

numbers generéted from equation (3.6)

Identical weather patterns f@r the desired number of
seasons could be produced by ‘inputting the same initial
seea humber into the unifofmly distributed /random number
generagor.' This allowed.easy comparison/between diffeggnt
irrigation system design parameters or management
practices.

Weather recofdé\were obtained from the‘Atmospheric
Environment Service of»EhvirOnﬁént Canada for Cofonation
Airport, Edmonton International Airport, Agricultpre Canada
Lacombe Research Station, and the Red Deer-Penhold
Airport. Table 3.2 lists the geogréphi;al location, the
type of weather records obtained, andkthe years of data
collection for these stations. 1In addition to these
records, 50 years of daily precipitation and temperature
data for Lethbridge Airport (latitude 49.7° N, longitude
112.78° W, 903 m above sea level) were obtained courtesy of

Alberta Agriculture (Engineering and Rural Services

Division).
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Cor. Edm. Lac. R.D.-Pen.
Lagitude (°N) X 52.12 53.32 52.47 52.18
Longitude (°W) 111.45 113.58 113.75 113.90
Elevation (m) 789 713 . 847 905
Years of Recqfd | ”'F];#}

Daily Temp. &
Precipitation

NI

Hourly Bright

~ Sunshine 1975-1982 1968-1982 1953-1982

Hourly Relative
Humidity 1953-1982 1961-1982

Hourly Winds 1952-1982 1961-1982

1944-1982 _ 1959-1982 196%-1982.

1938-1982

1953-1982
1953-1982

3.2.1 Precipitation

_The transition from one state (e.g. a dry day) to

another (e.g. a wet day) often follows a simple (or first

order) Markov chain (i.e. the chance of having one state

equals the transitional, probability from the previous

state). Hopkins and Robillard (1964) found a simple Markov

chain adequately describes the length of wet and dry days

at Edmonton, Swift Current, and Winnipeg from April to

September. They also found the transitional probabilities

changed throughout the season. Feyerherm and Bark (1967)

concluded the simple Markov chain described the lengths of

wet and dry spells'iﬁ Kansas, Missouri, Iowa, and Indiana.
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Sco£t (1975) tested and found a simple Markov chain could
be used to realistically simulate th%aoccurrence of wet and
dry days at Lethbridge. Scott used separate transitionél-
-probabilities for each two week period from April to

October.

\

The 190 day simulation period from April 9 to October
15 was divided into 19 ten day spans. The transitional
probability of a wet day following a dry day and of another
wet day following a wet day were calculated from historical
weather data for Edmonton,,Coronation, Lacombe, and
Lethbridge. A dry day was defined as a day with less than

0.25 mm of precipitation.

The relevant equations were:

W(i-1) = 0: W(i) = 0 if U >= P(W/D)
W(i) = 1 if U < P(W/D) (3.10)
W(i-1) = 1: W(i) = 0 if U >= P(W/W)
W(i) = 1 if U < P(W/W) (3.11)
where:

W(i-1) is the state of the day i-1
(0 = wet, 1 = dry),

W(i) is the state of day i,

P(W/D) is the transitional probability of wet day
following a dry day during each ten day

pe;ioa,

{
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P(W/W) is the transitional probability of a wet
day following a>wet day during each ten day

period.

Kendall (1966) reported that the cube root of
precipitation for daily to ﬁonthlylperiods is approximately
normally distributed for locations in Canada and elséwhere
in the world. Johnston and Hendricks (1974) found ﬁhg cube
root of daily, weekly, and monthly rainfall was normally
distributed at Regina. To test this hypothesis, 12 years
of daily precipitation on wét days at Camrose during the
'periads of May 1 to 10, June 21 to 30, August 1 to 10 and
Septe&ber 11 to 20 were analyzed. Camrose lies near the
centre éf the studf region. Using the method given in
Loucks et al. {1981), the Kolmogorov-Smirnov test was used
to determine whether precipitation followed a cube root
normal distribution. All points lay within the 90%
confidence limits except one point in September which was’
below'fﬁe lower 90% confidence iimit but within the 895%
confidence limits.

The mean and ssbndard deviation of the cube root of
daily precipitation on wet days were calculated for each 10 .
day period for Coronation, Edmontoﬁ, Lacombe, and
Lethbridge. To generate simulated daily precipitation the

following equation was used:

R=(m+ G * SD)? (3.12)
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where:.
R is daily precipitation on wet days,
m is the mean of the cube root of precipitation,
G is a normal deviate from equation’(3.9f,
SD is the standard deviation of the cube root of

precipitatidn.

3.2.2 Temperature

Both daily minimum and maximum temperatures were
generated. Invariably the observed average Tmax was higher
on dry days than on wet days and Tmin was lower on dry days
than on wet days. This témperature behavior can be .
explained by the normally greater cloud cover on wet days.
To retain this difference separaté temperature statistics
were gathered for wet and dry days during each ten day
period.

The daily maximum temperature for each fen day period
was assumed to be normally distributed and independgnt of
the previous day's maximum temperature. The equation used
was:

Tmax = m + G % SD : ' ’ (3.13)
where: | | -

m is the observed average Tmax for wet or dry

days during each ten day period, -
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G is a normal deviate from equation (3.9),
SD is the observed standard deviation of Tmax for |

wet or dry days during each ten day period.

A regressioh analysis was performed on Tmax and Tmin.
Separaté regression anaiyses were carried out for‘wet and
dry days during each ten day period. Generally Tmin was
virtually independeﬂt of Tméx, especially during June,
July, and August.’ Hdwever, in the simulation, Tmin was
generated as a function of Tmax. This was done to preservei
what linkage’égisted betweeh these variables as well to
reduce,the.incidencé of the genefaﬁed minimum daily ‘
température exceeding the maximum temperature (if‘this did
R . N .
occur the témperatﬁre values were switchea). The equation
used ‘was:

Tmin = a + 5 * Tmax + G * SE o (3.14)
where: -

a.is the regression_iﬁtercept of Tmin on Tmax,
b is the regression slope Sf Tmin on Tmax, |
G is a normal deviate from equatiom (3.9),
SE is the standard error of es;imate from

regression of Tmin .on TMax.

Longley (1972) stated that the mean daily temperature,
Tmean, for Alberta locations can be calculated as a simple
average of Tmax and Tmin. Longley claimed this average is

not significantly different from Tmean calculated by
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averaging Hﬁyrly temperatures. Therefore, for the weather
simulation, Tmean was estimated as:

Tmean = (Tmax + Tmin)/2 _ ; (3.15)

3.2.3 Potential Evapotranspiration

Because it is difficult to separate plant transpira;iGn
and evaporafion from the soil and plant surfaces, they are
usually combined into one term -- evapotranspiration (ET).
Potential evapotranspiration (PET) refers to ET when -
moisture is not limiting (i.e. the soil is kept |
consistently moist).

Despite the fact that PET is a widely used entity; it
.doeé ndét have a precise;iaboratbry definition. PET is
frequently estimated from indirect measurements. One
procedure is to esfimate PET by measuring evaporation of
éater‘from evaporation pans. Environment Canada maintains
a network of standard U.S. Weather Bureau Class A pans in
Aiberta. ‘These pans are 1.2 mh?h diameter, 0.25 m deep ‘and

elevated 0.15 m above the ground. Evaporation from a Class

A pan géherally exceeds ET from a well-watered crop. Pan

[
- -

evaporation is multiplied by a localiy derived coefficient

to estimate PET for a crop at a particular growth stage. *.

Many Agriculture Canada Research Stations maintain
evaporation tanks. These tanks are 1.2 m in diameter with
a depth of 0.6 m and are placed in the soil. Again a set

»

. - - ) \/\[



: , 51

of cpeffdcients are employed to convert tank evaporation to

apprbxinate crop PET. |
"Atmometers are\instruments to measure atmospneric

de%end for water. Tney consist of-a%porous plaee

constantly supplied with water from the non-exposed back

: . 5 .
side of the plate. Measured water loss is termed. latent

evaporation. Two atmometers wnieh have been widely used in.

K

-

western Canada are the black Bellani plate and the Gen .

n B Qs . g
- atmometers. ¢Latent evaporation can.be converted to N

¥

approximate PET by a set of coefficients.

A number of estimation techniques have been developed

oto estimate PET from meteorological variables. The

i% Blane?g%rzgdle meiEod incorporates the mean monthlyd

+

temperature, }&ﬁé%centage of annual dayllght hourq

’ii ¢

and an emplrlcal n}gp gnd locatlon dependent coefficient td

estlmate monthly PE i The Jensen Haise method uses

humidity, temperatUre, solar radlatlon comblned w1th 51te
N

s

elevation, and an emp1r1cal crop and lqcatlon dependent
constant to approx1mate PET for perlods ranglng from five
days to one month. Both the above two procedures were v
spec1f1cally de51gne8.for use in the 1rrlgated reglons of
the western United States. *
The Thornthwaite metHod uses mean monthly ai;
tempe?eture and nonthly daylength‘to form an estimate of

monthly PET. The Thornthwaite method was designed to be a

simple calculation for hydrological purposes.

i

1

P
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'~ Baier and Robertson’(1965) used regression anaﬁyﬁes to
Iink daily latent evaporation from a black-Bellani olate
atmometer to meteorclogical and astronomical variables.
They used five years of data gathered at srx locations
across Canada for the months for May'through October. A
family of eight rrgression equations were producedr All
,equations used daily maximum and minimum‘temperatures and-
calculated solar radiation at the top of"tﬁq.ear'ﬁ's
atmosphere. Each equation differed by the inclusion or
exclusion of measured solar radiation, vapour pressure
deficit, and daily windrun. The simplest merhod uaing‘op;§;
daily maximum and minimum temperatures andvsolarVradfgrion

at'the_too g§§the'earth’s_atmosphere accounted for only 46%
of the observed variation.in latent evaporation.w The most
complete eouation, using all varlables, explalggd the s
maximun amoUnf'(71%) of the variation. U51ng~regre551on
techn%quee, Baier (1971) found 'latent evaporation estimates
(omJ/d) can be converted to approximate crop PET (Qm/d)'by
multiplying by 0.086.

Based on experiments Eﬁ the\Okanagan‘Vaiiey, Wilcox
(1963) recommended using the black Beliani plate atmometer
‘ over.ebaporation pans to estlmate PET " Pelton (1964),
however, analyzed data from Swift Current and dec1ded more
work was ;egulred before atmomete%s could be. recommended
tver evap&ratlon pans. Both authqrs observed that ET is

;E' ': 'J'./ . L ~.

more closefy correlated w1th :/ uger and solar , E

%

-
“
L
N
R TV,



- Swift Current compé?ed with either the Blaney-Criddle or.

\

radiation than with wind\of atmospheri; wagef\vapour
pressure deficﬁt. B

Penman (1948,‘1956)“devglopea an approach for
estiméting“PET'by combiniﬁg an energy balance with hass
transfer equations. The Penman method has been found to
produce satisfactory estimates of.PET in a wide range ofd
climates (Ward 1975) .

van Bavel (1966) tried,fo eliminate the empirical
constants inherent in the mass transfer portion of‘tﬁe'
Penman method. However, the van Bavel approach is‘still
latgély empirical (Szeicz et al. 1969, Jensen et al. 1971,
Saxton et al.. 1974, Slabbers 1977).

Hpbbs'and Krogman (1§6€f 1968) compared PET estimates
from buried tanks, black~Bellani plate -atmometer, and the—
Blaney-Criddle, “Thornthwaite, Jensen-Haise, and Penman

methods with measured ET from well-watered alfalfa at -

‘Vauxhall. The Thornthwaite method underestimated PET by

o

'50% but the other methods, with locai'éélibration, gave

serviceable estimates of monthly PET. Korven and Pelton
(1967) found the Penman method gave the best agreement

between‘éstimated and measured daily PET from alfalfa at

>

Thornthwaite method.
/

|

1)



3.2.4 Penman Potential Evapotranspiration

‘A review of the’literature revealed the Penman_method of
~estimating PET,tﬁibeit with many modifications, has become
~ a (standard technique for computer-based estimation ‘of PET
where sufficient climatological data is available. When
calibrated the Penman method is suitable-for time periods
ranging from one hour‘to g&f month (Burmam et.al. 1980).
Essentially the Penman method combines the drying power
of the air, as inaicated by the atmospheric water vapour
pressure deficit and the wind speed, with the energy
received from solar radiation. The radiation is further
divided into that which goes into sensible heat_(i.e.
raising.the air temperature) and into latent heat (i.e.
;?evaégration of water) . Because the Penman method mixes
mass transfer with an energy balance it is sometimes
referred to as the combination equation.
o The ba;iCxequation of the Pehma# method was:
"PET = 10.0 * [(v/(v + g)) * (Rn + H) + (v/(v + g)) *

15.36 * W * (Ea - EA)]1/L , (3.16)

where:
PET is the Penman PET estimate (mm/d),
10 0 is a proportionality constant (mm/cm)’,

, W‘ﬁgvthe slope of vapour pressure-temperature

e @

‘w&%

j'curve (mb/K) \

1s net radiation (cal/cm?/d),



\
N\
"H is soil heat flux (cal/cm?/4), &

W is the dimensionless wind, functién,

Ea~Ed 'is the mean daily atmospheric wéter
vapour préssure deficit (mb),

15.36 is a proportionélity constant
(cal/(cm?=*d*mb)),

L is the latent heat of vapourization (cal/cm®).

Heat flux:into or out of the soil is usually small

relative to other terms and is often ignored (Ward 1975),

espeéially,fo:4daily PET calculations (Burman et al. 1980,
Staple 1974)

The following approximations (equations (3.17) to

‘_(3;20))'are from Burman et al. (1980).

v = 2.0%(0700738%Tmean+0.80%2)7~0.00186 (3.17)
g=0.386 *P /L : ' : (3.18)
where:
P is the average station barometric pressure (mb)
and P = 1013 - 0.1055 % Elev where Elev is the -
station elevation above sea level (m).
'L = 595 < 0.51 * Tmean S (3.19)

The saturation vapour pressure (Es) at any

temperéture T, (°C) was:

a
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Es = 33.8639 * [(0.00738 x T + 0.8072)" -\

0.000019 % ABS(1.8 % T + 48) + 0.001316] = (3.20)

The_maximum saturation vapour pressure, Ea, was
calculated at the mean daiiy air temperathre."The actual
vapour preséure, Ed, was calculated from mean daily
relative humidity, RH:

'Ed= RH * Es - (3.21)

The wind function, W, is\empiricai in nature. W is
usually found from regre551on analys1s and iszof- the form
W = Aw + Bw ¥ U, - ‘ (3.22)
where: -
Aw, Bw are regressionvconstants,
U, is daily wind travel at 2 m above the ground

»
!
oy

surface (km/d).

Table 3.3 gives the values of Aw and Bw from the literature

based on calculating Ea from Tmean. Pelton and Korvenf

)
3

(1967) felt the original Penman wind functipn constants ?

(1.0 and 0. 00621) underestlmated the e@%:;t of ‘the w1nd on
PET at Swift Current. In this study, values of 1.0 for Aw
and 0.01 fof Bw were used since they appeared most

representative and ;150 give a lafger value to W than the

original Penman constants.
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Table 3.3 Wind Function Constants for the Penman Equation

va Bw ' crop L Author(s)
1.0 ~ 0.00621 clipped grass Penman ( 1948)
1.0 0.01 gfass B Doorenbos and

- Pruitt (1977)
1.0 WO.O1 _ alfalfa Jensen et al. (1971)
"0.75 0.0115 alfalfa Wright and

Jensen (1972)

The following formula was used to estimate U(2) from
the measured wind travel at z metres above the ground
surface, U(z) (Burman et al. 1980):

0.2
u(2) = u(z) x (2.0/z) - (3.23)

3

Wind measurements at Edmonton, Red Deer-Penhold, and
Coronation were all taken at 10.1 m. To estimate wind-
measurements at 2 m above the surface, the measured values

were multiplied by 0.723,
Net radiationl Rgijg§’§alculated from:
Rn = (1 - a) = Rg - Rb : (3.24)
where: jﬁé. : |

a is“he crop albedo or reflectance,

Rs is the incoming solar radiation (cal/cm?/4d),

. -
»

Rb is the outgoing long wave radiation.

(cal/cm?/4d).
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>

Rs is normally calculated from a regression analysis as:
Rs = (As + Bs * n/N) % Ro - (3.25)
where: ) . , .
As, Bs are regression constants,
n is the actual daily hours of bright sunshine,
N is daylength in hours, '

Ro is solar radiation at the top of the earth's

atmosphere (cal/cm?/d).

Selirio et al. (1971) reviewed values of As and Bs found in
the literature. Values of As ranéf from 0.18 to 0.25 and
Bs from 0.48 to 0.62. At Gﬁelph,.;ﬁéy empirically
determined values for As and Bs of 0.23 and 0.57,
respectively. Baier and Robertson (1965) used radiation
measurements at Edmonténland\Ottawa'and calculated values ’
of 0.251 and 0.616 for As and Bs, respectively. The values
of As and Bs used in this study were 0.24 and 0.595 which
were used by‘Staple (1974) for estimating net radiation at
Swift Current. |

Merva (1975) presented an extensive table of albedos of

many surfaces. Burman et al. (1980) suggestéd using an

albedo of 0.23 for‘irrigated crops,, Gray et al. (1966)

4

found phe Penman method produced good estimates of PET at
Saskatoon using an albedo value of 0.25. This latter value

was used in this study.
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' Soiar radiation at the top of the earth's-atmésphere

was estimated from (Kreith and Black 1980): .
Ro = 888.8 * (1 + 0.033 * COS(360 * d/365) =*

(COS(Lat) * COS(DN) # COS(Ws) + 0.01745 * Ws #

SIN(Lat) * SIN(DN)) ’ (3.26)

'wheréz
Ro is the daily extraterrestial radiation
(cal/cm’/d),
d'is the day of the year (Jan 1=1, Jan 2=2, etc.),
Lat is the latitude (°),
‘DN is solar declination (®), o QID
Ws is solar angle at sunrise (°).

[

t

Solar declination was estimated from:

DN = 23.45 % SIN(0.9863 * (284 + 4)) (3.27)

Solar -sunrise angle was found from:
- ‘] B . .
Ws = COS (-TAN(Lat) * TAN(DN)) , (3.28)

Total hourspof daylight were calculated from:
! L e

N = 0.1333 * Ws ) ' ' (3.29)

oufgoing long wave radiation, Rb, was estimated from Penman

(1956):

v

Rb = (0.1 + 0.9 * n/N) * Rbo (3.30)
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where:
Rbo is outgoing net radiation (cal/cm?/d) on a

clear day.

Rbo was estimated from:
Rbo = (Ar + Br * SQRT(Ed)) * SB * Tk* ) (3.31)
where: V
Ar, and Br are experimental constants,
SB is the Stefan-Boltzman constant

(1.14 E -7 cal/cm?*/K*/d),

Tk is mean daily air temperature (K).

Values of Ar and Br found in the literature are listed in
Tablé 3.4.

Pelton and Korven (1969) compared PET estimates using
Penman's radiatiénaconstants (0.56 and -0.09) with those
using méasu:ed net radiation. They Concluded there was
little diffgrence between PET estimates using either:
measured and estimated radiation. Based on this, Ar and Br
of 0.56 and -0.09, ;especﬁively, were psed to calculate |
outgoing long wave radiation. o |

Both EdmontonAImﬁgrnationai Airport and Coronation

Airport have fewer years of sunshine records than other

meteorological data. To extend the number of .years of PET

Feson's (1965) estimate of daily

.";.'.‘

estimates, Baier and
latent evaporation from an atmometer .was calculated from

daily maximum and minimum temperatures, solar radiation at
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- Table 3.4 Experimental Constants for Estiméting Outgoing -
Long Wave Radiation }
Ar Br n Author(s)
0.56 —o:%kfw Penman (1956)°
0.34 -0.044 Doorenbos and Pruitt (1977)
0.39 - -0.05 Burman et al. (1980)
0.31 -0.044 Heerman et al. (1974)

the top of the earth's atmosphere, relative humidity, and

wind run.

On days when both lat

ent evaporation and Penman -

PET estimates were known, a separate linear regression was

performed of Penman PET on latent evaporation for wet and

'dry days during the entire 190 day period from April 9 to

t

October

15

. When only the laten

~¥

: -
known, an estimate of Penman PET was made using the

t evaporation estimate was
0

regression const&its. A separate regression analysis was
. . [ h .

then performed of PET on maxi@pm daily .temperature for wet

and dry days for each ten day period. ‘The coefficient of

determination (r?) for these regressions usually ranged

from 0.45 to 0.65 with extreme values of 0.22 and 0.75.

This showed there was a high correlation between maximum

temperature and PET on either wet or dry days over these

short time periods. The equation used to generate PET was:

PET

a +b % Tmax + G * SE

(3.32)
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where:
.a, b are regression constants,
G is .the normal deviate from equation (3.9),
SE is the standard error of estimate from

regression of PET on Tmax on wet and dry days

during each ten day period.
} .

The climatic da:ze for Red Deer-Péhhold were merged with
those of Lacombe to have a complete‘set of data to
calculate PET. Precipitatfon and temperature data were
used from Lacombe because the périod éf record was longer
than at Red Deer-Penhold. Relative humid: v and wind
measurements were.only available for Red Deer-Penhold while
sunshine measurements were only'availablé for Lacombe.

' Weather generated ffom the probabilities derived from this
combined data set was assumed to apply to Lacombe.

Only température and preci{itation daté were ayailable
for Lethbridge. Lacombe and Lethbridge have similar
patterns of monthly precipitation. Average ten day PET

.est?mates were éreatéd for Lethbrigge by assuming the PET
for the two locations were in the same proportion as Class
A pan evaporation. These latter PET estimates were altered
by inspection so that PET formed a relatively smsoth curve
with time. Based on this proc¢edure PET estimates at
Lethbridge were about 110% of those at Lacombe in the early

spring, 120-135% in mid summer and 150-200% in the fé}l.

-
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PET for Lethbridge was generated by modifying the PET
reéression constants calculated for Lacombe. The slope of
the regression equation of PET on Tmax at Laéombe was
assumed to apply at Lethbridge. For simulation purposes, a
.correction was made to the PET estimates to afount for the
fact that Lethbridge has a higher number of dry days during
‘the growing season than Lacombe. kThe'PET estimates based
on pan evaporation ratios were multiplied by the proportion

of dry days at Lacombe during each ten day period over the

similar proportion at Lethbridge. Without this correction, -

the ratio of PET at Lethbridge to that at Lacombe would be

o

gréater than the pan eVépor:fion.ratio because Lethbridge
has more dry days (whlch%:sually have larger PET) T‘A new
1ntercept was derived as the difference between the
modified PET at Lethbridge and the PET component derlved
from Tmax alone. The standard error of estimate for PET on
Tmax at Lethbridge was assumed to be the same as that at
Lacombe- |

Penman PET as calculated bfgéquatioﬁ {3.16) is
approximately validwfo;-well—watgred established alfalfa
whose leaves form’a ;omplete cover over the soil. A crop
coefficient is applied to convert this PET estimate to
other crops. The crop coefficients are generally different

for each distinct crop growth stage to account for changes

in leaf area and aerodynamics.

Y
-
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3.3 Soil Moisture Model
de Jong (1981) rev1ewed many existing soil water e
.vﬁ"

mathematlcal models., He divided all the models into tbree’f
groups: phy51cally based models, soil water budgets and
comblnatlonal models.. The physically based models use the
principles‘of the continuity of soil water f;ow to predict
water movement ‘in responSe.to water potentiai o TG
gradients. These models require a detailed date base
Aregardlng soil and plant propertles A soil moisture
budget estimates soil moisture by trying to balance inflows
and outflows (usually on a daily ba51s) of 5011 water
within a hypothetical block of soil. ‘Stﬁted 51mply, water
additions minus water losses frgm the sorl equals the net
increase in water storage within the soii. Water outflows
can occurithrough ET, surface runoff, percolation below the
rootqrone, and lateral subsurface flow into adjacent soil.
Water inflows come from rainfall, irrigation, upward flow
of water from below the root zone, surface flow, -and
lateral subsﬁ&ia?g flow. Soil moisture budgets are
‘1nherently emplrlcal The comblnatlonal models un1te
conceptsﬂfrom soil moisture budgets and phyqlcally based
models. - _ . ' 9

Neither the physically based or the combxqptlonal
models are frequently used because of the need tor detailed
1nformatlon of the plantvand soil. By contrast, soil

moisture budgets are almost universally used to estimate



soil molsture for ?rrigation purposes dr for hydrological ™ <o
‘ v

- \ 0 v : ‘ : "y

modeﬂgj’f_ ' T . ‘ - :
Soil moisture budgets vary in complexity In their

simplest form, only one 5011 1ayer is considered with raln’

and 1rrlgat10n be1ng .the only inflow and @q the sole 'xy .

'outflow. More complex 5011 m01stuggﬁbudget§\glv1de the : e
S ”f y ' ", o i ‘ i
" der‘all the - -

@ : . '
' inflows and outflows thought to be“lmportant by the S .

.& m,
. e T E

- odeler. . S ' 'f T S

& -
b&~ iialer and Robertson (1966) developed the, "Veréatlle
:"Wu . v (‘
Soil M01sture Budga&f*(VSMB) Baiers et al (1979) c1ted .

Y‘

/~where the VSMﬁ had predldted soil

. (‘. 7

'numerous app§

'fm01sturag§1th1n the ac&uracy mePsured "field" soil
mmstu:vew« S O fﬁi ~p« Lo v . e
K : . o R Y . - . 8 - - )

- P
Lm0

“ THe ?SMB estlmates bth so}l mwistupe andiﬁT on a dalky
‘ba51s.- Thls is done byﬂbafandiné_%hanges invsoil m01sture, .
1nflows.from 1rr1gat1d% and &alp, and gutfl:if.from surface o
runoff ET, and deep percolatlon bglow gﬁe root zone. All

1nflows are asspmed to occur at the end o%ﬁday after all ET e

RV 3
L A
"‘;

has taken plé&e._.t g-._‘;u~ .

g 3 " e
2 The verSat111ty of the VSMB. stems Qrom its ablllty to S

;accommodate both homogeneoﬁs and vertlcally heterogeneous_;
soils of any rootlng depth“ -Also, the VSMB allows the user

- . y *
¢ - " .
“'able scope ‘to choose some. of . the functlgnal - -

consid

B dxv1des the rootlng depth 1nto six layers or -

ﬂ W(

" The

zonesﬁ Eacfi zone represents a'horlzoﬂ‘tal sllce of 5011 of

. - . Yt . i ‘e - -~ . v
:‘0 - . . ‘)(""‘ S N LA o .
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unspec1f1ed thlckness From the uppermost to the co T e

1owermost' these zones contain 5. O 7;5, 12.5, 25y0 *25.0-

- ‘1

and 25 0% ‘of the total capacity for plant avallable

morsture in the root zone. From the top of the- root zone

to the bottom, the ‘zones are numbered one to 51x.i
2 g : _ "
I g Emplrlcal crop coeff1c1ents, k, reflect the amount of "5

" water extracted from each zone. The k coeff1c1ents.are gﬁ
P ) o . : s ) s ' ‘ﬁ%’
LR , . PR .. . x o o8
' different at various growth stages of the crap- to account - c
for‘Changes'in rooting pattern and crop canopy. %inally, -

l

the Z factor ﬁor each zone estlmates the effect of 5011

ﬁ

m01sture on ET The .k coeff1c1ents and z factor,not only .
. Y
*, o

determlne “the dlstrlbutlon of+ ET from t’he 31?root .zones bwg IR P
N ;u R4
A‘also defermine the relatlonshhp between Penman PET estimate g

=3 o
and actual crop PET durlng dlfferent growth stages

“

The equatlon to predlct ET for each zone was:

CET(3) —xk(j) ¥ SMTJ)/SMCTJ) * z(J) * PET - "'Q3;33) IR

.:o-. . ‘7 PO A :”,' th ‘L‘k . - .
L where: fTo T P

'“f_ A k{3) . is the«w crop coeff1¢3§nt for zone j,
,SM(]) 15aava11able%£oll mozstﬁfe in zone ] (mm)
. . ) »

& SMC(]J is: avallable 5011 moisture capacity in

‘zone J- (mm) §

®
z(J) is ‘the .z factor for each zone, .
P - PET is the/PET estlmate (mm/§3 iﬁ F '. é@
. A,% - . :‘ 4; ~ ’;?0& ' . _* . - %, %
b was. Y e
ET from any zo e was, of course, llmlted to SM(UI - g O
: - . . Y < ﬁ 4

U51ng the k coefﬁ)c1ents presented 1n tg%§1979 VSMB _

-,.figg (Ba1er et al 1979) for. wheat: undeﬁ%ﬁtlmated sedsonal ET
3 . o
*

. T R ~
s | L %
- v ~
o . .
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‘for irrigated wheatvat Lethbridge. Sdott (1975) ferived
crop coeff1orents on a calendar ba51s from actual spil
moisture exper1ments in southern Alberta The to&al of the-

L.Scott s k coefficients was larger than the total for the
" 1979 VSMB k coefficients and thus, Scott's k coeff1c1ents’
predlct hlgher ET from soils with equally available

m01sture contents In thlS study the VSMB k coeff1c1ents

. "were modified so thelr root~zone totals agreed more closely

w1th those .of Scott The VSMB zonal proportlons were left
unchanged For alfalfa the 1979 VSMB k coefficients were 5
used unalt%red Table 3.5 llStS alfalfa and wheat k '
: * :
: coeff1c1ents{ 'W;th no actlve growth the k coeff1c1en$s ¢
”from topfto’bottomrwere: 0.60, 0.15, 0.05, 0.0, 0.¢¢, 0.0
(scott 1975): W ~ S ew
When the surface 5011 is dry, plants absorb Y S
9%,, .:t1vely more water from lower, relatlvely moist so1I'
zones:, - The 1979 VSMB allowed fér-an adjustment of k S
x : S
. coeff1c1ents tq a0count for this behav1o ;s follows: S
. X o . . .m= j—‘] ) , i ) % "
) = k) - k(j)‘ sl D k(m*(1- AM(m))] 3. 3af
- 1%.
| "*‘
] m—l~3 L . 1{;\2 i
~where k' (j) is themadjusted"k‘Eoefficientyfor-%pne j. o
: = . ’ . Cl : : N q‘u’
. The adjustment was made .to the lower four z&nés whenever
A P o A
the crop was grow1ng and the average avallable\m01sture in ‘ “ &
the upper three 2ones was' less than 25% of avallable soil 3
. y i ‘5‘ i . K H - : “+ -
B R m01sture capac1ty o . ‘ - &
- ) ' \4‘.;;;;.’:'?5};” § +
~ A P - 2
¢ W ‘)Q- LY -
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Table 3.5 Crop k Coefficients ! ' ‘

,.;§ ’ | ‘ Alfalfa

Crop Growth : ' - | Zone o
Stage 1 2 3 4 5 6

Start of Growth . .
to Full Cover -0.50 0.20 0.15 0.12 0.08 0.05

Full Cover to

First Cut 0.50 0.25 0.23 0.22 0.15 c.10
First Cut to X :
Full Cover 0.50 0.22 0.18 0.15 0.15 0.10
? .

Full Cover to . L :
Second Cut 0.50 0.25 0.25 0.20 0.18 0.12

After Second Cut = 0.45 - 0.25 0.20 0.20 0.20 0.15

Wheat

Planting .to \ , .

Emergence 0.43 0.15 0.13 0.10 0.03
Emergence to ) . k

Jointing 0.47 40,23 - .0.16 0.14 0.03 0.02

L s @ i _
Jointing to g

Heading - 0.12 0.05
Heading to ‘ o

‘Soft Dough | g@;v 0.15 +.0.09
Soft Dough to - .. e

o 0.07 0.04

-Ripened
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moisture decreases (Je®sen 1968, Mapp et al. 1972,

A 69

O

explain the effect of soil moisture 'on ET. Of these
relationships, many suggest‘‘that resistance to soil

moisture extraction decreases solely as aVailahle sojl

.-

Minhas et al. 1974, ﬁgfmussen and Hanks,'197&j5Rhenals and "

L] £

Bras 1981, Sammis et al. 1983).. The VSMB has:a;h%gber of

z curves which predict ET as a functlon of avallable
- é

moisture. These are shown in Figure 3.1: ! &qg 'aﬁd H’

’Tare‘snégested for first estimates. Baier et al.: (1979)_

p01nt out that the choice of the z curve 1s somewhat SO

-
v;_/: --4

arbitrary since ET preglct1ons vary little bétween similar

‘curves (e.g. D and C)
o TN
Numerous researchers have explalned the degree of soil
. X
]m01sture eﬁfractlon decreases with 1ncreaslng PET and/or

decrea51ng avallable m01sture (Holmes and Robertson 1963

"‘\.\

5@Gavande and Taylor 1967, ~Windsor and Ven Te Chow 1971

Dpdley et al. 1971,‘Yang and de Jong 1972, Saxton et al.

<k

‘l974 Doorenbos ana Pruitt'1977 Seler1o and Brown 1979

@?tlonsgips 1nvolv1ng both AM and PET probably best
<descr1be root extractloh and plant stomatal behav1or
Eagleman (1971) develdped the followlng equation for
the z factor based on . exper1ments for alfalfa in Arizona,

ﬁ@ado? grasses in Ohio, aad corn and soybeansﬁin Iowa:
v ‘ S u .

Many'relationships‘haq5 been hypothesized and tested to

\ﬁ%

E)
o
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> ((-0.050 + 0.732/PET)/AM(3j) + BN

i U g
’ [{]

(3.97 - 0.661 * PET) +
(-8.57 + 1.56 * PET) % AM(3) +
(3.35 - .0.880 % PET) % AM(5)?) - . (3.35)

where AM(j) is available moisture in zone j. .

o .

The experimental g&té base for equation (3.35) had PET

ranging from 2.0 to 9.0 mm/d. Figure 3.2 plots z versus AM

,at PET equal td 2.0, 5.0 and 8.0 mm/4d. Eagleman's

‘addition, the VSMB assumes all precipitation léss,than 25.4

function Qas used since it agreed reasonably we®l with the
VSMB z curves but included the effect of PET on tﬁe*crop‘s
ébility to extract soil moisture.. Although unwieldy for
hand calculation, it was relatively simple‘to implement on
a high speed computer. Predicted z factors from'equafion

L) .

(3.35) were limited to the range from 0.0 to 1.0.

v

The irrigation system was assumed to be designed such

that all irrigation water infiltrates the soil surface. 1In

v

mm infiltrates thHe soil. For precipitation in excess of
: e b R ‘ ' h

25.4 mm the fqlloﬁihg engiion.ﬁaS'applied”tQ'estimaté 
infiltration:

I = 25.4 % (0.9117 + 1.811 # 1n(R/25.4) -

0.97 % AM(1) #'1n(R/25.4)) . B (3.36)

where: . Zc”'g L v a
L . 7 ' 3 ‘:; . . . R :' . : \
! is surfacek *infiltratién (mm),
. ; ,
i ,

<R is déﬁlyépreqipitation (mm) ,

AM(1) 4 &AM fraction in zone 1 (surface). -

3
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Any precipitation which does not infiltraq; was counted as
- w'j ) \ . . R : )

.‘éﬁrface runoff. The VSMB estimation. technique for surface
‘runoff is a very crude approximation since it does not take

into account the surface landform or the structure and -

texture of the topsoil. wuqﬁ§~ Y
de Jong (1981) pointed out the major criticism of 5011
m01sture budgets in general is that they do not account for
unsaturated flow (i.e. soil m01sture movemefit when the soil
moisture content is less than field capacity) Although
van Schaik et al. (1976) found.the'VSMB couldvably model
soil moisture in southern Alberta, they suggested the VSMB
could be 1mproved by aIIOW1ng unsaturated flow. The 1979
VSMB contains an empirlcal percolation coefficient which
Upermits downward unsa rated flow on days with rain and/or

irrigation. The basic equation for percolation into the

subsurface soil zones was:

’

I(ai’= [(1 AM(])) * b(])] ¥ (1(1) I n)) (3.37)
) | “ Z |

A N L. *
’ Jt
I1(j) is-percolation into zone j,<§

' b(j) is the percolation coefficient for zone .

The percolation coefficient, b, varies between 0.0 to
1.0. Baier et al. (1979) suggested b is about 0.0 for coarse

coarse textured soils and about 1.0 for fine textured 50115

The b coeff1c1ent applied only when AM(j) was less than 0.90.

K



Q

Percoiation into any zone was limited to that which will
raise the zone to field capacity. jAfter percolation into
the bottoQ%Fone had been calculated, any remaining water
was counted as deep percolatlon aqd was assumed to be lost

permanently from the root - zone.
de Jongrand‘Shaykewich (1981) developed a soil moisture
budget very similar to the VSMB. They added a modification

to account for a nearly impermeable layer below the root

zone. The hydraulic conductivity of this layer was given a

constant value of 0.5 mm/d. 5011 zones above this layer
can become. saturated. These saturated 20nes represent. ;
perched water table. Water uptake by roots from any
saturated zone did not take place unless the m01sture
_ content of the zone directly above was less than 95% of
saturation.

vIn east central Alberta, many Solonetzic. soils have a B
horizon which is nearly impermeable~to water or roots.
Likewise some Luvisolic soils, which developed on fine
textured.parent materiai, have a nearlyyiﬁpermeable

illuvial B horizon. To mod&l these soils the modification

of'de Jong and Shaykewfch was used. The 'z fact@ghof the

zone whose overlying layer was greater thargiﬁﬁ.r
.7

was set at 0.05. . When the ertire root zone?

saturated, all subseque

surface runoff.

2
\

b

4
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ITC = 1.0 + RR/[0.5 # (RR + 15.0)]1 - (3538)
where:

ITC is foliar interception (mm), X

RR is rainfall and irrigation .(mm).

Equation (3.38) was applied between the jointing stage and
harvest for wheat and during the latter 80% of each growth®
of alfalfa. Interception was subtracted from PET on the

»

day rainfall or irrigation occurred. Interception was
- ‘
limited to that day's PET to alléw no carry-over.
Evaporated interception was added onto that day's ET.
Three hypothetical soil.types-were modeled. All were

assumed to be located on land with a level to rolling L

"topography (0 to 8% slopes), good surface drainage, and a

permanent water table below the root zone. %

- With no restriction, effective crop rootlng depths are,
7 ~
usually considered about 0.9

1.8 m for established alfalfa¥g
Soil tYpe I was considered to be r preeentative of many

common cultivated soils in’east central Alberta Thisueoil

was homogeneous, medlum to fine textured (;aﬁg*to@’?ﬁyw“ .
R “’*}.ﬁ’&' AN

loam), and had a permeable sub501l with no resPricE
root depth. Because each VSMB zonegcdhtalns a.proportion

of total plant available m01sture,,the assumed moisture

holding properties could represent a number of combinations

o

of rootlng depths and total volumetric available’ m01sture

&3
capac1ty. The modeled moisture holdlng properties apply to

s

e

B
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;ya rooting depth of wheat and alfalfa of 1.2 m and 1.5 m,
respectlvely, with 12% total avallable m01sture capacity,
0.9 m and 1.2 m with 16% total avallable moisture capacity,
or 0. 69 m and 0.91" m with 21% total available moisture
capac1ty © The percolatlon coeff1c1ents were set at 0.5 for!
all zones and the hydraulic conductivity" of the soil
underlying the lowest zone-was set at 10 mm/d Saturatioq
was assumed to occur when the 5011 contalned 119% more
water than available moisture capaoity (Hausenbuiller 1978).
Soil type II -was an attempt to represent many
Solonet21c soils as well as Luv1sols wh1ch developed on

fine textured parent materlal. Effectlve rooting depth was
r;stricted'by a hardpap and was the same for. both wbeatvand
alfalfa. The.root depths were 0.515 m wiep_14%itotal
available moisture cppacity, 0.400'mdngthB% total
available moisture capacity, or 023331mh”with 22% total
‘available moisture capacity;WZThe pefcolation coefficient
was 1.0 fof all zones and the hydraulic conductivityof
the.rest;icting layer was set at 0.5 mm/d. Saturation
was assumed tovoecur_when‘the soil contained 89% more -
water than available moisture capacity (Hausenbuiller
1978). * ’ - "

Soii type 11 ie‘;ot a good soil for irrigaGion'
development because it has very'poor internal drainage.

‘However " such 50115 are of 1nterest because they may occur

in small patches w1th1n a field of otherwise better 5011

i
A

a -t

ey

*
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" Soil type III was designed to repreéent a soil which
developed on coarse textured materials (sand.to sandy
loam). éecause these soils have a limited moisture holding
capacity,vcrops grown on them are egpecially subject to
drought. Therefore these coarse textured sbils are
attractive soilé.to irrigate. Soil type III, rooting depths
for wheat and alfalfa were 1.35 m and 1.8 m respectively at
6% availagle moistur- ty, 0.9 m and 1.2 m at 9%
available moisture ¢ - or 0.675.m and 0.9 m-at 12%
aviilable moigture capaciLy. The pe;coiétion coefficient
was 0.0 for all 2ones (i.e. no percplatibn until tﬁe%uppe:
zones reached field cépacity).' Thé?hyéraulic comductivity
of the subsoil was set dt 20 mm/d. Saturation was assumed
to occur whenitﬁe\sgil-contained”§45% more water than
‘available moisture Capaqity (Hausepbutller 1978).

The procéSses_oi pvefwinter‘soil‘moisture movement and
»inﬁiltratiohdof sﬁowmeltiafe pooriy understood. To

y ‘circumvenf this problem, -the moisture content of the soil

ril Sywas generated as a random variable.

Gray et alA (1983) analyzed the overwinter -moisture changes

of drylandﬁand'irrigated spils in central SaskatchewénQ
Their work showed that the éost—smowmeli‘moisture‘¢ontent
of the upper 0.3 m of soil was appgqximately uniﬁpgmly
diglribufed_between maximum and minihumflimité. Therefore

the actual soil moisture_contéht on April 9-was assuméd'to
) RN . 2 . ' .

be uniformly distrﬁjd, ‘o Tife smallest ang largest

. Lo B L 3

~ o :
yotal aVa?iable moisture capacity for

. expected fraction g |
R

. Y
B B i . B .. \
. . .

” \

o

)
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b

the 2nd and 5th zones were inputted. The'etartingvsoil

m01sture was chosen randor etween these limits. The
1 " -

hoisture content of the top .one was set equal'to the
second whilé that of the bottdm zone was equal to tﬁk flfth
zone. The moisture contents:-of the third and foutthhzodes
were interpolated between the second and fifth zones. Qqu

soil types I and III, which had good internal -drainage, if

o

~a moisture content greater than field capacity was
‘generated, it was set to field capacity. This adjustment .

was not made to soil type II, thus, allowing a very wet

-

soil 1mmed1ately following snowmeit.

%breliminary model runs showed.that’on October- 15,

‘ itfi?ated'gfils frequently contai~e” considerably more soil
‘ggm01sture in the 5011 profile thar the dryland soils. To
’xw;ccountﬁgor this, separate April 9 5011 m01sture llmlts-
.for irrigated and dryland soils could be anutted ’The

randomly generated fraction between the maximum and mipimug
soil moisture.}imitsciof‘zohe 2 was the same for both
itrigated and dryland soil. This assumed that..soil {
moisture?in~beth the'irrigated and dryland topsoil were
highly correlated. For soil'zoneVS; soi} moisture yes
generated independentlyifor the dryland and<irtigated“-

2

soils.

wf

‘Table 3.6 lists the assumed{

B ; . “‘ B P
avallable s0il m01sture fcméeaé% location, crop, and 5011

type. The moisture. llmlts for wheat attempted to 51mulate

the starting soil m01sture for a crop plan&ed eguaLly often

~
’ -~ X
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Maximum ahd Minimum Proportions of Plant

Table 3.6
. _ Available Soil Moisture Capac1ty ‘for Wheat
and Alfalfa
Alfalfa
Topsoil Subsoil
. Maximum Minimum Maximum  Minimum
Soil Propor. Propor.. Propor.. Propor.
AM Cap. AM Cap. AM Cap. AM Cap.
I Black 1.00 0.25 0.50 0.25
Dark .Brown 1.00 p.10 0.50 0.00
11 Black +1.00 0.50 1.00 0.00
Dark Brown 1.00 0.50 .0.90 0.00
ITI . Black 1.00 0.25 0.50 0.25
Dark Brown 1.00 0.10 0.50 0.00
\\\ .
Wheat
I Black 1.25 0.50 1.00 0.25
; Dark Brown 1.00 0.50 1.00 0.25
II Black 1.25 0.50 1.00 0.25
Dark Brown 1.25 0.50 1.00 0.25
111 Black 1.25 0.50 -1.00 0.25
Dark Brown 1.00 0.50 1.00 0.25-



~
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:on stubble and fallow soil. de Jcng and Cameron (1980)
reported that grain stubble on Dark Brown soils in
Saskatchewan gain an average of 82 mm of m01sture from
harvest to after snowmelt (standard dev1ation was 35 mm)
Fallow Dark Brown soils gain an average of 115 mm with a
standard déviation of 33 mm from harvest to the next

seed: 4. For grain stubble Black soils in Saskatchewan the
gain was 57 mm with a standard deviation of 45 mm whlle for
fallow Black soils the moisture gain was 63 mm with a
'standard deviation of 45 mm. Honever it was assumed thatv
Black soils (Edmonton and Lacombe) would be slightly more
m01st in the spring than the Dark Brown 50115 (Coronation
and Lethbridge) because the Black soil zone generally
recelyes more fall and winter precipitation along with less
'PET than the Dark Brown soil zone. Also the Black soils
were assumed to have slightly more available moisture at
hatvest than the Dark Brown soils.‘ For both Black and Dark
Brown soil type II the starting scil.moisture in the spring
“for.wneat'had the same distribution bécause it was assumed
that this soil's low moisture storage capacity and poor
intetnal drainage would balance out the differences between
the Black and Dark Brown sqil zones. A larger difference
between apring soil moisture for the Black and bark Brown
soil zones was assumed for hayland. ‘The rationale fcr this
latter assumption was that not onl§ does the Dark Brown
soil zone receive less precipitation, but generally growth

continues farther into the fall in the Dark Brown soil zone
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so there is less ﬁoisturé in tﬁe root zone when the stand
becomes dormant in the fall. Table 3.7 lists the assumed-
probability distribution of sp;ing stored moisture for all
soils whiéh were modeled. » 4

| To simp;ify the running of the modél, Ehe stértinglsoil
moisture for the irrigated soils was normally fhe same as

the dryland moisture distribution listed in Taﬁ%e 3.7.

Table 3.7 Probabllxty Distributions of Stored 5011
Moisture on Apr11 9

Alfalfa

Stored Soil Moisture on April 9 (mm)

Probability of I Il III
Exceeding Bl Dk Br ‘Bl . Dk Br Bl Dk Br

1.0 48 6 11- 11 27 3
0.9 56 17 17 16 31 10

- 0.8 63 29 23 22 . 36. 16
0.7 71 44 29 27 40 23
0.6 78 53 35+« 33 44 33
0.5 86 65 41 39 48 36
0.4 94 77 47 44 35 43 .
0.3 101 88 54 50 57 50
0.2 109 100 60 1 56 61 56
0.1 116 112 66 61 65 63
0.0 124 124 72 67 - 70 70

Wheat

1.0 47 47 23 .23 26 26
0.9 57 56 29 29 . 32 32
0.8 ‘68 66 34 34 38 37
0.7 79 76 39 ‘39 44 43
0.6 90’ 86 . 45 45 50 - 48 -
0.5 101 95 50 50 57 54
0.4 111 105 56 56 63 59
0.3 121 115 61 61 68 65
0.2 129 125 66 66 72 + 70
0.1 136 134 72 72 77 77
0.0

144 144 77 . 77 81 - 81
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3.4 Alfalfa .. .
- “

4

Alfalfa (Medicago sativa) is grown asla forage for
ruminants in a wide variety of climatesfu Alfalfa has no
period of heightened sensitivity to moisture stress.
Alfalfa is dreught tolerant and can become almost dormant
during prolengea drought periods. Muqﬁ of its drougﬁt_
tolerance, however, comes from its extensfve root system
which can draw water from con51derable depths In Alberta,
alfalfa.is often grown in mlxtures with any of a number of
different grass species. These alfalfa-grass mixtures
improve~both forage and livestock productivity &nd also
improve stand lbngevity: Alfalfa is a legume and thus can
supply much of its nitrogen needs using atmospheric
nitrogen with the aid of syqpidﬁic microorganisms.. Other
- than fertilizer requirements (alfalfa-grass mixtures
typically need mere nitrogen thah more pure stands of
alfalfa),.the mana;ement and use of alfalfa—grass.mixtdies
with at least 50% alfalfa is very similar to pure alfalfa.
Although alfalfa is a perennial, the proportion of alfalfa
in the stand decreases each year because of winterkill of
the aifalfa and the competltlon from other plants. After
several years (usually four to ten years) the stand must
be.plowed under. 'Usuallx in the establishment year (the

year seeded), only one or no cut is taken. Alfalfa or

.2
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alfalfa-grass mixturee can be utilized as dry hay,
dehydrated feeallpasture, or hayiageﬁ

Bauder et al. (1978) in North Dakota and Daigger et al.
(1970) in Nebraska both found that seasonal alfalfa yield
is an approximately linear function of\seasonal consumptive
use. Oeher work has suggested that the yield response of
alfalfa to consumptive use, rather than being linear,
decreases as seasonal consumptive use increases (Alberta
Agriculture 1982). Bauder et al..(1978) also found that
the ratjo of actual elfelfa yield to potential yield
(moisture not limiting) is proportional to the ratio of
actual seasonal consumptive use to potential seasonal-
.consumptive use. Stewart and Hagan (1969) concluded a
similar relationship holds in central California.

b

Holt et al. (1978) developed SIMED which is a elaborate
computer simulation moéel of alfalfa growth. SIMED
attempts to predict qaterial flow, growth, respiration, and
water relations in an alfalfa crop on a hourly
basis. SIMED requires extensive hourly weather data in

addition to detailed modeling of many internal plant

processes.
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3.4.1 Alfalfa Develo@ment Model . .

\ , :

Selirio and Brown (197%) estimaged that alfalfa in
southern Ontario begin§\g;pwing after tﬁ; da{ly»meah
temperature exceeds 5 °C foﬁ five déys aft;r March 15.
Wilcox and Sly (1975) suggested that effec' \e growth of
alfalfa in western Canedéwbegins on the th.za day of five
consecutive days wh?n'éﬁe mean aily temp:.c -a exceeds
5.6 °C. Another criteria fo}'%stimatinq the . -wing season °
of alfalfaqis the period between the last s ng frost and.
the first fall frost:' Thejiehperatures of .~ kil'i-g frost
is often taken as <2.2 ®¢ (Pohjakas et al. 1967,

In %he model, spring growth was assumed to :cart on the
first day after 40 degree days (5 °C base) had been
attained providiﬁg the minimum temperature on that day was
greater than -2.2 °C. -Growth occurred on each day the
temperature was greater thaqv—z.z °C; After the first cut
the first frost below -2.2 °C caused the stand to go
dormant until the subéequqnt spring.

The date of the cutting of alfalfa is a variable
determined by the farme; based on the Qéather, crop
cpndition, aéd other demands on available labour and
machihery. Opt imum quality and the yield of alfalfasgre , -
achieved by cutting during the early bloom stage. Selirio

and Brown (1979) predicted early bloom occurs after 550

degree days (5 °C base) have been accumulated since the

a
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start of growtﬁ or cutting. Doorenbos.and'xassah (1979)
estimated alfalfa is ready for harvest after 500 ‘to 550
degree days (5 °C base) have been aqcuﬁuléted. For the.
model, the lowest value (500 degree days) wasﬂmsed since

in the sunny climate of Alberta alfalfa will mature at

» o -
Irrigated and dryland alfalfa were assumed to develop

a rapid rate.

at identical rates. This simplified the model but was
‘actually a poor assumption. Heywood et al. (1972) noted

‘}hat,ﬂinbthe Edmonton region, dryland alfalfa began

flowering earlier than irrigated alfalfa. One of the
irfigatqrs contacted in the study region used irrigation

partly to delay alfalfa flowering to control quality.

Th
effect of assuming equal~develophent.rates on yield is

probably not great over two cuts.

" 3.4.2 SIMFOY Alfalfa Yield Model

~ SIMFOY (Selerio and Brown 1979) is a soil moisture
based yield model developed to prediét dry matter forage
yields for'érop insurance purposes in southern Ontario.
'Although SIMFOY is élaimed to be épplicabie for al%/types
of forage including pasture, it is based on alfalfa and

alfalfa:a?éss\mjxtures.



Cumulative potential yield wés calculatedffrom:
P=Q/(1 + EXP( 5.3 - 6.7 *'S'QRT(.D))) ' (3.39)
wheré: |
P’is ¢umula;ive potential growth,
Q isfmaximuﬁbcumulatjve yield for each grbwth
(12 000, 7 000, and 5 000 kg/ha for the
br\first, second, and third growths, .
f respectively), . |
D is the alfalfa developmént indéx for each growth
. (D increases linearly with degree days and |

equals 0.0 at start of growth or regrowth

and 1.0 when'reédy for cutting).

If harvested when D equals 1.0 then tée potential
yields from eéch grdwth are 9626, 5615 and'4011'kg/ha
(total 19252 kg/ha). - Daily potegtial growth for the. )
current day (day i) was simply the difference bétween thék
curremt cumulative potential growth and that for the -
previous day:

p(i) = P(i) - P(i-1) ' (3.40)

where p(i) is daily potential growth on day i.’

Growth occurs at the potentiii,kate‘only if available
soil moisture throughout the root zone exceeds 80% of field
capacity. 1f the available moisture in all or part -of the

root zone is below 80%, then daily growth is reduced by the

1
3

4



ratio of actual available moisture, weighted for root
distribution, to 0.8. The relevant equations were:

p(i);  AsSM(i) > 0.8 ; (3.41)"

y(i)

y(i) p(i) * ASM(i)/0.8; ASM(i) < 0.8 (3.42)
where ASM(i) is the"total of ‘AM for each zone multiplied
by a weighting factor for root distribution

for each zone.

SIMFOY contains its own soil moisﬁurekbudget.which
assumes a homogeneous soil with a rooting depth of 0.75 m.
The budget divides thé root zone into‘six zones which from
. the uppermost to the bottommost cont;in 10,.10, 20, 20, 20,
and 20% of the total available moisture capacity,
respectively. SJMFOY was adapted to the VSMB by adjusting
the';ootihg distribution to the standard VSMB zones. The
adjusted weightiﬁg factors for each zone durihg different
development stages are given in Table 3.8.

Applying SIMFOY to a root zone exéeeding 0.75 h would
incréase the estimated yields because Fach zone contains
more moistufe. Thus, for the same moistﬁre extraction, the

soil moisture content would remain higher and less yield

reduction would take place.
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‘Table 3.8 SIMFOY Root Weighting Factors Converted to VSMB

Zones V- :
Crop Growth | 'VSMB Zone '

Stage a1 2 -3 4. 5 6
First Growth " |
0.0 <D < 0.1 0.200 0.275 0.275 0.200 0.050 0.000
0.1 <D < 0.2 0.175" 0.250- 0.275 -0.200 0.088 0,013
0.2 <D< 0.3\ 0.150 0.213 0.250 0.238 0.088 0.063
0.3 <D< 0.4 0.125 0.188 0.250 0.263 0.113 0.063
0.4 <D< 0.5  0.125 0.175 0.200 0.225 0.150 0.125

D>0.5  0.100 0.150 0.200 .0.250 0.175 0,125
Second and Third quwthS' _
¥ D<0.2  0.175 0.250 0.275 0.200 0.088 0.013

D >.0.2  0.100 0.150 0.200 0.250 0.175 0.125
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3.4.3 Wageningen Alfalfa Yield Model

The Wageningen yield model is a s;andard crop
:production ﬁodel. ‘The Wageningen methdd has @eeh applied
to a wide Vériety of field crops. Eséentially the médel_
eétimatés'total'plant dry matter production based on the
assimilation 6f carbon dioxide using‘available energy from
the sun.  As with-other crop models, the Wageningen method
.ignorés_thé effect of diseases, insect péSts,-parasites,
and weeds on yield. The‘wégeningen yield model also
assumes optimum soil fertility (i.e. the availability of
»micronutrients aﬁd macronutrients does not impose any
resfriction-on yield). The above assumptions are
reasonable with‘appropriate choice of crop rotations and
crop variety along with the use of effective pesticides and
' fertilizer épplication based on fecbmmendations stémming
from laboratory.séil»fertility7tests.

The baéic equation of-theAWagenihéen Yiéld method'is:

y = K # Cp* Ct* Cs* Hi* Pstx ET/(Ea-Ed) . (3;43)
dhere: o o ,‘ |
y is daily dry matter production (kg/ha),
K is a crop dependent constant reflecting water
use efficiency, |
Cp is photosynthetic.efficiency,-
Ct is,correétion for mean daily temperature,

Cs is the correction for active leaf area,



‘

: ylelds.

'g&;\ 90

Hi is the proportlon of total dry mattet growth.
wh1ch is harvested

Pst is daily photosynthetig flux from available
”sdlar energy_(kg/ha),

ET is'daily evapotranspiration (mm),

(Ea-Ed) is mean daily water'vépour pressure

deficit (mb)..

Slabbers. et al. (1979) used this method with average
growing season values for aL} factors. They combared
predlcted yields with measured y1elds for trials on four
continents, which 1ncluded dat; from Vauxhal!f Alberta.
They ceuld explain 92% of the observed'VariEtion of alfalfa

)

‘ . L ,
Slabbers et al. (1979) presented plots of the response

' of alfalfa to mean daily temperature. The temperature

-

correction. Ct, was estimated from these plots. The

equatlons for the flrst and for subsequent growths were:

1Ist growth: . Ct = —0 43610 + 0. 130775 * Tmean -
0.0028296 * Tmean? . (3.44)
2nd and 3rd growths: Ct = -1,28706+0.180495%Tmean~

0.00355#+Tmean ? (3.45)

These relationships are plotted in‘Figure 3.3. The

temperature correction was llmlEfd to the range from 0.0 to.

1.0. Pearson and Hunt (1972) confirmed that Canadian

.
t?

\
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alfalfa cultivars produce more growth as the mean daily
témperature is increased from 10 °C to 20 °C.

The equation used to estimate Hi as a function of tdtal
cumulative .yield (t/ha) was (S%abbééé et al. 1979):

Hi = 0.28572 + 0.321513 * Y - 0.067883 * Y* +
T 0.0063318 * Y* - 0.00212327 % ¥ _ (3.46)
This equation is not valid for the establishmept year of
the alfalfa-stand. The rela;ionship is plotted in Figqure
3.4, |

Feddés et al. (1978) suggested the soil cover increases
. exponentially until leaf area. index LAI (i.e. the total
‘leaf'area divided by the underlying,soil area), reacheé-S.O
after which Cs equals 1.0. Research by Nelson and Smith .
(1964) and Krogman and Hobbs (1965) showed that complete
soil cover is achieved about halfway through each growth.

'The following equation was used to estimate the soil cover

[4

factor:
Cs = EXP(1.4 * D) - 1.0 . if D < 0.5
Cs = 1.0 , if D > 0.5 (3.47)

' where D is alfalfa development index from

equation (3.39)

The measurements of LAI of alfalfa bflzelson\and Smith
showed that LAI during the first gfowth is somewhat higher

than that in subsequent gréwths. fp allow for this, the Cs
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calculated by equation (3.47) was multiplied by 0.9 after
the first growth; The soil cover factor versus crop
: develbpment is plotted in Figure 3.5.
| The value of the crop water use constant, K, was given.
as 0.9 by Doorenbos and Kassam (1979);'but as 1.0 in
Slabbers et al! (1979). This latter value was used. The
photosynthetic efficiency,'Cp, of alfalfa was 0.6.
(Slabbers et al. 1979, Doorenbos and Kassam 1979).

The photos&nthetic fluxdgas calculated from:

Pst = F * Po + (1 - F) * Pc ' (3.48)
~ where:
F is the proportion of -the aay'which i§ overcast,
Po is photosynthetic flux on a overcast day-:

(kg/ha),

Pc is photosynthetic flux on a clear day (kg/ha).

®eddes et al. (1979) presented tabulated values of Po
and Pc on the 15th of each month for a number of latitudeé.

These values were estimated for 40, 50 and 60 °N by:

Po

18.81 + 0.06956 * Rox (3.0+SIN(Lat)) (3.49)

Pc

80.326 + 0.12148 * Ro* (3.0+SIN(Lat)) (3.50)

where Ro and Lat as in equation (3.26)

N

'The overcagt propor?ion of the day, F, was estimated
from PET and RQ. First, atmometer latent evaporation was
- A Y

estimated from PET. Then hours of bright sunshine were
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/‘estimaﬁéd from Baier and Robertson's (1965) equation for
laﬁent evaporation calculated from daily maximum and
minimum temperatures, measured hours of bright sunshine,
and solar radiation at the top of the earth'ss atmosphere.

'Vxhe final equation was:

“ P = [(((0.50 - PET)/0.0763) - 55.67 + 0.687 % Tx +
0.284 * (Tx - Tn) + 0.0263 * Ro)/Ro + -
0.05941/0.0422 - (3.51)

where: o
Tx is the daily maximum temperature (bF),
Tn is the daily minimum temperature (°F).

A

F was limited to the ranée from 0.0 to 1.0.

Water Esg efficiency,-WUﬁ, is the harvested yield
Vdivided by total consumptive use. In the Wageﬁihgeﬁ?method
WUE is inversely proportional to the atmospheric vapéur'
preséure deficit. Table 3.9 gives'mean monthly water
vapour pressure defiéits for severalLAlberta’points. As
would be expecfed, with similaf cfoﬁ seasonal consumptive
use (CU), equation (3.43) predicted seasonal yields which
were approximately inversely proportional to June, July,
and August vapour pressure deficits. This gave Eamonton
an approximately 15% higher WUE than Coronation aﬁd a 30%
higher WUE than Lethbridge_(mean temperatures and sky
élearness”also affect WUE), Hence, even after aliowing for

the smaller CU at‘Lethbridge and Coronation, equation

-%(3.43) imparted a substantiai\yield advantage to Edmonton.

B Ll
A\
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- TPable 3.9 Mean Monthly Atmospheric Water Vapour Pressure
Deficit (mb) for Several Alberta Locatiaqns'

Location - May June July August Sept.

Medicine Hat 6.7 8.3 10.7 10.0 6.5
Lethbridge 5.6 7.5 9.4 8.4 5.7
‘Calgary s 6.3 7.3 . 6.4 4.6
Coronation 5.1 6.1 6.9 6.0 3.8
Red Deer-Penhold 5.1 5.5 5.7 8.7 - 3.5
Edmonton ' 5.2° 5.6 4.8 4.2 3.0
Vermilion 5.1 5.5 5.4 4.5 3.1
Grande Prairie 5.3 6.0 6.1 5.2‘ 3.3
| o . | .

1) Calculated from climatological data in: Atmospheric
Environment Service, Canadian Climate Normals -
1951-1980: Pressure, Temperatures and Humidity, Vol. 8,
Environment Canada, Downsview, Ontario.

WUE  is most frequently measured for grain crops. There
is no e idence to suppbrt the idea that wﬁE is directly
proportiional to the reciprocal of vapour pressure deficif. \\\
de Jong and Cameron (1980) reportéd that WUE of spring wheat
in Saskatchewan is about the same in'the Blacksoil 2oné

"

(which has a climate.with generally small vapour pressure
defiaits) as in thelBrown soil zone (which has a climate
with generally large vapéur pressure deficits). Peters and
Pettapiece (1981) found that barley WUE may be hiéher in

southern Alberta (where relatively large vapour pressure



‘98

deficits prevéil) than in central and northerh
Albefta. They‘aiscovered that barley, grown on similar
soils and in areas with similar moisture conditions, yields
10% more séuth of a east-west line through Red Deer than
north of this line. Obviously, assuming WUE is inversely
proportional to waten.vapour pressure deficit as the
Wageninéen method) is a gross simplification of real
‘crop behavior. : ' S
Theoretically, WUE can be expressed as (Feddes et al.,
1978) :
WUE = K' * [(Cl-Ca) #* (Rwa+ Rwl)]/
[ (Ea-Ed) * (Rca+ Rcl+ R;:m')] . - (3.52)
where: : A ‘
/ K' is a érop depeﬁdent constanf,
(Cl - Ca) is the difference between carbon dioxide‘.
© concentration within the leaf and that in
the atmosphere, |
Rwa is the boundary layer resistance to
diffusion of water vapour,
Rwl is the leaf (i.e. stomatal) resistance to
diffusion of water vapour,
Rca is the boundary layer resistance to
diffusion of carbon dioxide,
R;l Es the leaf (i.e. stomatal) resisténce to

diffusion of carbon dioxide,
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Rcm is the mesophyll resistance to dlffu51on of
carbon dlox1de from 1nterce11ular air into

the cells,

Fur the Wageningen method the carbon dioxide concentration
gradient.and the ratio of the rgsiétances fo diffusion of
water vapour ‘and carbon dioxide :‘are assumed constant so
equation (3.52) becomes: ‘ |

- WUE = K/(Ea - Ed) - v ~ (3.53).

where K is the crop parameter as in equation (3.43).

Slabbers et al. (?979) reported that both leaf and
mesophyllic resistance to diffusion of carbon dioxide
increases as leaf turgor decrééses. This, in turn,
suggests the ratio of diffusion resistances in equation
(3.52) decreases as crop moisture stress ihcfease;; As
‘discussed earlier, with soil at the same moisture content,
leaf turgor will tend to decrease as PET increases. This
implies WUE may be invufsely proportionai to PET.

The Penman equation predicts that PET increases as wind
speed rises. The boundary layer resistances to diffusion
of water vapour or carbon dioxide depgnds on crop physical
shape and wind speed.‘ With the same-cfop shape, increasing
the wind speed reduces boundary layer resistances.
.Inspecting equation'(3.51) indicates that decreasing the

boundary layer re51stances would decrease WUE Again this

e suggests that WUE may be 1nversely proportlonal to PET.
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With solar radiation and wind speeds held constant, the.
?enman PET estimate is proportional to the atTpsphefic
water vapour pressure deficit. Therefore Penman PET
iﬁtegrates the éffects of vapour pressure deficit with
other atmosphgri; conditions which may affect WUE.' As the
atmospheric effects on wﬁE are poorly'ungerstood, a
hypothesis was made that daily WUE was‘inverselx
proportional to Penman's PET estimate rather than water
vapour pressure deficit per se. By céincidence, for many
climates,. including east central’Albérta, the numerical
valde of both the daily range of PETl(expressed as mm/d)
and vapouf préssure deficit (e;pressed as.mb) are very
siﬁilaf. Also Penman PET and vapour pressure deficit are
positively correlated; Hence, yields calculated using thé.
Wageningen method assuming WUE is inverseiy progortioﬁ;f to
vapour pressure deficit,. are similar to yields calculated
with a modified,Wageningen method assuming WUE is inversely
proportional to PFET. Therefére'it is not inconceivable
that validation expefimenfé showing the value of the
Wageningen method would still hoid true for a modified
Wageningen method assuming WUE is inverseiy proportional to'
PET.

Assuming that*VUE was inversely proportional to Penman
PET produced a modified Wageningen methbd. The basic
equation of the modified Wageningen method forjpredictingA

daily yieid was:
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g(i) = K" % Cp # Ct * Cs * ET(i)/PET(i) (3.54)
where: )
K" is a constant reflecting WUE,
Cp, Ct, Cs, and Ef(i) as in equation (3.43),

PET(i) is Penman PET on day. i.

The K constant ih @quation (3.43) includes a
proporti;nality constant with uhifs\of mb/(mm/d) . The.K"'
constant for egquation (3.54) contains a proportionality
constant with units of (Penman mm/d) /(mm/d) . It was

assumed that the numerical value of both the above
Yconstants was identical. |
Stewart and Hagan (1969) and Bauder et.al.'(1978) used
the following.equation to predict seasonal alfalfa yields:
Y = p * ET/PET - (3.55)
where: .
Y is actuél séasonal yiéld,
P is éotential yield with moisture not
limiting, ’

ET is seasonal ET,

PET is seasonal PET.

Equation (3.55) indicates yield is inversely proportional
to PET. In the modified Wageningen method, P is not a .

constant "as in equatibn (3.55) but a value determined by
temperatures, sky conditions, and the number of days of

-

active growth duf&ng_the year.
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‘Since the harvest index (Hi) changes throughout the
year as cumulative growch increases, Hi was calculated and
applled only to: cumulatlve growth Alfelfa'hay is safe for
storage at moisture contents below 20% (wet basis). The
predicted dry matter yield from equation (3.54).wasdd
multiplied by 1.18 fo convert the yield to 15% moisture
'confent. ) - | o N | } /////

| Seasonal yield was multiplied by a managemenf-factor,
M. This factor accounts for the effects of farming
practices, weeds, pests, and diseases on Yield" The'effect
of weather dur1ng haying on yield quant1ty and quality was
not con51dered

Alfalfa ‘stores food reserves in itsArdots in thé'fall,

Without these resefveS‘the altalfa is more likely to die.
Hence, if the second growth is poor, the alfalfa may not
have sufficient food reserves if the second cut is ‘ |
taken. Arbitrarily, then, if the yield from the second cut'
was‘less than 1100 kg/ha (15%?m.c.), it was_assumed the cut

was not taken.
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3.5 Wheat
I » -
Wheat (Triticum aestivum) can be grown as either a

winter}or a spring crop. As a winter érop, it is planted
"in late summer or early fall. After initial growth-the
crop goes dormant over the winter and resumes growth in the
spring. Winter wheat is a risky crop in east central
Alberta because cold spells in the winter can kill many or
most of the plants. For this reason almost'all the wheat
grown ‘in east'central Alberta are spring varietf%s which
are seeded in the year they are harvested.

' Spring wheat 'varieties are divided into hard varieties
and soft (durum) varieties. Hard wheat is subdivided into
bread and utility (feed) varieties. Bread wheat varieties
»confain a higher proportion of protein than the other types
of wheat . Génerally speaking, bread wheat vérieties attain
the highést protein content (and thereby highest gradeband
price)‘when moisture is limiting. However, bread wheat can
also athain high p;oteih contents when moisture is not
limiting if there is plentiful available hitrogen’in the
soil. Soft and utility varieties produce more grain,pef
unit of water cohsumed than b;ead wheat. »Thereforé fhey
yield best under humid conditions, | ._-

Wheét is quite drought tolerant and can adapt to N
mulsture stress throughout its growth cycle. Moisture
‘stress during the vegetative growth phase (up to headlng)

results in less straw welght_and fewer heads (because. there

/
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are fewer tilMers). Moisture stress during flowering (JO
to 15 days after heading) results in fe#er'grain kernels
per head. During grain filling (end of'flowering to hard
dough stage) kernel'weight is reduced. Grain yield is the
product of number of heads, kernels.per head, and kernel

!

weight.:
Wheat prefers warm daytime temperatures bur'cool

nighttime temperatures. Mean daily temperatures of 15 to .

20 °c with.ample moisture are optimum during the vegetative

growth phase. No growth occurs when the meapn daily L

temperature is 5 °C or less (Doorenbos and Kassam

1979). Durlng final rlpenlng, dry warm weather is

<

preferred. Very high temperatures during flowering reduce
yields. | \

Wheat is most senSitive to moisture stress during the
flowering'stage. The next most sensitive period is the
grain fllllng stage followed by the vegetative growth
stage. Durlng final ripening wheat is almost insensitive
to moisture stress (Bauer 1971, Doorenbos and Kassam 1979,
de Jong and Cameron 13980, K1rkam and Kanemasu 1983).

Wheat is.best-suited to medium to fine textured soils
with a permanent water table more»than one metre below the
soil surface (Doorenbos and Kassam 1979); Wheat'responds 
wel}.to fertilizer édditions; Optimum management entails
balancing fertilizer apPlication with anticipiged moistdre

consumptive use,
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Army et al. (1959) found yield of winter wheat in Texas
cogid be best predictea'by a guadratic equation involving
grohiﬁé season precipitation. - Ehlig and LeMert (1976)
could explain 96% of the yield variation of winter wheat in

‘Callfornla using a cubic equation 1nvolv1ng total applied’

&

moisture.

Williams (1969) ahalyzed wheat production for
individual Statistics Canada crop districts in western

Canada. He attempted to predlct average dlstrict yields

s

from estimates of soil moisture before May 1“”
precipitation and PET for the months of MaX{wJune, and
July. Generally he found good agreementx%ﬁtween predicted

and known yields. 'He calculated separateiregre551on
coefficients for each’ crop district. ﬁj
\5»&

Bauer (1971) conducted an exten51ved%qrvey of the
‘llterature on the effect of the amount an%,timing of
prec1p1tat10n ‘and amount of spring storedfmoisture on. wheat
yields in the Northern Great Plains of " ﬁhé@? America.’ He
presented a number of linear regression equations which
relate yields to soil moisture in theispting and
precipitation over the growing season. The resulting
equations varied with location, soil texture, and whether
planted on fallow or stubble. Generally wheat ylelds
increaée with increasing growing season precipitation
“and/or inCreasing‘spring stored soil moisture. |
" Lehane and Staple (1965) compared yields of many

- plantings of wheat grown on clay, loam, and sandy loam



106

soils at Swift Current. They found the best correlation
existed when spr}ng soil hoisture below 0.3 m deptHh was
included with preéipitatioﬁ totalskguring gach 15 day period
from May 1 to August 31, -Thié‘regression explaihed 67% of
the yield variation'fqr a loam soil buﬁ only 40% for the
sandy loam‘spii; i , |

Robertsonﬁ(1974) aﬁalyzed 50 years of wheat yields at*
Syift Current. He considered monthly averages of pén
ﬁééaporation} daily maximum and minimum temperatures, and
?aily solar radiation at the top of the earth's
fatmosphere. These were combined in a rather complex‘
fashion. Robertson was able to account for about 73% of
the variation in wheat yields.

- Baier and Robertson (1967a) tried to relate wheat yields
from plot trials across Canada tc estimates of available
moisthre during a number of crop growth étages. Generélly
the regression equations could explain less than 60% of the
variation in wheat yields. They concluded it is-important
to include the éffec;s of temperature on yigld. In a latef
analeis Baier and Robertson (1968) found that yield was:
corfélated closer to daily maximum and minimum.kemperatures
than to rainfall. However‘they.fdund a regrqssioh.based on
évailable moisture estimatgs better explained yields fhan
the combination_bf haxiﬁam and minimum temperaﬁures with
. precipitation. Baier'(1973).énalyzed the wheat yield
trials and developed a "grop-;eather-analysis model"” from a.

~ complex regression analysis. The crop-weather-analysis
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model uses Hdily maximum and minimum temperatures, daily
estimates of ET/PET, and a'daily estiﬁate of relative crop
development. This model was capable of predicting 77% of
variation in wheat yields -- a high value considering the
data set included 79 plantings at eight widely separated
sites across Canada. Unfortunately, the model regression
coefficients have been misplaced .and are probably
unretrievable (Baier, personal gorrespondencg, {983). A
concerted effort was made to estimate the regression
coefficients from plots of the functional relationships
found in Baier (1973). However, the crop-weather-analysis
‘model proved to be too sensitive to the coefficient values
for successful resurrection of the model in this fas¥®on.
Another attempt was made to modify the estimated
coefficients so they conformed to én intuitive
understanding of wheat yield response to environmental
factors. Again, a workable wheaf yield model based on the
‘crop—weather-anélysis model could not be formula;ed; | |
. Neghassi et al. (1975) could predict 75% of the
variationAin winter wheat yields in Nebraska using an
equation involving ET to PET ratib‘éﬁning sgvéral growth
' stages. Minhas et al. k1979) could?éécurately expiain
wheat yield trailé at Delhi, Indfa with angther-yield
function which was based on ET tquET ratios durinézseveral
periods during the growing seasoﬁ. Rasmussép and Hanks
(1978) used another made1 based on the ratio}pf estimated

o v z
actual transpiration to potential transpiration during

@
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\\\\ several growthAstagés. They éould explain 98% of the
variation in grain yields from a limited set ofﬂspring
wheat trials in Utah. |

Yaron et al. (1973) developed several yield
relationships based 6n the number of days during different
groch periods when soil moisture was below a specific
amount.“‘Haun (1974) assembled a rather complicated
mathematical model to predict average spring wheat yields
over large areas. He calculated a number of growth factors

or 10 day periods from May 2 to July 30. These growth
faétors depended on maximum temperature, minimum
temperature, and estimated available moisture. The"model
was calibrated using plot data from Norﬁh Dakota; This
model‘providegfgood estimates of yields in the USSR but
poorer estimateg'of provincial wheat yields in Canada. .In
pagkiéular, wheat yields in Alberta were undefestimated.

-9
3.5.1 Wheat Development Model

No attempt'was'made to accurately model the seeding
process. Instead germination (i.e. start of ‘growth) was
assumed to take place following four days with tractable
soil (to allow for planting) providing 70'deéree days (5°C
b;sé) had accumulated since April 9 (to allow for adequate

soil warmth).
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Soil tractability criteria were taken from Dyer et al.
(1978). For coarse textured soils (soil type III), the
moisture content in the upper two zones must be less than
95% of their respective available moisture holding
capacity. The moisture content of the next lower zone must
be less than 98% of its available moisture holding
capacity. For medium to fine textufed soil (soil types I

,/‘ and Ii), ﬁhe moisture content of the upper three zones must
be less than 90% of thefr moisture hblding capacity. The
moisture content of the irrigated soil was used to
determine soil tractability for éeeding.

\ /-

' : \
\\ ./ Robertson (1968) developed a biometeorological time
\__’/

\

scale for hard spring wheat which related crop

Tra

‘physiological development to daily maximum and minimuﬁ
températures and Poufs of daylight.'-fhe time scal;.was
'derived;frpm many yearé of plot trials across Canada.
Williams (1974) provided a clear explanation of‘h&w to
implement Robertson's wheat time scale. ,
The basic equation of Robertson's time scale was:
PS = (v, % (V, + V,)) . (3.56)
where: |
PS is a value indicating crop phenological
development (ranging from 0.0 to 5.0),
V, is a dayléngth factor, | |

'V, is a maximum daily temperature factor,

V, is a minimum daily temperature factor.
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Each v factor was calculated separately each day from:
V, = a,* (DL-a,) + a,* (DL-a,)? C - (3.57)
where: “
a,, a, are regression constants,
a, is a threshold daylength (hours)tderived from
regression analysis, |
DL is the number of'hoursbbetween‘sunrise and

sunset,

V, = b,* (Tx-b,) + b,* (Tx-b,)? (3.58)

b,, b, are regression constants,
b, is a threshold temperature (°F) derived
from regression analysis,

Tx is daily maximum temperature (°F).

V, = by* (Tn-b,) + b,* (Tn-b,)? = ‘ (3.59)
where: | |
b,, b, are regression constants,
b, as in equation (3.58),

Tn is daily minimum temperature (°F).

The daily hours of bright sunshine was estimated from
(Muir, 1979):
DL = 2/15 * Ws . | (3.60)

where Ws is the sunrise angle as in equation (3.28)

(=%
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- Whenever the aaily temperature was below the threshold
temperature the corresponding V factor was set to zero.
Since phenological development is an irreversible process,
*if any of the V factoré became negative it was set to zero.
There a;e‘six benchmark development Stages: plantjng

(PS 0), emergence (PS = 1), jointing (PS = 2), heading. 

n

(PS

3), soft dough (PS = 4), and ripe (PS = 5). Riﬁe is
defined when the crop is approximately ready for swathing
rather than ready for straight combining. For each of the
five periods between the six benchmark stages, a separaté
set of regression constants and threshold values applies.
The regression constants énd-threshold vélues were those

given by Robertson (1968).

3.5.2 Wageningen Wheat Yield Model

The Wageningen model, véry similar to that used for
alfalfa, was used té predict wheat yilelds. As with
alfalfa, crop water use efficiency was assumed to be
proportional to Penman PET rather than Atmospheric vapour
pressure deficit. The basic equation to estimate daily
growth was:

y = M % K * DC *Cp* Ct* Cs* Hi* Pst* ET/PET (3.61)

where:
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M is é management'factor accounting for the effect
_of‘farming practices, weeds, pests, and
‘diséases on yield, | |

K is a constant reflecting water use efficiency
and hag a value of 1.17
(Doorenbos and Kaésam 1979),

DC converts dry‘matter yieid to 14.5% m.c. and ha$
a value of_1.17,' .

Cp is constant accounting for photosynthetic
efficiency and has a value of 0.6 (Doorenbos
and Kassam.1979),

Ct is a qutor'éccounting for the effect of
déily mean temperéture oﬁ yield,

Hi is the proportion of total plant wéﬁghﬁ which

| is harvestable grain,‘

Pst is the daily photOsynthétic flﬁx as calculated

| using equation (3.48) (kg/ha),

ET is. the estimated actuél daily ET (mm/d),

PET is the Penman :PET estimate -(mm/d).

-

The temperature factor was estimated from tabulated

values in Doorenbos and Kassam (1979). The following

equation includes the. photosynthetic efficiency of 0.6:

Ct= -0.33 + 0.102 * Tmean - 0.00234 * Tmean? - (3.62)

This relationship is plotted in Figqure 3.6.

\
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The polynomial expression developed by Stewart (1981)
was used t§ predict LAI (leaf area index) of spring wheat.
This expresSion:wa54bésed 6n a growing season of 130 days
and was: | :

LAI = 6.691 - 0.9106 * GL + 0.0390 % GL® -

6.529 E-04 * GL® + 4.463 E-06 * GL* -

pe3

" 1.257 E-08 * GL® (3.63)

where GL is cumulative growiniy time (days).

Since spring wheat varieties grown in Alberta mature in
less than, 130 days, the actual growing time was normalized
to .20 days. The following eqguation was used to écéomplish
this: |

GL = 130.% PS/5.0 I (3.64)

where PS is crop developmert stage from equation (3.56).

The soil cover factor was estimated from:

Cs = LAI/5.0 - (3.65)

Figure 3.7lpresents a plot of the wheat soil cover factor
‘of wheat as a function of crop developmeﬁt.

Doorenbos and Kassam (1979) éstimated that the
preportion of total growth derted to grain.varies betwéen
0.3 and 0.4. Stewart (1981) found the lowest poésible
value éf Hi pertaining-to the_agro-e;ological zone‘yield

method (which is dlosely related to the Wageningen method)
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workedisatisfactorily fordpredicting wheat yields in
Canada. Based on this, Hi was set éﬁ 0.3. Although it is
reasonable to postulate that Hiywould be a function of
moistpre‘stréss,'there'is no evidence in the literature to
support this conjecture. Korven and Wiens (1974) measured
straw and grain yields.for'irrigation trials at Swift
Current. There was no discernible trend linking the ratio-
of-grain yield to the sum of straw and grain yiela'ﬁith
either total yield or moisture conditions.

Crops 'which are grown'fbr their fruit typically respond
aifferently to moistufe-stress at different crop growth
stag;s. As mentioned earlier, wheat is-particdlarly
sensitive to moisture stress during the flowering stage as:

<

well as during the yield formation stage. The response

to moisture stress was approximated by: T
Y = P * MSF , - (3.66)

where:
| Y is actual :seasonal yield,
P is potential seasonal yield with no moisture
stress,

'MSF is the moisture stress factor.
! . '

The moisture stress factor was estimated from:
MSF = 1 - ky(j) * (1 -~ET(3)/PET(j)) : (3.67)

where:
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ky(j) is a constant expressing crop‘éensitivity to
‘moisture stress during growth periéd j,'f»“
ET(j) is actual ET during growth period j, )
PET(j) is potential crop ET during growth
péfidd j.'

Doorenbos and Kassam (1979) éave values 0.7 to 1.0 Eo ky
durinQ vegetative growth (up to heading), 2.5 to 4.0 during
flowering; and 1.5 to 2.0 during‘yield‘férmatibn.b The
ave;age'growing season vélue for_kyvcan bF’taken as 1.15.

Equation (3.61) contains aﬁ»implicit‘ky of about 1.0
because actual yield varies linearly with the ratio of ET
to'Peﬁman PET. Penman PET as calcﬁlated by equation (3.16)
is a reasonable estihéte of crép-PET during the flowering
E and'y@eld'fOrmat{on stages but is'greéﬁer than crbp PET
durfﬁﬁ‘other growth stages. To convert the Wageningen Kky
values td the modified Wageningen method, the ky Qalues for
equation (3.67) were feduced by 1.0. | |

" The equation to calcﬁiéﬁe the seaspnal MSF was:

MSF = () (1 - ky(j) * (1 - ET/PET)))/GSL (3.68)

where:: | )

MSF as in equation (3.67) except that it is

iimitgdrto the range between 0.0 and 1.0,

' ky(j) as in equation (3.67) except it is reduced
by 1.0, |

T?ié daily ET (mm/d),

PET is daily Penman PET (mm/d),
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GSL are the numbér .of days of active growth

In a wheat,field, flowering lasts for about. 10 days
affer heading starts. This was estimated as‘the period
between PS equal to 3.0 to PS equal to 3.5. The yield
format1on stage was assumed to last from PS equal to 3 5 to
PS equal to 4.5¢ Outside of these two periods ky was set
at 0.0. Any wheat variety recommended for Alberta must ,
have good drought tolerance. Therefore the lowest valuesb
of ky from Doorenbos and Kassam (1979) were used. After
being<reduced by 1.0, ky was 1.5\and 0.5 for the flowering
and yield formation stages, respectively.

The f1nal total yleld equation was:

Y= M¥MSF#K+Hi* Cp* DC ) (Gs* Cts Pstx ET/PET) (3.69)
where:

M, K, Hi, Cp, DC, Cs, Ct, Pst, ET, PET as
in equation (3.615, .

MSF as in equation (3.67).

R

The effect of harvest weathe;eon yield quantity.and

| quality was not considered. Hard frosts (<-2.5 °C) vere
considered to cause complete crop loss if they occurred
between the jointing and soft dough stages. Before the
1301nt1ng stage,'the growing part of the wheat plant remaine
below the soil surface so the crop is not greatly damaged

by frosts. Hard frosts between the hard dough stage and
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swathing were assumed to halt further growth but not affect

e
2y

cumulative yield.

3.6 Irrigation Systems

3.6.1 Irrigation Scheduling Model

The crop growing period was divided into‘five
stages. Thése stages are iisted in Table 3.10. The staées
listed in Table 3.10 were used in the VSMB for determination
of the appropriate k doefficients. For irrigation
scheduling purposes, these five stages wereadvanced

Table 3.11 lists the five irrigation scheduling crop growth

stages.

‘Irrigaﬁion scheduling was based onxsoil moisture in the
" root zone. The minimum and desired quantity of available
‘moisture were input for each irrigatﬁdh schedulipg crop
growth Stage; The}irrigation—scheduling crop gréwth stage§
- were advanced so that ‘some or all of the irrigation water

' could be applied before a particular phenological érop
‘growth stage was attained. For eyxample, conside; irrigation
with a side fbll which has a ifrigation,intervalwif 14
days.' To maintain the soil above a desired depibﬁion level

for any crop growth stage, irrigation would have to be
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Table 3.10 Crop Growth Stages

W N —

e

Q> W) —

Growph Stage

(PS
(PS
(Ps
(PS
(PS

(ps
(ps
(PS

(PS
(Ps

v

=0 to 1)
= 1 to 2)
= 2 to 3)
= 3 to 4)
= 4 to 5)
.0 to 0.5)
0.5 to 1)
1 to 1.5)
1.5 to 2)
2)

Description
Wheat:

planting to emergence
emergence to jointing
jointing to heading

heading to soft dough

soft dough to ripe (swathing)

Alfalfa:

start of growth to full cover .
full cover to first cut

start of regrowth to full
cover " '

full cover to second cut

after second cut

Table 3.11 Irrigation Scheduling Crop Growth Stages.

Growth Stage

Description

DT> W N —

(PS
(Ps
(PS
(ps
(ps

(PS

(PS
(PS
(PS

(ps_

v

0.0 to 0.75)
0.75 to 1.75)
1.75 to 2.75)
2.75 to 3.75)
3.75 to 4.5) .

0.0 to 0.375)

0.375 to 0.875)
0.875 to 1.375)
.1.375 t0 1.875)

1.875)

Wheat:

planting to pre-emergence
pre-emergence to pre-jointing
pre-jointing to pre-heading

"pre—-heading to pre-soft dough

pre-soft dough to hard dough -

Alfalfa:

start of growth to pre-full
cover _ '

pre-full cover to pre-first cut
pre-first cut to pre-full cover
pre-full cover to pre-second
cut

after pre-second cut
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started before that crop growth stage was réached.
Otherwise} AM in the last part of the field to be irrigated
may not bé brought above the desired depletion.until the

crop has passed through the growth stage. )
The assumption was made that no irrigation in eicéss of -
crop moisture need was required to leach salt§ below the
root zone to maintaih a favourable salt balance in the root
zbne. Irrigation was*permitted between the beginning and

ending cut-off dates which were ‘inputted for each program

run.

~

On the Canadian Prairies, alfalﬁa does not usually
respond to irrigétiOh before eafiy June (Korven and Kiiéher
1979). Therefore, irrigation of alfalfa was not normally
started until June 1. Irrigation was not permitted from a
feé days before the cuﬁting of tﬁe alfalfa hay (D = 0.95)
until seven days after cutting. This was to allow time to
remove the baled hay from the field. However the effect of
haying weather on c¢utting date-and on the time needed to
remove £he hay from the field was not cénsidered. In
southern <lberta, fall irrigation is promoted to repleﬁish
‘the soil moisture reserves for the followingvspring
(Alberté Agficulture 1981b). Fall irrigation in east
ceptral Alberta is probably of less beﬁefit because adtumn
weather is not as dry in terms of precipitation and PET as
in southern Alberta. Consequéhtly, irrigation of alfalfa

was stopped after the pre-second cut stage (PS=1.875).
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Irrigated wheat does not respond to irrigation during
the.final ripening period (Krogman and Hobbs 1976).
Therefore, irrigation of wheat was stopped when the crép
reached the approximate hard dough stage (PS=4.5). Most
irfigators delay ir igation until the initial spraying of

post-emergence herbicides has been completed. Thus,

-

normally irrigation of wheat was not started until the

ﬁré-joinping stage (PS=1.75). In east central Alberta,

§
(a0

this stage was not reached until the Jsecond or third week of

June,

The number of VSMB soil zones usé@mto estimate soil
L ' h o .
moisture for irrigation scheduling purposes varied with the
crop development stage. During growth étage 1 of alfalfa,

&

only the upper five zones:were"used for soil typés,I and

IITI. During the othe; alfalfa growth stages all six zones
wefe considéréd. Because of its shallow root zoné, all
zones were considered for alfalfa on soil type II. On soil
'type; I and III the upper 3, 4, 5, &, éndl6 zones were
considéred for growth stages 1 through 5 of wheat,
respectively. On soil type II the upper 4, 5, 6, 6, ‘and 6
zones were used for growth stages 1 through 5 of whéat,
;espectively. | | o

Thé maximum seasonal water‘sgpply'was inpﬁtted“as the
maximum net application depth over the entire irrigated
aréa. When this seasonal supply was depleted such that"

there was insufficient water for one complete irrigation,

the system” was shut off for the seaéon.
e i
o < o - ’ ?
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The operation of the irrigation systems was highly
idealized. Labour for irrigation was always available,
there were no system breakdowns, the applicatioe was both
uniform and precisel; known, and weter was always available

until the seasonal supply was exhausted. 1In addition the

irrigater had perfect knowledge of soil moisture.

3.6.2 Centre Pivot Systems

<

About one-third of the irrigaeed land in Alberta is
irrigated with centee pivots (Purnell 1982). The area
irrdgated with centre pivots is growing more rapidily than
any other irrigation method. Some of this growth is the
result of farmers ehanging from other irrigation methods.

The modeled stationary centre pivot (SCP) had a 400 m
long lateral which would irrigate 53 ha in one
revolution. Irrigation sterted whenever the actual
available moistureN(AM) dropped below the minimum allowed
moistﬁre amount for the proportion of the.root zone
considered'for the specific crop grewth.stage. The plapned.
application depth was the difference between the desired .
and actual moisture coﬁteefs. - 1f the planned depth
exceeded the maximum possible with the remaining water
supply; then the planned amount was reduced to’confofm to

the water supply limitation. If there was insufficient
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water to complete one revolution at the fastest permissible
revolution rate, then no more irrigétions were possible.

The maximum and minimum revolution rate were inpumted
for Each model run. Thus, eithe; a water drive or electric
drive pivot could be modeled. Thé model attempted to;apply

the water at the revolution rate midway between the
maximum.and the minimum. For planned irrigation depths
greatér than that whimﬁ can be applied in one revolution at
the minimum revdlut{on rate, two or more revolutions were
used. The minimum application depth was equal to that
applied with one revolution ﬁt the maximum revolution

rate. Generally,%the actual irrigation application équaled
the plannedwirrigation depth. An irrigation was defined as
*a series of uninterrupted revolutions,

The modeled soil was a thin sFrip underneath the
lateral when the irrigation was started. With revolution
rates less than one per day, it was pqssible,for this strip
not to be irrigated éyen'if the system was irrigafimg thét
day. Likewise, with revolution :ates exceeding one per
day, this strip could be irrigatéd more than once ‘per day.
The model kept track of where the lateral was at the
beginning and end of the day. #Hence, it was a simple
matter to determine howlman§ times the modeled strip was
watered that déy.

Two sizes of towable centre pivots (TCP) were modeled:

i) with a 400 m long lateral irrigating 53 ha in one

revolution, and ii) with a 220 m long lateral irrigating
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15 habéer revolution., Once set up in the field thch /
required irrigation, the towable pivots were operateé
ex;étly as a stationéry pivot. Two of three irrigated-
positions (circles) could be modeled for a towable
'ﬁivot. At the beginning of the season,‘ﬁhe pivot was
always located in field one. With the system igle, field
one had priority over field two which in turn had priority
over field three. 1If the field in which the pivot was
located did not require irrigation then an attempt was made
to move the pivot to the lowest numbered field which
required irrigation. The pivot could only be moved if the
soil in the field where the pivot is located contained
tractable soil. Soil tractability criteria were those used -
for estimating when whéat was seeded. With traétable soil,»
oné entire 24 hour day was needed to move and set up the
pivot at its new location. An irrigation was defined as an
uninterrupted series of irrigations at one position.

With light rains it was possible for the sufface to be
untractable and yet have the tbtal aQailable moistufe )
undesifaBly depleted at the same position (especialiy'if
the allowable depletion was Small)f In this case the other
positions would likely be more depleted. - However the
position where the pivot was located was irrigated fi;st.
Thus it was possible for one position to be irrigated two
or more times in succession. B

The model talliea the labour required for irrigation.

Labour requirements were based on one person-hour per day
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when irrigating ahd ten person;hours to move and set up the
pivot (Ring, personai communication 1984).

Ali the pivots applied water ét a rate sufficient to
apply 15 mm per day on soil types I and III and 10 mm per
‘day on soil type*II. The application efficiency was set at

80% (Ring personal communication 1984).

3.6.3 Side Rdll and Hard Hose Reel Traveller Systems

Side rolls (also called wheel rollS«or‘wheel moveé) are
used on about oné—third of the irrigated land in Alberta
(Purnell 1982). The modeled side roll had either one or
two 400 m long 1aterals. The crop and soil irrigated by
only one lateral was modéied{ Thereforé, the only real
difference between a one and two lateral system was the
fixed irrigation costs. The sets were located 20 m along-
the mainline so that each sétvwas 0.8 ha. The lateral |
fequired 0.7 h for one person to move it to a new set
(Korven and Randall 1975). "The application rate was set so
that 50% of total availabig.moigture capacity was applied
in one eight hour set (inciuding moving time). Therefore
the maximum application rate was 13 mm/h for alfalfa on
SOil»tYpe I and the minimﬁm was 5 mm/h on soil type II.

Thé application efficiency was set at 75% (Ring, personéi

communication 1984).
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Hé;d hose reel travelers have only been recently
introdufed jin-Alberta and are not common. Hard hose
travelers were developed in Europe forAsubplemental
irrigation -- eépecially.for irregularly shaped fields.

A hard hose.traveler consists of -a large gun sprihkler with
a wetted diameter of 60 to 180 m. The gun moves
continhously»in'séfipé>or sets_which extend oug;ard from
the main supply line. The_gun moves Continuopsl§ along
these strips while a noqfcollapsible suppkg>ﬁose is reeled
in automatically.

The modeled hard hose reel traveier (HHT) consisted of
one gun with a 400-m long hose. The sets were locétediso m
along the mainline so that each set was 3.2 ha. It wag'
aésumed the average time needed to move the gun between
sets was 1.5 h. The hard hose traveler applied 50% of
total available moisture capacity in one 24 hour“set
(including moving time) . _The.application efficigncy of the -
hard -hose traveler was assumed to be 80% (Ring, pérsonal
commdhjcation 1984). ‘ .

Irfiﬁation scheduling was based on the available
‘moisture in the first (starting) set. Since the
_ application'rate ié fixed by system design, the irrigation
timé %br a set was varied to adjust the application depth.
The maximum and minimum‘numbér of sets per day were
ihputted.’ This prevented the system from attempting to use.

‘unrealistically short or long sets. "If there was

insufficient water supply to allow the entire field to be.
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irrigated'at the minimum set time, the .system was shut off

~ o l

for the season.
Because it can take many days férfa side roll or hard
hose traveler to irrigate the entire field, there is a high
probability that -some fain will fall ‘during that time. A
total of the raihfqll which fell since fhpji:rigatibn;
started or restarted was kept. Only 90% of - the rainfall
abéve 5.0 mm was considered to infiltraﬁe the soil. |
Whenever this rainfall total equalled or exceeded 25% of
the planned irrigation depth, irrigation was interrupted.
Irrigation was festartea when this rainfall had Bgen |
consumed. The assumed usevfate was 85% of average PET-dn a
dry day for the cu}rent weather genération ten day.period.‘
:The model kept track where the system was at the
‘beginning and end of each day and thérepy céuld determine
which modeled positionqvif ;ny, was irrigaﬁéd that day. Oh:
the day tHe.irriga;ion was.finishedﬁithe lateral or traveler
unit was immediatelf moved back to the stérting position.
However, a new irrigation could not be sgar;ed until the

next day. , - X =

”
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3.7 Economics = .-

)

The basic appfoach used to evaluate thé economical
feasibility of irriggtioh was to estimate the aQerage
"annual net returns which could be expected with
irrigat{on. The net returns were-defined as the difference
betweenogross revenues resulting from irrigation and the
costs which can.be attributed to irrigation; The gross
revenue was the dollar‘value of the difference between.
ifrigated field'and dryland yield. The annual cbsts due to
irrigation were the'su$ of average depreciation, average
interest-charges;‘pumping costs, labour costs; incremental
fertilizer_costs) harvesting costs for the yield increase,
and -repair and maintenance costs of the irrigation |
equipment. The total annual irrigation costs subtracted
from the gross_revenueé equalsithevget revenu:s or net
‘réturns, ’

Many costs were assumed to be identical for both the

irrigated and nonirrigated land -- land costs, property

' taxes, biocide costs, tillage costs, and seeding costs. In

the Black and Dark Brown soil zones, this is probably a
reasonable assumptidn w%thvregard to land costs, biocide
costs, and seéding costs (Hamiin 1983a). In the drier
areas:of the Dark Brdwn soil zone and in the Brown soil
zone this is not a good assumpt{on for grain crops. Here
biocide costs for irrigated crop production may be up to

three times higher per hectare than for dryland crop
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production and recommended dryland seeding rates are less
than irrigatéd seeding rates (ECA 1982). Usually,
irrigated land is assessed at.a ﬁigﬁer tax rate than
nonirrigated land. However the increased land taxes would
not be large_relativé to.other costs associated with
adopting irfigation and‘may'be ignored without affecting,/
the economics greatly. Because théne are‘more.crop residues
with an irrigated“crop; more tillage is usually needed to
preparé a godd seedbed for the next crop. However, if the
dryland farmer does not continuous érop; he/she pays for r
fillage during the fallow year -- a cost the irrigating
farmer does. not need to pay. .With alfalfa, there would be
little difference in tillage costs. |

Becaﬁse of the e;pected greater level of prodgction,
hail iﬁsurance for an irrigated crop is larger than for a
dryland crop. Hqﬁéver, this cost is relatively small and
may be neglected without significantly affecting the
’economic analysis. |

Because growth is not limited by moisture shortages,
ifrigated crops:can\use more nutrients than dryland crops.
The exfra fertiliier‘costs for'irrigatéd produétion were
estimated from general'ferfiliger recommendations for
dryland and irrigated crops in Alberta (Farm Business
Management Branch 1981). Table 3.12 shows the increased
feftilizer requirements expressed in ké/ha and in $/ha

S

4
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based on fertilizer prices of $0.54/kg of elemental

nitrogen and $0.69/kg of phosphate (Hamlin 19835). ‘

‘Fertilizer recommendations for the Dark Brown soil zoné
were used for all soil typés at Coronatién and Lethbridge.
Aﬁ Edmonton and Lacombe; Black soil fertilizer
recommendations were used for soil types I and III while
Thin Black recommendations were applied to soil type II.:

Assumed fertiliger rates for wheat were the average of

(

-

fallow and stubble.

Irrigation costs were estimated from the Irrigation
Cost Guide for Alberta (Ring 1984). Costs were broken down
into annual fixed costs (i.e. average annual depreciation
charge and average interest charge based on an annual
'vinﬁerest rate of 13%), maintenance and repair costs,
pumping costs, labour costs (baéed on a labéur cost of
$6/h), and costs to pump water to thé field level;. The
fixed costs were increased by 10% for the side roll and the

hard hose traveler to account for-extra costs of increased

level i 'S for’tﬁe.cénbre pivots were
increased by 5% td‘account fé:-the above extra costs. The s
capital cost of the towable centre pivot covering 15 ha in;
one revolution was taken from Lyster (1984). The other
,costs'for this Eystem were assumed to be the same és‘those
for the‘iargeg towable centre‘pivét. |

Table 3.13 lists the assumed irrigation costs. The

pumping costs include the assumed costs of brihging water
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\

Irrigation
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Increased Fertilizer Requirements with

Dark Brown Soil Thin Black Soil  Black Soil
N phos. Tot. N phos. Tot. N phos. Tot.
kg/ha $/ha kg/ha $/ha kg/ha $/ha
Wheat: . ‘
"Stubble 20 25 21 10 20 19 5 10 10
Fallow 50 15 37 . 45 15 35 40 10 29
15 50 44 15 45 39

Alfalfa: 15 55 46

to field level.

All the irrigation costs are general.

The

real costs faced by the irrigating farmer will depend on

the situation of the water supply, development costs for

the water supply, and the exact irrigation equipment

'purchased.

All pumping costs are based on using diesel

fuel

($0.29/L) as a energy source for pumping. Electricity or

natural gas are much less expensive if connections to the

electric power grid or natural gas supply mains can be made

easily.

In many cases, the pumping site may be far removed

from the power grid or sﬁpply=méins. Where large power

needs are required, such as centre pivot irrigation,

three-phase electric power is necessary. Three-phase power

is not widely supplied in rural areas. Diesel engines can

be used from the smallest to largest pump power

requirements.

For a supplementai irrigation project, the

pumping'plént may be ‘moved between several locations. CA
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Table 3,13 Irrigation Fixed and Variable Costs

Total Annual Repair &

Capital Capital maint, Pumping ~ Labour
System ($)" ($/yr) ($/yr.) ($/ha/mm) . ($/ha/mm)
Side roll A " .
(1 lat.) 29 500 5 600 400 0.387 0.055
Side roll ’ ' :
(2 lat.) 40 000 7 600 500 0.387 0.055 "
H. H. T. 48 000 8 500 1 500 0.602 °  0.034
Tow. C. Piv.
(220 m) 48 000 7 900 ‘1 100 0.417 0.029
Stat. C.'Piv. . ,
(400 m) 76 000 12 200  1°0Q0 0.417 0.017
Tow C. Piv. B : ’ ]
2 pos.) 100 000 16 500 ¢ 1°500 0.417 0.029
o . ]
Tow C. Piv. i ' ‘\'S'
(400 m, = .
3 pos.) 106 000 17 500 1 700 0.417 0.029

towable diesel powered pumping station or a pump driven

from the PTO of a diesel tractor are well suited for the

latter situation. ‘

The pumping cost to’briﬁg”water to field’level'was
estimated from the puﬁping~césts ;ifferences between low
ana medium pressure Spriﬁkler systems. This cost was
$0.008/hé—mm per m of total dynamic head. For ?EF éystems[
it was a§sumed 15 m of total dynamic head must be overcome
to bring the water to field level. This Qou}d

underestimate the pumping costs when water must be pumped

far or raised a considerable distance.
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.Maintenance and repair costs were assumed constant from
year to year. This is aggimplific§tion since, in reality,
these costs will not likely be the same each ye¥r. 'There s
was no direct charge for water which is the case for ‘g$
holders of licenséS'for supplemental irrigation. : o -
Variable costs wére'calculated based*on the net ha/mm of -
'.water applied each year; v
Tb'simplify the model, the fixed costs were assumed
constant regardless of the land area irriga&gd witﬁ the
side roll or hard hose traveler. The assumed costs were
based on 32 ha pef side roll lateral and 32 ha.per travelgr
unit. Where the irrigated lﬁnd‘areas are significantly
less than the'above balueé, the fixed costs wduld'be
overestimated. éimilarly, where each unit irriéates morebgg
land area,«thelfixed costs would be underestimated. This 'J;'"
assumption would not affect total irrigation costs greatly.;
.éaled alfalfa hay was valued at $80/t}(St§tistic5'
Brénch 1984). Because of the éreater yields,.harvésting
the ifrigated cfop would involve greater wear on méEhinery
and require more.labéhr and fﬁel'thén harvesting the same
area»of éryiand'crop..‘?he cost of harvesting the hay and
hauling;thg ﬁay to fafm séorage was estimated “from custom
rates for large round bales (600 to 700 kg per bale); It
is very difficult to accurately estimate the extra
harvesting costs. which are'entéi;ed in hatyesting:the extra

irrigated production. The Farm Business Management Branch

-

° 4') B
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(1983) recommended thaf a farmer who doés custom work in
addition tO'ﬁis/her own needs should only charge the
proportion of fixed machinery éosts/Which’custom work
constitutes of total machinery usagé. For grain and hay
harvesting opegftions, fixed costs account for about 75% of

®.tbtal eachine dperating costs (Farm Business Managemgnt
Branch‘1983). The assumption was made thaé irrigatidn will
approximately double yields and, therefore, only 50% of )
fixed machinery costs should be included in the harvesting.
cost for the extra ,irrigated proéﬁction. This implies
about 60% of the éustom rate would be equal to the
incremental harvesting costs of the yield increase due to
irrigafioh.' The harvesting charge was $9/t‘for windrowing,
conditioniﬁg, bélingh stacking, and hauling based on a
dryland alfalfa yield of 2 tonnes per'acre. This cost was
based on typical ‘custom fateS»for central Alberta (Farm
Business Management Branch 1984) . |

‘Because hay is primarily.fed fiear to where it is grown,

the érice of hay varies with’the local forage supply and

) demand;  In dry years, many cattfe broducersvmay require
additionél feed, so the priceipfghay can rise. In these
years an=irrigating producer will reap the greatest.benefit

. ‘ ) . ~ i SR
from irrigation. On the other hand, in moist years, thergs

. may be an oversupply so the price of hay on the marketplaceﬂ
may fall. -Thé'assumptionAwas made that the price of hay @
remains constant and there was always a ready market for

hay.
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The price of wheat was set at $185/t. Incremental
harvestlng costs were calculated for wheat using the
approach employed for hay. The assumed dryland yield was
one tonne per acre and it was;alSO assumed‘irrigation will
approximately double yields. Harvesting costs (swathing,
comblnlng, and hauling gra1n to storage) was set at 314/t
based on custom rates for central Alberta (Farm Business
Management Branch 1984). ‘

The Canadian Wheat Board buys nearly all wheat grown in
‘western Canada. ‘A quota delivery system is used to glve
all producers the opportunity to market thelr wheat. The
guota system was designed for dryland farmers and |
discriminates against the intensive grain producer. Under
the Canadian Wheat Board guota delivery system, quantities
which can be del1vered to the elevator are partly based on
the farmer' s land area. However the 1rrlgat1ng producer
can produce more from a given land area than a nearby
dryland farmer. The'irr1gat1ng producer may have
difficulty selling his/her,crop in some years and thus may
~ be faced with higher storage costs per ugit of productiqn‘
than dryland farmers. Hamlin (1983d) estimated, howeuer,

' there will likely be few marketing problems (beyond those
normally expected for dryland production), providing no
more than 25% of the farm land area is used to produce
irrlgated grain. '

As defined, the annual net return is an artificial

entity and bears no relation to actual cashflow. Negative

8
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net returns usually mean that the weather was good for.
dryland crops. However, the irrigating producer would also
~ have excellent crops. Therefore, negative net returns do
ndtfmean thé irrigator will have insufficient revenues to
be able to meet his/her financial obligations. Negative
net returns indicate the extra expected revenues with
irrigation are not as great as the extra costs incurred
with irrigation. Thereforge, if long-term average net
returns are negative, fhen the weathef is consistently sﬁch
that irrigation is not worthwhile except as a form of
drought insurance.

The net returns are only meaninéful relative to dryland
crop production. The returns expected. from conventional
dryland farming should bé added onto prediéted net returns
frog irrigation. Therefore, if dryland farming is very
profitable, negative net returBs from irrigation may be
possible without the whole operation being unprofitable.
of course,7if dryland farming is unprofitable,'then
positive net returns .from irrigation do nof guarantee that
crop production will be pr-fitable. | ;
Using the net returns as a measure of economié

viability is a form of break-even analysis. A predicted

\ .
long-term average annual net return of zero means| that the
\ “"

)

irrigation will just break even economically (i:;ﬁ the
average revenues from irrigation will just balahce the

average costs of irrigation).
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Studying average net returns is nof an often used or
particularly valid method of determining the economicall
feasibility of an investment. The weaknesses oflthis
method are that tax effects and the timing of actual
revenues and expenses are ignored, However, better
methods of.evaluating4fhe long-term profitability of an
investment require detailed information concerning the
financial situation of the. farm business (Gardner et al.
1981). Therefore, studying net returns from 5 partial
budget analysis was an appropriate technique to estimate the
general economic feasibility of irrigation in east central
Alberta.

Irfigation involves a large capitai expénditﬁre per
hectare ana large operating expenses per hectare each
year. At the same time the potential revenues froq
irrigation are also iarge. "Therefore, irrigation would
usually affect {ncome taxes. The impact would likgly be
different for -each farmer. If the whole of crop production
is irrigated, then taxes would be positively cofrelated with.
annual net refurns; as defined. The situation is more
complex when only part of the‘farm is irrigated (as would
be more likely in east central Alberta). If predicted
net réturns are usually positive, irrigation would increase
increase income taxes paylable. In this‘case the
estiméted net returns would be overestimated.'

However, if net returns are negative, this would
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indicate revenues are less than expenses. These expenses
could beNQritten off against income earned from the rest of
the farm or from income earned in other years Hence, the
predicted net returns wéﬂ?ﬂ be lower than that actually
incurred by the farmer. 1In years with good dryland crops,i
‘the extra revenue from irrigation production would increase
taxes. Conversely, in years with poor dryland crops, the
expenses of farming the dryland portion of the farm could
be written off against the revenues from the irrigated
production. |

The capital cost allowance for the irrigation equipment
can represent funds available to the firmer (since it 'is
not a real cash expense). This income tax deduction may be
particularly important in years when pricgs for farm
products are depressed. 1In thesé years,lthe farmer may Be
lee to exist, in.part, on the capital cost allowance of
the irrigation system. Up to a set maximum, the farmer can
choose the amount of capital cost allowance for the
irriga;ion system which is claimed as an expense for tax
purposes. Therefore, the large capital cost -allowance of
the irrigation system can be used as a tool to reduce taxes
in years when the farmer has a.large net income.
| Even after considetingH;he above discussion on tax
effects, though, where irrigation increases farm net

income, taxes will undoubtedly consume a portion of the net
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retu;hs as defined in this Sthy.‘ Therefore, where net
returns afe attractively iarge, the net returns would |
probably be overestimated.

Implicit to the concept of average annual net returns
is that both the variable ifcigation_costs and crop p:iceé
rise at identical rates. If crop prices do notrise as
quickly as the VAriable cosfs (pumping costs, fertilizer
cgsts, costs-for repair and maintenance, labour.costs, and
'exfra harvesting costs) theén the average returns wouldll bé
overestimated. This is beqause returns in futﬁre years |
would be less than present returns. Of coﬁréé, the converse
is possible. 1If crop prices rise faster than variable
irrigétion costs then the average returns would be
underestimafed. Another aSsumpEicn which affects the
distribution of net returns ovétft{me is'thét the farmer

who adopts irrigation instantaneously becomes a competent

Y

.

irrigation farmer. Actuaily it wouid likely requife some
time to acquire irrigation expertise and dﬁtil this happens
the net returns would likely be 6veréstimated..

For the first year of irrigation) the lack of expertise
and the initiailstartup'costs generally create an\ |
unfavourabie cashflpw situation. ﬁevenues for the first
year will not be realized until afﬁer phe harvest. Linsley
(1983) strongly recommendedlthat a farmer should have a

substantial amount of available working capital before

investing in irrigation.
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The success of_irrigated.farmini is more sensitive to
‘management than drylandvfarﬁing (Hamlin 1983d). Unless all
elements of crop production (fertilization,.we;a control,
timeliness of field operatidns, and water application) aré
well managéd, irrigation farming is not fikely'fo the
'7préfitable. The large cQSts for irrigation usuélly _
incfeaSe the farm debt to equity'rat}é after the . transition
to irrigation;is-made. 4Therefore, éspecially iﬁ the first
few years of operation, irrigatiénvmay increase the
farmer's f1nanc1al vul;g; b1I1ty Any farmef‘éonﬁemplating
supplemental 1rr1gat on sh uld consider th1s potentlally
detrlmental influence.

If a new sprinkle; irrigation systen is ﬁurchased, the
federal businegs investment tax credit (BiTC) éould be a
consideration. 1In east central Alberta the BITC would be
worth at‘least 7% of the purchase price of a new irrigation
system (the exact rate varies-depénding on where the fatm‘
is located in Alberta). The BITC can be used to directly
reduce federal income taxes. The 'BITC can reduce federal
income taxes paid in previousbyears or to reduce taxes
payable in the current year or in future years. Even if
the farmer has insufficient federal income taxes against
which to apply the'BITC, the farmer-is still eIRSible tb
receive a portion of BITC.directly from. the federal
government. The BITC can significantly reduce the
effective cost of the irrigation system and thereby

decrease annual fixed costs. -
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The harvesting cost and irriéation cost both include a
charge for labour. If the farmer supplies the labour
himself/herself then these labour costs will not be real

cash expenses.
In the short term, irrigation can appear economically
feasible if the variable costs of irrigation are covered by

the revenues. However, in the.ldng term, thekgixed costs
Ay |

o]

of irrigation must also be paid for by“the'revenues,from

irrigation. Otherwlse, when the 1rr1gat10n system reaches ™

the end of its useful life ({about [§_years) the farmer can
not afford to invest in new equ1pment to continue |
irrigation (unless he/she pays for the new irrigation
equiument out of other sources of income). |

The net return, ae defined inethis etudy; is a very
simplistic measure of economic performance. All the costs
and crop prices are general. Because the net returns afe'
only relative té dryland production, they have little
relation to real net returns. Despitehthis, the net
returns have a generai usefulness Although the exact
value of the net returns is only a rough 1nd1cat10n of real,
net returns, the relation of the value of the net return to
zero is meaningful. 1If the average value of the net
returns is negative, then the potential 1rr1gator should )
evaluate that irrigation investment carefully. Negative

average net returns would suggesf that the monetary

pbenefits of irrigation over conventional dryland farming

-
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are insufficient to pay for the long-term costs of
irrigation.

Thé economic effects of irrigation extend beyond the
farm boundaries. Irrigated agricultural is mogé intensive
and stable than dryland agriculture. 'Therefore, manf of
tke economic benefits stemming from irrigation are
collected ' by non-farmers. A study of the Eastern
Irrigation District in southern Alberta, showed that about
13% of the economic benefits of irrigation‘go to farmers,
%2% to others in the local area, 31% to others in the
province, and 34% to.others in Canada (ECA‘1982),
_Preséntly the province of Alberta pays 84% of the cqéfs__
of rehabilitating the water delivery works of the | |
irrigation districts. Farmers (through the irrigation
districts) must pay the_remaihing 14%. The rationale for
this division is that the farmers receive only about 14% of
the eéonomic benefits of irrigation. T

.Widespread irrigation opens up many busineés'and

~employment opportuﬁities. Hamlin (1983c) noted most rural
municipalities in Saskatchewan lost a sighific;nt~
proportidn of their population in the last 20 years while a
few municipalities have retained their population or
‘recorded modest -increases. The only rural municipality to
experience a substantial rise in populgtion was the
ﬁ;nicipality of Outlook which contains the South

Saskatghewan River Irrigation District. Irrigation in this

disgrict first started in the late 1960's.

3
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The Env1ronmental Counc1l of Alberta conducted a study
of»1rr1gat1%n in Alberta (ECA 1982). They concluded that
irrigation Farming must be subsidized if it iS'tO be viable
in the long term;' éresently, Errigationﬁfarmers otganjzed
intolirrigation districts receive subsidies in the form of
government assistance to rehabilitate the existing water
supply network and the construction of neW\pacital works.

The Enviromental Council recommended that private

irrigators (those not members of a irri {tjon district),
should also receive subsidies. ,in eastvcéntral Alberta,
irrigation development would almost certainly be composed
of private projects. In Saskatchewan, the provincial
government offers>grants up to $247/ha (cp to a maximum of
$50 060 per farm) to assist dr&land farmers develop private
irrigation projects (Saskatchewan Agriculture 1984).

In Aiberta, Alberta Agriculture and the Prairie Farm
REhabiiitatjon Administration " (PFRA) both protide technical
assistance for the planning and design of irrigation
projects at no charge to the farmer. PFRA also offers

© el

f1nanc1al assistance -- one third of the progect cost up to

a maximum of $2200 per farm. .
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4.0 Results and Discussion

Two ou£put files were created by tﬁe program. The
first file (OUT) summarized model:resulpg for each run. It
listed growiﬁg season precipitation, starting soil moisture o
on April 9 (SSM), CU, yields (of both the first and second
cuts of alfalfa), the number of irrigations, the total:net
irrigation amount, the variable costs associated with
irrigation, and the net régurn each year. This fi.e also
contained the mean and standard deviation of '‘soil moisture
oﬁ October 15, total ET during the simulation season, CU,
yields, seasonal net irrigation application, irrigation
labour for the entire irrigated area,.total irrigation
costs, and net returns. . The second output file (OYR)
contained more detailed data for each year.' This includéd
the dates growth started and finished, total precipitation
during the simulation season, the date\each i:rigation'wés
started and the irrigation amount (and the fieid which was -
irrigated if a TCP), soil moisture on Octobér 15,
accumulated deep percolation, and total surface runoff. 1In
addition to the above data, the option existed to output
" the following daily estimates in file OYR: precipitation,
PET, soil moisture, ET, accumﬁlated yield, irrigated area,

;

and net irrigation depth. Appendix. C contains examples of

program output.

145
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4.1 Weather

The lengths of wet and dry spells for the historical
record and for 50 years of simulated weather were compared
for five periods: April 9 to May 16, May 17 to dune 23,
dune 24 to July 31, August 1 to September 7, and September
8 to October 15, Wet and drf séélls whiéh spanned the
ﬁoundéries of these pgriods were assignea to the period in
which the spell ended. A speli which contained a day with
unknowg precipitation was ignoféd. A chi-squared test was
pefférmed to test if the lengths of wet and dry.spells were
independent .of whether the weather was real or artificially
gedérated. With the exceétion‘of wvet spells from August 1
to éeptgmbefl7 at Coronation, all were found to'be
indeéehdeht at the 95% level of confidence. For thé\;bove
period at Coronation, the simulated data underestimated the
length of wet spells,

The avérage\precipitation-totals for each ten day
period for historical data and for simulated weather
generated from the combination of simple Markov chain aﬁd
cube root normal distribution were compared. Figures 4.1,
4.2, and 4.3 plot the ten day average precipitation totals
for Coronation, Edﬁonton, and Lacombe. A t-test showed the
© average totals were the same as historical totals at a 90%
level of confidence. There was a trend, howevef, for the

simulated_averages to be slightly less than those observed /

historically. This difference can likely be attributed to
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very heavy precipitation events (> 40 mm/d). Based on the
cube root normal distribution the upper extreme Sf: .. -

precipitationnappeared to be smaller than those which‘héve'
been actually recorded. Although these'hea&y rains happen
infrequéntly, the guantity of precipitation involved is
“sufficient to raise the,meaﬁ for the'hisforical data.
'From'ghe point of’view of modeling soil moisture, omitting
ggnération of these hequ'réins is not crucial since much
- of this rain would probably be lost as surface runoff
and/or deep percblation below the roqt zone., e
The weather model generated a wide rande of»gfowing
season precipitations at all locations. Table 4.1 lists
ghe generated g{owing éeason average pﬂecipitation, and the

range and standard deviation of generated growing season

average precipitation based on 25 seasons.

@

Table 4.1 Average and Variation of Generated Precipitation
B During the Growing Season

&
Growing Season Precipitation (mm)
Alfalfa Wheat
Location mean sn range mean SD range
Cor. _"225 39 131 - 317 162 - 37 82 - 248
‘Edm. 294 68 155 - 439 246 58 132 - 436
. Lac. 280 - 53‘5'162 - 434 241 46 117 - 425

Leth. 230 54 139 - 392 168 49 75 - 264

)
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Since the simple Markov chain applies to central and
southern Alberta, it is comparatively simple to determihe
the probability of having a spell of wet or dry days of
specified length. The probqgflity of having a dfy spell of
n days, if the first day is drj'is (Simpson and Henry

-
1966):

n-1 :
(1—p(W/D)) A : (4.1)

/Ejgures 4.4 plots the prdbéﬂ{ffﬁfé%iog&ggying n dry daV¥s at
Coronatibn, Edmonton, Lacombe, and Létﬁbridge for ghe
period‘frém May 9 to TB. Figures 4.5,.4.6 and 4.7 are
similér but for June 28 to July 7, Jﬁly 28 to‘AuguSt 6, and
Augus§'27 to September 5; respectively.

The average length of a dry spell “is:

1/(P(W/D)). ~ . & 5 . (4.25"

v hn
- L P e v o ’
The absolute proBability of having a dry day is:
P(D) = 1- P(W/D)/[P(W/D)+(T-P(W/W))] ‘ (4.3)

The absolute probability of having a wet day is®

P(W) = 1- P(D) h  (4.4)

The mean number of dry days during n'days is¢

m(D) = P(D) * n : (4.5)
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Table 4.2 gives the average length of dry spell and
absolute pfobability of having a dry day during each ten

v

day period”for Coronation, Edmonton, Lacombe, and

~

Lethbridge. . ' . .

Intermittent move-irrigation gystems have-an irrigation
interval -- the time requifed'for-tﬁé;system to complete an
entire irrigation'of the field. From Figufes 4.4 to 4.7/
it is apparént that dry spells ldnger than ten days are
rare at any 6f the east central Alberta locations. 1In east
central Alberta, providing the irrigation_iﬁterval is
greater than ten days, there will likely be some rain
during an irrigation. At Lethbridge, however, by mid
summer, dry spells of ten days or more are not
exceptional. Therefore, an irrigation sysﬁem at Lethbridge
should be sizéd so that potential crop moisture needs are
met during a dry.period lasting the entire irrigation :
interval. Appendix D lists ?he Markby transitional
probabilities and the mean and standard deviations—of the
cube root of precipitation on wet days resultingffrom the
weather analysis. § R f&&

Mean ‘total PET for each ten day period based on 50
years bf simulated weather were compared with means
calculated from historical recofdsvfor Coronation, )
Edmontpn,'and Lacombe. A t-test showed that the simulagéd
‘and historical ten day PET means were consistently the same

at the 95% level of confidence. However, the variance of

the simulated means was always less than that observed

a3 - —
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‘historically. This strongly suggested there:were periods of

-weather with above or below normal PET beyondxthdse

explained by wet and dry spells. The weather model assumed
that each day was independent with respect to temperatures.
and PET.. Hepce_these‘trends would §§§“be%preserved.
The historical ten day total of PET wpuld have a larger
range of valpes than the simulated, giving the historical
totals a larger variance. |

The weather model, therefore, underestimated the

variation in irrigation requirements and crop yields (as

‘affected by PET) during each ten day period. Provided that

trends of below or above normal PET do not persist for much
longer than ten days, the effect on seasonal irrigation
requirements and seasonal yields is probably not great..
Richardson (1979) develpped a method of computer
generation of daily ﬁaximum and minimum temperatures, and
solar insolation. The simdlation technique includes ﬁhe
serial (i.e. between daf;) correlation among the three
varlables. This model also-lnd%;porates the cross
correlatlons-among these weather variables.g'l‘herefore,
this approach would probably better preserve trends of
above and below normal temperatures (which would produce
trends of above and below normal PET). However, a great
deal of prbcessing isnrequired to analyze historicel
weather records to estimate the parametere needed to

generate the weather variables..

-
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Appendix E tabulates the temperature and PET statistics

used to generate temperatures and PET. vAppéndix F gives

the mean and standard deviation of daily PET resulting from

T

the weather analysis.

% ~

4.2 Crop Growth and Consumptive Use Models

Validation of the crop growth model‘and consumbtive use
model was difficult because there have been very few
irrigation trials conducted in east central Alberta. Most
research on crop yield response to moisture conditions on
the Prairies has been conducted ‘in Southerb Alberta or
soUthwestern Saskafchewan. Unforfunately, there éxis
significant climatic differences between theée areas and
east central Alberta. The problem of validating the model
was cgmpéunded by the variationfin crop yields and moisture
use for the same area between differept éxpefiments.

The crop growth and consumptive use models had to be

calibrated. Because of the complexity of the model, most

;Ehé-calibration was éccompliShed”throUgh trial and

if}or. The dagger of.éalibrating the model té crop yield

Vanﬁ mOiSturg use data from one experiment is thgt the model
@éy cnly~bécome applicable to the cliﬁéte specific to the
years of the experiment, for the soil on which the

experiment was conducted, and for the type of crop

management used.

N
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Considering the above, the approach used to calibrate
and validate the model was to have the model agree
reasonably well with a wide variety of data available in
the‘literéture'bdt hot necessarily agree very well with any
one data set. This is congﬁstgnt with the objectives of
the study.which was to construct a computer model’which ®
would be suitabie for a wide geographical area, applicable
on a variety of soils, and representative of résulﬁs v
exbected on farms. N

" Three-quarters on the effort‘expepdedvto develop and
implement the model was devoted to thé Yield simulation

component. It is probably impossible to devise a simple

yield model which will accurately s?ﬁu%?t; plant growth

v‘q

except, maybe, for a specific site, soil, and tYpé of crop -
management. Thisfié‘espeﬁially true when one is trying to -
predict seed yield alone. Because the yield models are
‘gross simplifications, the.variation in‘seasonal yieldslﬁas '
léss thénwthat fohnd in reality. Copsequently,'the yield
models best capture trends in crop yield response to |
moisture conditions rather than providing a gggd prediction
of crop yleld in any one spec1f1c,xe;r.

In general, the choice of modeling on a daily basis was
a good dne.‘ First).simulatioinon a daily basis produced a
better representatiqn of the real world. Crép growfh was
»dependent on the timing of precipitation and not only on
the total amount of precipitation which fell during the
grgwiné season. Simulating on a daily basis creatéd some

-
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9 | . ,
very real irrigation problems -- substantial rains falling
soon after 1rrigation had started and. unusual extended,
periods of hot, dry weather during which the 1rrigator
could not keep up with crop water demand “The decision to
model the area irrigated with a 51de roll and HHT
separately in three parts was appropriate. Frequently
there were significant differences in moisture conditions
across the irrigated area.

Stewart (1981) stated ‘that farm yle“is in Canada of
most common Crops are. inevitably at least 15% less than
potential yields because of. losses due to weeds, diseases,
and pestsi This suggests. the value of the management

factor, M, should be about 0.85. Setting Mto 0.75 was

t‘“
e i

found to predict yields which were in good agreement with
expected farm yields. Typically, setting M to 0. 85,:y

y; .
produced yields more representative of the top producing

farmers while setting M to 1.0 gave yields only expected on

extremely well managed research plots.

One of the most important sources of data with which to
validate the model was puﬁlished 1rrigation trials ‘ )
Validating predicted crop §¥§IS difficult because the
starting and ending dates of irrigation are rarely glven in

9
_ the methodology of published experiments. Also, the dates:

B . . . \8
between which CU is measured are often not specified.. By:
contrast, the predicted crop CU was measured between’ veryﬁ“
‘ ' J

specific dates -- start of growth 'and-end of growth M

(although, Zor alfalfa, these dates would be difficult to

-
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'the model results could bewéﬁ%dbné

SO T e

determine 'in practice). Predlcted total(ﬁ%%mfers to total
H \u N o

ET durlng the entlre 51mulat10n perlod == Apr1l 9 to
¢
October 15.

Val1dat1on of—thg,mpdel was" also compllcated by the,

agact that few 1rrlgat1on trials have been conducted for

»

;ﬁmore ‘than four years Because of the weather var1ab1@y§y,

four years may not ﬂecessarlly be representat1\/@‘?‘(5?t.&l"ﬂatdg;;k.g
Tk

weather over the llfetlme of the 1rrlgat10n systﬂm#'

o 5 -

: Succe551ve years from the predlcted results forvthe?g%mber» T Z;

' of years ofq&he actual crop yield trials could usual&;‘be ,’_:y
chosen whld&aproqyded excellent agreement between measured , é’;
1';‘ '.(:._l
and pred1cted dn the other hang““succe551ve peruods from “;5_4

agreement w1th measu%dd results.,

o 7

The appr chgused was to
g% wsgachyused
_compare measured crop glekd and GU mﬁ;h,ggedlcted _ .?*

performance for a. 25 51mulated yeags{ ﬂFor thls»reason Afié?;

.“A

pract1cally 1mp0551ble._,“"A ; e {,JQQ;Q{Q\W,"‘t . "!

s
- ¥

Predlcted ylelds were also valldated by comﬁar1ng#them

to typ1cal or ave&age farm y1elds. ThlS was a valuabl
~ _'.' .. ) e

approach to val1date the Mbdel Because it takes Lnto

¥

account’ normal - effect ofxweather and management U51ng o o
typ1cal farm: ylelds also helped ensure the model had

general appllcablllty for a. large area

‘.n\.

B acibe . . . J . .
gt &a-f?’ﬁ, PN S

A
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4.2.1 Alfalfa ‘nev@’bopafent N

Ty Tables ¢.3 through 4 6 show the predlcted dates alf

R4

- reaches dlstlnct crop development stages at Coronatlon

> . !

dates were fpom ten year model runs.
R
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alfa ¥¢-

Edmonton, Lacombe, and Lethbrldge, respect1vely These

Hobbsx@hd Krogman (1966) recorded the time required- for

alfalfa to reach: spec1f1c development stages in souther

_).w o

n

Alberta over a three year period. Table 4.7 gives the"

,‘u o
5iaverage measured tlme spans along w1th tHose predlcted
,’l" ..

l

#
at

1

Lt ¥ I""
Lethbridge. In general there was good agreement between

predlcted and- measured development rates. However, the

total grow1ng perlod for alfalfa was overéstlmated byit

X +
model The grOW1ng perlods for the o%her‘locatlons *als

appear to be longer than would be expected The_probable

cause was that the start. of.effectlve growth»was estima

. to start too early If'growth cgzmehﬁed‘about a week 1
" ﬁi\. ek
- k2

*
he ™

(e}

ted

ater

than pYed1cted then “the grow1ng season length woq&d be %2‘1

more approprrate. At thefeast céﬂtral Alberta;%?catlon

.’»5

delaylng the start of growth would meaﬂtthat twoaogmple
growthsﬁyould not occur- 1@ all years.. Th;s suggests th
less than 500 degree days were requ1r§% for alfalfc »

reach the cuttlng stage. N }- ‘
: R &

Since seasonal yleld is the sum of dally growth,
- ‘1!2, RS 4.‘ o ‘& L

"redUc1ng the number of daxg Wlti‘h each growth would

PO S
. ',r

SJ

t e B ‘.‘

at

i

s

" &

' correspond1ngly reduce ?ﬁeld *The effect -would be mlnxmal '{0’

!

L%

. rn-east Eg;tral Alberta. Prov1d1ng start of g%fwth in

=

&

(
o
'
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‘T&ble 4.3 Predlcted Alfalfa Development Rates at;i v
Coronat1on

Growth Stage o V ﬁange ~ Mean

Start of Gréwth " Apr 28 - May 10 i May 3
_Full Cg%er SR June 8 - June 16 f | June- 10
>.First Cut = | K w July 3 - July 8- | July 5
Full Cover o July 23 - July§28 e July 26
Second‘Cuﬁ 'h : "i Aug 12 - Aug %3 g Eﬁ Aug'17
,; End of Growth ‘ Aug 29 - 6ct 7 o 'éept 17
Growing. Season Length (d)_ . 114 -~ 150 ’ 138

‘. N E |

. p » . W ’
Table 4.4 FredictedQA}TalféfDevelopment Rates at Edmonton

. o
'Groeéh Stage ' C ‘ﬁange, C ' Mean
Start of Growth, Apr 30 - May 13 ' ' May 4
vFull Cover "'f _;ﬁ , June 7 - June 14 e June 11
‘Fllrst Cut - '~ E ’ July 4-—July 11 ”7
Full Cégér "‘.h ' ;%uly 28 - Aug 3 ; ) ‘Juiy 31
Second Cut- :ﬂ»\ Aug 18 fﬁAug 28 - Aﬁe 24t
Enefof'érowth_e I Sept 8- Oct 1 . | : Sept 30
; Gfpwing Seasén Length (4d) 1%2 - 1 o f‘: vﬁ. .' .42
s : . ' S W
‘ o kS
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>

Growth Stage : ' Range - Mean
Stargjof Growt& | Apr 30 - May ]6wf, May 3
Full Cover June 9° - June 16 June 13
First Cut . July 5 - July 15 July 10 -
Full.Cover o July éO<—’Aug 8 | July 31
éecond‘Cut Aug 19 - Sept 1 Aug 24
. -End of Growth Aug 17 - Sept 27: Sept 11
Growing Season Length (d) 105 - 152 .. 135
L . —
Tablev4.6- Predicted Alfalfa Development Rates at
Lethbrldge )
Growth . ge : Range Mean
Sfart{; ?érowth\ i Apr 18 - May 5 Apr 26
'Full Cover June 1 - June 12. June 4
) First Cut Juwne 24 - Jﬁiy‘Iéﬂug; June 28
| Full Cover July‘15;- July 21 - July 17
Secono Cut i'Aug 1’4’Aug 9 . Aug 4
End of=Growth' Aﬂ@ 28 - O&t 6 ; .gept 21
Grow1ng Season ‘Length (d) . 134 - 163v 146
) i AN

165

- | | ‘
Predicted Alfal'fa Development Rates at Lacombe
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Table 4.7 @%ompar1son of Predicted Alfalfa Growth Rates at
iﬁﬁgbrldge with Measured Alfalfa GrowthoRates in
s and Krogman (1966)

Q

Growth Stage | measured, . predicted

start of growth to full cover (&) | 36 39 ;ET;n
full cgver to first cut (d) v 854 | 24 :;“?§%
first cut of fuil cover (d) y,a§?1i . - 18d .,J?i
_full cover to second cut (d) 21 ) A 18 (aaf;
second ‘cut to-end of growth (@) 46 . 47 ~ -d% .

A ‘ - . ‘ -

& oan

138 R VYR S M

spring /is delayed, -the main effect of decrea51ng,the nuﬁbér
e
of degree days to re.ch the cuttlng“stage would be to:

eliminate the grow1ng days at the beglnnlng of the ffrgt
0
growth and the lg%t grow1ng days durlng the second'growth.

Because the temperatures and photosynthetié fluxes are

’_ smaller on t&ése days, the effect on yield would likely be

&

small At Lethbrldge, however, decrea51ng the number of

~degree days needed to reach the.cutting. stage would reduce

seasonal dryland%%1eld§?ign1f1cantly Here the second

dryland growth was predlcted to be E&low the minimum of

-1100 kg/ha about one year out of two.. yhen a second cut

_was taken it was normally not much more than the minimum

?

‘ﬁnof 1100 kg/hag% Thgrefore, any reduction of the yleld -of

@

" the second cut would have a’ substantlai effect on seasonal

o

N R . w



- Lethbridge would notgbe -as great.
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dryland yields. The'impact on irrigated yields at

?he modeidpredicted*a third cutiwaslgossible mos; years
at Lethbridge. Normally the crop was projecfed‘to reach
the cutting stage about the same time it was kilied by a
hard fall fros;. From a agronomic perspéctive, this third
harvest should be ;ak;ﬁ after the, frost to ensure the stand

has, stored sufficient root reserves. In comparison with

southern Alberta, the model predicted a third cut was

-~rarely possible at any of the east central Alberta

locations, especially at Lacombe. Y

4.2.2 Wheat Develophent

Tables 4.8 to 4.11 give'the predicted dates wheat

" reaches specific crop development stages at Coronation,

Edmohton, Lacombe, and Lethbrﬂdgé, respectively. Robertson

(1968) llsted the average dates for.five crop- lears of

B wheat at Lacombe -- plant1ng* May 46; emergence' May 26;

jointing: June 10; headlngaﬁlhly 12; soft dough August iS}

~-fipe: September 3. Therefo:e Ehe pred;cted dates for

Lacombe were reasonable estimates of actual datesg, o
expected to be seeded ‘on farms. The effect of delaYing
seeding less than ten daysggh yields and ¢u would probably
be marginal. .

&

-

v ¥ ot

v

The planting dates are earlier than all’ wheaf.would be: #
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~£%%Table 4.8 Predicted Wheat'Development ﬁé;es at Coronation

¥ B D : | o s
Growth Stage i‘ fjf " Range " Mean
‘Seediggf' _ 'Av : May.8 - May 22 - . May'14

:yEmergéncg _ - May 18 - May 31 = May 24
Jointing June 10 - June 21 ' June 15
Heading | July 7 -’Jﬁly 18 | Juiy 12
Soft Dough . | July ™1 - aug 13  Aug 7
Ripe - Aug 14 - Aug 30  Aug 21
Growing" Season ﬁengthl(d)v - 93 ; 104 , 99

~ Table 4.8 Predicted Wheat Development Dates at Edmonton

Growth Stage “ ~"Rénge , Mean
Segding‘ < : .v May 12 - May 17 May 13
Emergence | . May 20 - May 26 - . May 23
Jointing . LA June 12 - June 18 - . June 14
Heading‘ . ' July_1i - Julyr16 .v July 14
Soft Dough o _A%g 8 - Aug 15 | - ~ Aug 1
Ripe ' | | AUg42§?— Seé¥ 4' PR Aug‘28uf
~.Growing Season Length (65““ 102 - 112*  | ..:,L : 103 .

v‘;'.
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)

Table 4.10 Predicted Wheat Development Dates'ét Lacombé ™
Growth'Stage . | Range | f? ’ Mean
Seedihg o May 8 ;'May 27 . May 15
Emergenée ' May 19 - June 5 - May 24
Jointing | June 13 - June 26 June 17
Headin? 'd?%::_“  € : July 13 - July 23 .‘LJuly 16
Soft Dough Aug 7 - Aug 16 Aug 12
Ripe . *  Aug'26 - Sept 20 - " Sept 2
Growing Season Length (4d) 103 - 118 ) 1i0

o

Table 4.11 Predicted Wheat'Deveiopment Dates at Lethbridge

Growth Stage ‘ .~ _Range ' . Mean
Seeding ‘May 3 fAyaY'18' * May 9
Emergence ;f; Méyn13 - May 27 | May 19
Jointing . ' , Judhﬁa_-;June 17 . June 12
. o R . N o
Heading h : July 4&5253%;,- July 7
Soft Dough h July 2 o ‘
Ripe ' ' ﬁuésﬁ

Growing Season Length (d) .




be a concern at Corqgﬁtlon or Lethbrldge, and only hap
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Lacombe and Lethbrloge had the most variation in

development dates because those 51tes had the greatestl&

likelihood oﬁ?having wet seeding,weather, The variation in

seeding dates was carried forward into the remainder of the
growihg season. The crops matured more rapldly at
Coronation and Lethbridge becausé these looﬁryﬁns ‘tend to
have -the hottest summer weather of all the study sites.
Of all the locations, Lacombe had the mogst chance of

\

frost during the wheat growing season. In addition,

Lacombe also had the most chance of having delayed seeding

because of cool, damp weather. Finally,-wheat éevelopment

‘was most delayed at Lacombe because the weather tended to

be slightly cooler during the summer. For these three
reasons, Lacombe was predicted to gﬁfe the most damage due
to frost (especgally early fall frosts) of all the
locations considered. Total loss was predlcted to occur
about Qne out of every ten years at Lacombe. Frost damage
during the perlod from the hard dough stage to swathing was
predicted to occur a further one out of ten, years (1n~the
mode;iresults thls was indlcated by unexpectedly low WUE

-

for the irgigated cr&p) Frost damage was not pred1ct2§‘tb
d

'
~about one out of-25 years at Edmonton. Peters et al

$1978) noted that less than 5% of the land area in the

La&ombe dlstrlct is seeded to wheat in any one year because .

P

~ﬁ¥%the hazard of frosts ~

-
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'4.2.3 Discussion of the Simulation of Alfalfa Yield

and Moisture Use

-~

Validation of simulated alfalfa yields for southern
Alberta was complicated because either two or whree alfalfa
harvests per year'aré possible. Rargly was the number of
cuts taken given'in published alfalfa yield trials in J
southerh Alberta. M

Unless otherwise stated; iirigation.of alfalfa in the )
model was not started until June 1 or continued after a few
days prior to the second,cutting'of alfalfa%éTAlso, unless
specifieds, the management facto?; M, was';eéfat_0.7%.

Where published yf?ids were on a dry matter -basis,

these are presented'in £his study at a 15% mo;sthre

i

content. Similarly, all model results refer t5 yieid at
15% moisfure content, | .

Hobbs’et‘al. (1963) measured yields and consumptive use
in southern Alberta for two and three year old alfalfa 3
stands for a period ofﬁﬁﬁreéjyéars. 'The results of this |
expériment and predicted Tadel results are éresented iﬁ:

Table 4.12. The model results are for & stationary centre

pivot (SCP) at Lethbridge. Gehéraily the model provided;giﬁnk

by 5

good estimates of alfalfa yields and CU. - P

\ Rk
- R 5 . . . ;?. R
. P i
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Table 4.12 Comparison of Alfalfg Yields and CU in
Hobbs et al. (1963) with Predicted
Yields and CU :
Measuredr- Predicted
range mean range mean .
75% AM depletion | | - '
Yield (kg/ha)' 6481 - 13491 8302 7788 ~ 10482 . 9160

CU (mm) 328 - . 696 504 466 - 618" 543

50% AM depletion
Yield (kg/ha) 7777
CU (mm) 457

15739 11542 9611 - 11414 10442
752 617 506 - -679 607

. 25% AM depletion
" Yield (kg/ha) 9231
CU (mm) 513

13580 12184
760 693

16241 11921 11137
- 879 691 603

[

i
|

Comparison of the measuredvalfalfa“yields'and CU with
predlcted results revealed an important characteristic of
the modﬂa -- the pred1cted varlatlon in yields and CU were
;nvarlably less than those experlenced 1n actual crop %ﬂ
trials. There are three 11ke1y explanat1ons for this ¢ B

. 1‘ ’
behav1or (in expected order of .importance g

Wagenlngen model does not account for all M
affect yield, ii) predicted variation in PET'dUring any °

period was less than the real world which reduce-'varlat1on

ﬁﬂ&both CU and yield, and iii) the VSMB did not include. gi :

21nfluences on plant m01sture consumpt;on and soil qﬂ&”?
moisture hovement . g g}

If irrigation was oarrled on’ followlng the: second cut
then the pred1cted CU was overestlmated compared w1th the

CU measured bnyobbs et al. (9963). Allow1ng irrigation

.
- . .
' Q ' -
. L. R : » -



© 7 during the thitd growth than those used.in the model. The
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-untll September would increase the predlcted CU. With a

SCP 1rr1gat1ng at 50% AM depletlon CU becomes 739 mm
(range 671 - 835) ThlS possible o&erestlmatlon of ET was
not as pronounced w1th other irrigation systems A side
roll (16 ha/laterza) also irrigating at 50% AM depletion
until Septenber produced a predicted average CU of 677 mm.
When irrigating only dntil the secona cut with the latter

ey

system the estlmated CU was essentlally the same as the -

.

\

during the third growth, espec1ally during the period
immediatelj following the second cut. Scott (1975) used
actual experimental data to derive a set .of k coefficients

for Lethbridge. His k coefficients were con§iderably less

A

" ‘thoice of k coefficients for the third growth is less

1mportant 1n east central Alberta because proportlonately

less Cu takes place ‘during that growth stage.

The model may overestimate the y1eld 1ncrease from
o )

reducing AM depletlon to less than 50%. Both Hobbs et al

.. (1963) and Bezeau and’ Sonmor (1964) concluded there is

" kkttle advantage to maintaining the AM of an 1rrlgated soil

-

2] . : . ‘
_lgss than 50% depleted. An examination of the yield model

L , :
indicates that any practid®® which increases ET will

increase yield. Therefore, when ‘tHe irrigation system was

set to .ifrigate at less than 50% AM depletion, both CU and

yield increased. - Ip -reality there should probably be some

sort of eXtravagance factor which would cause WUE to

SCP -- 600 mm. The assumed k coefficients may be too larg&%

A B

»



decrease as CU approaches potential CU. It is important to
‘note that the“predicted alfalfa yields only show a large
response to maintaining AM less than 50% depleted when
irrigated witn a SCP. fhe predfcted response was less
dramatic when. irrigation was accomplished with any other
irrigation system. | |

Korven and Wiens (1974) compared the eﬁfect"of varying
‘the irrigation interval of a side ro'' at Swift Current.
PET at Swift Current is similar tc ~ Lethbridge.
This experiment was conducted for ..rs with
irrigation intervals of 14, 21, and 28 days. The 14 day
interval represents a system with can‘almost always supply
crop water needs even durlng hot dry spélls; ﬁfrioation
‘was started when the AM in the 5011 became about 50%

depleted. Table 4.13 summar1zes the experlmental results

and also llStS the predlcted results at Lethbrldge with the

same—:' 'atlon 1ntervals w1th a. 51de roll 1rr1gat1ng at

50%

he M WS ralsed to 0 &1 This

1nd1cates the real CE@° was managed better than assumed

experlmantal results ﬁ
As well, there was goog agreement betweenvthe actual and
predicted gields for the flrst and second cuts. -It is not
valid to compare dryland yields at Lethbrldge and Sw1ft

- Current because of dlfferences between amount and t1m1ng of
precipitation.. However, the dryland yaelds d1d conform o

each other. 1In.two years ‘the ﬁ u\t ﬁt Swlft Current

‘1‘

-

3
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Comparison of Alfalfa Yields and CU in Korven
and Wiens (1974) with Predicted Yields and CU

Predicted

Measured -
' range mean 2 mean mean 3
: M=.75 M=.81
14 day irrigation interval 223
. ".“

cut 1 kg/ha 4297- 6839 5121 3472- 6427 4965 5362
cut 2 kg/ha 3746- 4801 4297 . 3590- 4620 4100 4428
total kg/ha 8395-10824 9418 8195-10844 9065 9790

CU mm . 480- 650 565 468- 659 562  --
21 day irrigation interval

cut 1 kg/ha 3964- 6048 4608  3002- 5523. 4250 4633

cut 2 kg/ha 2373- 4505 3487 2599~ 3928 3294 3558
total kg/ha 7§38- 8680 8095 6390- 9288 7584 8191

CU mm 400~ 540 465 412-" 609 488 - --

- . ‘\ .f') '5@0 o
28 day -irrigaion imggrval
foLrEe S . -

cut 1 kg/ha 3369~ 4537 4114  2525- 4929 4879 .4189 .
cut 2 kg/ha 1779- 4156 3120 2178- 3111 - 2723 2941
total kg/ha 6190-.8245 - 7234 5122~ 7845 6603 7130

CU mm 410-. 480 443 © ~ 342- 553 427  --.

F'dryland .

cut 1 kg/ha 1689- 3928 2626 1455- 4419 . 2899 3131

cut 2 kg/ha 587- 2658 1515 ;. 0- 1700 662 715
total kg/ha  2276- 5840 4141 $455- 5930 , 3561 3846
CU:mm ¢ 140- 390 230 195~ 375 283 -2

goe o 7
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was less than 1100 kg/ha. In the simulation these cuts
would not have been taken. Eliminating these small cuts'

. would reduce the actual average ryland yield to 3769 kg/ha
which is very close to. the predf&ted average dryland yield
at Lethbridge with M equal to 0.81,

Korvern and Kilcher (1979) present the results of
irrigated alfaifauyield trials at Swift Current. The yield
trials were carried on for six years with the purpoae of
comparing the effectS'of}varying the period of irrigation.
One of the treatments involved irrigating from late spring
to early fall and another involved irrigating from-early
May until the firstvcut'~ These irrigation treatments were
" simulated for Lethbridge u51ng a side roll 1rrigat1ng at
50% AM deplet;on (which was similar tg the irrigation
method used in the experiment). The experimental and
predicted results are shown in Table 4.14. These results
ﬁndicate the model may be overestimating the first cut ané
“underestimating the second cut yields. However, the
predicted seasonal yields were withing 5% of the measurea.

Pohjakas (1981) studied irrigation practices with
: Eentre-pivots on farms in southern Alberta ior four years.
The mean alfalfa yield was 9463 kg/ha. He ngtea that
farmers were not irrigating to potential crop demand. A
:nodel run allowing 75% AM depletion with a SCP produced
average alfalfa yields of 9160 kg/ha which is within 5% of

the average yields found by Pohjakas. _—
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Table 4.14 Comparison of Alfalfa Yields in Korven and
Kilcher (1979) with Predicted Yields (kg/ha)

Measured - Predicted -
range mean range mean  mean
- -M=.75 M=,78

v

late spring fo early fall ‘ ‘
cut 1 _3378- 5376 4583 3474- 6427 4965 5173

cut 2 3876- 5971 - 4949 3590~ 4460 4100 - 4271
total 7254—11168/ 9532 7607-10844 9065 9444

’
)

early spring to first cut

cut 1 3952- 5352 4652 4828- 6843 5638 5874

cut 2. - 1188- 4829 3578  1667- 3882 2346 2444
total 5104-10182 8231 6658-10725 7985 8318

Sonmor (1963) analyzed the results of 12 yéars of
various irrigation trials in southern Alberta. He found
the best alfalfa yields were in the order of 11700 kg/ha
with a corresponding CU of 648 mm. Pittman- (1973) stétes
“‘that, with abovevaverage management, average alfalfa yields
on i;rigéted farms in southern. Alberta are about 11200
kg/ha. With well managed irrigation, the CU of alfalfa in
southern Alberta is about 600 mm ‘(Alberta Agriculturg 1982)
to 660 mm (Korven and Randall 1975). Irrigating witﬂ a
stationary centre pivot at 50% AM depletion at Lethbridge,
thg»predicted average yield was 10444 ké/ha with CU of 607
mm and irrigatiné at 35% AM depletion the predicted average

yield was 11804 kg/ha with a CU of 661 mm. These predicted

(4
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-fields and CU were satisféctéry estimate; of éxpecteé Cu
énd yield in southern Alberta.-

'During the i9§b's and early 1960'5, & ﬁumber of
irrigéted.cropvyield trials were conducted for the, as vet,
undeveloped William Pearse ;rrigation Project (Toogood
1963). This potential irrigation development is also
called the Red Deer River Irrigation Project. The
‘experiments were conducted on Solonetzic soils about 80 km
south of Coronation. Amoné these experimehts, two years of
consumptive use and yield trials were carried out for
fertilized;al}alfa using several levels bf.allowable
AM aépletion. _Table 4;1571i§;s the measured alfalfa yield
and CU along:with the predicted model results oﬁ soil type
IT at Coronation irrigating with a SCP. The measured
alfalfa yields Qeresconsiderably lower than the predicted.
results. Also the alfalfa in the experiment was'mdre
responsive to reductions'in allowable AM depletion than
t%e model estimated. However, the soil at the experiment
site had a much shallower roct‘zone than soil type II.
Because of its lower moistu;e-storage capaéity, the
shallower root zone would impart greater yigld sensitivity
to allowable AM depletion than would soil typé II.

Toogood noted that soil properties at the experiment
site varied greatly between individual plots. As a
result, there was an unexpectedly large'yield variation

between replicates. For this reason, it is difficult to

make comparisons to the 25 year model results with the two
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Table 4.15 Comparison of Alfalfa Yields and CU in
Toogood (1963). with Predicted Yields and CU

. measured' predicted
- range mean range mean mean
) M=.75 M=,38

dryland ' ‘ '

yield kg/ha +476- 926 - 701 1813- 5196 © 3746 1895
CU mm 211- 376 294 - 168- 327 250 --
75% AM depletioh , ‘

yield kg/ha 1958- 2487 2223 7090~ 8160 7642 3866
CU.mm 348- 472 410 345- 451 408 --
50% AM depletion ‘

yield kg/ha 3175- 6058 4974 8027- 9472 8683 4393
CU mm 356~ 495 451 374~ 505 449 -
35% AM depletion .. . ,
yield kg/ha 701%= 7037 7024 B672- 10145 9422 4767

CU mm 483- 521 502 388- 530 479 -=

o

- year'experimental results. .The predicted alfalfa CU agreed
well with the measured valués.

Allen and Elgaard (1963) surveyed farm yields in all
irrigatian districts in southern Alberta during 1963. In
the Lethbr}dge Northern Irrigation District (which lies

.imﬁediately north of Lethbridge) average dryland alfalfa
yields were 2242 kg/ha compared with 69%0 kg/ha for
irrigated alfalfa. This was an approximate tripling of
alfalfa yield with irrigation -- a“proportionate increase
‘estimated by the model. These surveyed yields suggést that

' .
the appropriate management factor during 1963 was about
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0.57 rather the assumed 0.75. This implies the alfalfa
stands were not as well managed as assumed in the

simulation.

~ The South Saskatchewan River Irrigatidn«Distfic£ in
central Saskatchewan lies 350 km east of Coroﬂétion‘and has
a climate sﬁmilér to Coronation. Linsley and Hamlin (1984)
reported that mean irrigated alfalfé yields in this
district are 7410 kg/ha'wiﬁh below average management, 8650
kg/ha with average management and 11200 kg/ha with above
average management. Hamlin (1983a) estimated that average
dryland yields in northwestern Saskatchewan (which is
adjacent to the study.regioﬁ and has a climate similar to
Coronation, although slightly moister) are aSout 4035 kg/ha
with average management and 4480 kg/ha witp-abqye averagé
' managemeht. Table 4.16 lists predicted seasonal alfalfa
'yields at Coronation with a variéty of different irrigation
system; and management practices.

The alfalfa model predicted yields which are
_apprbpriate with average to above average management. For
this reason, pfedicted yields ofién'agreed well with
experimental field trials. These field‘trials normally had
yields better than those expected with avérage farm |
management. It was appropriate that the model predicted
yields which ére expected with above average farm
management. The yield model aésumed tﬁat soil fertility
~was not limiting to yield. This condition is probably

rarely met on real farmland because forage crops are often
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Table 4.16 ﬂfedicted Alfalfa Yields at Coronation

Yield (kg/ha)

b N mean .~ 8D
Dryland : \ 4105 . 1029
SCP soil I < 35% AM depletic. 11009 579
N 7 . ) .
SCP soil II < 50¥ M depl..: 8683 414
TCP (30 ha) soifl I < 50% AM derp 9333 : 422

SR (32 ha/lateral) soil I< 50¢ =+ depl.

o 9113 - 574
SR (32 haflateral) soil III < 50% e, ‘
3614 £~

N

not grown on the most productive soils nor ofted fertilized
for maximum yield. Also the model did not“incipde“tﬁé
lower alfalfa yields during the establishment Year,
Irrigation was managed optimally within Ehe constraintéf
imposed by the scheduling criteria and the physical
limitations of the irrigation- system. Finallg] there was
~ perfect uniformity of the irrigation across thé field.
Because}éf all the above reasons, the quel»should estimate
yields which are expected with above average farm
management. | aQ\u/

Table 4.17 gives predicted aifalfa yields at Lacom%gq
'.: Typicalldryland farm forage yields (primarily glfalfa-d&ass
.mixtures) in the Lacombe district érg about 37d0 kg/ha

(Peters et al. 1978). ‘However,‘Petefs et al. (1978) noted

-
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Table 4.17 Predicted Alfalfa‘Yields at Lacombe

SR "7 Yield (kg/ha)

mean SD
dryland soil I_ E - 5614 - 1174
dryland”soil III B ) 5077 - 1383
TCP (106 ha) soil I < 50% AM depl. 9992 762
SCP soil II < 50% AM depl. 9168 414
HHT (64 ha) soil III < 50% AM depl. 9869 ' 752

that forage yields were loﬁer than those possible because
farmers did not fertilize forage crops adequately since the
forage stahd$ did not respond well to fertilizer

additions.

The.model predicted it may, in faét, be economically
optimal for farmers to underfertilize forage. There was a
wide rangeﬁih‘predicted dryland yields. To have no
significant fertility limitations, the crop must be .
fertilized for expected use in years yith ave}age or above
'-average moisture consumptive use. Héagver, fertilizing at

this rate would overfertilize in years with below average .

CU. In those-years moisture conditions will control -
T

A
—

yield. Because alfaifé does not respond well to fertilizer
additions and alfalfa does not have a high value per tonne,

the farmer will have litfle or no economic return ffoﬁ
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fertilizer additions in.years'witﬁ below average
~precipitation (about Bné year out of two has below avéragexg
precipiﬁation). Therefore, fertiiizing‘for below average
CU' is economically.optimai. In this case, the alfalfa
yield will be limited by soil fertility in most years.
Thevrationale for ﬁnderfertilizatidm is more persﬁasive
in the Dark Brown soil zone (Coronation and Lethﬁridge)'
where highest predicted dfyland yields are in Fhe order. of .
four times the lowest. The farmer's fertilizer dollar is
better spent on gréin creps, which are not iny'mofe
reSponsive to fertilizer but also have a higﬂer'value per
.unit of production. '
Each féar the propdrtion of alfalfa in the stand tends
to diminish. Alfalfa supplies a major proportion of its
nitrogenvrequifements through a symbiotic rélationship with
microorganisms in the alfalfa roots. Qlder stands, which
contain more non alfalfa plant species will not yiéld as
well as younger stands (unless. the older stand is well
fertilized with nitroéen). The-podel assumes the sfand is
"broken up and :eseedid whenever the proportion of alfalfa
in the stand fallsrgjgniﬁicantly (every four to ten
yearé).‘.This céﬁéglion may not alwayé be met on fafms}
Walker .(1973) cited a number of dryland alfalfa yield
trials at Lacombe where soil fertility d4id not limit
yields./ The avérage alfalfa yield for four years was 6384

kg/ha (range: 4493 to 9661 kg/ha) on loam soil ang@ 3853

kg/ha (range: 3330 to 5802 kg/ha) on sandy loam soil. The
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- measuyred difference between yields on the sandy loam and {
loamhsoilé were far greater tﬁén.thoSe prédicted by the

‘ ﬁodel (see Tabie 4.17). There are several poséible
.eXplaﬁaticﬁs‘for this difference: 1) the'actual sanéy lgém
soilicontained less AM in the spring than.assumed for soil
type III, ii) the real soil lost more moisture to dgep
percolation than modeled, iii) non-moisture related_soil
properties (e.g. pH and cation exchange capacityf lowe}ed
yields, and iv) the minimum limit for the seéond"cut was
grea€g} than assumed. Raising the minimum yield bef;re 
taking the second cut in the model to 2000 kg/ha Yould
reduce average dryland yields on soil tng.III to 4678
kg/ha;(5557.kg/ha on soil type I). With this latter
modificatiqn, predicted@ yields were Qithin 20% of tﬁe
actual yields cited by Wélker (1973).

In the model the second cut wascggggg,@fgxidihg it was
‘above 1100 kg/ha. With this criteria, the second cut can
be taken even if there was littie precipitation dﬁringithe
latter part of_theysecond growth., If the soijl ié very dry
when the/secoha cut is taken, then there would be minipal
regrowng(fbr all locations the period foiloﬁing the second
cut was the driest time during the simulation period). In
this'situatioq, the taking of a second alfalfa barvestjis
ptobably unwise if the farmer wants to leave the sténd in .
healthy condition td\g;iiwinter. Also on mixéd-

grain-cattle farms, th second alfalfa harvest can conflict
’ 3

with the labour needs of the graiﬁ harvest. In addition,

~
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alfalfa should not be harvested'in.September until aéter a
kill}pg.ffost‘to allow the stand to store adequaté root
reserves. The model frequently had the second cut of
valfq;fa at Lacombe énd Edmongqn‘occqf in September
-imm;diately before a killing frost. A more complex
crite:ia could be developed fof,determining whether to take
the second alﬁﬁlfa cut. The new criteria couid_be based on .
cumulative crop growth, AM at cutting time, agd the date
the stand becomes ready for hafvest. )

Walker: (1973) noted that alfalfa yields at Lacombé on
very well managed research plots are about 8000 kg/ha.
This was about the prediéted yield using the modified
Wageningen method with é.management factor of 1.0.

Three years of irrigation‘yiéld trials with well
fertilized élfalfa were condUcted»at Grande Prairie
(Alberta Agrituléﬂre 1981c). There are similarities in
the climaﬁes of Grande Prairie and Lacombe in terms of
temperatures,'atmospheric water vapoﬁr preSsure defié??s,
Aand‘precipitation. Also both Grande Prairie and Lacombe
lié’in agroclimatic zone 2H. The threé yeér»average
dryland g;qufa yield at Grande Prairie was 5700 kg/ha
(range 5000 to 7100 kg/ha). The average yield of all
irrigation treatments was 9400 kg/ha (range 6600 to 12000
kg/ha). These yields conformed to the prediét%d yields at
Lacombe.

Heywood et al. (1972) conducted a field level alfalfé

yield trial for one year at Edmonton. The measured
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irfigatea alfalfa yield wés 9860 kg/ha. and th%‘dfyland
yield was 75é0‘kg/ha. Crop CU was measured petweeh April
25 and September e7 whi£ﬂ>corresponds»very c}bselyjto the
dates.between which predicted crdp CU was .normally
.totaled. For this period thg measuréa Cﬁ‘of.the irrigated
alfalfa was 550 mm while the dryland CU was 372 mm. With a
side roll irrigating'16.hg per lateral at 50% AM depletion
'(which was sim?lar~to irrigation in the expefiment), thei-
average prediéted irrigated yield_was 10153 kg/ha (range
9270 to 10915 kg/ha) with an average CU of 520 mm (rangé
435 to 586 mm). The average pred1cted dryland yield was
6024 kg/ha (range 3934 to 8307 kg/ha) with an average CuU of
344 mm (range 257 to 474 mm) Therefore, measured values
found by Heywood et al. (1972) fell within the midrange of
predicted values. ; ‘ . ‘
Davies (1971) and gieed et al. (1969) studied yields
from a number of irrigated farms in the Edmonton aréa. The
irriéated soils were primarily sandy loams. Included were
{ive crop-years of irrigated alfalfa. Growing alfalfa was
a sideline for all these farmers, Irrigation of the
alfalfa was not'scheduled, but rather, carried out,éfter
potatoes had been irrigated. Hence only one or two
irrigations of alfalfa were conducted. each year. Table
4.18 lists the surveyed yields along w1th predicted
yields. The actual dryland yields were from nine crop

years. The predicted irrigated yields were for a side roll

(32 ha/lateral) irrigating soil type III at 75% aM
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depletion'using-Edmonton weather. With'75%,allowable AM
“depletion only one or.two irrigatiOQS\were\conducted per
season. |

‘The prégicted dryland alfalfa yield was considerably
ylarger than that whica the farmers aotually harvested. The
measured average dryland yield was low”because in two years
no cuts were taken. By comparison;'the model predioted that
at bdﬁonton there would always be'suffioient raiofall;aad'
stored soil moisture for at least one cut. In 1968 one
farmer took no cdts while anotper,nearby farmer harvested
2500 kg/ha from one cut. Because alfalfa was a, secondary
crop, it was probably not valid to compare model ylelds
(which assume above:.average management) with actual yields

reported by Steed et al. (1£69) aﬁd.Davies (1971).

Ignoring the dryland crop years wrth zero yield would
increase the average dryland yield to 5045 kg/ha which is
~.within '10% of the predicted dryland yreld.- Based on the
results from irrigation‘at'Edmodton, Davies concluded_that
farm alfalfa yields would be in the order of 9000 to 11200
" kg/ha with a well managed 1rr1gat1on system -- 1rrzgated |
yields which were predicted by the model at Edmonton when
AM was maintained less than 50% depleted .
Cairns and Bowser (1977) cited results from four years
of well fertilized dryland alfalfa yield trials on
Solonetzic soils at Vegreville. The average dryland yield
was 4940 kg/ﬂg. The predicted dryland yield on soil type

I1 at Edmonton was 5539 kg/ha. The model predicted higher
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‘Table 4,18 Comparison of Alfalfa Yields Reported in Steed
et al. (1969) and Davies (1971) with Predicted

Yields
Yield (kg/ha)
measured - predicted
range mean range mean
LY . o
_dryland .. 0 - 8968 3783 2621 - 8917 5583
irrigated | 4360 -.8968 . 6570 3789 - 9250 7430

~

' yields than the experimental but much of this difference

'.vCan be attributed to the fact that Vegreville receives less

prec1p1tat10n throughout the year than Edmonton. Whe;eés
mean annual preclpltatlon at Edmonton is 467 mm, the . |
correspondlng value at Vegreville 1s 404 mm,

Bauder et al. (1978) analyzed the results of four years
of irrigation trials of fertilized alfalfa in NortR ‘
Dakota. They calculated the WUE of dryland and irrigated
alfalfa (allowing three levels of AM depletion). They
" found that alfalfa WUE waS‘virtually.indepehdent of
‘irniéation,treatment: The treaément average WUE was'18.8
kg/ha/mm of ET: The WU ’ualculated from the irrigat&on
trials of Korven and'wiens (1974) also do not exhibit any
uesponse.to the irrigation treatment. The average WUE for
‘this experiment was 17.1 kg/hé/mm. Likewise the WUE,

calculated from the irrigation trials of Hobbs et

al. (1963) was independent of irrigation treatment. The
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average WUE for thisglatter;gxperiment was 18.2 kg/ha/mm;
Because WUE remains constant, this sﬁggests“that yield at
one locatlon is an approx1mately linear function of

Cu. Table 4.19-gives the predlcted dryland and 1rr1gated
WUE for all modeled locations. The irrigated WUE was
calculated from yield and CU déta for a SCP irfig;fing soil
type I whenever AM becaﬁe more than 35% depleted. The
estimated water use efficiencies estimatedAby the model
aéree well with observed values ‘except that the model
imparted a somewhat higher WUE to the irrigated crop. This.
suggests the model ﬁay, i;’féct have been uhderestimating
dryland ylelds relative to 1rrlgated yields.

' The predicted WUE of 1rr1gated alfalfa was greater than‘
dryland for two reasons:-l) proportionately more of the
dryland grdwth’was'prédicted to be directed to root
extension gnd ii) warh, sunny days favdured the irrigated
stand. _Because dryland yields were limited by the amount
of preéiﬁif&tidn,‘they were inzariably‘léss than ir;igated
. yields. As a resultﬁequation (3.46) gavé tﬂe irrigated |
crop a higheg proportion of total growth which was above
ground and harvest&ble. On warm,.sunny days the |
temperature factor and photosynthetic flux were both
greater than on coolef or more cloudy daysf Therefore,
predicted daily yields,in relation té daily ET Qere gréater
on warm, éunny days. Because PET tended to be higher on

these days and the irrigated soils normally had more AM

thanifhé dryland soiis, the z factor produced greater daily
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Table 4.19 Predicted WUE of Irrigated and Dryland Alfalfa

WUE (kg/ha/mm)

location | dryland irrigated
Coronation 15.88 19.01
Edmonton . 16.90 19.67_
‘Lacombe 15.63 19.22
Lethbridge 12.48 ' 17,72

ET for the irrigated crop. On cooler and more cloudy days
PET was generally less so the effect of the z factor was
diminished. Therefore, estimated ET for the dryland and

irrigated stands were more equal. In other words, the

model predicted proportionately more dryland CU took place

én cool and cloudy days than Qas the case for the irrigated
crop. Consequently the WUE of the irrigated crop tended to
be greater than thg dryland crop.

Where June precipitation usually exceeded July
precipitation (Lacombe and Lethbridge), yields were less in
relation. to consumptiQe use than where July precipitatibn |
was normally greater than June precipitation {Edmonton ané
.Coronation): Julx‘prgﬁ%pitation was better timed in
relation with crop moisture needs;
| The model predicted that irrigated yields on soil types
II and III Qére less than soil type I for one specific .

level of AM depletion. Both soil types II and III had

considerably less AM capacity than soil type I. Hence, the
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crops growing on soil types II and III must be irrigated
more frequgntly if the AM is noﬁ to become undesirably
depleted. ﬂence, soil type I'will generally have more
favourable moisture conditions between irrigations than the
other two soil types. Surpfisingly, the yiela'advantage Qf
soil type I remained even when irrigation i% accomplished.
with a SCP irrigating at relatively low leQels of aM -
depletion. For example, at Coronation with a SCP
irrigating at 35% AM depletion, the bredicted yield on soil
type I 'is 11009 kg/ha (CU of 579 mm), 9422 kg/ha (CU of 479
mm) on soil tfpe I», and 10363 kg/ha (CU of.532 mm) on soil
type III. |

The VSMB'impartedlphe latter yield advantage tq'soil
type I. 1If the entire root zone was moist, the effect of
the k coefficients was to have more than one-half 6f‘ETV
occur from the ugper one-quarter of the root zone. With
~ the samé amount of ET, the upper zones of soilvtypes II and
III became relatively drier than those of soil type I. As
? consequence, the z féttor reduced subsequent ET from the
'uppér.zones more for soil types II and III than for soil
type I. Because ET was reduced, yield was also reduced.
The assumption was made to apply the k coefficient
modification for dfy surface soil cotdecfion (equation

(3.34)) when AM in the upper one-quarter of the root zone

became more than 75% depleted. Applying equation (3.34) at

lower levels of AM depletion for soil types II and III

would probably eliminate some of the yield advantage of

il
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soil type I and better reflect rooting behavior in these
soils. . )

Ir:fgétéd‘yieldé'with the same élidwable AM depletibn}
'and the same irriq?tion system were greater on soil type
III than oniégii/ixpe II. Soil type III has a slightly
larger AM capacity than soil ﬁype II. Also, ﬁor the same -~
amount ofqﬁnfiltrafed water, the larger percolation o
coefficients of soil type II left less AM in the upper
zones zones than is the case for soil type III. Therefore,
some of the yield advantage of soil type III over soil type
II can be attributed to the same factors which predicted
larger yields on soil type I compared with soil'types Ii
and III. The lower half of the root zone of soil type II
occasionally became saturated. !This lowerea ET and, thus,
yields. Due to soil moisture pfoperties, soil type II was
the least productive soil under irrigation.

The model was probably’underestimating the effects of
poor internal drainage with soil type Il., In feality,'some
of the excess water which cannot pefcolate belﬁw the root
zone would collect in the lowest spots in the f}eld.

In these spots, insufficient aeration of the roots could
damage or kill the alfalfa plants.

The dryland soil was predicted to become very dry by
Augugt. Figure 4.8 plots, for a typical year, predicted AM
under alfalfa at Coronation for dryland conditions and when
irrigated by a side roll (32 ha/latefal) at 35% AM

" depletion. At Coronation and Lethbridge it was quite common
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':for the model to prediét that ere were several days when
there was no AM in the entire root zone.

Deﬁending.on the irrigation system and scheduling
,criteria, the model usually predicted there will be more AM
on October 15 in the root of irrigated soils compared with
the dryland soils. Korven and Kilcher (1979) noted that
irrigated soils consistently contained more AM in the fall
and spfing than adjacent dryfand soil;. Undoubtedly, some
of the extra $oil moisture present in the irrigated soils
in the late fall is carr;ied forward into the next year.

The model predicted that a major portion of the greater

yields expected with irrigation was due to larger yields of

sy

management shown for Figure 4.8. The irrigated first cut
yield was about twice that of the dryland first cut while
the irrigated second cut was over four times aé large as
the 'dryland second cut. |

Figure 4.9 shows that predicted regrowth fdlloﬁing the
second cut was substantially larger for the irrigated stand
versus the drylénd. The irrigated aifalfa should be more
vigorous in the subsequent spring beéause of greater
storage of food reserves in the roots and less winter
kill. Heywoéd et al. (1972) found better spring growth of
- alfalfa irrigated the previous year compared with dryland
alfalfa. Korven. and Ki;gher (1979) measured the proportion

of alfalfa in‘irrigated and dryland alfalfa over a period.

A
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"of six years. Th;y found that irrigated alfalfa stands
contained more alfalfa plants than dryland stands..

The Wageningen yield method predicted the alfaifa yield
'wés approximately a linear function of CU. Table 4.20
presenté the calculafed regréssion equation of seasonal
field on CU. This regression eguation was_dérived_from ten
years of ‘dryland and irrigated yields at all four locations
studied. The irrigated yields were for a side roll (32
ha/lateral) irrigating at 50% AM depletionh Also shown is e
the reg{eséion equation- found by Bauder et al. (1978) for
irrigation trials iq North Dakota and the regression
equation for model results for Lethbridge»pnly, All
eguations are quite similar. -A‘régressibn equation better
explained the variation in jield wﬁenkonly one location was
considered. The equation based én the model results
indicated that yield will be mofe affected by CU than the
equation developed by Bauder et al. (1978).

Predicted CU and yields for dryland conditions
éenerally showed much more.variation than for irrigated
conditions. Figurﬁ 4,10 sths the pattern of predicted CU
~for 50 years of alfalfa at Coronation. Irrigation was
accomplished with a SCP irrigating whenever AM became more
than 35% depieted. Figure 4.11 shows the distribution of
predicted seasonal yields for the same data set ét
Cdronatibn. Figure 4.12 presents the predicted irrigation

requirement for the above data set. 1In all cases the

—mere
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Table 4.20 Regression Equations of Seasonal Alfalfa Yield

on CU
Model, all locations: ¥Y=-1253.2 + 20.77 * CU r? = 0,881
Model, Lethbridge: ¥=-1957.0 + 19.51 * CU r? = 0.953
¢
Bauder et al. (1978), North Dakota:
Y= -833.1 + 15.94 % CU ' r® = 0.966

annual distribution can be described most'simplyvby
assuming a normal distribution. . | .‘
AlfalfaAyields were also predicted'using the SIMFOY

aifalfa yield method; Table 4;21 presents dryland and
irrigated alfalfa yield estimates producgd by ‘the modified
Wageningen and SIMFOY methods given the identical 25 years
of weather. The management factor for both méthods was
0.75. | | S

* The predi;ted irrigated yields weré much higher than
expected for farm irrigation at Edmonton. More impOrfantly
the predicted irriéatedAWUE was nearly doﬁble the predicted
dryland WUE at both Edmonton and Lethbridge. - There is no
evidence in the literature to support the ideé that alfalfa
WUE is cdnsiderably greater when the crop is irrigated.
For these reasbns.the SIMFOY yield method waslrejécted as
an appropriate method to predict both dryland and irrigated

yields.
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Alfalfa at Coronation



B 201
o :

Table 4.21 Comparison of Predicted Alfalfa Yields (kg/ha)
. and Water Use Efficiency (kg/ha/mm) of the
Modified Wageningen Method with SIMFOY

.. Wageningen | | SIMFOY

Yield WUE Yield - WUE
mean SD mean SD
: .
Edmonton
dryland ) 6024 1158 17.5 4608 1808 13.4

SR (16 ha/lat) - '
< 50% AM depl. 10153 471 19.5 13354 693 25.4

TCP (106 ha)

< 50% AM depl. 10284 460 19.3 12843 924  24.8
Lethbridge

dryland 3668 1244  12.6 3041 1492  10.5

SR (16 ha/Jat) . '

< 50% dept. 9766 513 16.3 ' 11840 821  19.7

SIMFOY yield estimates were based primarily on soik
moisture. Yields predicted by the SIMFOY method decrease
during ény-péribd when the AM in any of the ;oil in the
root zone falis below'ZO% AM depletion. dn the other hand,
the modified Wageningen method was based on estimated ET.
Using the VSMB, ET did not necessarily decrease if'AM in /7
part or all of theisoil in the root zone was moré than.ZO%
depleted. Hence, the Wageningen method was leég sensitivé _

to soil moisture, per se, thanFS;MFOY. SIMFOY was

‘déVeloped for humid southern Ontario. SIMFOY could
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probably be calibrated to work either for dryland
conditions on the Canadian Prairies or for irrigated
conditions -- but not for both situations together without

R

major modificatioqs.'

In conclusion, the. VSMB provided good estimates of
average CU.' However, the var?ation in predicted CU was
less than that.experieneed for real crops. The k
‘coeff1c1ents after the second cut (including those used

after the stand becomes dormanﬁ) may require modlflcat1on.

The modified Wageningen y1e§ Lestlmate produces reasgnable‘

estimates of alfalfa y1eld§£prov1d1ng the stands arefwell
managed (above average farmﬂmanagement including |
maintaining good 5011 ferglllty) The #ariation in annual
yields predicted by the- Wé@enlngen method was less than

that for real yields. Thé‘”SIMFOY yield method is probably

41

4:«

unsultable for pred1ct1ng;mékh d land and 1rr19ated

yields. The alfalfa de
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4.,2,.4 .Discussion of the Simulatiod of Wheat Yield and

Moisture Use
v ~

Development of the wheat yield model proved to be very
difficglt. Dozens of variations of the Wageningen method
" were tried. The primary problem was constructing a yield
model which would fungtion satisfactorly using both
:Edmonton and Lethbridge weather.

| However, despite the abové, it was simpler to validate

~the model for dryland wheat yields because farm grown wheat
~is normally well managed in terms of soil fertility and
wéed control., In addition, wheat is often growﬁ on the
most p;gductive soils.

As with alfalfa, the predicted variation in both yields
and CU was less than that found in yield trials. This can
.be'explained‘by the reasons described for alfalfa.

" Korven and Wiens (1874) conducted.yield trials of hard
wheat using several different irrigation intervals at Swift
Current. They used a side roll and irrigated at 50% AM
depletion. CU was measured from the earfy épf{ng-to the
late fall so cé:resbonded closest with the total, simulation
CU from April 9 to October 15.- Table 4.22 lists the
experimentai results along with results.predicteﬁ by the

model for‘Lethbridge using a side roll irrigating at 50% AM
depletion with fhe same irrigation intervals used by Korven

and~wiens‘(1974);
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The model predicted significantly highér yields than
that found by Korven and Wiens. The dryland wheat yield
measured by Korven and Wiens was less than théz\ipund‘by‘
other researchers at Swift Current. Baier (1973) reports
the average dfyland yié&d of hard wheat at Swift Current
for 10 crop years was 1776 kg/ha. This supports the
hypothesis that the yields measured by Korven and Wiens
were less than those which could normally be expected.

Thé model gave a yield advantage to the 21 day
irrigation interva& over the 28 day interval which was not
evident from the experiment of Korven‘and Weins (1974).
Predicted total CU.was less than measuggd for the 14 day
irrigation interval. ’This probably indicates that actual
ET after hatvest was greater than the -model predictea.
Probably the k coefficient should be alﬁered to allow more
ET from the lower three-quarters of the rodt zone after
harvest (the assumption was made that no ET occurs from tgg\’/
lower three-quarters of the root zone after harvest). This
distortion was not evident for the other treatments because
the soil ‘was drier and less ET was possible. Total drylana

ET was more for Lethbiidge thén Swift Current because

Lethbridge receives more rainfall during May and June.

—
o

Three years of consumptive use arid yield trials with
fertilized hard wheat were conducted for the William Pearse

Irrigation Project (Toogood 19&3). The results of these

, ; ; .
trials along with model resultd with a SCP irrigating at
’ e,

‘Coronation (the actual trialS'were carried out 80 km south
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Table 4.22 Comparison of Wheat Yields and Consumptive Use
in Korven and Wiens (1974) with Predicted
Results »

measured .predicted A
Yange mean range mean mean

Treatment M=,75 M=.6

14 day irrigation interval

yield kg/ha  2104-2632 2434 2490-3306 2943 2364

CU mm 550- 570 560 ‘| 476  --
21 day irrigation interval
yield kg/ha 1888-2485 2172 2081-3210 2739 2200

CU mm 450- 540 493 456 --

.*3%8 day irrigation interval

yield kg/ha  2031-2431 2201 1770-3052 2510 2016
CU mm 420- 460 437 432 --
dryland

yield kg/ha 606-1837 1097 792-2414 1648 1324

CU mm 220- 390 305 ° 346 --
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of Coronation) are presented in Table 4.23. The predicted
yields showed excellent agreement with the measured yields
if the management factor was reduced to 0.64. This
indicates that the actual management was net as good as
assumed or thae other soil factors influenced yields.
Toogood (1963) noted that there were emergence problems and
that there was unexpectedl& wide yield variation between
replicates. The predicted CU was much less than that
reported. The likely explanation was that CU was measured
from early spriﬁg to late fall (the details of the
experimental method were very sketchy). The pfedicted
total ET from April 9 to October 15 for the dry, 75% AM
depletion, 50% AM depletion, and 35% AM depletion runs were
290, 375, 406 and 434 mm respectively. These latter velues
ag;eed closely with the reported average crop moisture
consumption.’ . | ’

Peters (1977) and Peters and Pettapiece (1981) analyzed
Alberta Hail and Crop Insurance records of farmer feported
yields for the period 1965 to 1973. They related dryland
yields to soil type and agroclimafic zone. This comprises
an excellent data set for validating predicted dryland
wheat yields since it involves hundreds of crop years with
normal farm management. ﬁhen the yields were related to
soil series, the yield could be related to a specific—\\ﬂs
geographical area. Table 4.24 gives the reported average- -
yieldsband predicted model yields for specific locations

and_agroclimatic_areas. The standard deviation of farmer
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Table 4.23 Comparison of Wheat Yields and Consumptive Use
in Toogood (1963) with Predicted Results

mgasured predicted

range mean range mean mean
Treatment ‘ M= .75 M=.64
dryland
yield kg/ha  646-2260 1500 . 975-2458 1704 1460
CU mm 224- 363 287 163- 293 202 --

irrigated_ at 75% AM depletion i
yield kg/ha 1280-2986 2292  2176-2900 2515 2154

®

CU mm 279- 429 - 369 259- 325 290 --

irrigated at 50% AM depletion ‘
yield kg/ha 1748-3369 2436 2597-3219 2928 2508
. CU mm 350~ 480 420 292- 354 319 --

irrigated at 35% AM depletion | .
yield kg/ha 1762-3578 2710 3077-3569 3288 2816
CU mm 394- 495 442 318~ 376 387 --
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Tablle-4.24 Comparison of Wheat Yields in Peters (1977) and
‘ Peters and Pettapiece (1981) with Predicted
Dryland Yields

L Predict.

Approx. Reported Yield Dryland

Soil Stubble Fallow Average Mod. Yield

Location Type (kg/ha) (kg/ha) (kg/ha) Loc. (kg/ha)
Lethbridge i " 1473 . 2058 1766 Leth. 1697

, . .

Coronation II 1190 1782 1486 Cor: 1543
ag-clim 1 I 2031 } 2703 2367 Edm. 2545
ag-clim 1 II 1520 2112 1816  EAm. 2272
Lacombe I -- - 2200 Lac. 2170
ag-clim 2A I -- .- 2031 Cor. 1903
ag-clim 2H II — - 1882 Lac. 1923

&

reported yields was generally ébout 50% more than the
predicted standard deviation. The model assumed one
constant level of farm management whereas the yield data
included yields with different farm management practices.
The effects of varying farm management was partiaily
resppnsible for the underestimation.of yield variation.
However, in addition, the yield model did not accurately
reproduce the real variation in anngal yields.

Peters and Pettapiécé (1981) compared the effect of
soil texture on yield. They found that yields on medium

\

textured soils were approximately equal to yields on fine

textured soils (the fine textured soils had a slight yield
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advantage). Wheat“yields on sands and sandy loams were
only 84%, 83%, and 89% of yields on medium and fine
textured soils in agroclimatic zones 1, 2A and_ZH,
respécéizely; Predicted yields on soil type I11 were 86%,
84%, and 90% of average yields on soil type.I at Edhontbn
(agrbciimatic zone 1), at Coronation and Lethbridge
(agroclimatgc zone 2A), and Lacombe (agroclimatic zone ?H),
respectively. This indicates the model was»'ab]l.y_predicting~
fhe effect of soil texture on wheat yields. (Because the
model only considered moisture effects on yield, this also
suggests that any yield disadvantage of coarse teitured
soils is primarily due to moisture conditions.) _Peters énd
vPettapiéce (1981) also compared yields on Soionetzic soils -
compared with Che:nozemé in agroclimatic zone 1. Generaliy
wheat yields on Solonetzic soils were only.SO to 85%.of
those on:Chernozems. By Comparison, the model predicted
the yield on soil type II were Bé% of those on soil fype I
at Edmonton and Lacombe. Peters and Pettapiece (1981)
found that the averagé yield of whgat.in égroclimatic zone
1 on Solodized Solonetzic soils was 1836 kg/ha but on
Solods (Solods are Solonetzic soils where the leaching
process has partly or completely destroyed the Solonetzic
hardpan so these soils have deeper root zones and better
internal drainage than other Solonetzic soils) the average
wheat yiéld was 2253 kg/ha. As'mentioned previously
Sélonetzic soils are often pock marked with shallow pits.

During wet periods water collects in these pits. Because -
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internal drainage is poor, plants growing-ih the pite may
be injured of killed due to excessive water in the root-
zone; Soil type II did”take into'account‘the }mpact‘oﬁg
poor_s;rface drainage. Therefore at'EdmoQtonQand Lacombe,
soil type II represented Solonetzic soils with relatively
deep root zones-and some internel drainagev(i.e. SoiodS);
Predicted yielde for soil ;ype’II were better estimates of
‘yields on typical solonetzic soils at Coronation and
Lethbridoe. At these locations the effecf of poor surface
drainage was less important because the weather Qae drier
in terms of both atmospheric evaporative demand and
rainfall. .

Predictedﬁyields at Edmonton were slightly greater than
reported yields elsewhere in agroclimatic zone 1. However,
Edmonton has partlcularly favourable natural moisture
conditions compared w1th other areas 1n agroclimatic zone
1. Edmonton receives about 25 mm more prec1p1tatlon over
the year than most of the area 1ncluded in agrocllmatlc
zone 1. More 1mpor;antly, this extra prec1p1tetlon falls
_primarily during late June and July when it is of most
"benefit. Edmonton is as dry as other areas in agroclimaeic
éohe 1 during harvest and seeding. |

Predicted dryland wheée Yields at Lethbridge eppeared
to be slightly underestimated. This suggests-the effeot of
‘moisture stress was‘overestimeted.

Overalli the model pfoduoed reasonable estimates of

farm dryland wheat yielde. The‘yields were approximately

-
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correct for wheat grown equaily often on fallow and stubble
soils -- which was the intent of the model. |

Sonmor (1963) reviewed 12 years of irrigation yield
trials of hard wheat in southern Alberta .. The best
average wheat ylelds were found when irrigation was
conducted at about 50% AM depletion. This yield was 3600
kg/ha with a CU of 460 mm. At Lethbridge, the predicted:
yield with a SCP irrigating at 50% AM depletioh was 3504
yko/ha"with a CU of 417 mm (total CU from April 9 to October
15 wae 528 mm). In southern Alberta, hard wheat irrigated
with a well managed 1rrlgat10n system has a CU about 95% of
soft wheat (Korven and Randall 1975). Soft wheat has a Cu
of approximately 450 mm in southern Alberta (Alberta_

" Agriculture 1982) thus giving hard wheat a CU of about 425.
mm. This latter value for farm conditions was close to
predioted-CU in southern Alberta.

Lihsley and Hamlin (1984).stated that eve:age irrigated
hard wheat yields in the Outlook area of Saskatchewan
(which has a climate similar to Coronatioh) are 3160 kg/ha‘
with averageemanagement and 3820 kg/ha with above.average
management. Table 4.25 presents irrigated yields at
Coronation with a side roll and SCP. These values indicate
the model results (with a management factor of 0.75) were
most representati;e of yields with average farm
management . Thie was appropriate since the modei was also
estimating dryland yields with normal farm management.

#
!
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Table 4.25 Predicted Wheat Yields at Coronation

Yield (kg/ha)

mean SD
Stationary Centre Pivot -
soil type I < 65% AM depletion 3045 262
soil type I < 50% AM depletion 3466 187
soil type I.< 35% AM depletion 3760 142
soil type I < 25% AM depletion 3882 141
soil type II < 35% AM depletion 3081 203
_ - v
soil type III < 35% AM depletion 3378 185
Side Roll (32 ha/lateral) v
soil type I < 65% AM depletion 2842 251
soil type I < 50% AM depletion 3043 246
-s0il type I < 35%'AM depletion 3198. 187
soil type I < 25% AM depletion 3286 - 192

hl

. de Jong and Cameron (1980) calculated the WUE- of
drylgnd wheat grown in field trials in Saskatchewan during
the 1960'5 andl1970’sj’ On Dark Brown soils the average WUE
was 8.5 kg/ha/mm (standard deviation of 2.9 kg/ha/mm) on
fallow and was‘7.2 kg/ha/mm_(standérd deviation of 1.5
kg/ha/mm) on stubble. On Black soils the correspoﬁding

values were 7.6 kg/ha/mm (standard deviation of 2.7

kg/ha/mm) on fallow and 7.3 kg/ha/mm (standard deviation of -
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2.1 kg/ha/mm) on stubble. The University of'Saskatéhewan
1981 Guide to Farm Practice‘giveé the WUE of irrigated hard
wheat as.approximatelg 9.9 kg/ha/mm. Table 4.26 lists the
'WUE 6f wheat for dryl$nd and -irrigated conditions
calculated from model results at all locations considered.
The predicted water use efficiencies of wheat agreed
well with measured values in Saskatchewan. Because the
model.produced good estimates of dryland yields, this
paétially validéted dryland CU predicted by the VSMB. The
~model underestimated the WUE of wheat in the Dark Brown
soil zone relative to.fhe'BlackAsoil zone. This, agéin;
éuggests the model overemphasized‘the effecf of moisture
stress.in the Dark Brown soil zone. B
bThe predicted WUE of irrigated wheat was greater than
_dryland wheat partly because of the same warm, sunny day
influence as described for alfalfa. In addition the model
L eftimated more yield reduction due to/moisture stfess (as

estimated by MSF) under dryland coﬁditiohs compared with

irrigated.

Table 4.26 Predicted Wheat Water Use Efficiency -

WUE (kg/ha/mm)

Location | . dryland . irrigated
Coronation A | 8.13 | A 9.53

. Edmonton | . "8.78 | ‘ 9.63
Lacombe o 7.34 I 9.08 .

Lethbridge 7,01 | 8.86
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The WUE of ha;d wheat for the experimegt of Korven and
Wiens (1974) were calculated. For these trials there was
no discernible relationship between‘irrigation treatment P
and WUE,

Sonmor (1963) stated that hard wheat yields generally
do not improve if allowable AM depletion is reduced to less
than 50%. He also noted that the timing of precipitation
hasié gféater.gffect of irrigated wheat yields than ﬁof
most other crops. However, the model predicts significant
yield improvemeﬁté when reducing the allowable AM |
depletion. Table 4.25 presents predicted irrigated ﬁheat
yields at Co;onation'with a range of allowable?AM -
depletiqn; The yield response to low levels of allowable
AM depletion wés most‘hoﬁablé with a SCP. 1In é limited
 experiment with hard wheat, Hobbs and Krogman.(1978) found
WUE increased when irrigation water was applied with
frequent light applications compared with the more
conventional practice of irrigating at"SO% AM depletion and
-irrigatihgrto.approximate field capacity. Since CU also
increased with frequent light applications, this fact would

give a significant yield advantage to irrigating with a SCP

~at low levels of AM depletion (since this produces-:
freqﬁent, relatively light apblic;tions). It is important
to note that/irrigation trials conducted during the 1950Ys
and 1960's 1 thern Alberta frequently empioyed surface
irrigation. Frequent, light applications are impractical

with surface irrigation. Furthermore, centre pivot
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irrigation in Alberta did not become important untiirthe
.mid’1960's. Consequently,virrigatioﬁ tfials have not fqliy
investigated the irrigation scheduiing choices 6pen to a
farmer irriéating with a stafionary centre pivop.
With a SCP, the irrigator has a wide choice of allowable AM
depletions and an equally wide choice of how éeep to wet
the root zone. Further irrigation trials are needed to
detefmine the optimal irrigation pracfice9~for a "SCP.
Hinman (1974; ané Bauer et al. (1965) foﬁnd that the
WUE of hard wheat is a function of both moisture stress and -
soil fertility. Reducing moisture stress (F& irrigating)
or.increasing the quantity of plant availgbie nitrogen and.
phosphorué increased WUE. Part of the yield advantage of
fallow soils can be explained by the above relationship.

During the fallow year organic matter is broken down which

releases nitrogen and phosphorus for plant use. Therefoge
fallow soils are typically more fertile than stubble so{ls
(unless stubble soils are very well fertilized). In.'
dddition, fallow soils usually-contain more stored AM.
'Cohsequently, Crops grown on fallowbsoils yield more fhén_
those on stubble soils not only becausé they have more
moisture tp consume but, as wéllj tﬁ%y can make more
effective use of what moisture is available.

The Wageningeéen method summed daily yield éomponents;to
arrive at seasonal yield. Therefore, one would expect the

estimated number of days of actual growth would influence

predicted yields. However, the effects of temperature and

[

¥ . v
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sunshine compensated”for the effect 3f growing season
ﬂlength. In fact, the highest predictéd potential
“irrigated wheat yields were at Lethbridge despite the fact
that the model also predicted that wheat grown at
Lethbridge has the fewest number of growing days from
seeding to harvest. R

‘A number of regréssion analyses were conducted on the
the predicted model results. Table 4.27 lists the
resulting regression eqﬁations. The irrigated results were
for a SR (32 ha/lateral) ifrigating at 50% AM depletibn.
Table 4.27 also presents the regression equation calculated
by Bauer (1971) from analysis of many dryland yield trials
in the Northern GreatbPlains'of the United States and in.
southern Saskatchewan (equation (4.10)). There is a
general similarity between equations (4.9) and equation
(4.10). However Bauer's regression equation proposed that
spring stored moisture and rainfall were of equal ’
importancé to dryland wheat yield while equation (4110)‘
suggested that the amount of rainfall was more important to
yield than AM in the spring. Essentially; predicted yield
was an almost linear function of cU.

In the drier locations (Coroﬁa;;on and Lethbridge),
yield was positively correlated with spriﬁg stored
moisture. Although the coefficient of determination (r?)
was small, it Qas significant at the 95% level of‘
confidence (Snedecor and Cochran 1980). Even in years with

. R 3
- below average precipitation the wheat crop could still
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Table 4.27 Regression Equations of Yield on
Moisture Availability.

-

Nomenclature:

Y = yield (kg/ha)

R = precipitatiqn during growing season (mm)
SSM = stored AM in the spring (mm) -
CU = crop consumptive use (mm) .

All Locations, dryland and irrigated:

Y = -459.2 + 9.672. % CU; - r: = 0.8206 (4.6)
Corohaﬁibn and Lethbridge, dryland:

Y = 599.7°+ 7.066 * R; r* = 0.6335 (4.7)
Y = 876.6 + 8.895 % SSM; r* = 0.2021  (4.8)
Y = -176.3 + 6.888%xSSM + 8.125%#R; r* = 0.8021 (4.9)
Bauer (1971), dryland: )

Y = -599.1 + 6.33 * SSM + 6.46 * R (4.10)
Edmonton and Lacombe, dryland:vl

¥ = 2191 + 0.837 * SSM; T r* = 0.0017 (4.11)

.xieldiweli if there was ;ubstantial reserves of soil
moisture for it to.draw upon. This indicates the
importaﬁce of sqmmerfallowing in the Dark Brown soil zone

| tbiconserve moisture. The iﬁportance of spring stored soil

3

moisture on dryland yiéld also confirms that seeding into
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dry stubble soils is hazardous unless rainfall is
abundant. Howéver, in the Black soil zone there was no
significant correlat}on between yield and spring storea
moisture. This suggests, in general, that SUmmerfallowing
in the Black soil zone to conserve moisture is no£
necessary. The model projected that -final yield wili be
more Aetermined by rainfall ﬁhan spring stored soil
maisture.'_ﬁoweVer, thé above is a simplification. 1In
abﬁormally\dry years at Edmonton and Lacombe, wheat yields
were impfovéd significantiy if there was large.reserve of
spring stored.moistufe. Therefore, a risk a&arse farmer
may still be be wise to summerfallow4fof moisture
abﬁserVation in the Black soil zone. (There are other
advantages'to summerfallowing over cantinuous cropping --
weed control, reducing the need for commercial fertilizers,
and spreading out the field work more evenly over the
season.) _ |

The model imparted a yield advantage to soil type I A
over soil types II and III (seelTable 4.25). In addition,f
irrigated‘yielas on soil type III were somewhat greater o
than those on soil type II. The explanation for these
yiela differences is the same as outlined for alfalfa.

A pth of cumulative yield for 1rrlgated and dryland
wheat versus time for a typical year at Coronation is shown
vin Figure 4.13. 1Irrigation was accomplished with a side

roll (32 ha/lateral) irrigating at 50% AM depletion. No

attempt was made to validate daily yield estimate since
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only seasonal yield was considered important. The gfowth
 curve exhibited the charactéristic "S" shaped curve fdr
annuals -- initialiy the rate of dry matter accumulation
incréased until the ripening stage when the rate of dry

" matter accumglation decreaéed to zero at fipe. Before
emergence, the predicted cumulative yields were neglible.
Becausevof the effect of the moisture stress factor,. it Qas
possible to have neggtivé daily growth between the. heading
and hard dough stages. Figure 4.14 is a plot of soil
moisture versus ‘time for the same crop year as shown in
'Figure 4.13. In this yea;, there Qas a week of abnormally
wet weather in late August. The model predicted dryland AM
decreased‘throughout the growing season, but rarely did the
entire root zoné become depieted of all AM}

As would be expected, the variation in yields and CU of
dryland wheat was much greater than for irrigated wheat.
Figure 4.15 portrays the distribu;ion'of dryland and
irrigated wheat yields at Coronation. Figure 4.16 shows
t?e.distribufion of wheat‘CU for the same data set shown in’
Figure 4.15. ‘The distribution of net i;riéation amounts is
presénted in Figure 4.17. As with alfalfa, these ’ |
distributidns approximate a normal distribution.

In conclusion, the wheat yield model provided
reasonable estimates of dryland and irrigated yields which
are expected with normal farm management. The effect of
moisture gtress in the Dark Brown soii zone may be

overestimated. One change which could possibly improve

[
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this situation is to have ky (in equation 3.68) change %
gradually rather than in discrete steps as implemented in

the model. The VSMB prpdwéed acceptable estimates of crop

CU although the post—harv’st k coefficients may requird
some modification. ;

4.2.5 Discussion of Soil Moisture Status on April 9
[ ] i

In reality nearly all ET'will take place from April 9
to October 15 (the simulation period). Outside of these
dates ET is minimal because there is essentially no root
extraction of moisfure, the soil surface'is either frozen
or:snow eovered, and PET is normally very small. Teble
4.28 lists the pnedieted total dryland ET for the entire

- simulation season, the historically measured preeipitation
during the year and during the simulation period, the
pfoportion of mean annual precipitation which becomes ET,
and the proportion of precipitatiom from October 15 to
April 9 (winter precipitation) ﬁhich is implicitly assumed
tdrihfiltrate the soil and become ET. Aithpugh the |
'starting'soil moisture in the spring was assumed to be
greater for'wheat;\the model.predieted that alfalfa leaves
the seil drier in the fall. Hence,'the average total
dryland ET for wheat was veryvsimilaf'tb that,predicted for
ialfalfe.'-The predicted total ET was reasonable within the

p\ionstreints imposed by the amount of natural precipitation.
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TaBle 4.28 Relationship Between Actual Prec1p1tat10n
and Predlcted Total Dryland Evapotranspiration

Historical - Total ET (mm) Propor. Propor.

Precipitation- ‘ A A annual winter

mean Apr 9 - precip precip

annual Oct 15 ~ of Tot. 1in. Tot.
Location (mm) (mm) Alfalfa Wheat = ET ET
Coronation 374 275 327 328 ' 0.88  0.53
Edmonton 467 356 402 394 . 0.85 0.38
Lacombe 443 347 412 411  0.93  0.67
Lethbridge 424  --- 353 346  0.82 - --=-

Invariably, the model predicted thevirrigated soils
which had been cropped to wheat had considerably more soil
moisture on October 15 than the dryland soil. Usually
there was also a significant dlfference between fall sofg
m01sture for irrigated and dryland alfalfa. Undoubtedly,
some or all of this extra moisture in the fall wduld ba \
carried over into the subsequent spring. |

A major change could be made to the mddel to account
for the effeét of fall stgred soil moisture. The model
couid be modified so that soil moisture for the entire year
is modeled. Daily simulation of weather and soil moisture
would need to start earlier in the spring and extend
further into the fall. The process of soil freezing could
be modeled and the“amount of winter precipitation |
generated. Finaily, the snowmelt and its infiltration into

the soil could be simulated. With the above alterations,
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the model could carry the predicted ambuntvbf soil moisture
at freeze-up over into the subseéuent spring. °

Soil moisture in the spring is a partial function of
fall soil moisture in the previous year which, in turn, is
a partial function of soil moisture in the sprin; of that
year. Two or three simulated yéars would likely be
required for the'quéntity of avaliable soil moisture in thé
spri;g and fall to reach equilibrium. The model results
from these yéars would have to be discarded.

Another major advantage to simulating soil moisture for
the entire yéar is that arbitrary soil moisture
distributions for dryland soils in the spring wouid not
have. to be chosen. This may improve the ability of the
model to predict drjland whea£ yields. Finally, simulating
soil moisture for the entire year would allow one to
estimate the effect of different c#bp rotations on soil
moisture and ultimately yields.

Unfortunately, the processes of overwigter soil
moisture movement and the melting and infiltration of snow
are poorly understood. Modeling.these processes would be
difficult and time consuming. In addition the model‘would
be further complicéted, The added complexity, along with
the necessity of ignoring the first few simulated years,
would also significantly increase the cost of using the

L
model.
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4.3 Model Sensitivity

Although no formal sensitivity analysié was éonductea,
a qualitative_understanding of model sensitivity was
acquired during the'éebﬁgging and calibration stages of
model development.

In general, simulating soil moisture and .crop growth on
a éaily basis helped reduce model sensitivity to the small
changes in the functional relationships or in inputs.
Predicted results which were possibly overestimated during
one perigd were likely underestimaﬁed during another
period. Thereforé, seasonal results were not overly
sensi;%ve to small model changes.

Essentially the model concenérated on simulating
moisture movement through the atmosphere, plantsvand the
soil. Conseqguently, the entire model was inherently
'sensitive -0 the precipitation generated by the weather

submodel. Fortunately, the generated precipitation was an

s

excellent of historical precipitation
patterns.
The k coefficients, z factors, and percolation
coefficients in the VSMB must all be chosen by the
modeler. The soil moisture storage served to buffer the
effects of altering the k coefficients and z factors. For
exaﬁéle, increasing the k coefficients increasea daily ET

immediately following a rain or irrigation. . This dried the

soil quickly, so on subsequent days, less ET can take
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place. Consequently, err several days, cumulative ET
-rem;ined simiear even if the k coefficients were chgnged
significantly. Similarly, séil moisture storage'bufféred
the effect of changing the z factors. The percolation
coefficieﬁts_did not have avpronouhced effect on ET.
estimates (although increasing the percolation coefficients
increasea deep pefcolation).' For all the locations
considered, natural prqcipitatiqn was normally less‘than
potential’ crop demand. As a result, the model was not very
sensitive to. the choice bf k coefficients, z factor, and
percélation coefficients‘when only dryland conditions are
modeled. By Jﬁlg,_the drylénd créps were primarily
‘consuming the moisture from the last rain, |
The .yield models Qere guite sensitive to variations in

the fhnctional relatioﬁships. Predicted yields were
proportional to the values of K, Cp, Hi, and M used in the
modified Wageningen wheat aﬁd alfalfa yield models. The
yield models were sensitive to v;rying thé Ct and Cs
relationships for either crop providing the average value
bf_theée factors changed'during June, July, and August..
Otherwisg, the effect of varying the exact Ct and Cs
functions was not appafent. The wheat yield model Qas very.
sensitive to thé function and constants (especially ky)
used to calculate the effect of moiéture stress. -

. Because thé\net returns were frequently.close to zero,
_the net returns appeared to be.very sensitive to the values

chosen for costs and crop value. For example, assume the
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average net feturns are equal to 'zero when total costs‘fo;
ifrigatibn are $50Q/ha. I1f costs and prices gsif;EBﬁnged
so that gotal costs increased by 10%, the average net
returns would decrease to -$50/ha. On the ogher hand, if
cbsts aﬁd prices were altered so that total costs decreased
by 10% the net returns would become $50/ha. Similarly, the
returns appeared to be sensitive to the predicted average
" yields. Consider the case where net returns are equal, to
zero with an ‘irrigated wheat yield of 3200 kg/ha. A 10%
decrease in predicted a?erage yields would result in
average net r%turns Qf -$55/ha. Of dourse a 10% increase

. A ' .
in irrigated yields would produce an annual net return of

N

\\\

$55/ha. The sensitivity of farm net income to relatively
small changes in product prices adéi?osts exists in the
real world. As a result, this sensitivity can not be

lessened.

~‘4.4 ModelyResults

Daily ET, averaged from Ehé start until the end of
growth, for wheat and alfalfa grown on s0il type I are
listed in Table 4.29. The average irrigated ET were
calculated for a SCP irrigating ét 35% AM depletion. For a
well watered crop (i.e. irrigated with a SCP at 35% AM 6-
deplétion), the mean maximum'daily ET for periods from

-

seven to ten days was approximately equal to average Penmaf
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PET for a dhg!day during the same period. Thus the
seasonal maximum mean daily ET wast%ry day PET durfﬁ%

A

July. This latter ET rate could be expected to -occur abou?
once each year (for a well watered crop) oﬂ sol1 type I and
'about once every second year on sdil types 11 and III The
max imum average ET for one week to ten 3ays was about the
same for both wheat and alfalfa. ‘Average peak daily ET for -
periods frpm one week to ten diys were as high as 150% of
average seasonal ET. The peak rate could be expected to.
take place about one year out of five on all three soil
types. Alfalfa grewn at LeIhbridge or Lacombe. were the
exceptiens to the above rule. At Lethbriage” average peak
daily ET was approximately 165% of average séﬁSonal ET
while af Lacombe it wae approximately 140% of'aﬁefage
seasonal ET. Table 4.29 also lisfs the approxgpate avgrage

" maximum and peak daily ET rates .for Coronation, Edmonton,

L ]
Table 4.29 Predlcted Dally ET : -
Daily ET (mm/d)
Alfalfa . Wheat
Dryland Irrigated Dryland Irrigated

Location mean mean max. peak .mean mean max. peak
Coronation 2.0 4.2 5.5 6.3 2.3 4.0 5.5 .6.0
Edmonton 2.5 3.9 5.2 5.9 2.8 3.7 5.2 5.6
Lacombe 2.5 -4.4 5.3 6.2 2.6 3.9 5.3 5.9

Lethbridge 1.8 4.5 -~7.0 7.5 . 2.6 .4.9 7.0 7.4
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Lacombe, and. Lethbridge. ‘As explained earlief the weather
model was not gene}ating the complete range of PET totals
for ten day periods. Therefore, the real peak ET rates are
probably greater than those predicted by ﬁhe_model. The
average daiiy ET estimates preaicted throughout the growing
season at Lethbridge agreed well with‘measured average
daily ET of Qheat and alfalfa in southern Alberta (Krogman
and Host 1976). ‘ : ~
To minimize moisture stress, the intermittent move '
system should supply sufficient water ;o that the crop-can
transpire at the maximum potential rate. If the irrigation
system can not always apply water as fast as the crop could
use it, the system is overextended. Table 4,30 lists the
maximum area which can be irrigated with a side roll and
HHT befor€ soil AM may limit ET during midsummer for at
least some of the irrigated area. As mentionedhearlder,
the}e is usually some rain during the irrigation interval
in east central Alberta; .Thus the problem of having an
overextended irrigétion system is primarily a concern at

\ .

Lethbridge, but_is;also a concern in east central Alberta

with soils with a. relatlvely small root zone AM capac1ty
R

Providing irrigation is started when tE

no more than 50% depleted of available soil‘mbigture, the
"stationary centre pivot will always'permit max imum

potential ET. When irrigating two positions, the TCP
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Table 4.30 Safe Irrigated Area for Side Rolls and Hard
Hose Travelers ,

Soil Type .
' I I1I III
Location & System Alf. Wh., Alf.& Wh. Alf. Wh.
East Central Alberta
(5.5 mm/d)
side roll (ha/lat.) 42 31 .16 24 18
hard hose trav. (ha/gun) 56 42 21 31 24
Southern Alberta
(7.0 mm/4d)
side roll (ha/lat.) 33 24 12 19 14
hard hose trav. (ha/gun) 44 32 16 25 19

’

shouldﬂnormally supply poteptial.crop ET. Howeve;, when
towea betwéen three positions, the TCP.wouid be
overéxtendedvfof all locations during midgummer.

| Both water drive centrf pivots (with fixed revolution
rates) and electric drive centre pivots'(with variable
revolution rates) were modeled. Generally the revolution
rates had little effect on crop yield or CU. Most of the
predicted results with bivot irrigation weré baéed on inot
which could“héve revolution rates Qarying between 0.35 and
1.5‘revolu£ions per day. -

Ali the’fesul£s weré‘based on a.management factor of

0.75. 1Increasing the management facpor increases the

/
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difference between dryland and irrigated yields. Although .
total irrigation costs would remain constaht, gross returns
with a greater management factor would be larger.
Consequently, increaging the management factor rai§es_net
returns. Similarly, decreasing the management factor
lowers net returns.

Yield‘%ésses‘due to hail was not modeled. Obviously,
hail can have a 1érge impact 6n yield and“net returns over
the lifetime of an irr{gation system, Hail insurance does
not compensate cémpletely for lost produdtioh. Hail 1is
usually far more destructive to grain crops than to
perennial forages. Hence, returns and yields for irrigated
wheat will be ovérestimated on land prone to hail damage.

Model results are pres;hted in the format shown for an
example run in Table 4.31. The minimum allowable and
desired proportzons of AM capacity are only meaningful if
‘one also considers the physical constraints imposed by the
irrigation system. For the side roll and HHT ﬁhere were
definite minimum and maximum amounts which could be applied
in one irrigation. The ﬁinimum allowed set time for a side
roll was eight hours. During this time 50%.of AM,capacity
could be appligd. The maximum set time was 12 hours during
which 77% of AM capacity coula be appiied. Similarly, the
maximum set time for the HHT was 24 hours during which 50%
of AM capacity was applied. The minimum set time was 12
hours during which 23% of AM capacity waslapplied. A

Consequently, many of the inputted allowable and desired



235

levels of AM depletion were unrealistic. For example,
consider a side roll which irrigatedﬂin eight hour sets
with séheduling criteria which specified irrigation when AM
was 50% depleted aﬁd continue irrigation until the AM
reached 75% of AM capacity. Since this system applies 50%
of AM capacity in one irrigation, if irrigation is started
at 50% AM depletion, the soil will be brought'up to about
‘field capacity (ratherﬁthan'the desined 25% AM depletion).
Furthermore, for ail locations and crops, the soil
generally had only one-half of AM capacity when irrigation
was permitted to be started. Therefore, if the scheduling
criteria required only 35% AM’depietion, the system would
begin irrigating as soon as allowed. However, the last
part of the field to be irrigated would usually have more
than 35% AM depletion. Depending on the irrigation X
interval, the irrigation system may not be able keep the
soil at less than 35% AM depletion even after several
irrigations. Geherally; only a SCP could come close to
satisfying the scheduling criteria exactly.

All runs involved 25 simulated seasons. Different
~weather patterns were produced by inputting a different
initial seed.ﬁumber into the uniformly distributed random
number generator. Over 25 years, there was little
"difference between results with different seed numbers.
The exception to the above was average dryland yield.
Averige dryland wheat and alfalfa yields could vary as much

as 10% between different 25 year weather patterns. The

———




Table 4.31 Explanation of Presentation of Predicted

Results

CoA12' SR2’Q§5 ha? (200 mm)* 50%°<I‘¢<100%’

(2,3,4)*:

3.07,3.0'°
(846437) "

mean SD

236

Yield (kg/ha)
cut 1
cut 2
total
CU'* (mm)
WUE'* (kg/ha/mm)
Net Irrigation“
Labour'” (h)

Oct 15 AM'* (mm)

Deep.Perc." (mm)
Total Cost’}\($/hé)

Net Returns-($/ha)

Notes:

508472 (2540)'° 333
3337 (1565) 597
8421  (4105) 740

451 50
18.7

190 0
64 0
16 12
4 3

423 - g

-78*" (-I8.4%)” 41

-

AN

O

1) run code Co=Coronation (Ed=Edmonton, La=Lacombe’,

Le=Lethbridge)
A=Alfalfa (W=Wheat)
12=run number

2) irrigation system type SR2=two lateral Sidé\ro;l

(SR1=one lateral-side roll, HHT=hard hose traveler,

SCP=stationary centre pivot, TCP=towable centre pivot)

3) total irrigated area

4) seasonal limit on accumulated net irrigation (given only

if limiting)
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Table 4.31 Explanation of Model Results (continued)

5)

8)

9)
10)

15)
16)
17)

minimum allowable
zone (the root zone for
purposes). If possible, &
AM in the root zone is less
capacity.
soil type
desired proportion of AM capac1ty in the root zone. 1If
possible, net irrigation application is set such that
the actual AM in the root zone after irrigation will
equal this proportion of AM capacity in the root zone.
1rrlgatlon scheduling crop growth stages for which
minimum AM (note 5) and desirable AM (note 7) apply
(only given if different than 3,4,5 for wheat and
,2,3,4 for alfalfa)
m1n1mum number of sets which can be irrigated by one
lateral (or one large gun) per day
maximum number of sets which can be irrigated by one
lateral (or one large gun) per day
initial seed numbey for random number generator
irrigated yield
dryland yield
crop consumptlve use from start of growth toe end of
growth
water use eff1c1ency using CU as defined above
average net irrigation over entire irrigated area
total labour required for entire irrigated area
(excludlng labour to return side roll or HHT to
starting set at the end of an irrigation and any
labour required for maintenance and repairs)
available moisture in entire root zone on October 15
total deep percolation below the root zone from Aprll 9
to October 15
tota} annual irrigation costs (as deflned in section
4.5
annual net return (as defined in section 4.5)
'simple rate of return i.e. average annual net return
over average total irrigation costs

rtion of AM capacity in the root
irrigation scheduling :

art irrigation when actual

n this proportion of AM
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reason for this behayibr was that certain 25 year weather
patterns had better timed precipitation than other'25 year
weather'patterns. Even a relatlvely small change in
average dryland yield had a pronounced effect on net
returns. Therefore, the dryland yield is shown along with
the_irrigated yields.

) Because weather and stored soil m01stu§é in the sprlng
were ‘identical, model runs sharlng the same seed number can
be compared directly. Any difference noted_between
1rrlgat10n practices. u51ng r/nsrw1th the identical initial
seed number was alwa: note#d wheh using another set of runs
using a different initial seed number. Therefqre; when the
same seed number was used, even small differences in yields
and returns can be"considered significant. When itrigation
practices were compared with runs with different initial
seed nunbers, the\results must be compared statistically.
The t—test indicates that with 25 data points, sample -~ .
means need to be about twice the average standard deviation
apart to be considered statlstlcally d1fferent at the 90%
level of confidence. Examining several runs with dlfferent
seed. numbers suggested the above cr1ter1a was approprlate
for estimating the 51gn1f1cance of‘differences in average
yields but not appropriate for other means (e.g. totalvnet
irrigation, October 15 AM, annual net returns; etc.).

Means for all items except‘yield were consistently
different fb; many runs with different initial seed numbers

if they were more than one average standard deviation apart
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for one pair of model runs. Hence, when comparing runs
'Qith different initial seed numbers, mean .yields were
considerédvsignificantly diffefen; if they varied by more
than twé a§érage standard deviations while all other means
“were considered significantly different if they differed by
more than one\ayerage stan&égq,peviation.

~As implemented, suffaqe'nﬁﬁéﬁf only resulted when daily
rainfall exceeded125 mh;b;sgpée rains of this size are
relati&ely infrequenf;,the.émount of prediétéd,runoff was
'in the order of a fewvmillimetres per year. Generally,
there wés no’significant difference between surface runoff
from irrigated land compared with surfacé'runoff from
af§land'soils."Therefore, surféce runoff was not included
in the presentation‘of modelogeéults.

The simple rate of fe£urn'was defined as the ratiq of
average annual net returns to average totél irrigation
"césts. Usually rates of returns are célculated-as the
ratio of net annual returns over thé average‘annual fixed
cost. The rékionale for .the latter ratio is‘that annual
variable costs aré'paid out of annual ihcomé. _The
bassumption wa§ maae that the‘revenﬁes from'ifrigation'woula
not be reélized until approximately one year after the
expenées have beeh incurfed. Thus, the farmer mUSE;finance
the annual variable costs for about one year.

Conseduently, the‘s}mple rate of retqfn is a conservative
estimate of equivé&ent interest réte which would gé éarméd

from the investment in irrigation. Where the primary
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objective of irrigation is to increase net farm j me, the
simple rate of return should probably be a least as great: -
as competing investments (for exg%ple purchasing additional
farmland after deducting interest charges). Howéver, if
the primary goal of irrigation is to reduce the effect of
droughts’ then investing in irrigation may still be
worthwhile even if the rate of return is less than other
potential investments.

When the minimum allowable depletion of AM in the root.
zone was 50% or less the first irrigation in the season was
called for about as soon as permitted in early June. - The
dates when éubsequent irrigations were started depénded on

precipitation and the scheduling criteria.

4.4,1 Model Results for Alfalfa

As explained earlier thé results for each 25 year run
differedfslightly when distinct initial seed numbers were’
used. Table 4.32 lists. the predictgd drylaﬁd results along
with the the initiél seed number used to génerate the
weather for 25 yeérs.

Being the wettest location, Edmonton had the largest
predicted average dryland yields as well as the:largést
amount of deep percolation and available mbisture on

October 15. Generally, predicted dryland deep percolation

:

)
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was very small. Most deep percolation occurred in soil
type 11 because of the loweé;,root zone capacity for water
and the most downward unsaturated flow. BecaUsg of natural
moisture conditions‘andlghe effect of the soil cover
factor, for all‘locations‘the average first cut yie}d was’
greater than the average second‘cut yield.

Many 25 year model runs for irrigated alfalfa at
Coronation are listed in Table 4.33. These results used
the format explained in Table 4.31. Rung CoAl thrdugh
CoAll were all for soil type I'irrigated'with avstationary
pivot. Irrigating to field cabacity (C6A2) was less
profitable tﬁan irrigating'until AM reaches 85% of AM
capacity in the root zone (CoAl). In other words, better
returns were obtained if énly tﬁe upper 85% of the root
zone was kept wetted. — A

When irrigétion was continued for both the first and
second growthd, the irrigated sdils invariably contained
more available moisture on October 15 than the dryland
soils. If any of this moisture\is‘carried over into the
subsequent spriqe then the irrigated soils would contain
more moisture in the early spridg than assumed (i.e. that
both the dryland and irridgated soil began with the same
average amount of AM on April 9). Consequently, the
irrigation requirement and variable costs of irrigation
would be overestimated. For run CoA4 the irrigated soil
‘contained an average of 79 mm more AM on April 9 than

assumed for other runs (including CoA3). Compared with run
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Table 4.32
Soil Type :
I IT - III
Loc. result mean . SD mean SD mean SD
Cor. seed number (275638) ' (383838) (483741)
Yield (kg/ha)
cut 1 . 2543 - 642 2074 576 2207 682
cut 2 1589 826 1673 899 1623 836
total 4132 1190 37 5 1050 3830 1141
cu (mm) © 271 44 2ol 45 252 40
WUE (kg/ha/mm) 15.3 : 15.0 15.2
Oct 15 AM (mm) 9 10 8 8 6 8
Deep Perc. (mm) 0 0 0 1 0 - 0.
Edm. seed number (846437) (846437) (846437)
Yield (kg/ha)
cut 1 3462 682 3069 | *76 3121 802
cut 2 2540 650 2470 894 2462 873
total 6002 1036 5539 . 1278 5583 1286
CU (mm) 355 55 330 56 331 57
WUE (kg/ha/mm) 16.9 - 16.8 16.9
Oct 15 AM (mm) 22 21 24 20 25 18
Deep Perc. (mm) 0o 0 2 5 1 4
Lac. seed number (575757) (575757) (575757)
Yield (kg/ha) :
cut 1 3376 854 2940 1010 3062 1008
cut 2 2238 729 1955 923 2015 926
total 5614 1174 4894 1282 5077 1383
CU (mm) . 339 56 305 58 318 58
WUE (kg/ha/mm) 16.6" 16.0 16.0
Oct 15 AM (mm) 12 9 16 13 16 13
Deep Perc. (mm) 0 0 2 2 0 0
Leth. seed number (575757) (575757) (846437) .
Yield (kg/ha)
cut 1 2661 855 2416 772 2815 ~B71 .
cut 2 751 -773 491 754 571 06
total 3412 1146 . 2907 885 3386 1462
CU (mm) 270 66 250 57 279 64
WUE (kg/ha/mm) 12.6 11.6 12.1
Oct 15 AM (mm) 4 7 7 9 4 . 6
0 0 1 1 0 0

Deep Perc. (mm)
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CoA3, the extra 79 mm of moisture reduced annual irrigation
requirements by 86 mm and increased average net returns by
$42/ha. Thus, net annual irrigation was reduced by the
approximate amount soil moisture in the ir;igated soils on
~April 9 exceeded that normélly‘assumed. Given ﬁhe variable
costs of applying water ($0.4335/ha/mm for a SCP), thé
reduced net irrigation application would reduce annual
irrigation costs by $37/ha. Therefore, almost all the
improvement in average annual net returns were explained byv
~the decrease in variable costs. The remainder of the
improvement in.annual net returns were attributable to -
slightly greater irrigated yields tesulting-froﬁ the
moister soil in early spring. The small yieid increase was
probably due to slightly better moisture conditions
throughout the g;owing seéson.

If all thg extra moisture in the irrigated soils on
Oétoger 15 were carried‘forwarduinto-the next year; then
the April 9 AM would be greater than assumed. In fact the‘
quantity of additional moisture in the irriga;ed soil on
April 9 would equal the difference between Aﬁ present in
the irrigated and dryland soils. H?wever;isome of the
extra moisture cduld easily be lost as déép percolation‘
from October 15 to April 9. Invthis case, AM in the
irrigated soils on April 9 would Be somewhere between that
assumed and that adding the entire difference between AM in
irrigated and dryland soils on October 15. Postulating

that essentially all additional October 15 AM is carried
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forward tg> pr1l 9 permits one to make an approximate
allowance for the effect of this extra moisture in the .
irrigated soils in the next year.' Net irrigation
requirement would be approximately reduced by thevamouht of
the additional April 9 AM (i.e. additional to that assumed)
and annual net returns would be increased by the amount .
that variable 1rr1gat10n costs would be lessened due to
decreased irrigation. ' For example, for runs CoAl and CoAZ2’
the irrigated eoils contained about 50 mm more AM on
October 15 compared with adjacent dryland soils (see Table
4,32). Cartying all of this water forward into the next
spting wouldmreduce annual net irrigation needs by 50 mm
and thereby increase average annual net returns
approximately $21/ha.l | |

Rﬁhs CoAS and CoA6 show the effect of having a severely
restricted irrigation water supply (only sufficient water
for about one full irrigation). 1In this case the gross
returns from irrigation did not pay the costs of |
| irrigation;. Irrigation should not be contemplated where
there is iikely‘to be insuffieient irrigation water supply.
~ Irrlgatlon during the first growth only (run CoA7) was
‘far more profltable than irrigation only during the second‘
growth (run CoAB);’ihhy irrigation water not used in theh
first gfowth was used during the second growth. Thus,"
irrigating durihé the first growth inereased both the first
and second cut yields while irrigation only during the -~ \‘

. ) 7 1
second cut improved only the second cut yield. ’
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A ‘stationary centre pivot permits frequent,'light
*, : R ’ v v

applications. Runs.CoA9 and CoAl10 are resdits when the

1rrlgat10n schedullng criteria were appl1ed only to the
hpper one- half of the root zone. - For example, irrigation
in run CoA9 was started when the the AM 1n the upper 50% of
the root zone reached 50% of AM capac1ty in that portlon of
the root zone andﬁlrrlgatlon.was-stopped when the upper
half of the root‘zonevreached field capacity. The above
criteria‘tﬁhds to force the irrigator to use'frequent,.
relatively smalivapplicattgna of water. Thislpractice'used
irrigation nater ver§'ef/éciently because there was no

predicted deep percolatlon and October 15 AM was not much

V.morég?hzsﬁthat i{esent in dryland- 50115. However” because

pggﬁkgolatlon maintaining only the urper

‘Cd’ W“i # w‘

'one half of thé,rpot zone m01st could ‘lead to salt

<

accumulatlons in §%e root zone. Where sallnlzatlon is not
a concern, applylng frequent llght 1rrlgat10ns is a
technique which can be employed to use 1rrlgatlon water
more efficiently. Pohjakas (1981) found that 1rrlgator5»in
southern Alberta 1rrlgate only so that the upper one- halﬁ
to two~-thirds of Ehe root zone was kept mozst. Pohjakas
found no' evidence that this practice»waspleadingptp

salinization of the rodét zone. The model results indicates

the farmers using frequent, light irrigations are following

a good irrigation practice (Pohjakas states that the

practicedof'maintaining only the, upper portion of the root:

-

| . L. ) N L e i S L
zone moist will produce yields far less than potential-
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yields -- the model results disagree with this laser

t

"~ conjecture).

Allowing AM depletion exceeding 50% made the SCP

uneconomical (run CoAl1l versus run CoA3). For run CoA12

irrigation water supply was limited and the irrigation

season was not started until about .mid June. Although this

was a labour saving irrigation practice, there was no :
return for the labour which was invested}“"ven afrer
making allowances for the effect of fall soil molsture

(i.e. assuming all the extra moisture in the irrigated soi.

K

on October 15 is carried forward into the next ‘season),

neitheb ;UW§EOA11 or CoAl12 were profitable relative to
dryland far@ing
" A TCP was not much more ‘profitable than a SCP (run

CoA13 versus run CoA3) and certainly involvesgore labour¢

over the season. Also, irrigating 106 ha of alfalfa with a

TCP produces far mofe-fo:age_fhan would be needed by almost

‘all farming operations. Consequently most of theg

production would have to be sold off-farm. Runs CoAl4 to
CoA16 demonstrate three'st;afegies for dealing with a
moderate limitation on ifrigation water aupply. Run'CoA14
delayed irrigation by permitting greater AM depletlon (i.e.

waiting. for rain). Run CoAl5 1nvolved 1rrlgat10n as usual
4

“until the the seasonal supply was exhausted,whlle run CoAl6

’delayed the irrigation season unt}l m1d June. Although

“ S ’C" .: - b / - s
there was no clear advantage Bf .on tegy over another EQ'
. '5)}’ )‘A,, e‘_&fa J ’c"""
run CoA15 was slightly better. < ';zmu¢¥1ng more AM R P
’ : r e e .
¢ 7 '

3
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depletion (run CoAl4) inéréased labour'neeQS'because there
was less likelihood of rain forcing the sjétem to irrigate
one field several‘times“in succeésion. 1f irrigation water
were supplied from a surface reservoir, then not delaying
the irrigation season would be the best strategy. all
reservoirs lose some water from evaporation and most
“reservoirs also“iose water through seepage. On the
Canadian Préiries; many surface reservoirs for private
irrigation would be filled by runoff in the early

spring. Therefore, it ié desirable to use the stored water
as quickly as feasible to minimize unwantéd

léssesQ Consequently, delaying the irrigation season in
not ppcompended. ‘In additfbn, the model predicts
marginally higher yieldg and returns-by'not delaying the
irrigation seas&n. With the TCP, the model predicted there
~was not a major penalty in terms of yields or net returns
from permitting greater than 50%‘AM depletibn (run CoA17
‘versus run cont13). " -

A numter of irrigation management strategies were tried
for a two lateral side roll irrigating 64 ha. Theée are
runs CoA18 through CoA22.‘ Runs C6A19 and CoA20 demonstrate
the,effecg'of chang%ng the allowable set times. For run
CoA19/the set times varied between 8 and 12 hours ,
(depeﬁdihg on the irrigation application called for) while
for run CoaA2l irrigatibn was accomplished usihg only eight
hour %ets. Using eigﬁt hour sets was more profitable at

the expense of demanding more physical labour. 1If the
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extra October 15 AM of the irrigated soil was carried
forward into the spring, mean irrigation'needs for runs
CoA19 and cmz& would be. reduced about 65 mm and average
Aannual net returns would be increased about $29/ha. Runs
EOAIB, CoA21 and'CoA22 involved different levels of
allowable AM depletion. There was little change in either
predicted’ 1rrzgated ylelds or annual net returns as
allowable AM depletlon J&g'altered Wlth ample labour, 50%
AM deplet1on with eight hour sets was optimal. Hoeever, if
" labour is'scarce (as it aormally is).allowing 35% AM'
depletion or allowing 50% AM depletion alohg with set times
up to 12 hours were optimal. Krogman and Hobbs (1976)
noted that most ifrigators in southern Alberta-whe use side

¥

'rq}ls~perm1t greater “than 50% AM depletlon The model

%%lts suggest that this may not neceSsarlly be a bad '

practice for irrigated alfalfa where labour for irrigation

is limited. : : /
% \

' Both runs CoA21 and CoA22 demonstrate that the
irrigation system was not able to keep all the soil above
50% AM depletion. If the soil was keptlabove the allowable
:degietion, there would have Been a large amouat of deep
percolation because each eight hour set weuld‘be applying '
water ia excess of field capacity Obviously, the;,vthe
15011 usy&fﬂ# had more than 35% AM depletion when 1rr1gat1on-
was gé‘%t Anln June. By the-tlme the last set on the field

baswirf&.ated the soil was drier still. With the 14 day
1rr1gat10n interval of the system, even after several

..—-»\
46
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irrigations the system could not increase Qg much above 50%

'AM depletion. The main effect of specifying allowable

depletions less than 50% was to force irriéation to start
as soon as possible and compel thé ifrigéto:dto irrigaté on
each available day during ;he“late’spring and summer. |

Runs CoA23 to CoA26 show the effect of varying;the area
irrigated with a one lateral side roll. The variability in
yield was approximately the same for the 24 and 32 ha
systems‘but increased with'irrigated area for the 48 and 64
h; sxgﬁems. The reason for this is that the 48 and 64 ha
Sstems were#o?erextended while the other two systems were
not. The most profitable system was tﬁé 64 ha system.

This system required the same hours of labour and .the same

volume of irrigation water as the 48 ha system but yet

produced larger average annual net returns. Because of the

relatively high costs to apply water, the HHT was
uneconomical compared with the éentre pivots or the side
roll (runs CoA27 and CoA28).

| Although dryland yields were less on soil type II than
on soil type I, the predicted returns from irrigation were
not greater because the irrigated yields‘were also less on
soil type II}(run CoA29 versus CoAl), Perﬁitting.large AM
depletion was particularly unprofitable relative to dryland
farming (75% AM depletion for run CoA30). The model s
predicted the irrigated soil type Ii did not contain
appreciably more AM on October 15 than the dryland soils.

Therefore th§ possible ‘carryover of fall soil moisture for

,.:QL‘ | . .
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soil type II would not change irrigation reqﬁirements or
returns significantly in the next year.

The 220 m long TCP has relatively large. fixed costs per
hectare and so was typically the least prqfitable
irrigation system. Run CoA31 was especially uneconomical
because it also involved a suboptimal irrigation scheduling
criteria.

Soil type III was predicted to be more responsive to
irrigation than soil type II. Applying frequent, light
irrigations to alfalfa with a SCP was profitable.at.
Coronation (rup CoA32). However, irrigation with the side
roll was not as profit&ble as for soil type I (run CoA33
versus run CoAZO) The reason for this was that soil type
IT11 could not store as much water and so became unde51rably
depleted of AM between 1rrlgatlons. Irrigation of soil «#.
type III with the HHT-was also uneconomical. ‘As with soil
type 1I, there would not be much éhange in irrigation needs

‘9.
or annual net returns resulting from carrylng over the W

extra October 15.AM into the next seasgﬁg\

In general the normal weather at Edmonton does not have
prolonged dry spells. Therefore irrigation at Edmonton was
not generally profltable relative to dryland crop

production. Table 4.34. presents a number of runs for

irrigated alfalfa at Edmonton. Assuming all the extra

" Gctober 15 AM'was carried forward into the next year, the

only systems which would break even are the 400 m long TCP

~irrigating’ wo circles (run EdA3) and the two lateral side



251

roll irrigating 64 ha (rUn EdA10). However, in neither
case would the simple rate of return be competitive with
other investment opportunltles (51mple rate of return of
2.1% and 1.2% for runs EdA3 and EdA10, respectively).
Stopping the irrigation system early in dry years did not
have a significant effect on either yields or net returns
(run EdA4 versus EJA3). However the above practice did
reduce labour demands 51gn1f1cantly Consequently,
stopping irrigation'a,few weeks early in drier than
average years may be an optimal irrigation practice in
the Edmonton area. Irrigating alfalfa at Edmonton
did not appear to be a worthwhile way to increase net
farm - income over that possible with dryland farming.
Lacombe tends to be drier than Edmonton after the first
week in July. Therefore, irrigating alfalfa at Lacombe was
more‘economical_than at Edmonton. Table 4.35 contains many
model runs for irrigated alfalfa at Laeombe._ Runs LaAl and
LaA2 show the effect of manlpulatlng the startlng avallable
15011 moisture on Apr11 9. On’ average, the irrigated 5011
for run LaA2 contalned an additional 74 mm of AM than the
irrigated soil for other runs:({including run LaAl). The
.1rrlgat10n requ1rement was redﬂced by about the amount of
the addltlonal April 9 AM. The average annual net returns
were increased by the ‘saved varlable 1rr:gat10n costs. - The
irrigated soils 1nvarnably contained more AM on October 15
than the dryland soils. If any of this extra soil moisture

P G

is carried forward into the spring then the assumed April 9
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soil moisture distribution uhderestimates the actual amount
of AM in the spring. If all the extra soil moistufe.on
October 15 is carried forward the effecg can be estimated
easily. Irrigation requlrements in the next year will be-
reduced approx1mately by the dlfference between dryland and
irrigated available soil moisture on October 15. The
annual variable irrigation costs will be reduced and annuai
net returns raised since less water will be applied.

Runs LaA3 to‘LaAG were for a 400 m long TCP irrigating
Ewo circles. A minor restriction on irrigation water
supply did not reduce yields and returns greatly (run LaA4
versus LaA3). The minor restriction meant ‘that in drier
than average years the irrigation season was cut short by a
few weeks. As was found at Edmonton, this practice appears -
to be optlmal when labour is llmlted..

A two lateral side roll irrigating 64 ha of alfalfa ‘was
the most proﬁitable system at Lacombe. vThe;e was no
statistical difference between returns and yields allowing
65% AM ‘'depletion (run LaA7) versus 50% AM depletlon (run
LaA8). Assuming all the extra moisture in the irridated
soil on October 15 is carried forward into the next year
the qgnual 1rrlgat10n requ1remen€ fer run LaA8 would be
reduced about 80 mm and increase average annual net returns
to $37 bringing the simple rate of return to 15%.

The 220 m long TCP was unprofitable because of

relativelfﬁhigh fixed costs per hedtare (run Lai®). Soil

N
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type.II-was leés responsive to irrigation than soil type I
(runs LaA10 and LaA113. ' . |
Irrigating alfalfa on soil type III only during the
latter part of the first growth and during the beginning
part of the second growth may.be»a*§iﬁisfaétory method of
reducing the time spent irrigating (run LaA12 versus
LaA13). The net returns were not reduced sign{ficahtly by
following this practice. With the side roll, trying to
maintain less ﬁhan SOX'AM depletion did not significantly
improve net returns compared with just trying to maintain
50% AM depletion (run LaA14.versus LaA13). FurtheS;Qre,
irrigating soil type III at low levels éf AM depletion
resulteéd in a very larée améunt of deep percolation.
Irrigating alfalfa at Lethbridge was quite profitable.
Table 4.36 gives the model results for irrigated alfalfa at
Lethbridge. ‘Fogvfarmers belonging to'irrigatioﬁ districts,
the costs #4ill be differént from those assumed. 'These
farmefs will not be faced with the extra assumed fixed‘énd
pumping costg required to raise tﬁe'wateffﬁb field
level. However, these latter cost'savings are partially
offset by the irrigation dis£ricts“ water charges -- about
$25/ha to $37/ha pér xeaf. ‘Therefore the avefagé annual
net returns for fgrmers belonging to an irrigation district
-in the Lethbridge éfea will be somewhat greater than

prédictéd by the model.
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When irrigating Qith a SCP, the optimal scheduling
criteria was to allow about 35% AM depletion before
irrigating (runs LeAl to LeA4). With the same
proportionate level- of AMrdeplétion, the returns irrigating
soil types II énd IIT were similar to those irrigating soil
type I (run LeA5 versus LeAl and LeA6 versus LeA2). The
lower predicfed dryland yields én soil types II and III
were balanced by lower predicted ‘dryland yields on the
latter two soil types relétive to soil type I.

With a two lateral side roll irrigating 32 ha,; there
was little differencé in yields, net returns, or labour
néeds between run LeA7“which allowed 50% AM depletion and
run LeA8 which allowed only 35% AM depletion. Therefore,
with the latter system, the optimal scheduling criteria
Qould be to allow-50% AM‘depleﬁion in the soil at the
startiﬁg set before commencihg irrigation. Since no third
cut was ﬁarveéted, it was very qurofitgblé to‘c0ntinué_
irrigation past the second cut (run LeAil2).

The fwo lateral -side roll irrigating 67.3 ha had
equivalent returns to a well manageafSCP 5ut required much
more physical labour (run LeA9 versds E?Aé). Irrigating
only dﬁring the first growth was profitable with an

-

. .
overextended side roll (run LeA10). Likewise; irrigating

during both the first twk

e

towing periods was'profitable
with an overextenaed side roll. " However, considering
‘labour needs, the model indicated that the SCP was the most

attractive irrigation system in the Lethbridge area. The

-

«3
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rising popularity of the centre pivot among irrigators in

southern Alberta supports the model predictions.
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Table 4.33 Predicted Irrigated Alfalfa Results at
Coronation

A

CoAl SCP 65%<I<85% * ' (383838)
| o ) mean SD
Yield (kg/ha) | ’ , 10887 (4192) 434.
CU (mm) | 562 38
WUE (kg/ha/mm) - ' 19.4
Net Irrigation (mm) . 347 43
Total Laboﬁr (h) 25 3
Oct. 15 AM (mm) ' | 58 30
Deep Perc. (mm) . 7‘ 3
Totai,Cost ($/ha) . 504 | 28
Net Returns ($/ha) 20 (4.0%) 65
/
CoA2 SCP 65%<I<100% | - (383838)
| mean , SD ‘

Yield (kg/ha o ‘
cut 1 : 5926 (2461) 271

cut 2 4804 (1731) 255

total . ‘ 10730 (4192) 335
Cu (mm) . 564 ) 42
WUE (kg/ha/mm) 19.0
Net irrigation (mm) 374 - 46
Tbtal Labour (h) o 21 3
Qct; 15 AM (mm) ‘ 't f 65 ' 27
Deep Perc. (mm) ' 17 . ki
Total Cost ($/ha) *515 35&

Net Returns ($/ha) - . -3 (-0.6%) 55
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Table 4.33 Irrigated Alfalfa at Coronation (continued)

CoA3 SCP 50%<I<75% . (846437)
mean } SD
vield (kg/ha) - 10007' (2105) @25
cu (mm) L | 536 27
WUE (kg/ha/mm) - ' 18.7
Net frrigation (mm) 314 ' 4 - 35
Total Labour (h) | ) 18 2
oct. 15 AM(mm) | 4 8
Deep Perc. (mm) ' . 2 v 1l
Total Cost ($/ha) ‘*?iT 484 18
D : .,

Net Returns ($/ha) ' -12 (-2.5%) 55

»”

CoAd SCP 50%<I<75% average April S AM in irrigatédb.

s0il=144 mm - (846437)
' ' i mean . .SD
vield (kg/ha) 4 10082 (4105) 408
CU (mm) ‘ ‘ 'T§44 ’ 31
WUE (kg/ha/mm) L 18.5
" Net Irrigation (mm) : 228 41
Total Labour (h) 18 3
Oct. 15 AM (mm) : 38 17
Deep Perc. (mm) o 2 1
Total Cost ($/ha) 448 26

Net Returns ($/ha) | . 30 (6.8%) 63
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%able 4.33 Irrigated Alfalfa ét Coronation (dontinged)
Coa5 SCP (100 mm) 65%<I<100% | (365455)_
mean . sp ° e
Yield (kg/ha) = . 6983 (4182) 760
Cu (mm) | 381 40
WUE (kg/ha/mm) " 18.3 |
Net Irrigation (mm) - 100 .70
Total Labour (h) | E , 0
“oct. 15 AM’(mm) | 5 5 )
Deep Perc. (mm) o o0 .0
Total Cost ($/ha) P 564 a?u’#él 17
Net Returns (§/ha) 180 (£3855%) . 41
COAG‘ SCP (100” mm) 65%<I<100% (2,3,4) (3,65455)
- mean q SD )
vield (ky/ha) 7034 (4182) 764 '
U (mm) ' 381 40
WUE (kg/ha/mm) . 18.5 -
Net IrrigatigZ;;ﬁﬁ) ‘ v_h 100 ' 0
Total Lgbour (;) v . 5 r 0
oct. 15 AM (mm) o ' 5 : 5
Deep Perc. (mm) 0o | v 0
Total Cost ($/ha) ' 364 | w17

. . ‘y
Net Returns ($/ha) -136 (-37.4%) 41
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Irrigated alfalfa at COronatién (continued): -

L§

CoA7 SGP.

65%<I1<100% (2)

mean

259

(393847)

SD

Yield (kg/ha)

WUE (kg/ha/mm)
ﬁket Irr;gatlon (mm)
fTotailLabour (h)

: '-h i

Ocp.

{5 “AM (mm)

Net Returhs .($/ha) ¢ -

T e
St LR

Cons .« 5CP
. . ‘.'f‘-",."- .

)w_"
el®

5607 (2@397

cut 1 L

cut 2, A . - 3332 % £1438)

total et - 8%§FXJXQTZ§£Q
‘CU (mm) i ' £y .ﬁ'.

, | 11 o
( 22 C
¢ Vs
; 9 - )

654<I<100% (3) .33

370

608 . .
759

s

(393847)

.;‘A

Sb

Yleld (kg/ha) RN

cut 1 e
cut 2 ' .
tctal o el e
cu (mm) 2
. ‘dl .
WUE (kg/ha/mm)

 Net Irrlgatlon»(mm)a‘

Total Labour (h)
‘/'r”
(mm)»'

1

"(mm)%‘

1';T0tal Cost ($/ha)
. RES
Net ggturns @t/ha)

\1'
RSP S
: =

L
%57 N8%39)

4000 (1438)

6957 (4@8)

430,
“.x“'l 16 2
| . 179 A
L 7";  12 fﬁ

R A
Ly T

%398 e
1758 (-44:0%)

663
- 370

86.1

© a3

>'18
49"
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-
#
t
ANU
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Table 4.33 .

COA9  SCP'. 75%<I<100%

Lfrigated Alfalfa at Coronation (continued) * -

- mean

- 260 ‘

e

¥ o

upper 50% of root -zone only

W

- 1 7 (575757)

" s

'ﬁ"

ﬂX1eld (kg/ha

éU (mm) "

A

¢ WUE (kg/ha/mm)

- Net Irrigation (mm)
' PR
Total Labour (h)

Oct. 15 AM (mm)

: Deép~Péic.”(mm)‘

\Total Cogx ($/ha) ‘ ,
'Net Returns $/ha) ’ -gﬁ.‘
- P,

.1»

CoA10 SCP,

-.?4§5 -

b

;§0%<I<100%‘upperA§0% of root zone only
= v . % o

10455 '(3983) 416

542 / 35“1}?\' v

, 19.3  Hl T ;ﬁ;‘

303 R | )
24

26 y

0 - ] < ,. 'O . %

33 (6.8%) 463 WP

(575757) ‘
ek

mean SD «

BN s 3“,_ : .

Yield;(kg/ha)e“ A ae
'-WUE (kg/ha/mm)

Net Irrlgatlon56mm)

Tbtal/Labour (h) ”35 :

" oct. 15 AM (mm)
. .
Deep pPerc (mmL, N N
Lok
Ayl

Total Cost ($/$a) e

¥ & :
o NetmReturnS'($/ha)f ‘
. e N - ey

- g P -
< &y -~ N .
K ».‘ ‘. ) ,,‘ 1‘ o ) .
.. k% B ~“‘ ’ : <
g . v a3

cU (mm)  ‘  e .gg'“

" s

. 8837 §K3983) g2 . o 3
; ’-_\ 1‘79 .° ’1; v

390 o »
Qaaéi o e . e
E& f _ 2
1%%1

e

440 '?,n.
-45




Table 4.33

w'

. . b
2

SCP

CoAl1 35%<I1<50%

S

-,

”.

mean . SD

261 .

Irriéated Alfalfa at Cofodqﬁfﬁﬁ (continued)

1(333333)

Net Retd%p@w(i/hg);

PR

Yield (kg/ha)

cu (mm)

WUE (kg/ha/mm)
Net Irrigation (mm)
T;tal Labour (h)
Oct. 15 AM (mm)
Deep Perc. (mm) 

NI
Total Gost -($/ha). -
: B TR

BTN}
/

R AL

CoA12 SR2 32 ha (200 mm) 50%<I<100% (2,3,4):

'-:vy\‘

9204  (4105) 440

492 C 28
8.7 |

248 & | 30
12 ' 2

- 25 12
0 | 0

448 ST

(-9.0%) 58

3.0,3.0 -
(846437)" "

g b
A

s

Yield (kg/ha)"- «

cut 1

cut 2 tpt
total
cu (mm) . h

WUE (kg/ha/mm)

Net Irrigation (mm)

_Totﬁg Labour (h)

" oct. 15 AM (mm)

Deep Perc. (mm) -

Total Cost ($/ha).

.. Net ﬁeturns (3/hé)f¢" 3

.

mean. . ‘\ ) SD

. 333
597
740

451 50

. "1’;_

1
A
B
b B
Wl Ne
i
N ..
i ¥ -
. e
¥
-
3
A
v
-y
. - o
.

. n ’
. 1
oy
P
- ‘.":.f'
Vg
R 2
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Table 4.33 Irrigated Alfalfa.at Coronation (continued)

v : A
it

R /“w‘ﬁi ' . ,
w CoA13 TCP 106 ha 50%<I<65% . (275638)
S, : 3

o L

mean SD

vield (kg/ha) S . 8906 (4132) 680
cu' (mm) | 491 30

WUE (ké/ha/mm) | - 18.1

Net Irrigation (mm) voo241 ' 29
Total Labédr (h) : '.\86 1
Oct. 15 AM (mm) . 3¢ 21
Deep Perc. (mm) | | o 0 : 0

"Total Cost ($/ha) . 366 18

_ Net Returns ($/ha) - 16 (4.4%) 39
. \—Q ] ' . ) . ' &
& v .
A5 X
CoAt4 TCP 106 ha (200 mm) 35%<I<65% (275638)
, .. .. mean'.. . SD
L ) ) L 1‘ ) ) . .
~ Yield (kg/ha) §331 (4132) 722
cU (mm) L N 458 .37
. S !
WUE (kg/ha/mm) & . - Y P
| S s g 3RE 0 ‘ S
Net Irrigation {mm) I §Z‘y@c“yf S -
~ ‘ RN A .
o Total Labour (h) .- .. . 80 11
'S . . y : A-,;:' - " '~{D % . e
‘ ..Oct. 15 AM (mm)ée? ~ - o F 20 &g .14
. _ P A R
' Deep Perc. (mm) : s 0 T 0
Total Cost (§/ha) - - .339 ST
”Neéﬁhgturﬁs ($/ha) - © -3 (-0.9%) 40 .
- . l >
M r 2 * LS
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Table 4.33 Irrigated Alfal&g at Coronation (continued)

CoA15 TCP 106 ha (200 mm)if50%<I<65% (275638)
’ ___mean "‘ Sd
‘Yield (kg/ha) v © 8435 (41320”f§'659 K
CU (mm) | “ q§? L '.459 :{S:ffzg w
WUE (kg/ha/mm) . = ‘ . 18.4 ("m P " |
Net Irrigation (mm) | 198 _;ﬁ 6 ;Eguﬁf;
Total Labour (h) 64 j;{*ﬁb;iQ | :gfg'f
Joct. 15 AM (mm)” 20 14 _ A é%'
- Deep Perc. (ﬁm) - 0 P*' . :. e
Total Cost ($/ha) b 333 R 15
Nf;lRe*Jrns (g/ha) i 1 (0.3}) 55
‘ B
& R . e
CoAT6 'TCP 106 ha (200 mm). 50%<I<65% (2,3,4)  (275638) °
‘ ] | | ) mean ﬂ SD; e
“@ie1d (kg/ha). 8386 (4132). o 866 :
cy (mm) 459 te2 )
“VﬁE»(kq/ha/mm) = "18.4 ﬁﬁg%i-
J Ng§§§rrigétion (mm) 198 7 e
Total Labéur_(h), Ee 65 14
ott. 15 AM (mm) ® 21 15
Deep Perc. (mm) ‘10 0 4
" #t51%0st ($/ha) L 342 23
Net Returns (Skﬁa) /ﬁ 3 -2 (=0.6%) “34 "
L ‘Q;‘ o v : ”. )
p \'
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Table,4h83' Irrigated Alfalfé‘at,Coronéiibn (continued)

e

CoA17 TCP 106 ha 35%<I<60% ‘} - (275%38)

_ o meah S _ SD k
Yield (kg/ha) " 8639 (4132) 517

CU (mm) & e 473 24

WUE (kg/ha/mm) - | o 18.3 ‘ -

Net Irrigation (mm).‘ 221 36

Total Labour (h) 92 1a N
Oct..15 AM (mm) | KR PY A 16

Deenp Perc. (mm)l 0 . 0
: TotalVCost”:’($/ha) » 355 | ' 27

Net Retu{:ns"('$"/ha) | 6 (1.6%) | 50

CoA18 SR2 64 Qa .35%<I<85% | R (275638)

: » ’;u‘l;éan ' ) SDI‘
vield (Kg/ha) '&5437 (4132) 636

v

CU (mm) w/ ' * 486 - *ﬁ%ﬁ" 29

WUE (kg/ha/mm), i 17,47 ‘

Net Irrigation‘ (mm) o - 258 | T 43
"' Total Labour (h) - C . . 168 'J*/ 14
Oct. 15 AM (mm) ‘ 59 29

Deep Perc. (mm) N ol

..A&". ~ : ;_ .

Total Cost ($/ha) . 25

‘Net Returns ($/ha)  * 43

a

g,

"AeS.
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e N e §oo
Tabléfﬁ:ﬁ&'b;rrigated Alfalfa at Coronation (continued) -

> .

~

ol

'CoA19 SR2 64 ha+ 50%<I<100%: 2.0,3.0

mean .

(275638)
SD

Yield (kg/ha)

8608 (4132§ﬂ <749 .

CU (mm) v 498 36
WUE (kg/ha/mm) 17.3
Net Irrigation (mm) 3b6 41
' Total Labour .(h) 122 8
Oct. 15°AM (mm) 81 T
Deep Perc. (mm) 16 :5,
"Total Cost ($/ha) 407 | 20
Net Retufnsv($/ha) 11 (2.7%) 45
céAzo‘ sg? 64 ha 50%<I<100%: 3.0,3.0 ;(2756555
» B ‘meah vSD
g : —
Yield (kg/ha) 9113  (4132) 612 )
GU (mm) % 515 \\ .31
WUE (kg/hé/mg). - ‘;? ’ ,417'7
Net'I;rigatiop (mm) B '1300 {f ‘*53“ 
Total.LabOUr (h) V19; - '17'
Oct. 15 AM (mm) ‘57 32
| Deep Perc. (mm?;::,vfﬁf>>_ﬁ§f S 7?;f' ) :l3“
~Total Cost ($Zha9f§§"Q_”:"' ' f°4og“? o .28
Net Resggns (s/ggf;:'”‘ € 4 (12:0%) .42
Rt PR
.%3{ ” e ) BN ol

“ 94t

o
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Table 4.33 Irrigated Alfalfa"aﬁgCorShation'(con;inuedy

> v !
CoA21 SR2 64 hé 65%<I1<85%: 3.0,3.q‘ : (275638)
| ﬂ mean ‘SD )

Yield (kg/ha) | 9430 (4132) 555 gt
o CU (mm) | . '539 - 29

WUE (kg/ha/mm) - 17.8

Net Irrigation (mm) | 349 ‘ 45

Total Labour (h) _ 226 15

Oct. 15 AM (mm) | 89 o 35

Deep Perc¢. (mm) . h 19 .6

Total Cost ($/ha) . - 434 S A

Net Returns ($/ha) h 50 (11.5%) 46 o

CoA22 SR2 64 ha 7é§¥1<1oo%: 3.0,3.0 . (483741)

B P mean  sp’

Yield (kg/ha) = 3 1y 9634 (4352) 526

g

CU (mm) 5 !30"
WUE (kg/ha/ﬁm)¥}iﬁ 3
Net Irrigation (mm) - ‘ 23‘>ﬁr
Total Labour (h) v 8

- Oct. 15 AM (mm) ) .23
Deep Perc. (mm)‘~ | .5}
"Total Cost ($/ﬁh) 24:
Net Returns ($/ha) 49



267

o

Tabdle 4.33 Irrigated Alfalfa at Coronatioﬁii¢ontinged)

1

CoA23 SR1 24 ha 50%<I<65%: 2.0,3.0 (2756387
. me::‘ll:l’: SD
Yield (kg/ha) ‘?ﬁgﬁésf (4132) 615
" cu (mm) 516 29
fWUE (kg/ha/mm) 18.0 .
Net“I~r_rigation “(nl1mi) 302 .4 .40
Total Labour (h) 7. 9
oct. 15 aM (mh) 56 27 \
A Deép Perc. (mm) 9 PE
Total Cost ($/ha) 276 ‘ 24
Net geturns-(s/ha)' §§%~ -64 (-13.4%) 45
' Coa24 SR1 32 ha 50%<I<65%: 2.0,3.0 (275638)
*/ A mean SD .
£ Yield"13§7ha) 9067 (4132) 574
cu (mm) . 511 B
; : RO T : -
% WUE (kg4§§'a*/mm) . 17,7
¢ ¥ Net Irrigﬁggon (mm) 298' ‘ <%; ) 34
’I;‘otal Lq%ur (h) 95 11
Oct. 15 AM (ﬁm) 59 26
Deep Pérq. (mm) 7 3
Total Cost ($/ha); 410 24
Neg Returns ($/Ha) -15  (-3.6%) 46

ot

s
g



Table 4.33 Irrigated Alfalfa at Coronation (continued)

268

o

- ~
COA25V SRy, 48 ha 50%<I1<65%: 2.0,3.0 (275638) -
: ' mgan SD

vield (kg/ha) 8384 (4132) 701
CU (mm) | 483 35
WUE (kg/ha/mm) 17.
Net_Irrigation (mm) 260 - 27
Totai Labour (h) 118 | 13
oct. 15 AM (mm) 5 24 .
Deep Perc. (mm) | 3 3 )
Total Cost™($/ha) 324 23
Net RetUr&SL($/ha) 16 (4.9%) . 45
CoA26 SR1 64 ha |50%<I<65%: 2.0,3.0 » (275638)

‘ mean SD
Yielé (kg/ha) 7368 (4132)* 826
U (mm) 134 42
WUE (kg/ha/mm) 17. :
Net Irrigétio; (mm) L 194 24 )
Tétal.Labouf (h) : 118 &
Oct. 15 AM (mm) 33
Deep Perc. (mm) - A Iﬂ -
Total Cost ($/ha) - 255 « L 22
Nethétﬁrns ($/ha) 37 (14.5%? 43
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. . ) . . : 1
Table 4.33 Irrigated Alfalfa at Coronation (continued}
. | <
CoA27 HHT 32 ha 50%<I<65%: 1.0,2.0 (275638)
mean SD | _
vield (kg/ha) 9888 (4132) 408 (
CU (mm) : 533 24 .
O
WUE (kg/ha/mm) . ' ™8.6
Net Irrigation (mm) - 302 46
Total Labour (h) 11 _ 18
Oct. 15 AM (mm) | . 47 23
Deep Perc. (mm) ) 1 : 1
Total Cost ($/ha) 478 733 .
 Net Returns ($/ha) -142 (-29.7%) 59
) ) ‘j..‘
&

e

|, (275638)

©—E
. BRI AN

.y g .

T SD

. . . .
Yield (kg/ha) (4132) . 7857
CU (mm) . 37

WUE (kg/ha/mm)

. Net Irrigation (mm)

Total Labour (h) By y 146
Oct. 15 AM (mm) | _ ?Qﬁ

. e
Deep Perc. (mm) ' 5 0% o 0
Total Cost ($/haf é3§;%£;/_ ;5
Net Returns ($/ha) a -39 (-11.5%) 1150'

G
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’;Table 4.33 Irrigated Alfalfa at Coéonation (continued)
CoA29 SCP 65%<II<B85% (383838)
| | meaﬁ = SD
.Yield (kg/ha) ‘ ' .
cut -1 ) 5194 (2074). 315
cut 2. - 4228 (1673) 324
total - ' 9422 . (3764). 417
CU * (mm) " 479 ji 3 T30,
WUE (kg/ha/mm) | 19.7
Net Irrigation (mm)’ 254 v ’ 39
Total Labour (h)” _ -3 « 2
Oct. 15 AM.(mm) ' | 13 15
Deep Perc. (mm) . . i 17 . 3
Total Cost ($/ha) | 456 - 34
Net Returns ($/ha) | -2 ~4{-0.4%) 1 65
CoA30 SCP 25%<II<85% 4_‘v“ﬁ - : (383838)
| R .meaﬁ SD .
: X : ,
Yield (kg/ha) 7642 (3746) 361
cu (mm) 408 BETE
WUE (kg/ha/mm) ) | ~18.7 o -
Net Irrigatiqg ﬂmm). . 169 _ 33
Total Labour (h)" . ¢  ; T ' . 2
act. 15 AM (mm) ) 10 11
Déep Perc. (mm) . 6 ) 2
'Total'Cost ($/ha3” : 403 . 28
‘Net Returns ($/ha) W92 (-22.8%) 52
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Table 4.33 Irrigated Alfalfa at Coronation (continued)

(275638)

g
”

-

\ -

CoA31 TCP- 30 ha 35%<I<60%
| mean SD
Yield (kg/ha) 8639 (4132) 517
CU -(mm) - © 473 » 24
WUE (kg/ha/mm) . 18.3
Net Irfigation (mm) 221 36
- ’ :
Total Labour (h) 92 14
oct: 15 AM (mm) 27 16
Deep Perc. (mm) N 20 0
Total Cost ($/ha) ‘ ' 485 " 27
‘Net Returns ($/hdf1 ' B - A28 (-25.8%) 50
CoA32 SCP 65%<ITI<85% ™" s (575757)
> ) R mean SD
N ~ Rk _}z‘“ B . .
"¥ié1d (kg/ha)’ . o T
“cut 1 4 5649+ (2201) 295 :
cut 2 4712 (1322) 222 .-
total B 10363.'(3523) .. 358
CU (mm) 532 - 38
WUE (kg/haymm) - | 19.5
Net Irrigation (mm) ‘ 295 26
Total Labour (h) / S 22 2
oct. 15 AM (mm) . 16 < . . 17 -
‘Deep Perc. (mm) ' N 2 o 6
Total Cost ($/ha)  sia,. ‘f, 3;» 485 ; ‘ 18
» - ‘ ~ " Ty - 2
Net Returns (S/ha)é' AR 63 (13.0%) 54
g A : v . . &S i o
. e o > B o
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Table 4.33 Irrigated.Alfalfa at Cdronation'(éontinuéa)

-

S |
24
-,
xe -

Cor33 SR2 64 ha = 50%<II1 100%: 3.0,3.0 " (483741
~__mean | "sﬁg}
Yield Kkg/ha) B ‘ 8614 (3830)" sgéf
CU (mm) o 480 30
WUE (kg/ha/mm)' ‘ ) 17.9
Net Irrigation (mm) ' 291Vﬁ . 28
L Total Labour,(h} . | <244 : 15
" Yoct. 15 AM (mm) - 20 12
"Deep Per;. (mm) - 47 | 14 5
Totl coét ($/ha) 345 ’ B 25
‘Net Reéufns ($/ha) - 22 (-6.4%5 48
T G :
2 R | .
"0 7 CoA34 S HHT 48 ha 65%<III<100%: 1.0,2.0 _ (483741}
- | | . meah . __sD
Yield (kg/ha) . , 9183  (3830) 548 o
CU (mm), | s . 500 . 27
WUE (kg/ha/mm) | - 184
Net Irrigatién (mm) | - 282 ; 27 N
Total Labour (h) o 17
oct. 15 AM (mm) ] 2
Déep‘Per;. (mm) - ’ 10 ;‘f
; Total Cést ($/ha) 27
Net Retﬁrnsr(s/ﬁa)‘ 54
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Table 4.34 Predicted Irrigated Alfalfa Results at Edmonton f
. Ty . o

/
i

j

EdA1 SCP 65%<I<85% ' ) . ,(575757)/
K ' _ Q\ mean SD /

Y_ieg@ (kg/ha) : 11318 (6700)

CU (mm) .. . | 559 |

WUE (kg/ha/mm) | 20.2

Net Irrigation (mm) - 287

Total Labour (h) | {7,

Oct. 15 AM (mm) . . 95

Deep Perc. (mm) 13

Totai‘Cost ($/ha) . : | }54 37

Net Returns ($/ha) -85 (-18.7%) 68

, | -

EdA2 SR2 32 ha 50%<I<100%: 2.0,3.0 (113232)
mean _ SD

vield (kg/ha) 10153 (6534) 471

CU (mm) 520 28

ﬁUE (kg/ha/ﬁm) | 19.5

Net I}rjgation (mm) v- “ ' 269 5 35

Total Labour (h) 92 3

Oct; 15 AM (mm) - 99 ‘ 30

'Deep Perc. (mm) 15 10

Total Cost ($/ha) 437 28

Net Retﬁrns"($/ha) -83 (-19.0%) .51
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_Tabie 4.34 Irrigated.Alfalf5~at Edmonton (continued)

EdA3 TCP 106 ha 65%<I<85% (275638)
mean SsD .« =
Yield (kg/ha) - ) :
cut 1 . 5453 (3030) 431
cut 2 4831 (2927) 281
total 10284 (5957) 460
CU (mm) 533 28
WUE (kg/ha/mm) 19.3
Net Irrigation (mm) 265 42
—
Total Labour (h) 84 16
Oct. 15 AM (mm) 84 30
Deep Perc. (mm) 8 6
Total Cost (§/ha) 366 32
Net Returns ($/ha) -20 (-5.5%) 56
T
EdA4¢ TCP 106 ha (200 mm) 65%<I<85% (275638)
| | meén SD
vield (kg/ha) 9762 (5957) 681
CU (mm) 506 | 35
WUE (kg/ha/mm) 19.3
Net Irrigation (mm) 197 11
Total Labour (h) 54 10
Oct. 15 AM (mm) - 48 36
Deep Perc. (mm) 5 6
Total Cost ($/ha) 331 38 ‘
Net Returns ($/ha) -26 (-7.9%) 42
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Table 4.34 Irrigafed Alfalfa at Edmonton {continued)

EGAS TCP 45 ha '50%<III<75% (684932)
meaﬁ SD
Yield (kg/ha) = 9868 (6041f 383
CU (mm) | 476 30
'WUE~(kg/ha/mm) - 20.7
Net Irrigation (mm) R 168 32
Total Labour (h) - . 87 ‘ .18
oct. 15 AM (mm) : g2 | 26
‘Deep Perc. (mm) ‘ * 3 - 8
Total'Cost\($/ha) .. 353 21
Net Returns,($/ha) | ' -47 (;13.3%) 60
EdA6 TCP 30 ha 50%<III<75% - (684932)
| | mean SD

Yield (kg/ha) 10239  (6041) 329

cu (mm) | 492 30

- WUE (kg/ha/mm) - ‘ 20.8 B
Net Irrigation (mm) .b 187 | 36 °
Total Labour (h) 68 . 15
Oct. 15 AM (mm) 44 26
Deep Perc. (mm) ' . 6 B 7
Totaf Cost ($/ha) | "465 23

Net Returns ($/ha) =129 (-27.7%) 66
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Table 4.34 Irrigated Alfalfa at Edmonton (continued)

»

EdA7 HHT 48 ha 50%<III<100%: '1-.0,2.0 . (684932)
| mean ) SD

Yield (kg/ha) A ] 10076 (6041) 385

CU (mm) | 490 TR

WUE (kg/ha/mm) ' , 20.6. '

Net Irrigation (mm) . 203 | 35

Total Labour (h) d 84 " 14

Oct. 15 AM (mm) 52 25

Deep Perc. (mm) ' 14 14

Total Cost ($/ha) 432 22

vNet Returns (;/ha) ’ -90 (-20.8%) 65

EJdA8 SR2 64 25%<II1I<100%: '2.0,3.0 (113323,2)

| o o & mean _ SD

Yield (kg/ha) ' 7430 (5946) 332

U (mm) " 384 | 31

WUE (kg/ha/mm) . 19.3

NeF Irrigation (mm) 107 .~ 43

Totgl Labour (h) ‘ : 126 | 16

Oct. 15 AM (mm) : 44 26

Deep Perc. (mm) ‘ 7 | 4

Total Cost ($/ha) | . 187 | 27

Net Returns ($/ha) -108 (-34.4%) 76
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Téble 4.3¢4 Irrigated Alfalfa at Edmonton (continued)

EdA9 TCP 30 ha 50%<II<T00% | (684932)
) ) mean | : SD

Yield (kg/ha) - 9595 (5911;__ 332

CU (mm) | | 466 » 31

WUE (kg/ha/mm) ' 20.6 ;

- Net Irrigation (mm) 163 | 43
Total Labour (h) 52 16
Oct. 15 AM (mp) ' - 38 26
Deep Perc.. (mm) 17 4
Total Cost ($/ha) 450 N 27
Net Returns ($/ha) : ~155 Q;34.4%) 76
EdA10 SR2 64 ha 50%<I<100%: 2.0,3.0 (113232)

- mean SD_

" Yield (kg/ha) . " 10104 (6534) 656
CU (mm) & 488 34
WUE (kg/ha/mm) . 20.7
Net Irrigation (mm) 250 - 44
Total Labour (h) ﬁ?U c 15
Oct. 15 AM (mm) 106 31
Deep Perc. (mm) ‘ ‘ 15 ) 34
Total Cost ($/ha) | .319 .' 22

Net Returns ($/ha) =33 (-10.4%) 54
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Table 4.35 Predicted Irrigated Alfalfa Results at Lacombe -

b
|

Net Returns ($/ha)

LaAl SCP 65%<|<85% (575757)
! 3;;' mean . - SD
Yield (kg/ha)x ) - :
: cut 1 * : 6539 (3376) 229
w2 K 5050 (2238) 258
total o 589 (5614) ’392’
CU (mm) 562 42
WUE (kg/ha/&m) 19,6 . '
Net ‘Irrigation (mm) 43
JTotal Labour (h) 20 3
Oct. 15 AM (mm) 90 27
Deep Pétc. ¢mm) 3
Total Cost ($/ha) 4c 35
=13 (-2.7%) €=

LaA2 SCP 65%<I<85% average April 9 AM in irrigafed
s0il=168 mm
(575757)
Aéan WSD
Yield (kg/ha) 11560 (5614) 351
CU (mm) ! 604 | 39
- WUE (kg/ha/mm) . | 19,
Net Irrigation (mm) 280 52
Total Labour (h) 4 21 . 4
Oct. 15 AM (mm) 98 : LA
Deep Perc. (mm) 8 3
Total Cost ($/ha) 463 32 g
Net Returns (g/ha) 13 (2.8%) f67‘ )
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Table 4.35 Irrigated Alfalfa at Lacombe (continued)

LaA3 TCP 106 ha 65%<I<85% (275638)
‘ gean s
Yield (kg/ha) 10673  (5920) 420
CU (mm) 559 34
WUE <kg/h§7mm> 19,1
Net Irrigation émm) 292 34
:Total Labour (h) 96 14
Oct. 15 AM (mm) 83 26
Deep Perc. -(mm) 7 4
Total Cost ($/ha) _382“ 25
Net Rétprns ($/ha) = (-0.4%) - 44
~LaA4 TCP 106 ha (200 mm) 65%<I<85% (275638)
| | mean éD-
Yield.(kg/ha) 9843 (5920) 738
CU (mm) 518 41
WUE (kg/ha/mm) - 19.0
Net Irrigation (mm) - 200 -1
Total Labour (h) 58 11
oct. 15 AM (mm) 36 4 27.
Deep Per¢;\fm§l\\\ 4 5
Total Cost (§/ha) 333 12
Net Returns ($/ha) -19 (-5.8%) 29



Table 4.35 1Irrigated Alfalfa at Lacombe (continued)

LaA5 TCP 106 ha 50%<I<75% (846437)
‘ mean SD
Yield (kg/ha) 9992  (5300) 762
co’ (nm) 543 35
WUE (kg/ha/mm) 18.4
N .
Net Irrigation (mm) 281 39
Total Labour (h) . - 96 13
Oct. 15 AM (mm) 93 28
Deep E;efc. (mm) 3 1
Total Cost ($/ha) 376 20
Net Returns ($/ha) .-i (-0.3%) 51
LaA6 TCP 106 ha (200 mm) 35%<I<75% (275638)
mean SD
Yield (kg/ha) ’ 9482 (5920) 529
CU (mm) | 506 36
WUE (kg/ha/mm) 18.7
Net Irrigation (mm) "~ 191 18
Total Labour (h) !1 7
Oct.: 15.AM (mm) \ 43 27
Deep ﬁerc; (mm) - ) 1 - 1
~ Total Cost ($/ha) 326 20
" Net Returns ($/ha) -41 (-12.6%) 41

it )
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Table 4.35 Irrigated.Alfalfa at Lacombe (continued)

'LaA7 SR2 64 ha 35%<1<85% | " (575757)
# mean _SD
. Yield (kg/ha) . 9170 (5614) 611 -
CU (mm) . 502 44
WUE (kg/ha/mm) 18,3 -
Net Irrigation (mm) LT 227 . 43
Total Labour (h) f’( ’ 146 | 14
Oct. 15 AM (mm) | 82 : 29
Deep Perci: (mm) ’ 2 .1 ey
~ Total Cost ($/ha) - 299 . 24
Net Returns ($/ha) - __‘,14 (-4.8%) 42
R )
. o | §
LaA8 SR2 64 ha 50%<I<\100% ‘ (275638) -
| mean | SD
Yield (kg/ha) 9906 (5614) - 499
cU (mm) © ‘ 531 42
WUE (kg/ha/mm) | 18.7
Net Irg}éation (am) 283 - 45
Totai«Labour (h) . " , 182 14
Oct. 15 AM (mm) 96 - . ‘32
Deep Perc. (mm) ' 10 - 3
Total Cost ($/ha) ' 330 27
Net Returns ($/ha) . ‘ 13 (4.0%) 46
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Table 435 Irrigated Alfalfa at Lacombe (coz}inuéd)
far9 TCP” 45'ha  50%<I<75% (846437)
\ ) _mean a . éD ; o
vield (Kg/ha) I 9094 (5300) 804 -
cU (mm) o P | 506 © 38
WUE (kg/ha/mm) . ' 18.0
‘Neﬁ Irrigation (mﬁ3 " ©229 30
Total Labour (h) | 76 - 7
Oct. 15 AM_(mm) o 80 27
Deep Perc. (mm) o 1 1
Total Cost ($/ha) ;o ‘/_ 375 | 14
Net Returns ($/ha) : =72 (=19.1%) 35
' LaA10 SCP 35%<II<50% = (846437)
mean_ 5 sp T
Yield (kg/ha) | | 9590 (5300) 734
CU (mm) | 526 . T 32
"WUE (kg/ha/mm) i 18.2.
Net Irzigation (mm) _ 233 39
" Total Labour (Q) A 12 o2
Oct. 15 AM zﬁﬁg' ) 64 ' 25
Deep Perc. (mm) . o % 0
Total Cost ($/ha) | 427 : 21

Net Returns ($/ha) ' -87 (-20.3%) 60
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‘Table 4.35 Irrigafed Alfalfa at Lacombe (continued)

-22 (-8.8%)

LaAll SCP 50%<II<85% (575757)
| B mean SD’ -
Yield (kg/ha)
" cut 1 5138 (2940) 264
cut 2 4030 (1955)" 300
total 9168 (4894) 414 -
CU (mm) N 483 { 33‘
WUE (kg/ha/mm) 19.0
Net Irrigation (mm) 206 48
‘Total Labour (h) 14 3
Oct. 15 AM (mm) 28 19
"Deep Perc. (mm) 15 | 4
Total Cost ($/ha) 421 36
Net Returns ($/ha) -79 (-18.8%) 66.
LaA12 SR2 64 ha 50§<III<85% (2,3); 3.0,3.0 (575757)
\ mean | | SD
Yield (kg/ha) _
cut 1 4496 (3062) 545
cut 2 3436 (2015) 664
total 7932 (5077) 870
CUu (mm) ' 437 45
WUE (kg/ha/mm)  18.2
Net Ifrigation (mm) 132 26
Total Labour (h) 154 L'15
Oct. 15 AM (mm) 253 17
Deep Perc. (mm) 1 3
Total Cost ($/ha) 250 15
Net Returns ($/ha) - 45
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Table 4.35 'Irfigafed Alfalfa at Lacombe (continued)

Net Returns ($/ha) : -8 (-2.2%)

Laa13 SR2 64 ha SO0%<III<75%: 3.0,3.0 (575757)
“ ' | mean SD |
Yield (kg/ha) . -
cut 1 , - 4710  (3062) 517
cut 2 : 4023 (2015) . 403
total ’ o . -8733 . (5077) 577
v (mm) . ' - 480 42
WUE (ﬁg/hé/mm) i. 18.2
Net Irrigation (mm) 239 20
Total Labour (h) | 172 7
oct. 15 AM (mm) | v 54 v
Deep Perc. (mm) .". 31 “16\
TotalACdBt'($/ha) o 3?5 . En16'
Net Returns ($/ha) a =12 (-4.0%) 60
LaA14 SR2 64 ha 75%<III<100%: 3.0,3.0 (483741)
| | me;n SD"
Yield (kg/ha) | 9665 (5392) 524
CU (mm) ‘ | 506 _ - 29
WUE (kg/ha/mm) - 19. 1 '
Net Irrigation (mm) - ' 328 37
Total Labour (h) | 212' 12
Oct. 15 AM (mm) 84 23
‘Deep Perc. (mm) = ' 75’ 14
Total Cost (§/ha) .~ 350 - 30
55
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Table 4.35 Irrigated Alfalfa at Lacombe (continued}

LaA15 HHT 64 ha 50%<III<75%: 1.0,2.0 " (6849355~

A\ " pean ~ 'sp
: S _

Yield (kg/ha) 9869 (5488) 752

cu (mm) 488 | 30

WUE (ké/ﬁa/m@) _ o - 20.2 ) |

Net_Iréigation (mm) | 228 42

Total Labour (h) 123 22

Oct. 15_AM,(mm) : ' 56 '21

Deep Pefc; (mm) ’ 4 - 7

Total Cost ($/ha) Q 379 _ 25

Net Returns ($/ha) ‘ -29 (-7.7%) 69

LaA16 HHT 48 ha 65%<III<100%: 1.0,2.0 - (s83741)

| | hean . SD I

Yield (kg/ha) o 10215 (5392) 456

cU (mm) . 526 BT

WUE - (kg/ha/mm) ' | 19.4

Ng£ Irrigation (mm) 268 | 39

Total Labour (h) ' RS | 18

oct. 15 AM (mm) . . 54 | 23

Deep Perc. (mm) , -!#/ . 23 | .9

Total Cost - ($/ha) ) 460 31

Net Returns ($/ha) ‘ - -75 (-16.3%) 58
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Net Returns ($/ha)

LeAl SCP 50%<I<100% (383838)
- mean 4 SD |
Yield (kg/ha5 10444 (3561) 527 -
CU (mm) 7 607 46
WUE (kg/ha/mm) 17.2
lNet'Irrigation (mm) 352 ‘46
Total Labour (h) 18 2
oct. 15 AM (mm) 17 14
Deep Perc. (mm) 9 4
Total: Cost ($/ha) 510 33
Net Returns ($/ha) 41 (8.0%) 65
LeA2 SCP 65%<I<85% (575757)
mean SD

‘Yiela"(kg/ha) ' :

cut 1 - 65338 (2661) 464

cut 2 5270 (751) 310

total 11804 (3412) . 570
U (mm) | 661 56
WUE (kg/ha/mm) “17.9
Net™Irrigation (mm) -389 15
Total Labour (h) 22 1
Oct. 15 AM (mm) 12 12
Deep Perc. (mm) 5 2
Togal Cost ($/ha) 539 23

132 (24.5%) 53
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Table 4.36 Irrigated Alfalfa at Léthbridge (continued)

)

LeA3 SCP 75%<I<100% (383838)
mean SD

Yield (kg/ha) 12184 (3561) 571 .

CU (mm) 693 . 47

WUE (kg/ha/mm) 17.

Net Irrigation\(mm) 459 30

Total Labour (h) 26 2

Oct. 15 AM (mm) 25 20
Deep Perc. (mﬁ) 20 7

Total Cést ($/ha) 582 34

. Net Returns ($/ha) 118  (20.3%) 71

LeAd SCP 25%<I<100% (383838)

mean SD

Yield (kg/ha) 9160 (3561) 796

CU (mm) 543 45

WUE (kg/ha/mm) 16.

Net Irrigation (mm) 280 48

Total Labouf (h) 15 3

Oct. 15 AM (mm) 14 14
Deep Perc. (mm) 4 4
 Total Cost ($/ha) 467 36

Net Returns‘($/ha) =19 (-4.1%) 69 -
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Table 4.36 Irrigated Alfalfa at Lethbridge (continued)

LeA5 SCP 50%<II<85% ~ (575757)
\ | mean SD
Yield (kg/ha) | 8956 (29073 659
CU (mm) | 487 . 46
WUE (kg/ha/mm) 18.4
Net Irrigation (mm) 241 31
Total Labour (h) ’57 2
Oct. 15 AM (mm) 7 9
Deep Perc. (mm) 12 2
Total Cost ($/ha) , 454 | 24
Net Returns ($/ha) ' » 30 (6.6%) 44
. L]
LeA6 SCP 65%<III<100% o (846437)
mean SD

Yield (kg/ha)

cut 1 ' 6480 (2815) = 264

cut 2 - / 4725  (571) 252

total R 11206 (3386) 428
CU (mm) 623 33
WUE (kg/ha/mm) 18.0 |
Net Irfigation (mm) 358 49
Total Labour (h) 27 4
Oct. 15 AM {mm) 4 6
Deep Perc. (mm) 14 . 16
Total C;st ($/ha) 521 33

Net Returns ($/ha) 105 (20.2%) 86
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Table 4.36 Irrigatea Alfalfa at'Lefhbriage (continped)‘

LeA7 SR2 32 ha 50%<I<85%: 3.0,3.0 (275638)

mean . SD
Yield (kg/ha) - . 9766 (3688) 513
CU (mm) */,,/// 600 : 40
WUE (kg/ha/mm) 16.3
Net Irrigation (mm) 350 46
Total Labour (h) | : 112 ' 8
Oct. 15 AM (mm) 16 13
Deep Perc. (mm)- 0. v 3
Total Cost ($/ha) 466 - 28
Net Returns *($/ha) - . | 31 (6.7%) - 51
. ‘ . .
LeAS SR2 32 ha 65%<I<100%: 3.0,3.0 . (234756)
| mean B .SD
vield (kg/ha) | 10018 - (3518) 626
CU (mm) . 632 50
WUE (kg/ha/mm) 15.9'
Net Irrigation (mm) 361 39
Total Labour (h) 122 7
oct. 15 AM (mm) | 19 | 12
Deep Perc. (mm) : 18 7
Total Coét ($/ha) . ..' . 482 ‘ 24

Net Returns ($/ha) ’ 39 (8.0%) 82
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&

Table 4.36 Irrigated Alfalfa at Lethbridge (continued)
LeAS3 SR2 67.3 ha 50%<I<100%: 3.0,3.0 (383838)

mean SD

Yield (kg/ha) ’ :
cut 1 o 4965 (2899) 707

cut 2 4100 (662) 269
total 9065 (3561) 756
Cu émm) 562 ‘ 44
WUE (kg/ha/mm) ~ 16. 1 a
Net Irrigation (mm) ‘ ' 307 : 32
Total Labour (h)' | 198 10 °
Oct. 15 AM (mm) i 20 \ 18
Deep Perc. (mm) 6 4
 Total Cost ($/ha) 352 28
Net Returns ($/ha) - 88 (25T0%) 55

)

LeA10 SR2 64 ha 50%<I<100% (1,2): 3.0,3.0 irrigation

during May allowed * - (846437)
mean‘ L SD |
Yield (kg/ha) ’
cut 1 - 5638 (3043) 456
cut 2 2346 (851). 547
total « | 7985 (3895) 796
cU (mm) 497 Y
WUE.(kg/Ha/mﬁ) 16.1
Net'irrigation (mm) : 198 . 33
.Tptal Labour (h) ' 128 : o o1
Oct. 15 AM (mm) - 4 - 4
‘Deep P;rc. (mm) 6 . 4
Total Cost ($/ha) 358 22

Net Returns ($/ha) | . 29  (8.1%) 55



Net Returns ($/ha)

=77 ('13.9%) 58
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Table 4.36 Irrigated:Alfalfa at Lethbridge (continued)
LeAll SR1 50.4 ha 50%<I<100%: 3.0,3.0 (383838)
. mean ' SD
Yield (kg/ha) 7584 (3561) 814
CU (mm) 488 . 47
WUE (kg/ha/mm) 15.5_
Net Irrigation (mm) 223 m © 26
Total Labour (h) 106 | 12
Oct. 15 AM (mm) 13 12
Deep Perc. (mm) 1 - 1
Total Cost ($/ha) 300 27
Net Returns ($/ha)\ 22 (7.3%) - 53
LeA12 SR2 32 ha 50%<100%:. 3;0,3.0 irfigation after
_ second cqf until September 1 (?38383)
mean SD '
Yield (kg/ha) 9780 (3848) 403
CU (mm) ‘; 677 41
WUE (kg/ha/mm)‘ 14.4
Net Irrigatign (mm) 447 : ) 48
Total Labour/ (h) 152 7
Oct. 15 AM (mm) 67 | 27
"Deep Perc. [mm) 16 - "5
Total Cost/($/ha) 551 ¢ 23
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4

4.4,2 .Model Results for Wheat

Unllke alfalfa, the model predicted that the Black soil
zone has more variation in dryland wheat y1elds than the
Dark Brown 5011 zone. .The reasons for this was that
,klllfhg frosts were preﬁlcted‘to occur more frequently at
Edmonton and Lacombe and, as well, wheat grown at these
locations had more variation in moisture conditions than at
Coronation or Lethbridge. 1In some years at Edmonton‘and
Lacombe dryland wheat underwent almost no moisture stress:
while in other years moisture stress was as severe as in
the Dark Brown soil ‘zone. By comparlson, the dryland wheat
at Coronation andALethbridge was always subjected to -some
moisture stress. Table 4.37 gives the predicted results
for dryland wheat at all locations studied.

The predicted October 15 AM in dryland soils for wheat
was greater at all locations than for alfalfa. Predicted
dryland deep percolation was relatively small and, as for
alfalfa, was greatest on the soil with the worst internal
drainage -- soil type II.

In east central Alberta, Coronation is the most
attractive location to irrigate wheat because it is the
driest location. .Table.4.38 presents oredicted irrigated
wheat results for many model ruris at Coronation. Runs CoW1
to CoWl12 all involved 1rrlgat10n with a stat1onary centre
pivot. For run CoW2 the 1rrlgated soil always started out

at field capacity on April 9. This represents an average
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Table 4.37 Predicted Dryland Wheat Results

Soil Type
: 1 II III
Loc. result mean SD mean SD mean SD
Cor. (seed number) (575757) .  (838383) (846437)
Yield (kg/ha) 1850 368 1549 436 1587 377
CU (mm) 232 36 202 39 205 35
WUE (kg/ha/mm) 7.97 . 7.67 7.74
Oct. 15 AM (mm) 23 16 26 15 17 16
Deep Perc. (mm) .0 0 3 -3 -0 "0
Edm. (seed number) (846437) (846437) (846437)
Yield (kg/ha) 2580 .526 2272 513 2097 551
cu (mm) 305 42 255 41 269 44
WUE (kg/ha/mm) , 8.46 8.91 8.17
Oct. 15 AM (mm) 49 28 44 25 40 20
Deep Perc. (mm) 2 9 6 6 3 3.
Lac. (seed number) (846437) - (846437) "~ (846437)
Yield (kg/ha) 2098 698 - 1923 658 1867 690
CU (mm) : 288 60 267 56 264 59
WUE (kg/ha/mm) 7.28 7.20 7.07
Oct. 15 AM (mni) 34 21 40 22 35 21
Deep Perc. (mm) 0 0 -7 4 1 3
Leth. (seed number) (383838) (365455) ~ (365455)
~ Yield (kg/ha) 1648 412 1416 420 1452 400
CU (mm) 241 43 202 44 210 42
WUE (kg/ha/mm) 6.84 : 7.01 6.91
Oct. 15 AM (mm) 17 10 15 12 11 12

Deep Perc. (mm) 0 1 3 3 3 8
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of 49 mm more moisture on April 9 than assumed for the
other model runs. The net irrigation reguirement was
reduced by approximately this depth of water. Given the
variable costs of applying water ($0.4335/mm), the reduced
irrigation‘requirement was worth about $18/ha. This was
the amount that avgfage annui} net returns were

increased. As for alfalfa, any additional soil moisture in
the irrigated soil in the spring will reduce net irrigation
needs by the amount of the extra moisture and increase ’
annual net returns by the value of lowered variable
irrigation costs. Invariably, the irrigated soil; were
predicted to contain more fall moisture than the adjacent
dryland'soils. If all the moisture difference between
dryland a;d irrigated soils were carried-forward into the
next yeér then the effect on irrigation needs and on annual
nét returns will be appfoximately‘as described above.

Runs CoW3, COW4: and CoW5 demonstrate the impact of
allowable AM depletion on yields and returns. Permitting
greafer than 50% AM depletion markedly.reduced bothvyields
and returns (CoW3 versus CoW1, Co%4, or CoWs5).

The model predicted that irrigation during the crop
establishment period slightly decreased net returns. This
V.practice maintainedwthe entire soil profile contindallyb
moist so that a large amount of moisture was lost as deep
percolation. Because the lower portion of the root zone

was moist, the reserve of available soil moisture was

_larger than if irrigation was delayed until the
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pre-jointing stage. Consequently, with early irrigation,
less irrigationAwas néces§ar§ during other growth Stages
when crop moisture needs were-greatest. Thus the upper
part‘éf the soil tended to be drier. The assumed root
distribution (i.e. the VSMB k coefficients) predict most of
the moisture qsed by thg plants is gx;:acted from the upper
one-half of the root zone. As a resulti early- irrigation
tended to reduce ET during the growth stages when crop .
yield was most sensitive to moisture stress.

For runs CoW7 and CoW8, the.irrigation’Scheduling
criteria were applied ohiy to the upper - 50% of the root
zone. The scheduling criteria tended to prdduce frequent,
relatively light applications. This practice made very
efficient use of irrigation water because deep percolatibn
and October 15 AM were minimized.- Keeping the upper half
of the foot<zone near field éépacity (run_CoWws8) may'bé the
most econom&cal way to manage irrigation with a SCP.

Examination of the Wageningen wheat yield model
indicates the crop should be most §ensitive to, improved
moisture conditions during the flowering stage. This
growth stage is encompassed within irrigation scheduling"
crop growth stage 4. Run CoW9 shows that decreasing
allowable AM depletion during irrigation scheduling ﬁefiod
4 results in significant improvement in yield and nét
returns (CoW9 versus CoW3). Run CoW10 indicates allowing

N,

greater AM depletion during the pre-soft dough to hard

.
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dough stage (irrigation scheduling crop growth stage 5) is
marginally better economically than providing full
irrigation during this last staée (CowW10 vefsus

Cow15. Allowing greater AM depletion during the latter
stage permits the crop to make best use of available so{i
moisture already stored in the soil profile.

A severly limited irrigation water supply had a
pronounced detrimental effect on irfigated yields and
retﬁrns. For runs CoW!1 and CoW12 there was sufficient
water fér anut one ‘irrigation., Irrigation was very .}
‘unprofitable although it. did raise averaée yiélds 25% and
reduce the variability in yie;ds compared with dryland
yields. With a saverefy_restricted seasonal water supply
Ehe:e was a marginal benefit in delaying ifrigation until a
few days.bafore Ehe heading stage.

Runs CoW13 to CoW16 involved a 400 m long TéP
irrigating two circles. Maihtaining less than 35% AM
depletion was optimal. With’the above depletion leval
there was very little detrimental effect Qhen thé
irrigation season Qas‘shortened)by one or two weeks (CoW16
versus CoW15). However, such a practice can significantly
lessen the amopnt»Of physical labour needed.

With a moderate restrictidn in seasonal water supply,
there was no advantage to delaying irrigation until just
before the heading stage (runs CoW17 and CoW18). Again,

the limited water supply made irrigation very unprofitable. -
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Runs CoW19 to .CoW23 investigate the effect of different
management strategies with a two lateral side roll system
irrigating 64 ha. Allowing irrigation sets which apply
more than 50% of root zone AM capacity (run CoW19) was less
profitable than restricting each application to 50% of root
zone AM capacity (run CoW20). This was because the longer
set times delay systém mcvement through the
field. Consequently thé'last part of the field to be
irrigated became undesirab;y dfyt However, using shorter
.set times necessitated about 50% more® physical labour to
move the system. Using eight hour sets (which apply 50% of
AM root zone capacity), the most profitable scheduling
criteria wés to try to maintain less than 35% AM
depletion. As explained for alfalfa, ttis pargicufgr
“irrigation system could not, in fact, keep‘;oil for the
entire irrigated area at less tgan 35% AM depletion.
Neither the one lateral side roll (run CoW24) or the
HHT (run CoW25) were predicted to be profitable. Both
cystems require a 1arge‘amount of manual labour’compared
with expected net returns. Irrigating three circles with
the 409 m long TCP was_prédicted to be more profitable than
irrigating just two circles (run de26,versus CoW14). The
model predicts irrigating three circles required an avcrage
of about one extra move of .the pivot over the irrigation
seasoh..
For a statichary pivot, the predicted simple rate of

return was about the same for soil type II and for soil

/

i
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t?be I (run CoW29 versus CoW1l). .However, for a towable
pivot, net returns were predicted to be ioyer on soil type
Il relative td soil type I (run CoW28 versus de14). This
was expected since soil type Il becomes drier between | ‘
irrigations. Permitting large AM depletion was
pafticularly'hndesirable for soil type IT (run CoW27). For
soil type IiI,\net returns from irrigation with a SCleas
about the Eame‘as with soil type I. Although irriga;gd
soil types II and III were predicted to contain more AM
than dryland soils on October 15“.the difference was not as
large as predicted for soil type I. Hence, the effect of
- fall stored soil'moisture on irrigatjon and returns in the
next fear would not be as g;eaf as for soil type I.‘ -
Carrying forward all the additional soil moiéture on
October 15 in the irrigated soils into the ne#t yéar'shqws
that the 400 m long TCP and the two lateral gide roll
irrigating 64 hé would both have positive net réturns
(pfqviding irrigation is sfarted as sbpn a possible after
"AM becomes more tﬁan 35% depleted). However, the simple
rates of returns are not especially attractive. " Including
 the effect of hail énd potential marketing problems,
irrigation of wheat‘atACoronation appears\té be‘é marginal
investment. Even with a very well managed irrigation
system, the improved yields from irrigation could just'pay
for the costs of irrigation.\\There was 1itt1e predicted.
returns for the time the farmer spent scheduling irrigation
and repairiné.and maintaining the irrigation system. .

S
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Dryland wheat farming with crop insurance which provides
for ooverage for yield losses due to drought would probably
be more profitable than irrigation farming of:wheat.at
Coronation. | o |

Weather at Edmonton’ usually produced very good yields
of dryland wheat at Edmonton. In fact about one year out
of 25, virtually no irrigation was predicted to be needed
-even allowing as l@ttle as 50% AM depletion. Consequently, '
net returns at Edmonton forlirrigating wHeat were always |

;'A

negative. Table 4. 39 llstsfmodei*results for 1rrlgated

I

ba\;'.:‘..‘.‘k‘

wheat at Edmonton. ~ Even afte%. ak1ng approx1mate ﬁ

allowances for carrylng forw§§$ Octobei 15 AM, none of the

1rr1gat10n ‘systems or practldhs llsted in Table 4.39 were

i

near being profltable. The model results strongly suggest

A.ﬁ
that irrigating wheat in théXEdmonton area is not a

!?‘? C e
worthwhile undertaking. iy
,,.,?ﬂ/.‘

The timing and amount of‘

ec1p1 atlon at Lacombe is
not as favourable for drylahd%qheat as at is at |
Edmonton. Therefore,vlrr;gatlng wheat at Lacombe was moLe
profitable than at Edmonton. Taple 4.40-presents model
results for irrigated wheat at Lacombe. Unlike the other
locations studied, the standard dev1atlon of the 1rrlgated
wheat was greater than the standard dev1atlon of dryland
wheat. - This was because killing frosts caused greatef?

numerical variation in irrigated wheat production than in

drjlandAwheat production,
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With a SCP, shortening the irrigation season by one er
two weeks was more profitable than continuing irrigation
after the soft dough stage has been reached (run LaW2
versus LaWl1). This practice 1mproved the efficiency wlth
which irrigation water was used.

RunlLaW3 involves an overextended HHT irrigating at 75%
AM depletion. THiS'system represents a system which would
be set up and used only about two years out of three. The
system significantly 1ncreased yields in dry years but
overall d1d not improve net returns or decrease y1eld
variability relative to dryland farming. Run LaW4 uses the
' same'irrigation system but requires some irrigation every
fear. Although net returns were larger, the economics were
still uhfavourabie. ‘ |

Neither tﬁe'two lateraH side roll (run LaW7) nor the
400 m ldng TCP irrigating two circles were profitable. The
latter system almost had pesitive average annual net
returns if all the additional AM in the irrigated soil on
October 15 were carried gerward into the next season
(aterage aﬂnual net returns would become about
-$9/ha). 1Irrigating soil types II and III at Lacombe had
approximately the same annual net-retUrns as irrigating
soil'type I (runs LaW7 and LaW8). | v

Lacombe ‘lies in'an area of Alberta particularI&.prohe
to damaging hail. This combined with the risk ofg%rost and

4

the generally poor predicted net returns suggests

,
A
L
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irrigating wheat in the Lacombe district is not
economically feasible.

The greatest potential yield increases for irrigated
wheat over dryland wheat were at Lethbridge. Table 4.41
lists mcdel results for irrigated wheat at Lethbridge.

With a SCP, maximum predicted profits occurred when
irrigation was started before the soil became mo;e than
one-half depleted of AM (run LeW3 versus LeW2 and ng3).
Assuming all the additional AM present in the irrigated
soil on October’1é were carried over into the next year for
run LeW3, irrigation requirements would be reduced by about
50 mm and annual net returns. increased by $22/ha.

lNdne of the three oveFextended side rolls at Lethbridge
were profitable (runs Lewz, LeWS, and Lengg The side roll
most capable of ;upplying crop moisture needs (the two
lateral side roll irrigating 67.2 ha) also had the largest
‘net returns of the three systems. However, even after
making an approximate allowance for the effect of carrying
forward fall stored soil moisture, this system would not
- producevaverage net returns larger than zero.

The predicted yield increase over dryland yield was
less for soil types Il and 'III than for soil type I (runs
LeW7 and LeW8 versus run LeW3). Because of the relatlvely
large consumptive use rates at Lethbr1d§e, soil types II
and III can quickly bécome undesirably dry. Consequently,
the problem of having poorer net @eturns for soil type/TT

~.

and III relative to soil type I wpuld probably be more
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AN
!

pronounced with intermittent move irrigation systems which

force the crop to rely partly on the“avaiiable soil

H

moisture stored between irrigations.

The model results indicate that irrigaéion of hard
wheat at Lethbridge was conéiderably'loss profitable than
irrigating perennial forages, such as alfalfa
hay. Irrigating hard wheat has generally been found to be,
at best, only marginally profitable in southern Alberta
(ECA 1982). Therefore, the model results aré consistent

with the known performance.
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Table 4.38 ' Predicted Irrigated Wheat Results at Coronation

1

CoWl SCP 65%<I<85% ~~ ~ (575757)
mean : SD
Yield (kg/ha) 3760 (1850) © 142
CU (mm) " 396 14
WUE (kg/ha/mm) . 9.49 -
Net Irrigatign (mm) 251 27
Total Labour (h) 15 ‘ 2
Oct. 15 AM (mm) ‘ \93 ST
Deep Perc;‘(mm) ’ 7 a 3
Total Cost ($/ha) ' 418 16
Net Returng ($/ha) : -64 (-16.3%) 55

CoW2 SCP 65%<I<85% April 9 AM for irrigated soil=144 mm

(575757)

: . mean SD

Yield (kg/ha) 3798  (1850) 177

 CU (mm) 407 19
WUE (kg/ha/mm) 9.33

Net Irrigation (mm) 209 : 29

Total Labour (h) | 16 | 2

Oct. 15 AM (mm) - 93 16

Deep Perc. (mm) ' 7 6

Total Cost ($/ha) 359:XJ’ , 17

Net Returns ($/ha) -47 (-11.8%) = 55
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Table 4.38 Irrigated Wheat at Coronation (continued)

CoW3 'SCP 35%<I<75% : ” (575757)
mean SD
Yield (kg/ha) | 3045 (1850) - 262
CU (mm) | . 338 21
WUE (kg/ha/mm) ' 9.01
Net Irrigation (mﬁ) 159 31
Total Labour (h) 9 2‘
Oct. 15 AM (mm) 65 e 15
Deep Perc. (mm) . : ﬁ _ : N
T8tal Cost ($/ha) ~ 368 13
Net Returns ($/ha) =147 (-40.0%) 40
CoWs SCP 75%<I<100% - | - (575757)
. meah"} '_ B SD
vield (kg/ha) 3910 (1850) 128
CU (mm) 412 16
WUE (kg/ha/mm) . ‘ - 9.49
Net Irrigation (mm) R 291 V 32
_Total Labour (h) : 22 3
‘Oct. 15 AM (mm) 114 , 15
Deep Perc. (mm) | . 18 7
Total Cost ($/ﬁa) | 4 437 18

Net Returns ($/ha) -55 (-12.6%) 56
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,Tihle 4.38 I}rigated Wheat at Coronation (continued)

cbws SCP 50%<I<75% (575757)
mean SD
vield (kg/ha) 3557  (1850) 159
CU (mm) 379 21
WUE (kg/ha/mm) . 9.39
Net Irrigation (mm) 208 31
Total Labour (h) 16 2
. oct. 15 AM (mm) 78 19
vDeep Perc. (mm) 2’ 2
Total Cost ($/ha) 396 17
Net Returns ($/ha) ~-80. (-20.3%) 53

CoW6 SCP 50%<I<85% (1,2,3,4,5) irrigation'during May
allowed (575757)

mean | SD

Yield (kg/ha) 3246 (1850) 255 °

CU (mm) 394 | 23

WUE (kg/ha/mm) 5.24

Net Irrigation (mm) 274 32

Total Labour (h) 21 3

Oct. 15 AM (mm) 86 ; 16

Deep Perc. (mm) 46 16

Total Cost ($/ha) 420 17

Net Returns ($/ha) -162 (-38.6%) 48
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CoW7 SCP 50%<I<100%

upper 50% of root zone only

306

Irrigated Wheat at Coronation (continued)

Net Returns ($/ha)

(-10.1%)

N (575757)
meén SD
Yield (kg/ha) 3458 (1850) 165
CU (mm) 368 19
VUE (kg/ha/mm) 9.40
Net Irrigation (mm) 190 24
Total Labour (h) 11 1
Oct. 15 AM (mm) 64 17
Deep Perc. (mm) 1 2
Total Cost ($/ha) 387 16
" Net Returns (§/ha) -90 (-23.3%) . 59
CoW8 SCP 75%<I<100% upper 50% of root zone only -
: (575757)
mean SD
Yield (kg/ha) 3871 (1850) 150
CU (mm) 406 ' 19
WUE (kg/ha/mm) 9.53 -
Net Irrigation (mm) 244 24
Total Labour (h) 20 2
Oct. 15 AM (mm) 79 18
Deep Perc. (mm) 3 2
Total Cost ($/ha) 416 18
» ~42 63
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Table 4.38 1Irrigated Wheat at Coronation (continued)

¢

CoW9 ”scp 35%<1<65% (3,5) 65%<I<85% (4) (575757)
| mean SD |

Yield (kg/ha) 3496 (1850) 163

CU (mm) - , 368 | 18

WUE (kg/ha/mm) - 9.50

Net Irrigation {hm) ' 191 33

Total Labour (hf 16 3

Oct. 15 aM (mm) 74 18

Deep Perc. (mm) 3 ’ 2

Total Cost ($/ha) 387 : 18

Net Returns ($/ha) | -83 (-21.,4%) Sf

CoW10 SCP 65%<I<85% (3,4) 35%<I<85% (5) (575757)

mean SD

Yield (kg/ha) | 3683 (1850) - 172

CU (mm) , 385 : b 21

WUE (ké/ha/mm) 9.57 |

Net Ifrigation (mm) 208 33

Total Labour (h) ‘ 16 | 3

Oct. 15 AM (mm) ) - 73 17

Deep.Perc; (mm) E ﬂv 4 7 1

Total Cost ($/ha) _ 397 ' 18

Net Returns ($/ha) - -58 (-14.6%) 51



308

Table 4.38 Irrigated Wheat at Coronation (continued)

CoWw1ll SCP (50 mm) 50%<I<85% | (36545_5)'
| | mean ‘ SDv
vield (kg/ha) . 2606  (2044) 323
CU (mm) ' 293 ‘ 30
WUE (kg/ha/mm) ¢ | ', 8.89 o
Net'Irrigation (mm) o 48 . ' 3
Total Labour (h) - 3 - 0
Oct. 15 aM (mm) 25 13
Deep Perc..(mm) 1 B
Total Cost ($/ha) o311 6
Net Returns ($/ha) -207 (-66.6%) 28
CoW12 SCP (50 mm) 50%<I<85% (4,5)  (365455)
v mean . . SD
Yield (kg/ha) | 2643  (2044) 330
CU (mm) 291 31
WUE (kg/ha/mm) | ©9.08

Net Irrigation (mm) 50 0
Total Labour (h) _ | 3 0
Oct. 15 AM (mm) ' 30 14
Deep Perc. (mm)’ 0 0
Total Cost ($/ha) 312 6

Net Returns ($/ha) ‘ -201 (-64.4%) 31
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Table 4.38 Irrigated Wheat at Coronation (continued)

(%)

CoW13 TCP 106 ha 35%<I<65% (575757)
. mean SD
Yield (kg/ha) 2994 (1850) 220
CU (mm) - . 332 17
WUE (kg/ha/mm) | 9.02
;Net>Irrigation (mm) 148 28
Total Labour (h) : 78 16
Oct. 15 AM (mm) , 60 19
;‘Deep Perc; (mm) 1 - 1
Total Cost ($/ha) . 285 _ 14
Net Returns ($/ha) 7 =73 (-25.6%) 40
CoWl4 TCP 106 ha 50%<I<85% ' (575757)
- mean . SD-
vield (kg/ha) - 3297 i1850) 188
CU (mm)' 358 20
WUE (kg/ha/mm) 9,20 |
Net Irrigation (mm) ) 188 | 29
‘Total Labour (h) o 88 13
Oct.)15 Aﬁ<(mm). » 80 ' 18
Deep Perc. (mm) - § 3 | 5
Total Cost ($/ha) ' 305 - 16 -

Net Returps ($/ha) -37  (-12.1%) 46
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Table 4.38 1Irrigated Wheat at Coronation (continued)

CoWls TCP 106 ha 65%<I<B5% (575757)
me{n. SD ’

‘ ~ .

vield (kg/ha) 3447 (1850)/) 168

CU (mm) | ' 368 18

WUE (kg/ha/mm) ' 9.37

Net Irrigation (mm) . 214 20

Total Labour (h) - 98 14

Oct. 15 AM (mm) | 87 _ 16

Deep Perc. (mm) . 4 2

‘Total Cost ($/ha) ‘ 321 12

Net Returns ($/ha) -25 (-7.8%5 51

CoW16 TCP 106 ha 65%<I<85% (3,4) (575757)

‘ mean | . SD

Yield (kg/ha) - 3293 (1850) 205

CU (mm) 353 | 22

'WUE (kg/ha/mm.)‘ , 9.33

Net Irrigation (mm) 169 23

Total Labour (h) _ 72 11

Oct. 15 AM (mm) 68. | 18

Deep Perc. (mm) | _ 3 : ‘ 1

Total Cost ($/ha)‘ | 298 ' 13

Net Returns ($/ha) ' -31 (-10.4%) 47



Table 4.38 1Irrigated Wheat at Coronation (continued)

/

. Net Returns ($ -105

-~ .
CoW17 TCP 106 ha (100 mm) 65%<I1<85% (575757)
| mean SD |
Yield (kg/ha) , | ' ..2798’ (1850) 332
CU (mm) 311 28
WUE (kg/ha/mm)  9.00
Net Irrigation (mm) - 100 1
Total Labour (h) ‘ v’%ag 12
Oct. 15 aM (mm) ) 36 ¢ 14
Deep Perc. (mm) . o , 1 1
Total Cost ($/ha) 261 10
Net Returns ($/ha) . -85 (-32.6%, 51
CoW18 TCP 106 ha .(100'mm) 65%<1<85% (4,5) (575757)
mean SD
Yield (kg/ha) 2678 (1850) 336
CU (mm) : 300 33
WUE (kg/ha/mm)  8.93
Net Irrigation (mm) : 100 1
Total : 28 6
Oct 54 18
Deep Perc.) , 1 1
Total Cos 258 3
(-40.7%) 42
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~Table 4.38 Irrigated Wheat at Coronation (continued) .

-45

CoWlS SR2 64 ha 50%<I<100%: 2.0,3.0 (575757)
mean SD
Yield (kg/ha) 2892 (1856) 279
CU (mm). 324 25
WUE (kg/ha/mm) 8.93 |
 Net I:riéation (mm) 195 43
Total Labour (h)¢ 100 ¥
Oct. 15 AM (mm) | 106 19
Deep Perc. (mm) 19 - 5
Total Cost ($/ha) 321 \ 21
~Net Returns ($/ha)’ -68  (-21.2%) 44
CoW20 ngz 64 ha 50%<I<100%: 3.0,3.0 (575757)
mean SD .
Yield (kg/ha) 3043 -(1850) 246
CU (mm) 337 22
WUE (kg/ha/mm) | 9.03
Net Irrigation (mm) 185 31
Total Labour (h) 144 13
Oct. 15 AM (mm) 92 17
Deep Perc. (mm) 8 | 4
Total Cost ($/ha) 258 16
Net Returns ($/ha) (-17.4%) 40
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" Table 4.38 Irrigated Wheat at Cornonation (continued)

. b
© iFy

CoW21 "SR2 64 ha 75%<I<100%: 3.0,3.0 (575757)
B ' mean SD
Yield (kg/ha) ; - 3286 (1850) . 192
cu (mm) - 355 38

WUE (kg/ha/mm) ,  9.26

Net Irrigation (mm) 252' . . 29
Total Labour (h) : 205 12
Oct. 15 AM (mm) 120 ' © 16
Déep Perc.  (mm) 28 5
Total Cost ($/ha). - ' 291 30
Net Returns ($/ha) -33  (-11.3%) 46

CoWw22 SR2 64 ha 35%<I<85%: 3.0,3.0 (575757)
. mean SD
Yield (kg/ha) 2842 (1850) 251
‘cU (mm) 321 23

WUE (kg/hé/mm) . 8.85

Net Irrigation (mm) 142 2
Total Labour (h) 118 o 9
oct. 15 AM (mm) | AT 16
| Deep Perc. (mm) | fqn; 2
Total Cost ($/ha) 236 24
Net Returns ($/ha) -60 (-25.4%) 40

- ” _ | ;
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Table 4.38 . Irrigated Wheat at €oronation (continued)

v

2

Net Returns ($/ha) -44

32

CoW23 SR2 64 ha ’65%<I<55%: 3.0,3.0 (575757)
' é mean SD

Yield (kg/ha) 3212 (1850) 209

CU (mm) . _ 348 19

WUE (kg/ha/mm) 9.23
© Net Irrigation (mm) 235 24.

Total Labour (h)< 196 Id

oct. 15 AM (mm) . 108 16

Deep Perc. (mm) | : 22 4

Total Cost ($/ha) J 283 12

Net Returhg ($/ha) -31 (-11;0%)' 41

.C6W24 SR1 48 ha 65%<I<85%: 3.0,3.0 (757575)

| . mean SD

“"Yield (kg/ha) ‘ . 3062 (1915) 234

CU "(mm) - 335 20

WUE (kg/he/mm) . 9.14

Net frrigation (mm) T 186 21

Total Labour (h) | . 110 13

Oct. 15 AM (mm) o 103 18

Deeb Perc. (mm) | 18 13

Total c;>st ($/ha) 256 12

(-17%2%) /
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Table 4.38 Irrigated Wheat ‘at Coronation (continued)

7

($/ha)

CoW25 HHT 64 ha . 35%<I<85%: 1.0,2.0 (684932)
. mean SD
Yield (kg/ha) 2703 (1903) 281
CU (mm) ' 304 27
WUE (kg/ha/mm) 8.89
Net Irrigation (mm)‘ - 97 15
Total Labours (h) 115 18
Oct. 15 AM (mm) 42 18
Deep Perc. (mm)/ 0 0
Total Cost ($/ha) 262 8
Net Returns ($/ha) -144 (-43.5%) 39
CoW26 TCP 159 ha ‘50%<I<65% (575757)
_ mean 'SD

vield (kg/ha) 3095 (1850) 221
CU (mm) - 339 21
WUE (kg/ha/mm) 9.13

Net Irrigation (mm) 174 22
Total Labour (h) ‘ 98 11
Oct. 15 AM (mm) 77 17
Deep Perc. (mm) 3 2
Total Cost ($/ha) ‘241, 10-
Net Returns =11 (-4.6%) 43
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Table 4.38 Irrigated Wheat at Coronation (continued)

CoW27 SCP 25%<II<85% | (838383)
mean SD |

Yield (kg/ha) . 2515 (1549) 210

CU (mm ?85 | 19

WUE (kg/ha/mm) - 8.82

Net Irrigation (mm) ’ 107 35 -

Total Labour.(h) ' 7 S T2

Oct. 15 AM (mm) = . 45 1

Deep Perc. (mm) .- Ui ’ ,' 8 - 3

Total Cost ($/ha) ‘3%¥ 342 8

Net Returns ($/ﬂa) : < -163 (-47.7%) . 44
_Cow28 TCP 106 h& 50%<1I<100% | (113232)

__mean ' SD >',;

' Yield (kg/ha) : 2783 (1540) 178

U (mm) E " 312 12

WUE (kg/ha/mm) 7 8.92
© Net Irrigation (ﬁm)v‘ 146 ' 45

Total Labourj(h) | ’ 54 : ".,:‘ 17

oct.”15 AM (mm) s _ 18 j

Deep Perc. {mm) o 13 ‘.‘, 3

Total Cost ($/ha) N _.égs T o ‘10 _b R

Net Returns ($/ha) 3 =55 (-19.4%) 61

Ed
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Table 4.38 Irrigated Wheat at Coronation (continued)

. CoW29 SCP 65%<II<85% (838383)
| mean SD .

Yield (kg/ha) 3288 (1549) 139
cU (mm) 347 15

"WUE (kg/ha/mm) 9.48
Net“Irrigatioﬁ {(mm) 197 46
Total Labour (h) 12 3
Oct. 15 AM (mm) o 62 16
Déep Perc.’(mﬁ)v 19 4
To£al Cost ($/ﬁa) 402 24

Net Returns ($/ha). =70  (-17.4%) 60.
CoW30 SCP 65%<III<85% (846437)
‘ | | mean Sb.
Yield (kg/ha) 3476  (1587) 163
Cu (mm)- 363 20
WUE'(kg/ha/mm) .9.58
Net Ifrigafion (mm) 217 27
Total Labour (h) 11 1
Oct. 15 AM (mm) . 58 12
Deep Perc. (mm) 14 10
Total Cost ($/ha) . - 403 14
Net Returns ($/ha) -53

(-13.2%) 55
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Table 4.39 Predicted Irrigated Wheat Results at Edmonton
// 4 ‘

EdW1 SCP 65%<I<85% (846437)
mean SD

Yield (kg/ha) 3936 (2580) 122

CU (mm) 416 17

WUE (kg/ha/mm) 9.46 '

Net Irrigation.(mm) 190 54

Total Labour (h) 15 5

Oct. 15 AM (mm) 115 17

Deep Perc. (mm) 16 18

Total Cost ($/ha) 369 31

Net Returns ($/ha) -119  (-32.2%) 73

Edw2 SCP

65%<1<85%

average April

9 AM for irrigated

soils=144 mm (846437)

mean SD
Yield (kg/ha) 3914 (2580) 134
CU (mm) 418 ‘15
WUE (kg/ha/mm) 9.36
Net Irrigation (mm)* 150 49
Total Labour (h) 12 4
Oct. 15 AM (mm) 114fl 18
Deep Perc. (mm) 15 16
"rotlal Cost’ ($/ha) 352 29
Net Returns ($/ha) -106 (-30.J%) 74
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Table 4.39 Irrigated Wheat at Edmonton (continued)

EJdW3 SCP. 65%<II_<85% (846437)
mean SD
Yield (kg/ha) 3410 (2272) 203
CU (mm) 364 17
WUE (kg/ha/mm) 937
Net Irrigation (mm) 137 52
Total Labour (h) 7 3
Oct. 15 AM (mm) 78 21
Deep Perc. (mm) 21 5
Total Cost ($/ha) 352 26
Net Returns ($/ha) -144 (-40.9%) 83
' EQW4 SCP 50%<III<75%" (846437)
mean SD
‘'Yield (kg/ha) 3349 (2197) 224
CU (mm) | 351 19
WUE (kg/ha/mm) ; 9.32
Net Irrigation (mm)f}' 122 40
‘Total Labour (h) { 6 2
Oct. 15 AM (mm) 59 16
Deep Perc, (mm) .18 24
Total Cost ($/ha) 338 20¢
Net Returns ($/ha) -125 (-37.0%) - 69



320

Table 4.39 Irrigated Wheat at Edmonton (continued)

1

EdW5 SR2 64 ha 50%<I<100%: 2.0,3.0‘~ (113232)
mean . | ~ SD
Yield (kg/ha) ' 3360 (2542) 720
CU (mm) 3 . 336 ' 19
WUE (kg/ha/mm) - 9.18
Net Irrigation (mm) 141 ' 34
Total Labour (h) .129 ) o : 16
Oct. 15 AM (mm) 94 | 23
-Deep Perc. (mm) ‘. 13 13
Total Cost ($/ha) 220 18 .
Net Returns ($/ha) -69 (-31.4%) 60
EAW6 TCP 45 ha 50%<I<85% o (113232)
| | mean SD
Yield (kg/ha) 3371 (2542) | 725
cu (mm) p 367 18
WUE (kg/ha/mm). - . e.19
Net Irrigation (mm) ) 136 | -39
Total Labour (h) ~- - 46 N 14
Oct. 15 AM (mm) - | 91 '4 ‘ 20
Deep Perc., (mm) | 10 ' 8
Toﬁal Cost ($/ha) 291 20

Net Returns ($/ha) -138  (-47.4%) 62
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Table 4.40 Predicted Irrigated Wheat Results at Lacombe

LaWl® SCP 50%<I<75%

Yield (kg/ha)

CU (mm)

WUE (kg/ha/mm)

Net Irrigation (mm)
Total Labour (h)
Oct. 15 AM (mm)
Deep Perc. (mm)
Total Cost ($/ha)

Net Returns ($/hé)

LaW2 SCP 50%<I<75% (3,4)

\ (846437)
mean SD
3494 (2098) 1063
419 61
) 8.34

181 63

14 5
O g 21
3 - 4

366 , 36
-107 (<29.2%) 94

Yield (kg/ha)

CU (mm)

WUE (kg/ha/ﬁm)‘

Net Irriagtioh (mm)
Total Labour (h)
Oct. 15 AM (mm)
Deep Perc. (mm)
Total Cost ($/ha)

Net Returns ($/ha)

(846437)
mean SD |
3531, (2098) 764

405 . . 61
8.72 |

154 ) 59 °
8’ 3
73 . y 23
3 2

355 28

-390 (-25.4%) 83
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Table 4.40 Irrigated Wheat at Lacombe (continued)

LaW3 HHT 64 ha 25%<I<75%: 1.0,2.0 (846437)

v mean SD |

Yield (kg/ha) 2526 (2098) 826

CU (mm) 338 50

‘WUE (kg/ha/mm) 7.47

Net Irrigation (mm) 76 42

Total Labour (h) 60 33

Oct. 15 AM (mm) 72 26

Deep Perc. (mm) 2 2

Total Cost ($/ha) . 230 22

Net Returns ($/ha) =150 (-65.5%) . 45

LaWé HHT 64 ha 50%<I<100%: 1.0,2.0 (113232)
mean SD |

Yield (kg/ha) 3061 (2024) 1170

CU (mm) 380 65

WUE_(kg/ha/mm) 8.06

Net Irrigation (mm) 169 45

Total Labour (h) 90 24

Oct. 15 AM (mm) 89 10

Déep éerc. (mm) 9 10

Total Cost ($/ha) 297 22

Net Returns ($/ha) -105 (-35.4%) 73
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Table 4.40 Irrigated Wheat at Lacombe (continued)

LaWs SR2 64 ha 50%<I<100%: -3.0,3.0 | (234756)
. mean | SD s

Yield (kg/ha) 3095 (2161) 962

CU (mm)- | 388 67

WUE (kg/ha/mm) 7.97

Net Irrigation (mm) 171 45

Total Labour (h) - - 142 19

Oct. 15 AM (mm) 106 19

Deep Perc. (mm) ) ) 15 . 8

Total Cost ($/ha) - 235 20

Net Returns ($/ha) | -62 (-26.4%) . 50

LaWé 'i'cp 106 ha 50%<I<75% . (4§3741)

| | | mean SD |

Yield (kg/ha) | 3464 (2098) 745

CU (mm) 404 | 61

WUE (kg/ha/mm) ' 8.80

‘Net Irrigation (mm) . 175 : 57

Total Labour (h) 76 C 27

Oct. 15 AM (mm) | 93 - 21

Deep_Per;. (mm) 4 + 3

Total Cost ($/ha5 | 286 S 27

Net Returns ($/ha) ( -33 (-11.5%) 72
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Table 4.40 Irrigated Wheat at Lacombe (continued)

LaW7 SCP 65%<I1<100% | | (846437)
! mean < - SD
Yield (kg/ha) : . 3370 (1923) ; 733
CU (mm) . 386 ' 60
WUE (kg/ha/mm) ' 8.73
Net .'?ir,rigation (mm) \164 61
Total Labou; (h) : t 8 3.
oct. 15 AM (mm) | 73 . 20
Deep Perc. (mm) 22 4
Total Cost ($/ha) 367 15
ﬁ;t‘Returns ($/ha) , -100 (-27.2%) 90
LaW8 TCP 106 ha 50%<III<75% (846437)
mean SD

Yield (kg/ha) | 3211 (1867) 694
CU (mm) : 378 | ' 57
WUE. (kg/ha/mm) 8.49

'Ne£ Irrigation (mm) 153 . 49
Total Labour (h) : 92 , 33‘
oét. 15 AM (mm) 64 12
Deep Perc. (mm) : 14 14
Total Cost ($/ha) 276 o 24

Net Returns ($/ha) -27 (-9.8%) 76
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. ) ”
Table 4.41 Predicted Irrigated Wheat Results at Lethbridge

Net Returns ($/ha)

LeW! SCP 25%<I<100% - 1383838)
~_mean Sb |
vield (kg/ha) 2616 (1648) 2%2
CU (mm) 339 29
WUE (kg/ha/mm) 7;72‘
Net ;rrigation (mm) 150 45
Totél Labour (h) 9 3
Oct. 15 AM (mm) 60 17
Deep Perc. (mm) 2 2
Total Cost ($/ha) 361 18
Net Returns ($/ha) " -182 €-50.4%) 40
LeW2 SCP 50%<I<100% (383838)
mean SD -
Yield (kg/ha) 3504 (1648) 270
. CU (mm) ' 417 » - 28
WUE (kg/hay/mm) 8.40
Net Irrigation -(mm) 243 T a7
Total Labour (h).- 13 .3
Oct. 15 AM (mm) 84 14
Deep Pérc. (mm) 8 3
Total Cost ($/ha) 413 22
-70 (-16.9%) 54
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Table 4.41 Irrigated Wheat at Lethbridge (continued)

-

LeW3 SCP 65%<I<85% |  (275638)
| mean SD
Yield (kg/ha) 4088 (1697) 197
cu (mm) . 461 22
WUE (kg/ha/mm) | ' 8.87
Net Irrigation (mm) , 283 \43
Total Labour (h) | 20 . '3
Oct. 15 AaM (mm) , 72 ' 14
Déep Perc. (mm) 7 6
Total Cost -($/ha) | ) 438 | 20
Net‘Returns ($/ha) ‘ 4 (0.9%) 50
*» | |
LeWwd SR1 50.4 ha 50%<I<100%: 3.0,3.0 . - (383838)
meén - 8D |
Yield (kg/ha) | 2739 (1648) = 309
CU fmm) ‘ _ 348 30
WUE\ffSXha/mm) ' 7.87
Net rigation (mm) 169' , 25
Total %abour (h) 104 ' 15
oct. 15 AM (mm) 67 10
' Deep Pefc. (mm) 5l . _ 3
Total Ckst ($/ha) 242 12
Net Retufn }%/ha) 1&0 (f16.6%)‘ 28

\

i
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Table 4.41 Irrigateé Wheat at Lethbridge (continued)

B

LeW5 SR2 67;2 ha?)éO%<I<100%: 3.0,3.0 | (383838)
- mean SD
Yield (kg/ha) \ 2943 (1648) 254
_CU-(mm)' 367 25,
WUE (kg/ha/mm) ' 8.02
Net Irrigation (mm) 205 32
Total Labour (h) - ‘ : 172 13 i
Oct. 15 aM (mm).,,‘ 80 ' 12
Deeb Pérc. (mm) . ) 9 4
Total Cost ($/ha) , 263 ) 18
Net Returns»($/h53“ . -23  (-8.7%) 35
, ) ‘N\ﬁ:" )
LeW6 SR1 67.2 ha 50%<I<100%: 3.0,3.0 | (383838)
_Mmean ' SD
Yield (kg/ha) o ‘ 2510 (1648) 332
CU (mm) | _ 325 35
WUE (kg/ha/mm) ' 7,72 |
Net Irrigation (mm) : f31 . 15
Total Labour (h) = 107 12
Oct. 15 AM (mm) 50 12
Deep Perc. (mm) 3, | 3 6
fotal Cost ($/ha) 192 | 8

Net Returns ($/ha) - -33  (-17.2%) 26
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Table 4.41 Irrigated Wheat at Lethbridge (continued)

‘Lew7 scp  658¥11<100% 'f (365455)
% | e
mean ° . SD
' o
Yield (kg/ha) . 3182 (1416) . 226" A
o ) 31 23
QﬁE (kg/ﬁa/mm) S . 8.60.  4 |
Ngt Irrigation (mm) . 215 v 48
Tdtal Labour (h) 16 - 4
oct. 15°AM (mm) 0 14
Deep Perc. (mm) o 15 | _ 3
Total Cost ($/ha) 400 26
Net Returns ($/ha) =73 (-18.3%). 68
P | B
LeW8 SCP 65%<III<100% , ‘ | L (365455)
- mean iSD
Yield (kg/ha) 3561 (1452) 497
CU~(mm) . 407 25
WUE (kg/ha/mm) ' ‘ 8.75 '
Net Irrigation (mﬁ) _ ) 252 | ,7 31
~Total L;bourl(h) | 18 é
oct. 15 AM {mm) | 52 . 10
" Deep Perc. (mm) 7 16
. Total Cost ($/ha) =~ 421 18

Net Returns-(ﬁ/ha)_ : . =31 (-7.4%) 50
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4.5 Concluding Discussion

‘Irrigation was an effective technique for decreasing
the yield variability due to moisture conditions.
Generally, the standard deviation of annual irrigated -
yieid was considerably less than that .of annual dryland
yields. However, the model shows that irrigation does not
eliminate variability in yield. Some of fhe yield
variation was predicted to be due'to different atmospheric
conditions (i.e. PET, sunshine and temﬁeratures) from Xgar:
to yeér. In fact, frosts, hail, diseases, and pesté éré a
greater concern with irrigated crop production than with
dfyland production. BeCaﬁSe irrigation increases the
operating costs, the returns from ifrigated.production
wouid be more sensitive to the above losses than the
returns from dryland prodﬁction.

"Por the side rolls and centre pivot systems, the
variable cost of applying one net mildimetre of water to
the land waS‘about»{4% of the value Qf the increased
production of alfalfa which would result from the
applicafion of that miliimétre\of water. In the case of
wheat, the'equivaieht'proportibn is 29%. For a HHT the
proportions ére 50% and 41% for alfalfa and wﬁeat,

respectively. Since the fixed costs are incy

: whether
- Bt ;:’D ¥ :

the farmer irrigates or not, the above relationships

reveals that, once the irrigation system is purehased, any :

irrigation during the year will minimize losses.
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fThé considerable variability in annual net returﬁs
reveals that in many years the yield improvement from
irrigation will be insufficient to cover the costs of
irrigation. However, to minimize long-term losses, the
farmer must be prepared to irrigate every year. If
mirrigation is performedronly when thefe is an obvious
need, theiirrigation system wiil'nét pay for itself ove;
its uséfui lifetime. Essentiaily all the yield increase
due to irrigation is devofed to paying the costs of
;irrigation. Only the last'unité of production contribute
to péofits. The relationship between the variable costs
oflapplying water and the value of the expected incfeaéed
production emphasizes the importance of irrigating such
that crop moisturé'stresé is minimized in all years.
Consequently, the irrigator must be a dedicated and hard .
working individual if irrigation is to be worthwhile.

For tﬁe well. managed irrigation systems, fixed costs
accounted for about 40 to 50% of the‘total annual

A

irrigation costs. Normally, the annual variable costs of
irriéation were-paid out of the annual proceeds from
irrigation. The challenge fot the irrigato}’fs to recoup
the fixed costs of the irrigation system.
When a third cut of alfalfa_is taken, the
profitability of irrigatien would be increased

substantially. With good management the first two cuts

pay for the fixed irrigation costs and variable irrigation
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- costs. Therefore, thezthird cut only needs to cover the
variable irrigation costs incurred in the period following
the’secona cut. In all the situations qonsidered, these
variable costs would be less than tﬁe value of the third
cut yield. "Being able to take three alfalfa cuts is most
probable in the Dark Browh soil zone because this zone has
more.degree days than the Black soil zone. With suitable
criteria fﬁr takinglan alfalfa harvest, it would be
relatively simple to modify the model so that a third
alfalfa cut is taken in favourable years.

The model results highlight the importance of good
management on the profitability of irrigatfgi. Irrigation
had to be conddcted'such that the soil was never
undesirably depleted of AM from mid June until August. In
addition, irrigation was only profitable when soil |
fertility was well managed and losses dge to weédsh pests,
and diseases were_minimal. As stated breviously,
increasing thé management fa;tor above that assumed would
increase annual net returns. Therefore, a farmer who can
consistently obtain better yieids than those predicted,
will also expe. ience greater nef returns than estimated.!

With good maﬁagemgnt, irrigation of alfalfa hay could
be profitable in the Dark Brown soil zone providing water
could be supplied inexpensivelyfto the irrigated land.
Cohsidering'all factors (especially hail and marketing),
irrigation éf hard wheat in the Dark Brown soil zone wés a

marginal investment relative to dryland wheat farming. 1In

.
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the EQmonton area, irrigatioan of either hard wheat or
alfalfa‘hay was not economically feasible. At Lacombe
irrigating alfalfa hay was generally unprofitable.
Irrigating hard wheat in the Lacombe area coﬁld not be
recommended because of unfavourable ecohomics and
uncontrollable losses due to hail and frosts.

Hamlin (1983a) studied the economics of supplemental
irrigation of hard wheat and alfalfa with a SCP in the
portion of Saskatéhewan which lies adjacent to east
central Alberta. He concluded supplemental irrigation was
only économically feasible if all areas of‘crop
production, including irrigation, receive better than
average farm management. The model-resultsvsupport his
conclusion. 1Irrigation of’alfalfa was profitable with
well ménaged irrigatjoﬁ providing the assumption was made
that other factors which affect crop production
(especially SOil fertility) also received above averagé
farm management. Simiiarly, supplemental irrigation of
hard wheat was only a marginal investmeht assuming average
farm crop management (ige. M=0.75) even if the irrigation
was very Qell managed. To become a competitive -
investment, all factofs involved in wheat productibn would
have to receive better than average’farm management.
Supplementai ifrigation should be viewed as part gf a
system of crop production. Only if all aspects of crop

production are given careful attention will the maximum

<
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increase in net farm income possible with supplemental
irrigation be realized.

Any farmer contemplating\irrigation should consider
the lifestyl‘ﬁphanges irrigation demands. The farmer must
be prepared to relipquish what would have been spare time
with strictly drylaAg farming and devote that time to 2
irrigating. In this regard, irrigation with a side roll
system requires the greatest change in lifestyle whilé
irrigation‘with a SCP requires the least.change.

of course,‘irrigéting alfélfa is only worthwhile where,
the alfalfa is needed on the farm where gro&n or can be
soid to an assured market. Probably one of the major
limitations to irrigating alfalfa in east central Alberta
would be the prob;em of marketing the irrigated crop every
year. |

For alfalfa, the irrigation scheduling criteria should"’
be set such that the soil does not become much more than.
50% depleted of AM. Because yields and net returns gdo not
decrease substantially unfil the soil becomes
appﬁoximately depleted of 65% of the‘avéiiable soil
moisture, the above criteria.inCIUdes a safety factor. If
the 50% AM depletion rule is followed then minor
interruptions ofhirrigation’due to system breakdowns or
other demands on the irrigator's time can be tole;ated
without irrigation becominé totally uneconomical. The
model results indicated there was not a major advantage to

irrigating before 50% AM depletion was reached.
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Therefore, the model results agree with the often quoted

advice that irrigafi be started when one-half of the
available soil moisture is depleted.

. For wheat, the model.results suggest that maximum
profits are realized if no more than 35% of available soil
moisture is depleted. Since yields and net :eturﬁs do not
begin to fall rapidly until 50% or‘more of the AM is
depleted then the 35% AM depletion scheduling criteria -
includes a safety factor. Minor interruptions of |
irrigation are possible without making irrigation
unprofitable. For hard wheat, the model results differ
‘from the results of irrigation yield trials -- i.e. there
is no benefit to irrigaténg bard wheat before 50% AM
depletion is reached.:jThis.disagfeement may be the result
of the model overestimating the effect of moisture stress.
The model méy place a unréélistic prémium on minimizing
moisture stressy The. component of the whéat yield modél_
which calculates mbisture‘stress could likely benefit from
improvements. |

The most profitablé irrigation systems were the 400 m
long centre pivot towed between two positions and a two
‘lateral side roll irrigating 32 ha per lateral. The |
centr; pivot systems demanded considerably leés labour
than the side rolls or HHT. The HHT and the 226 m léng
TCP were the least profitable systems -- the former

because of its high variable irrigation costs, the latter

because of its relatively high fixed costs. Despite its

@
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reputation of being overly expensive, the SCP was
predicted to be profitable if used to make frequent light
irrigations. |

| The 400 m long TCP could easily be used to irrigate
one field of wheat and another of alfalfa. When only
alfalfa was irrigated, the prOt was idle dyrlng haylng
Durlng thlS time the pivot could be produﬁélvely used to
1rr1gate the wheat f1eld Consequently, the y1elds and "
returns poss1b1e w1th a TCP would be intermediate between
those predlcted 1rr1gat1ng’p//x\one type of crop with a
TCP and those predrEEEdJ{?;lgat;gg with a SCP. Irrigating
one field of alfalfa and one field of wheat would be
clearly'desirabie from the point of view of |
diversification. Such an arrangement could ease marketing
problems, allow better crop rotatlons, and spread out/the
labour needs for na;vest. Because the model predlcts
wheat is more sensiti?e te moisture stress than alfalfa,
. the wheat should be irrigated before the alfalfa. This
scheme might possibly allow each crop to have nea; ideal
' moisture conditions -- lesslehan 35% AM depletion on the
wheat land and less than 50% AM depletion on the alfalfa
iand. Since the 400 m long TCP. was ameng the most
profitable systems, irrigating both grain and forage in
the same yeercwith the pivot would possibly'be the most
profitable and desirable irrigation strategy. Reletive

simpie modifications would be required to the model in
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order to simulate irrigation.of'several different types of
crops with a TCP in the same year.

The major disadvantage of the 400 m long TCP is that
it ties up a @ﬁrge portion of_the farmeé's working
capital. Because of the large amount of land irrigated
with this systém} a large seasonal water supply is
necessary to make the systep}practical. Fi%ally,'the
system is limited to where théoggrmer owns two adjacent
guarter sections of irrighﬁle iaﬁd'-- neither of which can
contain obstructions to theo$gvement of the pivot
towers. All tﬂese factors clearly limit the number of
situations where a 400 m long TCP is suftable;.

With the side roll, the yield advantage found when
irrigation was begun before 50% AM deplétion is probably\
partly attributable to improved moisture conditions in the

last section of the field to be irrigated. That is, if

the initial irrigation of the season is started when the.

soil at the’first set reaches 50% AM depletion, the
at the last set will be undesirably depleted when
irrigatgd. " The model indicates the unbalanced moist

condition over the irrigated land area persists to .a

-

certain extent over the entire irrigation season.
Cdnsequentiy, the initial irriéZtion of the season with.an
intermittent move system should be started before the
allowable AM depletion is reached at the first set.

with the TCP, the side roll, and the HHT the amount of

land irrigated can be varied without major modifications

Al
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to the irrigation system. Therefore, an effective /way ii} :

decreasing the total irrigation costs per hectare is~to

expand the ared irrigated with the above systems.

- However, as the amount of irrigate&ﬁland was increased,

the timeliness of application was wo;;ened,so that
irrigated yiflds decreased and véfiab&lity in those yields
increased. Conéequentiy, there was no advantage in terms
of net réturns to using an overextended irrigétion system
over using a system which was sized to approximately meet
maximum crop moisture use rates during the year. va
reducing yield variability is a majog objective of
irrigation, the non-overextended irrigation systems are
preferable. waevér, per dollar of annual net returns,
the overextended side roll systems required less labour
than the adequately sized side'roll systems. Therefore,
using an overextended side roll may be a satisfactory
approach to reducing labour needs for irrigation.

Only a subset of the possible centre pivot, side roll, -
and HHT irrigation systems were modeled. However,
changing the size of the irrigation system primarily
changes the»irrigation:costs. For example, consider a 330
m long SCP. All predicted results except net returns
would be the same as for the modeled 400 m long SCP. The
économics of irrigating with the 330 m long pivot could be
estimated by simply -altering the fixed irrigati%n éosts
per hectare. Similarly, the principlevmodification

required to examine the economics of irrigating with side

2
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rolls with laterals of lengths other than the 400 m .

considered would be simpiy inputting the appropriate fixed

costs per irrigatéd hectaye. ' .

The model results for the 400 m long SCP, the 400 m
long TCP irrigating 106 ha, and the two lateral side roll
irrigating 64 ha are summarized for east central Alberta
in Table 4.42. These results include the asshmption thét
the additional soil moistufe found in the i:;;EEFed soils
compared with thg dryland soils on October, is carried
forward into the subsequent spring. The quantity of
moisture carried forward was adjhsted such that the
average soil moisture on April 9 would not exceed figld
capacity. Any moisture whicﬁ could potentially be carried
forward but would raise the available soil moisture above
field capacityﬂ;as, thus, assumed to be lost as deép
percplation.between October 15 and April 9. This above
adjustment Qas only necessary for wheat stubble soils.

In east centra} Alberta, thg most critical time to
irrigate either alfalfa or wheat Qas from mid June to late
July (early June-to mid July at Lethbridge).

Surprisingly, thigperiod falls during the time of year in
which all the locations have the most precipitation. This
underiines\the fact that crops were predicted to respond
to irrigation even if a considerable amount of rain has
fallen. Rain was almost never optimal for crop growth in

terms of amount or timing. If the irrigator decides to

irrigate only when the crop is obviously suffering from
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Table 4.42 Summary of Irrigated Results for East Central
Alberta (Soil Type I)

Yield CU Net Irr. Net Ret.

(kg/ha) (mm) (mm) . ($/ha)
System mean SD mean SD mean SD mean SD

Coronation: Alfalfa

< 50% depl. . _
SCP 10007 425 536 27 279 35 4 55
TCP 106 ha 8906 680 491 30 212 29 29 39
SR2 64 ha 89113 - 612 515 31 242 31 75 42
Coronation: Hard “.eat
< 35 % depl.
SCp 3798 142 <407 19 209 27 -47 55
TCP 106 ha 3447 168 368 18 160 20 -1 51
SR2 64 ha 3213 209 348 19 180 24 -7 41
Edmonton: Alfalfa
< 50% depl
SCP ' 10712 674 550 30 195 55 -38 70°
TCP 106 ha 10008 433 524 35 179 42 -4 43
SR2 64 ha 10104 656 488 34 161 44 5.:54
Edmonton: Hard Wheat .
<35% depl. . ‘ ’ '
SCp 3914 134 418 15 150 49 -106 74
<50% depl. ' :
TCP 106 ha 3609 207 384 19 100 44 -49 60
SR2 64 ha 3360 720 336 19 98 16 -50 60
Lacombe: Alfalfa
<50% depl.
SCP 10913 761 575 33 234 51 -7 69
TCP 106 ha 3992 762 543 35 201 39 w4 59
SR2 64 ha 9906 499 531 42 200 45 50 46
Lacombe: Hard Wheat |
<35% depl. .
SCPp 3706 1129 432 61 163 50 -64 96
<50% depl. i
TCP 106 ha 3464 745 404 61 132 57 -14 72

SR2 64 ha 3095 962 388 67 129 45 -43 50.-
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limited soil moisture, then irrigation will probably
decrease farm net income relative to that possible from
'strictly dryland farming.

Soils with a relatively shallow root zone and a
hardpan are the least desirable soils to ir;igaté. Where
a large proportion of the ir}igated land area is composed
of these soils, irrigatioﬁ will not likely bé'profitablé.

Ifrigation on 'sandy soils must be managed more
carefully than irrigation on soils with a greater AM
capacity in the root zone. Sandy soils are best suited to
‘irrigation with a centre pivot. A centre pivotAwould be
best able to:ﬁaintain a desirably moist root zone. -

The moael results étrongly suggest that thgvirrigator
‘should concentrate on keeping only the ‘upper 6ne—half to
'threefquarte:s of the root zone above the allowable AM
depletion. Irrigating the entire -root zone to néar field
capacity is only recommended”when leaching is required to
maintain a favourable salt balance in thé root zone,
Otherwise, irrigatipg until the entire root ione feaches
field capacity creates Undésirable leaching plant
nutrients below the root zone. In addition, this practice
leaves no storage for rains which fa}l soon aftér |
irrigation. Finally, it can delay the movement of the
intermittent move irrigation system over the field
(because the time spent irrigating each set is increased)
which pe;mits undesirable AM depletion - in the last part of

vtﬁe field to be irrigated.
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In east central Alberta, problems with salinization of
the root zone could arise when: i) the soil naturally
contains too many salts, ii)‘the'irrigation water contains
many dissolved salts, or iii) i;rigation‘raises the local
water table sb that groundwater brings sélts into the root
zone. Where leaching is required to remove excess salts
or where artificial drainage is needed to remove excess
groundwater, the economics of irrigation are less
favourable than whereAleaching or;artificiai drainage 1is
not necessary. Of course, if the irrigator chooses to let
the soil become salinized to increase short-term profits, .
the land could evéntuaily be rendered almost worthless -for
eithér irrigated or dryland agriculture. .

.Based on the model rgsultﬁ, the most desirable | ,

A K \
technique for reducing irrigation water and labour needs

was to cease irrigating just before wheat reaches the soft
dough stage and immediateiy before the alfalfa attains
cohplete ground cover during the second growth. This
‘practice did not decrease net returns significantly in the

Black soil zone and only slightly in the Dark Brown soil

zdne.-AShorténingkthe irrigation season forces the crop to

......
Ly

ks
use subsurface water stored from earlier rains and/or
irrigations.

Several annual crops other than .wheat could be

irrigated.  Two common annual.crops grown in east central

Alberta are barley and canola. Barley is an attractive | N -

crop to irrigate because it uses water more effectively

.

v
.
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. than hard wheat. Consequehtly{ it will respond better to

!

dgoqtﬁ less

¥

L LR ) .
irrigation than hard wheat. However, harley is

per ﬁqnne than hard\wheat.f Therefore, economics of

irrigating barley in east central Alberta would probably.

not:-be much bettef than for hard wheag. Irrigating canola

is éppealing'becguse canola is worth more per tonne than

hard wheat. In addition, canola ig more sensitive to
moisture stressgghah wheat. However, canola does not use
water éé efficientl? as hard wheat so the econqmiqs'of
irrigating c§mola wquld probably not be much different o

than irrigating h;fd wheat. Soft wheat is a commonly

irrigated crop. It shgres the same differences with hard

;yheat as barley -- it characteristically has a greater WUE

EE§-~thag nsndlwheét ng.has a lower value per tonne. Again,

L t ot ._{ﬂv';“ ‘ , "J’ . o ‘
the expﬁ?@&‘ p%}s;&iﬁrigating this crop in east cerntral
Alberta would ndﬁfiﬁkéi_,be substgnfially larger than

Lo 0 ?—(’ LA : P’.—‘-.
those expected irﬁ&gptﬁﬁg hard wheat..

. . LA . ‘
Most perennialferages have similar molsture

requirements and yield response to water as alfalfa.
Therefore, many of the results found for alfalfa could be
aq§ptgd to other foréges. Forage miktdres which do not
coﬁféin.any leguﬁésiﬁguld require mére fertilizer thén
alfalfa if the forage mixture is to reach its potential”
yield ;hen moistﬁre is not limitidg.

Irrigation is often classed as supplemental if

irrigation supplies less than 50% of crop water needs.

r

.{}
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‘Table 4.43 gives'the average ptoportion of crop CU which
was-derivedlfrom irrigation water at.all locatiens on scil
type I. These values show that irrigation would be'l"'4ﬁ
classed as supplemental except for alfalfa at Coronation
and Lethbridge. Generally irrigation was not worthwhlle
unless about 40% or more of crop CU was supplied from
irrigation. ‘ |
Irffgation water was assumed'to be applied uniformly
across the 1rr1gated land area. The effect Qi this
assumption would not be important where most croy. (. 1s
supplied from rain but becomes important when-lrrlgation
water'ccnstitutes the major sourcencf wate; for crop
'growth In the latter situation, any part of the field .
which recexveg;less irrigation than assumed would not
llkely have ylelds as large as predicted. The problem of.
assuming uniform appllcat1on would be aggravated when oie,:%
portlon of the field consistently receives less i lgatlon'ﬁ
water than assumed by,the irrlgator. Suchja situation is

common when one part of the irrigated land area is higher
o
in elevation than the remainder of the irrigated.area --

espec1ally if the elevated portlon is aﬂso farther from
the pump than the rest of the 1rrlgated land. In the
latter area sprinkler pressures would be less than other
areas and so the application rate would be ‘less than

s

assumed The model could be modlﬁledrto account for the
& 4
_foect of‘pneven application of 1frlgat10n water. Each

1rr1gated p951t10n could be subdlvxded 1nma/a number of S
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Table 4.43 Fraétion of Crop CU Supplied by Irrigation

SCP>< 35% AM dépl. 'SR2,64*ha~€.§Q% AM aepl.
Location Alfalfa Whéat g Alfalfa Wheat
Corofation  0.52 D 0.41 0.47 0.31
Edmonton 0.37 0.27  0.27 0.17
Lacombe 0.44 0.33 | 0.36" 0.26
Lethbridge 0.59  0.28 0.52 . 0.34

individual soil;c;ep areas. Each of these gsmaller areas.
yould need to be modeleé.indepepdently. A function could
be chosen whig¢h predicts the probability of receiving a
specific.amount of irriqation water given the, planned
“irrigation application. The amount of irrigatioh each
area }ecgives could theh be randomly selected within the
specific brobabi}ities. The above chaﬂge would increase
the running cost bf the model.  For exémple, if each |
irrigated posit?on was subdivided into three smaller
areas, the running costs would bé approximately tripled.
One additional way which the simulation could be
improved is 'to include the effect of hail damage.  For
inéurance purposes, the approxihate:probability of hail =
oEcurring at any sg8cific location along with the

prbbabilit}-of expected crop damage have been determined.

/‘

/
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Usinglthese probabilities, it would be comparatively
simpie to generate hail damage on a random basis. |

The model uses fairly detailed dally weather data.
Thetefore, it should be p0551b1e to estlmate the effect
weather would hd&é on the harvest processes and the effect
ofl weather ‘during harvesting on the quantity and quality
of the harvested crop.

Including, the;effect of harvest weather and hail on
crop yield and value‘@eéld&ancrease the ab111ty of the
model to estlmate the 1mpact irrigation could have on
decrea51ng the var1ab111ty of gross farm returns. This
would improve the utility of the model as a a1d to analyze
the feasibility of irrigation in any one patticular area.

Comparing the mode L resultsjfor the two 10catfons in
' theJDarE Brownmsoii zoipe . reveals that irrigation was
F bre€§cted te be more beneficial in eouthern Alberta than
in east central Alberta. In addition, comparing weather
at Coronation with weather at Lethbridge reveals that
droughts are worse at Lethbridgef‘ Furthermore, the
consequences of droughts are greater'et Lethbgidge beceuse
PET is greater there. hTherefore, expansibnuet irrigated
land area in southern Alberta should have priority over
developing irrigated land area in east central Alberta.

To a large extent the study was heuristic in that the
avallabllltX%ﬁf a supply of irrigation water was

o

'essentlélﬁ nored.” However, two important conclusions

regard§ﬁ§3¥he the irrigation water supply can be drawn

o
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fromnthe model results:

i) no investment in irriga;ion should be made unless
‘there is sufficient water for full irrigation
throughout the summer, and

ii) irrigation willlprobably not be profitable if large
fixed énd/or va;iable costs must be incurred tozbring
water to the irrigated laﬁd. |

Unfortunately,‘suitable water sources are scarcer in the’

drier. southeastern corner of Alberta where irrigation is

most beneficial than in the wetter remainder of the
provinc%, Presently, expensive and complex water -
distribufion systems are required in southern Alberta to
supply irrigating farmers with water throﬁghout the
growing season. The model results indicate that if the
ehgire costs of the water distribution system were borne
by the irrigating farmers alone, irrigated agriculture in
southern Alberta would become less atttaétive than dryland

agriculture. Therefore the model results concur with the

‘conclusion of the Envirohmental Council of Alberta (1982) .

»

that irrigated agriculture must be subsidized by the rest
of society if it is to be economically viable -in the long .
terﬁ. .

The question of government subsidies for farmérs whd'
use irfigétion is entireiy political. However, presenély
the provincial.government-jus;ifies subsidies to farmers
who form g% irrigation district by claiming that most

benefits from irrigation are reaped by society at large.
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The fundamental principle of promoting equity among all
citlzens is firmly entrenched in the Canadian .political
system. Hence, insofar as farmers belonging to an
lrrigation district receive government subsidies,
equivalent‘subsidies should be made available to private

irrigators throughout Alberta who do not Belong to an

.irrigation district.

Similar subsidies as those presently provided by the
Saskatchewan government (Saskatchewan Agriculture 1984) to
beginning‘itrigators would substantially improve the
feasibility of supplemental irrigétion in east.central
Alberta. Since the subsidies are made available'duking
the first three.yeats-the”farmer irrigates, the net effect’
of subeldies is to reduce the capital cost of the
irrigation system to the farmer. The subsidies could
decrease the annual fixed costs of irrigation by 15 to 23%
which, in tutn, could reduce average total annual | ;
irrigation costs by 5 to 15%. This would eignificantly
increase the profitability of irrigation andtmake o -

irrigation of alfalfa at Edmonton and Lacgmbe and

; ™ ’?,L

irrigation of wheat at Coronation econcﬁlcally

justifiable. Giving the subsidies during the first few

-years of irrigation is particularly beneficial for the

farmers. During this perlod y1elds with 1rr1gat1on may -

not be as large as otherw1se expected and yet the need for

cash 1nflows may be at a maximum.
. 4 : !

e



' ‘ ) : 348

Irrigated agricnltUre_forms a fairly comnlex system
when_thé~effect of management 'of tne.ifrigation system is
included. Thus, the appreach of evéiuating the
feasibility of the supplemental 1rr1gat10n by using a
computer simulation model was approprlate. However, it is
essential that one reatlzes that a computer simulation is
a supplement to and not a replacement for'aetnal
experimentation. |

One of the major advantages of a computet simulation
model is that the researcher is forced to quantify all
- assumptions so that they can be implemented within a
computer pfogram. Thus, other researchers.can relatively
easily build onto the work that has already been
accompllshed

. To assess the fea51b111ty of 1rrlgat1ng one parcel of
land requires an 1ntegrated evaluation of land weather
crops, water supply, "and the abilities and attltudes of
the farm manager. Futhermore, a specific evaluat'ion must
’consider tax ‘effects for the farming operation and the
financial objectives of the owner of the farn. A computer
meded'of the sort used'in this study can be a veluable aid
'1n the assessment of fea51b111ty of irrigation. Specific
1rrlgat10n costs, expected cfoﬁ’prlces, 5011 moisture
properties, wéather and expected management practices can
be inputted into the nbdel. The model can then estimate

crop yields and net returns.
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As implemented, ﬁhe model used for this study would
not appear to be an appropriate.tool for helping ah
irrigator make real time irrigation séheduling decisions.
Presently, the model results must be analyzed_in'a

statisticalvcontext and do npt‘produce a clear yes-no
decision of whether to_ifrigate a given field this day or
wait for several days.

The model is suited for use as an aid in selecting an
irr;gation system for a sﬁecific area. The model can be
used to test a variety of irrigation systems at one
location. The performance of each system with regard to .
 predicted Yields, water requirements,'labéur needs,
capital requirgments, and annual economic retufns can be
examined. \Wifhhthe_hglpful interpretation Sy a
knowledgeable technician, such information would be
invaluable for a farmer éontemplating investfng in
supplemehtalJirrigation. The model results would also
dembnstfate the importance of management on the success or
failure of the irrigation project.

Overall, the results produced .by the model were not
unexpected. They conformed with ahticipatea results.,
Interestingly, the results sometimes supported
conventional farm practice rather:§han the views of
1rr1gaQ10n profe551onals who work in the public

service. For instance, the results confirmed the value of

the practice of using a centre pivot to wet only the upper

u
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portion of the root zone as a technique for minimizing
labour needs while still producing satisfactory yields and
returns. | .

Although the model contains numerable simplifications
and inaccuracies, it produced-serviceable estimates of
yields and CU under a broad variation of growing season.
moisture conditions. The yield modelrné‘component was the
‘weakest part of the entire simulation model. ' The yield
estimation model developed for the model was certainly far
from ideal. However, its relative simpliiity coubied with
irs ability to provide acceptable estimates of yields
under a wide variety of moisture condrbions indicaggg the
yield model is superior to most yield models found in the
llterature. | _ ,

The study has shown that supplemental sprinkler
irrigation in east central Alberta has 11m1ted economlc
feasibility. Irrlgatlon was found to be profltable only
for perenpial forages 1in the Dark Brown soil zone of east
central Alberta. .Furthermore, irrigatioﬁ was only a
worthwhile ﬁﬁvestment where irrigable lang+and a good
water source wére alreédy contiguous. Irrigation had to
be started whenever the soil became undegireably depleted
of available soil moi§ture"-- 50% AM depletion for alfalfa
and 35% AM deplétion for wheat. If all the conditions
were met then supplemental sprinkler irrigation could be a
viable alternative to 'buying additionai}farmland and/or an

effective strategy for improving.ahnuaT net farm income.
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Conclusions

1)

2)

3)

Evaluating the feaaipility of supplemental irrigation
for an individual farm should involye specific study of
the: i) irrigability of the land, ii) available water
supply, iii) availability of labour, iv) exact variable
and fixed irrigation costs associated with the
irrigation systems under consideration, v)-abilities
and attitudes of the farm operator, vi) objectives of
the farm operator, vii) tax and financial
considerations, and viii) markeaing of the irrigated

production,

A computer SQmulation model was a valuable and

relatively inexpensive technique for producing

‘estimates of the profitability of supplemental

+

irrigation and of the effects of changing irrigation

practices.

Irrigatjon was not feasible unless there was sufficient

water, labour, and dedication to maintain the soil

A

continually moist throughout the'irrigation season.
Maximum‘profits were possible when depletion of
l .

available soil m01sture in the root zone d1d not exceed

50% for alfalfa and 35% for hard wheat. Irrigation was

| only profltable wherq%gfmlgatlon water could be

. .
supplied at minimal cost. The ma jor 11m1tat10n to the

351
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development of supplemental jrrigﬁtibn was the cost and

availability of irrigation water.

With good management,>irrigation of alfalfa in the Dark
Brown soil zone (Coronation and Lethbridge) was |
profltable. Irrlgaﬁgﬁ.alfalfa yields were more" than
double dryland yields in the Dark Brown soil zone.

In the Black soil zone (Edmonton»and Lacombe) irrigated
alfalfa yields were approximately double dryland
alfalfa yields. However, irrigating alfalfa at
Edmonton was not economically feasible and was a

marginal investment at Lacombe.

In the Black soil zone (Edmonton and Lacombe) irrigated
wheat yields were only approx%mately 50% more than

dryland yields. Conseéuently;‘irrfgating\hard wheat at
Edmonton or Lacombe was not as financially renumerative

as dryland wheat production. In the Dark Brown soil

zone (Coromation and Lethbridge), with good management,

sppplemeﬂtgl'ig@igation could almost dzuble dryland"

yields. However, at Coronation and Le hbridge,

L

irrigation‘of hard wheat was margfnally profitable.

Of t irrigation systems considered, the most
profitiable\was a 400 m long centre pivot towed between
two_position§ and a side roll with two 400 m long

laterals irrigating an entire quarter section. Where

Al
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conditioné are suitable for a 400 m long towable centre
pivot, the best pracﬁice'would’probably be to irrigate
one field of gfain and one field of perennial

forage. The hard hése feel traveler and the 220 m long
towable centre pivot were the least profitabie
irrigation systems. A 400 m long stationary centre
pivot could be economical if it was used to maké
frequent, relatively light applications. There was no
clear advaﬁtage to using an overextended side roll
irrigation system over a side roll which was adequate

to meet maximum seasonal crop water use rates.

Maintaining the upper one-half to twc hirds of the

root zone less than 50% depleted of plant available

-

moisture was a successful practice for using irrigation

water and labour most efficiently. Irrigating the

entire root zone to field capacity was disadvantageous

because it increased irrigation costs without

increasing yields. There was little reduction in.

yields'or net returns when ir{igatiog of wheat was
stoppea when the soft dough stage was-reachéd.
Similarly, there was little loss in fieldséénd net
returns when irrigation of alfalfa was ceased after

full.ground'covér was attained during the second

- growth. When the éeasongl water supply was moderately

restricted, it was better to limit the irrigations at
i on

the end of the irrigation season than to allow ﬁreater
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4

than desired depletion of available moisture at the

‘beginning of the irrigation season. Both hard wheat

and alfalfa were most responsive to irrigation from
mid-June to early August in east central Alberta and

from early June to late July 'in southern Aé?erta.

1

Crops grown on soils with.a hardpan which restricts
both rooting depth and mqisturé;pene;ration were the
least responsive to irrigation. Irrigatihg céarse
textured soils was only profitable when it was managed

very carefully so as to ensure the root zone did not

" become undesirably depleted of available moisture.

-
LR

v

The economics of sﬁppkmmental irrigation in east.
central_Alberta were such that any -government dubsidies.
to sﬁﬁport irrigétion could make sprinkler ifrigation
an attractive investment. Because southern Alberta has
larger expeéted moisture deficits,.supplemental
irrigétion in Southerthlberta'was'mdre beneficial than

in east central Alberta. Ve

-8
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Recommendations for Futiire Work

L3

1)

2)

3)

An assessment of. the guantity and quality of water
' N . .
supplies available for supplemental irrigation 1s '

needed in east central Alberta. Because of the °%fw

predicted economics, the assessment should concentrate

on the Dark Brown soil ‘zone within east central
Alberta. In addition, the assessment should also
inventory the amount and quality of 1rr1gable land near

the most suitable water sources for irrigatlon.

All components of the computer simulation model require

further verification. Irrigation'field trials are

necessary in east central Alberta to tpst the valldlty

( i

of the model. Throughout Alberta, néSearch 1s needed
to determine the optimal 1rrlgat1on;pgact1ces for a

stationary centre pivot.

A number of potential improvements to the computer

simulation model have already been discussed. These

are outlined below: . .

-,
-,

a .
i) change @d*weather model so that it better takes
tpto account trends of above or below normal

potential evapotranspiration.

355
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ii) model 5011 m01sture fo&,the -entire year.

o ()“ ’
"

111) alter the alfalfa d velopment model so that the

-start of sprlng growth 1s delayed §hd the number

L

of -degree days to reach the cuttlng stage is
reduced.» o ‘

-
Ko

-“1v) The cr1ter1a for taklng the secon% alfalfa harvest

v

Y',‘“ o . B ~ v‘ {,

.

M .0 . ”“‘P ? . 3 B
, When the alfalfa is ready to cugﬁﬁg “x? Jf S
. . u ‘x‘ g% co

LA . . -"'v
e T

:%) permit taklng of a. thlrd alfalfa cut when dondltlons

"are favdhrab%?%“ “;, ‘}'.f’f
o : . S

» ﬁ"m‘%: T - f)
v1) 1nclude the~ ?fects of hall on yield and the

. ,.¢ffects of weatheﬁ duxzhgﬁ%rop»harvesting on -

w3
g

e o ; , o
quantlty and qug?aty ef crop y1eld 3 % .
” . . . ) Ey f‘ s ' ;,g- B ' i -‘*
v11) alter the wheatwyi%ld mo é_ o that y1eldw ;

"9 ‘ "
reductlon due-tosmo .Ure stress is reduced in the

; Dan% Brown 5011 zone. , “ R Q@?

\7 . , 3%
, <v111) permlt gleater extractlon of,a lable m01sture "
& , from- the lower portlon of 501ls which have a

relatlvely small capac1ty for avallable m01sture .

in the root zone.
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adjustﬂiate season root ‘extraction (i.e. k)

h .

B f WP ST . .
cqeffltdents to better model evapotranspiration .

afﬁé} the second cut- of alfalfa and aftervthé wheat

“‘has, been hafvested.

“x) modify the model so6 that more than one type of crop
7 R o - =
* ' can be i:rigatéduﬁgth a towable centre pivot
T : o , K
irrigation system.
: " xi) include the effect of uneven applica;ipn'of‘
N iprigation ¢
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Appendix A Program Flowchart

-

‘ START )

CALL - ' Read in-parametérs for the
STARTUP, e simulation run.

—
NO Have all seasons been
simulated? ‘ R
c Summarize results for
all seasons.
PRINT
TOTAL
RESULTS
STOP
CALL o Initialize all variables at
INITLIZ o beginning of the season.
, /
[ DAY=99 ' Start on April 9
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DAY>288?

PRINT
SEASONAL
RESULTS

L

YEAR=YEAR+1

CALL
WEATHER

[" POSN= 1

CALL
VSMB

CALL
YLDEST

372

Reached October 167

Evaluate that season's
Performance.

GeneYate daily PET,

precipitation, and
temperatures.

Estimate the phenological
development of the crop.

Calculate the theoretical

. yield components common to

dryland and 1rrlgated crops.

Prepare to work through
dryland area.

Calculate soilimbisture and
ET for dryland area.

Calculate yield for dryland

area.



?

POSN=2

POSN > NDPOSN?
NO
CALL

IRRIGAT

CALL
VSMB

CALL
YLDEST

POSN=POSN+1|

PRINT
DAILY
RESULTS

3

DAYsDAY+1;]

|

.

YES

373

Preéaréfto work through
irrigated area.

- 4

Completed all irrigated area?

-

N4
Calculate how much, where, and
‘when to irrigate.

Calculate soil moisture and ET
for each irrigated position.

.Calculate yield for each
irrigated land area..

A

- ’

»

Dump daily results?



Appendix B Program Listing

R ePL{ SPRINTz-0,SPUNCH=-OBJ PAR=NA,NOL,NX,SIZE=04P,0PT=2 .

I v :
/e THE FOLLOWING 1S A MODEL OF SOILS, WEATHER, CROPS (HARD " ./
/e SPRING WHEAT, AND ALFALFA HAY) AND IRRIGATION SYSTEMS -/
7 USIDE ROLL, HARD HOSE REEL TRAVELER, AND TOWABLE AND STA- ./
/+ TIONARY CENTRE PIVOTS). THIS 1S THE MODEL “APPEARS® TO BE ./
f« FUNCTIONALLY DEBUGGED -- BUT DON'T COUNT ON IT. WARNING: ./
7+ THERE 15 NO ERROR CHECKING ON INPUT AND PL1 WON'T DO MUCH ./
7« CHECKING FOR YOU (EG. ACCESSING AN ARRAY OUT OF BOUNDS). ./
7a 1 TRIED TO DECLARE ALL VARIABLES EXPLICITLY -- IF A VARIABLE ./
7w 1S NOT DECLARED IN THE SUBPROGRAM LOOK IN, THE CALLING ./
5- SUBPROGRAM OR IN IRRSIM. o .;

* . -
/» SOME NOTES FOR NOVICES TO INTERPRET PL1: ./
7e DCL -> DECLARE, FIXED -> INTEGERe2, FLOAT -> REAL=4, ./
/« BIT(1) -> LOGICAL, FLOAT DECIMAL(11) -> REAL=8, GET -> READ, ./
/s PUT -> WRITE, ; -> END OF STATEMENT, | -> .OR., STATIC -> ./
/e HANG ONTO THE,VALUE OF THIS VARIABLE BETWEEN INVOCATIONS OF =/
/» THE SUBPROGRAM, FLOOR -> TRUNCATE, CEIL -> INCREASE TO ./
/= INTEGER. " - ./
e _ . o
/= 1F YOU HAVE ANY QUESTIONS OR COMMENTS PLEASE-FEEL FREE TO ./
/= CONTACT ME: ‘ ./
/= -/
/e BRIAN MCCONKEY ' -/
/+ . C/0 . : . ./
/» DEPARTMENT OF AGRICULTURAL ENGINEERING ./
/e . RM 751 GENERAL SERVICES BUILDING ‘ AR
/= UNIVERSITY OF ALBERTA ./
/% . EDMONTON, AB » -/
/e  T6G 266 : - ./
/* PHONE (4031 432-4251 , ./
/* . ./
/* i . ./
/.“..".--.".‘.‘-..“‘.“‘l-’.“-.“l.‘.‘.“.“-“--..-"‘-t.“./
/* 1IRRSIM < ./
/= ) : , ./
/= IRRSIM 1S THE MAIN PROGRAM AND CONTROLS THE SIMULATION ./
/e 1RRSIM ALSO CONTAINS MANY VARIABLES COMMON TO THE =/
/= ENTIRE MODEL. ) ./
/- ./
IRRSIM: PROCEDURE OPTIONS (MAIN);

/+ SOIL MOISTURE-RELATED DATA GROUP ./
/= EACH INDEX RELATES TO.ONE FIELD OR ./
: /* PART OF FIELD ./
DCL (SM(4.6). / ACTUAL SOIL MOISTURE>WP .(mm) IN EACH ZONE =/
AM(4.6). /+ AVAILABLE SOIL MOISTURE I.E. SM/(FC-wP) =/
/= IN EACH ZONE {FRACTION) =/

E¥(4), /» DAILY ACTUAL ET (mm) . & .
TOTET(4), /= SIMULATION SEASON ET {mm) ./
GSET(4), /+» GROWING SEASON ET (mm) ./

TOTRUNOFF (4),/* ACCUMULATED RUNOFF FOR WHOLE SEASON (mm)=/
TOTDEEPERC(d))[‘ ACCUMULATED DEEP PERCOLATION FOR SEASON=/

FLOAT;
5' SOIL PHYSICS-RELATED DATA GROUP ./
- s/
DCL (SMC(6), /e TOTAL AVAILABLE MOISTURE I1.E. FC-WP (mum) ./
SMSAT(6), /= TOTAL SATURATED MOISTURE 1.E. SAT-WP (mm) =/
F(6),/= PERCOLATION COEFFICIENT FOR VSMB -- ./

PERCOE
: /+= RANGES BETWEEN 0 (LIGHT & MEDIUM TEXTURED /-
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TRACAM(3),

LDTLIM,
UDTLIM,
LDBLIM,

UDBLIM,
LITLIM,
ULTLIM,
LIBLIM,
UIBLIM,
BOTPERM)

/=
/»

SQILS) &' 1 ((HEAVY TEXTURED SOILS)
AR FOR UPPER THREE ZONES BELOW WHICH

/e THE SOIL IS{TRACTABL
097»015(5).5-
[ ]

MINMDIS(5), /=
I/~

/e
/=
/=
/=
j-
AL
/-
/=
/e
/»
/=
/=
/=
/

*

FLOAT, ©
ROOTDEPTHI(S) /
/= EACH CROP GROWTH STAGE

FIXED;
DCL DRY -~ /*
FIXED INITIAL(Y
{POSN, /=
. /e
/*
Ta
, o /=
FIRSTSET. A
/=
MIDSET, /=
LASTSET, A
NDPOSN, /=
YEAR, /=
N, /=
FIRSTDAY, /*
LASTDAY, A
DELAY, /=
. /=
WHERETS, /=
/=
IRRIYPE, ;‘
INDYRS, /*
/=
/=
SOILTYPE, /=
1,J}FIXED; /*
DCL {(LAT, A
" IRR(4), /=
/=
IRREFF, A
SYSRAT, /=
. /=
IRRAREA, /=
1RRH20, /=

IN THE ROOT ZONE (mm) _ °
MINIMUM DESIRED MOISTURE -CONTENLL
IN THE ROOT ZONE (mm!

£
OPTIMUM DESIRED MOISTURE CONTENT .

SOIL FOR THE JOP.1/8 OF THE ROODTING ZONE
UPPERMOST EXPECTED &M FOR TOP 1/8 OF THE

LOWEST sxpscvio AMTON APRIL O FER DRYLAND

ROOTING ZONE (AM CAN NOT > FIELD ORPACITY)
LOWEST EXPECTEpP AM ON APRIL FOR THE
BOTTOM 1/2 OF PROFILE, OTHERWISE LIKE
LDTLIM } .
LIKE UDTLAM BUT FOR BOTTOM 1/2 OF " L.

. LDTUIM * . * IRRIGATED SO’

-* upTLIM C " " T

. L BL!M I LI - R

. BLlM - - " -
HYDRAULIC CONDUCT i1Y OF UNDER.

SOIL- LAYER (mm/d'
A 2
« VSMB ZONES WITHIN ROOTZONE 0=

)POINTS 70 UNIRRIGATED SOIL

o . 4 -

PYINTS TO -POSITIONS ON

IRRIGATED FIELDIS} 1.E.

posn:g . FIRST SET OR FIELD .1

POSN=8 : MID SET OR FIELD 2

POSN=4 : LAST SET OR FIELD 3

NUMBER OF THE FIRST IRRIGATION SET
{USUALLY 1) :

NUMBER OF THE MIDDLE IRRIGATION SET
NUMBER OF LAST IRRIGATION SET .

LAST POSN TO BE CONSIDERED N 'SIMULATION
YEAR (1.E. SEASON) COUNTER - .
NUMBER OF YEARS FOR SIMULATION

FIRST DAY IN SEASON IRRIGATION PERMITTED -

LAST DAY IN SEASON IRRIGTIO PERMITTED
NUMBER OF DAYS IRRIGATION IS5 DELAYED

FOR A MULTIPLE SET SYSTEM .

INDICATES WHERE THE IRRIGATION SYSTEM.1S

» PRESENTLY

TRRIGATION YSTEM TYPE: 1sCENTRE pIvoT
2:SIDE ROLL 3=HARD HOSE.TRAVELER

' CODE WHICH TELLS MODEL WHETHER 10 QUTPUT

COMPLETE RESULTS FOR INDIVIDUAL YEERS

0 -> NO OUTPUT, 1 -> OUTPUT
CODE INDICATING GENERAL SOIL TYPE
COUNTERS
CATITUDE ‘OF AREA (DEGREES!)
DAILY AMOUNT OF IRRIGATION (mm) FOR EACH
.SOIL’ AREA ‘
IRRIGATION EFFLCIENCY (FRACTION)

JRRIGATION SYSTEM APPLICATION RATE {(mm/h)

FOR CENTRE PI1VOT-> ha-mm/d (10m==3/d}
ha IRRIGATED EACH DAY
DAILY NET IRRIGATION APPLICATION (mm/ha)

>
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1

TOTH20,
TOTIREA,
IRRLAB,
SETAREA,
MAXRATE,

MINRATE,
RESERV,

MAXAPP,
IRRAIN,
ETATUS,
MOVTIM)
FLOAT
DCL (ANFXCST,

FIXDCOST,

FERTCOST,

_HARVCOST,

FLDSIZ,
LABRAT .
NRGRAT,
HEADRAT,

x1RAHEAD,
CROPVAL)
FLOAT;

DCL (DAY, .
BEGDAY,

ENDDAY,
FCDAY,
SCDAY,
GSDAYS,
GADAYSI(3),
SEEDDAYS,
IRRDAYS,
LOCN,

NIP,
NUMIRR)
FIXED;

DCL (RAIN,

. TOTRAIN,

/+ ACCUMULATED IRRIGATION (ha-mm)

/e ACCUMULATED 1RRIGATED AREA .ihal

/e ACCUMULATED NET LABOUR" (h) -BSTIMATE

/e AREA 1RRIGATED EACH SET- (ha)
/= MAXIMUM 1RRIGATION SYSTEM RATE
/= CENTRE PIVOY -2 REVOLUTIONS/d

MAXIMUM NUMBER OF SETS/d
/= LIKE MAXRATE EXCEPT MIMIMUNS

7+ SIDE ROLL AND HARD HOSE TRAVELER ->

rl

/* MAXIMUM QUANTITY OF WATER AVAILAELE FOR‘_:'/’.

/« IRRIGATION (ba-mmn NET)

/= MAXIMUM NET APPLICATION POSSIBLE OVER THE
/= YEAR DUE TO MOISTURE LIMITATIONS (enm)
/+ ACCUMULATED RAINFALL SINCE A 1RRIGATION

/= BEGAN g

/+ LOCATION OF IRRIGATION SYSTEM (SET.FRAC)
/= TIME REQUIRED TO WMOVE BETWEEN SETS (h)

/= ANNUAL coS1 OF IRRIGATION SYSTEM +
/= MAINTENANCE $/YR .

/= ANNUAL COST $/he

/= COST OF EXTRA FERTILIZER NEEDED FOR IRR-

/= 1GATED PRODUCTION '$/h

a8
/= APPROXIMATED ESTIMATED COST OF HARVESTING

/= CROP $/k

/= TOTAL ARgA OF ALL IRRIGATED LAND (ha)

/= LABOUR CQST §/mm/ha
/+ ENERGY COS] $/mm/ha

/= PUMPING COST T0 BRING WATER T0 FIELD
/s« LEVEL $/mm/ha/m OF EXTRA DYNAMIC HEAD
/« W OF EXTRA HEAD TO BRING WATER TO FIELD

/e VALUE OF CROP $/kKg

-
/* KEY DAYS DURING SEASON
/= DAY OF YEAR EG. JAN =1

. .
/= FIRST DAY DF. ACTIVE GROWING SEASON ->

/= WHEAT: DAY OF SEEDING

/= ALFALFA: DAY GROWTH STARTS IN SPRING
/= LAST DAY OF ACTIVE GROWING SEASON

/= DAY OF FIRST CUT (ALFALEA)
./= DAY OF SECOND CUT (ALFALFA)
/+ LENGTH OF ACTUAL GROWING SEASON

/+ DAYS IN EACH ALFALFA GROWTH PERIOD

/= DAYS OF SEEDING WHEAT

7« DAYS SPENT IRRIGATING

/+ LOCATION CODE:

7e 1 -> CORONATION

s 2 -> EDMONTON

/s .3 -> LACOMBE

7+ 4 -> LETHBRIDGE

7+ NUMBER OF IRRIGATED POSITIONS
7s TOTAL NUMBER OF IRRIGATIONS

/» .

/e WEATHER-RELATED DATA GROUP
/.

« DAILY PRECIPITATION (mm)

/
A SIMQLATION SEASON PRECIPITATION {rm)
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DCL

DCL
DCL

DCL
DCL

FALSE 8IT(1) INITIAL('0'BY:

/= GROWING SEASON PRECIPITATION

INITIAL(' 1"B); ] ?

[

GSRAIN, ./
TMAX, /e DAILY MAXIMUM TEMPERATURE {C) s/
TMIN, /* DAILY MINIMUM TEMPERATURE {c) -/
TX, /= TMAX (F) ./
TN, /* TMIN (F) ./
DAYLEN, /= LENGTH OF DAY IN HOURS ./
LE, /+ BAIER AND ROBERTSON’S ESTIMATE OF ./
/o' LATENT EVAPORATION FROM A BLACK BELANI =/
/#* PLATE ATOMETER (mL/d) ) s/
XTERAD, /= EXTRATERRESTIAL SOLAR RADIATION ~/
: ' /*, (M/me*2) -/
XT, /= XTERAD IN cal/cm==2/d s/
TMEAN,” /% DAILY MEAN TEMPERATURE (C) s/
PET, /# DAILY POTENTIAL ET (mm) ./
TOTPET /% SIMULATION SEASON PET (mm) =/
"GSPET, ! /* GROWING SEASON PET (mm) -/
DEGDAYS.\M' /» DEGREE DAYS ABOVE 5.0 C -/
GSDD, ~ /= DEGREE DAYS DURING ACTIVE GROWING ./
-« DRYPET) /* AVERAGE EXPECTED DRY DAY PET. ./
FLOAT; -
/= . ./
/= WEATHER PROBABILITY RELATED -/
rf‘ DATA GROUP ./
. - ) w/
- pCL (AVGTMAX(19,0:1}, /e« AVERAGE TMAX FOR EACH 10 DAY, PERIOD »/
. /= ON WET AND DRY DAYS =/
SDTMAX(18,0:1), /* STANDARD DEVIATION OF TMAX FOR EACH ./
: /= 10 DAY PERIOD ON WET AN DRY DAYS «/
ATNTX(19,0: 1), /* REGRESSION INTERCEPT FOR JMIN AS A ./
: /= LINEAR FUNCTION OF TMAX -/
BTNTX(19,0:1), /= SLOPE OF TMIN VS TMAX */
SDTNTX(lg.O 1}, /*= STANDARD ERROR OF - TMIN VS TMAX ./
APETX(19,0:1), /» INTERCEPT OF PET VS TMAX ./
BPETX(19,0:1), /+ SLOPE OF PET VS TMAX ./
SDPETX(18,0:1), /= STANDARD ERROR OF PET VS TMAX ./
AVGRAIN(19), /= AVERAGE OF THE CUBE ROOT OF RAIN ON /-
/* RAINY DAYS FOR EACH 10 DAY PERIOD ./
SORAIN( 19}, /% STANDARD DEVIATION OF THE CUBE ROOT OF=/
/= RAINFALL ON RAINY DAYS FOR EACH PERIOD</
PWD(19), /* PROBABILITY OF A WET DAY FOLLOWING A =/
) /= DRY DAY FOR EACH 10 DAY PERIOD ./
Pww(19}) /= PROBABILITY OF A WET, DAY FOLLOWING = =/
. I /= A WET DAY FOR EACH 10 DAY PERICD . .=/
LOAT; . A
(SEEDNUM, /= SEED NUMBER FBGR RANDOM # GENERATOR ./
/* WMUST BETWEEN 0" AND 199017 ./
INITSEED) /= SEED NUMBER AT START OF SEASON -/
FLOAT DECIMAL(11);
WET /= WET=0 -> DRY DAY ~/
FIXED: /= WET=1 -> WET DAY */
(DRYBEGSM, /* MOISTURE IN TOTAL ROOT DEPTH OF DRY =/
) /= SOIL ON APRIL 8§ ./
IRRBEGSM, /+ MOISTURE IN TOTAL ROOT DEPTH OF IRRI- =/
/= GATED SDIL ON APRIL 9 -/
DRYENDSM, /* MOISTURE IN TOTAL ROOT DEPTH ON s/
/* OCT 15 FOR DRYLAND ./
IRRENDSM) * /= OCT 15 SOIL MOISTURE FOR IRRIGATED ./
.« FLOAT; . :
TRUE BIT(1)
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oCL {GROWING,
EDSEAS,
DUMP,
IDLE)

. BIT(1)

DcL  (CROP,
YLDMETH,

LIFESTAGE,

‘GROWTH)

FIXED,
(PHENDSTAGE ,
D,

TOPPOR(4) )
FLOAT;
pcL  (YIELD(4),

AFYLDS(4,3),
" MNGF AC,

AWMSF (4},

WMSF (4))

DCL
¢

]
“f/.

FLOAT;

DCL (YPOT,
- POTYIELD,

/=

FLOAT:
JRRGTNS(30,3) /=
X /e
/=
/=

/*
/=
/*
/»
/=

16 CROP GROWING FLAG - ' ./
15 SEASON OVER FLAG™ : o/
SHOULD DAILY DATA BE DUMPED OUT ./
FLAG INDICATING IF IRRIGATION SYSTEM IS »/
BUSY ) =/
./
CROP-RELATED DATA GROUP ';
: -
CROP=1 : WHEAT , -/
CROP=2 : ALFALFA ' : -/
METHOD FOR DETERMINING YIELD ./
1 -> SIMFOY . * ' »/.
« 2 -> WAGENINGEN (ALWAYS FOR WHEAT) ./
STAGE IN CROP DEVELOPMENT 1.E. -/ .
WHEAT »/
1=PLANTING TO EMERGENCE : -/
2:EMERGENCE TO JODINTING Y
3= JDINTING TO HEADING w =/
4=HEADING TO SOFT DOUGH o =/
5¢SOFT DOUGH TO RIPENING »/
ALFALFA: : -/
1=START OF GROWTH TO FULL COVER -/
2:FULL COVER 70O FIRST CUT -/
3:=F1RST CUT TD FULL' COVER : =/
4=FULL COVER TO SECOND CUT -/
w8zAFTER SECOND CUT ‘ -/
GROWTH PERIOD OF ALFALFA 1.2 OR 3 o/
PHENOLOGICAL STAGE IN CROP DEVELOPMENT =/
INDICATES RELATIVE DEVELOPMENT OF -/
ALFALFA BETWEEN START OF (RE JGROWTH -/
AND HARVESTING D=0.0 AT START of - -/
OF (RE)GROWTH D=1.0 AT HARVEST */
PRUPORTION OF TOTAL ALFALFA GROWTH WHICH =/
1s HAPVESTED 1.E. MINUS RODT GROWTH %/
i . LY
YIELD\INFORMATION FOR EACH POSITION =/
CUMULATIVE ACTUAL GROWTH (kg/ha) ./
WHEAT -> GRAIN ¢ 14.5% m.c. R Y
ALFALFA (SIMFOY) => HAY e 15X M. C. */
(WAGENINGEN) -> HAY @ 15% =/
ALFALFA YIELDS FOR FIRST, SECOND AND -/
THIRD GROWTHS (Kg/ha) _ =/
FACTOR WHICH TAKES INTO ACCOUNT THE =/
EFFECT OF MANAGEMENT ON CROP YIELD -/
'ACCUMULATED MOISTURE STRESS FACTOR FOR =/
WHEAT IN EACH POSN ./
MOISTURE STRESS FACTOR FOR EACH POSN »/

CONTAINS DATE IRRIGATION WAS STARTED, -/
THE NET AMOUNT OF THAT IRRIGATION, AND =/

(FOR TOWABLE PIVOTS) THE FIELD WHICKH =/

wAS IRRIGATED =/
POTENTIAL YIELD DATA GROUP_WHERE MOISTURE®*/

1S NOT LIMITING. THIS 1S THE SAME FOR =/
ALL SOILS ’ »/
POTENTIAL DAILY YIELD- (kg/ha) . »/
CUMULATIVE POTENTIAL YIELD (kg/ha) =/
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. . < .
POTAFYLDS(3))/=ROTENTIAL ALFALFA YIELDS FOR FIRST, ./
 LOAT /o SECOND, AND THIRD GROWTHS {kg/he) YA

o LOAT; - * . R ’
DCL (SUMSM(2), /e SUM OF ANNUAL BEGINING SOIL MOISTURE, =/
‘ /s % -> DRY ./
/s 2 -> IRRIGATED : ./
SUMRUN (21, . 7+ SUM OF ANNUAL SURFACE RUNDFF * ./
SUMPERC (2], Je .~ DEEP PERCOLATION ./
SUMET (2], /e * =~ GROWING SEASON ET s/
SUMRET (21, fe " ~  ET/PET FOR GROWING SEASON »/
SUMTET(2), Je =~ TOTAL ET ./
SUMYLD(2), [s0 " " . YIELBS - «/
SumMCuUT (2], /et - FIRST ALFALFA CUTS -/
suMcUT2(2}) fe 7" - SECOND ALFALFA CUTS ./

FLOAT INITIAL(($8)0.0F;

DCL (SUMINC, /s " “ YIELD INCREASES : »/
SUMNET, I - NET DEPTH OF APPLICATION' =/
SUMNMIRR, Je. "t NUMBER OF IRRIGATIONS - =/
SUMLAB, - /e " . IRRIGATION LABOUR -/
SUMVAR, /e " " © L IRRIGATION VARIABLE COSTS */
SUMPRF ) e " «  “pROFITS FROM IRRIGATION =/

o FLOAT INITIAL(0.0); : ‘

pcL (SSQSM(2), /= SUM OF SQUARES OF ANNUAL SPRING MOISTURE=/
SSQRUN(2) . oo - - = TDTAL RUNDFF = =/
$SQPERCI(2]), .0 - - = PERCOLATION ./
SSQET(2), /s " - . »  GROWING ET -/
SSQRET(2), /e . - = ET/PET . »/
SSQTET(2), /= - " - - = TOTAL ET -/
$SQYLD(2), /e - - *  YIELDS Y
sSQCUT1(2}, /e " - - *  FIRST CUT ./
§5QCcUT2(27) /e " - - = " SECOND CUT ./

FLOAT INITIAL{{18)0.0); ‘ :

DCL (SSQINC, [eo T - - . YéELD INCREASE =/
SQNET, Je v " - - = NET DEPTH ./

. SSONMIRR, /= " - - = IRRIGATIONS ./
SSQLAB, /e 0 . - *  LABOUR - ./
SSQVAR, e ot - - = VARIABLE COSTS =/
SSQPRF) /e 0" - - = - PROFITS ./

‘ FLOAT INITIAL(0.0):

DCL WHEAT FIXED INITIAL(1): .

DCL ALFALEA FIXED INITIAL(2):

DCL NAME (2) CHARACTER(7) INITIAL (' WHEAT ‘" ALFALFA");

DCL METHOD(2) CHARACTER(17) INITIAL (' SIMFOY METHOD',

C T WAGENINGEN METHOD' )

DCL QUT FILE PRINT;

OPEN FILE{OUT);

DCL OYR FILE PRINT;

OPEN FILE(DYR): .

/= ‘ n/

/..“‘.‘.‘.“-‘tl““‘-"!.-t‘.‘.“.t..-t-‘-tlt‘t“‘"tt...t-.‘tt/‘

/e =/

5‘ o , START SIMULATION -;

- -

?ALL STARTUP; /+ READ IN PARAMETERS FOR ENTIRE SIMULATION‘§

- * -

LIFETIME:DO YEAR=1 TD N:

?ALL INITLIZ; J+ INITIALIZE AT THE START OF EACH YEAR=/

- -/

/+ START A SIMULATION SE&3ON =/
-— - f ]

[»

2N

>/
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" .

SEASON:DD DAY=99 T0 288 - /» APRIL 9 1D OCTOBER 15 =/
GALL WEATHER; /* GENERATE THIS DAY'S WEATHER =/
CALL PHENO; /= ESTIMATE GROWTH STAGE OF CROP =/
POSN=DRY; '

CALL VSMB;

IF ~GROWING THEN GOTO IRRFLD;
CALLSWHEOYLD:; /+ ESTIMATE YIELD WHEN MOISTURE NOT LIMITING =/

?ALL YLDEST; /+ ESTIMATE DRYLAND YIELDS L. ‘;
« . . e -
/* SIMULATE OVER IRRIGATED FIELD(S) . ’ o . ‘5

L 3

- St
IRRFLD:DO POSN=2 TO NDPOSN;
IF GROWING THEN CALL IRRIGAT; /= DETERMINE HOW MUCH, WHEN =/
’ . /* AND WHERE TO IRRIGATE -/
CALL VSMB,

IF GROWING. THEN CALL YLDEST:; /+ ESTIMATE IRRIGATED YIELDS*/
END IRRFLD;
}F DUMP THEN CALL DAYOUT: /* DUMP OUT DAILY INFORMATION=/
» . : . . _ -
5- RESET SOME IRRIGATION VARIABLES -;
| - -
DO I=1 TO NDPOSN; IRR(1)=0.0; END; ‘
IRRH20=0.0;
IRRAREA=0.0; <.
END SEASON:
CALL EVALUAT; /* EVALUATE AND OUTPUT SEASONAL PERFORMANCE =*/
END LIFETIME: .
SALL SUMRIZ; . /=  SUMARIZE PERFORMANCE OVER MANY SEASONS -;
-
/l...l‘-“.l-.“..-lt.".‘.‘.-'.‘-..ll.-‘“‘l..‘-.l.-‘..litttttt./
/= . : w/
;. : END SIMULATION , -;
- L]
/.‘-...‘i'-‘.-.‘..--.-..‘..“..‘-.'--.-.l‘ﬂ..l‘.“".--l.-t.‘...‘/
/. . . . uu/
/= STARTUP ./
/e ./
;- STARTUP READS IN PARAMETERS FOR THE SIMULATION’ ./
» i
STARTUP : PROCEDURE ; \ : ) '
DCL LOCATION{4) CHARACTER(Y0) INITIAL(’CORDNATION',
* EDMONTON’ ,’ LACOMBE’ ,’ LETHBRIDGE’ );
DCL STYP(3) CHARACTER(3) INITIAL(*I *,'I1 ', “1117);
DCL ITYP(3) CHARACTER{18) INITIAL('CENTRE PIVOT',
*SIDE ROLL',‘ HARD HOSE TRAVELER'};

‘DCL RAM FLOAT; /= ROOT ZONE AM mm */

DCL SOIL FILE INPUT STREAM;

DCL IRR FILE INPUT STREAM;

DCL INFO FILE INPUT STREANM;

OCL PR FILE INPUT STREAM.

DCL FPET FILE INPUT ENVIRONMENT(U(132))
DCL CRITW FILE INPUT STREAM;

DCL CRITA FILE INPUT STREAM:

‘OPEN FILE(CRITW);

OPEN FILE(CRITA);

OPEN FILE(WSOIL)
OPEN FILE(ASOIL);
OPEN FILE(IRR);
OPEN FILE(INFO)
OPEN FILE(PR):
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OPEN FILE(FPET); - : , :
OPTNFILE (INFO) LIST(CROP,CROPVAL YLDMETH HARVCOST,WNGEAC,
- - FIRSTDAY,LASTDAY N, SEEDNUM, INDYRS):

IF CROP = 1 THEN /= WHEAT o/ » \

DO' - . R
GET FILE(WSOIL) LIST(SOILTYPE, (SMC(I) DO I=1 10 61,
(SMSAT(1) DO I=1 TO 61, ]
(PERCOEF{1) DO 1=1 10 6), (ROOTDEPTH{1) DO.I=1 TO 5),
(TRACAM(1).DO 1=1 T0 3) ,BOTPERM);
GET FILE(CRITW) LIST((MINMOIS(1) DO I=1 T0 5, )
: (OPTMOIS(I) DO 1=1 TO 5),LOTLIM,UDTLIM,
. LDBLIM.UDBLIM.LlTLlM,UITLIM.LIBLIM.UIBLIM.FERTCOST):
END; . .
ELSE /* ALFALFA -/

DO, . : -
GET FILE({ASOIL) LIST(SOILTYPE, (SMCf1) DO 11 10 6),
(SMSAT(I1) DO 1=1 70 6), '
(PERCOEF (1) DO 1=1 TO ). (ROQADEPTH(I) DO 1=1 TO 5),
(TRACAM(1) DO 1=1 TO 3),BRTPE )3 .
GET FILE(CRITA) LIST{(MINMOIS(I) DO 1=1 T0 5), :
: , (OPTMQIS(1) DO 1=1 {0 5).LDTL!M.UDTLIM.
LDBLIM.UDBLIE.LITLIM,ULTLIM.LIB~IM,UIBLIM,FERTCOST):

- END: .

GET FILE (IRR) LIST(dRRTYPE.NDPOSN.MAXAPP.SETAREA.SYSRAT,lRREFF,
MINRATE ,MAXRATE MOVTIM, ‘
FIRSTSET,MIDSET,LASTSET,ANFXCST,LABRAT,

! NRGRAT ,HEADRAT, XTRAHEAD ) ; ,

GET FILE(PR) LIST(LOCN, LAT}: :

DO 1=1 TO 19;

GET FILE(PR) LlST(AVGRAINll),SDRAIN(L).PVD(I).PUU(I));

END: ) .

pO I=1 70 19; 3

DO J=0 T0 1: _
GET FILE(FPET) LIST(AVGTMAX(I.d).SDTMAX(I.J).ATNTX(I.J).

. BTNTX(I.J),SDTNTX(I.J).APETX(I.J).BPETX(I,d).SDPETX(I.di);

. END; ‘ . .

END: : . o

CLOSE FILE(ASOIL): L N

CLOSE FILE(CRITW): - y

CLOSE.FILE(CRITA):

CLOSE FILE{WSOIL);

CLOSE FILE(IRR);

. CLOSE FILE(INFO);

CLOSE FILE(PR); : p
CLOSE FILE(FPET); .

‘DUMP=FALSE ;

INITSEED=SEEDNUM;
NIP=NDPOSN-1; ' : .
1F IRRTYPE=1 THEN /= CENTRE PIVOT _ ./

FLDS12=SETAREA=NIP; )
ELSE /* MULTIPLE SET .o/

FLDS1Z=SETAREA=LASTSET:
FIXDCOST=ANFXCST/FLDSIZ; o
IF CROP = WHEAT THEN YLDMETH=2;

/= ) ./
;‘ PRINT ODUT SIMULATION PARAMETERS R ‘ Te/.
. ' : s «
PUT SKIP FILE(OUT) EDIT('SUMMARY')(COL(30).A);

ILEL
PUT SKIP(0) FILE(OUT) EDIT((7)'_'){COL(30),A); ' -
PUT SKIP(3) FILE(OUT) EDlT(’LOCATION='.LOCATION(LOCN).

¢

381



'S0IL TYPE= ' ,STYP(SDILTYPE))
<c0L15),A,3(1o).c0L(45).A.A(3)1;
PUT SKIP(2) FILE(OST) EDIT(’ CROP=' ,NAME(CROP),' @ §',
. (CROPVAL*1000.0),' /t!, :
“MANAGEMENT FACTOR= ' ,MNGFAC)
(COL(5),A,A(T) A, F(B,2),A,COLI45) A F(4,2)):
IF CROP = ALFALFA THEN o -
PUT SK1P FILE(OUT) EDIT(’YIELD ESTIMATION BY ', :
_ METHOD ( YLDMETH) ) (COL{10),A,A(17));
PUT_SKI;(Z)IFILE(OUT) EDIT(’ SPRING STARTING AVAILABLE MOISTURE',

0 + “BOTTOM ' )(COL(5),A,COL(40),A,COL(6D), A);
- puT SKIP FILE(OUT) EDIT(DRYLAND:' ,LDTLIM, -’ UDTLIM,
: : LDBLIM,’ -’ ,UDBLIM)
(COL(10),A,COL(40) F(4,2),A,F(4,2),COL(60),F(4,2),A,F(4;2)):
puT SKTP FILE(OUT) EDIT(7IRRIGATED:’ LITLIM, -7 UITLIM, -
T LIBLIM,' -' ,UIBLIM} ,
(COL(10).A,COL(40),F(4,2),A,F(4,2),COL(60),F(4,2) AF(4,2));
pUT SKIP(2) FILE{OUT) EDIT(‘ IRRIGATED AREA=' FLDSIZ,' ha’,
o ' SET AREA=' ,SETAREA,’ ha')

T . (COLt5) . A, F(B,1),A,COL(45) A F(6.2).A);
PUT SKIP FILE(OUT) EDIT(' WATER SUPPLY FOR SEASON=',
(MAXAPP=FLDSIZ/IRREFF),
' ha-gm’ ,' MAXIMUM TOTAL NET IRRIGATION=',
MAXAPP,’ mm' ) .
(COL(S),A,F(7,0),A,COL(15),A,F(5,0),4);
IF IRRTYPE = 1 THEN /= CENTRE PIVOT =/

00; o
PUT SKI1P(2) FILE(DUT) EDIT('CENTRE PIVOT',’ CAPACITY=",
[SYSRAT=0.115741/1RREFF),’ L/s (GROSS)')
: . (COL(5),A,COL(45) A, F(B,1),A);
. pUT SKIP FILE(OUT) EDIT(’MINIMUM REVOLUTIONS/d=' MINRATE,

A *MAXIMUM REVOLUTIONS/d=' MAXRATE)
_(COL(5),A,F(5,2),C0L{45),A,F(5,2));
END; o . . :

. ELSE /* MULTIPLE SET SYSTEM .=/

00
PUT SKIP{2) FILE(OUT) EDITIITYP({IRRTYPE), CAPACITY=",
. , SYSRAT,’ mm/h (NET)')
(COL(5),A(18),COL(45) ,A,F(5,1),A};

PUT SKIP FILE(OUT) EDIT(’ INTER SET MOVING TIME=' ,MOVTIM,

: * h' " SETS/d: MAX= ' ,MAXRATE,

* MIN= ' MINRATE)
(COL(S).A.F(4.2).A.COL(‘S).A.F(3.1).A.F(3.1)):

END: . -
PUT SKIP(2) FILE(OUT) EDIT('NO IRRIGATION BEFORE DAY = ' ,FIRSTDAY,
. ) .*DR AFTER DAY = ' LASTDAY)
(X(5),A,F{3,0),X{1),a,F{3,0))};
T(’ IRRIGATION CRITERIA:" ) (COL(40),A);
LIFESTAGE’ ,’ RODT ZONE ‘AM {mm)’
'(AINIMUM AM {mm)’ .’ OPTIMUM AM (m;’

. )
PUT SKIP{ LE(OUT

)
1),A.COL(15),A,COL(35).A.CDL(53 A

3) FILE( ) EDI
PUT SKIP FILE(OUT) EDIT(’
' (X
DB L=1 TO 5;
RAM=0.0;
DO J=1 TO ROOTDEPTHI(L];
RAM=RAM+SMG(J);
END; )
PUT SKIP FILE(OUT) EDIT(L,RAM,MINMOIS(L),OPTMOIS(L))
(X(5).F(1.0).COL(20).F(3.0).COL(39).F(3.0).COL(59).F{3.0));

END; N
PUT SKIP(3) FILE(OUT) EDIT('FIXED SYSTEM COSTS= $' ,FIXDCOST, .
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*/ha' ,’ FERTILIZER COSTS= §' ,FERTCOST,’ /ha')
{(COL(5),A,F(6,2),A,C0L(45) A, F(6,2),A)}" .
PUT SKIP FILE(OUT) EDIT('VARIABLE COSTS= §', !
(HEAD RAT'XTRAHEAD*LABRAT*NRGRAT).
* /he-mm’ ,' HARVESTING COSTS' L 2
(HARVCOST=1000.0)," /t")

(coL(5),A,F(6,4),A,COL(45),A,F(5,2),A):
PUT SKIP(2) FILE(DUT) EDIT(’ SEED NUMBER=’ INITSEED)
(coL(10) ,A,FI(7, 0));
pUT SKIP FILE(DUT): PUT SKIP FILE( ouTy); PUT SKIP FILE(OUT);
1F CROP = WHEAT THEN
DO.
PUT SKIP FILE(OUT) EDIT(’ DRYLAND' ,’ IRRIGATED' )
{COL(21),A,COL{43),A);
PUT- SKIP FILE(OUT) EDIT(' YR RAIN SSM ET ',
* YIELD SSM IRR # ET YIELD’.
* YCOST PROFIT' )J{A,A,A); ‘

PUT SKIP FILE{OUT) EDIT(‘ mm mho’,
' kg/ha mm mm kg/hal .
' $/ha $/ha ')(A.A A}.
PUT SKIP(D) FILE(OUT) EDIT((70 Y IX(2),4);
= gux SKIP FILE(OUT); PUT SkiP FILE(OUT): ~
END: :
ELSE /+ ALFALFA */
DO:

PUT SKIP FILE(DUT) EDIT('DRYLAND', * IRRIGATED' )
{coL(20),A,COL(40),A};
PUT SKIP FILE!OUT) EDIT(" YR RAIN SSM ET YIELD(Kg/ha) SSM ',
' IRR ¥ ET YIELD(kg/hl) VCOST PROFIT' )(A,A);
PUT SKIP FILE(DUT) EDITU/ mm mm CUT1 CUT2 mm ',
mm .mm  CUT1 CU[2 $/ha  $/ha ')

(A,A); :
PUT SKIP(0) FILE(OUT) EDIT((72)' ' )(X(2),A); b
;UT:SKIP FILE(OUT); PUT SKIP FILE(OUT);
EN .

END STARTUP: o : .
/= C : =/
[ensnsnnnnussesxsEND OF STARTUP-tcn-'..'-.-‘—-t.-‘nnhtt‘t.‘-:ntt /
/e - .
/.".“.'..“‘--‘l-.‘-“".“‘...‘.“.“-“.‘.“‘..‘-““l“‘...';
/= . ./
/% INITLIZ : . : -/
/= ‘ -/
/=, INITLIZ HANDLES ALL INlTIALIZATlON AT THE START OF EACH =/
/* SEASON . =/
e ' , | , o/
INITLIZ PROCEDURE ; ' -

_ DCL “(MOIS; /= SPRING STARTING MOISRURE FOR EACH ZONE (mm) - =/
BEGMR(S)) /= AM ON APRXL 9 FOR EACH SOIL-ZONE ./
FLOAT; A '

INITSEED= SEEDNUM: i

WET=0; /+ START OF WITH APRIL B8 BEING DRY =/
TOTRAIN 0.0; - .
GSRAIN=0.0;

TOTPET=0.0; o

GSPET=0.0; ’

IF. INDYRS > O THEN DUMP=TRUE:
GROWING=FALSE;

LIFESTAGE=1;

PHENOSTAGE=0.0;



D=0.0;

GROWTH=1;

DO 1=1 TO NDPOSN;
IRR{1)=20.0:

o
- O

DO vz 1 T
GADAYS (U}
AFYLDS(I,
POTAFYLDS

END;

END; :
POTYIELD=0.0;
IRRAREA=0.0:
1RRH20=0.0;

RESERVE=MAXAPP=FLDSIZ/IRREFF:

NUMIRR=0;
IRRDAYS=0; .
TOTH20=0.0:
TOTIREA=0.0. e
IRRLAB=0.0; .
EOSEAS=FALSE;
BEGDAY=999;
GSDAYS=0;
IDLE=TRUE;
STATUS=0.0; *
IRRAIN=0.0;
WHERE1S=2:

DEEAY:O;
SEEDDAYS=0;
ENDDAY=899;
FCDAY=999;
SCDAY=999;
DEGDAYS=0.0;
GSDD=0.0:

-

/* .
UTOP=URND(U)

BEGMR(2)=LDTLIM+UTOP=
IF BEGMR(2) > 1.0 & SOILTYPE

BEGMR( 1)=BEGMR(2] ;

BEGMR (5)=LDBLIM+URND(U)= (UDBLIM
IF BEGMR(5) > 1.0 & SOILTYPE ==

BEGMR (6)=BEGMR(5) ;

/=IRRIGA
/= 1.E.

s, K] .
/»4RRIGATION SYSTEM STARTS THE SEASON IDLE

TION SYSTEM STARTS OFF IN POSN 2
STARTING POSITION OR FIELD 1

/
/e ESTIMATE SPRING STARTING MDISTURE FOR DRYLAND SOIL.
/= SOIL CAN NOT BE  ABOVE FIELD CAPACITY

(UDTLIM-LDTLIN);
-= 2 THEN

BEGMR(3)={2.0=BEGMR (2) +BEGMR(5

BEGMR(4)= (BEGMR(2)+2.0=BEGMR

DRYBEGSM=0.0;
D0 J=1 TD 6:

6} ‘
MOIS=BEGMR(J)*«SMC(J);
DRYBEGSM=DRYBEGSM+MO1S;

SM(DRY,J)=MOIS;

’

)1/3.0;
(65)1/3.0;

BEGMR(2)=1.0;

-LDBLIM}:
2 THEN BEGMR(5)=1.0;
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END;
/

. . ) ./
5- ESTIMATE SPRING STARTING MOISTURE FOR IRRIGATED SOIL ‘§
s -
BE R(2)=LITLIM*UTOP'(UITLIM-LITLIM): :

IF GMR(2) > 1.0 & SOILTYPE -t 2 THEN BEGMR(2)=1.0;
BEGMR(1}=BEGMR(2);
BEGMR(S)=LIBLIM*URND(U)‘(UIBLIM'LIBLJN):
IF BEGMR{S) > 1.0 & SOILTYPE —= 2 THEN BEGMR(5)=1.0;
BEGMR(6)=BEGMR(5); .
BEGMR(3)=(2.0'BEGMR(2)+BEGMR(5))/3.0;
BEGMR(4)=(BEGMR(2)*2.0'BEGMR(5))/3.0;
IRRBEGSM=0.0: }
DO J=1 JO 6: ’
MOIS=BEGMR{J)*SMC(J};
IRRBEGSM= IRRBEGSM+MOI1S:
DO 1=z2 TO NDPOSN;
SM(1,J)=M01S;
END;
END,
UTOP=URND{U);
PUT PAGE FILE(OYR) EDIT(’SEED\NUMBER=',INITSEED.’YEARE’.YEAR)
(X(15);A,F(6.0),X(10).A.F(3.0));
PUT SKI1P(2) FILE(OYR) EDIT{' CROP: '.NAME(CROP).METHOD(YLDMETH))
(x{4),A16),A07),%x(10),A017));
1F INDYRS = 1 THEN
DO; .
PUT SKIP(3) FILE(OYR) EDIT(’DRYLAND’.'IRRIGATED')(COL(35),
- A(7),COL(54),A(8))7
PUT SKIP FILE(OYR) EDIT(' DAY * 'RAIN .7 PET " PHEND-' ,
! SM ' ,’ ET ‘., YIELD ')’ AREA ' ' WATER ',
! sM ', ET .’ YIELD)
{1),12(4)); )
PUT SKIP FILE{OYK'EDIT (* {mm) ‘.’ {mm) ', STAGE ' .’ (mm)’,
- © (mm) ' (kg/hal)’ .’ (ha) ‘.’ (mm/ha)’ " (mm)" ' {mm)’,
* (kg/ha)’) -
{(X(5),11(4));
PUT SKIP(0) FILE(OYR) EDIT ((75)’_')(X(1).AT:PUT SKIP FILE(DYR):
END; .
END INITLIZ: )
/= : ./
f-“.‘.t"".‘.‘END OF INITL1Z.‘--........‘.‘.‘..'.-'_.“ll‘.'-.-./
- -/
A ' ~ ./
/-s--.n-‘--‘-.-c.nc.-ctt--a-.--ccccocq'nct‘-co-ttn-‘u---n-'-n‘.‘n-/
/= . .- ./
;- WEATHER ./
- ‘/
/e WEATHER GENERATES THE DAILY WEATHER FOR THE SIMULATION ./
/= PRECIPITATION EVENTS ARE ASSUMED TO FOLLOW A SIMPLE MARKOV =/
/* ‘CHAIN; PRECIPITATION ON A WET DAY A CUBE ROOT NORMAL ; */
/+« TMIN AND PET WERE BASED ON SIMPLE REGRESSION ANALYSIS ON «/
/=  THAX. v ./
/‘ - P ~ ./
WEATHER: PROCEDURE ; ' - :
DCL (PRD, /= SPECIFIC 10 DAY PERIOD ~/
YSTWET) /% YESTERDAYS WETNESS ./
FIXED; = . .
DCL_ (DD, /* DAILY DEGDAYS : ./
T, . /« TEMPORARY TEMPERATURE HOLDER ./

~
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CBRTRAIN) /= CUBE ROOT OF DAILY RAINFALL
FLOAT; . )
PRO=FLOOR( (DAY-89)/10)+1;
YSTWET=WET:
pD=0.0;
7&1:0; /+ INITIALLY SET TO A DRY DAY
»
7= SEE IF THE DAY 1S WET OR DRY
/-
IF YSTWET = 0 THEN /» YESTERDAY WAS A DRY DAY
DO;
1F URND(U) <= PWD(PRD) THEN WET=1:. 7
END; -
ELSE /-~Y£515R0Am<!gs/f'w51 DAY

DO;
1F URND(U) <= PWW(PRD) THEN WET=1;
END;

/* L
/= DETERMINE HOW MUCH RAIN
/e :
1F WET=1 THEN
DO. ’
CBRTRAIN:AVGRAIN(PRD)*GRND(G)'SDRAIN(PRD):

A
/= BY DEFINITION A WET DAY CAN' T HAVE < 0.25 mm

/e .
IF CBRTRAIN ¢ 0.63 THEN CBRTRAIN=0.63;
RAIN=CBRTRAIN*=»3; .

END;
ELSE
RAIN=0.0;

/e .

/= WHAT ARE THE DAY'S TEMPERATURES ?

/»
TMAX:AVGTMAX(PRD.VET)*GRND(G)'SDTM&X(PRD.HET

I
THlN!ATNTX(PRD.NET)+BTNTX(PRD.VET)9TMAX‘GRND4G)'SDTNTX(PRD.VET):

IF TMIN > TMAX THEN /* REVERSE TMIN-AND TMAX =/
DO;
T=TMIN;
“TMIN=TMAX; . K
T™MAX=T;
END;

/* .
/= ASSUME FROM JUNE 21 TO AUGUST 13 NO FROSTS CAN OCCUR

/*

IF TMIN < -2.2 & (DAY > 172 & DAY < 225) THEN TMIN=-2.18;

TMEAN= (TMAX+TMIN) /2.0 ‘
/=
/e -ESTIMATE PET FOR THE DAY

/= :
PET:APETX(PRD.HET)*BPETX(PRD,VET)'TMAX*GRND(G)'SDPETX(PRD.H

}F PET < 0.01 THEN PET=0.01;
hd ' .
/+ CALCULATE AVERAGE DRY DAY PET

/= . : :
DRYPET=APETX(PRD.U)*BPETX(PRD.O)‘AVGTMAX(PRD.O);

TOTRAIN=TOTRAIN+RAIN;
TOTPET=TOTPET+PET;
sALL SUN; :

R L

./
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. /e ESTIMATE DEGREE DAYS AND DO SOME METEOROLICAL SUMS '5
/* -
IF TMEAN > 5.0 THEN DD=TMEAN-5.0;

DEGDAYS=DEGDAYS+DD;
IF GROWING THEN
Do '
GSRAIN=GSRAIN+RAIN;
GSDD=GSDD+DD;
END; -
/* ’ v : ./
/-¢0+¢++¢_4¢++405UN+#44¢+++wl‘¢w'+++¢+o/
/* . ./
/= SUN CALCULATES MANY VARIABLES WHICH DEPEND ON SUN 'j
/= : -
SUN:PROCEDURE ;. .
DCL (DECLN, /= SOLAR DECLENTION ANGLE (DEGREES) ./
SUNRIS?NG) /s ANGLE SUN MAKES AT SUNRISE OR SUNSET (RAD! ./
FLOAT;
DCL CONVFAC /*=CONVERSION FACTOR {{cal/cm==2/d)/(W/me=2)) -/
FLOAT STATIC INITIAL(2.06366); .
DECLN=23.45-SIND(0.9863'(DAY*284.0));
,&f‘ilND(LAT)‘TAND(DECLN):
‘ SUNR]SANG=ATAN{SQRT{1.0-X*X)/X]);
IF SUNRISANG<0.0 THEN SUNRISANG=SUNRISANG+3. 14158
: XTERAD=430.674'((1.0*0.03#‘COSD(.9863'DAY))'
(CDSD(LAT)‘COSD(DECLN)-SIN(SUNRISANG)*
SUNRlSANG'SlND(LAT)'SIND(DECLN))):
DAYLEN=7.63944»SUNRISANG;
Tx=TMAX=9.0/5.0+32.0:
IN:TMIN'9.0/5.0+32.0: _ )
- : -
e LE (LATENT EVAPORATION FORM BLACK BELLANI PLATE ./
;- ATOMETER) CAN BE APPROXIMATED FROM PENMAN!S PET. RY
- . . e/
XT=XTERAD*=CONVFAC; . -
LE={(PET-0.50}/0.7631+10.0;
END SUN;
/= -/
/‘*0***‘***ENDOF5UN+¢*********'*+¢**‘/
/= =/
END WEATHER; : /
/‘I""‘:""“"“‘END OF UEATHER““";‘"“"“"“““““‘""“"/
/= ‘ -/
/..-‘.‘.‘--.‘..““-.““.-‘-."-‘.'“‘.--“.-“.-....‘-."“‘.‘--/
/= . «/
/» URND s/
/= ./
/» URND GENERATES UNIFORMILY DISTRIBUTED RANDOM NUMBERS ./
/= WHICH VARY BETWEEN 0 AND 1 ’ '5
/= -
URND: PROCEDURE (U)
. SEEDNUM:MOD((24298.0°SEEDNUM*99991.0),199017.0):
RETURN(SEEDNUM/199017.0);
END URND; .
/= ./
/...-.".‘lt.‘-“‘END DF URND:.--t---..-n---‘--t-'.ti.t---.‘ttc-t/
/= ‘ ./

/‘"‘."“‘-'.“."‘.".‘.“.“..““."‘-'.‘.‘.'"‘...“..“'...‘/
- . i

/= ) s/
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/> . GRND- ./
/" Co ./
/* GRND GENERATES NORMALLY (GAUSSIAN) DISTIBUTED RANDOM =/
;* NUMBERS WITH MEAN OF ZERO AND A STANDARD DEVIATION OF ONE. -;
» -
GRND : PROCEDURE (G) ; )
DCL (U1,U2) FLOAT: /= UN1FORM RANDOM NUMBERS s/
U1=URND{U); . )
‘IF U1=0.0 THEN Ut=1.0E-6; /= SMALL CHANCE WILL TRY LOG(O) =/
U2=URND(U) ;
RETURN(SORT('2.2'LOG(U1))'COS(6.2832'U2)):
END GRND; ' °
/e . ./
/“‘"""“""“‘END OF GRND-----..--n-;‘-.t--'-tno-n—-t‘-‘n-.../
/= /.
/= ./
/‘l—‘-“‘.‘.."‘-‘.‘-.“".-‘.-.-..‘.‘-."‘.'...‘-..““-‘.‘..--‘/
/= ‘ ' ./
/* PHENO '§
/» -
/% PHENO ESTIMATES THE SEEDING DATE OR DATE OF START OF ./
/* GROWTH AND THE HARVEST DATES. PHEND ALSO ESTIMATES THE -/
;*. GROWTH STAGE OF THE CROP. : ‘ -;
- »
PHENO: PROCEDURE | h
1F SEOSEAS THEN
00;
IF CROP:=WHEAY THEN CALL WHETBIO:
ELSE .CALL FORBIOD: ) -

END; ’
/= -/
/.#4-0-0‘#00"#4-}6#0#6#0*#4###0#####‘#‘/
/e N . . ./
5' WHETBIO . ‘5

. - L
/+ WHETBIO ESTIMATES THE STAGE IN THE DEVELOPMENT ./
/» OF A CROP OF WHEAT. THIS MODEL wAS DEVELOPED FOR -/
/= MARQUIS WHEAT AND 15 BASED ON PLOT TRIALS THROUGHOU -/
/= CANADA. SOURCE: ROBERTSON (1968) - ./
/% A DUMMY VARIABLE 15 USED TO SET THE PHOTOPERIOD -/
/% EFFECT TO 1 DURING P-E. -/
/e ~ ./
WHETB10:PROCEDURE ;

DCL REGCOEF(8,5) FLOAT STATIC INITIAL :
VA P-t E-Y : J-H H-S . S-R ./
/= DM =/ (1, 0. 0, . 0. 0,
/* A0 =/ 0. B8.413, 10.93, - 10.94, 24.38,
/= At */ 0. 1.005, 0.9256, 1.389, -1.140,
J* A2 =/ 0. 0, -0.06025, -0.08191, 0,
/= BO =/ 44/, 37, 23.64, 42.65, 42.18, - 37.67..
/* Bl =/ .01086, -0.003512, 2.958E-4, 2.458E-4, 6.733E-5.
/= B2 =/ -9.230E-4, 5.026E-5, 0, 0, : 0,
/* B3 =/ .732E-3, 3.666E-4, 3.943E-4, 3.109E-5, 3.4442E-4,
e B4 »/ -0.267E-4, -4.282E-6, 0, 0, 0);
DCL L FIXED:/ /=LIFESTAGE INDEX=/
DCL (TX /*TMAX IN F =/
N, /=TMIN IN F =/
MXTERM /= TX-THRESHOLD TEMPERATURE (BO) -/
MNTERM, /= TN-THRESHOLD TEMPERATURE (BO) -/
g PHOTOTERM, /= DAYLEN- THRESHOLD PHOTOPERIOD {AO) =/
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/= EFFECT OF PHOTOPERIOD ON PHENOLOGICAL =/

Vi1,
/= DEVELOPMENT ./
V2, , /e EFFECT, OF TMAX ON DEVELOPMENT Y
v3) /s EFFECT OF TMIN ON DEVELOPMENT ./
- FLOAT; ‘ .
" IF (~GROWING) THEN
DO,
1F BEGDAY>365 THEN CALL SEEDING; /e CHECK FOR PLANTING =/
' /= CONDITIONS ./
END; \ '
P ELSE /bﬁALREADY GROWING =/
DO; .
1F LIFESTAGE < 1'THEN CIFESTAGE=1;
L=LIFESTAGE;
1F TMIN<-2.5 THEN /* CHECK FOR FRQST ;/
DO; , . [
/» ' -/
/= FROST BEFORE JOINTING DOES NOT KILL THE CROP -/
. /* BECAUSE THE GROWING POINT 1S BELOW THE GROUND =/

/% FROST DURING FINAL RIPENING CAUSES CROP DEATH AND =/
5' FROST BETWEEN THESE TWO PERIODS CATSES COMPLETE ‘;
= LOSS -

1F PHENQSTAGE > 2.0 THEN
DO:
" EDSEAS=TRUE;

1F PHENDSTAGE < 4.50 THEN
DO I=1 TO NDPOSN; : =

YIELD(1)=0.0;
END;
GROWING=FALSE;
END; \
END; : )
ELSE /* NO FROST =/
DO »

TXx=TMAX*9./5.+32.;
TN=TMIN=Q./5.+32.;
PHOTOTERM=DAYLEN-REGCOEF (2,L);

/* . «/
/e IF A TEMPERATURE 1S BELOW THE THRESHOLD TEMPERATURE =/
;- THEN THAT TEMPERATURE TERM IS SET TO ZERO -5
L ] A

MXTERM=TX-REGCOEF(5,L);

1F MXTERM ¢ 0.0 THEN MXTERM=0.0:

MNTERM=TN-REGCOEF(5,L):

}F MNTERM < 0.0 THEN MNTERM=0.0; /
L] L 3
/e Vi, V2. &V3 ARE NOT ALLOWED TO BECOME NEGATIVE -/
/e SINCE PHENOLOGICAL DEVELOPMENT IS NON-REVERSIBLE -;

L

/*

V1=REGCOEF (1,L)+REGCOEF (3,L)=PHOTOTERM+
REGCOEF (4,1 )»PHOTOTERM»=2;

IF Vi < 0.0 THEN V120.0;

V2=REGCOEE(5.L)‘MXTERM*REGCOEF(7.L)'MXTERM"2:

IF V2 < 070 THEN v250.0;

V3=REGCOEF(B.L)‘MNTERM*REGCOEF(9.L)‘MNTER“"2;

1F V3 < 0.0 THEN v3=0.0;

PHENOSTAGE:PHENOSTAGE*V1-(V24V3);

/= .
/= WHEN PHENOSTAGE REACHES 5 THEN CROP TRANSPIRATION -/
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q

5‘ HAS STOPPED AND CROP LIKELY SWATHED
- .
IF PHENOSTAGE > 5 THEN

D .

0;
EOSEAS=TRUE ;
ENDDAY=DAY;
GROWING=FALSE
END; -
ELSE

DO;
LIFESTAGE=CEIL(PHENOSTAGE) ;
GSDAYS=DAY-BEGDAY+1; .

END;
1F LIFESTAGE < 1 THEN LIFESTAGE=1;
END;
/=
/= ..
/=
;‘ SEEDING
»
7« SEEDING.ESTIMATES THE DAY OF SEEDING OF THE WHEAT

/+ CROP." SEEDING (AND START OF GROWTH} DCCURS AFTER 4 DAYS
/» OF LANDWORK PROVIDING A CERTAIN NUMBER OF DEGREE DAYS HAS

/= BEEN ACCUMULATED (INDICATING THE SOIL 15 WARM ENOUGH) .

/= LANDWORK 1S BASED ON SOIL TRACTABILTIY OF IRRIGATED SOIL

/* .
SEEDING: PROCEDURE ;
DCL MINDD FLOAT .
STATIC INITIAL(7®M,
LANDWORK -BIT( 1) - /* SOIL TRACTABLE FLAG
LANDWORK=FALSE;

/+ THE FOLLOWING SECTION DETERMINES THE SOIL TRACTABILITY
/« STATUS TO SEE IF THE DAY IS A POSSIBLE WORKDAY

/e THE TRACTABILITY CRITERIA ARE FROM DYER ET AL. (1978)
/+ LIGHT SOIL: AM(1,2,3)=(0.95,0.85,0.98) _

/= MEDIUM TD HEAVY SOIt: AM(1,2,3)=(0.90,0.80,0.80!}

J=1 10 3; ; .
1F SM{2,J)/SMC(dJ) < TRACAM(J) THEN LANDWORK=TRUE ;
END ELSE LANDWORK=FALSE:
ND:
IF LANDWORK & DEGDAYS > MINDD THEN SEEDDAYS=SEEDDAYS+1;
IFDSEEDDAYS'> 3 THEN /= SEEDING 1S GOMPLETE =/

0: :
BEGDAY=DAY;
LIFESTAGE=1;
PHENOSTAGE=0;
GROWING=TRUE ;

GSDAYS=1;
END;

END SEEDING;
Je | , a
5- .. . . ... . .ENDOF SEEDING .

t 3

END WHETBIO.

/*

/* MINIMUM DEGDAYS TO WARM UP SOIL

Jo+ 4+ 4+ 4 4+ 4+t +END OF WHETBID+ + + + + ¢ + + + + + 4+t

»/

L/

>/

./
-/
=/

Jo+ + 4 4 4+ 4 o+ s FORBID + + + + + + + + + 4 + ¢ & + +n/
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/* . - ./
/= FORB1O ESTIMATES THE STAGE OF GROWTH OF FORAGE ./
/« THE METHOD 1S FROM SELIRIO AND BROWN'S SIMFOY (1979) */

/* THE FORAGE 1S HARVESTED WHEN 500 DEGREE DAYS ARE ACCUMULATED =/

/e & 17 1S ASSUMED FULL GROUND COVER IS ATTAINED AT 250‘DEGDAY$"§
»

/=
FORBIO:PROCEDURE;

DCL PREDD /» DEGDAYS BEFORE CROP BEGINS GROWING ./

FLOAT STATIC;
DCL ALFDD /» MINIMUM NUMBER OF DEGDAYS BEFORE CROP ./
/* CAN BEGIN GROWING ./

FLOAT STATIC INITIAL (40.0);
DCL CASE(5) LABEL; ]
IF (~GROWING} THEN ‘

DO; : . e

/* . »/
/e GROWTH CAN START ONLY WHEN ALFDD HAS BEEN ACHIEVED AND =/
/= NO FROST . ./
/» R =/
1 DEGDAYS > ALFDD & TMIN > -2.2 THEN :

Do

GROWING=TRUE :
BEGDAY=DAY;
GADAYS(1)=1;
PREDD=DEGDAYS,

END: ) .
ENDY . .
ELSE . /= CROP 1S GROWING ./
DO:

- . Lo X ) ./
/« A FROST BELOW -2.2 IS CONSIDERED A DAMAGING FROST -- -/
/= IN THE LATE SUMMER AND EARLY FALL IT INDUCES DORMANCY, =/
5' IN THE SPRING NO GROWTH OCCURS ON THAT DAY . o=/

] ‘/
IF TMIN ¢ -2.2 THE

DO; :
/= ./
;- ADJUST YIELDS IF FROST DURING FIRST GROWTH - '§
L . -
IF PHENOSTAGE ¢ 1.0 THEN /= SPRING OR EARLY SUMMER? ~ =/

DO;

TMEAN=-5.0;/+ LOWER TMEAN SO NO GROWTH - -/
GOTO ENDFOR; ‘

END; .

00 ELSE /» FROST CAUSES DORMANCY -/
GROWING=FALSE; . : N
EOSEAS=TRUE .

ENDDAY=DAY;
END: *
END; . : \
ELSE /* NO FROST \ -/

DO; ' :
PHENDSTAGE = (DEGDAYS-PREDD) /500
.LIFESTAGE:CEIL(PHENOSTAGE'Z.O):
D=PHENOSTAGE -FLOOR ( PHENOSTAGE ) |
(D > 1.0 THEN D=1.0; - :
IF LIFESTAGE < 1 THEN LIFESTAGE=1; )
IF LIFESTAGE > 5 THEN LIFESTAGE=5:
GROWTH=FLOOR ( {LIFESTAGE+1)/2);
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1F GROWTH < 1 THEN GROWTH=z=1:
‘GSDAYS=DAY-BEGDAY+1;
GOTO CASE(LIFESTAGE);
CASE(1)::
 CASE(2): GADAYS(1)=zDAY- BEGDAY*1
GOTO ENDFOR;
CASE(3): IF FCDAY > 365 THEN FCDAY=DAY; /=FIRST CUTs/ ~
CASE(4); GADAYS(2)=DAY-FCDAY+1;
“ GOTO ENDFOR,;
CASE(5): IF (SCDAY>365)THEN SCDAY=DAY;/* SECOND CUT =/
GADAYS(3)=DAY- SCDAY+1;
GOTO ENDFOR

END;

snoroa:ang*PORexo: ,

L]
/-¢4+#++++ENDOFFORBID-'-+++¢++¢*+¢+++¢+4./
A ! .=/

END PHEND; N e f

/= >/
[/esnnnensansnnnssfEND OF PHENO“--n-u-t-t-&in.u‘.u---‘t-t‘-t-nta‘-/

/- »/

/-““llt“‘-l.ﬂ!-‘“-l‘VsMBt.-tt.t"t-ll‘-“‘-‘.‘.ll.l.t.-.'..“/

/* . . ./

/ ; VSMB */

I */

/= PROCEDURE VSMB 1S A VERSION OF BAIER AND ROBERTSON'S ./

/« VERSATILE SOIL MOISTURE BUDGET. IN VSMB THE SOIL IS DIVIDED =/

/* INTO SI1X ZONES REPRESENTING 5.0, 7.5, 12.5, 25.0, 25.0, -/

/*.& 25.0% RESPECTIVELY OF TOTAL AM IN THE ENTIRE ROOTING ZONE =/

/* VSMB ALSO CALCULATES THE ET. INFILTRATION OCCURS AT THE i

5- END OF THE DAY. -5

VSMB : PROCEDURE ;

DCL (RUNOFF, /= DAILY RUNOFF FROM LAND AREA (mm/ha) =/
PE, /= PET LESS TODAY'S INTERCEPTION (mm/d) . =/
DEEPPERC) /= DAILY DEEP PERCOLATION BELOW THE ROOT =/

© /+ IONE (nm/ha) ./
FLOAT;
) /s » «/

DCL (RR, . /% RAINFALL+IRRIGATION (mm) Y

/*= RAINFALL AND- IRRIGATION ARE ASSUMED TO =/
/* OCCUR AT THE END OF THE DAY AFTER ALL =/

' /*= OF THE ET HAS ALREADY TAKEN PLACE -/
RIN, /% RAINFALL IN INCHES v =/
LNRIN, /= LN(RIN) =/
INTCEPT, } /= FOLIAR INTERCEPTION (mm) =/
IN(B), /# INFILTRATION INTO EACH SOIL ZONE (mm/d)=/
DEFCIT(8B]), /= (FC-SM) FC=FIELD CAPACITY =/
AE(6), /+ ET FOR BACH SOIL ZONE s/
Z(6), . /* Z=(ET/PE§J/AM FOR EACH ZONE -/
KéS))T /* CROP MOISTURE EXTRACTION COEFFICIENTS -/
LDAT; :
DCL (TOTIN, /= TOTAL INFILTRATION INTO TNE SOIL -/
- /* PROFILE (mm/d} ~/
Xs) : /* EXCESS WATER WHICH CAN NOT PERCOLATE */
/= BELOW THE RODT ZONE BECAUSE OF RE- =/
FLOAT /= STRICTED PERMEABILITY OF BOTTM LAYER -/
LOAT: e

pCcL (4,1, /= COUNTERS ) */
Pi /% ALIAS POSN */



. FIXED; . .
DCL (SRFINF, /= INFILTRATION INTO TOP SODIL ZONE
RAININF) /« INFILTRATION FROM RAIN IN INCHES
: FLOAT; ’ '
P=POSN;
DO J=1 T0 6;

6.

AM(P,J)=SM(P, Ji/SMC(J); o

IF AM(P,J}>1.0 THEN AM(P,J}=1.0; *
END;
CALL KCOEFF;
CALL ZTABLE:
RR=RAIN+IRR(P);
/= . A
_ /= THE NEXT BLOCK ESTIMATES FOLIAR INTERCEPTION
/f INTERCEPTION FROM DE JONG AND SHAYKEWICH {1981}
/* NO INTERCEPTION 1F CROP COVER 1S SPARSE
L] : .

/

INTCEPT=0.0;

PE=PET; '

1F CROP = ALFALFA & D < 0.2 THEN GOTD NOINT;

(mm)

/+ CALCULATE THE K COEFFICIENT FOR EACH ZONE
/e CALCULATE THE Z COEFFICIENT FOR EACH.ZONE

IF CROP = WHEAT & [(PHENOSTAGE < 2.0 | PHENOSTAGE > 5.0) THEN

GOTO NOINT;

IF RR > 1.7 THEN INTCEPT=1.0+RR/(0.5%(RR+15.)):
. ELSE 'INTCEPT=RR;

/=

/% SUBTRACT INTERCEPTION FROM THIS DAY''S RAIN OR IRRIGATION

;' FROM THIS DAY'S PET

L

IF INTCEPT >= PET THEN

- DO; :
PE=0.01;
INTCEPT=PET: . .

END; -
ELSE PE=PET-INTCEPT;
NOINT:;

/= L '
5' THE NEXT BLOCK ALLOCATES ET FROF EACH SOIL. ZONE
ET(P)=0.0;

EVAPT: DO J=1

END EVAPT;

(P, J)=Z(J)=PE;

{P,J) THEN AE(J)=SM(P,J);
E(d);

JI-AE(d);

/= ADD INTCEPT BACK TO ET

ET(P)=ET(P)+INTCEPT;
TOTET(P)=TOTET(PI+ET(P); ~

}F’GROWING THEN GSET{P)=GSET(P)+ET(P);

L4

/e THE NEXT SECTION ESTIMATES INFILTRATION FROM RAINFALL
/e ALL RAINFALL < 1.0 INCHES INFILTRATES. ONLY RAINFALL
/» CAUSES RUNOFF SINCE IRRIGATION SYSTEM IS DESIGNED TO
/= MINIMIZE RUNOFF

/*
RIN=RAIN/25.4;
IF RIN > 1.0 THEN

DO; .
LNRIN=LOG(RIN); .
RAININF=0.9177+1.811*LNRIN-.97'AM(P,1)'LNRIN;
IF RAININF > RIN THEN RAININF:RIN;

-/

=/
=/
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END.

ELSE RAININF=RIN; /* <1 INCH OF RAIN
RUNOFF= (RIN-RAININF )=25.4;
TOTRUNOFF(P)=TOTRUNOFF(P)*RUNOFF;
SRFINF=RR-RUNOFF-INTCEPT:

.

/= : ,
5- THE NEXT\BLOCK DETERMINES INFILTRATION INTO LOWER ZONES
» N i

IF SREINF > 0.0 THEN

DO; ]
Do J=1 70 6:
DEFCIT.(J)}=SMC(J}-SM{P,J};
IF DEFCIT(J) < 0.0 THEN DEFCIT(Y)=0.0;
END; N
TOTIN=0.0;

T N0 6 WHILE < TOTIN < SREINF )

IF (AM{P,J}<0.9) THEN /+ MAKE PERCOLATION ADJUSTMENT

/% TO ALLOW PERCOLATION BEFORE
/= FIELD CAPACITY 1S REACHED

)=(1-AM(P,J)'PERCOEF(J))*(SRFINF-TOTIN): r
IN{J)>DEFCIT{J})THEN {N(d):DEFCIT(d);

N(J
F o
' ELSE /» NO PERCOLATION ADJUSTMENT
DO. ‘
1F (DEFCIT(J)((SRFINF—TOTIN)) THEN
IN(J)=DEFCITI(UJ);
ELSE

IN(J)=SRFINF-TOTIN:
END;
SM(P,J)=SM(P,J)+IN(J):
TOTIN=TOTIN*IN(J);

/= THIS NEXT BLOCK DETERMINES DEEP PERCOLATION
/= 1F DEEP PERCOLATION > THE PERMEABILITY OF THE
/= UNDERLYING LAYER THEN THE SOIL CAN BECOME SATURATED

/= (1.E. > FC). THE SOIL BECOMES SATURATED FROM THE 80TTOM
/= UP L.E. A PERCHED WATER TABLE. EXCESS MDISTURE WHICH

/= THE> SOIL CAN NOT HOD BECOMES SURFACE RUNOFF.

Xx$=0.0;
DEEPPERC=SRFINF-TOTIN;:
1F DEEPPERC > BOTPERM THEN

DO;
XS=DEEPPERC-BOTPERM;
DEEPPERC=BOTPERM; - ,
DO 1=6 TO 1 BY -1 WHILE (XS > 0.0):
SM(P,1)=SM(P,1)+X5; -
1F SM(P,1} > SMSAT(1) THEN

Do; .
XS=SM{P,1)-SMSAT(I);
SM(P,1)=5SMSAT{1);

END;

Xx5=0.0;
END;
END:
TOTRUNOFF (P)=TOTRUNOFF.(P)+XS; :
TOTDEEPERC(P)=TOTDEEPERC(P)*DEEPPERC;

ELSE

./
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DO 'yu=1 TO J-1;

END; »
/= ' . ./
Jee 4 4 4+ 4 4 4+ st +KCOEFF + + ¢ ¢ ¢ & ¢ ¢ 4 + % 4+ 4 + ¢ ./
/» .
/* KCOEFF »/
/= ./
/* KCOEFF ESTIMATES THE CROP (1.E. K ) COEFFICIENTS ./
/* THE K COEFFICIENTS INDICATE THE PLANT ROOTING */
/* CHARACTERISTICS . ./
/= -/
KCOEFF : PROCEDURE ;
DCL L FIXED, /= LIFESTAGE FOR K ./
© (SUM, /* SUM OF UPPER KCOEFF ./
TOPAM) /= AM DF UPPER THREE ZDNES ./
FLOAT; .
/= - : ./
/* THESE CROP COEFFICIENTS ARE FROM BAIER’'S VSMB( 1979) =/
+ /+ AND SCOTT(1975) ‘ .=/
/» ./
DCL CROPCOEFF(6,5,2) FLOAT STATIC INITIAL
/= P-E{SG-FC E-J|FC-1C , J-H|1C-FC H-S|FC-2C S-R}2C->e/
/*ZONE W A W A W A W A v A =
C/e1s/ (.43, .50, .47, .50, .45, .50, .40, .50, .40, .45,
je2+/ .15, .20, . .23, .25, .28, .22, .31, .25, .29, . .25,
/e3=/ .13, .15, .16, .23, .17, .18, .22, .25, .20, .20,
/=4=/ .10, .12, .14, .22, .13, .15, .18, .20, .15, .20,
/=5=/ .03, .08, .03, .15, .12, .15, .15, .18, .07, .20,
Jwgs/ .01, .05, .02, .10, .05, .10, .09, .12, .0%, .15)}
/ L4
J*SUM=0.85 T.10 705 1.45 1.20 1.30 1.35 1.50 1.15 1.35‘?
/» . -
DCL (M, J} /= COUNTERS =/
FIXED: '
DCL KBARE(S6) /+ K COEFFICIENTS WHEN THERE 1S5 NO =/
/* GROWTH ' -/
FLOAT STATIC lNITIAL(O.B.O.15,0.05.0.0.0.0.0.0);
IF (~GROWING) THEN : )
DO J=1 10 6,
K(J)=KBARE(J);
END;
b : ELSE /=GROWING =/
0.
IF (IFESTAGE < 1 THEN LIFESTAGE=1;
L=LIFESTAGE; .
DO J=1 T0 6;
K(J)=CROPCOEFF (J,L,CROP);
END; -
/* . , ./
/* 1F THE AVERAGE AM OF THE UPPER 25% OF THE ./
/= SOIL 1S < 0.25 THEN ADJUST LOWER K'S TO ALLOW ./
;' MORE MOISTURE EXTRACTION FROM LOWER ZONES ‘;
- -
T0PAM=0.0; -
DO 1I=1 70 3; '
£ BOPAM=TOPAM+SM(P.11)/SMC(ll);
ND:
IF TOPaM < 0.75 THEN
DO d¢=3 T0 6.
SUM=0.0;
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SUM!SUM*CROPCOEFF(JJ.L.CROP)'(I.O-AM(P.JJ)):

END;
_ K(J)=K(J)+K(J)*SUM; ~ . .
END; : .
. END;

END KCOEFF; .
/= 4 : «/
/=+ + + + +END OF KCOEFF+ + + + + 4 4.+ + 4 + ¢ 44+ 4+ + ++ + o nf
/» . . 5 - ./
[od + + 4+ + + &+ ZTABLE+ + + + + + 4+ + + + + + + PO ./
/= & . »/
/= : ZTABLE «/
/= ! ./
/% ZTABLE ESTIMATES THE Z (I1.E. ET/PET/AM) FOR EACH : =/
iy« SOIL ZONE. ET/PET CANNDT BE LESS THAN 0.00 OR */ “
;- ABOVE 1.0 =/
- ./

ZTABLE : PROCEDURE ;
DL FINISHED BIT(1);

9CL MR FLODAT; /* AM FOR A SOIL ZONE -;
- s -
/= 1F THE SOIL 1S SATURATED THAN NO ET TAKES PLACE IE 2=0 -/
/= UNLESS SOIL ZONE ABOVE 0.95 OF SATURATION. THIS MODIFICATION =/
/= 1S FROM DE JONG AND SHAYKEWICH (1981} _ - e/
/= . i ) ./
FINISHED=FALSE; . . cope R
DO/J:1 TO 6 WHILE (-FINISHED); @ p
- L]
/e BELOW THE SURFACE LAYER CHECK "IF THE ZONES ARE xnﬁgs . -/
;- SATURATED. ROOTS ARE DEAD -BELOW A SATURATED ZONE®" X -/
- : . ‘ IR «/
IF U2 THEN ;‘ﬂ,‘
DO; . ’ : ’ i}i§'~ .
IF SM(P,u-1)>(.95=SMSAT(J-1)) THEN it
BEGIN; s 4
DO 1=y TO 6: : 5
2(1)=0.05; e
END; . )
FINISHED=TRUE;
END;
END;
IF ~FINISHED THEN
DO; .
/* -/
;- THIS Z FUNCTION 1S FROM EAGLEMAN (1971) e/
- . »/
MR=zAM(P,J);
IF MR <= 0.0 THEN Z(J}=0.0; RIS
7(y)=((-0.050+0.732/PET)/MR+(4.97-0.661=PET ) .
(-8.57+3.56=PET ) *MR+(4.35-0.880%PET)=MR*MR); .
IF Z(J) < 0.0 THEN Z{J)=0.0; ‘ C —
IF Z{J)*MR > 1.00 THEN 2{J)=1.00/MR; :
: END;
END;
END; .
END ZTABLE; .
/= ' ) .=/

[ + + + + + 4+ END OF ZTABLE + + + + + « & + PO IR N o)

w1
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/» o/
END VSMB: : )
/e ’ . e
/“.“"""“"END DF VSMB.-.-a----‘-.-n.n-q--.“--.-.-‘.‘n--.tta.-/
- . . ./
;-.--u---n-.---'-t THEOYLD‘!l‘-t‘l.t‘.-l.ttl-t...“#'-‘.‘.l.—‘_"./
/e ' . ~ ./
/* . . THEOYLD , S . ./
/= : : ./
/» PROCEDURE THEOYLD ESTIMATES OF THE YIELDS Of */
/» THE CROPS WITH MOISTURE NOT LIMITING. '5
/= ' -
THEOYLD: PROCEDURE ; y '
GSPET=GSPET+PET; « '
1F CROP=WHEAT THEN "
CALL T_WAGEN; o
. . ELSE- . /% ALFALFA =/
IF YLDMETH=1 THEN CALL T_SMFOY;
ELSE CALL T_FEDDS:
/e _ .
/» . -/
/-++-¢'++¢'4++#¢T_UAGEN++¢-¢+++++-++¢#¢+n/
I* ./
7= T_WAGEN USES THE WAGENINGEN METHOD TO ESTIMATE WHEAT YIELDS ./
5' IN kg/ha GRAIN € 14.5% m.c. ' '5
. *
T_WAGEN: PROCEDURE ; _
DCL (TEMPFAC, /% FACTOR WHICH TAKES INTO ACCOUNT THE EFFECT -/
/+ OF TEMPERTURE ON CROP GROWTH -/
COVERFAC, /» FACTOR WHICH TAKES INTO. ACCOUNT THE EFFECT -/
/+ OF SOIL COVER (I.E. LAI} ON CROP GROWTH =/
LAI, /= LEAF AREA INDEX ./
GS, /= LENGTH CROP. HAS BEEN GROWING NORMALIZED =/
‘ /= TO 130 DAYS TOTAL GROWING SEASON. GS IS =/
. . /= ONLY ESTIMATED AFTER CROP HAS EMERGED -/
F., /= PROPORTION OF DAY 'SKY IS OVERCAST »/
PO, : /*PHOTOSYNTHETIC FLUX ON OVERCAST ‘DAY (kg/ha/d)=/
PC, P /=PHOTOSYNTHETIC FLUX ON A CLEAR DAY (kg ha/d) =/
PS;{ . /= ACTUAL PHOTOSYNTHETIC FLUX {kg/ha/d) =/
.FLOAT; .
DCL DMCONV /= CONVERTS DRY MATTER TO 14.5% m.c. . -/
77 FLDAT STATIC INITIAL (1.17);
DCL HRVNDX /* % WHICH 1S GROSS GROWTH WHICH IS GRAIN =/
FLOAT STATIC INITIAL{0.30); :
CALL PHOTO(PO,PC,F);
TEMPFAC=-0.514+0.121=TMEAN-0.0034 19 TMEAN=*2
1F TEMPFAC < 0.0 THEN TEMPFAC=0.0; :
PST=FePO+(1.0-F)*PC; - %
/[ -/
;* NEXT SECTION ESTIMATES LAI AND COVERFAC. ’ =/
- o : -/
IF PHENOSTAGE < 1.0 THEN .
GS=GSDAYS;
ELSE

GS=130.0=PHENOSTAGE/5.0;
IF GS <= 42 THEN | 5
LA1=2.77E-0D5%GS**3.113;

: ELSE - : )
- LAI=6.691-0.3106%GS+0.0398+GS*»2-6.529E-04=G5%+3+
4.693E-06+GS*=4-1_.257E-08+GS»=5;
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IF LAl < 5.0 THEN
COVERFAC=LA1/5.0: .
ELSE
COVERFAC=1.0;
YPOTt1.17-PST‘COVERFAC‘TEMPFAC'DMCONV'HRVNDX'MNGFAC/PET:
POTYIELD=POTYIELD+YPOT=PET;

END T_WAGEN:

- L
Jo 4 4 4+ 4 + 4+ + & 0 END OF T_UAGEN PO . T R 2
/* -
JETEE SR SN N B T T A PO T K T R R R N
/= -
/" T_SMFOY o .
/= -
/» T SMFOY ESTIMATES THE FORAGE YIELD ACCORDING TO THE -
;' METHOD OF SELIRID AND BROWN (1979}). VYIELD 1S @ 15% m.c. . -

T_SMFOY:PROCEDURE ;
DCL PRVPAFY(3) . /* PREVIOUS DAY'S POTENTIAL YIELD FOR EACH =
. /» OF THE THREE GROWTH STAGES (kg/hal -

FLOAT;
DCL YLDLEV(3) /= YIELD CEILING FOR THE 1ST, 2ND & 3RD -
. /= GROWTHS (kg/ha) -
FLOAT STATIC INITIAL

\(120Q0.0,7000.0,5000.01; /= YIELD CEILING OF 18t/ha IN =
/+ 2 CUTS - . -
DCL DMCONV /» CONVERTS DRY MATTER 1O 15% m.c. -

FLOAT STATIC INITIAL (1.18);
PRVPAFY (GROWTH) =POTAFYLDS (GROWTHI ;

POTAFYLDS(GROHTH)=DMCONV'YLDLEV(GROV]H)/(1.0*EXP(5.3-Q.7-SORT(D))):

YPOT=POTAFYLDS(GROWTH) -PRVPAFY (GROWTH) ;
POTYIELD=POTYIELD+YPOT;

END T_SMFOY; . N
/= ' s
J® + + 4+ 4+ + + <+ +END OF T SMFOY+ + + + + + + + + PO A Y
/. At — ‘/
[® 4 + + + + + + 4+ «+ wT_FEDDS PO T R . T R K S S ./
/= . -/
/= T_FEDDS -- CROP MODEL DEVELOPED BY FEDDES, KOWALIK, . ./
/= AND ZARADANY (1978) AS PRESENTED AND MODIFIED BY */
/s SLABBERS ET AL. (1979). THE FEDDES MODEL IS BASED ON -/
/= THE WAGENINGEN METHOD. . -/
/= THIS MODEL IS USED TO ESTIMATE ALFALFA YIELDS @ 15% MOISTURE =/
/* (kg/ha) . : s/
s [ . -/
T_FEDDS: PROCEDURE ; : '
DCL (F, /= PROPORTION OF DAY SKY IS OVERCAST =/
PO, /= PHOTOSYNTHETIC FLUX ON OVERCAST DAY {kg/ha/d) =/
PC, /*= PHOTOSYNTHETIC FLUX ON A CLEAR DAY (kg?ha/d) »/
PST, /* ACTUAL PHOTOSYNTHETIC FLUX (kg/ha/d )L . - =/
TEMPFAC, /+ TEMPERTURE EFFECT ON CROP GROWTH - =/
CO!ESF#C) /= SOIL COVER (LAl) EFFECT ON PRODUCTION =/
LOAT;
DCL PHOTOEFF /* PHOTOSYNTHETIC EFFICIENCY ./
! . FYOAT STATIC INITIAL{0.6); - o
DCL DMCONV /+ CONVERTS DRY MATTER T0 15% m.c. -/
FLOAT STATIC INITIAL(1.18); . )
CALL PHOTO (PO,PC,F}; tN ®

PST=F=P0+(1.0-F)=PC; - o
CALL EPSI(TEMPFAC); o

NN R e e A N R N T N
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CALL SIGM(COVERFAC);
YPOT:PHOTOEFF'DMCONV'TEMPFAC‘COVERFAC'PST‘MNGFAC/PET:
POTAFYLDS(GROVTH)=PDTAFYLDS(GRONTH)*YPOT; . .

/» B v/
/* POTENTIAL YIELD 1S WITH MAXIMUM TOPPOR 1.E. 0.935 ?f
/» -
PUTYIELD=POTY1ELD*YPOT‘0.935‘PET; . p
/= v .
J* . e e e SIGM . . o v e o e e e ./
/* . ./
/* SIGM RETURNS THE COVER FACTOR (S1GMA) WHICH TAKES =/
/= INTO ACCOUNT THE EFFECT OF LEAF AREA ON CROP PRODUCTION ./
/» THIS FUNCTION 1S QUITE ARBRITRARY. COVERFAC ONLY REACHES ./
/» ONE DURING THE LATTER STAGES OF THE FIRST GROWTH ‘¢
/= ’ * -
SIGM:PRDCEDURE(COVERFAC):
DCL COVERFAC

FLOAT:
COVERFAC‘EXP(1.40‘0)'1.0:
1F COVERFAC > 1.0 THEN COVERFAC=1.0: )
If LIFESTAGE > 2 THEN COVERFAC=COVERFAC‘0.9;
"END SIGM; o
/= ) . : -/
/® . . . . . . . END OF SIGM . e e e e e e .=/
/= ' : -/
e . . e EPST , . v o e e e e e e -/
/= ) - -/
/= EPS] ESTIMATES THE TEMPERATURE FACTOR WHICH TAKES INTO -/
/= TEMPERATURE EFFECTS ON CROP PRODUCTION. THE TEMPERATURE ./

/= EFFECTS ARE DIFFERENT IN JHE SPRING THAN IN THE SUMMER & FALL-?

/= :
EPS]: PROCEDURE ( TEMPFAC)
IF PHENDSTAGE <= 2 THEN /=SPRINGs/
R MPPAC=-0.43610+0. 130775=TMEAN-0. 0028296+ THEAN==2:
"ELSE  /+SUMMER-FALL®/
TEMPFACE-1.28706+0. 180495= THEAN-0. 003549+ TMEAN==2;
IF ‘TEMPFAC < 0.0 THEN.TEMPFAC=0.0: - -
1F TEMPFAC > 1.0 THEN TEMPFAC=1.0;
END EPSI; ,- W e

) -

/= SO S . : \ ./
L PR END OF EPSI . . . .« « o o o o e e/,
/* . - . . o ’ . f i -/
END T_FEDDS;
A : . -/
VR T + END OF T_FEDDS.¢ PR TR B A PO e R 7,
/= . - . - ; ./
/e U o o ' -/
Je4 & 4+ + 4 +°+ +PHOTOD ¢ + + + + + 4+ &+ + « A T Y
/e . ./
/+ PROCEDURE PHOTO CALCULATES THE PHOTOSYNTETIC -/
/= FLUXES ON CLEAR AND OVERCAST DAYS” ° - . */
/» PHOTO- ALSO ESTIMATES THE FRACIJON OF THE DAY THE */
/*~SKY IS OVERCAST FROM BAIER AND ROBERTSON'.S SIMPLE */
5' ESTIMATION OF PET .. : T ‘ - /
- - : . -
PHOTO:PROCEDURE(PO.PC.F):' . ; B
pcL (PO, /= PHOTOSYNTHETIC.FLUX ON AN OVERCAST DAY (kg/ha/d)=/
PC. /= PHOFOSYNTHETIC FLUX ON A CLEAR DAY {kg/ha/d) -/

CF) /= PROPORTION OF THE DAY THE SKY 1S OVERCAST . */
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/= ./
/e PO & PC APPROXIMATIONS ARE GOOD BETWEEN 40 AND 60 DEG N ';
/= -
PO=18.81+0.143556%XTERAD=(3.0+SIND(LAT});
$C=80.326*0.2506945XTERAD'(3.0*SIND(LAT)); /
- -
/e THE NEXT SECTION ESTIMATES F -;
/= ) »
7« THE PROPORTION OF THE DAY THE SKY 1S OVERCAST IS ./
/« ESTIMATED FROM BAIER AND ROBERTSON'S (1966) SIMPLE ./
/« METHOD OF ESTIMATING LE FROM MAXIMUM AND MINIMUM «/
/= DAILY TEMPERATURES, EXTRATERRESTIAL RADIATION AND . : ./
/= ACTUAL SOLAR RADIATION ';
/= ' , .
F=((-LE-55.67*0.887'TX*0.284‘(TX-TN)*0.0263'XT)/XT*
0.0594)/0.0422; .
1F F > 1.0 THEN F=1.0;
IF F ¢ 0.0 THEN F=0.0;
END PHOTO:
/= ./

/o 4+ + 4+ + 4+ 4+ + + 4 END OF PHOTO +‘4 P . Y
/= - ./
END THEOYLD;

/= »/
/"““"“""""END OF THEOYLD‘..-.‘-.“‘-'.."-“'..'-ltlt."/
/= =/
/"“‘.-"..--.“‘.YLDEST"-“‘-‘.‘-.““".I."..-“..‘.-‘.‘.“./
/= ' . ' ./
/= YLDEST . -/
/= ' : ' ./
/» PROCEDURE YLDEST ESTIMATES OF THE YIELDS OF, =/
/= THE CROPS WITH MOISTURE LIMITATIONS ';
/- . -
YLDEST : PROCEDURE ; .
DCL . YACT /. ACTUAL DAILY GROWTH (kg/ha} ./
FLOAT;

1F CROP = WHEAT THEN

CALL WAGEN;

ELSE /* ALFALFA =/

IF YLDMETH=1 THEN CALL SIMFOY:
ELSE CALL FEDDES;

/s . . - . Y
Jo 4+ 4 + + 4+ + 3+ 4+ 4+ V‘HAGEN-+ PO O TR T T 2 I . . 4 +n/
/» =/
;' WAGEN USES THE WAGENINGEN METHOD TO ESTIMATE WHEAT YIELDS -5
- E »
WAGEN: PROCEDURE ; '/
/= ~ : -
/» NO EXTRA SENSITIVITY TO MOISTURE STRESS DURING VEGETATIVE -/
/* GROWTH OR FINAL RIPENING : ’ ‘ '5

/e
IF PHENOSTAGE < 3.0 | PHENOSTAGE > 4.5 THEN
AWMSF (POSN) =AWMSF (POSN)+1.0; :
ELSE

IF PHENOSTAGE < 3.5 THEN /» FLOWERING =*/
AWMSF { POSN ) =AWMSF (POSN)+1.0-1.50+(1.0-ET(POSN}/PET)
- "ELSE /= YIELD FORMATION =/
AWMSF (POSN ) =AWMSE (POSN)+1.0-0.50(1.0-ET(POSN)/PET);
7MSF(POSN)=AUMSF(POSN)/GSDAYS: . /
- - L
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/« WMSF > 1.0 OR ¢ 0.0 HAS NO PHYSICAL INTERPRETATION

/=
1F WMSF(POSN} > 1.0

IF WMSF(POSN) < 0.

YACT=YPOT#ET(POSN) ;

THEN WMSF (POSN}=1.0;
ELSE )
0 THEN WMSF(POSN)£0.0;

YIELD(POSN)=YIELD(POSN)+YACT:

END WAGEN:
/.
Jo 4 + 4+ + + ¢ +END

/=

Joe 4 4 + 4+ + + 4 +SIMFOY + + + + + + + + + + + + + ¢ + + + 0+

/=
/»
/=
/+* SIMFOY ESTIMATES

[s]3 UAGEN B A R A L Y

SIMFOY
THE FORAGE YIELD ACCORDING TO THE

/= METHOD OF SELIRIO AND BROWN {1979} y

/=
SIMFOY :PROCEDURE :

DCL CRITAM /= AM BELOW WHICH CROP YIELD IS REDUCED -> 80%

FLOAT STATIC INITIAL(0.8};

DCL AMTOT /*

TOTAL AM WEIGHTED FOR ROOT DISTRIBUTION

FLOAT INITIAL(O):

DCL INDEX, /=
/*

FIXED,
MOISFAC /=
/=

FLOAT:
DCL ROOTDIST(6,8)/=

INDICATOR OF PHENOSTAGE PERIODS WHEN
ROOT DISTRIBUTION CHANGES

FACTOR WHICH TAKES INTO ACCOUNT -
MOISTURE STRESS ‘
APPROXIMATE ROOT DISTRIBUTIONS'USED

TO ESTIMATE IMPACT OF AM ON FORAGE GROWTH
(ZONE = VSMB SDIL MOISTURE ZONE)

'

/=

/=

/=

- FLOAT STATIC INITIAL

/*ZONE |
/* 1 2
/+1%/{0.200, 0.175,
/+2=/ 0.275, 0.250,
/#3=/ 0.275, 0.275,
/=4=/ 0.200, 0.200,
/=5=/ 0.050, 0.088,

/=6=/ 0.000, 0.013;

/=
IF (LIFESTAGE<=2) THEN

INDEX
3 4 5 6 7 8
0.150, 0.125, 0.125, 0.100, 0.175, 0.100,
0.213, 0.188, 0.175, 0.150, 0.250, 0.150,
0.250, .0.250, 0.200, 0.200 ,0.275, 0.200,
0.238, 0.263, 0.225, 0.250, 0.200. 0.250,
0.088, 0.113,7 0.150, 0.175, 0.088, 0.175,
0 0.063, 0.125, 0.125, 0.013, 0.125);

.063,

DO;
INDEX=FLOOR{ 10D )+1;
IF INDEX>5 THEN INDEX=6:

END;

ELSE
IF D<0.2 THEN INDEX=7;

AMTOT=0.
DO y=1 TO

ELSE INDEX=8;

6.
AMTOT=AMTOT+AM(POSN, J}*ROOTDIST (J, INDEX]) ;

END;
1F AMTOTCCRITAM THEN MOISFAC=AMTOT/CRITAM;
ELSE MOISFAC=1;

YACT=YPOT=MOISFAC;:

AFYLDS(POSN, GROWTH )=

AFYLDS (PDSN,GROWTH )+ YACT;

YIELD(POSN)=YIELD{POSN)+YACT;

-/

./
./
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.. END SIMFOY;
/» : -/
A RE S S R B +END OF SIMFOY+ + + + + + + + ¢ PO IR L Y
/= ./
VLB R S S S +FEDDES+ + + + + + + + + < PP I . Y )
/» w/
/+ FEDDES - CROP MODEL DEVELOPED BY FEDDES, KOWALIK, ./
/» AND ZARADANY (1979) AS PRESENTED AND MODIFIED BY ./
/e SLABBERS ET AL. (:1978}. THE FEDDES IS BASED ON =/
/% THE WAGENINGEN METHOD i ./
/= THIS MODEL 1S USED 10 ESTIMATE ALFALFA YIELDS ) -;
-

/=
FEDDES:PROCEDURE ; :

CALL BETA; /= CALCULATE WHAT % 1S HARVESTABLE »/
YACT=YPOT=ET(POSN)

AFYLDS(POSN.GROVTH)=AFYLDS(POSN,GROVTH)*YACT;
YIELD(POSN)=YIELD(POSN)+YACT;

/. - ./
e oo UBETA L e ./
/e ey

/= BETA CALCULATES THE PROPORTION OF TOTAL YIELD WHICH IS ./

;' ABOVE GROUND AND THEREFORE HARVESTABLE. >/

- ' -/

BETA:PROCEDURE ; :

pDCL Y ~/+ TO0TAL YIELD (t/ha DRY MATTER) -/

FLOAT;
Y=YIELD(POSN)/1000.0%0.85;
1F Y > 10.7 THEN
TOPPOR{POSN)=0.935;
ELSE .
TOPPOR(POSN)=0.28572*0.321513'Y-0.067883‘Y“2+
0.0063381B+Y==3-0.000212327=Y**4;

END BETA; .

;. . END OF BET .5
L A v e e e e e e e e e e e
fe -/

END FEDDES: '

/= ./

[» + + + + + + 4+ END OF FEDDES+ + + + + + + PO L B K N -/

/= -/

END YLDEST: .

/e . s/

/.t--‘.t“.-tt-t--tEND OF YLDEST‘“"“‘"“‘“““““""“““/

/» ' »

/e | .

/‘--t..'-."“.‘l.!‘."“.‘-.-..n'-"“““"'..-l"---l---‘ttt-./

/= . «/

/= IRRIGAT ./

/* . . ./

/+ JRRIGAT HANDLES MOVEMENT OF THE IRRIGATION SYSTEM THROUGH -/

;0 THE FIELD, AS WELL AS SCHEDULING IRRIGATION ./

- . - ./
IRRIGAT:PROCEDURE ; ' !
DCL AMOUNT /* AMOUNT OF THE CURRENT IRRIGATION {mm) «/
- FLDAT STATIC;-
DCL (PLARAMT, /»* THE ANTICIPATED IRRIGATION NEED () ./
voL) /= NET VOLUME OF WATER USED FOR THIS DAY'S . =/
/* IRRIGATION (ha-mm) . ~/

- FLOAT; _ , :
ocL (L, /= ROUNDED LIFESTAGE FOR PURPOSES OF */
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/+ OF IRRIGATION SCHEDULING ./
P} o LOCATION USED FOR SCHEDULING IRRIGATIONS =/
FIXED: .
DCL GOFORIT /% 1S IRRIGATION REQUIRED TODAY FLAG i
BIT(1);

IF CROP = WHEAT THEN
L=C¥ 1L (PHENOSTAGE+0.25);

' ELSE. /+ ALFALFA =/
L=CEIL(PHENOSTAGE=2%0.25);

IF L > 5 THEN L=5;

IF CROP = ALFALFA THEN . p
DO;

/= */

;' IRRIGATION INTERRUPTED FOR 1 WEEK RIGHT AFTER CUTTING '§

» ’ b d

1f LIFESTAGE > 2 & GADAYS(GROWTH) < 8 THEN GOTO NDIRR:

/= : ./
/= IRRIGATION INTERRUPTED 1F CLOSE TO CUTTING TIME '5
/e ’ . "
IF D > 0.95 THEN GOTO NDIRR;
END. . .
ELSE  /+  WHEAT -;
- . - »
5- FOR WHEAT: NO IRRIGATIONS DURING CROP RIPENING PERIOD ‘5
- . -
1F CROP=WHEAT & PHENDSTAGE >= 4.50 THEN GOTO NDIRR: /
/» : -
/+ NO IRRIGATIONS ARE ALLOWED BEFORE FIRSTDAY OR AFTER LASTDAY '5
/e - ~ , -
IF (DAY <= FIRSTDAY) | (DAY >= LASTDAY) THEN:GOTO NDIRR;
IF IRRTYPE = 1 THEN CALL CNTRPIV;
. ELSE /+ MULTSET ONLY NEEDS UPDATING ONCE | »/
/ IF POSN = 2 THEN CALL MULTSET; : /
- -
R T + CNTRPIV + + + + + + + 4+ « B LY
/e : S s/
7« CNTRPIV HANDLES A CENTRE PIVOT SYSTEM WHICH 1S EITHER -/
/= STATIONARY OF TOMABLE. FIELD 1 HAS PRIORITY OVER FIELD 2 =/
7, WHICH HAS PRIORITY OVER FIELD 3. . -;
- ‘ - ' »
CNTRP1V:PROCEDURE: ‘ :
DCL (PREVSTAT, /= PREVIOUS DAY'S STATUS (REV.FRACTION} ./
AVGREVRAT) /= REVOLUTION RATE (REVS/d) MIDWAY BETWEEN=/
. . /= MINIMUM AND MAXIMUM ./
FLOAT;
DCL REVS ./« REVS NEEDED FOR CURRENT IRRIGATION. -/
FLOAT STATIC;
DCL REVRATE /* REVS PER DAY ./
FLOAT STATIC;

P=POSN; /* SCHEDULE FOR EACH FIELD INDEPENDENTLY =/
If IDLE THEN RN .

DO:
CALL SCHEDUL;

1F ~GOFORIT THEN GOTO SITTING; .
ELSE /= IRRIGATION IS REQUIRED */

DO )
NUMIRR=NUMIRR+1;
IDLE=FALSE;
AVGREVRAT=(MINRATE+MAXRATE)/2.0;
REVS=CEIL(PLANAMT/(SYSRAT/SETAREA/AVGREVRAT))2
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. If REVS < 1.0 THEN
. DO:

0»
IDLE=FALSE;
GOTO SITTING:
END; i
REVRATE:(SYSRAT/SETAREA/PLANAMTY‘REVS:
1F REVRATE > MAXRATE THEN REVRATE=MAXRATE:
AMDUNT=SYSRAT/SETAREA/REVRATE: '

/* 1F THE PIVOT IS THE OTHER FIELD ONE DAY IS

/= WASTED MOVING THE SYSTEM TO THIS FIELD

/* THE PIVOT CAN NOT BE MOVED IF THE FIELD IS NOT
/= TRACABLE

IF IRRH20 > 0.0 THEN /= IRRIGATION ALREADY TODAY
DO:
NUMIRR=NUMIRR-1;
IDLE=TRUE ;
GOTO SITTING:

END; . . .
POSN = WHEREIS THEN /= IRRIGATE THIS DAY
DO, .
IRRGTNS(NUMIRR, 1)=DAY;
IRRGTNS (NUMIRR, 2} =AMOUNT=REVS
IRRGTNS (NUMIRR, 3)=P0OSN-1;
GOTO IRRGTN;
END:

IF

ELSE
DO:
DO J=1 TO 3;

IF AM(WHEREIS,J) >= TRACAM(U) THEN /=TRACTOR STUCK=/

0:
NUMIRR=NUMIRR-1;
IDLE=TRUE;

GOTO SITTING;
END:
END;
WHEREIS=POSN:
IRRLAB=IRRLAB+MOVTINM;
-

/ :
/* PIVOT HAS BEEN MOVED YO OTHER FIELD AND
/* IRRIGATION WILL START TOMORROW

/=
IRRGTNS (NUMIRR, 1)=DAY+1;
IRRGTNS(NUMIRR, 2) =AMOUNT=REVS;
IRRGTNS{NUMIRR,3)=POSN-1; «
GOTO SITTING;

END:

END;

END:
, ELSE /* SYSTEM 1S ALREADY BUSY
IF POSN == WHERE1S THEN GOTO SITTING; :
ELSE _ /= IRRIGATE THIS DAY IF IN FIELD
IRRGTN:DO:

PREVSTAT=STATUS: .

STATUS=STATUS+REVRATE ;

TRRDAYS= IRRDAYS+1;

IRRLAB=1RRLAB+1.0;

1RRH20<AMOUNT ;

IF STATUS < REVS THEN

=/
=/

~/
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00;
}RRAREA =REVRATE*SETAREA;

/= IRRIGATION OCCURS WHEN LATERAL CROSSES ' |
/' STARTPOSITION BOUNDARY

IRR(POSN)!(CEIL(STATUS)-CEIL(PREVSTAT))-AMOUNT:

ELSE - /=« FINISHED CURRENT IRRIGATION
DO;
IRR(POSN)=(CE1L(REVS) CEIL(PREVSTAT))'AMDUNT
IRRAREA= (REVS-PREVSTAT ) =SETAREA;
STATUS=0.0;
REVS=0.0;
IDLE=TRUE
END;
TOTIREA= TOTIREA+IRRAREA;

VOL=1RRABEA* IRRH20; ’
RESERV=RESERV-VOL/IRREFF ;
TOTH20#TOTHZO+VOL ;

END:
SITTING:END CQIEEJV;

/= .
/-+#-¢¢¢+ENDOFCN‘|’RP]V§+¢+¢4+++¢'+¢-o->-o-¢++
/=

/o + + + 4 + 4+ SMULTSET + + 4 + 4 + 4 4 4 + + 4 + 4 4+ + + 4+ + +
/= .

/= MULTSET HANDLES THE MOVEMENT OF A IRRIGATION SYSTEM WITH

/= DISTINCT SETS NEEDED TO IRRIGATE ONE FIELD. THIS COULD BE
/= A SIDE ROLL SYSTEM, A HAND MOVE SYSTEM, OR A TRAVELLING

/= GUN (WITH APPROPIATE ?YSTEM PARAMETERS FOR EACH TYPE OF

/= SYSTEM).

/= IRRIGATIONS ARE DELAYED IF RAIN SINCE THE IRRIGATION STARTED
/= EXCEEDS 25% OF THE PLANNED IRRIGATIDN AMOUNT.

/=
MULTSET :PROCEDURE ;
" DCL PREVSTAT /= YESTERDAY'S STATUS (SET,.FRACTION)
/= TD MOVE THE SYSTEM
FLOAT ’
DCL (DLYSETS, /= NUMBER OF SETS DONE EACH DAY
SETTIM) /= HOURS FOR ONE SET INCLUDING MOVE TIME
FLOAT STATIC:® '
pcL - (YST, . /= SET SYSTEM STARTED YESTERDAY
NOW) /= SET SYSTEM FINISHED THIS DAY
FIXED; .
/e
;‘ ONLY NEED TO UPDATE SYSTEM ONCE FOR IRRIGATED FIELD
-
P=2; /= SCHEDULING BASED ON SOIL AT FIRST SET

IF IDLE THEN CALL SCHEDUL;

: ELSE GOTD IRRGTNG;
IF —=GOFORIT THEN GOTO NDMS:
ELSE

/=

;- CALCULATE HOW MUCH AND HOW LONG TO IRRIGATE EACH SET

/= NO IRRIGATION NEEDED

DO;

*" NUMIRR=NUMIRR+1:
AMOUNT=PLANAMT ;
SETTIM=AMOUNT/SYSRAT+MOVTIM;

./

./
=/
*/

405



406

/= . ) » . ./
;- SEE THAT SETTIMES NEITHER JOO SLOW OR TOQ FAST : -;
- -
IF DLYSETS > MAXRATE EHEE DLYSETS=MAXRATE; :

LS
IF DLYSETS < MINRATE THEN DLYSETS=MINRATE;
SETTIM=24.0/DLYSETS;
AMOUNT=SYSRAT= (SETTIM-MOVTIM);
IRRGTNS (NUMIRR, 1}=DAY; : .
IRRGTNS (NUMIRR, 2) =AMOUNT ; :
IDLE=FALSE;
END;
. IRRGTNG: ;
IF IRRAIN >= 0.25%AMOUNT THEN
DO; : ’
/= ) ' -/
/+ SYSTEM 1S DELAYED TO TAKE ADVANTAGE OF RAIN ./
;- WHICH HAS FALLEN ' - o -5
- -
DELAY=FLOOR(IRRAIN/(0.B5«DRYPET));
IRRAIN=0.0; '
END; p -
/= -
/= ONLY 90% OF RAIN OVER 5 'mm 1S COUNTED TO DETERMINE ./
/= IF THE SYSTEM SHOULD BE DELAYED -5
/. -
1F RAIN > 5.0 THEN IRRAIN=IRRAIN+0.9=RAIN; _ :
- IF DELAY > O THEN DELAY=DELAY-1; . ‘
ELSE /= IRRIGATE =/
DO - :
PREVSTAT=STATUS;
STATUS=STATUS+DLYSETS;
IRRLAB=I1RRLAB+MOVT IM=DLYSETS; 7
IRRDAYS=IRRDAYS+1;
/= ./
7w« DETERMINE WHICH SET. WAS IRRIGATED THIS DAY. DEFINED =/
;- WHEN 'LATERAL CROSSES INTO NEXT SET -;
E 4 . -
YST=FLOOR(PREVSTAT); -
NOW=FLOOR(STATUS): . |
WHEREIS=0; ‘
IF YST ¢ FIRSTSET & NOW >= FIRSTSET EHEN WHERE1522;
_ LSE -
IF YST < MIDSET & NOW >z MIDSET THEN WHERE1S=3;
IF  NOW >= LASTSET THEN
/* . . =/
;- FINISHED CURRENT IRRIGATION THIS DAY Y
. N ./
DO; . :
WHERE1S=4;

"'H?RAREA=(LASTSET-PREVSTAT)'SETAREK:
IRRH20=AMOUNT ; .
IRRLAB=IRRLAB+MOVTIM*2.0; /* MOVE BACK TO FIRST SET =/

/= =/
/= RESET SYSTEM ./
/* , «/
STATUS=0.0; .
IDLE=TRUE;

IRRAIN=0.0;

. END:
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ELSE /+ AT INTERMEDIATE FIELD POSITION =/

DO, .
IRRAREA=DLYSETS*SETAREA;
IRRH20=AMOUNT ;

END: '
TOTIREA=TOTIREA+IRRAREA; _
VOL=IRRAREA=IRRH20;
RESERV=RESERV-VOL/IRREFF; -
TOTH20=TOTH20+VOL
1F WHEREIS > 1 THEN IRR(WHEREIS)=AMOUNT;

END;
NOMS: END FULTSET:

/= . =/
/.0+¢+-}4¢¢¢ENDOFMULTSET+++#§+++++++#+4#‘/
/ . : Y
/* . =/
/‘*++*+****SCHEDUL*****‘***‘**f‘*“*""**‘/
/= ’ -/
/» SCHEDULE SCHEDULES THE IRRIGATION BASED ON THE SOIL ./
;- MOISTURE AT THE FIELD POSITION SPECIFIED i ';
- =
SCHEDUL:PROCEDURE: ) :
DCL (MOISACT, /= TOTAL ACTUAL MOISTURE IN THE ROOTING =/
: ¢ /= ZONE (mm) . ./
MINAMT, /= MINIMUM APPLICATION DEPTH FOR A COMPLETE =/
/* IRRIGATION . ./
MINREQ, /= MINIMUM ~QUANTITY OF WATER REQUIRED TO -/
iy /% COMPLETE THE MINIMUM IRRIGATION (ha-mm) */
PLANREQ, /= THE REQUIRED QUANTITY OF WATER 10 ./
/« COMPLETE THE PLANNED IRRIGATION (ha-mm). =/
AMTLIM, /= LIMIT ON THE DEPTH {mm) -OF ONE IRRIGATION</
REQLIM) /= CURRENT CONTENTS OF THE RESERVOIR AVAIL- =/
./« ABLE FOR NET IRRIGATION (ha-mm) ) =/
\ FLOAT; . s :
MOISACT=0.0; - t ' .
‘DD J=1 TO ROOTDEPTHIL); . !
MOISACT=MOISACT+SM(P U}
- END; » ' .
IF MOISACT > MINMOIS(L) THEN GOFORIT=FALSE;
. : : ELSE
Do,
GOFOR1T=TRUE;
PLANAMT=0PTMDIS(L }-MOISACT;
REQLIM=RESERV*IRREFF; S )
/» : o ’ ./
5' ADJUST IRRIGATION IF THERE 1S WATER LIMITATION'S Co ";
= ) . : > .-
IF IRRTYPE = 1 THEN /+ CENTRE PIVOT ) =/
DO; N : -
' -MINAMT=SLSRAT/MAXRATE/SETAREA: -
MINREQ:=MINAMT=SETAREA;
PLANREQ‘PLANAMT‘SETAREAI
. DAMTLIM:REOLIM/SETAREA:
ND;
00 ELSE /= MULTIPLE SET . »/

MINAMT=SYSRAT=24.0/MAXRATE:
MINREQ=MINAMT=FLDSIZ; '
PLANREQ=PLANAMT=FLDSIZ;
AMTLIM=REQLIM/FLDSIZ;



END;
IF REQLIM < MINREQ THEN GOTO NDIRR;
SE -

EL )
IF PLANREQ > REQLIM THEN PLANAMT=AMTLIM;

END;
END SCHEDUL;
/» '/
fe+ + + + + +END OF SCHEDUL+ + + + + + 4+ 4 4+ + + ¢ + + 4+ + + + +»/
/* ~/
7DIRR :END IRRIGAT; ;

/-:u----nn‘-—ttnt-uEND OF ]RR]GAT t""#l--t.‘-‘-nltu.ltt—lt-.'-t/

VAl =/
/"..'“-“..-.#‘““l..l‘..-‘.‘l-‘--ltl‘““.“---"‘t‘..“"t‘l/
/* : -/
/= ~ DAYOUT .y
/= , . -/
/= DAYOUT SUMMARIZES DAILY EVENTS AND LOADS THEM INTO ./
/* ARRAY EVENTS : ./
/' ! . ‘/‘
DAYOUT : PROCEDURE ;

DCL (IRRET, /* AVERAGE ET ON IRRIGATED AREA ./
IRRYLD, /= AVERAGE YIELD (kg/ba) FOR IRRIGATED AREA ./
MSF(4), /= MOISTURE STRESS FACTOR FOR EACH POSN ./
EVENTS(11),, /= DAILY EVENTS =/
DRYSM, /= DRYLAND AM IN ENTIRE ROOT ZONE =/
IRRSM) /= IRRIGATED SM IN ENTIRE ROOT ZONE /

FLOAT; C

IRRYLD=0.0;

IF CROP = WHEAT THEN : ~

DO;
If GSDAYS > 0 THEN

% S
EVENTS(G) YIELD(DRY)*WMSF (DRY) ;
DO I=x2 TO NDPOSN;
IRRYLD=IRRYLD*YIELD (1) =WMSF{1);

END;
“_END;
ELSE /* NO YIELD YET =/

EVENTS(6)=0.0;

END;
ELSE /# ALFALFA -/

DO; .

IF GADAYS(GROWTH) > 0 THEN 5

DO; .
IF YLDMETH = 1 THEN /= SIMFOY = =/

Ol

EVENTS(6)=AFYLDS(DRY,GROWTH) ;

DO I=2 TO NDPOSN; :

IRRYLD= IRRYLD*AFYLDS(I GROWTH) ; ’

END;

END;
ELSE /= FEDDES ./

DO;

'EVENTS(B)EAFYLDS(DRY,GROHTH)*TOPPOR(DRY);
DO 1=2 TO NDPOSN;
E IRRYLD=IRRYLD+AFYLDS(1,GROWTH)}=TOPPORI(1);
ND:
END;
END:
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ELSE /= NO YIELD YET =/

EVENTS(6)=0.0; o .

END;
EVENTS(1)=RAIN;
EVENTS(2)=PET;
EVENTS(3)=PHENOSTAGE;
DRYSM=0.0;
DO J=1 TO 6;

DRYSM=DRYSM+SM(DRY,J);
END:
EVENTS(4)=DRYSM;
EVENTS(5)=ET(DRY);
EVENTS(7)=IRRAREA;
EVENTS(8)=1RRH20;
IRRET=0.0;
IRRSM=0.0; .

DO 1=2 TO NDPOSN;
) IRRET=IRRET+ET(1);

DO u=1,.T0 6;

IRRSM=IRRSM+SM({] ,J};

END;
END;
EVENTS
EVENTS

EVENTS
J=1 70 11))

1),X(1),F(6),

wc

/= )

/-t:ttcnt-.nt.n-END HF DAYOUT --tl‘;.-““l.lt—Attl‘l‘t“lt.'tlt

I~

=/
./
=/

/"“.‘-..-'"“‘.“l“’-““-“'-""..-l.““.‘.l."‘-.“.'-“‘./

/= EVALUAT

/= EVALUATE CALCULATES AND OUTPUTS ONE. SEASON’ S
/% RESULTS. :

/. .

EVALUAT : PROCEDURE ;

DCL- (NETAPP, /* SEASONAL "NET APPLICATION (mm)
VARCOST, /= VARIABLE IRRIGATION CDSTS ($/ha}
TOTCOST, /= SEASONAL COST OF IRRIGATION ($/ha)
TOTBENFIT, /* SEADONAL BENEF1TS .OF. IRRIGATION ($/ha)
NETBENFIT, = /= SEASONAL NET BENEFITS OF IRRIGATION I.E.

/= {TOTBENFIT-TOTCOST) ($/ha)

YLDINC, /= YIELD INCREASE’ DUE 710 IRRIGATION (kg/ha)
DRYCUT1, /= DRYLAND FIRST ALFALFA CUT YIELD
DRYCUT2, /= " SECOND " . -
IRRCUT1, /% AVERAGE IRRIGATED FIRST ALFALFA CUT YIELD
IRRCUTZ, /= - i SECOND " " "o/
DRYYLD, /= DRYLAND YIELD (kg/ha)
IRRYLD, /= AVERAGE IRRIGATED YIELD (kg/ha)
DRYET, /= DRYLAND GROWING SEASON ET -(rmm) .
IRRET, /+ AVERAGE IRRIGATED GROWING SEASON ET (mm)

- DTET, /* DRYLAND TOTAL ET (mm)
1TET, /= IRRIGATED TOTAL ET (mm)
TIRRRUN, /+ AVERAGE SURFACE RUNDFF FROM IRRIGATED LAND
TIRRPERC) A " DEEP PERCOLATION * - "

FLOAT;
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a

/=

/* MOISTURE, CROP ET, TOTAL ET, TOTAL RUNOFF,

;- PERCOLATION

- .

DRYENDSM=0.0;

IRRENDSM=0.0;

DD Jv=1 TO 6,

DRYENDSM= DRYENDSM+SM11 J)s

END:

DO i=2 TO NDPOSN;

DO Jd= 1 T0 6;
- IRRENDSM= IRRENDSM*SM(I Jl;
END;

END;

IRRENDSM=IRRENDSM/NYP:

TIRRRUN=0.0;

TIRRPERC=0.0;

IRRET=0.0;

ITET=0.0;

DO I=2 10 NDPOSN; ’
TIRRRUN= TIRRRUN*TOTRUNOFF(I)
TIRRPERC= TIRRPERC+TOTDEEPERC(I):
IRRET=IRRET+GSET(1);

~ ITET=ITET+TOTET(I);

END;

TIRRRUN=TIRRRUN/NIP;

TIRRPERC=TIRRPERC/NIP;

IRRET=IRRET/NIP;

ITET=ITET/NIP;

DYET=TOTET(1);

DRYET=GSET(1);

/*

/* CALCULATE FINAL YIELDS
/=

1F CROP ‘= WHEAT THEN -
DO;
IRRYLD=0.0;
DO 1=2 TO NDPOSN;
. IRRYLD=IRRYLD+YIELD(I)=WMSF(1);
END;

\

/= ,
/* YIELDS < 500.0 kg/ha ARE ASSUMED NOT WORTH GOING AFTER -/

[
DRYYLD=YIELD(DRY)*WMSF (DRY}:

‘IF DRYYLD ¢ 500.0 THEN DRYYLD=0.0;

IRRYLD=IRRYLD/NIP;
1F IRRYLD < 500.0 THEN IRRYLD=0. O

END;
ELSE /= ALFALFA
DO;
IRRCUT120.0;
IRRCUT2=0.0;
.DRYYLD=0.0:
IRRYLD=0.0; )
IFDYLDMETH=1 THEN /= SIMFOY
0; ‘
DRYCUT1=AFYLDS(1,1);
DRYCUT2=AFYLDS(1,2);
DO 1=2 TO NDPOSN;

’!

./‘
/* CALCULATE DRYLAND AND AVERAGE IRRIGATED OCTUBER 15 SOIL ./

AND TOTAL DEEP '/

[}

=/
-/

=/

<
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;.. 3. h . wy
IRRCUT1=IRRCUT1*AFYLDS( 1);
IRRCUT2= IRRCUT2*AFYLDS( 2);
END . ,
END;.

00; ,
DRYCUT1 AFYLDS(.1, 1)=TOPPOR( 1) ; ¢
DRYCUT2=AF YLDS(1,2)=TOPPOR{ 1)
DO 1=2 TO-.NDPOSN;
FRRCUT 1= IRRCUT 1+AFYLDS (1, 1)sTOPPOR(1);
IRRGUT2= IRRCUT2+AFYLDS(1,2)=TOPPORYI) ;
END; ,
END: . . L - S
IRRCUT 1= IRRCUTi/NIP _
IRRCUT2=IRRCUT2/NIP;

/= ASSUME NOT WORTHWHILE TO TAKE SECOND CUT IF < 1100 kg/ha =/
. .=

1F DRYCUT2 < 1100.0 THEN DRYCUT2=0.0;
IF IRRCUT2 < 1100.0 THEN IRRCUT2=0.0;
DRYYLD=DRYCUT 1+DRYCUT2:

IRRYLD=IRRCUT 1+]IRRCUTZ:

END:
ie : ./
/* CALCULATE RETURNS AT THE END OF THE SEASON ‘;
/= .
YLDINC=IRRYLD-DRYYLD;
NETAPP=TOTH20/FLDSI1Z; 3
TOTBENFIT=YLDINC*CROPVAL : ’
VARCOST= NETAPP'(HEADRAT'XTRAHEAD*LABRAT*NRGRAT)*
HARVCOST«YLDINC+FERTCOST;
TOTCOST=FIXDCOST+VARCOST;
NETBENFIT=TOTBENFIT-TOTCOST: - /
= . , - »
/*» PUT OUT ANNUAL DATA INTO FILE OYR - Co ./
/= »/
PUT SKIP(3) FILE(OYR) EDIT('SOIL MOISTURE' )(X(4),A);
PUT SKIP FILE(OYR) EDIT('APRIL 9:’,'DRYLAND=’ DRYBEGSM
" '’ 'IRRIGATED‘ IRRBEGSM " mm’ )
(X(10),A, COL(31) A F(4, 0) A, X(IO) A, F{4,0), A)
PUT SKIP FILE(OYR) EDIT( ocT 15:° ’DRYLAND DRYENDSM / ',
'IRRIGATED='.IRRENDSM.’ mm’ )
(X{10),A,COL(31},A,F(4,0),A,X(10),A,F{4,0),4);
PUT SKIP(2) FILE(DYR) EDIT( TOTAL PRECIPITATION APRIL Q TO'
. * OCT 15=’ ,TOTRAIN,' mm' ){(X(4),A,A,F(4,0},A);
PUT SKIP FILE(OYR) EDIT( PRECIPITATIDN DURING ACTIVE GROVING'.
* SEASON=’ ,GSRAIN,’ mm’' )(X(4),A,A F(4,0),A);
PUT SKIP(2) FILE(OYR) E?I{g)TO}AL ET FROM APRI 9 0 OCT 15')
X A .
PUT SKIP FILE{OYR) EDIT{'DRYLAND=' ,DTET,’ mm')
~{X(10) .4, F(4 0k, A)
PUT SKIP FILE(OYR) EDITI’ IRRIGATED ITET ! nﬂf)
{X(10) A, F(4, 0) A);
PUT SKIP(2) FILE{OYR) EDIT(’ TDTAL SURFACE RUNOFF J(X(4) ,A);
PUT SKLP FILE(OYR) EDIT('DRYLAND=* ,TOTRUNOFF{1},' mm'}
(x(10),4, F(4 0),A);
PUT SKIP FILE(OYR) EDIT(’ IRRIGATED‘ TIRRRUN " mm’ )
. (X(10),4, F(4 0),8);
PUT SKIP(2) FILE(DYR) EDIT(’ TOTAL DEEP PERCOLATION')(X(4) A
PUT SKIP FILE{OYR) EDIT(’DRYLAND=' ,TOTDEEPERC(1),’ mm')

ELSE /= FEDDES o : g iy
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, o (X(4),A,F(4,0);4); °
pUT SK1P FILE(OYR) EDIT('IRRIG TED=z' ,TIRRPERC,’ mm')
- - «(x{4),A,Fl4,0),4); ‘
PUT SKIP~FILE(OYR)‘EDIT(‘DEGREE DAYS | > 5C ) DURING ACTIVE *.
. .- : * GROWING SEASON= 7 GSDD) )
. (X(4),A,A,F(5,0));.
pUT SKI1P FILE(OYR) EDIT{'GRO TH STARTED ON DAY= ' ¢BEGDAY,
+ AND CONTINUED FOR ',
GSDAYS."d’)(XLd).A,FfSJOJ.A.F(3.0).A):
pUT SKIP(2) FILE(OYR) EDIJ('IRRIGATIONS')(X(d).A): .
1F NUMIRR ¢ 1 THEN /w.THERE WERE SOME IRRIGATIONS ./
pUT SKIP FILE(OYR) EDIT(’NUMBER:’,NUMIRR)(X(10).A.F(2.0));
' ELSE - :
po: - o L
1F IRRTYPE = 1 & NDPOSN > 2 THEN/= TOWABLE CENTRE PIVOT ./

EN
PUT

PUT

°

PUT

PUT
PUT

PUT
PUT

PUT
PUT

pPUT
PUT

Do: . .
PUT SK1P FILE(OYRI) EDIT(’ NUMBER' , DAY STARTED',
oy * AMDUNT mm’ ,’ FIELD' )
: (X(B).A.COL020).A.COL(AO).A.COL(SO).A):
DO J=1 TO NUMIRR; %

PUT SKIP F-ILE(OYR) EDlT(d.lRRGTNS(J.1),IRRGTNS(J.2).
1IRRGTNS (U, 3)}
(COL(12).F(2.0).COL(25).F(3.0),COL(42).F(5.1).COL(62),F(1,0)):
END: ‘ -
END; t
ELSE | ,
/= «/

j' STATIONARY CENTRE PIVDOT OR MULTIPLE SET IRRIGATION- SYSTEM '§
— ) »

DO: - .

PUT SKIP FILE(OYR} EDIT('NUMBERﬁ.’DAY STARTED'.'AMOUNT mm’ )

, (X(B).A.GDL(20).A.COL(&0).A):

PUT SKIP FILE(OYR):
DO J=1 10 NUMIRR;

pUT SK1P FILE(OYR) EDIT(J,IRRGINSIJ, 1) IRRGTNS(J,2))
(COL(12).F(2.0),COL(25).F(3.6).CDL(42).F(5.1)):

END;

END';

D;

SKIP(2) FILE(OYR)} EDIT('NET APPLICATION DEPTH=' ,NETAPP,’ mm’ )
. (X(11),A,F{4,0),A);
SKIP FILE(OYR) EDIT(’ GROSS WATER USED:’.(TDTH20/IRREFF).
' ha-mm’

mmn’ )
(X(10),A,F(8,0),A); -
SKIP FILE(OYR) EDIT(’LABOUR=’.IRRLAB.' HOORS' )
(x(10),A,F(4,0),A);
SKIP(2) FILE(OYR) EDIT(’YIELDS’)(X(4).A):
SKIP FILE(OYR!) EDIT('DRYLAND:’.DRYYLD.‘ Kkg/ha' )
: . (X(10),A,F{5,0),A);
SK1P FILE(OYR) EDlT(’lRRlGATED:‘.IRRYLD.' Kkg/ha’ )
’ . (X{10).A,F(5,0),A);
SKIP FILE(OYR) EDIT('INCREASE=’.YLDINC,' kg/ha’)
(X(IO).A.F(S,O).A);
SK1P. FILE(OYR) EDlT(’=S'.TOTBENFIT.‘/ha’)(x(18).A,F(4.0).A);
SKIP(2) FILE(OYR) EDIT(' VARIABLE COST:S'.VARCOST.'/ha’)
_ ST (xi4),A,F(4,0),4);
SKIP~FILE(0YR) EDIT{' TOTAL COSTS:S“,TOTCGST,’/ha’)
‘ (x(4),A,F(8,0),8);
SKIP(2) FILE(OYRY EDIT{'NET BENEFIT:S’.NETBENFIT.‘/ha’)
(x(4),A, F(4,0) A}

412



gUT SKIP FILE(OYR) EDIT( =$' , (NETBENFITFLDSIZ) ) (X(15),A,F(6,0));

UT SKIP. FILE(OYR);

/-

. /= CALCULATE SUMS AND SUMS OF SQUARES FOR STATISTICS

A _

SUMSM( 1)=SUMSM( 1)+DRYENDSM; ~ )

SSQSM( 1) =SSQSM(1)+DRYENDSM=DRYENDSM;

SUMSM(2) =SUMSM(2)+1RRENDSM;
SSQSM{2)=5SQSM{2)+IRRENDSM= IRRENDSM;

SUMRUN ( 1) =SUMRUN( 1)+TOTRUNOFF (1)
SSQRUN(1)=SSQRUN( 1)+TOTRUNOFF (1) *TOTRUNDFF (1),

" SUMRUN{2)=SUMRUN(2)+TIPRRUN;

SSQRUN(2)=SSQRUN(2)+TIRRRUN*TIRRRUN;

SUMPERC( 1)=SUMPERC(1}+TOTDEEPERC(1);
SSQPERC(1)=SSQPERC(1)+TOTDEEPERC( 1)=TOTDEEPERC{1):
SUMPERC(2)=SUMPERC(2)+TIRRPERC:
‘$SQPERC{2)=SSQPERC(2)+TIRRPERC*TIRRPERC;
SUMET(1)=SUMET(1)+DRYET;

SUMET{2)=SUMET(2)+IRRET;
SSQET(1»=SSQET(1)+DRYET=DRYET:
SSQET(2)=SSQET(2)+IRRET*]IRRET: -
SUMRET (1) =SUMRET(1)+DRYET/GSPET; R
SSORET(1)=SSQRET(1)+DRYET/GSPET*DRYET/GSPET: © 'y
SUMRET (2 }=SUMRET(2)+IRRET/GSPET; g
SSORET(21=SSQRET(2)+IRRET/GSPET*IRRET/GSPET:
SUMTET (1)=SUMTET{1)+DTET; L
SSQTET(1}=SSQTET(1)+DTET*DTET; ‘
SUMTET(2)=SUMTET(2)+1TET;
SSQTET(2)=SSQTET(2}+ITET=ITET: . &
SUMYLD{ 1)=SUMYLD{ 1)+DRYYLD;

- SSQYLD(1)=SSQYLD(1)+DRYYLD*DRYYLD;

SUMYLD(2)=SUMYLD{2)+IRRYLD;
SSQYLD(2)=5SQYLD(2)+IRRYLD*IRRYLD:
1F CROP =zALFALFA THEN

DO;

SUMCUT1(1)=SUMCUT1(1)+DRYCUTT; &
SSQCUT1(1)=55QCUT1(1)+DRYCUT 1=DRYCUT1;
SUMCUT 1 (2)=SUMCUT1(2)+IRRCUT1;
$5QCUT1(2)=5SQCUT1(2)+I1RRCUT 1=IRRCUT1;
SUMCUT2( 1)=SUMCUT2( 1)+DRYCUT2:
$SQCUT2( 1)=55QCUT2( 1)+DRYCUT2+DRYCUT2;
SUMCUT2(2) =SUMCUT2{2)+IRRCUT2;
$5SQCUT2(2)x5SQCUT2{2)+IRRCUT2# IRRCUT2;

END; ' .
SUMINC=SUMINC+YLDINC;
ESQINC=SSQINCAYLDINC=YLDINC;
SUMNET=SUMNE T+NETAPP;
SSONET=SSONET+NETAPP=NETAPP;
SUMNMIRR=SUMNMIRR+NUMIRR;
SSQNMIRR=SSQNMIRR+NUMIRR*=NUMIRR;
SUMLAB=SUMLAB+IRRLAB;
SSQLAB=SSQLAB+IRRLAB*IRRLAB;
SUMVAR=SUMVAR+VARCOST ;-
SSQVAR=SSQVAR+VARCOST*=VARCOST;
SUMPRF=SUMPRF+NETBENFIT,;
?SOPRF=SSQPRF*NETBENFIT*NETBENFIT;

» B
/= QUTPUT -YEARLY SUMMARY

/=
IF CROP = WHEAT THEN

T
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PUT SKIP FILE(OUT) EDIT(YEAR,GSRAIN,DRYBEGSM, DRYET,DRYYLD,
lRRBEGSM.NETAPP.NUMIRR.IRRET,IRRYLD.VARCOST.NETBENFIT) '
(X(4).F(2.0).F(G.O).F(S.O).F(S.O).F(7.0).F(5.0).X(1),F(5.0),

X(2).F(2,0).F(5,0).F(7,0),F(7.1).F(7,1)): .
' ELSE /= ALFALFA o/

PUT SKIP FILE(OUT) EDIT(YEAR.GSRAIN.DRYBEGSM.DRYET,DRYCUT1,
DRYCUT2.IRRBEGSM.NETAPP.NUMIRR,IRRET.IRRCUT1.IRRCUT2,
VARCOST ,NETBENFIT)
(X(2).F(2(0).F(Q.0),F(5.0),F(4.0),X(1).F(5.0).F(6,0).X(1).

2(F(4.0)).X(2).’(2.0).F(4.0).X(2).F(5.0),F(6.0).
FI7,10,FE7,10)38 )

END EVALUAT;

/* ./

/ut‘-"--t.--t--.—t--END OF EVALUAT‘""’"“"-""‘““"“"-““/

. . - =/

;-'-““.“-.“...-.‘.‘..‘-.-“.‘-‘-.-.'-‘.-..-“-“‘.".‘-‘.‘“’/.

/= =/

/ _ , SUMR1Z -;

/= -

/% SUMRIZ CALCULATES AND OUTPUTS MEAN AND STANDARD DEVIATION -/

/s« OF SEVERAL QUANTITIES INTO FILE out '5

/= -

SUMRIZ:PROCEDURE;

PUT . SKIP(3) FILE(OUT) EDIT('DRYLAND'.'lRRIgATED')

’ : {COL(36),A,COL(56),A); :
PUT SKIP FILE{DUT) EDIT('MEAN’ .’ SD’ ,'MEAN" ' SD’ )
. {COL{34),a,x(3),A,X(8) A X(3),A)

PUT SKIP(0) FILE(OUT) EDIT((46) _' 1(COL(30),A);

T SKIP(2) FILE(OUT) EDIT('OCT 15 SOIL MOISTURE (mml’,

{SUMSM{1)/N) ,SD(SSQSM( 1) SUMSM(1}),
- {SUMSM(2)/N),SD(SSQSM(2], SUMSM(2] )
‘(X(1),A.COL(30).2(F(8.0)),X(4),2(F(8,0))):

PUT SKIP FILE(OUT) EDIT(’TOTAL SURFACE RUNOFF {(mm)‘ , (SUMRUN(1}/N},
SD(SSQRUN( 1), SUMRUN( 1)), (SUMRUN(2)/N),
SD(SSQRUN{2) ,SUMRUN(2]) )

» (x{1),A,COL(30),2(F(8,0)) ,X(4),2(F(8,0}));

PUT SKIP FILE(OUT) EDIT('DEEP PERCOLATION {mm)' , (SUMPERC(1)/N),

. SD(SSQPERC(1).SUMPERC(1)).(SUMPERC(Z)/N)
SD(SSQPERC (29, SUMPERC{2]))
(X(1).A,COL(30),2(F(8,0)),X(4),2(F(8,0))};
PUT SKIP FILE(OUT) EDIT('TOTAL ET (mm)*, (SUMTET(1)/N),
SD(SSQTET(1),SUMTET (1)), (SUMTET(2)/N},
SD(SSQTET(2),SUMTET(2))) :
(X(1),A,C0[(30).2(F(8.0)).X(d).2(F(8.0)));

PUT SKIP FILE(OUT) EDIT('ANNUAL CROP ET (mm)’ , {SUMET(1}/N),
SD{SSQET(1),SUMET (1)), (SUMET(2)/N],
SD{SSQET(2),SUMET(2)))

. (x{1),A,COL{30),2(F(8,0)),x(4),2(F(8,0)))

PUT SKIP FILE(OUT) EDIT(ET/PET' , (SUMRET(1)/N),

SD(SSQRET(1) ,SUMRET(1)}, )
(SUMRET(2)/N} ,SD(SSQRET(2),SUMRET(2]))
, : . {X(1),A,COL(30),2(F(8,2)),X(4),2(F(8,2)));

PUT SKIP FILE(OUT) EDIT('YIELD (k /ha)’ , {SUMYLD(1)/N},
SD(SSQYLD?1).SUMYLD(1)).(SUMYLD(2)JN).
SD(SSQYLD(2),SUMYLD(2))) :

(X(1).A.COL(30),2(F(8.0)).X(A),2(F(8.0))):

CROP = ALFALFA THEN

DO;
PUT SKIP FILE(OUT) EDIT('FIRST CUT=', (SUMCUT1{1)/N),
SD(SSQCUTI( 1), SUMCUT1( 1)), (SUMCUT1(2)}/N),



~ SD(SSQCUT1(2),SUMCUT1(2))) ‘
N 4 (X(S),A.COL(30).2(F(8.0)).X(4),2(F(8.0))):
PUT SKIP FILE(OUT) EDIT('SECOND CUT=', (SUMCUT2(1)/N),
. SD(SSOCUT2(1).SUMCUT2(1)).(SUMCUT2(2)/N).
SD(SSQCUT2(2),SUMCUT2(2)))
(X(S).A.COL(BO).2(F(8.0)).X(G),2(F(8.0))):
END.
PUT SKIP(3) FILE(OUT) EDIT(' IRRIGATION RESULTS' ,' MEAN’ .’ SD’ )
{A,COL{44) A X(3},A); .
PUT SKIP(0) FILE(QUT) EDIT((56)' *)(A);
PUT SKIP(2) FILE(OUT) EDIT(’ YIELD INCREASE (kg/ha)’., (SUMINC/N)',
SD(SSQINC, SUMINC))

' {(x{1),A,COL(40),2(F(8,0)));
PUT SKIP FILE(OUT) EDIT('NET APPLICATION {mm}’ , (SUMNET/N), 7
SD(SSONET.SUMNET))(A.COL(dO);2(F(8.0))):
PUT SKIP FILE(OQUT) EDIT('LABOUR {h)’, (SUMLAB/N),SD(SSQLAB,SUMLAB])
{X(1),A,COL(40),2(F(B,0)));
PUT SKIP FILE(OUT) EDIT(’ IRRIGATIONS/YEAR' , {SUMNMIRR/N),
SD{SSQNMIRR , SUMNMIRR})
{x{1),A,COL(40),2(F(8,2)]);
PUT SKIP FILE(OUT) EDIT(’ TOTAL ANNUAL COSTS ($/ha)’,
{FIXDCOST+SUMVAR/N),
: SD(SSQVAR, SUMVAR})
(X(1),A,COL(40) ,2(F(B,1})):
PUT SKIP FILE(OUT) EDIT(’'NET ANNUAL BENEFITS ($/hal’
SUMPRF /N, $D{SSQPRF , SUMPRF } )
(x{1),A,COL(40) 2(F(B,1)));

PUT SKIP FILE(OUT):
/I -/

/‘+ Y TR T IR G S e G + 4+ :\p PO I LY

/* -/
5' SD CALCULATES THE STANDARD DEVIATION 'j
- - »
SD: PROCEDURE (SSQ, SUM);

DCL (SSQ,SUM} FLOAT: Y A ASSUME N-1 WEIGHTING =/

NNz=N-1;

IF N < 2 THEN RETURN(0.0); ‘
IF N > 29 THEN NN=N: \ /» BIG SAMPLE USE N WEIGHTING =/
RETURN( SORT { { 55Q-SUM=SUM/N) /NN} ) ;

END SD.

/= ' ./
Jo4+ + + + 4 4 & & 4+ + END DF SD + + + + + + + ¢ + 4+ + + o+
/= -/
END SUMRIZ;

e | Y
/"""‘“""“““"‘END [8]3 SUMRIZ.i-tt‘lt.-l!i..".‘.‘#‘-“..-‘/
/= : ./
/= . -/
END IRRSIM;

/= */
/s THATHATHAT'S ALL FOLKS -/
/= . ' ) ./

415



Appendix C Example Program butput

.File OUT
SUMMARY
LOCATION=CORONATION
CROP=WHEAT 6 $180.00/t
SPRING STARTING AVAILABLE MOISTURE
DRYLAND: 0.
IRRIGATED: 0.
IRRIGATED AREA= 32.0 ha
WATER SUPPLY FOR SEASON= 18286 ha-mm

MAXIMUM TOTAL NET IRRIGATIO

SIDE ROLL
INTER SET MOVING TIME=0.70 h
NO IRRIGATION BEFORE DAY = 150 OR AF
: IR
LIFEeSTAGE ROOT ZONE AN (mmi MINIMUN
. 1 36 54
2 72 70
3 108 84
4 144 94
.5 144 94

FIXED SYSTEM COSTS= $127.34/ha
VARIABLE COSTS= $0.4416/ha-mm

SEED NUMBER= 246802

SOIL TYPE= I
MANAGEMENT FACTOR= 0.75
TOP BOTTOM
50-1.00 0.25-1.00
50-1.00 0.25-1.00
‘SET AREA: 0.80 ha
N= 400 mm

CAPACITY= .10.0 mm/h (NET)
SETS/d: MiX= 3.0 MIN= 3.0

255

TER DAY

RIGATION CRITERIA:
AN, (mm) OPTIMUN AM (mm:
70 '
92
122
122
122

FERTILIZER €OSTS= § 33.00/ha
HARVESTING COSTS= $14.00/t

IRRIGATED

: DRYLAND
YR RAIN SSM ET YIELD SSM IRR # ET VYIELD VCOST PROFIT
mm mm mm__Kg/ha mm mm mm  kg/ha $/ha $/ha
s 164 96 197 1429 129 219 3 328 2855 149.7 -20.3°
2 165 130 272 2134 B84 246 4 358 3137 155.8 -102.6
3 216 102 282 2330 100 219 -3 380 3496 146.0 -63.5
DRYLAND IRRIGATED
MEAN ) ~ MEAN )
- OCT 15 SOIL MOISTURE (mm) 34 14 120 15
TOTAL SURFACE RUNOFF (mm) 1 1 1 1
DEEP PERCOLATION (mm) 2 4 32 4
TOTAL ET (mm) 362 40 468 . 22
ANNUAL CROP ET (mm) 250 46 *355 26
ET/PET 0.53 . 0.10 0.75 0.05
YIELD (kg/ha) 1964 474 3163 321
1
IRRIGATION RESULTS ME AN sD
YIELD INCREASE (kg/ha) 1199 213 .
NET APPLICATION (mm) 228 16
LABOUR (h) v 96 6
IRRIGATIONS/YEAR - 3.33 0.58
TOTAL ANNUAL COSTS ($/ha) 277.9 5.0
NET ANNUAL BENEFITS (§/ha) -62.1 41.2
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270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288

[

0.0 5;% 5.05 58.5 2.0 1429 0.0 0.0
0.0 4.2 5.05 57.6 0.9 1429 0.0 0.0
00 3.9 5.05 56.8 0.8 1429 - 0.0 . 0.0
0.0 2.3 5.05 56.4 0.5 1429 0.0 . 0.0
0.0 2.0 -5.05 56.0 0.4 1429 - 0.0 0.0
0.0 5.3 5.05 55.0 0.9 1429 0.0 0.0
0.0 4.3 5.05 54.3 0.8 1429 0.0 0.0
1.4 1.0 5.05 55.5 0.2 1429 . 0.0 0.0
0.0 1.9 5.05 54.1 1.3 1429 0.0 0.0
0.0 3.2 5.05 .53.1 1.0 1429 0.0 0.0
0.0 5.1 5.05 52.3 0.8 1429 0.0 0.0
0.0 2.2 5.05 51,9 0.4 1429 0.0 0.0
6.2 1.8 5.05 57.7 0.4 1429 0.0 0.0
1.1 2.3 5.05 57.0 1.8 1429 0.0 0.0
0.0 5.1 5.05 53.5 3.4 1429 0.0 0.0
0.0 0.0 5.05 53.5 0.0 1429 0.0 0.0
0.0 3.7 5.05 51.3 2.3 1428 0.0 0.0
0.0 1.8 5.05 50.0 1.3 1429 0.0 0.0
0.0 0.4 5.05 49.8 0.2 = 1429 0.0 0.0
SOIL MOISTURE - )
‘ APRIL 9: DRYLAND= 96 mm
OCT 15: DRYLAND= 50 mm

TOTAL PRECIPITATION APRIL 9 TO OCT 15= 273 mm
PRECIPITATION DURING ACTIVE GROWING SEASON= 164 mm

“TOTAL ET FROM APRIL 9 7O OCT 15

DRYLAND= 317 mm
IRR;GATED= 448 mm

"TOTAL SURFACE RUNOFF

YIELDS

DRYLAND= 2 mm
IRRIGATED= 2 mm

TOTAL DEEP PERCOLATION

DRYLAND= 0 mm

IRRIGATED= 37 mm )
DEGREE DAYS ( > 5C ) DURING ACTIVE GROWING SEASON=
GROWTH STARTED ON DAY= 129 AND CONTINUED FOR 96 d

IRRIGATIONS
NUMBER DAY STARTED - AMOUNT mm
1 151 73.0
2 170 73.0
3 200 - 73.0

NET APPLICATION DEPTH= 219 mm
GROSS WATER USED= 10011 ha-mm
LABOUR= 92 HOURS

DRYLAND= 1429 kg/ha

. IRRIGATED= 2855 Kg/ha

INCREASE= 1426 Kg/ha
=$ 257/ha

VARIABLE COST=$ 150/ha

TOTAL COSTS=$ 277/ha

NET BENEFIT=$ -20/ha .
: =§ -648

—

p .
¥
()

WNW = 2 NWHONNIODOUIW &

140.
140.
139.
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2855

2855
2855

2855
2855

IRRIGATED= 129 mm
IRRIGATED= 134 mm
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File OUT
SUMMARY
LOCATION=CORONAT ION . SOIL TYPE= 1 °
CROP=ALFALFA @ $ 80.00/t ' MANAGEMENT FACTOR= 0.75
YIELD ESTIMATION BY WAGENINGEN METHOD
"SPRING STARTING AVAILABLE MOISTURE  TOP ' BOTTOM
DRYLAND: 0.10-1.00 0.00-0.50
IRRIGATED: 0.10-1.00 0.00-0.50
IRRIGATED AREA: 106.0 ha . - SET AREA= 53.00 ha
WATER SUPPLY FOR SEASON= 66250 ha-mm :
""" MAXIMUM TOTAL NET IRRIGATION:= 500 mm ,
CENTRE PIVOT ‘ CAPACITY= 115.7 L/s (GROSS)
MINIMUM REVOLUTIONS/d= 0.50 , MAXIMUM REVOLUTIONS/d= 2.00
NO IRRIGATION BEFORE DAY = 150 DR AFTER DAY = 255
IRRIGLTION CRITERIA:
LIFESTAGE  RODT ZONE AM (mm!  MINIMUM AM (mm!  OPTIMUM AM (mm) .
1 144 72 122 o
z 192 96 183
) 3 182 96 163
2 192 96 163
5 192 0 -0
FIXED SYSTEM COSTS: $169.81/ha - " FERTILIZER COSTS= § 46.00/ha
VARIABLE COSTS= $0.4457 /ha-mm HARVESTING COSTS= § 9.00/t
) SEED NUMBER= 987654 '
DRYLAND IRRIGATED ¢ g.
YR RAIN SSM ET YIELD(kg/ha) SSM IRR # ET VYIELD(kg/ha) VCOST PROFIT
mm___mm_mm CUT1 CUT2 mm__mm mm CUTI1 CUT2 $/ha _ $/ha
1283 58 314 3513 2026 52'279 6 507 5487 4436 209.6 -28.7
2 217 62 270 2628 1563 53 303 7 508 5266 4276 229.2 29.1
3309 36 294 3514 1481 55 271 6 496 5100 4141 205.1 ~-35.2
4 242 64 281 3158 1687 97 241 6 530 5070 4267 193.7 -4.2
§ 298 63 354 2701 2585 18 271 6 533 4593 4326 199.6. -78.7
6 270. 56 315 2416 1625 47 269 5 545 4800 4218 210.6 17.8
7 360 46 393 2856 3131 42 201 4 560 5010 4297 165.6 -69.8
8 174 -+ 36 194 2018 1288 42 279 5 433 4468 3866 215.6 - 16.8
9 303 49 303 2919 2350 55 243 5 484 4861 4489 190.8 -34.1
10 237 29 202 1507 0 72 299 6 488 4821, 4114 246.1 178.3
11 291 22 288 2894 0 78262 6576 5795 3804 223.2 143.4
12 228 56 251. 2706 0 23333 6500 5035 4146 252.8 95.3
13 250 84 303 2644 1254 79 291 6 544 5213 3983 223.5 30.5
14 245 38 281 2866 1468 47 300 6 541 5397. 4224 227.2 26.0
15 213 82 292 2469 2018 B7 278 5 550 4871 4228 212.4 -5.2
16 238 75 285 3107 1264 58 295 - 6 523 5263 . 4200 223.1 14.5
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17 273 73 339 3672 2237 46 225 5 523 5155 4034 175.9 -83.3
18 265 49 302 3452 1499 72 256 6 566 5459 4347 203.9 4.7
19 267 B85 326 3309 1945 61 268 5 532 5050 4694 205.9 -16.5
20 255 106 339 4077 1855 83 240 5 528 5151 4261 184.3 -75.8
21 223 77 264 1557 1989 50 299 6 501 4189 4177 222.7 -6.9
22 221 g2 296 2631 1713 100 289 6 549 4840 4752 222.3 27.8
23 195 64 236 2315 0 64 289 . 6 513 4627 3799 229.7 89.4
24 251 38 303 2408 2570 87 218 5 522 4967 4476 183.8 3.5
25 149 87 224 2112 1112 92 267 5 492 4510 3918 211.9 34.6
DRYLAND - JRRIGATED
ME AN + SD __ MEAN SD
OCT 15 SOIL MOISTURE (mm) - 10 12 47 30
TOTAL SURFACE RUNOFF {mm] 1 1 , 1 2
DEEP PERCOLATION (mml 0 0 2 1
TOTAL ET (mmi’ 338 . 43 571 26
ANNUAL CROP ET (mm} 290 46 522 3
ET/PET 0.4% 0.07 - 0.82 - €.05
YIELD (kg/ha) .- 4324 1179 , 9223 448
FIRST CUT= 2778 825 c 5004 359
SECOND CUT= 1546 835 4218 243
IRRIBATION RESULTS ME AN SD
YIELD INCREASE (kg/ha) 4898 1022
271 30
80 IR
5.60 0.65

380.5  20.8
11.3  64.2
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e ’
File OYR without Daily pata ]
SEED NUMBER=987654 ) YEAR= 1
CROP: ALFALFA " WAGENINGEN METHOD
SOIL MOISTURE ‘
APRIL 9: DRYLAND= 58 mm - IRRIGATED= 52 mm
OCT 15 DRYLAND= 27 mm IRRIGATED= 101 nm

TOTAL PRECIPITATION APRIL 8 70 BCT 15= 372 mm
PRECIPITATION DURING ACTIVE GROWING SEASON= 283 mm

TOTAL ET FROM APRIL'S TD OCT 15
DRYLAND= 399 mm
IRRIGATED= 593 frm

TOTAL SURFACE RUNOFF
DRYLAND= 4 mm
IRRIGATED= 4 mm

TOTAL BEEP PERCOLATION
DRYLAND= 0 mm ,
IRRIGATED= 4 mm _

DEGREE DAYS ( > 5C 1 DURING ACTIVE GROWING SEASON= 1183
GROWTH STARTED ON D&Y: 125 AND CONTINUED FOR 132 d

N

" IRRIGATIONS . : .
NUMBER DAY STARTED AMOUNT mm = = FIELD

1 151 111.6 o 1

2 163 139.9 2

3 181 82.8 1

4 199 78.0 2

5 210 74.3 1

6 220 70.6 2

NET APPLICATION DEPTH= 279 mm )
GROSS WATER USED= 36918 ha-mm
LABOUR= 90 HOURS i

YIELDS :
DRYLAND= 5539 kg/ha
IRRIGATED= 9924 kg/ha
INCREASE= 4385 Kg/ha

. =$ 351/ha -

VARIABLE COST=$ 210/ha
TOTAL C0S7s=$ 379/ha

NET BENEFIT=$ -28/ha f
=$ -3039 L
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SEED NUMBER=187721 YEARz 2
CROP: ALFALFA WAGENINGEN METHOD
SOIL MOISTURE :
APRIL O * DRYLAND= . 62 mm IRRIGATED= 53 mm
ocTe15: DRYLAND= 0 mm  IRRIGATED= 51 mm

TOTAL PRECIPITATION APRIL 9 TO OCT 15= 278 ﬁm
PRECIPITATION DURING ACTIVE GROWING SEASON= 217 mm

TOTAL ET FROM APRIL 9 TO OCT 15
DRYLAND= 340 mm °
IRRIGATED= 582 mm

TOTAL SURFACE -RUNOFF
DRYLAND= 0 mm
IRRIGATED= 0 mm

TOTAL DEEP PERCOLATION

DRYLAND:= 0 mm . : ’ .
IRRIGATED= 2 m : . T
DEGREE DAYS ( > 5C » DURING ACTIVE GROWING SELSON= 1188

GROWTH STARTEC ON DAY= 129 AND CONTINUED FOR 127 d

IRR1GATIONS \ : . ,
. NUMBER DAY STARTED AMOUNT mm FIELD
T 151 L. 86.9 1
2 162 129.7 b *
3 174 . 88.1 1
4 184 v 76.5 2
5 200 { . 79.3 1
6 212 *-\ 68.0 2
7 220 . .. 77.4 1
NET APPLICATION DEPTH= 303~km
GROSS WATER USED= 40139 ha-mm
LABOUR= 104 HOURS .
YIELDS
DRYLAND= 4191 Kkg/ha
IRRIGATED= 8542 kg/ha
INCREASE= 5351 Kg/ha
’ =$ 42B8/ha
VARIABLE COST=$ 229/ha '

TOTAL COSTS=$ '389/ha ' ) ’

NET BENEF1T7=§ 29/ha
=$ 3084



SEED NUMBER= 541 YEARz 3
CROP: ALFALFA WAGENINGEN METHOD
SOIL MOISTURE ' @
APRIL. 9: - DRYLAND:= 36 mm
0cT 15: ORYLAND= 37 mm

TOTAL PRECIPITATION APRIL g TO OCT 15= 371 mm
PRECIPITATION DURING ACTIVE GROWING SEASON= 309 mm

TOTAL ET FROM APRIL 8 70 0OCT 15
: * DRYLAND= 370 mm
- IRRIGATED= 573 mm

TOTAL SURFACE RUNOFF
DRYLAND=  C mm
IRRIGATED= 0 mm

TOTAL DEEP PERCOLATION

DRYLAND= 0 mm

~IRRIGATED= 3 mm

DEGREE DAYS ( > 5C ) DURING ACTIVE GROWING SEZASON=

(GRDNTH STARTED ON DAY=z 118 AND CONTINUED FOR 134 d

IRRIGATIONS .
NUMBER DAY STARTED AMOUNT
1 151. 84.1
2 172 . 72.1
3 181 - 140.4
4 200 . 69.3
5 208 104.2
6 221, 72.2

NET APPLICATION DEPTH= 271 mm
GROSS WATER USED= 35925 ha-mm
LABOUR= 68 HOURS :

YIELDS
DRYLAND= 4996 kg/ha
~ IRRIGATED= 9241 Kkg/ha
. INCREASE= 4245 kg/ha
“ \ S 340/ha

. VARIABLE €0ST=$ 205/ha
TOTAL COSTS=$ 375/ha

 NET BENEF1T=$ -35/ha
. =§ -3736

IRRIGATEgE 55 mm
g 1

IRRIGATE 22 mm
Hi
@
-
2»17C
o
FIELD
1
1
2
2
1
2
Wy
£



-Appendix D Precipitation Statistics

Nomenclature

AVG average of the cube root of daily precipitation in
millimeteres.

SD standard deviation of the cube root of daily

showe precipitation. _

P(W/D) probability of a wet day following‘a dry day.

P(W/W)

probability of a wet day following a wet day.
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CORONATION

PERIQD - AVG SD P(W/D) P(W/W.)
1 - 1.26738 0.52261 0.20478 0.27273

2 1.31578 0.51736 0.17844 -0.50485
3. 1.50077 0.57578 0.16485 0.47312
4 1.35456 0.56890 0.22569 0.42157
5 1.41531 0.54408 0.21277 0.43519
6 1.40088 0.60844 0.26275 0.49630
7 1.43578 0.63125 0.30469 0.46269
8 ©1.43884  0.63975 0.30085 0.55844
9 1.55507 0.64713 0.30568 0.52795
10 1.62492 0.69701 0.28514 0.48227
11 1.52177 0.69779 0.30502 0.40458
.12 1.55283 0.64488 0.31452 0.45775
13 1.51917 0.66601 0.23875 0.306983
14 1.52789 0.64734 0.20280 0.49123
15 1.43587 0.62078 0.21127 0.44340
16 1.38002 0.56164 0.18213 0.48485
17 1.51356 0.62569 0.17073 0.48544
18 1.36269 0.56672 0.17940 0.34831
19 1.22135 0.48385 0.12037 0.40908

EDMONTON

PERIOD AVG SD P(w/D) P(W/W) -
o 1.33021 0.50794 0.21341 0.37500
2 1.22545° 0.50493 0.16000 . 0.44444
3 1.31892 0.57190 0.18125 '0.46667
4 © 1.38083 0.61692 0.21302 0.45435
5 1.44605 0.57277 0.23684 0.50667
6 1:42810 0.63540 0.24832 0.45570
7 1.48430 0.65088 0.37857 0.51765
8 - 1.58187 0.72850 0.32813 0.57143
9 1.75228 0.75944 0.356527 0.56604
10 1.64597. 0.74825 0.39370 10.48387
1 1.47378 0.72163 0.37500 0.53000
12 1.60118 0.67067 0.42017 0.51923
13 1.52096. 0.65535 0.31690 0.48780
14 1.44805 0.61343 -0.26389 0.50617
15 1.55456 0.69355 0.34884 0.50538
16 ~1.47300 0.60806 0.26761 0.51282
17 1.42262 0.55593 0.23333 0.48571
18 1.29031 0.51831 0.19255 0.40678
19 1.21039 0.50011 O 0.38085
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" LACOMBE

PERIOD AVG sD P(W/D) P(W/W)
1 T 34724 0.53506 0.19113 0.33537
2 1.33537 0.58146 0.17575 0.44886
3 1 46944 0.66018 0.18728 0.42857
4 1.48398 ° 0.59236 0.21869 0.49302
5 1.52188 0.60975 0.29960 0.40845
6 1.56322 0.67103 0.30819 0.49648
7 1.56046 0.68045 0.34419 0.55312
8 1.59635 0.65036 0.36451 0.54955
9 1.64232 0.66309 0.38931 0.57423

10 1.54087 .0.67607 0.32751 0.47603
11 1.53417 0.64749 0.31466 0.47902
12 1.54851 0.68564 0.32294 0.53846
13 1.53784 0.63659 0.28151 0.44853
14 1.51001 0.66875 0.26707 '0.51587
15 1.50587 0.63977 0.25852 0.44177
16 1.49550 0.58686 0.23077 0.48696
17 1.42864 0.57730 0.23896 0.49597
18 1.31205 0.49445 0.18635 0.43455
19 - 1.32896 0.50798 0.15835 0.30597
LETHBRIDGE

0 _
PERIOD AVG SD P(W/D) P(W/W)
: i —{.30288 0.54597 0.16129 0.43704
2 - 1.52619 0.66635 0.21123 0.49358
3 1.38284 0.66093 0.23037 - 0.42568
4 1.51659 0.61994 0.22102 0.48428
5 .1.48618 0.66489 0.23770 0.46341
6 1.58037 0.72645 0.30000 0.57618
7 1.61319 0.70655 0.26828 0.52475
8 1.62024 0.77422 0.27714 0.50000
-9 -1.52434 0. 2481 0.27635 0.43017
10 1.43366 0.63634 0.19843 0.44888
11 1.48102 0.61656 0.14118 0.40852
12 1.42575 0.63529 0.17026 0.43363
13 . 1.47395 0.67247 0.17676 0.32478
14 '1.49205 0.70607 0.17831 0.40000
15 1.51279 0.62275 0.18182 0.39837
16 1.51106 0.65360 0.19697 0.40299
17 1.55368 0.64625 0.18373 0.51007
18 1.40971 0.61078 0.15130 0.44860
19 1.26108 0.54130 0.15274 0.34234
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Appendix E Temperature and PET Statistics

”

[

-

Nomenclature

PRD
WET
AVGTMAX

SDTMAX

ATXTN
BTXTN

.SETXTN

ATXPET
BTXPET

SETXPET

Ten day period o | : -

\

A .
D -> dry day, W-> wet day
Average daily Maximum temperature (C)

Standard deviation on daily maximum
temperature (C)

Intercept of regression liné of Tmin on Tmax
Slope of regression line of Tmin on Tmax

Standard error about regression line of Tmin on
Tma x )

‘Intercept of regression line of PET on Tmax

Slope of regression line of PET on Tmax

Standard error about regression line of PET on
Tmax
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Appendi x F Estimated rL:

Daily PET (mm) Calculated from Historical

Meteorologcal Data for Coronation

Ten Day Dry Days - | JWet Days

Period mean SD mean SD
1 2.69 1.19 1.86 1.12
2 ' 3.28 1.25 2.20 1.21
3" 4.22 1.45 2.72 1.29
4 4.74 1.42 - 3.57 1.55
5 5.09 1.34 4,10, '1.26
6 5.39 1450 4.10 1.31
7 5.00 .22 4,19 1.49
8 5.44 - 1.41 4.20 1.33
9 5.19 1.15 4.10 1.39
10 5.72 1.23 4.40 1.98
11 5.25 1.24 4,31 1.37
12 5.23 1.49 3.94 1.35
13 4.97 1.54 3.83 1.66
14 4.74 1.51 2.91 1.50
15 3.96 1.42 2.74 1.43
16 3.65 1.23 2.19 1.283
17 3.02 - 1.35 1.83 1.26
18 2.66 1.48 1.67 1.27
19 2.31 1.30 1.02 0.84
Daily PET (mm) Calculated from Historical
Meteorological Data for Edmonton '
Ten Day Dry Days Wet Days
Period ' mean SD mean SD
1 2.54 1.66 1.98 0.
2 3.68 1.30 2.77 1.
3 4.40 1.44 3.10 1.
4 - 4.99 1.41 3.45 1.
5 5.62 1.69 3.93 1.
6 5.43 1.39 4.07 1.
7 5.23 1.22 4.05 1.
8 5.38 1.08 4,13 1.
S 5.22 1.63 4.17 1.
10 5.28 1.20 3.82 1
11 4.91 0.98 3.76 10
12 4.58 0.97 3.67 1.
13 4.35 1.03 3.51 0.
14 4.01 1.12 2.71 1.
15 3.54 1.31 2.48 0.
16 3.04 1.12 1.87 0.
17 2.60 1.23 1.82 1.
18 2.27 1.10 1.38 0.
19 1.92 1.12 1.20 0.

@




Daily PET (mm) Calculated from Historical

' Meteorological Data for Lacombe

Ten Day Dry Days Wet Days
Period mean SD mean SD
B 2.88 1.12 2.10 1.03
2 3.64 1.26 2.58 1.35
3 4.30 1.48 2.99 1.45
4 5.07  1.62 3.67 1.46
5 5.46 1.50 4.08 1.52
6 5.53 1.45 " 4.21 1.53
7 5.65 1.38 4.08 1.35
8 5.67 1.33 4.50 1.60 °
9 5.30 1.24 4.38 1.39
10 5.40 1.30 4.48 1.20 .
11 5.30 1.12 4.49 1
12 4,82 1.08 4.00 1.24
13 4.62 1.10 3.77 1.
14 4. 36 1.01 2.92 1
15 3.46 0.98 2.90 1.02
16 3.12 0.95 2.43 1.02
17 2.63 0.98 2.10 0.99
18 2.48 1.07 1.68 0.95
19 1 “1.10 1.95

.93

Daily PET (mm) Calculated by Weather Mode
for Lethbridge

120
:13 .

1.27

- Ten Day , Dry Days Wet Days
Period mean SD mean SD

1 2.93 1.16 2.05 1.08

2 3.99 -1.34 2.82 1.26

3 5.08 . 1.48 3.57 1.26

4 6.27 1.76 . 4.47 1.77

5 6.14  1.49 5.06 1.55

B 6.37 1.53 5.00 1.57

7 - 6.53- 1.35 - 5.30 1.52

8 6.27 1.54 5.28 1.73
-9 6.84 1.26 5.16 1.48
10 6.85 1.33 5.20 1.22
11 7.13  1.09 4,99 1.48
12 6.70 1.09 5.14 1.22
13 6.65 1.06 4.71 1.20
14 5.65 0.98 4.38 1.28
15 5.11 1.00 4.04 1.10
16 5.10 0.97. 3.88 1.08
17 5.00 1.00 3.93 1.24
18 4.84 1.05 3.96 0.96
19 4,93 1.08 3.90 1.23

435



